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Research in Breeding & Genetics lab at UGA

Focus on methods useful for genetic evaluation of animals
New methods put into computing package— BLUPF90
Methods used worldwide

Sponsors across species

* Nearly all US animal breeding companies (dairy, beef, pigs, broilers,
layers, fish

* Bayer (crops)

Extra applications in bees, humans (schizophrenia) and trees

20+ papers/year

* Access to most comprehensive data sets anywhere
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BLUPF90 software suite

Genomics Large-scale

blupfo0

BLUP with explicit equations

preGSfo0 blup90iod2

Processing of SNP data (QC + matrices)

remlf90 — | blupf90+ 0cf90 blup90iod20MP1

Expectation Maximization REML

QC of large SNP data

airemlf90 00StGSFI0 blup90iod3MPI1

Estimation of SNP effects and GWAS

, — cblup90iod2
gibbsXfo0 predfo0 |

5 : : s Prediction of GEBV based on SNP effects
Bayesian Analyses — linear traits - . fg
| gibbsfo0+

thrgibbsXfo0 seekparentf90

Average Information REML

cblup90iod20MP1

. ) ) Parentage verification (SNP and pedigree) a CCf90
Bayesian Analyses — categorical traits

predictfo0

Adjusted-and predictedphenotypes A residuals

accf90GS




Single-step GBLUP —BLUP with joint
pedigree and genomic relationships

Idea (Misztal et al., 2009) J.omt . _ Pedigree + Genomic
relationships ~ relationships addition
H = A + A

Real (Legarra et al.,2009)
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1 - ungenotyped
2 - genotyped

Inverse (Aguilar et al., 2010)

H'=A"+ 0 0
0 G'-AZ Christensen and Lund, 2010
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Specificity of plant and animal breeding

* Plants
* Find genes in wild species
* Introgress into inbred lines

* Genetic evaluation of inbred crosses across environments
* All crosses genotyped

* Animals
» Selection usually within breeds and lines
 Commercial animals purebreds or crossbreds
* Many animals ungenotyped
* Single-step GBLUP dominant methodology
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ssGBLUP for Genome Wide Association Studies

* Large research interest in GWAS

e Limitations for current methods
e Simple models
e Single trait
e Complicated if not all animals genotyped

Can ssGBLUP be used for GWAS?
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GWAS with ssGBLUP (Wang et al., 2012)

e Convert GEBV to SNP effects 1. D=I

e Estimate individual SNP variances 2.G=ZDZ’/q

* Incorporate variances in G 3. Compute a

* Possibly recompute GEBV and iterate 4.u=DZ'/q G 2
5. d=2p;(1-p;)u;?
6. D=n D/tr(D)
/. Loopto 2

Output as % of variance explained in a window
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Discrepancies in GWAS methods

Chicken weight
¢ ssGBLUP :
; Iterations on SNP (it3) : 2.5%
= :
:
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Are p-values possibly in (ss)GBLUP?

STp;

pp— )) (Chen et al., 2017)

pvali=2(1—d>(

In ssGLUP conversions: Aguilar et al. (2021)
GEBV to SNP effects
PEV(GEBV) to PEV(SNP)
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Large data - recursion as basis for genetic evaluation

Pedigree relationships (Henderson, 1976):
u; = f(sire,dam) + ¢

Genomic relationships: Misztal et al., 2014

u; = f(thousand animals) + ¢

* How many animals in recursion?
About 6 k in chicken
About 14k in Holsteins

— \ |

-1
GAPY

APY algorithm
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Limited dimensionality of genomic
information - chromosome segments

e Theory of junctions (Fisher, 1949):

* Heterogenetic and homogenic tracts in genome ...... — ......

* For randomly mating population of constant size the number junctions (Stam,
1980):

E(Me)=4 Effective population size (Ne) * Genome size (L)
* Independent chromosome segments Me (Goddard, 2009; Daetwyler et al., 2010)

* Need 12 Me SNPs to detect 90% of junctions (MaclLeod et al., 2005)



Estimated dimensionality, effective population size and

Holsteins
Angus
Pigs
Chicken

Human

optimal number of SNP

Estimated Effective Optimal number

dimensionality population of SNP

size (L=30M) |(12 x Me)

14k 149 180k
11k 113 130k
6k 43 (L=20M) 72k
6k 44 72k

360k+ 3,000+ 5M+
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APY Single-step GWAS

On the equivalence between marker effect

* Model y=Wa+Zu+n models and breeding value models and direct
genomic values with the Algorithm for Proven
* Procedure and Young
1 . CaICUIate Var (u) -1 p— H_;Y Matias Bermann' @, Daniela Lourenca', Natalia S. Fornesis™, Andres Legarra® and Ignacy Miszial

2. Estimate variance components
3. Calculate ii,_and approximate Var(il, ) = G, — C*2c"2c
4. For each marker:

1. Calculate b; = x;.G:¢ 1,

2. Calculate sd(b;) = \/xgichl (Goo — CM2cM2e)G ot x,,

b:
3. Calculate p-value as pvalue; =1 — & L
sd(b;)
Efficient approximation of reliabilities for single-step
genomic best linear unbiased predictor models with the
Algorithm for Proven and Young

Matias Bermann,'"" Daniela Lourenco, and lgnacy Misztal
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Application example

Post-weaning gain in American Angus

845,000 phenotypes

Leite et al.
(2024)

450,000 genotypes
1,570,000 animals in the pedigree

ssGWAS (50k genotyped animals) vs. APY-ssGWAS (450k genotyped animals)
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50k genotyped animals 500k genotyped animals
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Questions with GWAS and predictions in animal
datasets

e GWAS by

— p-values

— % of variance explained usually per 1IMb, why 1 Mb?

* Few regions explain > 1% additive variance
e Lots of QTLs “detected” with small data sets
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First conception rate on 2k Holstein heifers

H{og10(P-Value)
35
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Estimated heritability 36% (normally 1%)

|dentified 146 unique loci at p < 5 x 1078 level

Galliou et al., 2020, https://doi.org/10.3390/genest1Q70767or statistics and Human
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Manhattan plots for simulated population with 100 identical
equidistant QTNs

Based on p-values

Expectation Based on SNP values 151 -
10 4 o 10
E g ==
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o4

Chromosome
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Average SNP Effect

Plots averaged for 100 QTN

Pairwise linkage disequilibrium
curve

40 50 60 7
Number of SNP

< > 1/Ne Morgans for 80% QTN variance

~2 Mb fqr catt!e Ne - effective population size
~ 5 Mb for pigs/chickens
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What is Manhattan plot composed of?

A A / \ / /\ QTNs  Bigger with larger QTN

P AN\ Fa AT - \ and larger data

Relationships

Noise Smaller with more data

A
/ \
Wi ad bl 1\ /\\

| v 1Ty ! /—/_,/X// \{/\>4 Combined
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Large effective population size

| ‘ QTNs
I

Relationships

MIMMAMAMMMMMMAMALN, -

| I | ‘ Combined
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Why GBLUP accounts for QTN?

‘ g ‘\\\‘\ o 5 // \‘,‘x

If 4 SNP per segment, 32 SNP account for 80% of QTN variance

Need chip with 16 NeL SNP to mostly account for QTN
About 20k for pigs/broilers, 60k foricattle;Srrforhumansic
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Effective population size affects GWAS
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Why few QTN detected?

JOURNAL ARTICLE

AlphaSimR: an R package for breeding

program simulations 3
R Chris Gaynor ™%, Gregor Gorjanc, John M Hickey

Only 20-30% QTN with p > 0.3

0 Gene frequency 1.0
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Can large QTL exist despite selection?

* Genetics and genomics of mortality in US
Holsteins

. (Tokuhisa et al, 2014; Tsuruta et al., 2014)

* 6M records, SNP50k genotypes of 35k bulls
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Milk — first parity
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GWAS for various traits and index in pigs
Bijma, EAAP 23

Daily Gain; 33589 pigs

Index

Index; 40075 pigs

Chromosome number
Chromosome number

Muscle Depth; 31885 pigs

B o S e e e e —rmes  Different peaks in different lines
= Chromosome number ¢ AntagoniStiC p|ei0tr0py
Number of Teats; 30715 pigs
<80 ! :
e |
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Conclusions

 GWAS affected by effective population size

* Optimal window size for GWAS 1-2 Mb for Ne=100

* Large signals in GWAS due to QTN, relationships and
noise (incl. Imputation)

* Large QTL in farm populations show pleiotropy — QTL not
visible in index
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