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present5,000 BP10,000 BP

Domestcaton of catle, sheep,
and goats in the Middle East

breed concept

Beginning of 
intensive selecton

Spread over the world

Traditonal breeding of local populatons
sustainable management and local adaptaton 

Corsican goats

              
Saanen



Threats on industrial breeds ...

low number of founders and ancestors, inbreeding 
and selecton:

strong decrease of genetc diversity (Ne ≈ 50 for 
Holstein catle, 150 for Saanen goats, ….)

Genetc diseases

Rapid decline in fertlity

and traditonal breeds ...

Extncton

Introgression from highly productve breeds



Breeds status (all breeds)
 and Populaton size (billion)
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NGS for assessing AnGR

1- Assess the performance of  surrogate marker systems 
compared with whole genome sequence data for preserving 
biodiversity

 

2- Assess the value of wild ancestors and indigenous breeds as 
genomic resources

3- Consider adaptve genes (local adaptaton) for defning 
genomic resources 



Sampling design 

Industrial breeds 
(n~15-75)

Local breeds (n~160)

 Local breeds (n~20)

WGS @ 10 X  (Illumina HighSeq ®)

Wilds (n~20)

phenotypes



1- Performance of surrogate marker systems

How sampling markers in the genome ?

Precise and unbiased estmatons

Microsatellites, CNVs, 

SNPs,  AFLPs & RAD-Seq like, GBS, ESTs &  exome, …

Neutral & selected markers
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Moroccan populaton & wild relatves  
Filtered phased WGS datasets 

162 ids
 43.5M variants

 14 ids
29.3M variants

163 ids
31.8M variants 

18 ids
17.4M variants

O. aries 

WGS dataset n=30

O. orientalis 

WGS dataset  n=14

C. hircus 

WGS dataset  n=30

C. aegagrus 

WGS dataset  n=18

Divergence 10 Kya  Divergence 10 Kya  



WGS datasets 
(10x)

Extract random variants
1k, 5K, 10k, 50k, 100k,

 500k, 1M, 5M
(5 replicates)

Extract 2 subsets of random individuals with 1/3 
and 2/3 of the inital number of individuals

Estmate LD from 5 
2Mb regions on 5 

chrs

Estmate Ho, F, Pi, 
Fst

PCA analysis

Extract variants of 

- caprine 50k SNP 
Illumina® BeadChip

O. aries WGS 
dataset

Estmate Fst,
Ancestry

PCA analysis

O. orientalis 
WGS dataset

C. hircus 
WGS dataset

C. aegagrus 
WGS dataset

Extract variants of 
- ovine 50k SNP and HD 

Illumina® BeadChips 
- exome

Building datasets for assessing global diversity



Random panels of 5K – 10K random SNPs for precise and 
unbiased estmates (pi, Ho,...)

Ascertainment bias for chips & exome

10 ids
20 ids
30 ids

Estmatng global neutral diversity

Nucleotde diversity



Reliable LD estmates require a high SNP density  (500K in Capra 
&  1M in Ovis)

BeadChips  result in biased estmates

LD grouped for 5 chromosomes in 1 replicate
7 Bins : 1-3K-6K-12K-20K-50K-100K-200K bp

Estmatng Linkage Disequilibrium

LD decay



18 ids
33 ids
48 ids

Estmatng Fixaton index
 

Random panels of 50K – 100K SNPs for estmatng Fst 

Ascertainment bias with BeadChips 

Individual Sampling efect 

Wilds/domestics



Chr 10: 20M – 40Mbp 

Ability to detect signatures of selecton



Extract random variants
1k, 5K, 10k, 50k,

 100k, 500k, 1M, 5M

15 horned sheep 
from Morocco

Detecton of selecton
2 meth. (XP-CLR ; Fst)

WGS 
datasets 

(10x)

Extract variants of 
- ovine 50k SNP and HD 

Illumina® BeadChips 
- exome

Building datasets for detectng adaptve genes

15 polled  sheep 
from Morocco



XP-CLR score = 15

HD Beadchip

50K Beadchip

Random 1M

Exome

Random 100K

Random 50K

WGS

Physical position (bp)
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RXFP2

Detecton of RXFP2 signal requires random panels ≥ 100K SNPs
RXFP2 detected also  by  beadchips and exome
 Other signals of selecton may require higher densites (≥ 1M)



What about a generic ('universal') panel for studying genome 
diversity ?

Ascertainment bias of SNPs panels defned on industrial breeds

Ability of a random panel to reliably estmate genome diversity in 
any (many) breed/populaton ?

 



WGS 
datasets 

Extract random variants
 10k

(3 replicates)

 Ho,Pi, Fst

Extract variants of the

- caprine 50k SNP 
Illumina® BeadChip

O. aries 
Morocco WGS

C. hircus 
Morocco WGS

Extract variants of the 
- ovine 50k SNP and HD 

Illumina® BeadChips 

Building datasets for assessing 'universality' of random panels 

Iranian breeds / Wilds



 random panels are less biased and more precise than 50K-chips 

nucleotde 
diversity 

'universality' of 10k Moroccan random panels 



2- Estmatng  genomic resources

Global diversity of wild relatves, local & industrial breeds

Levels of inbreeding

Where are the reservoirs of alleles ?

Value of indigenous breeds & wild relatves ?
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Levels of inbreeding



Where are the reservoirs of alleles ?

# of private alleles (M SNPs) 



 3- Local adaptaton and  genomic resources 

Identfying adaptve genes

combining neutral & adaptve diversity for defning 
conservaton priorites



Selecton signatures for compettve ability

n=1 n=2734

Project funding



GDP-D-mannose 4,6-dehydratase  partcipates in fructose and 
mannose metabolism

>1433 m , n=25

< 219 m , n=25
Physical position (bp) - chromosome 20

Selecton signatures related to alttude

GMDS
/ /

/ /



 Conservaton priorites: combining neutral & adaptve diversity  

• Strategies at the population level:

Populations with the highest diversities

Populations with the highest pairwise diversity 
(complementarity principle)

• Neutral / Adaptive diversity

• Accounting for the adaptive value of breeds:

 Population Adaptive Index (PAI) : % of ‘adaptive loci’ with 
allelic freq ≠ from those in other populations 



 Conservaton priorites: combining neutral & adaptve diversity  

Strategies:

N: Populations with the highest neutral diversities

NC: Populations with the highest pairwise neutral diversity 

A: Populations with the highest adaptive diversity

AC: Populations with the highest pairwise adaptive diversity



Bonin et al. 2007 Conserv. Biol.

 Conservaton priorites: combining neutral & adaptve diversity  



 Conclusions

• Random SNPs panels are efcient 

 

• Taking into account 'adaptve' diversity in conservaton priorites: 
From outliers loci to adaptve pathways:
global adaptve potental / targeted adaptve traits ?

• Wild relatves and indigenous breeds do consttute a reservoir of 
genomic resources.
How setng up whole genome approaches for characterizaton and 
prioritzaton ?

 genetc 
diferentaton   

 5-10    50-100        500-1000 kSNPs (log)
 genome 
diversity 

selecton 
signatures
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