2001, 43 (6) :603 - 609

Acta Botanica Sinica

environmental conditions (e. g. weather , il , cultivation
and management of fidd) , but the phemotypic variation
for many important quality traits of rice is mainly afected
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interaction dfects. The expresson of genes at different
filling stages might vary in different ervironments. it is
necessary to undergdand the genetic main dfects and GE
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interaction efects on the dynamic pefformances o rice
traits in different environments.

Mog of the rice traits are controlled by quantitative
genes. Many reports have recognized that the performance
of endogperm traitsof rice could be vighly dfected by the
genetic main dfects and GE interaction dfects of triploid
endogperm genes, diploid materna genes and cytoplagic
genes ¢!, In nog of the reports, the find pherotypic
value a maturation was used for analyss of the rice err
dogperm traits. However , little information has been re-
ported © far on the developmental behavior o filling
dages in different environments and the irfluences of enr
vironments to the expresson of genes. 9nce the find
weight of brown rice is mainly related to the sum-total of
the accumulated photosynthates during the whole develop-
mental period of rice a a particular environmenta condi-
tion, not only do this trait in one ecid filling gage be
oontrolled by the genetic efects expressed in this ecid
developmental dage, it d be reated to the photosyn
thates accumulated up to this sage from flowering and inr
pregnation. Variance of the expresson of endogperm, mer
ternd and cytoplagmic genes and the genetic main dfects
and GE interaction dfects a different filling sages could
exig in different environments.  underganding the dy-
namic gene expresson in different environments is a mgjor
god in the research of developmental qualitative genetics.

The objectives of this gudy were to dlarify the devel-
opmental dynamics of gene expresson for the BRW of in-
dica rice in different environments, and explore the mechr
anign of variations in the developmentd expresson of
triploid endogperm genes, cytoplasmic genes and diploid
meterna plant genes by eva uating the conditiona and un-
oonditional genetic main dfects, aswell asther GEinter-
action dfects anong filling sages by usng the develop-
mental genetic models and gtatistical methodd .

1 Materialsand Methods

The materials used in this experiment condged of 7
cytoplagmic male derile lines (OMS or A) and their
maintainer lines (B) o early seaon indica rice (Zhexie
2 (P1) , Xiegingzeo (P2) , Zhenan 3 (P3) , Zhenshan 97
(P4) , Gangchao 1 (P5) , V20 (P6) , Zwo 5 (P7)) and
5 regorer lines (R) (T 49 (P8) , Cezap 22 (P9) ,
26715 (P10) , 102 (P11) and 1391 (P12)) . The meting
design was afactorid desgn (7 x5) . All femde parents
were crossed with mae parents to obtain F (A x R) in
1997. Seedliingsof parents and F were planted at the ex-
perimentd farm at Zhgiiang Univerdty in 1998 and 1999.
The seeds were sown on March 30 in hoth years. The 31-

day old seedlings were individudly tranglanted a a pac
ing of 20 cm % 20 cm within rows. There were 36 plants
in a plot with two replications. Seed sanples of parents
and R from F (A x R) plants were harvesed weekly a
different filling gages (7, 14, 21 and 28 days dter flow
ering and fertilization) from 16 plants in the midde part
o each plot. The F (A x R) seeds andyzed from differ-
et filling gages were obtained by crosing femaes with
males during the same growing seaon. Brown rice weight
(mg) o different filling sages were measured from three
replications for each sanple of parents, Fsand Fs, re-
gectively. Acoording to the developmentd stagesdf rice,
we divided the whole rice filling time into early filling
dage (1- 7 d) , mdde filling gage (8 - 14 d) , late
filling ¢age (15- 21 d) , and mature sage (22- 28 d
dter flowering) .

The genetic nodd's and gatidicd methods including
endogperm, cytoplagmic and meterna efectsfor quarntitar
tive traits of endogperm in cereal crops'® %! were used to
edimate the genetic variance components of endogperm
additive (Va) and dominance variance (Vp) , cytoplas
mic variance (V¢) , maternd additive (Vam) and domi-
nance variance (Vpm) , endogperm addtive interaction
(Vag) and dominance interaction variance (Vpe) , cyto-
plasm interaction variance (Vce) , maternal additive in-
teraction ( Vame) and dominance interaction variance
(Vome) a different filling stages (from flowering to the
ecid filling gage) for BRW. The developmenta genetic
nodd s and datigica methods were used to edimate con-
ditiond endogperm additive (Va (¢+,¢- 1) and dominance
variance (Vp (1.t-1)) , conditional cytoplasmic variance
(Ve (t.t-n) » oonditiona maternal additive
(Vam (t,t-1) and dominance variance (Vom (t,t-1) ,
oonditiona endoperm additive interaction (Vae (1.t- 1))
and dominance interaction variance (Vpe (t,t- 1)) , condi-
tiona cytoplasm interaction variance (Vee (t.t- 1) , 0O
ditiond materna additive interaction (Vame (t.t-1) and
dominance interaction variance (Vpme (¢.¢- 1) a the e
cific period (t - 1 —t) in rice filling time for BRW!'!.
In this experiment , (t,t- 1) represents the measures a
t gven the BRW measured at t - 1 for conditiond andy-
ds. The AUP method was used to predict genetic main -
fects including endosperm additive efect (A) , cytoplas
mic efect (C) , maternal additive efect (Am) aswel as
their GE interaction efects (AE, CE and AmE) "2,
The genetic dfects edimated by usng the unconditiona
anays s defined as the totd accumulated genetic efects of
genes expresed from the initid time (a flowering and
fertilization) totime t (0 —t) of ricefilling gage , while
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those edimated by usng the conditionad andyds means
the net genetic dfects from the genes expressd in the
gecid filling period of time t - 1 to time t. The Jack-
knife resampling method was enployed by sanpling gener-
ation meansd entries to derive the dandard errorsof edi-
mated conponents of variances and predictors (genetic &-
fects) . All data were andyzed by programs developed by
Zhu running on a PC conputer ™!

2 Resaults

2.1 Unconditional variance component analysis at
different filling sagesfor BRW

It was down by the reallts in Table 1 that en
dogperm, cytoplasmic and maternd genetic main variance
and their GE interaction variance components for BRW ,
including Va, Vo, Ve, Vam, Vom, Vae, Vbe, Vce,
Vame and Vpme & thefilling dagesof 7, 14,21 and 28 d
dter flowering and inmpregnation , were dgnificant except
for Vpa 14,21 and 28 d, Vpmat 7, 14 and 28 d, and
Veea 7, 14 and 21 d &ter flowering. The performance of
BRW at different developmenta dages was, therdfore,
oontrolled by the expresson o triploid endogperm, cyto-
plagmic and/ or diploid maternal genes, which could A
be dfected by the variation of environments.

Table 1 Edimaes of variance components for BRW & different
developmenta gagesin indica rice

Developmental dages o rice

Parameter
7d 14d 21d 28d
Ve
Va 20.39 " 17.47™ 16.34 " 12.27™
Vb 5.69 " 0.00 0.00 0.00
Ve 17.18 7.2 9.17 ™ 7.4
Vam 39.11" 18.15 17.91" 14.45 ™
Vom 0.00 0.00 2.30 " 0.00
Vee
Vae 42.96 " 16.00 ™ 17.82 " 13.66
Vbe 8.64 " 5.19 " 4107 .71
Vee 0.00 0.00 0.00 5.02"
Vame  44.90 " 2112 13.90 11.20 ™
Vome  12.16 4.34" 3.2 2.60 "
Ve 0.79" 0.69 " 0.40 " 0.41""

** dgnificant a 0. 01 probability levds. Vg, genetic main variance; Va,
endbgperm additive variance ; Vp , endogperm dominance variance; V¢, cyto-
plagmic variance; Van, meternd addtive variance; Vpm, meternad domi-
nance variance; Vge, GE interaction variance; Vag, endogerm additive in-
teraction variance; Vpg, endogperm dominance interaction variance; Ve,
cytoplagmic interaction variance; Vame, meterna addtive interaction vari-
ance; Vpme, meternd dominance interaction variance; V., reddud vari-
ance.

Not only by genetic main dfects, the BRW at differ-
ent developmental sagesis d o controlled by GE interac

tion efects. These GE interaction dfects belonged to one
part of genetic dfect inherited anong generations bed des

gengtic main dfects and were the main reason which
caused the variation for BRW of different filling gages in
different environments. Gonpared with the genetic main
dfects (Vg = Va + Vp + Ve + Vam + Vpm) and GE inter-
action efects (Vae = Vag + Voe + Ve + Vame + Vome)
the perfformance of BRW a 7, 14 and 28-day filling
dageswere mainly dfected by the GE interaction dfects
and the Ve for these developmenta gages were acoount-
ed for about 56.88 %, 51. 73 % and 51. 45 % of tota ge-
netic variance (Vs + Vee) , but BRW a 21 d was mainly
oontrolled by genetic main efects (54. 06 %) . For the
genetic main dfects anong the different genetic sysems,
maternd main efects ((Vam + Vom)/ Ve = 41. 69 % -

47.48 %) were nore inportant a different filling sages,
followed by the endogperm main dfects ((Va + Vp)/ Vg
=31.66% - 40. 13%) and cytoplasmic main dfects
(Ve/ Ve=18.18%- 21.71%) . For the GE interaction
dfects, dthough maternd interaction efects ((Vame +
Vome) / Vee =52.51 % - 54.58 %) were nore important
than other GE interaction dfects a 7 or 14-day filling
dages, the resultsdof unconditiona variance andys s indi-
cated that expresson of triploid endogperm genes ((Vae
+ Vpe)/ Vee = 56.42% - 47. 99 %) were nore than
others at the two filling gages of 21 or 28 d &ter flower-
ing. The cytoplasmic interaction efect (Vce/ Ve =
13.87 %) a 28 d dter flowering was svdler for BRW.
Therefore , BRW was mainly controlled by the diploid mar
ternal plant nuclear genes, followed by the triploid en
dogperm nuclear genes, while cytoplasmic dfects, epe
cidly for cytoplagmic main dfect , were a0 inportant for
BRW at different developmenta dages. It was suggeded ,
by the larger additive main variances ((Va + Vam)/ Ve =
72.24% - 81.82%) and additive interaction variances
((Vag+ Vame) )/ Vee =68.70% - 81. 66 %) for BRW
a different filling dages, that the additive efects were
nore important than other genetic dfects. S the better
improving dfects could be expected by sdection in early
generations for BRW.

Although al resdua variances (Ve) were significant
for BRW at different filling stages and the performance of
BRW oould a0 be influenced by sampling errors, it is
ooncluded that BRW was mainly controlled by genetic -
fects and/ or GE interaction dfectsdf different genetic sys
tems because of the srall value of edimated reddud vari-
ance.

2.2 Conditional variance component analysis at dif-
ferent filling sagesfor BRW

dnce the genetic variances edimated by
unoonditional variance andyss at different developmentd
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gages (0 —t) of rice were the total accumulation genetic
dfects by genes expressed before time t , the results could
not clarify the gene expresdon in one secid development
ta gage (t- 1 —t). It is helpful to undergand the net
genetic dfects from the genes expressed in the period of
time t - 1 to time t by usng the conditionad variance
anayss, and the results might dfectively explain the dy-
namic gene expresson a different developmenta gages of
rice.

From the conditiona variance analys's (Table 2) , it
was ooncluded that the oonditionad additive variances
(Va (t.t- 1 and Vam (1.t- ) and the conditiona additive
interaction variances (Vae (r.t-1 and Vame (t,1-1) &
various rice filling dages were dgnificant except for the
oonditional endogperm additive interaction variance
(Vae (1.t- 1) a the midde filling gage (8 - 14 d) or
oonditionad maternd  additive  interaction  variance
(Vame (t,1- 1) a mature sage (22 - 28 d dter flower-
ing) . These results indicated that there were endogperm
or materndl additive and additive interaction efects caused
by the new expresson of genes a nmog filling gages of
rice. While dgnificant conditiond dominance variances
(Vb (t,t-1 and Vpm (t.t- 1) and conditional dominance
interaction variances (Vpe (t.t- 1y and Vome (t,t- 1) dD
showed that there were new gene expresson at nog filling
dages for endogperm or maternd dominance and domi-
nance interaction dfects. It is, therfore, shown that the
activation of quartitative genes was gradudly carried
through the ocontinuing filling time and there were ome
differences for the magnitude or type of genetic dfects
anong thefilling dages. These results were difficult to be
detected by the unconditiona genetic variance anayss.
There was o detection of new gene expresson for cyto-
plagmic main dfects at the filling dagesdof 8- 14, 15 -
21 and 22 - 28 d dter flowering, Snce V(i1 1) a these
filling gages were ot found in this experiment. The dg
nificant unconditiona cytoplasmic main variances a 14,
21 and 28 d dter flowering shown in Table 1 were the re-
ault of the continua expresson of activated cytoplasmic
genes at the early filling sage (1- 7 d). The results of
the dgnificant cytoplagmic interaction effects & midde
filling gage and meture dage in Table 2 reveded that the
new genetic dfects detected by conditiona variance anay-
ssoould be earlier than those by unconditiond variance
anayss, dnce the latter could only find the cytoplagsric
interaction efects at the mature stage (28 d &ter flower-
ing) .

The results of oconditiona variances andyss showed
that there were new gene edpresson o triploid

endogperm, cytoplasmic and diploid materna genetic sys
tems at nog filling sages epecidly for the early filling
gage (1- 7 d dter flowering) . The conditiona variance
ocomponents of net genetic dfects a this gecid filling
dage were dgnificant and nog edimates were larger than
other filling dages except for Vpm(t.t- 1) and Vet t- 1) -
Therdore, the gene expresson at this filling sage was
nore active because of the onset of many new genes, and
the genetic dfects of different genetic sysemsat 1- 7 d
dter flowering were nore important than other filling
dagesfor the development of BRW. Snce the conditiona
variance conponents were sral a the filling gage of 22
- 28 d dter flowering , the new gene expresson could be
vighly reduced near meturation of rice.

Sonificant conditiona red dual variances
(Ve (1.t - 1) showed that the performance of BRW at dif-
ferent developmental dages were a0 irfluenced by sanr
pling errors.
Table 2 Edimates of ocondtiond variance cormponents for brown
rice weight a different developmental sagesin indica rice

Developmenta sages o rice

Parameter
7d0d 14d,7d 21d,4d 28d,21d

Vet t-1)

Va(t,t-1) 20,397 23.837 18.117 1250”7

Vb(t,t-1) 5.69 0.00 0.00 0.38

Ve, t- 1) 17.18 7 0.00 0.00 0.00

Vam(t, t- 1) 39.117 20.657 27.78" 10.74"

Vom(t,t- 1) 0.00 0.00 1.76 " 0.00
VeE(t,t- 1)

VaE(t t- 1) 4.9 0.00 13.46 4.40"

VDE(t,t- 1) 8.64 " 6.03" 4.63" 3.38"

Ve t- 1) 0.00 19.69 0.00 7.14"

Vame(t, t- 1) 44,97 20.607 12.47 0.00

Vome(t,t- 1) 12.16 7 4.54"" 3.46 215"

Ve(t,t- 1) 0.797 0.69 0.40 0.40

** dgnificant a 0. 01 probahility levels. Vg -1 , conditiona genetic
man variance; Va (t,1-1 , oondtiond endoperm addtive variance;
Vb (t,t- 1) , conditiond endogperm dominance variance; V¢ (t,t-1) , oondi-
tiona cytoplasmic variance; Vam (1,t- 1) , condtiond meternd additive vari-
ance; Vom (1,t-1) ,» oondtiond meternd dominance variance; Vgg(i - 1) »
oonditional GE interaction variance; Vag(t,t- 1) , conditional endogperm addi-
tive interaction variance; Vpeg, - 1) , conditiona endogperm dominance inter-
action variance; Vce(r,t-1) , oconditiond cytoplasmic interaction variance;
Vame(t,t- 1) , conditiond meternd additive interaction variance; Vpme(t,t- 1 »
oonditional meternd dominance interaction variance; Vet - 1) , condtiona
resdud variance.

2.3 Unconditional and conditional genetic efectsfor
parents at different filling sages o rice

The results of predicted unoonditional and condition-
a genetic main dfects and GE interaction dfects from
triploid endogperm genes, cytoplasmic genes and maternal
plant genes indicated that mog predicted genetic dfects
for QMS lines were podtive which could increase the
BRW, while nog redorer lines were mot. Snce the
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difference of net genetic main dfects and net GE interac The variations of net genetic main dfects and net GE
tion efects at early filling sage for BRW anong parents interaction dfectsfrom the expresson of genes at different
were larger than other filling sages, the expresson of developmental dages were largely exiged anong parents
genes a this gage was nore important for the performance and environments (years) . Although the expresson of
o BRW (predicted unconditionad and conditional genetic genes were dable for ome parents arrong different filling
dfectsfor ome parents are liged in Table 3) . gages, the predicted gendtic dfects of some parents were

Table 3 Predicated uncondtiond and conditional genetic fects of brown rice weight at different filling stages of indica rice

Parert Endogoern additive dfect Cytoplagmic dfect Materna additive fect Totd
A AE;y AE, C CE; CE Am AmE; AME, 1998 1999

Unconditional predicted genefic effects
Firg developmenta gage of rice (WBR1)
Ps -2.69° -0.17 0.02 -1.02 - - -2.47° 1.29 -1.69 - 5.06 -7.8
P6 4.9 " 0.49 0.09 2.9 - - -1.47 0.47 - 0.8 7.33 5.57
P7 6.69 " 2.09 -1.30 4.29* - - - 0.49 -3.7 2.95 8.80 12.15
P11 -5.22°7 3.00" -3.73" -3.% - - 1.82 -5.33"7 571" -9.68 -5.37
Second developmental stage of rice (WBR2)
Ps -0.28 -0.27 0.13 - 0.06 - . -1.54" 0.42 -1.40" -1.72 -3.15
P6 1.26" 0.85 0.06 1.66 - - -0.79 1.23 -1.77 4.21 0.43
P7 1.457% 2.01" - 0.96 1.44 - - 0.73 -3.12 3.57 2.51 6.23
P11 - 0.08 -1.08 1.03 -0.24 - - -1.08 - 0.07 - 0.62 - 2.5 -0.9
Third devdlopmental sage of rice (WBR3)
P5 -0.85" 0.08 - 0.18 - 0.8 - - -1.56" 0.56 -1.14 - 2.65 - 4.61
P6 1.15 1.26" -0.76 1.89 - - 0.30 -0.35 0.44 4.26 3.02
P7 2.23" 1.61° -0.59 2.61% - - -1.01 -2.59° 1.81 2.85 5.05
P11 -1.25 -1.78" 1.44 - 0.51 - - -1.20 0.93 -1.52 -3.81 -3.04
Fourth developmenta dage of rice (WBR4)
Ps -0.60" - 0.9 -0.17 - 0.62 -1.46 1.21 -1.95% -1.12 - 0.55 -6.64 - 2.67
P6 0.78" 0.56 0.58 2.45" 2.21 -0.79 -0.10 0.67 -0.77 6.57 2.15
P7 1.47° 1.39 0.82 2.61° 2.73 -1.22 -0.92 -1.8 1.04 5.44 3.80
P11 -1.26 -3.04 0.93 1.43 -2.39 3.00 -1.57 1.97" -3.17° - 4.87 - 0.65
(onditional predicted genedic effects
onditiond firg developmenta sage of rice (WBR1 ,\WBR0)
P5 -2.69" -0.17 0.02 -1.02 - - -2.47" 1.29 -1.69 - 5.06 - 7.8
P6 4.9 0.49 0.09 2.9 - - -1.47 0.47 -0.89 7.33 5.57
P7 6.69 " 2.09 -1.30 4.29* - - - 0.49 -3.7 2.95 8.80 12.15
P11 -5.22°7 3.00* -3.73" -3.% - - 1.82 -5.33" 571" -9.68 -5.37
Qonditional second developmental gage of rice (WBR2 ,\WBR1)
Ps 0.49 - - - 1.78 -1.31 -0.%4 0.47 -0.73 2.20 -2.09
P6 1.04 - - - 579" -5.56" -1.94" 0.66 - 1.69 5.55 -8.15
P7 0.9 - - - -7.00 6.68 -1.42 - 2.58 1.66 - 10.04 7.88
P11 0.99 - - - -1.79 2.98" -2.477 2.19% -3.437 -1.08 -1.93
(onditiond third developmenta gage of rice (WBR3 ,\WBR2)
P5 1.047 0.01 0.17 - - - 2.90 " 0.51 0.01 4.45 4.11
P6 -0.8" 0.61 -0.72 - - - -2.66" -0.02 - 0.52 -2.92 -4.75
P7 - 0.5 0.64 - 0.58 - - - -4.937 -1.37 0.22 -6.20 -5.83
P11 -0.86" - 0.56 0.41 - - - -1.08 -0.04 -0.21 -2.55 1.75
Qonditiona fourth developmental sage of rice (WBR4 \WBR3)
Ps 0.19 -0.92 1.34 - -1.1 1.33 - 0.06 - - -1.90 2.81
P6 0.20 0.40 - 0.05 - 2.33" -2.14 -0.%4 - - 2.40 - 2.52
P7 0.13 1.45 -1.22 - 2.35 -2.717 - 0.65 - - 3.27 -4.46
P11 -1.27° -3.32 0.03 - -3.98" 5.27" - 3.5 " - - - 12.13 0.47

+, *and ** were dgnificant a 0.10, 0.05 and 0.01 levd , repectivdy. A, endogperm additive dfect; C, cytoplagmic fect ; Am, Maternd additive €-

fects; AE;and AE;, endogperm additive interaction efects; CE;and CE;, cytoplasmic interaction effects; AmE; and AmE, , meternd additive i nteraction effects
in 1998 and 1999 , repectively.” - ” indicates not available of predicted effects because of the corregponding zero etimetesof variance conponentsin Table 1 and
Table 2.
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uncongant and even of posdtive (or negative) value in the
early filling sage(s) and then became negative vaue (or
postive) inthe later gage(s) . For exanple, the total ge
netic dfectsof P6 (V20) and P7 (Zwo 5) at different de-
velopmental gages for BRW were podtive by usng the
unoonditional variance analyss, which could increase
BRW o dfsring, but P5 (Gangcheo 1) and P11 (102)
were ot. We gill could find some differences of net ge-
netic efect components among filling sages for these par-
ents. These results suggeded , therefore, that the genetic
analyss by usng thefina pherotypic vaue of BRW might
mot be suitable to the other filling dages of rice, and it
oould be nore clear to find the genetic variation difference
anong parents at different developmenta sages by usng
the developmental genetic andyds and usng better par-
ents which have better genetic dfects at nogt developmernt
tal dagesfor improving BRW.

The resultsin Table 3 show that there were some dif-
ferences between the genetic main efects and GE interac
tion efects predicted by unconditiona variance analyssor
conditional variance analyss. Snce the conditional genet-
ic dfects and conditiona GE interaction effects of new
gene expresson a the latefilling gage (15 - 21 d) for P6
(V20) and P7 (Zw 5) were mainly negative and some
conditional GE interaction efects at the midde (8 - 14
d and mature filling sage (22 - 28 d dter flowering)
were d not the same direction between two years, the
expresson of new activated genes was nore snstive to
the variation of environments. The postive genetic efects
detected in 1998 and 1999 by unconditiona variance
andyssfor these two parents at different developmenta
gages were mainly caused by the sequentidly postive ex
presson o the activated genes at the early filling stage (1

- 7 d dter flowering) . The expresson of the new activat-
ed genes at variousfilling sagesfor P5 (Gangcheo 1) and
P11 (102) could reduce BRW o dfgrings because of
their negative predicted conditiona genetic dfects and
oonditiona GE interaction dfects a 4 ecid filling
dages, but the gability of gene expresdon at different
filling gages for these two parents was better than other
parents. There was o new gene expresson for conditiona
cytoplasmic main dfect a the midde, lae, and mature
filling stages; oonditiona endogperm additive interaction
dfect a the middefilling gage , and conditiond maternd
additive interaction dfect at mature sage for these par-
ents, © thoe genetic main dfects or GE interaction -
fects detected by unoonditiona andlyds at these filling
dages were the sequertialy expresson of activated genes
at the early filling gage(s) . The conditiona cytoplasmic

interaction efects expressed at the middefilling gages a-
D showed that ome genetic efectsdf parents by usng the
oonditiona variance andyss could be found earlier than
those by unconditional variance andyds. S there was
gagrodicaly expresible pheromeron for sme genetic
dfects of parentsin gene expresson and it could be efec
tively detected by the oondtiond quartitative genetic
andyss a al filling sages of rice.

3 Discussion

Mog o the quantitative traitsof crops are Smultane-
oudy ocontrolled by genetic main fects and GE interaction
dfects besdes environmenta dfects. Although the genet-
ic dfects edimated by usng the fina pherotypic data of
quartitative traits could provide the cumulative genetic -
fects of many quartitative genes expressed at the develop-
mental sagesfrom the initia time to the find time , these
results could not clarify the gene expresson at one gecif-
ic period (t- 1 —t) in the whole developmental period.
It is nore difficult to dudy the developmenta genetic
mechaniam of gene onst or off set at the ecific period for
these traits by udng the conventiond datidicad anay
g5/ ™! There was d ro irformation about the devel-
opmental genetic mechaniam of quarntitative traits sudied
by nolecular genetics. The theory of developmentd genet-
ics indicated that genes are expressed SHectively at differ-
ent growth periods and there might be that ome genes
were activated and others are not or being closed a a e
cific developmental gage. Snce the performance of quan-
titative traits would be controlled by the gene expresson,
regulation and reaction during growth periods and a be
influenced by environments, it is difficult to Sudy the de-
velopmental geneticsof quartitative traits. It is necessary ,
therdfore, to undergand the dynamics of gene expresson
and variation of genetic dfects at different developmenta
dagesfor the quartitative traits in different environments
by usng the new genetic nodels and gatigical goproach.
The genetic nodd's and datidica goproach developed by
Zhu!”! could be used for egtimeting the conditional genetic
variance cormponents, predicting the conditional genetic
dfects, andyzing the developmentd quantitetive genetics
and the gene expresson a ecific deveopmenta period
o quartitative traits. By udng these genetic nodds,
Atchley and Zhu!™®! have efectively anayzed the develop-
mental behavior in mice and Chen e a'*! in cotton for
guartitative traits.

dnce nog o the rice endogperm traits were
quartitative traits, the quantitative genesfor the rice grain
were epresed sdectivdy a  different  developmenta
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periods from the zygpte, which could a9 be irfluenced
by ervironments. Otherwise, rice endogperm quartitative
traits were smultaneoudy controlled by different genetic
sysems including triploid endogperm nuclear genes, cyto-
plasmic genes and diploid meterna plant nuclear genes,
which were different from the agroromy traits* . It is
helpful to clarify the developmental genetic mechaniam of
genes and to inprove the rice endoperm traits by sudying
the genetic dfects of different genetic sysems and the
variation of gene expresson at different filling stages for
these quartitative traits in various ervironments. By usng
the unoconditional variance or conditional variance anay
ds, we have gudied the endoperm, cytoplasmic and me
ternd genetic dfects of quartitative gene eqresson for
BRW from flowering to one filling time (0 —t) or a one
wecific filling gage (t - 1 —t) in different environ
ments. The results have revedled some developmental ge
netic characters for BRW and found that the activation of
quartitative genes was gradudly carried through the conr
tinuing filling time and there was a phenomeron of inter-
current gene expresson anong the filling Sages egecidly
for cytoplagmic genes. The gene expresson was nore ac
tive a the early filling stage (1- 7 d dter flowering) and
the genetic ef ects were nore inportant than those at other
filling gagesfor the development of BRW. S there could
be grester phydologca change a the early filling gage of
rice. It would be hdpful to increase BRW by usng the
varieties with better genetic dfects as parents in rice
breeding and by better cultura management of field at this
filling gage. The results albove have clarified the dynamic
expresson of quarntitative genes and the dynamic change
o genetic dfects and the net gendtic dfects expressed at
the ecific developmenta gage(s) for BRW in different
environments. It could provide some badsfor quantitetive
trait loci (QTLs) anayss and marker asisted sdection
(MAS) o rice endoperm quality traits improvement at
different developmental sages.
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