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1. Executive Summary

Detection of genomic variation by SNP arrays is used in all major
livestock species. These arrays are mostly biased to commercial
breeds and are subjected to changes in SNP content resulting in little
overlap within-species. Some of the arrays are not publicly available.
Variation can be best detected by whole genome sequencing but this
is still too expensive as a standard procedure in molecular
characterization of especially traditional (local) breeds. Standard
Background SNP arrays for each species are needed with more emphasis on
traditional breeds and a sufficient overlap with the commercial
arrays in order to compare already genotyped populations.

Many samples have been stored in gene banks that have not been
molecular characterised. It is important to analyse gene bank
collections within as well as across countries. A standardized SNP
tool can help to open up the national gene banks and help in making
decisions what samples to store in the future.

To design publicly available, free accessible multi-species single
Objectives nucleotide polymorphism arrays for the main farm animal species to
genotype genetic collections at a low cost (below $20/sample).

We use Whole Genome Sequencing (WGS) data described in D4.2 as
well as publicly and partner available genomic variation (D4.1).
Genotype data provided information for the minor allele frequencies
(MAF) of populations. SNP selection for each species was performed
based on 1) overlap with existing arrays with a high allele frequency
across populations 2) SNPs in genes affecting phenotypic traits; 3)
SNPs in the mitochondrial DNA; 4) Ancestral SNPs; 5) SNPs in the
MHC region; 6) SNPs in random genes located into QTL regions.

We developed two arrays. IMAGEQO1 contains 10K SNPs per species
for cattle, pig, chicken, horse, goat and sheep. It is publicly available
through Affymetrix at a cost of $19.50 including genotyping at
globally active providers (Eurofins or Geneseek). IMAGEQOQ2 is
currently in production and includes 10K SNPs each from 6 different
species: water buffalo, duck, quail, rabbit, bee and pigeon. The
IMAGEQOL1 array is validated with 1920 samples and the IMAGEQ02
array will be validated with 1152 samples, for a total of 300 breeds.
Both arrays can be used to measure biodiversity of samples of gene
bank collections and in situ populations and to compare the results
with existing genotype data sets. They can also be used for sex
identification, inheritance checking, mtDNA haplotyping and give
insight in the frequency of affected alleles (further described in Task
T4.4 and deliverable D4.4). The tools to analyse the genotypes
obtained have been developed in task D4.6 and delivered in D5.4.

Methods

Results
& implications
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2. Array development

Introduction

Monitoring genetic variation of animal collections stored in genebanks and comparing them
to datasets already available is important to make choices about additional samples that may
need to be stored for the future, as well as to assess the value of old collections. This
knowledge is not only important within a country but it is also important to compare the
variation within the same breed in another country. The challenge is to monitor the genetic
variation across all species maintained in a gene bank. For the main farm animal species
genotype tools are already available. The problem however is that there are two different
main platforms (lllumina and Affymetrix) and that many different arrays are available per
species, with variable degrees of overlap between the SNPs depending on the species, as
described in D4.1 for cattle, sheep, goat, pig and chicken, and in the literature (Ramos et al,
2009; BovineSNP50 BeadChip, Illumina BovineHD BeadChip, BovinelLDv2.0 (lllumina Inc., San Diego,
CA); Groenen et al. 2011; Kranis et al. 2013; Schaefer et al. 2017; McCue et al 2012; Colli et al. 2018;
Kijas et al. 2012). Moreover, some of the arrays are not freely accessible because they are
owned by private companies, like for example in chicken, or are not accessible at all. Most of
the SNP arrays contain a large number of SNPs which are used for QTL and GWAS studies. For
many other species, no arrays are available and genotyping is performed using genotyping by
sequencing (GBS). Thus, it is currently very difficult for gene bank managers, who may not be
specialist in genotyping or bioinformatics, to monitor the diversity status of their collections.

To have a complete picture of diversity we need information of the autosomes, the sex
chromosomes and the mtDNA, due to different inheritance patterns of these genetic
components. In many cases the current SNP assays are biased towards the autosomes and
biased to commercial populations (Ramos et al, 2009; BovineSNP50 BeadChip, lllumina BovineHD
BeadChip, BovinelLDv2.0 (lllumina Inc., San Diego, CA); Groenen et al. 2011; Kranis et al. 2013; Schaefer
et al. 2017;McCue et al 2012; Colli et al. 2018; Kijas et al. 2012). Therefore, there is a need for a
molecular tool across species covering variation in the three genetic components and more
focused on traditional breeds but with sufficient overlap to current arrays in order to enable
a comparison with commercial populations.

As described in deliverable D4.2 of task T4.2, we sequenced many genomes of traditional
breeds to obtain variation. We combined this with publicly, or IMAGE partner, available data
(SNPs as well as population/breed allele frequencies of these SNPs), as described in D4.1 for
five of the six species. Scientific referents were identified for each species in order to centralize
information on SNPs, which was then used to select 10K SNPs per species to be combined in
a new array for six species.

Methods

Species selection:
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The species were chosen based on the survey performed in 2017 within WP2 of the IMAGE
project which collected information on the species stored in the genebanks. Furthermore, the
FAO partner launched a worldwide survey in January 2019 to enquire about the interest of
gene banks outside Europe for a standard tool for the genetic characterization of their
collections. It was important to identify the potential number of users of a multi-species array
in order to convince the provider of the array that it was worthwhile the development. Indeed,
cumulating several species on an array is aimed at increasing the number of users which is a
necessary condition to get a low price for the array. Since gene banks generally store material
from several species, they will particularly benefit from a multi-species array.

Consequently, the first array named IMAGEQO1 is based on the species for which most samples
are collected in the genebanks worldwide: cattle, pig, chicken, horse, goat and sheep. The
second array named IMAGEOQO?2 is based on species which are less widely present in genebanks
but are currently relevant for research or likely to become important for livestock production
in the near future.

Platform selection

We contacted Illumina and Affymetrix to get their quotation. For the same budget, Illumina
was proposing an array for 10 species, 10K each, and Affymetrix was proposing three arrays
for 18 species, 10 k each, six species per array. We finally chose Affymetrix provider.

SNP selection:
The choice of the 10K SNPs for each species was based on the following selection procedure:
e 80% of the variation is derived from existing SNP arrays and SNPs with a MAF >0.3
within traditional breeds
e The remaining 20% of the SNPs are selected based on
o Sex chromosomes X/Y or Z/W (Felkel et al. 2019; Wong et al. 2004; Colli et al,
2018, Pariset et al. 2011)
o mtDNA variation covering the different haplotypes within the species (Yang, et
al. 2017; Pariset et al. 2011; Colli, et al, 2018; Upadhyay et al. 2016; Jansen et
al 2002; Petersen et al. 2013).
o Ancestral SNPs (depending on the species, they were obtained either from
ancient DNA, or from ancestral genomes of live wild ancestor species)
o Trait markers (derived from OMIA; https://omia.org)
o MHC variation (animal db_SNP; https://www.ncbi.nlm.nih.gov/snp/; Ali et al
2017; Matukumalli et al. 2009)
o Variation detected within genes of QTL regions (animal QTL, Hu et al., 2019,
www.animalgenome.org)
Selected SNPs fulfil the criteria recommended by Affymetrix with a convert threshold of 0.6.
All SNPs are aligned to the latest reference genome as indicated in Table 1.
Referent species experts were provided by IMAGE partners and other collaborators:
Multi species array IMAGOO1:
e (Cattle: WU, INRAE, Trinity College, Ireland( D. Bradley for ancestral SNPs)
e Pigs: WU
e Chicken: WU, INRAE, FLI
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Horse: WU, INRAE (a CNRS member, L. Orlando for ancestral SNPs), University
of Vienna, Austria (Barbara Wallner for Y chromosome markers) and University
of Minnesota, USA (Molly McCue for population frequencies.)

Goat: INRAE
Sheep: UCSC

Multi species array IMAGEQOQ2:
Water Buffalo: UCSC

Validation:

Rabbit: INRAE
Quail: INRAE

Duck: WU , University of Texas El Paso, USA (Philip Lavretsky)

Bee: INRAE

Pigeon: WU and University of Utah, USA (M. Shapiro)

Genomic DNA samples from European gene banks and from Argentina (INTA as an IMAGE
partner) were selected based on the inventory made within IMAGE WP2. For each sample 20
ul of 17 ng/ul DNA was used for genotyping on the Affymetrix-platform. For the IMAGEOO1(v1)
in total 1920 samples were selected covering over 260 breeds (Table 1) with on average 320
samples per species. In Case of IMAGEO02(v1) in total 1152 samples will be genotyped with
on average of 192 samples per species (Table 1). Based on the results of the validation study
of the IMAGEOO1(v2) and IMAGEO0O2(v1) SNPs which are not working will be replaced by new
SNPs for each of the species. The replacement SNPs will be derived from the SNP resources
we obtained and from new information publicly available.

Table 1. Species and reference genomes of multi species array IMAGEOO1 and IMAGEQO2 and
the number of samples and breeds used for validation.

Array
IMAGEO001 species species reference genome safnzfles bfezzs
Cattle Bos taurus umMs.1 281 41
Pig Sus scrofa Susscrofa 11.1 165 31
Chicken Gallus gallus GRCgba 211 28
Horse Equus caballus EquCab3.0 517 56
Goat Capra hircus ARS1 207 31
Sheep Ovis aries Oar_v3.1 525 66
total 1906 0
IMAGEO002 | Water Buffalo Bubalus bubalis Bubbub1.0 192 tbd
Duck Anas platyrhynchos CAU_duck1.0 192 tbd
Quail Coturnix japonica Coturnix japonica 2.1 192 tbd
Rabbit Oryctolagus cuniculus OryCun2.0 192 tbd
Bee Apis mellifera Amel_HAv3.1 192 tbd
Pigeon Columba livia Cliv_ 2.1 192 tbd
total 1152
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For every species we collected publicly available genotype data which will be filtered for the
SNPs per species which are placed on the IMAGEQO1 or IMAGEOQO2 arrays. The genotypes of
these SNPs are used as a species base population for new entry comparison. We used a
principal component analysis in PLINK (Purcell et al. 2007) to show the genetic relationship
between samples. This is presented and discussed in detail in D5.4.

For both validation experiments the samples selected are covering as many breeds as possible
with the number of samples per breed varying from 1 to 15. Included in the validation are
predominantly individual samples but we also included trio’s to study inheritance, duplicate
samples on different plates to check reproducibility, and some pooled samples derived from
evolutionary related species.

Results

Array development: IMAGEO01(v1)

This first array design covers the 6 major farm animal species, cattle, pig, chicken, horse, goat
and sheep, with on average 9,952 SNP per species. The number of SNPs per species varied
from 9,306 in chicken to 10,114 in horse (figure 1). References of the different species on
reference genome used and public available genotype data is given in Table 2a. Detailed
information on the number of SNPs submitted for assay calling and markers which were finally
selected to be placed on the array is given in supplementary Table S2.

Number of Markers

10500 7 10114 10111
10093 9983 10107

10000 -

9500 A 9306

9000 A

8500 T T T T T 1
Cattle Chicken Goat Horses Pig Sheep

Figure 1. The number of markers per species selected for IMAGEOO1(v1)

We used SNPs from different categories as described in the M&M section of this deliverable.
For this array the majority of the SNP markers (average of 8000 SNPs) are derived from existing
commercial arrays in order to be able to compare the results with existing SNP genotyped
populations, traditional as well as commercial. The markers covering the other categories are
markers derived from the sex chromosomes (to study paternal diversity) and mtDNA (to study
maternal diversity).
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Table 2a. Overview per species with references of array design and use of the arrays in
genotyping population per species used in this study for the IMAGEOQO1 array.

array references references
design array use arrays within populations
species
BovineSNP50 BeadChip,
[llumina BovineHD BeadChip,
BovinelLDv2.0 (lllumina Inc.,
Cattle 7K; 43K, 777K San Diego, CA) Upadhyay et al. 2017
Yang et al. 2017

Pig 60K Ramos et al, 2009

Groenen et al. 2011; Kranis et
Chicken 60K; 660K al. 2013 Bortoluzzi et al. 2018

Schaefer et al. 2017;McCue et Schurink et al. 2018
Horse 60K; 660K al 2012.
Goat 52k Colli et al. 2018 Martin et al. 2018
Sheep 10k,52k Kijas et al. 2012. Rochus et al. 2018

Furthermore we selected additional ancestral SNPs and SNPs related to traits, the Major
Histocompatibility Complex involved in immune response, and genes in some known QTL
and/or selective sweeps regions. Detailed informations of the number of SNP for the different
species and different categories are given in Table 3a for the IMAGEOQO1 array

Table 3a. Overview of selected SNPs per species for the IMAGEOO1(v1) array

species cattle pig chicken horse goat sheep
SNPs
overlap existing
arrays 7817 6173 7366 7748 7979 9583
sex chromosome X/Z 240 539 135 368 12 134
sex chromosome Y/W 5 26 100 80 69 2
mtDNA 13 36 90 0 170 136
ancestral 974 2000 1543 322 1043 256
trait 73 107 20 50 1164 80
MHC 134 9 63 203 0 0
genes in QTL-regions 1723 1289 0 1537 60 800
total 10093 10107 9306 10114 9993 10111

Additional new markers were included for most of the species. For the sex chromosomes

especially the Y chromosome, new publicly available markers were added because of

improved annotation of the sex chromosomes. The mtDNA markers used on the array are

representative for the different haplotypes present in each species. For the ancestral SNPs

different approaches were used depending on the species. For cattle and horse, ancient DNA

information was used to select variation which was present in the ancestors and no longer

seen in the present commercial breeds, In species were the wild relatives are still present (pig,



,,1\\\\;«'\\31‘“111»//

MAG

Innovative Management of
Animal Genetic Resources

///"97/‘/
N

<
1\

]
m

Horizon 2020
European Union funding
for Research & Innovation

European
Commission

chicken, goat and sheep) we selected variation in the same way as described above. For the
trait markers we looked at the OMIA website and selected SNPs reported to be associated or
causal for the traits reported per species. The markers derived from genes in QTL regions did

vary per species and are listed together with functional markers in D4.4 as part of task T4.3.

The coverage on the genome for the 6 species represented by the array IMAGEQO1(v1) is
presented in Figure 2. The coverage of the Y chromosome is not always indicated because of
insufficient information of the SNPs for this chromosome.
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Figure 2. The coverage on the SNPs from IMAGEOO1(v1) on the genome of the six species: a)
horse, b) Pig, c) chicken, d) cattle and e) sheep and f) goat.
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Array development: IMAGE002

This second design covers again 6 animal species, water buffalo, duck, quail, rabbit, Bee and
pigeon, with an average of 10000 SNPs per species (Table 1). For this array we could only use
publicly available SNP data and genotypes for water buffalo and rabbit. For the other 4 species
WGS data was used to select high informative SNPs across populations. Selection of the SNPs
for this array was performed as much as possible as described in the M&M based on available
data. Table 2b shows an overview of the data used to develop the IMAGEQO2 array. For the
species represented on this array the reference genome is less well developed as compared
to the species used for the IMAGEQOO1 array. For all species a draft genome is available
although some are still arranged in scaffolds instead of chromosomes. Specific trait markers
were incorporated if known. MtDNA variation is hardly used in biodiversity studies of the
IMAGEOQO02 species. Sex differentiation in bees is different from the other species. Too many
variants on the bee genome are involved in sex discrimination. Information on ancestral
variation is in many cases not known and therefore this type of variation could not be included
in the SNP selection of this array. Details of the SNP selection is given in Table 3b.

Table 2b. Overview per species with references of array design and use of the arrays in
genotyping population per species used in this study for the IMAGEQQ2 array.

Array/genome references
design array

species
Water Buffalo 90k lamartino et al. 2017
Duck 600k Teissier et al. 2019
Quail Coturnix japonica 2.1 Kawahara-Miki et al 2013
Bee Amel_HAv3.1 Solignac et al. 2007
Rabbit 200k Affymetrix Axiom OrcunSNP Array
Pigeon Cliv_2.1 Shapiro et al. 2013

Table 3b. Overview of selected SNPs per species for the IMAGEQO2 array.

species | Water buffalo Duck Quail Bee Rabbit Pigeon
SNPs
overlap existing
arrays 7991 0 0 0 7897 0
New selection 0 7900 7901 7901 0 7901
sex chromosome X/Z 131 474 296
sex chromosome Y/W 17 18 2 7 36
mtDNA 198 7 4 7 11
ancestral 573 1426 335
trait 201 251 1751 202
MHC 0
genes in QTL-regions 225 166 1105
total 7901 7900 7901 7901 7897 7901
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3. Array validation and improvements

IMAGEOO1

A set of 1906 individual samples and 14 pooled samples was collected to validate
IMAGEOO1(v1). In total, animals were selected from 246 breeds with an average of 41 breeds
per species. The number of breeds varied from 28 breeds for chickens to 66 breeds for sheep.
The average number of animals per breed was 8 and this varied from 1 for the Angus breed in
Cattle to 37 for the Linca breed in Sheep. All 1920 samples will be used in the analysis and
incorporated in the final manuscript which is currently in preparation. The list of breeds per
species for the validation is indicated in the appendix table S1.

The number of markers included in the array was 65K of which 61K did perform according to
the Affymetrix criteria and 4K markers did not. We obtained genotypes for 1526 samples out
of 1536 tested, with a call rate above 95%. Supplementary table S2 (appendix) provides a
detailed overview of the submitted SNPs, SNPs placed on the array, successful or failed
genotyped markers, per category and per species. Following this analysis, we are going to
replace the markers which did fail per species by new markers, including a short list of
additional functional markers established for sheep, pig and chicken. This is to increase the
number of specific traits that can be genotyped with IMAGEQO1(v2). The information on the
selected SNPs for the improved IMAGEOO01(v2) is given in Table 4 and is currently in the
manufacturing phase to be the final product obtained in IMAGE.

Table 4. Overview of selected SNPs per species for the IMAGEQO1 (v2) array

species cattle pig chicken horse Goat sheep
SNPs
overlap existing
arrays 7817 6173 7366 7748 7979 9583
sex chromosome X/Z 240 539 635 368 200 134
sex chromosome Y/W 50 26 100 80 69 50
mtDNA 13 36 90 0 170 136
ancestral 974 2000 2361 322 1043 256
trait 73 107 32 50 1164 80
MHC 134 9 63 203 0 0
genes in QTL-regions 1723 1289 0 1537 60 800
total 11024 10179 10647 10308 10685 11039

An example of a PCA plot for the porcine samples genotyped with the IMAGEOO1(v1) array is
given in Figure 3a and 3b for the base population and the new IMAGEQO1 genotyped porcine

samples respectively.

10
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Figure 3a. PCA plot with eigenvectors 1 and 2 for publicly available samples as base. Samples
in cluster 1 are European breeds. Cluster 2 are European wild boar samples. 3. Are Asian
breeds whereas 4 represent samples from Asian wild boars.

-1 ™ Eurape
= et ', Asia
s | = Europe_WB
o Asia_WB
wad T g / HEW
- - dna e
o - i "
= Va AT P
’/ (’ 3
I / T T
= / #
= { X y
f &
| ¥
Y O
o o
2 ] - 2 a0 of .
= - s 0T o % i
, " R ol L
i~ ‘{g ‘) \
¢ ‘ Y
£ gl
g =
o
;

-0.04
L
~,
&
+

E=3 - T . .

7 s L /

EE

f ) s

o] %

\S .

L— T T T T T
TT-0.04 -0.02 0.00 0.02 0.04 0.06

PCl

11



7
}1\\\\;\\\1 H]]Ir////{,
i Wy o, Horizon 2020
"»:‘ '{"/4" Z Europgan_ European Union funding
I M AG E X Commission for Research & Innovation

Innovative Management of
Animal Genetic Resources

W

<

Figure 3b represents the new porcine samples genotyped with the IMAGEOO1 (v1) array within
the samples of cluster 3 having an Asian background, where the other samples of breeds are
coming from all across Europe.
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The mtDNA markers can be used to reconstruct the haplotypes to be used in phylogenetic
studies, as illustrated in Figure 4.
Figure 4. The haplotype tree of the porcine samples genotyped with the IMAGEOQO1(v1) array
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IMAGEO002

Validation of the second multi species array will take place by genotyping 1152 samples with
an average of 192 samples per species. The array is in manufacturing stage and the samples
of breeds and populations are collected in order to represent a wide diversity for each species
for genotyping.

4. Data sharing

SNP array and marker information have been provided to Affymetrix (Thermo Fisher Scientific)
and will be publicly available. The arrays can be purchased directly through Affymetrix or
through globally active genotype providers. The information on the SNPs and selection criteria
used will be presented on the IMAGE website at time of publication:

- paper with all data on IMAGEQOQ1 is in preparation to be submitted by January 2021

- paper with all data on IMAGEQO02 will be submitted by April 2021
All genotype data will be uploaded to EBI-EVA following uploading of sample information on
BioSamples database.

Discussion will be initiated with the fish scientific community and the AquaExcel infrastructure
in order for them to benefit from the agreement with Affymetrix to develop a 3" IMAGE array.

5. Conclusions

The aim of task T4.5 was to develop a multi species array that is accessible worldwide, without
restriction for a low cost. Furthermore, the array should be stable and not subjected to
frequent changes. Besides making one array we did have the option to make three arrays. The
first array IMAGEQO1 is available for the community with one modification to come where we
will replace SNPs that did not work, by new markers. The second array is in production and
will be tested with a broad range of samples. Also, for this array we will have the option to
replace markers that do not work. We will design a third multi species array IMAGEOO3 which
will be ready after finishing the IMAGE project which will contain SNPs of only fish species.
Specific fish species increasingly represent a very important group of species for animal
protein in many countries of the world. A discussion is going on within national genebanks
about storing samples of fish species in their genebanks. The developed tools within this
deliverable are developed for genebanks but also for animal genetics research institutes in
order to genotype their animal collections and to compare genotypes within and over breeds
within and over genebanks but also with public available data. For the future it is important
that when animal material from a certain species will be stored in a genebank, it is essential
to isolate DNA preferably from a blood sample and use this for genotyping to enable a
molecular genetic comparison of the new entry with existing data sets.
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7 Table S1
List of breeds per species
Species Breeds Samples
Species Breeds 527
Alpines_Steinschaf
Brianzola
Carinthian

Sheep (67 breeds)

Churra_do_Hinho

Coburg_Foxes

Merino_long_wool_sheep

Merino_Preto

Montafoner_Steinschaf

Racka

Rhoen_sheep

Rouge_Roussillon

\Waldschaf

White_headed_mutton_breed

Bovec

Brown_Mountain

Campanica

Causses_du_Lot

Corriedale

Gentile_di_Puglia

Lacaune

Moutons_Charollais

Rouge _de_louest

Roussin

Tiroler_Steinschaf

Churra_da_Terra_Quente

Comisana

Exmoor_Horn

Kihnu

Massese

Nera_Di_Arbus

Sarda

Scottish_Blackface

Grazalemena

Leine_sheep

Lojena

Merino_negro

North-Holland_sheep

East_frisian_milk_sheep

Veluws_heidenschaap

Blue_Texel
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White _horned_heathland_sheep 8
White _hornless_heathland_scheep 9
Chamarita 10
Churra_Tensina 10
Flevolander 10
Manchega 10
Merino_de_los_Montes_Universales 10
Merino_Negro 10
Ojalada 10
Ojinegra 10
Rasa_Aragonesa 10
Segurena 10
Xisqueta 10
Bentheimer_Sheep 11
Merino 11
Friesian/Dutch_Milksheep 19
Black_blazed_sheep 20
Drenthe_Heathsheep 20
Kempen_Heathsheep 20
Mergelland_sheep 20
Schoonebeek Heathsheep 20
Veluwe Heathsheep 20
Castellana 21
Texel 21
Churra 22
Linca 37

Species Breeds Samples
Angus 1
Berrenda_Colorado_BC4 1
Berrenda_Colorado_BC6 1
Berrenda_Negro_BN8 1
Groninger White headed 1
Deep red 1
Charolais 1
Dutch-Friesian 1
Glanvieh 1
Holstein-Friesian 1
Cattle (43 breeds) Dutch belied 1

Marchigiana 1
Marismena 1
MRY 2
Rubia_Gallega 1
Gelbvieh 2
Angler_Rind 3
Glanrind 3
Limousin 3
Burlina 4
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Berrendo_colorado

Berrendo_en_negro

Cardena

Pajuna

Retinta

Rubia_andaluza

Toro__de_Lidia

Varzese

A._Angus_(traditional_biotype)

Nelore

[(cR RIS REGRENOREORES RSN NG RNe)]

DSN

=
=

A_Angus_(traditional_biotype)

=
(631

Asturiana_de_la_Montana

=
a1

Asturiana_de_los_Valles

=
a1

Guabala

[y
»

Alistana-Sanabresa

N
o

Guaymi

N
o

Monchina

N
o

Sayaguesa

N
o

Creole_(Argentina)

N
[y

Herford_(traditional_biotype)

21

Species

Breeds

Samples

Goat (32 breeds)

Bunte_Deutsche Edelziege

Frisa

Mallorquina

Palmera

Wei |-fe Deutsche Edelziege

Dutch_Milkgoat

Nicastrese

Orobica

Rove

Poitevine

Saanen_

Tinerfena-Norte

Majorera

ThUringer_Waldziege

Cabra_Blanca_Andaluza

Cabra_Blanca_Celtib |-rica

Cabra_Negra_Serrana

Payoya

Saanen

Verzaschese

Malaguena

Murciano_granadina

Murciano-Granadina

Florida

OGO |R|IR[WIWIWININININ|FR|IFRP[FPR|[FR]|F

Toggenburg

=
=
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Blanca_Celtib |--rica 13
Dutch_Pied_goat 17
Dutch_White_goat 18
Dutch_Landrace_goat 19
Multicerate_Ancestral_flock 20
Pirenaica 20
Species Breeds Samples
Lignee_B13 (MHC) 2
Lignee_B21 (MHC) 2
Barbezieux 3
Gasconne 3
Lignee_B19 (MHC) 3
DPF-(low duration of fertility line) 4
Lignee_B4 (MHC) 4
DPF+ (high duration of fertility line) 5
DWNA (dwarf naked neck layer) 5
Gras (high abdominal fatness) 5
Lignee_B99 (Bresse breed) 5
Maigre (Low abdominal fatness) 5
Blue_Andalusian 10
Chicken (29 breeds) Deutsches_Reichshuhn 10
KrUper 10
Lachshuhn 10
Langshan 10
ostrfriesische_MOwen 10
RheinlAnder 10
Sachsenhuhn 10
Sundheimer 10
westfAlische_Totleger 10
Augsburger 11
Bergische_Schlotterkamm 11
Deutsche_Sperber 11
Gauloise_Doree 12
Gallina_del_Sobrarbe 20
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8 Table S2

Table S2 Successful and failed markers per category and per species.

e OIS remove | A01SNP | £l SNPs | ol onpo | 4ol e
after QC
. wese
General 10322 1392 8930 172 8758 5
Common 7748 7055 138 6917 1
Genes 1537 1357 0 1357 0
Functional 44 33 6 27 4
X 368 samples 252 1 251 1
Y 100 100 100 0 0
Ancestral 322 46 28 18 0
MCH 203 87 87 0 0
. - T
General 10179 1987 8192 311 7881 0
Common 6173 6173 170 6003 0
Genes 1289 137 25 112 0
Functional 107 79 11 68 0
MT 36 Samples 22 8 14 0
X 539 149 353 43 310 0
Y 26 4 3 1 0
Ancestral 2000 1422 50 1372 0
MHC 9 2 1 1 0
. chiden |
General 10900 3239 7661 160 7501 2
Common 7366 6284 72 6212 2
Functional 20 3 3 0 0
MT 90 samples 88 0 88 0
W 100 0 0 0 0
Ancestral 2361 948 58 890 0
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General 10111 1476 8635 137 8498 0
Common 8724 7566 56 7510 0
functional 1116 929 22 907 0
MT 136 samples 62 56 6 0
X 134 77 2 75 0
Y 1 1 1 0 0
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MHC 63 8 8 0 0
CNV 900 333 20 313 0
- cae ]
General 10975 2371 8604 214 8390 2
Common 7817 6578 137 6441 0
Genes 1723 1700 42 1658 0
functional 73 65 28 37 0
MT 13 Samples 8 1 7 0
X 240 202 184 1 183 0
Y 1 1 1 0 0
Ancestral 974 0 0 0 0
MHC 134 68 4 64 2



