
Abstract Soybean [Glycine max (L.) Merr.] is one of
the major crops in the world and was domesticated from
a wild progenitor, Glycine soja Sieb. & Zucc., in East
Asia. In order to address the questions concerning the
evolution and maternal lineage of soybean, we surveyed
the variation in chloroplast DNA simple sequence re-
peats (cpSSR) of 326 wild and cultivated soybean acces-
sions that were collected from various Asian countries.
Twenty-three variants were detected at six cpSSRs in the
accessions tested. All of the variants were found in wild
soybean, whereas only 14 variants existed in the culti-
gen. Combining the variants at the six cpSSRs gave 52
haplotypes in the former and eight haplotypes in the 
latter. Both analyses indicated a considerably higher ge-
netic diversity in the wild soybean. Around 75% of the
cultivated accessions tested possessed a common haplo-
type (no. 49), which was detected in only seven wild ac-
cessions, six from southern Japan and one from southern
China. The predominant haplotype in the cultigen may
therefore have originated from a rare haplotype of the
wild soybean that is presently distributed in the southern
areas of Japan and China. The remaining seven haplo-
types in the cultigen were distributed regionally, and ex-
cept for three rare haplotypes, largely overlapped with
the distributions of wild accessions with the same re-
spective haplotypes. Our results strongly suggest that the
cultivated soybeans with different cpDNA haplotypes
originated independently in different regions from differ-
ent wild gene pools and/or hybrid swarms between culti-
vated and wild forms.
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Introduction

Soybean [Glycine max (L.) Merr.] is one of the major
crops in the world. It is widely accepted that the cultivat-
ed soybean was domesticated from the wild soybean,
Glycine soja Sieb. & Zucc., in East Asia. Chloroplast
DNA (cpDNA) has been used to address questions con-
cerning the origins, maternal lineage, and degree of 
introgressions in soybean (Shoemaker et al. 1986; Close
et al. 1989; Shimamoto et al. 1992, 1998, 2000; Hirata et
al. 1996; Abe et al. 1999; Xu et al. 2000, 2001; Shima-
moto 2001). Three cpDNA types (types I, II, and III)
have been classified by means of restriction fragment
length polymorphis (RFLP) analysis and their geographi-
cal distributions have been revealed for both wild and
cultivated soybeans (Shimamoto et al. 1992, 1998, 2000;
Hirata et al. 1996; Abe et al. 1999; Shimamoto 2001).
The type-I chloroplast genome is predominant in the cul-
tivated soybean, while the type-III chloroplast genome is
observed at a high frequency in the wild soybean, al-
though there is an overlapping between both species.
The type-I chloroplast genome has been found only in
wild plants collected from four geographically separated
sites of Japan out of around 650 sites in Japan, China,
South Korea, and far-eastern Russia (Shimamoto et al.
1998; Abe et al. 1999; our unpublished data). Abe et al.
(1999) assumed that wild plants with the type-I chloro-
plast genome may be either derivatives of hybridization
between cultivated and wild soybeans or relics of a di-
rect progenitor of cultivated soybean with the type-I
chloroplast genome.

Kanazawa et al. (1998) verified that the mutational
events characterizing the RFLP profiles used for the
classification of the three cpDNA types are two single-
base substitutions. One is located in an EcoRI site in the
non-coding region rps11–rpl36, which discriminates
type I and type II from type III, and the other is located
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in a ClaI site in the 3′ part of the coding region of rps3,
which discriminates type I from type II and type III. Xu
et al. (2000) identified a total of 3,849 bases for nine
non-coding regions of cpDNA for 19 wild and cultivat-
ed soybean accessions with different cpDNA types to
determine the mechanisms of molecular change among
the three cpDNA types. They found no further base sub-
stitution between the type-I and type-II chloroplast
genomes, although at least five mutational differences
existed between the former two types and the type-III
chloroplast genome. These results were further con-
firmed by a polymerase chain reaction (PCR)-RFLP
method devised to identify the bases at four informative
mutation sites and was applied to a total of 124 wild and
cultivated soybean accessions from various regions of
Asia (Xu et al. 2001). Based on these results, Xu et al.
(2001) assumed that the type-I and type-II chloroplast
genomes are genetically close to each other but remote
from the type-III chloroplast genome. However, the
variability of the cpDNA sequence of wild and cultivat-
ed soybeans is not high enough to clearly identify the
origins of cultivated soybeans with different cpDNA
types.

Simple sequence repeats in chloroplast genomes
(cpSSRs) have been used for the study of genetic diver-
sity of the cpDNA genome in plant species such as pine
(Powell et al. 1995a), potato (Bryan et al. 1999), barley
(Provan et al. 1999), rice (Provan et al. 1997; Ishii and
McCouch 2000), and soybean (Powell et al. 1995b,
1996). Owing to the haploid nature and high copy num-
ber of the chloroplast genome, the cpSSRs can be easily
analyzed by PCR. The higher level of intraspecific varia-
tion in cpSSRs compared with base substitutions and in-
sertions/deletions revealed by RFLP and sequencing ana-
lyses can reveal the phylogenetic relationships between
cultivated species and their wild progenitors in higher
resolution.

We report here variation in six cpSSRs in soybean
and its wild progenitor. The cpSSR analysis revealed that
the chloroplast genomes of both wild and cultivated soy-

beans are highly variable. Our data strongly suggest that
cultivated soybeans with different chloroplast genome
types originated independently in different regions from
different wild gene pools and/or hybrid swarms between
cultivated and wild forms.

Materials and methods

Plant materials

One hundred and forty-three wild accessions and 183 cultivated
accessions were used in this study. The wild plants were collected
from the whole distribution area of the species: China (73), Japan
(48), South Korea (14), and far-eastern Russia (8). The cultivated
accessions tested were mostly landraces or pure-line selections
and were selected to cover various Asian countries: China (92),
Japan (41), South Korea (13), North Korea (6), far-east Russia (3),
Vietnam (3), Thailand (3), Indonesia (4), Myanmar (5), India (3),
Bhutan (2), Nepal (3), Pakistan (2), and Kyrgyz (3). The cultivar
Harosoy was also included as a standard.

Classification of chloroplast genome types

Chloroplast genome types (types I, II, and III) were determined
for all of the accessions using either RFLP analysis or PCR-RFLP
analysis. The RFLP analysis followed the method of Shimamoto
et al. (1998). Mutational events characterizing the RFLP profiles
used for the classification of the three cpDNA types are single-
base substitutions in an EcoRI site in the non-coding region
rps11–rpl36 and a ClaI site in the 3′ part of the coding region of
rps3 (Kanazawa et al. 1998). Two primer pairs were used to 
amplify the cpDNA regions that span the two mutation sites: 
5′-GTATGGATATATCCATTTCGTG-3′ and 5′-TGAATAACTTA-
CCCATGAATC-3′ for the mutation in the EcoRI site and 5′-ACT-
GAACAGGCGGGTACA-3′ and 5′-ATCCGAAGCGATGCGT-
TG-3′ for the mutation in the ClaI site. The cpDNA type was de-
termined based on the digestion patterns of the PCR products with
EcoRI and ClaI.

Analysis of cpSSRs

Six cpSSRs, including RD19 and SOYCP that were developed by
Powell et al. (1995b), were used in the present study (Table 1).
Primer pairs flanking the mononucleotide repeats region were de-
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Table 1 Six cpSSR markers analyzed in this study

cpSSRa Location Primer (5′–3′) Tm (°C) Motif of repeatb

gmcp1 trnT/trnL TCGATTCTATGCCCCTACTT (forward) 58 (T)12
intergenic region AGACTCCCAAGTTTTCAGTCG (reverse)

gmcp2 accD/psaI TCTAGTGATTATAGACTATCTTT (forward) 58 (A)13
intergenic region GGAAAGTTTATCATAAAATGGG (reverse)

gmcp3 ORF203/ORF103 GCTTCAGAATTGTCCTATTTA (forward) 52 (A)12CG(T)11
intergenic region ATCAAATAACGCCTCATCTAT (reverse)

gmcp4 atpB/rbcL TATCACTGTCAAGATTAAGAG (forward) 56 (A)11
intergenic region CTTTTATATGTATGGCGCAAC (reverse)

RD19 rps19 CTAAATATTACAAAATGGAATTCT (forward) 55 (A)14
ACCAATTCAAAAAATCGAATA (reverse)

SOYCP trnM CATAGATAGGTACCATCCTTTTT (forward) 55 (T)13(G)10
CGCCGTATGAAAGCAATAC (reverse)

a Powell et al. (1995b) was referred for RD19 and SOYCP
b Motif of repeat in soybean cultivar Harosoy



signed on the basis of our unpublished sequencing data and soybean
cpDNA sequence data from GenBank (Reverdatto et al. 1995). For
all of the cpSSRs, forward primers were labeled with either 6-FAM
(blue), HEX (green), or NED (yellow) fluorescent dyes. 

DNA was extracted as described by Doyle and Doyle (1990).
The PCR reaction mixture contained 30 ng of total genome DNA,
0.25 µM of 5′ and 3′ end primers, 200 µM of each dNTPs, 0.5 U
Taq polymerase (TaKaRa, Japan), and 1× PCR buffer (10 mM
Tris–HCl, pH 8.3, 50 mM of KCl, 1.5 mM MgCl2) in a total vol-
ume of 20 µl. PCR reactions were performed with a GeneAmp
PCR System 9700 (Perkin Elmer/Applied Biosystems) using the
following program: (1) denaturation at 94 °C for 2 min, (2) 30 cy-
cles at 94 °C for 1 min; 52°–58 °C (depending on the primers) for
1 min; 72 °C for 1 min; (3) a final extension at 72 °C for 10 min.
Following amplification, 1.5 µl 6-FAM-labeled, 4.0 µl HEX-
labeled, and 2.0 µl NED-labeled PCR products were combined
and brought to a total volume of 20 µl by adding distilled water.
An aliquot (1.0 µl) of the mixture of PCR products was combined
with loading buffer (1.0 µl) containing a ROX (red)-labeled inter-
nal size standard (GENESCAN-500) and was then loaded and sepa-
rated by an ABI 377 sequencer (Perkin Elmer/Applied Biosys-
tems). GENESCAN (version 3.1) software was used to visualize the
variants and to estimate their sizes.

The genetic diversity index (H) based on variant or haplotype
frequencies was calculated for each cpSSR using Nei’s unbiased
statistics (Nei 1987): 

where Pi is the frequency of the ith variant or haplotype.

Sequencing of cpSSR variants

In order to verify whether the observed length variations were due
to changes in the mononucleotide repeats or due to other mutation
events, all of the variants detected in this study were sequenced.
Six new primer pairs were designed to amplify cpDNA regions
that span each of the six cpSSR fragments. The amplified products
were directly sequenced using the dRhodamine Terminator se-
quencing kit (Perkin-Elmer/Applied Biosystems) on an ABI 377
Sequencer following the manufacturer’s instructions.

Results

Polymorphism at cpSSRs in wild 
and cultivated soybeans

All of the six cpSSRs showed polymorphism in both
wild and cultivated soybeans (Table 2, Fig. 1). Variants
usually consisted of several bands. This is a common
feature of SSR because of the slippage of Taq polymer-
ase during the amplification process. However, the vari-
ants could be unambiguously identified by assigning the
fragment size of the strongest band to that of the variant.
The number of variants found at each of the six SSRs
ranged from three to six with an average of 3.8 (Table 2).
The sequences of the cpSSRs revealed that the differ-
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Table 2 Variation at six
cpDNA SSRs in wild and
cultivated soybeans, and
three cpDNA types (H genetic
diversity index)

cpSSR Varianta) Cultivated Wild cpDNA type
(bp) soybean soybean

(n=183) (n=143) Type I Type II Type III 
(n=105) (n=65) (n=156)

gmcp1 121 0.014 0.013
122 0.246 0.755 0.981
123 0.754 0.231 1.000 1.000 0.006
H 0.371 0.376 0.000 0.000 0.038

gmcp2 142 0.014 0.013
143 0.246 0.664 0.015 0.609
144 0.754 0.322 1.000 0.985 0.378
H 0.371 0.455 0.000 0.030 0.486

gmcp3 107 0.014 0.013
108 0.063 0.058
109 0.147 0.135
110 0.175 0.301 0.062 0.455
111 0.825 0.448 1.000 0.892 0.333
112 0.028 0.046 0.006
H 0.289 0.683 0.000 0.198 0.660

gmcp4 134 0.196 0.292 0.058
135 0.852 0.559 0.981 0.708 0.558
136 0.148 0.245 0.019 0.385
H 0.252 0.589 0.037 0.414 0.538

RD19 149 0.049 0.077 0.128
150 0.951 0.888 0.981 1.000 0.853
151 0.035 0.019 0.019
H 0.094 0.204 0.037 0.000 0.256

SOYCP 91 0.044 0.056 0.103
92 0.082 0.315 0.010 0.092 0.340
93 0.869 0.455 0.990 0.908 0.391
94 0.005 0.147 0.141
95 0.028 0.026

H 0.236 0.669 0.019 0.168 0.701
Mean H 0.269 0.496 0.016 0.135 0.446
Number of haplotypes 8 52 4 9 41
H at a level of haplotype 0.421 0.964 0.068 0.608 0.921

a Numbers that are underlined
indicate the size of each cpSSRs
in soybean cultivar Harosoy



ences in length among the PCR products were due to the
differences in the number of mononucleotide repeats. No
other length mutation such as an insertion or deletion
was detected in the accessions sequenced. An example
of the sequence alignment of the six variants at the
gmcp3 is presented in Fig. 2. 

Of the 23 variants detected, all were present in the
wild soybean, while only 14 variants were observed in
the cultigen. The H values ranged from 0.204 (RD19) to
0.683 (gmcp3) with an average of 0.496 in the wild soy-
bean, and from 0.094 (RD19) to 0.371 (gmcp1 and

gmcp2) with an average of 0.269 in the cultivated soy-
bean (Table 2). Combining the variants for six cpSSRs
generated 52 haplotypes (Table 3). All of the haplotypes
were observed in the 143 wild accessions studied. The
most frequent haplotype in the wild soybean was haplo-
type no. 25, although its frequency of occurrence was
only 7.0%. Eleven other haplotypes (nos. 12, 13, 20, 21,
29, 30, 34, 40, 46, 47, and 49) were also observed at sig-
nificant frequencies of 3.5–6.3%. These 12 haplotypes
accounted for 58.7% of the wild accessions tested.
Twenty-six (18.2%) of the wild accessions had a unique
haplotype. On the other hand, eight haplotypes were ob-
served in the cultivated soybean. No haplotype was
unique to the cultigen. The H values at the level of hap-
lotype in the wild and cultivated soybeans were 0.964
and 0.421, respectively, indicating a considerably high
diversity at cpSSRs in the wild soybean. 

The chloroplast genome typing with the RFLP or
PCR-RFLP methods gave results similar to those of our
previous studies (Shimamoto et al. 1998, 2000; Abe et
al. 1999). The type-I chloroplast genome was predomi-
nant in the cultivated soybean (54.5%) and the type-III
genome was predominant in the wild soybean (77.1%),
while the type-II genome had similar frequencies in both
the former (20.3%) and the latter (18.8%). In the wild
soybean, the type-III chloroplast genome consisted of 
40 cpSSR haplotypes, the type-II genome consisted of
nine haplotypes, and the type-I genome consisted of
three haplotypes. In the cultivated soybean, the type-III
chloroplast genome consisted of six cpSSR haplotypes,
the type-II genome consisted of one haplotype, and the
type-I genome consisted of two haplotypes.
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Fig. 1 Multiplex analysis of six cpSSRs in 17 wild soybean acces-
sions on the ABI 377 sequencer. Lane 18 is the standard cultivar
Harosoy. Red bands are GeneScan-500 (ROX) size standards

Fig. 2 Aligned sequences of six variants of cpSSR gmcp3 in wild
and cultivated soybeans. Asterisks indicate the same base as
in B03046 and dashes indicate gaps. Primers used to amplify this
region are indicated by underlines
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Geographical distribution of cpSSR haplotypes
in the cultivated soybean

The distributions of the eight cpSSR haplotypes detected
in the cultivated soybean are given in Table 4. All of the
cultivated accessions with the type-I and type-II chloro-
plast genomes, except for one accession from Yunnan
province of southern China (Mengzidaqingdou), have
haplotype no. 49, the most predominant haplotype in the
cultivated soybean (74.9%). Mengzidaqingdou, which
had the type-I chloroplast genome, had haplotype no. 48,
which differed from haplotype no. 49 in a one-step muta-
tion at SOYCP (Table 3). On the other hand, the remain-
ing six haplotypes, which all had the type-III chloroplast
genome, were distributed in various regions of Asia.
Haplotypes nos. 20 and 34 were mainly observed in 
Japan and the Korean peninsula: haplotype no. 20 was
mainly distributed in southern Japan, whereas haplotype
no. 34 was mainly distributed in northern Japan. Haplo-
type no. 25 was observed in relatively high frequencies
in the Korean peninsula, northeast China and far-eastern
Russia, and the Huang-Huai-Hai Valley area of China,
and haplotype no. 29 was mainly distributed in the
Changjiang River Valley area of China. Of the two re-
maining haplotypes, no. 21 was unique to an Indian ac-
cession (PI374189) and no. 26 was unique to a Chinese
accession from Yunnan province of southern China 
(Yuxihuangdou). 

Geographical distribution of cpSSR haplotypes
in the wild soybean

The geographical distributions of the cpSSR haplotypes
in the wild soybean are presented in Fig. 3 for the acces-
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Table 4 Distribution of cpSSR haplotypes of cultivated soybean in different regions of Asia

Region cpDNA type/cpSSR haplotype

Type III Type I and Type II

no.20 no.21 no.25 no.26 no.29 no.34 no.48 no.49

Northern Japan (21a) 4 17
Southern Japan (20) 6 14
Korean peninsula (19) 2 4 1 12
Northeast China and far-eastern Russia (19) 7 12
Huang-Huai-Hai River Valley of China (21) 5 16
Changjiang River Valley of China (32) 1 6 25
Southern China (23) 2 1 1 1 18
Southeast Asiab (15) 1 14
South and Central Asiac (13) 1 1 2 9
Total (183) 9 1 21 1 8 5 1 137

Fig. 3 Geographical distributions of 40 haplotypes in the wild soy-
beans with the type-III chloroplast genome. Bold figures indicate
region-specific haplotypes that were observed in the cultivated soy-
bean. A: Haplotypes no. 1 to no. 20. B: Haplotypes no. 21 to no. 40

a Number in parentheses indicate the number of accessions tested
b Vietnam, Indonesia, Thailand, and Myanmar

c India, Bhutan, Nepal, Pakistan, and Kirgyz



sions with the type-III chloroplast genome and in Fig. 4
for those with the type-I and type-II chloroplast geno-
mes. In addition to the 26 unique haplotypes, 9 of the 12
haplotypes with frequencies of more than 3% (nos. 12,
13, 20, 25, 29, 40, 46, 47, and 49) tended to be distribut-
ed regionally in various regions of the distribution area
of the species. The most frequent haplotype (no. 25) was
mainly distributed in the Huang-Huai-Hai Valley area of
China. Another two major haplotypes, nos. 20 and 40,
were observed in central to southern Japan and the
Huang-Huai-Hai Valley and Changjiang Valley areas of
China, respectively. On the contrary, haplotypes nos. 21,
30 and 34 were observed in relatively separated regions.
Each of the four region-specific haplotypes of the culti-
vated soybean (nos. 20, 25, 29, and 34) was observed in
the wild accessions that were collected from the areas
nearly sympatric to the distribution of the cultivated ac-
cessions having the same haplotype: nine wild acces-
sions of central to southern Japan had haplotype no. 20,
seven wild accessions of the Huang-Huai-Hai Valley 
area of China had haplotype no. 25, six wild accessions
of the Changjiang River Valley area of China had haplo-
type no. 29, and two wild accessions of northern Japan
had haplotype no. 34 (Fig. 3). 

The predominant haplotype among the cultivated ac-
cessions (no. 49) was detected only in six wild acces-
sions from southern Japan and one accession from the
Fujian province of southern China (Table 3, Fig. 4). In
particular, the combination of haplotype no. 49 and the
type-I chloroplast genome, which predominated in the
cultigen, was observed only in one wild accession col-
lected in Kochi prefecture of southern Japan. The other

wild accessions with the type-I chloroplast genome that
were collected from the Shimane and Kumamoto prefec-
tures of southern Japan possessed haplotypes nos. 50 and
nos. 51, respectively.

Discussion

Diversity at cpSSRs in wild and cultivated soybeans

The present study revealed that a rich variability is pres-
ent at the six SSRs of the soybean chloroplast genome.
All of the SSRs tested were polymorphic, with three to
six variants in a total of 326 accessions analyzed, and
had an average genetic diversity of 0.496 in the wild
soybean and 0.269 in the cultigen. Furthermore, com-
bining the variants at the six SSRs generated 52 haplo-
types (H=0.964) in the wild soybean and eight haplo-
types (H=0.421) in the cultigen. The high variability in
the chloroplast SSRs is in sharp contrast to the limited
variability for base substitutions and insertions/deletions
in wild and cultivated soybeans that have been detected
with RFLP and sequencing analyses (Close et al. 1989;
Shimamoto et al. 1992, 1998; Kanazawa et al. 1998;
Abe et al. 1999; Xu et al. 2000). In 3,849 bases identi-
fied in nine intergenic spacer regions of the chloroplast
genome, Xu et al. (2000) found only 11 base substitu-
tions and a 5-base deletion in 19 wild and cultivated
soybean accessions tested. The high variability in the
chloroplast SSRs may therefore enable us to more clear-
ly resolve phylogenetic relationships not only among
the different chloroplast genome types but also between
wild and cultivated soybeans. Sequences of the whole
chloroplast genome remain undetermined in soybean.
As more data on cpDNA sequence are accumulated,
more cpSSR markers may become available for studies
on the evolutionary mechanism in soybean and its wild
progenitor.

Geographical distribution of cpSSR haplotypes
in the wild soybean

Fifty-two haplotypes were observed in the 143 wild
soybean accessions tested. Most of the haplotypes ex-
hibited regional distributions, suggesting extensive
geographical differentiations at the level of chloroplast
SSR haplotypes in the wild soybean. Non-random dis-
tributions of organelle genome types in the wild soy-
bean have also been reported for two cpSSRs (RD19
and SOYCP; Powell et al. 1995b, 1996), and chloro-
plast and mitochondrial RFLPs (Tozuka et al. 1997;
Shimamoto et al. 1998). The regional distributions of
organelle genome types may be due to the fact that the
wild soybean possesses no mechanism of long-distance
seed dispersal, although the natural populations within
regions are often subject to dispersal by human inter-
vention and natural disturbances such as flooding (Abe
2000).
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Fig. 4 Geographical distributions of 12 haplotypes in the wild
soybeans with the type-I and type-II chloroplast genomes. Bold
figures indicate the haplotype that was predominantly observed
in the cultivated soybean. Italic figures indicate the accessions
with the type-I chloroplast genome



Origins of cultivated soybeans 
with different cpSSR haplotypes

Eight cpSSR haplotypes were found in the 183 cultivated
accessions collected from various countries of Asia. All
52 of the haplotypes were present in the wild soybean,
indicating a considerably high genetic diversity in the
wild soybean relative to the cultigen. Therefore, the
present study suggests that a severe ‘cytoplasmic bottle-
neck’ occurred during the domestication of soybean, as
has been reported in barley (Neale et al. 1986; Provan et
al. 1999), cowpea (Vaillancourt and Weeden, 1992), len-
til (Ladizinsky 1999), onion (Friesen et al. 1999), and
rice (Provan et al. 1997)

Haplotype no. 49 predominated in all of the regions,
accounting for around 75% of the cultivated accessions.
This haplotype was observed only in the accessions hav-
ing the type-I and type-II chloroplast genomes. Our pre-
vious RFLP analysis of cpDNAs revealed that the culti-
vated soybean accessions of the type-I chloroplast ge-
nome may have been established from wild plants hav-
ing the type-I chloroplast genome or those having the
type-II genome via a single-base substitution at the ClaI
site in the coding region of rps3 which discriminated
type I from type II. In the wild soybean, the type-II chlo-
roplast genome, which is an intermediate between type I
and type III (Kanazawa et al. 1998), is presently distrib-
uted in a relatively wide area covering the lower Chang-
jiang River region and southern China, the Korean pen-
insula, and central to southern Japan, while the type-I ge-
nome is restrictedly distributed in Japan (Shimamoto et
al. 1998; Abe et al. 1999; our unpublished data). Our
studies thus suggest that the cultivated soybean with the
type-I chloroplast genome originated somewhere in the
distribution area of the wild soybeans having the type-I
or type-II chloroplast genomes.

The present cpSSR analysis enabled us to further sub-
divide the accessions of the type-II chloroplast genome in-
to nine haplotype groupings, and those of the type-I chlo-
roplast genome into four haplotype groupings. Of particu-
lar interest is the finding that all of the 138 cultivated ac-
cessions with the type-I and type-II chloroplast genomes,
except for one accession from southern China, possessed
haplotype no. 49. This suggests that the homeland of the
cultivated soybeans with the type-I and type-II chloroplast
genomes is limited to the distribution area of wild plants
having haplotype no. 49, which is presently found in
southern Japan and southern China. Furthermore, the
combination of haplotype no. 49 and the type-I chloro-
plast genome, the most predominant chloroplast genome
type in the cultivated soybean, was observed only in one
wild accession (from southern Japan) of the 143 wild ac-
cessions tested. The chloroplast genome type characteris-
tic of the present cultivated soybean population may there-
fore have originated in a rare type of the wild soybean.

In contrast to the wide distribution of haplotype no.
49, each of the four haplotypes with low but significant
frequencies (nos. 20, 25, 29, and 34) was observed in
different regions of Asia. All of the four haplotypes were

different in at least three cpSSRs from haplotype no. 49
and were restricted to the accessions having the type-III
chloroplast genome. Since the type-III chloroplast ge-
nome differs by at least five base substitutions from the
type-I and type-II genomes (Xu et al. 2000, 2001), it is
unlikely that the four haplotypes were derived from the
predominant haplotype (no. 49) through the accumula-
tion of mutations in the cultivated soybean, although size
homoplasy was found between the different chloroplast
genome types (Table 3).

Interestingly, for each of the four region-specific
haplotypes found in the cultivated soybean, the same re-
spective haplotype was also observed in the wild soy-
bean accessions collected in almost the same area where
the cultivated soybeans of the respective haplotypes pre-
dominated. Of the four haplotypes, only haplotype no.
34, which was unique to the cultivated accessions of
northern Japan, was distributed separately in northern Ja-
pan, northeast China, and southern China. However, only
the wild accessions from northern Japan possessed the
same mitochondrial genome type found in the cultivated
soybeans with haplotype no. 34 (our unpublished data).
The present study thus suggests that the cultivated acces-
sions with region-specific cpSSR haplotypes had been
established in different regions from wild plants having
the respective haplotypes. This possibility is supported
by the findings obtained from the RFLP analyses for
cpDNAs and mtDNAs, which revealed an overlapping of
the distributions of organelle genome types between the
wild and cultivated soybeans (Shimamoto et al. 1998;
2000; Shimamoto 2001). The overlapping distribution of
the cpSSR haplotypes, and cpDNA and mtDNA RFLPs
between the wild and cultivated soybeans provides two
hypotheses that are not necessarily exclusive: (1) the cul-
tivated soybeans had been domesticated independently
from different wild gene pools and (2) the introgression
of organelle genomes from the wild to cultivated soy-
beans had repeatedly occurred where the monophyletic-
ally-originated cultivated soybean had been disseminat-
ed. A comparative study may be needed for the genetic
bases of domestication syndromes that discriminate be-
tween wild and cultivated forms, such as seed hardness,
seed size, seed shattering, and growth habits, to deter-
mine the relative significance of the two events on the
evolutionary process of soybean.

In conclusion, the results obtained in the present
study demonstrate that the diversity of cpSSRs in the
cultivated soybean resulted from multiple establishments
of cultivated forms from different wild gene pools or hy-
brid swarms. The repeated gene flows from wild to culti-
vated gene pools that occurred as indicated by the pres-
ent study further suggest that soybean possesses a rela-
tively high genetic diversity in its nuclear genome, al-
though the genetic poverty has often been stressed in im-
proved cultivar populations (Keim et al. 1989; Kisha et
al. 1998). It may be necessary to assess the diversity of
the nuclear genome in the cultivated soybean, in particu-
lar to focus on landraces and local varieties that have
been established in Asia.
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