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Subject Credits Objective

Genomic Evaluation 6 • Provide relatively accurate genomic rankings

Genetic Improvement 6 • Make faster genetic improvement

On-Farm Testing 6 • Develop genomic tests for on-farm use

Genetic Diversity 3 • Preserve genetic variation for future use

Understanding Genotype 
to Phenotype

3 • Identify genotypes that change phenotype

Meeting Consumer 
Expectations

6 • Produce products that consumers value



Subject Grade Comments

Genomic Evaluation



Source: Kor Oldenbroek and Liesbeth van der Waaij, 2015. Textbook Animal Breeding and Genetics for BSc students.
Centre for Genetic Resources The Netherlands and Animal Breeding and Genomics Centre, 2015.
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Gain in Reliability with Genomics
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Source: Canadian Dairy Network
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TPI Difference

Change in TPI (April 2016 to April 2019) of top 400 Bulls

Has BLUP become BLP at 

the top of the population?



R² = 0.128
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Top 400 TPI bulls in Apr. 2016 (vs. Apr. 2019 rank)

Rank Correlation = 0.36
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Genomic Evaluation A-
• Application of theory relatively quick
• Very quick uptake of new technology!
• Perhaps too much instability in top animals
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Genetic Improvement



ΔG =  i * r *σg / L
ΔG  = genetic progress per year

i = intensity of selection (% of selection candidates retained as parents)

r  = accuracy of selection (the square root of reliability)

σg  = amount of genetic variation in the population

L  = generation interval (age of parents when replacement progeny are born)

Genetic Improvement





Add’l Gain = $50/cow/yr
Add’l gain for population = $4.5B over 10-yrs

Add’l investment = $100M
Return on Investment: 45:1



Annual Genetic Progress – Major Traits
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• Doubled or tripled genetic progress!
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• Great return on investment!
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On-Farm Testing



• 4.2M heifers born/yr
• 650K (15%) heifers tested/yr
• Animal ID extremely valuable



Genotype-Aided Decisions



Subject Grade Comments

Genomic Evaluation A-
• Application of theory relatively quickly
• Very quick uptake of new technology!
• Perhaps too much instability in top animals

Genetic Improvement A+
• Doubled or tripled genetic progress!
• Significant progress on low h2 traits
• Great return on investment!

On-Farm Testing C
• Improved animal ID
• Many farms only using results for culling
• On-farm genomic testing is still underused



Subject Grade Comments

Genomic Evaluation A-
• Application of theory relatively quickly
• Very quick uptake of new technology!
• Perhaps too much instability in top animals

Genetic Improvement A+
• Doubled or tripled genetic progress!
• Significant progress on low h2 traits
• Great return on investment!

On-Farm Testing C
• On-farm genomic testing is still underused
• Improved animal ID
• Many farms only using results for culling

Genetic Diversity



Forutan et al., BMC Genomics 2018

After genomic 

selection

Genetic Diversity



Inbreeding Depression



Is Inbreeding Always Bad?

Favorable additive allele

Recessive deleterious allele

It depends on which 

sections of the genome 

are homozygous



Is Inbreeding always bad?

• Inbreeding depression

• Reduced fertility & production

• Higher probability of genetic 

defects and disease

• Loss of between-family 

genetic variation 

• More uniformity in best regions

• Most desirable alleles are “fixed”

• Most undesirable alleles are “purged”

• More potential for hybrid vigor in 

crosses

GoodBad

Effective Pop. Size < 50 → (20% less long-term gain)
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Understanding Genotype to Phenotype

• Genomic improvement still essentially a “black box”

• The genomic SNP profile is only part of the story

• DNA → RNA → Protein pathway variation not well 

understood (epigenetic, GxE, etc.)

• Non-additive genetic variation is difficult to predict 

(heterosis/inbreeding depression, GxG interactions)

• Few additional causative mutations have been found



Reducing Freq. of Undesirable Haplotypes
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Meeting Consumer Expectations

• Safe & affordable ✔

• Good for environment ✔

• Hormone/antibiotic-free ?

• Not cruel to animals ?

• More choice

• Taste, Variety, Local

• Digestibility & health claims ?

• Production methods









Similar reductions (30-50%) are possible via nutrition 
(e.g. 3-nitrooxypropanol (3NOP) 

K. Beauchemin, AAFC
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