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Animals performance and challenge

• Challenge: external stimuli provided by the environment that affects animal’s phenotype 

(temperature, humidity, pathogen, quality of food)

• Animals’ performance is affected by the level of exposed challenge (on average)

• Resilience: Stay productive under 

challenging condition

• Production = (Production potential) + 

(environmental challenge) * resilience

𝑦 = 𝑦0 + 𝑦1 ⋅ 𝑡
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Alternate definitions for resilience
• Plasticity : Resilient animals are non-plastic (don’t respond to changes)

• Sensitivity: Resilient animals are non-sensitive

• Generalist: Resilient animals are generalist (in contrast with specialist 
who have high production potential but are not resilient)

• Robustness*

• Favourable: highly resilient animals 
with high production potential
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Random-Regression Reaction-norm model

• Reaction norm: Phenotype affected by environment

• Random regression: dependency to covariate (continuous) is through a random effect

• Random-regression reaction-norm model: effect of environment as a continuous measure is 

random
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u: additive genetic
𝜇: population average
e: environmental deviation

𝑦 = 𝑦0 + 𝑦1 ⋅ 𝑡

𝑦𝑗 = 𝜇0 + 𝜇1𝑡 +𝑢0𝑗 +𝑢1𝑗𝑡 + 𝑒0𝑗 + 𝑒1𝑗𝑥
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Resilience and production potential as separate traits

• Heritability of production potential ℎ0
2 =

𝜎𝑢0
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2 +𝜎𝑒0

2

• Heritability of resilience ℎ1
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2
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• Heritability of performance at 

environment 𝑡 (Kolmodin et al. 2004)
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Linear vs non-linear reaction norm

𝑦 = 𝑦0 + 𝑦1 ⋅ 𝑡 + 𝑦2 ⋅ 𝑡
2 + 𝑦3 ⋅ 𝑡

3 +⋯

• Higher flexibility → better fit 

However,

• Many traits exhibit linear (or piecewise linear) trend [Sánchez-Molano 2019, 2020; Ramón et al 

2021]

• Resilience can be easily inferred from linear traits (slope); what does 𝑦3 refer to?

• More complex selection index in case of higher order
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Measuring resilience and production potential using RR
Challenges:

➢ Suitability of Data structure

• Size of phenotypic information (e.g., Number of measurement for 
individuals (e.g., carcass weight)

• Distribution of related individuals across environments

➢Unknown environmental challenge (𝑡) [afternoon]

✓Estimation may be poor. Hence, there is scope for genomic prediction

𝑦 = 𝑃0 + 𝑃𝑅 ⋅ 𝑡
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Effect of genomic and number of records on estimation - 1

With low number of records, AIREML may 
give zero estimate variance component

Pedigree
Genomic

3300 pedigree records
1100 animals with phenotype
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Effect of genomic and number of records on estimation -2

Accuracy = corr(EBV, TBV)

b = reg.coef(EBV, TBV)

Stnd bias = ൝
1 − b b < 1
1

b
− 1 b > 1

For detail discussion on data 
structure, see Calus et al 2004
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Possible distribution of families across environments
• Random: Each sire has offspring in different random environments (flock)

• Clustered: A sire has all of its offspring reared in the same flock

• Assortative: Same as clustered with negative correlation between sire TBV 
and challenge level of the herd: better sires live in better environment
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Effect of distribution of families on estimation
• Clustered and assortative distribution have poorest estimation in terms of 

accuracy of EBV and precision of genetic variance when pedigree information is 
used (Calus et al 2004)

• This is because genetic connectedness is reduced between herds (Foully et al 
1990)

• However, using genomic information we obtain a connectedness between 
unrelated individuals

• Can we avoid this issue with genomic?
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Effect of distribution of families on estimates
• No!

• Genomic improve accuracy in general

• However, the detrimental effect of clustering
remains for production potential

• This is not a problem for resilience GEBV
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Selection with a model without RR
Conventional model without RR: Response to selection depends on the 
environment where phenotypes are collected [Falconer 1990]
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Selection with a model with RR
Comparison
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Selection with a model with RR
Comparison

Without RR

With RR 

Using model without RR. 
• Low variability of environments:
Selection for production may lead to loss of 
resilience – vice versa

• High variability of environment:
Selection for production also increases resilience

Using model with RR
• Can improve both or based on an index
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Thank you for your attention

www.smarterproject.eu
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• 3300 individuals in 3 generations
• Id, sire, dam, farm, TBV

• 3 scenarios for challenge level from low, medium and high heterogeneity farm

G1 1200

G2 1100

G3 1000
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𝑦𝑗 = 𝜇0 + 𝜇1𝑡 +𝑢0𝑗 +𝑢1𝑗𝑡 + 𝑒0𝑗 + 𝑒1𝑗𝑥
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