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Are cattle, sheep, and goats endangered species?

P. TABERLET,*A. VALENTINI,tH. R. REZAEI*1S. NADERL*§F. POMPANON /*R. NEGRINI]

and P. AJMONE-MARSAN{**

Domestication of cattle, sheep,
and goats in the Middle East

Spread over the world
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Threats on industrial breeds ...

low number of founders and ancestors, inbreeding
and selection:

strong decrease of genetic diversity (Ne = 50 for
Holstein cattle, 150 for Saanen goats, ....)

Genetic diseases
Rapid decline in fertility

and traditional breeds ...
Extinction

Introgression from highly productive breeds



Breeds status (all breeds)
and Population size (billion)

Cattle

H Cattle

1.4 | extinct H 35%
= endangered
M critical Goat
M not at risk

ﬁ' 18%

unkown

Goat Sheep Sheep
- H H 30%
0.9 1.1

threatened + extinct
among local breeds

Sources FAOSTAT & DAD-IS (FAO) 2013



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 adaptive genes (local adaptation) for defining
genomic resources



Sampling design Goat  Sheep
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1- Performance of surrogate marker systems

How sampling markers in the genome ?
Precise and unbiased estimations

o> 3>

Microsatellites, CNVs, *
SNPs, AFLPs & RAD-Seq like, GBS, ESTs & exome, ...

Neutral & selected markers



Moroccan population & wild relatives
Filtered phased WGS datasets

162 ids 14 ids 163 ids 18 ids
43.5M variants 29.3M variants 31.8M variants 17.4M variants
} ) ) )

O. aries O. orientalis C. hircus C. aegagrus

WGS dataset n=30 GS dataset n=1 GS dataset n=3 GS dataset n=1

N/ N/

Divergence 10 Kya Divergence 10 Kya




Building datasets for assessing global diversity

v v
O. ariesWGS | O. orientalis C. hircus C. aegagrus
dataset WGS dataset WGS dataset | WGS dataset
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Extract variants of A Extract random variants

- ovine 50k SNP and HD 1k, 5K, 10k, 50k, 100K, Extract variants of
Illumina® BeadChips 500k, 1M, 5M - caprine 50k SNP
Y - exome ) U (5replicates) ) {_ lllumina® BeadChip )
Vv

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

\% A" A"

Estimate Ho, F, Pi, || Estimate LD from 5 Estimate Fst,
Fst 2Mb regionson 5 Ancestry
PCA analysis chrs PCA analysis




Sheep

Estimating global neutral diversity H
— B | 10ids
| 20ids
A . : . 01| 30ids
° Nucleotide diversity ———
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SNP set

50K.BdChip —
HD.BdChip -

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

Ascertainment bias for chips & exome



Sheep

Estimating Linkage Disequilibrium

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

LD decay

0.4

—-— 10k
50k
—+— 100k
=% 500k
M
5M
—&— 50Kbdchip
HD.BdChip
exome
-8 wgs

LD (r2)
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Physical distance (bp)

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

BeadChips result in biased estimates



Goat

Estimating Fixation index
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Random panels of 50K - 100K SNPs for estimating Fst
Ascertainment bias with BeadChips

Individual Sampling effect



Ability to detect signatures of selection Sheep
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OPEN @ ACCESS Freely available online PLOS sioLoay

Genome-Wide Analysis of the World’s Sheep Breeds
Reveals High Levels of Historic Mixture and Strong
Recent Selection

James W. Kijas'*, Johannes A. Lenstra®, Ben Hayes>, Simon Boitard® Laercio R. Porto Neto', Magali San
Cristobal® Bertrand Servin®, Russell McCulloch’, Vicki Whan', Kimberly Gietzen>, Samuel Paiva®,
William Barendse’', Elena Ciani’, Herman Raadsma®, John McEwan?, Brian Dalrymple’, other members of
the International Sheep Genomics Consortium'®"

@ PLoS Biology | www.plosbiology.org 1 February 2012 | Volume 10 | Issue 2 | 1001258
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Building datasets for detecting adaptive genes

X WGS
4 datasets
B (10x)
15 horned sheep [ 15 polled sheep
from Morocco from Morocco
[
. N i .
Extract variants of Extract random variants
- ovine 50k SNP and HD 1k, 5K, 10k, 50k,
lllumina® BeadChips 100k, 500k, 1M, 5M
K - exome / \ . /

\|l
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Detection of selection
2 meth. (XP-CLR ; Fst)




andom 50K

XP-CLR score

50 05
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111

...... XP-CLR score = 15

WGS

0 40 100 0 20 40 O

2.0e+07 2.5e+07 3.0e+07 3.5e+07 4.0e+07

Physical position (bp)

Detection of RXFP2 signal requires random panels = 100K SNPs
RXFP2 detected also by beadchips and exome
Other signals of selection may require higher densities (= 1M)




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

Ascertainment bias of SNPs panels defined on industrial breeds

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



Building datasets for assessing 'universality' of random panels

WGS
datasets
v
| |
v vy v
Extract variants of the Extract random variants Extract variants of the
- ovine 50k SNP and HD 10k .
lllumina® BeadChips (3 replicates) - caprine 50k SNP

lllumina® BeadChip
|

v
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universality' of 10k Moroccan random panels Sheep
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nucleotide
diversity
] H 10K.1
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O 10K.3
— O 50K bdchip
O HD bdchip
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[ [ [ |
Moroccan Iranian Industrial Mouflon

Po
random panels are less biased andpmore precise than 50K-chips



2- Estimating genomic resources

Global diversity of wild relatives, local & industrial breeds

Levels of inbreeding

Where are the reservoirs of alleles ?

Value of indigenous breeds & wild relatives ?



Genomic diversity
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Goat
30 0.25
25 0.2
20
-0.15
15 -
- 0.1
10
- 0.05
5
0 I | I 0

Wild Iran Morocco Industrial

n= 18 20 20 10

Sheep

30

25

20

15

10

n=

Wild
16

Iran

20

Morocco Industrial

20

20

- 0.2

- 0.1

- 0.05

0.25

- 0.15

(1d) ANSI9AIp SPLO3INN



Levels of inbreeding
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Where are the reservoirs of alleles ?

Goat Sheep

-

w Wild M Iran

M Morocco  Industrial

# of private alleles (M SNPs)



3- Local adaptation and genomic resources

|dentifying adaptive genes

combining neutral & adaptive diversity for defining
conservation priorities



Selection signatures for competitive ability
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Sheep

Selection signatures related to altitude H
>1433 m, n=25
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GDP-D-mannose 4,6-dehydratase participates in fructose and
mannose metabolism



Conservation priorities: combining neutral & adaptive diversity

« Strategies at t
Populations wit

ne population level:
N the highest diversities

Populations wit

n the highest pairwise diversity

(complementarity principle)

* Neutral / Adaptive diversity

* Accounting for the adaptive value of breeds:

Population Adaptive Index (PAl) : % of ‘adaptive loci’ with

allelic freq # fro

m those in other populations



Conservation priorities: combining neutral & adaptive 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



Conservation priorities: combining neutral & adaptive diversity

Proportionof ~ Nei's gene

Population®  polymorphic loc®  diversity’  PAI°
Common frog

Al 0.52 0.18 0.07

C0 0.69 0.23 0.21

PP 0.74 0.25 0.14

RM 0.68 0.23 043

TE 068 0.23 0.29

il 0.66 0.22 0.29

Bonin et al. 2007 Conserv. Biol.

Common frog
Al 0 PP RM IE I
Al - 081 090 08 08 076
0 021 - 095 087 090 082
PP 021 03 - 095 093 09
RM 050 05 057 - 091 089
TE 036 050 042 071 - 089
T 020 029 042 064 050 -
0.4 Strategies
E Aand AC
% - Strategy N
) * Strategy NC

Proportion of neutral polymorphic markers



Conclusions

e Random SNPs panels are efficient

| | | >

5-10 50-100 500-1000 kSNPs (log)
genome genetic selection
diversity differentiation signatures

e Taking into account 'adaptive’ diversity in conservation priorities:
From outliers loci to adaptive pathways:
global adaptive potential / targeted adaptive traits ?

e Wild relatives and indigenous breeds do constitute a reservoir of
genomic resources.

How setting up whole genome approaches for characterization and
prioritization ?
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