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A bivariate statistical analysis of yield and disease
Structure

» Background to the agricultural research problem
» Linear mixed model formulation

» Interpretation of results
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A bivariate statistical analysis of yield and disease

Background

Phenotyping for the effect of disease on genotypes in a plant breeding
program requires measurement of

» growth of the pathogen in the plant
» subsequent effect of the pathogen on grain production in the plant
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A bivariate statistical analysis of yield and disease

Definitions

Resistance
» The ability of the host to prevent pathogen entry and control
pathogen spread.
» In this application, the ability of the plant to reduce pathogen
burden and hence suppress disease expression.
Tolerance
» The ability of the host to limit the impact of pathogen burden on
host health.
» In this application, the ability of the plant to produce grain in the
presence of disease.

Resistant Susceptible Tolerant
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A bivariate statistical analysis of yield and disease

The statistical challenge

Uncoupling resistance and tolerance is a challenge, but is desireable for a
number of reasons (Kause and Odegard, 2012).

» Each have a different impact on the relationship between the host
and the pathogen.

» In plants (and animals) they are weakly genetically correlated, so are
dfferent traits.

» Plant breeders should exploit both traits to provide a responsible
solution to sustainable farming practices and increased food
production.

Host: Wheat Pathogen: Fusarium pseudograminearum
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A bivariate statistical analysis of yield and disease

Experimental design

» Experiments to test the resistance and tolerance of genotypes
involve a disease treatment with 2 levels: an untreated control (nil)
and an imposed disease level (plus).

» The experimental design typically consists of replicated field trials in

a strip-plot arrangement of the disease treatment, where genotypes
are grown under these two conditions in paired plots.

» Aim: To select genotypes possessing combined traits of resistance
and tolerance to disease.
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A bivariate statistical analysis of yield and disease

Experimental design

Field trial planted as a rectangular array of plots in 25 columns by 44
rows, grown at Narrabri, NSW in 2014

Replicate
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A bivariate statistical analysis of yield and disease

Experimental design

Treatment allocation for a subset of plots: 25 columns by 4 rows

Inoculum strips (nil,plus)

Row

;24 207 208 | 64 58

23

]

xz 151 156 | 177 | 59 160 | 206 172 | 68 69
21
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A bivariate statistical analysis of yield and disease

Experimental design

Measurements

> Yield of grain (t/ha).

> Disease - level of stem browning (cm).

Issues surrounding the methodology

» A baseline treatment of nil disease aims to estimate yield potential.

» Achieving this baseline is difficult in practice due to background
levels of disease in the field.

» The severity of disease expression will change with environmental
conditions.
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The linear mixed model

Univariate - Yield, Disease

Queensland
Government

The form of the linear mixed model for a single trait (j=Y,D) is

y; = X1 + Zgjugj + Zsjusj +e;

y(."XI) is the vecter of responses measured on n plots,

T(-tXI) n><t)

is a vector of fixed effects for inoculum with design matrix X;

ugm“) is a vector of random effects for genotype, partitioned for moculum

level, with design matrix ZJ(."X"’),

uﬁj“) is a vector of random effects for structural terms, with design matrix

X
Zg’ ) and

_ / / /
u5j - (urja ubj7 uipj7

x1) . .
eJ(." ) is the vector of residual errors.

/ /
ug,)" and
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The linear mixed model

Variance models

Queensland
Government

The variance of the random inoculum by genotype effects, ug, is

2
g g
_ 8n: gnpj
var(ug,) = oq i 2 | @,
np; &p;

The random effects for structural terms and residual errors are assumed
to be independent and identically distributed normal variates with mean
zero and variance structures, var(us. ) = o2 1, and var(e) = o?l,

Ji Sjp i J

(where n, is the length of us, ).
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The linear mixed model

Bivariate - Yield and Disease

The form of the linear mixed model for both traits (j=Y,D) is
Yy=(LeX)T+ (h®Z)u, + (b ®Zs)us +e
where

y=0OV,yp), T=(7V,7p),

e =(ey,ep)"

ug = (up,,ug ), us = (ug,,ug,) and
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The bivariate linear mixed model

Variance models

The variance of the random inoculum by genotype effects, ug, for both
traits(Y,D) is
2
Ugv,, 5
g ag
8Y,
var(ug) = " v 5 gl
Ogy,p, UgYpDn UgD,7
Ogv,o, %&v,0p  Tgp,, UgDp

Additionally, the variance of the random structural effects and the
residual errors, e, for both traits(Y,D) are

2
ag
_ Sy.
var(ug,) = i s | ®1n,
Osyp,  Osp, '
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The bivariate linear mixed model

We fit the linear mixed model in ASReml-R (Butler et al., 2013).

» Estimate the variance components using Residual maximum
likelihood (REML) (Patterson and Thompson, 1977).

» Produce Best Linear Unbiassed Predictors of the random genotype
by inoculum effects.

» Use the inherent regression structure in the bivariate analysis to
interpret the results, relating this back to tolerance and resistance in
the plant-pathogen context.
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The bivariate linear mixed model

Estimates from the model

Trait by Inoculum means and genetic variances estimated from the model.

Trait Inoculum Mean Genetic variance
Disease nil 0.68 0.084
(sqrt(cm))  plus 2.29 0.128
Yield nil 3.32 0.197
(kg/ha) plus 2.88 0.270
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Results

Genotype predictions (BLUPS)
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The bivariate linear mixed model

We focus on the genotype blups, and use the regression structure
inherent in the bivariate model to interpret the results.

For Yield, plus vs nil blups

— _ T8y
ugyp - BYugyn +6Y7 BY - 0_2 .
8Yn
Define yield responsiveness as €y, where responsiveness has zero
covariance with yield potential, ug, .
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Results

Genotype predictions (BLUPs) from the Crown Rot Tolerance trial

Quee
Government

Yield responsiveness, €y
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Yield responsiveness of genotypes

Genotypes with high yield potential and responsiveness under

disease pressure
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The bivariate linear mixed model

Again, we use the regression structure inherent in the bivariate model to
interpret the results.

For Plus disease plots, yield vs disease blups

gY,,Dp
ug, = Ppug, +ep,  fp=-—F—.
o
8o,
Define yield advantage under disease as ep, where yield advantage has
zero covariance with disease severity under inoculation, ug, .
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Yield advantage of genotypes under disease

Combined selection for tolerance and resistance
Yield advantage under disease, €p

Yield Advantage
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A bivariate statistical analysis of yield and disease

Extensions to this analysis

» We have extended this model to an analysis across multiple trials
(environments).

» We have included a genetic covariance relationship through the
pedigree of the genotypes.

» This will be extended to a genomic relationship matrix as marker
data is available next year.
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