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Abstract Twenty-one RAPD and twelve ISSR
primers were used for assessment of genetic diversity
and establishing phenetic relationships among 35
genotypes of six currently cultivated Indian Momor-
dica species and five genotypes of two Luffa species.
A total of 436 RAPD and 230 ISSR scorable
fragments were produced of which 99.8% fragments
showed polymorphism among the species and vari-
eties of Momordica and Luffa. The level of polymor-
phism detected by the 33 random primers was higher
among the species (99.8%) of Momordica than that
estimated among the varieties (61.3%). The varieties
belonging to dioecious Momordica species (75.6%)
showed a higher level of polymorphism as compared
to monoecious species (50.3%). A significant level
(68.6%) of polymorphism however was detected by
the two marker types among the Indian varieties of
monoecious M. charantia species. A wider range of
molecular diversity (16-95%) detected by both
RAPD and ISSR markers reflected presence of high
level of genetic variation among the species and
Indian varieties of Momordica and Luffa. The level of
inter-specific diversity was maximum (90%) between
annual monoecious M. charantia and perennial
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dioecious M. cochinchinensis whereas the extent of
intra-specific diversity was highest particularly in
dioecious species (51%) as compared to monoecious
species like M. charantia (38%). Wider divergence of
the taxon of controversial identity, M. cymbalaria from
the other Indian cultivated Momordica species and
their evolutionary closeness with Luffa species was
evident. The clustering pattern obtained among the 40
genotypes belonging to different Momordica and Luffa
species corresponded well with their morphological,
cytological and taxonomic classification, which was
further supported by high boot-strap values and PCA
analysis. Species and genotype-specific fragments
detected by the random markers would be useful in
introgression breeding for genetic improvement of
Momordica cultivated in India. A smaller set of 28
informative random markers screened in this study
could precisely differentiate the Momordica genotypes
from each other and thus would be of use in many
marker-based genotyping applications in Momordica.

Keywords Genetic diversity - ISSR - Momordica -
Phenetic relationship - RAPD

Introduction

The genus Momordica derives its name from Latin
‘mordeo’ (momordi = to bite) in allusion to the

jagged seeds and comprises 59 species. Momordica
charantia (common name: bitter gourd, karela or
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balsam pear or bitter melon) is a vegetable with many
culinary uses especially in Asia and Africa. It is also
grown as an ornamental and has been used for
centuries in ancient traditional Indian, Chinese, and
African pharmacopoeia. Among the cucurbits,
M. charantia and M. dioica are considered prized
vegetables because of their high nutritive values
especially ascorbic acid and iron (Chakravarty1959;
Behera et al. 2008a) and medicinal properties. In
India, the Momordica species except bitter gourd
(M. charantia), are being gathered from wild and
eaten besides being used in genetic improvement of
the species.

Taxonomic confusion exists in Momordica spp. and
details of their floral biology, system of evolution and
inheritance are poorly understood. The botanical
names and common names are often used incorrectly
or interchangeably (Joseph et al. 2007). Different
taxonomic classification approaches have resulted in
controversies about the number of species that exist
and the phylogenetic relationships among these spe-
cies. According to the latest revision of Momordica
spp. of Indian occurrence (Joseph 2005), there are six
well identified species of which four are dioecious
and two are monoecious. The monoecious taxa are
M. charantia L. (2n = 22) and M. balsamina L.
(2n = 22). The dioecious taxa are M. dioica Roxb. ex
Willd. 2n = 28), M. sahyadrica Joseph et Antony
(2n = 28), M. cochinchinensis (Lour.) Spreng.
(2n = 28) and M. subangulata Blume subsp. renigera
(G. Don) W.J.J de Wilde (2n = 56). However,
M. cymbalaria (Hook., Fenzl ex Naud.), which is
expected to be under Momordica has not been included
under the class of Momordica of Indian occurrence.

Though a number of varieties belonging to differ-
ent Momordica species have been developed in India,
no information is available on their genetic base.
Advancements in DNA technology have resulted in
an array of tools for DNA polymorphism assays.
DNA based molecular markers are useful tools that
provide a relatively unbiased estimation of genetic
diversity and establish genetic relationship more
precisely than morphological and biochemical mark-
ers (Soller and Beckmann 1983). Among these, PCR
based random molecular markers such as Random
Amplified Polymorphic DNA (RAPDs) and Inter
Simple Sequence Repeats (ISSRs) are more com-
monly used in species in which there is a lack of
DNA sequence information.

@ Springer

Understanding the extent of natural variation and
phylogenetic relationship at molecular level is essen-
tial to develop new strategies for genetic improve-
ment of Momordica. Earlier, molecular markers like
RAPD have been used to assess genetic diversity
among the species of bitter gourd (Dey et al. 2006),
spine gourd (Rasul et al. 2007), cucumber (Horejsi
and Staub 1999), pumpkin (Gwanama et al. 2000),
watermelon (Lee et al. 1996) and ash gourd (Sureja
et al. 2006). Besides, ISSR markers have been
employed in genetic diversity analysis of different
cucurbits (Dje et al. 2006; Levi et al. 2004; Ritschel
et al. 2004) and in phenetic studies among related
Momordica species namely, Citrullus, Cucumis and
Praecitrullus fistulosus (Levi et al. 2005). Phyloge-
netic relationship among the different monoecious
and dioecious Momordica species has also been
studied using plastid and mitochondrial DNA based
markers (Schaefer and Renner 2009).

No systematic effort has yet been made to
understand the existing diversity pattern and phenetic
relationships among the cultivated varieties included
under Indian Momordica spp., using molecular
markers. The present study was undertaken for
assessment of genetic diversity and establishing
phenetic relationships among different genotypes of
six currently cultivated Indian Momordica spp. and a
taxon of controversial identity, Momordica cymbal-
aria using RAPD and ISSR markers.

Materials and methods
Plant materials

Thirty-five genotypes of different Momordica species
including 11 of M. charantia, seven each of
M. subangulata subsp. renigera and M. dioica, four
of M. cymbalaria, three of M. sahyadrica, two of
M. cochinchinensis and one of M. balsamina were
included in the present study. Five genotypes of Luffa
(three of L. acutangula and two of L. cylindrica) were
also included for comparison. The details of geno-
types used and general morphology of the species are
provided in Table 1. In M. charantia, M. balsamina,
L. acutangula, L. cylindrica and M. sahyadrica, selfed
(three generations) seeds were used to raise the plant
for DNA extraction. Leaf samples of M. cochinchin-
ensis, M. subangulata subsp. renigera and M. dioica
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were collected from the strains maintained at Central
Horticultural Experiment Station, Bhubaneswar.
Tubers of two genotypes of M. sahyadrica and four
genotypes of M. cymbalaria were collected from the
natural habitat in Kerala and Tamil Nadu, respec-
tively. The collected tubers were grown at IARI, New
Delhi for collection of leaf sample.

DNA isolation and PCR amplification

Total genomic DNA was isolated from bulked young
leaves of field grown plants of each genotype using
modified CTAB method (Doyle and Doyle1987) and
purified. The quality and quantity of DNA isolated
from these leaf samples was determined by agarose gel
electrophoresis using a known quantity of 2 DNA as
standard. The genomic DNA was subjected to PCR
amplification using 25 random decamer primers
(RAPD) and 15 ISSR primers (15-23 decameric
oligonucleotides) selected based on previous study
on Momordica charantia accessions (Behera et al.
2008b). PCR reaction was performed ina25 pl volume
containing 1 pl of 10x Taq buffer A (10 mM Tris—
HCI, pH 8.3 with 15 mM MgCl,), 0.5 pl of 10 mM
dNTPs, 0.2 pul of 3 unit of Tag DNA polymerase
(Bangalore Genei Pvt. Ltd, Bangalore, India), 2 pl
(25 ng) of template genomic DNA and 2 pl (5 pM)
each of RAPD/ISSR primers. PCR reactions were run
on a Biometra T Gradient thermocycler (Biometra,
USA) using the cycling temperature profiles described
earlier by Jain et al. (1994) for RAPD analysis. Cycling
conditions used for ISSR PCR amplification were:
initial denaturation at 94°C for 5 min followed by 30
cycles of 94°C for 1 min, 55°C for 2 min, 72°C for
2 min and a final extension step at 72°C for 5 min. The
amplified products were resolved on 2.5% agarose gel
at 70-80 V for 3.54 h, using 0.5x TBE (Tris-Boric
acid-EDTA) buffer, visualized under UV light after
staining with ethidium bromide and photographed
using gel documentation system. The size (bp) of the
amplicons was determined by comparing their mobil-
ity with 100 bp DNA ladder as size standard.

Data analysis
Only clear and reproducible DNA fragments were scored
as 1-0 binary data matrix for the presence and absence of

a band, respectively. Cluster analysis among the 40
genotypes of Momordica and Luffa species was based on
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Jaccard similarity coefficient (Jaccard 1908) using the
unweighted pair group method (UPGMA) and SAHN
clustering algorithm. Principal components were derived
for each genotype using eigen vectors and eigen values
extracted from a correlation matrix among the markers
that was obtained from a standardized data matrix. All the
above analyses were carried out using NTSYS-pc
(Version 2.02e, Applied Biostatistics) program. Boot-
strap analysis (1,000 iterations) of the binary data was
performed using the WINBOOT programme (Yap and
Nilsson 1996) to determine the confidence limits of the
UPGMA based dendrograms and boot-strap of 50%
majority rule consensus tree was constructed. Average
discrimination coefficients (D) of each RAPD and ISSR
primers were estimated for all the 40 genotype-pairs with
band differences ranging from one to five using the
PowerMarker (Liu and Muse 2005) software tool.

Results
Level of DNA polymorphism in Momordica spp.

A total of 25 RAPD and 15 ISSR primers were used to
amplify two genotypes of Momordica species to
optimize PCR conditions namely, annealing tempera-
ture, template DNA and primer concentration. Twenty-
one RAPD and twelve ISSR primers produced
reproducible and clear scorable amplification products
and thus were selected in the present study for
genetic diversity analysis. Various gel concentrations
(2-2.5%) were also tried depending on the size of
amplified products for better resolution. Both RAPD
and ISSR showed clear polymorphic fragment patterns
among the species and varieties of Momordica. A total
of 436 and 230 scorable fragments with mean of 20.8
and 19.2 were produced by 21 RAPD and 12 ISSR
primers, respectively (Table 2). Out of 666 fragments,
one produced by the RAPD primer OPW-2 was found
monomorphic in all the genotypes of Momordica and
Luffa and the remaining were polymorphic (99.8%).
The polymorphic primers produced distinct banding
patterns in all the Momordica and Luffa species
examined (Figs. 1, 2). The size of the amplified
products ranged from 250 to 4,000 bp with RAPD
and 250-3,000 bp in case of ISSR. The level of
polymorphism varied from species to species as well as
with the markers used (Table 3). The PIC ranged from
0.15 (OPC 17) to 0.36 (OPW 13) with an average of



Genet Resour Crop Evol (2012) 59:937-948 941

Table 2 Details of amplification and polymorphic potential of RAPD and ISSR markers in Momordica and Luffa species

Primer ID TNF* Inter-specific Inter-varietal (M. charantia L.)
NPF* NSF* NGF* PIC* TNF* NPF* NGF* PIC*

RAPD
OPC 13* 24 24 5 12 0.29 5 3 1 0.13
OPC 17¢ 13 13 2 8 0.15 3 2 1 0.25
OPD 15 14 14 3 7 0.31 4 2 0 0.15
OPE 3% 21 21 3 9 0.29 5 2 1 0.09
OPE 19° 22 22 1 10 0.27 5 3 1 0.17
OPF §*° 23 23 1 9 0.29 9 9 4 0.43
OPF 12 26 26 3 7 0.31 9 8 2 0.26
OPF 13* 20 20 1 5 0.33 8 7 2 0.22
OPW 1% 19 19 4 4 0.20 5 2 1 0.07
OPW 2 15 14 1 3 0.20 3 1 0 0.15
OPW 3*° 19 19 3 6 0.27 11 10 6 0.32
OPW 6% 18 18 1 7 0.28 8 5 2 0.19
OPW 7% 23 23 4 9 0.28 7 4 1 0.25
OPW 8% 24 24 2 8 0.35 10 3 1 0.13
OPW 11* 22 22 0 8 0.26 8 7 2 0.21
OPW 13 12 12 1 4 0.36 6 4 2 0.15
OPW 18a 28 28 3 10 0.29 9 8 2 0.26
OPW 19*° 27 27 0 9 0.26 14 14 5 0.32
OPW 20* 15 15 4 7 0.19 2 1 0.15
OPX 17 27 27 5 13 0.30 7 3 1 0.15
OPX 5% 24 24 2 11 0.32 9 2 0.10
Total 436 435 49 166 5.8 148 103 38 4.15
Mean 20.8 20.71 2.33 7.9 0.28 7.05 4.90 1.47 0.20

ISSR
UBC 808" 18 18 1 0.34 8 4 1 0.15
UBC 809 16 16 3 0.32 3 0 0 0
UBC 825% 16 16 2 0.24 8 7 2 0.30
UBC 840* 29 29 4 12 0.24 8 4 1 0.20
UBC 841*° 21 21 2 11 0.22 9 8 4 0.37
UBC 848" 26 26 2 13 0.23 12 11 3 0.28
UBC 855% 17 17 3 9 0.25 6 4 1 0.13
UBC 856 13 13 3 10 0.24 4 2 0 0.17
UBC 861 17 17 3 0.33 5 1 0 0.08
UBC 888" 16 16 1 0.29 7 6 2 0.19
UBC 889 25 25 2 10 0.27 5 3 1 0.20
UBC 890*° 16 16 1 8 0.22 5 4 2 0.33
Total 230 230 27 103 3.19 80 54 17 2.40
Mean 19.2 19.17 2.25 8.6 0.27 6.67 4.50 1.33 0.20

* Total number of fragments (TNF), polymorphic fragments (NPF), number of species (NSF) and genotype specific (NGF)
fragments, polymorphic information content (P/C) obtained with RAPD and ISSR primers

 Informative primers and

® Most informative primers based on discrimination coefficient estimation (D)
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Fig. 1 Amplification profiles of 40 genotypes belonging to seven Momordica and two Luffa species obtained with the RAPD primer
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Fig. 2 Amplification profiles of 40 genotypes belonging to seven Momordica and two Luffa species obtained with ISSR primer UBC

808

Table 3 PCR amplification profiles of the Momordica and Luffa species obtained with RAPD and ISSR primers

Species No. of Total no. of No. (%) of polymorphic ~ Mean No. of No. of No. of
genotypes bands bands polymorphism  species genotype  genotypes
included (%) specific specific identified

RAPD ISSR  RAPD ISSR fragments fragments

M. charantia 11 148 80 103 (69.6) 54 (67.5) 68.8 11 55 7

M. balsamina 1 85 42 - - - -

M. sahyadrica 3 108 60 33 (30.6) 30 (50.0) 375 3 18 1

M. dioica 7 178 91 148 (83.2) 83 (91.2) 859 12 63 7

M. subangulata 7 171 95 153 (89.5) 76 (80.0) 86.1 10 69 7

M. cochinchinensis 2 95 59 88 (92.6) 55(93.2) 928 18 80 2

M. cymbalaria 4 151 65 101 (66.9) 47 (72.3)  68.5 7 39 2

L. cylindrica 2 99 49 23 (23.2) 16 (32.7)  26.6 1 10 1

L. acutangula 3 127 56 41 (32.3) 27 (48.2) 372 2 16 1

Total 40 1,162 597 690 (59.4) 388 (65) 61.3 64 350 28

0.28 for RAPD and 0.22 (UBC 841 and UBC 890) to
0.34 (UBC 808) with an average of 0.27 for ISSR
(Table 2). The level of polymorphism among the
varieties of Momordica was lower (61.3%) than the
level among the species (99.8%). The intra-specific
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polymorphism detected by ISSR was maximum in
M. cochinchinensis (93.2%) followed by M. dioica
91.2%), M. subangulata (80%) and M. cymbalaria
(72.3%), whereas RAPD revealed maximum level
of polymorphism in M. cochinchinensis (92.6%)
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followed by M. subangulata (89.5%) and M. dioica
(83.2%). The RAPD and ISSR primers showed min-
imum intra-specific polymorphism in L. cylindrica.
The extent of polymorphism detected by these two
marker types was 68.6% among the eleven varieties of
M. charantia. A total of 228 scorable fragments were
produced in this species by 21 RAPD (Fig. 1) and 12
ISSR (Fig. 2) primers with an average of 6.9 fragments
per primer (Table 2). Number of fragments amplified
per primer ranged from three (OPC 17, OPW 2 and
OPW 20) to fourteen (OPW 18) in RAPD and three
(UBC 809) to twelve (UBC 848) in ISSR. The
percentage of polymorphic fragments detected by
these two marker types varied from primer to primer
(Fig. 1) that ranged from 20 to 100%. One hundred
fifty-seven (68.9%) of 228 bands showed polymor-
phism among the varieties of M. charantia and more
than 60% of the polymorphic bands were produced by
1/3rd of the primers used. The PIC of the RAPD and
ISSR primers in the varieties of M. charantia ranged
from 0.08 to 0.43 with an average of 0.20. In the seven
varieties of M. dioica and M. subangulata, 231 (85.9%)
of the 269 amplified fragments and 229 (86.1%) of 266
fragments showed polymorphism with the mean PIC
value of 0.32 and 0.31, respectively.

The proportion of species-specific fragments was
low across all the Momordica species, whereas the
percentage of genotype specific fragments within
each Momordica species was significantly higher
(Table 3). The RAPD primers detected highest num-
ber of species as well as genotype-specific fragments
as compared to ISSR primers (Table 2). Interestingly,
a combined profile of nineteen RAPD and nine ISSR
markers could identify almost all the genotypes of
M. dioica, M. subangulata and M. cochinchinensis as
well as seven of the 11 genotypes in M. charantia,
and thus were found informative with regard to
number of genotypes identified. Overall, based on
discrimination coefficient (D), three of the RAPD
primers (OPF8, OPW3 and OPW19) and two of the
ISSR primers (UBC841 and UBC 890) were identi-
fied as most informative among randomly selected 55
genotype-pairs at one to five band levels.

Assessment of molecular genetic diversity
and phenetic relationship

The genetic similarity was computed for all combi-
nations of 40 genotypes belonging to seven

Table 4 Genetic similarity among Momordica and Luffa species based on ISSR and RAPD markers

M.

M. subangulata subsp.

renigera

M.

cymbalaria  cylindrica  acutangula

cochinchinensis

dioica

balsamina  sahyadrica

charantia

M. charantia

1

0.257

M. balsamina

0.151

0.139
0.149
0.144

M. sahyadrica
M. dioica

0.336

0.146
0.147

1

0.279

0.262

M. subangulata subsp.

renigera

0.184
0.115

0.174
0.121

0.100 0.183
0.112

0.119

0.095

M. cochinchinensis

0.096

0.115

M. cymbalaria

0.124
0.120

0.048

0.081

0.065 0.071

0.089

0.100
0.114

L. cylindrica

1

0.379

0.075

0.093

0.074 0.095

0.098

L. acutangula
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Table 5 Genetic similarity among bitter gourd (Momordica charantia L.) varieties based on ISSR and RAPD markers

WBBG14 WBBG40 WBBG48 DBTGS501 Nakra Pusa WBBG25 WBBG29 WBBG31 CHAl1 CHA2
Visesh
WBBGI14 1
WBBG40 0.695 1
WBBG48  0.630 0.679 1
DBTG501 0.743 0.760 0.699 1
Nakra 0.744 0.799 0.706 0.840 1
Pusa 0.634 0.683 0.784 0.673 0.699 1
Visesh
WBBG25 0.732 0.741 0.628 0.728 0.745 0.655 1
WBBG29 0.701 0.717 0.635 0.725 0.722  0.659 0.735 1
WBBG31 0.699 0.724 0.637 0.697 0.725 0.617 0.764 0.709 1
CHA1 0.770 0.693 0.627 0.679 0.738 0.632 0.703 0.704 0.713 1
CHA2 0.525 0.592 0.659 0.571 0.561 0.629 0.513 0.510 0.538 0.559 1

Momordica spp. and two Luffa spp. based on 12 ISSR
and 21 RAPD primers (Tables 4, 5). The range of
pair-wise similarity was broad (0.05 to 0.84) with
an average of 0.45. The similarity between Luffa
and Momordica ranged from 0.05 (L. cylindrica and
M. cochinchinensis) to 0.12 (L. cylindrica and
M. cymbalaria). Among the Momordica species,
maximum similarity was observed between M. dioica
and M. sahyadrica (0.34) followed between M.
subangulata subsp. renigera and M. dioica (0.28)
and between M. charantia and M. balsamina (0.26),
and minimum between M. charantia and M. cochin-
chinensis (0.1). The varieties within the L. cylindrica
showed the maximum genetic similarity (0.80)
followed by the varieties of M. sahyadrica (0.72),
L. acutangula (0.70), M. cymbalaria (0.64), M. cha-
rantia (0.62), M. dioica (0.47) and M. subangulata
(0.42) and M. cochinchinensis (0.33).

The RAPD and ISSR markers used in the study
clearly discriminated all the 40 genotypes from each
other and resulted in definitive grouping among
different species and varieties of Momordica and
Luffa (Fig. 3) that corresponded well with their known
phenetic relationships as well as morphological,
cytological and taxonomic classifications. The den-
drogram generated based on both RAPD and ISSR
markers clustered all the 40 genotypes under Momor-
dica and Luffa spp. together into two major groups.
Group I contained six Momordica species and group 11
consisting of one Momordica species (M. cymbalaria)
and two Luffa species (L. cylindrica and L.
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acutangula). The cultivated M. charantia and the
wild M. balsamina, which are monoecious in nature,
clustered together in sub-group la. The dioecious
species M. dioica, M. sahyadrica, M. subangulata
subsp. renigera and M. cochinchinensis formed the
sub-group Ib. The monoecious M. cymbalaria clus-
tered with the two monoecious Luffa spp. in group II.
The eleven genotypes of M. charantia were grouped
(Table 5) into two major clusters (Fig. 3). A single
accession (CHA 2) being divergent from other
varieties of M. charantia clustered separately with
an average similarity of 0.57. The genotypes, DBTG
501 and Nakhra showed highest similarity (0.84),
while CHA 2 and WBBG 29 showed the lowest
similarity (0.51). All the major clusters and sub-
clusters were supported by high boot-strap values
except those for the M. charantia and M. dioica
species, which showed low level of inter-varietal
polymorphism. Majority rule consensus tree con-
structed using the boot-strap of the binary data in two
marker types showed a high degree of correspondence
(Fig. 3). The results of PCA analysis were consistent
with the pattern of clustering among the genotypes
used (Fig. 4).

Discussion
The random molecular markers like RAPD and ISSR

are particularly useful for studying polymorphism
and genetic diversity pattern in plant species where
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Fig. 3 Phenetic relationships among the species and varieties of Momordica and Luffa based on Jaccard’s similarity coefficient using
21 RAPD and 12 ISSR markers. Boot-strap values are indicated at the corresponding node for each cluster
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no genomic information is available. In the present
study, these two marker systems were used for
assessing molecular diversity and establishing
phenetic relationship among different Momordica
species and varieties cultivated in India. The ampli-
fication success rate of both RAPD and ISSR markers
in Momordica and Luffa species was 82.5%. Overall,
99.8% markers used in this study detected polymor-
phism among 35 genotypes of Momordica and five
genotypes of Luffa. This is higher than the level of

T
als w .
1

polymorphism (74.5%) reported earlier with the
RAPD and ISSR markers in Momordica and its
related genera (Singh et al. 2007; Behera et al.
2008b). Expectedly, the level of polymorphism
detected by these markers among the Momordica
species (99.8%) was much higher than that observed
among the varieties (61.3%) within a species.

The RAPD and ISSR markers used in this study
were equally informative in terms of detecting inter-
varietal polymorphism. Each of these markers
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differentiated all the varieties belonging to Momor-
dica and Luffa except for one RAPD primer OPW-2.
The level of inter-varietal polymorphism detected by
random markers was higher than that (74.5%)
reported earlier among varieties of M. charantia
(55.6%) using the RAPD and ISSR markers (Dey
et al. 2006; Singh et al. 2007; Behera et al. 2008b).
The average level of intra-specific polymorphism was
higher in the dioecious species namely, M. cochin-
chinensis (92.8%), M. subangulata subsp. renigera
(86.1%) and M. dioica (85.9%) as compared to
monoecious species of Momordica (50.3%). This is
in contrast to earlier studies of Rasul et al. (2007)
where very low level of polymorphism was observed
among the varieties of dioecious M. dioica using
RAPD markers. The four dioecious Momordica
species used in this study are perennial and highly
heterozygous in nature, which are being maintained
at Central Horticultural Experiment Station through
multiplication of perenniating structure (tuberous
roots). Thus a significant level of polymorphism
(75.6%) detected by RAPD and ISSR markers among
the varieties belonging to dioecious Momordica
species is expected. Interestingly, both the markers
also detected a significant level (68.8%) of polymor-
phism even among the Indian varieties of monoecious
M. charantia. The genotypic difference among the
varieties of M. charantia was possibly due to their
wide geographic distribution, and considerable eco-
logical and morphological variation with respect to
fruit shape, size and colour (Dey et al. 2006).

Seventy-six  species-specific  fragments were
detected by 33 RAPD and ISSR primers having
potential applications in introgression breeding of
Momordica. These markers can be utilized for
broadening the genetic base of Momordica varieties
cultivated in India by inter-specific hybridization
followed by marker-assisted monitoring of introgres-
sion. A combination of nineteen RAPD and nine
ISSR markers screened in this study could precisely
differentiate the Momordica genotypes from each
other and thus would be of use in purity testing,
maintenance breeding and other genotyping applica-
tions in Momordica.

A wide range of molecular diversity (16-95%)
detected by both RAPD and ISSR markers reflected
presence of high level of genetic variation among the
species and Indian varieties of Momordica and Luffa.
High level of differentiation of Momordica (n = 11,
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14) and Luffa (n = 13) from each other, which is
expected in view of the variation observed in
morphological characteristics and basic chromosome
number. Within Momordica, high degree of diversity
between annual monoecious M. charantia and peren-
nial dioecious M. cochinchinensis is supported by
earlier studies using the plastid, mitochondrial and
nuclear DNA markers (Schaefer and Renner 2009).
M. dioica and M. sahyadrica clustered together in a
group with least inter-specific diversity (66%) which
was supported by formation of interfertile hybrid
between these two species (Bharathi et al. 2011).
Further, M. subangulata subsp. renigera, presumed to
be an amphidiploid, clustered together with M. dioica
which seems reasonable since M. dioica is one of the
putative parent of the amphidiploid M. subangulata
as has been deduced recently through morphological
and cytological studies (Bharathi et al. 2010). The
close relationship between M. charantia and M. bals-
amina is expected because of their monoecious
(2n = 22) and annual nature and similar morpholog-
ical features. Occurrence of a high bivalent frequency
with normal meiotic cycle in the hybrid progeny of
M. charantia and M. balsamina (Singh 1990) further
supported our results.

Momordica cymbalaria, being highly divergent
from the other Momordica species, clustered dis-
tinctly with Luffa species in a separate group.
Although M. cymbalaria has been treated as one of
the species of Momordica in earlier reports (De Wilde
and Duyfjes 2002), our recent morphological and
cytological studies (Bharathi et al. 2011) clearly
suggested its distinctness from all other Momordica
spp. of Indian occurrence. M. cymbalaria differs from
other Indian Momordica species in the basic chro-
mosome number, and the morphology of fruit, seed
and flower. Higher divergence of M. cymbalaria from
Indian Momordica species and their close genetic
similarity with African species of Momordica like
M. humilis and M. boivinii have been reported by
Schaefer and Renner (2009) using the plastid, mito-
chondrial and nuclear DNA markers. It is possible
that M. cymbalaria originated along with other
African species from a progenitor species different
from the Momordica species of Indian origin. It
however, most likely got introduced into India from
Africa, but has remained isolated following introduc-
tion. Further studies are required to clearly estab-
lish origin, evolution and the taxonomic status of
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M. cymbalaria using a larger set of M. cymbalaria
genotypes, African species and more number of
informative markers.

The level of intra-specific diversity was highest
(67%) in M. cochinchinensis followed by M. suban-
gulata (58%), M. dioica (53%) and M. sahyadrica
(28%). The two genotypes CHSG11 and CHSG27 in
M. dioica and one genotype IC553771 in M. suban-
gulata having significant variability in morphological
features clustered separately from other genotypes
belonging to these two Momordica species. The two
genotypes SUB2 and SUB3 in case of M. subangu-
lata and like-wise two genotypes CHSG1 and
CHSG26 in M. dioica were found closely related,
which is supported by high level of similarity in
morphological, taxonomical and cytological charac-
teristics (Bharathi et al. 2010). An intermediate level
(38%) of diversity was observed among 11 varieties
of M. charantia possibly due to their significant level
of morphological, ecological and geographical vari-
ation. The wild free living M. charantia var. muricata
(CHA 2) having bifid tendrils clustered separately
from domesticated M. charantia var. charantia,
which is supported by its significant morphological
dissimilarity with cultivated M. charantia varieties
particularly for fruit traits.

The present study revealed high-level of DNA
polymorphism as revealed by RAPD and ISSR
markers among the Momordica species. The pattern
of clustering of the genotypes used corresponded with
the known taxonomic relationships. M. cymbalaria,
being distinctly different from other Momordica
species, appeared to have a different mode of origin
and evolution. Species and variety specific markers
identified in the study would be useful in introgres-
sion and maintenance breeding programmes of
Momordica.
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