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Abstract Based on the traditional polygene inheritance
model of quantitative traits, the author suggests the major
gene and polygene mixed inheritance model. The model
was considered as a general one, while the pure major gene
and pure polygene inheritance model was a specific case
of the general model. Based on the proposed theory, the
author established the segregation analysis procedure to
study the genetic system of quantitative traits of plants. At
present, this procedure can be used to evaluate the genetic
effect of individual major genes (up to two to three major
genes), the collective genetic effect of polygene, and their
heritability value. This paper introduces how to establish
the procedure, its main achievements, and its applications.
An example is given to illustrate the steps, methods, and
effectiveness of the procedure.

Keywords quantitative traits of plants, mixed major gene
and polygene inheritance model, segregation analysis

1 Introduction

Most of the breeding target traits, including yield and yield-
related traits, seed composition and quality traits, resistance
to diseases and insects, and stress tolerances, are quan-
titative traits. Knowledge about the inheritance of quan-
titative traits is necessary and relevant in exploring the
principles, methods, and strategies of cultivar develop-
ment. During the 1970s, a glorious development of quan-
titative genetics has been achieved, various schools been
founded, and a group of well-known scholars came out.
The First International Quantitative Genetics Conference,

chaired by Oscar Kemthrone, was held at the Iowa State
University in 1976, while the Biometrical Genetics Con-
ference, headed by Kenneth Mather, was held at Cam-
bridge University in 1978. The combination and interaction
between quantitative genetics and plant breeding have
promoted a very significant progress in cultivar develop-
ment, in which corn breeding benefited the most, especially
due to the establishment of the concept of heterosis and
combining the ability of parental materials, the concept of
heritability and selection progress, and the concept of pop-
ulation improvement and recurrent selection, which have
improved significantly the selection efficiency and breed-
ing strategy. The Second International Quantitative Genet-
ics Conference, chaired by Bruse Weir, was held at the
North Carolina State University in 1987. Theoretical prog-
ress and application to plants and animals were reported
and exchanged at the conference. Since then, two aspects
of the research progress became popular. One was the
establishment of the concept and analytical procedure of a
single major gene plus polygene mixed inheritance model
originally raised by Elkind and Cahaner in 1986, the other,
the discovery of the quantitative trait gene that could be
identified with molecular markers. The above achieve-
ments made the author further understand the genetic sys-
tem of quantitative traits from pure polygene model to
generalized major-gene plus polygene mixed inheritance
model.

In China, Huidong Mo suggested in 1993 the inheritance
of a single major gene plus polygene as “qualitative–quan-
titative trait” inheritance. Obviously, qualitative–quantita-
tive trait is a kind of trait controlled by both major gene and
polygene because the trait itself cannot be described qual-
itatively and quantitatively at the same time. However, it
was a new idea in China to put major gene and polygene in
a same trait, which was different from the traditional quan-
titative genetics. The author was enlightened with the idea
and started to organize his graduate students to do some
exploration on the two aspects, one on theoretical deriva-
tion, the other on application to breeding target traits of
crop plants. In 1996, the first stage was finished. Jiankang
Wang, based on graphic analysis of frequency distribution
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of a segregating population, established the principles and
procedures for single segregating population and then
raised a two-step method of segregation analysis of quan-
titative traits under major gene plus polygene inheritance
model, that is, detecting the number of component dis-
tributions at the first step and then determining the
inheritance model at the second step. The populations in-
volved were F2, F2:3, and B1+B2, respectively [1, 2].
Furthermore, he established the joint analysis procedure of
multiple segregating generations, including P1, P2, F1, F2,
and F2:3 five generations and P1, P2, F1, F2, B1, and B2 six
generations [3]. In this case, the genetic model could be
determined directly, and that was called single-step method.
The genetic models involved in this procedure were one-
major-gene model, two-major-gene models, pure polygene
model, and one-major-gene plus polygene model. A set of
software for all kinds of genetic models was developed
according to the computing algorithm. A number of
graduate students used the procedures for their thesis
work and got some interesting results in both major gene
and polygene for a same trait, which was impossible
before. It was found that only one major gene in the
explored inheritance models could not fit those quantitative
traits with more than one major gene plus polygene. The
analytical procedure for more than one major gene was to
be explored anxiously. Yuanming Zhang took the task.
Based on Jiankang Wang’s procedure, he made some
progress in using expectation and conditional maximiza-
tion (ECM) algorithm to replace expectation maximization
(EM) algorithm [3], using a one-step method for single
segregating generation analysis to replace the two-step
method, exploring the analytical procedures for double
haploid (DH) and recombinant inbred line (RIL) popula-
tions, extending the genetic models to three major gene
plus polygene for RIL population and two major gene plus
polygene for other populations, extending the joint analysis
of multiple segregating generations to P1, P2, F1, F2:3, B1:2,

and B2:2 six generations in replicated experiment, and
reforming the analytical algorithm and its corresponding
software [1, 4–8]. After that, the segregation analysis of
quantitative traits under the major gene plus polygene
mixed inheritance model was further accepted by domestic
scientists and graduate students in their inheritance studies
in various crop plants. The readers hoped to know the
whole process of the derivation of the methods and for-
mulae, but unfortunately, it could not be put fully in journal
papers due to limited size. Therefore, the whole set of
principles, formula derivations, and analytical procedures,
along with application examples, were published in a book
entitled Genetic System of Quantitative Traits in Plants as
one of serial publications in Genetics by Science Press in
China in 2003 [1].

When the author engaged in developing segregation
analysis procedures as a tool to reveal genetic information
of quantitative traits, research in quantitative trait locus
(QTL) mapping with molecular markers got well devel-
oped. It convinced plant breeders and applied geneticists
who had doubted QTL mapping because the precision or
the error control of the studied trait was neglected in early
papers. They have seen the potential of molecular markers
in breeding procedures. In 1999, the author was invited by
Manyuan Long at the University of Chicago to give a
presentation on “Segregation analysis of genetic system of
quantitative traits” in the laboratory in honor of S. Wright.
M. Bergerson suggested to analyze her Arabidopsis data
with segregation analysis of quantitative traits and to see if
the results was comparable with those from QTL mapping.
Her suggestion made the author notice the relationship and
comparability between segregation analysis and QTL map-
ping. Up to date, the results in soybean, cotton, and corn
have shown that some relative consistency exists between
the two procedures under the condition that the tested
population must be a right representative of the theoretical
population and the bias and errors be well controlled.

Table 1 Genetic models in seg-
regation analysis of inheritance
of quantitative traits

Number of
major genes

First order genetic parameter
of major gene

First order genetic
parameter of
polygene

Code of model

Without polygene With polygene

0 m [d], [h], [i], [j], [l] – C
m [d], [h] – C-1

1 m, d, h [d], [h], [i], [j], [l] A-1 D
m, d, h [d], [h] A-1 D-1
m, d, (h=0) [d], [h] A-2 D-2
m, d, (h=d) [d], [h] A-3 D-3
m, d, (h=−d) [d], [h] A-4 D-4

2 m, da, db, ha, hb, i, jab, jba, l [d], [h], [i], [j], [l] B-1 E
m, da, db, ha, hb, i, jab, jbal [d], [h] B-1 E-1
m, da, db, ha, hb [d], [h] B-2 E-2
m, da, db, (ha=hb=0) [d], [h] B-3 E-3
m, d (=da=db) [d], [h] B-4 E-4
m, da (=ha), db (=hb) [d], [h] B-5 E-5
m, d (=da=ha=db=hb) [d], [h] B-6 E-6
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2 Major progress in segregation analysis of quantitative
traits in plants

2.1 Based on the concept of single major gene plus
polygene mixed inheritance, the theory of generalized
major gene plus polygene mixed inheritance model
of quantitative traits was formed

The meanings of the model include the following: (1) A
quantitative trait may be controlled by multiple genes with
different effects, large or small not necessary equal. (2) The
gene with large effect performs as major gene, while the
gene with relatively small effect, which cannot be detected
in the experimental conditions, performs as minor gene or
polygene. (3) The distinction between major and minor
genes is relative to and depends on the experimental error
or precision, and under one environment, a gene may
perform as a major gene, while in another environment, as

a minor one(s). In addition, a gene may perform as a major
gene under a precise experiment while it cannot be detected
individually and may perform as a minor one(s) under a
less precise experiment. Therefore, for a quantitative trait,
the genetic system with both major and minor gene(s) is a
general model, and pure major gene genetic system and
pure minor gene genetic system are only specific cases to
the general model. Of course, the above statement is ap-
propriate only under experimental conditions for applied
study, and theoretically, it is not reasonable to set a critical
value of gene effect for classifying it into major or minor.
Based on the above theory, during the derivation of the
segregation analysis procedures of quantitative traits, we
put forward all possible cases or models regarding major or
minor, number of genes, and gene effects, then the exper-
imental data were applied to all the models, and finally, we
selected the optimal model among them to estimate the
genetic parameters.

Table 2 Genetic models in seg-
regation analysis of inheritance
of quantitative traits for double
haploid (DH) or recombinant
inbred line (RIL) population

B-1-X or E-1-X denotes model
without linkage, while B-2-X
or E-2-X denotes model with
linkage.
i* Includes additive and addi-
tive×additive effects.

Number of major gene First order genetic parameter Code of model

Without polygene With polygene

1 m, d A-1 D-1
2 Additive epistasis m, da, db, i B-1-1 E-1-1

Additive m, da, db B-1-2 E-1-2
Equal additive m, d (=da=db) B-1-3 E-1-3
Dominant epistasis m, da, db B-1-4 E-1-4
Recessive epistasis m, da, db B-1-5 E-1-5
Cumulative m, d (=da=db), i B-1-6 E-1-6
Complementary m, i* B-1-7 E-1-7
Duplicate m, i* B-1-8 E-1-8
Inhibitory m, i* B-1-9 E-1-9

3 Additive epistasis m, da, db, dc, iab, iac, ibc, iabc F-1 G-1
Additive m, da, db, dc F-2 G-2
Equal additive (1) m, d=da=db=dc F-3 G-3
Equal additive (2) m, d1=da=db, d2=dc F-4 G-4

Table 3 Types and combina-
tions of hybrid generations used
in segregation analysis

Method Generation With nonsegregating
generation

Number of component distributions for single
segregating generation

F2 –
B1 and B2 –
F2:3 –

Optimum model for single segregating
generation

F2 P1, P2, F1, F2
B1 and B2 –
F2:3 P1, P2, F1, F2:3
B1:2 and B2:2 –
DH or RIL P1, P2, DH, or RIL

Segregation analysis for multiple
generations

P1, F1, P2, B1, B2, F2
P1, F1, P2, F2, F2:3
P1, F1, P2, B1:2, B2:2,
F2:3
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2.2 Five main points or steps in the basic procedures
of the segregation analysis under major gene plus
polygene mixed inheritance model

(1) The frequency distribution of a segregating popula-
tion is composed of several component distributions
of major gene genotypes. Each component meets the
assumption of normality and is modified with both
polygenes and environments. Therefore, the whole
distribution is a mixture of several components meet-
ing the assumption of normality.

(2) The maximum likelihood function is established from
a single segregating generation or jointly from multiple
generations. In the function, the proportion, mean, and
variance of each component distribution are included
and are to be estimated from the experimental data.
Seven types of genetic models have been formed, that
is, one-major-gene model (model A), two-major-gene
model (model B), pure polygene model (model C),
one-major-gene plus polygene model (model D), two-
major-gene plus polygene model (model E), three-
major-gene model (model F), and three-major-gene
plus polygene model (model G). In each type, there are
several models regarding the existence of the additive,
dominance, and epistasis effect of major gene and
polygene in various segregating generations (Tables 1
and 2).

(3) We used EM algorithm to estimate the number of
component distributions in a mixture distribution. For a
better convergence, the iterated ECM (IECM) algo-
rithm was used, in which the E step is the same as in
EM algorithm, while the conditional maximization
(CM) step is composed of two to three CM parts. The
aim of CM1 is to estimate the iterated maximum like-
lihood estimate (MLE) of means at the condition of
polygene variance and fixed environment variance.
CM2 aims to estimate the iterated MLE of polygene
variance at the condition of fixed environment variance
and CM1 estimates, while CM3 aims to estimate the
iterated MLE of environment variance at the condition
of fixed CM1 and CM2 estimates. The iteration is taken
continuously to obtain a set of stable and consistent
results.

(4) After we conducted the maximum likelihood analysis
of all types of genetic models for a given set of
experimental data, the Akaike’s Information Criterion
(AIC) and a set of tests, including uniformity test,
Smirnov test, and Kolmogorov test (U1

2, U2
2, U3

2, nW2,
and Dn), were used to choose an optimal genetic model
and pick up its corresponding estimates of component
distributions.

(5) The estimates of genetic parameters, including the
additive, dominance, and epistasis effects of major
gene(s), the total additive, dominance, and epistasis
effects, and heritability of major gene, and the
heritability of polygene, were calculated from the esti-
mates of component distributions of the optimal
genetic model by using the method of least squares
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according to the relationship between the genetic pa-
rameters and the component distribution parameters of
a given model.

In addition to the above five steps, the major gene
genotype of an individual for the genetic model with only
one major gene (models A and D) could be estimated
through Bayesian posterior probability, and then the whole
population can be grouped into its major gene genotypes.
On the other hand, based on a graphic analysis, the genetic
model could also be roughly detected from the phenotypic
frequency distribution of a single segregating population.

The whole set of formulae and analytical procedures of
segregation analysis has been established for a single seg-
regating population with or without its parents, including
F2, B1+B2, F2:3, DH or RIL, and backcross inbred line
(Table 3).

The whole set of formulae and analytical procedures has
been established for a joint analysis of P1, P2, F1, F2, and
F2:3 five generations, of P1, P2, F1, F2, B1, and B2 six
generations, and of P1, P2, F1, F2:3, B1:2 and B2:2 six
generations in a replicated experiment (Table 3).

The software package of both single segregating gener-
ation and joint analysis of multiple generations has been
compiled with the TurboC++ language and is available
upon request. The present segregation analysis of contin-
uous data of quantitative traits is basically an extension and
application of the Mendelian segregation analysis of fre-
quency data of qualitative traits, with the help of maximum
likelihood method and modern algorithm.

3 Applications to the study of inheritance of breeding target
traits

3.1 General situation

The present method has been used by 19 M.S. and Ph.D.
students in our laboratory for their thesis and dissertation
work. The following are some of their results: one-major-
gene plus polygene model for the inheritance of resistance
to leaf blight in rice, inheritance of wide compatibility
between japonica and indica in rice, inheritance of re-
sistance of soybean to leaf feeders, inheritance of the ratio
of number of nodes above the first flower to the total
number of nodes on main stem (related to grow habit) in
soybeans, inheritance of resistance in symptom extension
of soybean to soybean mosaic virus, inheritance of tofu
output of soybean, etc.; two independent major gene plus
polygene model for inheritance of resistance in plant re-
sponse of soybean to cotton worm (Prodenia litura), in-
heritance of resistance in insect response (antibiosis) of
soybean to cotton worm, inheritance of erucic acid in rape
seed, etc.; two linked major gene plus polygene model for
inheritance of plant height, 100-seed weight, number of
pods per node, oil content in soybean, etc.; three-major-
gene plus polygene model for inheritance of number of
days from planting to flowering, number of days from
planting to maturity, number of nodes on main stem in
soybean, etc. With the help of the segregation analysis
under the major gene plus polygene mixed inheritance
model, more genetic information on both major and minor

Table 5 The values of maxi-
mum likelihood function and
values of Akaike’s Information
Criterion (AIC) obtained from
the iterated expectation and
conditional maximization
algorithm

Model Maximum likelihood AIC Model Maximum likelihood AIC

A-1 −3,257.94 6,523.87 D −3,185.95 6,395.90
A-2 −3,460.48 6,926.97 D-1 −3,185.30 6,388.60
A-3 −3,300.69 6,607.37 D-2 −3,185.30 6,386.60
A-4 −3,631.70 7,269.40 D-3 −3,264.98 6,545.97
B-1 −3,224.81 6,469.63 D-4 −3,422.24 6,860.48
B-2 −3,225.94 6,463.88 E −3,185.93 6,407.87
B-3 −3,381.16 6,770.32 E-1 −3,183.80 6,397.60
B-4 −3,422.23 6,864.46 E-2 −3,172.06 6,366.12
B-5 −3,444.06 6,902.12 E-3 −3,226.75 6,471.50
B-6 −3,389.06 6,784.12 E-4 −3,254.51 6,525.03
C −3,287.47 6,582.93 E-5 −3,195.23 6,408.46
C-1 −3,290.65 6,587.30 E-6 −3,337.26 6,690.51

Table 6 Tests for goodness-
of-fit of model E-2

Model U1
2 U2

2 U3
2 nW 2 Dn

P1 0.48 (0.49) 0.20 (0.65) 0.82 (0.37) 0.196 (>0.05) 0.143 (>0.05)
F1 0.20 (0.65) 0.61 (0.44) 1.89 (0.17) 0.199 (>0.05) 0.178 (>0.05)
P2 0.20 (0.89) 0.16 (0.69) 1.06 (0.30) 0.118 (>0.05) 0.116 (>0.05)
B1 0.00 (0.96) 0.03 (0.88) 0.19 (0.66) 0.088 (>0.05) 0.100 (>0.05)
B2 0.10 (0.76) 0.03 (0.87) 0.29 (0.59) 0.040 (>0.05) 0.068 (>0.05)
F2 0.00 (0.99) 0.00 (1.00) 0.00 (0.97) 0.049 (>0.05) 0.037 (>0.05)
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genes for a number of important breeding target traits in
rice, soybean, rape seed maize, and other crops was ob-
tained in comparison with using the Mendelian genetic
analysis by transforming continuous data into frequency
data, and therefore, the efficiency and effect of genetic
analysis of quantitative traits were improved. Examples [1]
with improved genetic information due to the improved
analysis are given as follows:

(1) For the plant height data of the cross of Nanjing No.
6×Guangcong in rice, the result under Mendelian anal-
ysis with transferring continuous data into frequency
data was one major gene. When the joint analysis of P1,
P2, F1, F2, B1, and B2 six generations of segregation
analysis of quantitative traits under the major gene plus
polygene mixed inheritance model was used for the
original continuous data, two major genes and poly-
genes were detected, with one major gene of a larger
additive effect and the other of a smaller additive
effect, and with 94.45% major gene heritability and
5.31% polygene heritability, for a total of 99.76%, in
F2.

(2) For the data of resistance of soybean to beanfly
(Melanagromyza sojae Zehntner), the result under
Mendelian analysis with transferring continuous data
into frequency data was one major gene. While the
joint analysis of P1, P2, F1, F2, and F2:3 five generations
of segregation analysis of quantitative traits under the
major gene plus polygene mixed inheritance model
was used for the original continuous data, the one-
major-gene plus polygene was detected with 44.2%–

72.9% major gene heritability and 0%–13% polygene
heritability in F2.

(3) For the data of erucic acid content in rape seed, the
result under Mendelian analysis with transferring con-
tinuous data into frequency data was two major genes.
While the joint analysis of P1, P2, F1, F2:3, B1:2, and
B2:2 six generations in a replicated experiment under
the major gene plus polygene mixed inheritance model
was used for the original continuous data, two-major-
gene plus polygene model was detected, with one major
gene of large additive effect, and the other, only half of
the large one; the major gene heritability was 51.33%,
and polygene heritability was 47.81% in F2:3.

During recent years, more than 30 researchers have
requested the software for use in their thesis, dissertation,
and postdoctorate work in the studies of inheritance of
vitamin C content in non-heading Chinese cabbage (Bras-
sica campestris ssp. chinensisMakino), inheritance of cold
tolerance in Yunnan rice varieties, inheritance of resistance
of wheat to sharp spot, inheritance of tassel and yield traits
in maize, inheritance of resistance to infection of Asper-
gillus flavus in peanut, inheritance of fiber traits in cotton,
etc. [9–11]. On the other hand, some studies on the power
of tests for the existence of the detected model have been
finished by Wang, Podhch, Cooper, and others [12].

3.2 A case study

For explaining the whole analytical processes, the results of
a case study [1] are put as the following:

(1) Experimental data. The plant height data of the cross
of Nanjing No. 6 (P1)×Guangcong (P2) in rice provided
by Prof. Lihong Zhu from Nanjing Agricultural
University were used here as an example. Table 4
shows the frequency distributions of P1, P2, F1, F2, B1,
and B2 six generations processed after the data were
assorted. After transforming the continuous data into
counted data (by cutting the data at the point of 125 cm,
judged from the F2, B1, and B2 segregating genera-
tions, and dividing them into two groups, then
counting the two frequencies), the result from the
Mendelian analysis showed that dominance leaned
towards P2, the high-value parent. B1 was in the
dominance group, and B1 and F2 performed 1:1 and 3:1
segregation ratios, respectively. Therefore, one reces-
sive gene controlling the dwarf trait was inferred. Since
the cutoff point of 125 cm was judged from the data,

Table 7 Maximum likelihood
estimates of model E-2

Parameter Estimate Parameter Estimate Parameter Estimate Parameter Estimate

μ1 162.54 μ44 146.76 μ62 156.49 μ68 102.26
μ2 148.49 μ51 154.56 μ63 147.95 μ69 93.73
μ3 103.70 μ52 146.03 μ64 162.35 σ2 19.23
μ41 164.27 μ53 106.17 μ65 150.66 σ4

2 22.69
μ42 152.58 μ54 97.63 μ66 142.12 σ5

2 44.08
μ43 158.45 μ61 168.18 μ67 113.95 σ6

2 48.36

Table 8 Estimates of genetic parameters of the rice cross studied

First order
parameter

Estimate Second order
parameter

Estimate

B1 B2 F2

m 133.12 σP
2 53.11 853.26 563.86

da 27.11 σmg
2 42.65 603.78 532.55

db 10.11 σpg
2 3.46 24.85 29.13

ha 21.28 σe
2 19.23 19.23 19.23

hb −1.58 σmg
2 (%) 80.31 70.76 94.45

ha/da 0.785 hpg
2 (%) 8.07 3.01 5.31

hb/db −0.156
[d] −7.81
[h] −4.34
[i]
[j]
[l]
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different people might choose different cutoff points,
and some genetic information might be lost due to
reducing the variation into only two categories; hence,
a segregation analysis of the original data under the
major gene plus polygene inheritance model was con-
ducted to see if the genetic information was reduced
due to the artificial cutting.

(2) Goodness-of-fit of the model (log maximum likelihood
function and AIC value). The log maximum likelihood
functions were established for all possible five types, a
total of 24 genetic models, and the AIC values of all the
models were calculated through the IECM algorithm
from the data in Table 4. The results are listed in
Table 5. Among all the models, Model E-2 (two ad-
ditive major genes plus polygene) had the lowest AIC
value and might be the optimal model. The other
possible models are D-2, D-1, E-1, etc.

(3) Tests for goodness-of-fit of the models. Tests for the
goodness-of-fit of the possible models (E-2, D-2, D-1,
D, E-1, and any other, if needed) showed that model
E-2 had larger probability values for all kinds of tests
and for all generations. Therefore, this model was the
optimal inheritance model for this set of data (Table 6).

(4) Estimation of genetic parameters. The first- and
second-order statistics of all the component distribu-
tions of six generations are listed in Table 7, and the
estimates of the genetic parameters were calculated
with the method of least squares and are listed in
Table 8.

(5) Conclusion. Between Nanjing No. 6 and Guancong,
there existed genetic differences between two major
genes and polygenece in plant height. For the first pair
of major gene, the additive effect was 27.11 cm, while
the dominance effect was +21.28 cm. For the second
pair of major gene, the additive effect was 10.11 cm,
about one third of the first, with a very small dom-
inance effect. The major gene heritability values in
B1+B2 and F2 were 70.76%–94.12%, and those of
polygene were 3.01%–8.07%. It is obvious that the
segregation analysis under the major gene plus poly-
gene inheritance model offers more genetic informa-
tion than the segregation analysis of the transferred
counting data under pure major gene inheritance model
does. In fact, in the present example, the data also fitted
model D-2, but not as good as it does model E-2. If
model D-2 was taken, which meant a model of one
major gene plus polygene without epistasis among
polygenes, there would appear additional polygene
information in comparison with the Mendelian count-
ing data analysis, but the information regarding the
second major gene was neglected in comparison with
model E-2, or in other words, the effect of the second
major gene was confounded in the polygene system. In
the present example, it was also implied that the best
results should be obtained after making comparisons
among several possible choices in segregation analysis

under the major gene plus polygene inheritance model
since there was no single criterion for judging the
optimal model. Of course, for doing so, the most
important thing is to have a precise and accurate
experimental data.

3.3 Further consideration for future study
on segregation analysis of quantitative traits

The present procedure of segregation analysis under the
major gene plus polygene inheritance model is only a first
stage in the development of an analytical method of
quantitative traits. It needs to be further completed and
improved. There are several considerations for further
studies:

(1) The inheritance model should be extended to three
more major genes plus polygenes. It is known that even
for Mendelian genetic analysis, to treat three or more
genes, the study is difficult and complicated due to the
requirement of a large sample for detecting the
genotypes with very small probability. In addition,
the linkage between two genes should be considered,
and it is difficult when more than one linkage is
involved. Therefore, for segregation analysis of quan-
titative traits, the sample size and analytical procedures
should be further improved.

(2) The materials used in inheritance study or the genetic
design should be further explored to find the segregat-
ing generation more efficient in finding a major gene.

(3) Since the key for distinguishing a major gene from
polygenes is the precision of the data, the appropriate
experimental technique and analytical procedures are
necessary.

(4) The interaction between major gene and environment
should also be considered.

(5) Communitations on the procedures between domestic
and foreign scientists should be promoted.
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