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• Environmental  🐛🌡🌦
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“stuff that is passed on reliably”



Rutkoski, J. E. (2019). 

Genetic gain ∝ H 2 
• Genetic gain = improvement in average phenotype
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Field experiments are complex and messy

balanced 🤌 unbalanced 🫣

• Classical H2 was developed for balanced designs
• Generally, in unbalanced scenarios H2  is underestimated
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Under balanced settings, all are approximately equal



assumes random effects and errors are not correlated

Mixed model magic 🪄 lme4asreml
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e.g. yield random genotype effectfixed effects
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Best Linear Unbiased Predictor

for genotypes 

Best Linear Unbiased Estimator

prediction error variances

lme4asremlMixed model magic 🪄
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1. Code exists but needs TLC
2. Variance components are 

hard to extract from model 
objects

3. Unclear how we are arriving 
on final values

Motivations

https://github.com/PaulSchmidtGit/Heritability
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1. Code exists but needs TLC
2. Variance components are 

hard to extract from model 
objects

3. Unclear how we are arriving 
on final values 🎂
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• One-stop shop for 5 methods
• Transparent + reproducible
• Supports models from 

lme4 + asreml
• Methods are validated

Our solution

👩💻

👨💻👩💻

🧑💻🧑💻
👨💻

👨💻

H 2

H 2
H 2

H 2

H 2H 2

H 2

🍰heritable



• Works for single field environment only (no G x E) 🍰heritable

Narrow-sense

Broad-sense
your genotype variable which heritability method you want
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Gg = ω2
gIng

R = ω2Ing

• Broad-sense assumes



Demo : a simple, incomplete case study

• Genotypes not fully replicated across all blocks

🌾



The same model with different software lme4asreml

• heritable supports both asreml and lme4 model objects



Lush, J. L. (1949)
Falconer, D. S., & Mackay, T. F. C. (2009)

number of  genotypes
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accounts of unbalanced-ness

Standard

number of  genotype 
replicates  



Cullis, B. R., Smith, A. B., & Coombes, N. E. (2006)
Covarrubias-Pazaran (2019)

•👍 Recommended by CGIAR Excellence in Breeding Program
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mean of the variance 
difference of two BLUPS

Cullis’



•👍 Accounts for genotypic covariances 

Schmidt, P., Hartung, J., Bennewitz, J., & Piepho, H.-P. (2019). 
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Differences between genotypes



• Average of the pairwise di2erences for genotype i

Schmidt, P., Hartung, J., Bennewitz, J., & Piepho, H.-P. (2019). 
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Genotype-specific



Schmidt, P., Hartung, J., Bennewitz, J., & Piepho, H.-P. (2019). 

• Average across all pairwise combinations* *Equivalent to Cullis

<latexit sha1_base64="9HuzAr0Wfj5tRTIauOeOYfMjfTM="></latexit>
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Underlying computation engine matters



• Biology 
• Statistical choice
• Computation engine

Differences in H2 / h2

Standardise our workflow
Improve our reporting!
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• Multiple environments
• Confidence intervals
• Simulation study

What’s next

https://github.com/anu-aagi/heritable
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Thank you folks!

https://github.com/anu-aagi/heritable

• One-stop shop for 5 methods
• Transparent + reproducible
• Supports models from 

lme4 + asreml
• Methods are validated



Appendix*

• PEV = C11

*details I am still learning and brushed over

👷



• Requires ad-hoc fitting genotype as a fixed effect 
•👎 Covariance of genotypes are not accounted for

<latexit sha1_base64="Uiyvn1h/RR9CxMOKIqvDkl7Ng44="></latexit>
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Piepho, H.-P., & Möhring, J. (2007). 

Piepho’s



• Eigen value method after maximisation of variance components
•👍 Account of genetic covariances

Oakey, H., Verbyla, A., Pitchford, W., Cullis, B., & Kuchel, H. (2006).
 

Oakey’s

👷

<latexit sha1_base64="0dgnze3IxzXlpIcxSgdidX/iRYw="></latexit>
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p-rep
20 iterations
Fixed residuals


