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Traditional evaluation

EPD

Pedigree Phenotype

sum of gene effectsEBV

BLUP



What if we could know the genes/DNA 
variants that affect the trait?

Genomics in livestock breeding

Would we have more accurate EBV?



Genomic information

Use of DNA polymorphisms as 

genetic markers

• Construct genetic relationships

• Parentage determination

• Identification of QTL

RFLP



“The majority of the genome 
sequence variation can be 
attributed to single nucleotide 
polymorphisms (SNP)”

“SNPs have become the 
bread-and-butter of DNA 

sequence variation” 
(Stonecking, 2001)

Genomic information



Single Nucleotide Polymorphisms

http://www.thinnergene.com/about-thinnergene/genetics-101/

Individual 1

Individual 2

• Errors in the DNA
• Most are repaired
• Some are transmitted
• Some influence performance
• Some are beneficial
• Some are harmful

• Why SNP?
• Abundant
• Found everywhere in the genome
• Introns, Exons, Promoters
• Enhancers, Intergenic regions
• ~ 1 every 100 nucleotides



SNP tracing genes or QTL



Marker Assisted Selection - MAS

MAS

SNPSNP • Few SNPs 
• Meat quality
• Feed efficiency
• Disease
• Expensive!!!

gene

Select parents with a desired marker profile



Methods to apply MAS in AB&G

Fernando & 
Grossman

BLUP to MAS 

20011998

Nejati-
Javaremi et al. 

BLUP with 
Total allelic 

relationships 



Why MAS did not quite work?

• Traits of interest are polygenic

gene gene gene gene

Thousands of genes Thousands of SNP

Fisher (1918): phenotypic variation is backed up by a large number of 
Mendelian factors with additive effects - Infinitesimal Model 



What if we could use thousands of SNPs?

Meuwissen, 
Hayes

&
Goddard

2001 20091998



• We can use thousands of SNPs 

• Genotyping thousands of SNPs will become cheap

• We can calculate EBV based on SNPs (e.g., DGV, MBV) 

• Without own performance or progeny records

The promises…

• Accuracy of predicting EBV more than double (0.40 vs. 0.85)

• Increase in accuracy for traits with low h2 and hard to measure

• We can select animals earlier (reducing generation interval)



Cost of genotyping

What is 100,000 cheaper NOW than in 2001?
2 times cheaper

5 times cheaper

100,000 times cheaper

https://www.genome.gov/images/content/costpergenome2015_4.jpg



Peak of excitement
Illumina 

50k SNP chip
2009

Who would go first?

Cheaper
genotyping 

2009

2001 20091998

Human genome project = $3Bi
Bovine genome project = $53Mi



First genomic evaluation in 
2009

50K SNP + parent information
No daughters with records

http://genex.crinet.com

The Dairy Cattle Industry

Net merit = $792

7 bulls > $700

1

Evaluation in 2012

1

Parent information +
100s of daughters with records



• We can use thousands of SNPs 

• Genotyping thousands of SNPs will become cheap

• We can calculate EBV based on SNPs (e.g., DGV, MBV) 

• Without own performance or progeny records

The promises…

• Accuracy of predicting EBV more than double (0.40 vs. 0.85)

• Increase in accuracy for traits with low h2 and hard to measure

• We can select animals earlier (reducing generation interval)



• 2009-2010: Angus

• 2012: Simmental, Hereford, Red Angus, Limousin

• 2013-2016: Charolais, Santa Gertrudis, Shorthorn, 

Brangus, Guelbvieh

The Beef Cattle Industry



How is genomic incorporated?

1.SNP effects: compute the effect each SNP has on the trait

A B B

1 0.3 0.5

A A B

1 -0.3 0.5

DGV = 1+1-0.3+0.3+0.5+0.5+…+0.6+0.6 = 5.7

… …

… …

B

B

0.6

0.6



How is genomic incorporated?

2. Better relationships: proportion of alleles shared

Full-sibs



Multistep 

first method developed 
and implemented for 
genomic selection in 

livestock

Which methods?



Which methods?

Single-step 

Initially developed by UGA 
team in 2009



Trending now

Multistep Single-step

Simplicity



• We can use thousands of SNPs 

• Genotyping thousands of SNPs will become cheap

• We can calculate EBV based on SNPs (e.g., DGV, MBV) 

• Without own performance or progeny records

The promises…

• Accuracy of predicting EBV more than double (0.40 vs. 0.85)

• Increase in accuracy for traits with low h2 and hard to measure

• We can select animals earlier (reducing generation interval)

�



Accuracy gains

Trait Breed
number of 
genotyped 

animals

EBV 
accuracy

GEBV 
or DGV 

accuracy
Gain % Author

Simulated - 2,000 0.40 0.84 112
Meuwissen et al., 
2001

Carcass Hereford 1,650 0.29 0.38 33
Saatchi et al., 
2013

Feed 
intake Nellore 1,000 0.36 0.43 20 Silva et al., 2016

Growth Angus 2,000 0.29 0.32 10
Lourenco et al., 
2015

Small gain due to small number of genotyped animals
~ 2,000

“You should genotype more animals”



You should genotype more animals
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Accuracy gains

Trait Breed

number of 

genotyped 

animals

EPD 

accuracy

GE-EPD 

or MBV 

accuracy

Gain % Author

Simulated - 2,000 0.40 0.84 110
Meuwissen et al., 

2001

Growth Angus 2,000 0.29 0.32 10

Lourenco et al., 

2015

Growth Angus 33,000 0.29 0.35 21

Lourenco et al., 

2015

“You should genotype more animals”

“You are using only 50k SNP… not enough…

you should use over 300,000”



You should use more SNP

VanRaden et al., 2011 

“You are using only 50k SNP… not enough…
you should use over 300,000”

Gain  = 0.02



Sequence the whole genome 

Sequence vs. genotyping

> 30M 50k



Sequence information for predictions

VanRaden et al., 2017



Small gain with more SNP

2. SNP effects: only more SNP to estimate effects  
without increasing phenotypes

1. Better relationships: already accurate with 50k



Why Meuwissen et al. (2001) got it 
but we did not?

A B B

1 0.3 0.5

A A B

1 -0.3 0.5

20 30 35

• Assumed few SNP with large effect
• Large SNP explained large proportion of genetic variance

Traits of interest are polygenic: several genes with small effect



• We can use thousands of SNPs 

• Genotyping thousands of SNPs will become cheap

• We can calculate EPD based on SNPs (e.g., DGV, MBV) 

• Without own performance or progeny records

The promises…

• Accuracy of predicting EBV more than double (0.40 vs. 0.85)

• Increase in accuracy for traits with low h2 and hard to measure

• We can select animals earlier (reducing generation interval)

Increases



Increase in accuracy for traits with low h2

and hard to measure 

• Increase depends on the number of genotypes and phenotypes

Kor Oldenbroek and Liesbeth van der Waaij, 2015



• We can use thousands of SNPs 

• Genotyping thousands of SNPs will become cheap

• We can calculate EPD based on SNPs (e.g., MBV) 

• Without own performance or progeny records

The promises…

• Accuracy of predicting EBV more than double (0.40 vs. 0.85)

• Increase in accuracy for traits with low h2 and hard to measure

• We can select animals earlier (reducing generation interval)

Increases



We can select animals earlier

Parent Average

Acc = 0.25 Acc = 0.35Acc = 0.35

Does it mean we do not need to collect phenotypes?



Multistep Single-step

There is no magic here

Genotype Phenotype



Millions of genotyped animals
How is it possible?

More information = higher accuracy

More genotypes, phenotypes, pedigree 

Challenge 



Millions of genotyped animals
• Is it possible to use genotypes for millions of animals?

G-1

APY G-1

APY G-1

Misztal et al., 2014

APY – Algorithm for Proven and Young • US Holstein type trait data 

• 18 trait-model

• 13.6M animals in pedigree

• 10.2M phenotypes

• 2.3M genotyped animals

• APY ssGBLUP with 15k core

• 1 day to build !"#$%& and '((%&
• ~2.5 days to converge

• 1000 PCG rounds

Tsuruta et al. (2019)



Keep in mind

• Idea of using genomics in Breeding & Genetics is not new

• Initial studies were driven by Meuwissen et al. 2011

• Lower genotyping cost was essential for the adoption

• Dairy, Beef, others

• Promises were higher than the realized

• But still a great improvement in accuracy

• Reduced generation interval

• ~20% to 30% genetic gain

• Genomic information set new standards in Breeding & Genetics


