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Abstract: Two photo-sensitive genic male sterile (FGMS3) lines of japonica type
and four indica varieties are tsed as parerts to make indica/ japonica crosses in rice
{Oryza satia L). Cznetic models with genotype X environment interactions for triploid
endosperta are used for genetic studies of the three cooking quality traits of rice grain,
including amylose content, gel consistency and alkali digestion value. The result indi-
cate that the genetic variations of the three characters are mainly attributable to the
direct additive and maternal additive effects. Genotype x environment (GE) inter-
actions are expressed mainly as dominance x environment and cytoplasm x environ-
ment interactions. Only the interactive maternal heritabiiity is significant for amylose
content. Gel consistency has significant general direct heritability and interactive cy-
toplasmic heritability. Alkali digestion value has highly significant general direct and
maternal heritability. The potential values of parental lines for the improvement of
rice quality are discussed with respect to the predicted values of genetic effects.
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0 Introduction

The emphasis on breeding for quality rice has assumed great significance in recent years.
To achieve both higher. vield and quality, breeders can benefit from understanding the underlying
genetic structure of the breeding population and the significance of genotype x énvironment (GE)
interactions. The grain of rice is composed of diploid maternal tissues (pericarp and testa), diploid
hybrid tissues (embryo), and triploid hybrid tissues (endosperm) like other cereal crops. Hence,
the complexity of the gene expression for quality characters of the grain lies in the fact that they

may be contributed by several genetic systems (e.g., nuclear genes of matermal plants, nuclear
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genes of endosperms, and cytoplasmic genes), and also affected by environmental factors. Informa-
tion about the relative importance of the effects of different genetic systems is needed to predict
the usefulness of these traits in a breeding program. Several authors developed some genetic
models for the estimation of genetic effects of endosperm characters in recent years. The models
presented by Foolad and Jones (1992) and Pooni et al. (1992} cannot yield unbiased estimates
of the different effects, for linear correlations exists among the genetic parameters. And these
methods cannot accommodate the estimation of the genetic variance and covariance components.
Therefore further information on other genetic properties of quality traits, such as heritability,
genetic correlation and selection response cannct be obtained for tue reference population. Fur-
themore, the above models cannot analyse G intzractions of the effects of different sources in
quality traits. Zhu and his colleagues receniiy proposed a series of models for quantitative traits
controlled bv triploid endosperm nuclear genes, maternal plant nuclear genes and cytoplasmic
genes (Zhv & Weir, 16941y Zhu, 1996). These models can be used for the estimation of variance
and covariance components and for the prediction of genetic effects, and GE interaction effects of
different sources.

This study investigates the inheritance of amylose content, alkali digestion value and gel
consistency in indica-japonica crosses of rice, using genetic model with genotype x environment
interactions for triploid endosperm developed by Zhu (1996). The objectives are to (1) estimate
genetic and genotype x environment variances and covariances for deriving statistics, such as
heritability, and (2) determine the relative importance of direct genetic effects, maternal genetic
effects and cytoplasmic effects in the genetic variations of the three quality characters.

1 Materials and Methods

1.1 Plant Material and Trait Evaluation

Two japonica photo-sensitive genic male sterile (PGMS) lines (N422s, A1073s) and four in-
dica varieties (Miyang59, E349, Tx-1 and Miyang56) are used to make non-reciprocal crosses.
Crossed (F;) and selfed-seeds are obtained from the same plants. Individuals of these Fjs and
selfed parents were grown at two locations (Lianyungang city in Jiangsu province and Linsul
county in Hainan province) during 1994 and 1995. Seeds of parents, Fs and Fys are obtained by
self/cross-pollination from entries in two replicates with randomized complete block design.

The seeds obtained are evaluated for amylose content, alkali digestion value and gel consis-
tency. Amylose content is estimated using the methods developedn by Juliano (1971). Alkali
digestion value is estimated by use of the alkali digestion test and spreading scores of Little et
al. (1958). Test is conducted based on 30 grains per sample. Gel consistency determinations are
made by using the procedure outlined by Cagampang et al. {1973). The analysis is repeated two
times.

1.2 Statistical Analysis

The model used for the analysis is

Yhijr = B+ En + Giji + GEnijk + Biny + €nijni
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where Y. = the phenotypic mean of the kth mating type of the cross of maternal parent i
and paternal parent j in the [th lock within the Ath location; u = population mean; £, = the
environment effect at location h; Gjjr = the total genetic effect; GEhijre = the total genotype x
environment effect; By,) = the effect of /th block within location h; ep;jx; = the residual error.

The partitioning of genetic effect Gy;, and genotype x environment interaction effect G Epijk
depends on specific genetic entry of endosperm. In the present study, seed niaterials of three
generations are used, hence the components of the genetic and genotvpe x eavironment effects
are as follows:

For parent P; (k =0)

Giio = 3A; + 305 + G - 240m; + Dmy;

Clpiin= 3AEy + 3D Epii + CEp; + 2AmER; + DmEy,;;
for FI,‘J'(P,' K Pj) (k = 1)

Gij1 = 2A; + A; + Dy +2Di5 + C; + 2Am; + Dmy;
GEhij1 = 2AEp + AEy; + DEyii + 2DEyi; + CEpi + 2AmEp; + DmEyii;

for Fg,‘j (k - 2)

G,‘jg =15A; +1.54; + Dii + D;; + Di; + Ci + Am; + Am]- + Dmy;
GE'h,'jz =1D5AE,; + 1.544Ehj + DEpii + DEpj; + DEpi; + CEpi + AmEy; + AmEy; + DmEy;;

where A; is the direct additive effect of endosperm genes from parent ¢; D;; is the direct dominance
effect of endosperm genes from parent 7 and j; C; is the cytoplsam effect of parent i; Am; is the
maternal additive effect of plant nuclear genes from parent ¢; Dm;; is the maternal dominance
effect of plant nuclear genes from parent ¢ and j; AFp; is the A; x E) interaction effect; DEy;;
is the D;; x Ej, interaction effect; CEy; is the C; x E), interaction effect; AmEy; is the Am; x Ej
interaction effect; DmE,;; is the Dm;; x Ej interaction effect.

For the model of seed traits in this study, the phenotypic variance V, can be partitioned as

Vp =(Va + Vp) + Vo + (Vam + Vom) + (Vag + Vpe) + Vee + (Vame + Vome)+
2(Caam + Cp pm) + 2(CaE.ame + CpoE.DmE) + Ve

where V4 is the direct additive variance; Vp is the direct dominance variance; V¢ is the cytoplasm
variance; Vy, is the maternal addtive variance; Vpy, is the maternal dominance variance; Vyg is
the direct addtive x environment interaction variance; Vpg is the direct dominance x environ-
ment interaction variance; Vo is the cytoplasmxenvironment interaction variance; Vamg is the
‘maternal addtive x environment interaction variance; Vpmg is the maternal dominance x envi-
ronment interaction variance; C4 am is the covariance between the direct and maternal addtive
-effects; Cp pm is the covariance between the direct and maternal dominance effects; Cag. amE
is the covariance between the direct and maternal additve x environment effects; Cpg.pmE 18
the covariance between the direct and maternal dominance x environment effects; and V, is the
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residual variance. .

Variance and covariance components are estimated by MINQUE (0/1) method (Zhu and
Weir, 1994a), and then the heritability components are calculated using the method suggested by
Zhu (1996). Genetic effects are predicted by the adjusted unbiased prediction (AUP) method (Zhu
& Weir, 1996). The potential values of parental lines are then evaluated. Standard errors of the
statistics are obtained by the jacknife procedures (Zhu & Weir, 1994a), and t-tests are performed
for testing null hypothesis of zero parameters.

Table 1 Estimates of Genetic Variances and Covariznces of Ccoking Quality Characters

Amylose \ Gel Alkali
Parameters Content Consistency Digestion Value
Va 0.0 \_ . T1490.47** 39.70**
Vp 14.75%* 0.00 0.00
Ve 0.C0 0.00 0.88*
Vam 0.00 1237.33** 39.95**
Vom 0.00 0.00 0.00
Ca.am 0.00 —1265.58"* —34.33**
Cp.pm 0.00 0.00 0.00
Vg 0.00 0.00 0.00
Vg 22.21%* 0.00 0.95**
Vg 0.00 193.41** 0.00
VamE 45.23** 0.00 0.00
Vome 26.63* 35.78*%* 0.20*
CAE.AmE 0.00 0.00 0.00
Cpg.DmE —11.97* 0.00 0.13
Ve 0.59 35.94* 0.01

=x and x indicate significant at the 0.01 and 0.05 levels, respectively
2 Results

2.1  Analysis of Genetic Variance Components and Heritabilities

Significant variances are observed for the three characters, indicating the importance of both
direct and maternal genetic effects (Table 1). Genetic variation of amylose content is mainly
ascribed to genotype x environment interaction variances (including direct dominance x envi-
ronment, maternal additive x environment and maternal dominance x environment variances).
Genetic variations of alkali digestion value and gel consistency are primarily due to the highly
significant direct and maternal additive variances, and the negative covariance of the direct and
maternal additive effecs. Additionally, there are significant cytoplasm variance, direct dominance
x environment and maternal dominance x environment variance for alkali digestion value, but
their effects are not important.

Heritability estimates are presented in Table 2. The total heritability consists of the sum
of general and interactive heritability component each can be further partitioned in terms of
the direct, maternal and cytoplasmic components. General heritabilities of amylose content are
not significant, only the interactive maternal heritability component is significant for this-trait.
Therefore, one would predict that selection for this trait would be more effectively practiced in the

optimal environment based on the maternal plant. Gel consistency has significant general direct
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heritability and interactive cytoplasmic heritability. Alkali digestion value has highly significant
general direct and maternal heritabilities, and these two components are similar in magnitude,
hence this trait might be improved through single plant selection and seed selection in various
environments.

Table 2 Heritabilities of Cooking Quality Characters in Indica-Japonica Crosses

Amylose Gel Atfiali
Parameterst Content Consistency Digestion Value
R 0.00 as2 0,407
2. 0.00 6.0y 0.07
R, 0.00 0.07 0.42**
:zo B E)l,gg 0.00 8.00
K% o0 000
“ME o TN\ ay/ . .

Thzo =direct hertamlity; hi,-:matemal heritability; h2c =cytoplasmic heritability; h%)E =direct Xenvironment

heritability; h"f)er =maisrnal X environment heritability; h%E =cytoplasmicX environment heritability.
2.2 Evaluation of Genetic Effects in Parents

Genetic effects are evaluated for two traits, gel consistency and alkali digestion value (Table
3). The highest positive general additive effect (A + Am) for gel consistency is observed in
Miyang59, followed by Miyang56 and Tx-1. The lowest values are observed for N422s. For
alkali digestion value, only A1073s show significant negative values for direct additive effects, the
others are positive. The highest positive direct additive effect is exhibited by Miyangb9, and the
lowest by E349. Miyang59 might therefore be the best parental line aiming at lower gelatinization

temperature and softer gel consistency.

Table 3 Predicted Genetic Effects of Cooking Quality Characters in Parents

Parental Varieties

Traits Effectst A1073s N422s Minyang59 E349 Tx-1  Miyang56
Gel Consistency A 11.69** —-34.21** 39.67** -24.51** 5.06** 230
Am —46.42%* —48.75** 69.89** 7.39** 4.61** 46.27**
Alkali digestion Value A —2.57** 1.44** 2.25** 0.79** 2.18** 0.92**
Am —3.13** 0.84** 2.54** 2.77** 2.46** 1.52**

1A =direct additive effect, Amn =maternal additive effect
3 Discussion

The results in this study reveal that the genetic control of cooking quality characters in
indica-japonica hybrids involve the direct genetic effects of endosperm genes, the maternal genetic
effects and the cytoplasm effects, and the genetic parameters are influenced by genotype x envi-
ronment interactions. In summary, direct and maternal addtive effects are the main factors for
the three cooking quality characters and , selection for these traits would be effective in progenies
of indica-japonica crosses. The direct additive x environment variances are nonsignificant for the
three triats, and the maternal additve variances are nonsignificant for gel consistency and alkali
digestion value. This indicates that the additive effects are comparatively stable across environ-

ments, hence selections for cooking quality traits in indica-japonica crosses could be effectively
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performed in various environments. The genotype x environment interactions for cooking quality
characters are operated mainly via dominance (including direct and maternal dominance) effects.
Therefore heterosis of these traits might vary with environments. These results indicate that the
partitioning of genotype x environment interactions of the cooking quality traits into different
components in terms of the different genetic systems is significant for the prediction of the useful-
ness of these traits in a breeding program.

Roach and Wulff (1987) considered three diferent effects as maternai eifects: cytoplasmic
genetic, endosperm nuclear and maternal phenotypic effects This may increase the complexity of
the interpretation and design of genetic studies for seed traits. For the cooking quality characters
in the present study, maternal effects are defined as the genetic effects on seed traits of the nuclear
genes of the maternal plart, which bear the sccds. The dosage effects of the endosperm nuclear
genes in Roach cid Wulif’ s (1947) can be regarded as the direct additive genetic effects of the seed.
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