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1. The genotype main effects and
genotype-by-environment interaction
effect (GGE) model

2. The simple parametric bootstrap method

3. Principal component analysis (PCA)
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The genotype main effects and
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Genotypes and Environments

« Genotypes are usually varieties of some crop

« Environments are usually different locations

Johannes Forkman
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I = 20 environments
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Explores effects of (zenotypes and =enotype-
by-=nvironment interaction simultaneously

A singular value decomposition (SVD) on the
matrix of residuals from a fit of a linear model
with main effects of environments

Yan et al. (2000)
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Singular value decomposition
E = TAAT
I' is a matrix of left-singular vectors: ¥, ¥, .... ¥u

A is a diagonal matrix with singular values: 14, 15, ... Ay

A is a matrix of right-singular vectors: 64, 65, ..., 0y

where M = min(/,] — 1)



S

SLU

Principal components

?125 ) )’;ch )t T,M/iﬁ/l

S 91-¢ § 31-—c S IJ1—c
6,117¢, 8,AL7C, ..., By Ak

0<c<1



S

SLU

PC2 - kg/ha

40

20

-20

-40

GGE biplot

G8g
E17
O oC5
E1_ E20 E15,
£33 - © o 6
E1oO e ICE)SOE4
E19 o ° °
o E14 EF® a4
e G3 ©E6 . FEl
G1 E2 @G9 E13
® OF12
o G2 ®
E8 G7 E18
[ | | | I
-40 -20 0 40

0 2
PC1+/kg/ha

(c = 0.5)



A simple parametric bootstrap

method
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Parametric Bootstrap Methods for Testing Multiplicative Terms in
GGE and AMMI Models

Johannes Forkman!+* and Hans-Peter Piepho?

Department of Crop Production Ecology, Swedish University of Agricultural Sciences,
PO Box 7043, 750 07 Uppsala, Sweden
*Institute of Crop Science, University of Hohenheim, 70 593 Stuttgart, Germany
*email: johannes.forkman@slu.se

SUMMARY. The genotype main effects and genotype-by-environment interaction effects (GGE) model and the additive main
effects and multiplicative interaction (AMMI) model are two common models for analysis of genotype-by-environment data.
These models are frequently used by agronomists, plant breeders, geneticists and statisticians for analysis of multi-environment
trials. In such trials, a set of genotypes, for example, crop cultivars, are compared across a range of environments, for example,
locations. The GGE and AMMI models use singular value decomposition to partition genotype-by-environment interaction into
an ordered sum of multiplicative terms. This article deals with the problem of testing the significance of these multiplicative
terms in order to decide how many terms to retain in the final model. We propose parametric bootstrap methods for this
problem. Models with fixed main effects, fixed multiplicative terms and random normally distributed errors are considered.
Two methods are derived: a full and a simple parametric bootstrap method. These are compared with the alternatives of
using approximate F-tests and cross-validation. In a simulation study based on four multi-environment trials, both bootstrap
methods performed well with regard to Type | error rate and power. The simple parametric bootstrap method is particularly
easy to use, since it only involves repeated sampling of standard normally distributed values. This method is recommended for
selecting the number of multiplicative terms in GGE and AMMI models. The proposed methods can also be used for testing
components in principal component analysis.

KEY WORDS: AMMI; Genotype-environment interaction; GGE; Multi-environment trials; Principal component analysis;
Singular value decomposition.
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The null model

Fixed part | | Random part

E=®(K)+R

The rank of @, is k

R is a matrix of independent N(0, o%) distributed errors

k IS the actual number of principal components



Je

SLU

The null hypothesis

Test sequentially: K = 0,1, 2, ...
until a non-significant result is obtained.

Johannes Forkman
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Test statistic

To test the significance of the (K + 1)th
component, use

A 2
AK+1

T =
k= K+1}\'2
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The simple parametric bootstrap method

1. Do the following a large number of times:

Sample an (I — K) X (J —1 — K) matrix of
random standard normal values

For this matrix, compute T,= A2 /Yk_, A2

2. Estimate the p-value as the frequency of T}, larger
thanT.
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The simple parametric bootstrap method

Why is it ?
We don’t need to estimate any parameters

Why is it ?
We still have to assume normal distribution



S

SLU

Results for the maize dataset

K+1 T p-value
1 0.640 0.000

2 0.319 0.296

The first principal component was significant,
but the second was not.
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Principal component analysis

Johannes Forkman
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Let X be a column-wise mean-centered matrix
The singular values of X (and Y = X1) can be
denoted
PCA uses the covariance matrix

cov(X) = X'X/(J — 1),

where | is the number of observations
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The eigenvalues of cov(X) are (12,13, ...,13)/(J — 1)

The (K + 1)th principal component accounts for

22
T — K+1

32
k= K+1)\

per cent of the residual sum of squares.



S

SLU

Conclusion

The simple parametric bootstrap method can be
used to test the significance of the principal
components

Requirement

Random errors are independent, normally
distributed and homoscedastic
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Summary

 The GGE analysis is a PCA with environments
as variables and genotypes as observations

* The significance of the principal components can
be tested using the simple parametric bootstrap
method
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Summary Thank you for your attention

 The GGE analysis is a PCA with environments
as variables and genotypes as observations

* The significance of the principal components can
be tested using the simple parametric bootstrap

method




