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ABSTRACT

The internal transcribed spacer region of the ribosomal RNA gene cluster in the nuclear DNA has been used as one
of the most informative molecular markers for identification and phylogenetic analysis of fungi and plants in the last
three decades. The aim of the present study was to evaluate the application of ITS2 locus of rRNA region in nuclear
DNA as molecular marker in the identification and molecular phylogeny of 15 Musa specimens (Musaceae) in
North-Eastern India. The sequence characteristic of the ITS2 locus revealed a length variation from a minimum of
210 bp in Musa manniito a maximum of 223 bp in M. balbisiana with an average of 214 bp. The GC contents of the
ITS2 locus also varied from a minimum of 64.95% in M. markkui to 70.97% in M. balbisiana with an average of
69.01%. Sequence homology analysis of the ITS2 regions revealed sequence similarity from a minimum of 90% for
M. markkui followed by 97% for M. acuminata and 98% for M. nagensium while the remaining species showed 99%
to 100% similar sequence identities in public database. The phylogenetic analysis based on ITS2 sequence
revealed a monophyletic origin of all taxa under different genera of the family Musaceae. The clade | comprising of
4 representative taxa of the section Callimusa (Australimusa, Callimusa and Ingentimusa) found only in few
Southeast Asian countries and Australia were clearly separated from clade Il which consists of 21 taxa of the
section Musa (Eumusa and Rhodochlamys) including the 15 taxa from North-Eastern India. The clade Il was further
separated into two sub-clades, M. balbisiana group in clade lla and M. acuminata and Rhodochlamys group in
clade llb. A new taxon with poorly described genetic and molecular characteristics, M. puspanjaliae was found to
show an independent lineage of evolution within the sub-clade Ilb suggesting closer genetic similarity with M.
acuminata as compared to the M. balbisiana. Low bootstrap values (<50%) were observed in several branches of
the phylogenetic tree of Musaceae reconstructed based on ITS2 sequences except in case of clade | (96%) and few
sub-clades (51% to 98%). Therefore, it is concluded that ITS2 locus can be employed as one of the potential
molecular marker for the identification of Musa specimens but inferences of phylogenetic tree based on ITS2
sequence are poorly supported as revealed by low bootstrap values.
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INTRODUCTION

The internal transcribed spacers (ITS) of
the ribosomal (rRNA) gene cluster in nuclear
DNA has been used as one of the most
informative sequence region for
identification and phylogenetic analysis of
fungi and plants in the last three decades.
The sequences in the internal transcribed
spacer 1 and 2 (ITS1 and ITS2) regions
located between 18S rRNA and 26S rRNA
genes have been shown to carry conserved
parental and species information which
allows identification of an organism
accurately up to the lowest rank of the
organism, i.e. species. These reasons made
the ITS sequences as one of the most
popular  sequences for  phylogenetic
inference at the generic and infrageneric
levels in plants (Alvarez and Wendel, 2003).
The ITS region has also been considered as
one of the popular molecular signatures
leading to their application as DNA barcodes
in fungi and plants despite short sequence
lengths (Chase and Fay, 2009; Bellemain et
al. 2010; Yao et al. 2010; Schoch et al.
2012). Although the use of ITS is accepted
as universal DNA barcodes for fungi, its
application in the identification of plants and
subsequent use as barcode is increasing in
the recent past due to poor delineation
capacities of plastid genome sequences
(matK, rbcL, psbA-trnL, rpoC1 and ycf) up
to species levels (Chen et al. 2010). There
have been numerous studies on the use of
ITS region in phylogeny and barcoding of
Angiospermae families which indicates that
ITS region must be included as one of the
potential markers for DNA barcoding in
plants (Li et al. 2010; Tripathi et al. 2013).
The studies on evaluation of validity of ITS
sequences as universal and novel DNA
barcode for 50790 plants (angiosperms,
gymnosperms, ferns and mosses) have
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revealed the region as one of the most
promising phylogenetic marker (Yao et al.

2010). Other studies on molecular
phylogeny and DNA barcoding of plants at
family levels have also shown the

significance of ITS region as a potential
phylogenetic marker and DNA barcode loci
(Wolfe et al. 2002; David, 2009; Gao et al.
2010; Xing et al. 2011; Ashfaq et al. 2013).
One of the disadvantages of using whole
ITS region in the identification of plants is
that the occurrences of sequence length
variations, especially difficulties in obtaining
a complete ITS1 sequence and  poor
species identification capacity of ITS1 as
compared to ITS2 region. Moreover, ITS2
locus has shown to be a promising marker
that can be used as a barcode for the
identification of plants as compared to whole
ITS region (Yao et al. 2010; Han et al.
2013). A similar study also reported 93%
successful identification of 6600 medicinal
plant samples belonging to 753 genera and
4800 species by ITS2 sequences (Chen et
al. 2010). Though most of the studies have
been confined to dicot families of the
Angiospermae, ITS markers have also been
employed for assessing genetic diversity
and phylogeny of monocot families including
Musaceae (Carreel et al. 2002; Lamare et
al. 2017). Musaceae is a monocotyledonous
family comprising of three genera, Musa,
Musella and Ensete. The taxonomy of
Musaceae, particularly Musa genus based
on the morphological characteristics, have
been controversial in the past due to close
similarities in vegetative characters which
limits its application in the identification of
species and phylogenetic analysis (Li et al.
2010; Hribova et al. 2011). There have been
recent developments in molecular taxonomy
and phylogenetic analysis of the genus
Musa during the last two decades. The
structure and diversity of the ITS region in
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87 representatives of the family Musaceae
provided the first detailed information on the
ITS sequence diversity in the genus Musa
and observed to contain conserved parental
ITS sequence even among the intraspecific
banana hybrids (Hribova et al. 2011). A
phylogenetic analysis on 39 accessions
under 28 species of Musa using combined

approaches of ITS region and frnL
sequences revealed evolutionary
diversification of this plant group on

biogeographical contexts (Liu et al. 2010).
These reports revealed that there is wide
acceptance by the scientists on using ITS
region as an important marker in
phylogenetic inference and DNA barcoding
of plants including the family Musaceae.
North-Eastern Region of India falls under the
Indo-Burma and the Eastern Himalayan
Biodiversity Hot Spots region with rich floral
and faunal diversity. The region is enriched
with 27 of the 82 wild species reported
around the world. It includes 14 small
pseudostem ornamental species under the
section Rhodochlamys and 13 large
pseudostem species of the section Eumusa
under the genus Musa along with several
cultivated varieties in traditional home
gardens. The region has been considered
as one of the important origins of wild Musa
species (Hakkinen and Sharrock, 2002;
Molina and Kudagamage, 2002; Hakkinen,
2005). Five species of Rhodochlamys (Musa
argentii, M. arunachalensis, M.
kamengensis, M. markkui, and M.
markkuana) and two species of Eumusa (M.
puspanjaliae and M. nagalandiana) have
been recently discovered and described as
new species of Musa from the region during
the last five years. These new species are
reported from small and selected areas of
the region leaving a scope of high chance
for the discovery of several other species in
the remaining large unexplored areas in
near future. The identification of wild Musa
species occurring in the region are primarily

based on the external morphological
characters which are frequently influenced

by several environmental factors which
sometimes leads to an inaccurate
identification due to highly  similar
morphological characters among the

members of the genus. Therefore, an
attempt has been made in this study to
highlight the importance of molecular
identification of selected wild Musa species
from the North-Eastern Region of India by
using ITS2 locus of nuclear DNA to
strengthen morphological identification and
also elucidate phylogenetic relationship with
their distant relatives in the world.

MATERIALS AND METHODS

Sample Collection and Molecular

Analysis

A total of 15 Musa specimens and one
specimen of Ensete glaucum were collected
from different areas of Arunachal Pradesh
and Manipur, two states of North-Eastern
India. Eight of the Musa specimens belongs
to the section Eumusa and seven
specimens belongs to the section
Rhodochlamys under the genus Musa
(Musaceae). The member of the genus
Ensete (Ensete glaucum, Musaceae) was
also included to serve as an outgroup
species. The details of all the specimens are
presented in the Table 1.

Total genomic DNA were extracted from
fresh cigar (young rolling) leaves or from
stored leave samples in the 2% CTAB buffer
using a modification of CTAB method
(Rogers and Bendich, 1994). The ITS region
of rRNA gene cluster on nuclear DNA was
amplified using a pair of primer, ITS1 (5-
TCCGTAGGTGAACCTGCGG-3') and ITS4
(5-TCCTCCGCTTATTGATATGC-3’) (White
et al. 1990). The PCR amplification was
carried out in a thermal cycler (GenAmp
2700, ABI, USA) with initial denaturation at
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Table 1. Details of Musa specimens collected from Manipur and Arunachal Pradesh,
North-Eastern India

Sl. no. Name of the species Local names Place of collection Voucher no.
1 M. acuminata Jahaji (Tall) Nirjuli, Arunachal Pradesh AR032
2 M. flaviflora Kas kol Nirjuli, Arunachal Pradesh ARO033
3 M. velutina Kodum Nirjuli, Arunachal Pradesh AR034
4 M. balbisiana 1 Bhim kol Nirjuli, Arunachal Pradesh AR036
5 M. cheesmanii Kuhi kulu ltanagar, Arunachal Pradesh ARO038
6 M. nagensium Dup kulu Miao, Arunachal Pradesh AR039
7 M. itinerans Langak Miao, Arunachal Pradesh AR040
8 M. mannii Miao kulu Diyun, Arunachal Pradesh AR041
9 M. aurantiaca Kodok Miao, Arunachal Pradesh AR042
10 M. markkui - Anjaw, Arunachal Pradesh ARO043
11 M. chunii1 - Miao, Arunachal Pradesh AR044
12 M. chunii 2 - Salangam, Arunachal Pradesh ARO045
13 M. puspanjaliae Dura kulu Anjaw, Arunachal Pradesh AR046
14 M. laterita Laphu Thambal Bishnupur, Manipur MNO006
15 M. balbisiana 2 Changbi changbi  Kodompokpi, Manipur MNO024
16 E. glaucum Laphu Lempra Leimaram, Manipur MNO030

94°C for 4 min, denaturation at 94 °C for 45s,
primer annealing at 56°C for 4bs,
polymerization at 72°C for 1 min (35 cycles)
and final extension of reaction at 72°C for 5
min (1 cycle). The 25 pl PCR reaction
mixture comprised of 1 pl Tag DNA
Polymerase (1U, Hi-Media), 2.5 pl of 10 x
PCR buffer (with MgCl,), 0.5 ul of 10 mmol
dNTPs, 1.0 yl each of 10 pmol forward and
reverse primers, 1.0 yl of DNA template (50
ng) and 18.0 pl Milli-Q water. PCR products
were purified using the sodium acetate and
ethanol precipitation method. The purified
PCR products were sequenced (double
reads) at SciGenom Labs, Kerala, India. The
sequences were assembled, annotated and
ITS2 sequences were extracted using the
bioinformatics software Geneious Pro 5.6
(Kearse et al. 2012). The ITS2 sequences
were used to identify the Musa species
collected from the study region using the
online bioinformatics tool, BLASTn (NCBI)
from the public database (Gen Bank).

Phylogenetic Analysis

Phylogenetic analyses were conducted
using the MEGA 6.0 software (Tamura et al.

2013). ITS2 sequences of 10 Musa species
from different parts of the world (Musa
balbisiana, M. acuminata subsp.
burmanicoides, M. acuminata  subsp.
malaccensis, M. yunnanensis, M. siamensis,
M. rubinea, M. peekelii, M. textilis, M.
beccarii, M. ingens and another outgroup
species, Ravenala madagascariensis
(Strelitziaceae)) were retrieved from the
public database (GenBank, NCBI). These
sequences were analysed together with the
16 sequences from the present study for
phylogenetic  inferences.  The  most
appropriate model of nucleotide substitution
was tested for generation of phylogenetic
tree. Models with the lowest BIC scores
(Bayesian Information  Criterion) were
considered to give the best substitution
pattern. The evolutionary history was
inferred using the Maximum Likelihood
method based on the Tamura-Nei model
(Tamura and Nei, 1993). The bootstrap
consensus tree inferred from 1000 replicates
was taken to represent the evolutionary
history of the analysed taxa and the
percentage of replicate trees in which the
associated taxa clustered together are
shown next to the branches (Felsenstein,
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1985). Initial tree(s) for the heuristic search
were obtained by applying the Neighbor-
Joining method to a matrix of pair wise
distances estimated using the Maximum
Composite Likelihood (MCL) approach. The
analysis involved 27 nucleotide sequences.
All positions containing gaps and missing
data were eliminated. There were a total of
191 positions in the final dataset.

RESULTS

ITS2 Sequence Characteristics of Musa
Species from North-Eastern India

The ITS2 sequence characteristics and
GenBank Accession Numbers of 15 Musa
specimens and one Ensete glaucum are
given in the Table 2. The nucleotide lengths
of ITS2 varied from 210 bp to 223 bp among
15 specimens with an average of 214 bp.
The ITS2 sequence length of E. glaucum
was 222 bp. The GC contents varied from
the lowest of 64.95% in M. markkui to
70.97% in M. balbisiana with an average of
69.01%. The GC content of E. glaucum was
found to be 67.12%.

Identification of Musa Species by ITS2
Sequences

The details of BLASTn analysis for the
identification of Musa species is given in
Table 3. The sequence homology analysis
revealed the lowest identity of 90% similarity
for M. markkui followed by 97% for M.
acuminata, 98% for M. nagensium and 99%
in 5 species (M. itinerans, M. mannii, M.
velutina, M. aurantiaca and M.
puspanjaliae). The highest of 100% was
found in seven species (M. balbisiana, M.
nagensium, M. itinerans, M acuminata, M.
mannii, M. velutina and M. aurantiaca). The
outgroup species, E. glaucum also displayed
99% sequence identity to the subject
sequences from the database. The query
coverage was 100% for all sequences

except M. markkui which showed only 97%
as compared to other sequences.

Molecular Phylogeny of Musa species
from North-Eastern India

The total aligned lengths of the 27
sequences of ITS2 were 232 nucleotide
positions within which 116 bases (50%)
were variable and 43 bases were parsimony
informative sites (37.07% of the variable
positions). The strict consensus tree strongly
revealed monophyletic lineage where
members of the family Musaceae
descended from a common evolutionary
ancestor or ancestral group (Figure 1).
Within  the  family = Musaceae, the
phylogenetic tree generated 2 main clades
comprising of all the Musa species against
the outgroup taxa, E. glaucum and Ravenala
madagascariensis. Based on the recent
sectional reclassification, the clade |
comprised of 4 species of the section
Callimusa (M. ingens, M. beccarii, M.
peekelii and M. textilis). The clade Il
comprised of 21 taxa belonging to the
section Musa which was further branched
into sub-clades lla and Ilb. The sub-clade Ila
consisted of 7 taxa consisting of M.
balbisiana (3 taxa including 1 from
GenBank), M. cheesmanii, M. itinerans, M.
nagensium and M. flaviflora. This sub-clade
may be referred to as M. balbisiana group
since all the species except M. flaviflora
carried specific genetic and morphological
characters related to M. balbisiana. The sub-
clade llb with 14 taxa had been separated
into two clans where llb(i) had only one
taxon, M. puspanjaliae while clan llb(ii)
comprising of 13 taxa of Musa previously
described as Eumusa (4 taxa) and
Rhodochlamys (9 taxa) species. This sub-
clade may be referred to as M. acuminata
group because all the species -carried
specific  genetic and  morphological
characters related to M. acuminata. The
taxon, M. puspanjaliae is a newly discovered
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species from Arunachal Pradesh with uniqgue  between M. balbisiana and M. acuminata
morphological characters and its lonely groups suggests the requirement of further
placement at an intermediate position studies on this particular species.

Table 2. ITS2 sequence characteristics of the Musaceae specimens

Sl. no. Species Gen bank Acc. no. ITS2 (bp) GC (%)
M. mannii KU512934 210 68.57
2 M. flaviflora KU512943 211 69.67
3 M. nagensium KU512925 212 69.34
4 M. velutina KU512935 213 69.01
5 M. aurantiaca KU512936 213 68.54
6 M. laterita KU512938 213 69.48
7 M. chunii1 KU512939 213 68.54
8 M. chunii 2 KU512940 213 68.54
9 M. cheesmanii KU512942 213 69.01
10 M. puspanjaliae KU512944 213 69.01
11 M. acuminata KU512933 214 69.16
12 M. markkui KU512937 214 64.95
13 M. balbisiana 2 KU512924 216 70.83
14 M. itinerans KU512926 217 69.59
15 M. balbisiana 1 KU512923 223 70.97
16 E. glaucum KU512941 222 67.12

Il
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Eumusa and Rhodochlamys
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Callimusa & Ingentimusa)

[ OQutgroup faxa

Fig. 1. Phylogenetic tree of Musa species from North-Eastern India with Ensete
glaucum and Ravenala madagascariensis as outgroups. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) is shown next to the branches. Solid blue circles indicate ITS2 sequences
of Musa species from GenBank, pink diamond and red square represent outgroup
taxa. Red branch shows taxa from three sections, Australimusa (A), Callimusa (C) and
Ingentimusa (l). Green, blue and pink branches indicate taxa belonging to Eumusa
and Rhodochlamys sections
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Table 3. Result of the BLASTn analysis of ITS2 sequences for the identification of Musaceae specimens
Sl. Species Total score Max. score Sequence Coverage (%) E-value Identity (%) Acc. No. Species matched from database
1 M. balbisiana 1 412 412 100 2.00E-111 100 KR632991.1 M. balbisiana voucher MB4
2 M. balbisiana 2 399 399 100 1.00E-107 100 KR632998.1 M. balbisiana voucher MB11
3 M. nagensium 364 364 100 4.00E-97 98 JF977090.1 M. nagensium voucher GXJ562
4 M. itinerans 396 396 100 2.00E-106 99 JF977082.1 M. itinerans voucher GXJ535
5 M. acuminata 363 363 100 2.00E-96 97 FR727861.1 M. acuminata isolate 0653con3
6 M. mannii 377 377 100 6.00E-101 99 FR727889.1 M. manniiisolate 1411con1
7 M. velutina 381 381 100 4.00E-102 99 KU215118.1 M. velutina voucher ITC0638
8 M. aurantiaca 388 388 100 3.00E-104 99 FJ428090.1 M. aurantiaca
9 M. markkui 274 274 97 8.00E-70 90 FR727943.1 M. AAB Group isolate 1135con1
10 M. laterita 394 394 100 6.00E-106 100 KU512938.1 M. laterita voucher MNO06
11 M. chuniit 394 394 100 6.00E-106 100 FR727883.1 M. mannii isolate 0543con1
12 M. chunii2 394 394 100 6.00E-106 100 FR727883.1 M. manniiisolate 0543con1
13 M. cheesmanii 394 394 100 6.00E-106 100 KU215106.1 M. cheesmanii voucher ITC1519
14 M. flaviflora 390 390 100 7.00E-105 100 KR633009.1 M. ornata voucher MO10 18S
15 M. puspanjaliae 377 377 100 6.00E-101  99% KR559870.1 M. acuminata voucher MA11
16 E. glaucum 392 392 100 2.00E-105 99% KU215088.1 E. glaucum voucher ITC0775
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DISCUSSION

Sequence Characteristics and Species
Delineation Capacity of ITS2 Locus in
Musa Species

The ITS2 sequence lengths (210 to 223
bp) of 15 Musa specimens reported in this
study are in conformity with previous studies
(Yao et al. 2010; Hribova et al. 2011).
Hribova et al. (2011) reported the sequence
lengths of ITS2 region (between 205 to 227
bp) for 87 accession of Musa collected from
International Transit Centre (ITC) at
Belgium. The average nucleotide length of
these Musa species (214 bp) observed in
this study were found to be shorter than
those of monocots (221bp), dicots (236bp),
gymnosperms (240bp), ferns (224 bp) and
mosses (260 bp) as also reported by Yao et
al. (2010). The GC content of the genomic
DNA was predicted to significantly affect the
genome functioning and species ecology
(Smarda et al. 2014). The average GC
content (69%) of the ITS2 regions of 15
Musa species recorded in this study were
found to be remarkably higher than other
taxa such as dicots, gymnosperms, ferns
and mosses (Yao et al. 2010; Smarda et al.
2014). These finding suggests that ITS2 is
highly conserved and have stable genetic
component in the genus Musa. Therefore, it
can be assumed that possible lower rate of
mutations likely to occur in the ITS2 region,
thereby conserving parental characters
while allowing minimum variations to reveal
species level identities.

The ITS2 locus could correctly identify
10 (67%) out of the 15 taxa analysed while 5
taxa (33%) could not be correctly identified
despite 100% sequence coverage and high
percentage of similar sequence identity. The
reason for poor identification properties of 5
sequences of ITS2 in this study was due to
the unavailability of reference sequences in

the public database. However, after
submission of these sequences to the
GenBank database, a repeated analysis
revealed 100% identification of all the
species by ITS2 sequence.

Phylogenetic Relationship of Musa
Species from North-Eastern India

The phylogenetic tree of the inferred
from the analysis of ITS2 sequence revealed
a monophyletic lineage of all taxa of two
genera, Musa and Ensete within the family,
Musaceae. Previous studies on phylogenetic
relationship using nuclear and chloroplast
DNA sequences revealed similar results of
monophyletic origin of Musaceae (Kress and
Specht, 2005). Li et al. (2010) and Liu et al.
(2010) also confirmed monophyly of
Musaceae and their studies provided further
monophyletic lineages of the three genera,
Musa, Ensete and Musella into distinct
clads. The present study also recorded
similar findings where the two genera were
distinctly separated into two clades where
Ensete represented by a single species was
separated from other 25 taxa of Musa in
clade | and clade Il. The separation of a
single taxon of Ensete from Members of the
genus Musa based on the ITS2 sequence
directly reflected the morphological and
genetic variations of the species among
these two genera. There was further
separation of the genus Musa into clade |
and clade Il. The clade | consisted of 4 taxa
belonging to the sections Callimusa,
Australimusa and Ingentimusa which are
classified under the section Callimusa at
present. The species in clade | are reported
to be confined geographically to a few
South-Eastern Asian countries (Indonesia,
Malaysia, Philippines, Thailand and New
Guinea) and Australian region. The
remaining 21 taxa in clade Il under the
sections, Eumusa and Rhodochlamys are
geographically distributed in the South Asian
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and Southeast Asian countries (Bangladesh,
China, South and North Eastern India,
Myanmar, Thailand, etc.). The separation of
these two clades revealed that all the taxa in
clade | was geographically and genetically
different than those of the taxa in clade II.
These results are also in support of the
recent sectional reclassification of the genus
Musa, by merging taxa belonging to three
sections in the clade | into a single section,
Callimusa and all the taxa in clade Il into a
single section, Musa (Li et al. 2010;
Hakkinen, 2013). The group of 21 taxa in
clade Il were further separated into two sub-
clades, lla and llb. The clade lla comprised
of 7 taxa which had genetic and
morphological characters of M. balbisiana,
hence this sub-clade was designated as M.
ballbiisiana group. The other sub-clade,
clade llb with 14 taxa comprised on all taxa
of Rhodochlamys and M. acuminata. Since
this sub-clade consisted of 3 taxa of M.
acuminata, it was designated as M.
acuminata group. This finding is in contrast
to the reports that clear separation of taxa
was not observed between M. balbisiana
and M. acuminata when |ITS based
phylogenetic analysis is conducted among
the members of the genus Musa (Li et al.
2010; Liu et al. 2010). The position of the
newly described taxon, M. puspanjaliae in a

separate lineage [(clade II(i)] from the
members of Rhodochlamys and M.
acuminata [(clade lIb(ii)] needs further

investigation. This taxon was found to
possess morphological characters similar to
the M. balbisiana but ITS2 sequence based
analysis revealed more close similarity with
M. acuminata at genetic level. It can be
assumed that this taxon might have evolved
parallel to the M. acuminata and M.
balbisiana from a common ancestor.
Additionally, the presence of persistent bract
and nature of bract lifting of this taxon were
closely similar to the members of Ensete. All
the 15 taxa of Musa (Eumusa and

Rhodochlamys) from North-Eastern India
were placed together in the clade Il. These
taxa have shown distant relationship to
those belonging to Callimusa (Australimusa,
Callimusa and Ingentimusa). It may be
noted that there has been no report of the
occurrence of any taxon of the section
Callimusa in the North-Eastern India despite
the region is considered as one of the
origins of Musa species in the world.
Observation of low bootstrap values (<50%)
in several branches of the phylogenetic tree
suggests poor support of important
inferences derived from the phylogenetic
analysis although low bootstrap values do
not mean that the relationships are false
(Ghosh and Mallick, 2008). Moreover, it has
been argued that the bootstrap values do
not “prove” anything conclusively and need
to be used cautiously though they are
considered to be very useful indicators of
the reliability of a phylogenetic tree topology
(Higgs and Attwood, 2005).

CONCLUSIONS

The ITS2 sequence characteristics of 15
taxa of Musa revealed an average sequence
length of 214 bp and 69.01% GC content.
The use of ITS2 as molecular marker could
identify 67% of the Musa species reported in
this study. The percentage of identification
increased to 100% when the ITS2
sequences of 5 taxa were submitted in
GenBank. ITS2 sequence based
phylogenetic analysis revealed monophyletic
evolution of Musaceae while sectional
classifications were clearly observed within
the genus, Musa. However, it was observed
that the bootstrap values in the phylogenetic
tree and its branches (except few branches
with high bootstrap values) were observed
to be low which suggests that poor support
of the phylogenetic tree topology and
inferences. Therefore, it can be concluded
that the identification of taxa belonging to
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the genus Musa may employ ITS2 locus as
one of the potential molecular marker for the
species identification but inferences of
phylogenetic tree based on ITS2 sequences
does not provide a strong support of the
important inferences due to low bootstrap
values.
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