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Domestic goats:
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v Goat was domesticated from bezoar (Capra aegagrus) 
ca. 10,000-15,000 years ago.

v Goats are adapted to various (sometimes harsh) environments.
v Breed concept is ca. 200 years old.
v Milk, meat and fiber breeds.
v Nowadays a few breeds represent most of the animals, particularly in developed

countries. Ex: in France Alpine & Saanen ca. 80% animals.

Bezoar

1 billion goats in 
the world, 18% 
endangered.



VARGOATS project:

http://www.goatgenome.org/vargoats.html 3
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France Genomique Project launched in 2016

Gwenola Tosser-Klopp, Université de 
Toulouse, INRA

VarGoats coordinator

COLLI et al.

http://www.goatgenome.org/vargoats.html


VARGOATS aims:
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vUse of whole genome sequences:

vto investigate domestication, human-
mediated selection and adaptation at the 
genomic level.

vto study genetic diversity.

vto detect variants (SNPs, CNVs, structural 

variants, causal mutations) and identify
Loss of Function mutations.

vTo detect selective sweeps.

Final goal: 
to develop
breeding
solutions.



VARGOATS working context:
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v International Goat Consortium (<2011)

v Core working group (INRA/USDA-

AGIN/LECA/PTP later joined by Roslin)

v Bioinformatics skills

v Genomic tools

v Data availability from previous studies:
v ADAPTmap project = >4,000 50K SNP chip genotypes.
v NextGen project = ca. 190 WG sequences from Iran and Morocco.
v ClimGen project = 50K SNP chip genoptypes and methylation studies.
v Publicly available data.

v high quality assembly (ARS1 = golden goat genome)

v MD 50K chip
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VarGoats sampling strategy:

Relevant
gene pools

COLLI et al.

Global diversity, post-domestication 
history, and selection signatures.

Aims: 
- to evaluate diversity, gene flow, 

population structure and 
migrations. 

- to identify signatures of natural or 
human-mediated selection to the 
environmental or productive 
conditions.



Pakistan

Boer goats

Western 
Africa

Wild goats, Turkey, Iran

Northern
Africa

Eastern
Africa

Southeastern
Africa

Madagascar

Spain, France

Saanen

Alpine

Mediterranean

Northern
Europe

America 
S+N

Australi
a K=85

K=25
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ADAPTmap dataset: 
population structure:

Colli et al. (2018). GSE, 50: 58. 
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Admixture sftw.

23° Congresso ASPA – 13.06.2019
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ADAPTmap dataset: 
Selection signatures

Annotated gene: LYPLA1 (feed intake).
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Inbred
breeds

Aim: to study ROHs and deleterious 
mutations. 

VarGoats sampling strategy:
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ADAPTmap dataset: 
Observed Heterozygosity

Barplot of Observed Heterozygosity
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Analysis performed
by M. Milanesi & E. Vajana.

SW Asia Africa Europe Oceania
Americas

COLLI et al.
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ADAPTmap dataset: 
Observed Heterozygosity

Barplot of Observed Heterozygosity
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Analysis performed
by M. Milanesi & E. Vajana.

SW Asia Africa Europe Oceania
Americas

COLLI et al.
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Colli et al. (2018). GSE, 50: 58. 

ADAPTmap dataset: 
Observed Heterozygosity map
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Other Capra
species

Aim: to study wild x domestic 
hybridization and adaptive 

introgression.

VarGoats sampling strategy:



VarGoats WGs:

23° Congresso ASPA – 13.06.2019
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4 WGs follow up from ADAPTmap + 4 new WGs

VarGoats WG11 – “SNP calling and CNV detection”: B. Rosen & T. Faraut.
VarGoats WG12 – “Methods (demographic models, imputation)”: not started.
VarGoats WG13 – “Extent of loss of function alleles”: M.Amills & G. Tosser-Klopp.
VarGoats WG14 – “Hybridization between species”: L. Colli & P.Crepaldi.

ADAPTmap WG1 – “Improvement of genome assembly” & ADAPTmap GROUP 2 – “Genome
annotation” now called “Genome annotation/Pan Genome Analysis” & ADAPTmap WG6 –
“Integration, standardization and visualization of genomic data”: not started.
ADAPTmap WG3 – “Comparative genomics (with other ruminants)”: Clet Wandui Masiga & E.Clark.
ADAPTmap WG7 – “Population genetics analyses and population history domestication
reconstruction”: L. Colli & P. Crepaldi & F.Pompanon.
ADAPTmap WG8  – “Selection signatures (landscape genomics, iHS, CLL, EHH, XPEHH, Fst, Visible
genetic profile)”: L. Colli & P. Crepaldi & F.Pompanon.

COLLI et al.



VarGoats workflow:
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COLLI et al.

v Sequencing started in Jul. 2016.
v Several sequence data sources (Genoscope / CEA / Roslin / Public data).
v Data are being produced in several steps:

v 248 animals in Dec. 2017 à 830 animals in Nov. 2018 à ca. 1000 animals in Dec. 
2019.



VarGoats dataset:

23° Congresso ASPA – 13.06.2019
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To date: 829 individuals representing 8 species, 84 populations, 30 countries and 4
continents. 

COLLI et al.



VarGoats dataset:
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815 sequences from 84 local and transboundary domestic populations, and 14
sequences from 7 wild goat species.

COLLI et al.

continent country populations animals
Azerbaijan 1 1
Iran 1 20
Israel 1 1
Pakistan 7 31
Russian	Federation 1 1
Tajikistan 1 1
Uzbekistan 1 1
Burkina	Faso 1 1
Ethiopia 4 28
Kenya 3 16
Madagascar 6 43
Malawi 5 25
Mali 6 36
Morocco 1 163
Mozambique 1 163
South	Africa 1 3
Tanzania 9 66
Tunisia 1 5
Zimbabwe 3 28
Denmark 1 6
Finland 1 1
France 18 222
Ireland 1 5
Italy 10 39
Netherlands 1 5
Spain 4 22
Switzerland 3 13
Australia 3 5
New	Zealand 1 8

Oceania

Europe

Asia

Africa



VarGoats workflow:
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COLLI et al.

v Sequencing started in Jul. 2016.
v Several sequence data sources (Genoscope / CEA / Roslin / Public data).
v Data are being produced in several steps:

v 248 animals in Dec. 2017 à 830 animals in Nov. 2018 à ca. 1000 animals in Dec. 
2019.

v One single bioformatics pipeline for SNP calling at TGCC run by Philippe Bardou (INRA-
Toulouse, Sigenae team)

v Filtering criteria and analyses pipelines are being optimized on intermediate datasets.



Pipeline - alignment and variant 
calling:
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v Based on Jflow workflow manager
v http://jflow.toulouse.inra.fr

v Main steps :
v Mapping fastq file on the reference

genome ARS1 (BWA)
v Mapping post-processing (Picard tools, 

GATK): bam file
v Variant discovery (GATK 

HaplotypeCaller, ...): VCF/gVCF file
v Generate a vcf file by chr.

v Generate a multiple-sample gVCF
file (GATK CombineGVCF )

v Perform “genotyping” and 
generate 30 vcf files (GATK 
GenotypeGVCF)

v Filter and annotate (snpeff) vcf files and 
generate 30 vcf annotated files 

v Data release.

http://jflow.toulouse.inra.fr/


VarGoats workflow:
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COLLI et al.

v Sequencing started in Jul. 2016.
v Several sequence data sources (Genoscope / CEA / Roslin / Public data).
v Data are being produced in several steps:

v 248 animals in Dec. 2017 à 830 animals in Nov. 2018 à ca. 1000 animals in Dec. 
2019.

v One single bioformatics pipeline for SNP calling at TGCC run by Philippe Bardou (INRA-
Toulouse, Sigenae team)

v Filtering criteria and analyses pipelines are being optimized on intermediate datasets.

v Data will be released in the public domain (expected at the end of  2019).
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VarGoats searchable
database:

COLLI et al.

http://www.goatgenome.org/vargoats_data_access.html



VarGoats preliminary results:
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COLLI et al.

v 829 genomes to date.

v Sequencing depth between 1.74x and 35.38x.

v 16 WGS < 5x depth à 9 sequences with <4.5x depth will be discarded.

v Avg. Number of SNPs:

v SNPs overall: domestic goats 2.3M-9.6M; wild goats 2.6M-21.7M.



Variant selection:

23° Congresso ASPA – 13.06.2019
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COLLI et al.

Biallelic SNPs

Multiallelic SNPs ?

✔

Number?
Species-specific differences?
Distribution along the genome?
Distribution with respect to geographical
origin?



VarGoats preliminary results:
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COLLI et al.

v 829 genomes to date.

v Sequencing depth between 1.74x and 35.38x.

v 16 WGS < 5x depth à 9 sequences with <4.5x depth will be discarded.

v Avg. Number of SNPs:

v SNPs overall: domestic goats 2.3M-9.6M; wild goats 2.6M-21.7M.

v Multiallelic SNPs: domestic goats 0.12M-0.57M; wild goats 0.09M-1.04M.
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Results – Multiallelic variants:

COLLI et al.

Multiallelic variants per population
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Results – Multiallelic variants:

COLLI et al.

Multiallelic variants per population

Domestic goats
avg. 500K variants
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Results – Multiallelic variants:

COLLI et al.

Multiallelic variants per population

Wild goats
avg. 900K variants
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Results – Multiallelic variants:

COLLI et al.

Multiallelic variants per population Capra cylindricornis

Capra falconeri

Capra ibex

Capra caucasica

Capra nubiana & Capra sibirica

Capra ibex & Capra pyrenaica
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Results – Multiallelic variants:

COLLI et al.

Multiallelic variants per population

Rupicapra rupicapra



30

23° Congresso ASPA – 13.06.2019COLLI et al.

MTB
MSH
SNJ

PRW
NRW
MLY

MAA
GOG
TUN
THA
TED
PAT

KAM
KAC
BRI
FAL

MAN
LND
THY
NSJ

LGW
DZD
BAW

MO
TAR
SDN
PEU
NAI

MAU
GUE
SOU
SOF
MEN
DIA

AND
TOG
SEA
GAL
PGP
VAL

RME
MNT
MLT
JON
GGT
CCG

IR
UGA
OIG
BAU
PNP
VAN
SAV

SA
ROV
PYR
PVC
PTV
LOR
FSS
CRE
ANG

AL
HEP
CAU
WYG
KEF

GUM
ABR
RAS
PAL
MAL
BEY
LNR
SAA
ALP
DJA
CYL

RL
Cash
Boer
CAS
BOE

0 20000 40000 60000
N.Variant type Multiallelic

Po
pu

la
tio

n

Chr1

CHR1 = 32K 
multiallelic
SNPs on avg. 

Multiallelic variants per 
chromosome:



31

23° Congresso ASPA – 13.06.2019COLLI et al.

MTB
MSH
SNJ

PRW
NRW
MLY

MAA
GOG
TUN
THA
TED
PAT

KAM
KAC
BRI
FAL

MAN
LND
THY
NSJ

LGW
DZD
BAW

MO
TAR
SDN
PEU
NAI

MAU
GUE
SOU
SOF
MEN
DIA

AND
TOG
SEA
GAL
PGP
VAL

RME
MNT
MLT
JON
GGT
CCG

IR
UGA
OIG
BAU
PNP
VAN
SAV

SA
ROV
PYR
PVC
PTV
LOR
FSS
CRE
ANG

AL
HEP
CAU
WYG
KEF

GUM
ABR
RAS
PAL
MAL
BEY
LNR
SAA
ALP
DJA
CYL

RL
Cash
Boer
CAS
BOE

0 20000 40000 60000
N.Variant type Multiallelic

Po
pu

la
tio

n

Chr1

CHR1 = 32K 
multiallelic
SNPs on avg. 

Multiallelic variants per 
chromosome:

MTB
MSH
SNJ

PRW
NRW
MLY

MAA
GOG
TUN
THA
TED
PAT

KAM
KAC
BRI
FAL

MAN
LND
THY
NSJ

LGW
DZD
BAW

MO
TAR
SDN
PEU
NAI

MAU
GUE
SOU
SOF
MEN
DIA

AND
TOG
SEA
GAL
PGP
VAL

RME
MNT
MLT
JON
GGT
CCG

IR
UGA
OIG
BAU
PNP
VAN
SAV

SA
ROV
PYR
PVC
PTV
LOR
FSS
CRE
ANG

AL
HEP
CAU
WYG
KEF

GUM
ABR
RAS
PAL
MAL
BEY
LNR
SAA
ALP
DJA
CYL

RL
Cash
Boer
CAS
BOE

0 20000 40000

N.Variant type Multiallelic

Po
pu

la
tio

n

Chr2

CHR2 = 25K
multiallelic
SNPs on avg. 



32

23° Congresso ASPA – 13.06.2019

Multiallelic variants per 
chromosome:

COLLI et al.
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Multiallelic variants per 
chromosome:

COLLI et al.

MTB
MSH
SNJ

PRW
NRW
MLY

MAA
GOG
TUN
THA
TED
PAT

KAM
KAC
BRI
FAL

MAN
LND
THY
NSJ

LGW
DZD
BAW

MO
TAR
SDN
PEU
NAI

MAU
GUE
SOU
SOF
MEN
DIA

AND
TOG
SEA
GAL
PGP
VAL

RME
MNT
MLT
JON
GGT
CCG

IR
UGA
OIG
BAU
PNP
VAN
SAV

SA
ROV
PYR
PVC
PTV
LOR
FSS
CRE
ANG

AL
HEP
CAU
WYG
KEF

GUM
ABR
RAS
PAL
MAL
BEY
LNR
SAA
ALP
DJA
CYL

RL
Cash
Boer
CAS
BOE

0 10000 20000 30000 40000 50000

N.Variant type Multiallelic

Po
pu

la
tio

n

Chr12

CHR12 = 22K
multiallelic
SNPs on avg. 

CHR13 = 14K 
multiallelic
SNPs on avg. 

MTB
MSH
SNJ

PRW
NRW
MLY

MAA
GOG
TUN
THA
TED
PAT

KAM
KAC
BRI
FAL

MAN
LND
THY
NSJ

LGW
DZD
BAW

MO
TAR
SDN
PEU
NAI

MAU
GUE
SOU
SOF
MEN
DIA

AND
TOG
SEA
GAL
PGP
VAL

RME
MNT
MLT
JON
GGT
CCG

IR
UGA
OIG
BAU
PNP
VAN
SAV

SA
ROV
PYR
PVC
PTV
LOR
FSS
CRE
ANG

AL
HEP
CAU
WYG
KEF

GUM
ABR
RAS
PAL
MAL
BEY
LNR
SAA
ALP
DJA
CYL

RL
Cash
Boer
CAS
BOE

0 10000 20000 30000
N.Variant type Multiallelic

Po
pu

la
tio

n

Chr13



34

• The preliminary evaluation of diversity suggests that wild goat species
have a higher variation (10-20M SNPs) compared to domestic goats
(<10M SNPs).

• Multiallelic SNPs show a similar trend and represent ca. 1/20 of the
total variants.

• Multialleic SNPs number is generally proportional to chromosome size
(some exceptionsà further investigation).

Next steps à evaluate their genomic and within-chromosome
distribution, and their functional role.

Conclusions:

23° Congresso ASPA – 13.06.2019COLLI et al.



60 WG sequencing slots are still available
(sequencing completion deadline Dec. 2019).

We’d like to improve the number of Asian goats
à Samples?

Deadline for providing DNA: Sept. 2019.

35
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We want you(r samples):

COLLI et al.



v Institutions: INRA, USDA, PTP, CNRS, UGA
v Platforms: Adriana Alberti, Patrick Wincker (Génoscope), 
v Bioinformaticians: Philippe Bardou (INRA), S.Engelen (Génoscope)
v Scientists (non exhaustive): 

v Jim Reecy and Muhammad Moaeen-ud-Din, Pakistan
v Marcel Amills, Spain
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16 genomes <5x depth

Mean depth vs. number of multiallelic variants
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Multiallelic variants per population

Valdostana low quality
WGs
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Results – Multiallelic variants:
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Multiallelic variants per population

Australian breeds

Insular breeds



41

23° Congresso ASPA – 13.06.2019

Multiallelic variants per 
chromosome:
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CHR25 = 8K 
multiallelic
SNPs on avg. 

CHR29 = 12K 
multiallelic
SNPs on avg. 
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