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Abstract
Gloriosa superba L., an endangered medicinal plant with global interest due to presence of colchicine, an important alka-
loid used in formulations of Indian and Traditional medicine. The plant has become endangered due to its unscientifically 
exploitation and high medicinal values. In the Present study 10 randomly amplified polymorphic DNA (RAPD) and 6 ISSR 
markers were employed to assess genetic divergence among micro propagated, wild and field cultivated plants of Gloriosa 
superba collected from different parts of India. In RAPD analysis, all the 10 accession with 10 RAPD primers amplified 
466 fragments, with 96.43 % polymorphism and with an average of 46.6 bands per primer. The size of amplicons varied 
from 1656 to 100 bp. While, ISSR primers produced 328 fragments of which 298 were polymorphic with an average of 49.7 
bands per primer with 91.83% polymorphism. The size of amplicons ranges from 2395 to 181 bp. RAPD, ISSR markers 
were also assessed by calculating polymorphic information content (PIC) to discriminate the genotypes, Average PIC value 
for RAPD, ISSR and combined RAPD + ISSR markers obtained was ≤ 0.50 suggesting the informativeness of markers. 
Jaccard’s coefficient ranges from 0.18 to 0.75 (RAPD) and 0.17 to 0.61 (ISSR) and 0.21–0.52 for pooled ISSR and RAPD 
markers. The clustering pattern based on UPGMA analysis of the genotypes in the combined analysis revealed that the major-
ity of the genotypes remained similar to the ISSR dendrogram, while the RAPD-based dendrogram showed some variation 
in the clustering of genotypes. The result of PCA scattered plot obtained were in agreement with the UPGMA dendrogram, 
which further confirms the genetic relationships explain by cluster analysis. Results confirmed that the genotype studied had 
good genetic diversity and can be used for identification, conservation, and future breeding program of Gloriosa species and 
consequently for the benefit of the pharmaceutical industries.

Keywords Gloriosa superba · Polymorphism, random amplified polymorphic DNA (RAPD) · Inter simple sequence 
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Abbreviations
RAPD  Random amplified polymorphic DNA
ISSR  Inter simple sequence repeats
RFLP  Restriction fragment length polymorphism
AFLP  Amplified fragment length polymorphism
PIC  Polymorphic information content
DNA  Deoxyribonucleic acid
PCR  Polymerase chain reaction

UPGMA  Unweighted pair group method with the arith-
metic averaging algorithm

PCA  Principal component analysis

Introduction

Gloriosa superba Linn. An important medicinal plant 
belongs to the family Liliaceae, commonly known as glory 
lily, superb lily, tiger lily or tiger claws, is a native of tropical 
Asia and Africa. Gloriosa superba is commercially impor-
tant plant with diverse applications in pharmaceutical, cos-
metics, medicines, and alternative natural products.
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Recently, this plant gains very high medicinal interest 
due to its medicinal potential and shows various pharmaco-
logical properties like anti-inflammatory [1], Antimicrobial 
[2], Antithrombotic/Anticoagulent potential [3], Enzyme 
inhibition activities [4] Anticancer activity [5–7], Hapato-
protactive activity [8], Antioxidant activity [9] and Anti-
ulcerogenic and Anthelmintic Activity [10, 11] etc. due to 
presence of a highly active alkaloid [12], Colchicine and 
other important bioactive compound. Colchicine contents of 
Gloriosa superba were also studied by many scientists from 
different parts of India [7, 13, 14].

Various important physicochemical properties have been 
reported from G. superba including carbohydrates, reduc-
ing sugars, proteins, amino acids, steroids, flavonoids, ter-
penoids, saponins, alkaloids, tannins, and phlobatannins 
[15]. It is also reported that its seed showed the presence of 
Carbohydrates, Alkaloids, Glycosides, Flavanoids, Steroids, 
Terpenoids and Phenolics, its tuber showed the presence 
of Carbohydrates, Alkaloids and Flavanoids; and leaves of 
Gloriosa superba showed the presence of Carbohydrates, 
Alkaloids, Flavanoids, Steroids and Terpenoids [16].

Increasing demand in Indian as well as international mar-
ket due to presence of highly active alkaloid colchicines has 
created exploitation pressure on natural forests. It has been 
over exploited by local peoples, such as harvesting from 
the natural forest, habitat destruction, uncontrolled cattle’s 
grazing and frequent forest fires during the last decade, this 
commercially traded plant is becoming extinct due to which 
it has been declared as endangered plant by IUCN [17]. In 
wild in Darjeeling Himalaya it became extinct (EW), while 
in Tamil Nadu, [18], it has given an endangered ‘B’ status.

To meet the ever -increasing demand for export and from 
the industries, improvement of the breeding and cultivation 
of plants, lies the challenges for the development of conser-
vation strategies and understanding its genetic assortment 
to increase number of germplasm [19]. Therefore, it is very 
important to conserve this plant by in situ and ex situ mul-
tiplication in general and micropropogation. Particularly, 
seeing its profitability in southern districts of Tamil Nadu, 
farmers are practicing its mass cultivation which is neces-
sary to cope up with the today’s demand [20].

Nag et al. [21] reported that morphological and biochemi-
cal parameters cannot give significant diversity among the 
accessions, as these characters may not be significantly 
diverse and requires the plant to fully mature and influenced 
by the environmental factors to be identified by the farm-
ers. Thus, for multiplication and preservation of promising 
accessions of such plant species, it is essential to determine 
their genetic diversity.

Significant development of molecular marker approach, 
have been proven to be powerful and effective tools as com-
pared to the traditional morphological marker system, for 
measuring genetic variation and patterns of population/

species (intra-/inter-species level), assessment and evalu-
ation of genetic diversity among biota, helps breeders to 
draw appropriate information and methodology for its future 
genetic improvement, selective breeding, rapid domestica-
tion and/or conservation which will allows to prevent the 
loss of habitat [22]. For efficient conservation and manage-
ment, the genetic composition of the species in different 
geographic locations needs to be assessed using different 
molecular markers [23]. Due to technical simplicity and 
speed, RAPD and ISSR marker system has been extensively 
used to distinguish the genetic variation at a molecular level 
in several medicinal and aromatic plants [24–27]. Many 
researchers have studied genetic diversity, and genetic fidel-
ity of Gloriosa superba from diverse geographical origin as 
well as Micropropagated plants [28–31].

The genetic molecular markers will have an important 
role in protecting proprietary germplasm in the future, secur-
ing plant variety rights by virtue of its unique efficiency in 
distinguishing even closely related germplasm of medicnal 
and aromatic plants [32]. ISSR markers are highly poly-
morphic, reproducible as compared to other assay proce-
dure [33] and widely used for genetic diversity, evolution-
ary biology, phylogeny, gene tagging and genome mapping 
[34–38]. RAPD markers have been used efficiently to study 
the genetic diversity among different medicinal plant spe-
cies, such as Asparagus officinalis [39], Azadirachta indica 
[40] and Aloe vera [41] Ocimum sanctum [42], Cassia tora 
[43], Murraya Koenigii [44], Pimpinella anisum L. [45], 
Lathyrus species [46], Clerodendrum species [47], Poute-
ria lucuma [48].

In the present study, authors assess genetic diversity 
among the micropropagated , field cultivated and wild geno-
types collected from different parts of India, using discrimi-
nating power of random amplification of polymorphic DNA 
(RAPD) markers and inter single sequence repeats (ISSR) 
markers to provide genetic data, and a theoretical basis for 
protection of the species.

To the best of author’s knowledge, this is first report 
where wild genotypes of Gloriosa superba from Pachmarhi 
Biosphere reserve have been used to analyze its genetic 
diversity.

Materials and methods

Plant material and sample collection

Ten different wild, tissue culture raised and field culti-
vated samples of Gloriosa suerba were collected from 
different geographic locations of India were used in this 
study (Table 1). Tubers of Wild plant were collected from 
Pachmarhi Biosphere Reserves, Madhya Pradesh (Tamia 
region, Pipariya and Bagra Tawa region), Tamilnadu 
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(Sathyamangalam region) and Andhra Pradesh (Sri Penusi-
lanarasimha Nellore region), in vitro tissue cultured raised 
tubers were collected from Plant tissue culture laboratory, 
MPCST, Bhopal and cultivated tubers were collected from 
Andhra Pradesh (Srikakulam region), Chattisgarh (Raipur), 
Tamilnadu (Karur and Salem region) (Fig. 1 and Table 1). 
Samples were harvested and placed in sealable polythene 
bag with appropriate label. The collected tubers were used 
for DNA extraction, while excess tuber materials were stored 
in – 80 °C for future use.

Molecular characterization

Isolation of genomic DNA

Total genomic DNA was extracted from tubers using a 
modified CTAB method based on the protocol of Doyle and 
Doyle [49] with some modifications [43]. The purified DNA 
was quantified using a Nano Drop UV–Spectrophotometer 
(ND-1000) at 260 nm. The ratio of absorbance at 260 to that 
of 280 nm determines the purity of DNA. DNA’s concentra-
tion and purity was also determined by running the samples 
on 0.8% agarose gel based on the intensities of band when 
compared with the DNA marker (used to determine the con-
centration) [50]. Before PCR amplification DNA was diluted 
to a concentration of 50 ng/µl in TE buffer and stored at 4 
°C until use.  

RAPD and ISSR PCR amplification

Total of 16 primers (10 RAPD and 6 ISSR) were used to 
study the genetic diversity among the Gloriosa superba 
accessions are shown in Table 2 and Fig 4. RAPD profiles 
were generated using 10 single decamer random oligonucle-
otide primers (Bangalore Genei, India), while 6 ISSR prim-
ers of UBC series were selected from the report of Aghaei 
et al. [51] (supplementary data is attached for reference). 

Each amplification reaction mixture of 50 µl contained about 
1 µl of genomic template DNA (50 ng), 25 µl of 2X red 
dye master mix, 2 µl of primer, (Bangalore Genei Pvt. Ltd., 
India) and 22 µl de-ionized water (RNAse, DNAse free). In 
negative control’s template DNA was replaced with nucle-
ase free water. The reactions were performed in a Gradient 
Automatic Thermal Cycler (Eppendrof master cycle gradi-
ent, Hamburg, Germany) according to [52] in the following 
cycles: for RAPD, holding at 94 °C for 5 min, followed by 
8 cycles of 94 °C for 45 s, 55 °C for 1 min and 72 °C for 1.5 
min and 35 cycles of 94 °C for 45 s, 55 °C for 1 min and 72 
°C for 1 min and a final additional extension at 72 °C for 10 
min and a holding temperature of 4 °C. PCR reaction mix 
and program profile for ISSR marker amplification, were 
similar to RAPD markers analysis, only there was varia-
tion in annealing temperature depending on primer sequence 
(adjusted from 35 to 58 °C for 60 s) [53]. The amplified 
products were stored at − 20 °C until further process.

Agarose Gel electrophoresis

The amplified PCR products were separated on 1.5% aga-
rose gel (Sigma, USA) stained with ethidium bromide in 
1xTAE buffer (pH-8.0) with 1kb ladder (Bangalore Genei) 
as standard molecular size of fragments and visualized 
under UV radiation and photographed with alfainnotech gel 
documentation system (Alpha Innotech). Reactions were 
repeated thrice to check the Reproducibility of the ampli-
fication pattern

Data analysis

In RAPD and ISSR analysis, only reproducible, scorable and 
clear bands (unit character) were considered and are used for 
construction of binary matrix (1 for present and 0 for absent) 
and data analysis was performed using dice coefficients, with 
PAST (Paleontological statistics) software [54].

Table 1  Geographic location of Gloriosa superba accessions used for genetic diversity study using RAPD and ISSR markers

S. No. Sample code Location (State) Location (Region) Type of accession Latitude Longitude

1. GSTIC-01 Madhya Pradesh Tissue culture raised tuber (in vitro) Tissue culture 22.9959° N 77.5889° E
2. GSTIC-02 Madhya Pradesh Pachmahri Biosphere Reserve, Pipariya Wild tuber 22.7613° N 78.3491° E
3. GSTIC-03 Madhya Pradesh Pachmahri Biosphere Reserve, Tamia region wild tuber 22.3442° N 78.6697° E
4. GSTIC-04 Tamilnadu Karur region cultivated tuber 10.8855° N 78.1564° E
5. GSTIC-05 Tamilnadu Salem region cultivated tuber 11.7345° N 78.2020° E
6. GSTIC-06 Chhattisgarh Raipur cultivated tuber 21.2514° N 81.6296° E
7. GSTIC-07 Tamilnadu Sathyamangalam region wild tuber 11.5034° N 77.2444° E
8. GSTIC-08 Andhra Pradesh Sri Penusilanarasimha Nellore region , Andhra Pradesh wild tuber 14.5024° N 79.9848° E
9. GSTIC-09 Andhra Pradesh Srikakulam cultivated 18.2949° N 83.8938° E
10. GSTIC-10 Madhya Pradesh Pachmahri Biosphere Reserve Baagra Tawa Region wild tuber 22.6319° N 77.9945° E
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The Pair wise genetic similarities coefficient was calcu-
lated using Jaccard’s coefficient [55], with PAST (Paleon-
tological statistics) software [54].

The Similarity index (SI) were calculated using the 
Nei’s genetic similarity index [56], based on the basis of 
the equation,

where Nij = Number of common bands shared between 2 
samples i and j, Ni and Nj = Total number of DNA bands 
for genotypes i and j, respectively.

Dendrogram was constructed using the unweighted pair 
group method for arithmetic average (UPGMA) based on 
Jaccard’s similarity coefficients. All analysis was performed 
using PAST software version 1.62 [54]. UPGMA and PCA 
analysis were done to evaluate the reliability of generated 
dendrograms. The Polymorphic information content (PIC), 
as a marker discrimination power was computed to deter-
mine their application in genetic mapping as per Roldán-
Ruiz et al. [57] and Soengas et al. [58]

where fi = Frequency of the amplified allele (band present) 
(1 − fi) = Frequency of the null allele (band absent).

Relationship among the genotypes was analyzed using 
Principal component analysis (PCA), which was generated 

(1)SI = 2 Nij∕(Ni + Nj),

(2)PIC = 2 × fi × (1 − fi)

using cluster similarity matrix. A software was used to ana-
lyze principal component analysis (PCA) and results were 
graphically expressed in the form of scattered plots. Ampli-
fications were repeated twice to confirm the results.

Results

Diversity and authentication of medicinal plants was mainly 
characterized based on morphological and biochemical 
traits. But now a day the morphological and biochemical 
diversity is restricted due to changes in the characters at 
different maturing stages of the plants, and also due to influ-
ence of the environmental conditions. Therefore, variety of 
molecular markers has revolutionized and modernized our 
ability to characterize genetic variation in medicinal plants, 
as a complementary strategy upon traditional approaches 
for management of genetic resources [22]. These molecular 
tools detect the variation at the DNA level and provide valu-
able data for genetic diversity.

All the 10 accessions of Gloriosa superba used in the 
present study comprised wild, tissue cultured and field 
cultivated plant tubers, collected from Madhya Pradesh, 
Chhattisgarh, Tamilnadu and Andhra Pradesh states of India 
(Table 1). Molecular profiling of all the 10 accessions were 
done using RAPD and ISSR markers (Figs. 5, 6). 

Fig. 1  Geographic location of 
wild, cultivated and micro-
propagated plants of Gloriosa 
superba accessions used for 
genetic diversity study using 
RAPD and ISSR markers
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RAPD analysis

10 RAPD primers (Bangalore Genei) were used to screen 
10 G. superba genotypes, of which 9 primers revealed 
100% polymorphic banding patterns. A total of 466 ampli-
cons were amplified, out of which 446 were polymorphic, 

with 96.43 % polymorphism. The number of amplicons 
varied from 33 (RPI-1) to 64 (RPI-5) with an average of 
44.6 amplicons per primer and molecular size of amplicons 
ranges from 100 bp (RPI-4) to 1656 bp (RPI-5). The extent 
of polymorphism among all 10 accessions, as revealed by 
RAPD primers is shown in (Fig. 2a, b). Some primers have 

Fig. 2  RAPD and ISSR band-
ing pattern in 10 accessions of 
Gloriosa superba generated by 
RPI-3 and RPI-7 Primer (M: 
100bp DNA Ladder, Lane 1-10: 
GSTIC 1-GSTIC 10 accessions)
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also produced accession specific amplicons and monomor-
phic pattern (Fig. 2).

Jaccard’s co-efficient based on RAPD markers illus-
trated the mean genetic distance was 0.48. Moreover, 
the highest genetic distance 0.78 was recorded between 
GSTIC-05 and GSTIC-09, while the lowest genetic dis-
tance 0.18 was obtained between GSTIC-03 and GSTIC-
10 (Table 3). Cluster analysis was performed based on 
similarity co-efficient generated from RAPD profiles, 

divided the accessions into two major clusters (Fig. 4). 
Cluster II comprises 8 genotypes, which can be further 
divided into two sub clusters, namely IIa and IIb, where 
IIb again divided in two sub clusters IIb1 and IIb2. The 
group I and IIa and IIb1 comprise a single genotype each 
namely GSTIC-01, GSTIC-03 and GSTIC-08 respec-
tively. GSTIC-10 is out grouped (Fig. 4). Sub Cluster IIb2 
comprises 6 genotypes namely GSTIC-02, GSTIC-04, 
GSTIC-07, GSTIC-6, GSTIC-5, GSTIC-9 among these 

Fig. 3  ISSR banding pattern 
showing monomorphic pattern 
in all 10 accessions of Gloriosa 
superba generated by UBC 815 
Primer (M: 100bp DNA Ladder, 
Lane 1-10 GSTIC 1-GSTIC 10)

Table 2  RAPD primer sequences with numerical data as obtained from PCR amplification by RAPD and ISSR Primers among Gloriosa superb 
(wild, Cultivated and Micropropagated) accessions

Bold indicates the largest and shortest amplicon size amplified by primers
a Range

Markers Primer Code Accession Number Total no. 
of bands

No. of 
polymorphic 
bands

No. of mono-
morphic 
bands

(%) 
Polymor-
phism

Shortest 
length of 
amplicon

Largest 
length of 
amplicon

PIC

RAPD RPl-1 AM 765819 33 33 0 100 182 1264 0.338
RPl-2 AM 750044 51 51 0 100 200 1074 0.405
RPl-3 AM 773310 56 36 20 64.3 192 1240 0.323
RPl-4 AM 773769 36 36 0 100 100 983 0.373
RPl-5 AM 773770 64 64 0 100 155 1656 0.3
RPl-6 AM 773771 44 44 0 100 155 866 0.33
RPl-7 AM 773312 54 54 0 100 110 876 0.42
RPl-8 AM 773773 40 40 0 100 140 1078 0.338
RPl-9 AM 773315 38 38 0 100 316 1257 0.356
RPl-10 AM 750045 50 50 0 100 209 1092 0.258

Total 466 446 20 – – – 3.441
Average/primer 46.6 44.6 2 96.43 176a 1139a 0.344
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GSTIC-2, GSTIC-04 and GSTIC-05, GSTIC-09 respec-
tively are very close with each other. The result of prin-
cipal component analysis was comparable to the UPGMA 
cluster analysis with minor deviations (Figs. 4, 7). 

The average PIC (Polymorphism Information Content) 
value for RAPD was 0.344. Highest PIC value obtained was 
0.42 for RPI-7 marker and the lowest PIC value was 0.258 
for RPI-10 (Table 2). All the RAPD markers showed PIC 
value ≤ 0.50 suggesting the informativeness of a marker.

Fig. 4  Dendrogram based 
RAPD Paired Group Jaccard 
similarity coefficient matrix 
data by Unweighted Pair 
Group Method with Average 
(UPGMA) cluster Analysis of 
10 G. superba accessions 

Fig. 5  Dendrogram on the basis 
of ISSR Paired Group Jaccard 
similarity coefficient matrix 
data by unweighted pair group 
method with average (UPGMA) 
cluster Analysis of G. superba 
accessions described in Table 1
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ISSR analysis

ISSR primers produced different numbers of amplicons, 
depending upon their simple sequence repeat motifs. Among 
10 ISSR primers screened, 6 primers, with reproducible pol-
ymorphic banding patterns were selected for genetic diver-
sity study (Fig. 2c, d  and Table 4). Six primers produced a 
total of 328 amplicons, and out of which 298 amplicons were 
polymorphic, with an average of 91.83% polymorphism. 
100% polymorphism was generated by 4 ISSR primers, 
while remaining primers exhibited variable percentage of 
polymorphism. Molecular size of amplicons ranges from 
181 (UBC 835) bp to 2395 (UBC 835) bp and total ampli-
cons per primer varied between 40 (UBC 18) to 70 bp (UBC 

834), with an average of 54.6 amplicons per primer, while 
average number of polymorphic amplicons per primer was 
49.66 (Table 4). The extent of polymorphism among G. 
superba genotypes as revealed by ISSR primer is shown in 
Figs. 2c, d, 3 and Table 4. Genetic distance was obtained 
with UPGMA analysis using Jaccard’s similarity coefficient 
ranged from 0.17 between GSTIC-1 and GSTIC-2 to 0.61 
between GSTIC-7 and GSTIC-8 (Table 5). 

The dendrogram based on ISSR data separated the geno-
types into two major clusters. Cluster I comprised of two 
genotypes GSTIC-1 and GSTIC-2 with similarity coefficient 
equal to 0.54. Cluster II comprised of two sub clusters IIa 
and IIb, where IIa comprised of 4 genotypes as GSTIC-
6, GSTIC-7, GSTIC-8, GSTIC-9 respectively and IIb 

Fig. 6  Dendrogram based on 
RAPD+ ISSR combined Paired 
Group Jaccard similarity coeffi-
cient matrix data by unweighted 
pair group method with average 
(UPGMA) cluster Analysis of 
10 G. superba accessions as 
described in Table 1

Table 3  Jaccard’s similarity 
co-efficient among Gloriosa 
superb accessions using RAPD 
data

Bold values indicate higher and lower values of similarity index

GS-01 GS-02 GS-03 GS-04 GS-05 GS-06 GS-07 GS-08 GS-09 GS-10

GS-01 1
GS-02 0.33 1
GS-03 0.4 0.5 1
GS-04 0.33 1 0.5 1
GS-05 0.31 0.5 0.44 0.5 1
GS-06 0.23 0.4 0.5 0.4 0.5 1
GS-07 0.27 0.7 0.36 0.7 0.5 0.42 1
GS-08 0.33 0.5 0.33 0.5 0.36 0.5 0.5 1
GS-09 0.31 0.67 0.44 0.67 0.78 0.67 0.63 0.46 1
GS-10 0.31 0.25 0.18 0.25 0.45 0.25 0.28 0.36 0.45 1
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comprised of GSTIC-3, GSTIC-4, GSTIC-5 and GSTIC-10 
is out grouped (Fig. 5). The result of PCA was comparable 

to cluster analysis based on UPGMA with minor deviations 
(Figs. 5, 7). The PIC value ranged from 0.273 (UBC 815) 

Fig. 7  Principal component analysis of Glorosa superba accessions based on a RAPD, b ISSR, c combined (RAPD +ISSR) analysis

Table 4  ISSR primer sequences with numerical data as obtained from PCR amplification by RAPD and ISSR Primers among Gloriosa superb 
(wild, Cultivated and Micropropagated) accessions

The bold values indicates the shortest and largent amplicon size amplified by primers   
a Range

Primer Code Accession Number Total no. 
of bands

No. of 
polymorphic 
bands

No. of mono-
morphic bands

(%) Poly-
morphism

Shortest 
length of 
amplicon

Largest length 
of amplicon

PIC

ISSR UBC 815 (CT) 8G 62 62 0 100 333 1239 0.273
UBC 818 (CA) 8G 40 40 0 100 246 1337 0.357
UBC 822 (TC) 8A 49 39 10 79.6 324 2333 0.337
UBC 824 (TC) 8G 57 57 0 100 250 2059 0.357
UBC 834 (AG) 8YT 70 50 20 71.4 244 1858 0.342
UBC 835 (AG) 8 YC 50 50 0 100 181 2395 0.381

Total 328 298 30 – – – 2.047
Average 54.6 49.66 5 91.83 263a 1870a 0.341
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to 0.381 (UBC 835) with mean of 0.341. All the six ISSR 
primers have shown PIC value ≤ 0.50 suggesting the infor-
mativeness of a marker. Molecular markers specific to some 
accessions were shown in Fig. 3. These markers could be 
converted to SCAR primers for enhancing the reliability of 
the markers germplasm identification.

Combined RAPD and ISSR analysis

Combined data of both RAPD and ISSR primers were used 
to generate an overview of genetic similarities between the 
genotypes. Data from Both combined RAPD and ISSR prim-
ers produced a total of 794 amplicons, of which 744 ampli-
cons were polymorphic and 50 amplicons were monomor-
phic with 94.12% polymorphism (Table 6). Molecular size 
of amplicons ranges from 100 (RPI-04) bp to 2395 (UBC-
835) bp, with average no. of amplicons 50.66 per primer, 
while average number of polymorphic amplicons per primer 
was 47.13 (Table 6).

The Jaccard’s similarity coefficient obtained from the 
pooled data of RAPD and ISSR showed a wide range of 
correlations among all the genotypes. Maximum similarity 
coefficient (0.208) was observed between GSTIC-03 and 
GSTIC-10. However, GSTIC-03 and GSTIC-04 were found 
distantly related with a similarity coefficient value of 0.521, 
with an average similarity coefficient 0.36 (Table 7). Pooled 
RAPD and ISSR data was used for constructing the dendro-
gram by using Jaccard’s similarity coefficient. Dendrogram 
generated using this combined data separated the accessions 
into two major clusters, with GSTIC-10 as an out group. 
Cluster I comprised of two genotypes, namely, GSTIC-01 
and GSTIC-02, while cluster II was the largest cluster con-
sisting of seven genotypes, which is further divided into two 
IIa and IIb sub clusters. Cluster IIb comprised of two geno-
types namely GSTIC-03 and GSTIC-04, while Cluster IIa 
again divided into IIa1 and IIa2, where IIa1 comprised of 3 
genotypes GSTIC-07, GSTIC-08 and GSTIC-09 while IIa2 
comprised of 2 genotypes namely GSTIC-05 and GSTIC-06 

with similarity coefficient of 0.40 (Fig. 6). Result of the PCA 
based on similarity coefficient of combined RAPD+ISSR 
markers was comparable with its cluster analysis. The clus-
tering pattern of the genotypes in the combined analysis 
revealed that the majority of the genotypes remained similar 
to the ISSR dendrogram, while the RAPD-based dendro-
gram showed some variation in the clustering of genotypes 
(Figs. 4, 5, 6, 7). PCA plot is a reflection of broad genetic 
base of this species. A PCA result further confirms the 
genetic relationships, based on the dendrogram produced 
and delineate by cluster analysis.

The PIC value ranged from 0.258 (RPI-10) to 0.420 (RPI-
7), with mean PIC value of 0.343. All the sixteen combined 
RAPD+ ISSR primers have shown PIC value ≤ 0.50 sug-
gesting the informativeness of a marker (Table 6). In this 
study, it was observed that genetic relation/ variability 
among the genotypes were found more or less similar to 
RAPD and ISSR analysis.

Principal component analysis

To overview the genetic variation among 10 genotypes 
of G. superba, PCA was performed with 10 RAPD and 6 
ISSR markers. Cluster analysis result of RAPD markers 
was comparable with Principal Component Analysis based 
on its similarity coefficient (Figs. 4, 7). Only a few differ-
ences were observed with UPGMA clustering and principal 
component analysis clustering. The PCA based on RAPD 
data revealed that genotypes belonging to a particular cluster 
were grouped together in the PCA plot with minor differ-
ences (Fig. 7a). It is fascinatingly to observe that the geno-
types belong to same region were clustered together in PCA. 
Similarly, PCA analysis based on ISSR data revealed that 
the majority of genotypes were grouped as illustrated by the 
UPGMA dendrogram (Fig. 7b). RAPD + ISSR marker tools 
based PCA analysis revealed that genotypes was impartially 
distributed on PCA plots, which imitate a good genetic relat-
edness among the G. superba genotypes (Fig. 7c). PCA’s 

Table 5  Jaccard’s similarity 
co-efficient among Gloriosa 
superb accessions using ISSR 
data

Bold values indicate higher and lower values of similarity index

GS-01 GS-02 GS-03 GS-04 GS-05 GS-06 GS-07 GS-08 GS-09 GS-10

GS-01 1
GS-02 0.54 1
GS-03 0.35 0.34 1
GS-04 0.28 0.27 0.57 1
GS-05 0.29 0.33 0.43 0.44 1
GS-06 0.23 0.26 0.38 0.31 0.40 1
GS-07 0.31 0.28 0.48 0.46 0.37 0.5 1
GS-08 0.27 0.34 0.36 0.37 0.38 0.44 0.61 1
GS-09 0.30 0.27 0.38 0.39 0.32 0.34 0.52 0.49 1
GS-10 0.17 0.20 0.22 0.24 0.25 0.22 0.27 0.28 0.29 1
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method help in converting a set of variables into few dimen-
sions, by which genotypes can be depicted in two or three-
dimensional space. Such a graphical representation help in 
identifying the individuals that tend to cluster together.

Discussion

To facilitate the efficient conservation, management, and 
utilization of the species of medicinal plants, it is impor-
tant to study their genetic diversity, for selection of useful 
and effective genotypes for the development of cultivars by 
the farmers and breeders. Genetic markers plays important 
role in plant improvement programs such as genetic map-
ping, varietal and parentage identification, and evaluation 
of polymorphic genetic loci affecting quantitative economic 
traits. Although many researchers attempted extensive work 
on Biochemical and morphological characterization of G. 
superba, from different geographic locations [15, 16], but 
for effective identification and cultivar development there 
is an urgent need to study its genetic diversity using dif-
ferent molecular markers. Several non-receptive properties 
especially, environmental, epistatic and pleiotropic effects, 
make these genetic markers highly advantageous and useful 
over traditional Biochemical, morphological and phenotypic 
markers [59]. It is, therefore, in the present study efforts have 
been made to characterize 10 different accessions (wild, cul-
tivated and microprogated) of G. superba collected from 
different parts of India, using random amplified polymor-
phic DNA (RAPD) and Inter-simple sequence repeats (ISSR 
Markers). To the best of authors knowledge G. superba 
accessions from Pachmarhi Biosphere reserve of Madhya 
Pradesh is first time included in the genetic diversity studies. 
RAPD and ISSR markers are highly polymorphic and very 
useful tool for characterization of germplasm, Phylogenetic 
studies, clonal fidelity testing, genetic relationship, assess-
ment of genetic diversity, varietal identification, hybrid test-
ing, gene tagging and marker-assisted selection, systemic 
and evolutionary biology, with easy application and results 
interpretation [60].

In present study RAPD and ISSR markers were used to 
assess molecular diversity among 10 geographically and 
technically different genotypes of G. superba, an endan-
gered plant from different parts of India. 10 RAPD prim-
ers amplified 466 amplicons, out of which 446 were poly-
morphic, with 96.43 % polymorphism. Molecular size of 
amplicons ranges from 100 bp (RPI-4) to 1656 bp (RPI-5) 
with an average of 44.6 amplicons per primer. Some prim-
ers have also produced accession specific amplicons and 
monomorphic pattern (Fig. 2a, b). The average percentage 
of polymorphism is closely related with earlier studies as 
87.53% in Gloriosa superba from Tamiladu accession [28], 
96% in Angelica, genus from China [61], 100% in Cassia Ta
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tora genotypes from different parts of Madhya Pradesh [43], 
73.33% of polymorphism in 14 closely related accessions 
of Costus speciosus [62], 92.26 % in C. borivilianum [63]. 
Percent polymorphism is higher than studied in other endan-
gered plants as 49.61% in Oroxylum indicum [64], 27.6% 
in Paeonia rockii [65], 24.5% Lactoris fernandeziana (Lac-
toridaceae) [66], Lycium varities [67], which indicates that 
these wild, cultivated and Micropropagated genotypes of G. 
superba possess high genetic distance from each other. The 
average genetic distance for Jaccard’s co-efficients was 0.48 
and PIC value was 0.344, which is ≤ 0.50 suggesting the 
informativeness of a marker.

Similarly, six ISSR primers produced a total of 328 
amplicons (Table 4), and out of which 298 amplicons were 
polymorphic, with an average of 91.83% polymorphism. 
100% polymorphism was generated by 4 ISSR primers, 
while remaining primers exhibited variable percentage 
of polymorphism. Molecular size of amplicons ranges 
from 181 (UBC 835) bp to 2395 (UBC 835) bp and total 
amplicons per primer varied between 40 (UBC 181) and 
70 bp (UBC 834), with an average of 54.3 amplicons per 
primer, while average number of polymorphic amplicons 
per primer was 49.66 (Table 4). The average percentage of 
polymorphism is closely related with earlier studies as 93% 
in gladiolus collection [68], 99% in indigenous and exotic 
genotypes of Gladiolus hybrids [69], 82.76 in C. borivil-
ianum [63], 65.05% in C. colocynthis [70], Acacia species 
[71]. Moreover, low-level polymorphism in ISSR markers 
was also reported in many previous studies, for examples, 
24.36% in Bruguiera gymnorrhiza and 12.73% in Heritiera 
fomes [72]. However, it was noted in the present study that 
high reproducibility for ISSR markers was achieved due to 
well—defined PCR conditions.

In this study, the average similarity index for G. superba 
genotypes using RAPD ranged from 0.18 to 0.78 and ISSRs 
ranged from 0.17 to 0.61, While similarity index of the 
combined data RAPD+ISSR ranged from 0.208 to 0.521 
(Tables 3, 5, 7). Low range of similarity index from data 

analyzed clearly indicated there was high genetic variabil-
ity between genotypes collected from different geographi-
cal regions using different techniques (wild, cultivated and 
Micropropagated). When similarity index data from RAPD, 
ISSR and combined RAPD+ISSR were compared with each 
other showed high polymorphisms and large variability, and 
distinguishing genotypes clearly. High polymorphism dem-
onstrates that the level of genetic variation in the species is 
substantial and indicated that genetic base is quite broad. 
From previous observations it was also found that the RAPD 
markers are more effective than ISSR markers for differen-
tiation of closely related cultivars in various plant species 
[73, 74]. This divergence may be due to the proportion of 
coding and non-coding sequences within the genome and 
differences in genome composition of species and are selec-
tively neutral.

In the UPGMA-based dendrograms obtained from the 
combined RAPD and ISSR data, the wild genotypes from 
Bagra Tawa region of Pachmarhi Biosphere reserve, Madhya 
Pradesh (GSTIC-10) out grouped and shows broad genetic 
diversity with other genotypes indicates an earlier introduc-
tion of these species to Central India, and subsequently lead-
ing to accumulation of variation. Genotypes collected from 
Pipariya region of Pachmarhi biosphere reserve Madhya 
Pradesh, wild (GSTIC-01) and tissue culture raised plants 
(GSTIC-02) with very low genetic diversity coefficient 
value of 0.510 and grouped into similar clustered, which 
also signifies our result as the plant tissue culture was from 
the same region pipariya and originated from Bagra Tawa. 
Same kind of results was observed from the Genotypes col-
lected from Tamia region of Pachmarhi biosphere reserve 
Madhya Pradesh, wild (GSTIC-03) and cultivated genotype 
from Karur region of Tamilnadu (GSTIC-04) and clus-
ter together with the highest genetic similarity coefficient 
value of 0.521, indicated that the cultivated genotype was 
travelled from the Central India to south. Wild genotype 
from Sathyamangalam region of Tamilnadu (GSTIC-07), 
wild genotype from Sri Penusilanarasimha Nellore region, 

Table 7  Jaccard’s similarity 
co-efficient among Gloriosa 
superb accessions using RAPD 
and ISSR combined data

Bold values indicate higher and lower values of similarity index

GS-01 GS-02 GS-03 GS-04 GS-05 GS-06 GS-07 GS-08 GS-09 GS-10

GS-01 1
GS-02 0.510 1
GS-03 0.352 0.396 1
GS-04 0.328 0.425 0.521 1
GS-05 0.317 0.447 0.428 0.491 1
GS-06 0.272 0.339 0.388 0.405 0.505 1
GS-07 0.308 0.385 0.4 0.5 0.459 0.5 1
GS-08 0.256 0.339 0.313 0.390 0.4 0.487 0.455 1
GS-09 0.279 0.355 0.330 0.420 0.407 0.395 0.513 0.475 1
GS-10 0.221 0.245 0.208 0.268 0.292 0.241 0.219 0.289 0.306 1
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Andhra Pradesh (GSTIC-08) and cultivated genotype from 
Srikakulam region of Andhra Pradesh (GSTIC-09) were 
genetically very close but genetically different from other 
accessions and were clustered together. Cultivated genotypes 
from Raipur, Chhattisgarh (GSTIC- 04) and Salem region 
of Tamilnadu (GSTIC- 05) with genetic similarity coeffi-
cient value of 0.491, were clustered together. Similar results 
were also reported in many plant species such Bacopa mon-
nieri (L.) [75], wormwood capillary [76], Lycium varieties 
[67], Pimpinella anisum L. [45]. Preethi et al. [77] studied 
the genetic diversity of Cocoa nucifera L. using EST-SSR 
markers, which is also a useful and reliable tools for the 
assessment of genetic diversity and marker-assisted selec-
tion which strongly indicates high polymorphism as com-
pared to ISSR and RAPD. The PCA analysis was performed 
to demonstrate the multiple dimension distribution of the 
genotypes in a scatter-plot, which show some difference in 
the separation of individual genotypes at their respective 
clusters when compared between UPGMA dendrogram and 
PCA for both the markers. According to Taran et al. [78], 
this multivariate approach will complement the information 
obtained from the cluster analysis as it is more informative 
to study genetic distance among major groups. The results 
based on cluster analysis were correlated some extent to the 
geographical distribution, as revealed in the present results. 
These results are in agreement with some previous study, 
which concluded that accessions from diverse geographical 
regions can be genetically similar.

In the Present study we have found that RAPD markers 
were somewhat significant than those of the ISSR markers, 
but ISSR was more favorable than the RAPD techniques in 
terms of presenting the phylogenetic relationships in many 
germplasms. However, when both the markers were com-
bined, it resulted in significant high genetic diversity among 
the genotypes of G. superba (wild, cultivated and micro-
propagated) from different parts of India. Likewise, genetic 
relationship of many cultivars and plant species was studied 
such as Dioscorea spp. [79], Cymbopogon flexuosus [80], 
and sandalwood [74] using these markers. Thus, molecular 
marker approach used were very important and informative 
for genetic variation, genetic pool and to develop conser-
vation strategies and breeding among medicinal plants and 
cultivars.

Conclusion

In the present study the genotypes of G. superba (Wild, Cul-
tivated, and Micropropagated) were collected from different 
geographic regions of India and were analyzed for marker 
polymorphisms, genetic diversity using RAPD and ISSR 
markers. There are many other molecular markers such as 
inter primer binding site (iPBS) and start codon targeted 

(SCoT) and Sequence related amplified polymorphisms 
(SRAP) molecular markers etc which reveals the genetic 
relationships in molecular level and provides a theoretical 
basis for genetic improvement and conservation. But RAPD 
and ISSR molecular markers, proved to be a powerful tool 
for the generation of potential diagnostic of markers for cul-
tivar analysis. High genetic variation observed among all 
the 10 genotypes based on dendrogram constructed using 
UPGMA and scattered plot obtained from PCA analysis. 
Some RAPD and ISSR markers have also produced species 
specific amplicons which can be used for the development 
of co-dominant SCAR markers. Genetic molecular markers 
constitute useful and reliable tools to understand the genetic 
pool and to develop conservation strategies and breeding 
programs.
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