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Artificial selection over the years

2

Phenotypes 

< 1960

Phenotypes + 
Pedigree

1960 - 2009

Phenotypes + 
Pedigree + 
Genotypes

> 2009

Increase the 
Genetic Gain



Genomic Selection 15 years ago

Age (yrs) $Net Merit Accuracy

Freddie 4 918 83

Al 1 914 82

Russell 1 854 81

Alan 1 841 82

O-Man 10 778 99

40k daughters with records
Semen price: $40/unit
Income: > $5 million/year

Adapted from VanRaden (2009)

“Lower accuracy for 
young genomic bulls 

almost prevented this 
technology from being 

adopted!”
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Dairy Cattle



Changes after genomics - dairy 
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• > 2x after genomics for Holsteins

8.0 to 2.2

5.0 to 2.2



Changes after genomics - dairy 
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• Adoption: 2013 vs 2009

• Genotypes: 16k vs. 5.5M 



Changes after genomics - beef

6Kelli Retallick - AGI



Changes after genomics - Pigs

https://www.pic.com/2021/08/11/age-and-weight-impact-quality-weaned-pig-production/

GS

GS
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Genomics vs non-genomic - Poultry
Weight Efficiency Gain

• Difference (in SD) between 
ssGBLUP and BLUP
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BLUP vs ssGBLUP

 

• Single-step GBLUP
(ssGBLUP) Aguilar et al. (2010)

Christensen and Lund (2010)

• BLUP

 

Henderson (1949 - 1976)

Pedigree

Phenotypes
 

Pedigree Genomic Pedigree for 
genotyped

Phenotypes



Single-step GBLUP
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• Animals 

• Plants 

• Humans 



Accuracy in ssGBLUP vs. BLUP
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Tsuruta et al. (2021) Lourenco et al. (2018) Lourenco et al. (2016) Lourenco et al. (2015) Garcia et al. (2018)

32% 44% 39% 63% 29%
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Persistence of accuracy in broilers

• 1.2M birds from 7 years

• 150K genotyped



Trends for accuracy – validation per generation

1

A
cc

ur
ac

y

Accumulating data

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes



1 2

A
cc

ur
ac

y

Accumulating data

Trends for accuracy – validation per generation

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes



1 2 3

A
cc

ur
ac

y

Accumulating data

Trends for accuracy – validation per generation

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes



1 2 3 4

A
cc

ur
ac

y

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes

Accumulating data

Trends for accuracy – validation per generation



1 2 3 4 5

A
cc

ur
ac

y

Accumulating data

Trends for accuracy – validation per generation

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes



Accumulating data

Pedigree + Phenotypes Pedigree + Phenotypes + Genotypes

Trends for accuracy – validation per generation



19

Why greater gain for poultry?

• Several factors
• Large full-sib groups
• Pedigree relationships = 0.5
• Genomic relationships = 0.25 to 0.72

Extra information

Adapted from Lourenco et al. (2015)
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Why greater gain for poultry?

 

x

Are we loosing anything by using genomics?
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Are we loosing anything with genomics?
• Is genetic variability decreasing?

• 55 mating groups
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Are we loosing anything with genomics?
• Is heritability decreasing?

• Really different

• Selective genotyping



h2 with and without genomics
• Heritability for body weight
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• Selection of females to genotype

Richter et al. 
(2024)

Group SD
Non-genotyped females 1.00
Genotyped females 0.63
Non-genotyped males 1.00
Genotyped males 0.89

1      2      3      4     5       6    7      8      9    10   11   12    13
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Are we loosing anything with genomics?
• Are genetic correlations changing?
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Correlation of SNP effects

• Lower correlations

• Genetic distance

• Magnitude of genetic interactions

• Distribution of allele frequencies
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Variance explained by SNP
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Accuracy of production and health

+ 17 points with genomics

+ 7 points with genomics

Zhang et al. 
(2018)
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Reviewing the definition of mortality

• Overall mortality as a binary trait
• Alive = 1
• Dead = 2

• Mortality is a complex trait
• Different genetic and biological factors in different life stages 

Adapted from: 
https://triyambak.org/free-resources/csir-net-life
-sciences/pointer/2065

Dead
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Incidence of mortality
Weekly Mortality
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Redefining mortality
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Redefining mortality
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Early and late mortality

• Genetic correlations 
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Early and late mortality

• Having early and late mortality may lead to better selection against mortality
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Always looking for improvements

• Redefining traits

• Refining selection indexes

• Using genomic information

• Increase in accuracy and genetic gain

• Success stories in poultry

• Have we reached the limit of genomic selection?



Have we reached the limit of GS?
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Best chromosomes in the Us Holstein population

John Cole 
(2019)

• Hypothetical animal based on chromosomal EBV: NM$ 7,304 

• The top bull available for sale in 08/2024: NM$ 1,509 (born in 4/23)

Sum of the effects of SNP 
in each chromosome 

for each animal 



What is next?

• Whole-genome sequence

• Enviromics

• Metabolites

• Gut microbiome

• Phenomics 

• Self-tracking sensors and cameras

• More accurate EBV for many traits

• Improve farm animal populations
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Phenomics - are phenotypes important?

Genomics Phenotypes
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Digital phenotypes – are they new?

Misztal (1986)



Digital phenotyping - decades apart
• Cameras and sensors 

• High-throughput phenotyping (phenomics): 24/7 collecting data

• Feed intake, grazing behavior, temperature, gas emission, fertility, weight, size, …

• Machine learning (artificial intelligence)

• Algorithms to automatically learn from the data and make predictions

• Expensive to teach a machine (computing resources and time)

• Image recognition comes with an appetite for computing power



$1000 of computing power
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Peter Diamandis https://www.youtube.com/watch?v=7XrbzlR9QmIAdapted from:

https://www.youtube.com/watch?v=7XrbzlR9QmI
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Feed efficiency in broilers

• 100M visits

• 96K birds

Anderson Alves
Assist. Professor

UGA
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Behavior in broilers

Anderson Alves
Assist. Professor

UGA
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Behavior in broilers

Anderson Alves
Assist. Professor

UGA
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Feeding behavior as welfare indicators

Anderson Alves
Assist. Professor

UGA

Distance walked 
footpad dermatitis

Reduced number of visits
Tibial dyschondroplasia
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Take home messages
• Genomic selection

• Important factor in poultry breeding programs

• Contributes to the increased genetic gain

• Higher accuracy

• More genotyped animals with phenotypes = higher accuracy

• Opportunities for increased genetic gain

• Digital phenotyping => more precise phenotyping

• Removes subjectivity

• Define new traits

• Current status: GS is entering the digital phenotyping era



UGA AB&G team
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