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Abstract

The longer growth period of hybrid is one of the limitations
for the utilization of intersubspecific indica-japonica
heterosis in rice. In this study, three indica cytoplasmic
male sterile lines and four japonica restorer lines with
wide compatibility were used as parents to make crosses.
The additive and nonadditive genetic effects on heading
date were analyzed using an additive-dominance-epistatic
model. The results showed that the genetic variation of
heading date could be attributed to additive, dominance
and additive x additive epistatic effects, with dominance
genetic effects being predominant, followed by additive
x additive epistatic effects. Analysis of genetic effects
showed that the additive genetic effect from R 348
increases heading time, while the additive x additive
epistatic effects from Zhensan 97A, R 456 and R 496
reduce heading time. In the progenies of crosses heading
time was reduced by dominance genetic effects, whereas
it was increased by additive x additive epistatic effects.

Key words: Rice; indica-japonica cross, heading date, genetic
effect

Introduction

In the field of rice heterosis breeding, many rice
researchers have attempted to explore new technological
approaches for increasing the yield potential of rice.
The most successful attempt to date has been the
development of intersubspecific (indica-japonica) hybrids
[1]. Intersubspecific hybrids exhibit obvious heterosis,
but there are certain limitations. One of these limitations
is the longer growth period of hybrid. The understanding
of the inheritance of growth duration of intersubspecific
hybrid is important for the selection of parental lines
and for the efficient utilization of intersubspecific
heterosis.

The growth duration of rice is composed of three
stages, the vegetative growth phase, the reproductive
growth stage, and the maturity phase. The reproductive
growth stage and maturity phase are relatively stable
in different varieties, therefore the growth duration of

'Corresponding author: E-mail: jgchen@hubu.edu.cn

a rice variety is commonly characterized by heading
date, namely, the number of days from sowing to
heading [2-7]. But a majority of the reported researches
have been limited to intrasubspecific hybrids. Less
research has been conducted on the genetic effects
of heading date of intersubspecific hybrid rice. Yuan
et al. [8] studied the combining ability and heritability
of heading date in F1 generation deriVing from six
japonica rice varieties and six indica rice varieties. Shen
et al. [9] examined the performance of heading date
for indica-japonica F1 hybrids of five mating types. Zhou
et al. [10] described the significant super-parent
phenomena of heading date in F1 of intersubspecific
hybrids. Further research is needed to elucidate the
intricate nature of genetic effects for heading date in
indica-japonica hybrids.

The present study investigated the inheritance of
heading date in indica-japonica crosses of rice, using
the additive-dominant-epistasis genetic model developed
by Zhu [11-12]. The objective was to estimate genetic
variances and heritability, and determine the relative
importance of additive genetic effect, dominant genetic
effect and epistatic effect in the genetic variations of
this trait.

Materials and methods

Plant materials and field experiments: Seven rice
genotypes, including three indica cytoplasmic male sterile
lines (Jin 23A, ChangfeiA, Zhengsan 97A) and four
japonica restorer lines with wide-compatibility (R 348,
R 456, R 496, R 525) developed by the Laboratory
of Genetics of Hubei University in China were selected
for this study. Crosses were made during 2003 at
Hubei University. The F1 generations were grown in
the winter nursery at Ninshui county, Hainan province,
to produce F2 seeds. Seeds of F1s, F2s and the seven
parents were grown at the Plant Genetics Research
Institute, Hubei University. Seeds were sown in a
randomized block design with three replications.
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with variance-covariance matrix

var (y) =

2 T 2 T 2 T
(JA UA U A + (JO U 0 U 0 + (JAA U AA UAA

Yijk/= ~ + Gijk+ 8/+ eijk/

where Yijk/ = the phenotypic mean of the kth mating

type of the cross of maternal parent i and paternal
parent j in the Ith block; /01 = population mean; Gijk =

the total genetic effect; 81 = the effect of I th block;

e1jkl = the residual error.

Standard cultural practices were followed during the
growing season.

Heading date was taken as the number of days
after planting to when the head of the main tiller for
a plant emerged 2cm from the flag leaf sheath. Data
on heading date were collected from 20 sample plants
selected randomly from each parent and F1 hybrid,
and from 100 sample plants selected randomly from
each F2 hybrid.

Statistical analysis: The additive-dominance­
additive x additive (ADAA) genetic model for quantitative
traits developed by Zhu [11-12] was used for the
analysis. The genetic model for genetic entry of the
kth type of generation derived from parents i,and j in
the hh block is

Unbiased estimation of variances were obtained
by MINQUE(I) approach [13]. When experimental

variances ((J~) are estimated, genetic variance

components can be obtained by VA = 2 (J~, Vo= (J~

VAA = 4(J~A' Ve = (J~. The total phenotypic variance is

Vp = VA + Vo + VAA + Ve, where VA is the additive
variance, Vo is the dominance variance, VAA is the
additive x additive epistatic variance, and Ve is the
residual variance. Heritabilities were estimated by the
following method [11]:

2 2
hB = (VA + Vo+ VAA )/Vp. hN = (VA + VAA )/Vp

where h~ is the broad sense heritability, h~ is the

narrow sense heritability.

Genetic effects were predicted by the adjusted
unbiased prediction (AUP) method [14]. The potential
value of parental lines was then evaluated. Standard
errors of the statistics were obtained by the jackknife
procedures [13, 15], and t-tests were performed for
testing null hypothesis of zero parameters. All the
analyses were performed using the software QGA
Station 1.0 developed by Chen and Zhu
(http://ibi.zju.edu.cn/software/qgalindex. htm).

Results and discussion

Mean performance of parents and hybrids for heading
date: Mean heading dates for parents and their F1s
and F2s are presented in Table 1. The mean heading
date of the seven parents ranged from 80.3 to 85.6
days. The performance of the F1S and F2s differed
over crosses. The F1 and F2 means for Jin 23A x R
348 and ChangfeiA x R 525 were intermediate between
their parents. Positive super-parent heterosis were
observed in the F1 and F2 of Zhengsan 97A x R 348
and ChangfeiA x R 348, and negative super-parent
heterosis were observed in the F1 and F2 of Jin 23A
x R 456 and Zhengsan 97A x R 525.

Genetic variance components and heritability.
Heading date of rice is primarily determined by
photosensitivity, thermosensitivity and basic vegetative
growth character of a variety, and these characteristics
are controlled by various genes. Therefore, the genetic
effects of heading date are complicated. Estimates of
genetic variance components are presented in Table
2. In the present study, significant additive effects,
dominance effects and additive x additive epistasis for
heading date were observed in indica-japonica crosses
of rice. Dominance variance (Go) was greater than
additive variance (VA) and additive x additive epistatic
variance (VAA)' Heritability estimates are also presented
in Table 2. The estimate of the narrow sense heritability

2 T
(JuUuUu'

4

L
u=1

2
+ (Je I =

.
For parent Pi (k = 0):

GiiO = 2Ai+ Dii + 2AAii

For F1ij (Pi X Pj) (k= 1):

Gjj1 = A j + Aj + Dij+ AAii + AAjj + 2AAij

For F2ij (k= 2):

Gjj2 = Aj + Aj + 0.25 Dii + 0.25 Djj

+ 0.5 Dij + AAii + AAjj + 2AAij

where A = additive effect, D = dominance effect, AA
= additive x additive epistatic effect. These are random

ff 'h' 2 2 2 . Ie ects, Wit variances aA' aD' aAA' respective y.

The phenotypic mean of the genetic model can be
expressed by a mixed linear model as

y = Xb + UA eA + U0 eO + UAA eAA + ee

4

Xb + L Uu eu
u=1
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"Significant at a =0.01.

was relatively lower; therefore, selection for heading
date might be inefficient in earlier generations. The
high value of broad sense heritability suggests that the
phenotypic variation of heading date among
indica-japonica crosses was largely due to the difference
of genotypes, indicating that the screen for hybrid with
desirable heading date could be carried out effectively
based on the phenotype of this trait. Li et al. [16]
found that the growth duration of intrasubspecific
(indica-indica) hybrid rice was regulated jointly by additive
effect and dominance effect, with higher heritability. But
they did not find any epistatic genetic effect for this
trait.

Table 1. Mean heading date in parents, F1s and F2s

Combinations Pj P2 Fj F2
Jin 23A x R 348 81.9 85.6 84.9 85.5
Jin 23A x R 456 81.9 82.5 79.5 81.0
Jin 23A x R 496 81.9 82.5 79.6 81.8
Jin 23A x R 525 81.9 85.1 80.5 82.7
Zhengsan 97A x R 348 84.3 85.6 92.8 98.0
Zhengsan 97A x R 456 84.3 82.5 79.2 83.2
Zhengsan 97A x R 496 84.3 82.5 80.8 85.5
Zhengsan 97A x R 525 84.3 85.1 81.6 85.4
ChangfeiA x R 348 80.3 85.6 86.3 89.9
ChangfeiA x R 456 80.3 82.5 80.2 86.3
ChangfeiA x R 496 80.3 82.5 78.7 87.7
ChangfeiA x R 525 80.3 85.1 81.3 84.1

Table 2. Estimates of genetic variance and heritability of
heading date in indica-japonica crosses of rice

Table 3. Predicted values of additive and additive x additive
genetic effects of heading date In parents

Table 4. Predicted values for dominance genetic effects
(Oij) and additive x additive genetic effects (AAij)
of heading date in hybrid combinations

-0.68
-1.09
-2.53'
-0.44
-1.15'
-1.81'
-0.06

AA11
AA22
AA33
AA44
AA55
AAfl6
A~77

Additive x additive
Parameters Predicted

values

Additive

A1 -0.96
A2 0.78
A3 0.26
A4 1.50'
A5 -0.60
A6 -0.21
A? -0.45

Parameters Predicted
values

indicated that in the indica-japonica crosses of the
present study, parents influence the heading date of
progenies primarily through additive x additive epistatic
effects, which reduce the heading date of hybrids.
Therefore, the three lines (p,rent 3, 5 and 6) were
suitable for a breeding project aimed at improving the
heading date of indica-japonica hybrids. Li et al. [16]
showed that Zhensan 97A had a relatively short growth
duration, and dominance effect which could shorten the'
growth duration of F1 hybrid derived from it. The result
in the present study showed that the additive x additive
epistatic genetic effects of Zhensan 97A (parent 3)
might shorten the growth duration of hybrid. These
results further suggested that Zhensan 97A is a valuable
parental line in early breeding of rice.

Table 4 presents the predicted values of
dominance effects (Dij) (i, j = 1, 2, ... , 7) and additive
x additive epistatic effects (AAij) (i, j = 1, 2, ... , 7) of
heading date for the 12 hybrid combinations. Negative
dominance genetic effects were observed in 11 of the
12 indica-japonica hybrid combinations. The predicted
values of dominance effects for eight hybrid combinations

'Significant at a =0.05.

0.275"

0.867*'

11.426"
45.954"
9.870"

10.3025"
77.553"

EstimatesParameters
Additive variance (VA)

Dominance variance (Vo)

Additive x additive epistasis variance (VAA)

Residual variance (Ve)

Phenotypic variance (Vp)

Narrow sense heritability (h~)

Broad sense heritability (h~) .

D15 0.11 AA15 0.45
D16 -2.92' AA16 -1.34'
D17 -3.63 AA17 -0.94
D18 -4.20' AA18 -0.93

°25 -4.01' AA25 6.11"
D26 -5.98' AA26 -1.03

°27 -5.75' AA27 0.36

°28 -5.48' AA28 -0.15

°35 -2.31 AA35 2.63'
D36 -8.00' AA36 1.34

°37 -12.56" AA37 1.95'

°38 -2.91 AA38 -0.14

':'Significant at a = 0.05 and 0.01 respectively.

Evaluation of genetic effects in parents and hybrid

progenies: Table 3 shows the predicted values of
additive effects (Ai) and additive x additive epistatic
effects (AAii ) of heading date for the 7 parents Pi

(i = 1, 2, ... , 7). P1 - P7 represent Jin 23A, ChangfeiA,
Zhengsan 97A, R 348, R 456, R 496 and R 525,
respectively. Among the seven parents, significant
additive genetic effect was observed in only one parent
(parent 4, R 348) for heading date (Table 3). The
additive effect of R 348 was positive, increasing heading
date by 1.5 days. Significant additive x additive epistatic
effects were observed in three parents (parent 3, 5
and 6), and these additive x additive epistatic effects
were all negative in their estimates. These results

Dominance
Parameters Predicted

values

Additive x additive
Parameters Predicted

values
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were significantly different from zero. Only one
combination showed positive predicted value for
dominance effect, but it was not significantly different
from zero. Therefore it is concluded that, in
indica-japanica crosses the function of dominance effect
is to shorten the growth duration, that is, to decrease
heading date. In the 12 indica-japanica hybrid
combinations, both positive and negative predicted
values were obtained for the additive x additive epistatic
genetic effect of heading date, but most of these
predicted values were not statistically significant. Only
four combinations have significant additive x additive
epistatic effects, three of which gave positive predicted
values, one gave negative predicted value. Moreover,
the absolute values of the three positive epistatic effects
were larger than that of the negative one. These results
suggested that in the progenies of the indica-japanica
crosses, the function of additive x additive epistatic
genetic effect was to delay the heading date, or to
increase the growth duration.
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