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Introduction

Selection, Genom ics

BovineSNP50

Basic Research

Genom e selection

Future Bovine Genom ics

Low -density SNP assay

High-density SNP assay

DNA sequencing

Traditional Selection Program s

Estim ate genetic m erit for anim als in a 
population

Select superior anim als as parents of future 
generations

Phenotype

Pedigree

Statistical
Methodology

Predicted Genetic Merit

Genetic Evaluations -Lim itations

Slow !

Progeny testing for production traits take 3 to 4 
years from  insem ination

A bull w ill be at least 5 years old before his first 
evaluation is available

Expensive!

Progeny testing costs $25-50,000 per bull

1 in 8-10 bulls graduate from  progeny test

At least $200,000 invested in each active bull!!

Build a Better Black Box

New and Improved!

Phenotype?? Genotype!!

Predicted Genetic Merit

Whole Genome Selection

The concept of WGS is to use high resolution map 
(50K SNPs) to divide the genome into small 

segments and estimate the contribution of each 
chromosomal segment and haplotype to genetic 

merit – form of WGA analysis

30,000 genes30 pairs of 
chromosomes

Bull’s Genome

Marbling 
genes

Bull’s Genome

Blocks of SNPs that span causal genes 
contain haplotypes that predict genetic 
merit
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Bovine Genom e Cattle SNP Collaboration -iBM AC

l Develop 60,000 Bead Illum ina iSelect®
assay

w USDA-ARS Beltsville Agricultural Research Center: 
Bovine Functional Genom ics Laboratory and 
Anim al Im provem ent Program s Laboratory

w University of M issouri

w University of Alberta

w USDA-ARS US M eat Anim al Research Center

l Starting 60,800 beads – expected 53,000 
SNPs to result

l Planned to genotype ~ 30,000 anim als for 
m ultiple projects

The Chips arrive… Genotyping Repeatability

2 laboratories genotyped the sam e 46 bulls

Scored the sam e 38,416 SNP

About 1%  m issing genotypes per lab

M ean of 37,624 SNP called

Range across anim als of 20 to 2,244 SNP m issing

High Fidelity!!

99.997%  concordance

< 0.003%  SNP conflict

= >  M ean of 0.9 SNP error per anim al

Range of 0 to 7 SNP discrepancies

BovineSNP50 – m onogenic traits

Strong signature of haplotype sharing betw een 
112 and 120 M b encom passing 140 m arkers 
on the 50K chip

Back to Genom e Selection -ARS

Genotype 3,000 to 5,000 Holsteins
Built in validation -Test ability to predict 
“forw ard”
Historic group 

2000 bulls born in 1995-1997
400 ancestor bulls born in 1950-1994

Prediction group
800-1000 bulls born in 2001-2002

Genotype 750 Jerseys
1100 bulls
200 cow s



Population Structure – Holstein

Data
Cutoff

Genom ic Prediction

Genom e Selection

“Train” system  using phenotypic and genotypic 
data

Large regression system

Predict genetic m erit at birth by com bining 
pedigree m erit and m erit predicted from  SNP

Final genetic predictions are transparent to 
technology

This technology is revolutionizing dairy cattle 
breeding!

Genotyped Anim als (n= 22,344*)

*In North America as of February 2009

Experim ental Design -Update

HOL JER BSW
Predictor:
Bulls born <2000 4,422 1,149 225
Cows with data 947 212
Total 5,369 1,361 225
Predicted:
Bulls born >2000 2,035 388 118

Data from 2004 used to predict independent data from 2009

Holstein, Jersey, and Brow n Sw iss breeds

Reliability Gain1 by Breed
Yield traits and NM $ of young bulls

Trait HO JE BS
Net merit 24 8 3
Milk 26 6 0
Fat 32 11 5
Protein 24 2 1
Fat % 50 36 10
Protein % 38 29 5

1Gain above parent average reliability ~35%



Value of Genotyping M ore Anim als
Actual and predicted gains for 27 traits and for Net M erit

Bulls Reliability Gain

Predictor Predicted NM$ 27 trait avg

2130 261 13 17

3576 1759 23 23

4422 2035 24 29

6184 7330 31 30

Cows:

947

1916

Defining the Genom e Changes

Group Anim al Num ber Birth Year

1 Bulls 80 1952-1975

2 Bulls 655 1976-1989

3 Bulls 3382 1990-1999

4 Bulls 3199 2000-2006

5 Bulls 1519 2007-2008

6 UM N_C 131

7 UM N_S 148

8 COW S1289

Signatures of selection 

40 years of artificial selection for high m ilk yield 
have caused extensive genom e changes 
involving a large num ber of chrom osom es

M ost SNP affected by selection had significant 
effects on im portant dairy traits

Selection for im proved m ilk production has 
resulted in the enrichm ent for alleles that also 
reduce fertility

Now  W hat?!

W here can w e go next?

Low  Density Assay

W hat?

96, 384, 768, … .

W hy?

Parentage

10 to 30%  incorrect parentage

Traceability

Farm  to fork

Genetic Prediction

Interm ediate accuracy

Shortcut to pedigree data

Low  Density Assay

W hat is  low -density?

Today: 96, 384

Soon: 1,000-2,000

1-2 years: 50K

Density w ill depend on cost

Technology is changing quickly



Low  Density Assay

Parentage and ID/traceability

96 m arkers selected from  BovineSNP50

Selected from  SNP described by Heaton

Designed to be m odular – incorporated into 
other assays

Hope to create de facto standard panel

Coordinated w ith ISAG and European 
research groups

Low  Density Assay

Select 288 additional m arkers to predict Net 
M erit in Holsteins

Accuracy interm ediate betw een parent average 
and 50K

Cost effective for com m ercial dairy cow s –
target is < $10

Issues: 

M axim um  predictive pow er

M ultiple SNP (in LD) associated w ith a region

Low  Density Assay

Enhance or replace pedigree

Low -budget genom e selection

Account for M endelian sam pling from  
parents

Enable or im prove genetic prediction w here 
pedigree is unknow n/incorrect

Developing w orld -Gates Foundation

Extensive m anagem ent conditions

Som e dairy herds??

Genotype Pedigree
Count num ber of arbitrary allele

121101011110
111211120200

101121101111
122221121111

101101111102
011111012011

121120011010
0 = homozygous for first allele
1 = heterozygous
2 = homozygous for second allele

Bull – M GS Relationships Higher Density Assay

W hat?

500K to 1M

W hy?

Across breed genom e selection

At higher density, linkage disequilibrium  
m ay be sufficient for sharing haplotypes
across breeds

Provide better inform ation for Indicine cattle

Provide better w ithin breed prediction of 
genetic m erit?



Higher Density Assay

Design issues

All of BovineSNP50 content

Taurine vsIndicine inform ation content

Priority by breed?

Spacing

Uniform

Variable – m ore SNP in areas im pact on 
im portant perform ance trait

M inor allele frequency

W ant som e rare SNP?

Back to Haplotypes

Unordered pairs from  genotype data

1 1 1 2 1 1 1 2 0 2 0 0

a g a t a g a c a g a c
C t g t c t g c a g a c

Assign each allele to a chrom osom e

a g g t a t a c a g a c
c t a t c g g c a g a c

Genotype Pedigree

121101011110
111211120200

101121101111
122221121111

101101111102
011111012011

121120011010

SNP Pedigree

agggcgcgcagt
cgatctagatcg

cggtagatcagt
agagatcgatct

atggcgcgaacg
ctatcgctcagg

ctgtagcgatcg
agatctagatcg

agagatcgcagt
atgtcgctcacg

ctgtctagatcg
atgtcgcgcagt

atagatcgatcg
ctgtagcttagg

Haplotype Pedigree

atagatcgatcg
ctgtagcttagg

agggcgcgcagt
cgatctagatcg

cggtagatcagt
agagatcgatct

atggcgcgaacg
ctatcgctcagg

ctgtagcgatcg
agatctagatcg

agagatcgcagt
atgtcgctcacg

ctgtctagatcg
atgtcgcgcagt

Haplotypes

l Allow s increased accuracy of genetic 
prediction

122201101111

ctgtctagatcg
atgtcgcgcagt



Genom ic Pedigree Problem !

Determ ining haplotypes is com putationally 
difficult

Increases exponentially in anim al num ber and 
locus num ber

W ith higher density SNP data this problem  w ill 
be problem atic

Need im proved assem blies for correct m arker 
order

Need additional sequencing on popular sires

DNA Sequencing Data

W ill it be feasible to sequence AI bulls in 1-3 
years?

Eck et al. sequenced 8X coverage of Fleckvieh 
bull – 2.44 m illion SNP

Lew in et al. sequenced a Holstein sire (12X) & 
son (6X) -identified > 600,000 SNP

USDA, ARS generated 20X of m ost popular 
Holstein sire -Blackstar

UNESP/USDA w orking on Zebu Genom e 
Project w ith goal for de novo assem bly 
using 454 & GA2x data

DNA Sequence Data

Haplotyping m ore practical w ith sequence 
data?

Rare SNP help identify phase

Ultim ate data are sequence derived from  single 
m olecule sequencing 

Sequence each strand of DNA individually 
and com pletely

On the horizon – e.g., PAC Biosciences, 
Oxford Nanopore

Sum m ary

SNP genotyping is transform ing the dairy 
industry

Beef w ill follow … m aybe… differently…

Other species to follow ?

Low er density panels?

Higher density should result in better (som e?) 
ability to use data across breeds

Sequencing of im portant anim als is the 
ultim ate endpoint
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