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ABSTRACT

Genetic models are proposed for analyzing sex —linked and maternal ef-
fects as well as autosomal gene effects, For the model with no genotype x
environment interaction, the total genetic effect is partitioned into direct
additive (A), direct dominance (D), sexlinked (L), maternal additive
(Am) and maternal dominance (Dm) genetic components, For the model
including genotype X environment interaction (GE), GE can also be par-
titioned into components of direct additive by environment interaction
(AE), direct dominance by environment interaction (DE), sex-linked
by environment interaction (LE), maternal additive by environment inter-
action (AmE), and maternal dominance by environment interaction (DmE),
Linéar functions of genetic components are listed for parent, F,,
and F,, A set of parents, their reciprocal F /s and F,’s is applicable

for efficient analysis, Variance and covariancé components can be well esti-
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mated By‘ MINQUE(O/1) with the jackknife procedure, The t—test conduc-
ted by the jackknife procedure is applicable for detecting significance of
variation, Adjusted Unbiased Prediction (AUP) method is suggested for

predicting genetic effects, , : S A

Key Words; Diallel analysis, Sex —linked and maternal gene effects
Genotype by environment interaction, Variance and covariance components

Genetic prediction,

INTROD UCTION

In animal breeding experiments, sex-linked and maternal effects are
the primary sources of reciprocal effects, Eisea et al ,(1966) presented a
model .containing parameters for sex—linked and maternal effects as well
as autosomal genetic effects, Cockerham and Weir (1977) suggested a bio -
model, including parameters for maternal and paternal -effects assuming
no sex— linked effects, Carbounell et al, (1983) extended the model of Eber-
hart and Gardner (1966) to include sex—linked and maternal effects, In
all of these models, - variance components of sex—linked effects are not es-
timable by the standard least squares 'pfocedbureks or ANOVA niethods :

" Zhu and Weir (1994) proposed an animal model which can partition
the maternal effects into maternal additive effects and maternal dominance
effects, A MINQUE(O/I) method, which is a mixed linear model approa-
ch, was. also proposed for estimating variance components and covariance
components for the animal model (Zhu, 19925 Zhu and Weir,' 1994).

In this study, genetic models with sex—linked effects, maternal ad-
ditive and domin’én'c‘e effects arelproposed for diallel crosses with a set of
parents and their recxprocal F,’s and F,’s, Methods of éstimating genetic
variance and covariance components, and of pred1ct1ng genetic effects

are presented,
MODELS AND METHODOLOGY

A full diallel crossing system consists of all possible c»ross'es between

a set of parents, With method 1 of Griffing’s (1956) definition for diallel
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mating methods, a set of Jparents, F, ’s and remprocal Fi's as Well as
thelr F,'s from random mating among F ‘s are suggested in use, The as-
Sumptwns for our genehc models are, (1) regular d1p101d segrevatxon; (2)
1nbred parents randomly sampled from a reference populatmn; (3) no ep—
1statlc effects, (4) X (or Z) chromosome dosage compensatmn; and (5)
inert Y (ér W’)- chromosome in XY (ZW) cell,"If there is no genotype X
env1ronment 1nteract1on, the general model for phenotyp1c mean of sex
s in block 1 from generatxon k of the cross between maternal line i ‘and/'
paternal line j is oo : C,
o Vi Tt G 1Bt g &
where Yijis1 is the average. phenotypic yalue of genetic entry Gijs in
block 13 , u is a fixed population mean; b; is the random effect of block
I, bi~ &O, o?y)s and eijxsl is a residual; effect,. &iiksl~(0,. 0%),
Partition of the genotypic effects“,,Gi;k;s_ for heterogametic progeny (XY -
or ZW, S=1) and for homogametic progeny (X‘leor z, ‘S=2)“ from‘ dam
ixsire j depends on specific entry, For parent (k=0, i=j) or F, (k=

1, #4)¢
G)\(x\;u) Ai+ A4 DL 4 245, + Dy
r G =A~+Aj+Dij+L.§I.+2Ami+Dmii (2)

G S&Eéé)? Al +AJ+D1J +"‘L12 k‘%L;iz‘FzAmi +D:mjri

and for F, (k=2, i*j) from random’mating«amoﬁgF

G{M‘f}” = 4; +A1+*D,l+_tD“+_.Dl1+_2,L,1+7L“+Am1+,4mj+pm ;

G)((I)S _A1+A_‘+—D“+——D“+—- 1J+%Lll+—4—LJI+Am +Am.l"'Dm‘J (3)

or 7 %:ICJI\;2) =A; + A3+7Qii+—4—D.jj+—2—Di‘j+%Li1 +%Lj1 +Ami+A111j*Qn1ij

where 4;- Cor. 4;) .is the cumulative additive effect of the autosomal
geneés from dam § (Or sire ), A (or A1)~(O o ), ii is the cu-

mulatlve dommance effect of the autosomal genes from the cross of dam X
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sire 7, 'i’; ~ (O, ); L; (Cor Lj ) is the cumulative add1t1ve effect

of the sex— linked genes in heterogametlc offspring from parent i (or ;)
Y
le(or le) is the cumulatwe addxtwe effect of the sex—-lmked genes 1n -

e

homogametw offsprmg;‘from pareat ¢ (or j), Lll, , 11 (or Ly, sz ) ~(O

gl)s Am Cor A,:) is the maternal additive effect of dam i (or sirg;
i), A (or ALi)~ (O, oim Y3 Daii is the maternal dofr(ljinance effect
of the cross (dam i X sire {), Dnij~ (0, o%m). There are covariances

between direct and maternal g‘eneeffects,k Cov (Ai, Ani) =0\y,r and Cov
(Di; Dy )=0 "o | G . ST
This genetic models tan be'written in the matrix form o a miked

linear model for all the entries in the mating design, : 4

Y—lﬂ+U e‘+U e +U e +Ume m+mee\m+U eJ+e4

bl

with var1ance—-covar1ance matrix

Var(Yy=o'U U ' 402U U /+0fU U/ +0 %0l ./ +0 UsmU)n’

+02U U /+0x, (U Una’+UraU")+0D, ym(UpUpa/ +Upm U7 )

+o?l 4

where U is the known LnCLdence matrix relating to the random vector
e ~ (O, UZI); U’ is the transpose of U, and I is an identity matrixs
when genotype x environment interactions do exist, genetic experi-
ments. should pe conducted in different cnvironmz nt» The orenetic model
including genotype X env1ronment inter act1ons is an extension of Edua-
tion (1), Phenotypic mean of sex s(;n block 1 within eavironment &

from generation k of the cross (ixj) is
Y, s =p+ B+ G+ GEoins v b o Fenifksl o (B)
where Y, ijksl is the average phenotypic value of geneticsentey Gijgss
4 is a fixed population mean; E; is the fixed effect of the hth environ-

Lo

ment; b: @ is the random effect of block 1 W1th1n enwronment h,b: >~
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tld'«“gc’i;)"; and €,y 'i‘é'a residu‘él effect, epiig ~ (O 05)

l'

The genotyp1c effect G1 1“’ is dehned the same way as in Equatlons
(2) and (3), The effect of genotype x envuonment 1nteract1on GEqjiks
is detined for parent (k= O, i=7) or F (k 1, z#;)as ’

GEXYk”_AEﬂl'I"AE +DE i +LEhl +2AmE +D Eh”

r1

or GEZW 1 = AEi‘ai + AE?J +DE1J+ L‘EN +‘2AmEhi +>DmE':iir o (6) K

GEh&\‘/ZZ7 AE’1i+AE1 +DE i +—1—LE112+—LEA12+2A1A—1 +DnEyy,

and for F;z‘(k'= 2, i%j) from rahdom"’sm’a‘ti‘ng, a‘monv“:F ’S-”

GE}Q’{{“’:AEMAE +_ADF 11+—Eh} IDE 1\+—~LE "+-—-LE}i'+A En;
+A«]E i+ Dy E 1
GE[Dip = AE. +AEuis g DEw; + LByt DB 1o 3 LB o LLEy ;0 A,
+AmEm+Dm,E‘h§3 : . o W
or GEZ'{?j..2=A.Ehi+AE;L;+%DEh“ +~‘i—EJj +%D}31i +_i_LE”z+_LEI p+ A E..
+ Ay E i+ Dy By

where AE.: (or AE,1) is the cumulatlve add1t1ve X env1ronment e-

ffect, AEy; Cor AE“; )~ (0, crw ) DE i. is the cumulative dominance

X environment effect, DEx-; ~(O, 02 - )g LE,;: (or kLE,,._j: )“" is the

eumulative additive x env11onment effect of the sex—linked genes in
heterogametic offsprmg from parent i (or j), LE e (or LE.i,) 1is the
cumulative additive x environment effect of the sex—-hned ‘genes in

homogametic offspring from parent i € or 7), LE, LEl;' (or LEy i,

LEyi, ) ~ (O, of . )3 AgEy; Cor AEyi) is the maternal additive x

environment effect, A, Ey; Cor AyE ;) ~ (O, o? )3 DaEy;i is the ma-
g . ) o ceml . L

ternal dominance x environment effect; D, E, lIN(O, ojz) ) ¢ Covari
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ances bet\veen direct and maternal gene by environment ’igtergction inclu-
de Cov (AE; ALE;) =0A3,am7 and Cov (DE; DyEj) =0pE. DmE *
The matrix form for all the entries in the mating des;gn 1s
Y=Xx, +U\ex+UJe\+ULer +Usmesm+ Uineom Co

+Uvevp+Unzerp+Urze g+ Uvan evqai+ Usnermgun+ U e, +U e,

with variancn~ covariance matrix

Var (Y) =02UaUs’ +0jU0,U 7 +0f U UL + 6% nUamUam’ +0mUdn U/

+02 UArU\},’+02) U\ U) ’+o'é U U, ’+°2AmeAmEU&-nR’

+al o UrmeUoni/+02U0 U /20 4 a (UAU 3"+ UaaUA" ) (8)

P ’

+0p.0a(UUny" +U ymU )+ 04, AmBE(UarUant” + UsneUAE")

+ 0 OR.DE (Uo' Upmp’ + UnarUni/ ) +021

The MINQUE(O/l) method (Zhu, 1992; Zhu and Weir, 1974) can
be used to estimate variance and covariance components in Equatlons (4)
and (8). MINQUE (O/1) is a MINQUE method (Rao, 1971) with prior
values of zero for covariances and one for variances,

After obtaining unbiased estimates of variance and covariance com-
ponents; phenotype variance can then be estimated for genetic model with-
out genotype X environment 1nteract1on

‘Vp—VA+VD+VL+V\m+V1)p+?C.x Ag+2C . Dm+ Ve
or for genetic model with genotype X environment interaction
V:—VA+V")+VL+V\H+V)1+V\ +Vy:+Vin+V \mh"‘VDmF
4 2Cy Am+2CD.Dm+2C vk AmE +2Co=.omE+ Ve

Components of phenotype varianze should be calculated according to

each generation, For genetic model without genotype X envirOnmeﬁt in-

teraction,
- 2 2 2 2 PP 2

Ve(F, )—202+-3—o +0? +2cx

g Al +0 An+40' Am+0' D, Dm"'O'e 9

or for genetic model with genotype X environmeht in‘teraction
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methods vy]{uch can. be apphed for est1mat1ng var1ance and covarlance co-
mponegts Exrf th"e models Since theso ‘two methods need 1terat10ns, there
are enormous computat1ons involved with jackknife procedure, We sug-
gest the use of the MINQUE(O/I) method for its unbiased estimation and
non — iterative computatmh _
In- breedmg pract1ce,\ parent and hybrld genetic merits are someti-

mes of more concern to the breeders The random genetic effects in the
genetic models arsipredictable by the BLLUP procedure (Henderson,1963).
Since BLUP nigeds allithe parameter values of  variance and covariance
components, true BLUP can not be obtained in real experiments; When
“estimates éf variance and covariance components are used in BLUP proce-
“dure; it will resultiin'a 4o~ called “BLUP” prediction which is .then no
londér aslinear uabiased prediction) Monte Carlo simulations showed, that
AUP is superior to BLUP for its ‘un'biasedne,ss in both mean and varianece
*‘*éf-‘p'%‘é*dfiﬁct'fng“igwe‘rreti’ci'e'ff'e:cts (Zhu, submnitted), : e

i Due to 'the randorh i‘nac”ti«vaftion 6f~on-3 X ~chromosome in the primi-
twe, ectoglerm hneage of female mammals, the genetlc activity of only one
X ~chromosome is expressed in Somatlc cells (Lyon, 1988). By the as-
”suirr‘;pt'vion of X—L cﬁ}oﬁlosome dosage ‘compensation, heterozygous females
Bre" m'osalc with 'half chance inactivation of 'maternal or paternal X-chré-
mosomd, ;For rs.om;e:do,nies‘.tic animals, there may be no'dosage compensa;,
t10n of sex“hnked gcnos (Cox and \iorton, 1963) In those situations,
the coeff101ents before L Ly and ng in Equatxons (2) and (3) or b fore
LE-;;, and LEy:, in Equatmns (6) and (7) should be dropped
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