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Taxonomic Relationships in East Asian Vicia Species 
with Unijugate Leaves Based on Random 

Amplified Polymorphic DNA Markers 
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Department of Biology, hdm University, Yonghyeon-dong, Nam-ku, htcheon 402-751, Korea 

Random amplified polymorphic DNA(RAPD) markers were investigated to clarify, the 
taxonomic positions of Vicia iinear~folia and V. b~folia, and to assess the genomic diversity 
among the 9 populations of V. un~iuga, each of which represents a geographical variation or 
infraspecific taxa in southern Korea. These species are characterized by unijugate leaves in 
East Asia and have been controversial as to infra- or interspecific classification. The 
polymorphic markers among the populations examined were observed for fifteen decamer 
primers. The degree of  band sharing was used to calculate genetic similarity between 
populations, and a phenogram using UPGMA cluster analysis was generated based on the 
Dice similarity coefficient. The taxa studied were divided into two main groups and the 
populations of V. unijuga were all grouped together in the phenogram. The genetic 
similarities of V. unijuga were very high among the populations and did not show distinctions 
between the infraspecific taxa, although the populations of Mt. Odae and adjacent areas in 
eastern Korea were differen! from others of the species. V. linearifolia fell within the range of 
the genomic variation among the populations of V. un~iuga, while V. bifolia was grouped with 
V. venosa var. cuspidata having muitijugate leaves rather than V. un~]uga. The result from 
studying RAPD markers suggested that V. linearijolia should be integrated into V. un~]uga 
and that species with unijugate leaves of V. bifolia and V. un~iuga are polyphyletic. 
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I N T R O D U C T I O N  

Among the species of Vicia in East Asia, the 
following three species are characterized by having 
the leaves with a pair of leaflets (unijugate); 1L 
unijuga A. Br., V. bifolia Nakai and V. linearifi>lia 
Y.N. Lee which are all classified in the section 
Vicilla (Kupicha, 1976; Endo and Ohashi, 1996; 
Seok, 1997). The taxonomic position of the last two 
species, however, has been controversial. V. bifolia 
grows in C. Honshu of Japan and has been separated 
from IL unijuga by its large and marcescent bracts 
as against the small and deciduous of the latter as a 
species rank (Nakai, 1923; Ohashi, 1982; Ohwi, 
1984), while the plant has also been treated as an 
infraspecific taxon of V unijuga, i.e., var. bracteata 
Fran. ct Sav. (Franchct and Sawttier, 1879; Kitamura 
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and Murata, 1961). Another species of V. linearifolia 
was recorded at Mt. Kyebang near Mt. Odae National 
Park in eastern Korea by the characteristics of narrow 
linear leatlets and whitish flowers (Lee, 1982). This 
species, however, was not clearly distinguished from V. 
unijuga because the leaflet shapes and flower colors of 
the species fell within the variations of those in the 
latter (Seok and Choi, 1997). 

On the other hand, V. unijuga is widely 
distributed in the temperate regions of East Asia and 
has been separated into several infraspecific taxa on 
the basis of morphological variations such as leaflet 
shapes, inflorescence features, and flower colors 
(Maximowicz, 1873; Makino, 1908; Ldveilld, 1913; 
Nakai, 1923 and 1935; Honda, 1939). The species, 
however, shows extreme variations in the diagnostic 
characters of the infraspecific taxa, and until recently 
we could recognize the following infraspecific taxa 
in V. unijuga based solely on studies of external 
morphologies; f. albiflora Nakai, var. angustiJblia 
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Makino, var. apoda Maxim. and var. kaussanensis 
H. Ldv. (Seok, 1997; Seok and Choi, 1997). 

We question whether the separation of V. bifidia or 
V. linearifolia from V. unijuga would be supported by 
DNA data and whcther the morphological variations 
and the infraspecific classification of V. unquga are 
associatcd with genomic diversity in southern Korea. 

Random amplified polymorphic DNA (RAPD) 
analysis is based on the amplification of genomic 
DNA with a single primer of arbimlry nucleotide 
sequence and is a relatively easy tool for asscssing 
genomic diversity (Williams et al., 1990). Recently 
RAPD methods have been applied to resolve 
taxonomic questions between closely related groups 
(Demeke et al., 1992; Buren et al., 1994; Campos 
et al., 1994; Stammers et al., 1995; Lifante and 
Aguinagalde, 1996). It has also been used to study 
genomic diversity in the species of Vicia (Torres et 
al., 1993; Gustafsson and Gustafsson, 1994). 

In this study, we performed RAPD analysis to 
assess the extent of genomic diversity in V. unijuga 
while also comparing morphological variations and 
infraspecific classification to more precisely determine 
the taxonomic position of V. bifolia and V. linearifolia. 

M A T E R I A L S  A N D  M E T H O D S  

Plant Materials and D N A  Extraction 

Eleven individuals from eleven populations of the 
Vicia species having unijugate leaves in East Asia 
were included in this study, that is, nine of V. 
unijuga, one of V. bifolia and one of V. linearifi)lia 
(Table 1). For the comparison we included one 
species having multijugate leaves, i.e., V. venosa vat. 
cuspidata Maxim. which is also classified in the 
section Vicilla (Kupicha, 1976; Endo and Ohashi, 

1996) together with the unijugate species studied, 
and is similar to V. unijuga in gross morphology 
and growing habitat except the number of leaflets. 

Among the infraspecific taxa recognized in 
V. unijuga (Seok, 1997; Seok and Choi, 1097) we 
could not examine thc samples of var. angustifidia 
Makino distributcd in C. Honshu of Japan and var. 
apoda in northern Korea to S. Ussuri in this study. 
On the other hand, to cover the gcographical wlrietics 
and the infraspecific taxa of K uni/uga in southern 
Korea wc employed nine represenlative populvtions of 
I/. unOuga , that is, seven of var. untjuga, one of tl 
albiflora and one of w m  kau,s:5"anensis. The last one is 
the type locality of the variety at Mr. Halla, Cheju Isl. 
Seven populations of vat. unijuga were collected from 
distinct regions in S. Korea such as three populations 
from Kyounggi Province, two from Kangwon, one 
from Cheolla and one from Kyoungsang (Taegu-shi) 
respectively. Among the populations of var. unijuga, 
that of Mt. Cheonma (No. 1) corresponds to vat. 
ottotsanensis H. [ySv. in having the characteristic of 
large leaflets, although it was treated as vat. unijuga 
according to the inffaspecific classification by Lee 
(1969) in this study. Because V. unijuga shows the 
greatest variation in external morphology at Mt. Odae 
and adjacent areas, including Mts. Odae and Kyebang 
ol Prov. Kangwon in eastern Korea, more than one 
representative of each population of V. linearifolia and 
V. venosa var. cuspidata were collected from those 
regions. Also, lhree of V. unijuga were included from 
the region; two of var. unijuga and one of f. albiflora 
0'able 1). 

Plant samples for RAPD analysis were transferred 
to the greenhouse from the field in small spots or 
the leaves were transported to the laboratory on ice 
or with silicagel and stored at -7()"C until use. 
Voucher specimens used for this study are deposited 

Table 1. Plant materials studied for RAPD analysis 

No. Taxon Ix~cality Voucher 

1. Vicia unijuga var. unijuga Korea, Prov. Kyonggi, Namyangju-gun, Mt. Cheonma Seok 771 (IUl) 
2. V. unijuga vat. unijuga Korea, Prov. Kyonggi, Kimpo-gun, Mt. Munsu Seok 907 (IUI) 
3. V. unijuga var. unijuga Korea, lncheon-shi, Kanghwa-gun, Mt. Mani Seok 804 (IUI) 
4. V. unijuga vat. unijuga Korea, Prov. Kangwon, Pyoungchan~,-gun, Mt. Kyebang Seok 598 (IUI) 
5. V. unijuga vat. unijuga Korea, Prov. Kangwon, Pyoungchang-gun, Mt. Kyebang Seok et Kim 636 (IUI) 
6. V. unijuga var. unijuga Korea, Taegu-shi, Mr. Ap Seok 894 (IUI) 
7. V. unijuga var. unijuga Korea, Prov. Chollanam, Kwangyang-shi, Mt. Packun Seok 880 (IUI) 
8. V. unijuga f. albzflora Korea, Prov. Kangwon, Pyoungchang-gun, Mt. Odae Seok 708 ([UI) 
9. V. uni]uga var. kaussanensis Korea, Prov. (Theju, Sr162 Mr. Halla Seok 756 (IUI) 

10. V. linearifi)lia Korea, Prov. Kangwon, Pyotmgehang-gun, Mr. Odae Seok 655 ([UI) 
11. V. bifolia Japan, Tochigi Pref., Nikko-shi, ()goragawa (hoi el al. 15()1(I (IUI) 
12. V. venosa wtr. cuspidata Korca, Prov_ Kangwon, Pyoungchang-gun, MI. Odae Seok 906 (IUI) 
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at Herbarium (IUI) of Inha University. 
Total DNA was isolated from flesh or dried leaf 

tissue according to CTAB method (Doyle and Doyle, 
1987), except that 2% PVP-40 was added in the 
extraction butler to reduce phenolic compounds and 
polysaccharidcs. The extracted DNA was quantified by 
a Spectrophotometer, diluted to unifbrm concentrations 
of 1-2ng per btl, and storcd at -21}"C unlil usc. 

DNA Amplification 

RAPD markers were amplified from total cellular 
DNA as d e , b e d  by Williams et al. (199(/) with some 
modifications. One hundred 10-base oligonucleotide 
primers (purchased from The University of British 
Columbia, Nucleic Acid-Protein Service Unit; primer 
Nos. 1-100) were examined for PCR amplification in 
the present study. DNA amplification was conducted 
in 25/al final volumes containing 2-5 ng total geno- 
mic DNA templates, 1.0 unit of Taq Polymerase 
(Boehringer Mannheim), 10mM Tris-Cl (pH 8.3), 1.5 
mM MgCI2, 50 mM KCI, 100 ~tM each of dNTP, and 
0.5 gM primer. The mixture was covered with a 
drop of mineral oil to prevent evaporation. The 
amplifications were performed using DNA Thermal 
Cyclers (Progene, Techne) programmed for 35 cycles 
of 1 min at 94~ to denature, 1 min at 37"C for 
annealing, and 2 min at 72"C for extension. A pre- 
denaturation step for 2 rain at 94"C preceded the first 
cycle, and a final extension step for 7 rain at 72"C 
followed the completion of 35 thermal cycles. In the 
preliminary survey, we applied a variety of annealing 
temperatures from 35~ to 41~ for each primer, but 
the amplification products did not strongly depend 
on these ranges of the annealing temperatures in 
the primers used. We therefore performed all 
amplifications at 37'C of annealing temperature in 
this study. Duplicate amplifications of each sample 
were mn to estimate repeatability of the amplification 
process. 

7 gl of each amplified product were electrophoresed 
in 1.5% agarose gel (70 V, 2.5 h) in TAE buffer, and 
visualized in the presence of cthidium bromide. The 
gels were photographed under UV light with Polaroid 
667 film. XDNA/Hind llI (Promega) and 100bp 
(Gibco BRL) DNA ladders were included as molecular 
weight markers on both outside lanes. 

Data Analyses 

The RAPD markers were scored as present or 
absent fi)r amplification fragments. Each band was 

coded as: 0=no band, or l=band present. Only 
markers that were clearly visible and detected for 
the replications performed lbr each primer were 
scored. A rectangular data matrix of each population 
for each primer was generated by coding the DNA 
bands as described above. Dice (1945) similarity 
cocfficicnt index was used to oblain genetic similarity 
between the populations. The calculation is: 

GSxy = 2Nxy/(Nx + Ny) 

in which Nx and Ny are the number of bands for 
individual x and y, and Nxy is the number of shared 
bands for both individuals x and y. These algorithms 
consider only the presence of a shared band as a 
measure of similarity, but not the shared absence of 
fragments. 

The NTSYS-pc package of computer programs 
(version 1.70; Rohlf, 1992) was used to generate 
the similarity coefficient and the phenogram using 
UPGMA cluster analysis. 

R E S U L T S  

One hundred primers were screened prior to the 
selection of thirty one primers. The remaining sixty 
nine primers failed to amplify DNA product or 
produced ambiguous fragments. Of the thirty one 
primers examined, fifteen were suitable to amplify 
polymorphic scorable bands for the plants studied 
(]'able 2), while another eight produced monomorphic 
bands in all individuals and the other eight were too 

Table 2. Sequences of 15 decamer primers used for 
generating polymorphic RAPD markers and number of 
amplification fragments detected 

No. of No. of 
Primer Primer sequences amplified polymorphic 

No. (5' to 3') fragments fragments 

2 CCTGGGCTI"G 8 7 
3 CCTGGGCTFA 4 3 
6 CCTGGGCCTA 4 3 
7 (;CTGGGGGTT 2 1 

21 ACCGGGTYFC 5 3 
34 CCGGCCCCAA 4 2 
36 CCCCCCTYAG 2 2 
42 qTAACCCGGC 4 3 
48 TTAACGGGGA 2 2 
70 (;GG(TAC(;CGA 3 2 
77 GAGCACCAGG 6 2 
79 GAGCTCGTGT 2 1 
80 GTGCTCTAGA 2 1 
82 GGGCf?CGAGG 4 3 
97 ATCTGCGAGC 5 1 
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Table 3. Similarity coefficients matrix between the populations of Vicia unijuga and related three species obtained by Dice 
(1945)-Nei & Li (1979) index from RAPD data. Number of populations corresponds to that in Table 1. 

Population 1 2 3 4 5 6 7 8 9 I 0 I 1 12 

1 
2 0.9714 
3 1.0t~00 0.9714 
4 0.9855 (L9855 [).9855 
5 0.8333 0.8611 0.8333 IL8451 
fl (1.9855 0.9855 ().9855 1.0t)fl0 0.8451 
7 1.1)1100 (1.g714 1,(l()0[I (L9855 fl.8333 11.9855 
8 0,8732 0,8732 0.8732 [I.8571 0.9315 0.8571 0.8732 
9 0,9855 0.9855 (I.9855 1.00()fl 0.8451 I.[l(10fl [I.90;55 {I.8571 

I0 0.8732 0.8451 0.8732 [I.8571 0.9041 0.8571 0.8732 0.9167 0.8571 
11 0.6667 0,6667 fl.66(~7 (L6757 0.7fll3 fl.6757 0.6667 0.(~579 0.6757 11.6842 
12 0.750(I 0.75(1(/ 0.750(I 0.7619 (I.7879 0.7619 0.7500 0.7692 0.7619 0.7692 0.7826 

complex to sex)re. From the fifteen primers a total of 57 

scorable bands were generated in sizcs ranging from 
300 to 2500 base pairs; 36 polymorphic products 

among the samples studied, and 21 monomorphic ones 
common to all samples. 

A Dice similari ty matrix from RAPD markers 

between the populat ions is presented in Table 3. 

A phenogram indicat ing taxonomic  relat ionships 

among the populat ions of V. unijuga and other three 

species was generated by U P G M A  cluster analysis 
based on the Dice similarity index (Fig. 1). The 

two main groups  were d is t inguished by a mean 
similari ty coefficient of  0.72. One of  these groups, 

group C, included V. bifolia and V. venosa vat. 

cuspidata and the similarity between the two species 
v~as 0.78. The other main group was divided into 
two subgroups,  A and B, with a mean similarity of  
086 .  One of  them, subgroup B, included V. 

linearifolia, V. unijuga vat. unijuga and f. albiJlora 
with similarit ies of  0.91-0,94, which were all 
collected from Mr. Odae and adjacent areas in E. 

Korea. The remaining subgroup A clustered with 7 

p~pulat ions of  V. unijuga which are all comprised in 

wm untljuga except var. kaussanensis. ] 'hey showed 
high values of  similarity coefficient of  more than 
0.98 to each other. The infraspecif ic  taxa of  V. 

umjuga such as vat. kaussanensis and f. albiflora 
were not dist inguished from wm unijuga in this 

Fig. 1. A phenogram generated by UPGMA cluster analysis based on Dice smilarity index [rom RAPD data, showing the 
relationships among the populations of Vicia tml]uga and related three species in E. Asia. ]'heir origins of populations arc 
given in Fable 1. 
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Fig. 2. RAPD patterns obtained with primer number 82. 
Arrow indicates the genomic marker shared in Vicia 
unijuga and V. linearifi)lia which is not detected in V. 
hi/'olia and V. venosa vat. cuspidam. The DNA molecular 
weight markers are ,~I)NA/HindlII (right) and 10[) bp 
DNA Ladder (left). Lane assignments are as fl)llows: 
Lanes l to 9: V. unijuga, 10: I/: linearifolia, I I; K hifidia, 
12: V. venosa vat. cuspidata. Population identity of 1 to 9 
lanes corresponds to that in Table 1. 

RAPD analysis. The genetic variation among the 
individuals in same population was not examined in 
this study, because very low genetic differences were 
revealed even among the geographical populations 
in V. unijuga var. umjuga as shown in Table 2 and 
Fig. 1. 

Among the 36 polymorphic bands detected, V. 
linearifolia and V. unijuga shared 5 RAPD markers 
which were not detected in V. hifolia and V. w'nosa 
vat. cuspidata included group C, the approximate 
band sizes of the markers were 1700 base pairs (bp) 
in primer No. 2 (P2), 500 bp in P6, 150(1 bp in P48, 
1800 bp in P70 and 25(10 bp in P82 (Fig. 2), 
respectively. 

D I S C U S S I O N  

RAPD analysis was applied for studying taxonomic 
relationships among the East Asian species of Vicia 
with unijugate leaves. Fifteen primers screened fi)r this 
study which produced polymorphic bands among the 
samples, showed high percentages of G+C content 
ranging from 50% to 90%, with a mean of 67%. 
Because only the clear bands which were consistently 
detected tier the PCR replications were scored, a 
relatively small number of bands per each primer~ 2-8, 
was used in this analysis (Table 2). 

In the phcnogram generated by RAPD data, the 
populations of V. unijuga were al l  grouped together 

and showed high values of similarity coefficient, 
0.83-1.00, to each other (Fig. 1) as compared with 
the results from other closely related groups studied 
(Buren et al., 1994; Stammers et al., 1995; Lifante 
and Aguinagalde, 1996). Among the infraspecific 
taxa of V. unijuga, var. ouensanensis, which was 
recorded in Korea basically by the characteristics 
of leaflet shapes (Ldveilld, 1913), could not be 
distinguished from wm unijuga because of the 
variation in its diagnostic character of the leaflet 
shapes (l,ce, 1969; Seok and Choi, 1997). The 
population (No. 11 corresponding to the infraspecific 
taxon in the characteristics of leaflet shapes was also 
not separable from vat. untjuga by RAPD analysis. 
It was interesting that although V. unijuga var. 
laussanensis is isolated at the highland of Mt. Halla 
of Cheju Island and differs from other infraspecific 
taxa in external morphologies such as the size of 
leaflets and inflorescences (Seok and Choi, 1997), 
the taxon also could not be distinguished from the 
other populations of V. unijuga by RAPD analysis. 
These results showed that the high level of genetic 
similarity among the populations of V. unijuga was 
not consistent with a great variation in external 
morphology or for separating it into the infraspecific 
taxa. 

V. linearifolia is restricted at Mt. Kyebang near 
Mr. Odae in eastern Korea and has been 
distinguished from V. unijuga by its narrow linear 
leaflets and whitish flowers (Lee, 1982). The leaflet 
shape of the species, however, showed a clinal 
variation with that of V. unijuga vat. angustifolia 
Makino (Seok, 1997), and the individuals of two taxa 
were grouped together in the principal components 
analysis based on morphological characters (Seok and 
Choi, 1997). Furthermore, the whitish flowers are also 
observed in V. unijuga f. albiflora growing in the 
region with the species. The similarity coefficients 
between V. linearifolia and the populations (Nos. 5 & 
8) of V. unijuga from Mt. Odae and adjacent areas 
were veD, high, 0.91-0.94, in RAPD markers and 
these values fall within the range of similarity, 0.83- 
1.1)0, among the infraspecific taxa or the geographical 
populations in V. unijuga. ~Iherefore, RAPD and 
morphological (Seok and Choi, 1997) data indicate 
that the separation of V. linearifi~lia from V. unijuga as 
species rank is no longer significant and that the plant 
is one of the populations showing extreme variation 
of leaflet shapes in V. umjuga. Furthermore, the 
taxon was almost the same as V. unijuga in the 
inlemal transcribed spacer (ITS) sequences of nuclear 
ribosomal I)NA as sequence divergences ().0 % (Seok 
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et al., unpublished). 
All subgroup B were populations of Mt. Odae and 

adjacent areas of V. unijuga and V. linearifolia, 
where the species shows the greatest diversity of 
morphological variations such as leaflet shapc and 
flower colors. Incidentally, the two populations of 
V. unijuga included in subgroup B are related to 
V. linearifolia in morphology, that is, f. alhiflora in 
having whitish flowers and lhe other population of 
var. unijuga (No. 5) in narrow leaflets, respectively. 

V. hifolia has been treated as a distinct species 
(Ohashi, 1982; Ohwi, 1984) or merged inlo V. 
unijuga (Franchet and Savatier, 1879; Kitamura and 
Murata, 1961). The controversy on the taxonomic 
position of the taxon is basically owing to that the 
taxonomic implication of the diagnostic characters 
of bracts and the number of leaflets was uncertain in 
this group. In the phenogram from RAPD data, V. 
bifolia was clearly separated from V. umjuga and V. 
linearifolia having unijugate leaves, while clustered 
together with the multijugate species of V. venosa 
var. cu.spidata. The mean similarity coefficient value, 
0.67 (0.66-0.70), between V. bifolia and V. unijuga 
was lower than that between V. venosa var. cuspidata 
and V. unijuga, 0.76 ((I.75-(I.79). This result from 
RAPD analysis is also in accord with the DNA 
sequence data of the ITS regions. In the sequence 
divergences of the ITS regions calculated by the 
Kimura two-parameter method, V. bifidia was more 
similar to V. japonica, 0.2%, which also has 
multijugate leaves, than to V. unijuga, 1.8%, or to V. 
linearifolia, 1.6% (Seok et al., unpublished). The 
RAPD markers and ITS sequences support that V. 
bifolia retains a species rank. Furthermore, V. bifolia 
differs in having ovate or lanceolate stipules as 
against semi-sagittate in V. unijuga vat. unijuga in 
addition to the known difference of bracts (Seok, 
1997). 

The mature leaves are usually multijugate in the 
genus Vicia (Kupicha, 1977; Endo and Ohashi, 1997) 
and multijugate leaves is pleisiomorphic to not 
multijugate (including unijugate of apomorphic) in 
Vicieae, Cicereae and Trifolieae (Endo and Ohashi, 
1997). Therefore, the species with unijugate leaves 
in Vicia can be assumed to be evolved from the 
ancestral species having multijugate leaves. The 
DNA data from RAPD markers and ITS sequences, 
however, showed that V. bifolia was more related to 
the specics with multijugate leaves than V. ,mi]uga. 
It suggested that the reduction of leaflet nt, mber 
resulted from parallel ew~lution, and fllat it has 
occurrcd morc than once in the course of cw)lution 

f~,r this group. Consequently, East Asian species 
having unijugate leaves of V. bifolia and V. unijuga 
are polyphyletic. 

The number of DNA polymorphisms that can be 
detected with RAPD analysis is higher than with 
traditional methods (Comincini et al., 1006). RAPD 
data were useful to clarify the taxonomic position 
of V. biJolia and V. linearli/'olia which have been 
controversial because of the limited number of 
morphological characteristics available for cl~,ssification. 

A C K N O W L E D G E M E N T S  

This study was supported by 97-98 Inha University 
Research Foundation and in part by the Korea Science 
and Engineering Foundation (966-0500-0(13-2) and the 
Japanese Society for the Promotion of Science. 

L I T E R A T U R E  C I T E D  

Buren, R.V., K.T. Harper, W.R. Andersen, D.J. Stanton, 
S. Seyoum and J.L. England. 1994. Evaluating the 
relationship of autumn buttercup (Ranunculus 
acrifolwtis vat. aestivalis) to some close congeners 
using random amplified polymorphic DNA. Amer..I. 
Bot. 81: 514-519. 

Campos, L.P., J.V. Raelson and W.F. Grant. 1994. 
Genome relationships among Lotus species based on 
random amplified polymorphic DNA (RAPD). Theor. 
Appl. Genet. 88: 417-422. 

Comincini, S., M. Sironi, C. Bandi, C. Giunta, M. 
Rubini and F. Fontana. 1`496. RAPD analysis of 
systematic relationships among the Cervidae. Heredity 
76: 215-221. 

Demeke, T., R.P. Adams and R. Chibbar. 1992. 
Potential taxonomic use of random amplified 
polymorphic DNA (RAPD): a case study in Brassica. 
7'heor. Appl. Genet. 84: 99(I-994. 

Dice, L.R. 1945. Measures of the amount of ecological 
association between species. Ecology 26: 295-302. 

D~yle, J.J. and J.L. Doyle. 1987. A rapid DNA isolation 
procedure fl~r small quantities of fresh leaf tissue. 
Phytochem. Ball. 19: 11-15. 

Endo, Y. and H. Ohashi. 1996. The infrageneric positions 
of East Asian species of Vicia (Leguminosae)..L ,lpn. 
Bot. 71: 254-262. 

Endo, Y. and H. Ohashi. 1997. Cladistic analysis of 
phylogenetic relationships among tribes Cicereae, 
Trifolieae, and Vicieae (Leguminosae). Amer. J. Bot. 
84: 523-52'4. 

Franchet, A. and L. Savatier. 1879. Enumeratio Plantarum 
in Japonia, Vol. 2. Apud F. Savy, Paris, pp. 324-325. 

Gustafsson, L. and P. Gustafsson. 1994. Ix~w genetic 
wtrialion in Swedish popt, lations of the rare species 
Vicm pisiformis (Fabaceae) revel,led wilh rflp (rDNA) 
and RAPD. Pl. ,~y,st. Evol. 189: 133-148. 



September 1998 RAPD Analysis in E. Asian Vicia with Unijugate Leaves 2(17 

Honda, M. 1939. Nuntia ad floram Japoniae 39. Bot. 
Mag., Tokyo 53: 333. 

Kitamura, S. and G. Murata. 1961. Colored Illustrations 
of Herbaceous Plants of Japan (Choripetalae). 
Hoikusha Ltd., Osaka. pp. 1(16-1(/7. 

Kupicha, F.K. 1976. The infrageneric structure of Vicia. 
Not. Roy. Bot. Gard., Edinburgh 34:287-326 

Kupicha, F.K. 1977. The delimitation of the tribe Vicieae 
(Lcguminosae) and the relationships of Citer I.. Bot: 
J. Linn. Soc. 74: 131-162. 

Lee, T.B. 1969. Exploration of legumes as a source of 
soil cover. Bull. Seoul Nat'l Univ. Forest~' 6: 50-51. 

Lee, Y.N. 1982. New taxa of Korean flora (4). Kor. ,I. 
Bot. 25:176 177. 

L~veill6, H. 1913. Decades plantarum novarum, 104-105. 
Fedde. Repert. 11 : 548. 

Lifante, Z.D. and 1. Aguinagalde. 1996. The use of 
random amplified polymorphic DNA (RAPD) markers 
for the study of taxonomical relatkmships among 
species of Asphodelus sect. Verinea (Asphodelaccae). 
Amer. J. Bot. 83: 949-953. 

Makino, T. 19(18. Observations on the flora of Japan. Bot. 
Mag., Tol9,o 22: 163. 

Maximowicz, C.J. 1873. Diagnoses plantarum novarum 
Japoniae et Mandshuriae. Bull. Acad. Imp. Sci. Saint- 
Pdtersburg 18: 394-395. 

Nakai, T. 1923. Notulae ad plantas Japoniae & Koreae 29. 
Bot. Mag., Tokyo 37: 15-17. 

Nakai, T. 1935. Notulae ad plantas Japoniae & Koreae 45. 
Bot. Mag., Tok}'o 49: 349-350. 

Ohashi, H. 1982. Vicia. In Wild Flowers of Japan, 
Herbaceous Plants (including Dwarf Subshrubs). Vol. 
2. Y. Satake et al. (eds.). Heibonsha Ltd., Tokyo, p. 
198. 

I)hwi, J. 1984. Flora of Japan (in English eds.). 
Smithsonian Institution, Washington, D.C., pp. 565-566. 

Rohlt, F.J. 1992. NTsys-pc Numerical Taxonomy and 
Multivarialc Analysis Syslem, ver. 1.70. Applied 
Bioslalistics, New York. 

Seok, D.I. 1997. A systemalic study of Vicia uniiuga and 
its related species (Leguminosac). Master thesis, 
Department of Biology, Inha Univ.. 88 pp. 

Seok, D.L and B.IL Choi. 1997. Taxonomic study on 
I/icia umfltga using principal component analysis. 
Kor. I. Plant Tin'. 27: 359-368. 

Stammers, M., J. ltarris, G.M. Evans, M.D. Hayward 
and J.W. Forster. 1995. Use of random PCR (RAPD) 
technology to analyse phylogenetic relalionships in the 
Lolium/Festuca complex. Heredity 74: 19-27. 

Torres, A.M., N.F. Weeden and A. Martin. 1993. 
Linkage among isozyme, RFLP and RAPD markers 
in Vicia faha. Theor. Appl. Genet. 85: 937-945. 

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A. 
Rafalski and S.V. Tingey. 1990. DNA polymorphisms 
amplified bv arbitrary primers are useful as genetic 
markers. Nucl. Acid Res. 18:6531-6535. 

Received May 4, 1998 
Accepted August 11, 1998 


