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Abstract: Quantitative trait loci (QTL) for yield components were identified based on an RFLP map
from a DH population. The 123 double haploid lines with their parents IR64 and Azucena were
evaluated in the field in two different environments (Hangzhou and Hainan). Genetic main effects and
GE interaction effects were predicted by an adjusted unbiased prediction (AUP) method and used in
QTL mapping. The results indicated that some QTLs detected with QTL main effects might also have
QTL environment (QE) interaction effects. In contrast some identified QTLs were mainly controlled by
QE interaction effects without significant QTL main effects. The study also indicated that individual
QTL showed a range of sensibility to environments as some QTLs were detected only in a single
environment while others were detected in two environments. It is also shown that QTL associated with
yield components (total grains and full grains) had large additive effects for both QTL main effects and

QE interaction effects. These QTLs seem to act as major gene in both environments.
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Yield and its components are
quantitatively inherited and controlled by
many genes with small effects and subject to
environment effects. The recent advent of
molecular markers, RLFP in particular, has
greatly facilitated the study of complex
quantitative traits and made possible to dissect
the polygenes for such traits into individual

QTL

mapping in numerous species and for various

mendelian  factorst'. Therefore,

traits has been well-documented™ *J.

Many studies of QTL mapping have been
conducted in individual environment to
evaluate the variation of gene expression
observed in different environments. Crops

grown under natural conditions will be
affected by not only genetic effects but also
environments, such as weather, soil, cultural
practices and management of soil. Therefore it
is important to study the genotype by
environment (GE) interaction effects of genes

which

quantitative

performance of the
traits. GE

performance

control the
interaction  1s
differential

genetic across

environments. It reduces the association
between phenotypic and genotypic values so
that plant performs well in one environment
may not necessarily perform well in another
environment.

Detection of different QTLs in specific
environments has been suggested for inferring

1-13] In

QTL by environment interactions™
most of these studies the QTL analysis was
done by comparing QTL detected in separate
environments. The QTL identified in all
environments are generally considered to be
the QTLs for the main effects while those
identified in one or the other environment are

taken as GE interaction effects. The failure to

detect a particular QTL in all environments

3 QTL X

does not necessarily indicate GE interaction
effects. On the other hand, QTL detected in
different environments may also not exclude
the presence of a true QTL by environment
interaction. Therefore, we cannot fully
exploit the GE interaction effects by only
QTL

environments separately.

comparing detected in  different

The objective of the present study is to
evaluate the QTL main effects as well as QTL
X Environment (QE) interaction effects for

yield and its components.

1 Materials and Method

1.1 Materials

A double haploid population developed by
Guiderdoni ez al.™) was wused in this
experiment. This population of 123 lines
derived from a cross between the irrigated
Indica variety IR64 and the upland Japonica
( Dral,
EcoRV., HindIll, Scal. Xbal, EcoRI) were

used for parental polymorphism survey. An

Azucena. Six restriction enzymes

RFLP map was constructed by Huang et
al. ™ from initial population of 135 DH lines
with 135 RLFP markers well tagged on the 12
chromosomes. This map was recently updated
by adding 40 new isozymes and/or RAPD
markers and presently contains 175 markers
covering 2 005 cM with an average distance of
11. 5 ¢M between pairs of markers™®. This
new map has been used for QTL analysis in
this experiment.
1.2 Field experiment

The 123 DH lines and their parents IR64
and Azucena were evaluated in the field using
a randomised block design with two
replications. The agronomic performance of

the DH population was evaluated in the field
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experiment with two locations, Hangzhou and
Hainan Island. Hangzhou is located in eastern
China at 30° north latitude. Hainan Island is
located in the South China Sea at 18° north
latitude. The DH lines were grown in the field
in Hangzhou from May to October 1997 and in
Hainan from January to June 1996. The
germinated seeds were sown in seedling bed
and transplanted in the field 30 days later with
a single plant hill spaced at 15 cm X 30 cm.
Observations were taken on 5 central plants of
each plot for each replication for the number
of grains per panicle (total grain, TG), the
percentage of fertile grains (fertility rate,
FR), the number of filled grains (full grain,
FG), the number of panicles (productive
tillers, PT), and the weight of 1 000 grains
(kilogram weight, KG).
1.3 Statistical analysis

For the present genetic experiments of
123 genotypes with 2 replications in 2
locations (as different environments), QTL
mapping was conducted based on observations
of two locations by a new approacht™'®), The
phenotypic performance of the jth genetic
entry in the kth replication within the hth
environment can be expressed by the following
model ;

in=p+E,+G,+GE,;+e,j
Where p is the population mean, fixed; E, is
the effect of the hth environment, E,— (0.
6%); is the genotype effect, G;— (0, 62); GE;;
is the genotype (environment interaction
effect, GE;;— (0, otr); e is the residual
effect, e,,— (0, o2).

The genotype effects (G) and interaction
effects (GE) were predicted by the adjusted

dt-2% Prediction

unbiased prediction metho
values were obtained for genetic main effects
(yj«y = ¢ +G;) and GE interaction effects in
the Ath environment (yjem = ¢+ E, + G+

GE,;). Then the composite interval mapping

method™"?*! was applied for analysing the
predicted genetic main effects and also the
predicted GE interaction effects

The analysis of QTLs linked to molecular
markers™  was  conducted by QTL
Cartographer v 1. 1b™ for yield components.
A likelihood threshold of 9. 49 corresponding
to a LOD of 2.4 was equivalent to 5%
significance level. Therefore any QTL falling
within a given interval with a value equal to 9.
49  or

significantly associated with that particular

greater was considered to be

trait.

2 Results

2. 1 Transgressive segregation of yield
components

The phenotypic values for the five traits
of the DH population and its parents are
presented in table 1. The results indicated
that the maximum phenotypic values of the
five traits scored were higher than both
parents. It was indicated that yield
components of the DH population segregated
continuously and both the skew and the kurt
values were less than 1 except for fertility
rate. It was suggested that yield components
of the DH population fit normal distribution
QTLs

segregants with yield

and is suitable for analysis.
Transgressive
components were higher than the parent IR64
or lower than the parent Azucena were
observed.

2.2 Detection of QTL for yield components
2.2.1 A total of 4 QTLs

(tg3, tg4, tglO, tgll) were detected in

Total grains

Hangzhou location for the DH population
(Table 2) and were located on chromosome 3,
4, 10, and 11, respectively. All these QTLs
had a positive additive effect except for QTL

tgll which was associated with a decrease in
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additive effect. The QTL tg4 located on the DH population evaluated in Hainan (Table

chromosome 4 within the markers RZ675- 2) and had the same genetic direction as those
RG163 accounted for 22. 63 number of grains found in Hangzhou but with a smaller effect.
increases in total grains. The QTL tgl0 mapped to chromosome 10

There were 5 QTLs detected in total from

Table 1 Phenotypic values of yield components for the DH population and its parents

Parents DH population
Location Trauts
Azucena IR64 Max Min Mean Stdev Kurt Skew
Hangzhou Prod. Till 10. 1 13.4 15.3 4.5 8.9 2.4 —0.1 0.6
kg weight 24.9 25.6 33.8 17.8 25.4 2.9 0.2 0.2
Total Gr 82.7 51.0 215.3 47.1 117.4 35.5 —0.1 0.3
Full gr 78.8 35.7 182. 1 20. 3 94.1 32.0 —0.4 0.1
Fer. Rate 1.0 0.7 1.0 0.3 0.8 0.1 2.5 —1.4
Hainan Prod. Till 3.5 6.1 11.6 3.8 6.7 1.5 0.1 0.5
kg weight 29.0 27.1 40. 3 19.3 27.0 4.2 —0.1 0.4
Total Gr 81.8 61.9 130. 8 34.7 67.6 17.4 0.9 0.6
Full grain 66.5 46. 8 106. 7 0.7 37.0 18.1 1.1 .o
Fertily 0.8 0.8 0.9 0.0 0.6 0.2 —0.3 —0.6
Table 2 Estimated genetic effects of QTL for yield components across environments
Trait Chr Locus Marker interval Hangzhou Hainan Main effect H;:;zll:lou I—(Iraljzn:;
TG 2 tg2-1 AmylA/C-RGY95 6.69" —3.00"
tg2-2 RG437-RG544 —4.29"7
3 tg3-1 RG191-RG678 —4.55" —4.56"
tg3-2 RZ337A-RZ448 8.24" 6.9 4.68" —3.31"
4 tgd RZ675-RG163 22.63" " 7.20" 11.47% " 10.48* *
10 tgl0 RZ257-RG241 —7.65" —9.23" " —4.257 6.35"
11 tgll Adh1-RG1094 —7.07" —5.70" —5.77"
12 tgl2 RZ816-RG341 8.40" "
FR 1 fr1 RG146-RG345 4.16" 3.72* 5.90"
2 fr2 AmylA/C-RG95 7.11% 8.00"*
4 fr4 RZ449-RZ788 3.507 7.20" " 3.30"
6 fr6 RZ144-RG667 6.30" 8.23" "
FG 3 fg3 RG179-CDO337 10.39" " 7.90" " 3.57" 8.94" "
4 fg4-1 RG675-RG163 16. 65"~ 9.84" " 6.55" 12.127~ —4.29"
fg4-2 RG214-RG143 10.98* % —4.29*
PT 1 ptl RG690-RZ730 —0.51"" 0.71*~ 0.53" 0.93" "
2 pt2 Amyl1A/C-RG95 0.45"% 0.71**
3 pt3 Pgi-CD087 0.32" 0.64"* 0.73 "~
4 ptd RG675-RG163 0.85" " 1.08" "
8 pt8 TGMSI. 2A10K20 0.51" " 0.61"" 0.937 "
KG 1 kgl-1 WI1-RG173 —1.26""
kgl-2 RG690-RZ730 1.28" 7 1.107 1.217~
2 kg2 Pall-RZ58 0.93" "
kg3-2 CDO87-RG910 0.99** 0.86" "
4 kg4 RG190-RG908 —1.16" "
10 kg10 CDO98-G2155 —1.37" " —0.75" —0.78"

11 kgll Adh1-RG1094 —0.55"
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Note:QTLs are named by traits abbreviations and chromosome number, TG total grains, FR: fertility rate, FG: full grains,

PT: Productive tillers, KG: kilograin weight;

% and * % were significant at 0. 05 and 0. 01 levels.

RZ257-RG241 had a
negative additive effect of —9. 23 grains with
a high likelihood ratio of 34. 22. At this locus,

between markers

the alleles increasing total grains were from
1R64.

A total of four QTLs were detected being
common to both environments (Table 2) and
were located on chromosome 3, 4, 10, and 11
between markers RZ337A-RZ448, RZ675-
RG163, RZ257-RG241 and Adhl-RG1094
respectively.

Four QTLs have been identified (Table
2) for the genetic main effects and were
located on chromosome 3, 4, 10, and 11,
respectively. The QTL tg4 bordered by the
RG675-RG163 gave the
additive effect of 11. 47 grains and with a very
high likelihood value equal to 56. 94. This

markers highest

QTL was detected when using phenotypic data
in Hangzhou but was not identified in Hainan.
The locus tg3-1 located on chromosome 3
RG191-RG678 was also

detected for the genetic main effects but only

within markers
in Hangzhou location. The results indicated
that these loci were controlled by genetic main
effects without significant interaction with the
environment.

A total of 2 QTLs were found (Table 2)
for the QE interaction effects in Hangzhou.
Among these, the QTL tg2-1 mapped to
chromosome 2 had a significant interaction
environments. [t was

effects for both

suggested that this locus was mainly
controlled by QE interaction effects without
significant main effects. The other QTL tg4
located on chromosome 4 was mapped to the
same position as the QTL main effect,
showing that the genetic effects of this locus

was cumulative results of genetic main effects

and QE interaction effects.

A total of 4 QTLs were mapped (Table
2) for QE interaction effects in Hainan. These
loci have a negative additive effect with alleles
increasing total grains deriving from IR64.
Results indicated that the QTLs tg2-1 and
tg2-2 located on chromosome 2 were mainly
controlled by QE interaction effects. In
contrast the QTLs tg3-2 and tgl0 were
controlled by QTL main effects as well as QE
interaction effects.
Three QTLs fr1,fr2

and {r4 were identified as being significant in

2.2.2 Fertility rate

Hangzhou location (Table2) and were located
respectively on chromosome 1, 2, and 4.
These QTLs had a significant additive effect
of about 4% and 7% for seed set. All these
QTLs had a positive additive effect and the
contributing alleles were from Azucena.

A total of 3 QTLs ({rl, fr4, {r6) have
been detected in Hainan environment (Table
2). The QTL frl occupied the same position
as the one identified in Hangzhou location. All
these QTLs had a positive additive effect and
the alleles increasing fertility rate were from
Azucena.

Two QTLs were detected on chromosome
1 and 4 being common for both environments
and were RG146-
RG345and RZ449-RZ788 respectively (Table
2).

bordered by markers

Three QTLs in total frl, fr4 and f{r6
(chromosome 1, 4 and 6) were detected
(Table 2) from the DH population and
evaluated in Hangzhou for the genetic main
effects. Among these, the locus r6 was
identified in Hainan but not detected in

Hangzhou with phenotypic data, the alleles at

that locus increased fertility rate and were
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from Azucena.

Only one QTL fr2 located on chromosome
2 between markers AmylA/C-RG95 has been
identified in Hangzhou for QE interaction
effects (Table 2)., showing that locus was
mainly controlled by QE interaction effects
without any QTL main effects.

No QTL with the QE interaction effects
has been detected in Hainan.
2.2.3 Full grains A total of two QTLs
were found for {ull grains in Hangzhou (Table
2) and were mapped to chromosome 3 between
RG179-CDO337,
between markers RZ675-RZ163 and markers
RG214-RG143. The increase in full grain for
QTL was
alleles. The loci tg4-1 mapped to chromosome
4 between markersRZ675-RZ163 had a high
additive effect of 16. 65 grains and high

markers chromosome 4

these associated with azucena

likelihood ratio and seems to act as major
gene.

There were two QTLs detected in Hainan
(Table 2) and were located on chromosome 3
RG179-CDO337
chromosome 4 between the markers RG675-
RG163. These QTLs occupy also the same
locus as that identified in Hangzhou but with a

between  markers and

minor effect.

Two QTLs were found to be common for
both
chromosome 3 and 4 between markers RG179-
CDO337 and RG675-RG163 respectively
(Table 2). Two QTLs {g3 and {g4-1 were
detected (Table 2) for the genetic main effect.

environments and were located on

These QTLs were identified when mapping
both

loci,

data in environments
At the

increasing full grains were associated with

phenotypic

separately. these alleles
azucena. The QTL located on chromosome 4
RG675-RG163 had the
highest additive effect with 6. 65 grains and a

very high likelihood ratio of 34. 18 and might

between markers

be a major gene because of its effect.

There were in total three QTLs detected
(Table 2) in Hangzhou for the QE interaction
effects. Among these, the QTL fg3 and fg4-1
were mapped to the same loci as the QTL
and 4

respectively. Therefore the genetic effects of

main effects on chromosome 3

these two QTL are cumulative of QTL main
effects and QE interaction effects. However
the QTL fg4-2 was controlled only by QE
interaction effect without significant QTL
main effects.

Two QTLs QE

interaction effects in Hainan (Table 2) with

were detected for

alleles increasing full grains derived from
IR64. The QTL fg4-1 occupied the same locus
as the QTL main effects when using the
phenotypic data in both environments. In
contrast the locus {g4-2 was mainly controlled
by QE interaction effects.

2.2. 4 Three QTLs

were mapped for productive tillers and were

Productive tillers

significant for Hangzhou environment (Table
2). These QTLs were located on chromosome
1. 2, All the alleles

increasing from

and 8 respectively.

productive tillers were
Azucena except for locus ptl bordered by
markers RG690-RZ730 that had a negative
additive effect and the alleles contributing for
the were from IR64. No QTL
controlling this identified
chromosome 5, 6, 7, 9, 10, 11, and 12. The
QTL
highest additive effect of —0. 85 with a very
high likelihood ratio.

There were 4 QTLs (ptl, pt2, pt3, pt8)

identified in Hainan (Table 2). Among these

increase

trait was on

located on chromosome 4 gave the

QTLs, only one was detected in Hangzhou
and having an opposite direction effect.
Two QTLs were found to be common for

both

chromosome 1 and 8 between markers RG690-

environments and were located on
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RZ730 and TGMSI1. 2-A10K250 respectively
(Table 2).

Three significant QTLs ptl, pt3, and pt8
(Table2) showed association with productive
tillers and were detected for the genetic main
effects. These QTLs were also identified with
phenotypic data in both environments except
for locus 3 which fails to be identified in
Hangzhou location.

Two QTLs ptl, and pt4 (chromosome 1,
and pt4) were significantly mapped for QE
effects in Hangzhou location (Table 2). At
these loci the alleles Azucena were associated
with an increase in productive tillers number.
Of these, the QTL ptl was detected at the
same position as the QTL with main effects
showing that the genetic effects of these loci
was cumulative results of QTL main effects
and QE interaction effects.

Two QTLs pt2, and pt3 were identified

(Table 2), in hainan for QE interaction
effects and were located respectively on
chromosome 2., and 3 with alleles increasing
productive tillers derived from Azucena.
Among these QTL, the locus pt2 was
controlled mainly with QE interaction effects.
In contrast the QTL pt3 was detected at the
same position as the main effects and its
genetic effect is cumulative of QTL main
effects and QE interaction effects.
2. 2. 5 kilogram weight A total of 4
QTLs affecting grain weight were detected
(Table 2) in Hangzhou and were located
respectively on chromosome 1, 2, 4, 10. The
alleles from Azucena at loci kgl-2 and kg2
increased grain weight. In contrast the alleles
from IR64 were associated with an increase in
grain weight at loci kg4 and kglO
(chromosome 4 and 10). The highest additive
effect was obtained by the QTL kgl0 and was
1. 37 g with a likelihood equal to 16. 79.

Two QTLs were identified as being

significant in Hainan environment (Table 2).
These QTLs had all a negative additive effect.
The alleles IR64 increased this parameter at
locus kgl-1 and kgl0 (chromosome 1 and
10). Among these QTLs identified only one
was the same as that detected in Hangzhou.
Only one QTL has been detected being
common for both environments and was
located on chromosome 10 between markers
CD098-G2155 (Table 2).

Four QTLs affecting grain weight were
detected (Table 2) for the QTL main effects.
They were mapped on chromosome 1 between
RG690-RZ730,
RZ337A-RZ448 and between markers CDO87-
RG910, chromosome 10 between CDO98-

(G2155 with alleles increasing kilogram weight

chromosome 3  between

derived from Azucena at loci kgl-2, kg3-1,
kg3-2 and from IR64 at locus kgl0.

Two QTLs were detected for the QE
interaction effect in Hangzhou location (Table
2). Of
chromosome 3 between markers RZ337A-
RZ448 to the same position as that of the QTL

these, kg3-1 was mapped to

main effects but was not detected in both
environments when using phenotypic data.
The other QTL was located on chromosome
Adh1-RG1094 with
alleles increasing grain weight derived from
IR64. No QTL has been identified at the same

locus for the QTL main effects. Therefore the

11 between markers

genetic effect for this QTL detected in
Hangzhou was mainly controlled by QE
interaction effects.

Three QTLs have been detected for the
QE interaction effects in Hainan (Table 2).
The alleles Azucena increased this parameter
at kgl-2 and kg3-2 (chromosome 1 and 3). In
contrast the alleles IR64 was associated with
an increase in grain weight at locus kg3-1 and
also mapped to the same position as the QTL

main effects, indicating that this QTL is
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controlled with QTL main effects and QE

interaction effects.

3  Discussion

Breeding population typically exhibits

environment interaction when tested in
different environments. In the case of such
interaction one would expect that at least
some of the genes underlying QTL would also
show  GE

geneticists  have long

interactiont*".

Quantitative
recognised  the
importance of genotype by environment
interaction and have documented numerous
crops and for various traits. However, in
most of these studies the QTL analysis was
performed by comparing QTL detected
separately in each environment. The QTL
identified in all environments are generally
considered to be the QTL for the main effects
while those identified in only one or the other
environment are taken as GE interaction
effects. Although environment specific QTL
may be detected this way, the approach is
intrinsically weak because the interaction is
not part of the genetic model that is fitted in

10, Therefore the failure to identify

the mode
a particular QTL in all environments does not
necessarily indicate the GE interaction effects.

In this study the total genetic effects were
partitioned into genetic main effects and GE
interaction effects. The genetic main effects
(G) and interaction effects (GE) were
predicted by the Adjusted Unbiased Prediction
(AUP) methodM® 2,

pattern of environment specific QTL really

In this situation if

results from QTL by environment interaction
this is readily, and more powerfully detected
by QTL main effects and QE interaction
effects. Results indicate that some QTLs
detected in all environments may still have QE

interaction effects. In this case the genetic

effect is cumulative, consisting of QTL main
effects and QE interaction effects.

This study also reveals that QTLs show a
range of sensitivity to environments as some
QTLs  were

environment while others were detected in all

detected only in single

environments. The relative rankings of

differ in

environments and the relationship may be

genotypes may well different
quite complex'®’, These QTLs might be
described with their sensitivity to environment
and this agrees with the results reported by
QTL
associated with total grain (1g3-1, tg3-2, tg4,
tgl0, tgll) and QTL affecting full grain

({g3, fg4-1, fg4-2) showing the largest effect

Paterson'"’, Zhang''?', and Lee''".

in one environment were also more likely to be
detected in another environment. Therefore,
these results tend to support the conclusion

made by Tanksley™ that a substantial

proportion of QTLs affecting quantitative trait
in one environment will be active in other
environments and that this especially true for
QTL with major effect. Therefore identifying
QTL that are consistent across environments

would be desirable in a marked selection

program''’,

Acknowledgements We greatly thank Dr. N.
Huang for providing the research materials and

molecular marker data.

References :

[ 1] Paterson A H. Molecular dissection of quantitative
traits: progress and prospects[]]. Genome research .
1995, 5:321-333.

[2 ] Tankesly S D. Mapping polygenes [J]. Annu Rev
Genets 1993, 27:205-233.

[3] XiaoJ, LiJ, Yuan L P, et al. Tanksley. Identification
of QTLs affecting traits of agronomic importance in
recombinant inbred population derived from a
subspecific rice cross[J]. Theor Appl Gent, 1995, 92
230-244.

[ 4] Paterson A H, Damon S, Hewitt J D, et al/. Mendelian



2 Mebrouk Benmoussa,

QTL ( ) 135

[6]

L9]

[10]

[11]

[12]

[13]

factors underlying quantitative traits in tomato:

Comparison  across and
environments[ ] ]. Genetics, 1991,127; 181-197.

Stuber C W, Lincoln S E, Wolff D W, et al.

species,  generations,

Identification of genetic factors contributing to
heterosis in a hybrid from two elite maize inbred lines
using molecular markers [J]. Genetics, 1992, 123
823-839.

Jansen R C, Van Ooijen J] W, Stam P, et al.

Genotype-by-environment interaction in genetic
mapping of multiple quantitative trait loci[J]. Theor
Appl Genet. 1995,91:33-37.
Veldboom I R, Lee M. Genetic mapping of
quantitative trait loci in maize in stress and non-
stress environments: I. grain yield and yield
components[J]. Crop Sci. 1996, 36:1310-1319.
Veldboom I R, Lee M. Genetic mapping of
quantitative trait loci in maize in stress and non-
stress environments: II. Plant height and flowering
[J]. Crop Sci, 1996, 36:1320-1327
Lu C, Shen L., Tan Z, et al. Comparative mapping of
QTLs for agronomic traits of rice across environments
using a doubled haploid population [J]. Theor Appl
Genet. 1996, 93:1211-1217.
Schon C C, Melchinger A E, Boppenmaier J,et al.
RFLP mapping in maize: Quantitative trait loci
affecting testcross performance of elite European flint
lines[J]. Crop Science, 1994,34: 378-389.
Lee S H, Bailey M A, Mian M A . Molecular markers
associated with soybean plant height, loging, and
maturity across locations[J]. Crop Sci, 1996,36:728-
735.
Zhuang J Y, Lin H X, Lu J. Analysis of QTL X
environmental interaction for yield components and
plant height in rice[J]. Theor Appl Genet, 1997,95:
799-808.
Benmoussa M, Zhu J., Yan ] Q. et al. QTL mapping

for yield components across environments in rice

(Oriza Sativa 1.. )[A]. Proceeding of 97 international

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[ 25]

Conference on mathematical biology [ C]. Singapore:
World Scientific Publishing Co. . 1997. 15-20.
Guiderdoni E, Galinato E, Luistro J, et al. Anther
culture of tropical japonica/indica hybrids of rice
(Oryza sativa L. [J]. Euphytica, 1992, 62:219-224.
Huang N, McCouch SR, Mew T, et al. Development
of an RFLP map from a doubled haploid population in
rice[J]. Rice Genetics Newslett. 1995,11:134-137.
Huang N, Parco A, Mew T, et al. RFLP mapping of
isozymes, RAPD and QTLs for grain shape, brown
plantthopper in a doubled haploid
population[J]. Molecular breeding, 1997,3:105-113.
Zhu J. Mixed model

resistance rice

approaches for mapping
quantitative trait loci [ J ]. Hereditas ( Beijing) .
1998, 20(Sup): 19-20.
Yan Jugiang, Zhu Jun, He Cixin, et al. Molecular
dissection of developmental behavior of plant height in
rice (Oryza sativa L.)[]]. Genetics, 1998,150:1257-
1265.
Zhu J. Methods of predicting genotype value and
heterosis for offspring of hybrids. (Chinese)[]J]. J
of Biomathematics, 1993,8(1): 32-44.
Zhu J, Weir B S. Diallel analysis for sex-linked and
maternal effects[J]. Theor Appl Genet. 1996,92:1-9.
Zeng Z B. Theoretical basis for separation of multiple
linked gene effects in mapping quantitative trait loci
[JJ. Proc Natl Acad Sci, 1993,90:10972-10976.
Zeng Z B. Precision mapping of quantitative trait loci
[J]. Genetics, 1994, 136 1457-1468.
Basten C J, Weir B S, Zeng Z B. QTL Cartographer
[D]. North Carolina State University. 1996.
Hayes P M, Liu B H, Knapp S J, et al. Quantitative
trait locus effects and environmental interaction in a
sample of North American barley germplasm [ ] ].
Theor Appl Genet, 1993,87: 392-401.
Allard R W, Bradshaw A D. Implication of
environment interaction in applied plant breeding

[J]. Crop Sci, 1964,4:503-508



