
Genomic selection in practice: 
Application and uses in the U.S. dairy industry 

Dr. Tom Lawlor,  Holstein USA 

LOCAL INDUSTRY DAY 



Genomic information 

Has revolutionized the dairy cattle breeding industry. 



Genomic testing continues to grow in popularity 
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Run Date 

Imputed, Young

Imputed, Old

<50k, Young, Female

<50k, Young, Male
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<50k, Old, Male
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50k, Old, Female

50k, Old, Male
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Genotype Contributors 
by continent 

Over 1 million animals genotyped.  
77% from USA,  

11% from Canada,  
12% International 



How we’re using genomics within the Holstein breed. 

• Determine the genetic merit of elite animals at a young age. 

• Herd Management, cull low end replacement animals earlier, 
breed lower genetics to beef bulls. 

• Verify or discover Parentage. 

• Identify Breed composition of crossbreds. ½ HO, ¼ HO, etc. 

• Track haplotypes or single genes. 

• Manage the rate of Inbreeding. 

• Having more animals genotyped allows us to more easily 
investigate other genetic issues. 



Determine Genetic Merit 



We would predict a the bull’s 
average Transmitting Ability for 
a trait like Lifetime Net Merit.  

PTA NM$ is $660  

On average his offspring should produce 
$660 more profit than a breed average cow 

 Before having Genomic 
Predictions 



DNA isn’t transmitted as ONE 
long piece it’s transmitted in 
sections called chromosomes 

Chromosomes frequently 
break and recombine. 



The genetic Markers (SNPs) 

With genomic testing, we’re now able to track the inheritance  
of chromosome segments with the use of genetic markers. 

GATTCACGCTTACTGTTTCACTGGA 



Track haplotypes (sections of DNA) over time 

Haplotypes Chromosome 15 



We can estimate the value of each section of an 
 animal’s genome for a variety of traits 

Cow Conception Rate Fat Yield 



Genomic Prediction tells us, how his genetic merit will 

be transmitted.  
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Chromosomal PTA for NM$ 



  

   
   

 

chromosome 
from her sire 

  
chromosome 
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Polygenic: genetic variation not explained by markers 

With Genomics: 
We’re able to determine if an offspring received  

good or bad alleles from its parents 



A top daughter of this bull 

  

   
   

 

chromosome 
from her sire 

  
chromosome 
from her dam 

Polygenic: genetic variation not explained by markers 

Net Merit     $702 
Sire           $381 
Dam         $296 
Polygenic       $25 



Most animals are being tested at less than 4 months of age 
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Two main reasons 

•Selection of superior breeding stock -  elite animals 

 

•Early identification of animals that should be culled. 



             Genetic Gain per Year 

 

(Accuracy x Intensity x Genetic Variation) 
Generation Interval 

 

What we want to do. 
 

  Accuracy by using genotypic data 
  Select more intensely 
  Generation interval by obtaining evaluations earlier in life 
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Reliabilities for Young Animals 
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Accuracy =  reliability 

A genomic test gives you a more accurate prediction of 

genetic merit 

Genomic  

PTA 

Traditional  

Parent Average 



Age of 

Parents 

when he 

was born 

Age of 

Grand 

Parents 

when his 

parents were 

born 

Age of Great 

Grand 

Parents 

when Grand 

Parents were 

born 

Age of Great 

Great Grand 

Parents when 

Great Grand 

Parents were 

born 

20 months 22.5 months 33.8 months 62.1 months 

Generation 
Interval 

S-S-I  
PARTYROCK  
PROFIT-ET  



Genetic merit of marketed Holstein bulls 
improving at a faster rate  
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Average gain: 
$19.42/year 

Average gain: 
$47.95/year 

Average gain: 
$87.49/year 



Better Herd Management 



“We have to continually ask 
ourselves, ‘How can we 
become more efficient?’ ‘How 
can we maximize profits?’ and 
‘How can we improve the 
quality of our animals?’”  

Heifer selection with genomic testing 

Chaput Family Farms, North Troy, Vt.  



Difference between

Genomic prediction and Parent Average
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Welcome Stock Farm - Schuylerville, NY 

Early identification of elite animals  
and ones that should be culled or bred to a beef bull. 



Example of 1 days worth of DNA samples from 1 
large commercial farm  

Source: Paul VanRaden, USDA 
 
Photo provided by Zoetis 



You know nothing about their Genetic 

Merit for lifetime profitability (NM$)

-600

-400

-200

0

200

400

600

Without any pedigree information, they all appear the same! 

G
e

n
e

ti
c 

M
e

ri
t 

fo
r 

N
M

$
 

46 US Holsteins – unknown parents 



Change in Genetic Merit for NM$ after 

genotyping 
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46 US Holsteins – genotyped 



If we cull the lowest 10
Average of the remaining ones is 

+$99.2 higher 
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The poorest animals can be culled 



Study done by University of Wisconsin 

  Genomic predictions are 
much more accurate than 
just using the Sire’s PTA. 

 

  Leading to more accurate 
culling decision. 



   Spread  
    29,864 
 – 27,498 

 = 2366  

 Spread  
    31,581 
 – 26,780  

= 4801 
  pounds  
  of milk 



Genomic testing allows farmers to jump ahead  
of the competition ! 



We can often identify the 
sire of the animal 

Who’s your  

daddy? 

Many herds are interested in Parentage verification 

and discovery 



Probability of finding a missing relative 
When the bull has been genotyped.  

 100% 

  Animal 

97% 

 Missing 

Missing 

92% 



Sire can be verified 
 Confirmed, Corrected or Discovered 

Verified Not Found 

North America 95.8 4.2 

Western Europe 91.9 8.1 

Eastern Europe 90.7 9.3 

Oceania 73.2 26.8 

Latin America 77.8 22.2 

Asia 71.4 28.6 

Africa 95.6 4.4 
Source: USDA-CDCB 



New molecular tools are helping us identify the effect of 
single genes. 

• As more animals are genotyped, new crossovers occur, which allows us to 
narrow down the affected DNA area segment. 

• Mapping the defect to a small section of DNA. 

 

 

 

 

  

part of the original chromosome 



Use sequence data to find causative mutation  
 

HH1 – Holstein Haplotype 1 

• Exact mutation found. 

   CGA  arginine  

   TGA  stop making this protein 

 

• APAF1 gene is important for normal embryonic development 
(apotosis). 

 

• HH1 is a Loss-of-Function mutation and it’s lethal. 



http://aipl.arsusda.gov/reference/recessive_haplotypes_ARR-G3.html 

One in five animals are expected to be a carrier 

of a genetic defect causing early embryonic loss. 
 

VanRaden and Miller, 2006 





Mating Programs  
are used to prevent carrier to carrier matings 





HCD 
New undesirable  
genetic condition 
 
Haplotype 
associated with 
Cholesterol 
Deficiency 

Family Tree 
free lookup on www.holsteinusa.com 



To obtain explanation of haplotype codes 
Move cursor over Code 



Identification and Management of Deleterious Mutations  

•New molecular tools has made it easier to identify and 
manage undesirable genetic characteristics. 
 

•We no longer eliminate superior animals that have an 
undesirable genetic conditions. 
 

•We use breeding tools to avoid carrier to carrier matings. 
 

• Each generation - selective breeding and testing is used to 
lower their frequency. 



Storm’s best chromosome  
is chromosome 11 from his dam,  
the one containing HCD 

HCD 
New undesirable  
genetic condition 
 
Haplotype associated with 
Cholesterol 
Deficiency 
 

Undesirable haplotypes increase in frequency because  
they’re usually connected to a number of desirable alleles 



Lowering the rate of increase in inbreeding 

With any fast improving selection program, we are going to 
see an increase in inbreeding as we bring the better genes 
in the population together.  
 

We especially see this within the mating of the most elite 
animals  
 

It's recommended that you choose amongst 5 elite bulls and 
make a balanced decision between the TPI-adjusted for 
inbreeding and the actual genomic inbreeding value listed.  

Pedigree 
relationships  

Genomic 
relationships  





Other applications 

PTA Fat Denim Baxter 

> 75 lbs 5% 9% 

20 to 75 92% 82% 

< 20 lbs 3% 9% 

Baxter has more extreme daughters 



Genetic explanation of 
unusual phenotypes. 



 Test for chimera 

   Cells from ONE embryo    Cells from TWO embryos 

BB 
 
AB 
 
AA 



Gene for Dilution of black coat color ? 



Genomic information is being used in many ways 
within the U.S. dairy industry. 

Sparking a renewed interest in genetics 

 Any questions ? 



My early experience with fine Polish breeding animals 


