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How much data goes into EPD calculations?
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• Predicting things is very hard

• Gather enough data

• Use the right statistical tools

11M animals 

9.6M BW 

10.1M WW 

4.9M PWG 34K FI 

2.6M US 

131k CR 



Pre-genomic EPD
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1957 2010

Courtesy of Dr. Nick Dale, Poultry Science, UGA



Goal: Keep improving

Prereq 4

Reducing 
environment 
impact

Prereq 3

More 
efficient and 
healthier 
animals

Prereq 2

Not 
competing 
for water 
resources

Prereq 1

Not 
competing 
with human 
food

Ultimate Goal

Increase 
animal 
protein 
production

?

https://www.progressivedairy.com/topics/a-i-breeding/improved-
genomic-selection-for-health-and-other-traits



Why is genomic info helpful?
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Why does genomic info work?
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+

Phenotypes Pedigree Genotypes



Changes after genomics - beef

13Kelli Retallick - AGI



Changes after genomics - pigs

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

GS

GS



Changes after genomics - dairy
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Guinan et al. 
(2023)

• > 2x after genomics for Holsteins
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Changes after genomics - dairy 
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Guinan et al. 
(2023)

• Adoption: 2013 vs 2009

• Genotypes: 16k vs. 5.5M

• Benefits depend on the level of adoption
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Massive uptake of genomics in 15 years
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279,689
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568,799

728,638

894,381

1,074,037
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Genotypes work together with phenotypes

Kelli Retallick & Andre Garcia - AGI

Impact of eliminating all US carcass records from 2010

• Genotypes do not replace phenotypes…they work together



Genomics Phenotypes
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Genotypes work together with phenotypes



Gain in accuracy in GEPD vs. EPD
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Tsuruta et al. (2021) Lourenco et al. (2018) Lourenco et al. (2016) Lourenco et al. (2015) Garcia et al. (2018)



New technologies / sources of info

• Whole-genome sequence

• Phenomics 

• Self-tracking sensors and cameras

• Gut microbiome

• Blood work (metabolites)

• Enviromics (better characterization of the environment)

• More accurate EPD for many traits

• Improve farm animal populations

Rosa, Lourenco et al. (2022)
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“Whenever new technologies generate different 
data, we need to make the most out of that”



New technologies that could go into GEPD

• Whole-genome sequence

• Phenomics

• Self-tracking sensors and cameras

• Gut microbiome

• Blood work (metabolites)

• Enviromics



Whole-genome sequence
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• 50k SNP may not be enough

• We should use sequence data
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Gain %



60k

Whole-genome sequence for GEPD
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• Prediction accuracy = cor(DEBV, GEBV)
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Other uses for whole-genome sequence
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• Genomic predictions

• Flexibility – change the SNP panel at any time

• Genetic architecture of traits

• New mutations

• Problematic haplotypes

• $100 - $200 per sample



Phenomics

• High-throughput phenotyping (phenomics) – computer vision systems (CVS)

• Sensors and cameras

• Collecting data 24/7

• Feed intake, grazing behavior

• Fertility, welfare, resilience

• Temperature, gas emission 

• …
Misztal (1986)



Phenomics

Guilherme 
Rosa (UW)

Accuracy = 0.89 to 0.96

João Dorea 
(UW)



Phenomics

Guilherme 
Rosa (UW)

João Dorea 
(UW)



Is using phenomics a reality?

• Machine learning

• Artificial intelligence

• Algorithms to automatically learn from the data and make predictions

• Limitations

• Requires new on-farm devices and large data storage 

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

• Image recognition comes with an appetite for computing power (Thompson et al., 2020)

“Computing limitations have a short lifespan”



Is using phenomics a reality?

• Where are we at now?

• Collecting data

• Learning how to extract the most important features

• Implications

• Trait definitions may change 

• New traits in the evaluation system

• Reality within 5 years



Microbiome information

J. Lourenco’s team at Leo McDonnell’s Ranch



Microbiome information

• Genomic testing from animals and microbial diversity index as a trait

• Microbiome is used as a proxy trait -> should we collect microbiome info or RFI

• Host-microbiome interaction: Genomic testing for animals and microbes into evaluations

J. Lourenco (unpublished)



Microbiome – under investigation

• Connection between microbiome and several traits

• Can microbiome replace FI recording?

• How to include microbiome info into genomic evaluations?

• Samples on 1500 animals

• Beef cattle data



Is using microbiome a reality?

• Where are we at now?

• Collecting data

• Learning how to use this information

• Still unclear how helpful it can be

• $40 per sample + sampling costs by trained personnel

• Implications

• New traits in the evaluation system

• More complex models



Metabolites

• Metabolite profile

• Intermediate omics data

https://www.ebi.ac.uk/training/online/courses/metabolomics-introduction/what-is/

• 100s of metabolites available for < $15

• How to include this information for genomic evaluations?

• Index?  Correlated trait?  Similarity matrix?



Metabolites – under investigation

• Statistical methods
• Metabolites
• Function annotation
• Sequence data

• GP in commercial pig data



Is using metabolites a reality?

• Where are we at now?

• Collecting data

• Learning how to use this information

• Still unclear how helpful it can be

• Implications

• New traits in the evaluation system

• More complex models



Enviromics



Enviromics

• Top priority of the USDA stakeholders

G x E

Courtesy of: 
Guilherme Rosa



Enviromics

• Statistical methods for precision breeding
• Best animals for each production system/environment



Is enviromics a reality?

• It’s a reality in plant breeding, not in animal breeding

• Animal breeding – only temperature and humidity

• Dairy cattle evaluations – Australia

• Pig evaluations – one company in the USA 

• Where are we at now?

• Collecting data

• Learning how to process and use this information

• Implications

• More complex models



Final remarks

+

Phenotypes Pedigree Genotypes

WGS Phenomics Microbiome Metabolites Enviromics

? ?



Final remarks

• How can new sources of data impact current genomic evaluations?

• More data and computational challenges

• Weekly evaluations may become outdated

• Why are we investigating new sources of information?

• Increase accuracy of GEPD

• What will change for beef cattle producers?

• Will collect more data

• Price of new technologies always decrease with time

• More accurate GEPD for better decisions and improved ∆G 



Final remarks
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How much you trust 
the geneticists

x



UGA AB&G team

46


