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Summary

Wild relatives are valuable genetic resources for crop improvement. Evaluating genetic variation in these
species is not only important for their use in breeding programs, but will also provide information about
evolution of crops. Seeds representing six natural populations were used to study the level of variation in the
South Korean wild soybean. Electrophoretic assays of the seeds on horizontal slab gels were conducted to
determine the genotypes of each natural plant at 35 lociin 17 isozymes and one protein. The results indicated a
surprisingly high variation. The number of alleles at each locus was as high as four. Seventy two of the 94
reported alleles for the 35 loci were present in these populations. The average number of alleles per locus,
99% polymorphism and the expected heterozygosity in the total population were 2.1,77.1% and 0.215, respec-
tively. This amount of variation was not only higher than that reported for 857 soybean cultivars and wild
soybean populations from other geographic regions, but also higher than the average for 123 self-fertilized
plant species and 473 plant species of all mating systems. The high variation in the South Korean wild soybean
as well as cultivated soybean indicated in this and other population genetic studies prompts us to propose that
South Korea is one of the major soybean gene centers.

Introduction

Genetic variation is the basis of crop improvement.
However, most modern cuitivars of major crops are
developed from a limited number of ancestral lines.
For further improvement of the cultivars, new
genes need to be introduced. Wild relatives can in-
terbreed with the cultigens, and often serve as such
gene sources. Wild soybean (Glycine soja Sieb. &
Zucc.) is believed to be the progenitor of the culti-
vated soybean (Glycine max [L.] Merr.) (Hymowitz
& Singh, 1987). These two species produce fertile
offspring upon hybridization. Together they form
the soybean gene pool. Evaluating genetic variation
in wild soybean will not only help facilitate its use in

breeding programs, but will also provide informa-
tion about evolution of soybean (including G. soja
and G. max in this paper).

Genetic variation in soybean has been examined
in a number of studies with isozymes and other bio-
chemical and morphological genetic markers
(Broich & Palmer, 1981; Bult, 1989; Chiang, 1985;
Hu & Wang, 1985; Hymowitz & Kaizuma, 1979,
1981). The results indicate that the amount of varia-
tion is comparable to or higher than that in other
self-fertilized plant species (Bult, 1989; Chiang,
1985; Kiang et al., 1987). Wild soybean consistently
shows a higher level of variation than domestic cul-
tivars (Kiang & Gorman, 1983; Kiang et al., 1987).
There seems to be a trend that South Korea and
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southern Japan have more rare alleles and higher
variation for soybean than other geographic re-
gions (Broich & Palmer, 1981; Hymowitz & Kaizu-
ma, 1979, 1981; Kiang & Gorman, 1983; Kiang et al.,
1987).

The objective of this study was to characterize
specifically the genetic (isozymic) variation in the
South Korean wild soybean using natural popula-
tions, and to determine whether South Korea has a
higher level of variation for wild soybean than other
geographic regions.

Materials and methods

Wild soybean seeds were collected from six natural
populations at the geographic locations A to F (Fig.
1, Table 1) in South Korea in early October, 1986 by
Yun-Tzu Kiang. The distance from the most north-
ern population (A) to the most southern population
(F) was approximately 194 kilometers. Eighteen to
41 plants were sampled for each population (Table
1). The distance between plants within each popula-
tion was at least 3 meters. Nine to 90 seeds were col-

lected from each plant. The seeds were brought
back to the U.S. and kept in a lab freezer at — 20° C
before use.

For each natural plant, five original seeds were
examined by electrophoresis. One additional seed
was sown in the greenhouse. Six progeny seeds from
this greenhouse plant also were examined. Results
from the five original and six progeny seeds were
compared. If any discrepancies were found, more
original seeds as well as progeny seeds were exam-
ined until genotypes at all the isozyme loci were cor-
rectly identified for each natural plant.

For electrophoresis, each seed was cut into three
pieces, one for half the number of the enzymes ex-
amined, one for the other half, and the third piece as
a backup for a repeat of the assays. Electrophoresis
was conducted on horizontal slab gels made of vari-
ous concentrations of acrylamide and starch. Meth-
ods of electrophoresis previously were described by
Bult et al. (1989).

We examined 35 loci in 17 enzymes and one pro-
tein, which were aconitase (ACO), alcohol dehy-
drogenase (ADH), beta-amylase (AM), acid phos-
phatase (AP), diaphorase (DIA), endopeptidase

Table 1. Geographic locations of six South Korean natural populations of wild soybean

Population N¢#

Location

Latitude Longitude

A 27

Wang Shium Ri,

37°14'N 126°56¢' E

Bong Dam Myeon,
Gyeon Gi Do

Gook-Kyeo River,

36°51’N 126°56’ E

Yeum Chi Myeon,

A San Gun,

Chung Ch’ong Nam Do

Worl Gae River,

36°34'N 126°41’E

Dae Gyo Ri,
Hong-Sun Gup,
Chung Ch’ong Nam Do

Chang Am Ri,

36°11'N 126°34' E

Jusam Myeon,
Bo Lung Gun,
Chung Ch’ong Nam Do

Saeg Chang River,

35°49' N 127°07 E

Nam Gu Dong,
Chonju City,
Cholla Buk Do

Osu Rj,

35°32'N 127°20°E

Cholla Buk Do

# Sample size (number of plants).
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Fig. 1. Geographic locations of six South Korean natural pop-
ulations of wild soybean.

(ENP), esterase (EST), urease (EU), fluorescent
esterase (FLE), glutamate oxaloacetic transami-
nase (GOT), NADP-active isocitrate dehydroge-
nase (IDH), leucine aminopeptidase (LAP), man-
nose-6-phosphate isomerase (MPI), 6-phospho-
gluconate dehydrogenase (PGD), phosphoglucose
isomerase (PGI), phosphoglucomutase (PGM),
shikimate dehydrogenase (SDH), and the Kunitz
trypsin inhibitor (TT).

Data were analyzed with Biosys-1, a Fortran com-
puter program (Swofford & Selander, 1981).

Results

New isozyme variants involving ADH, MPI, PGM
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and SDH were found. Their inheritance was stud-
ied (Yu & Kiang, 1993a). A variant with an even
slower band 1 than the known slow type for LAP
also was found. However, we failed to obtain the
inheritance data due to unsuccessful hybridiza-
tions. For the convenience of this study, the Lapl-c
allele symbol was assigned for this variant.

The 35 loci examined, the alleles present and
their frequencies at these loci are given in Table 2.
Of the 35 loci, 27 were polymorphic, and eight
(Aco4, Adhl, Adh2, Fle, Got, Pgd3, Pgi3, Pgm3)
monomorphic (Table 2). Although genotypes for
some plants were not identified at the Pgm3 locus
due to overlapping bands, those that were deter-
mined showed no variation; Pgm3 was considered
monomorphic. For the 35 loci, 94 alleles have been
reported in the literature (Bult, 1989; Chiang, 1985;
Yu & Kiang, 1993a), and 72 were present in these six
populations. The maximum number of alleles was
four (Ap and Mpi, Table 2).

The mean number of alleles per locus, 99% poly-
morphism and the expected heterozygosity were
1.4, 37.2% and 0.134, respectively, averaged over
the six populations, and 2.1, 77.1% and 0.215 in the
total population (Table 3). The mean observed het-
erozygosity was 0.004 for these populations (Table
3). Population F had the highest variation by all
measures, followed by population A. Population D
had the lowest variation (Table 3).

Partitioning of the total gene diversity for the 27
polymorphic loci showed that Gg; (coefficient of
gene differentiation) varied from 0.077 for Aco5
and Dia3 to 0.675 for Pgm2 with the mean Gg; of
0.383, which means that 38.3% of the total gene di-
versity existed between populations (Table 4).

Nei’s genetic distance (Table 5) and cluster analy-
sis based on this distance (Fig. 2) indicated that D
and E were the closest populations. The largest ge-
netic distance occurred between B and C (Table 5).
The most northern population (A) somehow clus-
tered with the most southern population (F) (Fig.
2). Population C was the most distinct among the
six, as indicated by the largest mean genetic dis-
tance (Table 5) and the distinct cluster it formed
(Fig.2). The overall mean genetic distance was 0.117
(Table 5).
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Discussion

The most used measures of genetic variation are the
number of alleles per locus (A), polymorphism
(proportion of polymorphicloci in the total number
of loci analyzed, P), and the expected heterozygos-
ity (H). H also is called gene diversity (Nei, 1973). In
this study, the variation in the total population (A =
2.1, P=0.771, and H = 0.215) was not only higher
than the average for 123 self-fertilized plant species

Table 2. Allele frequencies at the 35 loci examined

(A =1.69, P =0.418, and H = 0.124), but also higher
than the average for 473 plant species of all mating
systems (A =1.96, P =0.505, and H = 0.149) (Ham-
rick & Godt, 1990). The higher variation also was
expressed at the population level. The population
means of A, P and H were 1.4, 0.372 and 0.134, re-
spectively, for these six populations, while they are
1.31,0.200 and 0.074 for 113 self-fertilized plant pop-
ulations, and 1.53, 0.342 and 0.113 for 468 plant pop-

Locus Allele* Population Locus Allele* Population
A B C D E F Mean A B C D E F Mean
Acol a 000 000 000 022 000 023 008 [Idh2 a 078 100 045 100 100 100 087
b 1.00 100 100 078 100 077 092 b 022 000 055 000 000 000 013
Aco2 a 056 003 000 000 000 031 015 Idh3 a 100 050 053 100 100 100 084
b 044 097 100 100 100 050 082 b 000 050 047 000 000 000 016
c 000 000 000 000 000 019 003 [Idh4 a 078 100 045 100 1.00 100 087
Aco3 a .00 100 100 056 062 035 075 b 022 000 055 000 000 000 013
b 000 000 000 044 038 065 025 Lapl a 000 047 003 000 035 000 014
Aco4 b 100 100 100 100 100 100 100 b 100 053 097 100 065 092 085
Aco5 a 100 100 100 100 093 089 097 c 000 000 000 000 000 008 001
b 000 000 000 000 000 011 002 Mpi a 041 000 000 078 043 000 027
- 000 000 000 000 007 000 001 b 056 100 000 000 007 065 038
Adhl + 100 100 100 100 100 100 100 c 004 000 097 022 050 035 034
Adh2 + .00 100 100 100 100 100 100 e 000 000 003 000 000 000 001
Adh3  + 033 053 100 100 093 065 074 Pgdl a 041 093 000 000 000 012 024
067 047 000 000 007 035 026 b 059 003 100 100 080 042 064
Am3® a 000 000 000 000 038 027 011 c 000 003 000 000 020 046 012
b 100 100 100 100 062 073 089 Pgd2 a 087 100 100 078 035 081 080
Ap a 070 047 070 078 000 039 051 b 013 000 000 022 065 019 020
b 000 050 000 000 000 000 008 Pgd3 b 100 100 100 1.00 100 100 100
c 004 003 030 022 1.00 061 037 Pgil a 007 047 000 000 000 000 009
d 026 000 000 000 000 000 004 b 093 007 100 100 100 100 083
Dial + 048 047 043 044 000 000 030 - 000 046 000 000 000 000 0.08
- 052 053 057 056 100 100 070 Pg2 + 052 100 093 100 093 011 075
Dia2 a 026 047 000 078 052 000 034 - 048 000 007 000 007 089 025
b 074 053 100 022 048 100 066 Pgi3 b 100 100 100 100 100 100 100
Dia3 a 007 003 000 000 015 019 007 Pgmi a 078 100 100 100 100 1.00 096
b 093 097 100 100 085 081 093 b 022 000 000 000 000 000 004
Enp a 000 000 045 000 035 000 013 Pgm2 b 100 100 000 100 093 08 080
b 1.00 100 055 100 065 100 087 c 000 000 08 000 007 011 017
Estl a 000 000 042 000 007 019 011 d 000 000 018 000 000 000 003
b 1.00 100 058 1.00 093 081 08 Pgm3 + .00 100 100 1.00 100 100 1.00
Ev a 100 100 100 100 100 089 098 Sdn a 100 100 100 078 100 100 096
- 000 000 000 000 000 011 002 b 000 000 000 022 000 000 004
Fle - .00 100 100 100 1.00 100 100 TV a 093 097 043 100 100 1.00 089
Got b 1.00 100 1.00 100 100 100 100 b 007 003 057 000 000 000 011
Idhl  a 000 000 000 022 000 004 004
b 100 100 100 078 1.00 096 096

* + and - denote the dominant and recessive (null) alleles, respectively.

® Same as Spl.

¢ Considered one locus, although a separate locus was proposed for the null type (Kloth et al., 1987).



Table 3. Genetic variation of populations

217

Population Mean no. alleles per locus  Polymorphism (99%) Heterozygosity
Expected® Observed

A 1.5 42.9% 0.158 0.001
B 14 31.4% 0.113 0.000
C 13 34.3% 0.129 0.016
D 13 25.7% 0.100 0.000
E 14 40.0% 0.133 0.005
F 1.5 48.6% 0.168 0.000
Mean 1.4 37.2% 0.134 0.004
Total population 21 77.1% 0.215 0.004

* Nei’s unbiased estimate of the expected heterozygosity (Nei,
1978).

Table 4. Partitioning of the gene diversity (H,) within (Hg) and
between (Dg,) populations to obtain the coefficient of gene dif-
ferentiation (Gg;) for the polymorphic loci (Nei, 1973)

Locus H; Hg Dgr Gy

Acol 0.140 0.117 0.023 0.163
Aco2 0.307 0.196 0.111 0.361
Aco3 0.371 0.236 0.135 0.364
Aco5 0.061 0.056 0.005 0.077
Adh3 0.384 0.255 0.129 0.335
Am3 0.192 0.144 0.048 0.252
Ap 0.600 0.368 0.232 0.387
Dial 0.423 0.330 0.093 0.220
Dia2 0.448 0.288 0.160 0.357
Dia3 0.138 0.127 0.011 0.077
Enp 0.232 0.159 0.073 0.316
Est] 0.201 0.155 0.046 0.229
Eu 0.038 0.034 0.004 0.098
Idhl 0.083 0.070 0.013 0.159
Idh2 0.224 0.140 0.084 0.375
1dh3 0.270 0.166 0.104 0.385
Idh4 0.224 0.140 0.084 0.375
Lapl 0.266 0.194 0.072 0.272
Mpi 0.664 0.325 0.339 0.511
Pgdl 0.515 0.253 0.262 0.509
Pgd2 0.318 0.223 0.095 0.298
Pgil 0.293 0.116 0.177 0.604
Pgi2 0.376 0.161 0.215 0.573
Pgml 0.071 0.058 0.013 0.192
Pgm2 0.328 0.107 0.221 0.675
Sdh 0.071 0.058 0.013 0.192
Ti 0.199 0.115 0.084 0.421
Mean 0.275 0.170 0.105 0.383

ulations of all mating systems (Hamrick & Godt,
1990).

In soybean, although basically the same enzymes
were examined in this and other studies in our lab-
oratory, the total numbers of loci used in analyses
were different. The hypothesized loci without in-
heritance data also were included in the previous
studies (Bult, 1989; Kiang et al., 1987). Since the
number of loci controlling an enzyme is not known
until its inheritance is studied, only the genetically
studied loci were included in the present study. In
order to compare with the previous studies, the data
of this study were reanalyzed using the same total
numbers of loci as in the previous studies (i.e. in-
cluding more monomorphic loci) (see Table 6). The
variation in these six natural populations was simi-
lar to that in the 66 accessions of the South Korean
wild soybean (Table 6), reflecting the fact that all
these wild soybeans were from South Korea and the
consistent results of isozyme studies. These six pop-
ulations had much higher variation than the 857 ac-
cessions of the cultivated soybean (Table 6), which
was in agreement with previous findings that G. so-
ja had higher variation than G. max. They also had
higher variation than wild soybean populations
from other geographic regions (Table 6). However,
it should be noted that the sample sizes were small-
er for other populations.

The genetic variation between populations (i.e.
genetic differentiation of populations) are mea-
sured by Nei’s gene differentiation (proportion of



218

Population

A

F

D

E

B

C
[ ! 1 1 I T |
0.17 0.13 0.10 0.07 0.03 0

0.20

Nei's genetic distance

Fig. 2. Dendrogram obtained from cluster analysis based on the unbiased estimate of Nei’s genetic distance using the average linkage

between groups method (UPGMA).

the total gene diversity between populations, de-
noted by Gg;) (Nei, 1973). The Gg; of 0.383 in this
study was between (.510, the average for 78 self-fer-
tilized plant species and 0.224, the average for 406
plant species of all mating systems (Hamrick &
Godt, 1990). But, these six populations were very
greatly differentiated according to the 0.25 Fgy cri-
terion (Fg, is the fixation index, same as Gg;) (Hartl,
1988). The 0.383 G value was higher than the 0.198
Ggy for four natural populations of wild soybean
along the Kitakami River of Japan (Chiang, 1985).
The mean value for Nei’s genetic distance (Nei,
1972,1978) also can be a measure of population dif-
ferentiation. It was 0.117 for these six populations,
again higher than 0.044 for the four populations
along the Kitakami River of Japan, and also higher
than 0.063 for seven local natural populations of
wild soybean in Mishima City, Japan (Bult, 1989).
The high within- and between-population varia-
tion resulted in the high variation in the total pop-
ulation. Several unique isozyme variants and a leaf
margin necrosis mutant were found in these pop-
ulations (Yu & Kiang, 1993a, b). The number of al-
leles at single loci was as high as four. These six pop-
ulations growing within a 200 km geographic range
possessed 76.6% of the reported alleles for the 35
loci studied (72/94). The more rare alleles and high-

er variation in South Korea for wild soybean and
the cultivated soybean than other regions based on
this and other studies (Broich & Palmer, 1981; Hy-
mowitz & Kaizuma, 1981; Kiang & Gorman, 1983;
Kiang et al., 1987) prompt us to propose that South
Korea is one of the world major soybean gene cen-
ters.

One explanation is that wild soybean may have
become adapted to the South Korean natural hab-
itats for a longer period of time than to other hab-
itats, resulting in the accumulation of more varia-
tion, which then has been transferred to the culti-
vated soybean through gene flow. Wild soybean of-
ten grows adjacent to the soybean fields; there is no

Table 5. Unbiased estimate of Nei’s genetic distance between
populations (Nei, 1972, 1978)

Popula-
tion A B C D E F Mean
A *okk 0.081 0.135 0.072 0.110 0.066 0.093
B rkk 0.193 0.125 0.147 0.143 0.138
C *xk 0.133 0.140 0.166 0.153
D *kk 0.057 0.106 0.099
E Hokk 0.079 0.107
F wokok 0.112
0.117




reproductive barrier for hybridizations between the
two species. The reverse gene flow may not be as
important, since the hybrids are not as competitive
as their wild counterpart in natural conditions
(Oka, 1983). Domestication is a process of trial and
error (Hymowitz,1970). It probably was not a single
event. The longer natural history of wild soybean
also may have provided more opportunities for
more ancestors to be domesticated so that the high
variation in the South Korean cultivated soybean
has arisen from diverse ancestors. In other words,
South Korea is not only one of the areas where the
first adaptations of wild soybean to the natural hab-
itats occurred, but also one where the first domes-
tications of soybean occurred. This is not surprising.
Fukuda (1933) proposed that soybean was first do-
mesticated in Northeast China (used to be called
‘Manchuria’). Geographically the Korean peninsu-
la is attached to Northeast China. It is possible that
many independent domestication events occurred
in this vast region. Similar studies of wild soybean
populations from other geographic regions are
needed to support our hypothesis of the Korean
peninsula as one of the major gene centers.
Hymowitz and associates suggested that the cul-
tivated soybean was first domesticated in the east-
ern half of North China (Hymowitz, 1970), and later
reached the Korean peninsula, possibly from
Northeast China (Hymowitz & Kaizuma, 1981; Hy-
mowitz & Newell, 1981). Enormous variability can
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be packed in a small geographic area outside of the
center of origin (Harlan, 1971). If this is the case for
soybean, there must be physical peculiarities for the
Korean geography to nurture high variation. How-
ever, examination of the Nei’s genetic distance (Ta-
ble 5) and dendrogram generated from it (Fig. 2)
did not reveal any correlations between geographic
distance and genetic distance (Spearman rank r =
0.007), indicating that geographic distance was not
a factor in the genetic differentiation of these nat-
ural populations.

Recent advances in molecular biology have made
it possible to detect variation at the DNA level.
There have been a few studies of soybean variation
using restriction fragment length polymorphisms.
The mitochondrial DNA (Grabau et al., 1992; Sis-
son et al., 1978), chloroplast DNA (Close et al.,
1989; Shoemaker et al., 1986), nuclear DNA encod-
ing the 18s-25s and Ss ribosomal RNAs (Doyle,
1988; Doyle & Beachy, 1985), and genomic DNA
(Apuya et al., 1988; Keim et al., 1989) were digested
with type II restriction endonucleases, followed by
probing with DNA clones or direct gel electropho-
resis. These studies are useful in understanding the
amount of variation, the parentage relationships of
modern cultivars, and the evolutionary relation-
ships of different taxa within the Glycine genus.
However, it is difficult to compare the results of
these studies with those of isozymes. Some orga-
nelle DNA sequences, especially the chloroplast

Table 6. Comparisons of these six populations with G. max and other wild soybean populations in terms of genetic variation

Populations® Sample size” No. Loci No. alleles per locus Polymorphism (99%) H,*
Pop.mean Total pop. Pop.mean Totalpop. Pop.mean Total pop.

G. max 857a 46 - 1.43 - 0457 - 0.140
China 2la 46 - 1.37 - 0.237 - 0.110
Japan 4la 46 - 1.58 0.467 - 0.168
South Korea-1 66a 46 - 1.93 - 0.578 - 0.149
USSR 20a 46 - 1.21 - 0.158 - 0.057
Mishima, Japan 111p 49 1.14 - 0.140 - 0.046 -

South Korea-2 172p —d 1.29 1.83 0.266 0.587 0.094 0.164

* The G. max populations and the China, Japan, South Korea-1 and USSR wild soybean populations were adopted from Kiang et al.
(1987); The Mishima, Japan wild soybean populations from Bult (1989); The South Korea-2 populations from this study.
®‘a’ denotes accessions from the USDA Soybean Germplasm Collection; ‘p’ denotes natural plants.

¢ The expected heterozygosity.
4 49 for population means and 46 for the total population.
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DNA, are highly conserved, and contain low varia-
tion (Close et al., 1989; Shoemaker et al., 1986). In
the study with the genomic DNA, 15 of the 17 mark-
ers used revealed two alleles and two revealed three
alleles in 58 cultivated and wild soybean lines, and
the authors concluded that soybean had low mole-
cular diversity (Keim et al., 1989). This seems con-
tradictory with the results of our isozyme studies.
But, the authors failed to cite what plant species
were compared to. The conclusion of isozyme stud-
ies that soybean, especially wild soybean, contains
high variation is based on the comparisons with
other plant species, especially the self-fertilized
plant species.

Acknowledgements

This paper is scientific contribution No. 1803 from
the New Hampshire Agricultural Experiment Sta-
tion, and part of a dissertation submitted by Hon-
grun Yu to the Graduate School at the University of
New Hampshire in partial fulfillment of the re-
quirements for the degree of Ph.D. Research was
partly supported by the grants from the Central
University Research Fund (CURF) at the Universi-
ty of New Hampshire (3012/UFR/CUG7 & 1312
UAB CUIJJ).

References

Apuya,N.R,, B.L. Frazier, P. Keim, E.J. Roth & K.G. Lark, 1988.
Restriction fragment length polymorphisms as genetic mark-
ers in soybean, Glycine max (L.) Merrill. Theor. Appl. Genet.
75: 889-901.

Broich, S.L. & R.G. Palmer, 1981. Evolutionary studies of the
soybean: the frequency and distribution of alleles among col-
lections of Glycine max and G. soja of various origin. Euphyt-
ica 30: 55-64.

Bult, C.J., 1989. Isozyme and Quantitative Trait Variation within
and among Natural Populations of the Wild Soybean, Glycine
soja (Sieb. & Zucc.). Ph.D. Dissertation, University of New
Hampshire, Durham.

Bult, C.J.,, Y.T. Kiang, Y.C. Chiang, J.Y.H. Doong & M.B. Gor-
man, 1989. Electrophoretic methods for soybean genetics
studies. Soybean Genet. Newsl. 16: 175-187.

Chiang, Y.C., 1985. Genetic and Quantitative Variation in Wild
Soybean (Glycine soja) Populations. Ph.D. Dissertation, Uni-
versity of New Hampshire, Durham.

Close, PS., R.C. Shoemaker & P. Keim, 1989. Distribution of re-
striction site polymorphism within the chloroplast genome of
the genus Glycine, subgenus Soja. Theor. Appl. Genet. 77:
768-776.

Doyle, J.J.,1988. 58 ribosomal gene variation in the soybean and
its progenitor. Theor. Appl. Genet. 75: 621-624.

Doyle, J.J. & R.N. Beachy, 1985. Ribosomal gene variation in
soybean (Glycine) and its relatives. Theor. Appl. Genet. 70:
369-376.

Fukuda, Y.,1933. Cytogenetical studies on the wild and cultivat-
ed Manchurian soybeans (Glycine L.). Jap. J. Bot. 6: 489-506.

Grabau, E.A., W.H. Davis, N.D. Phelps & B.G. Gengenbach,
1992. Classification of soybean cultivars based on mitochon-
drial DNA restriction fragment length polymorphism. Crop
Sci. 32: 271-274.

Hamrick, J.L. & M.J.W. Godt, 1990. Allozyme diversity in plant
species. In: A.-H.D. Brown, M.T. Clegg, A.L. Kahler & B.S.
Weir (Eds). Plant Population Genetics, Breeding, and Genetic
Resources. pp. 43-63. Sinauer Associates, Sunderland, M.A.

Harlan, J.R., 1971. Agricultural origins: centers and noncenters.
Science 174: 468-474.

Hartl, D.L.,1988. A Primer of Population Genetics. Sinauer As-
sociates, Sunderland, M.A.

Hu, Z.A. & H.X. Wang, 1985. Genetic structure of natural pop-
ulations of wild soybean (Glycine soja) in Beijing region. Acta
Bot. Sin. 27: 599-604.

Hymowitz, T., 1970. On the domestication of the soybean. Econ.
Bot. 24: 408-421.

Hymowitz, T. & N. Kaizuma, 1979. Dissemination of soybeans
(Glycine max): seed protein electrophoresis profiles among
Japanese cultivars. Econ. Bot. 33: 311-319.

Hymowitz, T. & N. Kaizuma, 1981. Soybean seed protein eiectro-
phoresis profiles from 15 Asian countries or regions: hypoth-
eses on paths of dissemination of soybean from China. Econ.
Bot. 35:10-23.

Hymowitz, T. & C.A. Newell, 1981. Taxonomy of the genus Gly-
cine, domestication and uses of soybeans. Econ. Bot. 35: 272—
288.

Hymowitz, T. & R.J. Singh, 1987. Taxonomy and speciation. In:
J.R. Wilcox (Ed). Soybeans: Improvement, Production and
Uses, 2nd ed. pp. 23-48. American Society of Agronomy, Ma-
dison, W.I.

Keim, P,, R.C. Shoemaker & R.G. Palmer, 1989. Restriction frag-
ment length polymorphism diversity in soybean. Theor. Appl.
Genet. 77: 786-792.

Kiang, Y.T. & M.B. Gorman, 1983. Soybean. In: S.D. Tanksley &
T.J. Orton (Eds.), Isozymes in Plant Genetics and Breeding,
Part B. pp. 295-328. Elsevier Science Publishing, Amsterdam.

Kiang, Y.T., Y.C. Chiang, J.Y.H. Doong & M.B. Gorman, 1987.
Genetic variation of soybean germplasm. In: Crop Explora-
tion and Utilization of Genetic Resources - Proceedings of an
international symposium held at Changhua, Taiwan in 1986.
Published by Taichung District Agriculture Improvement Sta-
tion.

Kloth, R.H.,J.C. Polacco & T. Hymowitz, 1987. The inheritance



of a urease-null trait in soybean. Theor. Appl. Genet. 73: 410
418.

Nei, M., 1972. Genetic distance between populations. Am. Nat.
106: 283-292.

Nei, M., 1973. Analysis of gene diversity in subdivided popula-
tions. Proc. Nat. Acad. Sci. USA 70: 3321-3323.

Nei, M., 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics 89: 583-
590.

Oka, H.I., 1983. Life-history characteristics and colonizing suc-
cess in plants. Am. Zool. 23: 99-109.

Shoemaker, R.C., PM. Hatfield, R.G. Palmer & A.G. Atherly,

221

1986. Chloroplast DNA variation in the genus Glycine subge-
nus Soja. J. Hered. 77: 26-30.

Sisson, V.A., C.A. Brim & C.S. Levings, 111, 1978. Characteriza-
tion of cytoplasmic diversity in soybeans by restriction endo-
nuclease analysis. Crop Sci. 18: 991-996.

Swofford, D.L. & R.B. Selander, 1981. BIOSYS-1: a Fortran pro-
gram for the comprehensive analysis of electrophoretic data in
population genetics and systematics. J. Hered. 72: 281-283.

Yu, H. & Y.T. Kiang, 1993a. Inheritance and genetic linkage stud-
ies of isozymes in soybean. J. Hered. (in press).

Yu, H. & Y.T. Kiang, 1993b. Genetic characterization of a leaf
margin necrosis mutant in wild annual soybean (Glycine soja).
Genetica (in press).



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

