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Abstract Bamboo is one of the important plant for pulp,
paper and charcoal industries. After China, India is the
second largest bamboo reserve in Asia. Around the globe,
wide genetic diversity of bamboo is present which serves
as the base for selection and improvement. DNA based
molecular markers appears to be a striking substitute for
systematic assessment of the genetic diversity in conser-
vation and genetic improvement of plants. DNA based
molecular markers such as RAPD and ISSR were used to
assess the genetic diversity in 13 bamboo genotypes. Total
120 RAPD and 63 ISSR primers were tested, of which only
42 polymorphic primers (30 RAPD and 12 ISSR), gave
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reproducible amplification profile and were used in this
study. 30 RAPD primers yielded total 645 amplified frag-
ments, of which 623 were polymorphic, and 20.76 poly-
morphic bands per primer were observed across 13
genotypes. 12 ISSR primers produced 246 amplified frag-
ments, of which 241 were polymorphic, and 20.08 poly-
morphic bands per primer was observed across 13 different
genotypes. The Jaccard’s coefficient of RAPD, ISSR and
pooled RAPD and ISSR dendrograms ranged from 0.26 to
0.83, 0.23 to 0.86 and 0.26 to 0.84 respectively. The pre-
sent study found the large genetic diversity present be-
tween different elite genotypes of bamboo. Such
investigation can deliver a well understanding of the
available genotypes, which might be further exploited for
the paper industry.

Keywords Bamboo - Genetic diversity - RAPD - ISSR

Introduction

Bamboo form the backbone of rural economy of Southeast
Asian countries where it considered as the most important
forest species. After China, India is the second biggest
producer of bamboos in the world. India is generating four
to six million tons of bamboos yearly, out of which two
million tons are consumed in paper production. In India
bamboo is commonly famous as “poor man’s wood” and
considered as green gold. Apart from their application in
paper production, it is widely used in household con-
struction, furniture manufacture, flooring tiles, conserva-
tion of soil, food purposes and cattle food. Bamboo is a
representative species, a member of five large subfamilies
Arundinoideae, Pooideae, Panicoideae and Bambusoideae.
Bamboo is perennial, giant, woody grass comprising of
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60-70 genera with 1200-1500 species belonging to sub-
family Bambusoideae [1]. Among which, 30 genera and
136 species are found in India.

Genetic destruction and extensive exploitation of
bamboo species have made it compulsory not only for
the conservation and protection of its germplasm [2, 3],
but also to organize and illustrate them [4—6]. Classifi-
cation of germplasm is a key link between the conser-
vation and utilization of germplasm [7, 8]. To maintain
and preserve the germplasm biodiversity, the exploration
of bamboo resources and study of their native dis-
semination is necessary, which is documented to be
limited till date [6-9].

Molecular markers have become an important part of
most of the genetic diversity studies. Several DNA-based
molecular markers, such as, inter simple sequence repeats
(ISSR) markers, random amplified polymorphic DNA
(RAPD), restriction fragment length polymorphism
(RFLP), and amplified fragment length polymorphism
(AFLP) have been used to explore genetic diversity. These
molecular markers reveal the phylogenetic relationships
among various genotypes, for their effective use in
breeding, conservation and improvement. AFLP and RFLP
used the radioactive labelling, expensive restriction en-
zyme, hence, appear inappropriate. On the other hand
RAPD and ISSR markers, involved very less quantity of
DNA without using radioactive labels, restriction enzyme,
and are faster as well as simpler. RAPD has confirmed to
be relatively effective in recognising genetic difference,
and used for diversity evaluation and for finding new
genotypes in many crops/plants [10-16]. ISSR has been
revealed to deliver a potent, fast, reproducible, simple, and
economical means to evaluate genetic variation and detect
changes between narrowly related germplasm in various
plant species [14, 17, 18]. Few investigations have been
reported on phylogenetic and the genetic diversity of

bamboo using DNA based marker [6, 9]. Considering the
importance of work and potential of DNA based molecular
marker based genetic diversity analysis, the present study
was conducted to explore and depict the genetic diversity
of Indian genotypes of bamboo using RAPD and ISSR
markers.

Materials and methods
Genomic DNA isolation

DNA was isolated from 13 genotypes of bamboo (Table 1),
by the original method described by Doyle and Doyle with
few changes (viz., amount of leaf tissue, concentration of
components of the buffer, and temperature) [19]. Fresh leaf
tissues (0.2 g) were crushed in liquid nitrogen and trans-
ferred into a 2 ml pre-sterilised centrifuge tube. 0.5 ml of
extraction buffer [100 mM tris—HCI, 0.5 M ethylenediaminete-
traacetic acid (EDTA), 3.5 M NaCl, 3 % cetyltrimethyl
ammonium bromide (CTAB), 1 % polyvinylpyrrolidone
(PVP), and 0.2 M B-mercaptoethanol pH 8.0] was added in
crushed sample and incubated at 65 °C for 60 min. After
incubation samples were emulsified with an equal volume of
chloroform: isoamyl alcohol (24:1) and supernatants were
transferred into new pre-sterilised centrifuge tube and it was
repeated twice. Precipitation of DNA was carried out using
the mixture of chilled absolute alcohol and 3 M sodium
acetate and by overnight incubation at —20 °C. Finally
DNA was precipitated by chilled 80 % ethanol. The pre-
cipitated DNA was air dried and dissolved in 100 pl of Tris—
EDTA (TE) buffer. The dissolved DNA was treated with
RNase (2.25 U). Total pure DNA was qualified and quan-
tified by Nanodrop 1000 spectrophotometer. DNA of all 13
genotypes were diluted to 20 ng/ul with nuclease free water
and kept at 4 °C.

Table 1 List of Indian bamboo
genotypes and species used in
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Genotypes

Species

Location

Remarks

the present study GAU-1
GFC-2
GKU-3
GKU-4
GSF-5
GVP-6
GNU-7
OVP-8
OCT-9
YNU-10
YKE-11
YVI-12
YVP-13
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Bambusa bambos
Bambusa tulda
Bambusa balcooa
Bambusa balcooa
Bambusa multiplex
Bambusa balcooa
Bambusa vulgaris
Bambusa vulgaris
Bambusa multiplex
Phyllostachys vivax
Phyllostachys vivax
Phyllostachys vivax
Phyllostachys vivax

Anand, Gujarat
Anand, Gujarat
Kutch, Gujarat
Kutch, Gujarat
Anand, Gujarat
Anand, Gujarat
Anand, Gujarat
Anand, Gujarat
Anand, Gujarat
Anand, Gujarat

Thiruvananthapuram, Kerala

Anand, Gujarat
Anand, Gujarat

Green, hollow
Green, solid
Green, solid
Green, solid
Green, hollow
Green, hollow
Green, hollow
Green, hollow
Green, solid
Yellow, hollow
Yellow, hollow
Yellow, hollow
Yellow, hollow
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RAPD amplification analysis

RAPD amplification was executed according to Williams
et al. [20] by decamer random primers (MWG Operon
technologies, Germany) (Table 2). RAPD amplification
was executed in a 25 pl total volume containing 100 ng
DNA, 2.5 pul 10x DreamTaq Green PCR buffer, 40 pM
MgCl,, 5 pM dNTPs mix, 1.5U DNA polymerase (Ka-
paBiosystems) and 1 pl of 10 pmol of primer and 15.7 pl
distilled water. Amplification was automated using PCR
machine (Applied Biosystems, USA). The PCR cycles
comprised an initial 94 °C for 5 min for denaturation fol-
lowed by 42 cycles of denaturation at 94 °C for 1 min,
primer annealing at 38 °C for 1 min, extension at 72 °C for
1 min and finally 72 °C for 7 min. Agarose gel (1.5 %)
was prepared to separate the amplified product. Gel
documentation system (Alpha Innotech, USA) was used for
visualization of amplified DNA fragments. Each ex-
periment was repeated three times with each primer to test
the reproducibility of RAPD primer.

ISSR amplification analysis

ISSR amplification was performed according to Sarla et al.
[21]. ISSR amplification was executed in a 25 pl reaction
mixture volume having 100 ng DNA, 2.5 pl 10x Dream-
Taq Green PCR buffer, 40 uM dNTPs mix, 1.5 U DNA
polymerase (KapaBiosystems) and 1 pl of 10 pmol of
primer (Table 3) and 15.7 pl distilled water. The amplifi-
cation reaction involved an initial 94 °C for 5 min for
denaturation followed by 35 cycles of 1 min at 94 °C
(denaturation), 45 s at a specific annealing temperature
55 °C, and 1 min at 72 °C (extension) and finally 72 °C for
7 min. Agarose gel (1.5 %) was prepared to separate the
amplified product. Gel documentation system (Alpha In-
notech, USA) was used for visualization of amplified DNA
fragments. Each experiment was repeated three times with
each primer to test the reproducibility of ISSR primer.

Statistical data analysis

PCR amplification product of RAPD and ISSR markers
across the 13 genotypes were scored as presence (1) or
absence (0) of band and formed the binary matrix. The
faded or unclear fragments were not counted. The per-
centage of polymorphism was calculated by dividing the
polymorphic fragments by the total number of fragments
multiplied with 100 by using binary matrix. The poly-
morphism information content (PIC) was calculated by the
formula: PIC = 2n (1 — m) where, 7 is the frequency of
presence of polymorphic fragments in different primers
[22]. Similarity matrices were constructed according to
Jaccard’s coefficient of similarity by using NTSYS-pc [23].

The Mantel matrix correspondence test was used to esti-
mate the correlation between matrices produced from two
marker types [24]. The unweighted pair group method with
arithmetic average (UPGMA) was used in construction of
dendrogram by using NTSYS-pc [25]. Eigen value and
Eigen vectors from a similarity matrix was used in calcu-
lation of principle component analysis (PCA) by using
NTSYS-pc software.

Results
RAPD amplification analysis

Initially total 120 RAPD primers were screened, out of
which 30 primers responded with six or more reproducible
bands, were included in the present study. Total 645 DNA
bands were produced in all 13 genotypes by PCR ampli-
fication of DNA using 30 primers. Amplified fragments
varied from six (OPA-02, OPC-02, OPD-18, OPD-M4,
OPN-01, OPO-15) to twenty-nine (OPM-11) in number,
with the size range of 285-2168 bp. Out of 645 amplified
bands, 623 bands were found polymorphic, with an average
of 20.76 polymorphic bands per primer. The polymorphism
percentage varied from 80.95 (OPC-04) to 100 (OPA-02,
OPA-04, OPA-07, OPA-10, OPA-20, OPC-08, OPD-13,
OPD-18, OPM-05, OPM-12, OPN-02, OPN-04, OPN-10,
OPN-11, OPN-13, OPO-15, OPO-20), with an average of
96.52 % polymorphism. PIC value ranged from 0.85(OPN-
15) to 0.96 (OPM-11). The amount of polymorphism de-
tected among all the Indian bamboo genotypes as observed
by RAPD primer OPC-04 (Fig. 1a) and OPM-02 (Fig. 1b)
are shown. A dendrogram based on UPGMA analysis
grouped thirteen bamboo genotypes in the three main
clusters (Fig. 2a), with Jaccard’s similarity coefficient of
0.19-0.83 (Table 4). Clusters I comprise GAU-1, GFC-2,
and GSF-5, cluster II comprise GKU-3, GKU-4,GVP-6,
and OCT-9, and cluster III comprise YKE-11,GNU-7,
OVP-8,YNU-10,YVI-12, and YVP-13. The arithmetic
mean heterozygosity (Hav) of a marker system indicates its
ability to detect heterozygosity in the germplasm and
marker index (MI) the parameter specifically used for
comparing the utility of two or more marker systems (24).
The average similarity coefficient among all genotypes,
Hav and marker index (MI) were 0.33, 0.92 and 11.79,
respectively. The cophenetic correlation coefficient was
positively correlated to the Mantel test statistics in the
present study. Also the Mantel Test statistics Z was nor-
malized and extent of goodness of fit for cluster analysis,
(matrix correlation r = 0.94) as categorized by Rholf [25]
was found to fall under the category ‘good’. Relationship
among the 13 genotypes was also detected by PCA based
on RAPD data. Genotypes grouped within the same cluster
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Table 2 List of RAPD primers used for analysing 13 Indian genotypes of bamboo

Sr.no. Primers  Primer Molecular Total Number Number % polymorphism  PIC

sequence weight range number  of polymorphic  of monomorphic value

of bands  bands bands

1 OPA-02 5 TGC CGA GCT G 3’ 250-2125 17 17 0 100 0.92
2 OPA-03 5 AGT CAG CCA C3  439-2053 13 11 2 84.61 0.88
3 OPA-04 5 AAT CGG GCT G 3’ 144-2140 31 31 0 100 0.95
4 OPA-07 5 GAA ACG GGT G3' 118-1835 21 21 0 100 0.92
5 OPA-09 5 GGG TAA CGC C 3 179-3098 21 20 1 95.23 0.92
6 OPA-10 5 GTG ATC GCA G 3’ 280-1905 21 21 0 100 0.92
7 OPA-18 5 AGG TGA CCG T 3 175-2069 28 26 2 92.85 0.95
8 OPA-20 5 GTT GCG ATC C3  602-2505 19 19 0 100 0.93
9 OPC-02 5 GTG AGG CGT C 3 263-2172 28 27 1 96.42 0.95
10 OPC-04 5 CCG CAT CTAC3  250-2001 21 17 4 80.95 0.92
11 OPC-05 5 GAT GAC CGC C 3 270-1752 25 24 1 96 0.94
12 OPC-08 5 TGG ACC GGT G 3 311-1797 20 20 0 100 0.93
13 OPD-13 5 GGG GTG ACG A 3" 364-2393 31 31 0 100 0.95
14 OPD-18 5 GAG AGC CAAC3 162-1924 33 33 0 100 0.96
15 OPM-02 5 ACA ACGCCTC3  262-2308 28 27 1 96.42 0.94
16 OPM-04 5 GGC GGT TGT C 3’ 278-2717 24 22 2 91.66 0.94
17 OPM-05 5 GGG AAC GTGT 3  273-1842 21 21 0 100 0.93
18 OPM-11 5 GTC CAC TGT G3'  264-3147 38 35 3 92.10 0.96
19 OPM-12 5 GGG ACG TTG G 3’ 118-1504 14 14 0 100 0.91
20 OPN-01 5 CTC ACG TTG G 3 255-2296 19 18 1 94.73 0.92
21 OPN-02 5 ACC AGG GGC A 3" 271-2142 13 13 0 100 0.90
22 OPN-04 5 GAC CGA CCC A3 472-2130 18 18 0 100 0.92
23 OPN-09 5 TGC CGG CTT G 3 254-2034 21 19 2 90.47 0.91
24 OPN-10 5 ACA ACT GGG G 3’ 310-2400 20 20 0 100 0.93
25 OPN-11 5 TCG CCG CAA A 3 286-2368 17 17 0 100 0.92
26 OPN-13 5 AGC GTC ACT C 3’ 268-1878 14 14 0 100 0.89
27 OPN-15 5 CAGCGACTG T3  379-2096 9 8 1 88.88 0.85
28 OPN-20 5 GGTGCTCCGT3  408-2263 21 20 1 95.23 0.92
29 OPO-15 5 TGG CGT CCT T3  307-2324 23 23 0 100 0.93
30 OPO-20 5 ACA CACGCT G 3  329-1833 16 16 0 100 0.92

Total 645 623 22

Average 285-2168 21.5 20.76 0.73 96.52 0.93

in the dendrogram were occupying the same positions in
the three dimensional scaling also (Fig. 3a).

ISSR amplification analysis

Initially total 63 ISSR primers were screened, out of which
12 primers responded with more than six scorable bands and
gave fingerprints with good resolutions and reproducibility.
On the basis of sequence repeat motifs, ISSR primers am-
plified different numbers of DNA fragments (Fig. lc, d). A
total 12 ISSR primers formed 246 bands across 13 genotypes,
of which 241 band were polymorphic, accounting poly-
morphism of 97.96 %.The number of amplified bands varied
from six (ISD4, ISD9, ISD13,1SD20, ISD28, ISD 32, ISD40,
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UBC 824, UBC 834, UBC 855) to 24 (ISD4) and varied in
size from 224 to 2171 bp. The average polymorphic bands
and number of bands per primers were observed 20.08 and
20.5 respectively. The average 98.20 % polymorphism was
observed. PIC value ranged from 0.84 (UBC 824) to
0.95 (ISD 16) (Table 3). The level of polymorphism de-
tected across all the bamboo genotypes as observed by ISSR
primer ISD-16 (Fig. 1c) and ISD-28 (Fig. 1d) are shown.
The clustering pattern was similar to RAPD except OCT-9.
In RAPD, OCT-9 belong to cluster II whereas, in ISSR, it
belong to cluster III (Fig. 2b).The average similarity coef-
ficient among all genotypes, Hav, and MI were 0.30, 0.91 and
7.47, respectively. Also the Mantel test statistic Z was nor-
malized and extent of Goodness of fit for cluster analysis
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Table 3 List of ISSR primers used for analysing 13 Indian genotypes of bamboo
Sr. Primers Primer Molecular Total Number Number % polymorphism PIC
no. sequence weight number of polymorphic of monomorphic value
range of bands  bands bands
1 UBC 824 5'-TCT CTC TCT CTC TCT CG-3' 158-1370 12 12 0 100 0.84
2 UBC 834 5-AGA GAG AGA GAG AGA G (CT) T-3'  181-1756 15 15 0 100 0.91
3 UBC 840 5-GAG AGA GAG AGA GAG A (CT) T-3'  300-2969 11 11 0 100 0.87
4 UBC 855 5'-ACA CAC ACA CAC ACA C (CT) T-3'  153-2368 19 19 0 100 0.93
5 1SD4 5'-GTG TGT GTG TGT CG-3' 143-2053 28 27 1 96.42 0.87
6 ISD9 5'-GAG AGA GAG AGA GAG AA-3 377-2711 13 13 0 100 0.89
7 ISD13 5'-ATG ATG ATGATGATG ATG-3' 391-1967 20 20 0 100 0.92
8 ISD16 5'-AGA GAG AGA GAG AGA GC-3' 242-2366 30 30 0 100 0.95
9 1SD20 5'-GAG AGA GAG AGA GAG ACG-3’ 209-2016 26 26 0 100 0.94
10 I1SD28 5'-AGA GAG AGA GAG AGA GTA-3' 173-2583 25 25 0 100 0.94
11 I1SD32 5'-AGA GAG AGA GAG AGA GAG 116-1910 29 27 2 93.10 0.94
AGT-3'
12 ISD40 5'-TAT GCA CAC TGT GTG TGT 241-1987 18 16 2 88.88 0.91
GTG TGT-3'
Total 246 241 5 - -
Average 224-2171 20.5 20.08 0.41 98.20 0.91

(matrix correlation r = 0.96) as categorized by Rholf [25]
was found to fall under the category ‘good’. Relationship
among all the 13 genotypes was also resolved by PCA based
on ISSR data. The three dimensional scaling of genotypes
was in accordance with the clustering pattern found in
dendrogram (Fig. 3b) and Jaccard’s similarity coefficient
(Table 5).

Pooled RAPD and ISSR analysis

For UPGMA cluster analysis, both RAPD and ISSR data
were pooled. From the cluster analysis of pooled ISSR and

RAPD data analysis, UPGMA dendrogram was obtained
having Jaccard’s similarity coefficient of 0.16-0.84
(Table 6). Clustering pattern of dendrogram generated by
using the pooled molecular data of 30 RAPD and 12 ISSR
loci was similar to RAPD (Fig. 2c). It was also similar to
ISSR except OCT-9. In ISSR, OCT -9 belong to cluster I1I
whereas, in pooled RAPD and ISSR, it belong to cluster II.
The average similarity coefficient among all genotypes,
Hav and MI were 0.32, 0.92 and 15.64, respectively. Re-
lationship among all the 13 genotypes was also shown by
PCA based on pooled RAPD and ISSR data. The genotypes
occupied the same position in three dimensional plot as

Fig. 1 Amplification pattern of 13 Indian genotypes of bamboo obtained with a RAPD primer OPC -04, b RAPD primer OPM- 02, ¢ ISSR
primer ISD- 16 and d ISSR primer ISD- 28. Lane M 1-kb ladder and lanes 1-13 represent Indian bamboo genotypes as enumerated in Table 1
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Fig. 2 Dendrogram of 13 Indian genotypes of bamboo based on data analysis of a RAPD b ISSR ¢ pooled (ISSR and RAPD)
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Table 4 Jaccard’s similarity coefficient calculated from RAPD data among 13 Indian bamboo genotypes

Genotypes GAU-1 GFC-2 GKU-3 GKU-4 GSF-5 GVP-6 GNU-7 OVP-8 OCT-9 YNU-10 YKE-11 YVI-12 YVP-13

GAU-1 1.000

GFC-2 0.619 1.000

GKU-3 0.224 0.256  1.000

GKU-4 0.263 0.292  0.567 1.000

GSF-5 0.403 0386  0.233 0.330 1.000

GVP-6 0.271 0283  0.411 0.585 0.313  1.000

GNU-7 0.238 0212 0.224 0.244 0276  0.247  1.000

OVP-8 0.282 0245  0.260 0.284 0292  0.291  0.668 1.000

OCT-9 0.239 0.239  0.333 0.405 0272 0510 0.274 0.350  1.000

YNU-10 0.242 0205 0.232 0.263 0274 0281 0474 0.598 0370  1.000

YKE-11 0.254 0.257  0.205 0.252 0314 0.251 0321 0365 0301 0.444 1.000

YVI-12 0.250 0.198  0.243 0.254 0.283  0.266  0.422 0511 0361  0.651 0.441 1.000
YVP-13 0.240 0.191  0.240 0.261 0266  0.264  0.420 0506 0352  0.620 0.403 0.833 1.000

Fig. 3 Principal component analysis of 13 Indian genotypes of bamboo using Jaccard’s similarity coefficient. a, b and ¢ represents three
dimensional plot based on RAPD, ISSR and pooled (RAPD + ISSR) data respectively

Table 5 Jaccard’s similarity coefficient calculated from ISSR data among 13 Indian bamboo genotypes

Genotype GAU-1 GFC-2 GKU-3 GKU-4 GSF-5 GVP-6 GNU-7 OVP-8 OCT-9 YNU-10 YKE-11 YVI-12 YVP-13

GAU-1 1.000

GFC-2 0.464 1.000

GKU-3 0.229 0.290  1.000

GKU-4 0.247 0.330  0.625 1.000

GSF-5 0.333 0.354  0.296 0.325 1.000

GVP-6 0.250 0271  0.398 0.451 0.309  1.000

GNU-7 0.165 0.224  0.240 0.214 0281 0.213 1.000

OVP-8 0.222 0.268 0.214 0.234 0250 0.217  0.571 1.000

OCT-9 0.235 0.237  0.254 0.289 0272 0.288  0.289 0.327 1.000

YNU-10  0.190 0.242  0.168 0.208 0279  0.206  0.564 0.506  0.364 1.000

YKE-11  0.130 0.136  0.132 0.183 0.238 0.187  0.338 0.282  0.284  0.347 1.000

YVI-12 0.220 0.284  0.185 0.233 0.300 0.215  0.525 0.541 0337  0.553 0.312 1.000
YVP-13  0.220 0.275  0.203 0.250 0300 0.225  0.564 0489 0350 0.571 0.312 0.859 1.000
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Table 6 Jaccard’s similarity coefficient calculated from pooled (RAPD + ISSR) data among 13 Indian bamboo genotypes

Genotype GAU-1 GFC-2 GKU-3 GKU-4 GSF-5 GVP-6 GNU-7 OVP-8 OCT-9 YNU-10 YKE-11 YVI-12 YVP-13
GAU-1 1.000

GFC-2 0.569 1.000

GKU-3 0.225 0.266 1.000

GKU-4 0.259 0.303  0.582 1.000

GSF-5 0.385 0376  0.249 0.329 1.000

GVP-6 0.266 0.279  0.408 0.549 0.312  1.000

GNU-7 0.220 0.216  0.228 0.236 0.277  0.239 1.000

OVP-8 0.267 0252  0.247 0.271 0281 0.273  0.644 1.000

OCT-9 0.238 0.238  0.313 0.375 0272 0453  0.277 0.345 1.000

YNU-10  0.229 0216  0.215 0.248 0275 0263  0.494 0.575  0.368 1.000

YKE-11  0.226 0222 0.187 0.235 0297 0.237  0.325 0.348 0298  0.423 1.000

YVI-12 0.242 0223 0.227 0.249 0287 0.254  0.445 0518 0356  0.626 0.412 1.000
YVP-13  0.235 0.216  0.230 0.258 0274 0254  0.453 0.501 0.351 0.608 0.383 0.839 1.000

those found in case of clustering pattern of dendrogram
(Fig. 3c).

Discussion

Identification of genetic relationships or genetic divergence
in bamboo is very tough due to the absence of phenotypic
variances and unpredictable flowering. Reliable identifi-
cation of genotypes or taxa is essential for propagators and
consumers, and breeders to confirm protection of intellec-
tual property right. The best conventional technique for
detecting species or genotypes by phenotypic features is
now swapped by DNA profiling mostly because of nu-
merous limitations of phenotypic data. Both RAPD and
ISSR markers are used in study of diverse population [26—
28]. In the present study, total 846 polymorphic amplified
bands were produced from 30 RAPD and 12 ISSR primers
that clearly differentiated 13 bamboo genotypes into two
major clusters. More than 60 % polymorphism was ob-
served using both ISSR and RAPD markers. Marker index
for RAPD (11.79) is higher than the ISSR marker (7.47)
which indicates more specific amplification of the DNA in
case of RAPD than ISSR. Matrices were highly correlated
in the category ‘good’ for both the markers. Our results
detected the occurrence of extensive genetic diversity
across 13 genotypes of bamboo. Clustering pattern derived
using both the markers were found more or less similar
when compared to the pooled RAPD and ISSR dendro-
gram. Results clearly illustrated that both DNA and ISSR
markers were similarly efficient for phylogenetic and di-
versity studies. However, it was also be concluded that
large number of factors like polymorphism percentage,
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marker index, PIC, and heterozygosity are need to be cal-
culated to judge the best marker. Also, based on RAPD and
ISSR data, both phylogenetic and PCA analysis differen-
tiate that all yellow coloured bamboo genotypes were
grouped in the same cluster in both the case of RAPD and
ISSR. OCT-9 which is an ornamental bamboo with short
internodes was clustered distantly and differentially in both
the case RAPD and ISSR. A wide range of variation found
within Dendrocalamus species clustering D. brandisii very
closely within the bambusa species while D. giganteus
cluster distantly from the rest of the Bambusa species by
using RAPD markers in the study [29]. However, on the
basis of similarity matrix, percent polymorphism
(RAPD = 96.52; ISSR =98.20), and PIC values
(RAPD = 0.93; ISSR = 0.91), RAPD marker was slightly
more revealing than ISSR in the evaluation of genetic di-
versity in bamboo. Gajera et al. [15] has also observed
similar results in castor. This may be due to the fact that
different parts of the genome are targeted by different two
markers systems. Some investigators have considered that
RAPD markers characterize non-coding portions of DNA
and to be selectively neutral [30, 31], and some researchers
have revealed that RAPD markers are disseminated
throughout the genome and linked with functionally main
loci [32]. Nevertheless, there is less information to specify
that ISSR markers are functionally significant [21]. Present
investigation indicates the existence of wide genetic di-
versity between different genotypes of bamboo. Both DNA
based molecular markers (RAPD and ISSR) are suitable in
the evaluation of bamboo genetic diversity, the revealing of
identical sample in population, and the detection of a core
population to improve the efficacy of genotype manage-
ment for use in bamboo breeding and conservation. The
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genotype specific diagnostic bands had also been identified
using RAPD and ISSR markers which could be trans-
formed into SCAR markers for discriminations of these
genotypes after further validation of those markers by us-
ing more numbers of genotypes.
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