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Abstract Random amplified polymorphic DNA
markers were used to study sub-structure and genetic
differentiation amongst 31 populations (seven culti-
vated and 24 wild populations) belonging to 14
Asiatic Vigna species. Ten pre-selected RAPD prim-
ers generated 152 polymorphic amplification
products. Estimates of polymorphism indices were
higher for the wild taxa in comparison to the
cultivated forms. Fgt values between populations
ranged from 0.111 to 0.801 and Nei’s genetic
diversity values between and within species varied
from 0.26 to 0.70 and 0.04 to 0.56 respectively. The
high Fst and Fcr values indicated strong subdivision
of populations and high differentiation among spe-
cies. Analysis of molecular variance was performed
by grouping the populations conforming to specific
species. AMOVA was also performed separately to
better resolve the differentiation of species within
mungo-radiata complex. Molecular phylogenetic
relationships amongst the species of radiata—mungo
complex; namely, black gram (V. mungo (L.) Hep-
per), green gram (V. radiata (L.) Wilczek),

R. Vir (IX) - S. Lakhanpaul

Department of Botany, Delhi University,
New Delhi 110 007, India

e-mail: ruchivir@gmail.com

K. V. Bhat

National Research Centre on DNA Fingerprinting,
National Bureau of Plant Genetic Resources,

New Delhi 110 012, India

V. radiata var. sublobata, V. radiata var. setulosa,
V. mungo var. silvestris and V. hainiana, were stud-
ied through cluster analyses. Two distinct groups
were recognized within the complex, with population
samples of V. hainiana forming one cluster. Further,
V. hainiana appeared to be equidistant to both
V. radiata and V. mungo.
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Introduction

The genus Vigna Savi has approximately 150 species
that are grouped into seven subgenera. Asiatic grams
are assigned to subgenus Ceratotropis (Piper.) Verdc.
with 16-17 recognized species (Verdcourt 1970;
Maréchal et al. 1978; Tateishi 1996). Of these eight
species, namely, V. radiata, V. mungo, V. angularis,
V. aconitifolia, V. umbellata, V. trilobata, V. triner-
via and V. reflexo-pilosa var. glabra are used as
human and animal food. Thus, Asiatic Vigna consti-
tutes an economically important group of cultivated
and wild species, of which rich diversity occurs in
India (Arora 1985; Babu et al. 1985).

The taxonomy of Vigna species is complex and
needs detailed analysis, as the estimation of genetic
diversity and delineation of several important taxa
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remain uncertain till date. Few studies have addressed
genetic variation in most important Asiatic pulse
yielding Vigna species, namely V. radiata and
V. mungo, in relation to the wild forms which have
been designated as distinct species or alternatively as
botanical varieties of the cultivated species by
different workers. For a long period, V. radiata var.
sublobata had been considered the common ancestor
of green gram and black gram. However, Lukoki
et al. (1980) and Chandel et al. (1984) recognized
divergence of both species before their domestica-
tion, and reported that V. radiata and V. mungo were
domesticated from two very different taxa, namely,
V. radiata var. sublobata and V. mungo var. silves-
tris. Babu et al. (1985) did not recognize such
varietal status for wild forms; instead they described
all these wild forms as one species, namely, V. sub-
lobata on the basis of morphological similarities
observed in the natural populations occurring in
Indian subcontinent and also, described a new
species, V. hainiana, to delineate more primitive
and wild forms with greater diversity for morpho-
logical traits in comparison to the members of the
V. sublobata species.

Presence of gaps in the available information has
necessitated the use of molecular markers for the
analysis of the population substructure, genetic
diversity and phylogenetic relationships amongst
selected species of the genus Vigna. The present
study was formulated with the following objectives:
(a) to study population substructure and genetic
diversity in selected Asiatic Vigna species (b) to
investigate status and distinctiveness of V. radiata
var. sublobata, V. radiata var. setulosa, V. mungo
var. silvestris and V. hainiana (c) to investigate
relationships of the wild forms with V. radiata and
V. mungo. These objectives are addressed in the
selected Vigna species through RAPD analysis.

Materials and methods

Plant material and DNA extraction

A total of 31 selected populations of 14 Vigna species
were analyzed in the study (Table 1). Total genomic
DNA was extracted from 15-day-old individual

etiolated seedlings using CTAB extraction procedure
(Saghai-Maroof et al. 1984). DNA was treated with
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Bovine Pancreatic RNase A and extracted once with
phenol:chloroform:isoamylalcohol (25:24:1 v/v) and
twice with chloroform:isoamylalcohol (24:1 v/v).
After precipitation with chilled absolute ethanol,
two washes of 70% ethanol were given. The
concentration of DNA samples was estimated using
DNA flourometer (Hoefer scientific, San Francisco,
USA) employing Hoechst 33258 as DNA intercalat-
ing dye (Brunk et al. 1979). A diluted stock of 20 ng/
pl DNA was used for setting up PCR amplification
reactions.

Primer selection

Forty-two deca-nucleotide RAPD primers from Kkits
OPA, OPB, OPC, OPD and OPH of Operon Tech-
nologies (USA) were screened for repeatability and
scorability using two samples each of V. radiata and
V. mungo. Out of these 42 primers, 10 primers
yielding repeatable, good and polymorphic amplifi-
cation products were selected. The nucleotide
sequences of these primers and characteristics of
amplification products recorded are listed in Table 2.
The PCR amplification reaction mixture contained
25 mM MgCl,, 50 mM KCl, 10 mM tris HCI
(pH 9), 0.1% Triton X-100, 0.2 mM dNTPs, 1 unit
Taq DNA polymerase (Bangalore Genei, Bangalore,
India), 0.4 uM primer and 20 ng genomic DNA in a
reaction volume of 25 pl. Amplification was per-
formed using GeneAmp 9600 Thermal Cycler
(Perkin Elmer Cetus, Norwak, CT, USA) with the
following temperature profile: a pre-denaturation step
of 3 min at 94°C, amplification reactions were cycled
40 times at 94°C for 1 min, 32°C for 1 min and 72°C
for 1 min, a final extension step was allowed for
10 min at 72°C. The amplification products were
separated in 1.8% agarose gel by electrophoresis in
I1x TAE buffer, pH 8.0. The 1 kb DNA marker
ladder (MBI Fermentas, Germany) was used as
molecular weight standard. After electrophoresis,
the gels were stained with ethidium bromide, viewed
under UV light and photographed with Polaroid 667
film.

Data scoring and analysis
All gel patterns were scored for presence and absence

of RAPD fragments, and data was entered into a
binary data matrix as discrete variables (1 for
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Table 1 List of 31 Vigna accessions analyzed along with the place of collection and status of the material

S. No Botanical name Accession no. Code Wild/ Source of the
cultivated material
1. V. angularis (Willd.) Ohwi et Ohashi Vangul-1 Vangul Cultivated Meghalaya
2. V. dalzelliana (O. Kuntze) Verdc. BBL69-2K BBL69_2Kdal Wild Ambaghat,
Maharashtra
3. V. hainiana Babu, Gopinathan et Sharma TCR24 TCR24hai Wild Kalwara,
Madhya Pradesh
4. V. hainiana Babu, Gopinathan et Sharma TCR26 TCR26hai Wild Sheshasahi Hills,
Madhya Pradesh
5. V. hainiana Babu, Gopinathan et Sharma TCR27 TCR27hai Wild Mandu,
Madhya Pradesh
6. V. hainiana Babu, Gopinathan et Sharma TCR29 TCR29%hai Wild Kachari,
Madhya Pradesh
7. V. hainiana Babu, Gopinathan et Sharma BB6-2K BB6_2Khai Wild Bherughat,
Madhya Pradesh
8. V. hainiana Babu, Gopinathan et Sharma BBL18-2K BB18_2Khai Wild Amaravati,
Maharashtra
9. V. hainiana Babu, Gopinathan et Sharma BBD7-01B BBD7_01Bhai  Wild Gajapati, Orissa
10. V. hainiana Babu, Gopinathan et Sharma BB25-01B BB25_01Bhai  Wild Bilaspur,
Chhattisgarh
11. V. minima (Roxb.) Ohwi et Ohashi BBL79-2K BBL79_2Kmin Wild Asanore, Goa
12. V. mungo (L.) Hepper var. silvestris BBL40-2K BBL40_2Kmsil Wild Khapoli,
Lukoki, Marechal et Otoul Mabharashtra
13. V. mungo (L.) Hepper var. silvestris BBL50-2K BBL50_2Kmsil Wild Murud, Maharashtra
Lukoki, Marechal et Otoul
14. V. mungo (L.) Hepper var. silvestris BBL55-2K BBL55_2Kmsil Wild Khedaghat,
Lukoki, Marechal et Otoul Maharashtra
15. V. mungo (L.) Hepper var. silvestris BBL60-2K BBL60_2Kmsil Wild Dervan, Maharashtra
Lukoki, Marechal et Otoul
16. V. mungo (L.) Hepper var. silvestris BBL83-2K BBL83_2Kmsil Wild Rajapur,
Lukoki, Marechal et Otoul Maharashtra
17. V. mungo (L.) Hepper PPU14 Mungo Cultivated Kanpur,
Uttar Pradesh
18. V. mungo (L.) Hepper NG2119 NG2119mun Cultivated Uttar Pradesh
19. V. radiata (L.) Wilczek var. setulosa BBL69 BBL69s Wild Ambaghat,
(Dalzell) Ohwi et Ohashi Mabharashtra
20. V. radiata (L.) Wilczek var. setulosa BBL72-2K BBL72_2Ks Wild Radhanagari,
(Dalzell) Ohwi et Ohashi Maharashtra
21. V. radiata (L.) Wilczek var. sublobata TCRI11 TCR11sub Wild Payyalore,
(Roxb.) Verdcourt Maharashtra
22. V. radiata (L.) Wilczek var. sublobata TCR62 TCR62sub Wild Ratnagiri,
(Roxb.) Verdcourt Maharashtra
23. V. radiata (L.) Wilczek var. sublobata BBL64-2K BBL64 _2Ksub Wild Ratnagiri,
(Roxb.) Verdcourt Maharashtra
24. V. radiata (L.) Wilczek Pusal05 PusalO5rad Cultivated IARI, New Delhi
25. V. radiata (L.) Wilczek UPM92 UPM92rad Cultivated IARI, New Delhi
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Table 1 continued

S. No Botanical name

Accession no. Code

Wild/ Source of the
cultivated material

26. V. reflexo-pilosa Hayata var. glabra
(Maréchal, Mascherpa et Stainier) Tateishi et Maxted

27. V. trilobata (L.) Verdcourt

28. V. trinervia (Heyne ex Wight et Arn.)
Tateishi et Maxted var. bourneae
(Gamble) Tateishi et Maxted

29. V. umbellata (Thunb.) Ohwi et Ohashi

30. V. umbellata (Thunb.) Ohwi et Ohashi
31. V. unguiculata (L.) Walpers

TCR20

TCR20glb Wild Harighat,

Madhya Pradesh

BB2-2K BB2 2Ktri Wild Raisen, Madhya
Pradesh
TCR121 TCR121bour  Wild Ninukuzhi, Kerala.
BB16-01A BB16_01Aumb Wild Taradevi,
Himachal Pradesh
Ricebean Ricebean Cultivated Meghalaya
Vyjayanthi Vyjayanthi Cultivated KAU, Kerala

Table 2 The 10 selected deca-nucleotide primers along with their base sequences and characteristics of 152 RAPD amplification

products studied in the analysis

S. no. Primer Base sequence (5'-3') No. of amplification Average no. amplification Size range of
products products per sample amplicons (bp)
1. OPA-13 CAGCACCCAC 15 6.488 250-1,050
2. OPA-15 TTCCGAACCC 16 3.401 400-1,500
3. OPA-16 AGCCAGCGAA 14 4.639 400-1,500
4. OPB-02 TGATCCCTGG 14 2.406 400-1,500
5. OPC-02 GTGAGGCGTC 13 4.279 200-1,031
6. OPC-04 CCGCATCTAC 16 5.000 300-1,500
7. OPC-08 TGGACCGGTG 17 6.197 150-1,250
8. OPC-12 TGTCATCCCC 13 2313 325-1,800
9. OPD-13 GGGGTGACGA 19 7.250 200-1,500
10. OPH-03 AGACGTCCAC 15 4.220 250-1,500

presence and O for absence). Genetic similarity (GS)
between each pair of species was estimated using the
method of Jaccard (1908): GS = nyy/n; — n,, where
n,y, is the number of bands common to accession A
and B; n, the total number of bands present in all
samples and n, the number of bands not present in
both A and B but found in other samples. The
similarity indices between the samples of mungo—
radiata complex were also computed using the same
formula. The amount of genetic variation within each
population and species was quantified by determining
number of polymorphic loci, percent polymorphic
loci (p), observed number of alleles per locus (na) and
effective number of alleles per locus (ne). Genetic
diversity statistics were calculated after Nei (1987).
Expected heterozygosity was calculated for all pop-
ulations using the procedure of Lynch and Milligan
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(1994). At each polymorphic locus, the total allelic
diversity was represented by Ht, which was parti-
tioned into mean allelic diversity within populations
(Hs) and the allelic diversity among populations
(Dst). The proportion of total allelic diversity or
genetic differentiation among populations (Gst) was
calculated as the ratio Dst/Ht. Fgy values representing
differentiation between populations were also calcu-
lated using Arlequin Version 3.01 software (Excoffier
et al. 1992).

The Shannon—Weaver information index (Shannon
and Weaver 1949) was calculated to measure the
extent of diversity in each sample. The Wright’s
F-statistics, For, Fsc and Fst were also computed
(Wright 1965). These are hierarchically related
descriptors of the distribution of genetic variation
within and among populations. The statistical
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analyses were performed using POPGEN version
1.31 (http://www.ualberta.ca/ ~ fyeh/fyeh).

An analysis of molecular variance (AMOVA) was
also performed to partition the total genetic variation
into that occurring within population, among popu-
lation within groups and among groups using
Arlequin Version 3.01 software (Excoffier et al.
1992). It was performed by grouping the populations
conforming to species to two level of analysis, firstly,
by including all 31 populations belonging to 14 Vigna
species, secondly, by including only those species
that belong to mungo-radiata complex. These two
types of AMOVA were performed to resolve the
differentiation of species within mungo—radiata
complex.

The Jaccard’s similarity matrix was utilized to
construct a dendrogram using UPGMA procedure.
Principal components analysis (PCA) was also per-
formed to study the differences among the
populations within a cluster. These analyses were
conducted using NTSYS-pc software (Rohlf 1992).

Results

The 10 RAPD primers used (Table 2) generated 152
amplification products in the 152 individuals of 31
populations belonging to 14 Vigna species. The
number of amplified fragments varied from 13 to
19 per primer. The pair-wise similarity values
between species of mungo-radiata complex ranged
from 0.081 to 0.910 with the average value of 0.339.
The Fgr values (Table 3) between populations ranged
from 0.084 (between accessions of V. hainiana i.e.
BB-6-2K and TCR26) to 0.801 (between accessions
of V. mungo and V. radiata var. sublobata TCR11).

The wild Vigna forms showed higher intra-specific
variability in comparison to the cultivars (Tables 4,
5). Diversity parameters in the populations were
indicators of the diversity prevalent in each of the
species analyzed (Table 4). The number of polymor-
phic loci ranged from 15 (BBL69, V. radiata var.
setulosa) to 99 (BB18-2K, V. hainiana) and the
percent polymorphic loci varied from 9.87% (BBL69,
V. radiata var. setulosa) to 65.13% (BB18-2K,
V. hainiana). The estimates for observed and effec-
tive number of alleles per locus ranged from 1.09
(TCR66 of V. radiata var. sublobata) to 1.65 (BB18-
2K of V. hainiana) and 1.06 (TCR66 of V. radiata

var. sublobata) to 1.41 (BB18-2K of V. hainiana)
respectively. The Nei’s genetic diversity (h) estimates
ranged from 0.04 (TCR66 of V. radiata var. sublo-
bata) to 0.24 (BB18-2K, V. hainiana). The values for
expected heterozygosity ranged from 0.07 (BBL69 of
V. radiata var. setulosa) to 0.31 (BBL18-2K of
V. hainiana). The Shannon-Weaver information
index values varied from 0.09 (TCR66 of V. radiata
var. sublobata) to 0.56 (BB18-2K, V. hainiana).
Inter-species variability was analyzed by comput-
ing the parameters, number of polymorphic loci (P),
percent polymorphic loci, observed number of alleles
per locus (na), effective number of alleles per locus
(ne), Shannon-Weaver information Index (I), total
diversity (Ht), diversity within accessions (Hs) and
diversity between accessions, Dst (Table 5). Maxi-
mum number of polymorphic loci (136) and percent
polymorphic loci (89.47) were observed for V. ha-
iniana while, minimum number of polymorphic loci
(30) and percent polymorphic loci (19.74) were
observed for V. radiata var. setulosa. Observed
number of alleles per locus (na) and effective number
of alleles per locus (ne) ranged from 1.19 (V. radiata
var. setulosa) to 1.71 (V. hainiana) and 1.13 (V. rad-
iata var. setulosa) to 1.45 (V. hainiana) respectively.
Shannon—Weaver information index (I) ranged from
0.1 (V. radiata var. setulosa and V. reflexo-pilosa
var. glabra) to 0.4 (V. hainiana). Total diversity,
which is partitioned into diversity within accessions
and diversity between accessions varied from 0.07
(V. radiata var. setulosa and V. reflexo-pilosa var.
glabra) to 0.26 (V. hainiana). The estimated within
accession diversity ranged from 0.01 (V. trilobata) to
0.19 (V. angularis), whereas, between accession
diversity ranged from 0.04 (V. mungo) to 0.12
(V. trilobata). The gene-flow among populations
within species varied from 0 to 1.63 (V. mungo).
Wright Fixation indices (Fsc, Fst and Fer) were
calculated to evaluate population subdivision and
population substructure (Table 6). The computations
for these indices were performed for all the popula-
tions and separately for mungo-radiata complex. For
mungo-radiata relatives, For, Fsc and Fgr estimates
were 0.87, 0.43 and 0.56 respectively. Similarly for
all Vigna species combined the fixation indices Fcr,
Fsc and Fgt were 0.56, 0.42 and 0.25 respectively.
AMOVA (Table 7) indicated that 43.71% of the
total variation was accounted by within population
variation in comparison to 31.60% by among
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population variation within the species, and among
species variation accounted for 24.71% of total
variation. Similarly, for mungo-radiata complex, of
the total genetic diversity, 40.42% was attributed to
individuals within populations, 30.95% to popula-
tions within species and 28.63% to amongst species.

The UPGMA tree constructed on the basis of
Jaccard’s similarity matrix by incorporating
V. unguiculata as an outgroup (Fig. 1) classified the
populations representing six species of mungo-rad-
iata complex into two groups (I and II). Out of six
species, group I included all populations belonging to
V. radiata, V. mungo, V. radiata var. sublobata,
V. radiata var. setulosa and V. mungo var. silvestris,
whereas, group II incorporated all the populations
belonging to V. hainiana. The PCA analysis (Fig. 2)
was performed for mungo-radiata complex. The six
species segregated into six groups, with all popula-
tions of a species forming a distinct single group. The
first three most informative principal components
accounted for 14.82%, 10.82% and 9.20% of the total
variation and 22 components are required to explain
the total variation.

Discussion

The knowledge of population substructure, genetic
diversity and phylogenetic relationships between wild
forms and cultigens of Vigna is essential for devising
strategies for efficient genetic diversity maintenance
and utilization. The environmental challenges faced
by wild and cultivated species, today, underline the
innate importance of measurement and assessment of
genetic variability. The loss of genetic diversity is the
major threat for the maintenance and adaptive
potential of species. Moreover, accurate identification
of genetic relatedness between cultivars and varieties
is a pre-requisite for plant breeding programmes. In
the present study, extensive genetic variability, high
differentiation among species and strong subdivision
among populations of the species were observed.
High polymorphism observed for amplicons gener-
ated with each primer can be attributed to the fact that
14 distinct and diverse species of Vigna were
analyzed in the present study. In fact, earlier only
3% bands were reported as common in 23 accessions
belonging to subgenus Ceratotropis (Kaga et al.
1996).

@ Springer

Of the species analyzed, higher polymorphism was
observed for the wild species in comparison to the
cultivated ones except for the wild species where
sample size is very small due to their limited
occurrence in the wild habitats (Tables 4, 5). This
is in contrast to the high genetic similarity reported
earlier among the cultivars of V. radiata using
RAPDs (Lakhanpaul et al. 2000). Perusal of the
estimates of genetic diversity statistics among the
populations representing various species indicated
high levels of population differentiation. Averaged
over all loci, the total genetic diversity is moderate
and high level of variability is found between species.
However, total diversity (Ht), within accession
diversity (Hs) and between accession diversity (Dst)
observed were higher than earlier studies based on
isozyme electrophoresis, where values for total
diversity is less than 0.2 for V. vexillata (Sonnante
et al. 1997) and V. luteola and V. marina (Sonnante
etal. 1998) and 0.3 for V. unguiculata (Pasquet
1999). In these reports, the within accession diversity
reported was less than 0.01 (Sonnante et al. 1997;
Pasquet 1999). Higher diversity and differentiation
reported in the present study could be due to presence
of greater diversity in wild populations of the species
and higher polymorphism observed for the RAPD
markers in comparison to isozymes and also due to
the fact that larger number of polymorphic markers
was available with RAPDs (Williams et al. 1990). On
the other hand, protein/isozymes profiles reveal only
a fraction of the genetic changes in the coding regions
of the genome.

Considerable gene-flow was detected between the
populations of V. mungo, V. mungo var. silvestris,
V. radiata, V. radiata var. sublobata, V. hainiana
and V. umbellata. This indicates occurrence of inter-
crossing between wild populations of these species,
as these populations occur in contiguous areas and
mostly their geographic areas of occurrence overlap
(Table 1). Minimum values for Fgt were observed
between populations of V. hainiana indicating that
these populations are least differentiated, whereas,
within a group maximum values of Fgr was recorded
for populations of V. radiata var. sublobata indicat-
ing that this group comprises divergent populations.

Fixation index is defined as increased homozy-
gosity resulting from inbreeding. Wright’s F statistics
could be negative or positive indicating a deficiency
or excess of homozygotes in relation to a random
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Table 4 Genic diversity paramers for the Vigna populations based on RAPD polymorphism
Population code Sample No. of % Observed Effective Nei’s genic Shannon—-  Exp.
size polymorphic Polymorphic number of number of diversity (h) Weaver heterozygosity
loci loci (p) alleles per alleles per information
locus (na) locus (ne) index (I)
mungo 5 24 15.79 1.15+ 036 1.09 £ 025 0.56 &= 0.14 0.08 &£ 0.20 0.09 £ 0.016
NG2119mun 5 48 31.58 1.13 £ 044 120 £ 034 0.11 £0.18 0.17 £ 0.26 0.09 £ 0.016
BBL83_2Kmsil 5 27 17.76 1.40 £ 048 1.25+ 037 0.14 £0.19 0.21 £ 0.28 0.18 £ 0.019
BBL55_2Kmsil 4 35 23.02 123 £042 1.13+£0.29 0.08 £0.16 0.12 £ 0.23 0.12 + 0.018
BBL60_2Kmsil 5 63 41.45 141 £049 126 +£0.36 0.15+0.19 0.22 £ 0.28 0.09 + 0.016
BBL40_2Kmsil 4 47 30.92 130 £ 046 122 +036 0.12 £ 0.19 0.18 £ 0.28 0.16 = 0.020
BBL50_2Kmsil 5 57 37.50 1.37 £ 048 123 +£0.35 0.13 £0.19 0.19 £ 0.27 0.17 £ 0.019
PusalO5rad 5 54 35.53 135+ 048 1324+036 0.12+0.19 0.19 +£0.27 0.16 £ 0.018
UPM 92rad 5 34 22.37 122 £ 041 1154031 0.08+0.17 0.12 &£ 0.24 0.11 £ 0.017
TCR62sub 5 41 26.97 1.17 £ 038 1.16 £ 031 0.09 £ 0.17 0.14 £ 0.24 0.12 £ 0.017
TCR11sub 5 27 17.76 1.26 £ 044 1.13 £030 0.07 £0.16 0.10 £ 0.23 0.09 £ 0.016
BBL64_2Ksub 5 26 17.11 1.17 £ 037 1.11 £0.28 0.06 = 0.15 0.09 £ 0.22 0.09 £ 0.016
BBL69s 2 15 9.87 1.09 £029 1.06 £0.21 0.04 £ 0.12 0.56 £ 0.18 0.07 £ 0.018
BBL72_2Ks 5 30 19.74 1.19 £ 039 113 £030 0.07 +0.16 0.10 £ 0.23 0.09 £ 0.016
BB25_01Bhai 5 66 43.42 1.43 £ 049 126 +£038 0.15+0.19 0.22 +£0.28 0.18 £ 0.018
BB6_2Khai 5 72 47.37 1.47 £ 050 1.30 £0.39 0.17 £0.20 0.25 £ 0.29 0.21 £ 0.019
BB7_01Bhai 5 52 3421 1.34 £ 050 1.19 £033 0.11 £0.17 0.17 £ 0.25 0.15 £ 0.017
BBL18 2Khai 6 99 65.13 1.65 £ 047 1.41 £037 0.24 +£0.20 0.35 £ 0.28 0.31 £ 0.020
TCR24hai 4 51 33.55 133 £047 1.20+0.32 0.11 £0.18 0.17 £ 0.26 0.18 £ 0.020
TCR26hai 5 57 37.50 1.37 £048 121 £0.34 0.12 £ 0.18 0.19 £ 0.26 0.17 £ 0.019
TCR27hai 6 56 36.84 1.36 £ 048 1.21 £034 0.12+0.18 0.18 £ 0.26 0.15 £ 0.017
TCR29hai 7 63 41.45 1.41 £ 049 124 +£034 0.14 £0.19 0.21 +£0.27 0.19 £ 0.019
Ricebean umb 4 48 31.58 132+ 046 121 £035 0.12+0.19 0.17 £ 0.27 0.17 £ 0.020
BB16_01Aumb 5 50 32.89 1.32 £ 047 120 £034 0.12+0.18 0.17 £ 0.26 0.16 £+ 0.019
BBL79_2Kmin 5 57 37.50 1.37 £ 048 1.18 £0.29 0.11 £0.16 0.18 = 0.24 0.18 £ 0.019
TCRI12l1trinervia 5 63 41.45 1.41 £ 049 126 £037 0.15+0.19 0.22 £ 0.28 0.19 £+ 0.019
TCR20glb 3 31 20.39 120 £040 1.13 +£0.29 0.07 £0.16 0.11 £ 0.23 0.12 £ 0.019
BBL2_2Ktri 5 60 39.47 1.39 £049 123 +£0.33 0.13 £0.18 0.20 £ 0.27 0.19 £ 0.020
BBL69_2Kdalz 6 60 39.47 1.39 £049 123 +£0.35 0.13 £0.19 0.20 £ 0.27 0.16 = 0.017
unguic 6 69 45.39 145+ 049 1.26+036 0.15+0.19 0.23 +£0.27 0.20 £ 0.019
angul 5 75 49.34 1.49 £ 050 1.34 £039 0.19£0.21 0.28 £0.30 0.25 £+ 0.021

mating population. F equals to zero, when the
population is in Hardy—Weinberg equilibrium, while
when all genotypes are homozygous, F equals 1. In
the present study, high estimates of fixation index
indicated a predominantly autogamous behavior of
the wild species. Hartl (1987) suggested that the
range 0-0.05 indicates little differentiation, 0.05-0.15
moderate, 0.15-0.25 large differentiation and above
0.25 indicates very large differentiation. The high
values for Fct observed here (which is equivalent to

Wright’s Fst), indicates strong subdivision of popu-
lations representing a species and high genetic
differentiation among the species. A comparison of
the Fct values for the mungo—radiata complex (0.87)
and all the Vigna species together (0.25) indicates
existence of very large genetic differentiation among
the designated species and lower taxonomic levels in
this complex. The partitioning of molecular variance
with  AMOVA revealed that substantial variation
exists among the species and populations indicating

@ Springer
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Table 6 Wright’s fixation indices for the 14 Vigna species and
mungo—radiata complex based on RAPD markers

Combined for all
Vigna species

S.  Population
No. differentiation

For mungo—
radiata relatives

indices

Fsc 0.42 0.43

Fst 0.56 0.56
3. Fct 0.25 0.87

that greater number of population samples should be
sampled and studied to delineate the species identities
and boundaries in this species complex. It could be

seen that the partitioning of variation is similar in
magnitude in both mungo—radiata complex as well as
when all 14 Vigna species are compared together.
UPGMA tree based on RAPD profiles indicated
that V. mungo, V. radiata, V. mungo var. silvestris,
V. radiata var. sublobata and V. radiata var. setulosa
are distinct taxonomic groups. However, as these
species were placed in the same cluster in the
dendrogram, their origin from a common ancestor is
evident. In addition, cultivated forms are grouped
close to their proposed wild forms. Though, Kaga
et al. (1996) reported similar grouping in their study
of subgenus Ceratotropis, more variation between

Table 7 Analysis of molecular variance (AMOVA) for 152 individuals representing 14 Vigna species and partitioning of molecular

variance in mungo—radiata species complex

S. No. Source of variation Combined for all 14 Vigna species For mungo-radiata relatives
DF Variance % Of DF Variance % Of
components variation components variation
Among groups 15 7.47 24.70 5 8.76 28.63
Among populations within groups 18 9.55 31.59 16 9.47 30.95
Within populations 138 13.21 43.71 86 12.37 40.42
Total 171 30.23 107 30.60
Fig. 1 UPGMA tree based [ NG ungo
on RAPD amplicons L mungo
illustrating relationships | PUSAIOSH
among the six Vigna species | radiata
belonging to the mungo- N
radiata complex using ok
V. unguiculata as an | _| BBLSS 2Ks
outgroup BBIS3_2Ks
— BBLG0_2Ks | . silvestris
— L
BBLS0_2Ks
TCR2sb
BBL64 2Kl " sublobata
| ‘ TCRG6sH
BBLT2 2Kst| 1. setulosa
TCRT
TCR9
TCR2h
E— TCR6h
BB6_2Kh
|—BBIS_2Kh
BBI7_01Bh
BB2S 01Bh
unguic | unguiculata
I T T 1
015 031 064 080
Jaccard's Similarity Coefficient
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Fig. 2 Principal

components analysis of 0150 25
RAPD profiles to resolve )
relationships among the
Vigna species belonging to
the mungo—radiata complex
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cultivated and wild forms was found in V. radiata
than in V. mungo, in the present study. Therefore,
wild forms of V. radiata have differentiated greatly
since domestication and some of them retain only
partial affinity with the related species V. mungo
(Miyazaki 1982). Clustering of all the accessions of
V. hainiana together suggests it to be a distinct taxa
and its close and equidistant grouping also appeared
to support the view that V. hainiana might be the
common putative progenitor of wild relatives of both
V. mungo and V. radiata (Babu et al. 1985). How-
ever, elaborate analysis of diverse populations is
required to further confirm whether V. hainiana could
be considered as the putative progenitor of green
gram and black gram and whether the closest wild
relative of green gram, namely, V. radiata var.
sublobata and V. radiata var. setulosa also have
their origin from V. hainiana.

To conclude, the evidences suggest that: (1) the
wild species, V. radiata var. sublobata and V. mungo
var. silvestris have high similarity to their respective
cultivated forms. (2) V. hainiana, V. radiata var.
sublobata, V. radiata var. setulosa and V. mungo var.
silvestris are distinct taxa. (3) V. hainiana is equi-
distant to both V. radiata and V. mungo. (4)

@ Springer

PCAL

V. hainiana is more primitive compared to V. radiata
var. sublobata, V. radiata var. setulosa and V. mungo
var. silvestris. Hence, V. hainiana could be the
common pivotal progenitor species of both V. radiata
var. sublobata and V. mungo var. silvestris from
which the cultivated mung (V. radiata) and urd
(V. mungo) have evolved.
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