
HAL Id: hal-02805662
https://hal.inrae.fr/hal-02805662

Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Goat genome assembly, Availability of an international
50K SNP chip and RH panel: an update of the

International Goat Genome Consortium projects
Gwenola Tosser-Klopp

To cite this version:
Gwenola Tosser-Klopp. Goat genome assembly, Availability of an international 50K SNP chip and RH
panel: an update of the International Goat Genome Consortium projects. Workshop Plant et Animal
Genome, Jan 2012, San Diégo - Californie, United States. �hal-02805662�

https://hal.inrae.fr/hal-02805662
https://hal.archives-ouvertes.fr


Cattle and sheep workshop, 
PAG meeting, 2012, January, the 15th

Goat genome assembly, 
Availability of an international 

50K SNP chip 
and RH panel: an update of the 

International Goat Genome 
Consortium 

projects

Gwenola Tosser-Klopp on behalf of IGGC



Cattle and sheep workshop, 
PAG meeting, 2012, January, the 15th

Outline

• IGGC presentation / history
• Goat Genome Assembly
• RH panel (discussed on monday)
• International goat SNP chip
• Next projects: Brian Sayre
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IGGC

• International Goat Genome Consortium

• Created in March, 2010
• www.goatgenome.org

• Coordination: Wenguang Zhang & Gwenola 
Tosser-Klopp

• 3 ongoing projects

• Open meeting on Monday afternoon (3pm:5pm, 
Towne room) to discuss further projects
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Yunnan black goat (XX) lead to high quality reference genome of the 
domestic goat generated by combining Illumina new-generation short reads 
sequencing and the optical mapping technology of large DNA molecules 
which was used to generate the super-scaffolds.
Cashmere goat transcriptomes of primary and secondary fiber-growing 
follicles were generated

Yunnan black goat Cashmere goat

Capra hircus genome assembly
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The assembled base pairs (SOAPdenovo software) total 2.66 Gb, which is about 
92% of the estimated goat genome size (~ 2.9 Gb)

284,683 primary super-scaffolds
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Super scaffold Size (bp) Number
N10 37,201,881 6
N20 31,8,804 13
N20 26,309,660 22
N40 22,009,453 32
N50 18,182,911 45
N60 14,726,152 60
N70 10,332,770 81
N80 6,331,148 112
N90 2,857,184 171
Total Number 349

Total Size 2,525,731,503

349 super-scaffolds, using optical
mapping
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Based on the high colinearity
between bovine and goats 
(Cribiu, E. P. et al. Cytogenet
Cell Genet 2001), we used 
bovine genome to assemble 
the 315 super-scaffolds 
together with 422 extra 
scaffolds which were not 
included in super-scaffolds 
into 30 pseudo-
chromosomes for the goat.

30 pseudo-chromosomes



Cattle and sheep workshop, 
PAG meeting, 2012, January, the 15th

SNP chip project
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Data

– INRA, France : 
• RRL of 6 goats (454) and whole genome sequencing (HiSeq) of 13 
Alpine, Saanen and Creole

–Malaysian Agricultural Research and Development Institute, 
Malaysia & DNA Landmarks :

• Whole genome sequencing of 64 Boer, Savanna and Kacang meat and 
indigenous goats

–University of Utrecht, Netherlands
• RRL of 17 Saanen dairy goats. 120 millions of 32 bp paired-ends 
sequences

–Italy, Spain, USA : ESTs + genes
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Goat scaffolds were used to 
map the « SNP » sequences

BGI scaffolds :
- 285 375 scaffolds/contigs  => total length = 2, 662 Gpb
- length from 100 pb to 19 Mpb

Bejing Genome Institute / Kumming Institute of Zoology / Inner Mongolia
Agricultural University, China (W. Zhang, W. Wang)
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Pipeline – INRA + NL data

BWA aln
samtools 

sort

samtools merge

Alpine.bcf Saanen.bcf Créole.bcf

Filter
- mapping quality> 30
- unique alignment

samtools mpileup
bcftools view

Filter
- vcfutils.pl varFilter
- SNPs homozygous A + S + C

Alpine.bam Saanen.bam Creole.bam

Alpine.bcf Saanen.bcf Créole.bcf

varFilter :
- min depth= 6
- max depth=100
- Min 2 reads for 1 allele

12 million SNPs + INDELs detected
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Malaysian data & ESTs

Malaysian data   

BWA alignment (bwasw)

SNP position extraction

File to implement the 
database

3.5 million SNPs

EST    

BWA alignment (bwasw)

SIM4 alignment validation

SNP position extraction

File to implement the 
database

7000 SNPs
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Data base filling
Alpine.bcf

Alpine.bcf
#Chrom Pos Race   Ref   A  C  G  T createDB.pl Table des SNPs

Infinium
I : A/T et C/G => 2 probes 
II : other => 1 probe

11 924 638 SNPs :

- 1 229 120 Indels

- 10 695 518 SNPs

Category
1 : EST
2 : Heteroz. in 5 breeds
3 & 4 : Heteroz. in 4 breeds
5 & 6 : Heteroz. in 3 breeds…
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SNP selection

selected
SNPs SNPs

alternative

Table of SNPs

SNPs sorted
By category

and MAF

SNPs Selection:
Present on a scaffold > 10 000 pb
Bi-allelic
« Frame » minimun of 20 pb
MAF > 0.2
Illumina score > 0.8
Infinium II

Selection sorted by :
Increasing category
Decresaing MAF

Selection + Sort

Repartition

537 145 SNPs

28,500 pb minimum between 2 SNPs
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60 000 selected SNPs

1 : EST
2 : Heteroz. in 5 breeds
3 et 4 : Heteroz. in 4 breeds
5 et 6 : Heteroz. in 3 breeds

10 : Heteroz. S & A
11 : Heteroz. (A or S)
&(C or B or KS)
12 : Heteroz. C et (B or KS)
13 : Heteroz. A or S

20 : other
90 : INDEL
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5 breeds => ~38% 
4 breeds => ~78%
3 breeds => ~96%
Milk breeds => ~100%
Meat breeds => ~97%
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60 000 SNPs - MAF - Illumina
Score
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60 000 SNPs - Spacing
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median interval => ~ 40kb
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60 000 SNPs – Spacing on cattle 
genome (UMD3)

5000 15000 25000 35000 45000 55000 65000 75000 85000 95000 105000 115000 125000 135000 145000 >150000
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1132
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10937

9288

7441

6211

5029

3855

2552

1598
1036

709 519 377 271 234 124 104 83 60 56 39 30 26 33 25 260

59 001 SNPs localised on a bovine 
chromosome
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Chip manufacturing and cluster 
files

• Illumina iSelect design
• 288 animals were used for cluster file 

generation and quality control
• Includes the animals used for SNP 

discovery
• Breeds : Alpine, Saanen, Creole, Katjang, 

Savanna, Boer, Skopelos, Angora, Jinlan
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SNP chip characteristics

• 53,348 synthesized loci
• 52,295 successful loci
• 8,000 ordered samples in September 2011
• Cluster files (.egt) available: 

Gwenola.Tosser@toulouse.inra.fr
• Annotation and publication of the loci

coming soon



Cattle and sheep workshop, 
PAG meeting, 2012, January, the 15th

A chip useful for many breeds

173351Yunling

5090827Skopelos

4662920Savanna

5168957Saanen

3387313Katjang

4564813Jinlan

5021638Creole

4849430Boer

4719526Angora

5133953Alpine

SNPs MAF>0.05SamplesBreed
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Upcoming projects of IGGC

• Hapmap project
• Resequencing
• Integration of RH and genome data
• …
• Open meeting on monday
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African Goat Production Value 
Chain Development Project

USDA-ARS and ILRI Sponsored Workshop
Nairobi, Kenya, November 2011 
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African Goat Production 
Workshop

• A workshop was held in Nairobi, Kenya in November 
2011 sponsored by the USDA-ARS and ILRI.

• The aims of this workshop were:

1. Bring together research experts for improvement of goat 
production in Africa

2. Determine the potential of applying genome-based tools to value 
chain development projects in goat production

3. Determine the current needs for characterization of goat 
populations and utilization of genome-based tools
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General Project Development 
Concept

• Use emerging technologies to characterize and 
improve the adapted germplasm

• Development of a refined, high quality genome 
sequence and genome-based tools, if needed

• Development of genetic signatures for goat 
populations

• Determine the needs of the local producers for 
development of the goat production value chain

• Based on producer needs, develop improved 
germplasms using a genetic signature based 
approach
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Outcomes

• Appears feasible to use high level genome-based tools for 
improved selection and sustainability of adapted germplasm

• Advantageous to have multiple independent genome 
sequence assemblies for the goat to improve the error 
checking and quality of the reference genome sequence

• Samples from African goat populations will be characterized 
with the current SNP panel to get an initial characterization 
of the populations

• Meet in October 2012, with support groups to develop local 
value chain assessments and determine methods for 
genetic signature utilization. 
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We thank you for your attention


