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Introduction

The Experiment

e P sub-regions

J locations:

e J; locations in sub-region i

° Jzzll-llJ,-

o L blocks in each location

K genotypes in each block
e H years, typically H =3

To optimize:  Jy,...,Jdp
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Introduction

Overview

@ One year experiment, genotype effects uncorrelated
— P. & Piepho (2021)

e Multi-annual experiment, genotype effects uncorrelated
—  P. & Piepho (2024)

@ One year experiment, genotype effects correlated
— P. (2025)

@ One year experiment, genotype effects correlated,
large number of genotypes
— Bodnar & P. (2026)

Here: Multi-annual experiment, genotype effects correlated,
large number of genotypes
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Model Specification

Linear Mixed Model

Yijhki = pitnnt+Nij+Bintaiktwak+0jn+Yijk+Tink+@ijnk+ bijhi+€ jjnki

@ i=1,...P, P - number of sub-regions

@ j=1,...,J;, Ji - number of locations in i-th sub-region
o J= Z,'-D:l J; - total number of locations

@ /=1,...,L, L-number of blocks in each location

@ k=1,...,K, K - number of genotypes in each block

@ h=1,...,H, H - number of years
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Model Specification

Linear Mixed Model

Yijhki = Ritna+Aij+Bint ikt whk+0n+ ik + Tink + @ ijhk+ bijhi € jjnki

@ 4 - mean (fixed) effect of i-th sub-region

® 7 - effect of h-th year, var(n) = o2

@ )\ - effect of j-th location within i-th sub-region, var(\;) = o3
® fin - effect of i-th sub-region in h-th year, var(8i) = 0

@ «y - effect of genotype k in sub-region 7,

Cov(ia)=U, a=(af,...,a})", ax = (a1k,...,apc) "

OftenU=N®V

September 11, 2025  Maryna Prus Optimizing the Allocation of Trials to Sub-Regions



Model Specification

Linear Mixed Model

Yiinki = Wi+na+Xjj+Bin+cik+wWhk+0jin+Yijk+Tink +ijnk + bijhi+Eijnki

@ wyy - effect of genotype k in h-th year, var(wgy) = 02

@ Jjj - effect of location j within sub-region i in h-th year,
var(d;) = 03

@ 7ijk - effect of genotype k in location j within sub-region i,
var(7yj) = 03/

@ T - effect of genotype k within sub-region i in h-th year,

V&I‘(T,'kh) = (772_

@ ¢jjnk - effect of genotype k in location j in h-th year, var(¢jnk) = 0’5)
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Model Specification

Linear Mixed Model

Yiinki = pi+nn+Xjj+Bin+cik+whi+0iin ik +Tink +@ijhk+ bjjni € jjnki

@ bjjp - effect of block / in location j in h-th year, var(bjj) = aﬁ
® cjjni - observational error, var(ejmg) = o2

@ All random effects and observational errors are uncorrelated and
have zero mean

LMM here: Cross-classification - same locations each year

Often used: Nested model - locations nested within year
— particular case, without Aj; and ;i
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Model Specification

Optimization Problem

Search for optimal numbers of locations Jy, ..., Jp for
@ prediction of genotype effects
a1, ..., XK
@ prediction of pairwise linear contrasts
0Kk =y — o, kK
for all pairs of genotypes

for given total number of locations J
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Model Specification

Mean Squared Error (MSE) Matrix

MSE matrix for BLUP & of genotype effects:

Cov(é& — a) = {i(IK — %1,(1}) @[(FTF)" ' +R]7! + u—l}_

F = block-diag(1,,,...,1,)

1 1
C:0§+H(U§5+L02>

0'2 0'2
R="Tlp+—21p1p
cH P+CH Pep
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Optimal Allocation of Trials

Experimental Design

Exact design:

X1, ..., Xp - sub-regions

Approximate design:
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Optimal Allocation of Trials

Experimental Design

Moment matrix:

M(¢) = diag(wa, ..., wp)
For exact designs

1
M(¢) = jFTF, F = block-diag(1,,,...,1,,)

Search for optimal weights w’ to minimize

MSE matrix of & or 6
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Optimal Allocation of Trials

A-Criterion for Genotype Effects

A-criterion for prediction of genotype effects a

d4 = tr(Cov(a — o))

D 4(&) = const + 3“‘ [(|K ® M(€) + B)_l H

~ ~ -1 ~
B:[IK®R+(T®IP)U(T®IP)] & H=B(Talp)0*(Tal)B
T:IK—%IKII & U=J/cU & R=JR

K-Bayesian linear criterion but! H singular

Computational method proposed in P. (2025) cannot be directly used
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Optimal Allocation of Trials

A-Criterion for Pairwise Linear Contrasts

A-criterion for prediction of pairwise linear contrasts

by =tr (Cov(é - 0))
da(&) = const + gtr [(|K ® M(€) + B)—l F'}

~ ~ -1 ~ ~ ~
B= [IK @R+ (T®lp)U(T® |p)] & H=B(Txlp)0(Telr)0(TI)B
T:IK—%IKII & U=J/cU & R=JR

—  H singular

—  Computational method has to be extended
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Example

Example (Kleinknecht et al. (2013))

P =5 sub-regions, H = 3 years, J = 20 locations
Variances:

02=31 & 02=18 & 02=160 & o3+ f0® =333

Covariance matrix of genotype effects: U=N®V, N is AR(1)
N = (Nj)ij=1,. .k & N; = pli=l

567 254 239 485 328
254 155 118 240 162
V= 239 118 155 226 153
485 240 226 488 310
328 162 153 310 215
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Example

Optimal Designs for A-Criterion for Genotype Effects

Optimal numbers of locations per sub-region

o H | K Approximate design & Exact design &
wi wo w3 Wa ws S b 3 ds U
1/3 | 2 5 | 042 005 009 039 005 ]| 8 1 2 8 1
10 | 041 0.05 0.11 038 0.05 | 8 1 2 8 1
6 5 036 009 016 034 005 | 7 2 3 7 1
10 | 0.34 0.11 0.17 033 0.05 | 7 2 3 7 1
2/3 | 2 5 | 045 0.05 005 040 005 | 9 1 1 8 1
10 | 0.42 0.05 0.10 0.38 0.05 | 8 1 2 8 1
6 5 | 040 0.05 0.12 038 0.05 | 8 1 2 8 1
10 | 0.36 0.10 0.15 0.34 0.05 | 7 2 3 7 1

p=0 — N=Ilx — same OD asin P. & Piepho (2024)

Computation using OptimalDesign Package in R
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