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Genomic Selection Commercial Chips

IDB SNP CHIP

INTERNATIONAL DAIRY & BEEF
SNP CHIP

Genomic
Profiler’

LOW DENSITY GeneSeek® Genomic Profiler™

for Dairy Cattle
The custom CansSas Garomic Profler (GCF) Iow darsly
Bee0Chip uilzs BuTina i chemisty ard eabuses reaty
19,000 SNPs for accurde, high densly BeedChip Impetetion
01 350 Nnociuoes dsease 3d PRrDNTENC: skl SNPs.

The GGP BaadChip offers a comprehensive
parentage, diseasa and trait profile:

* Approtmatzly 19,000 SNPs (nchg he ofgral 7,000

* Al commonty ulked USOA parentage SNPs.
* Aprmalely 400 SNPS 1D ensti comersion of SAG
micsaiedis pareme it
+ St Ciio AR + Jorsoy Ity aglongat
* 2 Lxiagooein © Gagre Cman |
345, 358,373 + S Cokr Dhuger Designed In assoclation with the Irish Cattle Breeding Federation (ICBF), Teagasc,
$ BN © Ychrnome riy Weatherbys and USDA's Agricultural Research Service.
+ Chondroygias =
* Onsrenz «Q
. o © Eta Cain AZ" is the very latest design catering for both Beef and Dairy.
* Dnoay — . . ®
* fazzen * Hypotices K171 (R Data Sheet: DNA Analysis I I ul I I I n a f the lllumina LD (7K) base content plus a further 10,000 (10K)
+ Holsan Nachges Inpctrg Kty sttt e e v cted to ensure very high imputation accuracy to HD & to convert
1, 2, HT i ta for parentage verification. This extra panel of SNPs provides

product for both Beef & Dairy breeds.

m%ww&mm H H H additional ISAG recommended SNP parentage panels are
BovineSNP50 Genotyping BeadChip :

COmprEbaEhi ECTHCS Soblns K FaseaTh and devekpmerd, 2nd
hatons.

Contact Neogen for more detats b ) ) o _ )
geneszeidnio@neogen com. Featuring 54,609 evenly spaced SNP probes that span the bovine genome. s inonl sl
NEDGEN
i SRR Figure 1: BovineSNP50 BeadChip etails Contact: Weatherbys Ireland DNA Laboratory
NEOGEN
944 Kardino Bouevar: © L XY 40511
BOVETT-3201 » BSNZ5A-1221 * o BSW2S-5522 N S Syt N . . (0)45875521 WEATHERBYS
[ e ——— s S Unrivaled Call Rates and Accuracy Ireland

> 99% average call rates and 99.9% reproducibility nn@weatherbys.ie

Comprehensive and Uniform Coverage
Evenly distributed polymorphic SNPs with a mean gap of
49.4 kb

Simple Workflow
PCR- and ligation-free protocol

High-Throughput Format
Up to 24 samples can be interrogated in parallel

Introduction

llumina, in collaboration with the USDA ARS, University of Missouri,
and the University of Alberta, has developed the second generation
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of a proven high-density, genome-wide genotyping array for the inter-
rogation of genetic variation in cattle. The BovineSNP50 v2 BeadChip
(Figure 1) features 54,609 informative SNP probes that uniformly span

The BovineSNP50 BeadChip features more than 54,000 evenly spaced
SNPs across the entire bovine genome.
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. GenOmiC SeIECtiOn ’ LES VACHES / COWS
- Dairy
- Beef

- Genetic Disease

- Causative mutation
- Haplotypes

- ldentification
- Parentage identification
- Breeding stock selectiol
- Breed identification

© Irish Cattle Breeding - «da<bon 22 L2 2015
Irish Cattle Breeding Federation, 2013



Genomic Improvements
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~$300

Daughters Born (9 m later)

Bull Receives

Progeny Test
~80% reliability— (5 yrs)

Daughters have calves (2yr latery—

."..l ﬂ ..I"nl
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Does Genomics Work — USA Dairy Y22 d5e

Daughter equivalents

(Gain from genomic

Parent Genomic prediction compared

Trait Heritability average prediction with parent average
Net merit 0.20 8 20

Milk yield 0.30 i} 16

Fat vield 0.30 6 24

Protein vield 0.30 6 15

Fat percentage 0,50 3 22

Protein percentage 0.50 3 13

Productive life 0.08 18 30

SCS 0.12 14 32

Daunghter pregnancy rate 0.04 32 67 3:
Sire calving ease 0.09 16 24 8
Danghter calving ease 0.06 21 41 20
Final score 0.29 4 8 3
Stature 0.42 3 8 3
Strength 0.31 3 10 T
Body depth 0.37 3 9 ]
Dairy form 0.29 4 12 g
Foot angle 0.15 T 14 T
Rear legs (side view) 0.21 5 14 9
Rear legs (rear view) 011 10 19 ]
Rump angle 0.33 3 11 8
Rump width 0.26 4 12 8
Fore udder 0.29 4 14 10
Rear udder height 0.28 4 10 ]
Udder depth 0.28 4 18 14
Udder cleft 0.24 5 10 3
Front teat placement 0.26 4 13 ]
Teat length 0.26 4 14

All 0.25 8 19

© Irish Cattle Breeding Federation Soc Ltd 2013
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Does Genomics Work - Irish Beef Index

€uro
Stars

€uro
Index

Weanling

5 Stars
4 stars
3 stars
2 stars
1 star

€37
€63
€50
€36
€10

Wt Value

kg

€

Diff

€154

377
358
357
350
346

€727
€691
€676
€652
€645

€82

Finisher

Age

CWt Value
kg €

Retailer

565
571

2 |573

578
581

323 €1,204
311 €1,150
305 €1,111
297 €1,078
288 €1,038

HVC

VHVC
kg

Value'
€

€166

55.8
53.6
52.1
49.6
47.4

25.4
24.7
24.0
23.1
22.2

€1,820
€1,747
€1,703
€1,632
€1,559

€150/Cow difference between un-
engaged and fully engaged herds in
Cattle Breeding Activities
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€261

Worth €100m/annum at
an Irish industry level.
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Genomic Improvements

* 1) Genomic Selection [g]=[;{‘ I{im]_l[ﬁ]

¢ 2) Genetic Diseases




Mendelian Diseases
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[llumina BovineHDSNP
12
llumina BovineSNP50
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Affymetrix 15K
_ 8
28 Genome Sequence
§ Draft assemble
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Year of discovery of causal mutationsin cattle ) ) ] )
From Nicholas (2012) in Bovine Genomics (ed.
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THE UNIVERSITY OF

ugn SYDNEY OMIA - ONLINE MENDELIAN INHERITANCE IN ANIMALS

OMIA  FACULTY OF VETERINARY SCIENCE UNIVERSITY HOME CONTACTS Enter search terms

OMIA home Browse Search Landmarks, Reviews, Maps Download Curate Contact Citing OMIA Mews Adknowledgements Links

You are here: OMIA [ Home

WELCOME TO OMIA

Summary

dog catitle cat sheep pig horse chicken goat rabbit Japgnese golden Other TOTAL

quail hamster

Total traite/disorders 620 | 443 315 220 | 226 219 206 74 61 43 40 S0 2077
Mendelian trait'dizorder | 241 | 17% 79 96| S0 41 125 13 a0 32 20 159 1073
KMendelian
trait'dizorder; key 165 &6 ) 45 42 23 20 32 & 7 9 3 65 521
mutation knowen
Potential models for 330 156 179 98 83| 115 42| 30 37 1 14 255 1350

human dizeasze — - |




Mapping to Diaghostic

Chrd:5034.57K

Ched:35242K Chrd:105726K

153 SNP
i 4

95
Intergenic 8

Flanking

NR(SAM MPNPL;‘S ) )
41 SNP
1 Haplotype
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Rectovaginal Constriction

|dentified in USA Jersey’s 1970’s

Progeny identified carriers

Mapped with SNP ~3 months

15

m Corr/Trend Jog10P Chr =='0'  ®m CorrfTrend Jog10P, Chr =='1'" ™ Corr/Trend Jog10P, Chr =='2  m Corrffrend Jog10 P, Chr =='3 W Corrflrend Jog10F, Chr =='4  ® Corr/Trend Jog10F, Chr =='5'

Corr/Trend Hog10F, Chr =='8" Corr/Trend Hog10P, Chr =='7 W Corr/Trend dog10P, Chr =='8' W Corr/Trend Hog10F, Chr =='9' W Corr/Trend Hog10F, Chr =="10' m Corr/Trend Hog10F, Chr =="11"




Haplotype Diseases
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""" ). Dairy Sci. 94:6153-6161
5 doit10.3168/ds.2011-4624

& American Dairy Science Association® 2011.
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Harmful recessive effects on fertility detected
by absence of homozygous haplotypes

P. M. VanRaden,*! K. M. Olson,T D. J. Null,* and J. L. Hutchison*
*Animal Improvement Programs Laboratory, Agricultural Research Senace, USDA, Beltsville, MD 20705-2350
tMaticnal Association of Animal Breeders. Colurnbia, MO 86205-1033

OPEN aAECESS Frealy available online @'PLOS | GHE

Detection of Haplotypes Associated with Prenatal Death
in Dairy Cattle and Identification of Deleterious
Mutations in GART, SHBG and SLC37A2

Sébastien Fritz'~, Aurelien Capitan'?, Anis Djari®, Sabrina C. Rodriguez™®, Anne Barbat®, Aurélia Baur'?,
Cécile Grohs? Bernard Weiss?, Mekki Boussaha? Diane Esquerré®, Christophe Klopp?,
Dominigue Rocha?, Didier Boichard?*

Genomic evaluation of Ayrs hire dairy cattle and new haplotypes affecting fertility and stillbirth in
Holstein, Brown Swiss and Ayrs hire breeds
T.A Gooper”, G.R. Wiggans, PM. VanRaden, J. L. Hutchison, J. B. Cole, andD. J. Nul
Animal Improvement Programs Laboratony, Agricultural Research Center, USDA, Beltsville, MD 207 05-2350
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Manage

Genetic Improvement with Disease Risk

PFUBRUN=1308

Bull Sire Dam Birth Fed Comp% Itk ID
HO 135746776 HO 122358313 HO 130877626 2004/04/30 100 3
Llias= Exp Fut
Bull HName Eecesszive Codes eg St Inbrd Inbrd Dau_ Inbrd
LONG-LANGS OMAN CMAN-ET TV TL TY TD #% Pedigree 5.4 6.5 5.7
Genomic 8.7 T.8
Current Cntrl Sampling Orig Entered AT Primary
Status Stud Status Stud ¥r Mo Short Hame Stud Code
I 14 5 14 0512 MAN—-0O-MAN 014HO04929
Eval Breed HO
FTZ Eel Daus Herds S5rc Mean Daulevw P& RelPR
Milk 1190 .99 3048 1404 29004 1242 405 .47 Yield ERel .99
Fat 7B 1129 85 45 Fat PTAS 0.13
Prot 71 .99 3048 1404 917 75 3B .47 Prot PTAS 0.13
PL 1.9 .91 a77 533 2B8.8B 3.3 0.9 .46 RAge wWt 0.40
5C5 2.93 .48 3193 1472 2.33 -0.07 2.B6 .48
g7 DFE 0.9 .94 1238 451 22.9 -1.1 0.2 .45
| CCR 2.3 .90 1035 591 0.5 .45
HCR 1.4 .89 21584 959 0.2 42
;‘ HME 633 .95 352 .46 Percentile 97
=Y .- FME 513
L <, s T84 Genomics Ind = 1
AR Chip = 2 SOK2
¥4 3 I5CR Not available
\ F.;, ; Most Daus Mgt First Lactation
Sy Wl Lac/Dau Herd Daus U5 %05 Ctry #Ctries Gp Lge (RIF DIM \
H} > . 1.3 30 100 1 1 36 25

AT r

35300080

TSk

41 233




ldentification

 Parent Verification

Future




Microsatellite Imputation
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Breed

SNP

SNP+MS

Abondance
Angus
Aubrac
Ayshire
Bazadaise
Beefmaster
Belmont Red
Belgian Blue
Blonde D'Aquitain
Brahman
Brangus
Braunvieh
Bretonne Pie Noire
Brown Swiss
Brune Des Alpes
Charolais
Chiangus
Crossbred
Devon
Dexter
Fresian
Gasconne
Gelbvieh
Gir
Guernsey
Hereford
Holstein
Jersey
Kerry
Limousin
Longhorn
Maine Anjou
Montbeliarde
Murray Grey
N'Dama

Nelore

Normande
Parthenaise
Pie Rouge Des Plaines
Piedmontese
Red Angus

Red Pie (italial)

Imputation of Microsatellite Alleles from Dense SNP Genotypes for
Parentage Verification Across Multiple Bos taurus and Bos indicus breeds

172
623
239
523
80
36

40
210
225
410
13
17
27

91
109
1449
19
506
16
15

163 B5;
142

142
209
853

2596
87 13

101
110 18

243
678

2171
13
38
257
22
24
2659
256
291
160
24
61

M. Cecilia Torres Penedo, Donagh Berry, John Flynn, Jose Fernando Garcia, Adriana Santana Carmo, Luciana C.A.

1572
13
16

251

135
242
218
116
17
47

165
235
234
86
53
36

12
201
364
13
17
16

64
109
1109

16
15

1




Microsatellite Imputation
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Overall Success of Imputed
Microsatellites
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Irish Parent Verification Process

Report Generated |

Herdbook

Rules Applied

Test against  verified

Full M

|
Multiple l‘

Verified

MSingIe l‘

Verified

I ICBF
Database

Weatherbys
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ldentification

 Parent Verification
« Replacement Selection




Choose the Best Replacement?

"~ - . . . .
- . : . w b
> - - :
f&\]
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Now we know which heifer is best

The best has
a PTA NM$
of +868 and
a REL of
73%.

DAIRY HERD

- - - e Y

PLANET has 3,783 genotyped daughters
- which one do you want in your herd?

The worst
WHICH IS
THE BETTER has a PTA

HEWER? NMS of +48

e rteh han and a REL of
- 68%.

© Irish Cattle Breeding Federation Soc Ltd 2012
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46 Holstein Heifers with Genetic Net Merit

If we cull the lowest 10

Average of the remaining ones is
+$99.2 higher

600

400

200

-200

Genetic Merit for NM$

-400 -

© Irish Cattle Breeding Federation Soc Ltd 2013 = John CO|€, USDA-ARS-AIPL



ldentification

 Parent Verification
« Replacement Selection
 National Disease Surveillance

CHIP CONTENTS FOR DISEASES & TRAITS

IDB SNP CHIP e

1 CVM*-Complex Vertebral malformation

INTERNATIONAL DAIRY & BEEF -

BLAD

Congenital disorders
Arthrogryposis (Curly Calf)*
Fawn Calf Syndrome or Contractural Arachnodactyly*
Hypotrichosis PMel17
Hypotrichosis in Balted Galloway, HEPHL1 SNP
Hypotrichosis KRT71*
Spiderleg- MOCS1 gene- Simmental
Spiderieg- SOUX gene- Brown Swiss
Polledness
Muie Foot
0  Tibial Hemimalia (TH)*
1 Black/Red Coat Color/Red Factor
12 Red Recessive coat colour ( Different to red factor)
13 Siver Color Dilutor
14 Dun Color
15 RNF11 (affects growth and stature)
16  Osteopetrosis (Marble Bone Diseasa)
17 Pink Eye ( Infectious Bovine Keratoconjunctivitis)
18 Protoporphyna Ferrochelatase Gene (Photosensitization)
19 SMA- Spinal muscular atrophy
20  Baeta Lactoglobulin
21 Beta Mannosidosis
22 Alpha Mannosidosis
23 Citrullinernia
24  CMDI: Congenital muscular dystonia |
25  CMDIiI: Congenital muscular dystonia II
26  Crooked Tail Syndrome*
27  Factor XI
28 Heterochromia Irides {White Eye)
29  SDM- Spinal dysmyelination-SPAST Gena

- OO~ OB WN -

e 7Ty FEuyTC r T p - i) 7 e R 30 Idiopathic Epilepsy*
Deslgned In assoclation with the Irish Cattle Breeding Federation (ICBF), Teagasc, Al ey Hypopises
Weatherbys and USDA’s Agricultural Research Service. 33 Neuropathic hydrocephalus* (water head syndrome)
% o i 2 5 ; M

This custom chip is the very latest design catering for both Beef and Dairy. - °'°’U§j,’f°’
2 MSTN (GDFe) Double Muscing*

The chip consists of the lllumina LD (7K) base content plus a further 10,000 (10K) 3 AR t(x,,a @:wnu .e: g

SNPs carefully selected to ensure very high imputation accuracy to HD & to convert 4 Fertiiity Haplotypes (HH1, HH2, HH3, JH1)

SN -~ o B F L bl A A i o R G ) P = W = Cocrn |



National Genetic Disease Overview

DUMPs 0%

Curly Calf O%

s ‘v‘k%; TR =




ldentification

« Parent Verification

« Replacement Selection

« National Disease Surveillance
* Breed Composition

Irish Cattle Breeding Federation, 2013




Breed ID

Irish Cattle Breeding Federation, 2013




PCA analysis of 45 breeds

0.03 _.. b Ty - oo sonasiiaiin or danses iinisvie o RIEEh SuoR RO PS SY G SR oFb b S T

0.02

arolais .-t St sy ey LS e LY. 2. Holstein

1 1 1 1
-0.01 -0.005 0 0.005 0.01 0.015
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Breed ID

1 .......
0.9 -fttttkAen AR A BRI LR
0.8 -tttk AR AR SRR R LR
iRt R AR i
016
0.5 -tttk AR BRI LR
0.4 IR AR AR
03
02
0.1

0 UL A A LA LRI amL e LA LA AR T A AR AR O A R
Q0000 4T TTTTWWWWWLWWOOODOD, W o2 = [ A =
SEEEEEY CEEEEY VRRRREEEEEEE 1 SELY CEEEEY CREEN Tk




Disease Resistance

e Mendelian
e Infectious

Irish Cattle Breeding Federation, 2013




Health

b d

weak and iat

Cows in the last stages of tuberculosis

Irish Cattle Breeding Federation,




TB - sire prevalence

Index Euro Rel
50 - Milk Sub Index 13 9a% ]
45 Fertility Sub Index 60 97% .
Calving Sub Index 14 99% _
l’ 40 _ Beef Sub Index -16 99% _
E 35 Maintenance Sub Index 25 99% _
Y 30 Management Sub Index 0 0% _
o 25 Health Sub Index -15 9% _
3 10 20 30 40 50 &0 70 80 90 100
e
2

Q ) Q 3 Q L) Q ) Q ) Q ) Q \2) Q ) Q \)

Prevalence

lan Richardson
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Thank You

BFGL (USDA-ARS)
- Curt Van Tassell
- Tad Sonstegard
- Heather Huson
- Larry Shade
- George Liu
- Derek Bickhart
- Steve Schroeder
- Alicia Beavers
- Euisoo Kim
- Lakshmi Matukumalli

AIPL (USDA-ARS)

- Paul VanRaden
Dan Null
John Cole
George Wiggans
Tabatha Cooper
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eUniv. of Missouri

—Jeremy Taylor
—Robert Schnabel
—Stephanie McKay

—Jae Woo Kim

—Jared Decker

—Megan Rolf
—Tasia Taxis
—Sarah Gregg
—Rich Chapple
—Yao Ping

e\Weaver-Italian Brown Swiss

—Paolo Ajmone
—Licia Colli
—Enrico Santus

e|Industry / Breed Associations

—Sally Northcutt (Angus Assoc)
—Cari Wolfe (Jersey Assoc)
—Holstein Assoc
—Brown Swiss Assoc
—Cofactor Genomics
—Jon Armstrong
—Jarret Glasscock

—Illumina
—Cindy Lawley

e Microsatellite
—Bovine HapMap
—Breed Associations
—Sue Denise
—Alison Van Eneenaam
—Cecilila Penedo
—John Keele
—Mike Coffey
—Marie-Yvonne Boshcher
—Donagh Berry
—Andrew Cromie
—Fernando Garcia
—Milla Albuquerqu
—Luciana Regitano
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