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Genetic Diversity in Sheep Populations

v’ There are >600 sheep breeds around the world (FAO, 2021)

v’ Less-intensive “bottlenecks” during domestication (in comparison to other ruminant

species): Ne ranging from 50 to 1,500 (Kijas et al., 2012; Brito et al., 2015, 2017)
v’ Recent formation of various composite breeds (e.g. Katahdin, Focus Prime)
v Many relatively-small breeds and flocks: higher risk of inbreeding
v’ Less-intensive production systems: greater environmental exposure

v It is critical to maintain genetic diversity in sheep populations!
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v’ Pedigree recording and errors

*  Multiple-sire mating

Genomic inbreeding
(=} (=] =]
o o S = 9
D = N W

* Pasture-based lambing (over a short period) . . .
-0.05 . 0.1 0.15 0.2

0.1 Pedigree inbreeding

Lower Al efficiency (need for “tailup rams”)
Brito et al., 2017
* Pedigree incompleteness or lower pedigree depth

v’ Limited adoption of parentage testing and genomic data in many breeds/flocks

v’ Lower connection among sheep flocks
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Main Goals of This Presentation

v’ Describe genomic diversity metrics that can be used for characterizing

sheep populations (based on examples from our research group)

v’ Discuss the implications and applications of genetic diversity when

designing genomic breeding programs in sheep
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Genomic Inbreeding

v’ Inbreeding coefficient (Wright, 1922): probability that two base pairs at a

randomly chosen position in the genome (locus) are identical by descent.

v Pedigree inbreeding v' Genomic inbreeding

* Assumes all individuals in the base population

* Accounts for Mendelian sampling between
are unrelated

individuals
* It does not account for Mendelian Sampling

* Differentiate old from recent inbreedin
* Highly influenced by the quality of the pedigree : : ! e

data * Localized inbreeding in the genome
*  Expected inbreeding values +  Realized inbreeding values
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ROH-based Inbreeding

to their offspring
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v Runs of homozygosity (ROH): Contiguous lengths of homozygous genotypes

that are present in an individual due to parents transmitting identical haplotypes

> Lron

Frog 1 = 7
AUTO

ROH-based Inbreeding

v Identification of inbreeding age:

* More ancient inbreeding: based on shorter

ROH segments

* More recent inbreeding: based on larger

ROH segments (of greater concern)
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Article
Detection and Visualization of Heterozygosity-Rich Regions
and Runs of Homozygosity in Worldwide Sheep Populations

Alana Selli 1*@®, Ricardo V. Ventura 1*, Pablo A. S. Fonseca 25, Marcos E. Buzanskas 3, Lucas T. Andrietta 1,
Jalio C. C. Balieiro ! and Luiz F. Brito 4®
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Article
Detection and Visualization of Heterozygosity-Rich Regions
and Runs of Homozygosity in Worldwide Sheep Populations

Alana Selli 1*©, Ricardo V. Ventura 1'*, Pablo A. S. Fonseca 2(2, Marcos E. Buzanskas 3®, Lucas T. Andrietta 1®,
Jilio C. C. Balieiro ! and Luiz F. Brito 4©
v Runs of homozygosity (ROH): can also be informative of population’s history, structure,

demography events, and overall genetic diversity

v’ Heterozygosity enriched regions (HER): regions of high heterozygosity, which can harbor
important genes associated with key functional traits (e.g., immune response and disease

resilience)
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Visualization of ROH and HER

v 50K genotypes for 1,186 sheep from eight breeds (Merino, Rambouillet,

Suffolk, Texel, Lacaune, Churra, East Friesian, Soay, and Tibetan)

v’ Business Intelligence (Bl; Software Tableau V. 2020.1.14): combine results
from multiple analyses and create dynamic visualization schemes

integrating different information:

* ROH, HER, linkage disequilibrium, allele frequency, QTL location
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Runs of Homozygosity (total length in kb)

Australian Poll Merino | NN 98,308 ROH Class (Mb)
Lacaune (Meat) | NEGEGNGN 111,110 1-2
Australian Industry Merino | . 119,309 W 2-4
Lacaune (Milk) [ N RN 121,064 | =]
Australian Suffolk | N RN 124,010 Ms-16
chinese Merino [ NG 130,914 M 16+

churra | 138,060
Merino Landschaf [ A 139,891
Australian Merino [ NN 144,266
Tibetan [ NG 172,858
Merinos de Rambouillet _ 203,876
Scottish Texe! [ N NNRNREE 205,563
German Texe! [NNNGNGNGGEES 222,258
New Zealand Texe! [ R RGGNGNGINGNGNGNGEEEES 255,249
trish suffolk | . 359,318
East Friesian Brown | . 459,657
soay NN 484,828
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ROH Islands
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v Main HERs islands: genes previously associated with adaptation traits
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BMC Genetics

RESEARCH ARTICLE

Genetic diversity of a New Zealand @
multi-breed sheep population and
composite breeds’ history revealed
by a high-density SNP chip

Luiz F. Brito">'®, John C. McEwan?, Stephen P. Miller'?, Natalie K. Pickering®, Wendy E. Bain?, Ken G. Dodds?,
Flavio S. Schenkel' and Shannon M. Clarke”
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BMC Genetics

Prediction of genomic breeding values for @
growth, carcass and meat quality traits in a
multi-breed sheep population using a HD

SNP chip

Luiz F. Brito"?", Shannon M. Clarke?, John C. McEwan?, Stephen P. Miller'?, Natalie K. Pickering?, Wendy E. Bain?,
Ken G. Dodds?, Mehdi Sargolzaei'# and Flavio S. Schenkel'
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Linkage Disequilibrium

’ Mean distance ‘

Linkage disequilibrium (r?)

nE

2,400 to 2,700 generations ago '

I

LD: nonrandom association of alleles of different loci

l"2
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Effective Population Size (Ne)
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Consistency of Gametic Phase

06 -
High CGP: potential benefits of joint

genomic predictions

PR: Primera LS: Lamb Supreme
0.2 - TX: Texel  DP: Maternal/Dual Purpose

Consistency of gametic phase

o T T T T 1
0 200 400 600 800 1000

Distance between SNP pairs (kb)
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Table 2 Heritability estimates, expected accuracy, theoretical accuracy, effective number of progeny and observed accuracies of
molecular breeding values in different scenarios for traits measured in the live animal (growth and carcass traits)
Trait' h? + SE AccE AccT ENP GBO GB2PC ~ GB4PC ~ GB6PC ~ GB10 GB20 GBRCV GBKCV GBC

BWT 0.10+£003 008 025 1 015 0.14 0.14 0.12 016 018 033+024 0.14+0.06 §0.11+002
WwT 0.19+£002 045 045 1 019 017 015 0.14 019 0.19 046+001 0.24+0.08 §0.08 +0.06
2+ Lwe 030+£001 051 048 1 025 023 022 021 025 025 041+003 0.22+0.06 §0.14+009
EMD 035+£001 044 049 2 040 037 038 037 040 040 053£003 0.28+0.05 §0.20+0.08
EMDad 043+001 048 046 3 048 043 044 044 048 048 056+001 037+0.06 §024+0.11
EMW 024+001 038 045 2 031 031 032 030 031 031 052+003 0.28+0.05 §023+0.13
EMWad 031001 042 047 3 044 043 043 042 044 043 054£002 033+006 §031+0.12
FOM 028+001 041 045 2 033 023 022 022 033 033 048+004 0.24+0.08 §0.16+ 002
1 . FDMad 033001 043 047 2 037 0.23 022 020 037 038 049+004 0.27+0.10 §0.15+0.10
PRESLT 025002 049 044 3 035 028 025 025 035 035 047£002 028+009 §0.16+0.11

Average 028+008 041+ 044 2004 033+ | 028+ 028+ 027+ 033% 033+ 048+006 0.26+007 §0.18+007
[AN] 074 0.10 0.09 0.10 0.10 009 0.09

Second principal component

"Abbreviations are presented in Table 1; “ad": traits that were adjusted for correlated variables; h’: heritability estimate; AccE: Expected accuracy; AccT: Theoretical
accuracy from the MME; ENP: effective number of progeny calculated using the accuracies from GB0; GBO: GBLUP accuracies fitting only G matrix; GB10 and
GB20: accuracies of GBLUP fitting G matrix and 10 or 20% of A matrix, respectively; GB2PC, GB4PC and GB6PC: GBLUP accuracies fitting for 2, 4 or 6 principal

* Dual Purpose components, respectively; GBRCV: GBLUP accuracies for random cross-validation; GBKCV: GBLUP accuracies for k-means clustering; GBC: GBLUP accuracies for

* Lamb Supreme predictions performed within each cluster

* Primera

* Texel

Joint genomic predictions yielded the best GEBV accuracies
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? frontiers
in Genetics

Genetic Connectedness Between
Norwegian White Sheep and New
Zealand Composite Sheep
Populations With Similar
Development History

Hinayah Rojas Oliveira'?, John Colin McEwan®, Jette Jakobsen*, Thor Blichfeldt’,
Theo

Received: 25 February 2021 | Revised: 20 May 2021 | Accepted: 6 August 2021

SRIGINAL ARTICEE TG V1LEY
Across-country genomic predictions in Norwegian and

New Zealand Composite sheep populations with similar
development history

Hinayah Rojas de Oliveira” | John C. McEwan® | Jette H. * | Thor Bli 4
Theo H. E. Meuwissen® | Natalie K. Pickering® | Shannon M. Clarke’ | Luiz F. Brito"? ©

dorus Meuwissen®, Natalie Pickering®, Shannon Marie Clarke’ and Luiz F: Brito™*
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Across-country Genomic Predictions

v Norway: 792 Norwegian White Sheep genotyped animals (606k SNP panel)

v New Zealand: 16,912 genotyped animals (606k SNP panel)

Dual Purpose _|_Lamb Supreme

N =220

= N = 8,554 N=1,831 N = 6,092 N= 165
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Population Characterization

v Linkage disequilibrium

v Runs of homozygosity
v’ Consistency of gametic phase
v’ Principal component analysis

v Admixture analysis
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Admixture Analysis

o
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Key Messages

v' Highly-variable genetic diversity levels across sheep populations

v Multiple genetic diversity metrics can be used, including the more recent

ROH and HER

v/ Genomics is a powerful tool for assessing genetic diversity in sheep

populations

v’ Genetic diversity metrics can determine the feasibility of developing joint

genomic evaluations
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v/ USDA-NIFA: 2022-67015-36073 (Improving robustness and climatic

resilience in U.S. sheep populations through genomics)

v/ Team: Drs. Ron Lewis, Luiz Brito, Joan Burke, Brad Freking, Tom

Murphy, and Bret Taylor ﬁw

v’ Objective #1: Generate genomic datasets and estimate genomic diversity metrics essential for the successful
implementation of genomic selection

v' Objective #2: Build reference populations for key robustness and climatic resilience traits and understand their
underlying genomic background

v' Objective #3: Evaluate genotyping strategies and methods for genomic prediction of breeding values in the main
U.S. sheep breed-types
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