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I: Genetic analysis of first internode length 
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(Laboratory of Industrial Crops, Faculty of Agriculture, 
Hokkaido University, Sapporo, Japan) 

Received May 2, 1970 

The purpose of this report is to estimate the number of effective factors 
controlling the length of first internode of soybean. 

Partitioning method of genetic analysis developed by L. Powers was 
applied for this purpose. Methods to estimate the number of effective factors 
and their actions controlling quantitative characters for instance such as 
length of internode have been studied by W. E. CASTLE (1921), L. POWERS 
(1939, '42, '50, '63), K. MATHER (1949a, 1949b), K. MATHER and A. VINES 
(1952), W. H. LEONARD et al. (1957) and others. 

Partitioning method is pertinent for genetic analysis on the assumption 
that genetic and environmental variabilities follow the same scale and the 
effects of factors are additive. 

The scope of this report is limited to estimate the number of effective 
factors controlling the length of the first internode in cultivated soybean. 
This character has been regarded of great importance for the improvement 
of lodging resistance. Perhaps more detailed research will be necessary to 
explain the mode of inheritance on this character, but this is a preliminary 
report because this type of studies has been published very few. 

Materials and Methods 

Two cultivated soybean varieties, Harosoy (indeterminate growth habit) 
and Tokachi-nagaha (determinate growth habit), and their FI and F2 genera­
tions were used in this study. The experimental design followed a modified 
randomized complete block method, with six replications. Each block con­
tained two plots of Harosoy (PI), Tokachi-nagaha (P2), the FI , and 10 plots 
of F2 plants. Each plot contained 12 plants. This experiment was made at 
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the Tokachi Agriculture Experimental Station, Hokkaido, Japan in 1969. 
To minimize the effect of competition, the parents, FI and F2 were 

space-planted at 60 em intervals in rows which were spaced 60 cm apart. 
The length of the first internode from the cotyledon node to the node 

of primary leaf was measured in cm. 
The number of effective factors controlling the first internode length 

was estimated by the partitioning method as described below. 

Results 

1. Normality of frequency distributions 

The mean values for the first internode length for the PI (Harosoy), P2 

(Tokachi-nagaha) and their FI were 3.51 em, 4.96 cm and 3.58 em, respectively 
(Table 1). If the data follows an arithmetic scale, the 'F\ should approximate 
(1\ +P2)/2. But this was not the case. On a logarithmic scale, the F\ value 

must be .; (PI) (P2 ). This also was not the case. Clearly, the effects of genes 
are not additive on either an arithmetic or a logarithmic scale. Since the 
F\ value was closer to the PI than to the [52 value, it was assumed that 
shorter internode length was dominant over longer one. Possibly, there may 
be intra-allelic as well as inter-allelic interaction of genes. 

Since an arithmetic scale was used for calculation, it should be tested 
first whether the variability followed the normal probability integral (LEONALD 

et al. 1957). For testing normality, the observed and expected frequency 
distributions of first internode length for PI' P2, FI and F2 population are 
given in Table 1. The chi-square value was 179.5160 (d.f=9), with P-value 
less than 0.001 for the F2 population indicates that the observed distribution 
does not fit a normal distribution. This suggests that the F2 population is 
composed of different genotypes, each of which may fluctuates normally 
around its own mean. The partitioning of the F2 population into its com­
ponent genotypes is made on this assumption. The P-values (0.02-0.05) for 
non-segregating populations indicate that the environmental variations follow 
the normal distribution. 

2. Number of effective factors differentiating between the parents 

As shown in Table 2, the F2 distribution, expressed by percentages, was 
unimodal. The mode occurred in the 3.6-class with a frequency of 16.5 
percent. This mode corresponded to that of PI' The mode of P2 fell in the 
5.1-class with a frequency of 29.17 percent. When all percentages in the 
3.9 and lower classes in the F2 distribution are summed up, a value of 73.84 
percent is obtained. Similarly, when the frequencies for 4.2 and higher classes 
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1.5 1.8 
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Observed 
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FI 
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F2 
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Exp. 1 
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nagaha (P2) 
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Population 
1.8 

Harosoy 

FI 

F2 1.67 

Tokachi-
nag aha 

TABLE 1. Observed and expected frequency distributions for first 
internode length in parental, FJ and F2 populations 

Upper limit of class 

2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.7 1.0 Mean a2 

9 17 25 35 21 13 3.51 0.1885 
5 18 23 32 28 16 4 

2 4 11 18 25 17 11 4 3.58 0.2285 
2 3 8 15 22 21 13 6 2 

14 23 57 74 78 99 54 88 50 26 15 9 3 3.66 0.6134 
3 8 23 50 82 109 115 95 62 32 13 4 3 

13 21 23 35 15 13 4.96 0.2043 
1 5 13 25 31 25 15 5 

TABLE 2. Frequency distributions in parental, FJ and F2 

populations shown in percent 

Upper limit of class 

2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 

7.50 14.17 20.83 29.17 17.50 10.83 

2.14 4.35 11.96 19.57 27.17 18.48 11.96 4.35 

2.34 3.83 9.50 12.33 13.00 16.50 9.00 14.67 8.33 4.33 2.50 

10.83 17.50 19.17 29.17 

No. of 

a plants 
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0.7832 600 
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are summed, a value of 26.16 percent is obtained. This indicates that in 
the Fz one effective factor conditions the first internode length. The mode 
for 4.2 and higher classes did not correspond to that of the P2' This indicates 
that another factor may be involved. The simplest hypothesis is thus ob­
tained for the effective factors differentiating the parents with respect to the 
first internode length. 

This hypothesis can also be confirmed by the value of F2/PZ (POWERS 

1955). It can be seen in Table 3 that the first three estimates appeared to 

TABLE 3. Calculated percentage values used for estimating 

the number of effective factors 

Estimate Percentages in FZ/P2 

1 4.62 

2 8.57 

3 8.57 

4 12.32 

5 20.37 

6 32.83 

fluctuate around a value of 6.25 (= 1/16 x 100), indicating that the parents 
may be differentiated by two effective factors (LEONARD et al. 1957). These 
three classes would represent the double recessive genotype. According to 
LEONARD et al. (1957), the sudden rise in the fourth estimate 12.32 may be 
regarded as indicating that the plants with genotypes other than the double 
recessive one occur in the 4.8-class. This information makes it possible to 
formulate a genetic hypothesis of two gene pairs as the basis for partitioning 
the F2 frequency distribution. Accordingly, the genotypes of parents, the 
Rarosoy (PI) and Tokachi-nagaha (P2) were assumed to be AABB and aabb, 
respectively. 

Further, the data for the FI plants, which should be of AaBb genotype, 
indicated that they were similar to AABB plants; the first internode length 
of Rarosoy was 3.51 cm, and that of the FI was 3.58 cm (Table 1). 

When AaBb plants fall in the same class as AABB plants, the AABb 
and AaBB plants also will fall in the same class. Consequently, the percen­
tage of F2 plants in the same class as of Rarosoy (PI) is expected to be 
9/16=56.25. This corresponds to the expected frequency of the double 
dominant class in a digenic F2 population. 



Population 
1.8 

F2 Observed 

(AABB .. ·aabb) 1.67 

Harosoy 

(AABB, .'laBB) 
AABb, AaBb 

Tokachi-nagaha 
(aabb) 

Balance 
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TABLE 4. Partitioning of the F2 distributions on the basis 
of parental distributions 

Upper limit of class 

2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 

2.34 3.83 9.50 12.33 13.00 16.50 9.00 14.67 8.33 4.33 2.50 

4.22 7.79 11.72 16.41 9.84 0.68 

0.68 1.09 1.20 1.82 

2.34 3.83 5.28 4.36 1.28 0.09 -0.84 7.90 7.24 3.13 0.68 

----

TABLE 5. Frequency distributions of first internode length for 
AAbb+Aabb and aaBB+aaBb genotype 

Class center 
.. "--
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3. Partitioning of F2 population and the x2 test for homogeneity 

The F2 distribution was partitioned on the basis of the parental distri­
butions of Table 4. The expected percentages given in the last column of 
Table 4, as compared with the observed frequency distributions of PI and 
P2 , were used to obtain the theoretical frequeney distributions of plants having 
AABB, AaBB, AABb and AaBb, and aabb, respectively, which are shown 
in the second and third rows of Table 4. After subtracting these values 
from the observed percentages of the F2 population, the distribution for the 
balance of the plants with AAbb, Aabb, aaBb and aaBB was obtained. 

This distribution (in the bottom row of Table 4) had two peaks, one at 
5.28 (2.7-class) and the other at 7.24 (4.2-class), indicating that the A: a 
and B : b loci had different magnitudes of effect. When all the frequencies 
in the 3.6 and lower classes are summed, a value of 18.85 is obtained. The 
sum of values in the 3.9 and higher classes is 18.65. The sum of these two 
values is 37.50 (= 18.85 + 18.65), and their average is 18.75 (3/16). 

To estimate the means and standard errors for genotype groups 2 and 
3, the method described by LEONARD et al. (1958) was used. Since the 
parental distributions followed the normal distribution, the distributions of 
plants with AAbb+Aabb and aaBB+aaBb (Table 5) were computed on the 
same basis from the balance given in Table 4, as follows: The means and 
the total variance of parents as given in the Table 1 indicated that they were 
positively correlated. Assuming that their relationship is linear, the total 
variance of plants AAbb + Aabb, as well as of aaBB + aaBb plants, can be 
estimated from y=mx+b (POWERS 1942). The results of this computation 
are given in Table 6. 

TABLE 6. Mean and variation parameters expected 
for different genotype 

Genotype group 

AABB+AABb+ 
AaBB+AaBb 

(Harosoy) 

AAbb +Aabb 

aaBB+aaBb 

aabb 
(Tokachi-nagaha) 

Mean 

3.51 ± 0.0245 

2.45 ± 0.0400 

4.35 ± 0.0424 

4.96 ± 0.0735 

a 

0.1885 0.4342 

0.1769 0.4199 

0.1976 0.4440 

0.2043 0.4520 

Theoretical No. 
individuals 

337.5 

112.5 

112.5 

37.5 

The expected standard errors of genotype means supported the assump­
tion that the F2 population was made up of different genotypes, each of 
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TABLE 7. Expected Fz distribution as shown by percentages 

Upper limit of class 
Genotype 

1.2 1.5 1.8 2.1 2.4 2.7 3.0 :3.3 3.6 

AABB+AABb 
AaBB+AaBb 
(Harosoy) 7.50 14.17 20.83 29.17 

aabb 
(Tokachi-nagaha) 

AAbb+Aabb 0.2 1.5 6.2 16.6 26.3 26.2 15.7 5.8 1.3 

aaBB+aaBb 0.2 1.0 4.5 

Theoretical 0.04 0.28 1.16 3.12 4.83 9.14 10.95 13.00 17.48 

Theoretical 
percentage 

3.9 4.2 4.5 4.8 5.1 5.4 5.7 in F2 
population 

AABB+AABb 
AaBB+AaBb 
(Harosoy) 17.50 10.83 56.25 

aabb 
(Tokachi-nagaha) 10.83 17.50 19.17 29.17 12.50 10.83 6.25 

AAbb+Aabb 0.2 18.75 

aaBB+aaBb 12.7 22.5 26.5 19.7 9.3 2.9 0.7 18.75 

TheoreticaL. 12.26 11.00 6.06 4.89 3.56 1.32 0.81 10000 

them fluctuating around its mean. 
Theoretical frequency distributions for the nine F2 genotypes (Table 7) 

were computed by the method described by POWERS et al. (1950). 
The chi-square value between observed and calculated F2 distributions 

was 12.4562 (d.f=9), with a P-value between 0.20-0.10, which indicated a 
good fit and supported the hypothesis that the two parents were differentiated 
by two effective factor pairs with respect to the first internode length. 

4. Magnitude of genic effects and interaction 

From the F2 populations genotypes are sampled at random. On this 
basis, the theoretical standard error for a genotype can be represented by 
the standard error of a single determination divided by the expected number 
of plants having the given genotype (POWERS 1951). The standard errors 
thus are computed compiled in Table 6. 

The magnitude of genic effects as well as their interaction were deter­
mined through comparisons between the means and standard errors (LEONARD 

et at. 1957). 
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(a). Effect of factor A : a : 
First estimate: 2.45±0.0400-4.96±0.0735 

= -2.51±0.0836 
Second estimate: 3.51±0.0245-4.35±0.0424 

= -0.84±0.0490 

(b). Effect of factor B : b: 
First estimate: 4.35±0.0424-4.96±0.0735 

= -0.61±0.0849 
Second estimate: 3.51 ± 0.0245 - 2.45 ± 0.0400 

=1.06±0.0469 

It seemed from these estimates that the A : a factor was approximately 
from two to four times as large as the effect of the B: b factor. 

For testing their interaction, estimates were obtained as follow: 

(a). Effective factor (A - a) : 
-2.51 ±0.0836-( -0.84±0.0490) 

= -1.67 ± 0.0969 

(b). Effective factor (B-b): 
-0.61 ± 0.0849 -1.06 ± 0.0496 

= -1.67 ± 0.0969 

The data given above shows that the two values for effective interaction 
are identical. As a test of the interaction, the P-value was very large 
(1.78/0.0969=18.3694 from Table 1 of FISHER 1950). It can be concluded 
that there should be gene interaction. ~ 

Discussion 

The partItIOning method of genetic analysis is based on analysis of 
frequency distribution by segregating populations into their component geno­
types. Tests for the validity of an obtained hypothesis may be accomplished 
through comparisons between the obtained and theoretical means, their distri­
butions and variances. 

In the application of this method, its limitation should be realized (POWERS 
1963). As the number of effective factor pairs differentiating the parents in­
creases, the reliability of the POWERS' method decreases. When the number 
of individuals in a population is small, the validity of chi square tests is 
reduced, disturbing the conclusion. There should be a fairly large number 
of individuals for all populations and an extensive genetic design is desirable 
to arrive in a final conclusion. Such an adequate design contains backcrosses 
and advanced generations (POWERS 1939, '42, '55, '63). In this experiment, 
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the available data was from only the parents, FJ and F2 , so the genetic 
analysis on the mode of inheritance could not be illustrated adequately. 

The two parental lines, Harosoy and Tokachi-nagaha, were found to be 
differentiated by two effective factor pairs with respect to the first internode 
length. Their genotypes were AABB and aabb, respectively. The A : a factor 
appeared to exert from about two to four times as great an effect on the 
first internode length as the B: b factor. From Tables 5 and 6, it can be 
found that the mean of plants having the genotype (AAbb, Aabb) was smaller 
than that of the plants having the genotype of dominant alleles (AABB, 
AABb, AaBB and AaBb). Therefore, There may be intra-allelie and inter­
allelic interaction between A: a and B: b, though further studies should be 
required. 

This finding may be of interest in soybean breeding for lodging resistance. 
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Summary 

1. The F J and F2 generations obtained from a cross between two soybean 
varieties, Harosoy and Tokachi-nagaha, were used for genetic analysis of first 
internode length by the partitioning method (POWERS 1955, LEONARD et al. 
1957). 

2. The parental varieties were found to be differentiated by two effective 
factor pairs, A: a and B: b. 

3. Short first internode showed complete phenotypic as well as genic 
dominance. The A: a locus was found to have a 2.4-3.9 times as strong 
effect as the B: b locus. 

4. There were also found intra-allelic and inter-allelic interactions between 
A:a and B:b. 
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