Practical
implementation of
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aCross species




Why Is the Industry interested In
Genomic Selection?

- Because everybody is talking about it?

Biggest advance

« Because Since Al

* More accurate evaluation
- Reduces generation interval
* Increases genetic gain




Animal breeding timeline
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- Single-Step GBLUP
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Methods for GS
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Methods for GS

- Single-Step GBLUP

BLUP /

Data
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Realized relationships

Expected relationship
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0 G -A,

Aguilar et al., 2010
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Genomic relationship for full-sibs

Lourenco et al., 2015
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Fregquent questions - GS

Is GS working?

Which species are into GS?

Dairy cattle
Beef cattle
Chicken
Pigs
Sheep
Goats

Fish

Horse
Honey bee




Frequent questions - GS

* Which species Is getting more benefits?

+ $ Genotyping < $ Progeny testing
- High quality phenotypes (lots)
« Al highly used




Frequent questions - GS

* How much do we gain with GS?

Net Merit (NM$)

http://www.selectsires.com

Reliability = 35% Reliability = 70% Reliability = 85%




Fregquent questions - GS

Which animals should we genotype?

Should we genotype females?

Does GS work for crossbred/multi-breed populations?

Are F1 worthy of genotyping?

Will GS work when we have zillions of genotypes?

Are we able to handle that?




Should we genotype females?

Females less impact

Why to include females?

Increase the genotyped population
Increase accuracy / reliability of GEBV
Reduce error

Why not?




Should we genotype females?

* Israeli Holsteins
- 1.5M MFP records
- 830k animals in pedigree
- 1.3k genotyped bulls
- 350 genotyped cows

Small genotyped population
+6 points = 39%

ssGBLUP - Milk
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bull+cows

Lourenco et al., 2014




Should we genotype females?

sSsGBLUP - Final Score

+ US Holsteins
- 11M FS records

0.34

- 10M animals in pedigree
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- 34.5k genotyped bulls
- 5.2k genotyped cows

bull+cows

Tsuruta et al., 2014




Should we genotype females?

Holsteins
Small increase in accuracy
Females have few progeny — less information

Other species?
Females have higher impact — more progeny
Broiler chicken
Pigs

Broiler chicken from Cobb-Vantress
15k genotyped animals
200k phenotypes / pedigree




Should we genotype females?

Both sexes
12748

Reference population:
genotyped birds
with phenotypes

Females
8100

Evaluation population:
genotyped birds
without phenotypes

2975 1501 1474

Lourenco et al., 2015
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Should we genotype females?
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Should we genotype females?

TAKE HOME #1

- Small gain in accuracy in dairy

- Females already gave information through males - pedigree

* Big gain when females have higher reproductive impact




Does GS work for crossbred/multi-breed
populations?

- Few genotyped animals - # Genetic background

- Increase the size of genotyped population - # Allele frequency
- Higher accuracy

Line 1

http://www.thecattlesite.com/breeds/bee

f/40/highland/overview F 1

http://rattlerow.co.uk/gp-large-white-36/ http://www.geneplus.com/GB/02_selection/femelle.htm

',
: - 2
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http://www.pic.com/Images/Users/1/usa/Gilts/PIC__
Gilts.pdf

ttp://www.richardbealblog.com/simmental-cattle/ =
http://www.indiacatalog.com/photo_gallery
/ic_images.php?id=40




Does GS work for crossbred/multi-breed
populations?

Single breed Multi-breed/ Single breed Across-breed  Allele frequency specific
crosshred allele frequency for each breed

- G matrix accounting for breed-specific allele frequency




Does GS work for crossbred/multi-breed
populations?

° PigS from PIC Relationships between L1 and L2

Lourenco et al., 2015

- 2.3M records
- 5.6M animals in pedigree

- 15,800 genotyped animals

) G G_tuned GB2 GB2 tuned
- 6,000 Line 1 -0. notwtuned = not_tuned -
- 6,700 Line 2
- 3,100 F1

» Tuned G = correct G to match A,,
* Not_tuned G = no corrections




Does GS work for crossbred/multi-breed
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Accuracy of predicting future phenotypes for genotyped F1

Lourenco et al., 2015




Are F1’s worthy of genotyping?

* Accuracy of predicting future phenotypes for genotyped F1
- Gains by genotyping F1

Lourenco et al., 2015
Worthy Genotyping F1?
Increase in
accuracy

35%
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Does GS work for crossbred/multi-breed
populations?

Are F1’s worthy of genotyping?

Do not need to use breed-specific allele frequency in ssGBLUP

Scale regular G to match A,,

Increase In accuracy by genotyping F1
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Which animals should be genotyped?

Frequency

10000 15000 20000

5000

v' 35% young animals
v 55% own record

v' 10% with progeny

v 2% EBV_acc > 0.85

30538

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year of birth for Genotyped animals




Which animals should be genotyped?

» Gains from GS in this population

http://www.cattle.com/articles/title/Angus+Cattle.aspx

Top bulls
Acc 2 0.85
N~ 1,700

http://www.newmanangus.com/donors/SAVBlackcapMay4568.html

_ _ Top B+C
Validation Acc > 0.85

N ~ 19,000 N ~ 2.000

https://farmcentrefrancais.wordpress.com/page/2/




Predictive ability

Which animals should be genotyped?

Ability to predict phenotypes for 19,000

BLUP top bulls top B+C All
— —BW

Lourenco et al., 2015




Predictive ability

Which animals should be genotyped?

Ability to predict phenotypes for 18,000

+3 933
_ —.-0.38
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0.34 // ...... 8 gz________g'%zr - +5
0.29 /_|_5 o
BLUP top bulls top B+C All
J— _BW ....... WW

Lourenco et al., 2015




Predictive ability

Which animals should be genotyped?

Ability to predict phenotypes for 18,000

+
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Lourenco et al., 2015




Which animals should be genotyped?

TAKE HOME #3

- Keep genotyping young animals

 Look for “very informative” animals — lots of links




Number of Genotypes
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GS for zillions of genotypes?

American Angus

Number of Genotypes
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US Holsteins

¥ LD Young Female
¥ LD Young Male
“ LD Old Female
LD Old Male
>=50K Young Female
¥ >=50K Young Male
¥ >=50K Old Female
B >=50K Old Male
¥ Imputed
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https://www.cdcb.us/Genotype/cur_density.html MasudaetaL,ZOlS




GS for zillions of genotypes?

* sSsGBLUP
* Create G and A,,

H'=A"+

Direct inversion
Cubic cost

Limit ~ 150,000
1.5h for 100,000

0 0

i 0 G'-A} )

Aguilar et al., 2010

Association/
US Charolais
Fish

Pigs
Chicken
Angus
US Holstein

2,000 \/
2,500 \/
16,000 \/
18,000 \/
132,000 \/

900,000 X

Limitation ~150,000




GS for zillions of genotypes?

- ssGBLUP-APY CORE

Misztal et al., 2015

https://farmcentrefrancais.wordpress.com/page/

2/

http://: w@w.neﬁnananéué .com
/donors/SAVBlackcapMay4568
html

s g

http://www.cattle.com/articles/title/Angus+Cattle.aspx

http://benfield-whiteridge.com/phil.htm

http://www.hansenangusranch.com/




GS for zillions of genotypes?

« ssGBLUP - APY Total: 52k

APY- G v’ 2,000 top bulls+cows

v 4,000 parents of genotyped

v 10,000 highest accuracy
v’ 33,000

CORE <+—
(invert)




GS for zillions of genotypes?

CORE animals defined by the CORE animals randomly sampled from
amount of information genotyped population
Post-weaning gain Post-weaning gain
E 0.99 0.99 0.99 0.99 0.99 0.99
<
|
E 0.9 O°M
<a)
O
2
g 0.9 |
= 28 min
8
=
o 16 Gb
Qo
@)
ok 4k 8k 10k 33k 5k 10k 15k 20k

Definition of Core

Regular G =213 min

CPU 2.90GHz 16 cores 256Gb Lourenco et al., 2015 230 Gb

Definition of Core




GS for zillions of genotypes?
Direct Prediction

v"Genomic evaluations
v'monthly
ALL ALL ALL
| v'weekly
Pedigree Phenotypes SNP
\ l / v'New genotypes
v daily
parent yi.elc_l progeny g:ri]r;;tic pedigree
average deviation contribution value
GEBV =
GEBV

prediction




GS for zillions of genotypes?

 INDIRECT Prediction

SNP for
Pedigree | | Phenotypes | | reference
\ l / GEBV = w,PA +w,DGV
GEBV = w,(*2EBV_sire + %2EBV_dam) + w,(sum of all SNP effects)
SS
GEBV . .
NP for Interim evaluations for young
youne genotyped animals

SNP effect /

DGV for young genotyped = Zu

- GEBV for young genotyped




GS for zillions of genotypes?

- DIRECT Prediction T R
H'=A"+ T
0 G'-A}

VS 2,000

8,000

33,000

- INDIRECT Prediction L 0

H'=A"+

0 55[ -A%

2,000 + 18k
8,000 + 18k
33,000 + 18k




GS for zillions of genotypes?

 INDIRECT Prediction

Post-weaning gain

Correlation(y-Xb, Prediction)

PA DGV PA+DGV GEBV_dir
ref 2k




GS for zillions of genotypes?

 INDIRECT Prediction

Post-weaning gain
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PA DGV PA+DGV GEBV_dir

ref 2k =« = ref 8k




Correlation(y-Xb, Prediction)

GS for zillions of genotypes?

INDIRECT Prediction

PA

Post-weaning gain

0 29 .......................... 0 29 ..............
026

024-"""

DGV PA+DGV

ref 2k =< =ref 8k - .- ref 33k

few genotyped
animals - Index

GEBV = w1l PA + w4 DGV
More genotyped
animals — only DGV
GEBV = w1l PA + w4 DGV
GEBV_dir




GS for zillions of genotypes?

It Is possible to run ssGBLUP for huge genotyped populations
with the same accuracy as regular ssGBLUP

APY with 10,000 core animals for cattle populations

Young genotyped animals can have interim
evaluations in ssGBLUP at a small computing cost
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