Journal of Biotech Research [ISSN: 1944-3285]

2010; 2:44-55

Genetic diversity of 28 wild species of fodder legume Cassia using RAPD,
ISSR and SSR markers: a novel breeding strategy
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RAPD, ISSR and SSR primers were used to assess genetic diversity and phylogenetic relationships among 28
species of Cassia (2n = 16, 26, 28). RAPD, ISSR and SSR primers revealed 36.12, 42.7 and 54.4% polymorphism,
respectively. The Dendograms based on RAPD, ISSR, and SSR data precisely organized 28 species of Cassia into
different clusters. SSR primer could distinguish all species analyzed within the genus. Polymorphic index varied
from 0.1 to 0.5 for both SSR and RAPD markers; primer index values were substantially higher for RAPD primers
(0.35 – 4.65) than for SSR primers (0.35 – 1.73). It was possible to identify accessions with the help of RAPD, ISSR
and SSR markers. Dendograms constructed from RAPD, ISSR and SSR data revealed DNA marker-based genetic
identification in Cassia. Four groups of Cassia that were resolved corresponded to species grouped earlier
taxonomically. Cassia mimosoides with a different genomic set up showed close relation to C. javanica. Cassia
siamea and C. spectabilis; C. grandis and C. nodosa in a core group with close morphological similarities. Cassia
artemisioides and C. covesii, both showing morphologically drought tolerance characters are closely placed,
indicating that they are the wild progenitors of these species. The broad adaptation of some species of Cassia
implies a large probability that nuclear DNA mutations occurred in the past and that resulted in diversification
and genetic polymorphism in growth habit, vigor, and stem, leaf, seed, and pod characteristics and a
physiological polymorphism, the water-use efficiency.
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Introduction

high and it is commonly used for firewood. The
extensive variability in its growth habit ranging
from tall trees to delicate annual herbs,
numbers and size of the leaflets, form and foliar
characteristics has added difficulties to
taxonomists in identification of species or the
intraspecific taxa for influence of habitat
conditions (1). Some exotic species like C.
grandis, C. laevigata, C. multijuga, C. nodasa, C.
renigera and C. speciosa are grown as garden

Cassia L. is a large genus of the family Fabaceae,
subfamily Caesalpinioideae with over 300
species distributed worldwide that commonly
grows in all types of ecological sites in arid
regions of India over a large area in all types of
ecological sites. Species of Cassia are valued for
their medicinal properties and industrial value.
In Cassia the biomass production rate is very
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plants for their graceful appearance and
beautiful flowers. All of them exhibit excellent
drought resistance. This immense natural
variation in Cassia may be harnessed to
enhance the yield products like gums, tannins,
proteins, carbohydrates and oils, biological
nitrogen fixation and resistance to biotic and
abiotic stresses (2). Hence, cataloging and
characterizing the genomes in terms of DNA
markers is of immense importance and can
serve as a DNA database for future
improvement programs.

isoforms of chalcone synthase were isolated
from a cDNA library of RNA from root tissue of
an important medicinal plant Cassia alata (16).
Recently interspecific variations of 4C DNA
content and somatic chromosome number in 15
species of Cassia were reported by our group to
establish the genetic relationships among the
species (17). However, these parameters are
not sufficient to interpret the phylogenetic
relationships of Cassia. Not much has been
reported on phylogenetic studies of Cassia
using molecular markers like RAPD, ISSR and
SSR. Thus, in the present study, we have used
RAPD, ISSR- and SSR fingerprinting data to
assess first, the level of genetic diversity within
the genus; second, to highlight any observed
trends in the genetic diversification and
differentiation of Cassia at the species level;
and third, to estimate to what extent the results
of molecular analysis will be helpful in
reconstructing
phylogenetic
relationships
among the species in the genus Cassia.

During the last decade numerous novel DNAmarkers (RAPD, RFLP, SSR, ISSR etc.) have been
rapidly integrated into the tools available for
genome analysis (3). Salimah et al. (4) have
used DNA fingerprinting for assessing genetic
diversity. Presence or absence of DNA bands in
the gel may be used as RAPD markers to study
closeness genetic relationship (5), inter- and
intra-specific
genetic
variations
(6),
identification of specific genes (7) and patterns
of gene expression (8). In cultivated legumes,
genetic variation for resistance to different
abiotic and biotic stress is low. This has
motivated breeders to extend their search into
the secondary gene pool, involving wild
relatives, some of which are known to possess
agronomically useful characters (9). The utility
of PCR-based RAPD or inter-simple sequence
repeat (ISSR) variations as phylogenetic markers
for investigating evolutionary relationships
among plants has been clearly established (1012) Kass and Wink (13) reported phylogenetic
studies of three sub families of Leguminosae
using rbcL sequences. Genetic diversity of 30
accessions of Cassia brewsteri using randomly
amplified DNA were reported by Cunningham et
al. (14). Isozyme profiles of Cassia auriculata
were reported earlier to enumerate the genetic
differences (15). Moreover, cDNA encoding

Materials and Methods
Plant Source
Table 1 shows the 28 species of Cassia we
investigated. The seed samples were collected
from the Regional Plant Resource Campus
(RPRC), Bhubaneswar and nurseries in
Dehradun, Uttar Pradesh, India and from the
Royal Botanical Gardens, Kew, UK. The seeds
were germinated in vitro and were planted on
the
experimental
gardens
of
RPRC,
Bhubaneswar. Voucher specimens are kept in
the herbarium of RPRC, Bhubaneswar.
Isolation of genomic DNA
Isolation of genomic DNA is difficult in Cassia
species due to heavy cytoplasmic contents like
polyphenol, gum and polysaccharides. Nuclear
DNA was isolated from leaf tissues of Cassia
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Table 1. Collection of seeds: 28 species and their accessions

SPECIES
1. Cassia tora (L) Roxb.
2. Cassia obtusifolia (L). Irwin & Barneby
3. Cassia spectabilis (DC) Irwin & Barneby
4. Cassia roxburghii DC.
5. Cassia siamea (Lam) Irwin & Barneby
6. Cassia occidentalis (L) Link
7. Cassia absus (L.) Irwin & Barneby
8. Cassia mimosoides (L) Link
9. Cassia fistula L.
10. Cassia senna
11. Cassia javanica Linn.
12. Cassia renigera Wall.
13. Cassia grandis
14. Cassia biflora
15. Cassia glauca Lam.
16. Cassia alata Linn.
17. Cassia nodosa Ham.
18. Cassia italica Mill.
19. Cassia wislizenii
20. Cassia polyantha
21. Cassia versicolor
22. Cassia petersiana
23. Cassia floribunda (Cav.) I. & B.
24. Cassia lindheimeriana
25. Cassia martiana
26. Cassia atomaria (L) Irwin & Barneby
27. Cassia artemisioides (Gaud. ex DC)
28. Cassia hirsuta (L) Irwin & Barneby.

COLLECTED FROM
Kew Botanical Garden, Kew and Local collections
Kew Botanical Garden, Kew and Local collections
Kew Botanical Garden, Kew and Local collections
Local collections
Dehradun nursery and Local collections
8 Accessions
Local collections
Local collections
Dehraun Nursery and Local collections
Dehradun Nursery
Local collections
Local collections
Dehraun Nursery and Local collections
Local collections
Dehraun Nursery and Local collections
Dehraun Nursery and Local collections
Dehraun Nursery and Local collections
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew
Kew Botanical Garden, Kew

following the modified CTAB method of SaghaiMaroof et al (18). The DNA was extracted with 3
volumes of CTAB extraction buffer (2% CTAB,
100mM Tris HCl, pH 8.0, 20 mM EDTA, 1% 2mercaptoethanol). The concentration was
measured using a Versafluor TM Fluorometer
(Bio-Rad, USA) with Hoechst 33258 fluorimetric
dye and gel electrophoresis. A known quantity
of Lambda DNA (Bangalore Genei) was used as
the standard. The DNA was diluted to a final
concentration of 25 ng/l with T10E1 buffer and

was used as the template for Polymerase Chain
Reaction (PCR).
RAPD fingerprinting
A total of 21 selected 10-mer primers from
Operon kits A, C, N and AF (Operon
Technologies) were used for PCR amplification.
Each 25 ng/l reaction volume contained 10
mM Tris-HCl (pH 9.0), 50 mM KCl, 2.5 mM
MgCl2, 0.1 mM each dNTP (Promega), 200 nM
primer, 25 ng DNA template, and 1 U Taq DNA
46
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polymerase (Bagalore Genei). DNA amplification
was performed in a Perkin Elmer Cetus Thermal
Cycler programmed for 45 cycles, as described
by Williams et al., (3). Initial denaturation was 7
min at 94oC, followed by 45 cycles of 30 sec at
94oC, 45 sec at 52oC and 2 min at 72oC, with a
final extension at 72oC.

1min at 45-58°C, and 2 min at 72°C; with a final
15 min extension at 72°C.
The amplification products in all the cases were
size-separated
by
standard
horizontal
electrophoresis in 3.0 % agarose gels and
stained with ethidium bromide. The
reproducibility of the DNA profiles was tested
by repeating the PCR amplifications twice with
each of the primers analyzed.

ISSR fingerprinting
Inter-simple sequence repeats microsatelite
markers were synthesized and PCR were
performed using different ISSR sequences(GATA)4, (ACTG)4, (GACA)4, (GACAGATA)2,
(ACAG)4,
AGGGCTGGAGGAGGGC,
AGAGGTGGGCAGGTGG, (CAG)5, CAGCGACAAG,
(CT)8, (CAG)5, GGGC-(GA)8. These primers were
mostly 14 to 16-mers. The amplification was
carried out in a 25 µl reaction volume
containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl,
1.5 mM MgCl2, 0.1 mM each of dNTP, 200 nM
primer, 1 U Taq DNA polymerase and 20 ng of
genomic DNA. For denaturation the same
protocol was repeated from RAPD.

Results and Discussion
Data analysis
The molecular size of each fragment was
estimated using Gene Ruler 100bp DNA ladder
plus (MBI Fermantas, Lithuania) as standard.
Since RAPD markers are dominant, a particular
DNA band which is generated from the genome
of one individual, but absent in a second
individual represents a polymorphism. In an
attempt to identify species-specific diagnostic
markers, samples from each species were
amplified simultaneously and amplified
products were run side by side on the same gel.
RAPD, ISSR and SSR markers were scored as
presence (1) or absence (0) of a band, and the
data obtained were placed in a rectangular
matrix. The data matrix was then used to
generate a genetic similarity index (19), using
NTSYS software. Cluster analysis was carried out
based on genetic distance (GD = 1– GS), using
UPGMA (unweighted pair-group method using
arithmetic averages) (20) and the Neighbour
join program of the software package Phylip 3.5
(21). Bootstrap analysis was carried out with
100 replicate data sets (22) and the trees thus
generated were used to make a consensus tree
viewed in Tree View 1.5 software.

SSR fingerprinting
To develop SSR markers for Cassia species, we
conducted a Gene Bank database search to
identify SSR sequences present in Cassia DNA.
We designed the primers both forward and
backward (20- and 20-mer primers) using the
flanking sequences of the SSR repeat (Table 3) ,
PCR reaction and size separation of the PCR
amplified fragments in 3% agarose gel were
carried out to examine the existing level of
genetic diversity using microsatellite sequences
in the Cassia species. The amplification was
carried out in a 25 ng/l reaction volume
containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl,
2.0 mM MgCl2, 0.1 mM each of dNTP, 200 nM
primer, 0.6 U Taq DNA polymerase and 40 ng of
genomic DNA. Initial denaturation was for 3 min
at 94°C; followed by 42 cycles of 1min at 94°C,

Polymorphism information content (PIC) was
calculated from the frequency of a RAPD bands
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Table 3. RAPD primer index (RPI), ISSR primer index (IPI) and SSR primer index (SPI) for the polymorphic primers in 28 Cassia species

Primer

Total no. of bands

No. of polymorphic bands

RPI/IPI/SPI value

RAPD
OPA02
OPA 04
OPA 08
OPA 11
OPA 14
OPC 02
OPC 08
OPN 04
OPN 05
OPN 15
OPN 18
OPD 01
OPAF 05
OPAF 06
OPAF 12
OPAF 19
OPAF 09
Total

18
21
15
19
16
9
11
10
14
18
12
11
17
6
7
13
13
230

10
13
9
12
10
7
8
6
9
15
8
8
14
4
2
11
9
178

3.65
4.7
3.15
4.14
2.21
1.99
0.91
0.82
0.83
0.95
0.72
0.77
0.48
0.41
0.45
0.55
0.35

ISSR
(GATA)4
(CAG)5
(CAA)5
(ACTG)4
(GACA)4
(ACAG)4
(CAA)5
(CT)8
(CA)6
(GAG)4
(GA)7
Total

9
10
12
18
16
12
13
9
8
14
15
136

8
7
9
16
15
8
12
7
5
12
12
111

1.73
1.7
1.35
1.32
2.25
1.95
2.10
1.0
0.81
0.45
0.59

11
10
13
9
8
14
15
80

10
8
12
7
5
12
12
66

1.25
1.95
2.10
1.0
0.81
0.45
0.59

SSR
(CA)14
(TG)15
(AC)8
(GA)12
(CT)10
(CA)15
(TG)14
Total

using the formula, PIC= 1 ∑(Pi)2, where Pi is
the allele frequency of the ith allele (23). In the
case of RAPDs, ISSRs and SSRs, the PIC was

considered to be 1 – p2 – q2, where p is band
frequency and q is no band frequency. Then PIC
values were used to calculate RAPD primer
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index (RPI) and SSR primer index (SPI), which
were generated by adding up the PIC values of
all the markers amplified by the same primer.

(2n=16) showed close relation with C. javanica.
C. siamea and C. spectabilis; C. grandis and C.
nodosa were in a core group with close
morphological similarities. C. artemisioides and
C. covesii, both having more drought tolerance
characters were closely placed.

RAPD analysis
A set of ten-mer oligonucleotide primers
applied to 28 species of Cassia produced a total
of 230 marker bands of which 178 markers
were polymorphic (Tables 2 and 3). The size
range of the amplified DNA was 250 bp to 3.5
kb (Figs. 1a & b). Maximum 21 and 19 RAPD
markers were produced in OPA-4 and OPA-11
primers. A total of 33 unique genetic markers
were produced in different species of Cassia. C.
absus, produced 12 unique amplified DNA
markers in different primers. Two unique
markers were obtained in C. siamea, C.
spectabilis, C. obtusifolia and C. italica. In C.
artemisioides, C. floribunda and C. renigera
unique marker bands of 400bp, 500bp, 2.5 kb
respectively were found from OPA-4 and OPA11 primers. C. mimosoides showed 2 unique
markers of 300bp and 2.5kb size in OPA-08 and
OPC-02 primers. The highest RAPD primer index
(4.7) was found in primer OPA-04 and the
lowest (0.35) in OPAF-09 (Table 3). The
similarity index obtained from RAPD patterns of
Cassias showed relative genetic similarities
among the species that ranged from 0.01 to 1.0.
The Dendogram drawn on the basis of these
genetic distances radically separated 28 species
into two major groups of 14 species each which
further divided into minor groups (Fig. 1c).
Interestingly, the plants collected from RPRC,
Orissa, Dehradun, UP, India and Kew seed
germinated plants (Kew plants) were uniquely
separated and placed in two groups. Only one
species C. uniflora collected from Kew could be
grouped with the local plants. C. nodosa, C.
grandis, C. obtusifolia, C. alata were grouped
with Kew seed germinated plants. C.
mimosoides with a different genomic set up

SSR analysis
80 SSR marker bands and 66 polymorphic bands
were amplified from 7 primers designed from
the flanking sequences of the microsatellites
(Table 3). The size range of the amplified DNA
was 100 bp to 3.2 kb (Fig. 2a). Maximum 15 and
8 SSR markers were produced in (TG)14 and
(CT)10 respectively. All 15 unique genetic
markers were produced in different species of
Cassia. Five unique marker bands were
produced in C. tora and no such bands were
found in C. italica. The highest RAPD primer
index (2.10) was found in primer (AC)8 and the
lowest (0.45) in (CA)15 (Table 3). The similarity
index obtained from RAPD patterns of Cassias
shows relative genetic similarities among the
species ranging from 0.02 to 0.47 (Table 3). The
Dendogram from SSR analysis forms two major
groups (Fig. 2b). C. floribunda remains isolated
forming an out-group from the rest of the
species. The second major group contains rest
of the species and is further divided into two
groups. In this case also, there is similarity with
RAPD and ISSR primers in the local plants and
Kew plants are sorted into two groups. Only
Kew plants C. uniflora and C. atomaria can be
grouped with local plants. Here also C. siamea
and C. spectabilis with close morphological
similarities are closely placed.
ISSR analysis
A total of 136 marker bands and 111
polymorphic bands were amplified from 11 ISSR
primers applied to 28 species of Cassia (Tables 2
and 3). The size range of the amplified DNA was
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Figure 1a and 1b. RAPD profiles in different species of Cassia species using random primers OPAF-2 (Fig. 1a) and OPC-8 (Fig. 1b). M=DNA
marker 100bp Ladar plus (MBI Fermentas, Luthmania), 1-C. javanica, 2-C. mimosoides, 3-C. Occidentalis, 4-C. renigera, 5-C. grandis, 6-C. absus,
7-C. biflora, 8-C. spectabilis, 9-C. siamea, 10-C. obtusifolia, 11-C. tora, 12-C. glauca, 13-C. alata, 14-C. fistula, 15-C. roxburghii, 16- C. nodosa, 17C. hirsuta, 18- C. wislizenii, 19-C. polyantha, 20- C. italica, 21-C. versicolor, 22- C. petersiana, 23-C. floribunda, 24- C. lindheimariana, 25-C.
martiana, 26- C. artemisioides, 27- C. atomaria & 28-C. covesii.

Figure 1c. Dendogram from RAPD profiles of different species of Cassia.

100 bp to 3.0 kb (Figs. 3a and b). Maximum 18
and 8 ISSR markers were produced in (ACTG)4

and (CA)6 primers. Total 12 unique genetic
markers were produced in different species of
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Figure 2a. DNA profile in different species of Cassia species using SSR primers. 1-C. javanica, 2-C. mimosoides, 3-C. Occidentalis, 4-C. renigera,
5-C. grandis, 6-C. absus, 7-C. biflora, 8-C. spectabilis, 9-C. siamea, 10-C. obtusifolia, 11-C. tora, 12-C. glauca, 13-C. alata, 14-C. fistula, 15-C.
roxburghii, 16- C. nodosa, 17- C. hirsuta, 18- C. wislizenii, 19-C. polyantha, 20- C. italica, 21-C. versicolor, 22- C. petersiana, 23-C. floribunda, 24C. lindheimariana, 25-C. martiana, 26- C. artemisioides, 27- C. atomaria & 28-C. covesii.

Figure 2b. Dendogram obtained from SSR profiles from different species of Cassia.

Cassia. C. renigera and C. grandis, produced 9
unique amplified DNA markers in different
primers. A unique marker was obtained from C.
lindhemariana. The highest RAPD primer index
(2.25) was found in primer (GACA)4 and the
lowest (0.45) in (GAG)4 (Table 3). The similarity

index obtained from RAPD patterns of Cassias
showed relative genetic similarities that ranging
from 0.05 to 0.92 among the species (Table 3).
The Dendogram from ISSR analysis forms two
major groups (Fig. 3c). C. atomaria remains
single forming an out group from the rest of the
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Figure 3a and 3b. DNA profile in Cassia species using ISSR primers. 1-C. javanica, 2-C. mimosoides, 3-C. Occidentalis, 4-C. renigera, 5-C. grandis,
6-C. absus, 7-C. biflora, 8-C. spectabilis, 9-C. siamea, 10-C. obtusifolia, 11-C. tora, 12-C. glauca, 13-C. alata, 14-C. fistula, 15-C. roxburghii, 16- C.
nodosa, 17- C. hirsuta, 18- C. wislizenii, 19-C. polyantha, 20- C. italica, 21-C. versicolor, 22- C. petersiana, 23-C. floribunda, 24- C. lindheimariana,
25-C. martiana, 26- C. artemisioides, 27- C. atomaria & 28-C. covesii.

Figure 3c. Dendogram obtained from ISSR profiles from different species of Cassia.

species. The second major group containing the
rest of the species is further divided into two
groups with C. uniflora, C. versicolor and C.
floribunda remaining distant from the rest of

the group. In this case also, there is some
similarity with RAPD primers in that the local
plants and Kew plants are placed separately.
Only Kew plant, C. wislizenii grouped with local
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plants and C. mimosoides and C. occidentalis
grouped with Kew plants. Here also C. siamea
and C. spectabilis, with close morphological
similarities, are closely placed.

among the closely related species thought to be
devoid of molecular variation (25) and thereby
successfully
drawing
the
interspecific
phylogenetic
relationships.
The
broad
adaptation of some species of Cassia implies a
large probability that nuclear DNA mutations
occurred in the past. These resulted in
diversification and genetic polymorphism in
growth habit, vigor, and stem, leaf, seed, and
pod characteristics and a physiological
polymorphism, the water-use efficiency.

None of the amplification products generated
by either RAPD or ISSR or SSR primers was
found to be common to all the species. Most of
the RAPD as well as the SSR primers produced
fingerprints that were diagnostic for each
species. On the basis of this analysis, a few
RAPD, ISSR and SSR primers were recognized
(Table 3) that could preferably be used to
fingerprint Cassia germplasm resources. To
characterize the capacity of each RAPD, ISSR
and SSR marker to reveal polymorphic loci in
Cassia, we analyzed the PIC content. In
calculating the PIC, the markers with band
frequencies below 0.05 or above 0.95 were not
considered, because this level is estimated to
be too close to the empirical threshold for the
detection of differences by RAPD and SSR
analyses (24). The calculated PIC values for the
RAPD, ISSR and SSR markers ranged from 0.08
to 0.45. RPI, IPI and SPI values ranged from 0.35
to 4.14, 0.45 to 2.25 and from 0.45 to 2.10
respectively (Table 3).
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