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ORAL PRESENTATIONS

Animal Forensic Genetics Workshop

1 De novo genome assembly of Agapornis roseicollis and
SNP discovery for parentage verification. H. van der Zwan*', R.
van der Sluis', and C. Visser?, 'North-West University, Potchefst-
room, North-West, South Africa; *University of Pretoria, Pretoria,
Gauteng, South Africa.

The African parakeet Agapornis, or lovebirds, are globally
bred as pets. The main breeding selection criterion is plumage col-
oration. Birds with rare coloration and their heterozygous offspring
(with wildtype coloration) are sold at a premium. Currently, there
is no genetic test inferring parentage of the heterozygous offspring,
nor has the genes or mutations linked to colour variation been iden-
tified. The aim of this study was to discover SNPs to develop a SNP-
based parentage verification test for 4. roseicollis by sequencing,
assembling and annotating its de novo genome. One young male
was selected and its genome sequenced at 100x coverage on the Il-
lumina HiSeq platform. The size of the genome was 1.1Gbp and 15
045 genes were identified. This is comparable to other bird species
such as the budgerigar (Melopsittacus undulates). The genomes of
the male’s parents were sequenced at 30x coverage on the same
platform. The parents’ reads were mapped to the offspring’s ref-
erence genome using the Burrow-Wheeler aligner. Making use of
the command line Linux-based program Genome Analysis Toolkit
(GATK), variants were discovered using the HaplotypeCaller mod-
ule. Approximately 1.2 million raw SNPs were discovered for the
mother and 800 000 for the father. Since it is a non-model organ-
ism, hard filtering parameters had to be applied to first extract SNPs
and then indels from the raw SNP set. SNPs discovered in indels
were discarded. These SNPs were further filtered to include only
variants where both parents were heterozygous at that locus indi-
cating heterozygosity from all grandparents. This resulted in a total
of 614 700 SNPs after all the filters were applied. SNPs not com-
plying with Mendelian inheritance patterns between the parents and
offspring were rejected. Where SNPs was located less than 100bp
apart only the SNP with the highest quality score was included. A
panel of the top 400 SNPs was selected based on the quality scores
obtained during the GATK analyses. This panel will form the foun-
dation for the development of a commercial parentage verification
test for lovebirds.

Key Words: lovebird, avian genomics, bioinformatics, de novo
genome assembly, genomic selection

3 Effectiveness of SNPs genotyping assay as a tool for
genetic traceability of cattle production chain. A. Pozzi*!, C.
Previtali', R. Capoferri!, S. Arabi!, A. Galli?, and G. Bongioni',
stituto Sperimentale Italiano L. Spallanzani, Rivolta d’Adda,
Cremona, Italy; *Centro di ricerca per le produzioni foraggere e
lattiero-casearie CREA, Lodi, Italy.

In the last years the concern of consumer about food safe-
ty is increased, so in the European Union great value is placed
on accurate and safe animal identification; breeding plan, disease
monitoring, and food safety depend heavily on conventional ani-
mal identification. For this reason, the protection of the integrity of
these programs from fraud or accidental errors is necessary. Genetic
traceability is presented here as a way to further enhance conven-
tional traceability; it represents a powerful tool to verify the identity
of animal products during every step of the cattle production chain.
From the molecular point of view, Single Nucleotide Polymorphism
(SNP) markers have gradually replaced microsatellites (STRs),
mostly due to their abundance, cost efficiency, and potential for au-
tomation. In this work, the amount of information provided by a 32

SNP panel, selected in a previous study was evaluated on different
biological matrices. The main sources of genomic DNA are periph-
eral blood leukocytes, semen, hair follicles and tissues but sampling
requires specialised staff and the animals may be subject to stress,
influencing negatively welfare, health and productivity. A valid and
cheaper alternative of genomic source can be the milk somatic cells
(from 2 x 10* to 2 x 10° cells per millilitre of milk). In details,
DNA from 50 semen, 30 meat, 30 hair and 30 milk samples were
collected. DNA from 140 samples was processed by TagMan PCR
and scanning array on the Open Array platform, the genotypes were
generated by SNP Genotyping and TagMan Genotyper software.
Allele frequencies for each SNP were determined by direct count-
ing. A software developed ‘ad hoc’ (PAF), was used to estimate the
levels of genetic variability: expected heterozygosity (He) values
ranging from 0.47 to 0.50 with medium value of 0.46, observed
heterozygosity (Ho) ranging from 0,38 to 0,60 and medium value
of 0,48. Probability of identity (PI) was calculated for the 32 SNPs
and it was equal to 8.40 x 107'* The 32 SNPs assay described in this
study represents a valid and useful tool for DNA-based traceability
employed in different applied research projects and in the major
commercial cattle products.

Key Words: cattle, single nucleotide polymorphisms, product
traceability

4  The population and landscape genetics of the European
badger (Meles meles) in Ireland. A. Allen*!, J. Guerrero®, A. By-
rne'?, J. Lavery', E. Presho!, G. Kelly', E. Courcier?, J. O’Keefe?,
U. Fogarty®, D. O’Meara’, G. Wilson®, D. Ensing!, C. McCor-
mick', R. Biek’, R. Skuce'?, '4gri Food and Biosciences Institute,
Belfast, Northern Ireland; *CEFE-CNRS, Centre D Ecologie
Fonctionelle et Evolutie, Montpelier, France, *School of Biolog-
ical Sciences, Queen s University Belfast, Belfast, Northern Ire-
land; *Department of Agriculture, Environment and Rural Affairs,
Belfast, Northern Ireland; °Department of Agriculture Food and
the Marine, Dublin, Ireland; °*Irish Equine Centre, Johnstown,
Republic of Ireland; "Waterford Institute of Technology, Waterford,
Ireland; ®Animal and Plant Health Agency (APHA), Stonehouse,
Gloucestershire, England; °University of Glasgow, Glasgow,
Scotland.

The European badger (Meles meles) is an important member
of the fauna of Britain and Ireland, not least because it acts as a
wildlife reservoir for bovine tuberculosis. Genetic structure of the
species is expected to have been influenced by anthropogenic ac-
tivities and also landscape-level effects. The relative contribution
of both factors is debated, but will conceivably have implications
for both wildlife and disease management. Recent Europe-wide sur-
veys of genetic diversity have suggested human-aided introduction
of badgers into Ireland. These studies have not, however, indexed
island-wide diversity of the species, nor comprehensively attempt-
ed to detail demographic and geographic factors which shaped the
extant population. Herein, we detail the most comprehensive popu-
lation and landscape genetic study of the badger in Ireland to date.
Our data demonstrate that north-eastern and south-eastern counties
of Ireland contain a badger sub-population genetically similar to
its British contemporaries. Approximate Bayesian computation
suggests this sub-population arose in Ireland ~250-3500 years ago
through likely import of a small number of badgers from Britain,
which then admixed with an already resident Irish badger popula-
tion. Landscape genetic analyses determined that geographic dis-
tance and elevation were the primary drivers of genetic differentia-
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tion, in keeping with the philopatric nature of the species elsewhere
in Europe. Other factors such as land cover type, earthworm habitat
suitability and the River Shannon, had no detectable effect on gene
flow. These data are likely to be useful in future efforts to better un-
derstand bovine tuberculosis epidemiology and spatial distribution
in the Irish badger population.

Key Words: badger, Ireland, colonisation, landscape genetics

5 Comparison of the effectiveness of 19 STR and 22 STR
panels for forensic DNA analysis of canine in Poland. A.
Radko*, A. Podbielska, and M. Miszczak, Department of Animal
Genomics and Molecular Biology, National Research Institute of
Animal Production, Balice, Poland.

Dog DNA-profiling is of high importance for the investiga-
tion of accident and crime, especially for dogs that are strongly
integrated into human society. Twenty-one STR /oci and one sex
determination locus, recommended for parentage verification by
ISAG were tested in the Polish dog population providing allele fre-
quencies necessary for the application of STRs to forensic genet-
ic casework. Two panels STRs, one containing 19 loci and second
containing three additional /oci were tested on 452 randomly se-
lected individuals of five dog breed groups (Herding, Greyhound,
Terrier, Non-Sporting and Toy Group). To compare the efficiency of
the panels for individual identification and paternity testing, we esti-
mated for each panels the cumulative probabilities of parentage ex-
clusion, when one parent is known (CPE, ) and two parents is known
(CPE,), the combined power of discrimination - CPD, the combined
probability of identity - CP[D(themma]) and random match probability
- RMP. The cumulative probabilities of parentage exclusion CPE
and CPE, for 18 loci were 0.9998806 and 0.99999976, respectively
and for 21 loci were 0.9999829 and 0.9999999901, respectively.
The power of discrimination for each marker showed high values
above 0.85, CPD values were near 1.0 for both of panels. The the-
oretical estimates of CP for 18 markers were 4.02 x 10 and for
21 markers increased to 6.42 x 107, The probability that a dog
selected at random from the population (RMP) will have the same
profile as the evidence sample, estimated for 19 STRs and 22 STRs
ware 2.85 x 102 and 1.73 x 107%, respectively.

Key Words: canine, STR profiling, forensic parameters

6  Can-ID: The genetic identification system for canine sam-
ples based on SNPs. O. Ramirez*!, A. Cuscd', A. Sanchez?, O.
Francino?, and L. Altet!, 'Vetgenomics, Barcelona, Spain, *Molec-
ular Genetics Veterinary Service (SVGM), Barcelona, Spain.

Genetic identification establishes a secure and permanent
DNA profile that is very useful in cases of lost or stolen dogs or
to prove parentage. In this study, we present a Canine Identifica-
tion method (Can-ID) based on SNPs genotyping using a TagMan
OpenArray platform. Can-ID is the genetic identification system for
canine samples, developed for the purpose of reducing the problem
of unhygienic and unpleasant canine excrement in public places,
one of the biggest and most widespread antisocial issue that is very
hard to eliminate or even curb. Can-ID panel contains three types of
markers. First, contains 100 highly polymorphic SNPs to obtain a
unique DNA profile for each dog. These highly polymorphic SNPs
were selected from two different datasets: (i) the whole genome se-
quence (5-22 of final coverage) of 22 dogs of 13 breeds and (ii) the
massive sequence after enrichment and capture of 0.4 Mb from 335
dogs (7 breeds) and 100 wolves (2 populations). Second, 15 mito-
chondrial highly polymorphic SNPs that allow Can-ID guarantees
that the biological sample comes from a single animal, and has not
been contaminated with exogenous DNA (e.g. faeces contaminated
with the urine of another dog), and so avoid false positives. And
third, 13 SNPs associated to phenotype traits (as body size, sex,
head shape, colour and type of fur) allow obtaining for a ‘composite
picture’ of the dog to be formed, in those cases where the genetic

profile found in the excrement is not included in the database. Can-
ID have been validated in more than a thousand of dogs and it is
the identification method used in the first village from Catalonia
that established the obligatory dog DNA testing for all dog owners
within the community.

Key Words: dogs and related species, genetic identification, geno-
typing, genetic marker, parentage

7  Application of multiplex microsatellite panel in Felidae
family. A. Podbielska*!, A. Radko!, W. Nizanski?, J. Kochan?®, A.
Nowak?, and M. Bugno-Poniewierska', !Department of Animal
Genomics and Molecular Biology, National Research Institute
of Animal Production, Balice, Cracow, Poland,; *Department of
Reproduction and Clinic of Farm Animals, Faculty of Veterinary
Medicine, Wroclaw University of Environmental and Life Scienc-
es, Wroclaw, Poland; *Faculty of Animal Sciences, Institute of
Veterinary Science, University of Agriculture in Krakow, Cracow,
Poland.

The aim of the study was a preliminary assessment of poly-
morphism domestic cats and free-living cats by using multiplex mi-
crosatellite panel recommended by ISAG for cat identification and
parentage control. Ten microsatellite markers: FCA310, FCA220,
FCA069, FCA441, FCA075, FCA229, FCA678, FCA149, FCA105
and AMEL were used in Laboratory of Molecular Genetics. For-
ty-four individuals were tested in the family Felidae of species:
different breeds a domestic cat (Felis catus), five tiger (Panthera
tigri), two lynxes (Lynx Iynx) and one of animal, which represent
the species wildcat (Felis silvestris), manul (Otocolobus manul),
clouded leopard (Neofelis nebulosa), and snow leopard (Panthera
uncia). Genomic DNA was extracted from hairs and buccal swabs.
DNA isolates were amplified by one multiplex PCR. Amplification
of genes was amplified using the QTAGEN Multiplex PCR Kit, the
amplified products were separated on 3100xl Genetic Analyzer and
genotyped using GeneMapper Software (Applied Biosystems). PCR
products for all markers were obtained for a domestic cat. Studied
wild cats, except for a wildcat and snow leopard were different than
domestic cats. PCR products were not observed for FCA441 marker
in clouded leopard and lynx. The same results obtained for FCA149
marker for manul, clouded leopard and tigers. Identified alleles of
the lynx were out of range in FCA220 marker. The same situation
was with manul alleles in FCA441 marker. Additionally, in manul
we observed different variant in AMEL marker, which produced a
216-bp X allele, while others species had 214-bp X allele. We con-
clude, based on the presented studies that we should apply other
known markers to the assessment of biodiversity free-living cats.
Our preliminary studies allow stating that manul is the most dif-
ferent feline but we need further study on much larger population.
Financed by: NCBiR PBS3/B8/16/2015.

Key Words: feline, identification, microsatellite

8 Plains bison triallelic SNPs for determining parentage,
estimating cattle introgression, and inbreeding. T. Kalbfleisch*!,
J. Tait?, V. Basnayake?, B. Simpson?, T. Smith?, and M. Heaton?,
WUniversity of Louisville, Louisville, KY, USA; *GeneSeek, Lin-
coln, NE, USA,; 3USMARC, USDA, Clay Center; NE, USA.

Bison producers are interested in availing themselves of ge-
nomic technologies to make well-informed decisions for breeding
and herd management. Two pressing issues for them are parentage,
and a measure of bovine introgression in their seed stock. Fortunate-
ly, whole genome next-generation sequencing data generated from
bison lends itself well to mapping to the bovine reference genome
for comparative analysis. In this work, we have mapped the whole
genome sequence data from two plains bison. From this data, we
have identified a panel of markers which are heterozygous in both
bison where one allele is unique to bison by virtue of not appearing

2
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in the USMARC Bovine Diversity panel at 5% minor allele fre-
quency or greater. The second allele does not appear in the Bovine
Diversity Panel, and is consistent with the ancestral allele measured
in 2 gaur, 2 banteng and 2 yak. A MALDI-TOF multiplex is being
developed for this panel of markers that will measure all three al-
leles, the two found in the bison, as well as the cattle specific allele.
This marker panel enables bison producers to inexpensively mea-
sure a unique genetic fingerprint for their animals that can be used
in parentage, as well as the ability to quantify the amount of bovine
introgression in the animal.

Key Words: bison, parentage, introgression

9  Discrimination of native chicken breeds using SNP mark-
er combination. S. Jin', N.-R. Choi', D. Seo', P. Manjula', H.-Y.
Kim? S. H. Lee!, and J. H. Lee*!, 'Chungnam National University,

Daejeon, Republic of Korea, *Insilicogen, Inc., Yongin, Republic
of Korea.

The consumption of chicken meat is steadily increasing in
the world and the rate of increase is much higher in Korea because
chicken meat has been recognised as healthy food. Recently, Kore-
an government launched Golden Seed Project (GSP) for developing
new chicken breeding stocks using native chickens. In this study,
600K high-density SNP array was used for the genetic verification
of new chicken breeding stocks. Total, 192 native chickens were
investigated for selection of SNP markers for breed discrimination.
As the results, 128 SNPs were initially selected. Based on the vali-
dation study, highly significant 48 SNP markers were finally select-
ed with 96% sensitivity and 98.4% specificity for identifying target
population. These results can provide useful information for devel-
oping of new chicken breeding stocks with further verifications.

Key Words: SNP, new chicken breeding stock, native chicken,
breed discrimination

Applied Genetics and Genomics in Other Species of Economic Importance

10  An evaluation of the ISAG recommended parentage
and identification panel for the domestic pigeon (Columba
livia domestica). M. de Groot*, VHLGenetics, Wageningen, the
Netherlands.

In this study, the ISAG recommended panel for the identi-
fication of pigeon is characterised based on commonly used sta-
tistical parameters. The assessed marker panel for the domestic
pigeon (Columba livia) genotyping is based on 16 short tandem
repeat (STR) loci (PIGN15, PIGN10, PIGN57, PIGN26, ClipD16,
ClipD19, PIGN12, ClipD17, ClipT17, PIGN04, ClipDO1, CliuD11,
ClipD35, ClipT02, ClipT13, ClipT43). The alleles of the 16 loci
consist of a mixture of tri-, tetra- penta- and hexameric repeat pat-
terns. A sex determination marker was included in the multiplex
for quality control. The repeat sequence of the PIGN markers was
previously unpublished and therefore sequenced to reveal the se-
quence pattern. In total, 1,421 pigeons were genotyped on all 16
STR loci to generate allele frequency data for each locus. All 16
markers combined a PE1 (combined non-exclusion probability, first
parent) of 0.9986 and PE2 (combined non-exclusion probability,
second parent) of >0.9999 was observed. Comparing both the al-
leged father and mother, a PE value of >0.9999 was observed. Two
of the markers, CliuD19 and PIGN12, were found to have relatively
high HWE and F(Null) values. Therefore it can be considered to re-
place these markers by other STRs. Another point of discussion can
be to add a gender identification marker to the recommended ISAG
panel. Not only can this serve as an extra identification marker, but
also because it is very hard to determine the sex of an animal based
on phenotypical characteristics, especially for chicks. The set of 16
STR markers can be used in routine parentage verification work as
well as identification of individuals.

Key Words: STR, genotyping, Columba livia domestica, pigeon

11  Selection of SNP markers for a dromedary camel geno-
typing array. M. Al Abri*!, H. M. Holl?, D. Miller®, S. Abdalla’,
B. Shykind*, J. Malek*, Y. Mohamoud*, K. Pasha®, A. Khalili®, D.
F. Antczak®, and S. Brooks!, 'Sultan Qaboos University, Depart-
ment of Animal and Veterinary Sciences, Muscat, Sultanate of
Oman; 2University of Florida, Department of Animal Sciences,
Gainesville, Florida, USA; 3Department of Molecular Biology
and Genetics, Cornell University, Ithaca, NY, USA; *Weill Cor-

nell Medical College in Qatar, Cornell University, Doha, Qa-
tar; 3Tharb Veterinary Hospital, Doha, Qatar.

Domesticated over 3,000 years ago, dromedary camels play
a vital role in livestock production systems, especially in arid and
semi-arid regions. As problems of global warming and shortages of
potable water worsen, camels could be the livestock of choice as
they are better adapted than other species to high ambient tempera-
tures and limited resources. However, to take advantage of the agri-
cultural advantages of the camel, improved understanding of the ge-
netics underlying their unique biology is needed. To this day, there
are relatively few published studies in the area of camel genetics
and genomics. This is due, in large part, to a lack of genomics tools
to conduct such studies. Additionally, while genotyping arrays are
commercially available for most livestock, such arrays have not yet
been developed for camels. In this work, we describe the develop-
ment of a set of ~80,000 single nucleotide polymorphisms (SNPs)
for the dromedary camel. These SNPs are selected from whole ge-
nome sequencing (WGS) of 9 camels and Genotyping by sequenc-
ing (GBS) data of 244 dromedary camels. We also discuss the de-
velopment and evaluation of a reduced set of 100200 SNP markers
for parentage testing, a service in high demand for the camel racing
industry. The genotyping panels will assist in estimating diversity
parameters and genomic relationships between camels. They will
also enable estimation of heritabilities for economic quantitative
traits, GWA studies, and searches for selection signatures of import-
ant production and health traits. Finally, since no pedigree records
or registries exist for most camels, genomic improvement/selection
through such a SNP panel may be the only feasible method to boost
its contribution to meat and milk production and therefore, food se-
curity in the future.

Key Words: Old World camelids, breed/population identification,
genetic improvement, parentage, single nucleotide polymorphism
(SNP)

12 Characterisation of a family of alpacas exhibiting dispro-
portionate dwarfism. K. A. Munyard* and T. Y. K. Tan, School of
Biomedical Sciences, Curtin Health Innovation Research Institute,
Curtin University, Perth, Western Australia, Australia.

An alpaca breeder noted that one of his herdsires (Sire X) pro-
duced cria which were noticeably smaller than normal ~50% of the
time. Both male and female cria were affected, and there was also
perceived mild dysmorphia. We report here the investigation of this
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trait, including phenotypic characterisation, inheritance pattern, and
a preliminary genomic association study. The animals in the study
were Sire X, cria out of normal females that were sired by Sire X,
and cria out of these same dams by normal sires. Phenotype was
characterised by measuring weight over time, and body proportions
at age >1yo. Mode of inheritance was hypothesised from pedigree
records. A genome wide association study was performed on sev-
en of these animals. PLINK was used to analyse SNPs generated
via double digest reduced representation Ion Proton sequencing,
mapped to the vicpac2.0 genome. The affected alpacas conformed
to a disproportionate dwarfism phenotype, namely a significant re-
duction in the length of the spine (P = 0.002), the length of elbow
to withers (P = 0.02), spine to hind knee (P = 0.03), and hock to
hind fetlock (P = 0.01). Weights were significantly lower at birth
(P = 0.01) and approached significance at 1yo (P = 0.056). Ped-
igree analysis supported an autosomal dominant mode of inheri-
tance. Between 142,831 and 396,069 SNPs were called for each
animal, although only 41,261 SNPs were called at >20x coverage
in all 7 animals. One SNP (scaff 19: 12429719) had a P-value of
0.000532, and 15 others also had high p-values. However, none of
these reached genome-wide significance after correction for multi-
ple testing. A candidate gene near the top SNP encodes for an en-
zyme that cleaves Amyloid Precursor Proteins (APP). Abnormal
accumulation of APP has been linked to a disease which includes
deformity of the long bones as a symptom (Kimonis et al., 2007).
Additional candidate genes will be examined. The genotyping by
sequencing protocol proved to be successful, but still needs further
optimization to maximise the common regions sequenced, and thus
the number of SNPs able to be called across the whole cohort.

Key Words: New World camelids, genome-wide association,
genotyping, genetic disorder, animal health

14  Genomic selection for performance and reproduction
traits in American mink. K. Karimi*!, Y. Miar!, and M. Sargolz-
aci?3, 'Department of Animal Science and Aquaculture, Dalhousie
University, Nova Scotia, Canada; *Department of Animal Biosci-
ences, University of Guelph, Guelph, Ontario, Canada,; 3Semex
Alliance, 5653 Highway 6 North, Ontario, Canada.

Phenotypic relationships between performance and reproduc-
tion traits were explored using bivariate models on a dataset from
a genomic study aimed at improving economically important traits
in American mink. Performance and reproduction traits of 21,939
mink during the period of 20022016 were collected by Canadian
Centre for Fur Animal Research at Dalhousie University. A study to
implement genomic selection for these traits on 2,000 mink using
genotyping-by-sequencing has been also initiated. Phenotypic vari-
ations and correlations between bodyweight at different ages, litter
size, the number of weaned kits and mortality rate until weaning
were estimated using SAS 9.4 program. The average number of kits
born was equal to 6.12 + 2.58 and varied between 0 and 17 kits per
female. On average, 0.83 kit per female was dead at the first 24 h
post whelping. Our results indicated that 84.19% of alive kits sur-
vived until weaning (6 weeks). The average number of weaned kits
was 4.92 + 2.54 per female and ranged from 0 to 13. The average
birthweight was 11.20 + 2.95 gr per kit and ranged from 5 to 23.8
gr. Furthermore, the average weight at 3 weeks and weaning weight
were equal to 134.1 = 17.4 gr and 389.8 + 62.2 gr, respectively.
Negative phenotypic correlations were found between birthweight
with litter size (-0.47 + 0.17), the number of kits born alive (-0.39

+ 0.14) and the number of weaned kits (-0.20 + 0.07). Weaning
weight was negatively correlated with litter size (-0.31 on average),
the number of kits born alive (-0.32 on average) and the number of
weaned kits (-0.36 on average). Additionally, the phenotypic cor-
relation between pairing weights and the number of weaned kits
was low (-0.10 = 0.04). Relatively high phenotypic variation and
moderate correlation between the studied traits in American mink
warrants further investigation to estimate genetic parameters and to
investigate the possibility of genetic improvement through imple-
mentation of multi-trait genomic selection.

Key Words: Mustelids, animal breeding, performance traits, phe-
notypic correlation, genomic selection

15 SNP genotyping of reindeer (Rangifer tarandus) using
BovineHD BeadChips. V. Kharzinova*!, A. Dotsev!, V. Fedorov?,
G. Brem'?, K. Wimmers*, H. Reyer*, and N. Zinovieva', 'L.K.
Ernst Institute of Animal Husbandry, Moscow, Russia, *Yakut
Scientific Research Institute of the Agriculture Federal Agency
Scientific Institutions, Yakutsk, Russia; 3Institute of Animal Breed-
ing and Genetics, VMU, Vienna, Austria; *Institute of Genome
Biology, Leibniz Institute for Farm Animal Biology, Dummerstorf,
Germany.

For most model species, SNP genotyping assays became a
highly effective molecular genetic tool for biodiversity studies. In
regards to non-model species (such as reindeer), these targets are
currently limited by the lack of SNP arrays. Some recent research
demonstrated the successful application of the medium density
DNA chips for survey of genetic diversity and population structure
of the reindeer populations, but high-density SNP arrays have not
been applied for this purpose yet. In our study, the [llumina Bovine-
HD BeadChip genotyping array was tested as a new tool for de-
scribing the biodiversity and estimating individual level of inbreed-
ing within reindeer populations. Genomic DNA was isolated from
tissue samples of 22 individuals belonging to three semi-domestic
reindeer populations (POP1, n = 7; POP2, n = 12; POP3, n = 3)
using a Nexttec column (Nexttec Biotechnologie GmbH, Germa-
ny). We used PLINK1.07, Admixture 1.3. Software and R packages
(‘VennDiagram’, ‘inbreedR’ and ‘diveRsity’) were used for statisti-
cal analysis. After QC (GENO 0.1, MAF = 0.01) 9623 SNPs were
taken for the further analyses. All populations had approximately
equal polymorphism level, while POP1 was characterised by the
highest level of genetic diversity (Ho = 0.227 + 0.002, He = 0.202 +
0.002 and Ar = 1.499 + 0.003) and POP3 the lowest (Ho = 0.223 +
0.003, He = 0.155 £ 0.002 and Ar = 1.392 = 0.005). The F ¢ values
ranged from -0.055 in POP2 to -0.386 in POP3. The g2 estimator of
identity disequilibrium (ID) significantly differed from zero (g2 =
0.00055, se = 0.00022, P < 0.001, based on 999 permutations) and
the expected r2 between inbreeding level and heterozygosity was
0.64. Multi-dimensional scaling (MDS) components one (C1) and
two (C2) explained ~10.5% and 9.0% of the variation, respectively.
Admixture analysis revealed a clear differentiation of the studied
reindeer populations, which indicates their unique genetic profiles.
We demonstrated that SNP genotyping using Bovine 770K SNP
BeadChips provides sufficient information on reindeer genetic pro-
files which might be used for creation of specific SNP panels for this
species. This research was funded by Russian scientific foundation
project number 14-36-00039.

Key Words: SNP, BovineHD BeadChips, reindeer
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16 Combining transcriptome and epigenetic analysis of
H3K36me3 and H3K4me3 marks to explore mechanisms of
liver-specific gene expression in pigs. J. Huang, M. Schroyen,
N. Gabler, J. Dekkers, and C. Tuggle*, Department of Animal
Science, lowa State University, Ames, 14, USA.

Post-translational covalent modifications on the histones in
nucleosomes play important roles in regulating gene expression at
the chromatin level. To study the interplay between RNA expres-
sion and histone modification in pig tissues, we selected putative
tissue-specific genes using RNAseq analysis of liver, muscle, spleen
and?ileum collected from 6 Yorkshire pigs. We found 148, 108, 17
and 109 genes were specifically or highly differentially expressed in
liver, muscle, spleen and ileum, respectively. Using Q-RT—PCR, we
validated these predictions for 11 liver, 10 muscle, 9 spleen, and 6 il-
eum genes. Trimethylation of lysine 36 of histone H3 (H3K36me3)
and trimethylation of lysine 4 of histone H3 (H3K4me3) are as-
sociated with specific transcriptional states, and we predicted that
H3K4me3 marks would be enriched in liver chromatin at liver-spe-
cific gene promoters, but not at muscle-specific gene promoters.
Likewise, we predicted H3K36me3 would be enriched in the 3'UTR
only for liver-specific genes. Liver chromatin preparations from
two replicates were immunoprecipitated (ChIP) using antibodies to
these two marks. We developed Q-PCR tests (at the promoter or
the 3'UTR) for 17 expression-validated genes (9 liver-specific and
8 muscle-specific) to test whether H3K36me3 (gene body/3'UTR)
and H3K4me3 (active promoter) marks were associated with RNA-
seq predictions. Results showed that the H3K36me3 levels mea-
sured at the 3'UTR were high for all liver-specific genes but low for
muscle-specific genes. Conversely, H3K4me3 levels measured at
the promoter were high for only liver-specific genes. Q-PCR assays
for gene deserts were negative for both marks, while a broadly ex-
pressed gene (RPL30) was positive for both marks. These data indi-
cated that H3K36me3 and H3K4me3 are active marks that correlate
well in pigs with their known connections to functional gene com-
ponents in human and thus are likely to play a vital role in epigenetic
control of porcine gene expression. Therefore, these marks should
be highly valuable for functional annotation of the porcine genome.
Funding acknowledgment: NIFA-AFRI-2011-68004-30336.

Key Words: pig, Functional Annotation of Animal Genomes
(FAANG), gene expression, epigenetics, liver

17  Genome-wide analysis of H3K4me3 and H3K27me3 in
three tissues in pigs. C. Kern*', Y. Wang', P. Saelao', K. Chantha-
vixay', I. Korf!, C. K. Tuggle?, C. Ernst’, P. Ross!, and H. Zhou',
WUniversity of California, Davis, Davis, CA, USA;, *lowa State
University, Ames, I4, USA; *Michigan State University, East
Lansing, MI, USA.

Epigenetics is an important factor in understanding the link
between an organism’s genome and phenome. Such knowledge is
especially important in the food production industry where it can be
applied to improve production efficiency, animal welfare, and food
safety. As a part of the International FAANG effort, we have made
progress towards generating a catalogue of functional elements
for the pig genome using ChIP-seq assays for the H3K4me3 and
H3K27me3 histone modifications in liver, lung, and spleen from
two biological replicates with more than 20 million mapped reads
for H3K4me3 assays and 40 million mapped reads for H3K27me3
per animal (FAANG Consortium criteria). We identified 29,365
H3K4me3 peaks in liver, 25,558 in lung, and 23,979 in spleen using
Macs 2 (g-value 0.01). For H3K27me3, we used SICER (q-value
0.01) and identified 123,392 broad peaks in liver, 122,656 in lung,
and 152,269 in spleen. From a set of 22,861 promoter regions from
Ensembl, in liver 7,461 contained H3K4me3 peaks, 4,095 con-

tained H3K27me3 peaks, and 2,139 contained peaks from both.
In lung, these numbers were 6,853, 3,476, and 2,494, respectively,
and in spleen 6,711, 4,097, and 2,551, respectively. Liver showed
the highest specificity of the H3K4me3 modification, with 821 pro-
moters containing a peak only in liver, compared with 261 in lung
and 340 in spleen. For the H3K27me3 mark, the modification was
observed only in liver for 873 promoter regions, 471 in lung, and
972 in spleen. Using RNA-seq data generated from the same tis-
sue samples as our ChIP-seq assays, we confirmed that genes with
the H3K4me3 modification were expressed at significantly higher
levels than those with the H3K27me3 modification. Five additional
tissues and three more ChIP-seq marks will enable an integrative
analysis to predict chromatin state across the pig genome.

Key Words: pigs and related species, Functional Annotation of
Animal Genomes (FAANG), epigenomics, ChIP-seq, bioinformat-
ics

18  Effects of maternal nutrition on the transcriptome and
epigenome of the offspring. H. Namous', F. Pefiagaricano?, M.
Del Corvo?®, E. Capra‘, A. Stella*, J. Williams®, P. A. Marsan’,

and H. Khatib*!, 'University of Wisconsin, Madison, Wisconsin,
USA; 2University of Florida, Gainesville, Florida, USA; *Univer-
sita Cattolica del S. Cuore, Piacenza, Italy; *Istituto di Biologia

e Biotecnologia Agraria, Lodi, Italy; °University of Adelaide,
Roseworthy, Australia.

The objective of this study was to evaluate the impact of ma-
ternal nutrition of pregnant ewes on the epigenome and transcrip-
tome of their fetuses. Ewes were naturally bred to a single sire, and
from days 67 + 3 of gestation until necropsy (day 130 = 1) they were
individually fed alfalfa haylage (HY; fibre) or corn (CN; starch). A
total of 26 fetuses were removed from 15 dams and longissimus dor-
si muscle, perirenal adipose depot, and subcutaneous adipose depot
tissues were collected. Total RNA and genomic DNA were extract-
ed from fetal tissues for transcriptomic and DNA methylation anal-
yses. To assess the effects of maternal diets on the transcriptome of
the fetal tissues, a total of 36 pooled samples (12 pooled samples
per tissue with 4 biological replicates per diet) were analysed us-
ing RNA-sequencing. From 18,393 genes tested for differential ex-
pression in fetal longissimus dorsi muscle tissue, 823 genes showed
differential expression between CN and HY maternal diets. Many
of these genes are directly involved in embryonic and fetal devel-
opment, skeletal muscle cell and tissue differentiation, and muscle
myosin complex and sarcomere organisation. To assess the effects
of maternal diet on the epigenome of the fetus, whole genome DNA
methylation analysis was performed in 16 fetal longissimus dorsi
muscle tissues using MethylMiner, a methyl binding-based meth-
od. A total of 61 differentially methylated regions (DMRs) between
HY and CN diets were found in which 39 DMRs showed higher
methylation levels in HY compared to CN and 22 DMRs showed
higher methylation levels in CN compared to HY. Several differ-
entially methylated genes were validated using bisulfite sequenc-
ing. In addition, the correlation between gene expression and DNA
methylation was validated for differentially-expressed and differen-
tially methylated gene. Overall, these findings provide evidence that
maternal diet supplementation during pregnancy can modulate gene
expression and epigenetic changes in the offspring.

Key Words: maternal nutrition, transcriptome, epigenome, sheep

19  Profiling the landscape of transcription, chromatin acces-
sibility and chromosome conformation of cattle, pig, chicken
and goat genomes [FAANG pilot project “FR-AgENCODE”].
S. Foissac!, S. Djebali*!, H. Acloque', FR-AgENCODE Consor-
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tium?, M. H. Pinard-Van der Laan?, S. Lagarrigue®, and E. Giuffra?,
'GenPhySE, INPT, ENVT, INRA, Université de Toulouse, Toulouse,
France; *GABI, AgroParisTech, INRA, Université Paris Saclay,
Paris, France; SPEGASE, INRA, Agrocampus Ouest, Rennes,
France.

Functional annotation of livestock genomes is a critical and
obvious next step to derive maximum benefit for agriculture, animal
science, animal welfare and human health. The aim of the Fr-AgEN-
CODE project is to generate multi-species functional genome an-
notations by applying high-throughput molecular assays on three
target tissues/cells relevant to the study of immune and metabolic
traits. An extensive collection of stored samples from other tissues
is available for further use (FAANG Biosamples ‘FR-AGEN-
CODE’). From each of two males and two females per species
(pig, cattle, goat, chicken), strand-oriented RNA-seq and chroma-
tin accessibility ATAC-seq assays were performed on liver tissue
and on two T-cell types (CD3+CD4+ & CD3+CDS8+) sorted from
blood (mammals) or spleen (chicken). Chromosome Conformation
Capture (in situ Hi-C) was also carried out on liver. Sequencing
reads from the 3 assays were processed using standard processing
pipelines. While most (50-70%) RNA-seq reads mapped to anno-
tated exons, thousands of novel transcripts and genes were found,
including extensions of annotated protein-coding genes and new
IncRNAs (see abstract #69857). Consistency of ATAC-seq results
was confirmed by the significant proportion of called peaks in pro-
moter regions (36-66%) and by the specific accumulation pattern
of peaks around gene starts (TSS) v. gene ends (TTS). Principal
Component Analyses for RNA-seq (based on quantified gene ex-
pression) and ATAC-seq (based on quantified chromatin accessibil-
ity) highlighted clusters characterised by cell type and sex in all
species. From Hi-C data, we generated 40kb-resolution interaction
maps, profiled a genome-wide Directionality Index and identified
from 4,100 (chicken) to 12,100 (pig) topologically-associating do-
mains (TADs). Correlations were reported between RNA-seq and
ATAC-seq results (see abstract #71581). In summary, we present
here an overview of the first multi-species and -tissue annotations
of chromatin accessibility and genome architecture related to gene
expression for farm animals.

Key Words: multispecies, Functional Annotation of Animal Ge-
nomes (FAANG), ATAC-seq, RNA-seq, Hi-C

20 Long-non coding RNAs repertoires in liver and two T
lymphocyte cell types in four livestock species [FAANG pilot
project “FR-AgENCODE”]. K. Muret*!, S. Djebali?, T. Derrien’,
C. Cabau?, C. Klopp*, D. Esquerré*’, K. Munyard®, G. Toss-
er-Klopp?, H. Acloque?, E. Giuffra’, S. Foissac?, and S. Lagarri-
gue', 'UMR PEGASE INRA, Agrocampus Ouest UMR PEGASE,
Rennes, France; *UMR GenPhySE, INRA, INPT, ENVT, Universi-
té de Toulouse, Castanet-Tolosan, France; *IGDR, CNRS-Univer-
sity Rennes 1, Rennes, France, *SIGENAE, INRA, Castanet-Tolos-
an, France; ’Plateforme GENOTOUL, INRA, Castanet-Tolosan,
France; ®School of Biomedical Sciences, Curtin Health Innovation
Research Institute, Western Australian Biomedical Research Insti-
tute, Curtin University, Perth, Western Australia, Australia; "UMR
GABI, INRA, AgroParisTech, Université Paris Saclay, Jouy-en-
Josas, France.

Understanding genome-to-phenome relationships requires
deep and cross-disciplinary genetic analyses among which function-
al annotation provides crucial insights. The development of High
Throughput Sequencing and RNA-seq now help us to find a large
number of heterogeneous and low-expressed transcripts known
to be long non-coding RNAs (IncRNAs). One of the aims of the
FAANG pilot project ‘FR-AgENCODE’ is to identify and charac-
terise the long non-coding RNAs of multiple tissues and cell lines in
4 farm animals (chicken, bovine, pig and goat) of both sexes. Here,
we focus our analysis on the liver tissue and two blood T-cell types
(CD3+CD4+, CD3+CD8+) where samples were collected through

4 biological replicates (2 males and 2 females). It allows us to com-
pare IncRNA repertoires between tissues, sex and species in rela-
tion with fundamental biological functions like energy storage and
immunity. High depth strand-specific RNA-seq produced ~200M
paired-end reads for each of the 16 RNA-seq datasets. After tran-
scriptome reconstruction, we used the recently published FEELnc
program (Wucher et al., 2017, Nucleic Acid Research) to identify
IncRNAs longer than 200 bp and without protein-coding capabili-
ties. FEELnc also classifies IncRNAs based on their genomic local-
izations with respect to the ENSEMBL protein-coding annotation:
intergenic IncRNAs are categorized depending on the distance and
orientation with respect to the closest mRNAs and the intragenic In-
cRNAs are extracted based on their overlap with mRNAs exons and
introns. We will report these IncRNA repertoires in terms of inter-
genic/intragenic IncRNA class, structure and expression and com-
paring these features between livestock species, tissues and sexes.
By profiling the transcriptional landscape of IncRNAs in these 4
species, this data will further contribute to the global action for an-
notating functional elements of livestock genomes.

Key Words: long non-coding RNAs, multispecies, Functional
Annotation of Animal Genomes (FAANG), comparative genomics,
RNA-seq

21  Genome-wide CRISPR knockout screening for host fac-
tors involved in bovine herpes virus type 1 infection. W. Tan*!,
I. Dry', S. Lillico?, C. B. A. Whitelaw?, and B. Dalziel', ' Division
of Infection and Immunity, the Roslin Institute, University of Edin-
burgh, Edinburgh, Scotland; *Division of Developmental Biology,
the Roslin Institute, University of Edinburgh, Edinburgh, Scotland.

Bovine herpes virus type 1(BHV-1) causes infectious bovine
rhinotracheitis, fatalities in calves and pregnancy abortions in cows,
leading to huge economy loss in Ireland and the UK. Unfortunate-
ly, little is known about how host factors interact with this virus,
and our lack of knowledge is impeding vaccine and drug develop-
ments. CRISPR/Cas9 are novel molecular scissors that cut DNA
in a site-specific manner and have been used to edit many genes
in livestock. It relies on base pairing between the small CRISPR
guide RNA(gRNA) and target DNA, an activity that leads the
gRNA-bound Cas9 protein to exert DNA cutting, often resulting
in gene inactivation or conversion changes. Since the specific-
ity of CRISPR/Cas9 is largely determined by the base pairing, it
is straightforward to introduce many guides together to achieve
knockout of multiple genes in parallel. Various groups have fully
utilised this strategy and generated CRISPR libraries that target ev-
ery gene in given organisms. Cells treated with such libraries lead to
dissections of host factors involved in infections such as those from
flaviviruses and HIV. To enable whole genome screening in cattle,
we are creating a CRISPR library with ~120,000 guides targeting
every gene in the bovine genome. We will then use it to screen for
host factors involved in BHV-1 infection. To achieve this, MDBK
cells that stably express Cas9 from the rosa26 locus will be trans-
duced by a lentivirus library that expresses all guides at low titre,
ensuring single knockout events in the majority of the cells. The
resulting cell pool encompassing knockout events in all genes will
then be challenged by recombinant BHV-1 virus with mCherry. Cell
populations with early and late mCherry signals and cells devoid of
mCherry post infection will be obtained by FACS sorting. Integrat-
ed gRNA in these populations will be amplified and sequenced by
Illumina Hiseq which will reveal copy numbers of guides; enriched
guides indicate inhibitory roles of corresponding genes whereas de-
pleted guides imply facilitator roles of targeted genes. These candi-
dates will then be validated by transfecting individual guides into
MDBK cells which will also be challenged by the virus.

Key Words: BHV-1, CRISPR-Cas9, whole genome screening,
gene discovery
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22 Beyond sequencing: Assigning function to novel ncRNAs.
F. McCarthy*!, A. Cooksey', C. Gresham?, and B. Nanduri?, ' Uni-
versity of Arizona, Tucson, AZ, USA; *Mississippi State University,
Starkville, MS, USA.

New genomic technologies are accumulating information
about functional elements within genomic sequence at a faster
rate than ever before, and the FAANG Project is expected to in-
crease this rate of acquisition. Understanding how these elements
contribute to traits and phenotypes requires a concomitant effort
to understand the function of these regulatory genes and regions.
However, functional annotation relies on curation of published data
and computational prediction pipelines; genomic technologies rou-
tinely identify novel functional elements (with no existing body
of literature) and there are no existing computational pipelines for
functional annotation of ncRNAs. We describe here our approach
to develop functional annotation workflows for miRNAs and In-
cRNAs, two classes of ncRNAs that are being annotated in species
that are studied as part of the FAANG Project. We pair miRNA tar-
get prediction with proteomics data and GO enrichment analysis to
(1) better identify true miRNA targets and (2) predict the function of
novel miRNAs. For predicting function of novel IncRNAs we use a
similar approach, identifying IncRNA-mRNA pairs expressed in the
same tissues, identifying interaction networks for these pairs and
investigating GO term enrichment to predict function. By linking
experimental expression data with computational approaches, we
expect to generate preliminary, high-throughput functional informa-
tion about commonly identified classes on ncRNAs. This in turn
will allow us to provide information that can then be incorporated
into functional analyses of typical gene expression datasets (e.g.
transcriptome data).

Key Words: noncoding RNAs, functional annotation

23 Haplotype resolution of leukocyte receptor complex in
cattle through targeted enrichment and SMRT sequencing. D.
Heimeier*!, J. Schwartz', D. Bickhart?, T. Smith?, and J. Ham-
mond!, 'The Pirbright Institute, Woking, Surrey, England; *Cell
Wall Biology and Utilization Research, USDA-ARS, Madison, WI,
USA; 3Meat Animal Research Center, USDA-ARS, Clay Center,
NE, USA.

The highly repetitive nature of cattle leukocyte receptor com-
plex (LRC) has made it difficult to assemble and fully characterise
this region with short reads used by second generation sequencing.
Previously, we reported the first two cattle killer immunoglobu-
lin-like receptors (KIR) haplotypes; one complete and framed by
leukocyte immunoglobulin-like receptor (LILR) and Immunoglob-
ulin o Fc receptor (FCAR) genes (263kb), the other shorter and in-
complete, that were resolved from combined Sanger and 454-py-
rosequencing sequencing of BAC clones. Through subsequent
targeted genome enrichment with Roche Nimblegen probes and I1-
lumina sequencing of different cattle breeds and related species the
haplotype variability and gene polymorphism of further haplotypes
has been predicted to be gene variable with additional KIR genes.
This data has now been combined and validated with another com-
plete and larger KIR haplotype (350kb) that has been assembled
using long-read single molecule real time (SMRT) sequencing with
Pacific Bioscience technology. More recently, we have developed
this targeted sequencing approach for use with SMRT sequencing
to resolve the KIR region in more detail from further two individu-
als. Initial results show between 87 and 91% average base coverage
when mapped to the shorter complete KIR haplotype at a maximum
divergence of 10%. Average coverage was more than 20x with cer-
tain regions reaching more than 100x, which could be indicating
additional or missing genes in the investigated individuals. This
preliminary data is clearly indicating towards significant structural
variation as well as polymorphisms. We are currently developing a
bioinformatics pipeline to de novo assemble and phase each haplo-

type, so we can process a large number of individuals and identify
gene variable haplotypes and polymorphic variants with confidence.

Key Words: cattle, immunogenetics, targeted enrichment sequenc-
ing, leukocyte receptor complex, haplotype

24  The ruminant biology and evolution revealed by a flock
of ruminant de novo genomes. W. Wang!, Q. Q. Qiu', G. Zhang*,
R. Heller?, H. R. Siegismund?, and Y. Jiang*?, ' Northwestern
Polytechnical University, Xi’an, Shaanxi, China; *Northwest A&F
University, Yangling, Shaanxi, China, *University of Copenhagen,
Copenhagen, Denmark; *Beijing Genomics Institute at Shenzhen,
Shenzheng, Guangdong, China.

The ruminants form one of the most ecologically important
hehbivorous animal groups on Earth, with two major families, the
bovids (Bovidae) and the deer (Cervidae). Furthermore, the rumi-
nants include five of the most important livestock species: the cow,
water buffalo, yak, sheep and goat. Despite the remarkable diversity
and evolutionary success of the ruminants relatively little is known
about the evolutionary genomics of the group, let alone how did
they evolve. In an international consortium including Danish and
Chinese research groups, we are de novo assembling 45 ruminant
genomes, covering all of the six exist families and most of the 82
exist genera of ruminant suborder. With this big dataset we plan to
bring our knowledge about the evolutionary genomics in this im-
portant animal group to a whole new level. We will look at several
specific ecological and physiological adaptations, such as the evolu-
tionary innovation of the rumen and the horn, the ruminantia popu-
lation dynamics correlated with the climate change in past millions
of years. Combined with comparative genomics and ENCODE ge-
nomic features, the ruminant specific conventional regions would
be also revealed and used for the cattle/sheep/goat functional ge-
nome annotation.

Key Words: ruminant biology, de novo genome, comparative
genomics, rumen, horn

25  SheepGenomesDB: Towards 1000 Genomes. S. McWil-
liam*!, R. Brauning?, S. Clarke?, A. McCulloch?, N. Cockett’,

G. Saunders*, M. Naval Sanchez', H. Daetwyler®¢, and J. Kijas',
'CSIRO, St Lucia, Queensland, Australia; *AgResearch Ltd, Inver-
may, Mosgiel, New Zealand; 3Utah State University, Logan, UT,
USA; *EMBL-EBI, Cambridge, United Kingdom,; ’Department of
Economic Development, Jobs, Transport and Resources, Bundoo-
ra, Victoria, Australia; °La Trobe University, Bundoora, Victoria,
Australia.

The SheepGenomesDB is a repository of genome wide vari-
ants produced from publically available sheep genomes. The project
applied a harmonised pipeline for raw read filtering, mapping and
variant detection. Run 1 captured nearly 500 sheep genomes, and
generated nearly 100 million unfiltered variants which were pruned
to define a high confidence set. Run 2 increases the genome count
to almost 1000 across a wider range of sheep breeds. Both variant
collections (raw and high quality) are available via the European
Variation Archive (EVA), with the high quality variants annotat-
ed against OARvV3.1 using the Ensembl Variant Effect Predictor
(VEP). We report on the data diversity, variation across breeds and
geographical location and the applications to imputation, analysis of
domestication, disease mutation identification and linkages with the
emerging FAANG project.

Key Words: sheep, genome, variants

26 A novel approach for mapping of animal genome as-
semblies to a chromosomal level applied to avian genomes. J.
Damas', R. E. O’Connor?, M. Farre!, H. Martell?, E. A. Slack’, E.
Allanson', L. Kiazim?, R. Jennings?, A. Mandawala®, S. Joseph?,
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K. E. Fowler’, D. K. Griffin?, and D. M. Larkin*', 'Department of
Comparative Biomedical Sciences, Royal Veterinary College, Uni-
versity of London, London, UK; *School of Biosciences, Universi-
ty of Kent, Canterbury, UK; 3Canterbury Christchurch University,
Canterbury, UK.

The ultimate aim of a genome assembly is to create a con-
tiguous length of sequence from p- to g- terminus of each chromo-
some. Most assemblies are however, highly fragmented, limiting
their use in studies of trait linkage, phylogenomics and genomic
organisation. To overcome these limitations, we developed a nov-
el scaffold-to-chromosome anchoring method combining Refer-
ence-Assisted Chromosome Assembly (RACA) and fluorescence
in situ hybridisation (FISH) to position scaffolds on chromosomes.
Scaffolds generated from de novo sequenced genomes were ordered
and orientated using RACA against a reference and outgroup ge-
nome into ‘predicted chromosome fragments’ (PCFs) for 18 pre-
viously published avian genomes. PCFs were verified using PCR
for 6 genomes and the second round of RACA was run for all ge-
nomes using settings derived from the PCR results. An universal
set of FISH probes developed through the selection of conserved

regions in 21 avian genomes were then used to map PCFs of the
peregrine falcon (Falco peregrinus) and rock pigeon (Columba liv-
ia) genomes. We were able to physically map 87% of the peregrine
and 84% of the pigeon genome, improving the N50 of both 7-fold,
as well as identify a series of intra and interchromosomal rearrange-
ments. Additional genomes mapped using this method include the
ostrich (Struthio camelus), the saker falcon (Falco cherrug) and
the budgerigar (Melopsittacus undulatus). Comparative analysis of
evolutionary breakpoint regions identified in the upgraded genome
assemblies demonstrated that positions of interchromosomal breaks
in avian genomes are limited to the genome intervals with unusu-
ally low level of sequence conservation. This likely to shed light
on why most avian species have very stable karyotypes. Our com-
bined FISH and bioinformatics approach represents a step-change
in the mapping of genome assemblies. This makes verification and
upgrade of any avian genome assembly with long scaffolds to chro-
mosomes an easy task allowing comparative genomic research at a
higher resolution than previously possible.

Key Words: genome assembly, comparative genomes, fluorescent
in situ hybridization, avian genomes, chicken

Genome Edited Animals

27  Pest-off: Could gene drive help drive out Australia’s in-
vasive pest animals? M. Tizard*!, T. Strive?, P. Brown’, S. Henry?,
A. Sunarto', K. McColl', C. Cooper', D. Moro*, M. Byrne?, and T.
Doran', 'CSIRO Health & Biosecurity, Australian Animal Health
Laboratory, Geelong, Victoria, Australia; *CSIRO Health &
Biosecurity, Black Mountain Laboratory, Canberra, ACT, Austra-
lia; 3CSIRO Agriculture & Food, Black Mountain Laboratory,
Canberra, ACT, Australia; *Department of Parks and Wildlife,
Kensington, Western Australia, Australia.

The CRISPR/Cas9 tool has had a dramatic impact across
biomedical research and is opening new opportunities for biotech-
nology in animal agriculture. Its adaptation as the driving force of
synthetic, RNA guided, gene drives has initiated innovative think-
ing about approaches to dealing with invasive pest animals. Rabbits
and cane toads are probably the best known of Australia’s problem
animals but the list is long — for example feral cats and common
carp (Cyprinus carpio) are less well known but arguably of simi-
lar importance. Current control measures are often insufficient to
mitigate the impacts of these and other pest animals on Australia’s
native wildlife, landscape and agricultural systems. New approach-
es and new tools are needed and genetic technologies, particularly
gene drive, present a significant opportunity, worthy of investiga-
tion. There has been a great deal of international debate involving,
scientist, ethicists, biosafety experts, government regulators and
non-governmental organisations about a range of concerns emerg-
ing from the potential power of the technology. As a result there
are new international frameworks being adopted for regulation of
gene drive research from funding through to execution of research
projects, with a particular focus on the biocontainment of any an-
imals that might be created. It is critical that balanced community
engagement and appropriate research be undertaken to provide the
substrate for informed public, scientific and regulatory debate. It is
against this background that the pests of greatest consequence to
Australia are being evaluated with particular reference to the prac-
ticality and desirability of the solutions that might be proposed. So-
cial licence to operate is perhaps the most critical issue in the devel-
opment and future of this technology. Dialogue, regarding the safety
and efficacy of any proposed gene drive solution to a pest problem,
with the public, with policy makers and with regulators will be as
important as the development of the technology itself.

Key Words: CRISPR/Cas9

28  Editing the future of the domestic pig. S. Lillico*!, C.
Proudfoot', C. Burkard', F. Urnov?, J. Oatley?, B. Telugu*, A. Mile-
ham®, and B. Whitelaw', 'The Roslin Institute, Roslin, Midlothian,
Scotland; *Sangamo Biosciences, Richmond, CA, USA; 3Washing-
ton State University, Pullman, WA, USA; *University of Maryland,
Beltsville, MD, USA; >Genus Plc, DeForest, WI, USA.

Selective breeding and more recently genomic selection have
had huge impacts on the productivity of domestic swine. However,
these approaches are limited to variation that can be readily identi-
fied in the breeding population. The genome editing revolution al-
lows facile manipulation of mammalian genomes. Using these tools
we have created multiple lines of modified domestic pig, with focus
on the creation of novel traits of utility to the swine industry. Our
current work encompassing traits such as germ cell ablation or re-
sistance to viral diseases will be presented.

Key Words: pigs and related species, genome editing, CRIS-
PR-Cas9, genetic improvement

29  The role of leptin in nonalcoholic obesity, diabetes and
hepatic fibrosis. T. Tan*!2, Z. Song', Y. Xing'?, X. Hu'?, and N.
Li'2, 'College of Biological Sciences, China Agricultural Universi-
ty, Beijing, China, >State Key Laboratory for Agro-Biotechnology,
Beijing, China.

The studies of human obesity disease and related metabolic
complications mainly based on rodents models. However, there are
significant differences in physiology between human and rodents.
In contrast, pig shows many similarities not only in the physiolog-
ical structure and function, but also in the metabolic characteris-
tics and genetic background. In this research, we generated a pig
model of obesity via ZFN-mediated knockout system. The ZFN
mutation rate reached 8.3%. Off-target effects have not been de-
tected in Leptin~ individuals. Leptin”~ pigs showed largely in-
creased obesity related phenotypes corresponding to human. It has
significantly improved appetite and body index especially weight.
MSCT examination showed a significant increase of body fat rate
in mutant pigs, which reflected in the subcutaneous fat and visceral
fat. The Leptin” pigs showed significant increase in blood glucose
concentration in the age of 12 months, and developed severe insulin
resistance. By IVGTT assay, the blood glucose regulatory function
is disordered in Leptin™ pigs. Moreover, by HE and IHC analysis,
we found that the Leptin™~ pigs show serious liver lesions, such as
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fatty liver and hepatitis particularly hepatic fibrosis, which is dif-
ferent from the results previously reported based on mouse models.
This may imply that leptin plays different roles in the development
of liver fibrosis in pigs. We were surprised at finding the expres-
sion of cytochrome oxidase was up-regulated in Leptin™ pigs. A
series of markers also confirmed the enhanced oxidative stress in
the Leptin™ pigs’ liver contrary to the results in ob/ob mice. We
have confirmed that leptin deficiency enhanced the Boxidation and
triglyceride accumulation via JAK-STAT pathway and inhibited the
expression of sirt]l via AMPK pathway. So parkin-mediated mito-
chondrial autophagy which activated by down-regulated sirtl and
enhanced Poxidation played common role in making liver injury
secondary hit significantly enhanced. It resulted in deterioration
from adipose degeneration to fibrosis in liver. There are some sim-
ilarities between the pig and human in hepatic fibrosis caused by
obesity, so our research provided a new model and a new approach
to treat hepatic fibrosis disease.

Key Words: leptin knockout, pig, obesity model, fibrosis, oxida-
tive stress

30 Developing and exploiting new technologies to advance
understanding of the avian immune system. A. Balic*, H. Sang,
and M. McGrew, The Roslin Insitute, University of Edinburgh,
Edinburgh, Scotland.

Global poultry production is increasing rapidly, especially in
developing countries where poultry are a major source of animal
protein. While we have a good understanding of how the mamma-
lian immune system develops, this is not the case for birds. Indeed
while birds face similar pathogen challenges to mammals, they have

a different repertoire of organs, cells, molecules and genes of the im-
mune system. To address this deficit in our understanding we have
generated several transgenic cell reporter lines of chickens which
allow the avian immune system to be visualised and manipulated,
including transgenic chickens in which either all haematopoietic
cells (RUNX1-eGFP line) or macrophages (CSFIR-mApple) can
be visualised in embryos and post-hatch birds. In addition, we have
produced several additional lines of chickens which utilise the Cre-
loxP system to allow single- or multicolour cell lineage tracing. Us-
ing these novel bird lines lines have identified different populations
of antigen-presenting cells (APC), such as macrophages and clas-
sical dendritic cells and are currently using these lines of birds to
further elucidate the development and function of the avian immune
system. More recently we have developed gene editing technologies
for modifying chicken primordial germ cells (PGCs), as a route to
production of genome-edited birds, utilising either transcription ac-
tivator-linked nucleases or the CRISPR-Cas9 system. In our hands
CRISPR/Cas9 gene editing technology has proven to be a relatively
simple, highly efficient and precise method for genetic modification
of chickens which opens up many potential applications and bene-
fits for avian researchers.We have developed an efficient method for
the long-term culture and cryopreservation of PGCs, demonstrated
that these PGCs can used to efficiently produce site-directed ge-
nome knockout chickens and crucially, has used these technologies
to produce a gene knockout chicken in which homozygous mutant
chickens are sterile due to the absence of PGCs. We will discuss
further applications of these genetic engineering and genome ed-
iting approaches to further the reduction of production losses and
enhance the selective breeding of more robust, healthy chickens

Key Words: chicken, transgenic, immune, CRISPR-Cas9, PGC

Horse Genetics and Genomics

31  Genetic diversity, evolution and selection in the ma-
jor histocompatibility complex DRB and DQOB genes in the
family Equidae. M. Klumplerova!, P. Splichalova!, J. Oppelt?,

P. Musilova?®, S. Kubickova®, R. Vodicka*, J. Vahala’, L. Orlan-
do®, and P. Horin*!, 'Ceitec VFU, University of Veterinary and
Pharmaceutical Sciences, Dept. of Animal Genetics, Brno, Czech
Republic; *Ceitec MU, Masaryk University, National Centre for
Biomolecular Research, Faculty of Science, Brno, Czech Repub-
lic, *Veterinary Research Institute, Dept. of Reproduction and
Genetics, Brno, Czech Republic; *Zoo Prague, Prague, Czech
Republic; 3Zoo Dvur Kralove nad Labem, Dvur Kralove nad
Labem, Czech Republic; °Centre for GeoGenetics Natural History
Museum of Denmark University of Copenhagen, Copenhagen,
Denmark.

The objectives of this study were to study the genomic di-
versity, evolution and selection of the major histocompatibility
complex (MHC) class Il DRB and DQB genes in the family Equi-
dae. Two individuals of Equus caballus, Equus przewalskii, Equus
asinus asinus, Equus africanus somaliensis, Equus kiang, Equus
hemionus kulan, Equus quagga burchellii, Equus quagga boehmi,
Equus quagga chapmanni, Equus quagga borensis, Equus grevyi
and Equus zebra hartmannae were used for this purpose. All cur-
rently available genomic resources were used for phylogenetic
and selection analyses. Due to their functional importance, exon
2 sequences were analysed. Locus specific horse primers were de-
signed and used for amplifying genomic exon 2 sequences in all
species studied. Next-generation and Sanger sequencing combined
with cloning were used for assessing the genomic sequence varia-
tion. Maximum likelihood phylogenetic trees were constructed and
site-specific selection analyses were carried out using standard bio-
informatic tools. Three DRB and two DQB genes were identified in
the genomes of all equids. A third DQB locus was found in all mem-

bers of the family except the asses Equus hemionus kulan and E. h.
onager. The loci DRB2, DRB3 and DQOB3 showed little differences,
while DRBI and DOBI seemed to be less similar across all species
analysed. The DOB2 locus showed large differences among individ-
ual genomes. Some of the data obtained could be explained by with-
in-species copy number variation contributing to the MHC diver-
sity. Evidence for recombination was found for the DQB1, DQOB2,
DRBI and DRB2 loci. It thus seems that with their at least three
DQB genes, equids are an example of mammals characterised by
a complex DQOB MHC sub-region. Allele sharing was identified in
all loci with the exception of DRBI. Site-specific selection analysis
predicted loci under positive selection both in DRB and DQB loci.
No selected amino acid sites were identified in DRB2 and in DQB3.
These data, along with phylogenetic trees clearly deviating from
neutrality support the assumption that important pathogen-driven
positive selection formatted the MHC class II DRB/DQOB sub-re-
gions in the Equidae.

Key Words: horses and related species, comparative genomics,
DNA sequencing, MHC, biomedical model

32 The potential of Y-chromosomal markers for individual
lineage tracking in horses. S. Felkel', D. Rigler!, C. Vogl', M.
Neuditschko?, S. Rieder?, V. Jagannathan®, T. Leeb®, T. Rattei*,

C. Schlétterer®, G. Brem!, and B. Wallner*!, Unstitute of Animal
Breeding and Genetics, University of Veterinary Medicine Vienna,
Vienna, Austria,; *Agroscope, Swiss National Stud Farm, Avench-
es, Switzerland; *Institute of Genetics, Vetsuisse Faculty, Univer-
sity of Bern, Bern, Switzerland; *Department of Microbiology and
Ecosystems Science, Division of Computational Systems Biology,
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University of Vienna, Vienna, Austria; *Institute of Population Ge-
netics, University of Veterinary Medicine Vienna, Vienna, Austria.

Like mitochondrial DNA, the Y chromosome is a powerful
marker for studying the sex-specific history of populations. They
enable to investigate the history of male and female foundation
lines in a pedigree independent way. Stallion lines have an enor-
mous role in horse breeding, but the low sequence diversity of the
horse Y-chromosome has so far hindered the genetic tracing of male
genealogies in a fine-grained way. We overcame this limitation by
generating an extensive horse Y-chromosomal reference genome
for horses. This reference enables calling of variants in a region
covering 1.46 Mb of the male-specific region of the Y-chromosome
using NGS data. Here we show two examples for elucidating the
ancestry of founder studs within a breed. Based on a backbone
Y-chromosomal phylogeny consisting of 24 haplotypes ascertained
from 52 horses of 21 modern breeds, we first assign the two founder
lineages of the American Saddlebred (Harrison Chief and Gaines’
Denmark) to their respective English Thoroughbred ancestors by
simply genotyping present Saddlebred stallions for already defined
polymorphisms. In the second example we ascertained markers
specific for four founder lineages in the Franches-Montagnes breed
using NGS and pedigree data from 21 stallions. In addition to spe-
cific haplotypes ascertained for each lineage, we also detect three
de-novo mutations that occurred during the time frame of written
records. This de-novo mutations result in derived haplotypes and
therefore distinguish even sub-branches within a lineage. Our setup
can be performed in any breed. Combined with a target-enriched
sequencing approach it has potential for high-throughput develop-
ment of lineage characteristic Y-chromosomal markers.

Key Words: horses and related species, evolutionary genomics,
genotyping, breed/population identification, Y-chromosome

33  Zooming in on chronic progressive lymphedema using a
high-density array in the Belgian draught horse. L. Francois*',
A. Schurink?, B. Velie?, A. Stinckens', S. Blott*, B. Ducro?,

C. Lamberigts’, S. Tinel', K. De Keyser!, M. Oosterlinck®, G.
Lindgren®, S. Janssens', and N. Buys', 'Research Group Livestock
Genetics, Department of Biosystems, KU Leuven, Leuven, Bel-
gium; *Animal Breeding and Genomics Centre, Wageningen Uni-
versity & Research, Wageningen, the Netherlands; *Department of
Animal Breeding & Genetics, Swedish University of Agricultural
Sciences, Uppsala, Sweden; *School of Veterinary Medicine &
Science, University of Nottingham, Leicestershire, United King-
dom; ’Research Group Livestock Physiology, Department of Bio-
systems, KU Leuven, Leuven, Belgium; °Department of Surgery
and Anesthesiology of Domestic Animals, Faculty of Veterinary
Medicine, Ghent University, Merelbeke, Belgium.

Historically, the Belgian draught horse has been globally in-
dispensable in its role as a working horse. However, due the in-
creasing mechanization of agricultural production, the demand for
a such a powerful horse has declined rapidly and the breed is now a
recognised living heritage breed. One of the issues threatening the
future of this breed is the occurrence of chronic progressive lymph-
edema (CPL) which leads to progressive lower limb swelling and
deformation of the soft tissue. While the underlying cause of this
condition is still under debate, two diverging hypotheses have been
formed. The first hypothesis considers alteration in the skin elastic
system as the initial cause, yet the second hypothesis regards CPL
as an inflammatory dermatitis. The current study used 301 Belgian
draught horses genotyped on the Affymetrix 670K array to assess
the genetic background of this disease by performing genome-wide
and homozygosity association analyses. The genome-wide associ-
ation study reached genome-wide significance on ECA10 as well
as nominal significance on several additional chromosomes. Sev-
eral candidate genes have been proposed previously using a candi-

date-gene approach or whole-genome scan based on microsatellites.
None of these can be found in the vicinity of ECA10; however,
three are located in the proximity of regions reaching nominal sig-
nificance: FOXC2 (ECA3), HET/MET (ECA4), ubiquitin protein
ligase E34 (ECA1), and CD109 (ECA20). These candidate genes
cannot exclude either hypothesis. All regions passing nominal sig-
nificance in the genome-wide and homozygosity association analy-
ses were subsequently analysed using PANTHER which ultimately
suggested the involvement of several processes of the immune re-
sponse. This seems implies an inflammatory dermatitis as the pri-
mary cause of CPL although the presence of alterations in the skin
elastic system as cause cannot be excluded. These results provide
the first insight into the genetic background of CPL using a dense
marker set. Additional studies are necessary for confirmation and
look deeper into the genetic mechanisms underlying CPL.

Key Words: horses and related species, genome-wide association,
complex trait

34  Genetic contributions to measured speed in Thor-
oughbred racehorses during early training. G. Farries*, B. A.
McGivney, K. F. Gough, L. M. Katz, and E. W. Hill, University
College Dublin, Belfield, Dublin, Ireland.

Higher speed during sprint bouts in two year old horses has
been associated with improved racing career outcomes in racing
Thoroughbreds (Santschi et al., 2017). We hypothesised that vari-
ation in early measures of speed is heritable. Using GPS and heart
rate monitoring during high intensity sprint bouts (work days, WD)
we derived speed indices (Vpeak, Acc, aveSpr, Dist6a, Dist6b, Dist6)
to be used as phenotypes for genome-wide association studies us-
ing n = 131 horses (69 male, 72 female) genotyped across 49,720
SNPs. All horses were less than three years of age (mean = 2.12
years; range = 1.67-2.96) and had completed less than four WDs
before measurement. Sex, jockey and track condition were used as
covariates. The speed phenotypes were refined by performing prin-
cipal component analysis—principal component 1 (PC1) explained
67.8% of the variance across the speed indices. PC1 was largely
determined by: V__ (0.41), aveSpr (0.32), Dist6a (0.47), Dist6b
(0.46) and Dist6 (0.49). Using PC1 as a phenotype, no SNP reached
genome-wide significance (P < 3.2 x 107). However a candidate
19kb region on chromosome 14 was identified, containing three
genes: PCDHGCS (Protocadherin Gamma-C5), PCDHGBS5 (Pro-
tocadherin Gamma-B5), and SLC25A42 (Solute Carrier Family 25
Member 2). Protocadhedrins are involved in calcium ion binding
and the PCDHB15 (Protocadherin Beta 15) gene, 25kb downstream
from the candidate region, was found to be differentially expressed
(P < 0.05) in equine skeletal muscle in response to acute exercise
(RNA-seq, n = 27). Several other protocadhedrins were differen-
tially expressed (P < 0.05) in equine skeletal muscle in response to
both acute exercise and training. Incorporating field exercise mea-
surements along with genomic and transcriptomic data from racing
Thoroughbreds will provide insight into the genetic regulation of
exercise responses in a highlyadapted athletic animal model.

Key Words: horses and related species, genome-wide association,
functional genomics, athletic performance

35 Whole-genome sequencing reveals two Shetland pony
specific variants affecting body size and shape. J. Metzger*, F.
Naccache, A. Christmann, and O. Distl, /nstitute for Animal Breed-
ing and Genetics, University of Veterinary Medicine Hannover
Foundation, Hannover, Niedersachsen, Germany.

The Shetland pony represents a particularly small horse breed
with a characteristically large head and strong built often accom-
panied by thick mane and tail hair and a general robustness. This
study aimed at investigating whole genome sequencing data from
Shetland ponies for potential signatures of selection and deleterious
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variants in these highly selected regions, which might be responsible
for the expression of a reduced body size and a Shetland pony spe-
cific shape. Runs of homozygosity (ROH) detection performed in
three Shetland ponies, revealed 460 shared ROH regions harboring
1494 genes and 5826 variants with predicted high or moderate ef-
fects. Filtering for variants in these ROH regions with homozygous
mutant genotypes exclusively found in Shetland ponies revealed
two missense variants located in genes involved in growth regula-
tion and bone development. The variant effects were predicted to be
tolerated (0.07) for the missense/splice region variant as well as del-
eterious (0.00) for the missense variant. Further validation of these
variants in ponies and horses of different breeds confirmed that both
variants could be exclusively found in the Shetland pony and in the
closely related Classic pony. In one of these variants the homozy-
gous mutant genotype was only present in Shetland ponies smaller
than 87.9 cm height at the withers and could therefore be proposed
to be fixed in the Miniature Shetland pony population. None of the
other investigated pony and horse breeds, Przewalski horses and
donkeys harbored the mutant allele. In conclusion, our study re-
vealed two Shetland pony specific variants of which one variant
was private for Miniature Shetland ponies and potentially fixed by
targeted selection of this specific pony type during domestication.
Thus, these investigations add further two candidate genes to the
genetically complex development of body size and shape in horses.

Key Words: horses and related species, homozygosity, DNA
sequencing, candidate gene

36 Epigenetic characterization of centromeric chromatin in
equids. S. G. Nergadze', R. Gamba', F. M. Piras!, E. Cappelletti’,
M. Corbo', F. Gozzo', D. Miller?, D. Antczak?, E. Raimondi', K.
Sullivan®, and E. Giulotto*!, 'University of Pavia, Department of
Biology and Biotechnology, Pavia, Italy; *Cornell University, Col-
lege of Veterinary Medicine, Ithaca, NY, USA; 3National Universi-
ty of Ireland, Centre for Chromosome Biology, Galway, Ireland.

Mammalian centromeres are typically associated with highly
repetitive DNA (satellite DNA), which has so far hindered a de-
tailed molecular analysis of this chromatin domain. A large body of
evidence indicates that centromeres are epigenetically specified and
that binding of the CENP-A protein is their main determinant. Pre-
viously (Wade et al. Science 2009; Piras et al. PLoS Genetics 2010)
we showed that, during the evolution of the genus Equus, several
centromeres moved to new sites lacking satellite DNA. In this sys-
tem the epigenetic marks related to the centromere can be studied
by comparing the centromeric domain of a species with the noncen-
tromeric orthologous locus in other species. We also demonstrated
(Purgato et al. Chromosoma 2015) that the location of the CENP-A
binding domain can vary in different individuals giving rise to epi-
alleles, proving that centromeres are autonomous relative to the
DNA sequence and are characterised by positional instability. Here
we present the results of ChIP-seq experiments with anti-CENP-A
antibodies in horse, donkey and zebra cell lines, which led to the
precise localization of several satellite-less centromeric domains in
the genome of these species. Thanks to this powerful model system
we were able to evaluate the possible role of DNA composition,
sequence amplification and DNA breakage in centromere specifica-
tion. In addition, we characterised the association of the centromeric
function with several epigenetic features such as DNA methylation
and histone modifications. The transcription of satellite-less centro-
meric domains was also tested. The possible implications of these
findings will be discussed. Taking advantage of hybrid families of
horse, donkey and mule individuals, the inheritance of centromer-
ic domains through generations was studied. The transmission of
centromeric domains in clonal cell populations was also evaluated.
Taken together, our findings demonstrate that, in the genus Equus,

centromeres are extraordinarily plastic and represent an important
driving force in genome evolution.

Key Words: horse genome, genus Equus, centromere, epigenetic
marks, genome evolution

37 Unraveling gene function using co-expression networks
in the domestic horse. R. Schaefer*!, E. Norton', J. Mickelson?,
and M. McCue', 'Department of Veterinary Population Medicine,
University of Minnesota, St Paul, MN, USA; *Department of Vet-
erinary and Biomedical Science, University of Minnesota, St Paul,
MN, USA.

Genome-wide studies in the horse have successfully been
used to describe domestication and selection, clinical disease, ath-
letic performance, and population structure and dynamics. Despite
their success, the causal genes and functional mechanism underly-
ing many of these studies remain unknown. For example, our re-
cent GWA study of Equine Metabolic Syndrome (EMS) identified
>2,000 SNPs representing 183 regions of the genome that were as-
sociated with 11 different monomorphic, biochemical and hormonal
traits defining EMS. Identifying genes and alleles within the ROIs
these contributing to EMS pathophysiology is an arduous task as:
1) these ROIs span ~98.5M base pairs and contain >3,000 genes; 2)
little is known about EMS cellular and molecular pathophysiology,
thus prioritization is biased towards genes characterised in human/
model organisms; and 3) many genes have entirely unknown or un-
anticipated functions. To mitigate these issues, here, we systemat-
ically integrate whole genome SNP data, tissue specific RNAseq,
and serum metabolomic data in order to better describe and inter-re-
late putative genomic loci associated with EMS. Independently, tis-
sue specific gene co-expression networks were built from skeletal
muscle and tail-head adipose depot in 28 horses from four breeds
that displayed varying signs of EMS. Differential expression anal-
ysis between extreme phenotype scores quantifying EMS in these
28 horses identifies 529 genes among muscle and adipose tissues
indicating these tissues are biologically active for our trait. In mus-
cle/adipose networks, there were 6.5X and 8.3X enrichment for
co-expression among genes within AgriGO terms demonstrating
these networks capture biologically relevant information. Function-
al analysis for EMS was performed by directly extracting co-ex-
pression interactions among genes that were within breed specific
haplotype windows containing associated GWAS SNPs. From our
starting set of 2,375 associated GWAS SNPs we discover 259 genes
with co-expression evidence related to EMS. Future work will fo-
cus on building disease specific, differential co-expression networks
as well as corroborating metabolite abundances from Welsh Ponies
affected by EMS.

Key Words: horses and related species, functional genomics, net-
work analysis, bioinformatics tools, genome wide association

38  Mapping transcriptional regulation at multiple layers
using ChRO-seq. T. Chu'?, L. Choate'?, Z. Wang'?, E. Rice'?,
and C. Danko*'?, 'Baker Institute for Animal Health, Ithaca, NY,
USA; *Cornell University, Ithaca, NY, USA.

The annotation of functional non-coding regions in our
genomes has proven challenging, requiring large numbers of
time-consuming molecular assays to exhaustively identify a pan-
theon of distinct varieties of functional elements. Here we show that
genome-wide maps of nascent transcription can recognise multiple
varieties of activating functional elements in mammalian genomes.
In addition to providing robust measurements of gene and lincRNA
expression levels, transcription can be used to accurately impute the
levels of activating histone modifications, DNase-I hypersensitivity,
and transcription factor binding when used in combination with sen-
sitive machine learning tools. To facilitate the use of this technology
across a wide variety of sample types we developed chromatin run-
on and sequencing (ChRO-seq), a novel molecular tool that maps
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the location of RNA polymerase starting with virtually any cell or
tissue sample. Notably, because ChRO-seq measures transcription
through intact protein-DNA interactions, our strategy can be used to
measure gene expression in tissue samples even after RNA degra-
dation. To illustrate the applications of these tools for understanding
the molecular basis of complex disease, we used ChRO-seq to anal-
yse dozens of primary human brain tumours. Our integrative anal-
ysis revealed that whereas malignant brain tissue largely retained
enhancers that were DNase-I hypersensitive in the tissue of origin, a
rare population of ectopic enhancers resembled fetal tissues isolated
from the nervous system, consistent with the cancer stem-cell hy-
pothesis. We used these maps to identify transcription factors driv-
ing gene regulatory changes in the tumour. Our new technologies
have implications for efficiently annotating mammalian genomes as
well as for understanding the molecular basis of disease.

Key Words: functional genomics, genome annotation, epigenom-
ics, machine learning, gene expression

39 EquCab3. T. Kalbfleisch*!, M. DePriest!, L. Orlando?, and
J. MacLeod?, 'University of Louisville, Louisville, KY, USA; *Uni-
versity of Copenhagen, Copenhagen, Denmark; 3University of
Kentucky, Lexington, KY, USA.

EquCab3 is now complete and has been released to NCBI
and ENSEMBL for annotation in their respective pipelines. This
is the culmination of 3 years work on the project, yielding signifi-
cant improvements in both contiguity and composition. Additional
sequence data for Twilight (the Thoroughbred mare on which the
reference is based) has been incorporated to the previous assem-
bly comprised of Sanger data. New datasets were produced using
Illumina, PacBio, 10X Genomics, Chicago (Dovetail), and HiC
platforms/libraries. We will report on the repeat structure of the ge-
nome, as well as the amount of structural variation found within
Twilight’s genome both of which challenged our efforts to produce
a haploid representation of her genome.

Key Words: equine, horse, reference genome

40  Protein-coding gene and transcript sequences quantify
progress toward the new equine reference genome assembly.
M. S. DePriest*!2, J. N. MacLeod?, and T. S. Kalbfleisch', 'Uni-
versity of Louisville, Louisville, KY, USA; *University of Kentucky,
Lexington, KY, USA.

The current version of the equine reference genome (EquCab?2)
was assembled entirely from Sanger sequence reads and published
in 2009. Due to limited sequence read coverage and technologi-
cal issues with Sanger data, some functional genes that are high-
ly conserved in other mammals are not present in EquCab2. The
new reference assembly, EquCab3, incorporates newer sequencing
technologies that offset the weaknesses of Sanger data. Based on a
comparison of mammalian protein-coding gene lists, we identified
1,430 protein-coding genes present in other mammals but not listed
in EquCab2. We used tblastn to search for these genes in EquCab3
and found that the new reference assembly incorporates 758 of
these genes. When we mapped RNA-Seq data to both EquCab2
and EquCab3, the mapping rate was ~2.5 percentage points higher
for EquCab3 than for EquCab2. Also, 7,426 transcripts generated
from the EquCab3 RNA-Seq mapping had truncated alignments in

EquCab2, indicating that they had been extended in EquCab3. Fi-
nally, the distances between these transcripts and their nearest 5’
gaps tended to be longer in EquCab3 than in EquCab2, suggesting
that missing 5’ regulatory regions of these genes had been captured
in the new reference. These comparisons of functional loci demon-
strate that EquCab3 is more complete than EquCab?2.

Key Words: horses and related species, genome annotation, com-
parative genomics, genome sequencing, RNA-Seq

41  Progress toward functional annotation of the equine
genome. J. Petersen*', E. Burns?, M. Bordbari?, E. Scott?, B.
Ming-Whitfield?, V. Affolter?, C. Ramirez Alanis?>, M. Barro?, M.
Mack?, G. Gianino?, F. Gianino?, E. Giulotto®, K. Hilburger?, T.
Kalbfleisch*, J. MacLeod’, M. Mienaltowski?, S. Katzman?, T.
Leeb®, T. Raudsep’, P. Saelao?, S. Vig?, H. Zhou?, R. Bellone?,

and C. Finno? 'University of Nebraska-Lincoln, Lincoln, NE

USA; *University of California-Davis, Davis, CA USA; *Universi-
ty of Pavia, Pavia, Italy; *University of Louisville, Louisville, KY
USA; SUniversity of Kentucky, Lexington, KY USA; ®University of
Bern, Bern, Switzerland,; "Texas A&M, College Station, TX USA.

High-quality reference genomes have accelerated the dis-
covery of variants functioning to alter phenotype. However, signif-
icant phenotypic variation of traits associated with animal health
and performance still cannot be explained. It is hypothesised that
unexplained variation is due, in part, to alterations in genome reg-
ulation. As part of the international Functional Annotation of Ani-
mal Genomes (FAANG) initiative and with the overarching goal of
understanding genome regulation in the horse, a biobank of tissue
was generated from two adult Thoroughbred mares for tissue-spe-
cific assays to elucidate regulatory elements of the genome. As the
objective of FAANG is to ‘accelerate genome to phenome,” empha-
sis was placed on extensive phenotyping to allow for downstream
data analyses with full knowledge of any pathology. Antemortem
phenotyping included full physical examinations, lameness, oph-
thalmologic and neurologic evaluations, complete blood counts and
serum biochemistries. At postmortem, all tissues were grossly and
histologically evaluated to identify any subclinical pathology and
characterise the cellular makeup of each tissue. Multiple aliquots of
86 tissues, 3 cell types, serum, whole blood, plasma, cerebrospinal
fluid, synovial fluid, gastrointestinal contents, and mucosal samples
were collected. Nuclear extraction was performed on 16 tissues for
future DNase-I hypersensitivity assays. Initial funding, providing
for RNA- and ChIP-sequencing of 8 tissues has been supplement-
ed by the equine research community to allow for RNA-seq of 20
additional tissues in the first phase of this project. The involvement
of the equine community has also led to additional data collection
including: cell culture, centromere mapping, SNP genotyping, re-
duced representation bisulfite sequencing, karyotyping, and micro-
biome sequencing. Data generated to date includes whole-genome
sequence (gDNA) and RNA-seq (small and mRNA). Datasets are
made publically available as they are generated. ChIP-seq assays
to investigate 4 histone marks are currently being optimized. These
data represent a valuable advancement for connecting genome to
phenome in the horse and will also provide for cross-species analy-
ses of genome regulation.

Key Words: horses and related species, functional genomics,
RNA-seq, ChIP-seq, genome regulation

Avian Genetics and Genomics

42 The evolving chicken genome reference. W. Warren*!, L.
Hillier!, C. Tomlinson', P. Minx', M. Kremitski', T. Graves', S.
Sullivan?, 1. Liachko?, M. Delaney?, J. Fulton*, M. Abrahamsen®,
R. Hawken’, M. Miller®, and H. Cheng’, 'Washington University

School of Medicine, St Louis, MO, USA; *Phase Genomics Inc.,
Seattle, WA, USA; 3University of California-Davis, Davis, CA,
USA; “Hy-Line International, Dallas Center, IA, USA; 3Cobb-
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Vantress Inc., Siloam Springs, AR, USA; ®Beckman Research
Institute, Duarte, CA, USA; "USDA-ARS, East Lansing, M1, USA.

Given the continued interest in further improvements to the
chicken genome reference (Gallus_gallus-5.0) we have built a ver-
sion Gallus_gallu-6.0 from longer single molecule read technology
(SMRT) reads. Most assembled contigs were ordered and orient-
ed (i.e. scaffolded) using a proximity-based map into 39 scaffolds
at 94% of the assembly size; 865 contigs remained as unplaced.
The scaffolds and contig sequences were aligned to the Gallus_gal-
lus-5.0 reference or the published chicken genetic linkage map in
order to break chimeric scaffolds and contigs. We found 87 scaf-
folds and 28 contigs required manual breaks due to de novo assem-
bly or scaffolding error. At this phase Gallus_gallus-6.0 assembled
bases were 1.05 Gb, with an N50 contig and scaffold lengths of
18 and 35 Mb, respectively. Of the 1.05 Gb genome, ~94% of the
assembled bases have been anchored to chromosomes. Next steps
will be to assign large unplaced contigs to the remaining unknown
autosomes after validating no genetic linkage exists to any known
autosomes. In addition, we plan to add novel reference sequence to
clusters of immune system genes (MHC) that are challenging to de
novo assemble and genotype. Furthermore, copy number variation
within MHC genes are likely to play an important role in the host
immune responses, thus, we will present local assemblies of phased
haplotypes from commercial birds chosen for the homozygous state
of MHC-B and MHC-Y regions. The Gallus_gallus-6.0 reference
is a substantial improvement in base contiguity and autosomal as-
signment. However, the use of more targeted approaches will be
required to elevate the chicken genome to levels comparable to hu-
man.

Key Words: chicken, genome, MHC

43  Low number of mitochondrial DNA sequences inserted
into the turkey (Meleagris gallopavo) nuclear genome: Impli-
cations for evolutionary inferences. G. Schiavo', M. G. Stril-
lacci?, S. Bovo'?, A. Ribani', S. I. Roman-Ponce?*, S. Cerolini?,

F. Bertolini's, A. Bagnato?, and L. Fontanesi*', 'Department of
Agricultural and Food Sciences, University of Bologna, Bologna,
Italy; *Department of Veterinary Medicine, University of Milan,
Milano. Italy; 3Biocomputing Group, Department of Biological,
Geological, and Environmental Sciences, University of Bologna,
Bologna, Italy; *Centro Nacional de Investigacion en Fisiologia
v Mejoramiento Animal, Instituto Nacional de Investigaciones
Forestales, Agricola y Pecuarias (INIFAP), Col. Centro Veracruz,
Mexico, SDepartment of Animal Science, lowa State University,
Ames, IA, USA.

Mitochondrial DNA (mtDNA) insertions have been detected
in the nuclear genome of many eukaryotes. These sequences are
pseudogenes that derives from the horizontal transfer of mtDNA
fragments (both from coding and non-coding regions) into the nu-
clear genome, producing nuclear DNA sequences of mitochondrial
origin, called numts. Some of these regions, that derives from recent
insertion events in terms of evolutionary time, have high homology
with the original mtDNA genome and may affect the interpretation
of population genetic and phylogenetic studies based on mtDNA
sequences. A few studies have shown that, in general, bird genomes
contain a lower number of numts than mammalian genomes. At
present in the turkey (Meleagris gallopavo) genome the frequen-
cy of these mtDNA originated pseudogenes is not known. In this
study, we filled this gap providing a first picture of numt distribution
in the genome of this avian species. The turkey reference genome
(Turkey 2.01, GCA_000146605.1) was aligned with the reference
linearized mtDNA sequence using LAST and BLASTN software.
A total of at least 16 numts were identified using both software.
A few of them were validated by amplifying and then sequencing
the corresponding regions in a population of wild turkeys and in
commercial and local lines or breeds. Identities between numts and

the corresponding mtDNA sequences ranged from ~70% to 100%,
spanning from ~60 to 500 bp and representing in total only 0.0003%
of the whole nuclear genome. These fewer numts do not cover the
whole mtDNA genome. The largest numt was located on chromo-
some 2 in an intronic region of the UFL/ gene and was 100% iden-
tical to part of the NADH dehydrogenase subunit 5 mtDNA gene
(ND?5). These results confirm that the low number of numts in bird
genomes probably derives by an evolutionary selection towards
compact genomes and reduced repetitive DNA regions where these
mitochondrial pseudogenes are preferentially integrated.

Key Words: avian, turkey, numt, mtDNA, evolution

44  In situ and in silico improvement of the Japanese quail
genome assembly. S. Galkina*!, M. Kulak', A. Saifitdinova', A.
Komissarov!, A. Dyomin!, V. Volodkina!, J. Damas?, M. Farre?, D.
Griffin’, D. Larkin?, and E. Gaginskaya!, 'Saint-Petersburg State
University, Saint-Petersburg, Russia; *Royal Veterinary College,
University of London, London, UK; *University of Kent, Kent, UK.

The Japanese quail Coturnix coturnix japonica is a biomedi-
cal model species and one of the highest-producing poultry species.
It has a relatively small genome (=1.41 Gb) packed into 39 chromo-
some pairs. The first draft of its genome assembly was released in
2013. Since 2016 the quail genome assembly comprising of 32 (of
38+Z and W) linkage groups is available (https://www.ncbi.nlm.nih.
gov/genome/?term = japanese+quail). However, it contains a sig-
nificant number of sequence gaps due to the presence of repetitive
coding and non-coding DNA elements that complicate contiguous
assembly. Importantly, the repetitive DNA elements play a crucial
role in evolution of chromosome structure and regulation of gene
expression. Here, (1) we identified new highly repeated sequences
of Japanese quail genome within unassembled short raw reads and
mapped them in silico and in situ. (2) We assembled the Japanese
quail rRNA gene cluster on the basis of raw read library using Ge-
neious 9.0.5 software package. Repeat searching and annotation
were done by Repeatmasker 4.0.5. (3) To verify the quail draft ge-
nome assembly we performed systematic ZOO-FISH experiments
on Japanese quail chromosomes with chicken BAC clone probes
from CHORI-261 chicken BAC library. BAC clones were selected
according to their chromosomal positions and assigned for specific
sequence markers and high cross-species hybridization efficiency.
All BACs used were positioned in the quail genome assembly. In
some cases we have found discrepancies between positions of the
markers in the quail genome assembly and physical maps, caused
by the newly identified interspecific rearrangements. Support:
‘Chromas’ Research Resource Center and Theodosius Dobzhansky
Center for Genome Bioinformatics (SPbSU), RFBR #15-04-05684
& #16-04-01823.

Key Words: Coturnix coturnix japonica, repeat, rRNA cluster,
rearrangement

45  The broiler chicken transcriptome. C. Schmidt*! and S.
Lamont?, 'University of Delaware, Newark, DE, USA, *lowa State
University, Ames, 14, USA.

Next-generation RNA-seq transcriptome analysis provides
a deep description of the genes expressed in tissues. We have se-
quenced over 10 billion [llumina reads from multiple tissues isolat-
ed from the Ross 708 broiler line of chickens. Tissues sampled in-
clude the pituitary, hypothalamus, retina, pineal, cerebellum, heart,
breast muscle, liver, spleen, intestine and adipose tissue. Relative
tissue analysis has been used to compare between tissues and iden-
tify known and novel sequences that are enriched in each examined
tissue. In addition, we have analysed the impact of chronic heat
stress on gene expression patterns in these broiler chickens. These
studies have identified genes up or down-regulated by heat stress
and the pattern of responsive genes varies across organs. Finally,

ISAG 2017 Abstract Book

13



a combination of transcriptomic and metabolomic approaches has
provided an integrated description of the liver’s response to chronic
heat stress in the Ross 708 birds.

Key Words: chicken, transcriptome, metabolome

46  The not-so-missing genes in birds. T. Hron*, H. Farkaso-
va, P. Pajer, J. Paces, P. Bartunek, and D. Elleder, Institute of
Molecular Genetics of the AV CR, v.v.i., Videnska, Prague, Czech
Republic.

Thanks to the advances in high throughput sequencing meth-
ods and data analysis, genome of the huge number of species has
been recently read and assembled. Despite of this, subset of essen-
tial and well-described mammalian genes, such as erythropoetin,
leptin or TNF a, have not been identified in birds and their exis-
tence has been controversial for a long time. After thorough analysis
of combined sequencing data with high coverage, we were able to
identify some of these genes and thus prove their existence. Inter-
estingly, all these ‘missing’ genes are characterised by exceptionally
high GC content and long G/C stretches. Such characteristics cause
difficulties in PCR amplification preventing efficient sequencing
and can, therefore, lead to the absence of these sequences in data-
bases and genome assemblies. This observation is probably general
and seems to apply for a significant portion of avian genes thought
to be missing. In all genes we analysed, the GC richness was ob-
served exclusively in the avian orthologs and not in the orthologs of
other species. This arises the question what is the cause of such an
extreme evolutionary driven accumulation of GC nucleotides in this
subset of avian genes. We hypothesise that these regions are import-
ant for formation of G-quadruplex structures involved in the pairing
of homologous chromosomes during meiosis. However, this pos-
sibility has to be further investigated. Our work also demonstrates
that sequences biased in their nucleotide content are often under-
represented in sequencing data. Thus, genome assemblies should be
treated with caution.

49  Evaluation of semen characteristic of the high and low
sperm motility groups in two different strains of chicken. M.
Farahi, A. A. Masoudi*, and A. Ehsani, Tarbiat Modares Universi-
ty, Tehran, Tehran, Iran.

Successful fertility in males is very important in the poul-
try industry. One of the key factors affecting the fertility of males
during the lifetime is semen quality. The aim of this study was to un-
derstand the trends of the semen parameters quality in two different
groups of high and low sperm motility in two different strains (com-
mercial and indigenous). An experiment was started by sperm mo-
tility evaluation of Arian dame line and Urmia native roosters at the
age of 27 weeks. Then the samples were allocated to two High Mo-
tility level (HML) and Low Motility Level (LML) for next analyses.
In the following sperm parameters, sperm viability and sperm in-
tegrity was performed individually for each bird at regular intervals
every other week for the eight-month course. The results indicated
that although the trend of sperm motility was diverse among the
groups, the sperm motility in HML was greater than in LML in both
strains throughout the time of the semen production. In addition the
trend of sperm motility in high and or low groups of commercial
and native strains was almost the same. The results of the sperm
motility showed an acceptable quality of sperm motility (0.58 to
0.87) for all the groups during the period of semen production. The
sperm viability, however, showed a little reduction but generally the
tendency of sperm viability was extremely constant across the pro-
duction course in HML and LML of both strains. Sperm membrane
integrity was significantly lower (P < 0.05) in LML of the native
strain. Results of this research indicated that the birds ranking based
on the semen characteristics at the early breeding of the chicks will
be fixed across of the course of the bird rearing and therefore it
could be a useful indicator of male selection in the poultry industry.

Key Words: chicken, fertility, pedigree line, sperm motility, native

51 Goose transcriptome provides insights into novel mech-
anisms of adipogenesis. G. Wang*>!, Y. Liu!, L. Jin!, D. Shang!,
C. Gill?, M. Li', and J. Wang!, 'Sichuan Agricultural University,
Chengdu, Sichuan, China, *Texas A&M University, College Sta-
tion, TX, USA.

Goose is a widespread poultry species with large markets in
several countries including China and France. Because geese are
migratory birds, their metabolism has adapted to acquire a high-
ly tolerable balance between the rapid intake of massive amounts
of glucose before flight and energy consumption during flight. An
understanding of the molecular basis of metabolism in geese will
strengthen development of the consumer market worldwide, and
could provide insights into human obesity-related metabolic dis-
eases. The objective of this study was to investigate the network
of genes affecting lipogenesis in geese. Our approach was to use
RNA-seq to compare the transcriptomes of 3 tissues involved in
adipogenesis (liver, abdominal adipose and subcutaneous adipose)
from 3 geese fed a control diet and 3 geese fed a high-energy diet.
RNA-seq reads were aligned to the goose genome sequence with
Tophat. Between the case and control groups, we identified ~1,900
differentially expressed coding genes for liver, ~800 and ~500 dif-
ferentially expressed coding genes for abdominal adipose and sub-
cutaneous adipose, respectively. We found there was significant
enrichment for metabolic-related pathways among the up-regulated
genes. Interestingly, several cancer pathways, including the PI3K-
AKT signalling pathway were significantly enriched among the
down-regulated genes. Using cuffcompare, CPC, and cmscan, we
also identified ~2,000 long non-coding RNAs among the 3 tissues.
Several of these IncRNAs were located near key genes in the en-
riched pathways, indicating they are potentially cis-acting regula-
tory elements. These results suggest there may be a self-protection
mechanism involved in metabolic adaptation in the goose.

Key Words: goose, transcriptome, adipogenesis

52  Integrating genome and transcriptome profiling for
dissection of the mechanism of muscle growth and lipid depo-
sition in ducks. L. Wang*, X. Li, J. Ma, Y. Zhang, and H. Zhang,
Lab of Animal Genetic Resource and Molecular Breeding, China
Agricultural University, Beijing, China.

The objectives here were to detect candidate genes on muscle
growth and lipid deposition in Pekin ducks through comprehensive
analysis combining whole genome sequencing (WGS) and RNA-
seq. Pekin duck is famous for fast growth and high intramuscular
fat (IMF). Cherry Valley Pekin duck (CD) had higher growth rate,
whereas native Pekin duck (BD) deposited more lipids. Combing of
WGS and RNA-seq has been widely used to explain genetic basis
of different phenotypes. 80 individuals (40 BD and 40 CD) were
slaughtered at 3- and 6-weeks of age. Phenotypes of water and IMF
content, density and diameter of breast fibre were measured (n =
20). Genomic DNA was resequenced on [1lumina HisEqn 4000 plat-
form with PE-150bp. Transcriptomic data of breast were sequenced
in HisEqn 2000 platform. BD ducks displayed higher IMF content
than CDs at 6-weeks of age, while CD ducks displayed significant
differences in both density and diameter of muscle fibres than BDs
at 3-weeks. After screening for genomic variations, 206 positively
selected genes (PSGs) from 224 windows were detected. Analysis
of differentially expressed genes (DEGs) between periods detect-
ed 195 and 243 DEGs in BD and CD, respectively. At 3-week, the
52 DEGs between breeds were mainly involved in muscle tissue
development. At 6-week, the 206 DEGs were mainly involved in
PPAR and adipocytokine signalling pathways. After integrated
analysis, 7 genes, both PSGs and DEGs, including PODXL, KY,
FABPS, FLT1, ENPP3, NGEF, and NEU2 were confirmed. Anoth-
er seven PSGs (TTN, TNNI2, CDH2, MEF2A, INSIG1, PCSKI,
and PLPPR1) and five DEGs (FoxO3, MAT1A, TNNT2, ADORAI,
and ACSL1) were also detected. Finally, we screened 19 candidate
genes, of which, 11 (PODXL, KY, FLT1, NEU2, TTN, TNNI2,
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CDH2, MEF2A, FoxO3, MAT1A, and TNNT2) were identified to
regulate muscle growth involving in pathways like muscle organ
development and muscle organ maintain. Eight genes (FABPS,
ENPP3, NGEF, INSIG1, PCSK1, PLPPR1, ADORAI, and ACSL1)
involving pathways like PPAR signalling were identified to regulate
lipid deposition.

Key Words: ducks, integrative genomics, candidate gene

53 Liver and whole blood transcriptome response to chronic
heat exposure in laying hens. F. Jehl', A. Rau', C. Désert*, M.
Boutin®?, K. Muret??, S. Leroux®*, D. Esquerré®, C. Klopp®, D.
Gourichon’, F. Pitel*, A. Collin%, S. Lagarrigue®*, and T. Zerjal*!,
'GABI, INRA, AgroParisTech, Université Paris-Saclay, Jouy-en-
Josas, France; *INRA, UMR1348 Physiologie, Environnement et
Génétique pour I’Animal et les Systémes d’élevage, Saint-Gilles,
France; 3Agrocampus-Ouest, UMR1348, Rennes, France; *UMR
INRA/INPT ENSAT/INPT ENVT-GenPhySE, Castanet Tolosan,
France; *INRA, Plateforme GENOTOUL, Castanet-Tolosan,
France; °INRA, SIGENAE, Castanet-Tolosan, France; 'IN-
RA-PEAT, Nouzilly, France; *URA, INRA, Nouzilly, France.

Adaptation to heat exposure is required to maintain animal
welfare and productivity under high ambient temperature (AT)
conditions. In this study we investigate the effects of chronic heat
exposure (5 weeks at a constant temperature of 32°C) on the liv-
er and whole blood transcriptome of brown egg layers from 2
divergent lines selected for low (R-) and high (R+) residual feed
intake. The R+ and R- hens were equally distributed among 2 tem-
perature-controlled chambers and reared under thermo-neutrality
(22°C). At 28 wk of age the AT of one chamber was increased to
32°C until 33 wk of age, when 32 animals (8 per line and treat-
ment) were slaughtered. Total RNA was obtained from the liver and
blood and was sequenced using the Illumina HiSEqn 3000, yielding
an average per sample of 90 million paired-end reads. The reads
were mapped to the Gallus gallus-5 reference genome by STAR
software and counted by RSEM software using the Ensembl V87
GTF annotation. Comparisons between the two AT groups were
made using the edgeR-robust R/Bioconductor package. Patterns of
AT-specific differential expression were largely shared by the two
lines, and no evidence of temperature X line interactions were ob-
served. In liver, a total of 229 differentially expressed genes (DEG)
were identified (adjusted P-values < 0.05) with respectively 104 and
125 over and under expressed in the heat-exposed compared to the
control group. In blood, 960 DEG were identified between the two
AT groups with 479 and 481 over and under expressed. Most DEG
were tissue specific, and only 18 genes were DE in both liver and
blood. Ingenuity Pathway Analysis revealed that many of the DEG
in liver were associated with amino acid and lipid metabolisms and
energy production. Key genes involved in fatty acid p-oxidation,
ketogenesis, cholesterol biosynthesis were under-expressed in the
heat-exposed animals. In blood, many of the DEG were associated
with cell related functions. Based on the DEG expression profile,
down-regulation was observed for the PI3K/AKT, the VEGF and
the PDGF signalling pathways involved in cell survival and growth,
vasculogenesis and angiogenesis. Taken together, these results indi-
cate a tissue-specific response to heat exposure.

Key Words: heat exposure, liver, blood, RNA-seq, laying hens

54  Mapping QTLs affecting Marek’s disease by selective
DNA pooling in eight lines across 15 generations. E. Lipkin*!,
J. Smith?, D. Burt?, M. Soller!, and J. Fulton®, 'Dept. of Genetics,
Silberman Life Sciences Institute, The Hebrew University of Jeru-
salem, Jerusalem, Israel; *The Roslin Institute and Royal (Dick)
School of Veterinary Studies, The University of Edinburgh, Easter

Bush, Midlothian, UK, 3Hy-Line International, Dallas Center, 1A,
USA.

Marek’s disease (MD) is a major disease affecting the poultry
industry. The aim of the present study was to map QTLs, genes
and mutations affecting chicken MD mortality. Selective DNA
pools were made of 9,391 sires of 8 lines and 15 generations per
line, that had progeny test results for MD mortality. The pools were
genotyped using an Affymetrix 600 K chicken SNP array. Allele
frequencies were obtained by raw intensities of alleles A and B,
B% = B/(A+B). The significance of allele frequency differences be-
tween sires with low or high progeny mortality was obtained using
empirical SE. Moving average of -LogP and Log drop were used
to define QTL regions (QTLRs). A total of 42 QTLRs were found
among the eight lines, averaging 32 QTLs per line and ranging from
0 to 11. Overlap and proximity were used to condense the QTLRs
to 28 QTLRs shared across families. The shared QTLRs averaged
1.2 Mb in length and covered a total of 33.3 Mb (3.1% of the en-
tire genome). RNASeq and bioinformatics analyses of the QTLRs
identified differentially expressed and functional candidate genes.
Markers from the candidate genes were used to individually gen-
otype 9,391 individuals from the same lines. Association analysis
of the individual genotyping confirmed most of the QTLs found
by the pools. Putative quantitative trait genes (QTG) and candidate
causative nucleotides (QTN) were identified. This study confirmed
most of the QTLRs found by the F6 study reported elsewhere at this
meeting.

Key Words: poultry, genome-wide association, quantitative genet-
ics, animal health, complex trait

55 Genome-wide association study of complex traits in
response to Newcastle disease virus in chickens. K. Rowland*!,
H. Zhov?, R. Gallardo®, T. Kelly*?, A. Wolc'#4, and S. J. Lamont!',
lowa State University, Department of Animal Science, Ames, 1A,
USA; *University of California-Davis, Department of Animal
Science, Davis, CA, USA; 3University of California-Davis, School
of Veterinary Medicine, Davis, CA, USA; *Hy-Line International,
Dallas Center, 14, USA.

Newcastle disease (ND) causes up to 80% mortality in chick-
ens in developing countries where velogenic NDV strains are en-
demic. Genetic improvement of disease resistance, complementary
to vaccination, has the potential to be an important tool to reduce
the impact of NDV. We hypothesise that many genes regulate NDV
response in chickens. Our specific objective was to identify genetic
markers associated with NDV resistance (reduced viral load, high
antibody titer) so these markers can be applied in a genetic selec-
tion program benefiting areas of endemic NDV challenge. The ex-
periment was replicated across three hatches from 150 dams of a
commercial egg-laying line, Hy-Line Brown. We inoculated with
NDYV, La Sota strain, on day 21 of age by an ocular-nasal route.
Virus load was estimated from viral mRNA level in lachrymal fluid
by qRT-PCR. Systemic antibody response to NDV in serum was
measured by ELISA. Genomic DNA was genotyped via Affymetrix
600K chicken SNP array. Analyses of viral RNA and antibody lev-
els confirmed response of challenge groups to the virus and lack of
response in control groups. ASReml estimated heritabilities of 0.34,
0.34, 0.105, 0.117, 0.19, and 0.05 for hatch weight, day 31 body
weight, 0 and 10 days post-infection (dpi) antibody levels, and 2dpi
and 6dpi viral load, respectively. Genome-wide associations with
250 kb windows were tested using the Gensel program. BayesC
was used to estimate variance components, subsequently, BayesB
(pi=0.999) tested associations. Several QTL regions were found to
confirm previously reported QTL for these traits. Identification of
novel SNPs and regions will provide insights into genetic control of
response to NDV infection in chickens as well as the genetic archi-
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tecture of these complex traits. Targeted genotyping and single SNP
association tests may further elucidate genetic mechanisms that in-
fluence host response to NDV infection. Support: USAID Feed the

Future Innovation Lab for Genomics to Improve Poultry, Hy-Line
International, and Hatch project #5357.

Key Words: poultry and related species, genome-wide associa-
tion, genotyping, disease resilience, genetic improvement

Comparative MHC Genetics: Populations and Polymorphism

56 IPD-MHC 2.0: An improved interspecies database for
the study of the major histocompatibility complex. G. Macca-
ri*!2, J. Robinson?3, K. Ballingal®, L. Guethlein®, U. Grimholt®,

J. Kaufman’, C. Ho®, N. de Groot’, R. Bontrop®, P. Flicek!?, J.
Hammond!, and S. Marsh??, 'The Pirbright Institute, Pirbright,
Woking, Surrey, UK, *Anthony Nolan Research Institute, Royal
Free Hospital, London, UK; *UCL Cancer Institute, Royal Free
Campus, London, UK, *Moredun Research Institute, Pentlands
Science Park, Scotland, UK, >Stanford University, Stanford, CA,
USA; °Norwegian Veterinary Institute, Oslo, Norway; 'University
of Cambridge, Cambridge, UK; *Gift of Life Michigan, Michigan,
USA; °Biomedical Primate Research Centre, Rijswijk, Nether-
lands; “European Molecular Biology Laboratory, Wellcome
Genome Campus, Hinxton, UK.

The IPD-MHC Database (www.ebi.ac.uk/ipd/mhc/) is a key
resource for the collection, study and comparison of the major his-
tocompatibility complex sequences from nonhuman species, pro-
viding the infrastructure and tools to enable accurate analysis. Since
the first release in 2003, IPD-MHC has grown and currently hosts
several specific sections, with more than 8,000 alleles from 76 spe-
cies. Data is expertly curated and made publicly available through
an open access website, recording an average of 1,500 unique vis-
itors and more than 5,000 page views per month. As the database
has grown in size and complexity, it has created several challenges
in maintaining and organizing information, particularly the need to
standardize nomenclature, while incorporating new allele submis-
sions. To address these challenges a new version of the [IPD-MHC
Database was released in 2016, with the key aims of developing a
universal cross-species data submission and display tool, aligned
with the streamlining and standardisation of curator workflows. A
new data submission system has been implemented to facilitate the
inclusion of extensive metadata regarding MHC sequence origin
and features. In the first eight weeks following release more than
500 new sequences were successfully submitted and curated. The
advent of high-throughput sequencing technologies has allowed the
generation of large amount of high quality data from highly poly-
morphic genes, providing the potential for extending the database
coverage to include genomic sequences, rather than individual ex-
ons. For this reason the IPD-MHC Database has recently introduced
the ability to analyse and annotate genomic data. These develop-
ments also incorporate a new internal sequence analysis tool that
allows the automatic annotation of genomic data, giving users the
ability to compare and analyse sequences at different levels of com-
plexity. Furthermore, new tools are presented, enhancing database
queries of high quality MHC data from an increasing number of
species disseminated to the wider scientific community.

Key Words: bioinformatics, MHC, databases/repositories, poly-
morphism, sequence variation

57  Major update to the Swine Leukocyte Antigen (SLA)
Nomenclature System of the International Society for Ani-
mal Genetics (ISAG) and the International Union of Immu-
nological Societies (IUIS). S. Ho*!, J. Lunney?, A. Ando?, C.
Rogel-Gaillard*, J.-H. Lee®, L. Schook®, and S. Hammer’, 'Gift

of Life Michigan, Ann Arbor, MI, USA; *USDA, Beltsville, MD,
USA, *Tokai University School of Medicine, Isehara, Kanagawa,
Japan; *INRA, Jouy-en-Josas, France,; *Chungnam National
University, Daejeon, Korea; *University of lllinois, Urbana, IL,
USA; "University of Veterinary Medicine Vienna, Vienna, Austria.

The SLA system is among the most well characterised major
histocompatibility complex (MHC) systems in nonhuman animal
species. The ISAG/IUIS SLA Nomenclature Committee was estab-
lished 15 years ago with primary objectives to: 1) validate newly
identified SLA sequences according to the guidelines established
for maintaining high quality standards of the accepted sequences;
2) assign appropriate nomenclatures for new alleles as they are val-
idated; and 3) serve as a curator of the IPD-MHC SLA Sequence
Database (www.ebi.ac.uk/ipd/mhc/group/SLA), which is the repos-
itory for all recognised SLA genes, their allelic sequences and hap-
lotypes. The newly released and improved IPD-MHC Database ver-
sion 2.0 has incorporated the latest sequence updates, provide new
tools that enhance database queries and improve the submission
process. The SLA Nomenclature Committee met at last year’s ISAG
and made some major revisions to the allele naming system. The
Committee decided to retire the provisional alphanumerical naming
system for unconfirmed alleles and re-designate each allele an offi-
cial number, adopting the HLA Nomenclature System with colons
as field separators (e.g. SLA-1¥01rh28 — SLA-1*01:03). Phylog-
eny will remain the primary approach for assigning SLA-1, -2, -3,
DRA, DRBI, DQA and DQBI alleles into allele groups with sim-
ilar sequence motifs, while alleles of SLA-S, -6, -7, -8, -12, DMA,
DMB, DOA, DOB1, DRB2, DRB3, DRB4, DRBS5 are designated
sequentially as they are discovered. Naming convention for alleles
of other loci (SLA-4, -9, -11, DQB2, DOB2, DYB, MIC1, MIC2,
TAP1, TAP2) is to be determined as sequences accumulate. There
are currently 223 class I, 214 class II, 2 SLA-related and 2 non-SLA
alleles officially designated. There are also 61 class I (SLA-1-3-2)
and 49 class II (DRB1-DQB1) haplotypes designated at allele level
resolution. This systematic nomenclature for SLA genes is critical
to the understanding of the architecture and polymorphism of the
SLA system and their role in swine diseases, vaccine development
and allo- or xeno-responses in transplantation research.

Key Words: MHC, SLA, immunogenetics, polymorphism, no-
menclature

58  Studies of MHC class II content in three common
Arabian horse haplotypes. D. Miller*!, A. Case', L. Younger',
J. Tseng!, H. Holl?, Y. A. Mohamoud®, A. Ahmed?, J. Malek?,

S. Brooks?, and D. Antczak!, 'Cornell University, Ithaca, NY,
USA; 2University of Florida, Gainesville, FL, USA; 3Weill Cor-
nell Medicine, Doha, Qatar.

Previous studies from our laboratory have identified microsat-
ellite-defined haplotypes within the Major Histocompatibility Com-
plex (MHC) of the horse, also known as the Equine Leukocyte Anti-
gen (ELA) complex. We have developed a panel of 11 polymorphic
microsatellite markers in the MHC region that span from 28.9Mb
to 33.5Mb on horse chromosome 20, for a total coverage of 5.6
Mbp. This panel includes two markers in the MHC class I region,
two in MHC class III, and seven in MHC class II. In identifying
new microsatellite-defined haplotypes our strategy has been to test
family groups (sire, dam, and offspring, or paternal half-siblings
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and sires). Different horse breeds have very distinct complements of
MHC haplotypes defined in this way. In a large sample of over 550
Arabian horses, we identified over 60 new haplotypes not observed
previously in other breeds. We also found a small number of MHC
homozygous Arabian horses that carried common Arabian haplo-
types. In this study we examined ELA Class II gene and variant
content in three microsatellite defined haplotypes commonly found
in Arabian horses, namely COR007, COR008, and COR026. This
study utilised Illumina sequencing of genomic DNA, SNP content
from a commercial 670K genotyping array, and sequencing of full
length ¢cDNA transcripts from multiple Class II loci. Furthermore,
we examined both homozygotes, and heterozygotes who shared a
combination of these common haplotypes in both domestic (US)
populations, and populations based in Qatar. We will report the se-
quences identified and compare them with MHC class I alleles that
we described previously. The new full-length sequences will be de-
posited into the equine section of the IPD database. These data will
increase our knowledge of ELA Class II gene polymorphism and
structural variation with the Class II region. This study was made
possible in part by NPRP Grant 6-1303-4-023 from the Qatar Na-
tional Research Fund (a member of Qatar Foundation). The findings
achieved herein are solely the responsibility of the authors.

Key Words: horses, immunogenomics, microsatellite, MHC

59  Arapid, direct sequencing—based MHC genotyping
system for populations with insufficient information on allelic
variation. J. Buitkamp* and J. Semmer, Bavarian State Research
Center for Agriculture Institute of Animal Breeding, Grub, Bavar-
ia, Germany.

The individual repertoire of MHC molecules determines
which antigenic peptides are presented to the immune system. MHC
coding genes belong to the most polymorphic genes in vertebrates
and show a high degree of heterozygosity. Usually some main al-
leles with moderate frequencies occur aside with many rare alleles.
Multiple polymorphic positions and different number of genes per
haplotype hamper the correct definition of alleles. Haplotyping of
heterozygous is particularly complicated when information on allel-
ic variation is missing. We developed an efficient, sequence based
MHC-genotyping system for poorly studied populations. It com-
bines the initial definition of main alleles with a reference library
that allows the rapid identification of alleles from heterozygous
animals. The animals were Merino sheep from Bavaria. All lambs
were genotyped for the microsatellite upstream from DRBI exon 2.
Selected rams were genotyped for exon 2 of DRBI and DQOB using
multiple primer pairs that ensure amplification of a complete set of
genes. From 500 lambs 53 were homozygote at the DRBI micro-
satellite. From these, 11 lambs representing all main alleles were
sequenced at DRBI and DQOB genes. In addition DRBI and DOB
genes were sequenced from heterozygote animals carrying a rare
allele in combination with a main allele allowing the determination
of a large number of alleles occurring in the population using com-
paratively few animals. We identified 16 (including 3 new) DRBI
alleles, and 19 (including 2 new) DQOB] alleles. Using the sequences
from homozygote lambs as a starting point, 11 MHC class 2 haplo-
types could be defined. A reference database was build using these
alleles in combination with all published alleles. To derive the cor-
rect alleles from heterozygote sequences a pipeline based on the
blast algorithm was used that allows the identification of published
and population specific MHC alleles. This system provides the basis
for fast genotyping of MHC haplotypes and the identification of
new rare alleles for small to medium scale projects in populations
with limited knowledge of MHC diversity.

Key Words: sheep, immunogenomics, genotyping, MHC, animal
health

60  Molecular characterisation of Ovar-MHC class II region
reveals novel alleles in the Djallonke and Sahelian sheep
breeds of Ghana. M. Yaro*!, K. Munyard', E. Morgan', M. Stear?,
and D. Groth!, 'Curtin University, Perth, WA, Australia; *La Trobe
University, Melbourne, Victoria, Australia.

The Djallonke is the most ancient sheep breed in Africa. It is
more resistant to many livestock diseases including haemonchosis
and trypanosomosis than the Sahelian sheep from the same region.
Both sheep breeds are of immense socio-economic relevance in
more than 14 countries within the sub Saharan region. Resistance
to nematode infection in sheep has been associated with variations
within genes in the MHC class II region. These genes encode gly-
coproteins that present antigen to circulating CD4+ T-cells, and the
most polymorphic ones are reported to be the DRB1, DQA1 AND
DQAZ2. In this study we conducted sequencing-based genotyping
and analysis of the MHC class II DRB1, DQA1 and DQA2 loci in
a population of 200 sheep from the Djallonke and Sahelian breeds
from Ghana. Genomic DNA was genotyped with standard MHC
primers and sequenced. New alleles and unresolved sequences were
cloned into pGem-T easy plasmid vector, which then were used to
transform E. coli competent cells and were sequenced in both direc-
tions using M13 primers. Preliminary results for both breeds show
animals harbouring multiple amino acid substitutions (greater than
4) within the coding region of the second exon of DRBI in refer-
ence to closest matched allele accessions at the Immuno-polymor-
phism database (IPD), suggesting novelty. Interestingly, there is a
high frequency of variants of the FN543119.1 (ovar-DRB1*0901)
allele only in the Djallonke population, and of EU176819.1 allele in
the Sahelian population. Of particular interest is the presence of the
FR751085.1 (ovar-DRB1*1303) allele in both sheep populations
which was previously identified in the red Maasai sheep breed from
Kenya. This suggests an ancestral relationship between these three
African sheep breeds. To the best of our knowledge, this the first
analysis of MHC architecture and allelic diversity in both breeds.
Our ongoing studies aim to provide information that will enhance
the sustainable management of these important sheep breeds.

Key Words: Djallonke, Sahelian, sheep, MHC, sub-Saharan
Africa

63  Large-scale analysis of the specificities of livestock MHC
class I and II molecules. D. B. Steen-Jensen', T. @sterbye', M.
Rasmussen', M. Nielsen?, A. Stryhn!, and S. Buus*!, 'Laboratory
of Experimental Immunology, University of Copenhagen, Co-
penhagen, Denmark; *Center for Biological Sequence Analysis,
Technical University of Denmark, Lyngby, Denmark.

It is well established that T-cells recognise peptide epitopes
presented in the context of MHC molecules, however, the identi-
fication and validation of T-cell epitopes is still a challenge; some-
thing that in real life situations is complicated by the size of patho-
gen ‘peptidomes’ and the extreme polymorphic/polygenic nature of
the MHC of outbred host populations. Peptide binding to MHC is
the most selective event involved in processing and presentation of
antigens to T-cells and is therefore essential for our understanding
of T-cell immunogenicity. We have proposed that the peptide bind-
ing specificity of all human MHC molecules should be mapped. To
this end, we have developed recombinant human MHC class I and 11
molecules and generated the corresponding peptide-binding assays
and large-scale affinity binding data. We have also confirmed that
peptide-MHC stability is a better correlate of immunogenicity than
affinity is, and begun to generate large-scale stability data. We have
used the resulting data to develop a series of accurate bioinformat-
ics predictors (e.g. NetMHCpan, NetMHClIIpan and NetMHCStab)
and made these predictors publicly available. An efficient T-cell epi-
tope discovery approach has transpired: a) use overlapping peptides
representing proteins (or smaller proteomes) of interest to search
for T-cell stimulatory peptides in outbred populations, then b) use
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the above bioinformatics resources to identify T-cell epitopes and
their restrictions elements, and finally ¢) generate the corresponding
MHC class I or II tetramers to validate the proposed T-cell epitopes.
To extend these efforts to other species, we have generated unbi-
ased and generally applicable methods, which only depends on the
sequence of the MHC in question being available, and successfully
begun to address the specificity of pig, cattle, and avian MHC class
I and II molecules.

64  The ligands and polymorphic residues of chicken MHC
YF class I-like molecules. R. M. Goto!, G. Gugiu', B. M. Stadt-
mueller?, P. J. Bjorkman?, and M. M. Miller*!, 'Beckman Research
Institute, City of Hope, Duarte, CA, USA; *California Institute of
Technology, Pasadena, CA USA.

Polymorphic amino acid residues in the binding groove
of classical polymorphic MHC I molecules confer specificity for
the types of peptides that bind to MHC class I and shape adaptive
immune responses of conventional T lymphocytes. Non-classical
MHC class I molecules direct responses of other lymphocyte pop-
ulations by other means. Of particular interest among non-classi-
cal molecules are those encoded by polymorphic YF genes within
MHC-Y, the second region of MHC genes in the chicken. It may be
that MHC-Y genetics influences the incidence of infectious disease
in chickens. Previous structural studies of YF revealed a binding
groove too narrow to accommodate peptide ligands, but ligands
have not been identified and how the polymorphic amino acid res-
idues of different YF isoforms might affect ligand binding is not
known. To define YF ligands, chicken gene sequences for YF1*7.1
heavy chain and B2 microglobulin (f2m) were expressed in E. coli
using a recombinant expression vector to produce inclusion bodies.
Inclusion bodies were purified, then YF1*7.1/f2m renatured first
without added candidate ligands and then, in later experiments, re-
natured with added lipid extract from E. coli or with selected can-
didate ligands. To screen for bound ligand, renatured YF1*7.1/B2m
was FPLC purified then analysed by ultra high performance liquid
chromatography. Candidate ligands were identified in a Thermo Or-
bitrap Fusion mass spectrometer. YF1*7.1 ligands were found to
be lyso-phospholipids including 17:1 Lyso-PE, 18:1 Lyso-PE and
17:1 Lyso-PG. The optimum fatty acid chain-length for ligand bind-
ing was 17 but /yso-phospholipids with 16 to 19 carbons were also
bound. A second YF isoform also bound lyso-phospholipids even
though differing from YF1*7.1 by 25 residues across the domains
forming the ligand binding groove. Mapping the polymorphic res-
idues for this second YF isoform and additional isoforms onto the
original YF1*7.1 structure revealed that the side chains of polymor-
phic residues mostly point away from the ligand binding groove,
suggesting that the polymorphic residues may be more important
in recognition of different YF isoforms than in selection of ligand
bound within the groove.

Key Words: chicken, major histocompatibility complex class
I-like molecules, lyso-phospholipids, polymorphism

65  Evolution by gene duplication of the horse major histo-
compatibility complex class II structure. A. Viluma*, S. Mikko,
G. Andersson, and T. F. Bergstrom, Department of Animal Breed-
ing and Genetics, Swedish University of Agricultural Sciences
(SLU), Sweden.

The major histocompatibility complex (MHC) is a gene dense
genomic region that harbors multigene families encoding for class
I and class II antigen presenting molecules. The MHC structure has
been widely studied in primate species and it is known for variable
number of paralogous loci and evolution by gene duplication. Re-
cently, a high quality assembly and annotation of the horse MHC
class II region was generated. In comparison to six other mammals
(human, mouse, cattle, pig, dog and cat), the corresponding region
in horse showed increased number of the Egca-DRB, -DQOA, -DQB
and -DOB loci, as well as different relative location and directional-

ity of five Eqca-DRB loci. The aim of this study was to better under-
stand the molecular mechanisms that have shaped the horse MHC
class II region by defining size and order of the duplication events
and by investigating break point sequences of the duplicated blocks.
The duplication blocks were defined by comparing the horse MHC
class IT sequence to itself using PipMaker. Furthermore, the intronic
sequences of the individual gene families (Egca-DRB, -DQA, -DQOB
and -DOB) were aligned and the genetic distances were calculat-
ed using Jukes-Cantor model. The results of the horse MHC class
II sequence self-comparison showed a block-wise duplications of
tail-to-tail oriented Eqca-DQA and -DQOB gene pairs. However, the
Eqgca-DRB and -DOB paralogous loci were more likely to be indi-
vidual duplication events of a single gene. The genetic distances of
all six Eqca-DRB loci suggested that the inversion of Eqca-DRB
locus predates the rest of the Eqca-DRB duplication events. The
comparison of genetic distances of all the multigene family mem-
bers indicated that expansion of the horse MHC class II region oc-
curred in a relatively short evolutionary time period following the
inversion of Eqca-DRB locus.

Key Words: MHC, horse, evolution, duplication

66 Chicken MHC-B diversity detected by a high-density
SNP panel. J. E. Fulton*!, B. Bed’Hom? and M. M. Miller?,
'Hy-Line International, Dallas Center, IA, USA; *GABI, INRA,
AgroParisTech, Jouy-en-Josas, France; 33Department of Molecu-
lar and Cellular Biology, Duarte, CA, USA.

The chicken MHC was initially identified as the B blood
group locus with variation detected serologically. Most early
MHC-B studies were done with inbred lines or limited breeds due
to the difficulties of using alloantisera to define MHC-B in hetero-
geneous outbred lines. The tandem repeat LEI0258 marker located
within MHC-B has been particularly useful in identifying MHC-B
haplotypes in multiple sources, including outbred populations.
However, the LEI0258 marker has limitations in that the same allele
size can occur in serologically different haplotypes and mutations
occasionally arise within lines that change LEI0258 allele size. To
provide a better typing method a single nucleotide polymorphism
(SNP) typing panel encompassing 210K of the chicken MHC-B
region was developed. The MHC-B SNP typing methodology is
based in allele-specific PCR, with fluorescence detection of end-
point reads. The panel comprises 101 SNP with average spacing of
2,300 bp. The SNP are found in exons, introns or intragenic regions.
For inclusion in the panel, SNP had to detect both alleles, be reli-
able in revealing genotypes, and consistently reveal the haplotypes
in parent and offspring among animals with serologically known
MHC-B haplotypes. This SNP panel allows a large number of sam-
ples to be rapidly and inexpensively genotyped for variation within
the MHC-B region. Genotypes were generated for over 7,500 sam-
ples sampled from diverse sources, including serologically-defined
MHC recombinants, MHC-defined inbred lines, in populations held
at universities within North America, heritage broiler lines, and elite
layer lines used for commercial egg production. Genotyping with
the SNP panel revealed 78 unique haplotypes and 44 additional re-
combinant haplotypes with this diverse sample set. The panel re-
vealed hotspots of recombination as well as regions of gene duplica-
tion and deletion. Associations are often observed between MHC-B
variation and disease resistance in the chicken. To date such studies
have been done mostly with the small number of haplotypes defined
originally by serology. The new haplotypes revealed by MHC-B
SNP typing provides new opportunities for enhancing the under-
standing of MHC-B and disease resistance in chickens.

Key Words: chicken MHC, SNP, haplotypes, diversity
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Equine Genetics and Thoroughbred Parentage Testing Workshop

67  Genetic diagnosis of sex chromosome aberrations in
horses based on analysis of microsatellite and X- and Y-linked
markers. J. A. Bouzada*, J. M. Lozano, M. R. Maya, A. Trigo, L.
Bonet, F. Castillo, J. Fernandez-Leon, T. Mayoral, E. Anadén, and
L. B. Pitarch, Laboratorio de Genética y Control, Algete, Madrid,
Spain.

Equine sex chromosome aberrations are often associated with
clinical signs affecting health and reproduction. However, abnormal
manifestation with sex chromosome aberration usually appears at
maturity and potential disorders may be suspected infrequently. A
reliable survey at an early stage is therefore required because detect
and characterise sex chromosome aberrations in newborn has im-
portant economic effects. Through the routine DNA genotyping of
animals, it is possible to identify profiles that are indicative of chro-
mosome abnormalities. Including additional DNA markers in usual
panels for pedigree and parentage verification can be useful iden-
tifying animals possessing chromosomal abnormalities. Abnormal
profiles of genetic markers located on sex chromosomes can help
identify animals with chromosomal defects. Markers panel used for
horse DNA testing by Laboratorio Central de Veterinaria of Algete
(Madrid) consisting of seventeen autosomal microsatellite markers
(AHT4, AHTS, ASB2, ASB17, ASB23, CA425, HMS1, HMS2,
HMS3, HMS6, HMS7, HTG4, HTG6, HTG7, HTG10, LEX33 and
VHL20), two microsatellite markers linked to sex chromosomes
(LEX3 and LEX27) and the Amelogenin marker, a gene with dis-
tinct X and Y alleles, has proved be very useful for genealogical
control and detection of chromosomal abnormalities. Additional
sex-linked markers (LEX22, LEX24, LEX28 and TKY598) are also
available at the laboratory for extended analyses of suspect cases.
Detection at an early age and understanding of the prevalence of
sex chromosome aberrations should assist in the diagnosis and man-
agement of horses kept for breeding. Further, the parental origin of
the X chromosome of each disorder could be proved by the results
of genetic analysis, thereby contributing to cytogenetic characteri-
sation.

68  Rate of sex reversal cases in horses of Argentina. M. Mar-
tinez*, M. Costa, B. Elguero, and C. Ratti, Laboratorio de Genéti-
ca Aplicada, Sociedad Rural Argentina, Buenos Aires, Argentina.

This work describes the sex reversal cases found on 168,000
horses tested for different breeds in Argentina. Sex reversal syn-
dromes describe sexual and development disorders in mammals, in-
cluding horses. Affected animals show a disagreement between sex
chromosome constitution, gonadal and phenotypic/behavioural sex.
According to XX/XY constitution and the Sex-Determining Region
Y gene (SRY) presence, the sex reversal cases fall in 4 categories:
female XY SRY-negative or SRY-positive genotypes and male XX
SRY-negative or SRY-positive genotypes. Our laboratory genotypes
horses for parentage verification using ISAG STR panel and the
sexing marker amelogenin (AME, X and Y linked). When the gen-
der reported by the owner disagrees with the inferred by AME, then
SRY is tested. Doing so, 38 females XY SRY-negative, 6 females
XY SRY-positive and 5 male XX SRY-negative genotypes were
detected. Even when there are not males XX SRY-positive horses
reported in the literature, one case was found out at the laboratory.
Percentage rates of 0.019 and 0.038 were estimated in Thorough-
bred and Polo breeds, respectively, for females XY SRY-negative
genotypes. The higher rate in Polo may be linked to artificial as-
sisted reproductive technologies used in this breed. It also may be
explained by the preferential use of some sire lines with higher
tendency to produce XY female offspring. Some of these animals
have offspring, an unexpected outcome related to the extreme het-
erogeneity of this condition. Female XY SRY-positive genotypes
are very unusual and some of them have been linked to autoso-
mal/X chromosome gene mutations. In those reports, the animals

were related. Not relationship was found for our cases. Three from
the 5 male XX SRY-negative cases were horses showing chime-
ric genotype profiles, suggesting fusion of fraternal twins during
the embryo development. Similar findings were previously showed
in horses with no hereditary brindle coat colour patterns. In all the
cases, except one, described as hermaphrodite by the breeder, not
phenotype abnormalities were reported by the owners. Therefore,
all the findings were done during routine parentage testing. Gender
discrepancy was then informed to the owners for further research
on affected animals.

Key Words: sex reversal, X chromosome, Y chromosome

69  Characterization of equine STR panel “15 TKY system”
by imputation from dense SNP genotypes in a Thoroughbred
population. M. Kikuchi*, H. Kakoi, T. Tozaki, K. Hirota, and S.
Nagata, Laboratory of Racing Chemistry, Utsunomiya, Tochigi,
Japan.

Single nucleotide polymorphisms (SNPs) are an informative
resource for genetic studies and recently, SNP genotyping is being
considered an alternative to short tandem repeat (STR) genotyp-
ing, as a tool for parentage testing in many animals. Imputation of
STR alleles from SNP genotypes is well developed for some spe-
cies; however, there is little information, based on SNPs, on equine
STR parentage panels. Our group developed a panel with 15 STRs,
namely 15 TKY system. The ISAG has sanctioned it as a secondary
parentage panel in horses, and some laboratories routinely employ
several TK'Y markers in parentage testing. Therefore, as a model for
imputation of STR markers in horses, we characterised the 15 TKY
system by identifying SNP haplotypes corresponding to STR alleles
in a Thoroughbred population. For the STR analysis, 94 randomly
selected Japanese Thoroughbred horses (48 males and 46 females)
were genotyped, and 90 alleles were observed on the 15 TKY STRs.
This covered 88% of the previously reported alleles. Subsequently,
all horses were subjected to SNP genotyping using 670K Axiom
Equine Genotyping Array (Affymetrix). We extracted 200—737 (av-
erage 278) SNPs within 500 kb on either side of each STR (1 Mb)
and selected SNPs that were completely genotyped for all horses
and exceeded minor allele frequency of 5%. Then, the SNP hap-
lotypes with STR alleles were phased by SNPAlyze Ver. 9, using
1,000 iterations. The total number of SNPs required to impute STR
alleles was minimized by referring to a previously reported process.
The number of SNPs corresponding to each STR was 3—6, and the
SNPs were located within 34—469 kb (average 170 kb). Finally, 90
alleles of the 15 TKY STRs were theoretically explained by 105
haplotypes derived from 69 SNPs in the analysed population. With
this model for imputation from a high-density SNP platform with-
in a Thoroughbred population, it was concluded that the 15 TKY
system could be mostly imputed by using the 69 SNPs in the Thor-
oughbred population. Further analysis for larger population size and
simulation for parentage verification using both 15 TKY system and
SNP haplotypes are in progress.

Key Words: SNP, STR, haplotype, Thoroughbred, parentage
verification

70  Preliminary results of genetic monitoring of the occur-
rence of three genetic diseases (CA, SCID, LFS) in Arabian
horses from Poland. M. Bugno-Poniewierska*!, M. Stefani-
uk-Szmukier?, A. Piestrzynska-Kajtoch!, A. Fornal', and K.
Ropka-Molik!, 'National Research Institute of Animal Production,
Department of Animal Genomics and Molecular Biology, Balice n.
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Krakow, Poland; *University of Agriculture, Department of Horse
Breeding, Krakow, Poland.

Polish horse breeding industry is well known from Arabian
horse breeding tradition. The origin of the horse lines traces back
more than 200 years which can be confirmed by historical sources.
Polish Arabians are commonly known from their desirable beauty
and performance ability. Balanced selection is based on preserv-
ing traits combining unquestionable appearance and utility. There-
fore, the Polish population of Arabian horses are undoubtedly one
of the most influential in the world. Genetic screening for herita-
ble disorders in Arabians is an extremely important step for pop-
ulation management to avoid the production of affected offspring,
reducing the incidence of carriers and preventing economic losses.
There are three common genetic disorders tested in Arabian horses:
Cerebellar Abiotrophy (CA); Severe Combined Immunodeficiency
Disorder (SCID) and Lavender Foal Syndrome (LFS). The genetic
background of causative mutations responsible for each conditions
has been previously described (Brault ef al. 2011, Shin et al. 1997,
Brooks et al. 2010). The aim of the presented study is to determine

the occurrence of mutant alleles of the three diseases in a sample
population of Arabians from Poland using DNA-based test. Anal-
ysis included 448 healthy horses that were introduced into Polish
Arabian Stood Book. The scan against mutant alleles reveled an
absence of SCID and LFS carriers among investigated individuals.
However, the investigation for CA alleles showed 11,4% frequency
and all of them were in heterozygous state. Although the carriers
of the mutant alleles do not show clinical signs and there is a lack
of reports describing negative consequences for health and athlet-
ic performance in heterozygous individuals, further monitoring of
active population is essential. The absence of SCID carriers in Pol-
ish Arabians has been reported previously (Terry et al. 199) which
resulted in an increased efforts of breeders to maintain the popu-
lation clear. The LFS is most common linked to Egyptian origin
lines, even though that polish breeding program introduce stallions
of Egyptian origin, the mutation causing LFS is not determined.
Financed: BIOSTRATEG2/297267/14/NCBR/2016.

Key Words: horse, genetic diseases, CA, SCID, LFS

Genetics of Immune Response and Disease Resistance

71  Enhanced genetic disease control with selection for low
susceptibility and infectivity. S. Tsairidou®, O. Anacleto, J. A.
Woolliams, and A. Doeschl-Wilson, Roslin Institute, Edinburgh,
UK.

Genetic heterogeneity in host infectivity and susceptibility
to infectious diseases has a great impact on spread and severity
of livestock epidemics. Current genetic selection schemes exploit
heritable variation in susceptibility to reduce disease prevalence.
However, increasing evidence suggests that there is also variation
in infectivity and super-spreaders have been documented in disease
outbreaks. This study examined if combined selection for both low
infectivity and susceptibility can be more efficient in reducing ep-
idemic severity and risk compared to selection on susceptibility
alone. Infectivity depends on genetics and disease epidemiology.
Thus, a stochastic SIR (Susceptible, Infected, Recovered) epidemi-
ological model was used to model disease dynamics accounting for
polygenic genetic heterogeneity in infectivity and susceptibility. A
population of 5,000 animals was generated and divided in groups
of 100. Epidemics were simulated within each group and different
scenarios for genetic variance and reproductive ratios R were test-
ed. Selection on infectivity and susceptibility was simulated over
20 generations following standard quantitative genetics theory and
alternative selection schemes were tested by varying selection accu-
racy and intensity. There was a greater reduction of epidemic sever-
ity and risk by combined selection for susceptibility and infectivity
compared to selection only for susceptibility. After 4 generations
of combined selection with accuracy of 0.7 for both traits the pro-
portion of infected animals was 44% lower compared to selection
only on susceptibility. After 12 generations of combined selection
the percentage of groups producing an epidemic was reduced by
50% for diseases with R of 1.5, and by 20% for severe epidemics
with R of 6, while selection on susceptibility alone required more
than 20 generations. Finally, even for an accuracy for infectivity of
0.2, there was substantial improvement from combined selection.
In conclusion, combined selection for susceptibility and infectivi-
ty was more efficient than selection only on susceptibility. Further
studies are needed to estimate genetic effects for both traits.

Key Words: animal breeding, infectious disease

73  Genetic basis for resistance to avian influenza in
commercial egg layer chicken lines. W. Drobik-Czwarno*!,
A. Wolc?3, J. Fulton®, T. Jankowski?, J. Arango®, P. Settar’, N.

O’Sullivan®, and J. Dekkers?, ' Department of Animal Genetics and
Breeding, Faculty of Animal Science, Warsaw University of Life
Sciences, Warsaw, Poland; *Department of Animal Science, lowa
State University, Ames, 14, USA; *Hy-Line International, West Des
Moines, IA, USA; *Nutribiogen, Poznan, Poland.

A 2015 outbreak of HSN2 Highly Pathogenic Avian Influ-
enza (HPAI), resulting in mandatory euthanization of millions of
chickens, was the most fatal in US history. The aim of this study
was to identify genomic regions associated with survival follow-
ing natural infection with HPAI Blood samples were obtained from
274 individuals from three commercial White Leghorn varieties.
Survivors and age and genetics matched non-infected controls from
each variety were included in the comparison. All individuals were
genotyped on the 600k Affymetrix SNP array. A genome-wide asso-
ciation study was performed within the varieties with standard fre-
quency test in PLINK, while logistic regression with the first three
multi-dimensional scaling (MDS) components of SNP genotypes as
covariates was used for all varieties together. Several SNPs located
within three regions in two varieties were significant at a 5% Bon-
ferroni genome-wide threshold (P < 3.87E-06): on chromosomes 5
and 18 for variety 1 and on chromosome 11 for variety 2. Genome
wide scan with F. was also performed as an alternative method of
analysis, using windows of 40, 100 and 500kb. The regions with
highest F values between cases and controls were located on chro-
mosomes 1 and Z and overlapped several genes with immunological
function and previously identified quantitative trait loci for health.
Only few regions were consistent between the GWAS analysis (ap-
proaching significance) and at the same significance level in the F
genome wide scan. This study confirms that resistance to HPAI is
a complex, polygenic trait and that mechanisms of resistance can
be population specific. This study was supported by the lowa Egg
Industry Center.

Key Words: chicken, highly pathogenic avian influenza, resis-
tance, GWAS

74 Integrated network analysis for mRNAs and miRNAs
expressed in PRRSV vaccinated peripheral blood mononuclear
cells of pigs. M. A. Islam!, C. Neuhoff*!, S. Rony!, C. GroB3e-
Brinkhaus', M. J. Uddin?, M. Hoélker!, D. Tesfaye', E. Tholen', M.
J. Proll!, and K. Schellander!, Institute of Animal Science, Animal
Breeding and Husbandry group, University of Bonn, Endenicher
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Allee 15, Bonn, Germany, 2School of Veterinary Science, The
University of Queensland, Gatton campus, QLD, Australia.

MicroRNAs, posttranscriptional regulators of gene expres-
sion, have been emerged as potential tools for evaluating host im-
mune response to infection or vaccination. The current study aimed
to investigate the expression profiles of mRNA and miRNA in pe-
ripheral mononuclear cells (PBMCs) to uncover the miRNA-mR-
NA regulated host immune response to porcine reproductive and
respiratory syndrome virus (PRRSV) vaccines. For this we analysed
the global miRNA profiles of PBMCs collected at before (0 h), and
6, 24 and 72 h post PRRSV vaccination in German Landrace (DL)
and Pietrain (Pi) pigs. Expression analysis identified 12, 259 and
14 differentially expressed (DE) miRNAs in PBMCs of DL and 0,
222 and 13 DE miRNAs in PBMCs of Pi at 6, 24 and 72 h post
vaccination, respectively. The mRNA expression analysis of PB-
MCs of pigs was performed from the same sample pools at 0, 6, 24
and 72 h post vaccination. The list of predicted target genes of DE
miRNAs were overlaid onto the list of vaccine induced differen-
tially expressed gene (2,920) and a total of 1,397 matched mRNAs
were found as true differentially expressed target genes (TDETGs)
in PBMCs after PRRSV vaccination. The TDETGs are involved
with regulation of biological processes including response to signal
transduction, innate immune response regulation of MAPK kinase
activity and apoptosis. The miRNA-mRNA co-regulatory network
was drawn between down-regulated miRNA and their up-regulated
true mRNA targets. The miRNA and gene co-regulatory network
revealed that miR-6762, miR-23a-5p, miR-181b-5p, miR-4454 and
miR-125-5p are the putative regulators of PRRSV vaccine induced
genes including SIRT1, FOS, ARNTL, PKM, CD9, WNT1, CDK-
N1A, ABCG2, VEGFA and TNFAIP3 in PBMCs. In conclusion, the
results of this study evidenced the immune response during PRRSV
vaccination is associated with co-regulatory miRNA-mRNA net-
works in PBMCs.

Key Words: PRRSV, miRNA, PBMCs, vaccination, pig

75  Mammary epithelial cells, rather than professional
immune cells dictate the pathogen species-specific immune
reaction of the udder. J. Hehl*!, M. Koy?, A. Berthold', H.-J.
Schuberth?, M. Weinert®, S. Engelmann?®, C. Kithn', H.-M. Seyfert!,
and J. Glnther', 'Leibniz Institute for Farm Animal Biology (FBN),
Institute for Genome Biology, Dummerstorf, Germany, *Immunol-
ogy Unit, University of Veterinary Medicine Foundation, Han-
nover, Germany, *Institute of Microbiology, Technical University
Braunschweig, Braunschweig, Germany.

The aetiology determines extent and quality of the immune
response after an udder infection (mastitis). Gram-negative bacte-
ria (e.g. Escherichia coli) will quickly elicit strong inflammation
of the udder, fully activate its immune defence and often eradicate
the pathogen. In contrast, Gram-positive bacteria (e.g. Staphylo-
coccus aureus) will slowly elicit a much weaker inflammation and
immune response frequently resulting in chronic infections. It was
unclear which of the different cell types residing in the udder de-
termines the pathogen-species specific norm of immune reaction of
that organ. Therefore, we diagnosed the pathogen-specific immune
response of different relevant cell types from udder and blood. We
challenged primary cultures of bovine mammary epithelial cells
(pbMEC), fibroblasts from udder, bovine monocyte-derived mac-
rophages (boMdM) and the established MEC line MAC-T with
heat-killed E. coli, S. aureus and S. uberis and analysed their im-
mune responses. E. coli, but not the other pathogens fully activat-
ed the immune response in ppMEC, fibroblasts and MAC-T-cells,
including increased cytokine and chemokine expression and NF-
kB activation. S. aureus and S. uberis induced weak or no immune
reactions respectively. Yet, the macrophage models (boMdM and
murine RAW 264.7 cells) responded strongly to all three pathogens
including activation of IkB/NF-kB signalling. The models for MEC
and fibroblasts responded with distinctly graded immune reactions

to each of the three pathogens. E. coli induced a strong, transient cy-
tokine storm in the models but neither of the Gram-positive bacteria
did. This distinction was caused by the failure of MEC to activate
TLR-mediated signalling upon challenges with S. aureus or S. uber-
is. Hence, the pathogen-species dependent immune reaction norm
of MEC complies best with - and by inference - dominates in vivo
that of the udder. We are now scrutinizing on humoral and genetic
factors modulating the immune responsiveness of the MEC. There-
fore, we isolated ppMEC and factor secreting boMdMs from cows
have been selected for an inherited divergent susceptibility against
mastitis causing pathogens.

Key Words: bovine mastitis, ppMEC, E. coli, S. aureus, immune
response

76  Integrative network genomics of the bovine host re-
sponse to infection with Mycobacterium bovis. T. J. Hall*!, K.
E. Killick'?, M. P. Mullen?®, K. E. McLoughlin', N. C. Nalpas*, 1.
W. Richardson®, D. A. Magee!, C. N. Correia!, J. A. Browne!, H.
M. Vordermeier®, B. Villarreal-Ramos®, D. P. Berry’, E. Gormley?®,
S. V. Gordon?®, D. E. MacHugh'?, '4nimal Genomics Laboratory,
UCD School of Agriculture and Food Science, University College
Dublin, Belfield, Dublin, Ireland; *UCD Conway Institute of Bio-
molecular and Biomedical Research, University College Dublin,
Belfield, Dublin, Ireland, *Department of Life and Physical Sci-
ences, Athlone Institute of Technology, Athlone, Ireland,; *Quan-
titative Proteomics and Proteome Centre Tiibingen, Interfaculty
Institute for Cell Biology, University of Tiibingen, Tiibingen,
Germany, °ldentiGEN Ltd., Blackrock Business Park, Blackrock,
Dublin, Ireland; °Animal and Plant Health Agency (APHA),
Weybridge, Addlestone, United Kingdom., "Animal and Grassland
Research and Innovation Centre, Teagasc, Moorepark, Fermoy,
Cork, Ireland; 3UCD School of Veterinary Medicine, University
College Dublin, Belfield, Dublin, Ireland.

Bovine TB (BTB), caused by infection with Mycobacterium
bovis, is a major endemic disease affecting global cattle produc-
tion, particularly in many developing countries. In the current study
we used correlation- and interaction-based network approaches to
analyse the host response to infection with M. bovis at the level
of the transcriptome to identify core disease response pathways.
These networks were then integrated with genome-wide association
study (GWAS) datasets to enhance detection of genomic variants
for susceptibility/resistance to M. bovis infection. The host gene ex-
pression data consisted of bovine RNA-seq data generated using
peripheral blood samples from cattle infected with M. bovis across
a 14-week infection time course. These data were then used for
weighted gene correlation network analysis (WGCNA) to construct
a correlation-based network to identify gene modules associated
with disease response. A base gene interaction network of the mam-
malian host response to mycobacterial infection was also generated
using 213 genes identified from a GeneCards (www.genecards.org)
search for relevant keywords and the network was constructed using
InnateDB (www.innateDB.com). Differential gene expression data
were superimposed on this base network and the JActiveModules
Cytoscape (www.cytoscape.org) plugin was used to extract func-
tional modules. Bovine GWAS data was obtained from a published
BTB susceptibility/resistance study. SNPs from genes within the
top functional modules (5 kb up- and downstream of each gene)
were used with single-SNP regression and Bayesian approaches to
analyse GWAS data from 841 Holstein-Friesian bulls with compos-
ite multi-relative BTB susceptibility/resistance phenotypes. These
analyses identified new genomic variants associated with suscepti-
bility and resistance to BTB, demonstrating that integration of tran-
scriptomics and GWAS data is a useful method for studying the host
response to mycobacterial infection.

Key Words: integrative genomics, cattle, systems biology, bioin-
formatics
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77  ldentification of putative key transcription factors in
canine macrophages after infection with Leishmania infantum
and stimulation with a toll-like receptor-2 agonist. L. Sola-
no-Gallego?, S. Montserrat?, F. Mayer!, A. Castello!, L. Alborch?,
S. Heath?®, A. Esteve-Codina®, J. Gomez-Garrido®, R. A. Cigliano*,
and A. Clop*!, 'Centre for Research in Agricultural Genomics
(CRAG) CSIC-IRTA-UAB-UB, Cerdanyola del Valles, Catalonia,
Spain; 2Universitat Autonoma de Barcelona, Cerdanyola del
Valles, Catalonia, Spain; *Centre Nacional d’Analisi Genomica
CNAG-CRG, Barcelona, Catalonia, Spain; “Sequentia Biotech,
Barcelona, Catalonia, Spain.

Leishmaniosis is a common zoonotic disease in dogs and hu-
mans caused by the parasite Leishmania infantum. PAM3CSK4, a
TLR2 agonist, promotes inflammation and reduces the parasite load
in macrophages. In order to understand the molecular changes oc-
curring in relation to L. infantum infection and after PAM3CSK4
stimulation, we compared the RNA-seq profiles of a canine macro-
phage cell line (DHS82) (i) before infection, (ii) after infection with
L. infantum promastigotes, (iii) after stimulation with the TLR2
agonist and (iv) after infection and TLR2 stimulation. We also per-
formed ChIP-seq to map two histone modifications: H3K4me3 and
H3K27ac, which mark promoters and genomic activity, respective-
ly. We used an improved dog genome annotation built in-house with
RNA-seq data from this project and from NCBI. In total, 530 million
75bp x 2 paired-end reads were generated in an Illumina HiSEqn
2000 system. RNA-seq profiles were determined with STAR and
RSEM and differential expression was assessed with DESEqn 2.
These analyses show that TLR2 stimulation but not infection has an
impact (FDR < 0.05) on gene expression. Taking into account any
of the comparisons involving TLR2 stimulation, 281 genes were
differentially expressed (DE). 257 of these genes were DE when (i)
and (iv) were compared. There was an enrichment of immunoin-
flammatory genes. Of note, 19 of the 257 genes are transcription
factors (TF). ChIP-seq reads were mapped to the dog genome with
BWA and peaks were called with MACS2. The peaks occurring
between 4Kb upstream and 2Kb downstream of the transcription
start site (putative regulatory regions) of the 257 DE genes were
further investigated to identify potential binding sites for the 10 DE
TFs with annotated motifs using Transfac/Jaspar. Cognate binding
sites were present in 198 DE genes. RelA, Rel and Foxjl, three key
immune-related TFs, displayed the largest number of binding sites.
Further analysis will help determining whether these TFs orches-
trate the gene dysregulation caused after stimulating the cells with
a TLR2 agonist.

Key Words: leishmaniasis, TLR2 stimulation, RNA-seq, ChIP-
seq, differential expression

78  Analysis of the genomic regions associated to response

to coccidiosis caused by Eimeria maxima in broiler chickens.

B. Bed’Hom*!, M. H. Pinard-Van der Laan', R. Hawken?, and H.
Edin', 'INRA, Jouy-en-Josas, France; *Cobb-Vantress Inc., Siloam
Springs, AR, USA.

Coccidiosis is an intestinal parasitic disease caused by species
from Eimeria genus, widespread in poultry farming, leading to im-
portant losses by its direct impact on production and the associated
control measures (such as vaccines or cocciostats). The integrative
management against this disease should lead to include new param-
eters of animal’s response to coccidiosis in selection schemes. Our
goal was to study the variability of broilers’ response to coccidiosis
caused by Eimeria maxima, to identify associated genomic regions
and putative candidate genes and to understand underlying biologi-
cal mechanisms. For this aim, we performed an experimental infec-
tion with 2 024 animals (Cobb500 broilers) and measured pheno-
types of animals’ response (such as bodyweight, temperature, lesion
scores and many blood parameters). Animals have been genotyped
using the Affymetrix 580K SNP panel, and the genome-wide as-

sociation study has revealed genomic regions highly significantly
associated to some traits of interest (bodyweight gain, plasma co-
lour and plasma 32-globuline concentration). However some genet-
ic markers have contrasted effects on phenotypes between control
or infected animals, indicating putative trade-offs between produc-
tion and health. The analysis of biological functions of genes from
regions associated to phenotypes has also shown the major role
played by biological pathways of metabolism and some innate im-
mune parameters. Moreover, the inference of interaction networks
between genes highlighted very significant networks centred on gut
repair or cardiovascular functions. The genetic markers identified
during this study can be used in selection programs.

Key Words: chicken, genome-wide association, disease resilience,
coccidiosis

79  Genetic individual variability of vaccine responses in
pigs. F. Blanc*!, G. Lemonnier', J. Leplat'?, E. Bouguyon?®, Y. Bil-
lon*, J. Estelle!, and C. Rogel-Gaillard', '\GABI, INRA, AgroParis-
Tech, Université Paris-Saclay, Jouy-en-Josas, France; *CEA,
DRF/IRCM/SREIT/LREG, Jouy-en-Josas, France; 3VIM-IN-
RA-Université Paris-Saclay, Jouy-en-Josas, France, *GenESI,
INRA, Surgeres, France.

Impact of host genetic variation in shaping innate and adap-
tive immune responses is an emerging lever to be included in new
vaccination strategies. Our aim was to analyse the genetic control of
individual vaccine responses in pigs and we addressed this question
by studying the variation of antibody responses induced by vacci-
nation against Mycoplasma hyopneumoniae (M. hyo) or Influenza
A Virus (IAV). Large White pigs housed in a conventional facility
were vaccinated at weaning (around 28 days of age) with a booster
vaccination 3 weeks later. Forty eight families were produced in
five batches. 190 and 192 piglets were vaccinated against M.hyo or
TAV, respectively, and 64 non vaccinated piglets were included as
controls for the two vaccine experiments. The humoral vaccine re-
sponse was measured by following the dynamics of seric M. hyo- or
TAV-specific IgGs, prior vaccination on the vaccine day, every week
during five weeks post-vaccination, and before slaughtering. In ad-
dition, haemagglutination inihibition (HAI) assays were performed
for IAV-vaccinated pigs. The individual variability of responses to
vaccination was revealed by the differences in the levels of M. hyo-
or [AV-specific IgGs in the sera of vaccinated animals. One week
after the booster vaccination, M. iyo Ab levels (S/P values) ranged
from 0.012 to 2.151 (mean = 1.322, s.d. = 0.337) and [AV-specific
IgGs levels ranged from 0.59 to 128.5 pg/mL (mean = 33.39 pg/
mL, s.d. = 2.475). For IAV-vaccinated animals, HAI titres ranged
from 10 to 2560 (geometric mean = 332.2). Interestingly, females
exhibited a higher humoral immune response to vaccination against
M. hyo compared to males, with significant differences (unpaired
t-test) two weeks post booster vaccination (P = 0.024) and also be-
fore slaughtering (P = 0.0002). This experimental design and the
wide range of individual variabilities obtained for both vaccines
will allow us to estimate the heritability of the phenotypes and to
perform genome wide association studies (GWAS) to identify the
genomic regions and candidate genetic markers associated with in-
dividual variability of vaccine responses.

Key Words: pigs and related species, immunogenomics, immune
system, animal health

80  QTLs associated with resistance to MAP infection in
Holstein-Friesian cattle. S. Mallikarjunappa*'=, M. Sargolzaei*,
K. Meade?, N. Karrow?, and S. Pant!, 'Graham Centre for Agricul-
tural Innovation, Charles Sturt University, Wagga Wagga, NSW,
Australia; *Teagasc Animal and Bioscience Research Department,
Grange, Co. Meath, Ireland; *Department of Animal Biosciences,
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University of Guelph, Guelph, ON, Canada,; *The Semex Alliance,
Guelph, ON, Canada.

The objective of this study was to perform genome-wide asso-
ciation (GWA) analysis using high-density (HD) imputed genotype
data in order to identify putative Quantitative Trait Loci (QTLs)
associated with Mycobacterium avium subsp. paratuberculosis
(MAP) infection that causes Johne’s disease in cattle. The study was
based on the hypothesis that the use of imputed HD SNP genotypes
leads to identification of additional associations especially in the
regions with low coverage on 50k panel used in the previous study.
Therefore, previously analysed 50k genotypes of 232 Holstein-Frie-
sian cows, comprised of a MAP-positive (n = 90) and MAP-nega-
tive cohort (n = 142), were imputed to a 777k SNP chip panel using
the software package FImpute. Subsequently, principal component
regression analysis was used for GWA of imputed genotypes, which
revealed 15 putative QTLs (P = 1.99E-6) associated with the MAP
infection phenotype on 8 different chromosomes (BTA 5, 7, 10, 14,
15, 16, 20 and 21) of which the QTLs identified on BTA 15, 16,
20 and 21 constituted the new additional QTLs identified in this
study. Post-GWAS bioinformatic analysis identified several novel
candidate genes underlying these QTLs including NLRP3, [Fi47,
TRIM41, TNFRSF18, TNFRSF4. Several of these genes have
pro-inflammatory properties, which could be indicative of the role
of phagocytic cells in eliciting an anti-MAP response during ear-
ly stages of Johne’s disease pathogenesis. To our knowledge, this
is the first study to carry out Johne’s disecase GWA analysis using
high density SNP genotypes. Our analysis revealed potential QTLs
that were associated with resistance to MAP infection, which will
now be functionally investigated. Once validated, associated QTLs
could be exploited via marker-assisted selection to breed for Johne’s
disease resistance in cattle.

Key Words: cattle, genome-wide association, imputation, genetic
marker, genetic improvement

81  The association of copy number variations with tick
count in South African Nguni cattle. L. Pickering*', K. Dza-
ma!, F. Muchadeyi?, and M. Wang?, 'Animal Science Department,
University of Stellenbosch, Stellenbosch, Western Cape, South
Africa; *Agriculture Research Council Biotechnology Platform,
Pretoria, Gauteng, South Africa.

Ticks and tick-borne diseases pose a major threat to livestock
industries worldwide. The South African Nguni is a locally adapted
cattle breed that is known for its resilience to ticks and tick borne
diseases. Copy number variations regions (CNVR) comprise inser-
tions, duplication and deletions within the genome that are larger
than 1kb and are reported to play a possible role in adaptation. A
preliminary investigation to determine the association between
CNVR and tick resistance in South African Nguni cattle was per-
formed. Tick count data was collected from 347 randomly selected
Nguni cattle from three different locations within South Africa over
a period of two years. Data was split per location and summary
statistics were used to determine quartile and interquartile ranges
of tick counts. If an animal had a tick count average lower than or
equal to the first quartile it was classified as resistant (1), animals
with a tick count average greater than or equal to the third quartile
were classified as susceptible (0) and those with values in between
were grouped as unclassified (2). DNA extracted from hair and
blood samples was genotyped using the Illumina BovineSNP50 as-
say. Quality control and sample pruning was performed using Plink
(Version 1.07) leaving 41193 high quality SNPs. LogR ratios and B
allele frequency data of filtered SNPs was extracted and PennCNV
software was utilised to identify 1831 unique CNVR. A data file
containing respective copy number states (0, 1, 2, 3) of CNVR loci
for each animal was generated. A general linear model testing the
hypothesis that tick resistance is associated with CNVR was run
using R Studio. Sixty-six CNVR located on chromosomes 4, 5, 6,
13 and 14 demonstrated a significant (P < 0.05) association with

tick count. Associated CNVR covered 16 genes that played a role
in multiple molecular functions and biological processes including
catalytic activity, binding functions and immune, metabolic, cellu-
lar, reproduction and developmental processes respectively. This
study is the first of its kind to demonstrate a significant association
between tick count and copy number variations in South African
Nguni cattle.

Key Words: cattle, tick resistance, copy number variation region,
bovine 50K BeadChip

82 Investigating genetic control of resistance to avian patho-
genic Escherichia coli colonization in chickens. M. Monson*!,
M. Kaiser!, A. Wolc'?, and S. Lamont', lowa State University,
Ames, I4, USA; *Hy-Line International, Dallas Center, IA, USA.

Colibacillosis in poultry is caused by extraintestinal infec-
tions with avian pathogenic Escherichia coli (APEC) and impacts
commercial production worldwide. Initial exposure to APEC occurs
primarily through the respiratory tract, after which the bacteria can
spread rapidly throughout the host. Poultry infected with APEC ex-
hibit decreased growth and egg production and increased mortali-
ty and carcass condemnation. Improving host resistance to APEC
colonization would maintain better poultry health and reduce the
economic losses for the industry. This study aims to identify quan-
titative trait loci (QTLs) in chickens (Gallus gallus) linked to varia-
tion in the bacterial load after APEC challenge. These QTL regions
could provide a first step towards developing markers for genomic
selection and could point to novel target genes for resistance. In this
study, 324 birds from the F,, generation of an advanced intercross
line (AIL) and 46 from the parental lines (a closed broiler line and
an inbred Fayoumi line) were challenged at 14 days of age with 107
CFU of APEC O1:K1:H7 via right-side intra-airsac injection. Blood
and tissue (right lung, left lung, spleen, and liver) samples were
collected after 1 day of exposure. Bacterial loads [log, (CFU/g)]
in each sample were determined by plating 10-fold serial dilutions
of tissue homogenates. The bacterial load differed significantly be-
tween tissues (right lung > spleen > left lung and liver > blood). For
each AIL individual, genotypes were collected on the Affymetrix
Axiom 600K Genome-wide Chicken Genotyping array, provid-
ing ~200,000 usable SNPs (call rate > 95%; minor allele frequen-
cy > 2%). Tissue colonization levels were determined to be lowly
heritable traits (h?> < 0.3) and used as quantitative phenotypes for
Bayesian genome wide association analysis (GWAS). Association
of specific regions of the genome with resistance to APEC coloniza-
tion could inform future efforts to reduce colibacillosis in commer-
cial chickens. Support: USDA-NIFA-AFRI US-UK Collaborative
grant, Hatch project #5424.

Key Words: poultry, genome-wide association, genotyping, infec-
tious disease, animal health

84  Genome-wide association study for monocyte count at
day 7 post-challenge with bovine viral diarrhea virus in F, and
F, Nellore-Angus halfblood steers. K. M. S. Davila*', A. D. Her-
ring', J. E. Sawyer!, J. F. Ridpath??, and C. A. Gill', 'Texas A&M
University, College Station, TX, USA, *National Animal Disease
Center, Ames, 14, USA; >Ridpath Consulting, Ames, 14, USA.

Bovine viral diarrhoea viruses (BVDYV) are prevalent world-
wide, and outbreaks in USA beef herds are estimated to cost be-
tween $50 and $100 per animal. BVDV infections are associated
with varying degrees of immunosuppression. Monocyte counts
have been shown to drop at day 7 or 8 of infection. The objective
of this study was to identify genetic variants associated with mono-
cyte counts following BVDV challenge in crossbred cattle. A pop-
ulation of 372 F, and F, Nellore (Bos indicus)-Angus (Bos taurus)
halfblood steers were balanced across sires regarding modified-live,
killed and non-vaccinated experimental treatments and subsequent-
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ly intra-nasally challenged with a BVDV type 1b noncytopathic
field strain. . Monocyte count at day 7 post-challenge was evaluated
and adjusted for vaccine type, calf type and weaning temperament
score. Genotypes were imputed within family to high density and
after quality control filtering there were 555,670 SNP available
for a genome-wide association study for bovine monocyte count
applying the univariate procedures of GEMMA that fitted the ge-
nomic relationship matrix to account for genetic covariance among
animals. To correct for multiple tests, the Benjamini and Hochberg
false discovery rate was constrained to 0.05 and there were 37 SNP
associated with bovine monocyte count on bovine chromosomes
(BTA) 2, 3, 14, 17, 19 and 29. There were 11 significant SNP
within a 100kb region on BTA 17:72,729,721 - 73,483,993, which
explained 7.5% of the variation in monocyte count at day 7. This
region contains 2 genes, SLC5A1 and SLC5A4, which code for glu-
cose co-transporter family proteins. In human studies the expression
of glucose transporter genes in monocytes and other leukocytes has
been shown to be vital to providing the necessary cellular fuel to
mount an immune response. The genomic region identified may be
important to immune response to viral challenge or vaccination.The
identification of genetic variants associated with reduced impact of
BVDV infection in Bos indicus influenced cattle would be of great
economic importance globally to cattle producers in tropical and
sub-tropical regions.

Key Words: Bos indicus, BVDV, monocytes

85  Polymorphism in TLR2 in different dairy cattle breeds
suggests immune functional modulation. M. Bartens*, K.
Tombacz, A. Gibson, and D. Werling, Department of Pathobiology
and Population Sciences, Royal Veterinary College, University of
London, Hatfield, UK.

There is strong evidence that high yielding cows are highly
susceptible to infectious diseases. As the innate immune system is
the first barrier for pathogens entering an organism, its activation
by pattern recognition receptors (PRRs) is crucial for an adequate
immune response. Within these PRRs, toll-like receptors are the
most important and polymorphisms within TLRs are suggested to
be associated with disease resistance traits in farm animals. TLR2
plays a major role in recognising multiple pathogens, therefore, we
compared TLR2 sequences of two popular dairy breeds by cloning
and sequencing their coding TLR2 sequences from PBMC-derived
macrophages. Assembled TLR2 contigs were translated to amino
acid sequences and aligned. A total of 18 SNPs within the coding se-
quence of TLR2 were detected across the breeds. Of note, two were
found in the crucial ligand-binding domain of the extracellular do-
main of the TLR2 receptor, H326Q and T63G. A functional role of
the detected SNPs, was investigated using a cellular reporter assay
for TLR2 receptor activation. Human embryonic kidney (HEK) 293
T-cells were stably transfected with the NF-kB-inducible reporter
gene secreted embryonic alkaline phosphatase (SEAP) and our se-
lected TLR2 receptor constructs. The transfectants were stimulated
with TLR2-specific ligands such as Pam,CSK, and FSL-1 as well
as with heat-killed E. coli, S. dublin and M. bovis BCG as these are
common pathogens in the farm environment. Significant increas-

es in TLR2 activation were measured in TLR2 constructs contain-
ing H326Q, (SNP rs68343167). This variation was also previously
found in an indigenous, resistant, Bos taurus Anatolian breed, thus
we hypothesise the presence of this SNP to confer Brown Swiss
(and Anatolian Black) to be less susceptible to infections than the
Holstein Friesian breed. We suggest that immune function is com-
promised in those breeds under strong selective pressure for high
production traits. Our results suggest that the variations seen may
be of functional relevance leading to a stronger immune response
within the Brown Swiss breed.

Key Words: bovine TLR2, cattle breeds, innate immunity, disease
resistance, reporter assay

86  Delineating Indian native cattle—specific allelic variants
and haplotypes in lactoferrin gene: A potential candidate for
disease resistance. A. Sharma*'?, M. Sodhi?, P. Jain!, M. Kumar?,
and M. Mukesh?, 'University Institute of Engineering & Technol-
0gy, Kurukshetra, Haryana, India; *National Bureau of Animal
Genetics Resources, Karnal, Haryana, India.

Lactoferrin, a bioactive glycoprotein is member of transfer-
rin family and plays an important role in immune defence, iron ho-
meostasis, antioxidant and regulation of cell growth. The present
investigation was undertaken to establish polymorphism data for
Indian native cattle (INC) breeds in lactoferrin gene. Sequence data
was generated for 2.3 kb comprising of 5’ flanking and untranslat-
ed, coding (17 exons) and 3'-untranslated regions across 72 animals
representing 12 cattle breeds from different agro-climatic regions
of India. Comparative data analysis across INC and taurine animals
revealed a total of 19 SNPs with distribution of 3 in 5'-flanking re-
gion, 2 in 5'-untranslated region, 13 in CDS and one novel SNP
in 3’-untranslated region. Out of 13 CDS SNPs, 6 were identified
as non-synonymous - 1145V, S538T, T546N, T596S, K627E, and
H632R. Among these, 1145V showed complete fixation with fre-
quency of (1.0) and was found to be specific for INC. SNPs in 5
UTR occurred within transcription factor binding sites (AP-2a,
SP1) could affect the transcription rate and novel SNPs in 3'UTR
might alter the stability of gene. These SNPs in UTRs might be
responsible for differential expression of lactoferrin gene in Indi-
an cattle. The haplotype and LD analysis revealed 12 haplotypes
and 3 haploblocks specific to INC breeds. The highest frequency
(0.546) was observed for haplotype-1 (ACT) and LD occurred with
Lodsq >2 indicated lower recombination rate for observed haplob-
locks. In addition, different physiochemical parameters of 6 nsSNPs
were predicted by ProtPram Server and further anaysed by SIFT,
PROVEAN, I Mutant and PloyPhen-2 tools revealed their non-dele-
terious nature. The study is first to report on nucleotide substitutions
in lactoferrin gene among various Indian native cattle breeds. The
data presented here provides baseline information to carry out the
functional aspect of these identified variants and depicts the evolu-
tionary differences from taurine cattle that could correlate the high-
er disease tolerance ability of Indian cattle breeds.

Key Words: lactoferrin, cattle, DNA sequencing, haplotypes,
allelic variants
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87  An ancient genomic perspective on the horse domesti-
cation process. P. Librado!, A. Fages'?, C. Gaunitz', N. Khan',

K. Hanghgj'?, C. Gamba', C. Der Sarkissian', M. Leonardi', M.
Schubert!, and L. Orlando*!?, 'University of Copenhagen, Centre
for GeoGenetics, Natural History Museum of Denmark, Copenha-

gen, Denmark; *Université de Toulouse, University Paul Sabatier
(UPS), Laboratoire AMIS, CNRS UMR 5288, Toulouse, France.

The domestication of the horse in the Pontic-Caspian steppes
some 6,000 years ago represents one major turning point in human
history. With horses, humans could travel for the first time well
above their own speed and carry their germs, culture and genes
across vast geographic areas. The development of horse-drawn
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chariots and cavalry also radically changed the history of warfare
and was instrumental to the emergence of transcontinental empires.
Additionally, beyond the battlefield, farm horses have massively
impacted agricultural productivity. The biological changes that ac-
companied the process of horse domestication are, however, diffi-
cult to reconstruct from current patterns of genetic diversity both
due to the development of intensively selected and extremely in-
fluential breeds during the last two centuries, and the almost ex-
tinction of wild horses. Recent developments in ancient DNA re-
search have opened for the characterisation of complete genomes,
epigenomes and microbiota over long time series. We have applied
such approaches to a large panel of horse remains spread across
Eurasia and dated to 44,000-200 years ago. This started revealing
the genetic structure of horse populations before and during early
domestication stages as well as the history of genetic changes that
accompanied their further transformation in a range of cultural con-
texts. [ will present our latest progress made on an extensive dataset
of ancient horse genomes spanning the whole domestication tempo-
ral and geographical range.

Key Words: ancient DNA, horse, domestication

89  When taurus met indicus. Exploring admixture events
in ancient cattle. M. Verdugo®*, Trinity College Dublin, Dublin,
Ireland.

The Bronze Age is an important period in prehistory that
comprised many socio-economic changes including the rise and fall
of city states in Mesopotamia. In this period the establishment of
trade routes allowed for the exploitation of raw materials and an-
imals. From archaeology, there is evidence of zebu cattle moving
into in the Near East from the Indus Valley from the end of the
Late Bronze Age. Ancient DNA provides a direct view into the past
of these early domestic animals. We present a dataset of ~50 high
and low coverage ancient Near Eastern cattle genomes through time
and space. From comparison using both 700K Bovine SNP chip
data and whole genomes we observe at least one main admixture
event in the Bronze Age. This contrasts with mitochondrial data in
which such admixture is invisible. We also show the power of low
coverage data from ancient domestic cattle to confidently detect ad-
mixture between taurine and indicine animals, increasing the utility
of sequencing of archaeological samples from hot regions with poor
preservation.

Key Words: cattle and related species, evolutionary genomics,
ancient DNA, admixture

90  Genetic continuity of maternal lineages in Iberian cattle
populations since Roman times. L. Simdes', A. E. Pires??, C.
Detry*, I. Urefia?, E. Svensson', J. Matos®, C. Rodriguez-Fernan-
dez®, A. M. Arruda*, I. Fernandes’, S. Davis®, A. G6therstrom®, and
C. Ginja*?, ' Department of Organismal Biology, Uppsala Univer-
sity, Uppsala, Sweden; *CIBIO-InBIO, Centro de Investigagdo

em Biodiversidade e Recursos Genéticos, Universidade do Porto,
Campus Agrario de Vairdo, Vairao, Portugal, *Laboratorio de Ar-
queociéncias-InBIO, DGCP, Lisboa, Portugal; *UNIARQ, Centro
de Arqueologia da Universidade de Lisboa, Faculdade de Letras,
Universidade de Lisboa, Lisboa, Portugal; *Grupo de Biologia
Molecular, Instituto Nacional de Investigag¢dao Agraria e Veter-
indria, Oeiras, Portugal; *Departamento de Historia, Facultad de
Filosofia y Letras, Universidad de Ledn, Leon, Spain; 'Cdmara
Municipal de Palmela, Palmela, Portugal; 34rchaeological
Research Laboratory, Department of Archaeology and Ancient
History, Stockholm University, Stockholm, Sweden.

Cattle mitochondrial DNA is geographically structured. This
enables the association of maternal lineages to specific regions. For
example, the T1 and T3 haplogroups predominate in Africa and Eu-

rope, respectively. Extant cattle from the Iberian Peninsula show
high genetic diversity despite their considerable geographical dis-
tance from their presumed Near-Eastern centre of domestication.
However, it is not clear if this pattern is recent or ancient. Our aim
is to use a zooarchaeogenetics approach to characterise the genetic
diversity and investigate phylogenetic relationships of past domes-
tic cattle populations from the Iberian Peninsula. Sixty-two spec-
imens dating between the 1% century BC and the 15% century AD
were selected for ancient DNA analysis. Targeted high-throughput
454-JS Junior sequencing technology (Roche) was used to examine
~220 bp of the mitochondrial D-loop region. Consensus sequences
were aligned against NCBI reference data from extant cattle rep-
resenting major haplogroups and phylogenetic relationships were
inferred using median-joining networks. We successfully extracted
and analysed DNA sequences from cattle remains preserved un-
der suboptimal environmental conditions, i.e. a temperate climate.
High-coverage allowed sequence validation and authentication.
Overall, T3-haplotypes predominate in the Iberian Peninsula (~80%
of the total) at least since the Roman occupation, but T1-lineages
of putative African origin were also detected (~15%). The distinct
Q-lineage, which is found in low frequency in extant Iberian cattle
(~5%), was observed for the first time in one specimen from Roman
Monte Molido (southern Portugal), but also in one specimen from
Moslem Alcagova de Santarém (near Lisbon, Portugal) and in one
specimen from post-medieval Christian Beja (southern Portugal).
The T2-lineage, which is predominant in Asia, was only found in
one specimen from Beja. Our results corroborate observations from
other studies of both ancient and extant domestic cattle that indicate
a genetic continuity of maternal lineages over time between cattle
populations from the same location, and suggest post-Medieval cat-
tle were improved locally.

Key Words: Iberian cattle, ancient DNA, mitochondrial sequenc-
ing, biodiversity

91 Comparative genome-wide characterisation of five

rare British Isles cattle breeds. P. Flynn*'2, J. Carlsson?, and

D. Berry?, 'Weatherbys DNA Laboratory, Johnstown, Naas, Co.
Kildare, Ireland; *University College Dublin, School of Biology &
Environmental Science, UCD, Belfield, Dublin, Ireland; *Teagasc,
Moorepark, Fermoy, Co. Cork, Ireland.

Several cattle breeds within the British Isles have been sub-
jected to reduction in population numbers over recent centuries.
Five such breeds are Kerry (KY), Dexter (DX), DroimFhionn (DF),
Irish Moiled (IM) and White Park (WP). Comparative genome wide
characterisation studies contribute towards conservation strategies,
aiming to ensure future survival and progression of such bovine ge-
netic resources. Using a 4,345 SNP subset from the International
Dairy and Beef (IDB) SNP chip, this study established genetic pa-
rameters such as diversity, differentiation and population structure
for these five breeds. Samples were collected for each breed (total
n = 225), with selection based on pedigree knowledge to maximise
within breed representation. Available datasets for Angus (AN) and
Holstein Friesian (HF) breeds were also included for comparative
purposes (total n = 100). Reduced within breed genetic diversity,
relative genetic isolation and strong population structure (@ K =
7) was observed for both WP (He 0.36502 + 0.14465) and IM (He
0.36712 £ 0.14396). Greatest genetic distance was also observed
between WP and IM (Fst 0.21624, P < 0.01). KY (He 0.41602 +
0.10763) and DX (He 0.43498 + 0.08935) displayed comparable
within breed genetic diversity, however Principle Component and
Structure analysis (@ K = 7) generated distinct clusters for both
breeds. The DF breed displayed genetic diversity (He 0.41854 +
0.10712) similar to the overall mean (He 0.41214 £+ 0.10882)
with comparative genetic distances ranging from closest - HF (Fst
0.09263, P < 0.01) to furthest - WP (Fst 0.17342, P < 0.01). Key
findings within this dataset include — reduced genetic diversity and

ISAG 2017 Abstract Book

25



genetic isolation for both IM and WP, along with evidence of distinct
differentiation between KY and DX. Novel insights into DF genetic
diversity and distinctiveness were revealed within this breed’s first
ever comparative genome wide analysis. Results provide a genome
wide snapshot of current genetic status for each rare breed and a
benchmark to monitor future breeding strategies or genetic shifts.

Key Words: cattle and related species, comparative genomics, sin-
gle-nucleotide polymorphism (SNP), breed diversity, conservation

92  Diversity of sheep breeds in Russia based on SNP analy-
sis. T. Deniskova*!, A. Dotsev!, M. Selionova?, K. Wimmers®, H.
Reyer?, V. Kharzinova', E. Gladyr', G. Brem'#, and N. Zinovie-
val, 'L.K. Ernst Institute of Animal Husbandry, Podolsk, Moscow
region, Russia; *All-Russian Research Institute of Sheep and Goat,
Stavropol, Stavropol region, Russia; *Institute of Genome Biology,
Leibniz Institute for Farm Animal Biology, Dummerstorf, Germa-
ny; “*Institute of Animal Breeding and Genetics, VMU, Vienna,
Austria.

Due to a huge territory, Russia is characterised by great variety
of climate and relief conditions. The combination of these features
led to creation of wide range of sheep breeds with high adaptive
capacity to local environmental conditions and variety of produc-
tivity qualities. High-throughput SNP arrays allowed to investigate
genetic traits of animals at the genome level and to understand more
fully the character of relationships between breeds. Nevertheless,
such a detailed study has not been performed up to now on Russian
sheep breeds. In this regard, the aim of our work was to evaluate
the genetic diversity and to study genetic relationships between
the most widespread sheep breeds in Russia using whole-genome
analysis. We have genotyped 411 individuals from the most popular
sheep breeds in Russia, including 11 coarse wool (CW, n = 205),
5 semi-fine wool (SFW, n = 78) and 9 fine wool breeds (FW, n =
128) by using Illumina OvineSNP50 BeadChip. Statistical indica-
tors were calculated in PLINK 1.07, GENETIX 4.05, HP-Rare 1.1.
The lowest level of genetic diversity was found for CW group (Ho =
0.374; Ar = 1.89), whereas the FW and SFW groups showed similar
levels of observed heterozygosity (Ho = 0.383...0.385) and allelic
richness (Ar = 1.92). Among all the breeds the maximum measures
of diversity were detected for Baikal fine wool (Ho = 0.394; Ar =
1.93), whereas minimum values were estimated in Romanovs (Ho
=0.350; Ar = 1.86). The breeds were characterised by insignificant
heterozygote excess from 1.1% in the SFW group to 1.6% in the CW
and the FW groups. Phylogenetic tree showed that breed's distribu-
tion corresponded to their wool type. Thus, the CW breeds formed
distant cluster from FW and SFW and had more branchy structure.
The most CW originated from unique local sheep whereas the SFW
were created with using English Long Wool rams, and Australian
Merino improved the FW. The whole genome SNP data on sheep
breeds is the first step to design effective selection and conservation
programs for local breeds. Besides introduction of new methods,
this will lead to prosperity of Russian sheep breeding. The research
was funded by Russian Scientific Foundation (14-36-00039).

Key Words: sheep, biodiversity, single nucleotide polymorphism

93  Ancient whole mitochondrial genomes and insights into
the prehistory of goats. K. Daly*, Smurfit Institute of Genetics,
Trinity College, Dublin, Ireland.

The domestication of goats (Capra hircus) from bezoar
(Capra aegagrus) is thought to have occurred in the Near East
~10,000 years ago. As one of the earliest domesticated animals, elu-
cidating the patterns, pace and major events of the process is of great
interest. However, such analyses using genomic data from modern
goats are hampered by 10,000 years of human-mediated movement
of goat. Ancient DNA allows populations before this be directly
sampled. We present an initial analysis of whole mitochondria data

from goat sampled from a range of time depths. We observed a high
degree of mitochondrial diversity at earlier periods followed by a
significant restriction which has shaped modern goat mitochondrial
diversity. We also report a 14 thousand year old caprid mitochon-
drial lineage most similar to the Caucasian Tur (Capra caucasica),
having diverged from it over 100,000 years ago.

Key Words: goats and related species, ancient DNA, animal
domestication

94  Genome-wide analysis for signature of selection in
domestic chicken and red jungle fowl. R. A. Lawal*' and O.
Hanotte'?, 'The University of Nottingham, Nottingham, Notting-
hamshire, UK, 2International Livestock Research Institute (ILRI),
Addis Ababa, Ethiopia.

The red jungle fowl Gallus gallus is the main maternal an-
cestor of modern chicken having been domesticated from multiple
subspecies of Gallus gallus more than 5400 years ago. Following
domestication, environmental and human selection pressures have
shaped the domestic chicken making them one of the most diverse
livestock species with population of more than 50 billion across the
world. Here, we report the analysis of indigenous chicken population
from Ethiopia, Saudi Arabia and Sri Lanka, alongside the red jungle
fowl, for signature of positive selection across the autosomes. Using
the pool heterozygosity and composite likelihood ratio methods, we
identified several candidate genomic regions that may correspond to
local adaptation along with five candidate domestic regions shared
and unique to all domestic populations. Only two candidate regions
located on chromosomes 7 and 23 out of the 191 found in the red
jungle fowl were shared with all domestic chicken populations.
Gene ontology show that most of the seven genes located within the
sweep region on chromosome 23 are associated with development
with particular emphasis on central nervous system, memory, emo-
tion and learning traits. Finally, this study identify several regions
unique to each chicken ecotypes and several regions linked to pro-
duction and growth traits in Saudi Arabia chicken

Key Words: genome sequencing, genomic selection, candidate
gene, gene ontology, animal domestication

95  Genome-wide assessment of genetic diversity in the Syn-
breed Chicken Diversity Panel. S. Weigend*!, A. Weigend', D.
Malomane?, and H. Simianer?, 'Friedrich-Loeffler-Institut, Institute
of Farm Animal Genetics, Neustadt-Mariensee, Holtystrafe 10,
Germany,; *University of Géottingen, Animal Breeding and Genet-
ics Group, Gottingen, Albrecht-Thaer-Weg 3, Germany.

Genetic diversity within a given farm animal species refers to
the variety of genetic variants accumulated during domestication.
High density SNP genotyping arrays allow genome-wide assessment
of structural variation between genomes of individuals, families and
populations. Within the framework of the SYNBREED project a
wide range of chicken breeds were sampled in 34 countries across 4
continents. Sampling was supported by a world-wide collaborative
effort including 21 partners from 17 countries (Argentina, Austra-
lia, Bangladesh, Chile, Egypt, Ethopia, Finland, Germany, Hunga-
ry, Pakistan, Saudi Arabia, Sudan, Switzerland, Tanzania, Turkey,
United Kingdom, and Vietnam). It was augmented by samples of
two Red Junglefowl populations (Gallus gallus gallus and Gallus
gallus spadiceus) as well as 12 commercial purebred chicken lines
(brown layers, white layers, broilers) and 10 local chicken breeds
taken from the previous EU project AVIANDIV. This ‘Synbreed
Chicken Diversity Panel (SCDP)’, which encompasses more than
3200 individuals of 175 populations, was genotyped with the 580K
SNP Affymetrix Chicken Genotyping array. First cluster analyses
showed a continuous transition from Asian type breeds to European
breeds as well as a separation of breeds according to body size, i.e.
normal sized breeds and bantam breeds. Wild populations as well as
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commercial broiler lines cluster within this spectrum of diversity,
whereas commercial white and brown egg layer lines formed dis-
tinct and rather opposite edges of it. Chicken populations from Afri-
ca and Asia showed a lower proportion of genomic regions in Runs
of Homozygosity (ROH), while chicken populations sampled in Eu-
rope displayed a wide variation ranging from 4 to ~70 percent of the
genome being included in ROH. Regarding the commercial lines,
the genome of white layer lines was least polymorphic, while broil-
er lines clustered at the polymorphic end of the SCDP spectrum.
Brown egg layers showed a medium degree of variability. Detailed
analyses will evaluate the extent and distribution of variation, the
extent of linkage disequilibrium and the distribution of ROH across
chromosomes. The SCDP is an excellent resource to get insight into
mechanisms underlying the diversification within the species.

Key Words: chickens, biodiversity, SNP markers

97  Detection of selection signals between Merino and
Churra sheep breeds. B. Gutierrez-Gil*!, P. K. Chitneedi', A.
Suarez-Vega!, P. Wiener?, C. Esteban-Blanco!, and J. J. Arranz!,
'Department of Animal Production, Faculty of Veterinary Sciences,
University of Leén, Leon, Spain; *Roslin Institute and R(D)SVS,
University of Edinburgh, Easter Bush Campus, Midlothian, United
Kingdom.

Selection affecting desired phenotypes has left detectable sig-
natures of selection within the genomes of modern sheep. The aim
of this study was the identification of selection signals related to
wool production. To achieve this, we contrasted the OvineSNP50
BeadChip genotypes of 332 samples from three Australian Meri-
no sheep populations, characterised by the production of extremely
fine wool, and 378 samples of Spanish Churra sheep, a coarse wool
sheep breed phylogenetically close to Merino. With the aim of iden-
tifying genomic regions harboring selection signatures in the two
breeds, we performed four different analyses. In addition to genetic
differentiation (F',) and reduced heterozygosity (ObsHtz) analyses,
we also performed two complementary analyses based on haplo-
type structure using the hapFLK and reHH (XPEHH test) programs.
We defined selection signature candidate regions (CR) by grouping
the positions showing extreme values from the four approaches into
discrete regions, based on the extent of linkage disequilibrium in the
two breeds. Subsequently, convergence candidate regions (CCRs)
were identified as those CRs that overlapped between the different
approaches, i.e. to qualify as a CCR, overlap was required between
a region identified by at least one of the methods based on allele/
genotype frequencies (F,/ObsHtz) and at least one of the methods
based on haplotype analysis (hapFLK/XPEHH). The F, analysis
identified a total of 49 CRs, whereas the ObsHtz analysis identified
96 and 72 regions in Merino and Churra respectively. The hapFLK
and the XPEHH analyses identified seven and 98 significant (P-val-
ue <0.001) selection sweeps regions, respectively. Overlap between
these regions defined a total of 18 CCRs, on chromosomes 2, 3,
6, 8, 10, 11, 15 and 25. Five of the CCRs were related to positive
selection in Merino while the rest were related to positive selection
in Churra. Further study of genetic variation within these regions
may help to identify candidate mutations underlying the selection
signals reported here, some of which are expected to be related to
the specialization of the Australian Merino for wool quality traits.

Key Words: sheep and related species, single-nucleotide polymor-
phism (SNP), selection scan, wool production

98  Distribution of polymorphisms in major and candidate
genes for productive and domestication-related traits in Euro-
pean local pig breeds. A. Fernandez', M. Mufioz', F. Garcia', Y.
Nuiiez!, C. Geraci?, A. Crovetti®, J. Garcia-Casco', E. Alves!, M.
Skrlep?, J. Riquet’, M. Mercat®, R. Bozzi’, M. Candek-Potokar?, L.
Fontanesi2, C. Ovilo*!, 'INIA, Madrid, Spain; *UNIBO, Bologna,

Italy; *UNIFI, Firenze, Italy;, *KIS, Ljubljana, Slovenia; *INRA,
Toulouse, France; °IFIP. Paris, France.

TREASURE is a multidisciplinary European project focused
on the development of activities for the benefit of sustainable pork
chains based on European local pigs. One of its main objectives
is the genetic characterisation of local pig breeds participating in
the project, by using genetic and genomic tools. The most relevant
genes and mutations associated with pig productive, meat quality,
reproductive and disease resistance traits were prioritized and ana-
lysed in order to identify useful markers for authentication, trace-
ability, conservation and breeding programmes. A panel of 32 SNPs
were selected and a genotyping chip was designed and employed
to genotype 48 animals from each one of 20 breeds included in the
project (Schwibisch Héllisches, Iberian, Black Majorcan, Basque,
Gascon, Black Slavonian, Turopolje, Apulo Calabrese, Casertana,
Cinta Senese, Mora Romagnola, Black Sicilian, Sarda, Lithuanian
indigenous wattle, Old Lithuanian White, Alentejano, Bisaro, Man-
galitsa, Moravka, Krskopolje). Twenty seven SNPs located in 24
genes were succesfully genotyped (MCIR, TYRPI, NR6A, PCKI,
RYRI, IGF2, MC4R, PHKGI, SCD, GBP5, TAS2R39, TAS2R4,
MUC4, ESRI, CYP2EI, LEP, CAST, MTTP, CYB5A, FTO, PPARG-
Cl1A4, CAPNI, PPARD, CTSL). Results show very interesting find-
ings, as lack or scarce segregation of markers in genes involved in
coat colour or productive and reproductive traits, such as MCIR,
ESRI or CTSL in all the analysed breeds, with useful implica-
tions for traceability. On the other hand, major gene alleles with
contrasted effects on production and fatness (such as RYRI, IGF2,
MC4R, LEP), meat quality (SCD, CAST, MTTP) or disease resis-
tance (MUC4, GBPY) segregate in most breeds, in some cases with
intermediate frequencies, opening selection possibilities. These re-
sults joint with ongoing genomic, transcriptomic and metagenomic
assays, will provide essential information regarding genetic diver-
sity, structure, selective signatures and population-specific biologi-
cal processes responsible for specific production and quality traits.
TREASURE project is funded under European Union’s Horizon
2020 research and innovation programme, grant no. 634476

Key Words: pig, local breed, SNP, major gene, allele frequency

188  Genetic diversity among domestic goats (Capra hircus)
and wild goats (Capra aegagrus) in Turkey. L. S. Yildirim!, M.
Nizamlioglu', M. D. Oncu?, E. K. Bastanlar?, and Z. Bulut*',
ISelcuk University, Faculty of Veterinary Medicine, Departments
of Biochemistry, Konya, Turkey; *TUBITAK-MAM, Genetic Engi-
neering and Biotechnology Institute, Gebze, Kocaeli, Turkey.

Characterisation of populations at the molecular level makes
it possible to define genetic distances among and between popula-
tions. For this purpose, microsatellites are frequently preferred for
that they generally are not subject to natural selection and that they
show variation among and between populations directly according
to time and mutation rate. In this study, the genetic similarities and
differences between Kilis, Shami, Honamli, Saanen, Hair, Angora
and wild goats were investigated through the use of 320 individ-
ual goat samples. DNA isolation was conducted using a standard
phenol/chloroform method. Twenty different microsatellite loci
were identified and PCR-amplified. The Beckman Coulter CEQ-
8000 Genetic Analysis System was used to fractionate and geno-
type individual microsatellite markers. The total number of alleles,
observed heterozygosity and expected heterozygosity values under
Hardy—Weinberg Equilibrium were estimated. It was observed that
the number of total alleles varied between four and 25 for different
loci. While observed mean heterozygosity values differed between
0.499 and 0.632, it was seen that expected mean heterozygosity
ranged between 0.609 and 0.705. Using the Structure program and
FCA graphs, it was observed that wild goats are more genetically
homogenous than domestic goats and that they could be classified
separately. Interestingly, wild goat heterozygosity was lower than
domestic goats. Furthermore, it was found that there were no ge-
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netic differences between the Ankara goat Eskisehir and Lalahan
populations. This study was supported by Selcuk University BAP

(Project Number: 15202004) and TUBITAK-KAMAG (Project
Number: 109 G 103).

Key Words: genetic diversity, wild goat, domestic goat

Ruminant Genetics and Genomics

99  Evidence from the bovine of major differences between
individuals in the rate of de novo single nucleotide mutation
and transposon mobilization in the germline. C. Harland'?, K.
Durkin!, M. Artesi', L. Karim'?, N. Cambisano'?, M. Deckers'?,
N. Tamma'?, E. Mullaart*, W. Coppieters'~, M. Georges', and

C. Charlier*!, 'Unit of Animal Genomics, GIGA-R, University of
Liege, Liége, Belgium; *Livestock Improvement Corporation, Re-
search & Development, Hamilton, New Zealand; 3GIGA-Genom-
ics Platform, University of Liége, Liége, Belgium; *CRV, Research
& Development, Arnhem, Netherlands.

To study the process of de novo mutations in the bovine
germline, we have sequenced the whole genome of >750 indi-
viduals constituting 130 sire-dam-offspring trios with at least five
grand-offspring each. A first study using four pedigrees revealed
the common occurrence of somatic and germline mosaicism for
de novo mutations pointing towards mutation-prone early cleavage
cell divisions (http://biorxiv.org/content/early/2016/10/09/079863).
We herein characterise de novo mutations in the remaining 126
pedigrees. Two observations point towards major inter-individual
differences in the rate of de novo mutations. We first identify one
sire characterised by a mutation rate that is ~3-fold larger than the
population average. We show that this remarkable increase is due
to a ~7-fold excess of mutations occurring at the very early stages
of development (on the basis of observed mosaicism). The corre-
sponding mutations are characterised by a ~8-fold excess in C to T
transitions outside the CpG context. The corresponding animal was
shown to be the only individual of the pedigree to be homozygous
for a rare disruptive mutation in components of the DNA repair or
replication machinery: a P > L substitution in the REV1 DNA Di-
rected Polymerase. The causality of this mutation is presently being
examined. We further developed a pipeline to detect de novo trans-
position and pseudogene mobilization events. We identified a fam-
ily of LTR elements that are still active in the bovine genome. We
detected five corresponding de novo transposition events, of which
three occurred in the same individual including two in the same
gamete. Latest results of both studies will be presented.

Key Words: de novo mutations, mosaicism, transposable ele-
ments, pseudogenes, whole genome sequences

100  Pinpointing causal mutations among imputed se-
quence variant genotypes in three cattle breeds. H. Pausch*!2,
I. MacLeod!, P. Bowman'?, R. Emmerling*, R. Fries’, B. Gre-
dler-Grandl®, H. Daetwyler'?, and M. Goddard"’, 'Agriculture
Victoria, AgriBio, Centre for AgriBioscience, Bundoora, VIC,
Australia; *Animal Genomics, Institute of Agricultural Sciences,
ETH Zurich, Zurich, Switzerland; 3School of Applied Systems Bi-
ology, La Trobe University, Bundoora, VIC, Australia; *Institute of
Animal Breeding, Bavarian State Research Centre for Agriculture,
Poing-Grub, Germany; ’Chair of Animal Breeding, Technische
Universitaet Muenchen, Freising, Germany, °*Qualitas AG, Zug,
Switzerland; "Faculty of Veterinary and Agricultural Science,
University of Melbourne, Melbourne, VIC, Australia.

The whole-genome sequencing of key ancestors of many cat-
tle breeds yielded genotypes at millions of polymorphic sites. These
data can be used as a reference population to impute sequence vari-
ant genotypes for tens of thousands of animals that have dense ar-
ray-derived genotypes. Accurately imputed sequence variant geno-

types may improve genomic predictions and facilitate pinpointing
causal mutations in genome-wide association studies because the
polymorphisms that underlie phenotypic variation are included in
the data. We assessed the accuracy of imputing sequence variant
genotypes in 249 Fleckvieh and 450 Holstein bulls using 39,728,987
sequence variants of 1577 animals from the fifth run of the 1000
bull genomes project. Imputation was performed using either Mini-
mac or FIlmpute considering either within- or multi-breed reference
populations. Regardless of the composition of the reference popu-
lation and imputation software tested, the overall accuracy of im-
putation was high in both breeds (0.898 — 0.952). However, several
segments with poor imputation quality were detected particularly at
regions where the bovine genome contains large structural variants.
The highest accuracy of imputation was obtained when Minimac
was used to infer sequence variant genotypes and when allele dos-
ages rather than best guess genotypes were considered at the im-
puted sequence variants. Using a multi-breed reference population
increased the accuracy of imputation particularly at low-frequency
variants. Next, we inferred genotypes for more than 23 million se-
quence variants in 6778 Fleckvieh, 5204 Holstein and 1646 Brown
Swiss bulls using 1577 sequenced animals from various breeds
as a reference population. Association tests between the predicted
allele dosages at imputed sequence variants and daughter-derived
phenotypes for protein and fat percentages in milk revealed several
QTL and candidate causal mutations that were mostly detected in
more than one breed. Two causal mutations in the DGATI and GHR
genes were the most significantly associated variants at two QTL
on chromosomes 14 and 20 demonstrating that highly precise QTL
mapping is possible with imputed sequence variant genotypes.

Key Words: cattle and related species, genome sequencing, impu-
tation, genome-wide association, complex trait

101  Genotyping by sequencing for genomic selection in
dairy goats (Capra hircus). S. Clarke*!, K. Dodds', R. Brau-
ning!, T. Van Stijn!, R. Anderson', M. Wheeler?, B. Foote?®, A.
Cameron?, and J. McEwan!, 'AgResearch, Mosgiel, Dunedin, New
Zealand; *AgResearch, Ruakura, Hamilton, New Zealand, *Foote
Dairy, Hikurangi, Northland, New Zealand; *Meredith Dairy,
Meredith, Victoria, Australia.

High-throughput genotyping by sequencing (GBS) meth-
odology produces SNP genotypes that are supported by varying
depth of sequence reads, dependent on the number of samples and
proportion of the genome assayed within a lane of sequencing. Al-
though additional samples per lane is more cost effective, a balance
is needed to achieve the required sequence read depth to support the
SNP genotype for downstream applications such as genetic diversi-
ty and differentiation, parentage assignment, inbreeding estimation,
genomic selection and genome wide association studies. Advances
in statistical methods tailored to GBS data have enabled the use of
GBS-derived genomic relationship matrices to implement genomic
selection via GBLUP for the dairy goat industry. GBS is a cost ef-
fect alternative to chip arrays that are further compromised by large
and inflexible setup costs. Although GBS has suffered from a vari-
ety of technical challenges (increased complexity of data process-
ing, a high proportion of missing genotypes, and low accuracy of
genotype calls), these have been overcome enabling this technology
to be implemented in the dairy goat herd. Here we present an exam-
ple in both a New Zealand and Australian dairy goat herd utilising
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a methodology that comprises ~60,000 SNPs for less than US$20/
sample. The use of GBS has considerable implications for future
goat genomic research especially when utilising this technology for
high density genotyping (>200k SNPs), due to the lack of a suitable
HD chip.

Key Words: genomic selection, GBLUP, dairy goats, genotyping
by sequencing, GBS

102  Identification of polymorphisms modifying gene expres-
sion regulation in cattle. G. Guillocheau* and D. Rocha, GABI,
INRA, AgroParisTech, Université Paris Saclay, Jouy-en-Josas,
France.

Thanks to the advent of novel sequencing technologies, an
increasing number of polymorphisms have been identified in genic
regions. These polymorphisms can play an important role in gene
expression regulation. Allele-specific expression (ASE) analysis is
arobust approach to detect cis-regulatory variations of gene expres-
sion. Because of its economic importance, cattle were one of the first
mammals to have its genome sequenced. During this sequencing
more than 2.2 million putative Single Nucleotide Polymorphisms
(SNPs) have been detected. Since many bovine genomes have
been sequenced and there is currently more than 99 Million SNPs.
Polymorphisms showing allele-specific expression could be linked
to economic important traits and therefore could help to improve
genetic selection. The aim of our project is to develop a pipeline to
predict polymorphisms that modify the regulation of gene expres-
sion. Association studies between these predicted polymorphisms
and important phenotypes will later be performed. We used RNA-
seq data from muscle samples of 19 Limousin bull calves (77 Mil-
lion reads in average per samples) and from eight different tissue
samples (heart, kidney, liver, lung, muscle, ovary, spleen and uter-
us) of six Holstein cows (65 Million reads in average by samples).
We had also the whole-genome DNA sequences for these 25 ani-
mals (an average coverage of 15 Limousin samples and 5 Holstein
samples). The RNA-seq data was aligned with STAR, an ultrafast
RNA-seq aligner and we predicted polymorphisms (SNPs and small
insertions/deletions) with GATK for DNA and RNA sequence data.
The ASE detection was performed using ASEReadCounter and bi-
nomial test. We detected more than 150,000 SNPs showing ASE
in all samples with this method. Currently, our pipeline can detect
SNPs in genes with an allelic imbalance for species with a reference
genome sequence available. We select interesting polymorphisms to
perform a experimental validation using pyrosequencing.

Key Words: bioinformatics, polymorphisms, genome regulation,
sequencing, transcriptomics

103  GWAS for response to vaccination in Angus calves. L.
Kramer*!, M. Mayes', J. Williams', E. Fritz-Waters', E. Downey?,
R. Tait Jr.3, A. Woolums*, C. Chase’, J. Ridpath®, and J. Reecy',
"Towa State University, Ames, IA, USA; *Elanco Animal Health,
Larchwood, 1A, USA; 3Neogen GeneSeck Operations, Lincoln,
NE, USA; *Mississippi State University, Mississippi State, MS,
USA; >South Dakota State University, Brookings, SD, USA; °Rid-
path Consulting, Gilbert, 14, USA.

Bovine Respiratory Disease Complex (BRDC) is an economi-
cally important disease and an animal welfare issue. While vaccines
have been shown to be efficacious, morbidity and mortality still
persists. To examine the genetics of response to vaccination, lowa
State University Angus calves (>2000 head) were vaccinated for
Bovine Viral Diarrhoea Virus 1 and 2, Bovine Respiratory Syncytial
Virus, and Bovine Herpes Virus 1. Serum neutralization scores for
each virus were collected across multiple time points to allow for
identification of genomic regions associated with response to vac-
cination. The response to vaccination traits were initial serum neu-

tralization score (week 0), initial response to vaccination (week 3 —
week 1), response to booster vaccination (week 6 — Week 3), overall
response to vaccination (week 6 — week 0), and final antibody titer
score (week 6). In addition, maternal decay and pre-vaccination titer
scores were collected on a subset of individuals for Bovine Viral
Diarrhoea Virus 1 and 2 only. A genome wide association study was
performed using imputed 770k (BovineHD beadchip) markers and
a BayesB statistical model with pi of 0.999 (575 most associated
markers). 1-Mb windows with a posterior probability of inclusion
(PPI) 0.9 or greater were identified from the BayesB analysis, with
each window accounting for a minimal portion of the total genet-
ic variation. Genes within the 1-Mb windows were examined for
potential candidacy for causality. These associated windows may
give insight into the genetic control of response to vaccination, and
indicate avenues of advancement in improving vaccines and vacci-
nation protocols against BRDC.

Key Words: cattle, genome-wide association, antibody response,
bovine respiratory disease complex

104  The water buffalo gene expression atlas. R. Young*',

L. Lefevre!, S. Bush!, J. Williams?, S. Gokhale®, S. Kumar*, A.
Archibald', and D. Hume', 'The Roslin Institute and Royal (Dick)
School of Veterinary Studies (RDSVS), Easter Bush, Midlothian,
UK; 2School of Animal and Veterinary Sciences, The University
of Adelaide, Adelaide, South Australia, Australia; *BAIF Devel-
opment Research Foundation, Central Research Station, Pune,
Maharashtra, India; *Centre for Cellular and Molecular Biology,
Hyderabad, Telangana, India.

The domestic water buffalo (Bubalus bubalis) contributes sig-
nificantly to the global agricultural economy through milk, meat,
hides and draught power, and a larger part of the human popula-
tion depends on domestic water buffalo than on any other livestock
species in the world. Despite its agricultural importance, the buf-
falo genome is not fully annotated. We have generated a fine scale
gene expression atlas of 220 tissue and cell types collected from
adult riverine water buffalo (Mediterranean, Pandharpuri and Bha-
dawari breeds). Accompanying whole genome sequence data were
also generated for each breed. Gene expression was quantified from
RNA-Seq data and visualised using the network analysis tool Miru,
allowing the co-expression of genes to be explored across tissues.
The atlas data are also being used to analyse alternative splicing,
candidate expressed SNPs and allelic expression imbalance and
compared to other ruminant species. The sample metadata have
been loaded into BioSamples and the sequence data will be deposit-
ed in ENA. This data will be a valuable resource for the internation-
al Functional Annotation of Animal Genomes (FAANG) initiative.
This study is the largest gene expression atlas generated in water
buffalo to date. Potential variation identified between domestic
breeds will form the basis for the development of predictive mark-
er-assisted selection and breed improvement in the buffalo industry.

Key Words: water buffalo, transcriptome, genome annotation,
FAANG, breed improvement

105  Origin and evolutionary history of the European bison
unraveled through ancient DNA. T. Grange*, D. Massilani, S.
Guimaraes, and E.-M. Giegl, Institut Jacques Monod, CNRS, Uni-
versity Paris Diderot, Paris, France.

The European bison or wisent (Bison bonasus), one of the
last wild European large mammals, narrowly escaped extinction at
the onset of the 20" century. It shares a common ancestry with both
American bison (Bison bison) and modern cattle (Bos primigenius
f. taurus), although its evolutionary history since the divergence of
these three lineages during the Early Pleistocene has never been
well characterised. Here we describe complete and partial mitog-
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enomes from 57 ancient Eurasiatic bison specimens dating from
50 kiloyears ago (kya) to the early 20" century, just preceding the
last major bottleneck, and covering the area from Western Europe
to the Caucasus and to Siberia. Our results reveal several waves
of population expansion, contraction and extinction. Three bison
populations successively occupied Western Europe during this time
frame and their presence can be correlated with major climatic and
environmental fluctuations. First, an ancestral, now extinct, Bison
bonasus clade was dominant during most of the temperate Marine
Isotope Stage (MIS) 3 (ca. 57 — 29 kya). Second, a steppe bison
(Bison priscus) population originating from North-East Eurasia re-
colonized Western Europe during the following cold period of the
last glaciation (MIS2 ca. 29 — 14 kya). We hypothesise that the pop-
ulation overlap we observed in southern France during this transi-
tion period (39-34 kya) is reflected in the contemporaneous rock
paintings of the Chauvet cave in the same area. Third, the steppe
bison was replaced after the last glacial maximum at the beginning
of'the Holocene (MIS1) by a separate Bison bonasus population that
previously occupied a refuge encompassing the southern Caucasus.
This last population survived up to the Middle Ages in France,
while a related population survived into the 20" century in Eastern
Europe, where it can still be found today. The present-day pattern
of reduced genetic diversity of the wisent preceded the last major
bottleneck of World War I. Climatic oscillations, environmental
changes and, recently, anthropogenic pressure have both shaped the
evolutionary history of this emblematic species in different ways.

Key Words: bison, ancient DNA, Europe

106  Signals of adaptive introgression between European
taurine and indicine cattle revealed by local ancestry inference.
M. Barbato*!, M. Del Corvo!, T. Sonstegard?, and P. Ajmone-Mar-
san', Istituto di Zootecnica, Universita Cattolica del Sacro Cuore,
Piacenza, Italy; *Recombinetics Inc., St. Paul, MN, USA.

European taurine cattle (Bos taurus) was domesticated in the
Fertile Crescent around 8,000 year BC and later colonised Europe,
Asia and Africa following the agriculture wave. A second domes-
tication involving the ancestors of the modern humped zebu cattle
(Bos indicus) occurred 2,000 years later in the Indus valley, in Cen-
tral Asia. Admixture between taurine and indicine species occurred
extensively in the past, the indicine species sometimes contributing
to taurine’s genetic pool with a better adaptation to tropical climate
and diseases, and an improved ability to thrive with very poor fod-
der. Interestingly, a small percentage of indicine ancestry can be de-
tected in several modern taurine breeds. With the aim to identify the
putative adaptive nature of such indicine X taurine introgression, we
analysed Illumina BovineHD SNP genotypes of 16 Chianina cattle
sampled in central Italy, along with 187 individuals from six refer-
ence breeds of taurine (3) and indicine (3) origin. Local ancestry
investigations involving nine reference population combinations
were performed and smoothed using the CIWI (Consistently Intro-
gressed Windows of Interest) analytical framework, able to identify
concordant and reference-independent genomic regions of a given
ancestry. Among the CIWIs of indicine ancestry identified in Chian-
ina, the strongest signal was recorded in chromosome 18. Haplotype
homozygosity-based selection sweep analysis evidenced signatures
of selection occurring within the same genomic region. Here, we
infer the putative adaptive nature of this ancestral indicine genome
portion, and suggest its association to indicine cattle’s superior abil-
ity to efficiently use poor quality fodder.

Key Words: cattle, local ancestry, adaptive introgression, SNP
array, selection signature

107  Cattle on the Western Atlantic edge of Europe: A time
series of ancient cattle genomes through Ireland and Britain. V.
Mullin*, Trinity College Dublin, Dublin, Ireland.

The domestication of cattle marks a significant period of time
in human prehistory. The initial neolithic movement of domestic
cattle across western Europe concluded with the movement of ani-
mals to the Western Atlantic edge; the islands of Ireland and Britain.
One approach to understanding this past is the study of variation in
modern cattle genomes to model past demography, admixture and
selection. However, an alternative, more challenging and promising
approach is the the direct study of archaeological genomes. Ancient
genomes provide a snapshot of the genetic diversity present in the
past, allowing for the exploration of the timing of population events
such as an admixture, migration and turnover. The combination of
technological advancements in next-generation sequencing and im-
proved sampling techniques of archaeological samples enables the
sequencing of many more ancient individual animals than previous-
ly possible, and has allowed us to compare the genomes of multiple
animals across space and time. We have sequenced a time series of
~20 ancient Irish and British cattle genomes with genome coverage
ranging from 0.2x to 17x sampled from the Neolithic (3500BC) to
the Middle Ages (1200AD). The application of population genom-
ics techniques to these data provide new insights into the demogra-
phy of the prehistoric livestock of these islands.

Key Words: cattle and related species, palacogenomics, ancient
DNA, animal domestication

108 Whole genome structural analysis of Caribbean hair
sheep reveals quantitative link to West African ancestry. G.
Spangler*!, B. Rosen', O. Hanotte?, T. Sonstegard®, and C. Van
Tassell', 'USDA/ARS/AGIL, Beltsville, MD, USA; *U of Notting-
ham/School of Life Sciences, Nottingham, UK, 3Acceligen of
Recombinetics, St Paul, MN.

Hair sheep of Caribbean origin have become an important
part of the USA sheep industry. Lack of wool eliminates several
health concerns and drastically reduces the cost of production. More
importantly, Caribbean hair sheep demonstrate robust performance
even in the presence of drug resistant gastrointestinal nematodes,
a rising concern to the industry. Despite the growing importance
of hair sheep in the Americas their genetic origins have remained
speculative. Prior to this report no genetic studies were able to iden-
tify a unique geographical origin of hair sheep in the New World.
Our study clarifies the African and European ancestry of Caribbe-
an hair sheep. Whole genome structural analysis was conducted on
four established breeds of hair sheep from the Caribbean region. Us-
ing breeds representing Africa and Europe we establish an objective
measure indicating Caribbean hair sheep are derived from Iberian
and West African origins. Caribbean hair sheep result from West
African introgression into established ecotypes of Iberian descent.
Genotypes from 47,750 autosomal single nucleotide polymorphism
markers scored in 290 animals were used to characterise the popu-
lation structure of the St Croix, Barbados Blackbelly, Morada Nova,
and Santa Ines. Principal components, admixture, and phylogenet-
ic analyses results correlate with historical patterns of colonization
and trade. These results present an important basis for further in-
vestigation into desirable traits attributed to hair sheep of the region
such as heat tolerance and nematode resistance.

Key Words: sheep, genome, genotyping, admixture, breed identi-
fication

109 A worldwide investigation of the effects of climate
selection on goat genomes. F. Bertolini*!, E. Rochat?, S. Joost?,
B. Servin®, P. Crepaldi?, A. Stella’, and M. F. Rothschild', 'De-
partment of Animal Science, lowa State University, Ames, 1A,
USA; 2LASIG, EPFL, Lausanne, Switzerland; *INRA, Casta-
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net-Tolosan, France; *DIMEVET, University of Milan, Milan,
Italy; ’PTP, Lodi, Italy.

Climate factors can cause genomic selection pressures that
can affect several traits in livestock. To investigate these effects on
the goat genome, the ADAPTMAP consortium compiled a dataset
of high-throughput genotyped animals collected from more than 30
countries. For the purpose of this project, each animal was clas-
sified according to its GPS location, discarding animals with no
GPS coordinates, and an individual Képpen climate group was as-
signed. Then the following filters were applied: 1) For each group
only breeds with at least 10 animals were considered and 2) If two
breeds were located in different climate groups only the animals
that belonged to the groups of known breed origin were consid-
ered. The filtered groups were as follows: 160 animals/7 breeds for
group A (Tropical), 1,020 animals/30 breeds for group B (Arid),
744 animals/33 breeds for group C (Temperate) and 136/4 breeds
for group D (Cold). The single SNP Fst analyses were performed
comparing one group against the others merged together. The top

20 SNPs of each analysis were compared with the results provided
by the landscape genomics approach to the same dataset filtered
with independent criteria and performed using the Sambada soft-
ware. At least 20 SNPs detected with the Fst were concordant for
Fst and landscape genomics results, and were analysed to find genes
nearby (£ 100Kb). Among these 20 SNPs, 7 SNPs were found to
differentiate the A groups from the others. Particularly, two SNPs
on chromosome 5 were close to members of the HOX gene family
that controls body plan of an embryo along the craniocaudal axis,
has been linked to reproductive behaviour and is subject to selective
pressure in several species. A total of six SNPs were detected for the
B and C groups, separately. The allele frequency analyses of these
SNPs revealed that the two groups have opposite major alleles that
confirmed the different selection that may occur in temperate and
arid environments. The regions nearby these SNPs contain genes
that are linked to many functions, such as feed intake, growth phe-
notypes and pubertal development in cattle.

Key Words: goat, climate, adaptation, ADAPTmap

Animal Epigenetics

110 DNA methylation and microRNA modifications in
scrapie. J. Toivonen', A. Sanz', O. Lopez-Pérez'2, D. Sanz-Rubio',
M. Salinas-Pena!, J. Alejo!, R. Bolea?, J. Espinosa’®, J. Badiola?,

P. Zaragoza', J. Torres®, and I. Martin-Burriel*'2, Laboratorio de
Genética Bioquimica, IIS Aragon, 142, Universidad de Zaragoza,
Zaragoza, Spain; *Centro de Investigacion en Encefalopatias y
Enfermedades Transmisibles Emergentes, 1S Aragon, 142, Univer-
sidad de Zaragoza, Zaragoza, Spain; 3Centro de Investigacion en
Sanidad Animal, CISA-INIA, Valdeolmos, Madrid, Spain.

Scrapie is a transmissible spongiform encephalopathy (TSE)
of sheep and goats. Recent evidence suggests an important role for
epigenetic mechanisms, such as DNA methylation or regulation
of gene expression by microRNAs (miRNAs), in the pathogeny
of neurodegenerative diseases. Studies on epigenetics may help in
clarifying some of the molecular mechanisms of the scrapie associ-
ated pathology and could allow identification of molecules for di-
agnostics (biomarkers) and for therapeutic targets. We present here
an analysis of global DNA methylation levels and miRNA profiling
in the central nervous system of transgenic (Tg) murine models of
scrapie in early (preclinical) and late (clinical) stages of the dis-
ease and a verification of these changes in sheep naturally infected
with scrapie. Scrapie-induced alterations in small RNAs, including
miRNAs, were determined by RNA sequencing in cervical spinal
cord (SC) of Tg501 animals (Tg mice expressing the wild type ARQ
goat PRNP allele) infected with scrapie in preclinical and clinical
stages, and in their age-matched controls. After multiple correction,
one and six significant miRNA alterations were found in preclin-
ical and clinical stage, respectively. These miRNA alterations are
currently being validated by quantitative PCR (qPCR) in the same
Tg501 model, in Tg338 mice (Tg mice homozygous for the sheep
VRQ allele) infected with ovine scrapie, and in sheep naturally in-
fected with scrapie. On the other hand, global DNA methylation
and hydroxymethylation was quantified using a colourimetric ELI-
SA assay in SC from the three models. DNA methylation was sig-
nificantly higher (P < 0.05) in SC from clinical Tg338 mice than
in their age-matched controls. On the contrary, global DNA hy-
droxymethylation decreased in the early phases of the disease. Epi-
genetic changes are being validated in the remaining models, and
the expression of genes encoding epigenetic enzymes (DNA meth-
ylases, histone deacetylases and ten-eleven translocation enzymes)
is also being quantified by qPCR. This is the first time that DNA
methylation changes are described in any model of prion diseases

and we are currently performing genome-wide studies to investigate
the true depth of epigenetic changes in these diseases.

Key Words: sheep, epigenomics, microRNA, RNAseq, infectious
disease

111  Evaluating the role of epigenomic modifications in
host-pathogen interaction for bovine alveolar macrophages
infected with Mycobacterium bovis. A. O’Doherty*!, K. Rue-Al-
brecht?, J. Browne!, T. Hall', N. Nalpas®, D. Magee!, S. Gordon'+#,
D. Vernimmen®, and D. MacHugh'®, 'Animal Genomics Laborato-
ry, UCD School of Agriculture and Food Science, University Col-
lege Dublin, Belfield, Dublin, Ireland; *NDM Research Building,
University of Oxford, Oxford, UK; 3Quantitative Proteomics and
Proteome Centre Tiibingen, Interfaculty Institute for Cell Biology,
University of Tiibingen, Tiibingen, Germany, *UCD School of
Veterinary Medicine, University College Dublin, Belfield, Dublin,
Ireland; °The Roslin Institute, University of Edinburgh, Easter
Bush Campus, Midlothian, UK; *UCD Conway Institute of Bio-
molecular and Biomedical Research, University College Dublin,
Belfield, Dublin, Ireland.

Epigenetic modifications, such as DNA methylation and chro-
matin modifications, are pivotal in orchestrating various biological
processes, representing an important mechanism for conveying
cellular response to external environmental stimuli. The impact of
Mycobacterium bovis infection, the cause of bovine tuberculosis, on
the transcriptome of bovine alveolar macrophages (bAM) has been
well documented; however, possible effects on the macrophage
epigenome are currently not well understood. In the current study,
whole genome bisulfite sequencing (WGBS), chromatin immuno-
precipitation sequencing (ChIP-seq) and RNA-seq were used to ex-
amine the effect of M. bovis infection on the epigenome of bAM. M.
bovis-infected bAM were compared to non-infected control bAM
24 h post infection (WGBS n = 8, ChIP-seq n = 3, RNA-seq n = 3).
DNA methylation was assessed across the genome, with particular
emphasis on the following genomic features: intergenic sequences,
intragenic sequences and promoters with- or without CpG islands.
This analysis revealed that the bAM DNA methylome is resistant
to perturbations induced by M. bovis. Gene ontology analysis, fo-
cusing on the degree of methylation at proximal promoters (hyper-,
hemi- or hypomethylated), revealed that genes with hemimethylat-
ed promoters were enriched for immune-related categories; this en-
richment was not observed for genes with hyper- or hypomethylat-
ed promoters. Dual ChIP-seq and RNA-seq was also performed on
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bAM 24 h post-infection with M. bovis. Results from these experi-
ments can be used to elucidate the role of chromatin reconfiguration
in the host macrophage response to M. bovis infection. This is one
of the first studies to examine macrophage epigenomic perturba-
tions induced by M. bovis infection. It provides novel information
for a more complete understanding of host-pathogen interaction in
mycobacterial infections and has relevance to human tuberculosis
caused by Mycobacterium tuberculosis, which has 99.95% genome
sequence identity to M. bovis.

Key Words: cattle and related species, epigenomics, Functional
Annotation of Animal Genomes (FAANG), genome regulation,
animal health

112 Maternal nutrition during the first 50 days of gestation
alters expression of histone and histone modifying genes in
bovine fetal liver. M. S. Crouse*!, J. S. Caton', R. A. Cushman?,
K. J. McLean?, C. R. Dahlen!, P. P. Borowicz!, L. P. Reynolds', and
A. K. Ward!, 'Department of Animal Sciences, North Dakota State
University, Fargo, ND, USA; *Department of Animal and Food
Sciences, University of Kentucky, Lexington, KY, USA; 3USDA,
ARS, U.S. Meat Animal Research Center, Clay Center, NE, USA.

During the first 50 days of gestation, organogenesis is taking
place. Nutritional influences during this time may alter the mam-
malian phenotype through affecting gene regulatory mechanisms,
thus ‘programming’ potential susceptibilities to chronic disease and
metabolic issues into the animal’s genome. We tested the hypothesis
that maternal nutrition during the first 50 days of gestation would
alter the transcriptome of histones and histone related genes in the
developing fetal liver. Fourteen beef heifers were oestrus synchro-
nized and assigned to 2 dietary treatments at breeding (CON-100%
of nutrient requirements to gain 0.45kg/d; RES-60% of CON). Heif-
ers were ovariohysterectomized on d 50 of gestation and fetal livers
were dissected, flash frozen, and RNA extracted. RNA-seq analysis
was conducted on the Illumina HiSEqn 2500 platform using 50-bp
paired-end reads at a depth of 2 x 10.4M reads/sample. Transcrip-
tome analysis was performed in collaboration with USDA-ARS-
MARC using the Tuxedo Suite, and KEGG pathways were analysed
with DAVID 6.8. A total of 548 genes (P < 0.01) were used for on-
tological analysis, of which 201 were false discovery rate protected
(q < 0.10). We found 9 histones that were up-regulated in RES v.
CON including members of the histone H1, H2A, H2B, and H4
families. The 13 differentially expressed histone modifying tran-
scripts included genes associated with acetylation and de-acetyla-
tion, methylation, phosphorylation, and ubiquitination. Of particu-
lar note, HDAC10 was 2.67- fold greater (q < 0.05) in liver of RES
fetuses. Additionally, the histone deacetylase complex gene, CIR]
was 2.22-fold greater (q < 0.05) in RES. Only one gene associated
with histone modifications, SET was 1.77- fold lower (P = 0.006; q
=0.16) in RES. The SET gene is involved in preventing H4 lysine
acetylation. Thus, a moderate nutrient restriction during the first 50
days of gestation alters the expression of histone and histone modi-
fying genes in the bovine fetal liver. This implies that early maternal
nutrition initiates developmental programming through epigenetic
remodelling.

Key Words: cattle and related species, development, epigenomics,
pregnancy, RNA-seq

113  Transgenerational phenotypic and epigenetic inheri-
tance across three generations in layers induced by Poly(I:C).
L. Liu*, D. Wang, Z. Y. Duan, S. Yang, G. Y. Xu, N. Yang, and Y.
Yu, China Agricultural University, Beijing, China.

Transgenerational epigenetic inheritance is evoked by envi-
ronmental factors and could transmit the changed information from
one generation to their offspring without genetic variations. Polyr-
iboinosinic—polyribocytidylic acid (Poly(I:C)) is a synthetic mimic
of viral dSRNA polymer, which can improve cancer immunotherapy

outcome and also used as vaccine adjuvant to cure avian plague
in husbandry. The aims of the study were to investigate the effects
and molecular mechanisms of Poly(I:C) on three generations of a
layer model. First, Poly(I:C) (group P) or saline were intravenous
injection in 66 Rhode Island White hens at 53 weeks of age in only
FO generation with family in consideration. Compared to the sa-
line treated controls (group C), egg-laying rate and concentration of
plasmatic cytokines (IL-6, TNF-a) of group P was significantly in-
creased (P < 0.05), while the egg weight was significantly decreased
(P <0.01) in both FO and F1 generations. Bodyweight of group P
was lower than controls in F1 and F2 generations (P < 0.01). More-
over, we also found Poly(I:C) impeded the embryonic development
of F2 chickens. Next, peripheral blood lymphocytes of F1 chickens
at 48 weeks of age were used to conduct RNA-seq and whole-ge-
nome bisulfite sequencing (WGBS) analysis. We found some piv-
otal pathways involved in immune response, development and re-
production (MAPK signalling pathway, ErbB signalling pathway,
Progesterone-mediated oocyte maturation) in methylation data by
KOBAS. Combined the methylome with transcriptome data, some
important overlapped genes were detected. Of which, six up-regu-
lated genes (KCNQ1, MLLT4, MYOF, NOTCHI, SGCD, SREBF?2)
and two down-regulated genes (PDK4, TGM3) were associated with
immune responses and diseases, while two down-regulated genes,
SEMA3D and SOX6, were related with chick embryonic develop-
ment and cartilage formation. In conclusion, although Poly(I:C) can
improve egg-laying rates of hens, it also decreases the immunity
and growth performance as a trade-off for three generations.

Key Words: transgenerational phenotypic and epigenetic inheri-
tance, Poly(I:C), chicken, immune, reproduction

114  Update on DNA methylation datasets of FAANG
reference samples for the chicken and pig. N. Trakooljul*!, H.
Zhou?, P. Ross?, I. Korf®, M. E. Delany?, H. H. Cheng?*, C. Ernst’,
C. Kern?, F. Hadlich', S. Ponsuksili', and K. Wimmers', 'Leibniz
Institute for Farm Animal Biology (FBN), Dummerstorf, Germa-
ny,; *Department of Animal Science, University of California, Da-
vis, CA, USA; 3Genome Center, University of California, Davis,
CA, USA; *USDA-ARS, Avian Disease and Oncology Laboratory,
East Lansing, MI, USA; ’Department of Animal Science, Michi-
gan State University, East Lansing, MI, USA.

As part of the FAANG initiative, this study aims at cataloging
the DNA methylome of 8 FAANG-reference tissues (liver, spleen,
lung, muscle, adipose, hypothalamus, cerebral cortex and cerebel-
lum) for the pig and chicken (two adults) at a single-base resolution
using Reduced Representation Bisulfite Sequencing (RRBS) with
double-enzyme digestion (Mspl & Taq"l) and increased select-
ed-fragment size (40 - 350bp) to enhance the genome-wide CpG
coverage. A total of 30 RRBS libraries were constructed, multi-
plexed and deep-sequenced for single-end reads and 114 cycles on a
HiSEqn 2500. We obtained a total of 2.1 and 2.2 billion high-quality
reads (395Gb in total and 145 + 1.5 million reads per sample) for
the chicken and pig, respectively. The data was pre-processed and
aligned to the reference genomes with mapping abilities of 64.34
+ 0.87 (chickens) and 62.44 + 0.62% (pigs) using BS-Seeker2. In-
terestingly, the chicken showed a lower percentage of methylated
CpGs (24.01 + 1.47/ 1.21 £ 0.28/ 1.04 = 0.35 for CG/CHG/CHH)
compared to the pig (43.42+1.51/1.14+0.16/ 1.01 £ 0.23). Despite
the distinct DNA methylation levels, both chickens and pigs showed
a similar pattern of hypo-methylation around the transcription start
site (TSS) and hyper-methylation in the gene body. Analysis of tis-
sue specific patterns of DNA methylation and correlation analysis
between DNA methylation and gene expression (RNA-Seq) should
help us gain more functional information of the DNA methylation.
Together with other epigenetic assays associated with the FAANG
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reference samples will tremendously facilitate the functional anno-
tation of the animal genomes.

Key Words: DNA methylation, gene regulation, pigs, chickens,
FAANG

115  Genome-wide identification of imprinted genes and its
methylation statuses in various tissues of Hanwoo. K.-T. Lee*,
K.-S. Lim, B.-H. Choi, H.-H. Chai, J.-E. Park, E.-W. Park, G.-W.
Jang, and D. Lim, National Institute of Animal Science, RDA, Wan-
Jju, Jeonbuk, South Korea.

Genomic imprinting is a epigenetic phenomenon in which
only one of two alleles is expressed, resulting in a functional hemi-
zygosity. Numerous genes showed species-specific and tissue-spe-
cific imprint patterns. Here, we aimed to identify imprinted genes
transcriptome-widely and to find clues for relation between imprint-
ing and methylation in Hanwoo. For three Hanwoo family trios,

the transcriptome data of 17 kinds of tissues were generated, and
methylation levels were estimated from methylome data in three
offspring. A total of 62 imprinted genes expressed monoallelically
in at least one tissue. Comparing genotypes among each family trio,
the preference alleles of eighteen genes were identified (maternal
expression, n = 9; paternal expression, n = 9), and the imprinting of
random selected three genes were validated by direct sequencing.
Imprinted genes were involved in gene regulation, metabolic pro-
cess and immune response, and in particular six genes encode tran-
scription factors (FOXD2, FOXM1, HTATSF1, SCRT1, NKX6-2
and UBN1) with tissue-specific expressions. Methylated reads were
obtained in 2kb upstream region of all imprinted genes, and [FITM2
showed highest methylation level. This is the first study to identify
the imprinted genes in aspect of various adults tissues in cattle, and
this results could contribute to elucidation of epigenetic effects for
phenotype variations.

Key Words: genomic imprinting, cattle, adult tissues, Re-seq,
RNA-seq

Cattle Molecular Markers and Parentage Testing

116  Next-generation targeted sequencing panel for verifica-
tion of bovine parentage. A. Burrell*!, P. Siddavatam', A. Allred',
C. Willis!, R. Ferretti?, and A. Raeber!, 'Thermo Fisher Scientif-
ic; 2Neogen GeneSeek Operations.

Bovine parentage verification is a critical aspect of success-
ful herd management. Due to its highly accurate and reproducible
results, SNP genotyping is becoming an increasingly favoured tool
for parentage verification. With the utilisation of high-throughput
next-generation sequencing platforms like the Ton S5 sequencing
system, laboratories can test hundreds of samples and thousands of
SNPs simultaneously. We developed a targeted sequencing panel
based on 200 bovine SNP markers selected by the International
Society of Animal Genetics (ISAG) for the purpose of verifying
bovine parentage. Utilising the AgriSeq™ sequencing workflow,
a high-throughput targeted amplification and re-sequencing work-
flow, panel performance was tested on 115 diverse bovine DNA
samples. Samples included a panel of 96 samples obtained from the
USDA (MARC Beef Cattle Diversity Panel v2.9) as well as sam-
ples contained within the 2015 ISAG/ICAR 3rd SNP Typing Bo-
vine Comparison Test panel. Samples originated from 20 different
bovine breeds. Libraries were prepared using the high-throughput
AgriSeq workflow. The resulting amplicons were ligated to unique
barcodes and sequenced on a single run on the Ion S5 sequencing
system using an lon 540 chip. Utilising this system, up to 768 sam-
ples can be barcoded and run on a single sequencing run allowing
for up to ~1500 samples to be tested a day (2 runs/day). Data was
analysed using the Torrent Variant Caller (TVC) plugin as part of the
Torrent Suite software package to determine the genotype call for
each marker and sample. The mean call rate (the percent of mark-
ers generating a genotyping call) was >98%. As a comparison, the
USDA gDNA was also hybridized to six replicate arrays to generate
a consensus array genotype call. Genotype call concordance was
>99% between the array and AgriSeq workflow calls. Accurate par-
entage determinations were made for the samples within the 2015
ISAG/ICAR 3rd SNP Typing Bovine Comparison Test panel as
compared to provided reference genotypes. The data demonstrates
that the bovine parentage panel tested with the AgriSeq workflow
provides accurate and reproducible results for SNP-based parentage
verification.

Key Words: NGS, GBS, bovine parentage, AgriSeq, SNP geno-
typing

117  SNP data quality control in a national beef and dairy
cattle system and highly accurate SNP-based parentage
verification and identification. M. McClure*!, J. McCarthy', R.
Weld?, P. Flynn?, M. Kean!, K. O’Connell!, and J. Kearney', 'Irish
Cattle Breeding Federation, Bandon, Cork, Ireland; *Weatherbys
Ireland, Johnstown, Kildare, Ireland.

As single nucleotide polymorphism (SNP) genotyping costs
decrease the level of genotyping in a country’s national herd in-
creases. A major use of this genetic data is parentage verification
and identification as inaccurate pedigrees result in decreased genet-
ic gain. Since 2012 the international standard for SNP-based verifi-
cation in cattle has been the ISAG100 or ISAG200 SNP set for Bos
taurus breeds. While these SNP sets have provided an increased
level of parentage accuracy over microsatellite markers (MS), they
can validate the wrong parent for an animal and can predict >1 sire
or dam at < 1% misconcordance rate levels, indicating that more
SNP are needed if a more accurate pedigree is required. With rap-
idly increasing numbers of cattle being genotyped in Ireland repre-
senting 80 Bos taurus breeds from a wide range of farm types: beef/
dairy, multiple breeds, pedigree/commercial, purebred/crossbred,
Al/stock bulls, and large to small herd size the Irish Cattle Breeding
Federation (ICBF) analysed different SNP densities to determine
that at a minimum >500 SNP are needed to consistently predict only
one set of parents at a < 1% misconcordance rate. ICBF current-
ly uses 800 SNP for parentage validation and prediction selected
according to SNP clustering quality, ISAG200 inclusion, call rate
(CR), and minor allele frequency (MAF) in the Irish cattle popula-
tion. Microsatellite imputation and genetic relationship matrixes are
also used to assist parentage when the true parent is not SNP gen-
otyped. When dealing with large datasets sample and SNP quality
control (QC) is paramount. Most publications only deal with SNP
QC via CR, MAF, parent-progeny conflicts, and Hardy—Weinberg
deviation, but not much on the sample QC. Through trial and error
ICBF has developed our own sample QC pipeline to deal with the
unique challenges of genotypes from a national herd. We share this
pipeline for the benefit of others so they can be proactive with their
datasets in dealing with SNP genotype errors from mis-tagging of
animals, laboratory errors, farm errors, and multiple other issues
that can arise.

Key Words: SNP parentage, quality control, parentage prediction

118  High cross-platform genotyping concordance of Axiom
high-density microarrays and Eureka low-density targeted
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NGS assays. M. A. Patil* and A. Pirani, Thermo Fisher Scientific,
Santa Clara, CA, USA.

Microarrays ranging from mid- to high-plex have been devel-
oped on the Axiom Genotyping Solution to interrogate single-nu-
cleotide polymorphisms (SNPs) and insertion/deletions (indels) for
over 55 agrigenomic organisms. This technology has the flexibili-
ty to genotype populations exhibiting diploid to various levels of
allopolyploid genetics. It also incorporates methods for accurate-
ly genotyping samples originating from normal and inbred popu-
lations. The high variant density possible on microarrays has the
ability to facilitate multi-breed genomic selection, fine mapping
of quantitative trait loci, and detection of copy number variation.
The Eureka Genotyping Solution is an affordable, low- to mid-plex,
high-throughput genotyping assay that uses common next-genera-
tion sequencing (NGS) platforms for signal readout. It enables the
detection of tens to thousands of genetic markers which are increas-
ingly in demand for routine animal agrigenomics testing. This rou-

tine testing can include parentage and sex validation and genom-
ic evaluation, after imputation. High reliability and concordance
across the Axiom and Eureka technologies is essential to allow
researchers to migrate between the platforms seamlessly. Thermo
Fisher Scientific has accomplished high genotype concordance and
high genotype call rate (low missing data rate) by adapting the same
genotype calling and SNP QC framework across both platforms.
The developed genotype calling algorithm has been shown to work
on both microarray intensity and counts of allele x locus barcodes
of next-generation sequencing (NGS) reads. Various overlapping
animal datasets have been evaluated across these microarray and
targeted NGS technologies. A high level of genotype concordance
is demonstrated, allowing for easy comparison across and migration
between platforms.

Key Words: genotyping, next-generation sequencing, microarray,
genomic selection

Companion Animal Genetics and Genomics

119  Genetic variants in ATPIB2 and KCNJ10 in Belgian
Shepherd dogs with ataxia. N. Mauri', M. Kleiter?, M. Leschnik?,
S. Hogler?, E. Dietschi!, C. Monney*, A. Oevermann*, D. Henke?,
M. Wiedmer', J. Dietrich!, F. Steffen®, S. Schuller’, C. Gurtner?®,

N. Stokar-Regenscheit?, D. O’Toole’, T. Bilzer', C. Herden'!, V.
Jagannathan', and T. Leeb*! 'Institute of Genetics, Vetsuisse Fac-
ulty, University of Bern, Bern, Switzerland, *University Clinic for
Small Animals, Department for Companion Animals and Horses,
University of Veterinary Medicine Vienna, Vienna, Austria, *In-
stitute of Pathology and Forensic Veterinary Medicine, Depart-
ment of Pathobiology, University of Veterinary Medicine Vienna,
Vienna, Austria; *Division of Neurological Sciences, Department
of Clinical Research and Veterinary Public Health, Vetsuisse Fac-
ulty, University of Bern, Bern, Switzerland, °Division of Clinical
Neurology, Department of Clinical Veterinary Medicine, Vetsuisse
Faculty University of Bern, Bern, Switzerland, °Section of Neurol-
ogy, Department of Small Animals, Vetsuisse Faculty, University
of Zurich, Zurich, Switzerland,; "Division of Small Animal Internal
Medicine, Department of Clinical Veterinary Medicine, Vetsuisse
Faculty University of Bern, Bern, Switzerland; ®Institute of Animal
Pathology, Department of Infectious Diseases and Pathobiology,
Vetsuisse Faculty, University of Bern, Bern, Switzerland, °*Wyo-
ming State Veterinary Laboratory, University of Wyoming, Lara-
mie, WY, USA; "“Institute of Neuropathology, University Hospital
Diisseldorf, Diisseldorf, Germany; "Institute of Veterinary Pathol-
ogy, Justus-Liebig-University, Gieflen, Germany.

Ataxia is characterised by uncoordinated movements and may
be caused by cerebellar, vestibular or proprioceptive dysfunction. In
the Malinois variety of Belgian Shepherd dogs, puppies that showed
a severe ataxia with an age of onset at 4-8 weeks had previously
been reported. Neuropathologically, ataxic puppies suffered from
spongy degeneration targeting the cerebellum, brainstem, and spi-
nal cord in some cases. We performed a genetic investigation in six
closely related families with ataxic puppies and seven additional
isolated cases. Linkage analysis revealed an unexpected genetic het-
erogeneity within the families, which was correlated with variation
of the neuropathological lesions. The affected dogs from four fam-
ilies and one isolated case shared a ~1.4 Mb common homozygous
haplotype segment on chromosome 38. Whole genome sequence
analysis revealed a missense variant in the KCNJI0 gene encod-
ing a potassium channel (¢.986T>C; p.Leu329Pro) that was homo-
zygous in the cases from four of the six families and one isolated
case. Pathogenic variants in KCNJI0 were reported previously in
humans, mice, and dogs with neurological phenotypes. Therefore,

we consider KCNJ10:¢.986T>C the most likely candidate causative
variant for one subtype of ataxia, which we propose to term spongy
degeneration with cerebellar ataxia 1 (SDCA1). In all four affected
puppies from another family and one of the isolated cases we de-
tected a structural variant in the ATP/B2 gene encoding a subunit of
the Na*/K*-ATPase. Atp1b2 deficient mice show early onset motor
incoordination and severe progressive neurodegeneration. Thus, the
detected ATP1B2 variant is a compelling candidate causative vari-
ant for a second ataxia form in Malinois dogs. So far, no human
patients with ATP/B2 defects have been described. Therefore, we
propose that this gene should be considered a functional candidate
gene for unexplained human cases of ataxia. The investigation of
the last of the six families is still ongoing and we will present an
updated analysis during the conference.

Key Words: dog, molecular genetics, disease, nervous system,
high-throughput sequencing (HTS)

120  Phylogenetic analysis of Angora, Van, and stray cats of
Anatolia. N. Bilgen*, B. C. Kul, M. Akkurt, O. Cildir, O. Ozmen,
and O. Ertugrul, Ankara University Faculty of Veterinary Medicine
Department of Genetics, Ankara, Turkey.

Unlike agricultural animals (cattle, sheep, pig etc.) or carrying
animals (horse and donkey) the cat domesticated due to its feeding
habit on rodents, which invade grain storage of farmers showing
cats as ‘commensal’. Earliest archeological evidence was found in
Cyprus pointing that cat’s domestication period was determined as
between 9500—4000 years ago. Anatolia is considered as the cradle
of domestication for many animal species. As an important species
of Anatolia, there is not enough molecular study to reveal history
of the Angora and Van cats. To shed light on domestic cat breeds
of Anatolia, Angora (n = 28), Van (n = 49) and stray cats (n = 51)
were sampled. The Cytochrome b gene (CYTb) and control region
(CR or D loop) on mtDNA were aimed to investigate by Polymerase
Chain Reaction (PCR) and sequencing methods, and data analysed
by bioinformatics tools. Phylogenetic analysis revealed that the F.
silvestris lybica was major maternal origin whereas Van, Angora
and stray cats also shared branch with F. silvestris ornata. Network
analysis and frequency calculations showed ~70% of the cats were
represented by two major haplotypes, A and D for CR; Haplotypel0
and Haplotypel5 for CYTb. Unique sequences were found in %9.3
of the population (Van n = 1; Angora n = 3; stray cats n = 8). Hap-
lotype diversity of CYTb and CR region were determined 0.71 and
0.77, respectively. Shared haplotypes were high, thus FST statistics
revealed low genetic differentiation between groups. Obtained data
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and new mtDNA haplotypes provided in completion of the informa-
tion about the genetic structure of the domestic Anatolian cat breeds.
This study was supported by the Scientific and Technological Re-
search Council of Turkey (TUBITAK) grant number 1140768

Key Words: Angora cat, control region, cytochrome b gene, mtD-
NA, Stray cat

121  Canine brachycephaly is associated with a retrotrans-
poson-induced missplicing of SMOC2. T. Marchant', E. John-
son', R. Harrington', L. McTier!, C. Johnson', A. Gow', T. Liuti',
D. Kuehn?, K. Svenson®, M. Bermingham*, M. Drogemiiller’, M.
Nussbaumer®, M. Davey!, D. Argyle', R. Powell’, S. Guilherme?,
J. Lang’, G. Ter Haar!, T. Leeb’, T. Schwarz!, R. Mellanby!, D.
Clements', and J. Schoenebeck'* 'Royal (Dick) School of Veter-
inary Studies and Roslin Institute, The University of Edinburgh,
Midlothian, UK; *Friendship Hospital for Animals, Washington,
DC, USA; 3The Jackson Laboratory Bar Harbor, Bar Harbor, ME,
USA; ‘Institute of Genetics and Molecular Medicine, The Univer-
sity of Edinburgh, Edinburgh, UK; SInstitute of Genetics, Univer-
sity of Bern, Bern, Switzerland; °Naturhistorisches Museum, Bern,
Switzerland; "Powell Torrance Diagnostic Services, Hertfordshire,
UK; ®Davies Veterinary Specialists, Hertfordshire, UK; °Depart-
ment of Clinical Veterinary Medicine, University of Bern, Bern,
Switzerland; '"Department of Clinical Sciences and Services, The
Royal Veterinary College, Hertfordshire, UK.

The accentuated morphological features of the domestic dog
have leant themselves to making this species a powerful model
for identifying developmental programmes of bone formation and
growth. Here, we have used computer tomography scans of 374
pedigree and mixed-breed dogs to generate high-resolution three-di-
mensional reconstructions of the canine skull. Geometric morpho-
metric analyses of the neurocranium and rostrum enabled us to sep-
arate craniofacial size from shape in dogs that were genotyped by
high-density SNP arrays. Using haplotype mapping, we identified a
187-kb critical interval on canine chromosome 1 present among the
brachycephalic dogs used in our study. Leveraging whole genome
sequencing, we identified candidate mutations that included a large
structural variant and several other SNPs. All variants are found
within introns of the SPARC-related modular calcium binding 2
(SMOC?2) gene. The structural variant is a fragment of a long in-
terspersed nuclear element (LINE-1), a family of retrotransposons.
RNAseq analysis of SMOC2 mRNA has revealed three alternative
SMOC?2 transcripts present among individuals that carry the LINE-1
element. All alternative transcripts incorporate the LINE-1 element
and a portion of preceding intron. This is predicted to introduce pre-
mature stop codons following exon eight of SMOC2’s canonical 13-
exon transcript. RT-qPCR has revealed an 80% reduction in SMOC2
transcript levels for individuals that are homozygous carriers of the
LINE-1 which may be the result of nonsense mediated decay of
the alternative transcripts. No differential expression was detected
among transcripts of genes neighbouring SMOC2. Our models of
phenotypic effect predict that the LINE-1 insertion explains up to
34% of the overall face length variation captured by our study. En-
dogenously expressed (mouse) Smoc? is observed in the pharynge-
al arches during development and the viscerocrania of Smoc2 null
mice are dysmorphic. Our data provide a compelling picture that
implicates SMOC2 in mammalian craniofacial development. Our
results are predicted to have health implications to both human and
veterinary medicine.

Key Words: dog, craniofacial anomaly, genetics, brachycephaly,
retrotransposon

122 Revealing the genetic basis of diabetes mellitus in
Burmese cats. G. Samaha', J. Beatty', L. Lyons?, C. Wade®, and B.
Haase*!, 'School of Veterinary Science, Faculty of Science, Uni-
versity of Sydney, Sydney, NSW, Australia; *College of Veterinary

Medicine, University of Missouri, Columbia, MO, USA; 3School
of Life and Environmental Sciences, Faculty of Science, University
of Sydney, Sydney, NSW, Australia.

This study aims to identify the underlying genetic factors
causing feline diabetes mellitus (FDM) in the Australian Burmese
cat population. Feline diabetes mellitus (FDM) is a common feline
endocrinopathy, characterised by insulin resistance, defective insu-
lin secretion and B-cell loss. Among established breeds, the inci-
dence of FDM is highest among Burmese cats [O’Neill et al. (2016)
J. Vet. Intern. Med. 30:964-972]. Variation in the prevalence of this
disease among breeding populations is well established. Austra-
lian, European, British and New Zealand-bred Burmese are more
likely than US-bred Burmese to suffer from FDM [McCann et al.
(2007) J. Feline Med. Surg. 9:289-299; Lederer et al. (2009) Vet. J.
179:254-258]. We performed a genome-wide association analysis
using 76 samples, including 10 cases and 66 controls. All animals
were genotyped on the Illumina Feline 63K DNA array (Illumina,
San Diego). Affected cats were diagnosed by a veterinarian based
on persistent fasting hyperglycemia, glycosuria with clinical signs;
weight loss, polydipsia and polyphagia. Unaffected cats displayed
no clinical signs of FDM at the time of sample collection. Associa-
tion analysis and permutation testing was performed using PLINK
[Purcell et al. (2007) Am. J. Hum. Gen. 81:559-575]. HAPLO-
VIEW [Barrett et al. (2005) Bioinformatics 21:263-265] was used
to assess linkage disequilibrium of significant SNPs and to construct
haplotype blocks. The GWAS revealed strong associations of FDM
to loci on FCA4 (P_ = 3.72x107") and FCA7 (P_ = 7.08x107").
A high degree of linkage disequilibrium was observed among sig-
nificant SNPs within the associated regions on FCA4 and FCA7 (1*
=0.77-1.0 and r* = 0.8, respectively). The distribution of alleles on
FCA4 and FCA7 among cases and controls suggests both regions
play a role in the pathogenesis of FDM. Our findings provide new
insights into the genetic basis of FDM in domestic cats and may
have provided a basis for the identification of functional variants
associated with the condition within the Australian Burmese breed-
ing population.

Key Words: diabetes mellitus, feline, Burmese cat, GWAS

123 Localizing the regions of causative mutations in feline
amyloidosis: a next-generation genomic approach. F. Genova*!,
B. Gandolfi?, A. Thomas®, E. Creighton?, L. Lyons?, and M. Lon-
geri', 'Department of Veterinary Medicine, Universita degli Studi
di Milano, Milan, Italy; *Department of Veterinary Medicine and
Surgery, College of Veterinary Medicine, University of Missouri,
Columbia, MO, USA; *Antagene, La tour de Salvagny, France.

The term “amyloidosis” refers to a heterogeneous group of
metabolic diseases that arise as a consequence of the improper fold-
ing of some autologous proteins. Protein aggregation and deposition
is reported in different organs. In the mutated system the amyloid
protein precursors acquire a f3 - sheet secondary structure, form-
ing fibrillary deposits that are insoluble and resistant to proteolysis.
The amyloid fibrils can be deposited locally in one single organ,
or they can be distributed systemically. In felids, amyloidosis was
observed in fancy pedigreed breeds and random bred cats and cases
were also reported in the black-footed cat, the Siberian tiger and the
cheetah. In young Abyssinian/Somali and Siamese/Oriental breeds,
a familial inheritance in developing the Inflammatory amyloidosis
(AA) was described. The pathogenic pathway of this disease is still
unknown in felids and the final diagnosis is only postmortem. In
this study, the whole genome sequences (WGS) of two affected Ab-
yssinians, two affected Siamese and one affected Black-footed cat,
were used to identify mutations potentially related to amyloidosis,
using additional 127 whole genome cat sequences in the 99 Lives
Project context as controls for variant exclusion. Identified variants
were prioritized based on a previous GWAS analysis carried out
on affected/healthy cohorts of Abyssinians, which showed associa-
tions with cat chromosomes B4 and C2. Among all the genes within
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the two regions, one above all, on chromosome B4, is considered a
good candidate as it is involved in controlling the levels of b-am-
yloid deposits, through the interaction with a zinc finger protein.
Indeed, two mutations within the candidate gene were found, one
unique to the affected cats and an additional variant unique to the
affected black-footed cat. Other interesting variants were found in
two zinc finger proteins as well as in several genes on cat chromo-
some C2. To confirm the causality link to the disorder, the identified
variants will be genotyped on a larger population of pedigreed bred
cats, as well as on random bred cats and four black-footed cats.

Key Words: cats and related species, genome sequencing, ge-
nome-wide association, candidate gene, animal health

124  Insights into 115 domestic cat and 17 wild felid ge-
nomes. L. Lyons*, University of Missouri, Columbia, MO, USA.

The 99 Lives Cat Genome Sequencing Consortium was initi-
ated in 2014 and has now reached its goal of over 100 high-quality
genomes from domestic cats. Over 90% of genomes are 30x cover-
age, with a minimum of 20x coverage, and produced using only 100
— 150 bp paired-end reads from PCR-free libraries using Illumina
HiSeq sequencing technology. The genome dataset comprises 115
domestic cats, including at least 22 breeds, a representative from the
ten racial populations of cats, four parent-offspring trios, and a few
affected sib-pairs. Over 20 investigators have contributed sequenc-
es to the consortium, as well as three industry partners. Funding
has been provided by various contributors for each investigator, the
Winn Feline Foundation, the National Geographic Foundation, and
industry. Nearly 50% of wild felid species are represented including
cats from six of eight lineages within Felidae, including domestic
cat, domestic cat, leopard cat, puma, lynx, caracal, and panthera.
The 99 Lives dataset has led to the discover of DNA variants likely
causal for congenita Myasthenic syndrome, progressive retinal at-
rophy, bobtailed tail, and a novel form of Niemann-Pick Type C in
domestic cats, and a retinal degeneration in Black-footed cats and
as well as several other traits that are yet unpublished. The discov-
ery of the Niemann-Pick Type C mutation is an example of whole
genome sequencing of a clinical case and discovery of the likely
causal variant during the course of the cat’s disease. This success
demonstrates thay Precision Medicine can be used in feline health
care. The dataset has allowed the identification of a vast array of
variants in the cat genome that can support the development of a
high-density DNA array. Goals are to include at least one repre-
sentative from each cat breed and species, and to continue variant
discovery for diseases and traits in the felids. The success and the
limitations of the 99 Lives project will be presented, including the
Niemann-Pick Type C Precision Medicine effort.

Key Words: domestic cat, felids, whole-genome sequencing,
disease, phenotypes

125  Early events of cat domestication uncovered through
ancient mitochondrial DNA analysis. E.-M. Geigl*!, C. Otto-
ni'?, and T. Grange', 'Institut Jacques Monod, CNRS, University
Paris Diderot, Paris, France; *KU Leuven, University of Leuven,
Department of Imaging and Pathology, Center for Archaeological
Sciences, University Hospitals Leuven, Laboratory of Forensic
Genetics and Molecular Archaeology, Leuven, Belgium.

The analysis of mitochondrial DNA in domestic, feral and
wildcats showed 10 years ago that domestic cats are the descen-
dants of the wildcat from Northern Africa (NA) and South-west
Asia (SWA), Felis silvestris lybica. Little is known, however, about
their domestication centre(s), process and spread owing to both hy-
bridization between domestic and wild cats blurring the tractability
of the genetic signature of wild cats as well as the scarcity of ar-
chaeological remains. Solely two archeological finds, a cat skeleton
found in a 9,000-year-old child burial in Cyprus and some skeletons
excavated from a 5,700-year-old Egyptian Elite cemetery, suggest

a cat-human relationship evocative of a taming process. The richest
source documenting this relationship is the iconography of ancient
Egypt showing an evolution of the cat-human relationship towards
an incorporation of the cat into the domestic context. To shed light
on the domestication process of cats, data on the predomestication
situation are required. In particular, knowledge of the phylogeog-
raphy in the past and its evolution over time is a prerequisite to
disclose the ‘where, when and how’ of this process. Analysing mi-
tochondrial DNA from ancient specimens covering ~9,000 years,
from the Mesolithic to the 19th century CE, and a large geographic
area including Europe, SWA and NA, we were able to decipher cru-
cial steps of the spread of wildcats in the ancient world. Our data
indicate that F s. Iybica was tamed twice at different times, first
in SWA and later in ancient Egypt, and that these tamed cats con-
quered the world as companions of merchants and soldiers on their
voyages throughout the ancient world. These translocated ship’s
cats subsequently reshaped the diversity of wildcats in the corre-
sponding areas.

Key Words: cat, ancient DNA, DNA analysis

126  Characterization of Plakophilin-2 expression in canine
skin and identification of differential gene expression in
non-lesional skin from dogs affected by atopic dermatitis. G.
Andersson*!, K. Tengvall?3, B. Ardesjo-Lundgren'?, S. Kozyrev?,
M. Kierczak?, M. Olsson??, F. F. Farias?, A. Hedhammar*, K.
Bergvall*, and K. Lindblad-Toh??, !Department of Animal Breed-
ing and Genetics, Swedish University of Agricultural Sciences, Up-
psala, Sweden; *Science for Life Laboratory, Department of Med-
ical Biochemistry and Microbiology, BMC, Uppsala University,
Uppsala, Sweden; 3Center for Molecular Medicine, Department
of Medicine, Karolinska University Hospital, Karolinska Institutet,
Stockholm, Sweden; *Department of Clinical Sciences, Swedish
University of Agricultural Sciences, Sweden; *Broad Institute of
MIT and Harvard, Cambridge, MA, USA.

Canine atopic dermatitis (CAD) is an immune-mediated dis-
ease caused by interactions between genetic and environmental fac-
tors. We previously identified genetic risk factors for CAD located
on CFA27 in German shepherd dogs (GSDs). Targeted re-sequenc-
ing and fine-mapping identified transcriptional regulatory variants
within the Plakophilin-2 (PKP2) locus as likely major risk factors
(Tengvall et al. PLoS Genet. 2013). Subsequent functional studies
of these regulatory variants confirmed their differential transcrip-
tional regulatory activities in epithelial- and immune-derived cells
implicating a role for these risk variants in the development of CAD
(Tengvall et al. BMC Genet. 2016). We performed immunofluo-
rescence, electron microscopy immuno-labelling, and morpholo-
gy analyses of PKP2, which is a crucial desmosome component,
in non-lesional axillary skin biopsies collected from CAD-affected
and healthy control GSDs to define the cellular expression pattern of
PKP2 in epidermal cells and its intracellular localization. PKP2 was
evenly expressed in keratinocytes and strong expression was also
observed in Langerhans cells (LCs) and T-cells. PKP2 protein was
located in nuclei and on keratin filaments attached to desmosomes
(Ardesjo-Lundgren et al. Vet. Dermatol. 2017). Since LCs and
T-cells are known to be involved in atopic disease, altered expres-
sion of PKP2 in these cell types may correlate to CAD pathogene-
sis. To gain further insights into gene expression patterns and path-
ways influenced in CAD, we performed mRNA sequencing of the
transcriptome of non-lesional atopic axillary skin tissue and axillary
skin from healthy dogs. Differential gene expression was identified
and gene ontology analyses identified involvement of inflammatory
as well as structural pathways. Our results will be used for improved
annotation of the canine skin transcriptome. The implications of the
observed differential gene expression for the development of CAD
will be discussed. Funding was provided by the Swedish Research
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Council, the Swedish Research Council FORMAS and the Europe-
an Research Council (ERC).

Key Words: dogs, functional genomics, RNA sequencing, disease
genetics, allergy

127  An analysis of canine caudal fossa morphology and its
genetics. R. Harrington®, T. Marchant, D. Argyle, D. Clements, T.
Liuti, T. Schwarz, K. Marioni-Henry, and J. Schoenebeck, Royal
(Dick) School of Veterinary Studies and Roslin Institute, The Uni-
versity of Edinburgh, Easter Bush, Midlothian, UK.

The caudal fossa is the concavity of the occipital bone that
surrounds the cerebellum. In dogs, abnormalities in caudal fossa
(CF) morphology are suspected of contributing to the development
ofneurological conditions such as syringohydromyelia. This painful
condition is a major animal welfare concern, particularly to small
breed dogs such as the Brussels Griffon and Cavalier King Charles
Spaniel. Although the exact causes of syringohydromyelia are un-
known, its correlation with Chiari malformations of the occipital
bone have led to speculation about the developmental interplay be-
tween the skull and its underlying soft tissues. To date, analyses
of the canine CF have not determined the types and breadth of CF
shapes observed both within and across dog breeds. We present our
methodology to study CF morphology. Using 3D reconstructions of
skulls derived from computed tomography (CT) imaging, we have
landmarked 500+ skulls from a wide range of dog breeds of varying
sizes and head shapes, including the CF morphology. Each patient
used in our study was also genotyped on the Illumina Canine HD
170K SNP array. Our quantification of CF morphologies enabled us
to conduct genome-wide association studies (GWAS) to investigate
the basis of CF shape in a manner that is controlled for individual
size. The morphological analysis and GWAS methodology present-
ed can directly improve canine welfare through the identification of
CF morphologies which are at higher risk for syringohydromyelia
and their genomic associations.

Key Words: dogs and related species, genome-wide association,
diagnostic imaging, quantitative trait locus (QTL), morphometrics

128 Detection and characterisation of a genetic association
with Norwich terrier upper airway syndrome. T. Marchant*!, E.
Dietschi?, R. Harrington!, M. Drogemiiller?, U. Rytz®, T. Leeb?, and
J. Schoenebeck!, ' The Royal (Dick) School for Veterinary Studies
and Roslin Institute, The University of Edinburgh, Edinburgh,
Midlothian, UK; *The Institute of Genetics, Vetsuisse Faculty, The
University of Bern, Bern, Switzerland, *Department of Clinical
Veterinary Medicine, Division of Small Animal Surgery, Vetsuisse
Faculty, The University of Bern, Bern, Switzerland.

In domestic dogs, the ‘flat-faced’ brachycephalic head shape
is a risk factor for developing the respiratory defect, Brachycephalic
Obstructive Airway Syndrome (BOAS). As the popularity of breeds
such as the French bulldog continues to increase in the UK, so too
are the expected incidences of BOAS. For this reason, we became
interested in the Norwich terrier, a non-brachycephalic breed which
presents with Upper Airway Syndrome (UAS), a condition highly
reminiscent of BOAS. Here, we have studied this single breed to

identify genetic association(s) with UAS. Pathological assessments
and grading from laryngoscopic examinations held at the Vetsuisse
Faculty of the University of Bern, were used as phenotypes in con-
junction with microarray genotypes to perform GWAS. In total, 233
Norwich terriers were examined. We identified the same QTL on
canine chromosome (CFA) 13 to be associated with the abnormal
positioning of laryngeal cartilage and everted saccules in the dogs
most severely affected by UAS. We phased genotypes at the CFA13
QTL to conduct haplotype mapping, which led us to define a 413
kb critical interval which encompasses a single positional candidate
gene. The derived haplotype within this interval is overrepresented:
it is found to be homozygous in 61 of 81 (74%) severely affected
cases. In contrast, this homozygous haplotype was identified among
7 of 86 (8.1%) mild/unaffected controls. We have resequenced four
dogs representing phenotypic extremes to 16-fold depth to identify
putatively causal variants. We will provide an update to this ongo-
ing project, which is expected to guide Norwich terrier breeding
and inspire additional exploration of the CFA13 locus to improve
animal welfare.

Key Words: dog, animal health, genome-wide association, quanti-
tative trait locus (QTL), candidate gene

129  Canine diversity and disease: Genome analysis in Aus-
tralian dogs. S.-A. Mortlock, J. Marin-Cely, R. Booth, P. Soh, M.-
S. Khatkar, and P. Williamson*, The University of Sydney, Sydney,
NSW, Australia.

Dogs have tremendous natural diversity in form and stature,
and are recognised as excellent models for genetic studies. There
are also many documented diseases in dogs that represent compar-
ative models of human disease and which are found within breed
sub-populations. We have utilised genome technologies customised
for dogs to study disease risk and variation in biological processes
in Australian dogs, specifically in the Kelpie, Bullmastiff, Border
collie, and German Shepherd dog (GSD) breeds. In this study we
analysed natural variation in metabolomic profiles of GSD. Geno-
typing data was generated using the Illumina Canine HD array, and
52 metabolites were measured in plasma. Amino acid profile mea-
surements measured by liquid-chromatography mass spectrometry
were obtained from 82 dogs for 20 amino acids. A mixed linear
model association analysis was conducted in GCTA for each of the
20 amino acids to detect any loci associated with these metabolite
measurements. A single association was detected for threonine
levels, the peak signal observed from a 5.3Mb region on CFA25
(p-value < 0.05, FDR < 0.05). Subsequently, a sliding window anal-
ysis identified haplotypes within the region that were associated
with threonine levels. The most significantly associated haplotype
contained six SNPs and two genes, MTMRY and LOC477365, and
was shown to be predominantly homozygous in dogs with high
threonine values. The LOC477365 gene, which is now annotated
as a threonine dehydrogenase, was the top candidate gene owing
to its involvement in threonine metabolism and location within the
top haplotype. Analysis of expression or structural polymorphisms
within the gene are underway.

Key Words: canine, genome-wide association study, metabolom-
ics, amino acids

Microbiomes

130  Advanced bioinformatics and molecular analysis of
whole-genome-shotgun metagenomics data from rumen micro-
biomes reveals remarkable diversity, structure and function.
M. Watson*!, R. Stewart!, A. Warr!, T. Snelling®, M. Auffret?, A.
Walker?, R. Wallace®, and R. Roehe?, 'The Roslin Institute, Univer-
sity of Edinburgh, Easter Bush, Scotland; *SRUC, Easter Bush,

Scotland; 3The Rowett Institute, University of Aberdeen, Aberdeen,
Scotland.

Rumens contain highly complex microbial communities,
which are crucially important for the growth, development and
health of the host animals. Despite huge numbers of microbial
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genomes becoming publicly available, they are often from model
organisms and are not relevant for the interpretation of rumen mi-
crobiomes. As a result, metagenomics software tools based on pub-
lic data can be misleading or simply do not work when applied to
ruminants. We have applied several standard and custom molecular
and bioinformatics techniques to help better understand whole-ge-
nome-shotgun sequencing data from rumen microbiomes, including
(but not limited to) deep Illumina sequencing, long-read nanopore
sequencing and rumen-specific classification databases. The results
of our work show remarkable diversity, structure and function with-
in rumen microbiomes and demonstrate that we have much to dis-
cover from these rich and diverse microbial communities

Key Words: rumen, microbiome, genomics, bioinformatics

131  Bovine genes regulate the rumen microbial compo-
sition. O. Gonzalez-Recio*!, I. Zubiria?, A. Garcia-Rodriguez?,

A. Hurtado®, and R. Atxaerandio?, 'Departamento de Mejora
Genética Animal, Instituto Nacional de Investigacion y Tecnologia
Agraria y Alimentaria, Madrid, Spain; >Departamento de Pro-
duccion Animal. NEIKER-Tecnalia, Granja Modelo de Arkaute,
Vitoria-Gasteiz, Alava, Spain; *Departmento de Salud Animal.
NEIKER-Tecnalia, Derio, Bilbao, Spain.

The rumen microbiota plays an important role during feed
digestion, and influences relevant traits like feed efficiency and
methane yield. The microbiota composition is partially regulated by
the host, and is associated to rumen conformotion and phisiology,
feed transit speed and eating behaviour. All this characteristics are
also regulated at the host genetic level. Hence, we hypothesise that
the rumen microbiome is also regulated at the host genetic level.
Sequencing technoligies allow to determine the taxonomy of the
microbiome with a rather satisfactory depth. This study reveals cer-
tain genetic control on the microbiome composition of the rumen in
cattle. In total, 13 genera were analysed for bacteria (5), archaea (1),
and ciliates (7) in cattle rumen from 16S and 18S rRNA gene-based
analyses. All these bacteria and archaea genera showed association
to the host genetic background both for breed and SNP markers.
Butyrivibrio and Ruminococcus genus showed association with
the SNP markers but not with the breed composition. The breed
composition had a significant effect on Isotricha, Ophryoscolex and
Polyplastron genus, and the SNP markers on Entodinium, Ophryos-
colex and Polyplastron. In total, 77% (10/13) of microbes analysed
showed to be associated to the host genetic background. This study
also evaluated statistical association between candidate genomic re-
gions and the relative abundance of these microbes. Then, DGAT],
ACSF3, AGPAT3, STC2 genes showed to be associated to the rela-
tive abundance of Prevotella genus with a false discovery rate lower
than 15%. We showed some evidences for a host genetic control of
the microbiome in cattle.

Key Words: genomic, breed, microbiome, NGS

132 16SrRNA amplicon sequencing of mock microbial pop-
ulations to investigate DNA extraction methodology, primer se-
lection and PCR cycles. E. McGovern*!2, M. S. McCabe!, A. K.
Kelly?, D. A. Kenny', P. Cormican', and S. M. Waters', ' Teagasc,
Animal and Bioscience Research Department, Animal and Grass-
land Research and Innovation Centre, Grange, Dunsany, County
Meath, Ireland, *University College Dublin, School of Agriculture
and Food Science, Belfield, Dublin, Ireland.

Elucidating the composition, adaptation, and function of the
rumen microbiome is of international interest due to its implica-
tions in climatology and applied animal production. Despite ex-
tensive use of 16SrRNA amplicon sequencing for rumen microbial
phylogenetic analysis, it may not be generating an accurate repre-
sentation of constituent microbial communities in samples due to
inefficiencies/biases in DNA extraction method, primer selection

and/or PCR amplification. The objective of this study was to assess
these factors in relation to selected currently established methods
for 16S phylogenetic community analysis on a microbial commu-
nity standard (MS) and a DNA standard (DS) (ZymoBIOMICS).
DNA was extracted from MS, and rumen solid digesta sample as
a positive control (PC), using the repeated bead beating and col-
umn (RBB+C) method. 16S rRNA amplicon libraries were gener-
ated for MS, PC, DS and a negative control, using both 515F/806R
and Pro341F/Pro805R designed by Caparaso et a/. and Takahashi et
al. respectively and subjected to both 20 and 28 PCR cycles under
identical cycle conditions. Sequencing was conducted using the I1-
lumina MiSeq platform. A high-throughput BLAST search against
a NCBI 16S database was performed. Linear regression analysis of
the 8 bacterial species present in MS amplified using 515F/806R
and Pro341F/Pro805R showed the relative abundance tended to-
wards the theoretical composition of MS (P > 0.1), indicating that
the protocol is suitable for DNA extraction gram positive bacteria.
The relative bacterial abundances from 515F/806R and Pro341F/
Pro805R were comparable across each sample type (1> = 0.9). The
relative abundance of bacteria amplified from DS with 515F/806R
at 20 PCR cycles, showed a correlation with its theoretical com-
position (P > 0.01), indicating that 515F/806R are sufficient for
accurate determination of microbial communities. Communities
amplified with 20 PCR cycles resulted in a higher correlation to ex-
pected mock community composition than samples generated with
28 PCR cycles. In conclusion, using the RBB+C method for DNA
extraction, 515F/806R primers to target the 16STRNA gene using
20 PCR cycles was sufficient for amplicon sequencing to generate
relatively accurate depiction of the bacterial communities present in
rumen samples.

Key Words: next-generation sequencing, mock communities,
16SrRNA, DNA extraction, microbiota

134  Host genetics influences gut microbiota composition
in pigs. J. Estellé*!, N. Mach'?, Y. Ramayo-Caldas', F. Levenez?,
G. Lemonnier', C. Denis!, M. Berri’, M.-J. Mercat*, Y. Billon®,

J. Doré?, C. Larzul'®, P. Lepage?, and C. Rogel-Gaillard!, 'GABI,
INRA, AgroParisTech, Université Paris-Saclay, Jouy-en-Josas,
France; *MICALIS, INRA, AgroParisTech, Université Paris-Sa-
clay, Jouy-en-Josas, France; ISP, INRA, Université de Tours,
Nouzilly, France; *IFIP-BIOPORC, Péle génétique, Le Rheu,
France; *GENESI, INRA, Surgeres, France; °GenPhySe, INRA,
INP, ENSAT, Université de Toulouse, Castanet-Tolosan, France.

Microbiomes and their effects on hosts have emerged as out-
standing factors to take into account in livestock production. De-
spite the well-acknowledged impact of maternal colonization and
environmental factors for driving the gut microbiota composition,
the genetics of the host is also likely to play a role. In this study, we
aimed at studying the interplay between host genetics and variations
of gut microbiota composition in pigs. A cohort of 518French Large
White 60-day-old piglets was scored for faecal microbiota compo-
sition by sequencing the 16S rRNA bacterial gene, and genotyped
with the [llumina PorcineSNP60 DNA chip. The relative abundanc-
es of operational taxonomic units (OTUs) and bacterial genera were
obtained by using the Qiime package. Genetic parameters were es-
timated for a set of 63 bacterial genera present in the gut microbiota
of pigs included in the study. Results showed that heritability was
low (0.1 <h?<0.2) for seven genera, medium (0.2 <h?<0.4) for 15
genera, and high (h? > 0.4) for eight genera. Positive and negative
genetic correlations were found between the relative abundances of
various bacterial genera, with Prevotella, Oribacterium, Selenom-
onas, Dialister and Megasphaera genera being positively correlat-
ed. Genome-wide association studies (GWAS) revealed significant
associations between genomic regions and relative abundances of
Flexispira, Megasphaera, Mitsuokella or Streptococcus genera.
GWAS uncovered also additional genomic regions associated with
variations in OTU abundances. In conclusion, our results provide
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new evidences that the gut microbiota composition is influenced by
host genetics. We anticipate that genetic approaches will provide
complementary strategies to nutrition solutions able to modulate gut
microbiota composition for shaping production and health pheno-
types relevant for promoting sustainable farm systems.

Key Words: pigs and related species, microbiomics, heritability,
genome-wide association

135  The MetaPig project: Leveraging potentials in pig
genomics and metagenomics to boost feed efficiency and gut
health in modern pig production. P. Karlskov-Mortensen*!,

A. @. Pedersen', N. Canibe?, P. Kiilerich?, K. Kristiansen?, and

M. Fredholm!, 'Department of Veterinary and Animal Science,
Faculty of Health & Medical Sciences, University of Copenhagen,
Frederiksberg, Denmark; *Department of Animal Science, Aarhus
University, Tjele, Denmark,; 3Department of Biology, Faculty of
Science, University of Copenhagen, Copenhagen, Denmark.

Feed efficiency is a trait of great importance for profitability
and environmental sustainability in modern pig production. Hence,
it is of utmost importance to elucidate and understand all the com-
plex factors and mechanisms involved in nutrient absorption and
growth. In this project we take a holistic approach with the aim to
characterise individual and combined effects of the host genome,
metagenome, foodstuff composition and feed additives on feed ef-
ficiency and gut health. The project is divided into a discovery and
a verification phase. In the first phase, the direct effect of feed for-
mulation, feed additives and host genome on microbiota composi-
tion and subsequent effect on feed efficiency and gut health will be
characterised in a total of 900 pigs. This phase includes genotyping
of 700K SNP in 400 pigs and collection of gut epithelium for RNA
sequencing and/or Fluidigm qPCR. Additionally, individual gut
microbiota composition will be characterised using metagenome
sequencing and/or 16S RNA gene sequencing. Together, the assem-
bled data allow for an integrated analysis of the interplay between
host genome, host transcriptome, microbiome, feed formulations
and additives on gut health and feed efficiency. The analyses in-
clude QTL and eQTL mapping, transcriptome profiling and gene
co-expression network analyses to identify major signalling path-
ways and host genes of key importance for microbiota composition,
feed efficiency and gut health. Based on discoveries in phase one,
up to four different feeding regimes including pre- and/or probiotic
feed additives will be designed for the verification phase. In this
phase, each of four diets will be tested in 1000 pigs to evaluate and
verify host response and confirm positive effects on feed efficien-
cy and gut health. We here present some preliminary results and
outline perspectives for this line of investigations regarding feed
efficiency and gut health for future pig production.

Key Words: pig, GWAS, RNAseq, metagenomics, systems biol-
ogy

136  Characterization of the gut microbiome along the
digestive tract of Iberian pigs. D. Crespo-Piazuelo*!, J. Estellé?,
M. Revilla'?, L. Criado-Mesas'?, Y. Ramayo-Caldas®, C. Ovilo*,
A. 1. Fernandez*, M. Ballester®, and J. M. Folch'?, 'Plant and
Animal Genomics, Centre for Research in Agricultural Genomics
(CRAG), CSIC-IRTA-UAB-UB Consortium, Bellaterra, Barcelona,
Spain, *Departament de Ciéncia Animal i dels Aliments, Facul-
tat de Veterinaria, Universitat Autonoma de Barcelona (UAB),
Bellaterra, Barcelona, Spain; 3Génétique Animale et Biologie In-
tegrative (GABI), Institut National de la Recherche Agronomique
(INRA), AgroParisTech, Université Paris-Saclay, Jouy-en-Josas,
France; *Departamento de Mejora Genética Animal, Instituto Na-
cional de Investigacion y Tecnologia Agraria y Alimentaria (INIA),
Madrid, Spain; *Departament de Genética i Millora Animal,

Institut de Recerca i Tecnologia Agroalimentaries (IRTA), Caldes
de Montbui, Barcelona, Spain.

The Iberian pig is a rustic animal with high intramuscular fat
content which is relevant for the production of cured products like
ham. Recent studies have found that pig lipid metabolism may be
modified by the gut microbiome through gene expression regula-
tion. Therefore, the aim of this study was to describe the differences
of the microbiome found along the Iberian pig gut and evaluate their
possible role in the whole-body energetic homeostasis. DNA was
extracted from luminal content of five gut sections (duodenum, jeju-
num, ileum, and proximal and distal colon) of thirteen 120-day-old
Iberian pigs with PowerFecal (MoBio) kit and the region V3-V4 of
the 16S rRNA gene was sequenced in a MiSeq (Illumina) instru-
ment. With QIIME pipeline, a total of 1,669 operational taxonomic
units (OTUs) distributed in 179 genera were found, from which 643
were new regarding the GreenGenes 13.8 database. Lactobacillus
and Clostridium spp. were the two most abundant genera in the
small intestine, while Prevotella spp. was predominant in colon.
Diversity studies were made with vegan R package showing that
the o diversity was increasing whereas the B diversity was decreas-
ing while advancing through the gut. The OTUs presence/absence
analysis was carried out with metagenomeSeq R package using a
model where the animal was included as co-factor and with a FDR
< 0.01 cut-off. From the total 1,669 OTUs, 946 were absent in the
small intestine sections while 325 were not present in the large
intestine. Metagenome KEGG Orthologies (KOs) were predicted
with PICRUSt software. The differences in abundance of these KOs
were pointed out by DESEgn 2 R package. Due to the abundance
of the previous genera, one of the most relevant pathways found
in the small intestine was the phosphotransferase system while the
dicarboxylate/4-hydroxybutyrate was most important in the large
intestine. In summary, this study confirms that the energy pathways
of the gut microbiome are different along its sections, and besides,
these results represent, to our knowledge, the first description of the
gut microbiota composition along the intestine in Iberian pigs.

Key Words: Iberian pig, gut microbiome, 16S rRNA, metage-
nome prediction, OTUs

137 A metagenomics study on a non-metagenomics ex-
periment: Mining next-generation sequencing datasets from
porcine DNA identified unexpected viral sequences. S. Bovo'?,
G. Mazzoni'?, A. Ribani', V. J. Utzeri', F. Bertolini'#, G. Schia-
vo', and L. Fontanesi*', 'Department of Agricultural and Food
Sciences, University of Bologna, Bologna, Italy; *Biocomputing
Group, Department of Biological, Geological, and Environmental
Sciences, University of Bologna, Bologna, Italy, *Department of
Veterinary Clinical and Animal Sciences, University of Copen-
hagen, Copenhagen, Denmark; *Department of Animal Science,
lowa State University, Ames, 14, USA.

Shot-gun next-generation sequencing (NGS) on whole DNA
extracted from specimens collected from mammals often produces
reads that are not mapped (i.e. unmapped reads) on the host refer-
ence genome and that are usually discarded as by-products of the
experiments. In this study, we mined Ion Torrent reads obtained by
sequencing DNA isolated from archived blood samples collected
from 100 performance tested Italian Large White pigs. Two reduced
representation libraries were prepared from two DNA pools con-
structed each from 50 equimolar DNA samples. A specific bioinfor-
matics pipeline was designed to mine unmapped reads on the ref-
erence pig genome that were obtained from the two NGS datasets.
In silico analyses included read mapping and sequence assembly
approaches for a viral metagenomics analysis using the NCBI Vi-
ral Genome Resource. Our approach identified sequences matching
several viruses of the Parvoviridae family: porcine Parvovirus 2
(PPV2), PPV4, PPV5 and PPV6 and porcine Bocavirus 1-H18 iso-
late (PBoV1-H18). The presence of these viruses was confirmed
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by PCR and Sanger sequencing of individual DNA samples. PPV2,
PPV4, PPV5, PPV6 and PBoV1-H18 were all identified in samples
collected in 1998-2007, 1998-2000, 1997-2000, 1998-2004 and
2003, respectively. Our study provided a retrospective evaluation of
apparently asymptomatic parvovirus infected pigs providing infor-
mation that could be important to define occurrence and prevalence
of different parvoviruses in South Europe and to evaluate resistance

of these animals to viral infections. This study demonstrated the
potential of mining NGS datasets non-originally derived by metag-
enomics experiments for viral metagenomics analyses in a livestock
species.

Key Words: metagenomics, unmapped reads, parvovirus, disease
resistance, NGS

Pig Genetics and Genomics

138  Expression of identical genetic mutations across On-
copig cell types results in distinct expression profiles recapit-
ulating transcriptional hallmarks of human tumors. K. M.
Schachtschneider®!, R. M. Schwind', K. A. Darfour-Oduro?, Y.
Liu*?, S. Mikeldinen*’, A. K. De?, L. A. Rund?, O. Madsen*, M.
A. M. Groenen*, R. C. Gaba!, and L. B. Schook'?, ' Department

of Radiology, University of lllinois at Chicago, Chicago, IL,

USA; *Department of Animal Sciences, University of Illinois,
Champaign-Urbana, IL, USA; *Department of Animal Genetics
and Breeding, Sichuan Agricultural University, Chengdu, Chi-
na; *Wageningen University & Research, Animal Breeding and
Genomics, Wageningen, The Netherlands; >Department of Animal
Breeding and Genetics, Swedish University of Agricultural Scienc-
es, Uppsala, Sweden.

Difficult questions confront clinicians attempting to im-
prove patient outcomes for a wide range of cancer types. A large
animal model with genetic, anatomic, and physiologic similarities
to humans is required for transitioning between preclinical mouse
models and human clinical trials in order to address unmet clini-
cal needs. We previously reported the production of an inducible
porcine cancer model (Oncopig) encoding Cre recombinase induc-
ible porcine transgenes encoding KRAS'?? and TP53*%7" which
represent a commonly mutated oncogene and tumour suppressor
in human cancers, respectively. To validate the ability of the On-
copig cancer model to mimic human cancers on a transcriptomic
level, gene expression profiles were produced for Oncopig primary
and transformed cell lines (fibroblasts and hepatocytes), as well as
in vivo tumours (leiomyosarcomas and hepatocellular carcinomas
(HCC)) using RNA-seq. Results based on the relative expression of
11,041 known genes for which expression information was avail-
able for each sample resulted in samples clustering by group. In
addition, both sarcoma and HCC cell lines and tumours recapitu-
lated key transcriptional hallmarks observed in their respective
human malignancies. These included TERT reactivation, apoptosis
evasion, angiogenesis activation, altered cell cycle regulation, and
Wnat signalling activation in HCC samples, and altered 7P53 sig-
nalling, Wnt signalling activation, and epigenetic reprogramming
in sarcoma samples. Master regulators of Oncopig gene expression
previously implicated in human sarcoma (FOSLI, SPI1, MEF2C,
and ETV4) and HCC (HDAC2, HNF4A, FOXA2, and EP300) de-
velopment were also identified. Direct comparisons also identified
conservation of 8 master regulators across Oncopig and 18 human
HCC cell lines. Collectively, these results demonstrate expression
of identical genetic mutations (KRAS?? and TP53%"") across On-
copig cell types results in distinct expression profiles recapitulating
transcriptional hallmarks of human tumour types, demonstrating the
value of the model across distinct human cancer subtypes.

Key Words: gene expression, biomedical model, pig, sarcoma,
hepatocellular carcinoma

139  Genome-scale sgRNA library construction and use for
CRISPR/Cas9-based genetic screens in the pig. C. Zhao*!, G.
Yang', X. Han!, Y. Gao', X. Li'%, S. Xie'?, and S. Zhao'?, 'Key
Laboratory of Agricultural Animal Genetics, Breeding, and Repro-
duction of the Ministry of Education & Key Laboratory of Swine

Genetics and Breeding of the Ministry of Agriculture, Huazhong
Agricultural University, Wuhan, China,; *The Cooperative Innova-
tion Center for Sustainable Pig Production, Huazhong Agricultur-
al University, Wuhan, China.

The CRISPR-Cas9 system enables efficient targeting to large
numbers of genes through the use of single guide RNA (sgRNA)
libraries. The ability to systematically disrupt porcine genes serves
as a powerful tool for understanding their function. One key chal-
lenge is the design and production of high-quality oligonucleotides.
In this study, a Pig Genome-scale CRISPR Knockout library (Pig-
GeCKO) was designed and constructed. First, we designed a CRIS-
PR library (CRISPR-lib) design software, which implements an
end-to-end design of custom sgRNA libraries targeting the genomes
of many different species. CRISPR-1ib automates all tasks for the
generation of sgRNA libraries. It can design libraries of variable
size ranging from a few hundred genes to genome-scale for any
genomes. Then, we used CRISPR-lib to design a PigGeCKO con-
sisting of more than 85,000 sgRNAs, of which these sgRNAs were
directed against the whole genome-wide porcine genes, lincRNAs,
miRNAs and 1000 scrambled-sequence sgRNAs serving as neg-
ative controls. All genes were covered with 3 sgRNAs per gene.
For library construction, the PCR- and Gibson assembly based ap-
proaches were employed to create large polyclonal pools of lentivi-
ral sgRNA vectors. Subsequently, library coverage was determined
by Illumina sequencing of plasmid libraries, the result showed that
up to 96.17% designed sgRNAs were detected in the plasmid pool.
In addition, a stable Cas9 expression PK-15 cell line was construct-
ed for genetic screening using PigGeCKO. The PigGeCKO plas-
mid pool was packaged into lentiviral particles and used to generate
knockouts in the PK-15-Cas9 cell lines. In summary, CRISPR-lib
software is suitable for the design of libraries using CRISPR/cas9
and targeting any species. And the PigGeCKO is also suitable for
High-throughput screening of a CRISPR/Cas9 library for functional
genomics in the pig. This work was supported by the National High
Technology Research and Development Program of China (863
Program, 2013AA102502) and the National Transgenic Project of
China (2016ZX08006003-004).

140  Dietary vitamin A differentially affects fat desaturation
in porcine stearoyl-CoA desaturase genotypes. J. Estany*!, S.
Gol!, M. Tor!, L. Bosch?, J. Reixach’, and R. Pena!, ' Departament
of Animal Science, University of Lleida Agrotecnio Center, Lleida,
Spain; *Departament of Agriculture Engineering and Food Tech-
nology. University of Girona, Girona, Spain, 3Seleccion Batallé,
S.4, Riudarenes, Spain.

The single nucleotide polymorphism (g.2228T>C) in the pro-
moter region of the porcine stearoyl-coA desaturase (SCD) gene is
associated to fatty acid desaturation in Duroc pigs (Estany et al.
2014 PlosOne 20;9(1):e86177). This mutation is positioned in the
core sequence of two putative transcription binding motifs for reti-
noid and retinoic acid receptor response elements. Thus, it could be
hypothesised that the effect of the SCD genotypes on fat desatura-
tion may differ according to dietary vitamin A. To test this hypoth-
esis, we conducted an experiment in which two batches of Duroc
pigs of the three SCD genotypes (n = 142) were subjected to two
identical growing-finishing diets differing in the vitamin A content.
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The first diet was not supplemented with vitamin A while the second
diet was supplemented with retinyl acetate at commercial levels. At
slaughter, a sample of m. gluteus medius and m. longissimus tho-
racis were taken to determine the intramuscular fat content and fat-
ty acid composition. As expected, the SCD genotype modified the
desaturation ratio, with allele T increasing C16:1/C16:0 and C18:1/
C18:0 ratios (P < 0.01). The diet had no effect on fatty acid com-
position, but an interaction between the diet and the SCD genotype
was revealed for C16:1/C16:0 and C18:1/C18:0, both in m. gluteus
medius (P <0.01) and in m. longissimus thoracis (P < 0.05). In both
muscles, the allele substitution effect of allele T for allele C at SCD
2.2228T>C for C16:1/C16:0 and C18:1/C18:0 was, respectively,
around 3-fold and 2-fold higher when vitamin A was not added to
the diet. The results obtained indicate that supplementation of vita-
min A at commercial amounts promotes the activity of allele C but
depresses that of allele T, thereby giving rise to a good example of
how genetic variation influences nutrient response.

Key Words: pig, vitamin A, intramuscular fat, oleic acid, MUFA

141  Effects of diet supplementation with oleic acid or
carbohydrates on Biceps femoris transcriptome in growing
Iberian pigs. R. Benitez*!, B. Isabel?, A. Fernandez', Y. Nufiez',
E. De Mercado®, E. Gomez Izquierdo?, J. Garcia-Casco’, C.
Loépez-Bote?, and C. Ovilo!, 'INIA, Madrid, Spain; *UCM, Ma-
drid, Spain; 3Centro Pruebas Procino Itacyl, Hontalbilla, Segovia,
Spain.

Tissue composition largely determines the quality of meat
and meat products and is influenced by factors as diet, genetic type,
age or sex. Diet influences animal body and tissue composition
due to direct deposition and to the nutrients effects on metabolism.
In this study we evaluated the effects of a diet supplemented with
6% high oleic sunflower oil or carbohydrates as energy source on
muscle composition and quality traits of growing Iberian pigs. A
comparative study of the Biceps femoris transcriptome with RNA-
seq between animals fed with both types of diet was carried out. A
total of twenty nine Iberian males started the dietary treatment at
19.9 kg of average live weight (LW) and were kept under identical
management conditions and fed with two different isocaloric and
isoproteic diets (3.3 Kcal of digestible energy and 15.6% of crude
protein) provided ad libitum: HO diet enriched with 6% high-ole-
ic sunflower oil and CH diet with carbohydrates as energy source.
All animals were slaughtered after seven days of treatment, with
24.1 kg of average LW. Fatty acid composition of animal tissues
reflected the diet composition and indicates higher lipogenesis in
CH group, as expected. We detected 25 differentially expressed
(DE) genes, 17 were overexpressed in HO (FC = 2.3 to 23.5; q <
0.1) (i.e. ALB and APOC3) and 8 in CH diet (FC=2to 11.2; q <
0.1) (i.e. microRNA143, INSIG and TBXAS1T). We performed a func-
tional analysis (metabolic pathways and GO enrichment) of the DE
genes, which showed the enrichment of functions related to lipid
metabolism (synthesis and accumulation of fatty acids), cellular dif-
ferentiation and proliferation, inflammatory response and metabolic
processes related to oxidative stability. The bioinformatic analysis
also allowed to predict potential regulators (A7F4, PPARGCIA and
TNF) for the expression differences observed. The results indicate
the direct deposition of nutrients and a small effect of the diet on
gene expression, affecting relevant biological pathways, in agree-
ment with previous results.

Key Words: Iberian pig, RNA-Seq, tissue composition, diet,
transcriptome

142 Porcine bloodomics: Identification of porcine neutro-
phil-specific genes through gene expression correlations to neu-
trophil abundance and comparative expression data. G. Vella'?,
M. Schroyen?, H. Beiki?, C. L. Loving?, and C. K. Tuggle*?,
1College of Veterinary Medicine, lowa State University, Ames,

14, USA; *Department of Animal Science, lowa State University,
Ames, 1A, USA; 3Food Safety and Enteric Pathogens Research
Unit, USDA-ARS-NADC, Ames, 14, USA.

Identification and expression profiling of porcine immune
cell-specific genes will provide researchers with a more vivid por-
trait of healthy and diseased states in individual pigs, permit more
accurate biomarker screening, and will improve porcine genome
annotation. Cell-specific gene profiling has been conducted in hu-
man and mouse cells under both resting and inflammatory models.
Evidence of conservation of lymphoid and myeloid signature genes
in mice and humans has been published, but there is a lack of pig
cell-specific data. As an initial study to begin cataloging porcine
cell-specific patterns, we used existing human granulocyte-specific
expression data in combination with correlation of gene expression
to neutrophil proportion in porcine whole blood RNA-seq data to
predict neutrophil-specific pig genes. The RNA-seq datasets includ-
ed collections from healthy as well as lipopolysaccharide-treated
pigs. Correlation network comparisons were also used to visualise
neutrophil-correlated modules. Pig neutrophil-correlated genes were
significantly enriched (P < 0.01, Fisher’s exact test) in a published
list of human granulocyte-specific genes. A subset of these genes (n
= 26) were tested using Fluidigm q-RT-PCR with RNA from neu-
trophils versus peripheral blood mononuclear cells (PBMC, mono-
cytes and lymphocytes only), as well as the original blood samples
to verify RNA-seq data. Quantitative PCR experiments verified 80—
100% of these genes to be 2 fold higher in expression in neutrophils
compared to PBMC, depending on the porcine whole blood RNA-
seq dataset used for correlation, while 60-80% of tested genes were
10-fold higher in neutrophils over PBMC. To extend this work, we
are currently analysing neutrophils by using RNA-seq and compar-
ing human and porcine neutrophil-specific networks to expand our
understanding of porcine immunogenomics and increase functional
annotation of the porcine genome.

Key Words: pig, FAANG, comparative genomics, immunog-
enomics, biomarker

143  Is there genetic variation in both resistance and toler-
ance of pigs to porcine reproductive and respiratory syndrome
virus? G. Lough!, A. Hess*, H. Rashidi?, H. Mulder?, J. Dekkers*,
1. Kyriazakis®, M. Hess*, N. Deeb’, A. Kause®, B. Rowland’, J.
Lunney?, and A. Doeschl-Wilson*!, 'The Roslin Institute, Univer-
sity of Edinburgh, Edinburgh, Midlothian, UK; *4Animal Breeding
and Genomics, Wageningen University and Research, Wageningen,
the Netherlands; 3School of Agriculture Food and Rural Devel-
opment, Newcastle University, Newcastle upon Tyne, UK; *lowa
State University, Ames, IA, USA; *Genus plc, Hendersonville,

TN, USA; °Natural Resources Institute Finland, Jokioinen, Fin-
land; "Kansas State University, Manhattan, KS, USA; SUSDA,
Beltsville, MD, USA.

A host can adopt two response strategies to combat infection:
resistance (reduce pathogen load) and tolerance (minimize impact
of infection on performance). Both strategies may be under genetic
control and could thus be amenable to genetic improvement. Al-
though there is evidence in support of a genetic basis for resistance
to Porcine Reproductive and Respiratory Syndrome (PRRS), it is
not known whether pigs also differ genetically in tolerance. The aim
of this study was to determine the extent to which pigs that have
been shown to vary genetically in resistance to PRRS also exhibit
genetic variation in tolerance. Random regression sire models were
fitted to PRRS Host Genetics Consortium data from 1320 weaned
pigs (offspring of 54 sires) experimentally infected with a virulent
strain of PRRS virus to obtain genetic parameter estimates for re-
sistance and tolerance. Random regression models using individual
average growth rates and cumulative serum virus load measures and
a tolerance slope fitted for each sire was not indicative of genetic
variation in tolerance. However, strong evidence for genetic vari-
ation in tolerance was obtained when the 42-day infection period
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was partitioned into different stages of infection based on individ-
ual serum virus load profile characteristics, and by either assessing
tolerance genetics at each particular stage, or by utilising the infor-
mation from longitudinal data in a repeated-measurement model.
Multi-variate mixed models applied to the diverse individual infec-
tion stages gave highly variable estimates for genetic correlations
between resistance and tolerance, indicating that the relationship
between both traits varied throughout the time course of infection.
In contrast, when considering the whole 42 day infection period,
pigs with greater genetic resistance to PRRSV tended to also be
genetically more tolerant (r = 0.79; se. 0.31). In conclusion, pigs
previously found to vary genetically in resistance to PRRS also vary
genetically in tolerance. The results imply that both traits could be
targeted for genetic selection to improve resilience of pigs to PRRS.

Key Words: tolerance, resistance, resilience, pigs, PRRS

144  Integrative and differential analysis of transcrip-
tomes and chromatin accessibility regions reveals regulatory
mechanisms involved in pig immune and metabolic functions
[FAANG pilot project “FR-AgENCODE”]. S. Djebali’, K.
Munyard?, N. Villa-Vialaneix?, C. Cabau!, A. Rau*, E. Crisci*, T.
Derrien®, C. Klopp®, M. Zytnicki®, S. Lagarrigue®’, H. Acloque’,
S. Foissac*!, and E. Giuffra®, 'GenPhySE, INPT, ENVT, INRA,
Université de Toulouse, Castanet-Tolosan, France; *Curtin Uni-
versity, School of Biomedical Sciences, Perth, Australia; *MIAT,
Université de Toulouse, INRA, Castanet-Tolosan, France; *GABI,
AgroParisTech, INRA, Université Paris Saclay, Jouy-en-Jo-

sas, France; *"UMR6290 IGDR, CNRS, Université Rennes 1,
Rennes, France; SUMR PEGASE, INRA, Rennes, France; "UMR
PEGASE, Agrocampus Ouest, Rennes, France.

In the context of the FAANG pilot project ‘FR-AgENCODE’
to improve the functional annotation of livestock genomes, we
characterised the transcriptome and the chromatin accessibility of
pig hepatocytes and two types of lymphocytes. More specifically,
CD3+CD4+ (‘CD4’) and CD3+CD8+ (‘CD8’) T-cells were sort-
ed from the blood of two male and two female Large White adult
pigs. These samples, along with liver samples from the same ani-
mals, were processed by strand-oriented RNA-seq and ATAC-seq
experiments. Principal Component Analyses on log-transformed
TMM-normalized read counts in genes (from RNA-seq) and re-
gions of chromatin accessibility (from ATAC-seq) consistently
highlighted the variability between liver and the T-cells, and to a
lesser extent within T-cells (CD4 v. CDS), as well as between the
male and female samples. Comparative analyses identified differen-
tially expressed genes between cell types as well as potential regu-
latory sites from differentially accessible chromatin regions. As ex-
pected, ontology annotations of differentially expressed genes were
enriched for either immunity- or metabolism-related terms. Inter-
estingly, correlations between gene expression and promoter acces-
sibility across samples were enriched for both extreme positive and
negative values, which suggests that ATAC-seq can efficiently cap-
ture distinct regulatory mechanisms of gene expression. Candidate
enhancers and repressors were identified by comparing ATAC-seq
regions with predicted binding sites of 500+ transcription factors.
By integrating these results with those from Hi-C chromosome con-
formation capture on the liver samples, we further characterised the
differences between ‘active’ and ‘repressed’ topological domains
in terms of functional features, including gene density and general
chromatin accessibility. Altogether, these results lead to a better un-
derstanding of the molecular mechanisms involved in pig immune
and metabolic functions, and illustrate a useful contribution to the
functional annotation effort of the FAANG initiative.

Key Words: Functional Annotation of Animal Genomes
(FAANG), pigs and related species, ATAC-seq, RNA-seq, Hi-C

145  Genome-wide scanning of the cis-effects of sequence
variations on enhancer activity in the F6 swine heterogeneous
stock. Z. Zhang*, Y. Zhu, Z. Zhou, W. Li, and L. Huang, State Key
Laboratory of Pig Genetic Improvement and Production Technolo-
gy, Jiangxi Agricultural University, NanChang, JiangXi Province,
China.

Genome-wide association studies (GWAS) have highlighted
thousands of variants associated with numerous traits in human and
farm animals. And the majority of these variants located in non-cod-
ing regions, leading to difficulty in functional annotation. To meet
the significant challenges in post-genomic era, working together
with FANNG, a two phase research project has been carried out to
identify and annotate the functional elements of the pig genome at
different developmental stages, different tissues in both male and fe-
male individuals of Asian and western pig breeds (Phase I) and then
to investigate the sequence variations of these genomic elements
with the corresponding transcriptome, proteome, metaboliome and
phenome change of the swine complex traits for the benefit of ef-
fective meat production as well as disease models for human beings
(Phase II). Here, we report our effort to systematically archive en-
hancers in liver tissues in an experimental F6 heterogeneous pig
population (multigenerational outbred comprising of 8 pig breeds)
and decipher the cis-effects of genome-wide sequence variants on
the activity of these enhancers and expression of related genes. We
established a stable protocol to define active enhancers by ChIP-seq
with H3K27Ac antibody in liver, and ~89% enhancer peaks we de-
tected are nicely overlapped with that from previous report (Villar
et al., 2015). We will characterize the active enhancers in livers of
~150 F6 mosaic pigs. Integrating of DNA re-sequencing, liver tran-
scriptome as well as detailed phenotyping of these pigs with ~220
traits, we will create a resource to understand how sequencing vari-
ants perturb enhancers and further affect gene expression patterns in
liver in pigs. This resource will be valuable not only for functional
interpretation of the genome wide active enhancer variants but also
their potential effects on the related complex traits in this important
farm animal.

Key Words: swine heterogeneous stock, ChIP-seq, enhancer,
integrative genomics, complex trait

146  The effect of histone acetyl-transferase inhibitor
(trichostatin A) administration on porcine mesenchymal stem
cells transcriptome. A. Gurgul*, J. Opiela, K. Pawlina, T. Szma-
tola, and M. Bugno-Poniewierska, National Research Institute of
Animal Production, Balice, Poland.

The use of histone acetyl-transferase inhibitors such as
Trichostatin A (TSA) for epigenetic modulation of mesenchymal
stem cells (MSCs) is an interesting approach in research involving
somatic cell cloning of pigs and other mammalian species. Despite
the effectiveness of TSA in cloning applications was already con-
firmed, the detailed mechanisms underlying this effect are not yet
fully recognised, especially for pig MSCs. To add to this knowl-
edge, in this study we performed a comprehensive transcriptome
analysis using high-throughput RNA sequencing of pig bone-mor-
row derived MSCs, treated and untreated with TSA, and evaluated
the effect of TSA administration on their transcription profile after
24 h of in vitro culture. Subsequently, the stability of introduced
epigenetic modifications was evaluated after another 50-72 h of
culture without TSA. The results showed a wide stimulating effect
of TSA on MSCs transcription, affecting genes across the whole
genome with some minor signs of site-specific acting in regions lo-
cated on SSC2 and SSC6. TSA had stronger impact on already ex-
pressed genes with only minor influence on silenced genes. Genes
with expression altered by TSA were related to a wide range of
biological processes, however, we found some evidence for spe-
cific stimulation of genes associated with development, differenti-
ation, neurogenesis or generation of muscles. The analysis of cell
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transcriptome after prolonged culture following the TSA removal,
showed that the expression level of majority of genes affected by
TSA is restored to the initial level. Nonetheless, the set of about
six hundred genes was altered even after 50—72h of culture without
TSA. TSA also enhanced expression of some of pluripotency mark-
er genes (FGF2, LIF, TERT) but their expression was stabilised
during further culture without TSA. The detailed analysis of factors
connected with neuron-like differentiation allows us to assume that
TSA mostly stimulates neurogenic differentiation pathway in the
pig MSCs and thus seems to trigger mechanisms conducive of epi-
genetic reprograming. This research was supported by the Polish
National Science Centre resources allocated on the basis of decision
number 2014/15/B/NZ9/04288.

Key Words: MSC, pig, transcriptome, trichostatin A

147  Characterization of 3D genomic interactions in fetal

pig muscle. M. Marti-Marimon*', H. Acloque', M. Zytnicki?,

D. Robelin!, S. Djebali', N. Villa-Vialaneix?, O. Madsen?, Y.
Lahbib-Mansais!, D. Esquerré!, F. Mompart', L. Liaubet', M.
Groenen®, M. Yerle-Bouissou', and S. Foissac!, !GenPhySE,
University of Toulouse, INRA, INPT, ENVT, Castanet Tolosan,
France; *MIAT, University of Toulouse, INRA, Castanet Tolosan,
France; 3Animal Breeding and Genomics Centre (ABG), Wagenin-
gen University, Wageningen, the Netherlands.

Genome sequence alone is not sufficient to explain the overall
coordination of nuclear activity in a particular tissue. The nuclear
organisation and genomic long-range intra- and inter-chromosom-
al interactions play an important role in the regulation of gene ex-
pression and the activation of tissue- specific gene networks. Here
we present an overview of the pig genome architecture in muscle
at two late developmental stages. The muscle maturation process
occurs between the 90" day and the end of gestation (114 days), a
key period for survival at birth. To characterise this period we pro-
filed chromatin interactions genome-wide with in situ Hi-C (High
Throughput Chromosome Conformation Capture) in muscle sam-
ples collected at 90 and 110 days of gestation, specific moments
where a drastic change in gene expression has been reported. About
200 million read pairs per library were generated (3 replicates per
condition). This allowed: (a) the design of an experimental Hi-C
protocol optimized for frozen fetal tissues, (b) the first Hi-C con-
tact heatmaps in fetal porcine muscle cells, and (c) to profile Topo-
logically Associated Domains (TADs) defined as genomic domains
with high levels of chromatin interactions. Using the new assembly
version Sus scrofa v11, we could map 82% of the Hi-C reads on the
reference genome. After filtering, 49% of valid read pairs were used
to infer the genomic interactions in both developmental stages. In
addition, ChIP-seq experiments were performed to map the binding
of the structural protein CTCF, known to regulate genome struc-
ture by promoting interactions between genes and distal enhancers.
The Hi-C and ChIP-seq data were analysed in combination with the
results of a previous transcriptome analysis, focusing on the hun-
dreds of genes that were reported as differentially expressed during
muscle maturation. We will report the observed general differences
between both developmental stages in terms of transcription and
structure.

Key Words: nuclear architecture, fetal development, Hi-C
(high-throughput chromosome conformation capture), pig muscle,
CTCF

148  Exploiting long read sequencing technologies to es-
tablish high quality highly contiguous pig reference genome
assemblies. A. Warr!, R. Hall?, K. Kim?, E. Tseng?, S. Koren?,

A. Phillippy?®, D. Birkhart?, B. Rosen*, S. Schroeder?, D. Hume',
R. Talbot’, L. Rund®, L. Schook®, W. Chow’, K. Howe’, D. J.
Nonneman?, G. A. Rohrer®, N. Putnam’, R. E. Green’, R. O’Con-
nor'®, D. Griffin', B. M. Skinner '!, C. A. Sargent'!, N. A. Affara',
C. Tyler-Smith’, M. Watson', T. P. L. Smith®, and A. Archibald*!

'The Roslin Institute and R(D)SVS, University of Edinburgh,
Easter Bush, Midlothian, UK; *Pacific Biosciences, Menlo Park,
CA, USA, 3National Human Genome Research Institute, Nation-
al Institutes of Health, Bethesda, MD, USA; *Animal Genom-

ics and Improvement Laboratory, USDA-ARS, Beltsville, MD,
USA; SEdinburgh Genomics, University of Edinburgh, Edinburgh,
UK; SUniversity of lllinois, Urbana, IL, USA; "The Wellcome
Trust Sanger Institute, Hinxton UK; 8USDA, ARS, USMARC,
Clay Center, NE, USA; °Dovetail Genomics LLC, Santa Cruz, CA,
USA; "University of Kent, Canterbury, Kent, UK; "University of
Cambridge, Cambridge, UK.

The current pig reference genome sequence (Sscrofal(.2)
was established using Sanger sequencing and following the clone-
by-clone hierarchical shotgun sequencing approach used in the
public human genome project. However, as sequence coverage was
low (4-6x) the resulting assembly was only of draft quality. We
have built new de novo genome assemblies from whole genome
shotgun (WGS) sequence reads generated using Pacific Bioscienc-
es (PacBio) long read sequencing technology for two pigs — the
original reference animal (Duroc sow 2—14) and a Duroc/Landra-
ce/Yorkshire crossbred barrow. About 60—70x coverage WGS data
per animal were assembled with the Falcon assembler and error
corrected with Quiver/Arrow and Pilon using high coverage WGS
PacBio and Illumina reads, respectively. The estimated accuracy
(99.999%) of the Duroc assembly meets the requirement of a Gold
standard finished sequence. The Duroc assembly was scaffolded
with paired-end reads from isogenic BAC and fosmid clones and
assigned to chromosomes based on fluorescent in situ hybridisation
using probes generated from BAC clones. The crossbred assembly
was scaffolded using Dovetail’s Hi-Rise. The current statistics for
these assemblies are: Duroc 2-14 (Sscrofall) for SSC1-18, SSCX
(2.39 Gbp, 122 contigs; contig N50=58.5 Mbp; scaffold N50=107.6
Mbp); Duroc/Landrace/Yorkshire crossbred for SSC1-18, SSCX,
SSCY (2.62 Gbp, 14,924 contigs; contig N50 =6.5 Mbp; scaffold
N50=132 Mbp). The Sscrofall assembly has been updated recent-
ly to Sscrofall.l by the addition of the SSCY sequence data from
Skinner et al. 2016 (Genome Res 26:130-9). The BAC and fosmid
clone resource from Duroc 2-14 will facilitate further targeted se-
quence closure. These improved genome assemblies will be a key
resource for research in pigs and will enable applications in agri-
culture and biomedicine. The assemblies are being deposited in the
public database under the pre-publication data release terms of the
Toronto Statement (Nature 461:168-70).

Key Words: pig, reference genome sequence, long read sequenc-
ing technology

149  Updated pig genome resources in Ensembl. T. Hour-
lier*!, L. Eory?, K. Billis', C. Garcia Giron', L. Haggerty', O.
Izuogu', D. N. Murphy', R. Nag', F. J. Martin', A. L. Archibald?,
B. Aken', and P. Flicek', ' European Molecular Biology Laborato-
ry, European Bioinformatics Institute, Hinxton, UK, *The Roslin
Institute and R(D)SVS, University of Edinburgh, Easter Bush,
Edinburgh, UK.

Ensembl provides high-quality, reference annotation resourc-
es for publicly available genome assemblies, including domestic pig
(Sus scrofa). Pig is an important model for cardiovascular disorders,
infectious diseases, and xenotransplantation, and also an economi-
cally important species for meat production. We have fully updated
all pig genome resources in Ensembl based on the recently improved
reference assembly Sscrofall.l (GCA_000003025.6) produced by
the Swine Genome Sequencing Consortium. These updates include
a curated gene annotation using new Illumina and PacBio tran-
scriptome data that comply with the FAANG meta data submission
guidelines, which we will describe in detail. Also updated to the
new assembly are our pig genome variation resources, gene names,
gene-trees and orthologues, cross-references to external databases
including UniProt and RefSeq, vertebrate multiple whole genome
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alignments, and conserved and constrained elements. These updates
will be released as part of Ensembl version 90, which is expected in
July. All data are freely available through our website at http://www.
ensembl.org, REST API (http://rest.ensembl.org) and our public
MySQL server (ensembldb.ensembl.org) as well as tools such as the
Ensembl Variant Effect Predictor (www.ensembl.org/Tools/VEP)
and BioMart (http://www.ensembl.org/biomart). Ensembl also sup-
ports the upload and visualisation of data in multiple file formats
such as BAM or GFF3. We have developed the Track Hub Reg-

istry (http://trackhubregistry.org/) to facilitate data sharing through
discovery of publicly accessible track data hubs and viewing them
alongside Ensembl data. Additionally, data can now be viewed in
Ensembl even if the files are not hosted locally by submitting them
in CRAM format to the ENA and registering a track hub with the
ENA accession numbers.

Key Words: pigs and related species, genome annotation, Func-
tional Annotation of Animal Genomes (FAANG), bioinformatics
tools, databases/repositories

Novel, Groundbreaking Research/Methodology Presentation

150  Sheep parchment as a genetic resource. M. Teasdale*,
Trinity College Dublin, Dublin, Ireland.

Before the mass production of paper, parchment was the
major medium for codices and until the widespread adoption of
typewriters, they were a clerk’s preferred medium for many formal
legal documents and records. Unlike modern parchment, which is
typically made from goat or calf, ~1,000 English legal documents
that we have analysed via peptide mass fingerprints (MALDI-TOF
mass spectrometry), were made of sheepskin. Parchment has been
shown to harbour sufficient concentrations of DNA to allow for

high-throughput sequencing and therefore offers tremendous scope
for documenting the recent genetic history of British sheep breeds.
Documents contained within the British archival collections span
the transition from a wool- to a meat-based economy and the be-
ginnings of intense artificial selection. We have sequenced a range
of parchment samples from the county of Yorkshire (UK) that date
from the 14th to the 19th century to low coverage. These animals
were then compared to modern breeds from the Sheep HapMap and
the Sheep Genomes Database and scanned for evidence of recent
positive selection between the time points.

Key Words: genomics, ancient DNA, selection

Applied Genetics of Companion Animals

151  AgriSeq targeted sequencing panel for determination of
canine parentage and genetic health. M. Karberg*!, A. Burrell',
P. Siddavatam', A. Allred', M. de Groot?, and W. van Haeringen?,
"Thermo Fisher Scientific, Austin, TX, USA; *VHL Genetics, Wa-
geningen, the Netherlands.

The objective of this presentation is to show the performance
of canine parentage and genetic health AgriSeq primer panels, and
demonstrate how the panels can be combined, or otherwise modi-
fied, without detrimental effects to detection. Ensuring an accurate
pedigree is particularly important for purebreds, having both eco-
nomic and animal health implications. Historically, microsatellites
(short tandem repeats or STRs) have been used for genetic identifi-
cation, traceability and paternity. In recent years, other DNA based
tests such as single nucleotide polymorphism (SNPs) detection have
become increasingly used for this purpose. High-throughput target-
ed amplification and re-sequencing, using the Applied Biosystems
AgriSeq target enrichment technology and the Ion S5 sequencing
system, allows for the simultaneous and accurate genotyping of a
large number of SNPs to interrogate the heritage and genetic health
of an animal. In addition, the AgriSeq approach is very flexible,
allowing panels to be combined or modified easily, thereby helping
both breeders and diagnostic laboratories stay relevant with evolv-
ing content needs. Here, we describe the development of two AgriS-
eq panels targeting canine SNP markers: a parentage panel based
on 200 ISAG canine targets, and a genetic health panel based on
over 140 well characterised genetic markers. To demonstrate the
modularity of the AgriSeq approach, the performance of the genetic
health and parentage panels were analysed independently and also
combined and analysed simultaneously using 192 samples pooled
on an lon S5 540 chip. Variant calling was performed using the Tor-
rent Variant Caller (TVC) plugin as part of the Ton Torrent Suite
software package. The data show that the two panels work simi-
larly, regardless of whether they are used separately, or combined
together on one sequencing chip. The mean sample call rate was

above 95% and the sample concordance between the separate and
combined panels was over 99.9%.

Key Words: dogs and related species, DNA sequencing, parentage

152 Pedigree and genomic-based relationships in a dog
population. A. Talenti*', D. L. Dreger?, F. Danelli', S. Frattini’,
B. Coizet!, S. P. Marelli!, G. Pagnacco!, G. Gandini!, M. Polli!,
R. Caniglia®, M. Galaverni®, E. A. Ostrander?, and P. Crepaldi',
'Department of Veterinary Medicine, University of Milan, Milan,
Italy; *National Human Genome Research Institute, National
Institutes of Health, Bethesda, MD, USA; 3Laboratorio di Genet-
ica, Istituto Superiore per la Protezione e la Ricerca Ambientale,
Ozzano dell’Emilia, Italy.

In many dog breeds, small population sizes, associated with
intense selection schemes, have led to considerable losses of genet-
ic diversity. This complicates the production of accurate genomic
estimates of parentage. The Lupo Italiano, with ~300 living dogs,
is an Italian breed created in 1966 by crossing the Apennine grey
wolf (Canis lupus italicus) with German Shepherd dogs (GSD).
The aim of this work was to compare calculated relationships from
genomic and pedigree data, using the Lupo Italiano as an example
of a small population. The entire pedigree of the Lupo Italiano is
known, consisting of up to 12 generations and dating to the found-
er animals. The pedigrees of 28 Lupo Italiano dogs (provided by
AAALI) were used to build an additive relationships matrix (A)
(CFC software). These 28 dogs were genotyped on the Illumina
CanineHD 170K SNP chip (University of Milan and National In-
stitutes of Health in Bethesda, MD), and the resultant genotypes
were used for the estimation of the within-breed Genomic Rela-
tionships Matrix (GRMa) (GCTA64 software). The mean parentage
values for GRMa (-0.0240.05) and A (0.80+0.05) were not equiv-
alent, however, they did display a significant positive correlation
(R =0.75; P <0.001). Four additional populations, genotyped on
the same panel, consisted of 20 Apennine grey wolves (ISPRA),
30 GSDs, 14 grey wolves, and 31 village dogs (publicly available
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in Dryad, Shannon et al. 2015). The GRM produced with the com-
bined set (GRMb) led to a higher correlation with A (R =0.80; P <
0.001) and to higher estimates of parentage between Lupo Italiano
individuals (0.53+0.05). The calculation was expanded a final time
to include an additional 250+ GSDs (GRMc). This matrix showed
a decrease in the correlation with A (R =0.76; P < 0.001) balanced
by a strong increase in the parentage values (0.82+0.08), making
it the closest to the A matrix. These results show that estimation of

genomic relationships from populations with greater allelic diversi-
ty can improve the correlation and accuracy with pedigree-derived
estimates. Consideration of these implementations can allow for
better management of mating schemes and conservation of genetic
variation in dog breeds with small population sizes. The authors
thank AAALI for the kind collaboration.

Key Words: dog, parentage, SNP

Applied Sheep and Goat Genetics

153  Introgression of wool-shedding genes into the Romane
breed sheep. L. Drouilhet*!, B. Pena', C. Huau', D. Marcon?, Y.

Bourdillon?, and D. Allain', 'GenPhySE, Université de Toulouse,

INRA, INPT, ENVT, Castanet Tolosan, France; *INRA UE0322,

La Sapiniere, Bourges, France.

Wool production in Europe became unprofitable compared to
the meat or milk productions. One major reason is that the wool
income is lower than the cost of shearing. The Romane breed, a
French composite breed between the Berrichon du Cher breed (meat
breed) and the Romanov breed (prolific breed), showed little ability
to shed. We decided to introgress in the Romane breed the phe-
notype of wool-shedding of the Martinik Hair breed. Indeed, the
Martinik Hair sheep have the ability to annually naturally wool-
shed. The experimental trial of introgression was realised on 4 suc-
cessive backcrosses from the Martinik Hair (MH) to the Romane
breed (RM): F1 (MH*RM), then BC1 (F1*RM), BC2 (BC1*RM)
and BC3 (BC2*RM). Two traits were considered: the ability to
shed at least a part of the fleece or not, as a binary trait and the
extent of shedding as the ratio of wool shed area to total body area.
During those backcrosses, animals were measured and selected
on their ability to shed at 7 months of age. The BC3 population
represents the first generation (G1) of the introgressed population
for the wool-shedding phenotype. This introgressed breeding stock
(n = 150 ewes) was then selected using estimated breeding values
based on shedding extension. A high heritability estimate (0.50 =
0.09) and a large genetic gain (2.2 genetic standard deviations) on
wool-shedding were observed after 6 generations of selection, with-
out impairing the production fitness on the Romane sheep. We did
not observe a bimodal distribution of wool-shedding extension phe-
notype, suggesting that not only one mutation is segregating in our
population, but more probably a few major genes with large effects
due to the large genetic gain observed. At the G6, 96 animals (9
family sires, 6 to 11 progeny per sire, 10 dams) with extreme pheno-
types (total wool shedding or not) including some full-sibs and their
dam were selected and genotyped on SOK SNP chip. This dataset is
currently analysed using linkage analysis (LA), linkage disequilib-
rium (LD) and joint LD-LA mapping using QTLMAP software. The
first results showed at least 3 different loci influencing the ability to
shed on chromosome OAR3, OAR12 and OAR1S5. The analysis are
in progress to precise those intervals of localization.

Key Words: sheep, genetic introgression, genome wide-associa-
tion, wool shedding

154 Community-based sheep breeding programs in Ethio-
pia resulted in substantial genetic gains. A. Haile*!, T. Mirkena®,
G. Duguma?, S. Gizaw?, M. Wurzinger*, J. Solkner?, O. Mwai?, T.
Dessie?, A. Abebe®, M. Mamiru®, T. Tadesse’, R. N. B. Lobo®, and
B. Rischkowsky', International Center for Agricultural Research
in the Dry Areas, Addis Ababa, Ethiopia; *International Livestock
Research Institute (ILRI), Addis Ababa, Ethiopia, and Nairobi,
Kenya; 3FAO, Addis Ababa, Ethiopia; *BOKU University, Vienna,
Austria; SEMBRAPA-goat and sheep, Sobral, Brazil; *Debre Ber-
han Agricultural Research Center, Debre Berhan, Ethiopia, "Bako

Agricultural Research Center, Bako, Ethiopia; *Bonga Agricultur-
al Research Center, Bonga, Ethiopia.

In small ruminants, centralized breeding schemes, entirely
managed and controlled by governments — with minimal, if any,
participation by farmers — were developed and implemented in
many developing countries. Such programs have generally failed
to sustainably provide the desired genetic improvements to small-
holder livestock keepers. Community-based breeding Programs
(CBBPs) have been suggested as an alternative and are being imple-
mented in a few pilot countries. A team of international and national
scientists designed and implemented sheep CBBPs in three sites/
breeds (Bonga, Horro and Menz) in Ethiopia. The team developed
an innovative methodological framework on how to design, imple-
ment and sustain CBBPs. Selection traits identified through partic-
ipatory approaches were six month weights in all the three sites,
and in Horro and Bonga, where resources, particularly feed and
water, permit larger litter sizes, twinning rate was included. Eight
years (2009-2016) performance data from the programs were ana-
lysed using WOMBAT (Meyer, 2007). The results indicate that the
birthweight of lambs has not improved over the years in Menz and
Bonga. In Horro, there is even a slight decrease. Given that we have
not selected for birthweight in the community flocks we did not
expect genetic change. However, there could have been an effect
through correlated responses which was not the case in all the three
breeds. Six months weight, the major selection trait in our CBBPs,
increased over the years in all breeds. In Horro the average increase
was 0.31 + 0.060 kg per year, followed by average increase of 0.26
+0.058 kg per year in Bonga and 0.14 + 0.006 kg for Menz. This is
quite substantial in an on-farm situation. In Horro and Bonga sheep,
where twinning rate was one of the selection traits, the litter size
of lambs born increased over the years in both breeds: the increase
was 12% (from 1.28 to 1.46) in Horro and 8% (from 1.48 to 1.61) in
Bonga. This increase combined with the increased bodyweight has
made a substantial impact on the incomes of the farmers. Our results
show that CBBPs are technically feasible and result in measurable
genetic gains in performance traits.

Key Words: sheep and related species, animal breeding, genetic
improvement

155 Identification of two major genes affecting prolificacy
in the French Noire du Velay sheep. L. Chantepie*, L. Bodin, F.
Woloszyn, J. Sarry, and S. Fabre, GenPhySE, Université de Tou-
louse, INRA, INPT, ENVT, Castanet Tolosan, France.

Classical selection methods of prolificacy in sheep assume a
full polygenic inheritance, each gene having an infinitesimal effect.
However, in the last decades, many mutations having a major effect
on prolificacy were discovered in four major fecundity genes name-
ly BMP15 (FecX), BUPRIB (FecB), GDF9 (FecG) and BAGALNT2
(FecL). When present, these mutations should be taken into account
to obtain relevant prolificacy breeding values for the selection pro-
cess. Based on litter size records (LS), we suspected the segregation
of such major gene in the French Noire du Velay (NdV) sheep pop-
ulation. The first approach was to genotype selected highly prolific
ewes for the already known mutations at the four major loci. We
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evidenced the segregation of the FecL* mutation in the B4GALNT?
gene originally discovered in the Lacaune breed. By a specific geno-
typing of 1224 NdV ewes, we observed 10% of FecL* carriers with
a mutated allele effect of +0.4 lambs/lambing. Nevertheless, it still
existed extremely prolific NdV ewes non-carrier of the FecL* allele.
Then in a second approach, we genotyped 150 FecL® NdV ewes
using the ovine 50k SNP array, followed by an association analysis
under a case (n = 100, mean LS 2.2) v. control (n = 50, mean LS
1.1) design. A unique significant signal was located on the X chro-
mosome (53.8Mb), near the BMP15 candidate locus. The whole
genome sequencing of 3 ewes heterozygous, homozygous carrier
and non-carrier of the supposed prolific allele, identified a novel
A>T SNP 290bp upstream of the BMPI5 gene. Using a specific
RFLP test, we genotyped 756 FecL™ NdV ewes and evidenced 125
ewes as carriers of the new polymorphism (16%). We observed that
this variant increased significantly the prolificacy by +0.2 lambs/
lambing. By real-time PCR analysis, we showed that the A>T nu-
cleotide change was associated to a decrease of the oocyte-specific
expression of the BMPI15 gene. According to the nomenclature of
Fec genes, this new mutation was named FecX". In conclusion, by a
combination of candidate gene and whole genome scan approaches,
we identified FecL* and FecX" mutations essential for improving
the genetic evaluation and selection of prolificacy in Noire du Velay
sheep.

Key Words: sheep, genome-wide association, monogenic trait,
reproduction, genetic improvement

156  Genomic regions associated with entropion in Colum-
bia, Polypay, and Rambouillet breeds of sheep. M. R. Mousel*!?
and S. N. White', '"Animal Disease Research Unit, Agricultural
Research Service, U.S. Department of Agriculture, Pullman, WA,
USA; *Paul G. Allen School of Global Animal Health, Washington
State University, Pullman, WA, USA; 3Department of Veterinary
Microbiology and Pathology, Washington State University, Pull-
man, WA, USA.

Entropion is an inward rolling of the eyelid allowing the eye-
lashes and cornea to have direct contact, potentially causing abra-
sions which may lead to infections and blindness if not treated.
Typically in domestic sheep entropion only occurs with the lower
eyelid and is a congenital defect. Entropion has a wide frequency
(0-80%) worldwide in domestic sheep, was found to be heritable
(0.08-0.21) and it is speculated to be recessive in inheritance. To
eliminate this condition from their flocks, producers must cull af-
flicted sheep and their parents. Identification of genomic regions
or genes associated with entropion could lead to the development
of genetic marker(s) to reduce entropion through selective breed-
ing. Therefore, a genome-wide association scan was conducted
with 473 Columbia, Polypay, and Rambouillet sheep genotyped
using the Illumina OvineSNP600 BeadChip. Entropion status was
recorded within 48 h of birth and corrected if present. The overall
prevalence was 6.1% in these 473 sheep. Data was analysed using a
mixed model with EMMAX that accounted for relatedness, breed,
and SNP minor allele. Heritability was estimated to be 0.28. Five
genome-wide significant (P < 1x107*) SNP were identified on chro-
mosomes 2, 3, and 15 as well as nine SNP that were genome-wide
suggestive (P < 1x1077) on chromosomes 2, 3, 7, 14, 15, 20 and
22. Previously, locations on ovine chromosome 2, 3, and 15 were
found to be associated with entropion by Mousel et al., 2015 and/or
Hadfield et al., 2016. We are working to narrow the range of these
associated regions and identify the underlying casual mutations for
the benefit of sheep producers.

Key Words: entropion, genome-wide association, domestic sheep,
breeds

157 Genome-wide scan reveals NF1 locus is associated
with fat tail phenotype rather than high-altitude adaptation

in Asian sheep. K. Dong'?, M. Yang', N. Gorkhali', Y. Ma!, and

L. Jiang*!, Institute of Animal Sciences, Chinese Academy of Agri-
cultural Sciences (CAAS), Beijing, China; *USDA, Agricultural
Research Service, Avian Disease and Oncology Laboratory, East
Lansing, MI, USA.

The main morphological changes such as tail length and dis-
tinct patterns of tail fat deposition are considered to be some of the
major changes that followed domestication. However, nowadays,
a decrease in the size of sheep fat-tail is desirable for both produc-
ers and consumers. To identify genes underlying the ovine fat tail
phenotype, we performed a genome-wide scan for the highly dif-
ferentiated loci between seven thin-tailed sheep breeds from Asia
and six fat-tailed breeds from Middle East using Illumina Ovine
50KSNP Beadchip. By combing an independent dataset of fat-tailed
and thin-tailed Chinese indigenous sheep breeds, we found a to-
tal of 90 common SNPs corresponding to 251 genes. Among those
were several genes known to be involved in lipid metabolic process,
including RAB7A, ENPP6, PLA2GA, INSIG2, PEX2, BMP2, VDR
etc. GO analysis showed one of the most significant GO categories
was ‘lipid glycosylation’ (P = 9.33E-4). Intriguingly, we found that
the locus of NFI (containing NFI and three small genes, EVI2A,
EVI2B and OMG), previously linked to the high-altitude adaptation,
displayed the highest differentiation across the ovine genome. Our
study demonstrated that sheep living at different altitudes showed
no evidence of divergence at this locus and therefore, NF/ locus is
likely the predominant factor for the fat tail phenotype, rather than
high-altitude. This finding suggested caution in drawing a conclu-
sion in genomic studies without excluding the potential confound-
ing factors. Additionally, by combining re-sequencing data for the
NF'I locus and RNA-sequencing (RNA-seq) data of adipose tissues
from divergent tail types, we found that the potentially functional
genes within the NF/ locus were EVI2A and OMG, rather than NF 1.
Furthermore, two missense mutations at the well-conserved posi-
tions in EVI2A and OMG genes were identified in fat-tailed sheep.
As the function of EVI2A and OMG are currently little known, the
two missense mutations represent a unique opportunity to study the
function of these two genes in an organismal context, especially for
the potential novel roles in fat deposition.

Key Words: fat-tailed, genomic selection signature, sheep, NF1

158 Investigating genetic associations with meiotic recom-
bination in rams. K. M. Davenport*, A. M. Rodriguez, R. J.
Sawyer, T. M. Badigian, H. K. Jaeger, M. A. Follett, and B. M.
Murdoch, University of Idaho, Moscow, ID, USA.

Meiotic recombination is an important process during game-
togenesis that contributes to genetic variation. Understanding the
process of recombination will lead to enhanced genetic predictions
that will promote the sustainability of the sheep industry. It is clear
from previous studies that recombination is not random, and at least
one recombination event or crossover (CO) per chromosome arm
is necessary for proper chromosome segregation. In addition, CO
experience location preferences termed ‘hotspots,” as well as inter-
ference in that one CO cannot occur in too close proximity with
another. Previous studies in sheep have identified loci associated
primarily in females with recombination rate derived from linkage
data. Our objective was to investigate genetic associations with CO
counts in rams acquired cytogenetically. We quantified the number
of CO in Suffolk, Icelandic, and Targhee rams using a cytogenetic
approach because it allows us to accurately identify all recombina-
tion events during meiosis without a large number of offspring. In
total, we examined over 165,000 CO events from ~2,600 spermato-
cytes. We identified significant differences in CO number between
individual rams within Suffolk, Icelandic, and Targhee breeds (P <
0.05), as well as differences between breeds (P < 0.01). Using the
mean CO counts obtained from the spermatocytes from individual
rams as a quantitative phenotype, we performed a genetic associa-
tion study. The OvineSNP50 BeadChip was used to genotype rams

46

ISAG 2017 Abstract Book



and an association study was performed with PLINK v1.09. The
results of the association study identified genomic regions of inter-
est on chromosomes 1, 4, 6,9, 14, 22, 23, and 24 after a Bonferroni
correction (P < 1E-06). This study identifies potentially important
genomic regions of interest associated with the number of CO in
these rams. These data contribute important information towards

the understanding of individual and breed recombination differenc-
es. Furthermore, this research will advance breed specific selection
strategies that support the sustainability of the sheep industry.

Key Words: sheep, recombination, quantitative trait locus (QTL),
genome-wide association, genetic improvement

Comparative and Functional Genomics

159 Identification of regulatory elements in livestock
species. H. Zhou*!, P. Ross!, C. Kern', P. Saelao', Y. Wang!, M.
Halstead', K. Chanthavixay', I. Korf', M. Delany', H. Cheng?, J.
Medrano', A. Van Eenennaam', C. Tuggle?, and C. Ernst*, 'Uni-
versity of California, Davis, Davis, CA, USA; *USDA-ARS, Avian
Disease and Oncology Laboratory, East Lansing, MI, USA; *lowa
State University, Ames, IA, USA; *Michigan State University, East
Lansing, MI, USA.

Regulatory elements play an essential role in understanding
how an organism’s genotype determines its phenotype. The tech-
nologies and assays developed in the human and mouse ENCODE
projects provide a solid foundation to functionally annotate farm
animal genomes. The recent international FAANG (Functional An-
notation of ANimal Genomes) initiative has stimulated such efforts
on livestock species, which will ultimately be leveraged to improve
production efficiency, animal welfare, and food safety. The over-
all objective of this study is to functionally annotate regulatory el-
ements in three major livestock species: chicken, cattle, and pig.
The first key step is to identify regulatory elements in the genomes
by integrating RNA-seq, DNase-seq and ChIP-seq data. As one of
FAANG pilot projects coordinated by UC Davis, we will present the
current progress in generating and analysing data from these three
important species. We have collected samples from adipose, cere-
bellum, cortex, hypothalamus, liver, lung, muscle, and spleen in two
male biological replicates from each species, allowing us to identify
both universal and tissue-specific functional elements. High depth
of RNA-seq has allowed the identification of 9,393 long non-coding
RNAs in chicken, 7,235 in cattle, and 14,428 in pig. From DNase-
seq sequencing in chickens, we have identified 132,362 open chro-
matin regions across the genome, many of which are tissue-specific
or only present in some tissues. Per tissue, the values range from a
high of 57,703 regions in spleen to the lowest of 14,700 in cerebel-
Ium. Genes present in these open chromatin regions show generally
higher expression in our RNA-seq data. ChIP-seq for the H3K4me3
histone modification from all eight tissues in chicken identified
a total of 31,174 peaks, while 35,081 were identified from liver,
lung, and spleen in pig. H3K27me3 from the same three tissues in
pig identified a total of 104,640 peaks. Preliminary results from
H3K27me3 assays in chickens identified a total of 16,247 peaks.
In the future, an integrative analysis of five ChIP-seq assays and
DNase-seq will produce genome-wide chromatin state predictions
and allow the identification of promoters, enhancers, and silencers
in all three species.

Key Words: bioinformatics, Functional Annotation of Animal
Genomes (FAANG), ChIP-seq, epigenomics

160  Transcription factor binding sites enrichement in
ruminant and cetartiodactyl specific conserved non-coding el-
ements. L. Buggiotti*, M. Farr¢, and D. Larkin, Royal Veterinary
College, London, UK.

Gene regulatory sequences (e.g. transcription factor binding
sites (TFBSs)) contribute to differences in gene expression patterns
within and between species and from de novo in clade specific-evo-
Iution. To investigate association between lineage-specific con-
served non-coding elements (CNEs) and potential TFBSs, we have

done identification of CNEs from several mammalian lineages and
looked for association between these elements and TFBSs found in
the cattle genome. A multiple-species alignment of 28 mammali-
an genomes, CNEs, and TFBSs detections were done as follows: i)
lastZ pairwise alignments of each genome against the cattle genome
assembly (bosTau6); ii) mulitZ was used to combine pairwise align-
ments in multiple alignment files; iii) conserved elements (CEs)
were estimated using phastCons; iv) TFBStools with JASPAR
CORE vertebrate motifs was utilised to perform the whole-genome
scan for TFBS; v) CNEs were defined as those CEs that did not
overlap with the coding parts of all known genes. Genomic associa-
tion test was done to test for enrichment of TFBSs in the ruminant-,
cetartiodactyl- and mammalian-specific CNE sets compared to the
rest of the cattle genome. Overall, mammalian CNEs (>20bp) cover
1.3% of the cattle genome, while cetartiodactyl and ruminant CNEs
cover ~1% and ~1.5%, respectively. In silico analysis of TFBS pre-
dicted over 25.9 million binding sites in the three groups of CNEs
or ~3% of all TFBSs. The enrichment analysis revealed that >200
TFBS motifs were significantly overrepresented (qvalue=0.001) in
the ruminant, cetartiodactyl and mammalian CNE sets. The TFBS
motif EWSRI1-FLI1 had the highest overrepresentation in the rumi-
nant CNEs compared to the mammalian CNE set, while multiple in-
terferon-regulatory factor (IRF) and heat shock factor (HSF) TFBSs
were most overrepresented both in the cetartiodactyl and ruminant
CNEs compared to the mammalian set.

Key Words: multispecies, comparative genomics, bioinformatics
tools/ data mining, regulatory element

161  Gene regulation in sheep alveolar macrophages:
Genome-wide identification of active enhancers. A. Massa*!,
M. Mousel?!, B. Murdoch?, and S. White*!, ' Washington State
University, Pullman, WA, USA; *United States Department of
Agriculture-ADRU, Pullman, WA, USA; 3University of Idaho,
Moscow, ID, USA.

Lung macrophages provide a first line of defence for the
cell-mediated innate immune system against many inhaled patho-
gens. Annotation of regulatory elements within these cells aids ad-
vanced understanding of gene regulation and genetic priming of the
immune system. Acetylation of lysine 27 on histone protein three
(H3K27ac) is one of the most dynamic histone modifications, de-
noting active enhancer regions of the genome. Changes in H3K-
27ac correspond to changes in gene expression that control cellular
differentiation. In this study, alveolar macrophages were harvest-
ed from the lungs of 2 healthy, one-year-old, Suffolk-cross sheep.
Chromatin immunoprecipitation with high throughput sequencing
(ChIP-seq) was performed for histone modification H3K27ac. Ap-
proximately 50,000 peaks were identified in the immunoprecipita-
tion dataset over control input DNA. Peaks with a false discovery
rate of less than 5% included 12,984 peaks with an average en-
richment of 18-fold. This is comparable with published data from
humans and other mammalian species for active enhancer marks.
Overall, 51% of active enhancers were either within genes or were
less than 500 base pairs upstream of genes. While 13% were locat-
ed greater than 50,000 base pairs from any gene. Peak length was
similar to expected values of ~200-2000 base pairs for mammalian
enhancers. However, sequence motif discovery in sheep suggested
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many are unique when compared with known enhancer motifs in
humans, indicative of sequence divergence between species. These
data provide a basis for regulatory landscape comparison among
sheep cell types and for cross-species comparative regulome analy-
sis in macrophages and immune cells.

Key Words: ChIP-seq, H3K27ac, sheep, enhancers

163  The reconstruction and evolutionary history of euthe-
rian chromosomes. J. Kim', M. Farre?, L. Auvil®, B. Capitanu?,
J. Ma*, H. A. Lewin®, and D. M. Larkin*!, ' Department of Bio-
medical Science and Engineering, Konkuk University, Seoul,
Korea, *Royal Veterinary College, University of London, Lon-
don, UK; 3lllinois Informatics Institute, University of Illinois at
Urbana-Champaign, Urbana, IL, USA; *Computational Biology
Department, School of Computer Science, Carnegie Mellon
University, Pittsburgh, PA, USA; °Department of Evolution and
Ecology, University of California, Davis, CA, USA.

Whole genome assemblies of 19 placental mammals and two
outgroup species were used to reconstruct the order and orienta-
tion of synteny blocks in chromosomes of the eutherian ancestor
and six other descendent ancestors leading to human. For ancestral
chromosome reconstructions, we developed a new algorithm (DE-
SCHRAMBLER) that probabilistically determines the adjacencies
of syntenic blocks using chromosome-scale and fragmented ge-
nome assemblies. The reconstructed chromosomes of the eutherian,
boreoeutherian and euarchontoglires ancestor each included >80%
of'the entire length of the human genome, while reconstructed chro-
mosomes of the most recent common ancestor of simians, catarrhini,
great apes, and humans and chimpanzees included >90% of human
genome sequence. These high coverage reconstructions permitted
reliable identification of chromosomal rearrangements over ~105
million years (My) of eutherian evolution. Orangutan was found
to have eight chromosomes that were completely conserved in ho-
mologous sequence order and orientation with the eutherian ances-
tor, the largest number for any species. Ruminant artiodactyls had
the highest frequency of intrachromosomal rearrangements, while
interchromosomal rearrangements dominated in murid rodents. A
total of 162 chromosomal breakpoints in evolution of the eutherian
ancestral genome to the human genome were identified; however,
the rate of rearrangements was significantly lower (0.80/My) during
the first ~60 million years of eutherian evolution, then increased to
greater than 2.0/My along the five primate lineages studied. Our
results significantly expand knowledge of eutherian genome evolu-
tion and will facilitate greater understanding of the role of chromo-
some rearrangements in adaptation, speciation, and the aetiology of
inherited and spontaneously occurring diseases.

Key Words: ancestral chromosome reconstruction, primates,
human, chromosome evolution, algorithm

164 iTRAQ-based proteomic analysis reveals key proteins
affecting muscle growth and lipid deposition in pig. Z. Wang*!,
P. Shang'?, Q. Li*, L. Wang!, H. Zhang!, and C. Wu!, 'China
Agricultural University, Beijing, China, *Tibet Agriculture and
Animal Husbandry University, Linzhi, China, *4Anhui Academy of
Agricultural Sciences, Hefei, China.

Pig growth rate and meat quality that are the main economic
traits may be involved in multiple genes and biological pathways.
The Tibetan pig (TP) and Diannan Small Ear pig (DSP) are indig-
enous Chinese breeds; they have significantly lower growth rates,
higher lipid deposition ability, and better meat quality than those of
introduced pig breeds such as Yorkshire (YY) and Landrace (LL).
Nowadays, the proteomic analysis is a powerful method to identify
key functional genes for the complex quantitative traits. Parallel re-
action monitoring (PRM) is a recent development in targeted mass
spectrometry and involves the use of a quadrupole-equipped Or-
bitrap. In present study, the longissimus dorsi muscle tissues were

collected from the TP, DSP, YY and LL pig breeds at the age of
six month and were performed the iTRAQ-based quantitative pro-
teome analysis. The protein expression obtained using iTRAQ anal-
ysis was confirmed by quantifying the expression levels of twelve
selected proteins by a PRM-MS analysis. Totally, 4,815 peptides
corresponding to 969 proteins were detected. Comparison of ex-
pression patterns between TP-DSP and YY-LL revealed 288 differ-
entially expressed proteins (DEPs), of which 169 were up-regulated
and 119 were down-regulated. Functional annotation suggested that
28 DEPs were related to muscle growth and 15 to lipid deposition.
Protein interaction network predictions indicated that differences
in muscle growth and muscle fibre morphology between TP-DSP
and YY-LL breeds were regulated by ALDOC, ENO3, PGKI,
PGK2, TNNTI1, TNNT3, TPM1, TPM2, TPM3, MYL3, MYH4,
and TNNC2, while those in lipid deposition ability were regulated
by LPL, APOA1, APOC3, ACADM, FABP3, ACADVL, ACAA2,
ACAT1, HADH, and PECI. Twelve DEPs (up-regulated: UQCRCI1,
ACAT1, ACADM, PECI, MYL3, NNT, ACAA2, TTN, and HADH;
down-regulated: PRDX4, MYL1, and LDB3) were selected for the
PRM to confirm the reliability of the iTRAQ analysis. The fold
changes and P values for these proteins were significantly different
between the TP-DSP and YY-LL groups at P < 0.10, which was in
agreement with the findings of the iTRAQ analysis. Our expression
profiles provide new insights into the key proteins involved in mus-
cle growth and lipid deposition in the pig.

Key Words: iTRAQ, PRM, muscle growth, lipid deposition, pig

165 Hypothalamus transcriptome during the early rise in
LH secretion related to puberty age in bull calves. J. Liron',

M. Fernandez*?, A. Prando’, A. Baldo®, and G. Giovambattista?,
'Center of Veterinary Research (CIVETAN, CONICET), Faculty

of Veterinary Sciences, UNCPBA, Tandil, Buenos Aires, Argen-
tina.; *Institute of Veterinary Genetics (IGEVET, CONICET),
Faculty of Veterinary Sciences, National University of La Plata, La
Plata, Buenos Aires, Argentina; 3Cdtedra de Zootecnia Especial
(1l Parte), Faculty of Veterinary Sciences, National University of
La Plata, La Plata, Buenos Aires, Argentina.

Cattle puberty influences reproduction rates and profitabili-
ty. In pre-pubertal bull calves there is an early transient rise in go-
nadotropin secretion between 10 and 20 weeks of age. The early
elevation in mean circulating concentrations of LH and FSH most
likely causes the proliferation of Sertoli and Leydig cells, respec-
tively. This post-natal gonadotropin rise is considered one of the
main factors in determining the age at which bulls reach puberty.
In order to enhance our knowledge about genes and regulatory
pathways involved in this phenomenon, we characterised the hy-
pothalamus transcriptome from six Angus calves along this early
expression pattern of LH (4, 6, and 14 wk of age) using the RNA-
Seq technology. Of 37 million RNA-Seq reads per sample gen-
erated using the Illumina HiSEqn 2000 sequencer, at least 95%
were mapped to the customized reference genome BosTau6. The
gene annotation revealed that 13,976 genes were expressed in the
hypothalamus. Tophat2, EdgeR, DESEqn 2, Bioconductor and R
packages were utilised to performed differential expression (DE)
analysis between groups. We detected 915 DE genes (P adjusted
values < 0.05). The top gene ontology term enrichment of the high-
est expressed genes in the hypothalamus included cellular synapse,
ion channel complex, neuron projection and plasma membrane part
(Cellular component category); cell-cell signalling, transmembrane
transport, behaviour and organism process (Biological process);
metal ion transmembrane transporter activity and neuropeptide hor-
mone activity (Molecular function). Enrichment analysis identified
40 KEGG signicantly enriched pathways. Based on the observation
of the lowest P-value, calcium, oxytocin, circadian entrainment,
cholinergic, glutamatergic, dopaminergic, serotonergic and GAB-
Aergic synapse, GnRH, oestrogen, Rapl, MAPK, ErbB, Ras and
cancer signalling and several drugs addiction were among the most
significant enriched pathways. The list of highest DE genes includes
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OTP, AVP, OXT, CRH and TH, known for their physiological roles
associated with lactation and mammalian social behaviours.

Key Words: cattle, functional genomics, RNA-seq, puberty,
genetic improvement

166  Integrative genomics of human and bovine tuberculosis.
K. E. Killick*!2, M. P. Mullen®, T. Hall!, N. C. Nalpas®, I. W. Rich-
ardson®, D. A. Magee!, C. N. Correial, J. A. Browne', D. P. Berry?®,
D. Bradley’, V. Naranbhai®, A. Hill%, E. Gormley®, S. V. Gordon®’,
D. E. MacHugh!?, 'University College Dublin, UCD College of
Health and Agricultural Sciences, University College Dublin, Dub-
lin, Ireland; University College Dublin, UCD Conway Institute of
Biomolecular and Biomedical Research, University College Dub-
lin, Dublin, Ireland; 3Athlone Institute of Technology, Department
of Life and Physical Sciences, Athlone Institute of Technology,
Athlone, Ireland; *University of Tiibingen, Quantitative Proteom-
ics and Proteome Centre Tiibingen, Interfaculty Institute for Cell
Biology, University of Tiibingen, Tiibingen, Germany; ldentiGEN
Ltd, IdentiGEN Ltd., Blackrock Business Park, Blackrock, Dublin,
Ireland; °Teagasc, Animal and Grassland Research and Innova-
tion Centre, Teagasc, Moorepark, Fermoy, Cork, Ireland; "Trinity
College, Smurfit Institute of Genetics, University of Dublin, Trinity
College, Dublin, Ireland; *University of Oxford, Wellcome Trust
Centre for Human Genetics, Nuffield Department of Medicine,
University of Oxford, Oxford, UK, °University College Dublin,
UCD School of Veterinary Medicine, University College Dublin,
Belfield, Dublin, Ireland.

Human tuberculosis (TB), caused by Mycobacterium tubercu-
losis, is second only to HIV/AIDS as the greatest killer worldwide
due to a single infectious agent. Bovine TB (BTB), caused by the
closely related Mycobacterium bovis (99.95% sequence identity), is
a major endemic disease affecting global cattle production, partic-
ularly in many developing countries. In the current study we used a
network-based approach to integrate host gene expression data with
high-density single-nucleotide polymorphism (SNP) genome-wide
association (GWA) data to enhance detection of genomic variants
for susceptibility/resistance to both M. tuberculosis and M. bovis in-
fection. The host gene expression data used consisted of human and
bovine RNA-seq data from macrophages infected with M. tubercu-
losis and M. bovis, respectively. A base gene interaction network
of the mammalian host response to mycobacterial infection was
generated using 213 genes identified from GeneCards (www.gene-
cards.org). Differential gene expression data (FDR P value <0.001)
were superimposed on to this base network and the JActiveModules
Cytoscape (www.cytoscape.org) plugin was used to extract func-
tional modules with DE gene sets from macrophage infection ex-
periments. SNP array population data was obtained from large hu-
man and bovine TB susceptibility/resistance studies, including the
Wellcome Trust Case Control Consortium (WTCCC — www.wtccc.
org.uk) resource and a published GWAS study in dairy cattle. SNPs
from the top functional modules (5 kb up- and downstream of each
gene) were identified for both human and bovine gene expression
data. These analyses identified new genomic variants in humans and
cattle associated with susceptibility and resistance to tuberculosis
disease in both species. Comparison and integration of human and
bovine gene expression data with GWAS data for TB and BTB can
be used to identify shared and specific mechanisms underlying the
mammalian host response to mycobacterial infection. In summary,
the integrative genomics approach described here can be used to
generate new knowledge by leveraging distinct but complementary
omics datasets from a wide range of biological contexts.

Key Words: integrative genomics, bovine tuberculosis, mycobac-
terium tuberculosis

167  Circulating microRNAs as potential novel biomarkers
to diagnose Mycobacterium avium ssp. paratuberculosis infec-

tion in cattle. K. Zhao', S. Hendrick? and L. Guan*', 'Depart-
ment of Agricultural, Food and Nutritional Sciences, University
of Alberta, Edmonton, AB, Canada; *Coaldale Veterinary Clinic,
Lethbridge, Canada.

Johne’s disease (JD) is an infectious disease caused by My-
cobacterium avium ssp. paratuberculosis (MAP) in ruminants. The
circulating microRNAs are promising biomarkers for prediction
and diagnosis of variety of diseases in humans. Therefore, the pur-
pose of this study is to explore the potential of using the circulating
microRNAs as diagnosis markers for early MAP infection detec-
tion. The microRNAomes of sera collected from three-year-old
cows with clinical symptoms (CC, n = 20) and subclinical carriers
(SC, n=24) were generated using RNA-seq. In total, 116 expressed
miRNAs were detected across all samples, and 11 of them were dif-
ferentially expressed (DE) between CC and SC (fold change >2 and
FDR < 0.05). Among them, seven miRNAs (miR-1468, 296-3p,
2284x, 2284y, 181a, 181b, and let-7f) were up-regulated in SC and
four miRNAs (miR-192, 22—5p, 24-3p, and 361) were up-regulated
in CC. Functional analysis showed that function of highly expressed
miRNAs in SC was enriched to ‘Metabolic pathway’ by inhibiting
the expression of genes related to glycolysis, fatty acid metabolism,
and ATP synthesis. The function of those DE miRNAs in CC was
enriched in ‘Phagosome’, including the genes regulate phagosome
formation and function. Moreover, principal component analysis
showed that sera miRNAome profiles of 24 SC cattle segregated
into two groups (SC1 and SC2, n = 12, respectively), with profile of
SC2 overlapped with those of the CC. This suggests that SC2 cattle
may potentially progress to CC, while the SC1 may retain as SC.
Moreover, 51 DE miRNAs were identified between SC1 and SC2
with 16 up-regulated in SC1 and 35 up-regulated in SC2. Functional
analysis of up-regulated miRNAs in SC1 and SC2 showed simi-
lar pattern with those DE miRNAs between SC and CC, including
‘Metabolic pathway’ and ‘Platelet activation’. Our results indicate
that the decreased glucose/energy metabolism and innate immune
response contributed partially to the molecular mechanism of MAP
infection in SC and CC, respectively. The panels of circulating
miRNAs (miR-2284x, 2284y, 181a, 181b, 24-3p, and 361) can be
potentially used as novel biomarkers for early diagnosis of MAP
infection at subclinical stage.

Key Words: biomarker, miRNAome, serum, Johne’s disease

168  Generating customized integrated functional annota-
tion datasets with BovineMine. C. Elsik*, D. Unni, A. Tayal, and
D. Hagen, University of Missouri, Columbia, Missouri, USA.

BovineMine is the data mining resource of the Bovine Ge-
nome Database (BGD, http://BovineGenome.org). The objective
of this presentation is to show how BovineMine can accelerate ge-
nomics research by enabling scientists without scripting skills to
create and export customized annotation datasets merged with their
own research data for use in downstream analyses. BovineMine al-
lows researchers to leverage the curated gene pathways of model
organisms (e.g. human, mouse and rat) based on orthology, and is
especially useful for GO and pathway analyses in conjunction with
GWAS and QTL studies. BovineMine also includes the reference
genomes of sheep and goat so researchers can leverage information
across ruminants. BovineMine uses the InterMine platform to in-
tegrate data from a variety of sources, including reference genome
assemblies, genes (NCBI, Ensembl, Official Gene Set), proteins
(UniProt), protein families and domains (InterPro), orthologs and
paralogs (EnsemblCompara, Homologene, OrthoDB, TreeFam),
pathways (BioCyc, KEGG, Reactome), interactions (BioGRID,
IntAct), Gene Ontology (GO), QTL (AnimalQTLdb), variation
(dbSNP, dbVar) and publications (PubMed). Pre-computed data
from BGD, including variant effects and RNAseq-based gene ex-
pression, allow users to query tissue specific gene expression levels
together with genomic variation data. BovineMine provides simple
and sophisticated data mining tools. Built-in query templates pro-
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vide starting points for data exploration, while the QueryBuilder
tool supports construction of complex queries. The List Analysis
and Genomic Regions search tools execute queries based on up-
loaded lists of identifiers and genome coordinates, respectively.
BovineMine supports meta-analyses by tracking identifiers across
gene sets and genome assemblies, which will be particularly valu-
able with the release of the upgraded bovine reference genome as-
sembly. Future plans include the incorporation of FAANG datasets
to enable fine-grained data mining of functional elements in combi-
nation with gene annotations and additional biological data.

Key Words: cattle and related species, functional genomics, com-
parative genomics, bioinformatics tools, data mining

169  The Vertebrate Gene Nomenclature Committee
(VGNQ). P. Denny*, B. Yates, S. Tweedie, B. Braschi, K. Gray,
R. Seal, and E. Bruford, European Molecular Biology Laboratory,
European Bioinformatics Institute (EMBL-EBI), Hinxton, Cam-
bridgeshire, UK.

Standardised gene nomenclature is essential for effective
communication and provides a critical resource for all biomedical
researchers. However, an ever-increasing number of vertebrate ge-
nomes are being sequenced and the data released into the public do-
main without systematic annotation or gene naming. There are only
six vertebrate model organisms with an established gene nomencla-
ture committee (mouse, rat, chicken, Anolis, Xenopus and zebraf-
ish), all of which base their gene names on those approved by the
HUGO Gene Nomenclature Committee (HGNC) for human genes.

The Vertebrate Gene Nomenclature Committee (VGNC) is a new
initiative that extends the remit of the HGNC to approve consistent
gene names and symbols across other vertebrates. Our naming strat-
egy for each species starts by identifying a high confidence set of
gene annotations with 1:1 human orthologs, using our HCOP tool
(http://www.genenames.org/cgi-bin/hcop) that combines orthology
predictions from multiple sources. The human gene nomenclature is
transferred in a semi-automated way to these 1:1 orthologs. Genes
with multiple predicted orthologs, members of complex gene fam-
ilies, pseudogenes and RNA genes require additional manual cu-
ration, such as review of phylogeny, synteny, gene structures and
encoded proteins. Our pilot species for VGNC naming has been
chimpanzee and we have named over 14,000 protein-coding chimp
genes with a 1:1 human orthologue. During this process, we have
taken the opportunity to simplify and improve the consistency of
our human gene names, taking care to minimise transfer of spe-
cies-specific information, such as susceptibility to pathogens. This
naming process will soon be expanded to other species, including
dog, horse and cow. We plan to prioritize species based on the qual-
ity of genome assembly and annotations, perceived importance as
a model for humans and demand from the research community. An
online vertebrate gene nomenclature portal has been created that
stores, displays and makes this new nomenclature data accessible
both to individual researchers and available for dissemination to
other key resources including Ensembl and NCBI Gene. Further in-
formation and requests for individual gene names and symbols can
be made via: http://vertebrate.genenames.org.

Key Words: nomenclature, comparative, bioinformatics, annota-
tion, website

Genetics and Genomics of Aquaculture Species

170  Comparative genomics of disease resistance traits in
salmonids. J. M. Yaiez*, Facultad de Ciencias Veterinarias y
Pecuarias, Universidad de Chile, Santiago, Chile.

Infectious diseases generate large economic losses in salmon
farming. For instance, Pisciricketssia salmonis, the causal agent of
Salmon Rickettsial Syndrome, affects several salmon species and
is considered one of the major pathogens of the salmon farming in-
dustry. A feasible and sustainable alternative to prevent disease out-
breaks is represented by genetic improvement for disease resistance.
The information from causative mutations involved in resistance
against diseases may be used to accelerate the genetic progress for
these traits. Comparative genomics can provide useful information
from common functional variants associated with disease resistance
traits in salmonids. Here, we perform genome-wide association
studies (GWAS) for resistance against Piscirickettsia salmonis in
three commercial salmonid species: Atlantic salmon (Salmo salar),
rainbow trout (Oncorhynchus mykiss) and coho salmon (Oncorhyn-
chus kisutch). The analyses were performed using phenotypic data
from challenged fish and genotypes obtained from 50K and 57K
Affymetrix single nucleotide polymorphisms (SNPs) arrays avail-
able for Atlantic salmon and rainbow trout, respectively, and from
a Double Digest Restriction Associated DNA (ddRAD) Sequencing
experiment for coho salmon. We found loci significantly associat-
ed with P. salmonis resistance in the three species. There were five
SNPs in chromosomes Ssa01 and Ssal7, one SNP in chromosomes
Omy?25 and one SNP in scaffold Oki01025 significantly associated
with P. salmonis resistance in Atlantic salmon, rainbow trout and
coho salmon, respectively. However, the proportion of the phe-
notypic variance explained by each marker was small (< 5%) for
each species. A comparison of the most important genomic regions
associated with resistance against P. salmonis, representing 1% of
the most significant associated SNPs for each species, was carried
out in order to identify common genomic regions among species.
Biological candidate including genes related with immune response

and iron metabolism have been found to be physically linked with
these genomic regions and may play an important role in the differ-
ential immune response against this pathogen in salmonids.

Key Words: Piscirickettsia salmonis, genome-wide association
analysis, coho salmon, Atlantic salmon, rainbow trout

171  GWAS reveals the architecture of two maturation
traits in Tasmanian Atlantic salmon. J. Kijas*', A. Mohamed!,
S. McWilliam!, B. Evans?, H. King?, P. Kube?, and K. Verbyla®,
'CSIRO, Brisbane, Queensland, Australia;, *SALTAS, Hobart,
Tasmania, Australia; 3CSIRO, Hobart, Tasmania, Austra-

lia; *Data61, Canberra, ACT, Australia.

A key developmental transformation in the life of all verte-
brates is the transition to sexual maturity, whereby individuals are
capable of reproducing for the first time. In the farming of Atlantic
salmon, unwanted maturation that occurs before harvest size has a
serious negative impact as it retards growth while severely dimin-
ishing flesh quality. Recent findings in European Atlantic salmon
report the presence of a gene that exerts a large effect on age of
maturation (VGLL3). We performed two genome wide association
studies in Tasmanian animals, which are derived from North Amer-
ican stock, to map genetic loci that contribute to variation. First, a
total of 2721 fish with trait data describing maturation in the marine
environment were genotyped using a custom SNP50 array. Second,
genotypes were collected from 1846 fish with trait data describing
maturation in freshwater. For both experiments, a case-control de-
sign lineage regression analysis was performed to identify associ-
ated regions. Neither GWAS suggests VGLL3 plays a major role in
the two maturation traits as measured in the Tasmanian population.
Further, the two traits have different architecture as few highly asso-
ciated SNP were common to both experiments. We present findings
from a systematic assessment of the gene content of associated ge-
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nomic regions. This revealed genes involved with energy metabo-
lism, neuroendocrinology and steroid biosynthesis.

Key Words: salmon, GWAS

172 Optimum-contribution selection increases genetic gain
in Atlantic salmon breeding schemes. B. Hillestad*' and M.
Henryon?, 'SalmoBreed AS, Bergen, Norway, *Seges, Copenha-
gen, Denmark.

We tested the hypothesis that genetic gain in an Atlantic-salm-
on breeding population will be increased by changing from trunca-
tion selection (TS) to optimum-contribution selection (OCS). This
was tested by simulating salmon breeding populations under OCS
and TS. Selection was performed for a single trait with h?> = 0.25
and 6%, = 0.722. The schemes were run over 10 generations, with a
rate of inbreeding (AF) equal to 1%. For each following generation
300 new families were produced with a litter size of 40 fish. The TS
schemes were setup with a 2x1 factorial design, where each male
where allowed to mate with two females. The maximum number of
individuals per family that was selected to mate varied from five to
40. There were two different factorial designs set up for the OCS
schemes: 3x3 and 300x300, where each selected animals was mated
to three or 300 individuals, respectively. The second OCS scheme
then allowed for full OCS. For OCS schemes as well, the number of
individuals selected to mate per family varied from 5 to 40. Prelim-
inary results showed that AG can be increased by at 8-15% when
the AF is set to approx. 1%. Further results will also give us insight
on how the number of males and females allowed to mate per fam-
ily will affect both AG and AF, and how restriction on the number
of mating sires and dams are allowed to do in OCS. This suggests
that genetic gain in Atlantic salmon breeding population would be
increased by implementing OCS.

Key Words: fish, animal breeding

173  Exploiting linkage disequilibrium information in turbot
selection programs. M. Saura*', A. Fernandez', J. Fernandez', M.
Toro?, P. Martinez®, A. Millan*, M. Hermida®, A. Blanco?, S. Caba-
leiro’, A. Doeschl-Wilson®, and B. Villanueva', ! Departamento de
Mejora Genética Animal, INIA, Madrid, Spain; *Departamento
de Produccion Agraria, ETS Ingenieros Agronomos, Madrid,
Spain, *Departamento de Xenética, Facultade de Veterinaria,
Universidade de Santiago de Compostela, Lugo, Spain; *Genea-
qua SL, Lugo, Spain; SCETGA, Cluster de Acuicultura de Galicia,
Aguirio-Ribeira, Spain; ®Division of Genetics and Genomics, The
Roslin Institute and Royal (Dick) School of Veterinary Studies,
Midlothian, Scotland, UK.

The turbot aquaculture sector holds a top position in the in-
ternational market and breeding programs associated to the culture
of this fish is a well established process. The recent availability of
a high quality genome for this species opens new opportunities to
study the genomic architecture of complex traits and to improve
selection efficiency through genomic selection. The success of these
approaches depends however on the magnitude and extent of the
linkage disequilibrium (LD) across the genome. The aim of this
study was to characterise genomic LD patterns in a Spanish turbot
population challenged with the parasite Philasterides dicentrarchi,
in order (1) to investigate the potential of within-family genomic se-
lection, and (2) to identify QTL regions for disease resistance using
genome-wide association analysis (GWAS). RAD-sequencing was
used to identify and genotype 18,824 SNPs in 1,393 fish belonging
to 36 families. Linkage disequilibrium was estimated as the squared
correlation between SNP pairs (7°). GWAS for resistance was per-
formed by analysing each SNP independently. LD was moderately
high between closely linked markers at the within-family level (+?
~0.40 between markers separated by 5 Kb), while it was consider-
ably lower at the population level (2 ~0.10). With increasing dis-

tance between SNP pairs, 7? decreased by half over the first 4 - 5
Mb and 1 Mb at within-family and population level, respectively.
Results from GWAS revealed 60 associations with the disease trait.
Our preliminary results suggest that within-family genomic evalua-
tion for disease resistance could have great potential in turbot aqua-
culture. The consensus physical map currently under development
will allow to identify candidate QTL regions and explore the genetic
content within them.

Key Words: aquaculture, disease resilience, genome-wide associa-
tion, genomic selection, linkage disequilibrium

175  Transcriptomic profile of Salmo salar skin in response
to the Chilean sea louse Caligus rogercresseyi using de novo
transcriptome assembly. K. Neumann*!, D. Cichero?, and V.
Martinez', 'FAVET-INBIOGEN-Facultad de Ciencias Veterinar-
ias y Pecuarias, Universidad de Chile, Santiago, Chile,; *Blue
Genomic SPA, Puerto Varas, Chile.

The Chilean sea louse Caligus rogercresseyi is the most im-
portant copepod ectoparasite responsible for significant economic
losses in the salmon industry. In order to better understand the bio-
logical mechanisms involved in the response of the host to the par-
asite, the main objective of this study was to characterise the tran-
scriptome profile of Salmo salar skin in response to C. rogercresseyi
through RNA-Sequencing analysis using a de novo transcriptome
assembly. A challenge trial was conducted on a pedigree population
of S. salar from the genetic program of AquaGen Chile SA (Puerto
Varas, Chile), which were challenged with C. rogercresseyi in its
infestive stage. The sea lice were allowed to develop until the chali-
mus IIT - IV stage. Chalimus counts were conducted on all fish, and
individuals with extreme phenotypes were classified as having low
(L) or high (H) lice count. The skin samples were RNA-sequenced
on a MiSeq platform (Illumina, USA). A de novo assembly using
Trinity was annotated using Trinotate. The RNA sequences were
then mapped to the de novo assembled transcriptome using Salmon
software, which also it allows quantifying the expression of tran-
scripts. Differential expression analysis was performed with EdgeR
with a false discovery rate p-value < 0.05. The enrichment analysis
on Gene Ontology (GO) terms were performed by a Fisher’s exact
test using TopGo with a p-value < 0.01. Among the down-regulated
transcripts in the L group compared to the H group, we found 19 GO
terms enriched for biological process (BP), 9 terms for molecular
functions (MF) and 4 terms for cellular component (CC). While the
up-regulated transcripts in the L group, had 10 GO terms enriched
for BP, 4 terms for MF and 2 for CC. Some important terms are
related to protein metabolism, immune system processes and cell
death which were down-regulated in the skin from L group. These
results show the complexity of local host response to the sea louse,
in term of processes involved and its relationship with the back-
ground of fish. This work contributes to better understanding the
response of S. salar to sea louse C. rogercresseyi.

Key Words: fish, functional genomics, RNA-seq, gene expression,
genomic selection

176  Mining the European Sea Bass (Dicentrarchus labrax)
genome for the characterization of tandem repeat variability.
F. Bertolini*!'2, S. Bovo??, M. F. Rothschild!, and L. Fontanesi?,
'Department of Animal Science, lowa State University, Ames, IA,
USA; *Department of Agricultural and Food Sciences, Division of
Animal Sciences, University of Bologna, Bologna, Italy, *Biocom-
puting Group, Department of Biological, Geological, and Environ-
mental Sciences, University of Bologna, Bologna, Italy.

Dicentrarchus labrax L., the European Sea Bass (also known
as European Seabass), is a teleost fish mainly distributed along the
coasts of the northeastern Atlantic Ocean and of the Mediterranean
and Black Seas. This species of the family Moronidae is one of the
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most relevant marine species for professional and sport fisheries and
aquaculture production, raising attention and concerns for conser-
vation and management of natural genetic resources on one hand
and for adaptation to aquaculture conditions, domestication and
selective breeding on the other hand. Therefore, the development
of a large number of microsatellite markers could provide useful
tools for these purposes. Microsatellites (with motif length < 10)
are considered a subgroup of tandem repeats that traditionally in-
cludes minisatellites (with motif length of 10-60) and macrosatel-
lites (with motif length >60). Tandem repeats been have frequent-
ly utilised in forensics, population genetics, and low-cost genetic
scans in many different species. In this study, we mined the current
draft version of the European Sea Bass genome encompassing 25
assembled chromosomes to identify tandem repeat regions and then
we complemented this information using next-generation sequence
data we produced from DNA pools obtained from 12 fish of this
species. The European Sea Bass genome were scanned for tandem
repeats with the Tandem Repeats Finder software. A total of 75,805
microsatellites, 12,790 minisatellites and 410 macrosatellites were
identified across the genome with at least the 95% of identity. All
these regions were profiled using the 1obSTR software in two sea-
bass DNA pools composed of six animals each and derived by two
different hatcheries, and sequenced with Proton Torrent sequencer.
A total of 1,471 regions for the pool 1 and 4,102 regions for the
pool 2 had a minimum depth of 3. Among these regions, that on
the whole intersected 381 genes, a subgroup of them, i.e. 1,313 for
pool 1 and 3,724 for pool 2, showed variation from the profile of the
reference genome. This study produced a whole tandem repeat map
of the European Sea Bass genome useful for the characterisation of
the genetic variability and future breeding programs.

Key Words: European Sea Bass, tandem repeats, NGS

177  Reconstructing the complex structure of the sex deter-
mination locus in Atlantic herring using SMRT sequencing. N.
Rafati*!, C.-J. Rubin', C. Feng', M. Petterson', A. B. Martinez?, S.
Lamichhaney', 1. Bunikis?®, and L. Andersson'?, 'Science for Life
Laboratory, Department of Medical Biochemistry and Microbi-
ology, Uppsala University, Uppsala, Sweden; *Science for Life
Laboratory, Department of Cell and Molecular Biology, Uppsa-
la University, Uppsala, Sweden, 3Science for Life Laboratory,
National Genomics Infrastructure, Uppsala University, Uppsala,
Sweden; *Department of Animal Breeding and Genetics, Swedish
University of Agricultural Sciences, Uppsala, Sweden; ’Depart-
ment of Veterinary Integrative Biosciences, Texas A&M University,
College Station,, TX, USA.

The mechanism for sex determination considerably varies
among species. Fish (similar to some of reptiles) have established
two distinct sex determination systems: environmental sex determi-
nation (ESD) and genetic sex determination (GSD), and sometimes
both systems work in concert. GSD can be under control of sex
chromosomes or master genes on autosomal chromosomes, yet in
most fish species genes with predominant roles in sex determination
have not been reported. An exception is the dmrtl paralogous copy
(dmy) on medaka’s (Oryzias latipes) Y-chromosome governing sex
determination. It is now clear that a GSD system has evolved inde-
pendently in several lineages of teleosts. However in the majority of
them, including Atlantic herring (Clupea harengus), the sex deter-
mination system is still unknown. Herring is among the most abun-
dant species with vast economical and ecological importance in
Northern Atlantic. Atlantic herring reproduces throughout the Baltic
Sea and Atlantic Ocean in different salinities (2—-35%o) and seasons.
We generated a high-quality draft genome assembly by short read
sequencing technology to unravel the genetic basis of ecological ad-
aptation to both salinity and seasonal reproduction. We identified a
large region (~100 Kb) for which males and females showed signif-
icant differentiation (male specific region). Our study on unmapped
reads revealed male unique sequences belonging to a member of the

cation channel sperm-associated protein (CATSPER) gene. But our
efforts in linking these two segments by PCR failed. To gain further
insight into the herring genome, we generated a new assembly by
single-molecule real-time (SMRT) sequencing technology. In this
new assembly, we revealed the organisation of the previously iden-
tified signals indicative of early stages of sex chromosome evolu-
tion. This is the first report on identifying a sex determination locus
and proto-Y chromosome in Atlantic herring. This study enhances
our understanding of the evolution of sex chromosome in this spe-
cies and other teleosts.

Key Words: sex determination, evolution, sex chromosome,
reproduction, SMRT sequencing

178 Rapid cold shock induces only slight shift in gene
expression of rainbow trout (Oncorhynchus mykiss). T. Goldam-
mer*!, A. Borchel'?, M. Verleih!, and A. Rebl!, 'Leibniz Institute
for Farm Animal Biology, Inst. for Genome Biology, Dummerstorf,
Germany, *University of Bergen, SLCR-Sea Lice Research Centre,
Bergen, Norway.

A rapid decline in temperature poses a major challenge for
poikilothermic fish, as their entire metabolism depends on ambi-
ent temperature. We compared the gene expression of rainbow trout
(Oncorhynchus mykiss) having undergone such a cold shock (0°C)
to a control (5°C) using microarrays and quantitative real-time PCR.
The number of genes found to be regulated at 0°C was surprising-
ly low. Instead of classical genes involved in temperature shock,
the three genes encoding fibroblast growth factor 1 (fgfl), growth
arrest and DNA-damage-inducible, o (gadd45a) and sclerostin do-
main-containing protein 1 (sostdcl) were up-regulated in the liver
upon cold shock in two different rainbow trout strains, suggesting
that these genes may be involved in the response to cold shock in
rainbow trout.

Key Words: stress response, fgfl, gadd45a, microarray, sostdcl

179  Allele-specific expression analysis related with jaw
deformities in Yellowtail kingfish (Seriola lalandi) larvae. P.
Dettleff*, A. Patel, and V. Martinez, FAVET-INBIOGEN, Faculty
of Veterinary Science, University of Chile, Santiago, Chile.

Seriola lalandi is a globally distributed species with increas-
ing relevance for Chilean aquaculture. Skeletal deformities repre-
sent an important issue on this species. The aim of this study was to
identify SNPs that present Allele-specific expression (ASE) exclu-
sively in normal or deform S. lalandi larvae using RNA-seq data.
We used samples of four normal and four jaw deform larvae of 23
days posthatch for Illumina sequencing. Reads were mapped to a
previous de novo transcriptome assembly of S. lalandi larvae and
de novo SNPs identification was performed across all samples with
CLC Genomics Workbench. To identify ASE, the deviation of the
expected ratio 50:50 of the expression of each allele was evaluat-
ed using a Chi-squared test (FDR < 0.01), determining those SNPs
with ASE in each sample. Subsequently, we identify those SNPs that
present ASE exclusively on normal or deform group. A total of 5815
SNPs were identified across all samples. We identify 597 SNPs with
ASE exclusively on normal group, corresponding to 190 transcripts.
We determined 41 SNPs with ASE exclusively on deforms larvae,
corresponding to 41 transcripts. Interestingly, we found differences
in cis-regulation between deform and normal larvae. These includes
genes related to extracellular matrix as PLOD1 and COLI0AI (in-
volved in endochondral ossification); protein synthesis initiation
factors as EIF3 and EIF6; with muscle structure and function as
MYBPCIK, TNNI2, DNM?2 (previously associated with morpholog-
ical abnormalities during development); the calcium ion-binding
protein PVALB (previously observed in other fish that is affected
in skeletal deformities). Finally, we observed cis regulation only in
deform larvae of the RARG gene, a retinoid receptor with role in the
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normal embryonic development and previously associated with jaw
and vertebral column deformities in other fish species. This study
provides relevant information about cis-acting factors involved in

jaw deformities in S. /alandi. Funding: Programa de Diversificacion

de la acuicultura chilena (PDACH).

Key Words: fish, aquaculture, RNA-seq, allele-specific expression

Livestock Genomics for Developing Countries

180  Development of genomic tools to select for economic
traits in tropical adapted cattle breeds. F. F. Cardoso*'?, G. S.
Campos?, C. C. Gulias-Gomes', B. P. Sollero', and A. R. Caetano?,
'Embrapa Pecudria Sul, Bagé, RS, Brazil; *Universidade Federal
de Pelotas, Pelotas, RS, Brazil;, *Embrapa Recursos Genéticos e
Biotecnologia, Brasilia, DF, Brazil.

Tropical areas in developing countries have great potential
to help supply increasing demands for livestock products, as cattle
and other ruminants have the ability to convert fast-growing tropical
grasses into high-quality protein for human consumption. Never-
theless, sustainability of beef production systems requires the use
of livestock that are both highly productive and adapted to tropical
environments. Work to apply genomic tools to enhance beef cat-
tle productivity and tropical adaptation is well underway in Brazil.
Brazilian Braford and Hereford cattle herds have been systemati-
cally measured for key phenotypes related to parasite resistance:
tick counts (TC); heat tolerance: eye pigmentation (EP), hair coat
at weaning (HCW) and at yearling (HCY); growth: birth (BW),
weaning (WW) and long-yearling (LY W) weight, and post-weaning
gain (PWG); and reproduction: scrotal circumference (SC). Pheno-
types and historical pedigree data of 169,839 animals were com-
bined with 3,954 genotypes for 41,011 SNP markers using different
methods (single and multi-step) to derive prediction equations for
genomic selection. Estimated heritability (%) and accuracy (r) of
best performing single-step genomic predictions within this popula-
tion were 0.19 + 0.03 and 0.56 for TC, 0.46 + 0.02 and 0.74 for EP,
0.44 +0.03 and 0.93 for HCW, 0.41 + 0.02 and 0.67 for HCY, 0.28
+0.01 and 0.78 for BW, 0.22 + 0.01 and 0.65 for WW, 0.26 + 0.01
and 0.78 for LYW, 0.10 £ 0.01 and 0.57 for PWG, and 0.48 + 0.03
and 0.83 for SC, respectively. These moderate to high » estimates
were largely proportional to the respective trait 4> and represented
gains of up to 93% when compared to traditional pedigree-based
predictions. Moreover, genome-wide association studies detected
chromosome segments that explain up to 5% of the trait genetic
variability, providing candidate regions for fine mapping. Low-den-
sity marker panels with 41 to 159 markers, based on informative
tag-SNP identified within these regions, retain ~70% of the full pan-
el r, and represent alternatives for lower cost predictions. Finally,
selection indexes have been derived for optimizing selection of ani-
mals combining a desirable balance of economically relevant traits.

Key Words: adaptation, cattle, genome-wide association, genomic
selection, meat production

181  Genomic selection based on current status in developing
countries. R. Mrode*!, J. Ojango’, O. Mwai', and J. M. Mwacha-
ro?, 'Animal Biosciences, International Livestock Research Insti-
tute, Nairobi, Kenya, *Small Ruminant Genetics and Genomics
Group, International Centre for Agricultural Research in the Dry
Areas, Addis Ababa, Ethiopia.

Genomic selection (GS) has opened new opportunities in
animal breeding in developed countries resulting in rapid rates of
genetic progress and detection of genomic regions associated with
QTLs. The current status of GS and use of molecular tools in breed-
ing programs of developing countries, where smallholder systems
predominate and the basic components for conventional breeding
are lacking excepting for a few established breeds, is examined.
Genotypic data in smallholder systems offer quick wins in terms
of parent verification, breed composition determination and genetic

evaluation using G. The few studies on genomic prediction (GP)
in developing countries are mostly in dairy and beef cattle and are
characterised by small reference populations (=1000 to 2000 ani-
mals). The small reference populations indicate the need for across
regional GP that pull data across countries. The gains in accuracy
from molecular information range from 0.33 to 0.45. The G matrix
has allowed the estimation of breeding values (BVs) and parameters
applying random regression models in populations lacking pedigree.
Multi-trait single-step has been used to incorporate information on
foreign bulls with deregressed proofs and genotypic data only in
developed countries, into the BVs of bulls in developing countries.
Thus GS in developing countries would benefit from collaborations
with developed countries, especially in the dairy sector as a large
number of sires used are from developed countries where they may
have been genotyped. The development of next-generation sequenc-
ing tools such as SNP panels have allowed determination of breed
composition for crossbreds in eastern Africa and parent verification
for beef breeds and small ruminants (SR) in South Africa. The tools
have been used to investigate genomic diversity and genome-wide
selection sweeps. The most prominent selection sweeps found in
breeds/populations of cattle and SR from across Africa represent
candidate regions spanning genes of known major effects (coat and
skin properties, high temperatures, muscle function, feed efficiency,
etc.) associated with adaptation. This information is important for
incorporation into breeding programs aiming to utilise GS in devel-
oping countries.

Key Words: genomic selection, developing country, QTL, accura-
cy, GWAS

182  Genetic admixture and identity by descent in Senega-
lese dairy cattle. P. J. N. Ema'?, A. Missohou', K. Marshal?, S. F.
Tebug?, J. Juga*, and M. Tapio™*, Interstate School of Veterinary
Science and Medicine of Dakar, Dakar, Senegal, *Internation-

al Livestock Research Institute, Nairobi, Kenya; 3University of
Ngaoundere, Ngaoundere, Cameroon; *University of Helsinki,
Helsinki, Finland; *Natural Resources Institute Finland, Jokioin-
en, Finland.

Cattle keeping is an important livelihood in Senegal. As a part
of non-transhumant dairy production analysis to understand factors
influencing farmer’s net benefit, we analysed the composition of
production stock of small and moderate scale farms in two Sen-
egalese study sites. The data included genotypes of 624 Senega-
lese cows based on BovineSNP50 BeadChip. Published data of 455
genotypes from 26 breeds was used as a reference. This set includ-
ed several improved taurine and indicine breeds and African cattle
populations. The interviews and field visits suggested the presence
of several breeds and crossbreeds. Trained Bayesian clustering
analysis supported idea of heterogeneity and uneven influence of
non-native taurine and indicine cattle was detected. The main types
were Indigenous zebu, Indigenous zebu by Guzerat, Indigenous
zebu by improved taurine, and High improved taurine. ldentity by
descent analysis revealed that cows that were more crossbred also
shared a larger proportion of their genomes with each other. Thus,
the crossbred cattle are related to each other. This may reflect the
higher relatedness within the improved breeds. While the average
IBD sharing was low in Indigenous zebu group, the variation across
genome regions was more pronounced. Pedigree recording and
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managed crossbreeding schemes may combine benefits from local
and exotic cattle, while limit the increase in the relatedness.

Key Words: cattle and related species, genome-enabled breeding,
population structure, milk production, crossbreeding

183  Towards the unraveling of the genomic basis of milk
production traits in African dairy zebu cattle. A. Tijjani*!4,

J. Kim?3, R. Mrode?, B. Salim®, N. Oyekanmi*, H. Kim?, and O.
Hanotte'?, 'School of life Sciences, University of Nottingham,
Nottingham, UK, *International Livestock Research institute
(ILRI), Nairobi, Kenya,; 3C&K genomics, Seoul National Univer-
sity Research Park, Seoul, South Korea, *National Biotechnology
Development Agency, Lugbe, Abuja, Nigeria, >Department of Par-
asitology, Faculty of Veterinary Medicine, University of Khartoum,
Khartoum, Sudan.

Among the few African Bos indicus cattle considered as ma-
jor milk producers is the Kenana cattle population, which are in-
digenous to northern Sudan. Together with the Butana cattle breed,
they account for ~25 percent of the total cattle population in Su-
dan. In this study, we carried out full genome sequencing of nine
Kenana cattle belonging to a single population in order to provide
insight into the genomic basis of their milk production capability
in comparison to European dairy cattle (Holstein and Jersey) and
African zebu beef breeds (Boran and Ogaden). A total of 26 mil-
lion autosomal biallelic single nucleotide polymorphisms (SNPs)
were identified after comparison to the UMD3.1 bovine reference
assembly. Three different signature of positive selection approaches
were used (pooled heterozygosity (hp), integrated haplotype score
(iHS) and global fixation index (FST)). We identified a total of 109,
61, and 71 significant candidate loci showing the signal of positive
selection in Kenana, Holstein, and Jersey respectively, of which 85,
58, and 55 regions have overlap with known cattle quantitative trait
loci (QTL) associated with milk traits. Five regions, located on BTA
1 and 7 are shared with Jersey, one region on BTA 20 is shared with
Holstein and no candidate region is commonly detected in the three
breeds. Several protein coding genes such as LEMD3, WIF1, GP-
CPDI1, ZCCHC11, and CCND2 were found to overlap the Kenana
milk traits linked candidate regions, these genes may have roles in
milk production and have been documented to be under selection in
other cattle breeds and livestock. This study suggests that Kenana
and Jersey cattle may have witnessed partially common selection
pressure for better milk production traits distinct from the selection
mechanisms which have shaped milk production in Holstein.

Key Words: Africa dairy zebu, milk traits, Kenana, positive selec-
tion, full genome sequencing

184  Matching breeds to production clusters using high-den-
sity SNP arrays: The case of East Africa. F. D. N. Mujibi*!, E.
K. Cheruiyot?, T. Dusingizimana®, M. Chagunda*, J. Ojango®, and
R. Mrode*?, 'Nelson Mandela Afiica Institution for Science and
Technology (NMAIST), Arusha, Tanzania,; *University of Nairobi,
Nairobi, Kenya; *University of Rwanda, Kigali, Rwanda, *Scot-
land Rural University College, SRUC, Edinburgh, Scotland; *In-
ternational Livestock Research Institute, Nairobi, Kenya.

In East Africa, dairy farming is dominated by smallholder op-
erations, typified by less than ten crossbred dairy cattle on small land
holdings. Predominantly, most of the animals are Holstein-Friesian
- local indicus breed crosses, reflecting farmer desire for higher milk
yield and adaptation to local environments. However, due to lack
of pedigree and breed information, performance evaluation is often
impossible, and farmers end up with poor yielding cattle. Appli-
cation of high-density SNP arrays for breed composition determi-
nation would allow performance evaluation in different production
systems to be undertaken. This study evaluated breed composition
and milk yield for ~3,000 crossbred dairy cattle in Kenya, Uganda,

Tanzania and Rwanda. These cows were genotyped at 150,000 —
700,000 SNP loci, using high-density (HD) SNP arrays. The propor-
tion of genes from international dairy breeds was estimated using
admixture analysis with Holstein, Friesian, Canadian Ayrshire, Nor-
wegian Red, Jersey, Guernsey, Ndama, Gir and Zebu as references.
Production clusters were defined based on several factors including
supplementary feeding, milk productivity and household wealth sta-
tus. A fixed regression model using the G matrix was used to anal-
yse milk test day yield accounting for year-month-test-date, parity,
age, and breed type. Production clusters were fitted as fixed effects,
while animals and permanent environment effects were considered
random effects. Admixture results indicated large within-population
genetic diversity ranging from less than 30% to 100% exotic dairy
percentage. In all but feed intensive commercially oriented produc-
tion clusters, the best performing animals had higher proportion of
Norwegian Red-Friesian genes. In the feed-intensive systems, an-
imals with a Holstein genetic background with at least 75% dairy
composition were the best performing. These results indicate that
matching breed type to production cluster is central to maximizing
productivity and will be critical in shaping breed development. Ad-
ditionally, SNP arrays will increasingly play a major role in provid-
ing information to guide breed improvement and decision making
in smallholder production systems.

Key Words: breed/population identification, crossbreeding, sin-
gle-nucleotide polymorphism (SNP), genotyping

185  Finding optimum levels of admixture in crossbred
sheep populations in Ethiopia by use of ancestry informative
genetic markers and phenotypes. T. Getachew'?, H. J. Huson’,
M. Wurzinger!, J. Burgstaller®, S. Gizaw®, A. Haile®, B. Rischkow-
sky®, G. Brem*, S. A. Boison!, G. Mészaros!, A. O. Mwai’, and J.
Solkner*!, 'University of Natural Resources and Life Sciences,
Vienna, Austria; 2Ethiopian Biodiversity Institute, Addis Ababa,
Ethiopia; 3Cornell University, Ithaca, NY, USA; *University of
Veterinary Medicine, Vienna, Austria; °International Livestock
Research Institute, Addis Ababa, Ethiopia, °International Center
for Agricultural Research in the Dry Areas, Addis Ababa, Ethi-
opia; International Livestock Research Institute, International
Livestock Research Institute, Nairobi, Kenya.

Understanding the relationship between genetic admixture
and performances is crucial for the success of crossbreeding pro-
grams. In this study we selected a small set of ancestry informative
makers (AIMs) from Ovine SOKSNP data and validated their ability
in estimating the contributions of parental breeds to get informa-
tion about optimum admixture levels. Awassi x Ethiopian fat-tailed
crossbred sheep populations kept in farmer villages in different
districts were included in the study. AIMs were chosen based on
differentiation (high Fst). We estimated admixture levels using AD-
MIXTURE software. Reducing the number of AIMs from 74 to 65,
55, 45, 35 and 25 did not substantially change the predicted admix-
ture levels of individuals (r = 0.996-0.960). Association of admix-
ture levels with lamb growth showed that Awassi level affected (P
< 0.05) eight months weight in both farmer locations, lambs with
higher Awassi levels were heavier. Lambing interval of ewes was
longer as Awassi level increased, but this drawback was outweighed
by the increased productivity of ewes in terms of eight months lamb
weight per year. The results indicate that linking AIMs with on-farm
phenotypic records provides a cheap and powerful tool for deci-
sion support for the optimum levels of crossbreeding under farmer
conditions. Based on the results presented here, we were able to
suggest optimum levels of breed composition for the two farmer
environments investigated.

186 Can genomics be used in the smallholder livestock
sector? Case studies from South Africa. F. C. Muchadeyi*,
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Agriculture Research Council, Biotechnology Platform, Pretoria,
South Africa.

High-density SNP genotyping technology has numerous pos-
sible applications in livestock improvement programs including
breed characterisation, genetic diversity analysis, genome-wide
association studies as well as genomic selection. In South Africa,
dissection of livestock genome structures particularly in the margin-
alized smallholder sector is increasingly turning to SNP genotypes.
Case studies are presented wherein population genomic tools have
been applied in a range of livestock species to determine intra-spe-
cies diversity and population genetic structures as well as infer
on genetic adaptation using signatures of selection. Examples are
given where genome-wide SNP data is utilised in estimating effec-

tive population sizes and genomic inbreeding levels in populations
where pedigree information is unavailable. Determination of caus-
al mutations for livestock genetic disorders through application of
genome-wide association analysis is presented. The value of these
genomic tools to smallholder livestock populations of diverse non-
descript phenotypes, limited breeding records because of random
and unmonitored mating systems is demonstrated. SNP array data
has been useful in assessing as the genomic response of animals to
exposure to extreme and fluctuating environmental conditions.

Key Words: SNP arrays, livestock production systems, diversity,
breed improvement
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POSTER PRESENTATIONS

Animal Epigenetics

MT1 DNA methylation profiles in red blood cells of adult
hens correlate to their previous rearing conditions. F. Pértil-
le*!?, M. Brantseter®, J. Nordgreen*, L. Coutinho!, A. Janczak?,

P. Jensen?, and C. Guerrero-Bosagna?, 'Linkoping University,
Linkoping, Osterg()'tland, Sweden; *University of Sdo Paulo,
Piracicaba, Sdo Paulo, Brazil; *Swedish University of Agricultur-
al Sciences, Uppsala, Sweden; *Faculty of Veterinary Medicine,
Oslo, Norway.

Stressful conditions are common in the environment where
production animals are raised. Stress in animals is usually deter-
mined by the levels of stress-related hormones. A big challenge,
however, is in determining the history of the exposure of an or-
ganism to stress because the release of stress hormones can show
a recent but not a sustained exposure to stressful conditions. Epi-
genetic tools are usefull to investigate long-term stress and detect
environmental exposures that affect gene regulation during the life-
time of organisms. It is expected that if animals are constantly sub-
jected to stress and systemic hormonal changes, this exposure will
imprint the epigenome of many cells types, including blood cells.
Epigenomic effect of stress in red blood cells have been reported in
monkeys and humans. Chickens, however, provide a unique model
to study stress effects in red blood cells (RBCs), which are nucleat-
ed in birds. Moreover, chickens are the most consumed meat source
in the world and are therefore subjected to a variety of conditions in
their production environment. The fact that chickens contain nucle-
ated red blood cells allows for a straightforward measuring of the
epigenome in a cell type of easy access, and in live animals. The
present study investigates in chickens whether two different rearing
conditions can be identified by looking at DNA methylation patterns
in their RBCs later in life. The conditions tested are rearing in a sys-
tem of open aviaries versus in cages. These rearing conditions are
likely to differ regarding the amount of stress to which birds are ex-
posed, as suggested by observations showing long-term differences
in fearfulness and cognitive functions. We found 115 differentially
methylated regions in RBCs (P < 0.0005) between experimental
groups. Network analyses of genes associated with these regions
showed connections with important biological pathways, mainly re-
lated to immune system and signal transduction in opioid signalling.
The objective of the present study is to generate a proof-of-concept
for future detection of long-term stress in production animals, using
epigenetic measurements in cell types of easy accessibility in live
animals.

Key Words: stress, epigenetics, chicken, DNA methylation, ani-
mal welfare

MT2 DNA methylation of bactericidal/permeability-increas-
ing protein (BPI) gene promoter is involved in the regulation
of its mRNA expression in pigs. H. Wang*, S. Wu, and W. Bao,
College of Animal Science and Technology, Yangzhou University,
Yangzhou, Jiangsu, China.

Expression of the BPI gene was found associated with the
resistance of pigs to E. coli infection, while the regulatory mecha-
nisms for BPI expression remain largely unknown. The objectives
of this study were to analyse the role of promoter DNA methyla-
tion in BPI expression regulation, and explore the patterns of pro-
moter methylation in different pig breeds and the associations of
promoter methylation with E. coli susceptibility. We measured the
DNA methylation levels of BPI promoter CpG island by bisulfite
sequencing PCR and quantified BPI mRNA expression by qPCR

in Meishan, Sutai and Yorkshire pig breeds. The duodenal samples
were obtained from 15 individuals (n = 5 per breed) raised under
the identical conditions. Results showed that the BPI promoter CpG
island methylation level was higher in Yorkshire pigs than in Sutai
and Meishan pigs with significant differences between Yorkshire
and Meishan pigs (P < 0.05). However, BPI mRNA expression in
Meishan pigs was significant higher than in Yorkshire pigs (P <
0.05). Pearson correlation analysis indicated a significant negative
correlation between CpG island methylation and BP/ mRNA ex-
pression (P < 0.05). Luciferase assay showed that methylation of
BPI promoter can result in significant reduction of promoter tran-
scriptional activity in vitro. Furthermore, we identified the DNA
methylation level of the CpG island and BPI expression in three
pairs of pigs differing in E. coli F18 susceptibility. Results showed
that the CpG island methylation level was significantly higher in
sensitive individuals than in resistant individuals (P < 0.05), while
the expression level of BPI was significantly lower in sensitive indi-
viduals (P < 0.05), indicating a potential link between BPI promoter
methylation, BPI expression and E. coli susceptibility. Our findings
provided strong evidence for the negative relationship between pro-
moter methylation and BPI expression, showed distinct BPI pro-
moter methylation patterns across different pig breeds, and revealed
the potential of BPI promoter methylation as an important marker
for E. coli susceptibility.

Key Words: pig, BPI gene, DNA methylation, gene expression

MT3  Global quantification of DNA hydroxymethylation
and DNA methylation in the bovine brain. B. Cantrell*!, H.
Lachance', R. Funston?, R. Weaber?, and S. McKay', 'University
of Vermont, Burlington, VI, USA; *University of Nebraska, North
Platte, NE, USA; *Kansas State University, Manhattan, KS, USA.

Among the lesser characterised epigenetic modification is
DNA hydroxymethylation. Levels of 5-hydroxymethylation (5-
hmC) appear to be highest in brain tissues which raises questions
of the role 5-hmC may have with regard to brain function. DNA
hydroxymethylation results from the oxidation of methylated DNA
by Ten-Eleven-Translocation enzymes. The objective of this study
is to characterise global DNA hydroxymethylation and DNA meth-
ylation in blood and nine regions of the limbic system in the bovine
brain: amygdala, bed nucleus of the stria terminalis, cingulate gy-
rus, dorsal raphe, hippocampus, hypothalamus, nucleus accumbens,
periaqueductal grey and prefrontal cortex. DNA was extracted from
brain and blood samples of two Red Angus x Simmental steers (less
than 20 months of age) using the DNA Extraction Kit from Agilent
Technologies (Santa Clara, CA) and a phenol chloroform extraction
respectively. Percent global DNA hydroxymethylation was deter-
mined using the MethylFlash Global DNA Hydroxymethylation
(5-hmC) ELISA Easy Kit (Colourimetric) and percent global DNA
methylation was determined using the MethylFlash Methylated
DNA Quantification Kit (Colourimetric) from Epigentek (Farming-
dale, NY). This study is the first to show global quantification of
DNA methylation and DNA hydroxymethylation between different
tissue types in the limbic system of the bovine brain. Understanding
the global differences in epigenetic regulation of DNA methylation
and hydroxymethylation within in the bovine brain will facilitate fu-
ture research to determine the role of epigenetic modifications with
regard to economically important traits.

Key Words: hydroxymethylcytosine, methylcytosine, epigenetics,
brain, bovine
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MT4  Methylation of CpG within /GF2R DMR?2 are associ-
ated with prenatal nutrition and genetic potential for residual
feed intake from birth to slaughter in purebred Angus cattle.
C. Fitzsimmons*'2, J. Devos'?, C. Straathof?, F. Paradis'?, C. Li'?,
H. Block*, M. Colazo?, and H. Bruce?, 'Agriculture and Agri-Food
Canada, Edmonton, Alberta, Canada; *University of Alberta,
Edmonton, Alberta, Canada; *Alberta Agicutlure and Forestry,
Edmonton, Alberta, Canada,; *Agriculture and AgriFood Canada,
Lacombe, Alberta, Canada.

Methylation of insulin-like growth factor 2 (/GF2) DMR2 is
sensitive to prenatal maternal nutrition in cattle (Paradis et al. sub-
mitted), and IGF2 receptor (/GF2R), an important mediator IGF2,
displays imprinted expression in the bovine fetus (Bebbere et al.
2013). Selection for residual feed intake (RFI) has the potential to
alter metabolism and energy partitioning in the pregnant cow, which
may interact with prenatal nutrition resulting in differences in meth-
ylation patterns in the DNA of their calves. Therefore we hypoth-
esised that methylation of the /GF2R DMR2 might be sensitive to
prenatal nutrition and/or genetic potential for RFI in cattle. To test
our hypothesis, longissimus dorsi biopsies were collected shortly
after birth (n = 49), weaning (n = 42), and slaughter (n = 23, steers
only), as well as liver and semimembranosus at slaughter (n = 23);
from calves born of parents with differential genetic potential for
high or low RFI (HRFI, LRFI), and whose dams had either been fed
a diet formulated for an average daily gain (ADG) of 0.5 (L-diet),
or 0.7 kg/d (H-diet) from 30—150d of gestation. In both neonatal and
weaning samples, female calves exhibited higher methylation levels
in 5 and 4 CpG groups (respectively) within /GF2R DMR2 (11 CpG
groups total) as compared to males (P < 0.05). In neonatal samples
the prenatal L-diet was associated with higher (P < 0.05) methyl-
ation in 3 CpG (groups) in the combined data from both sexes. At
weaning HRFI was associated (P < 0.05) with higher methylation
levels of 3 CpG (males/females combined). Longissimus dorsi sam-
pled at slaughter had higher (P < 0.05) CpG methylation in 4 CpG
for L-diet treatment. In semimembranosus 2 CpG were associated
with prenatal diet (P < 0.05, L-diet had higher methylation), and in
liver 1 CpG had higher (P < 0.05) methylation in LRFI steers. How-
ever, in semimembranosus several CpG were significant for the in-
teraction between prenatal diet and genetic potential for RFI. These
results highlight the sensitivity of the bovine genome to differences
in the prenatal maternal environment and stages of physiological
development.

Key Words: IGF2R, prenatal nutrition, cattle, epigenetics, bovine

MTS5  Methylation assessment of selected bovine genes in
relation to aging and inflammation in dairy cattle. T. Zabek™*!,
E. Semik!, A. Gurgul!, T. Szmatola', K. Pawlina!, and E. Bagnic-
ka?, 'National Research Institute of Animal Production, Balice,
Poland; *Institute of Genetics and Animal Breeding of the Polish
Academy of Sciences, Jastrzebiec, Poland.

The methylation status of genes important for aging research
was evaluated in the bovine blood. DNA prepared from blood leu-
kocytes of two groups of HF cows differing in age (nine 2-month-
old heifer calves and nine 10-year-old cows) were bisulfite convert-
ed. Amplification and Sanger sequencing were performed for CpG
islands resided near the transcription start sites. The subject of study
were two genes with documented opposite effect of complete meth-
ylation of their regulatory sequences in mammals — the first one
in which methylation decreases gene expression (ATGS5) resulting
in recurrent inflammatory lesions in the old age and the other one
where the methylation prompts gene activity (IGF1R) in aged indi-
viduals especially in malignant tissues acting as an anti-apoptotic
agent. The third locus under study was telomerase reverse tran-
scriptase (TERT) which is responsible for the shortage of telomeres
during aging. Investigation included also DGAT1 gene affecting
lipid metabolism which polymorphisms are known QTLs for milk

fat content. Given the increased susceptibility to fat deposition af-
ter reaching adulthood, aging might be a positive factor of DGAT1
activity rising demethylation of its regulatory elements. Bisulfite
sequencing revealed that for all samples no methylation of regula-
tory sequences were detected for ATG5 and IGF1R gene whereas
complete methylation was identified for DGAT1. TERT locus was
mostly characterised with partially methylated CpG sites and a high
variability of methylation percent (PM) was observed within both
groups of cows. For majority of CpGs of the TERT CpG island no
significant differences in PM were observed between calves and
old cows except the highly significant differences detected for two
CpG sites. Lack of the more clearly detectable differences of PM
between both aging groups of cows in TERT locus might be the
effect of heterogeneous mixture of the blood cells. In turn, the effect
of aging-related methylation differences for DGAT1 would be po-
tentially visible in the target tissues like adipose or skeletal muscles.
This work was supported by the project No. 2015/17/B/NZ9/01561
of the National Science Center of Poland.

Key Words: aging, DNA methylation, dairy cattle

MT6  Analysis of differentially expressed genes and long
non-coding RNAs from multiple pig tissues using RRBS and
RNA-seq. M.-K. Choi, J. Lee, D. Kim, B. Y. Ahn*, and C. Park,
Department of Animal Biotechnology, Konkuk University, Seoul,
South Korea.

Recent advances in genome sequencing technology have
made it possible to analyse diverse aspects of transcribed sequences
from diverse species. Long non-coding RNAs (IncRNAs) have been
reported as one of potential gene expression regulators in diverse
biological processes. However, their detail functions and mecha-
nisms are still not clear. To discover a high-quality set of IncRNAs
and a correlation between IncRNAs and gene expression in pigs,
we generated over 300 million RNA sequencing reads from four
tissues and a PAM cell line including the neocortex, liver, femoral
muscle, spleen and 3D4/2 cells. We analysed the expression pat-
terns of genes and IncRNA across tissues and their associated CpG
methylation. In detail, clean reads were mapped to current pig ge-
nome assembly Sscrofal(0.2 with Ensembl gene annotation (release
84) using STAR aligner and then cufflinks2 was used to identify
differentially expressed genes (DEGs). Across five tissue compar-
isons, we identified 3,079 DEGs (p_value < 0.001). Among them,
56.3% of DEGs (1,735 DEGs) were associated with PAM cell com-
parisons. LncRNAs were discovered and classified using slnck and
further analyses are in progress. CpG methylation profiling also per-
formed within promoter region (upstream 2 kb regions from TSS)
of all identified differentially expressed transcripts. These results
will contribute to constructing the baseline for transcriptome anal-
ysis for pigs.

Key Words: pigs, epigenomics, RNA-seq, gene expression, DNA
methylation

MT7 Small non-coding RNA from frozen bull sperm

cells: biomarkers of male fertility? E. Sellem*!, S. Marthey?,
H. Kiefer?, C. Le Danvic!, A. Allais-Bonnet', J. Perrier?, L.
Jouneau?, A. Rau?, H. Jammes?, and L. Schibler', 'ALLICE, Paris,
France; *INRA, Jouy-en-Josas, France.

New sperm function in embryo development have emerged
recently, relying on their small noncoding RNAs (sncRNAs) con-
tent. Indeed, involvement of sperm-borne miRNAs in mouse epi-
genetic inheritance has been evidenced and paternal sncRNAs have
been shown to be dispensable for fertilization but crucial for the de-
velopment of zygotes and 2 cells-embryos. Our study was conduct-
ed to unravel the sncRNA content from bull frozen sperm cells and
identify miRNA associated with fertility. Total RNA was extracted
from 65 ejaculates originating from Holstein and Montbeliard bulls
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with contrasting fertility and morphological abnormalities (Holstein
only), using a novel enhanced protocol. The two quality controls
were done on RNA to measure RNAs quantities (Qubit technolo-
gy) and check whether a reference miRNA (miR125) could be de-
tected by RTqPCR. NGS sequencing libraries were prepared using
small RNA (< 200 nucleotides) and sequenced at modest depth (40
million 50 bp single reads, Illumina HiSeq; Exiqon). 67% of the
reads could be annotated as miRNA (16%), rRNA (13%), tRNA
(7.5%), long non-coding RNA (7.2%), mitochondrial RNA (6.5%)
and mRNA (17%). The piRNAs have not been identified, due to the
lack of a specific database from bos Taurus. But the remaining un-
known sequences are consistent in terms of size with piRNA, which
are known to be expressed spermatocytes, spermatids and sperm
cells. By the use of miRDeep2 software, 3196 miRNA expressed
in all samples have been identified, including 583 known and 2613
putative miRNAs. The first statistical analysis carried out using the
DESEqn 2 package, emphasised 47 and 34 differentially expressed
miRNAs respectively among the fertility groups and between mor-
phological abnormality groups. By taking into account the signature
effect of miRNAs, the BCA highlighted the best contributors (168
and 125 miRs, respectively for Holstein and Montbeliard breeds)
separating all the bull groups. This study highlights the potential of
sperm cells’ sncRNA as biomarkers for bull fertility. Supported by
ANR and APIS-GENE (Labcom SeQuaMol).

Key Words: microRNA, bull sperm cell, fertility

MT8  Maternal nutrition during the first 50 days of gesta-
tion alters expression of histone and histone modifying genes in
bovine fetal liver. M. S. Crouse*!, J. S. Caton', R. A. Cushman’,
K.J. McLean? C. R. Dahlen!, P. P. Borowicz!, L. P. Reynolds!, and
A. K. Ward', 'Department of Animal Sciences, North Dakota State
University, Fargo, ND, USA; *Department of Animal and Food
Sciences, University of Kentucky, Lexington, KY, USA; *USDA,
ARS, U.S. Meat Animal Research Center, Clay Center, NE, USA.

During the first 50 days of gestation, organogenesis is taking
place. Nutritional influences during this time may alter the mam-
malian phenotype through affecting gene regulatory mechanisms,
thus ‘programming’ potential susceptibilities to chronic disease and
metabolic issues into the animal’s genome. We tested the hypothesis
that maternal nutrition during the first 50 days of gestation would
alter the transcriptome of histones and histone related genes in the
developing fetal liver. Fourteen beef heifers were oestrus synchro-
nized and assigned to 2 dietary treatments at breeding (CON-100%
of nutrient requirements to gain 0.45kg/d; RES-60% of CON). Heif-
ers were ovariohysterectomized on d 50 of gestation and fetal livers
were dissected, flash frozen, and RNA extracted. RNA-seq analysis
was conducted on the Illumina HiSEqn 2500 platform using 50-bp
paired-end reads at a depth of 2 x 10.4M reads/sample. Transcrip-
tome analysis was performed in collaboration with USDA-ARS-
MARC using the Tuxedo Suite, and KEGG pathways were analysed
with DAVID 6.8. A total of 548 genes (P < 0.01) were used for on-
tological analysis, of which 201 were false discovery rate protected
(q < 0.10). We found 9 histones that were up-regulated in RES v.
CON including members of the histone H1, H2A, H2B, and H4
families. The 13 differentially expressed histone modifying tran-
scripts included genes associated with acetylation and de-acetyla-
tion, methylation, phosphorylation, and ubiquitination. Of particu-
lar note, HDAC10 was 2.67- fold greater (q < 0.05) in liver of RES
fetuses. Additionally, the histone deacetylase complex gene, CIR!
was 2.22-fold greater (q < 0.05) in RES. Only one gene associated
with histone modifications, SET was 1.77- fold lower (P = 0.006; q
=0.16) in RES. The SET gene is involved in preventing H4 lysine
acetylation. Thus, a moderate nutrient restriction during the first 50
days of gestation alters the expression of histone and histone modi-
fying genes in the bovine fetal liver. This implies that early maternal

nutrition initiates developmental programming through epigenetic
remodelling. USDA is an equal opportunity provider and employer.

Key Words: cattle and related species, development, epigenomics,
pregnancy, RNA-seq

MT9 Evaluating the role of epigenomic modifications in
host-pathogen interaction for bovine alveolar macrophages
infected with Mycobacterium bovis. A. O’Doherty*', K. Rue-Al-
brecht?, J. Browne!, T. Hall!, N. Nalpas®, D. Magee!, S. Gordon'+#,
D. Vernimmen?®, and D. MacHugh'®, 'Animal Genomics Laborato-
ry, UCD School of Agriculture and Food Science, University Col-
lege Dublin, Belfield, Dublin, Ireland; *NDM Research Building,
University of Oxford, Oxford, UK; 3Quantitative Proteomics and
Proteome Centre Tiibingen, Interfaculty Institute for Cell Biology,
University of Tiibingen, Tiibingen, Germany, *UCD School of
Veterinary Medicine, University College Dublin, Belfield, Dublin,
Ireland; >The Roslin Institute, University of Edinburgh, Easter
Bush Campus, Midlothian, UK; *UCD Conway Institute of Bio-
molecular and Biomedical Research, University College Dublin,
Belfield, Dublin, Ireland.

Epigenetic modifications, such as DNA methylation and chro-
matin modifications, are pivotal in orchestrating various biological
processes, representing an important mechanism for conveying
cellular response to external environmental stimuli. The impact of
Mycobacterium bovis infection, the cause of bovine tuberculosis, on
the transcriptome of bovine alveolar macrophages (bAM) has been
well documented; however, possible effects on the macrophage
epigenome are currently not well understood. In the current study,
whole genome bisulfite sequencing (WGBS), chromatin immuno-
precipitation sequencing (ChIP-seq) and RNA-seq were used to ex-
amine the effect of M. bovis infection on the epigenome of bAM. M.
bovis-infected bAM were compared to non-infected control bAM
24 h post infection (WGBS n = 8, ChIP-seq n = 3, RNA-seq n = 3).
DNA methylation was assessed across the genome, with particular
emphasis on the following genomic features: intergenic sequences,
intragenic sequences and promoters with- or without CpG islands.
This analysis revealed that the bAM DNA methylome is resistant
to perturbations induced by M. bovis. Gene ontology analysis, fo-
cusing on the degree of methylation at proximal promoters (hyper-,
hemi- or hypomethylated), revealed that genes with hemimethylat-
ed promoters were enriched for immune-related categories; this en-
richment was not observed for genes with hyper- or hypomethylat-
ed promoters. Dual ChIP-seq and RNA-seq was also performed on
bAM 24 h post-infection with M. bovis. Results from these experi-
ments can be used to elucidate the role of chromatin reconfiguration
in the host macrophage response to M. bovis infection. This is one
of the first studies to examine macrophage epigenomic perturba-
tions induced by M. bovis infection. It provides novel information
for a more complete understanding of host-pathogen interaction in
mycobacterial infections and has relevance to human tuberculosis
caused by Mycobacterium tuberculosis, which has 99.95% genome
sequence identity to M. bovis.

Key Words: cattle and related species, epigenomics, Functional
Annotation of Animal Genomes (FAANG), genome regulation,
animal health

MT10 Genome-wide analysis of H3K4me3 and H3K27me3
in three tissues in pigs. C. Kern*'!, Y. Wang', P. Saelao', K.
Chanthavixay', I. Korf', C. K. Tuggle?, C. Ernst’, P. Ross', and H.
Zhou!, 'University of California-Davis, Davis, CA, USA; *lowa
State University, Ames, IA, USA; *Michigan State University, East
Lansing, MI, USA.

Epigenetics is an important factor in understanding the link
between an organism’s genome and phenome. Such knowledge is
especially important in the food production industry where it can be
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applied to improve production efficiency, animal welfare, and food
safety. As a part of the International FAANG effort, we have made
progress towards generating a catalogue of functional elements
for the pig genome using ChIP-seq assays for the H3K4me3 and
H3K27me3 histone modifications in liver, lung, and spleen from
two biological replicates with more than 20 million mapped reads
for H3K4me3 assays and 40 million mapped reads for H3K27me3
per animal (FAANG Consortium criteria). We identified 29,365
H3K4me3 peaks in liver, 25,558 in lung, and 23,979 in spleen using
Macs 2 (g-value 0.01). For H3K27me3, we used SICER (g-value
0.01) and identified 123,392 broad peaks in liver, 122,656 in lung,
and 152,269 in spleen. From a set of 22,861 promoter regions from
Ensembl, in liver 7,461 contained H3K4me3 peaks, 4,095 con-
tained H3K27me3 peaks, and 2,139 contained peaks from both.
In lung, these numbers were 6,853, 3,476, and 2,494, respectively,
and in spleen 6,711, 4,097, and 2,551, respectively. Liver showed
the highest specificity of the H3K4me3 modification, with 821 pro-
moters containing a peak only in liver, compared with 261 in lung
and 340 in spleen. For the H3K27me3 mark, the modification was
observed only in liver for 873 promoter regions, 471 in lung, and
972 in spleen. Using RNA-seq data generated from the same tis-
sue samples as our ChIP-seq assays, we confirmed that genes with
the H3K4me3 modification were expressed at significantly higher
levels than those with the H3K27me3 modification. Five additional
tissues and three more ChIP-seq marks will enable an integrative
analysis to predict chromatin state across the pig genome.

Key Words: pigs and related species, Functional Annotation of
Animal Genomes (FAANG), epigenomics, ChIP-seq, bioinformat-
ics

MT11  Update on DNA methylation datasets of FAANG
reference samples for the chicken and pig. N. Trakooljul*!, H.
Zhou?, P. Ross?, I. Korf®, M. E. Delany?, H. H. Cheng*, C. Ernst>,
C. Kern?, F. Hadlich!, S. Ponsuksili', and K. Wimmers', 'Leibniz
Institute for Farm Animal Biology (FBN), Dummerstorf, Germa-
ny; *Department of Animal Science, University of California, Da-
vis, CA, USA; 3Genome Center, University of California, Davis,
CA, USA; *USDA-ARS, Avian Disease and Oncology Laboratory,
East Lansing, MI, USA; *Department of Animal Science, Michi-
gan State University, East Lansing, MI, USA.

As part of the FAANG initiative, this study aims at cataloging
the DNA methylome of 8 FAANG-reference tissues (liver, spleen,
lung, muscle, adipose, hypothalamus, cerebral cortex and cerebel-
lum) for the pig and chicken (two adults) at a single-base resolution
using Reduced Representation Bisulfite Sequencing (RRBS) with
double-enzyme digestion (Mspl & Taq"l) and increased select-
ed-fragment size (40 - 350bp) to enhance the genome-wide CpG
coverage. A total of 30 RRBS libraries were constructed, multi-
plexed and deep-sequenced for single-end reads and 114 cycles on a
HiSEqn 2500. We obtained a total of 2.1 and 2.2 billion high-quality
reads (395GD in total and 145 £ 1.5 million reads per sample) for
the chicken and pig, respectively. The data was pre-processed and
aligned to the reference genomes with mapping abilities of 64.34
+ 0.87 (chickens) and 62.44 + 0.62% (pigs) using BS-Seeker2. In-
terestingly, the chicken showed a lower percentage of methylated
CpGs (24.01 £ 1.47/ 1.21 £ 0.28/ 1.04 + 0.35 for CG/CHG/CHH)
compared to the pig (43.42+1.51/1.14+0.16/ 1.01 + 0.23). Despite
the distinct DNA methylation levels, both chickens and pigs showed
a similar pattern of hypo-methylation around the transcription start
site (TSS) and hyper-methylation in the gene body. Analysis of tis-
sue specific patterns of DNA methylation and correlation analysis
between DNA methylation and gene expression (RNA-Seq) should
help us gain more functional information of the DNA methylation.
Together with other epigenetic assays associated with the FAANG

reference samples will tremendously facilitate the functional anno-
tation of the animal genomes.

Key Words: DNA methylation, gene regulation, pigs, chickens,
FAANG

MT12 Transgenerational phenotypic and epigenetic inheri-
tance across three generations in layers induced by Poly(I:C).
L. Liu*, D. Wang, Z. Y. Duan, S. Yang, G. Y. Xu, N. Yang, and Y.
Yu, China Agricultural University, Beijing, China.

Transgenerational epigenetic inheritance is evoked by envi-
ronmental factors and could transmit the changed information from
one generation to their offspring without genetic variations. Polyr-
iboinosinic—polyribocytidylic acid (Poly(I:C)) is a synthetic mimic
of viral dSRNA polymer, which can improve cancer immunotherapy
outcome and also used as vaccine adjuvant to cure avian plague
in husbandry. The aims of the study were to investigate the effects
and molecular mechanisms of Poly(I:C) on three generations of a
layer model. First, Poly(I:C) (group P) or saline were intravenous
injection in 66 Rhode Island White hens at 53 weeks of age in only
FO generation with family in consideration. Compared to the sa-
line treated controls (group C), egg-laying rate and concentration of
plasmatic cytokines (IL-6, TNF-o) of group P was significantly in-
creased (P < 0.05), while the egg weight was significantly decreased
(P <0.01) in both FO and F1 generations. Bodyweight of group P
was lower than controls in F1 and F2 generations (P < 0.01). More-
over, we also found Poly(I:C) impeded the embryonic development
of F2 chickens. Next, peripheral blood lymphocytes of F1 chickens
at 48 weeks of age were used to conduct RNA-seq and whole-ge-
nome bisulfite sequencing (WGBS) analysis. We found some piv-
otal pathways involved in immune response, development and re-
production (MAPK signalling pathway, ErbB signalling pathway,
Progesterone-mediated oocyte maturation) in methylation data by
KOBAS. Combined the methylome with transcriptome data, some
important overlapped genes were detected. Of which, six up-regu-
lated genes (KCNQ1, MLLT4, MYOF, NOTCHI, SGCD, SREBF?2)
and two down-regulated genes (PDK4, TGM3) were associated with
immune responses and diseases, while two down-regulated genes,
SEMA3D and SOX6, were related with chick embryonic develop-
ment and cartilage formation. In conclusion, although Poly(I:C) can
improve egg-laying rates of hens, it also decreases the immunity
and growth performance as a trade-off for three generations.

Key Words: transgenerational phenotypic and epigenetic inheri-
tance, Poly(I:C), chicken, immune, reproduction

MT13  Genome-wide identification of imprinted genes and
its methylation statuses in various tissues of Hanwoo. K.-T.
Lee*, K.-S. Lim, B.-H. Choi, H.-H. Chai, J.-E. Park, E.-W. Park,
G.-W. Jang, and D. Lim, National Institute of Animal Science,
RDA, Wanju, Jeonbuk, South Korea.

Genomic imprinting is a epigenetic phenomenon in which
only one of two alleles is expressed, resulting in a functional hemi-
zygosity. Numerous genes showed species-specific and tissue-spe-
cific imprint patterns. Here, we aimed to identify imprinted genes
transcriptome-widely and to find clues for relation between imprint-
ing and methylation in Hanwoo. For three Hanwoo family trios,
the transcriptome data of 17 kinds of tissues were generated, and
methylation levels were estimated from methylome data in three
offspring. A total of 62 imprinted genes expressed monoallelically
in at least one tissue. Comparing genotypes among each family trio,
the preference alleles of eighteen genes were identified (maternal
expression, n = 9; paternal expression, n = 9), and the imprinting of
random selected three genes were validated by direct sequencing.
Imprinted genes were involved in gene regulation, metabolic pro-
cess and immune response, and in particular six genes encode tran-
scription factors (FOXD2, FOXM1, HTATSF1, SCRT1, NKX6-2
and UBN1) with tissue-specific expressions. Methylated reads were
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obtained in 2kb upstream region of all imprinted genes, and I[FITM2
showed highest methylation level. This is the first study to identify
the imprinted genes in aspect of various adults tissues in cattle, and
this results could contribute to elucidation of epigenetic effects for
phenotype variations.

Key Words: genomic imprinting, cattle, adult tissues, Re-seq,
RNA-seq

MT14  Effects of maternal nutrition on the transcriptome
and epigenome of the offspring. H. Namous!, F. Pefiagaricano?,
M. Del Corvo’, E. Capra®, A. Stella, J. Williams®, P. A. Mar-

san’, and H. Khatib*!, 'University of Wisconsin, Madison, W1,
USA; 2University of Florida, Gainesville, FL, USA; 3Universita
Cattolica del S. Cuore, Piacenza, Italy; *Istituto di Biologia e
Biotecnologia Agraria, Lodi, Italy; >University of Adelaide, Rose-
worthy, Australia.

The objective of this study was to evaluate the impact of ma-
ternal nutrition of pregnant ewes on the epigenome and transcrip-
tome of their fetuses. Ewes were naturally bred to a single sire, and
from days 67 + 3 of gestation until necropsy (day 130 = 1) they were
individually fed alfalfa haylage (HY; fibre) or corn (CN; starch). A
total of 26 fetuses were removed from 15 dams and longissimus dor-
si muscle, perirenal adipose depot, and subcutaneous adipose depot
tissues were collected. Total RNA and genomic DNA were extract-
ed from fetal tissues for transcriptomic and DNA methylation anal-
yses. To assess the effects of maternal diets on the transcriptome of
the fetal tissues, a total of 36 pooled samples (12 pooled samples
per tissue with 4 biological replicates per diet) were analysed us-
ing RNA-sequencing. From 18,393 genes tested for differential ex-
pression in fetal longissimus dorsi muscle tissue, 823 genes showed
differential expression between CN and HY maternal diets. Many
of these genes are directly involved in embryonic and fetal devel-
opment, skeletal muscle cell and tissue differentiation, and muscle
myosin complex and sarcomere organisation. To assess the effects
of maternal diet on the epigenome of the fetus, whole genome DNA
methylation analysis was performed in 16 fetal longissimus dorsi
muscle tissues using MethylMiner, a methyl binding-based meth-
od. A total of 61 differentially methylated regions (DMRs) between
HY and CN diets were found in which 39 DMRs showed higher
methylation levels in HY compared to CN and 22 DMRs showed
higher methylation levels in CN compared to HY. Several differ-
entially methylated genes were validated using bisulfite sequenc-
ing. In addition, the correlation between gene expression and DNA
methylation was validated for differentially-expressed and differen-
tially methylated gene. Overall, these findings provide evidence that
maternal diet supplementation during pregnancy can modulate gene
expression and epigenetic changes in the offspring.

Key Words: maternal nutrition, transcriptome, epigenome, sheep

MT1S  The effect of histone acetyl-transferase inhibitor
(trichostatin A) administration on porcine mesenchymal stem
cells transcriptome. A. Gurgul*, J. Opiela, K. Pawlina, T. Szma-
tola, and M. Bugno-Poniewierska, National Research Institute of
Animal Production, Balice, Poland.

The use of histone acetyl-transferase inhibitors such as
trichostatin A (TSA) for epigenetic modulation of mesenchymal
stem cells (MSCs) is an interesting approach in research involving
somatic cell cloning of pigs and other mammalian species. Despite
the effectiveness of TSA in cloning applications was already con-
firmed, the detailed mechanisms underlying this effect are not yet
fully recognised, especially for pig MSCs. To add to this knowl-
edge, in this study we performed a comprehensive transcriptome
analysis using high-throughput RNA sequencing of pig bone-mor-
row derived MSCs, treated and untreated with TSA, and evaluated
the effect of TSA administration on their transcription profile after

24 h of in vitro culture. Subsequently, the stability of introduced
epigenetic modifications was evaluated after another 50-72 h of
culture without TSA. The results showed a wide stimulating effect
of TSA on MSCs transcription, affecting genes across the whole
genome with some minor signs of site-specific acting in regions lo-
cated on SSC2 and SSC6. TSA had stronger impact on already ex-
pressed genes with only minor influence on silenced genes. Genes
with expression altered by TSA were related to a wide range of
biological processes, however, we found some evidence for spe-
cific stimulation of genes associated with development, differenti-
ation, neurogenesis or generation of muscles. The analysis of cell
transcriptome after prolonged culture following the TSA removal,
showed that the expression level of majority of genes affected by
TSA is restored to the initial level. Nonetheless, the set of about
six hundred genes was altered even after 50—72h of culture without
TSA. TSA also enhanced expression of some of pluripotency mark-
er genes (FGF2, LIF, TERT) but their expression was stabilised
during further culture without TSA. The detailed analysis of factors
connected with neuron-like differentiation allows us to assume that
TSA mostly stimulates neurogenic differentiation pathway in the
pig MSCs and thus seems to trigger mechanisms conducive of epi-
genetic reprograming. This research was supported by the Polish
National Science Centre resources allocated on the basis of decision
number 2014/15/B/NZ9/04288

Key Words: MSC, pig, transcriptome, trichostatin A

MT16 DNA methylation and microRNA modifications in
scrapie. J. Toivonen', A. Sanz!, O. Lopez-Pérez'?, D. Sanz-Rubio!,
M. Salinas-Pena!, J. Alejo!, R. Bolea?, J. Espinosa?, J. Badiola?,

P. Zaragoza!, J. Torres’, and 1. Martin-Burriel*'2, 'Laboratorio de
Genética Bioquimica, IIS Aragon, 142, Universidad de Zaragoza,
Zaragoza, Spain, *Centro de Investigacion en Encefalopatias y
Enfermedades Transmisibles Emergentes, 1IS Aragon, 142, Univer-
sidad de Zaragoza, Zaragoza, Spain, *Centro de Investigacion en
Sanidad Animal, CISA-INIA, Valdeolmos, Madrid, Spain.

Scrapie is a transmissible spongiform encephalopathy (TSE)
of sheep and goats. Recent evidence suggests an important role for
epigenetic mechanisms, such as DNA methylation or regulation
of gene expression by microRNAs (miRNAs), in the pathogeny
of neurodegenerative diseases. Studies on epigenetics may help in
clarifying some of the molecular mechanisms of the scrapie associ-
ated pathology and could allow identification of molecules for di-
agnostics (biomarkers) and for therapeutic targets. We present here
an analysis of global DNA methylation levels and miRNA profiling
in the central nervous system of transgenic (Tg) murine models of
scrapie in early (preclinical) and late (clinical) stages of the dis-
ease and a verification of these changes in sheep naturally infected
with scrapie. Scrapie-induced alterations in small RNAs, including
miRNAs, were determined by RNA sequencing in cervical spinal
cord (SC) of Tg501 animals (Tg mice expressing the wild type ARQ
goat PRNP allele) infected with scrapie in preclinical and clinical
stages, and in their age-matched controls. After multiple correction,
one and six significant miRNA alterations were found in preclin-
ical and clinical stage, respectively. These miRNA alterations are
currently being validated by quantitative PCR (qPCR) in the same
Tg501 model, in Tg338 mice (Tg mice homozygous for the sheep
VRQ allele) infected with ovine scrapie, and in sheep naturally in-
fected with scrapie. On the other hand, global DNA methylation
and hydroxymethylation was quantified using a colourimetric ELI-
SA assay in SC from the three models. DNA methylation was sig-
nificantly higher (P < 0.05) in SC from clinical Tg338 mice than
in their age-matched controls. On the contrary, global DNA hy-
droxymethylation decreased in the early phases of the disease. Epi-
genetic changes are being validated in the remaining models, and
the expression of genes encoding epigenetic enzymes (DNA meth-
ylases, histone deacetylases and ten-eleven translocation enzymes)
is also being quantified by qPCR. This is the first time that DNA
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methylation changes are described in any model of prion diseases

and we are currently performing genome-wide studies to investigate
the true depth of epigenetic changes in these diseases.

Key Words: sheep, epigenomics, microRNA, RNAseq, infectious
disease

Animal Forensic Genetics

MT17 Comparison of the effectiveness of 19 STR and 22
STR panels for forensic DNA analysis of canine in Poland.
A. Radko*, A. Podbielska, and M. Miszczak, National Research
Institute of Animal Production, Department of Animal Genomics
and Molecular Biology, Balice, Poland.

Dog DNA-profiling is of high importance for the investiga-
tion of accident and crime, especially for dogs that are strongly
integrated into human society. Twenty-one STR loci and one sex
determination locus, recommended for parentage verification by
ISAG were tested in the Polish dog population providing allele fre-
quencies necessary for the application of STRs to forensic genet-
ic casework. Two panels STRs, one containing 19 loci and second
containing three additional loci were tested on 452 randomly se-
lected individuals of five dog breed groups (Herding, Greyhound,
Terrier, Non-Sporting and Toy Group). To compare the efficiency of

the panels for individual identification and paternity testing, we esti-
mated for each panels the cumulative probabilities of parentage ex-
clusion, when one parent is known (CPE, ) and two parents is known
(CPE,), the combined power of discrimination - CPD, the combined
probability of identity - CP . =~ and random match probability
- RMP. The cumulative probabilities of parentage exclusion CPE,
and CPE, for 18 loci were 0.9998806 and 0.99999976, respectively
and for 21 loci were 0.9999829 and 0.9999999901, respectively.
The power of discrimination for each marker showed high values
above 0.85, CPD values were near 1.0 for both of panels. The the-
oretical estimates of CP for 18 markers were 4.02 x 107° and for
21 markers increased to 6.42 x 1072, The probability that a dog
selected at random from the population (RMP) will have the same
profile as the evidence sample, estimated for 19 STRs and 22 STRs
ware 2.85 x 1022 and 1.73 x 1072, respectively.

Key Words: canine, STR profiling, forensic parameters

Applied Genetics and Genomics in Other Species of Economic Importance

MT18  Camel milk protein polymorphisms and their poten-
tial use. Y. Oner and Y. N. Berhane*, Uludag University, Ozliice
Mahallesi, Niliifer/Bursa, Turkey.

Camels have a huge potential to use and benefits on margin-
al environmental conditions however there is shortage of informa-
tion about both its production and genetics. In recent year it has
been recognised that camel’s milk has many therapeutic feature for
human health. This situation depends on differences in milk com-
ponent of camel milk and those of the other ruminants. Besides
the other components as vitamins and minerals, casein fraction’s
composition is also different in camel milk. Caseins are principal
ruminant milk proteins and are affected by genetic polymorphisms
as much as environmental conditions. There are four major caseins
in ruminant milk as o, -CSN, o,-CSN, B-CSN, x-CSN. Although
milk protein polymorphisms have been intensively studied on other
ruminant’s milk, information on camel milk protein polymorphism
remains limited. In this study information on milk protein polymor-
phisms and their potential use on human benefits will be reported.

Key Words: milk protein genes, camel, polymorphism

MT19 Investigation of the ferret genome to identify evolu-
tionary relevant markers and domestication related genomic
features. V. J. Utzeri!, L. Penso-Dolfin?, G. Schiavo', A. Ribani',
G. Etherington?, L. Fontanesi*!, and F. Di Palma?, Department of
Agricultural and Food Sciences, University of Bologna, Bologna,
Italy,; *Earlham Institute, Norwich, UK.

The domestic ferret (Mustela putorius furo) is a species do-
mesticated from the wild relative European polecat (M. putorius)
belonging to the family Mustelidae (Order Carnivora). Ferrets are
raised for multiple purposes in different fields such as the fur market
and hunting. They are also bred as pets and as animal models for
some human diseases (e.g. influenza, gastritis, cystic fibrosis). The
domestication of the European polecat is still unclear and actually
under study starting from the release of the domestic ferret genome
assembly MusPutFurl.0. Recently the market of ferrets as a pet has

increased and some main coat colours have been selected during
the domestication process: Sable (wild type), Silver, Albino and
Cinnamon. In this study, we mined re-sequenced domestic ferret
genomes of animals with different coat colours and detected very
recent evolutionary signatures associated to some putative causative
coat colour mutations. In addition, we investigated the domestic fer-
ret nuclear genome for the identification of integrated mitochondrial
DNA (mtDNA) pseudogenes that might shed light on recent and
more ancient evolutionary events including the differentiation from
the wild European polecat. These pseudogenes are derived from the
horizontal transfer of mtDNA fragments into the nuclear genome
producing nuclear DNA sequences of mitochondrial origin, also
called numts Using a pipeline that included LAST algorithm, a total
of ~100 numts were detected in the MusPutFurl.0 genome version,
including regions with homology ranging from ~65% to 100% with
the corresponding mtDNA genome regions. These evolutionary
relevant features (i.e. coat colour genes and numts) detected in the
ferret genome might be important to understand the evolutionary
processes that shaped and differentiated the domestic ferret and the
European polecat genomes.

Key Words: ferret, Mustela, evolution, genome, domestication

MT20 Genetic differentiation of farm and wild populations
of the red fox in Poland. M. Zaton-Dobrowolska*', A. Mucha!,
D. Morrice?, H. Wierzbicki!, M. Moska', and M. Dobrowolski?,
'Department of Genetics, Wroclaw University of Environmental
and Life Sciences, Wroclaw, Poland; *The Roslin Institute, Univer-
sity of Edinburgh, Edinburgh, Scotland, UK; *Institute of Animal
Breeding, Wroclaw University of Environmental and Life Sciences,
Wroclaw, Poland.

The red fox in Poland lives in the wild and at fur farms. The
aim of the study was to compare genetic diversity of wild and farm
populations of the red fox. 30 canine-derived microsatellites were
used to perform analyses of genetic differentiation of both studied
populations. 22 microsatellite genotypes were detected in a group of
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farm foxes (3 microsatellites were monomorphic), while in a group
of wild foxes 24 microsatellite genotypes were detected (one was
monomorphic). Polymorphic microsatellites differed significantly
in several alleles per locus and allele frequencies. Three separate
genetic clusters were distinguished in the farm foxes, while the wild
foxes constituted genetically homogeneous group totally distinctive
from the farm foxes.

Key Words: other species, red fox, biodiversity, popualtion iden-
tification

MT21  Genetic distances between farm and wild populations
of the red fox in Poland. M. Zaton-Dobrowolska*', A. Mucha',
D. Morrice?, H. Wierzbicki', M. Moska', and M. Dobrowolski?,
'Department of Genetics, Wroclaw University of Environmental
and Life Sciences, Wroclaw, Poland; *The Roslin Institute, Univer-
sity of Edinburgh, Edinburgh, Scotland, UK, ‘Institute of Animal
Breeding, Wroclaw University of Environmental and Life Sciences,
Wroclaw, Poland.

The farm and wild red fox populations in Poland are geneti-
cally differentiated. The microsatellite analysis showed significant
differences between populations in the analysed loci. This indicates
genetic distinctiveness of both populations most likely caused by
selective breeding and different ancestry. Genetic distances calcu-
lated using three different methods showed significant genetic dif-
ferences between both populations. Estimates of Fst ranged from
0.127 to 0.282. Values of Gst ranged from 0.162 (Nei’s method)
to 0.707 (Hedrick’s method). Jost’s D estimate reached 0.594. The
results obtained suggest that farm and wild populations of the red
fox are genetically different, and genetic distance between them is
significant.

Key Words: other species, red fox, genetic distance

MT22  Ade novo hybrid assembly of a dromedary camel. H.
Holl*!, D. Miller?, S. Abdalla®, B. Shykind?, J. Malek®, Y. Mo-
hamoud?®, A. Ahmed?, K. Pasha*, A. Khalili*, D. Antczak?, and S.
Brooks!, !University of Florida, Gainesville, FL, USA; *Cornell
University, Ithaca, NY, USA; *Weill Cornell Medical College in
Qatar, Doha, Qatar; *Tharb Veterinary Hospital, Doha, Qatar:

The domestic dromedary camel is of economic and cultural
importance in many countries in north Africa, the Middle East, and
in parts of Asia. With a global population estimate of over fifteen
million, many in developing nations, camels are often selected for
meat and milk production, draught, riding, and racing traits. Cam-
els possess an array of unique physiological adaptations that have
enabled their survival in the arid desert environment. Assembled
using only Illumina reads, the currently available reference genome
contains 32,572 scaffolds with a N50 of 4.2Mb. Our goal was to
produce a more robust set of genomic resources that will facilitate
genomic selection and the study of desert adaptation in mammals
using a comparative genomic approach. We selected a male drom-
edary camel from the US to serve as our genome animal. We es-
tablished a fibroblast cell line from a skin biopsy for future cytoge-
netics work, as well as to prepare high molecular weight DNA for
next-generation sequencing. A total of 74x paired end Illumina and
15x PacBio coverage was generated for a hybrid assembly strat-
egy. The contigs were further assembled into scaffolds using 30x
coverage of 10X Genomics sequencing. In addition, we performed
a de novo transcriptome assembly from blood, cultured cells, and
testis to assist with scaffolding and gene annotation. Existing alpaca
genetic maps and dromedary radiation hybrid maps were used to
anchor scaffolds to chromosomes. The resulting assembly is a valu-
able resource for future genomic studies in the dromedary camel.
This study was made possible in part by NPRP Grant 6-1303-4-023
from the Qatar National Research Fund (a member of Qatar Foun-

dation). The findings achieved herein are solely the responsibility
of the authors.

Key Words: old world camelids, genome assembly

MT23  SNP genotyping of reindeer (Rangifer tarandus) using
BovineHD BeadChips. V. Kharzinova*!, A. Dotsev', V. Fedorov?,
G. Brem'?, K. Wimmers*, H. Reyer?, and N. Zinovieva!, 'L.K.
Ernst Institute of Animal Husbandry, Moscow, Russia, *Yakut
Scientific Research Institute of the Agriculture Federal Agency
Scientific Institutions, Yakutsk, Russia; *Institute of Animal Breed-
ing and Genetics, VMU, Vienna, Austria; *Institute of Genome
Biology, Leibniz Institute for Farm Animal Biology, Dummerstorf,
Germany.

For most model species, SNP genotyping assays became a
highly effective molecular genetic tool for biodiversity studies. In
regards to non-model species (such as reindeer), these targets are
currently limited by the lack of SNP arrays. Some recent research
demonstrated the successful application of the medium density
DNA chips for survey of genetic diversity and population structure
of the reindeer populations, but high-density SNP arrays have not
been applied for this purpose yet. In our study, the Illumina Bovine-
HD BeadChip genotyping array was tested as a new tool for de-
scribing the biodiversity and estimating individual level of inbreed-
ing within reindeer populations. Genomic DNA was isolated from
tissue samples of 22 individuals belonging to three semi-domestic
reindeer populations (POP1, n = 7; POP2, n = 12; POP3, n = 3)
using a Nexttec column (Nexttec Biotechnologie GmbH, Germa-
ny). We used PLINK1.07, Admixture 1.3. Software and R packages
(‘VennDiagram’, ‘inbreedR’ and ‘diveRsity’) were used for statisti-
cal analysis. After QC (GENO 0.1, MAF = 0.01) 9623 SNPs were
taken for the further analyses. All populations had approximately
equal polymorphism level, while POP1 was characterised by the
highest level of genetic diversity (Ho =0.227 + 0.002, He = 0.202 +
0.002 and Ar = 1.499 + 0.003) and POP3 the lowest (Ho = 0.223 +
0.003, He = 0.155 £ 0.002 and Ar = 1.392 £ 0.005). The F ; values
ranged from -0.055 in POP2 to -0.386 in POP3. The g2 estimator of
identity disequilibrium (ID) significantly differed from zero (g2 =
0.00055, se =0.00022, P < 0.001, based on 999 permutations) and
the expected 12 between inbreeding level and heterozygosity was
0.64. Multi-dimensional scaling (MDS) components one (C1) and
two (C2) explained ~10.5% and 9.0% of the variation, respectively.
Admixture analysis revealed a clear differentiation of the studied
reindeer populations, which indicates their unique genetic profiles.
We demonstrated that SNP genotyping using Bovine 770K SNP
BeadChips provides sufficient information on reindeer genetic pro-
files which might be used for creation of specific SNP panels for this
species. This research was funded by Russian scientific foundation
project number 14-36-00039.

Key Words: SNP, BovineHD BeadChips, reindeer

MT24  The population and landscape genetics of the Euro-
pean badger (Meles meles) in Ireland. A. Allen*', J. Guerrero?,
A. Byrne'?, J. Lavery', E. Presho', G. Kelly', E. Courcier?, J.
O’Keefe’, U. Fogarty®, D. O’Meara’, G. Wilson®, D. Ensing!, C.
McCormick', R. Biek?, R. Skuce'?, '4gri Food and Bioscienc-
es Institute, Belfast, Northern Ireland; *CEFE-CNRS, Centre
D’Ecologie Fonctionelle et Evolutie, Montpelier, France; *School
of Biological Sciences, Queen'’s University Belfast, Belfast,
Northern Ireland; *Department of Agriculture, Environment and
Rural Affairs, Belfast, Northern Ireland; Department of Agri-
culture Food and the Marine, Dublin, Republic of Ireland, ®Irish
Equine Centre, Johnstown, Republic of Ireland; "Waterford
Institute of Technology, Waterford, Republic of Ireland; *Animal
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and Plant Health Agency (APHA), Stonehouse, Gloucestershire,
England; °University of Glasgow, Glasgow, Scotland.

The European badger (Meles meles) is an important member
of the fauna of Britain and Ireland, not least because it acts as a
wildlife reservoir for bovine tuberculosis. Genetic structure of the
species is expected to have been influenced by anthropogenic ac-
tivities and also landscape-level effects. The relative contribution
of both factors is debated, but will conceivably have implications
for both wildlife and disease management. Recent Europe-wide sur-
veys of genetic diversity have suggested human-aided introduction
of badgers into Ireland. These studies have not, however, indexed
island-wide diversity of the species, nor comprehensively attempt-
ed to detail demographic and geographic factors which shaped the
extant population. Herein, we detail the most comprehensive popu-
lation and landscape genetic study of the badger in Ireland to date.
Our data demonstrate that north-eastern and south-eastern counties
of Ireland contain a badger sub-population genetically similar to
its British contemporaries. Approximate Bayesian computation
suggests this sub-population arose in Ireland ~250-3500 years ago
through likely import of a small number of badgers from Britain,
which then admixed with an already resident Irish badger popula-
tion. Landscape genetic analyses determined that geographic dis-
tance and elevation were the primary drivers of genetic differentia-
tion, in keeping with the philopatric nature of the species elsewhere
in Europe. Other factors such as land cover type, earthworm habitat
suitability and the River Shannon, had no detectable effect on gene
flow. These data are likely to be useful in future efforts to better un-
derstand bovine tuberculosis epidemiology and spatial distribution
in the Irish badger population.

Key Words: Badger, Ireland, colonisation, landscape genetics

MT25 Genomic selection for performance and reproduction
traits in American mink. K. Karimi*!, Y. Miar!, and M. Sargolz-
aei??, 'Department of Animal Science and Aquaculture, Dalhousie
University, Nova Scotia, Canada; *Department of Animal Biosci-
ences, University of Guelph, Guelph, Ontario, Canada; 3Semex
Alliance, Ontario, Canada.

Phenotypic relationships between performance and reproduc-
tion traits were explored using bivariate models on a dataset from
a genomic study aimed at improving economically important traits
in American mink. Performance and reproduction traits of 21,939
mink during the period of 2002-2016 were collected by Canadian
Centre for Fur Animal Research at Dalhousie University. A study to
implement genomic selection for these traits on 2,000 mink using
genotyping-by-sequencing has been also initiated. Phenotypic vari-
ations and correlations between bodyweight at different ages, litter
size, the number of weaned kits and mortality rate until weaning
were estimated using SAS 9.4 program. The average number of kits
born was equal to 6.12 + 2.58 and varied between 0 and 17 kits per
female. On average, 0.83 kit per female was dead at the first 24 h
post whelping. Our results indicated that 84.19% of alive kits sur-
vived until weaning (6 weeks). The average number of weaned kits
was 4.92 + 2.54 per female and ranged from 0 to 13. The average
birthweight was 11.20 + 2.95 gr per kit and ranged from 5 to 23.8
gr. Furthermore, the average weight at 3 weeks and weaning weight
were equal to 134.1 = 17.4 gr and 389.8 + 62.2 gr, respectively.
Negative phenotypic correlations were found between birthweight
with litter size (-0.47 = 0.17), the number of kits born alive (-0.39
+ 0.14) and the number of weaned kits (-0.20 + 0.07). Weaning
weight was negatively correlated with litter size (-0.31 on average),
the number of kits born alive (-0.32 on average) and the number of
weaned kits (-0.36 on average). Additionally, the phenotypic cor-
relation between pairing weights and the number of weaned kits
was low (-0.10 = 0.04). Relatively high phenotypic variation and
moderate correlation between the studied traits in American mink
warrants further investigation to estimate genetic parameters and to

investigate the possibility of genetic improvement through imple-
mentation of multi-trait genomic selection.

Key Words: Mustelids, animal breeding, performance traits, phe-
notypic correlation, genomic selection

MT26 Plains bison triallelic SNPs for determining par-
entage, estimating cattle introgression, and inbreeding. T.
Kalbfleisch*!, J. Tait?, V. Basnayake?, B. Simpson?, T. Smith?, and
M. Heaton?, ' University of Louisville, Louisville, KY, USA; *Gen-
eSeek, Lincoln, NE, USA; 3USMARC, USDA, Clay Center, NE,
USA.

Bison producers are interested in availing themselves of ge-
nomic technologies to make well-informed decisions for breeding
and herd management. Two pressing issues for them are parentage,
and a measure of bovine introgression in their seed stock. Fortunate-
ly, whole genome next-generation sequencing data generated from
bison lends itself well to mapping to the bovine reference genome
for comparative analysis. In this work, we have mapped the whole
genome sequence data from two plains bison. From this data, we
have identified a panel of markers which are heterozygous in both
bison where one allele is unique to bison by virtue of not appearing
in the USMARC Bovine Diversity panel at 5% minor allele fre-
quency or greater. The second allele does not appear in the Bovine
Diversity Panel, and is consistent with the ancestral allele measured
in 2 gaur, 2 banteng and 2 yak. A MALDI-TOF multiplex is being
developed for this panel of markers that will measure all three al-
leles, the two found in the bison, as well as the cattle specific allele.
This marker panel enables bison producers to inexpensively mea-
sure a unique genetic fingerprint for their animals that can be used
in parentage, as well as the ability to quantify the amount of bovine
introgression in the animal.

Key Words: bison, parentage, introgression

MT27  Characterisation of a family of alpacas exhibiting
disproportionate dwarfism. K. A. Munyard* and T. Y. K. Tan,
School of Biomedical Sciences, Curtin Health Innovation Research
Institute, Curtin University, Perth, Western Australia, Australia.

An alpaca breeder noted that one of his herdsires (Sire X) pro-
duced cria which were noticeably smaller than normal ~50% of the
time. Both male and female cria were affected, and there was also
perceived mild dysmorphia. We report here the investigation of this
trait, including phenotypic characterisation, inheritance pattern, and
a preliminary genomic association study. The animals in the study
were Sire X, cria out of normal females that were sired by Sire X,
and cria out of these same dams by normal sires. Phenotype was
characterised by measuring weight over time, and body proportions
at age >1yo. Mode of inheritance was hypothesised from pedigree
records. A genome wide association study was performed on sev-
en of these animals. PLINK was used to analyse SNPs generated
via double digest reduced representation Ion Proton sequencing,
mapped to the vicpac2.0 genome. The affected alpacas conformed
to a disproportionate dwarfism phenotype, namely a significant re-
duction in the length of the spine (P = 0.002), the length of elbow
to withers (P = 0.02), spine to hind knee (P = 0.03), and hock to
hind fetlock (P = 0.01). Weights were significantly lower at birth
(P = 0.01) and approached significance at lyo (P = 0.056). Ped-
igree analysis supported an autosomal dominant mode of inheri-
tance. Between 142,831 and 396,069 SNPs were called for each
animal, although only 41,261 SNPs were called at >20x coverage
in all 7 animals. One SNP (scaff 19: 12429719) had a p-value of
0.000532, and 15 others also had high p-values. However, none of
these reached genome-wide significance after correction for multi-
ple testing. A candidate gene near the top SNP encodes for an en-
zyme that cleaves Amyloid Precursor Proteins (APP). Abnormal
accumulation of APP has been linked to a disease which includes

ISAG 2017 Abstract Book

63



deformity of the long bones as a symptom (Kimonis ez al., 2007).
Additional candidate genes will be examined. The genotyping by
sequencing protocol proved to be successful, but still needs further

optimization to maximise the common regions sequenced, and thus
the number of SNPs able to be called across the whole cohort.

Key Words: New World camelids, genome-wide association,
genotyping, genetic disorder, animal health

Avian Genetics and Genomics

MT30  Effects of dietary fiber content in interaction with a
locus on GGA4 on growth, body composition and feed effi-
ciency in chicken of an advanced intercross population. M. K.
Nassar*!, S. Lyu?, J. Zentek®, and G. A. Brockmann?, ' Department
of Animal Production, Faculty of Agriculture, Cairo University,
Giza, Egypt,; *Albrecht Daniel Thaer-Institute for Agricultural and
Horticultural Sciences, Humboldt-Universitdit zu Berlin, Berlin,
Germany, 3Department of Veterinary Medicine, Institute of Ani-
mal Nutrition, Freie Universitdt Berlin, Berlin, Germany.

In this study, we examined the effect of different dietary fibre
contents on growth, body composition and feed efficiency of chick-
en with different genetic background. We tested, if the traits were
affected by a previously identified growth locus on chromosome 4
(GGA4) between 69.3 and 77.9 Mb (Nassar et al. 2015, Animal Ge-
netics 46: 441-6; Lyu et al. 2017, Animal Genetics DOL: 10.1111/
age.12532). A trail was conducted with male chickens of generation
12 of an advanced intercross population descending from the initial
cross between New Hampshire (high growth) and White Leghorn
(low growth). At four weeks, the chickens were randomly divided
into two diet groups, which were fed either a low (LFD, n = 38)
or a high fibre diet (HFD, n = 41) containing 0.8% and 5% Arbo-
cel, a lignocellulose with a crude fibre content of 60%, respectively.
Bodyweights were recorded weekly. Feed intake was analysed in
weeks 6 and 13. Body composition was examined at 13 weeks. The
effect of dietary fibre content on bodyweight gain and feed intake
was age-dependent. Feeding HFD resulted in 1.1 times higher body-
weight gain (P = 0.0467) and feed intake (P = 0.0143) in week 6,
0.6 times lower visceral adipose tissue mass (P = 0.0079) and 1.1
times higher gizzard (P = 0.0125) compared to LFD. The lower fat
deposition was associated with reduced intramuscular fat content in
drumsticks-thighs (4.2 v. 5.1%, P = 0.0045). Bodyweight, muscle
mass and feed conversion ratio were not altered by the dietary fibre
content. The genotype of the GGA4 locus (SNPs between 69.3 and
77.9 Mb) affected bodyweight gain (P = 0.0416), visceral adipose
tissue mass (P < 0.0288) and feed intake (P < 0.0498) in interaction
with dietary fibre content. Our findings suggest that high dietary
fibre content not only improves the quality, but also the productivity
of chicken production, while feed efficiency did not change. Fur-
thermore, the data suggest interaction of genes in the target GGA4
region with dietary fibre usage or linkage between genes affecting
weight gain, fat content, feed intake and fibre usage.

Key Words: chicken, nutrigenomics, SNP, Arbocel, Growth and
fat deposition

MT31  Sire influence on hatchability and heritability esti-
mates of quails in a humid tropical environment. U. K. Oke*,
0. C. Obi, and U. K. Ibe, Department of Animal Breeding and
Physiology, Michael Okpara University of Agriculture, Umudike,
Nigeria, West Africa.

Study on Japanese quail was undertaken to determine sire in-
fluence on hatchability and estimation of heritability values among
three strains of the bird in a humid tropical environment in Nigeria.
Fertility and hatchability traits; bodyweights (BW), shank length
(SL), thigh length (TL), breast length (BL), body length (BL),
keel length (KL), and wing length (WL) at 2nd,6th,10th weeks of
age, were measured on 300 crossbred progeny from 270 cinnamon

brown dam, mated with three different strains of sire namely; cin-
namon brown (CB), Panda white (PW), and Silver brown (SB) in
the mating ratio of 1:4. The data were subjected to analysis of vari-
ance appropriate for completely randomised block design (CRBD),
and significant means separated with Duncan’s multiple range tests.
Heritability estimate was done using the sire component equation.
The average percent fertility (71.64—75.76%), hatchability (50.41—
57.17%), percent dead in germ (11.20 - 18.25%), dead in shell
(11.201-18.25%) were significantly (P < 0.05) better in PW — sired
progeny, while piped (13.06-20.11%), brooding (3.00-4.67%) and
rearing (1.00—1.33%) mortality showed no significant different (P >
0.05) among the three sired — progeny. The analysis showed that at
week 2,6,10, SB- sired progenies had superior heritability estimates
in most of the linear traits and recorded lower indeterminate values
as compared with other sired — progenies . Moderate to high her-
itability estimates (42% -83%) obtained for bodyweight at ages 6
and 10 weeks among the three progenies suggests that selection for
bodyweight or growth rate in Japanese quail should be carried out at
6th and 10th weeks of age and that PW — sired progeny be selected
for better hatchability for enhanced breeding program for both egg
and meat production in the strains.

Key Words: sire, hatchability, heritability, quails and humid
tropics

MT32  Mitochondrial DNA polymorphism in Nigeria indige-
nous turkey population. D. M. Ogah*, Nasarawa State Universi-
ty keffi, Shabu-Lafia campus, Nasarawa State, Nigeria.

MtDNA still represents a useful tool in the study of molec-
ular genetic diversity, because it appears in multiple copies in the
cells and the mitochondrial gene content is strongly conserved
across generations. In order to understand the population diversity
of Nigerian indigenous turkey breed and to preserve this genetic di-
versity, evaluation of mitochondrial DNA sequence was employed.
The study was aimed at determining mitochondrial DNA (mtDNA)
D-loop, HV1 region polymorphism of indigenous turkey population
in Nasarawa State north central Nigeria. We analysed the complete
mitochondrial DNA D-loop. To achieve this, blood samples were
collected from 30 indigenous turkey, 10 each from three different
populations separated by distance A 623-bp fragment of the mtDNA
D-loop region was sequenced in the sampled turkey populations.
The result obtained indicate that in total, 11 haplotypes were identi-
fied. Haplotype diversity and nucleotide diversity were 0.81 + 0.07
and 0.15 £ 0.07 respectively. With 126 number of polymorphic sites.
Analysis of molecular variance (AMOVA) based on partial D-loop
sequences of the turkey population also indicates that 99.05% of the
total sequence variation between haplotypes was present within the
population and 95.00% between populations. These results show a
high mitochondrial D-loop diversity and indicate multiple maternal
origins for Nigeria indigenous turkey. The molecular information
on genetic diversity revealed in this study may be useful in devel-
oping genetic improvement and conservation strategies to better
utilise indigenous Nigerian turkey resources

Key Words: genetic diversity, turkey, indigenous, mitochondrial,
population
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MT33  Aflatoxin B, induced apoptosis in chicken hepato-
cytes and rescue effects of Selenium. M. Jameel*!, X. Peng?,

A. A. Kamboh?®, and J. Fang', 'Sichuan Agricultural University,
Chengdu, Sichuan, China, *ChinaWest Normal University, Nan-
chong, Sichuan, China; *Sindh Agriculture University, Tandojam,
Sindh, Pakistan.

Aflatoxin B, (AFB,  intoxication is a major concern in poultry
industry resulting in decreased meat/egg production, hepatotoxicity,
nephrotoxicity, disturbance in gastrointestinal tract (GIT) and repro-
duction, immune suppression, and increased disease susceptibility.
AFB, provokes liver dysfunctioning by causing hepatocytes apop-
tosis via death receptor pathway. Selenium (Se) is an antioxidant
trace element which effectively neutralize the toxic effects of AFB,
Yet the mechanism of AFB, induced apoptosis in chicken liver via
death receptor pathway and rescue effects of Se in hepatocytes still
remain elusive. Present study was performed to explore apoptotic
mechanism initiated by death receptor pathway in liver of chick-
ens fed with AFB, for 3 weeks and to explore rescue effects of Se.
Two hundred and thirty four 1 day old Cobb broilers were divid-
ed in to 3 groups; control (0 mgAFB /kg of basal diet), AFB, (0.6
mg AFB /kg of basal diet) and Se (0.6 mg AFB /kg of basal diet +
0.4mg Se/kg of basal diet). Each group was further divided in to 3
weeks which were 7 days, 14 days and 21 days, with 26 chickens
in each week. The histopathological, ultrastructural, biochemical,
flow cytometrical and gene expression data were recorded at 7, 14
and 21 days. Histopathological and ultrastructural changes in liv-
er such as hydropic degeneration, fatty vacuolar degeneration and
proliferation of bile duct in hepatocytes in AFB, group, along with
imbalance between reactive oxygen species (ROS) and antioxidant
defence system upon AFB, ingestion were seen. Also AFB, intox-
icated chickens showed excessive apoptosis, involving up-regula-
tion of death receptors Fas, TNFR1 and down-regulation of inhibi-
tory apoptotic proteins XIAP and Bcl-2. Interestingly Se as dietary
supplement reversed toxic effects of AFB, at all 3 weeks, resulting
in reduced anti-oxidative stress, improved biochemical and gene
expression profiles. The results from this novel and comprehensive
study will lead to better understanding of mechanisms and involve-
ment of death receptor pathway in hepatocytes apoptosis induced by
AFB, and rescue effects of Se and will offer a cost effective and ef-
ficient method for coping up with economic losses caused by AFB,
to the poultry industry.

Key Words: poultry, aflatoxin B, selenium, apoptosis, death
receptors

MT34  Scanning signals of artificial selection in the chicken
genome. Y. Ma*, L. Gu, L. Yang, and S. Li, Key Laboratory of Ag-
ricultural Animal Genetics, Breeding, and Reproduction, Ministry
of Education, and Key Laboratory of Swine Genetics and Breed-
ing, Ministry of Agriculture; Huazhong Agricultural University,
Wuhan, Hubei, China.

Artificial selection played an important role in the improve-
ment of economical traits in chickens. Understanding the genetic
mechanisms underlying specific phenotypic changes could con-
tribute to further shaping the economically important traits. Based
on Affymetrix chicken 600k SNP chip data, a total of 331 chicken
individuals from 9 populations, including Jingfen (JF), Jinghong
(JH), Araucana (AR), Italiener (IT), Zwerg-Cochin (ZW), Shamo
(SH), Gallus Gallus Spadiceus (GA), Rheinlander (RH) and Vorw-
erkhuehner (VO), were sampled for this study. Through population
structure analysis, five combining breed-pools (or breed), referred
to as JH_JF, ZW, RH_IT, AR VO, and GA_SH, were used to de-
tect potential selection signals using the composite likelihood ratio
(CLR) and the integrated haplotype score (iHS) tests. To further
identify the signals of artificial selection, GA_SH with a little expe-
rience of artificial selection was defined as the common reference
population and the F statistic was calculated in the other breed-
pools to identify the signals departing from the expected patterns

under natural scenario. Finally, a total of 205, 136, 129 and 100
potential signals of artificial selection were identified in AR_VO,
ZW, RH_IT and JH_JF, respectively. Enrichment analysis suggests
that the regions of artificial selection are harboring genes underlying
economic traits like fertility, growth, immunization and feed intake,
including THSR, PTHLH, IGF2 and PMCH. Further analysis indi-
cated that only a few putative artificial selection regions were shared
among populations while the divergent selection signals extensively
distributed in the whole genome, suggesting that genetic diversity
should play an important role in the process of adaptive evolution,
especially when the environmental change is rapid. Under a strict
control, 16, 32, 17 and 39 putative hard sweep regions and 72, 50,
40 and 51 putative soft sweep regions were separately identified,
which is more likely to support that many of artificial selection sig-
nals is based on the standing genetic variation rather than the newly
arisen beneficial mutation in domestic chicken.

Key Words: chicken, artificial selection, divergent selection, soft
sweep

MT3S Forty-two shades of pink: Sex assignment and
parentage analysis in a captive colony of Greater flamingos
(Phoenicopterus roseus). C. Biolatti*!, C. Beltramo', A. Dogliero?,
V. Campia!, S. Peletto', S. Colussi', P. Modesto', and P. Acutis',
'Regional Center for Exotic Animals, Istituto Zooprofilattico Sper-
imentale del Piemonte, Liguria e Valle d’Aosta, Turin, Italy; *De-
partment of Veterinary Science, University of Turin, Grugliasco,
Turin, Italy.

Sex assignment and parentage assessment of captive colonies’
members has a crucial role in managing collections. DNA-based
sexing techniques are required to avoid errors in species with little
sexual dimorphism, such as Greater flamingos. Aim of the study was
to assign sex and unravel parentage relationships among a group of
42 Greater flamingos. Secondary goal was to compare 3 molecular
methods to sex Greater flamingos. DNA was extracted from blood
samples. To sex animals, the PCRs described by Balzik et al. (2007)
and by Itoh et al. (2001) were utilised. Moreover, the protocol de-
scribed by Griffiths e al. (1998) was modified by labelling the P2
primer at 5’ end with a fluorophore (HEX), to detect the length of
CHD gene by capillary electrophoresis. For parentage analysis, 23
microsatellites described by An et al. (2010) were evaluated. After
the first screening, markers were selected and combined in mul-
tiplex PCRs. The forward primer of each marker was labelled at
5" end with a fluorophore (FAM, HEX, ATTOS550). Sizing of all
fragments was carried out on a 3130 Genetic Analyzer (Applied
Biosystems). Sexing was successful with all techniques: the colony
was composed of 18 males and 24 females. The Itoh’s PCR gave
an internal control and a female-specific fragment of ~185-bp and
160-bp, respectively. The Balzik’s PCR resulted in a male or in a
female band at around 590-bp or 330-bp, respectively. The Grif-
fiths’ PCR produced a single 373-bp fragment on males and two
(373-bp and 386-bp) on females. Parentage analysis is at its early
stage. The following 18 microsatellites were chosen and combined
in 4 multiplex PCRs: M1 (PrA3, PrA102, PrA110, PrD4, PrD5),
M2 (PrC122, PrD3, PrD7, PrD102, PrD121), M3 (PrA105, PrA113,
PrB102, PrD9), M4 (PrB3, PrB105, PrC101, PrC109). Since the
absence of a studbook, resulting genotypes will be analysed with
two parentage softwares (COLONY and CERVUS) and outcomes
will be compared. All sexing methods gave overlapping results. The
Griffiths’ technique, that was formerly considered inapplicable to
Greater flamingos, was able to clearly differentiate females from
males, thanks to the high discriminative power of capillary electro-
phoresis.

Key Words: Greater flamingos, sex determination, parentage,
microsatellite
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MT36 The widespread introgression in Chinese indigenous
chicken breeds from commercial breeds. C. Zhang*'?, D. Peng?,
R. Yung?, J. Wang?, and D. Lin'?, 'Beijing Advanced Innovation
Center for Food Nutrition and Human Health, China Agricultural
University, Beijing, China, *State Key Laboratory for Agrobio-
technology, College of Biological Sciences, China Agricultural
University, Beijing, China.

Chinese indigenous chickens are world-renowned genetic re-
sources for excellent traits. Unfortunately, introduction of a large
number of commercial chicken breeds in past two decades caused
adverse effects on Chinese indigenous chickens. Using the chicken
60K Single-Nucleotide Polymorphism (SNP) chip, we assessed the
genetic diversity and population structure of 1374 chickens repre-
senting 12 Chinese indigenous chicken breeds and 2 commercial
breeds. By employing a new method based on haplotype similarity,
we found extensive gene introgression from commercial breeds to
almost all Chinese indigenous chickens. Approximately 10% of the
genome of Chinese indigenous chicken was introgressed ranging
from 1.33% for Tibetan chicken to 15.87% for Shiqi Za chicken.
Further analysis showed the introgression loci were only subjected
to weak selections. For the first time, we systematically mapped
and quantified and introgression from commercial breeds at whole
genome level. Our results suggested a grim situation for protecting
genetic resources for Chinese indigenous chickens.

Key Words: poultry and related species, genetic introgression,
haplotype

MT37 Genetic association between carcass traits and DNA
microsatellite marker genotype in chickens. K. Tatsuda*, Hyogo
Prefectural Institute of Agriculture, Forestry and Fishieries, Kasai,
Hyogo, Japan.

We developed a resource population to detect DNA micro-
satellite marker genotypes affecting carcass traits in meat chickens.
Among the 23 pairs of Satsumadori males and Nagoya females
(Japanese native fowl, respectively), 2 pairs were selected for the
parents of the resource population based on their utility for asso-
ciation analysis. In total, 420 F2 birds were produced from 12 F1
birds (4 males and 8 females) at 16 hatcheries. Three hundred and
eleven F2 birds were slaughtered at 140 days of age and 12 carcass
traits were measured. The association of 104 marker genotypes with
the carcass traits was analysed. The genotypes of 2 markers were
significantly associated with 7 carcass traits (P < 0.05). Thigh meat,
breast meat, drumstick, wing, liver and heart yield were associat-
ed with 5 genotypes of marker ADL0019 (mapped at 122 ¢cM of
Ch.1). Genotype frequency (%) of this marker in F2 animals was as
follows: AA (30), AB (25), AC (15), BB (15) and CC (15). Thigh

meat yield of the birds with AA or AB genotype was significant-
ly higher than those with AC or BC genotype. Breast meat yield
of the birds with AA, AC or BC genotype was significantly higher
than those with AB genotype. Drumstick, wing and liver yields of
the birds with BC genotype were higher than those with AA, AB
or AC genotype. Heart yield of the birds with BC genotype was
higher than those with AC genotype. Thigh meat yield and whole
meat yield (thigh meat, breast meat and white meat) were associ-
ated with 3 genotypes of marker LEI0068 (mapped at 145 cM of
Ch.1). Genotype frequency (%) of this marker in F2 animals was
as follows: AA (45), AB (30) and BB (25). Thigh meat yield of the
birds with AA genotype was significantly higher than those with AB
or BB genotype. Whole meat yield of the birds with AA genotype
was significantly higher than those with AB genotype. These results
demonstrated the possibility of marker-assisted selection of carcass
traits in chickens.

Key Words: chicken, carcass trait, DNA microsatellite marker,
genotype

MT38 MtDNA D-loop genetic diversity of Middle East

and North African indigenous chicken. A. Al-Jumaili*', S.
Al-Bayatti’, A. A. Essa?, R. Alatiyat®, A. Ahbara', J. Mwacharo®,

O. Hanotte', and R. Aljumaah?, ' University of Nottingham, School
of Life Sciences, Nottingham, Nottinghamshire, UK; *Ministry of
Agriculture, Directorate of Animal Resources, Genetic Resources
Division, Baghdad, Iraq; *King Saud University,Animal Science
Department, College of Food and Agriculture, Riyadh, Kingdom of
Saudi Arabia; *The International Centre for Agricultural Research
in Dry Areas (ICARDA), Small Ruminant Genetics and Genomics
Group, Addis Ababa, Ethiopia.

Indigenous domestic chickens represent a major resource for
agricultural communities around the world. In the Middle East and
the North African regions, their populations are declining following
increased demand for poultry meat and eggs favouring the more
productive exotic commercial breeds. As a step towards the under-
standing of their diversity, we report here the analysis of the mtDNA
D-loop from 293 chicken samples from Iraq (n = 85), Libya (n = 23)
and Saudi Arabia (n = 185). A fragment of a 549 bp was PCR ampli-
fied and a 397 bp fragment, which include the hypervariable region
of the D-loop, was subsequently analysed. Clustal X v.2.1 was used
to align the sequences; DnaSP v.5 to calculate the genetic diversity,
the number of polymorphic sites and haplotypes, pairwise Fst and
Nst between populations. Network 5 was used for phylogenetic net-
work analysis and Arlequin 3.5.2 for AMOVA. The results show the
presence of at least three haplogroups (A, C and E; sensu Liu et al.
2006) suggesting more than one origin for the study populations.

Table 1 (Abstract MT36). Percentage and random test of candidate introgression region

Introgression ratio | Random test | Introgression ratio Random test

Chinese indigenous breed from White Rock Z value from White Rock Z value
Beijing Fatty 11.51% —2.004 4.78% —2.374
Huiyang Bearded 14.04% -3.812 2.62% —3.38
Jinhu Black-Bone 12.72% —2.467 3.49% —0.042
Kuaida Silky 14.58% —4.41 3.20% —2.152
Langshan 10.37% —0.655 5.02% —2.576
Qingyuan 9.52% —0.825 2.12% 0.302
Shiqi Za 15.87% —6.431 5.56% —1.46
Wenchang 11.59% —2.585 2.07% —-0.76
Silkie 9.19% —0.424 3.41% —1.385
Tibetan 1.33% —0.985 0.42% —0.459
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Haplogroup E, which occurred in 284 samples, is the most frequent
in all the three countries and it may have been introduced from In-
dian subcontinent. Haplogroup A (n = 6) is also present in the three
countries and may be of commercial origin. Haplogroup C (n = 3)
was only detected in the south-west region of Saudi Arabia and may
have arrived here following possibly maritime introduction. Most of
the diversity occurs within rather than between populations within
countries. Our results suggest that ancient trading networks, differ-
ent origins and commercial introgressions have shaped the modern
day diversity of indigenous chicken found in the Middle East and
North Africa.

MT39 Diversity analysis of AvBD gene region in Japanese
quail. T. Ishige*!, H. Hara?, T. Hirano?, and K. Hanzawa?, Tokyo
University of Agriculture, Setagaya, Tokyo, Japan; *Tokyo Univer-
sity of Agriculture, Atsugi, Tokyo, Japan.

The avian B-defensin (4vBD) gene region is an important
component of the innate immune system, encoding a variety of an-
timicrobial peptides. The AvBD region forms a multigene cluster
in a specific region of the chromosome. Comparison of the AvBD
gene region among various birds suggests defects, duplication (i.e.
copy number variation; CNV), and pseudogenesis at many loci.
In the zebra finch, AvBDI and AvBD3 overlap, and AvBD14 is ab-
sent. The AvBD gene region from certain Galliform birds, namely
chicken, turkey, and bobwhite quail, contains AvBD3, AvBD6, and
AvBD7, and the latter shows CNV in chickens. We focused on the
innate immune system of the Japanese quail (Coturnix japonica; Cj)
with a subclinical infection. We identified the AvBD gene region in
the Japanese quail (Cj4vBD) and observed absence of AvBD3 and
AvBD7, and an orthologous duplication of AvBD6 (CjAvBDI101).
We mapped the haplotype of the CjAvBD region to examine its di-
versity. DNA for genomic analysis was extracted from the peripher-
al blood of 99 randomly selected quails from six inbred lines. Nine
alleles of CjAvBD1 and eight alleles of CjAvBD12 were detected, re-
spectively. Ten haplotypes, including three that were strain-specific,
were found in alleles from both the CjAvBDI and CjAvBDI2 loci.
On these ten haplotypes, the nucleotide sequences of the CjAvBD
region (56 to 70 kb) for seven homozygous diplotypes were de-
termined by next-generation sequencing. These seven haplotypes
contained between 12 and 16 Cj4AvBD genes, and were composed
of 11 common loci: Cj4vBDI, -2, -4, -5, -8, -9, -10, -11, -12, -13,
and -4, but lacking Cj4vBD3 and -7. Furthermore, up to five CNVs
of CjAvBDI101 were observed among the seven haplotypes. The
CjAvBD101 genes were also classified into five types (7?2, 7?2, 72, 72,
and a pseudogene), based on alignment and phylogenetic analysis.
In addition, we detected amino acid substitutions causing net charge
mutations that could affect antimicrobial activity, at CjAvBD4, -13,
-14, -101a, -101B, -101y, and -7016. These results suggest that the
CjAvBD gene region is unique among Galliformes, and that its di-
versity results in functional variation in innate immunity.

Key Words: antimicrobial peptide, genetic diversity, Japanese
quail, NGS

MT40 Signature of selection in domestic chicken compar-
ison between the White Leghorn, Indonesian and Langshan
chicken. T. Goto*!?, R. A. Lawal!, D.-D. Wu?, Y.-P. Zhang#, P.
M. Hocking?®, D. W. Burt®, and O. Hanotte', ! The University of
Nottingham, Nottingham, UK, 2Obihiro University of Agriculture
and Veterinary Medicine, Obihiro, Japan, 3Kunming Institute of
Zoology, Chinese Academy of Sciences, Kunming, China; *Yun-
nan University, Kunming, China; 3The Roslin Institute and Royal
(Dick) School of Veterinary Studies, University of Edinburgh, Ed-
inburgh, UK, ‘International Livestock Research Institute (ILRI),
Addis Ababa, Ethiopia.

We report here the analysis of full genome sequences of four
chicken populations (White Leghorn n = 3, Langshan n = 8, Suma-
tera n = 5 and Kedu Hitam »n = 10) for the identification of candi-

date region under positive selection. With an average of 5.9-fold
genome coverage per bird 16,495,644 bi-allelic single nucleotide
polymorphisms (SNPs) on chromosomes 1-28 were detected in
the dataset (GATK Best Practices). To detect signatures of selec-
tion, the Z transformations of pooled heterozygosity (ZHp) in 10
kb sliding 20-kb windows (total 92,168 windows) were used with a
significant threshold ZHp > -4. Combining all populations together,
243 significant windows were detected. Excluding the White Leg-
horn, which produces pure white coloured egg in contrast to the
other three breeds, the number of significant window was 245. By
comparing them, we identified 100 significant non-White Leghorn
specific windows. These windows define 33 candidate regions on
chromosomes 1-5, 7, 10, 15, 20, 22-23, and 27. Of these 33 re-
gions, three (chromosomes 1, 2, and 3) overlap with eggshell colour
QTLs regions. These results illustrate the usefulness of comparative
population genomics approaches to understand the genetic basis of
phenotypic diversity in chicken.

Key Words: chickens, eggshell coloration, population genomics,
signature of selection, genome sequence

MT41 Identification of candidate genes and variants asso-
ciated with resistance to Marek’s disease virus. J. Smith*! E.
Lipkin?, M. Soller?, J. Fulton®, and D. Burt', 'The Roslin Institute,
Midlothian, Edinburgh, UK, *The Hebrew University of Jerusa-
lem, Jerusalem, Israel; *Hy-line International, Dallas Center, 14,
USA.

Marek’s disease (MD) is a major disease affecting poultry
health and welfare, with estimated annual global losses of US$2
billion. MD virus (MDV) is a highly contagious, cell-associated,
oncogenic o-herpesvirus associated with T-cell lymphomas. Hav-
ing been controlled by vaccination for over 40 years, growing ev-
idence indicates that intensive use of vaccines is driving the virus
to increasing virulence, and new, more virulent strains of the dis-
ease continue to emerge. Other means of controlling the disease are
therefore necessary. Identification of QTL regions (QTLR), genes
and mutations responsible for genetic resistance would be a signif-
icant step towards direct selective breeding programmes for birds
able to withstand viral infection. Genes encoded in the MHC locus
have long been known to contribute to MD resistance with a rough
hierarchy of resistance between haplotypes, with B21 most resistant
and B19 generally most susceptible. Despite this, other genes also
have a strong influence on MD resistance. However, to date, only a
handful of genes have been implicated in resistance to MDV. Using
a variety of genetic and genomic techniques (GWAS, genomic vari-
ation analysis, RNAseq, pathway/network analysis and genotyping
and association analysis) within commercial lines, we have identi-
fied QTLR associated with resistance, defined potential candidate
genes and pinpointed variants showing significant association with
the resistant phenotype.

Key Words: poultry, QTL, functional genomics, animal health,
disease resilience

MT42  Three differential expression clusters showed ac-
climation mechanism of White Pekin duck under heat stress.
J.-M. Kim!, K.-S. Lim', K.-T. Lee', Y.-R. Yang?, H.-H. Chai', J.
Hwangbo!, B.-H. Choi!, D. Lim!, Y.-H. Cho#?, and J.-E. Park*!,
'National Institute of Animal Science, Rural Development Admin-
istration, Wanju-gun, Jeollabuk-do, Republic of Korea, *Gyeong-
sang National University, Jinju-si, Gyeongsangnam-do, Republic
of Korea.

White Pekin duck is an important meat resourcein the live-
stock industries. However, the temperatureincrease due to global
warming has become a serious environmental factor in duckpro-
duction,because ofhyperthermia. Therefore, identifying the gene
regulationsand understanding the molecularmechanismfor adapting
to the warmer environment will provide insightful information on
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the acclimation system of ducks. This study examinedtranscriptom-
ic responses to heat stress treatments (3 and 6 h at 35°C) and con-
trol (C, 25°C) using RNA-sequencing analysis of genes from the
breast muscle tissue. Based on three distinct differentially expressed
gene (DEG) sets (3H/C, 6H/C and 6H/3H), the expression patterns
of significant DEGs (absolute log2 >1.0 and false discovery rate <
0.05) were clustered into three responsive gene groups dividedin-
toup-regulated and down-regulated genes. Next, we analysed the
clusters that showed relatively higher expression levels in 3H/C
and lowerlevels in 6H/C with much lower or opposite levels in
6H/3H;we referred totheseclusters asthe adaptable responsive genes
group. These genes were significantly enriched in theErbB signal-
ling pathway, neuroactive ligand-receptor interaction and type II
diabetes mellitus in the KEGG pathways (P < 0.01). According to
the functional enrichment analysis and significant regulated gene-
sobservations in the enriched pathways, we think that the adaptable
responsive genes are responsible for the acclimation mechanism of
ducks and suggest that the regulation of phosphoinositide 3-kinase-
genes includingP/IK3R6, PIK3R5andPIK3C2Bhas animportant rela-
tionship with the mechanisms of adaptation to heat stress in ducks.

Key Words: Pekin duck, heat stress, acclimation, expression

MT43  Molecular genetics unveiled unknown family rela-
tionships and hybrids in an ex-situ colony of African penguins
(Spheniscus demersus). P. Modesto*!, C. Biolatti!, L. Favaro? S.
Colussi!, S. Peletto!, S. Piga®, M. V. Riina!, D. Pessani?, E. Trin-
cas®, V. Isaja®, and P. L. Acutis', 'Istituto Zooprofilattico Sperimen-
tale del Piemonte, Liguria e Valle d’Aosta, Turin, Italy; *Labora-
torio di Zoologia e Biologia Marina, Dipartimento Scienze della
Vita e Biologia dei Sistemi, Turin, Italy; *Zoom Torino, Turin,
Italy.

The genealogical relationships among colony members, the
inbreeding status and the presence of hybrids are crucial data and
can assist zoo curators in captive colony management and deci-
sion-making on relocation for reproduction. Aim of this study was
to employ molecular markers to study a large colony of African
penguins hosted in an Italian biopark. DNA was extracted from
blood samples of 56 penguins. Sex of each animal was determined
through the amplification of the chromo-helicase-DNA-bindingl
(CHDI) gene. A panel of 15 STRs was selected and statistics of
gene variation at 15 loci and inbreeding coefficient were calculat-
ed. Genotype data were analysed through the COLONY software to
determine parentage relationships and to compare the existing stud-
book information to a pedigree built from genetic analyses. More-
over, the existence of extra-pair mating and the presence of hybrids
were investigated. Several discrepancies in kinship relationships
emerged after molecular parentage analysis. Moreover, 11 unknown
genetic relationships were revealed. Infidelity of one member of the
pair was observed in six cases and, in two episodes, extra-pair cop-
ulation was assessed by genetic analysis. We found that a member
of the colony was a hybrid and his progeny, derived by extra-pair
copulation, was traced. Additionally, we found and assessed other
three hidden hybrids using the identified candidate private alleles.
Overall, our results demonstrated that the use of molecular meth-
ods to confirm parentage and to analyse relatedness among colony
members could complement studbook-based genetic management
of African penguin captive populations. Relying on studbook infor-
mation only is not recommended considering that in some species a
variety of behavioural dynamics (e.g. extra-pair mating) can make
observations ineffective and that molecular markers outperform
studbook in identifying the presence of hybrids.

Key Words: wild species, genotyping, population identification,
parentage

MT44  Genomic variability in Mexican chicken population.
M. G. Strillacci*!, E. Gorla!, M. C. Cozzi', S. I. Roman-Ponce?, F.
J. Ruiz?, V. E. Vega-Murillo?, F. Bertolini*#, L. Fontanesi®, S. Cer-
olini', and A. Bagnato', 'Department of Veterinary Medicine, Uni-
versity of Milan, Milano, Italy, *Centro Nacional de Investigacion
en Fisiologia y Mejoramiento Animal, Col. Centro Veracruz,
Mexico, 3Department of Agricultural and Food Sciences, Division
of Animal Sciences, University of Bologna, Bologna, Italy; *De-
partment of Animal Science, lowa State University, Ames, 1A, USA.

Copy number variations are an important source of genet-
ic polymorphism in populations. Genetic variation enables both
adaptive evolutionary changes and artificial selection. In Mexico
poultry population is a widespread Creole chicken (Gallus gallus
domesticus), an undefined cross among different breeds brought
to Mexico from Europe under natural selection and adaptation for
almost 500 years. The aim of this study was to investigate the ge-
nomic variation in the Mexican chicken population using CNVs and
SNP genotype data to reveal any underlying population structure. A
total of 256 DNA samples coming from different rural production
units located in 25 states of Mexico were genotyped with Axiom
Genome-Wide Chicken Genotyping Array (Affymetrix) and used
in the analyses. After stringent quality control the individual-based
CNV calling was performed by the Hidden Markov Model (HMM)
of PennCNV software on autosomes. CNV were summarised
to CNV regions (CNVRs) at a population level (i.e. overlapping
CNVs), using BEDTools. A total of 1,924 CNVs in the genome of
256 samples were detected (1,538 gains and 386 losses) resulting
al population level in 1,216 CNV regions, of which 959 gains, 226
losses and 31 complex ones (i.e. containing both losses and gains),
covering a total 5,12% (47 Mb) of the chicken galGal4 assembly
autosome. A comparison among CNV lengths was performed. The
highest number of gain CNVRs are those with a length of 10—100
Kb, while the loss CNVRs have generally a length of 1-10 and the
complex CNVR have mainly a length of 10-100 Kb. Identity by
Descent (IBD) estimation and the Principal Components Analysis
(PCA) were performed using SVS Golden Helix 8.4 software. The
ADMIXTURE v. 1.3.0 software was used to infer the most prob-
able number of ancestral populations based on the SNP genotype
data. ADMIXTURE analyses identified three ancestors and the pro-
portion of each of them has been determined in each individuals.
The results of the NJ analysis was consistent with the one obtained
by the PCA. A total of 3,059 Run of Homozygosity (ROH), main-
ly short in length, indicated a low inbreeding level and selective
pressure on in the Mexican chicken genome. Co-funded by project
MO01678 - Ministry of Foreign affairs of Italy and Mexico.

Key Words: poultry, CNV, ROH, genetic diversity

MT4S Response of the hepatic transcriptomes of domesti-
cated and wild turkey to aflatoxin B,. K. Reed*', K. Mendoza',
J. Abrahante', and R. Coulombe?, 'University of Minnesota, St.
Paul, MN, USA; *Utah State University, Logan, UT, USA.

Domesticated turkeys (Meleagris gallopavo) are one of the
most susceptible animals known to aflatoxin Bl (AFB,), which
poses a worldwide animal health and food safety problem. This
mycotoxin is a potent human and animal hepatocarcinogen and is
hepatotoxic and immunosuppressive in animals causing significant
economic losses to agriculture. Eastern wild turkeys (M. gallopa-
vo silvestris) are far less susceptible than domesticated birds due
primarily to functional hepatic glutathione S-transferases, the prin-
cipal route of AFB, detoxication. Utilising RNA-sequencing (RNA-
seq), the effects of AFB, on genome-wide expression in liver was
compared in domesticated and wild birds. Acclimated poults were
challenged with 300 ppb AFB, in the diet for 10 days then tissue
samples collected. RNA libraries were prepared for challenged
and control birds and sequenced to produce ~12 M 101 bp paired-
end reads per library. Reads were mapped to the annotated turkey
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genome (UMD 5.0) and differential expression analysis was used
to contrast the effects of AFB, exposure in domesticated and wild
birds. Transcriptome comparisons identified unique liver profiles in
domesticated and wild turkeys with significant variation in the re-
sponse to AFB,. Over 5400 genes were significantly affected (FDR
pval < 0.05 and [Log,FC| >2.0) by AFB, treatment with a greater
number of transcripts altered in the domesticated birds. These re-
sults provide insight into changes in AFB, response that have oc-
curred during domestication and selective breeding for production
and will help elucidate ways to improve poultry resistance to AFB,.
Supported in part by Agriculture and Food Research Initiative An-
imal Genome competitive grant 2013—-67015-21241 of the USDA
National Institute of Food and Agriculture.

Key Words: turkey, aflatoxin, RNA-seq, transcriptome

MT46  Genetic diversity and LD size between commercial
and native chickens in Korea. D. Seo*, D. Lee, N. Choi, S. Jin, P.
Sudrajad, S. H. Lee, and J. H. Lee, Division of Animal and Dairy
Science, Chungnam National University, Daejeon, South Korea.

Native chickens have low productivity than commercial
broilers. However, these chickens become more popular due to
the unique texture and taste characteristics. Genetic diversity and
linkage disequilibrium (LD) size were investigated in this study for
identifying genetic relationships in order to give basic information
for the native chicken populations. 600K high-density SNP array
was used using 187 native chicken samples from 14 different chick-
en lines. The results of genetic diversity indicated that most of the
native chicken lines were independently clustered with commercial
native chickens. The r? values of LD size in each population were
calculated and the results indicated that most of the native chick-
en populations have higher LD values than that of the commercial
native chicken populations. With further analysis, these results can
provide valuable information for the breeding strategy using the na-
tive chicken breeds.

Key Words: genetic diversity, linkage disequilibrium, native
chicken, commercial native chicken

MT47 Mapping QTLs affecting Marek’s disease by selective
genotyping in F6 of full-sib intercross population. E. Lipkin*',
J. Smith?, D. Burt?, M. Soller, and J. Fulton®, 'Dept. of Genetics,
Silberman Life Sciences Institute, The Hebrew University of Jeru-
salem, Jerusalem, Israel; *The Roslin Institute and Royal (Dick)
School of Veterinary Studies, The University of Edinburgh, Easter
Bush, Midlothian, UK, *Hy-Line International, Dallas Center, 14,
USA.

Marek’s disease (MD), a lymphoma caused by an avian her-
pesvirus, is a major disease affecting the poultry industry. One way
to reduce MD prevalence is genetic selection. Genetic progress can
be accelerated by using genetic markers associated with the disease.
The aim of the present study was to map QTLs, genes and mutations
affecting chicken MD susceptibility. A full-sib intercross population
was generated by two partially inbred commercial White Leghorn
layer lines differing in genetic resistance to MD. At the F6 gener-
ation, a total of 1,615 chicks from five independent families were
phenotyped for MD resistance. Phenotypic tails from the five fami-
lies were used in a GWAS based on survival test. Moving average of
-LogP and Log drop were used to define QTL regions (QTLRs). A
total of 159 QTLRs were found among the five families, averaging
32 QTLs per family and ranging from 23 to 41. Overlap and proxim-
ity were used to condense the list to 138 QTLRs shared among fam-
ilies. RNASeq and bioinformatics analyses of the QTLRs identified
differentially expressed and functional candidate genes, and protein
Loss of Function (LoF) mutations. Putative quantitative traits genes
(QTG) and candidate causative nucleotides (QTN) were identified.
Markers from the candidate genes and the LoF mutations were used

to genotype 9,391 males with MD progeny tests from eight lines
across 16 generations. Association analysis confirmed most of the
QTLs found in F6. An independent study based on selective DNA
pooling, reported elsewhere at this meeting, confirmed most of the
QTLs found in the F6 population.

Key Words: poultry, animal health, genome-wide association,
complex trait, infectious disease

MT48  Copy number variation in SOX6 contributes to
chicken muscle development. X. Zhang*, Department of Animal
Genetics, Breeding and Reproduction, College of Animal Science,
South China Agricultural University, Guangzhou, Guangdong,
China.

Copy number variations (CNVs), covering a large number of
functional genes, were associated with the complex diseases and
phenotypic diversity. In previous study, 5 individual variation of
White Rock Resistance (WRR) chicken (CN = 1, CN = 3) and two
individual variation of Xinghua (XH) (CN = 3) chicken were found
in the CNP13 region (chr5:10500294-10675531) which over-
laps with SOX6. It has been shown that Sox6 plays a key role in
fast-twitch muscle fibre differentiation in the zebrafish. However,
the role of SOX6 on chicken skeletal muscle development is still
unknown. In current study, Acucopy and CNVplex were used to
characterise the CNVs phenotypes in XH and WRR chickens. Re-
al-time quantity PCR (RT-qPCR) was used to verify the candidate
copy number polymorphisms (CNPs) and to detect the relative ex-
pression of genes. The overexpression and knockdown of SOX6 in
QM-7 cells were used to study the function of SOX6 in skeletal
muscle development. As a result, 15 CNPs were significantly relat-
ed to different traits on genome level, of which, 12 were associated
with growth traits, 4 were with carcass traits, and 6 were with meat
quality traits. Five WRR (CN = 1, CN = 3) variant individuals and
2 XH (CN = 3) variant individuals were found in the CNP13 region
(chr5:10500294-10675531) which overlaps with SOX6. SOX6 was
expressed in 16 tissues of XH and WRR chicken, with higher ex-
pression levels in the chest, leg muscle, pituitary, heart, cerebellum
and kidney. Notably, the expression of the SOX6 mRNA was associ-
ated with SOX6 copy number variation. Interestingly, bioinformat-
ics analysis of SOX6 protein showed that the amino acid sequence
(265-579 aa) region, coded by overlapping partial CNV region, is a
disordered region. Moreover, the QM-7 cells were significantly de-
creased in G1 phase and arrested in S phase after overexpression of
SOX6. The SOXG6 is highly expressed during the QM-7 cell differ-
entiation, the same as muscle different marker genes myognin and
MYHC are. Surprisingly, after the knockdown of the SOX6, the ex-
pression levels of /GFIRI, MYF6, SOX9, SHOX and CCNDI were
significantly down-regulated, indicating that SOX6 can influence
these genes to promote the proliferation of muscle cells.

Key Words: chicken, CNV, SOX6, skeletal muscle, disorder
region

MT49 Phenotype and multi-tissue transcriptome response
to diet changes in laying hens. M. Brenet'?, A. Rau®, C. Désert'?,
M. Boutin'?, K. Muret'?, S. Leroux*, D. Esquerre’, C. Klopp®,

D. Gourichon’, F. Pitel*, T. Zerjal®, and S. Lagarrigue*'%, 'INRA,
UMR1348, PEGASE, St Gilles, France; *Agrocampus-Ouest,
UMR1348, Rennes, France, *INRA, AgroParisTech, Universi-
té Paris-Saclay, UMR GABI, Jouy-en-Josas, France; *INRA/
INPT ENSAT/INPT ENVT, GenPhySE, Castanet Tolosan,
France; SINRA, Plateforme GENOTOUL, Castanet-Tolosan,
France; °INRA, SIGENAE, Castanet-Tolosan, France, "INRA,
PEAT, Nouzilly, France.

Adaptation to feed changes in laying hens is particularly im-
portant to promote innovation, in selection schemes and in dietary
solutions, for the sustainability of the egg-production sector. In Eu-
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rope and USA poultry feed is rich in cereals, while Asian countries
privilege by-products to soybean meal, resulting in low energy di-
ets. In this study, we investigated the effects of a sub-optimal low
energy diet on different traits and multi-tissue transcriptomes of
brown egg layers of 2 divergent lines selected for low (R-) and high
(R+) residual feed intake. The 2 diets had a similar protein content,
while the energy content was reduced by 15% as compared to the
standard diet (2450 Kcal versus 2800 Kcal). The R+ and R- hens
were fed ad libitum, with the standard diet until 17 wk of age; half
of the birds were fed with the low energy feed until 33 wk of age
when a subset of birds was slaughtered for tissue sampling (8 per
line and diet). Food intake was increased in response to the subop-
timal diet whereas egg number was unchanged showing that birds
were able to adjust their energy intake by modifying feed intake.
Nevertheless, hens fed the low energy diet had a higher feed ef-
ficiency (pval < 5%) and a higher residual feed intake (P-value <
1%). No diet x line interaction was observed for these traits. PolyA+
RNA from different tissues were sequenced resulting in 90 M reads
per sample. After bioinformatics treatment and differential analy-
sis, we observed in liver and adipose tissue only few differentially
expressed genes (DEG) between diets (16 and 21 respectively). In
contrast, we observed in blood 1179 DEG out of 17123 expressed
genes with 463 and 716 over and under expressed in the subopti-
mal diet compared to the standard diet. No diet x line interaction
was observed in the three tissues. GObp term enrichment revealed
that under expressed DEG in blood were associated with glucose
catabolism, cholesterol biosynthesis, mitotic cell cycle and protein
catabolic process. Taken together, these results indicate an adapta-
tion of birds to diet changes by increasing feed intake to maintain
egg production, and a tissue-specific response with a limited role of
metabolic tissues as liver and adipose tissue compared to the blood.

Key Words: poultry, functional genomics, RNA-seq, adaptation,
diet

MTS50  Addition to the chicken W-chromosome specific
repetitive landscape. A. Saifitdinova, S. Galkina*, A. Dyomin,
M. Kulak, E. Koshel, and E. Gaginskaya, Saint-Petersburg State
University, Saint-Petersburg, Russia.

In many species, sex determination is genetic and often ac-
companied by the presence of dimorphic sex chromosomes in the
karyotype. Recent progress in genomic sequencing gave the infor-
mation about the gene content of sex chromosomes which allowed to
reveal their origin from ordinary autosomes and to trace their evolu-
tionary history. Unlike other sequenced sex chromosome chicken W
chromosome does not contain genes specifically expressed in repro-
ductive tissues. At the same time female-specific W chromosome in
birds as well as mammalian male-specific Y chromosome is char-
acterised by the degeneration of gene content and the accumulation
of repetitive DNA. Despite the best efforts chicken W chromosome
assembly includes only 7 Mb of expected 55 Mb, because tandem
repeats complicate the analysis of genomic data and assembling.
Repetitive DNA occupies more than two thirds of the chicken W
chromosome. In the composition of chicken W chromosome three
major repetitive families XAol, EcoRI and Sspl have been character-
ised. Recently we identified (GGAAA), tandem repeat and assigned
it by FISH into two sites in chromosome W. Here, we performed
a structural analysis of the borders between assembled scaffolds
and extended flanking areas enriched with (GGAAA) . For this,
we used sequences of BAC clones CH261-114G22 (AC182258.2)
and CH261-75N4 (AC175832.2) co-localised with the repeat by
high resolution FISH on lampbrush chromosomes and the last ver-
sion of W chromosome assembly. We studied also the distribution
of (GGAAA)_ short stretches in the chicken genome. The potential
role of homopurine sequences as regulators of tissue-specific gene
expression is discussed. Financial and technical support: RFBR

#16-04-01823, Research Resource Centre ‘Chromas’ of Saint Pe-
tersburg State University.

Key Words: poultry and related species, sex determination, ge-
nome assembly

MT51  MicroRNAs associated with high rate of egg produc-
tion in chicken ovaries. U. Gaur*, N. Wu, M. Yang, and D. Li,
Sichuan Agricultural University, Chengdu, Sichuan, China.

Chicken (Gallus gallus) is an important agricultural and avi-
an-model species, which is a major source of protein worldwide.
However, a role for miRNAs in chicken ovarian development has
not hitherto been reported clearly. The characteristics of ovarian
tissue are highly related with reproductive and economic traits of
chicken, so it is necessary to identify and characterise the miRNA in
ovarian tissue. In this study, we performed the first miRNA analysis
of low and high egg production chicken ovarian tissues at 300 days
of age using high-throughput transcriptome sequencing. By com-
paring low egg production (LP) chickens with high egg production
chickens (HP), 17 significantly differentially expressed miRNAs
were found (P < 0.05), including 11 known and 6 novel miRNAs.
We found that all 11 known miRNAs were mainly involved in path-
ways of reproduction regulation, such as steroid hormone biosyn-
thesis and dopaminergic synapse. Additionally, expression profiling
of randomly selected six differentially regulated miRNAs were val-
idated by quantitative real-time polymerase chain reaction (qQRT—
PCR). Some miRNAs such as gga-miR-34b, gga-miR-34c and gga-
miR-216b were reported to regulate processes such as proliferation,
cell cycle, apoptosis and metastasis and expressed differentially
in HP chicken ovaries, suggested they have an important role in
ovaries development and reproductive management of chicken.
Furthermore, we uncovered a significantly up-regulated miRNA:
gga-miR-200a-3p, which is ubiquitous in reproduction regulation
related pathways. This miRNA might play a special central role in
the reproductive management of chicken.

Key Words: microRNA, chicken, ovary, [llumina sequencing,
qRT-PCR

MT52  Genome wide association study of complex traits in
response to Newcastle Disease Virus in chickens. K. Rowland*',
H. Zhou?, R. Gallardo®, T. Kelly*?, A. Wolc'#, and S. J. Lamont!,
"Jowa State University, Department of Animal Science, Ames, IA,
USA; 2University of California-Davis, Department of Animal
Science, Davis, CA, USA; 3University of California-Davis, School
of Veterinary Medicine, Davis, CA, USA; *Hy-Line International,
Dallas Center, 1A, USA.

Newcastle disease (ND) causes up to 80% mortality in chick-
ens in developing countries where velogenic NDV strains are en-
demic. Genetic improvement of disease resistance, complementary
to vaccination, has the potential to be an important tool to reduce
the impact of NDV. We hypothesise that many genes regulate NDV
response in chickens. Our specific objective was to identify genetic
markers associated with NDV resistance (reduced viral load, high
antibody titer) so these markers can be applied in a genetic selec-
tion program benefiting areas of endemic NDV challenge. The ex-
periment was replicated across three hatches from 150 dams of a
commercial egg-laying line, Hy-Line Brown. We inoculated with
NDYV, La Sota strain, on day 21 of age by an ocular-nasal route.
Virus load was estimated from viral mRNA level in lachrymal fluid
by qRT-PCR. Systemic antibody response to NDV in serum was
measured by ELISA. Genomic DNA was genotyped via Affymetrix
600K chicken SNP array. Analyses of viral RNA and antibody lev-
els confirmed response of challenge groups to the virus and lack of
response in control groups. ASReml estimated heritabilities of 0.34,
0.34, 0.105, 0.117, 0.19, and 0.05 for hatch weight, day 31 body
weight, 0 and 10 days post-infection (dpi) antibody levels, and 2dpi

70

ISAG 2017 Abstract Book



and 6dpi viral load, respectively. Genome-wide associations with
250 kb windows were tested using the Gensel program. BayesC
was used to estimate variance components, subsequently, BayesB
(pi=0.999) tested associations. Several QTL regions were found to
confirm previously reported QTL for these traits. Identification of
novel SNPs and regions will provide insights into genetic control of
response to NDV infection in chickens as well as the genetic archi-
tecture of these complex traits. Targeted genotyping and single SNP
association tests may further elucidate genetic mechanisms that in-
fluence host response to NDV infection. Support: USAID Feed the
Future Innovation Lab for Genomics to Improve Poultry, Hy-Line
International, and Hatch project #5357.

Key Words: poultry and related species, genome-wide associa-
tion, genotyping, disease resilience, genetic improvement

MT53  Goose transcriptome provides insights into novel
mechanisms of adipogenesis. G. Wang*>!, Y. Liu', L. Jin!, D.
Shang!, C. Gill?, M. Li', and J. Wang!, 'Sichuan Agricultural
University, Chengdu, Sichuan, China, *Texas A&M University,
College Station, TX, USA.

Goose is a widespread poultry species with large markets in
several countries including China and France. Because geese are
migratory birds, their metabolism has adapted to acquire a high-
ly tolerable balance between the rapid intake of massive amounts
of glucose before flight and energy consumption during flight. An
understanding of the molecular basis of metabolism in geese will
strengthen development of the consumer market worldwide, and
could provide insights into human obesity-related metabolic dis-
eases. The objective of this study was to investigate the network
of genes affecting lipogenesis in geese. Our approach was to use
RNA-seq to compare the transcriptomes of 3 tissues involved in
adipogenesis (liver, abdominal adipose and subcutaneous adipose)
from 3 geese fed a control diet and 3 geese fed a high-energy diet.
RNA-seq reads were aligned to the goose genome sequence with
Tophat. Between the case and control groups, we identified ~1,900
differentially expressed coding genes for liver, ~800 and ~500 dif-
ferentially expressed coding genes for abdominal adipose and sub-
cutaneous adipose, respectively. We found there was significant
enrichment for metabolic-related pathways among the up-regulated
genes. Interestingly, several cancer pathways, including the PI3K-
AKT signalling pathway were significantly enriched among the
down-regulated genes. Using cuffcompare, CPC, and cmscan, we
also identified ~2,000 long non-coding RNAs among the 3 tissues.
Several of these IncRNAs were located near key genes in the en-
riched pathways, indicating they are potentially cis-acting regula-
tory elements. These results suggest there may be a self-protection
mechanism involved in metabolic adaptation in the goose.

Key Words: goose, transcriptome, adipogenesis

MT54  The broiler chicken transcriptome. C. Schmidt*' and
S. Lamont?, 'University of Delaware, Newark, DE, USA; *lowa
State University, Ames, 14, USA.

Next-generation RNA-seq transcriptome analysis provides
a deep description of the genes expressed in tissues. We have se-
quenced over 10 billion Illumina reads from multiple tissues isolat-
ed from the Ross 708 broiler line of chickens. Tissues sampled in-
clude the pituitary, hypothalamus, retina, pineal, cerebellum, heart,
breast muscle, liver, spleen, intestine and adipose tissue. Relative
tissue analysis has been used to compare between tissues and iden-
tify known and novel sequences that are enriched in each examined
tissue. In addition, we have analysed the impact of chronic heat
stress on gene expression patterns in these broiler chickens. These
studies have identified genes up or down-regulated by heat stress
and the pattern of responsive genes varies across organs. Finally,
a combination of transcriptomic and metabolomic approaches has

provided an integrated description of the liver’s response to chronic
heat stress in the Ross 708 birds.

Key Words: chicken, transcriptome, metabolome

MT55  The evolving chicken genome reference. W. Warren*!,
L. Hillier!, C. Tomlinson!, P. Minx!, M. Kremitski', T. Graves', S.
Sullivan?, 1. Liachko?, M. Delaney?, J. Fulton*, M. Abrahamsen®,
R. Hawken’, M. Miller®, and H. Cheng’, 'Washington University
School of Medicine, St Louis, MO, USA; *Phase Genomics Inc.,
Seattle, WA, USA; 3University of California-Davis, Davis, CA,
USA; “Hy-Line International, Dallas Center, IA, USA; >Cobb-
Vantress Inc., Siloam Springs, AR, USA; °Beckman Research
Institute, Duarte, CA, USA; "USDA-ARS, East Lansing, MI, USA.

Given the continued interest in further improvements to the
chicken genome reference (Gallus_gallus-5.0) we have built a ver-
sion Gallus_gallu-6.0 from longer single molecule read technology
(SMRT) reads. Most assembled contigs were ordered and orient-
ed (i.e. scaffolded) using a proximity-based map into 39 scaffolds
at 94% of the assembly size; 865 contigs remained as unplaced.
The scaffolds and contig sequences were aligned to the Gallus_gal-
lus-5.0 reference or the published chicken genetic linkage map in
order to break chimeric scaffolds and contigs. We found 87 scaf-
folds and 28 contigs required manual breaks due to de novo assem-
bly or scaffolding error. At this phase Gallus_gallus-6.0 assembled
bases were 1.05 Gb, with an N50 contig and scaffold lengths of
18 and 35 Mb, respectively. Of the 1.05 Gb genome, ~94% of the
assembled bases have been anchored to chromosomes. Next steps
will be to assign large unplaced contigs to the remaining unknown
autosomes after validating no genetic linkage exists to any known
autosomes. In addition, we plan to add novel reference sequence to
clusters of immune system genes (MHC) that are challenging to de
novo assemble and genotype. Furthermore, copy number variation
within MHC genes are likely to play an important role in the host
immune responses, thus, we will present local assemblies of phased
haplotypes from commercial birds chosen for the homozygous state
of MHC-B and MHC-Y regions. The Gallus_gallus-6.0 reference
is a substantial improvement in base contiguity and autosomal as-
signment. However, the use of more targeted approaches will be
required to elevate the chicken genome to levels comparable to hu-
man.

Key Words: chicken, genome, MHC

MT56 Liver and whole blood transcriptome response

to chronic heat exposure in laying hens. F. Jehl!, A. Rau!, C.
Désert??, M. Boutin?3, K. Muret??, S. Leroux*, D. Esquerré®, C.
Klopp®, D. Gourichon’, F. Pitel*, A. Collin®, S. Lagarrigue®?, and
T. Zerjal*!, '\GABI, INRA, AgroParisTech, Université Paris-Saclay,
Jouy-en-Josas, France;, 2INRA, UMR1348 Physiologie, Envi-
ronnement et Génétique pour I’Animal et les Systemes d’élevage,
Saint-Gilles, France; *Agrocampus-Ouest, UMR1348, Rennes,
France; *UMR INRA/INPT ENSAT/INPT ENVT - GenPhySE,
Castanet Tolosan, France, SINRA, Plateforme GENOTOUL,
Castanet-Tolosan, France; °INRA, SIGENAE, Castanet-Tolosan,
France; "INRA-PEAT, Nouzilly, France; SURA, INRA, Nouzilly,
France.

Adaptation to heat exposure is required to maintain animal
welfare and productivity under high ambient temperature (AT)
conditions. In this study we investigate the effects of chronic heat
exposure (5 weeks at a constant temperature of 32°C) on the liv-
er and whole blood transcriptome of brown egg layers from 2
divergent lines selected for low (R-) and high (R+) residual feed
intake. The R+ and R- hens were equally distributed among 2 tem-
perature-controlled chambers and reared under thermo-neutrality
(22°C). At 28 wk of age the AT of one chamber was increased to
32°C until 33 wk of age, when 32 animals (8 per line and treat-
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ment) were slaughtered. Total RNA was obtained from the liver and
blood and was sequenced using the Illumina HiSEqn 3000, yielding
an average per sample of 90 million paired-end reads. The reads
were mapped to the Gallus gallus-5 reference genome by STAR
software and counted by RSEM software using the Ensembl V87
GTF annotation. Comparisons between the two AT groups were
made using the edgeR-robust R/Bioconductor package. Patterns of
AT-specific differential expression were largely shared by the two
lines, and no evidence of temperature x line interactions were ob-
served. In liver, a total of 229 differentially expressed genes (DEG)
were identified (adjusted p-values < 0.05) with respectively 104 and
125 over and under expressed in the heat-exposed compared to the
control group. In blood, 960 DEG were identified between the two
AT groups with 479 and 481 over and under expressed. Most DEG
were tissue specific, and only 18 genes were DE in both liver and
blood. Ingenuity Pathway Analysis revealed that many of the DEG
in liver were associated with amino acid and lipid metabolisms and
energy production. Key genes involved in fatty acid p-oxidation,
ketogenesis, cholesterol biosynthesis were under-expressed in the
heat-exposed animals. In blood, many of the DEG were associated
with cell related functions. Based on the DEG expression profile,
down-regulation was observed for the PI3K/AKT, the VEGF and
the PDGF signalling pathways involved in cell survival and growth,
vasculogenesis and angiogenesis. Taken together, these results indi-
cate a tissue-specific response to heat exposure.

Key Words: heat exposure, liver, blood, RNA-seq, laying hens

MT57  The not-so-missing genes in birds. T. Hron*, H. Far-
kasova, P. Pajer, J. Paces, P. Bartunek, and D. Elleder, Institute of
Molecular Genetics of the AV CR, v.v.i., Videnska, Prague, Czech
Republic.

Thanks to the advances in high throughput sequencing meth-
ods and data analysis, genome of the huge number of species has
been recently read and assembled. Despite of this, subset of essen-
tial and well-described mammalian genes, such as erythropoetin,
leptin or TNF a, have not been identified in birds and their exis-
tence has been controversial for a long time. After thorough analysis
of combined sequencing data with high coverage, we were able to
identify some of these genes and thus prove their existence. Inter-
estingly, all these ‘missing’ genes are characterised by exceptionally
high GC content and long G/C stretches. Such characteristics cause
difficulties in PCR amplification preventing efficient sequencing
and can, therefore, lead to the absence of these sequences in data-
bases and genome assemblies. This observation is probably general
and seems to apply for a significant portion of avian genes thought
to be missing. In all genes we analysed, the GC richness was ob-
served exclusively in the avian orthologs and not in the orthologs of
other species. This arises the question what is the cause of such an
extreme evolutionary driven accumulation of GC nucleotides in this
subset of avian genes. We hypothesise that these regions are import-
ant for formation of G-quadruplex structures involved in the pairing
of homologous chromosomes during meiosis. However, this pos-
sibility has to be further investigated. Our work also demonstrates
that sequences biased in their nucleotide content are often under-
represented in sequencing data. Thus, genome assemblies should be
treated with caution.

MT58  Integrating genome and transcriptome profiling for
dissection of the mechanism of muscle growth and lipid depo-
sition in ducks. L. Wang*, X. Li, J. Ma, Y. Zhang, and H. Zhang,
Lab of Animal Genetic Resource and Molecular Breeding, China
Agricultural University, Beijing, PR. China.

The objectives here were to detect candidate genes on muscle
growth and lipid deposition in Pekin ducks through comprehensive
analysis combining whole genome sequencing (WGS) and RNA-
seq. Pekin duck is famous for fast growth and high intramuscular
fat (IMF). Cherry Valley Pekin duck (CD) had higher growth rate,

whereas native Pekin duck (BD) deposited more lipids. Combing of
WGS and RNA-seq has been widely used to explain genetic basis
of different phenotypes. 80 individuals (40 BD and 40 CD) were
slaughtered at 3- and 6-weeks of age. Phenotypes of water and IMF
content, density and diameter of breast fibre were measured (n =
20). Genomic DNA was resequenced on I1lumina HisEqn 4000 plat-
form with PE-150bp. Transcriptomic data of breast were sequenced
in HisEqn 2000 platform. BD ducks displayed higher IMF content
than CDs at 6-weeks of age, while CD ducks displayed significant
differences in both density and diameter of muscle fibres than BDs
at 3-weeks. After screening for genomic variations, 206 positively
selected genes (PSGs) from 224 windows were detected. Analysis
of differentially expressed genes (DEGs) between periods detect-
ed 195 and 243 DEGs in BD and CD, respectively. At 3-week, the
52 DEGs between breeds were mainly involved in muscle tissue
development. At 6-week, the 206 DEGs were mainly involved in
PPAR and adipocytokine signalling pathways. After integrated
analysis, 7 genes, both PSGs and DEGs, including PODXL, KY,
FABPS5, FLT1, ENPP3, NGEF, and NEU2 were confirmed. Anoth-
er seven PSGs (TTN, TNNI2, CDH2, MEF2A, INSIG1, PCSK1,
and PLPPR1) and five DEGs (FoxO3, MAT1A, TNNT2, ADORAI,
and ACSL1) were also detected. Finally, we screened 19 candidate
genes, of which, 11 (PODXL, KY, FLT1, NEU2, TTN, TNNI2,
CDH2, MEF2A, FoxO3, MAT1A, and TNNT2) were identified to
regulate muscle growth involving in pathways like muscle organ
development and muscle organ maintain. Eight genes (FABPS,
ENPP3, NGEF, INSIG1, PCSK1, PLPPR1, ADORA1, and ACSL1)
involving pathways like PPAR signalling were identified to regulate
lipid deposition.

Key Words: ducks, integrative genomics, candidate gene

MT59  Genome-wide detection of SNPs and CNVs in chick-
ens associated with beak deformity using chicken high-density
600K SNP arrays. H. Bai, Y. Y. Sun, D. L. Li, Y. F. Liu, F. G.
Xue, Y. L. Li, S. S. Xu, A. X. Ni, and J. L. Chen*, Institute of An-
imal Science, Chinese Academy of Agricultural Sciences, Beijing,
China.

Beak deformity (crossed beaks) was found in several indige-
nous chicken breeds including Silkies and Beijing-You (BJY) stud-
ied here. Birds with deformed beaks have reduced feed intake, poor
production performance. The welfare was also severely inparied as
the nature behaviour performed by the aiding of beak was not pos-
sible. Previous studies have shed light on the genetic regulations
of this malformation. However, the detail genetic basis remains
unclear. In this study, a total of 48 beak deformity (case) and 48
normal (control) birds were genotyped using the high-density 600K
SNP genotyping array to detect genome-wide SNPs and CNV asso-
ciated with beak deformity trait with the assistance of ROADTRIPS
and PennCNV analysis software, respectively. As a result, 95 in-
dividuals and 429,539 SNPs were obtained after quality control.
P-value was corrected by a Bonferroni adjustment based on linkage
disequilibrium (LD) pruning. The case-control association study
identified one associated SNP (5% genome-wide significance) and
seven suggestively associated SNPs. Four high-confidence genes,
LOC421892, TDRD3, RET, and STMNI, were identified as the most
promising candidate genes for beak deformity. Two and 8 high con-
fidence CNV regions covering 0.25 Mb and 1.9 Mb on autosomal
chromosome were identified in beak deformity and normal birds,
respectively. Within these regions, 3 and 22 known genes were asso-
ciated with beak deformity, respectively. Further qRT-PCR studies
validated 9 of the 10 CNVs. MAGI3, SLC16A41, and LRIG2 genes
were only identified in beak deformity birds. LRIG2 gene could be
a key factor due to its known functions in human orofacial syn-
drome. Moreover, bioinformatics analyses showed that the detected
candidate genes were enriched in six GO terms (melanosome, pig-
ment granule, integral to membrane, intrinsic to membrane, protein
transport, establishment of protein localization processes) and one
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pathway (antigen processing and presentation). Overall, our results
provide deep insights into the genomic structure variation underly-
ing beak deformity in poultry.

Key Words: chicken, genome-wide association study, SNP, CNV

MT60  De novo genome assembly of Agapornis roseicol-

lis and SNP discovery for parentage verification. H. van der
Zwan*!  R. van der Sluis!, and C. Visser?, North-West University,
Potchefstroom, North-West, South Afiica; *University of Pretoria,
Pretoria, Gauteng, South Africa.

The African parakeet Agapornis, or lovebirds, are globally
bred as pets. The main breeding selection criterion is plumage col-
oration. Birds with rare coloration and their heterozygous offspring
(with wildtype coloration) are sold at a premium. Currently, there
is no genetic test inferring parentage of the heterozygous offspring,
nor has the genes or mutations linked to colour variation been iden-
tified. The aim of this study was to discover SNPs to develop a SNP-
based parentage verification test for 4. roseicollis by sequencing,
assembling and annotating its de novo genome. One young male
was selected and its genome sequenced at 100x coverage on the Il-
lumina HiSeq platform. The size of the genome was 1.1Gbp and 15
045 genes were identified. This is comparable to other bird species
such as the budgerigar (Melopsittacus undulates). The genomes of
the male’s parents were sequenced at 30x coverage on the same
platform. The parents’ reads were mapped to the offspring’s ref-
erence genome using the Burrow-Wheeler aligner. Making use of
the command line Linux-based program Genome Analysis Toolkit
(GATK), variants were discovered using the HaplotypeCaller mod-
ule. Approximately 1.2 million raw SNPs were discovered for the
mother and 800 000 for the father. Since it is a non-model organ-
ism, hard filtering parameters had to be applied to first extract SNPs
and then indels from the raw SNP set. SNPs discovered in indels
were discarded. These SNPs were further filtered to include only
variants where both parents were heterozygous at that locus indi-
cating heterozygosity from all grandparents. This resulted in a total
of 614 700 SNPs after all the filters were applied. SNPs not com-
plying with Mendelian inheritance patterns between the parents and
offspring were rejected. Where SNPs was located less than 100bp
apart only the SNP with the highest quality score was included. A
panel of the top 400 SNPs was selected based on the quality scores
obtained during the GATK analyses. This panel will form the foun-
dation for the development of a commercial parentage verification
test for lovebirds.

Key Words: lovebird, avian genomics, bioinformatics, de novo
genome assembly, genomic selection

MT61 Low number of mitochondrial DNA sequences
inserted into the turkey (Meleagris gallopavo) nuclear genome:
Implications for evolutionary inferences. G. Schiavo', M. G.
Strillacci?, S. Bovo'?, A. Ribani', S. I. Roman-Ponce?, S. Cerolini?,
F. Bertolini'®, A. Bagnato?, and L. Fontanesi*!, Department of
Agricultural and Food Sciences, University of Bologna, Bologna,
Italy; *Department of Veterinary Medicine, University of Milan,
Milano, Italy,; 3Biocomputing Group, Department of Biological,
Geological, and Environmental Sciences, University of Bologna,
Bologna, Italy; *Centro Nacional de Investigacion en Fisiologia
v Mejoramiento Animal, Instituto Nacional de Investigaciones
Forestales, Agricola y Pecuarias (INIFAP), Col. Centro Veracruz,
Mexico, >Department of Animal Science, lowa State University,
Ames, 14, USA.

Mitochondrial DNA (mtDNA) insertions have been detected
in the nuclear genome of many eukaryotes. These sequences are
pseudogenes that derives from the horizontal transfer of mtDNA
fragments (both from coding and non-coding regions) into the nu-
clear genome, producing nuclear DNA sequences of mitochondrial

origin, called numts. Some of these regions, that derives from recent
insertion events in terms of evolutionary time, have high homology
with the original mtDNA genome and may affect the interpretation
of population genetic and phylogenetic studies based on mtDNA
sequences. A few studies have shown that, in general, bird genomes
contain a lower number of numts than mammalian genomes. At
present in the turkey (Meleagris gallopavo) genome the frequen-
cy of these mtDNA originated pseudogenes is not known. In this
study, we filled this gap providing a first picture of numt distribution
in the genome of this avian species. The turkey reference genome
(Turkey 2.01, GCA_000146605.1) was aligned with the reference
linearized mtDNA sequence using LAST and BLASTN software.
A total of at least 16 numts were identified using both software.
A few of them were validated by amplifying and then sequencing
the corresponding regions in a population of wild turkeys and in
commercial and local lines or breeds. Identities between numts and
the corresponding mtDNA sequences ranged from ~70% to 100%,
spanning from ~60 to 500 bp and representing in total only 0.0003%
of the whole nuclear genome. These fewer numts do not cover the
whole mtDNA genome. The largest numt was located on chromo-
some 2 in an intronic region of the UFL/ gene and was 100% iden-
tical to part of the NADH dehydrogenase subunit 5 mtDNA gene
(ND5). These results confirm that the low number of numts in bird
genomes probably derives by an evolutionary selection towards
compact genomes and reduced repetitive DNA regions where these
mitochondrial pseudogenes are preferentially integrated.

Key Words: avian, turkey, numt, mtDNA, evolution

MT62 Mapping QTLs affecting Marek’s disease by selective
DNA pooling in eight lines across 15 generations. E. Lipkin*!,

J. Smith?, D. Burt?, M. Soller!, and J. Fulton®, 'Dept. of Genetics,
Silberman Life Sciences Institute, The Hebrew University of Jeru-
salem, Jerusalem, Israel; *The Roslin Institute and Royal (Dick)
School of Veterinary Studies, The University of Edinburgh, Easter
Bush, Midlothian, UK; *Hy-Line International, Dallas Center, IA,
USA.

Marek’s disease (MD) is a major disease affecting the poultry
industry. The aim of the present study was to map QTLs, genes
and mutations affecting chicken MD mortality. Selective DNA
pools were made of 9,391 sires of 8 lines and 15 generations per
line, that had progeny test results for MD mortality. The pools were
genotyped using an Affymetrix 600 K chicken SNP array. Allele
frequencies were obtained by raw intensities of alleles A and B,
B% = B/(A+B). The significance of allele frequency differences be-
tween sires with low or high progeny mortality was obtained using
empirical SE. Moving average of -LogP and Log drop were used
to define QTL regions (QTLRs). A total of 42 QTLRs were found
among the eight lines, averaging 32 QTLs per line and ranging from
0 to 11. Overlap and proximity were used to condense the QTLRs
to 28 QTLRs shared across families. The shared QTLRs averaged
1.2 Mb in length and covered a total of 33.3 Mb (3.1% of the en-
tire genome). RNASeq and bioinformatics analyses of the QTLRs
identified differentially expressed and functional candidate genes.
Markers from the candidate genes were used to individually gen-
otype 9,391 individuals from the same lines. Association analysis
of the individual genotyping confirmed most of the QTLs found
by the pools. Putative quantitative trait genes (QTG) and candidate
causative nucleotides (QTN) were identified. This study confirmed
most of the QTLRs found by the F6 study reported elsewhere at this
meeting.

Key Words: poultry, genome-wide association, quantitative genet-
ics, animal health, complex trait

MT63  An evaluation of the ISAG recommended parentage
and identification panel for the domestic pigeon (Columba
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livia domestica). M. de Groot*, VHLGenetics, Wageningen, the
Netherlands.

In this study, the ISAG recommended panel for the identi-
fication of pigeon is characterised based on commonly used sta-
tistical parameters. The assessed marker panel for the domestic
pigeon (Columba livia) genotyping is based on 16 short tandem
repeat (STR) loci (PIGN15, PIGN10, PIGN57, PIGN26, ClipD16,
ClipD19, PIGN12, ClipD17, ClipT17, PIGN04, ClipDO1, ClipnD11,
ClipD35, ClipT02, ClipT13, ClinT43). The alleles of the 16 loci
consist of a mixture of tri-, tetra- penta- and hexameric repeat pat-
terns. A sex determination marker was included in the multiplex
for quality control. The repeat sequence of the PIGN markers was
previously unpublished and therefore sequenced to reveal the se-
quence pattern. In total, 1,421 pigeons were genotyped on all 16
STR loci to generate allele frequency data for each locus. All 16
markers combined a PE1 (combined non-exclusion probability, first
parent) of 0.9986 and PE2 (combined non-exclusion probability,
second parent) of >0.9999 was observed. Comparing both the al-
leged father and mother, a PE value of >0.9999 was observed. Two
of the markers, ClipD19 and PIGN12, were found to have relatively
high HWE and F(Null) values. Therefore it can be considered to re-
place these markers by other STRs. Another point of discussion can
be to add a gender identification marker to the recommended ISAG
panel. Not only can this serve as an extra identification marker, but
also because it is very hard to determine the sex of an animal based
on phenotypical characteristics, especially for chicks. The set of 16
STR markers can be used in routine parentage verification work as
well as identification of individuals.

Key Words: STR, genotyping, Columba livia domestica, pigeon

MT64  Evaluation of semen characteristic of the high and
low sperm motility groups in two different strains of chicken.
M. Farahi, A. A. Masoudi*, and A. Ehsani, Tarbiat Modares Uni-
versity, Tehran, Tehran, Iran.

Successful fertility in males is very important in the poul-
try industry. One of the key factors affecting the fertility of males
during the lifetime is semen quality. The aim of this study was to un-
derstand the trends of the semen parameters quality in two different
groups of high and low sperm motility in two different strains (com-
mercial and indigenous). An experiment was started by sperm mo-
tility evaluation of Arian dame line and Urmia native roosters at the
age of 27 weeks. Then the samples were allocated to two High Mo-
tility level (HML) and Low Motility Level (LML) for next analyses.
In the following sperm parameters, sperm viability and sperm in-
tegrity was performed individually for each bird at regular intervals
every other week for the eight-month course. The results indicated
that although the trend of sperm motility was diverse among the
groups, the sperm motility in HML was greater than in LML in both
strains throughout the time of the semen production. In addition the
trend of sperm motility in high and or low groups of commercial
and native strains was almost the same. The results of the sperm
motility showed an acceptable quality of sperm motility (0.58 to
0.87) for all the groups during the period of semen production. The
sperm viability, however, showed a little reduction but generally the
tendency of sperm viability was extremely constant across the pro-
duction course in HML and LML of both strains. Sperm membrane
integrity was significantly lower (P < 0.05) in LML of the native
strain. Results of this research indicated that the birds ranking based
on the semen characteristics at the early breeding of the chicks will
be fixed across of the course of the bird rearing and therefore it
could be a useful indicator of male selection in the poultry industry.

Key Words: chicken, fertility, pedigree line, sperm motility, native

MT65 Discrimination of native chicken breeds using SNP
marker combination. S. Jin', N.-R. Choi', D. Seo', P. Manjula’,
H.-Y. Kim?, S. H. Lee!, and J. H. Lee*!, 'Chungnam National

University, Daejeon, Republic of Korea,; *Insilicogen Inc., Yongin,
Republic of Korea.

The consumption of chicken meat is steadily increasing in
the world and the rate of increase is much higher in Korea because
chicken meat has been recognised as healthy food. Recently, Kore-
an government launched Golden Seed Project (GSP) for developing
new chicken breeding stocks using native chickens. In this study,
600K high-density SNP array was used for the genetic verification
of new chicken breeding stocks. Total, 192 native chickens were
investigated for selection of SNP markers for breed discrimination.
As the results, 128 SNPs were initially selected. Based on the vali-
dation study, highly significant 48 SNP markers were finally select-
ed with 96% sensitivity and 98.4% specificity for identifying target
population. These results can provide useful information for devel-
oping of new chicken breeding stocks with further verifications.

Key Words: SNP, new chicken breeding stock, native chicken,
breed discrimination

MT66 A novel approach for mapping of animal genome
assemblies to a chromosomal level applied to avian genomes. J.
Damas', R. E. O’Connor?, M. Farre!, H. Martell?, E. A. Slack!, E.
Allanson', L. Kiazim?, R. Jennings?, A. Mandawala®, S. Joseph?,
K. E. Fowler®, D. K. Griffin?, and D. M. Larkin*!, ' Department

of Comparative Biomedical Sciences, Royal Veterinary College,
University of London, London, UK; *School of Biosciences, Uni-
versity of Kent, Canterbury, Kent, UK; 3Canterbury Christchurch
University, Canterbury, Kent, UK.

The ultimate aim of a genome assembly is to create a con-
tiguous length of sequence from p- to q- terminus of each chromo-
some. Most assemblies are however, highly fragmented, limiting
their use in studies of trait linkage, phylogenomics and genomic
organisation. To overcome these limitations, we developed a nov-
el scaffold-to-chromosome anchoring method combining Refer-
ence-Assisted Chromosome Assembly (RACA) and fluorescence
in situ hybridisation (FISH) to position scaffolds on chromosomes.
Scaffolds generated from de novo sequenced genomes were ordered
and orientated using RACA against a reference and outgroup ge-
nome into ‘predicted chromosome fragments’ (PCFs) for 18 pre-
viously published avian genomes. PCFs were verified using PCR
for 6 genomes and the second round of RACA was run for all ge-
nomes using settings derived from the PCR results. An universal
set of FISH probes developed through the selection of conserved
regions in 21 avian genomes were then used to map PCFs of the
peregrine falcon (Falco peregrinus) and rock pigeon (Columba liv-
ia) genomes. We were able to physically map 87% of the peregrine
and 84% of the pigeon genome, improving the N50 of both 7-fold,
as well as identify a series of intra and interchromosomal rearrange-
ments. Additional genomes mapped using this method include the
ostrich (Struthio camelus), the saker falcon (Falco cherrug) and
the budgerigar (Melopsittacus undulatus). Comparative analysis of
evolutionary breakpoint regions identified in the upgraded genome
assemblies demonstrated that positions of interchromosomal breaks
in avian genomes are limited to the genome intervals with unusu-
ally low level of sequence conservation. This likely to shed light
on why most avian species have very stable karyotypes. Our com-
bined FISH and bioinformatics approach represents a step-change
in the mapping of genome assemblies. This makes verification and
upgrade of any avian genome assembly with long scaffolds to chro-
mosomes an easy task allowing comparative genomic research at a
higher resolution than previously possible.

Key Words: genome assembly, comparative genomes, fluorescent
in situ hybridization, avian genomes, chicken

MT67  In situ and in silico improvement of the Japanese
quail genome assembly. S. Galkina*!, M. Kulak', A. Saifitdino-
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va!, A. Komissarov', A. Dyomin', V. Volodkina!, J. Damas?, M.
Farre?, D. Griffin’, D. Larkin?, and E. Gaginskaya!, 'Saint-Peters-
burg State University, Saint-Petersburg, Russia, *Royal Veterinary
College, University of London, London, UK, *University of Kent,
Kent, UK.

The Japanese quail Coturnix coturnix japonica is a biomedi-
cal model species and one of the highest-producing poultry species.
It has a relatively small genome (=1.41 Gb) packed into 39 chromo-
some pairs. The first draft of its genome assembly was released in
2013. Since 2016 the quail genome assembly comprising of 32 (of
38+Z and W) linkage groups is available (https://www.ncbi.nlm.nih.
gov/genome/?term = japanese+quail). However, it contains a sig-
nificant number of sequence gaps due to the presence of repetitive
coding and non-coding DNA elements that complicate contiguous
assembly. Importantly, the repetitive DNA elements play a crucial
role in evolution of chromosome structure and regulation of gene
expression. Here, (1) we identified new highly repeated sequences
of Japanese quail genome within unassembled short raw reads and

mapped them in silico and in situ. (2) We assembled the Japanese
quail rRNA gene cluster on the basis of raw read library using Ge-
neious 9.0.5 software package. Repeat searching and annotation
were done by Repeatmasker 4.0.5. (3) To verify the quail draft ge-
nome assembly we performed systematic ZOO-FISH experiments
on Japanese quail chromosomes with chicken BAC clone probes
from CHORI-261 chicken BAC library. BAC clones were selected
according to their chromosomal positions and assigned for specific
sequence markers and high cross-species hybridization efficiency.
All BACs used were positioned in the quail genome assembly. In
some cases we have found discrepancies between positions of the
markers in the quail genome assembly and physical maps, caused
by the newly identified interspecific rearrangements. Support:
‘Chromas’ Research Resource Center and Theodosius Dobzhansky
Center for Genome Bioinformatics (SPbSU), RFBR #15-04—05684
& #16-04-01823.

Key Words: Coturnix coturnix japonica, repeat, rRNA cluster,
rearrangement

Cattle Molecular Markers and Parentage Testing

MT69 Identification of distribution single nucleotide poly-
morphism of Cytochrome b gene in Kebumen Ongole grade
cattle and Brahman cattle. T. Hartatik*, D. Maharani, J. H. P.
Sidadolog, A. Fathoni, and Sumadi, Laboratory of Animal Genetic
and Breeding, Department of Animal Breeding and Reproduction,
Faculty of Animal Science, Universitas Gadjah Mada, Yogyakarta,
Indonesia.

The purpose of this research was to identify the genetic vari-
ation in Kebumen Ongole grade cattle and Brahman cattle by us-
ing marker mt-DNA Cytochrome b gene. The material used for
the amplification of a cyt b gene was derived from a female cattle
which consists of 14 Kebumen Ongole grade cattle and 15 Brah-
man cattle. The analysis of this research used the method of Poly-
merase Chain Reaction (PCR) and sequenced the PCR product. The
PCR product of mt-DNA cyt b 464 bp was amplified with forward
primer (L14735): 5-AAAAACCACCGTTGTTATTCAACT-3’
and reverse primer (H15149)5 ‘-GCCCCTCAGAATGATATTT
GTCCTCA-3 ‘. The single nucleotide polymorphisms (SNPs) was
determined using BioEdit ClustalW progam. Mitochondria DNA
Cyt b gene in Kebumen Ongole grade cattle showed 36 SNPs with 8
haplotypes. Smaller number of SNPs in Brahman cattle with 7 SNPs
and 6 haplotypes indicate that homozigosity in Brahman cattle was
higher than that of Kebumen Ongole Grade cattle. The conclusion
of this research was Kebumen Ongole grade cattle was originally
different with Brahman cattle. However 50% of Kebumen Ongole
grade cattle had 85% similarity of mtDNA sequence with Brahman
cattle. It was predicted from the dams of Brahman cattle that intro-
duced into the territory of Kebumen.

Key Words: Cyt b gene, Kebumen Ongole Grade Cattle, Brahman
cattle, SNPs, haplotype

MT70 Phylogenetic analysis of three yak breeds or popula-
tions based on several molecular markers. J. Gao, S. Y. Jin, L.

Huang, and Y. C. Zheng*, College of Life Science and Technology,
Southwest University for Nationalities, Chengdu, Sichuan, China.

Yak (Bos grunniens) is a unique cattle species adapt to the
hypoxic environment of Qinghai-Tibetan Plateau. In Sichuan prov-
ince of China, there exist two famous yak breeds (Maiwa yak and
Jiulong yak) and a yak population (Changtai yak), their major dis-
tribution regions are all at a distance of ~300 km. Changtai yak
was less studied and its genetic relationships with Maiwa yak and
Jiulong yak is unclear. The current study analysed the genetic rela-
tionship of Changtai yak (n = 40), Maiwa yak (n = 40) and Jiulong

yak (n =40) using mitochondrial DNA (mtDNA) D-loop sequences,
15 microsatellite markers and two loci of nuclear genes, in order
to provide scientific data for the utilisation of yak genetic resourc-
es. DNA was extracted from blood or muscle samples and PCR
was carried out before gene sequencing or genotyping. The results
showed that the three yak breeds/populations had a high degree of
polymorphisms. The gene heterozygosity (/) and haplotype di-
versity (Hd) in Changtai yak were higher than in Maiwa yak and
Jiulong yak. mtDNA D-loop sequencing revealed that the genetic
distances were similar among the three yak breeds / populations,
suggesting their very close maternal origin; microsatellite polymor-
phism assay showed that Changtai yak had a closer genetic asso-
ciation with Maiwa yak, which was also supported by the unique
polymorphisms of the lactate dehydrogenase-1 (LDH-1) and the
duplication fragment of k-casein (k-CN) in the three yak breeds /
populations. Thus we propose that Changtai yak has a closer genetic
relationship with Maiwa yak than with Jiulong yak, it may represent
an independent yak breed based on the cluster analysis with the two
yak breeds. The present data have provided useful information for
yak breeding practice.

Key Words: yak, breed diversity, microsatellite, phylogeny

MT71 Improving accuracy of genomic prediction for eco-
nomically important traits in North American Holstein dairy
cattle. S. Nayeri*!, M. K. Abo-Ismail'?, M. Sargolzaei?3, S. P.
Miller**, F. Schenkel?, S. S. Moore'?, and P. Stothard', Universi-
ty of Alberta, Department of Agricultural, Food and Nutritional
Science, University of Alberta, Edmonton, AB, Canada; *Uni-
versity of Guelph, Centre for Genetic Improvement of Livestock,
Department of Animal Bioscience, University of Guelph, Guelph,
ON, Canada; 3The Semex Alliance, The Semex Alliance, Guelph,
ON, Canada; *Angus Genetic Incorporation, Angus Genetics Inc.,
American Angus Association, St. Joseph, MO, USA; >University of
Queensland, Agriculture and Food Innovation, Centre for Animal
Science, University of Queensland, St. Lucia, QLD, Australia.

Genomic selection can be applied without knowledge of the
underlying genes and pathways involved, however, an understand-
ing of the underlying quantitative trait nucleotides (QTNs) may
help to increase accuracy of genomic predictions. The objectives of
this study were to identify candidate causal genes and variants for
eighteen production, lifetime performance index (LPI), longevity,
and fertility traits in Holstein dairy cattle by integrating information
from genome-wide association analysis (GWAS), whole-genome
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sequencing and a variety of bioinformatics tools. A new custom
Affymetrix panel (~80K SNPs) was then constructed by including
the identified variants, and the change in the accuracy of genomic
predictions was evaluated using a GBLUP model. The effects of
combining the new panel with the existing 50K panel (creating a
124K panel) and of using only those SNPs that overlap with tran-
scribed sequences (transcriptome panel) were also investigated. The
results showed that when the custom genotyping panel was com-
bined with 50K panel (124K panel), only a small increase in the ac-
curacy of genomic prediction (0.57% averaged across all traits) was
achieved over the 50K panel. The most promising result was ob-
tained from the transcriptome panel, which consisted of 74k SNPs
within transcribed regions. The transcriptome panel worked slightly
better for all the traits and on average led to an increase in accuracy
of 0.72% over 50K genotypes. In conclusion, the results indicated
that the inclusion of candidate QTNs in a GBLUP model slightly
increased prediction accuracy, but that further efforts aimed at using
candidate QTN genotypes and alternate models, such as weighted
ridge regression, Bayes RC, or Bayes Cn, are warranted.

Key Words: genomic prediction, North American Holstein dairy
cattle, genome-wide association, DNA sequencing

MT72  Effect of single nucleotide polymorphisms in the
ABCG2, p-LG, CSN3, FASN, IGF1, PPARGCIA and SCD genes
on milk production traits in dairy cattle. M. A. Alim*'2, D.
Sun?, Z. Yi%, Z. Yuan?, Z. Qin%, and L. Lin®, 'Division of Animal
Biotechnology, National Institute of Biotechnology, Ganakbari,
Asulia, Savar, Dhaka, Bangladesh; *College of Animal Science
and Technology, Key Laboratory of Animal Genetics and Breeding
of Ministry of Agriculture, National Engineering Laboratory for
Animal Breeding, China Agricultural University, Beijing, Chi-

na, *Beijing Dairy Cattle Center, Beijing, China.

The current study was designed to evaluate the associations
between single nucleotide polymorphisms (SNPs) and milk pro-
duction traits in Chinese Holstein cows. In this study, we estimat-
ed the effects of polymorphisms in the ATP-binding cassette G2
(ABCG2), fatty acid synthase (FASN), insulin-like growth factors
1 (IGF1), x—casein (CSN3), peroxysome proliferator-activated re-
ceptor-c coactivator-la (PPARGCIA), Stearoyl-CoA desaturase
(SCD) and B-lactoglobulin (B-LG) genes on milk production traits
by Matrix-assisted laser desorption/ ionization time of flight mass
spectrometry (MALDI-TOF) and DNA sequencing methods. Here,
we genotypted 752 lactating cows for ABCG?2 FASN., 1 s007-c.
FASN IGF1 CSN3

8.17924G>4, 2.10888T>C,
CSN3gv10944/1>G’ ﬁ_LGg.Il)}29C>T, PPARGC]Ag.12703G>T, SCDg‘1015.3A>G, SC-
o 1021375C and SCD, 1032965 polymorph1s_ms, .and estlrpated geno-
typic effects on five milk production (milk yield, fat yield, protein

yield, fat percentage and protein percentage) traits. Out of twelve,

2.1810C>T,

g.10888T>C, g.10924C>A4,

no acid replacement in the respective protein. Our result showed
that all identified polymorphisms had significant (P < 0.0001) ef-
fect on the milk production traits in Chinese Holstein cattle. Our
result demonstrated that the identified SNPs possibly contributed
to conducting association analysis and can be recognised as genetic
marker in programs of gene-assisted selection for the genetic im-
provement of milk production traits in dairy cattle.

Key Words: dairy cattle, SNP, gene, genetic marker, association

MT73 Genome-wide association study for displacement of
abomasum in dairy cattle. H. Huang*!, J. Cao? G. Guo®, X. Li%,
Y. Wang', Y. Yu!, S. Zhang', Q. Zhang', and Y. Zhang', 'Key Labo-
ratory of Animal Genetics and Breeding of Ministry of Agriculture,
National Engineering Laboratory of Animal Breeding, College of
Animal Science and Technology, China Agricultural University,
Beijing, China; *Department of Clinical Veterinary Medicine,
College of Veterinary Medicine, China Agricultural University,
Beijing, China; 3Beijing Sunlon Livestock Co Ltd, Beijing, China.

Displacement of abomasum (DA) is a common and eco-
nomically important disorder in dairy cattle. Previous studies have
yielded evidence for a genetic predisposition to this disease. Here,
we conducted a genome-wide association study (GWAS) for DA
in Chinese Holstein cows based on 373 cases and 2316 controls.
Single marker tests were performed by the genome-wide rapid asso-
ciation using mixed model and regression (GRAMMAR) approach.
Two polygenic models (i.e. linear and logistic) were used to obtain
residuals adjusted for polygenic covariation and fixed effects. Re-
sults from these two analyses were highly concordant. In total, 38
SNPs located on 22 bovine chromosomes (BTA) showed significant
associations with DA. At the significance threshold there were 5
significant SNPs common to the two analyses (Table 1).The SNP
with the most significant association was located on BTA 12, 9.8
kb from the candidate gene NALCN, which encodes a voltage-inde-
pendent, nonselective, non-inactivating cation channel permeable
to Na*, K*, and Ca*'. The concentration of these cations could affect
the circular muscle of the abomasal corpus and thus might play an
important role in the pathogenesis of DA. To our knowledge, this
is the first GWAS study for DA in the Chinese Holstein population.
These significant SNPs and candidate genes for DA may provide
deeper insights into the pathogenesis of DA and illuminate an im-
portant part of the genetic background of this disease. Our results
add to understanding of the genetic architecture of this complex
disease and suggest that genetic improvement of DA resistance is
possible.

Key Words: Chinese Holstein, genome-wide association, complex
trait, animal health

five polymorphism (FASN, ..., CSN3g_108887>C, CSN 3, 10924c>4,  MT74  Genomic single-step national evaluation of Holstein
CSN3, ygssiocp A SCD, 15.;) Was predicted to result in an ami-  cagle jn the Czech Republic. A. Kranjcevicova*!, J. Pribyl, J.
Table 1 (Abstract MT73). Single nucleotide polymorphisms significantly associated with displacement of the abomasum
(-log10 P-value>4.0)
Major/
SNP name BTA | Position (bp) | OR! | minor allele Nearest gene Distance (bp)
ARS-BFGL-NGS-18448 12 81540197 1.74 A/C NALCN 9884
ARS-BFGL-NGS-7067 24 61958252 0.73 A/G BCL2 within
Hapmap59976-1s29022169 8 105898019 1.49 A/G TNFSFS8/TNC 27388/67479
BTB-00054069 1 122606040 0.39 A/G NA NA
ARS-BFGL-NGS-41732 23 44897933 1.56 A/C NEDDY9/ADTRP | within/361065
'0dds ratios were determined based on the allele counts: OR >1: the minor allele increases the risk of disease; OR < 1: the
major allele increases the risk of disease.
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Splichal?, J. Bauer?, J. Motycka®, and L. Vostry', 'Institute of Ani-
mal Science, Prague, Czech Republic; *Plemdat (Czech Moravia
Breeders Corporation), Hradistko, Czech Republic; *Holstein
Cattle Breeders Association, Hradistko, Czech Republic.

Genomic national evaluation of dairy cattle using SNP mark-
ers on 50K Illumina Beadchip is routinely applied for production
traits and somatic cells score where the test-day random regression
model is used. Conformation and reproduction traits are evaluated
by single trait animal model and longevity is evaluated by survival
kit. Data included 1.3 mil of cows records with ~25 mil. of test-day
records and 5,500 genotypes of animals. A single-step procedure is
used and thus genotyped and non-genotyped animals are evaluated
together across the whole population. National procedure is validat-
ed by Interbull organisation. A positive genetic trend is observed in
last 35 years in milk production, but the negative one in reproduc-
tion traits. The genetic trends of evaluated traits are similar for peri-
od 1980 - 2010 but after 2010 when the genomic evaluation is used
values increase. Distribution of genomic enhanced breeding value
(GEBYV) has similar range for subpopulations of cows, non-geno-
typed bulls, proven genotyped bulls, and young genotyped bulls.
Average GEBYV for proven genotyped bulls is slightly higher than
for other groups in milk production. Czech population is strongly
influenced by import of foreign bulls and therefore young animals
have weak connection to domestic production records and low reli-
ability of prediction of genetic evaluation. Evaluation is improved
by implanting international MACE (Multiple Across Country Eval-
uation) values into domestic evaluation. Interbull MACE values
were deregressed into test-day records and added to the database
of domestic animals. Validated reliabilities of young bulls were cal-
culated using for prediction partial data until the year 2012 and for
verification a whole data until year 2016. Single-step evaluation on
combined data including a whole domestic population and all avail-
able Interbull values of genotyped and non-genotyped bulls (MACE
values of 100 000 bulls) has higher validated reliability of evalua-
tion of young bulls then evaluation on only domestic population.

Key Words: single-nucleotide polymorphism (SNP), genomic
prediction, milk production, animal breeding, population genomics

MT75 Identification of hypotrichosis in Kazakh White-
headed beef cattle breed in Kazakhstan. T. Yechshzhanov*?,
R. Uskenov!, Y. Mukhanbetkaliyev!, S. Zhamaliyeva?, and A.
Smakova', 'S.Seifullin Kazakh AgroTechnical University, Astana,
Kazakhstan, *L.N.Gumilyov Eurasian National University, Asta-
na, Kazakhstan.

Hypotrichosis is autosomal recessive hereditary disorder,
which has had significant economic effect on beef cattle breeding
worldwide. The prevalence of carriers of disorder has not been re-
ported before in Kazakhstan. The objective of the study was to iden-
tify carriers of this disease in population and artificial insemination
centre. Previously, 54 animals of different beef breeds of domestic
and imported breeds from Akmola and North Kazakhstan regions
were screened for 8 SNPs of glycogen storage disease, hypotricho-
sis, maple syrup urine disease, male subfertility and dwarfism. Our
previous results revealed that the Kazakh whiteheahed bull from
artificial insemination centre is the carrier of a recessive allele for
genetic disease: hypotrichosis with the SNP on HEPHLI1 gene. In
this study, to look for distribution of recessive allele among prog-
eny 75 offsprings of carrier bull progeny were selected for further
analysis. Parentage testing with 100 SNP was used for verification.
Genomic DNA was extracted from hair follices by Qiagen DNA
extraction kit with small modifications. Genotyping was performed
for the following autosomal recessive diseases of beef cattle breeds:
hypotrichosis with a SNP in the HEPHL1 gene. Genotyping of
DNA samples for the SNPs carried out by using Illumina bovine
bead chips at Labogena (France). According to the results of ge-
notyping it revealed that the Kazakh whiteheahed breed bull is the
carrier of a recessive allele for genetic disease: hypotrichosis with

the SNP on HEPHL1 gene. This study demonstrates that carriers of
hypotrichosis are present in the Kazakh whiteheaded breed popula-
tion, although at a low frequency. As artificial insemination is used
in cattle breeding, carriers of hypotrichosis, are likely present within
progeny of breeding sires. Since the mutant alleles are invisible in
phenotype of animals, it is very important to detect and eliminate
carriers of these diseases from breeding stock.

Key Words: cattle, animal breeding, genotyping, genetic disorder,
genetic improvement

MT76 Genomic profiles to assess accuracy of breed com-
position and hybrid vigor in crossbred beef cattle. M. K.
Abo-Ismail*!2, J. Crowley'?, E. C. Akanno!, G. Manafiazar!, C.
Li'4, G. Plastow!, M. D. MacNeil®, D. Berry’, P. Stothard', and J.
Basarab'?, 'Livestock Gentec, Department of Agricultural, Food
and Nutritional Science, University of Alberta, Edmonton, AB,
Canada; *Animal and Poultry Production, Damanhour University,
Damanhour, Egypt, *Canadian Beef Breeds Council, Calgary, AB,
Canada; *Agriculture and Agri-Food Canada, Lacombe Research
and Development Centre, Lacombe, AB, Canada,; Lacombe
Research Centre, Alberta Agriculture and Forestry, Lacombe, AB,
Canada; ®Delta G, Department of Animal, Wildlife and Grassland
Sciences, Bloemfontein, South Africa;, "Animal and Grassland
Research and Innovation Centre, Teagasc, Moorepark, Co., Cork,
Ireland.

The objective of this study was to assess the effectiveness of
different methods of single nucleotide polymorphism (SNP) marker
selection and densities to predict breed composition for crossbred
beef cattle and subsequently evaluate the use of those breed frac-
tions to calculate retained heterozygosity (RH). A total of 8,792
individual genotypes were available from six breeds (Gelbvieh,
Charolais, Angus, Simmental, Limousin, and Hereford), three com-
mercial crossbred herds and two crossbred research herds (Kin-
sella composites and Lacombe Research and Development Centre
[LRDC]) as well as a crossbred validation group (n = 102) from
LRDC. Genomic breed composition was predicted for all individ-
uals using the cross-validation procedure implemented in ADMIX-
TURE software using different approaches in terms of number of
SNPs (including ISAG parentage assignment panel), methods of
SNP selection and breed information. The results indicated a strong
effect for number of SNPs and SNP selection methods on breed
composition and RH estimates. Genomic estimated breed compo-
sition was regressed onto the pedigree recorded breed composition
in the validation group to assess accuracy (R?) of prediction. The
ISAG SNPs had 13 percentile points lower accuracy than that ob-
tained when using the maximum number of SNP (~7,616 SNP over-
lapped between SNP panels). The correlation between RH values
estimated using the maximum number of SNP and other approaches
ranged from 61 to 95%. Inclusion of informative SNPs using dif-
ferent approaches including pairwise Wright’s FST and Delta sta-
tistic improved the accuracy of genomic-based breed composition
and RH. Thus, predicting genomic-based breed composition was
achieved using cost-effective marker panels without affecting the
accuracy of estimation of RH required to optimize crossbreeding
programs in beef cattle.

Key Words: beef cattle, admixture, breed diversity and composi-
tion, retained heterozygosity

MT77 Residual feed intake candidate gene associations. N.

A. Zulkifli*'2, W. S. Pitchford?, and C. D. K. Bottema?, 'School of
Environmental Science and Natural Resources, The National Uni-
versity of Malaysia, Bangi, Selangor, Malaysia, *School of Animal
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and Veterinary Sciences, The University of Adelaide, Roseworthy,
Australia.

Residual feed intake (RFT) is a measure of net feed efficiency,
an economically important trait in livestock. The RFI of an animal
depends on the ability of the animal to consume less feed than ex-
pected based on their weight gain and weight maintained during
the feed testing period. Recent work has implicated mitochondri-
al function as being involved in the feed efficiency of livestock.
The objective of this study was to identify genes involved in mi-
tochondrial function that may affect net feed efficiency in cattle.
Several quantitative trait loci (QTL) affecting feed efficiency were
previously mapped in Jersey x Limousin double backcross prog-
eny in three sire families. Based on the QTL mapping results, ten
candidate genes related to mitochondrial function and energy me-
tabolism were identified: ALDOB, AKI, CAT, GHRL, HADHB,
NDUFAS8, NDUFBS5, SODI1, SOD2, and SUCLGI. All ten genes
were sequenced in three Jersey x Limousin sire families in order
to locate DNA variants in the genes for association studies. A total
of 58 DNA variants were discovered, which included six insertion/
deletions (in/dels) and 52 single nucleotide polymorphisms (SNPs).
Fourteen SNPs were selected for genotyping in the 366 progeny
from the three sire families. Genotyping results were analysed to
observe the effect of the SNPs with 27 RFI related traits and specific
fat depot traits. Only four SNPs in the candidate genes were associ-
ated with residual feed intake, three of which were in the HADHB
gene. The haplotype of HADHB from these three SNPs explained
8.5% of the variation in RFI. The other SNP was in the SODI gene,
which had a p-value < 0.001 for residual feed intake and explained
another 3% of the variation in this trait. Thus, the results indicate
that DNA variants in genes involved in mitochondrial function and
energy metabolism may influence RFI.

Key Words: residual feed intake, feed efficiency, mitochondrial
function, cattle, candidate genes

MT78 Impact of genomic selection for feed efficiency on
heifer reproduction and calf performance traits. E. Akanno*!,
C. Ekine-Dzivenu!, M. Abo-Ismail'?, M. MacNeil**, C. Li', C.
Fitzsimmons'?, J. Basarab', and G. Plastow', 'Livestock Gentec,
AFNS, University of Alberta, Edmonton, AB, Canada, >*Depart-
ment of Animal and Poultry Production, Damanhour University,
Damanhour, Egypt, *Delta G, Miles City, MT, USA; *Department
of Animal, Wildlife and Grassland Sciences, University Free State,
Bloemfontein, South Africa; >Agriculture and Agri-Food Canada,
Lacombe Research and Development Centre, Lacombe, AB, Can-
ada; SAlberta Agriculture and Forestry, 4Lacombe Research and
Development Centre, Lacombe, AB, Canada.

Genetic improvement in feed efficiency is economically im-
portant in cow-calf operations but measuring feed intake is an ex-
pensive and difficult process particularly on large numbers of cows.
Thus, genomic selection (GS) offers opportunities to improve feed
efficiency in cow-calf herds but the potential impact of selecting for
improved feed efficiency on maternal traits is unknown. Therefore,
the objective of this study was to evaluate a short-term correlated
response in heifer reproduction and calf performance traits due to
a GS scheme that incorporates genomic breeding values (GBV) for
residual feed intake (RFT) in either a maternal or feedlot productiv-
ity index. A total of 981 replacement heifers in their first calving
bred between 2012 and 2014 were collated from three experimental
herds namely Angus (AN; 285), Charolais (CH; 182) and Kinsella
Composite (KC; 514). All replacement breeding stock for AN and
CH were selected for feed efficiency using GBV within multi-trait
maternal and feedlot profitability indexes, respectively, while the
KC population was randomly split into feed-efficient and control
herds contributing 264 and 250 heifers, respectively. Replacement
breeding stock for the KC control herd was subjected to traditional
selection, while the KC-efficient replacements were selected sim-
ilarly to the Angus herd. In order to examine the impact of GS on

pre-breeding weight (PBW), calving date (CD), calf birthweight
(CBW) and calf weaning weight (CWW), a multiple linear regres-
sion analysis was performed using R statistical software. Except for
CBW (36 — 35 kg), the results showed a significant (P < 0.01) phe-
notypic trend for PBW (337 - 362 kg), CD (209 - 163 days), and
CWW (202 — 223 kg), on average, in heifers from the efficient herds
(AN, CH, KC) bred over the course of three years. Within a selec-
tion year, there was no difference (P > 0.05) observed for maternal
traits between the control and efficient herd in the KC population.
Despite the short-term selection experiment and the limited sample
size used in this study, it appears that a genetic improvement pro-
gram that incorporates RFI in a selection index will have no adverse
effect on maternal traits in a cow-calf operation.

Key Words: beef cattle, feed efficiency, genomic selection, mater-
nal traits

MT79 Bilateral iridal hypopigmentation in Holstein
Friesian cattle. A. K. Hollmann', M. Bleyer?, A. Tipold?, J. N.
NeBler’, W. E. Wembheuer', E. Schiitz!, and B. Brenig*!, nstitute
of Veterinary Medicine, University of Goettingen, Goettingen,
Germany,; *Pathology Unit, German Primate Center, Leibniz-In-
stitute for Primate Research, Goettingen, Germany, *Dept. Small
Animal Medicine and Surgery, University of Veterinary Medicine
Hannover, Hannover, Germany.

Eye pigmentation abnormalities in cattle are often related to
syndromes like albinism, Chediak-Higashi or Tietz. However, also
mutations that solely affect the pigmentation of body and eye have
been described. These discolorations of the iris, either mono- or bi-
lateral, complete or partial are usually referred to as heterochromia
iridis. A total of 20 cattle (10 male, 10 female) with bilateral hy-
popigmentation of irises were observed. 18 cases were of Holstein
Friesian (HF) breed, two other affected animals were crossings of
Red cattle and Fleckvieh. Ophthalmological and neurological ex-
amination did not reveal any signs of an underlying syndrome or
anomalies other than the iridal hypopigmentation. All cases showed
an iris coloration with two differently coloured parts of varying co-
lour intensity. The central regions were silvery-blue to grey-blue
with darker and lighter parts and the peripheries were light brown to
grey with occasional light grey zones. Coat colour of affected cattle
was characteristic of the breed without any obvious colour devia-
tions. Histological evaluation revealed a reduction in iris pigmenta-
tion mainly affecting the anterior border layer and the iridal stroma.
Differences in pigmentation of other uveal structures, iridal thick-
ness or stromal density were not detected. To analyse the genetics
of the iris hypopigmentation, a genome-wide association study was
performed using genotyping data of the 20 cases and 172 randomly
selected HF cattle. Three loci with p-values above the Bonferroni
genome-wide significance level of -log (p) = 6.65 were detected
on bovine chromosome (BTA) 8 (position 60,990,733, -log, (p) =
9.2), BTA4 (position 7,186,971, -log, (p) = 6.81) and BTA9 (posi-
tion 77,442,550, -log, (p) = 6.95). Further analysis of genotypic and
allelic dependences between the 20 cases and 316 randomly select-
ed HF cattle using 3x2 or 2x2 contingency tables and Fisher’s exact
or chi-squared statistics (df = 2) were performed. The presence of
the A-alleles at each of the 3 loci are leading to a 6- (BTAS), 9.04-
(BTA4) and 5.47- (BTA9) times higher chance to develop an iridal
hypopigmentation.

Key Words: cattle, genome-wide association, animal health

MTS80 The price of looking for something no one wants to
talk about: The search, quantification, and cost of genetic dis-
eases in Ireland. J. McClure*!, P. Flynn?, S. Waters®, M. Mullen*,
T. Pabiou', R. Schnabel’, J. Taylor’, F. Kearney', R. Weld?, and M.
McClure', 'The Irish Cattle Breeding Federation, Highfield House,
Shinagh, Bandon, Co. Cork Ireland; *Weatherbys DNA Laborato-
ry, Johnstown, Co. Kildare, *4Animal & Grassland Research and
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Innovation Centre, Teagasc, Grange, Co. Meath; *Department of
Life and Physical Sciences, Faculty of Health and Science, Athlone
Institute of Technology, Athlone, Co. Westmeath, Ireland; *Depart-
ment of Animals Sciences, University of Missouri, Columbia, MO,
USA.

It is estimated that every animal is a carrier for 20—-100 genetic
disease causing alleles, and that each new animal born may have 50
spontaneous mutations. These new mutations may be benign or may
be lethal with no way to predict until they surface in a population.
Mutations responsible for embryonic loss, or early mortality are es-
pecially troubling because of the high economic loss in production
systems, and the extra stress on the ecosystem due to non-produc-
tive animals in a herd. Since 2013, over 650,000 Irish dairy and
beef cattle have been genotyped on the International Dairy and Beef
(IDB) SNP chip. Independently confirmed carrier or affected ani-
mal DNA was used to validate 65 disease and trait SNP probes on
IDB chips. Allele frequencies from validated disease probes were
analysed to calculate carrier frequency for 33 genetic diseases. The
economic cost for some of these particular diseases has been calcu-
lated and found to be very high. With low cost genotyping a system
will be put in place where superior mating strategies can be identi-
fied that minimizes genetic disease economic cost by including the
genetic disease status of the sire and dam. By implementing this
‘smart breeding plan’ the industry can retain animals with high val-
ue while reducing the number of animals affected by known genetic
diseases. The success of the above programs has incentivised ICBF
to seek out new causative disease alleles in the Irish bovine popula-
tion. To identify genetic diseases with the highest impact a survey
was developed for farmers to report genetic defects and a system
was designed to collect samples for genetic analysis. The caveat to
a program like this is the stigma associated with having abnormal
animals. While uptake has been slow, articles online, in trade mag-
azines, and popular press have increased the frequency of reports.
Once a few diseases were targeted, DNA from affected animals was
sent off for whole genome sequencing to elucidate candidate causal
mutations. This is an ongoing process which is poised to save the
industry millions of Euros every year once diseases are identified
and new SNPs are added to the next version of IDB.

Key Words: genetic, defect, disease, major gene

MTS81 The OpenArray SNP parentage panel in cattle—Pre-
liminary studies. A. Piestrzynska-Kajtoch*, D. Rubis, A. Fornal,
and A. Radko, National Research Institute of Animal Production,
Balice, Poland.

Cattle parentage verification is currently based on the 12 mi-
crosatellite (STR) genotyping. Increasing interest in the parentage
testing based on the SNP markers and development of molecular
biology techniques enabled accurate, large-scale SNP analysis.
SNPs can be used as supporting tool for some parentage cases,
when parentage STR verification is difficult or impossible. Among
high-throughput SNP analysis techniques, microarray method ful-
fils most of the criteria necessary for large-scale genetic studies.
However, not every bovine individual will undergo genomic eval-
uation in the nearest future. Therefore, other SNP techniques could
be consider for cattle parentage verification. By using bioinformatic
tools, we have designed 110 TagMan Genotyping Assays for ISAG/
ICAR core bovine SNP panel and 100 TagMan Genotyping Assays
for ISAG/ICAR additional bovine SNP panel. For some SNPs from
both ISAG/ICAR panels, double TagMan assays were designed
to avoid wrong genotyping in case of neighbour SNP (variant as-
says). Additionally, 7 TagMan Genotyping Assays were designed
for SNPs from Y chromosome. The assays were placed on two sets
of OpenArray plates (2 x 120 format) and tested on different cattle
breeds and some reference sample from ISAG/ICAR Internation-
al Cattle SNP Comparison Tests (2013-2014 and 2015-2016) with
QuantStudio 12K Flex platform. We have also checked the samples
of different quality and isolated with different methods. Among all

assays studied, two connected with Y chromosome and a few vari-
ant assays have failed. However, before final rejection they should
be tested and verified on a higher number of individuals. Most of
the TagMan assays had clear and easy-readable clusters. The pre-
liminary analysis seems promising — the OpenArray method could
be possibly used as a tool for parentage verification of individu-
als for whom genomic evaluation is not demanded and for medi-
um-throughput research.

Key Words: bovine, parentage testing, SNP, OpenArray

MTS82  Pedigree, microsatellite and genomic based inbreed-
ing coefficient correlations in a highly fragmented population,
the Lidia bovine breed. O. Cortés*, S. Dunner, P. Eusebi, and

J. Caiion, Department Animal Production. Veterinary Faculty.
University Complutense of Madrid. Avda. Puerta de Hierro, s/n,
Madprid, Spain.

In local breeds with small population size, one of the most im-
portant genetic restriction is the increase of inbreeding coefficient
(F). Traditionally, F has been estimated on the basis of pedigree in-
formation. Also, microsatellite markers have been commonly used
to estimate inbreeding in absence of pedigree information. Recent-
ly, with the availability of high-density single nucleotide polymor-
phism (SNP) arrays, F can also be accurately estimated. The Lidia
bovine breed has several peculiarities that make it one of the most
successful of domestic breeds in Spain. The traditionally breeding
management of the Lidia bovine breed has favoured their fragmen-
tation in different lineages, also called ‘encastes’, characterised by
a clear reproductive isolation among them. The aim of the present
study was to analyse the inbreeding coefficient of the Lidia bovine
breed based on either pedigree data, microsatellite markers and high
density SNP array. A total of 307 animals belonging to 28 lineages
were genotyped using bovine SNP50K v2 BeadChip (Illumina Inc.,
San Diego, CA, USA). We also have the geotypes of 1525 animals
for 24 microsatellite DNA markers in which the 307 animals pre-
viously mentioned was included. All the pedigree information for
all the genotyped animals was included in pedigree analysis. The
different genetic diversity parameters estimated from microsatellite
markers (proportion of heterozygous, standardized heterozygosi-
ty, internal relatedness and homozygosity by locus) showed a high
correlation among them but low with pedigree information (15%).
Initially three inbreeding estimations were calculated from SNP50K
array based on the usual variance-standardized relationship minus
1, heterozygous estimate, the correlation between uniting gametes
and inbreeding coefficient (F) using PLINK. The correlation of the
inbreeding coefficients among the three different sources of infor-
mation ranged from 7% to 44%. Finally, the correlation between
inbreeding coefficients based on different length of runs of homozy-
gosity with the inbreeding estimated using microsatellites showed
medium values significantly different from 0.

Key Words: pedigree, microsatellite, SNP, inbreeding, Lidia breed

MTS83 SNP data quality control in a National Beef and
Dairy Cattle System and highly accurate SNP-based parentage
verification and identification. M. McClure*', J. McCarthy', R.
Weld?, P. Flynn?, M. Kean', K. O’Connell!, and J. Kearney', Irish
Cattle Breeding Federation, Bandon, Cork, Ireland,; *Weatherbys
Ireland, Johnstown, Kildare, Ireland.

As single nucleotide polymorphism (SNP) genotyping costs
decrease the level of genotyping in a country’s national herd in-
creases. A major use of this genetic data is parentage verification
and identification as inaccurate pedigrees result in decreased genet-
ic gain. Since 2012 the international standard for SNP-based verifi-
cation in cattle has been the ISAG100 or ISAG200 SNP set for Bos
taurus breeds. While these SNP sets have provided an increased
level of parentage accuracy over microsatellite markers (MS), they
can validate the wrong parent for an animal and can predict >1 sire
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or dam at < 1% misconcordance rate levels, indicating that more
SNP are needed if a more accurate pedigree is required. With rap-
idly increasing numbers of cattle being genotyped in Ireland repre-
senting 80 Bos taurus breeds from a wide range of farm types: beef/
dairy, multiple breeds, pedigree/commercial, purebred/crossbred,
Al/stock bulls, and large to small herd size the Irish Cattle Breeding
Federation (ICBF) analysed different SNP densities to determine
that at a minimum >500 SNP are needed to consistently predict only
one set of parents at a < 1% misconcordance rate. ICBF current-
ly uses 800 SNP for parentage validation and prediction selected
according to SNP clustering quality, ISAG200 inclusion, call rate
(CR), and minor allele frequency (MAF) in the Irish cattle popula-
tion. Microsatellite imputation and genetic relationship matrixes are
also used to assist parentage when the true parent is not SNP gen-
otyped. When dealing with large datasets sample and SNP quality
control (QC) is paramount. Most publications only deal with SNP
QC via CR, MAF, parent-progeny conflicts, and Hardy—Weinberg
deviation, but not much on the sample QC. Through trial and error
ICBF has developed our own sample QC pipeline to deal with the
unique challenges of genotypes from a national herd. We share this
pipeline for the benefit of others so they can be proactive with their
datasets in dealing with SNP genotype errors from mis-tagging of
animals, laboratory errors, farm errors, and multiple other issues
that can arise.

Key Words: SNP parentage, quality control, parentage prediction

MT84  Next-generation targeted sequencing panel for
verification of bovine parentage. A. Burrell*!, P. Siddavatam!,
A. Allred', C. Willis', R. Ferretti?, and A. Raeber!, ' Thermo Fisher
Scientific; *Neogen GeneSeek Operations.

Bovine parentage verification is a critical aspect of success-
ful herd management. Due to its highly accurate and reproducible
results, SNP genotyping is becoming an increasingly favoured tool
for parentage verification. With the utilisation of high-throughput
next-generation sequencing platforms like the Ion S5 sequencing
system, laboratories can test hundreds of samples and thousands of
SNPs simultaneously. We developed a targeted sequencing panel
based on 200 bovine SNP markers selected by the International
Society of Animal Genetics (ISAG) for the purpose of verifying
bovine parentage. Utilising the AgriSeq™ sequencing workflow,
a high-throughput targeted amplification and re-sequencing work-
flow, panel performance was tested on 115 diverse bovine DNA
samples. Samples included a panel of 96 samples obtained from the
USDA (MARC Beef Cattle Diversity Panel v2.9) as well as sam-
ples contained within the 2015 ISAG/ICAR 3rd SNP Typing Bo-
vine Comparison Test panel. Samples originated from 20 different
bovine breeds. Libraries were prepared using the high-throughput
AgriSeq workflow. The resulting amplicons were ligated to unique
barcodes and sequenced on a single run on the Ion S5 sequencing
system using an Ion 540 chip. Utilising this system, up to 768 sam-
ples can be barcoded and run on a single sequencing run allowing
for up to ~1500 samples to be tested a day (2 runs/day). Data was
analysed using the Torrent Variant Caller (TVC) plugin as part of the
Torrent Suite software package to determine the genotype call for
each marker and sample. The mean call rate (the percent of mark-
ers generating a genotyping call) was >98%. As a comparison, the
USDA gDNA was also hybridized to six replicate arrays to generate
a consensus array genotype call. Genotype call concordance was
>99% between the array and AgriSeq workflow calls. Accurate par-
entage determinations were made for the samples within the 2015
ISAG/ICAR 3rd SNP Typing Bovine Comparison Test panel as
compared to provided reference genotypes. The data demonstrates
that the bovine parentage panel tested with the AgriSeq workflow
provides accurate and reproducible results for SNP-based parentage
verification.

Key Words: NGS, GBS, bovine parentage, AgriSeq, SNP geno-
typing

MTS8S  High cross-platform genotyping concordance of Axi-
om high-density microarrays and Eureka low-density targeted
NGS assays. M. A. Patil* and A. Pirani, Thermo Fisher Scientific,
Santa Clara, CA, USA.

Microarrays ranging from mid- to high-plex have been devel-
oped on the Axiom Genotyping Solution to interrogate single-nu-
cleotide polymorphisms (SNPs) and insertion/deletions (indels) for
over 55 agrigenomic organisms. This technology has the flexibili-
ty to genotype populations exhibiting diploid to various levels of
allopolyploid genetics. It also incorporates methods for accurate-
ly genotyping samples originating from normal and inbred popu-
lations. The high variant density possible on microarrays has the
ability to facilitate multi-breed genomic selection, fine mapping
of quantitative trait loci, and detection of copy number variation.
The Eureka Genotyping Solution is an affordable, low- to mid-plex,
high-throughput genotyping assay that uses common next-genera-
tion sequencing (NGS) platforms for signal readout. It enables the
detection of tens to thousands of genetic markers which are increas-
ingly in demand for routine animal agrigenomics testing. This rou-
tine testing can include parentage and sex validation and genom-
ic evaluation, after imputation. High reliability and concordance
across the Axiom and Eureka technologies is essential to allow
researchers to migrate between the platforms seamlessly. Thermo
Fisher Scientific has accomplished high genotype concordance and
high genotype call rate (low missing data rate) by adapting the same
genotype calling and SNP QC framework across both platforms.
The developed genotype calling algorithm has been shown to work
on both microarray intensity and counts of allele x locus barcodes
of next-generation sequencing (NGS) reads. Various overlapping
animal datasets have been evaluated across these microarray and
targeted NGS technologies. A high level of genotype concordance
is demonstrated, allowing for easy comparison across and migration
between platforms.

Key Words: genotyping, next-generation sequencing, microarray,
genomic selection

MT86  Effectiveness of SNPs genotyping assay as a tool for
genetic traceability of cattle production chain. A. Pozzi*!, C.
Previtali', R. Capoferri', S. Arabi', A. Galli?, and G. Bongioni',
Ustituto Sperimentale Italiano L. Spallanzani, Rivolta d’Adda,
Cremona, Italy; *Centro di ricerca per le produzioni foraggere e
lattiero-casearie CREA, Lodi, Italy.

In the last years the concern of consumer about food safe-
ty is increased, so in the European Union great value is placed
on accurate and safe animal identification; breeding plan, disease
monitoring, and food safety depend heavily on conventional ani-
mal identification. For this reason, the protection of the integrity of
these programs from fraud or accidental errors is necessary. Genetic
traceability is presented here as a way to further enhance conven-
tional traceability; it represents a powerful tool to verify the identity
of animal products during every step of the cattle production chain.
From the molecular point of view, single nucleotide polymorphism
(SNP) markers have gradually replaced microsatellites (STRs),
mostly due to their abundance, cost efficiency, and potential for au-
tomation. In this work, the amount of information provided by a 32
SNP panel, selected in a previous study was evaluated on different
biological matrices. The main sources of genomic DNA are periph-
eral blood leukocytes, semen, hair follicles and tissues but sampling
requires specialised staff and the animals may be subject to stress,
influencing negatively welfare, health and productivity. A valid and
cheaper alternative of genomic source can be the milk somatic cells
(from 2 x 10* to 2 x 10° cells per millilitre of milk). In details,
DNA from 50 semen, 30 meat, 30 hair and 30 milk samples were
collected. DNA from 140 samples was processed by TagMan PCR
and scanning array on the Open Array platform, the genotypes were
generated by SNP Genotyping and TagMan Genotyper software.
Allele frequencies for each SNP were determined by direct count-
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ing. A software developed ‘ad hoc’ (PAF), was used to estimate the
levels of genetic variability: expected heterozygosity (He) values
ranging from 0.47 to 0.50 with medium value of 0,46, observed
heterozygosity (Ho) ranging from 0,38 to 0,60 and medium value
of 0,48. Probability of identity (PI) was calculated for the 32 SNPs
and it was equal to 8.40 x 107 The 32 SNPs assay described in this

study represents a valid and useful tool for DNA-based traceability
employed in different applied research projects and in the major
commercial cattle products.

Key Words: cattle, single nucleotide plymorphisms, product
traceability

Companion Animal Genetics and Genomics

MT87 Complete mitogenome sequence of Lagomorphs
from Upper Palaeolithic in the Balkan refuge. V. Brajkovic*!, S.
Radovic?, D. Brajkovic’, M. Girardi®, S. Krebs®, I. Medugorac*, I.
Curik!, P. T. Miracle®, C. Vernesi®, and V. Cubric-Curik', 'De-
partment of Animal Science, Faculty of Agriculture University of
Zagreb, Zagreb, Croatia; *Institute for Quaternary Palaeontology
and Geology, Croatian Academy of Sciences and Arts, Zagreb,
Croatia; 3Department of Biodiversity and Molecular Ecology,
Research and Innovation Centre, Fondazione Edmund Mach, S.
Michele all’Adige (TN), Italy; *Chair of Animal Genetics and
Husbandry, LMU Munich, Munich, Germany; *Laboratory for
Functional Genome Analysis (LAFUGA), Gene Centre Munich,
LMU Munich, Munich, Germany, *McDonald Institute for
Archaeological Research, University of Cambridge, Cambridge,
UK; ’Private, Zagreb, Croatia.

Ancient DNA (aDNA) analysis is an important tool capable
in resolving numerous questions related to the evolution and adap-
tation of animals and plants. Lagomorph phylogenetic has several
open topics. Here, our interests referred to European rabbit (Oryc-
tolagus cuniculus) where the Iberian Peninsula is considered as a
main reservoir of genetic diversity as well as to migration dynamics
and relation between brown hare (Lepus europaeus) and mountain
hare (Lepus timidus) with respect to single (Balkans) versus multi-
ple (Mediterranean Basin) refuges hypotheses. We have started our
analysis with ancient bones of 54 lagomorphs, from deposits dated
to different archaeological periods between the Upper Palaeolithic
to Roman Period, that were taken from eight different archaeologi-
cal sites in Croatia. After aDNA extraction, samples were prepared
by multiplexed target capture enrichment method and genotyping
by next-generation-sequencing (MiSeq Illumina Sequencing Plat-
form). Complete mitogenome (around 16291 bp) was obtain for five
lagomorphs that, according to taxonomic identification, exclusively
based on morphometric and morphologic characteristics of bones,
were previously classified as brown (2) and mountain (1) hares as
well as rabbits (2). When phylogenetic analysis were performed
with all complete mitogenome sequences available in the GenBank
belonging to Lepus sp. and Oryctolagus cuniculus following results
were obtained: (1) two different unique brown hare haplotypes were
grouped with other brown hare haplotypes from Germany, Greece,
Poland and Sweden; (2) unique mountain hare haplotype was in
branches with mountain hare haplotypes from Finland and as well
as with Lepus granatensis from Spain and (3) two unique haplo-
types were identified as typical Oryctolagus cuniculus haplotypes.
Despite their chronostratigraphic correlation within archaeological
layers, additional radiocarbon dating of successful samples is re-
quired, which is of particular interest for better understanding of
rabbit origin.

Key Words: ancient DNA, mtDNA, haplotype, genome sequenc-
ing, diversity

MT88  Genotype imputation in dogs. J. Friedrich*, R. Anto-
lin, S. Hoj-Edwards, J. Hickey, and P. Wiener, The Roslin Institute

and Royal (Dick) School of Veterinary Studies, University of Edin-
burgh, Easter Bush, Midlothian, UK.

The domestic dog is a valuable animal model for the genet-
ic analysis of complex traits due to their genetic and physiological
features. An increasing number of genome-wide association studies
for a range of traits are being carried out and the use of genotype
imputation to infer higher density (HighD) genotypes will be an im-
portant tool for fine-mapping complex traits. Factors affecting im-
putation accuracy, such as marker density, and relatedness between
animals, have been studied in other species, but not in dogs. These
factors are of interest due to the acknowledged genetic structure and
inbreeding within dog breeds. Furthermore, in contrast to livestock
animals, pedigree information and genotyped ancestors are not al-
ways available for dogs. In this study, we used real data to simulate
different genotyping strategies to provide recommendations for the
design of imputation-based experiments where animals genotyped
at low density (LowD) are imputed to HighD genotypes. The as-
pects covered different ratios between HighD and LowD genotyped
dogs, different densities of the LowD array, inclusion of pedigree
information, and relatedness between the HighD and the LowD
population. Analyses were carried out on 1,179 Labrador Retrievers
genotyped with the I1lumina Canine High Density Beadchip. In this
analysis, the 5,826 SNPs on the largest chromosome (CFA1) were
used to represent the HighD array. The LowD array was simulated
by masking different proportions of markers on the HighD array.
For imputation from the LowD array to the HighD arrays, differ-
ent methods were used (Alphalmpute, FImpute). The correlation
between true and imputed genotypes (imputation accuracy) ranged
from 0.77 to 0.96, depending on the scenario used. An imputation
accuracy of 0.90 was found for a likely scenario (10% of animals
in the reference set, 87% of HighD markers masked in the LowD
array), which indicates that genotype imputation in dogs can be a
valuable tool to reduce experimental costs while increasing sample
size. Furthermore, genotype imputation can be performed success-
fully even without pedigree information and with low relatedness
between animals in the reference and imputation sets.

Key Words: dogs and related species, imputation

MT89 Characterizing the proteic deposits in feline amy-
loidosis: A proteomic approach using FFPEs. F. Genova', M.
Longeri*!, L. A. Lyons?, F. G. Scalvini!, G. Tedeschi!, G. Sironi!,
and S. Nonnis', 'Dept. of Veterinary Medicine, Universita degli
Studi di Milano, Milan, Italy; *Dept. of Veterinary Medicine and
Surgery, College of Veterinary Medicine, University of Missouri,
Columbia, MO, USA.

Amyloidoses are a group of primary and secondary diseases
characterised by abnormal deposition in different organs of insolu-
ble fibrillar proteins, which affect cats, humans, cattle and poultry.
In humans more than 28 types of the disease have been identified
occurring via genetic mutations (hereditary), proteins increased
production or decreased elimination and misfolding disorders (in
Alzheimer). In cats, amyloidosis is diagnosed with certainty only
by postmortem identification of the deposits. Aetiology is unknown
and the fine characterisation of the protein deposits is not available
yet. Preliminary results obtained from the proteomic analysis of few
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affected and normal frozen tissues of Abyssinian cats, suggest the
expression of some proteins is regulated in amyloid deposits. As it
is difficult to obtain fresh tissues of affected cats, Formalin Fixed
Paraffin Embedded (FFPE) samples are a valuable resource to char-
acterise the components of the deposits with a proteomic approach.
The current study is devoted to optimize the sample preparation pro-
tocol set up on frozen tissues to apply the mass spectrometry-based
proteomics to the analysis of the proteins extracted from FFPEs.
FFPEs from kidneys of the previously analysed frozen samples of
Abyssinian cats, were used for the protocol optimization. Protein
components from deposits and corresponding normal tissues were
derivatized, digested and analysed by LC-nanoESI-LTQ Orbitrap
Velos equipped with a RPC18 column for peptides separation be-
fore MS/MS analysis. For protein identification and quantification,
raw data files were processed and analysed using MaxQuant 1.3.0.5.
and Perseus software. The results obtained with FFPE and frozen
samples were comparable. The protocol was then applied to 38 FF-
PEs (kidney and other tissues) from 12 Abyssinian, eight Siamese,
17 Europeans and one Charteux diagnosed as affected by necropsy
together with corresponding normal tissues. Preliminary data con-
firmed a significantly abnormal prevalence of several proteins in the
renal deposits in Abyssinian cats. These results will be furthermore
integrated with the genomic data obtained via GWAS and WGS
from the 99Lives project, to decrypt the mechanism of the disease.

Key Words: Felis Cat, familial amiloidosis, proteomics, FFPEs

MT90  Genetic dissection of complex traits in a popular dog
breed. P. Wiener*!, J. Ilska?, E. Sdnchez-Molano', M. J. Haskell?,
Z. Polgar!, S. E. Lofgren®, D. N. Clements', J. A. Woolliams', and
S. C. Blott*, 'The Roslin Institute and Royal (Dick) School of Veter-
inary Studies, University of Edinburgh, Easter Bush, UK; *Scot-
land’s Rural College, Edinburgh, UK; *Youth Science Institute,
Los Gatos, CA, USA; *School of Veterinary Medicine and Science,
University of Nottingham, Sutton Bonington, UK.

The wide range of phenotypic characteristics across dog
breeds has been exploited to identify genes associated with
breed-differentiated traits. However, there is also extensive varia-
tion within breeds, which encompasses substantial information for
genetic analysis. This study investigated the genetic basis of vari-
ous complex traits in the Labrador Retriever breed using population
genomic and quantitative genetic approaches. Data on a large num-
ber of UK Labrador Retrievers was collected, including genomic
(CanineHD SNP array), pedigree and trait information. Population
genomic methods (e.g. Bayesian clustering methods, F¢ analysis,
characterisation of Runs of Homozygosity, N_ estimation) were
used to explore inbreeding and population structure in the breed.
Two genetic clusters were identified, which were associated with
the role of the dog (i.e. working dog v. show dog). Regions showing
extreme genomic differentiation between clusters were investigat-
ed for functional associations. Several genes associated with cra-
nial morphology were identified within these regions, suggesting
selection may have occurred on related traits. Owner-assessed be-
havioural information was also collected for a large subset of dogs
and analysed using quantitative genetic approaches (heritability
estimation and GWAS). Principal components analysis was used
to define 12 separate temperament traits, 10 of which showed evi-
dence for genetic effects, 6 with moderate pedigree-based estimates
of heritability (>0.20). Genomic estimates of heritability were gen-
erally lower than their pedigree-based counterparts, consistent with
the ‘missing heritability’ identified in human studies. Regarding
GWAS, there were no associations significant at the genome-wide
level for the 12 traits, but several suggestive associations were iden-
tified, including those for fear of loud noises and fetching ability.
This study demonstrates the utility of both population genomic and
quantitative genetic approaches for the identification of candidate
regions associated with complex phenotypes. It also exemplifies the

power of dog as a model species for studying the genetics of com-
plex traits.

Key Words: dogs and related species, inbreeding, population
structure, heritability, genome-wide association

MT91 Identification of the mutation causing progressive
retinal atrophy in Old Danish Pointing Dogs. P. Karlskov-
Mortensen* and M. Fredholm, Department of Veterinary and
Animal Science, Faculty of Health & Medical Sciences, University
of Copenhagen, Copenhagen, Denmark.

Progressive Retinal Atrophy (PRA) is a disease characterised
by degeneration of the photoreceptor cells of the retina resulting
in nyctalopia and subsequent loss of vision. The condition is doc-
umented in numerous dog breeds and is known to be genetically
heterogeneous between breeds. For the majority of breeds the mu-
tation(s) responsible for PRA have yet to be identified. The Old
Danish Pointing Dog is one of five national Danish dog breeds rec-
ognised by the international organisation for dogs FCI (Fédération
Cynologique Internationale). It was once a very common dog in
Denmark but in the middle of the 20" century the breed suffered
a severe bottle neck and was reduced to less than 20 dogs. In 1961
the breed was accredited by the Danish Kennel Club and 161 dogs
were registered in the club. Today, ~100 new puppies are registered
by the Danish Kennel Club each year. The first cases of PRA in
Old Danish Pointing Dog were registered in the late 1990s. The
disease is typically diagnosed at around seven years of age and dis-
ease development and symptoms resemble the PRA variant known
as progressive rod-cone degeneration in other dog breeds. Pedigree
analyses suggest that the disease segregates as an autosomal reces-
sive trait. Genotyping of 170K SNPs in 12 cases and 12 controls
was performed to carry out association analysis and homozygosi-
ty mapping. Subsequently, whole genome sequencing of five cases
and five controls was performed to identify the PRA causing muta-
tion in Old Danish Pointing Dogs. In this work we investigate why
genetic mapping based on SNP genotypes proved unsuccessful in
this case and describe how whole genome sequencing was used to
identify a frame shift mutation in C2orf71 in Old Danish Pointing
Dogs. The identified mutation is the same as the one Downs et al.
identified causing PRA in Gordon an Irish Setter breeds (Animal
Genetics 44:169-77).

Key Words: dog, GWAS, genome sequencing, PRA

MT92  The impact of selection on genetics within the Sibe-
rian Husky breed. K. Ellis* and H. J. Huson, Cornell University,
Ithaca, NY, USA.

The Siberian Husky (SH) was originally bred for its strength
and endurance and served as a means of transportation, protection,
and companionship for semi-nomadic arctic tribes. Modern SH re-
main proficient in sledding but are also bred as show and compan-
ion animals. Racing SH are selected for endurance and hardiness,
while show dogs undergo more rigid selection for their appearance
and stature. Companion dogs are often selected for behaviour and
may not meet sledding or show requirements. While there is overlap
in selection criteria among these three groups of sledding, show,
and companion animal, each group prioritizes their selection criteria
differently. In this study, we sought to explore the performance and
conformation variation within SH in comparison to genomic vari-
ation. We collected 19 physical body measurements, DNA, health
and usage information, and pedigrees from 178 dogs. Principal
component analysis (PCA) on body size identified four body pat-
terns distinguishing subpopulations including segregating sledding
dogs based on chest width and wither height. Preliminary results
are described for 61 dogs genotyped on the Illumina Canine HD
beadchip. Quality control filtering of the SNPs (call rate >0.9 and
MAF < 0.05) provided 105,872 SNPs for analysis. Genetic PCA
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and marker-based F of 21 sled, 23 show-sled, 8 show, and 7 com-
panion SH identified 3 genetic subpopulations within the breed.
PCA identified individuals competing as both sled and show dogs
overlapping in these respective groups. Companion dogs showed
the greatest amount of variation. Marker-based F, identified two
SNPs on chromosome 10 with an F. > 0.6 when comparing com-
panion SH to other populations. Genes in this region had neurolog-
ical implications linked to serotonin release which correlated with
decreased body fat and weight, and to anaemia and oxygen flow. F
also identified a SNP on chromosome 32 near four genes regulat-
ing iron metabolism and oxygen transport. These traits highlights
the potential differences in genetic selection of subpopulations. The
presence of these genes in show dogs is suggestive of the use of
popular sires in both the sled and show communities. An additional
103 dogs are currently being genotyped and added to this analysis
to improve the sample size.

Key Words: Siberian Husky, Fst, ROH, PCA

MT93 Combined clinical, genetic, and pathophysiolog-

ical investigations of inherited pulmonary fibrosis in West
Highland white terriers. E. E. Patterson*!, K. M. Minor!, D. A.
Feeney', and P. B. Bitterman?, 'University of Minnesota College of
Veterinary Medicine, Saint Paul, MN, USA; *University of Minne-
sota School of Medicine, Minneapolis, MN, USA.

Pulmonary fibrosis (PF) is a form of interstitial lung disease
that causes unrelenting lung fibrosis leading to death, and in dogs pri-
marily occurs in West Highland white terriers (WHWT). Objectives
of these studies were to further define the clinical characteristics of
WHWT PF, identify associated genetic mutations, and determine if
WHWT PF has a similar pathophysiologic basis to idiopathic famil-
ial pulmonary fibrosis (FPF or IPF) in people. Control (n =17) dogs
were >8yrs old with normal arterial blood gas (ABG) oxygen (02)
levels. Presumptive cases were determined by ABG alone (n = 2) or
ABG and radiographs (n = 5), and gold standard diagnosis cases (n
= 12) were determined by high definition CT scan. Pulmonary mes-
enchymal progenitor cells (MPCs) were isolated from 3 cases im-
mediately postmortem. Controls dogs mean age was 11.2 years and
mean age of onset of cases was 11.5 years. Mean ABG PaO2 levels
was statistically significantly lower in cases (72.4mmHg) v. controls
(103.7mmHg) - P = 0.0001, with 67% of cases having a PaO2 <
80mmHg. Most affected dogs survived 1-3 years after diagnosis.
Initial, whole genome sequencing (6 cases/6 controls) did not detect
any coding variants in the Muc5B gene which is the most frequently
mutated gene associated with disease in people. A follow-up GWAS
was performed with 1.2 Million SNPs, and two strong signals stood
out on CFA16 (p, = 1.510-5) and CFA21 (p_ = 3.0 x 106); poten-
tial positional candidates genes are being evaluated from the WGS.
Cultured canine PF MPCs cells did not display the characteristic
IPF/FPF fibroblast phenotype. WHWT PF appears to have a signif-
icant genetic component, with the potential for 1 or 2 major suscep-
tibility genes based on initial GWAS analysis. WHWT terriers are
typically diagnosed at a geriatric age and can live for several years.
The underlying pathophysiology appears to be different than human
IPF/FPF based on relative time of survival and MPC characteris-
tics. WHWT PF, however, might potentially have pathophysiologic
overlap with the less common human Idiopathic Nonspecific Inter-
stitial Pneumonia (NSIP) which would need further study.

Key Words: dogs and related species, genome-wide association,
DNA sequencing, respiratory system, biomedical model

MT94  Genetic variants in ATP1B2 and KCNJ10 in Belgian
Shepherd dogs with ataxia. N. Mauri', M. Kleiter?, M. Leschnik?,
S. Hogler?, E. Dietschi', C. Monney*, A. Oevermann®, D. Henke®,
M. Wiedmer!, J. Dietrich', F. Steffen®, S. Schuller’, C. Gurtner?®,

N. Stokar-Regenscheit?®, D. O’Toole’, T. Bilzer'®, C. Herden'', V.
Jagannathan', and T. Leeb*! Institute of Genetics, Vetsuisse Fac-

ulty, University of Bern, Bern, Switzerland; *University Clinic for
Small Animals, Department for Companion Animals and Horses,
University of Veterinary Medicine Vienna, Vienna, Austria; *In-
stitute of Pathology and Forensic Veterinary Medicine, Depart-
ment of Pathobiology, University of Veterinary Medicine Vienna,
Vienna, Austria,; *Division of Neurological Sciences, Department
of Clinical Research and Veterinary Public Health, Vetsuisse Fac-
ulty, University of Bern, Bern, Switzerland, *Division of Clinical
Neurology, Department of Clinical Veterinary Medicine, Vetsuisse
Faculty University of Bern, Bern, Switzerland; ®Section of Neurol-
ogy, Department of Small Animals, Vetsuisse Faculty, University
of Zurich, Zurich, Switzerland; "Division of Small Animal Internal
Medicine, Department of Clinical Veterinary Medicine, Vetsuisse
Faculty University of Bern, Bern, Switzerland; *Institute of Animal
Pathology, Department of Infectious Diseases and Pathobiology,
Vetsuisse Faculty, University of Bern, Bern, Switzerland; °*Wyo-
ming State Veterinary Laboratory, University of Wyoming, Lara-
mie, WY, USA; "“Institute of Neuropathology, University Hospital
Diisseldorf, Diisseldorf, Germany; "“Institute of Veterinary Pathol-
ogy, Justus-Liebig-University, Giefsen, Germany.

Ataxia is characterised by uncoordinated movements and may
be caused by cerebellar, vestibular or proprioceptive dysfunction. In
the Malinois variety of Belgian Shepherd dogs, puppies that showed
a severe ataxia with an age of onset at 4-8 weeks had previously
been reported. Neuropathologically, ataxic puppies suffered from
spongy degeneration targeting the cerebellum, brainstem, and spi-
nal cord in some cases. We performed a genetic investigation in six
closely related families with ataxic puppies and seven additional
isolated cases. Linkage analysis revealed an unexpected genetic het-
erogeneity within the families, which was correlated with variation
of the neuropathological lesions. The affected dogs from four fam-
ilies and one isolated case shared a ~1.4 Mb common homozygous
haplotype segment on chromosome 38. Whole genome sequence
analysis revealed a missense variant in the KCNJI10 gene encod-
ing a potassium channel (¢c.986T>C; p.Leu329Pro) that was homo-
zygous in the cases from four of the six families and one isolated
case. Pathogenic variants in KCNJI0 were reported previously in
humans, mice, and dogs with neurological phenotypes. Therefore,
we consider KCNJ10:¢.986T>C the most likely candidate causative
variant for one subtype of ataxia, which we propose to term spongy
degeneration with cerebellar ataxia 1 (SDCA1). In all four affected
puppies from another family and one of the isolated cases we de-
tected a structural variant in the ATP1B2 gene encoding a subunit of
the Na*/K*-ATPase. Atp1b2 deficient mice show early onset motor
incoordination and severe progressive neurodegeneration. Thus, the
detected ATPIB2 variant is a compelling candidate causative vari-
ant for a second ataxia form in Malinois dogs. So far, no human
patients with ATPI1B2 defects have been described. Therefore, we
propose that this gene should be considered a functional candidate
gene for unexplained human cases of ataxia. The investigation of
the last of the six families is still ongoing and we will present an
updated analysis during the conference.

Key Words: dog, molecular genetics, disease, nervous system,
high-throughput sequencing (HTS)

MT95 Detection and characterisation of a genetic associa-
tion with Norwich terrier upper airway syndrome. T. March-
ant*!, E. Dietschi’?, R. Harrington!, M. Drogemiiller?, U. Rytz?, T.
Leeb?, and J. Schoenebeck!, 'The Royal (Dick) School for Veter-
inary Studies and Roslin Institute, The University of Edinburgh,
Edinburgh, Midlothian, UK; *The Institute of Genetics, Vetsuisse
Faculty, The University of Bern, Bern, Switzerland; Department
of Clinical Veterinary Medicine, Division of Small Animal Surgery,
Vetsuisse Faculty, The University of Bern, Bern, Switzerland.

In domestic dogs, the “flat-faced’ brachycephalic head shape
is a risk factor for developing the respiratory defect, Brachycephalic
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Obstructive Airway Syndrome (BOAS). As the popularity of breeds
such as the French bulldog continues to increase in the UK, so too
are the expected incidences of BOAS. For this reason, we became
interested in the Norwich terrier, a non-brachycephalic breed which
presents with Upper Airway Syndrome (UAS), a condition highly
reminiscent of BOAS. Here, we have studied this single breed to
identify genetic association(s) with UAS. Pathological assessments
and grading from laryngoscopic examinations held at the Vetsuisse
Faculty of the University of Bern, were used as phenotypes in con-
junction with microarray genotypes to perform GWAS. In total, 233
Norwich terriers were examined. We identified the same QTL on
canine chromosome (CFA) 13 to be associated with the abnormal
positioning of laryngeal cartilage and everted saccules in the dogs
most severely affected by UAS. We phased genotypes at the CFA13
QTL to conduct haplotype mapping, which led us to define a 413
kb critical interval which encompasses a single positional candidate
gene. The derived haplotype within this interval is overrepresented:
it is found to be homozygous in 61 of 81 (74%) severely affected
cases. In contrast, this homozygous haplotype was identified among
7 of 86 (8.1%) mild/unaffected controls. We have resequenced four
dogs representing phenotypic extremes to 16-fold depth to identify
putatively causal variants. We will provide an update to this ongo-
ing project, which is expected to guide Norwich terrier breeding
and inspire additional exploration of the CFA13 locus to improve
animal welfare.

Key Words: dog, animal health, genome-wide association, quanti-
tative trait locus (QTL), candidate gene

MT96 Canine diversity and disease: Genome analysis in
Australian dogs. S.-A. Mortlock, J. Marin-Cely, R. Booth, P. Soh,
M.-S. Khatkar, and P. Williamson*, The University of Sydney,
Sydney, NSW, Australia.

Dogs have tremendous natural diversity in form and stature,
and are recognised as excellent models for genetic studies. There
are also many documented diseases in dogs that represent compar-
ative models of human disease and which are found within breed
sub-populations. We have utilised genome technologies customised
for dogs to study disease risk and variation in biological processes
in Australian dogs, specifically in the Kelpie, Bullmastiff, Border
collie, and German Shepherd dog (GSD) breeds. In this study we
analysed natural variation in metabolomic profiles of GSD. Geno-
typing data was generated using the Illumina Canine HD array, and
52 metabolites were measured in plasma. Amino acid profile mea-
surements measured by liquid-chromatography mass spectrometry
were obtained from 82 dogs for 20 amino acids. A mixed linear
model association analysis was conducted in GCTA for each of the
20 amino acids to detect any loci associated with these metabolite
measurements. A single association was detected for threonine
levels, the peak signal observed from a 5.3Mb region on CFA25
(p-value < 0.05, FDR < 0.05). Subsequently, a sliding window anal-
ysis identified haplotypes within the region that were associated
with threonine levels. The most significantly associated haplotype
contained six SNPs and two genes, MTMR9 and LOC477365, and
was shown to be predominantly homozygous in dogs with high
threonine values. The LOC477365 gene, which is now annotated
as a threonine dehydrogenase, was the top candidate gene owing
to its involvement in threonine metabolism and location within the
top haplotype. Analysis of expression or structural polymorphisms
within the gene are underway.

Key Words: canine, genome-wide association study, metabolom-
ics, amino acids

MT97 Early events of cat domestication uncovered through
ancient mitochondrial DNA analysis. E.-M. Geigl*!, C. Otto-
ni'?, and T. Grange', 'Institut Jacques Monod, CNRS, University
Paris Diderot, Paris, France; *KU Leuven, University of Leuven,

Department of Imaging and Pathology, Center for Archaeological
Sciences; University Hospitals Leuven, Laboratory of Forensic
Genetics and Molecular Archaeology, Leuven, Belgium.

The analysis of mitochondrial DNA in domestic, feral and
wildcats showed 10 years ago that domestic cats are the descen-
dants of the wildcat from Northern Africa (NA) and South-west
Asia (SWA), Felis silvestris lybica. Little is known, however, about
their domestication centre(s), process and spread owing to both hy-
bridization between domestic and wild cats blurring the tractability
of the genetic signature of wild cats as well as the scarcity of ar-
chaeological remains. Solely two archeological finds, a cat skeleton
found in a 9,000-year-old child burial in Cyprus and some skeletons
excavated from a 5,700-year-old Egyptian Elite cemetery, suggest
a cat-human relationship evocative of a taming process. The richest
source documenting this relationship is the iconography of ancient
Egypt showing an evolution of the cat-human relationship towards
an incorporation of the cat into the domestic context. To shed light
on the domestication process of cats, data on the predomestication
situation are required. In particular, knowledge of the phylogeog-
raphy in the past and its evolution over time is a prerequisite to
disclose the ‘where, when and how’ of this process. Analysing mi-
tochondrial DNA from ancient specimens covering ~9,000 years,
from the Mesolithic to the 19th century CE, and a large geographic
area including Europe, SWA and NA, we were able to decipher cru-
cial steps of the spread of wildcats in the ancient world. Our data
indicate that F s. Iybica was tamed twice at different times, first
in SWA and later in ancient Egypt, and that these tamed cats con-
quered the world as companions of merchants and soldiers on their
voyages throughout the ancient world. These translocated ship’s
cats subsequently reshaped the diversity of wildcats in the corre-
sponding areas.

Key Words: cat, ancient DNA, DNA analysis

MT98  AgriSeq targeted sequencing panel for determina-
tion of canine parentage and genetic health. M. Karberg*', A.
Burrell!, P. Siddavatam!, A. Allred', M. de Groot?, and W. van
Haeringen?, 'Thermo Fisher Scientific, Austin, TX, USA; *VHL
Genetics, Wageningen, Netherlands.

The objective of this presentation is to show the performance
of canine parentage and genetic health AgriSeq primer panels, and
demonstrate how the panels can be combined, or otherwise modi-
fied, without detrimental effects to detection. Ensuring an accurate
pedigree is particularly important for purebreds, having both eco-
nomic and animal health implications. Historically, microsatellites
(short tandem repeats or STRs) have been used for genetic identifi-
cation, traceability and paternity. In recent years, other DNA based
tests such as single nucleotide polymorphism (SNPs) detection have
become increasingly used for this purpose. High-throughput target-
ed amplification and re-sequencing, using the Applied Biosystems
AgriSeq target enrichment technology and the Ton S5 sequencing
system, allows for the simultaneous and accurate genotyping of a
large number of SNPs to interrogate the heritage and genetic health
of an animal. In addition, the AgriSeq approach is very flexible,
allowing panels to be combined or modified easily, thereby helping
both breeders and diagnostic laboratories stay relevant with evolv-
ing content needs. Here, we describe the development of two AgriS-
eq panels targeting canine SNP markers: a parentage panel based
on 200 ISAG canine targets, and a genetic health panel based on
over 140 well characterised genetic markers. To demonstrate the
modularity of the AgriSeq approach, the performance of the genetic
health and parentage panels were analysed independently and also
combined and analysed simultaneously using 192 samples pooled
on an lon S5 540 chip. Variant calling was performed using the Tor-
rent Variant Caller (TVC) plugin as part of the Ion Torrent Suite
software package. The data show that the two panels work simi-
larly, regardless of whether they are used separately, or combined
together on one sequencing chip. The mean sample call rate was
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above 95% and the sample concordance between the separate and
combined panels was over 99.9%.

Key Words: dogs and related species, DNA sequencing, parentage

MT99  An analysis of canine caudal fossa morphology and
its genetics. R. Harrington*, T. Marchant, D. Argyle, D. Clements,
T. Liuti, T. Schwarz, K. Marioni-Henry, and J. Schoenebeck, Royal
(Dick) School of Veterinary Studies and Roslin Institute, The Uni-
versity of Edinburgh, Easter Bush, Midlothian, UK.

The caudal fossa is the concavity of the occipital bone that
surrounds the cerebellum. In dogs, abnormalities in caudal fossa
(CF) morphology are suspected of contributing to the development
of'neurological conditions such as syringohydromyelia. This painful
condition is a major animal welfare concern, particularly to small
breed dogs such as the Brussels Griffon and Cavalier King Charles
Spaniel. Although the exact causes of syringohydromyelia are un-
known, its correlation with Chiari malformations of the occipital
bone have led to speculation about the developmental interplay be-
tween the skull and its underlying soft tissues. To date, analyses
of the canine CF have not determined the types and breadth of CF
shapes observed both within and across dog breeds. We present our
methodology to study CF morphology. Using 3D reconstructions of
skulls derived from computed tomography (CT) imaging, we have
landmarked 500+ skulls from a wide range of dog breeds of varying
sizes and head shapes, including the CF morphology. Each patient
used in our study was also genotyped on the Illumina Canine HD
170K SNP array. Our quantification of CF morphologies enabled us
to conduct genome-wide association studies (GWAS) to investigate
the basis of CF shape in a manner that is controlled for individual
size. The morphological analysis and GWAS methodology present-
ed can directly improve canine welfare through the identification of
CF morphologies which are at higher risk for syringohydromyelia
and their genomic associations.

Key Words: dogs and related species, genome-wide association,
diagnostic imaging, quantitative trait locus (QTL), morphometrics

MT100 Revealing the genetic basis of diabetes mellitus in
Burmese cats. G. Samaha', J. Beatty', L. Lyons?, C. Wade®, and B.
Haase*!, 'School of Veterinary Science, Faculty of Science, Uni-
versity of Sydney, Sydney, NSW, Australia; *College of Veterinary
Medicine, University of Missouri, Columbia, MO, USA; 3School
of Life and Environmental Sciences, Faculty of Science, University
of Sydney, Sydn