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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 7.

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 4 at time ¢, given phenotypic value at time £ — 1,
can be expressed as the following conditional genetic model:
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where u,,_,, is the conditional population mean; a,,,_,, and a,,_,, are the

conditional additive effects of loci Q) and Q,, respectively; aa,,,_,, is the
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conditional additive x additive epistatic effect of loci Q| and Qy; x b2 Xy
and x,, are coefficients of these conditional genetic main effects; e, s, 18
the conditional random effect of environment h with coefficientu .
€nEpn, (OF €4p, ., ) 18 the conditional additive x environment interaction
effect with coefficientu, , (oru, g,) for Q1 (or Qy); e, isthe condi-
tional epistasis x environment interaction effect with coefficientu, ag,, 3 Cu,
is the conditional marker main effect with coefficientx,, ; Cumy,,y., 18 the
conditional marker x marker interaction effect with coefficientu,,, ;
€us, ., 1S the conditional marker x environment interaction effect with
coefficientu,; ; e, ., is the marker x marker x environment interac-
tion effect with coefficientu,,, , ; ande is the conditional residual ef-
fect.

hi(t]e-1)

Mixed Linear Model

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

Yoy =Xbgy +U e,y +U, r€, £y +U, e € ity
U peCaneii-ty YUnCnap-t) Y Urm oy

+ UME eME(tlt—l ) + UMME eMME(tlt—l ) + ee(tlt—l )
9
=Xb(t|t—l) + Z Uueu(dt—l)
u=l

9
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where y ,_,, is the conditional phenotype vector; b(,‘,_” is the conditional
fixed parameter vector for conditional population mean and QTL effects;
X is the known incidence matrix of the fixed parameters; ¢, ,,_,, =€, ~
N(0,0%,D) is the vector of conditional environment effects; e, ., =

€451y~ V(0,0 gy D) is the vector of conditional A; x E interaction ef-
fects; e, =¢,, E(,,,_, y~N(0,6% ; .1, D is the vector of conditional A, x E in-
teraction effects; O,e, (¢ /1 -1)=e,,. (t/t -1)~N (0 O pe i M,;.) is the vector
of conditional AA x E interaction effects; e, ;) =€, i, ~N(0,0%;, R, ) is
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the vector of conditional marker main effects; e;,,_,, =€y (-1, ~ N0, %3y
R,y 1s the vector of conditional interaction marker main effects; e,
=€yr sty ~ N (0, G0y Ruse ) is the vector of conditional M x E interaction
effects; ey, =€ty ~ V(0 Oz, Rune) 1S the vector of conditional
MM x E interaction effects; e, ,, =e,,_,,~N(0,6%,_,, D is the vector of
conditional residual effects; U, (u=1, 2, ..., 8) is the known incidence ma-
trix of the conditional random effects, and U, =1.

Analysis Methodology

With observed phenotypic data at time t-1 (y,,_,,) and time 7 (y,,), condi-
tional phenotypic data y,,,, 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, and conditional variance components

[cu(llt—l)] 18

L(b(rlt-l)'v(xh—l )) =2m* |v('lr-l)'_;
x exp[—%(y ule-1) ~ (:|:—1 )) V(tlt—l)(y (¢le-1) "Xb(m-l))]

with the log of the likelihood function (/)
by Vipeory =—5 10(2M) "l‘ln|vm—1)| 30wt

=Xby 1)) V(:|lr 0O -1y = Xbgppy)-

For searching QTL, null hypothesis for genetic parameters (conditional
QTL main effects and QF interaction effects) can be tested by the likeli-
hood ratio statistic (LR):

LR=12], (b(m—m "V(x|z-|)1 )_ZIO(b(tlt—l)O ’V(tIt—-l)O )-

The maximum likelihood estimates of QTL effects in b can be ob-

tained by

@le-1)
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A -1
v Ty-1 Tyy-1
_ b(t|r-l)—(X V(tlt-l)X) X VinyY a1y

with variance-covariance matrix

var(b ) =XV}

-1
G )X ) *

Conditional QF interaction effects (conditional additive x environment in-
teractione, ;,,.;, ande AEp-1)» conditional epistasis x environment inter-
action e a,Ei-n) €an be obtained by the best linear unbiased prediction
(BLUP) method:

~ _ 2 T
€.6i-0 =Cuie-n U w Qupe-yY -1
with variance-covariance matrix
var(é =o* . UTQ . U
w(tle-1) — Mau@l-1H"Y u X@p-1)Y u

where @, ;) =V, Vi, XX Vi X7 X Vi)

le-1) — e
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