
--- Chapter 20

Conditional Mapping of QTL
with Epistatic Effects

and QTL-by-Environment Interaction
Effects for Developmental Traits

Jun Zhu

Purpose

To map quantitative trait loci (QTL) for net effects due to gene expression
from time t - 1 to t.

Definitions

Genetic Model

For multiple-environment data of doubled haploid (DH) or recombinant
inbred line (RIL) populations, the conditional phenotypic value of the jth
genetic entry in environment h at time t, given phenotypic value at time t - I,
can be expressed as the following conditional genetic model:

Yhj(III-I) =~(III-I) +al(III-;)xAlj +a2(111-I)xA'j +aa(III-I)xMj

+u e +u e +u e +u e
Ebj E'(III-I) AIE'j AIE"'II-I) A,Ebj A,E'rill-l) MEbj ME'(III-I)

+~ u e +~ u e +~ u e~ Mg M!(liI-l) ~ MMIj MM/(liI-l) ~ MEhpj ME.,,(I!I-I)
f I p

+~u e +E.~ MMEbqj MME,,(liI-l) hj(III-I) /
q

where ~(III-I) is the conditional population mean; al(III-I) and a2(111-1) are the
conditional additive effects of loci Ql and Q2, respectively; aa(III-I) is the
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conditional additive x additive epistatic effect of loci Q 1 and Q2; x A'j' X A'j'

and x AA are coefficients of these conditional genetic main effects; e E is
I J 0('1'-1)

, the conditional random effect of environment h with coefficientuEhj;

e A E (or e A E ) is the conditional additive x environment interactionI 0"10-1) , 0"10-1)

effect with coefficientuA E (oruA E) for Ql (or Q2); eAAE is the condi-I OJ , OJ 0('10-1)

tional epistasis x environment interaction effect with coefficientuAAEhj'. eMf

is the conditional marker main effect with coefficient UM ,. eMM is the
f "'10-1)

conditional marker x marker interaction effect with coefficientuMM".

eME is the conditional marker x environment interaction effect with ,;
hpUIo-I) '1

coefficient UME ; eMME is the marker x marker x environment interaC- j' hpj .."10-1) ,

tion effect with coefficientuMMEqhj; and Ehj(llt-l) is the conditional residual ef- !

fect. 1,

Mixed Linear Model

The conditional epistasis QTL model can be expressed in the matrix
form as follows:

y I =Xb I +U e +U e +U e(It-I) (It-I) E E(llt-l) A,E A1E)I!I-I) A,E A'EUlt-l)

+U AAEeAAE(III-I) +U MeM(llt-l) +U MMeMM(t!t-l)

+U MEeME(III-I) +U MMEeMME(llt-l) +e£(III-I)

9
=Xb(,I,-I) + L Uueu(tl,-I)

u=1
9

-N(Xb(tl,-I),V(,!t-I)=L O'~(tl'-I)UuRuU~)
u=1

where Y(III-I) is the conditional phenotype vector; b(tlt-l) is the conditional j
fixed parameter vector for conditional population mean and QTL effects;
X is the known incidence matrix of the fixed parameters; el(III-I)=eE(tll-l) -
N(O'O';('I,-I!) is the vector of conditional environment effects; e2(111-1) =
e AIE(III-l) - N(O'O'~IE(tll-I)/) is the vector of conditional Al x E interaction ef-

fects; e3(111-1) =eA,E(tll-l) - N(O,O'~,E(llt-I)/) is the vector of conditionalA2 x E in-

teraction effects; O,e4 (t I t -1) =eAAE (t I t -l)-N( O'O'~E(llt-1 RAAE) is the vector
of conditionalAA x Einteraction effects; eStIll-I) =eM(llt-l) -N(O'O'~(tlt-I)RM)is
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the ve~tor of conditional marker main effects; e6(I!t-l) = eMM(tll-l) - N(O, a ~M(tll-l)

RMM) is the vector of conditional interaction marker main effects; e7(1!1-1)

=eME(Ilt-l) -N(O,cr~M(tll-I)RME) is the vector of conditional M x E interaction

effects; eS(I/I-I) =eMME(I/I-I) -N(O,cr~ME(llt-I)RMME) is the vector of conditic:>nal
MM x E interaction effects; e9(111-1) =e£(tll-l) -N(O,cr;(/I-I)l) is the vector of

conditional residual effects; U u(u=], 2, ..., 8) is the kriown incidence ma-

trix of the conditional random effects, and U 9 =1.

Analysis Methodology

With observed phenotypic data at time t-1 (y (I-I) and time t (y (I)' condi-
tional phenotypic data Y (III-I) can be obtained via mixed model approaches
(Zhu, 1995). Then a mixed-model-based composite interval mapping
(MCIM) can be used for mapping QTLs with conditional epistatic effects
and QTL x environment interaction effects (Zhu, 1998; Zhu and Weir,
1998; Wang et al., 1999). The likelihood function (L) for the parameters of
conditional fixed effects b(,I,-I) and conditional variance components
[cr~(t!t-I)] is

I

L(b(tl,-I),V(,lt-I)) =21t) -1r(III-I)!-I

xexp[ -t(Y(III-I) -Xb('lt-I))TV(~I~-I)(Y('I'-I) -Xb(tl,-I))]

with the log of the likelihood function (l)

l(b('I,-I),V(tlt-l) =-tln(21t)-tlnr('I-I)I-t(Yt4!,..I)

-Xb(tlt-I))TV(~~-I)(Y(tll-l) -Xb(tlt-I)).

For searching QTL, null hypothesis for genetic parameters (conditional
QTL main effects and QE interaction effects) can be tested by the likeli-

i hood ratio statistic (LR):

LR = 2l1 (b('I'-!J! ,V(III-IJ! )-2lo(b('I'-IJO' ~III-IJO)'

The maximum likelihood estimates of QTL effects in b(,I,-I) can be ob-
tained by
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A ( T -I ) -1 T -I- b(tlt-l) = X V(tlt-I)X X V(tlt-I)Y(tlt-l)

with variance-covariance matrix

Ii
A

var(b(tlt-I»=XTV(~:-I)X)-I.

Conditional QE interaction effects (conditional additive x environment in-

teraction e AiE(tlt-l) and e AjE(tlt-I)' conditional epistasis x environment inter-

action e AAijE(tlt-I) can be obtained by the best linear unbiased prediction

(BLUP) method:

A - 2 UT
Qe.(tlt-l) -O'.(tlt-l) . (tlt-I)Y(tlt-l) i

i
with variance-covariance matrix 1

var(e.(tll-l) =O'~(tlt-I)U: Q(t]t-I)U.

h Q V -I Y ~I X(X T V -I X) -I X Ty -1 were (tit-I) = (tit-I) - (lit-I) (tit-I) (tit-I).
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Software Available

Wang, D., Zhu, J., Li, Z.K., and Paterson, A.H. (1.999). QTLMapper Version 1..0: A com-
puter software for mapping quantitative trait loci (QTLs) with additive effects, epis-
tatic effects and QTL x environment interactions. User Manual for QTLMapper
Version 1.0 (program free of charge). Contact Dr. Jun Zhu, Department of Agronomy,
Zhejiang University, Hangzhou, Cruna-. E-mail:.<jzhu@zju.edu.cn>.

Zhu, J. (1.997). GENCONDI..EXE, a computer software for calculating conditional
phenotypic data. Analysis Methods for Genetic Models (pp. 278-285), Agricultural
Publication House of China, Beijing (program free of charge).
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