An R package for heritability ca/cu/atmns For

plant breeding trials
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Cycle 1

Cycle 2

Cycle 3

Cycle 4

Cycle 5

D Base population

Selected population



Replicate

Field experiments are complex and mecsy

Replicate
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Genotype

yield
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 Classical H? was developed for balanced designs
* Generally, in unbalanced scenarios H? is underestimated
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Mixed model magic
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acsumes random effects and errors are not correlated



Mixed model magic

e

Yy =X0+ Z,u, + Z,u,

e.g. yield fixed effects random genotype effect other random effects
A prediction error variances
Bect Linear nbiased Ectimator B L U E ~
,6 PEV = var(g — Ug)
BLUE g 9 9
Bect Linear Unbiased Predictor ~ ~

BLUP ug PEVgBLUP = var (B — B)

for genotypes



Motivations

1. Code exists but neede T((
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Motivations

PEV_from_lme4 <- function(model) {
vc <- Llme4::VarCorr(model)
ngrps <- lme4::ngrps(model)
# Note the index and kronecker order needs to be followed careful downstream
Glist <- lapply(names(vc), function(Cagrp) f{
Matrix: :kronecker(vc|[[agrp]], diag(ngrps|[agrp]l]))
P
G <- do.call(Matrix::bdiag, Glist)

2. lfariance components are
hard to extract from model
objects

nrow(model@frame)
diag(n) * stats::sigma(model)"2

X~ S

<- as.matrix(lme4: :getME(model, "X"))
Z <- as.matrix(lme4::getME(model, "Z"))

C11 <- t(X) %*% solve(R) %*% X

(12 <- t(X) %*% solve(R) %*% Z

(21 <- t(Z) %*% solve(R) %*% X

€22 <- t(Z) %*% solve(R) %*¥% Z + solve(G)
C <- rbind(

cbind(C11, (12),
cbind(C21, (C22)
. (1)

solve((C)



3. Unclear how we are arriving

Vi

on final values
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1

2 library(heritable)

* Works for single field environment only (no G x E)

Your genotype variable which heritability method you want

Broad-cense

1 H2(model, target = "gen", method = c("Standard", "Cullis",

2
e Broad-sense assumes Gg = UgIng

Narrow-cense

1 h2(model, target = "gen", method = c("Standard", "Cullis", ...))




D@MD A g‘:’m/b/e, I.hCUh'\/b/efe case ctaa/y
1 library(agridat) .III*

2 john.alpha

agridat
B1
B2

B3

Block

B4

BS

B6

1 2 3 4 1 2 3 4 1 2 3 4
Plot within block

* Genotypes not fully replicated across all blocks



[he came model with different software

asreml III\
1 library(asreml) lI

2 fit_asreml asreml(yield ~ rep,... agridat
random =% gen .4 rep:block,

data = agridat::john.alpha)

1 library(1lme4)

2 fit_1lme4d lmer(yield ~ rep +.(1|gen).+ (1|rep:block),
3 data = agridat:®john.alpha)

« heritable supports both asreml and lme4 model objects



1 library(heritable)
2 H2_Standard(fit_asreml, target = "gen")

[1] 0.8400648
1 H2_Standard(fit_1lme4, target = "gen")

[1] 0.8400678

672
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Lush, J. L. (1949)
Falconer, D. S., & Mackay, T. F. C. (2009)



2 H2 Cullis(fit_asreml, target = "gen")
[1] 0.8090841
1 H2_Cullis(fit_1lme4, target = "gen")

[1] 0.8091338

.= Recommended by CGIAR Excellence in Breeding Program

mean of the variance

(PE VZB L U P difference of two BLUPS
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Cullis, B. R., Smith, A. B., & Coombes, N. E. (2006)
Covarrubias-Pazaran (2019)



Differences between genotypes

1 H2_Delta_pairwise(fit_asreml, target = "gen", type = "BLUP")

GO1 G0O2 GO3 Go4 GO5 GO6 GO7
GO1 NA 0.8037763 0.8048406 0.8048406 0.8176590 0.8048318 0.8176594
G02 0.8037763 NA 0.8048406 0.8046516 0.8048318 0.8030883 0.8029864
GO3 0.8048406 0.8048406 NA 0.8037763 0.8159703 0.8039318 0.8174866
G04 0.8048406 0.8046516 0.8037763 NA 0.8167590 0.8159703 0.804/864
GO5 0.8176590 0.8048318 0.81597/03 0.8167590 NA 0.8039406 0.8168145

* =& Accounts for genotypic covariances

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



Gen aty,be—g'peciﬂ‘c

1 H2_Delta_by_genotype(fit_asreml, target = "gen", type = "BLUP")
$GO1

H2D i
GOl 0.8090555

$G0O2
H2D_1
G02 0.8090555

* Average of the pairwise differences for genotype i
PEVBLUFP
A1.
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Schmidt, P., Hartung, J., Bennewitz, J., & Piepho, H.-P. (2019).



Overall H2 from differences

1 H2_Delta(fit_asreml, target = "gen")
[1] 0.8090841
1 H2_Delta(fit_lme4, target = "gen")

[1] 0.8091338

* Average across all pairwise combinations*

*Equivalent to Cullis
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Schmidt, P., Hartung, J., Bennewitz, J., & Piepho, H.-P. (2019).



Underlying computation engine matters

1 library(tidyverse)
2 tibble(model = list(fit_lme4, fit_asreml)) |[>

3 mutate(H2 = map(model, ~H2(.x, target = "gen"))) |>
4 unnest wider(H2)

# A tibble: 2 x 6
model Cullis Oakey Piepho Delta Standard
<list> <dbl> <dbl> <dbl> <dbl> <db1>
1 <lmerMod> ©0.809 0.809 0.797 6.809 0.840
2 <asreml> 0.809 0.809 0.803 0.809 0.840



2

H 2 Delta

Ctatictical choice

Computation engine

Standardice ovr workflow
Lmprove our keporﬁhg./




2

H 2 Delta

Multiple environments

Confidence intervalc
Cimmulation S'fudy

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

lifecycle 'experimental
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lme4 + asreml
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lifecycle 'experimental
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1 H2_Piepho(fit_asreml, target = "gen")
[1] 0.802976
1 H2_Piepho(fit_1lme4, target = "gen")

[1] 0.7966375

* Requires ad-hoc fitting genotype as a fixed effect
« “" Covariance of genotypes are not accounted for

2
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Piepho, H.-P., & Mohring, J. (2007).



2 H2_Oakey(fit_asreml, target = "gen")
[1] 0.8090841
1 H2_Oakey(fit_1lme4, target = "gen")

[1] 0.8091338

* Eigen value method after maximisation of variance components
* & Account of genetic covariances 2
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Oakey, H., Verbyla, A., Pitchford, W., Cullis, B., & Kuchel, H. (2006).



Method
® Cullis
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method: Cullis

method: Delta

method: Oakey

method: Piepho

method: Standard

prep: 1

prep: 0.9

prep: 0.7

prep: 0.5

prep: 0.3

0.754

p-rep

20 iterations

Fixed residuals
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