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History

m 1990s: QTL mapping & marker-assisted selection
» too few markers, QTL have too small effect

m 2001: GS theory by Meuwissen, Hayes & Goddard
» too few markers available, too expensive

m 2006: GS using 3,000 SNPs

» need more markers

m 2007: GS using 50,000 SNPs ‘

» need more reference bulls
m 2008: 1,500 > 4,000 bulls
m 2009: 4,000 — 16,000 bulls (EuroGenomics)
‘ CRV



EuroGenomics /
EVRD

Genomics
for reliable cattle breeding
N European partners

» CRV Nld/Bel
> VIT/DHV Deu
» UNCEIA Fra

» Viking Genetics Dnk/Swe/Fin

m \World’s largest reference population
» 18,300 progeny tested bulls
» 5-15% increase in reliability

m Joint R&D and SNP chip ordering ZfCRV



' Combining SNP chips

m CRV custom 50K chip, others BovineSNP50
» 20K in common — ‘impute’ missing 30K

m 1000 key sires 2x genotyped
m Imputation by Tom Druet (U of Liege)
m CRV 50K — BovineSNP50 <1% errors




' Combining SNP chips

m CRV custom 50K chip, others BovineSNP50
» 20K in common — ‘impute’ missing 30K

m 1000 key sires 2x genotyped
m Imputation by Tom Druet (U of Liege)
m CRV 50K — BovineSNP50 <1% errors

m 3K - 50K ~3% errors
» some loss in reliability
m 50K - 777K <1% errors

» 600 key sires 2x genotyped
CRV



' Breeding program InSire

marked for profit

m Selection intensity T generation interval 4
m 2600 bulls genotyped, 170 progeny tested (1:15)

» 100 Black-and-white NLD, BEL
» 40 Red-and-white NLD, BEL
» 30 Black-and-white USA, CZE

m Large embryo program
» sell >4000 embryo’s with buy-back contract
» from nucleus and breeders

m Large scale genotyping to find elite bull dams
m >50% use of young mating sires
{ CRV
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National evaluation w

@genetische evaluatie stieren

m 15t official release genomic EBVs in August 2010

m Combines direct genomic EBV & traditional EBV
> cows : GEBV = DGV & EBV
» heifers : GEBV = DGV & parent average
» proven bulls : GEBV = DGV & EBV
» young bulls : GEBV = DGV & pedigree index

®m Young bull GEBV not biased due to dam info

&Rv



Daughter-based EBV December 2010

Total merit index NVI

250

200

150

100

sl

Few big changes,
as expected

-100 =50 0 50 100 150 200 250

Genomic EBV August 2010 o

|

@genetische evaluatie stieren



e

1 L I

Perspublicatie stierindexen Zwarthont

i

. Ean' o T o 1N | Fan R R | NP R | B Fe

augustus 2010

Ki Stiernaam

Vader Mvader B

Nl

+- dtrs

Bt

koM WY

WE Koy

Bt Lwil Cgt Vru

Zwartbonthasis prt Productie € Functioneel Exterieur
CRY De Biesheuvel Sunrise Jardin 0 Man Gifw lik] +236 k3 a BE  +3E3 -0 +0.13 +27 +7 164 k3 49 4328 02 11 A7 108 103 103 104 109
CRY Youdhoeve 1042 Impuls O Man Jesther Ginat a0 +233 5 juli] a0 1164 +0.01 +0.11 +B1 <80 176 +F Bl +424 u? juln) 93 08 7 103 0z 106
CRY Delta Atlantic Ramaos 0 Man GiFw 1] +233 I3 a BE  +377 025 003 +13 3 +85 f B3 «7aT7 10 103 3] 104 104 104 104 106
CRY Yeneriete 252 Tempo Goldwyn O Man Gifw B0 +229 I 1] BE <536 +0.28 +0.11 +48 28 +119 I 62 500 1 03 L) 108 103 106 m 106
CRY Ludiek Bluejay Bertil 0 Man GiFw ] +223 I3 a BB +833 -006 +0.10 +31 38«13 f 49 L3308 106 100 L 104 104 1 106 10
CRY Delta Content BEertil FRamos Gifw 59 +222 I3 1] EE 151 <041 032 +27 21 +118 I3 49 369 L) m a7 EE] oz o7 o7 107
CRY Timmer Tyson O Man Mowalis Gnat a4 «221 -7 15 a2 -8 +085  +0.34 +E6 +25  «156 - BT +27E 07 105 a8 i1 103 a8 104 ki 1)
CRY Delta Emerald Goldwyn O Man Gifw B0 +220 I3 1] EBE  +1038  -008  +0.04 +39 +39  «129 I3 a2 +413 o2 99 ] 08 10e 1 03 10
CRY Delta Brilliant Goldwyn O ran Gifw B0 +215 ” i} BE +9896 006 002 +48 +36 125 ~ B2 +4E7 ns 100 it 108 106 07 104 108
CRY Newhouse Gofast Goldwyn O Man Gifw B0 +21% I3 1] EE +314 004 002 +38 +30 +96 I3 h2 654 e juln) ] 1 104 09 105 m
CRY Delta Bonanza Bertil Ramos Gifw 89 +214 f i} BE -85 «049  .0.39 +33 +2E 142 ~ 49 +299 0E 1 a7 102 106 104 106 106
CRY Skalsumer Blitz Faramount O Man Gifw B0 +212 I3 1] EE  +1945  -0.32 -0az2 +1 +65 150 I3 B3 +4E32 7 98 ] 00 m 03 08 105
CRY May Yard Aswin Goldwyn Ramos Gifw B0 «212 f i} BE T +0.16 +0.13 +10 8 «45 ~ B2 +E7H 1m0 03 it 108 105 03 104 110
CRY Delta Oviedo Mascol 0 Man Gifw Ed 211 k3 a BE  +4530  +0.03 +0.13 +28 +25  +108 k3 2 +453 103 11 it 1 L] 107 103 106
CRY Delta Booster Bertil O ran Gifw 89 «209 ” i} BE 1070 -0.10 +0.14 37 S0 172 ~ 49 +254 ns 100 a7 99 1 0z 103 103
J CRY Tollebeke Epic Goldwyn 0 Man Gifw Ed +203 k3 a BB +310 +D.31I oD.H.I +40 +23  +108 k3 2 484 03 02 it 107 104 103 100 107
CRY  Delta Stan Gialdwun P i on anz - et mennntoan e o _an - e cea o ool e _w_woo_we_ 15 115
CRY Delta Astro Goldwyn 104 109

CRY Delta Bilbao
CRY Midwolder Goldmar

CRY Newhouse Yalor

= top 50 n

VI bu

s

of CRV = | =

CRY Ralma O-Man CF Cricket-Et 0 Man 04 1o
CRY Etazon Stefano Goldwyn 103 ms
CRY Timmer Davis Roumare L] 108
CRY Delta Arroyo Spencer 102 104
CRY Delta Belfast Ramos + IEIS m
CRY Delta Alejandro Eertil r O V e n O u n 108 109
CRY Blom Farm Award Famos 104 w07
CRY De Biesheuvel Bertoli Eertil o = eE) e w o L I L R Y Ll ey 7 LE) I e EE v 053 oy (0 105 106
CRY Southland Bronco Sylist O Man Gifw 55 +193 I 1] B3 70 <058 +0.33 +8E «34 172 = 46 +121 92 92 f4 03 98 o7 106 107
CRY Delta Wanted Gioldwun Ramos Gifw [-11] +133 & 1} BB +B47 .02 007 +34 +13  «48 & [ | 11 100 it 107 108 o7 105 103
CRY Delta Benedict Ricky O Man Gifw 59 +192 I 1] EE +72  +086  «013 +0 +18 +106 = 1 «392 05 o2 ) 03 m 04 04 105
CRY Aurora Jeroen Bertil 0 Man Gifw 53 131 & 1} BB +485 048 <013 +B0 +32  +148 & 48 «220 08 m 67 01 108 nz L] 103
CRY Delta Mica Shottle Harry Gifw B0 19 " 0 BB «1232 004 4000 +B7 42 142 " B2 453 0E o5 ] m 102 n? e 106
CRY Delta Augustus Gibar Iascol Gifw 58 131 & 1} 65 4605 024 001 +5 +20 +51 & 43 B35 08 02 i3 38 Ll 05 105 104
CRY Delta Auckland FRamos O Man Gifw B0 19 " 0 BE  .28Z 007 001 +2E 2«36 " B 704 03 nz ] 108 108 06 105 108
CRY Goolstar Diamond Jdacko Willis Ginat a7 +190 -AE 174 95 +487 L0368 042 +52 27«21 - 71 457 05 96 an a8 108 i 105 107
CRY Delta Trinity Mazcol O Man Gif B0 +189 " 0 BE <A1 W012 «00% +50 «36 <132 " B2 .33 02 00 ] 104 m 04 104 105
CRY Dudam Surprise Dustin Luzemburg  Ginat A +187 ¥ 2N ar  +B37 002 4008 +21 24 83 FL I | 08 m a3 a8 103 m 7 103
CRY Etazon Andrew FRamos O Man Gifw B0 187 " 0 BE 260 047 4005 +2E 5 +13 " B2 654 03 04 ] 108 108 0 105 109
CRY De-5u Oman Goli-Ert 0 kan Ew Marshall  Gnat 33 +186 p¥g 115 93 +329  .008 002 +43 27«04 B4 33 08 100 o] 1085 108 g 04 103
¥ Ml\Blad1 { Biadz 7 Blad3 / T o o R i e 1

=T}




reliability nvi
m Atlantic young 60% 233
m Impuls proven 80% 233
m Improver proven 81% 176

— Atlantic

— Impuls

— Improver
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Production traits

Cunfurmatiun traits
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Frame

Cairy strength
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' Reference populations of cows

m Increase reliability for traditional traits
» fertility, hoof health
m GEBVs for new traits
» feed intake & feed efficiency
» oestrus behaviour (pedometer)
» subclinical ketosis (acetone, BHB)
» milk fatty acid & protein composition

m Need 10,000s cows
m Increase benefit of genotyping for farmer




' Multi-breed genomic selection

m Combine favourable traits
» Holstein production x Jersey fertility (New Zealand)

m Crossbreds have lot of variation
» detect best crossbred with genomics

m Across-breed genomic evaluation needs:
» large multibreed reference population
» very high marker density (777K)




Summary

m CRV is early adopter of genomic selection
m Full implementation in breeding program

m Official GEBVs since 2010

» no biases due to bull dam info
» results according to expectation

m EuroGenomics partner
» large reference population, joint R&D

m Future reference population
> cows, novel traits, multiple breeds




CRV
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