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ABSTRACT

Curcuma caesia Roxb. is widely distributed in Indian subcontinent, presently the species has been categorized
as critically endangered. As a conservation strategy DNA bar-coding with ITS-2 marker (ITS2-F:
ATGCGATACTTGGTGTGAAT, ITS2-R: ACGCTTCTCCAGACTACAAT) was done. The present study aims to identify
species with at most precision and to avoid mismatch. All 20 samples taken for study yielded PCR product of ITS-2
gene of around 700 base pairs. The MOLE-BLAST results clearly showed that the percent identity of the all the
species ranges from 79.14 to 99.9 per cent, where 75 to 98 per cent BLAST sequence identity is suggested. The
percentage of individual sequence of the genotypes aligned to a sequence in gene bank is ranged from 62 to 92 per
cent. Highest query coverage was observed for GKJ-5 (92 %) and GM V-6 (92 %) and least was for GNF-27 (62 %). The
E value of the sequence blast ranges from 1e® to 9¢'', this clearly shows high quality match of the sequence with
database. Genotype GKK-30 had least E value (e!*?) followed by GGR-10 (¢'1*?), GMF-21 (e'!'*), GAP-20 (e'"*°) and
GMR-31 (e''**). BG-1 and BG-2 species were identified as Kaempferia parviflora (Black ginger), The unknown
species (UNK-7) was identified as Curcuma kwangsiensis with an accession number KF694813.1 in the NCBI library
record. These results helped us to identify the species in precision, the mole-blast sequences of each genotype of
black turmeric and other species can be used as an identity marker.

Keywords : Curcuma caesia Roxb., DNA bar-coding, Nuclear marker, ITS-2, Mole-blast,
Query coverage, E value, Phylogeny

without permission of the legal competent authorities.
Research work so far carried out to exploit the
medicinal value of the herb is limited.

C’RCUMA c4Esi4 Roxb. is commonly known as black
turmeric, is an important, lesser known, non-
conventional medicinal plant of Zingiberaceae family.
Species is widely distributed in India, Bangladesh,
China, Nepal, Malaysia and Thailand also reported
from Java and Myanmar as cultivated species (Liu
et al., 2013). In India black turmeric is found in West
Bengal, Madhya Pradesh, Orissa, Chhattisgarh and
Uttar Pradesh States. The species is native to northeast
and central India also sparsely found in papi hills of
Godavari, foot hills of the Himalaya and Northern hill
forests of Sikkim (Anonymous, 2001).

By looking in to the present status of the herb and
broad spectrum activity on several ailments,
conservation measures need to be taken for this
economically important plant. Thus efforts should be
made to conserve and work for the betterment of this
plant species.

©
S
N
£
S
kS
A
~
N
N
2
~
S
=
g
S0
~
=

There are 40 curcuma species present in the Indian
subcontinent. Some times because of collection of false

Presently black turmeric has been categorized as taxonomic identification of the specimen, confusion

critically endangered by the Central forest department
of India. National medicinal plant board (NMPB) of
India has listed this plant as vulnerable species.
Ministry of Environment imposes restrictions on export

may arise with the morphological characters like,
emergence of the flower, colour and position of the
coma bract, thizome characters, including essential oil
biochemical constituents. To avoid this and precise

171

S
~
g
S
\
e
S
2
S
L
~
&~




el
S
Q
S
)
X
)
A
=
)
N
3
~
S|
2
N
Y}
A
S
5
~
S
N
I
S
\
N
~
S
@
e
N
=
&~

Mysore J. Agric. Sci., 55 (3) : 171-179 (2021)

A. B. MOHAN KUMAR et al.

identification of the species and accessions of C.
caesia DNA barcoding with ITS-2 marker has taken.

DNA barcoding is a route for taxonomic identification
using a short, standard DNA region that is universally
present in the target lineages and has enough sequence
variation to identify species and assign unidentified
individuals to their correct species (Hebert e al., 2003
and Kress & Erickson, 2007).

Initially bcL and matK genes were proposed as plant
core barcodes but recently other regions such as ITS-
2 (Chen et al., 2010) and ITS (Anonymous, 2011)
were added. DNA barcoding has been proved and
has provided a potential effectiveness in the
identification and evaluation of quality for medicinal
plants; stands advantageous over phylogenetic

analysis. (Newmaster ef al., 2006; Chen et al., 2007;
Taberlet et al., 2007; Valentini et al., 2009 and Chen
et al., 2010). Earlier studies had tested the ability of
DNA barcoding to identify Curcuma species through
sequence data stored in gene bank so that others can
use it as reference library (Shi et al., 2011; Zaveska
etal., 2012; Vinitha et al.,2014 and Chen et al., 2015).

The species selected for the study were rare medicinal
plants and having high medicinal values. In this
direction 17 promising black turmeric genotypes, two
black ginger and one unknown species of
Zingiberaceae family were subjected for DNA
barcoding using ITS2 marker (Table 1), mainly to
confirm the black turmeric genotypes precisely, and
to identify the unknown species accurately.

TABLE 1

Details of black turmeric genotypes and other Zingiberaceae sps. used in the study

Species Code P.lace Of, Longitude Longitude Altitude (m) State
collection Latitude
Black turmeric = GKM-2 Mangalore 12°55°2.03"N 74°51°21.71"E 2 Karnataka
Black turmeric  GKJ-5 Joida 15.1688°N 74.4848°E 532 Karnataka
Black turmeric  GMV-6 Vidarbha-Gadchirolli ~ 21.1286°N 79.0964°E 1000 Maharashtra
Unknown UNK-7 Nagpur 21.1458°N 79.0882°FE 310 Mabharashtra
species
Black turmeric  GBH-9 Hajipur 25.6858392N 85.2145907E 56 Bihar
Black turmeric ~ GGR-10 Rajkote 22°17'30N 70°47 36E 252 Gujarat
Black turmeric ~ GAB-13 Bokoliya 26.0564°N 93.1955°E 600 Assam
Black turmeric = GMA-17 Aizwal 23.727106°N 92.717636°E 1132 Mizoram
Black turmeric ~ GOK-19 Koraput 18.82°N 82.72°E 870 Odisha
Black turmeric ~ GAP-20 Pasighat Area 28.0619°N 95.3260°E 153 Arunachal
Pradesh
Black turmeric  GMI-21 Manipur — Forest 24°48' 93°57'1.0044"” E 900 Manipur
50.2812" N
Black turmeric = GMT-22 Imphal 24.8170°N 93.9368°E 786 Manipur
Black ginger ~ BG-1 Thoubal 24.63°N 94.02°E 765 Manipur
Black turmeric  GMS-24 Sagar 23.8388°N 78.7378°E 427 Madhya
Pradesh
Black turmeric  GNF-27 Nepal — Forest 27°42' 85°18'0.5040” E 330 Nepal
2.7684" N
Black ginger =~ BG-2 Mandalay 21.98N 96.08°E 80 Burma
Black turmeric  GKK-30 IISR Kozhikode 11.2588°N 75.7804°E 1 Kerala
Black turmeric = GMR-31 Ri-Bhoi 25.8432°N 91.9856°E 485 Meghalaya
Black turmeric ~ GIG-35 Godda 24.8255°N 87.2135°E 87 Jharkhand
Black turmeric ~ GNP-36 Phek 25.6634°N 944703°E 1524 Nagaland
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MATERIAL AND METHODS
Isolation of DNA

Isolation of total genomic DNA of black turmeric
genotypes was carried out according to Porebski
et al. (1997) using CTAB with some modifications,
the standardized protocol is as follows;

¢+ Genomic DNA was extracted from fresh young
leaves using a modified CTAB method (Saiki
et al., 1988).

¢+  Two hundred mg of young leaves were ground
into fine powder in liquid nitrogen with the help of
pestleand mortar, while crushing extraction buffer
(consisting of 100 mM Tris HCl of 8 pH, 2M NacCl,
25 mM EDTA, 2% C-TAB, 2% PVP and 0.2%
b- Mercapto ethanol) is used. Homogenate was
transferred to 2 ml eppendorf tube

¢ The tubes were incubated at 60 °C for one hour
with occasional shaking. After incubation, the tubes
were cooled to the room temperature

¢+ Equal volume of (100 ml) chloroform: Iso-amyl
alcohol (24:1) was added and the tubes were
inverted gently for minimum twenty times for
mixing two phases and centrifuged @ 11000 rpm
for 10 minutes at 10 °C for separation of DNA
from rest of the materials (proteins). The upper
aqueous phase (supernatant) was taken without
disturbing the lower solid portion to another tube
then this step is repeated once again.

¢+ The supernatant was transferred without disturbing
the lower solid portion to fresh labeled 1.5 ml tubes
then 750 ml isopropanol (IPA) was added and the
tubes were inverted gently for mixing two phases
and then kept in deep freezer for 30 min. and later
centrifuged @ 10000 rpm for 10 min at 4 °C.

¢ Thepellet formed after centrifugation was washed
with 70 per cent (v/v) ethanol for 30 min. Then
alcohol was decanted and pellets were dried at
least for 30 min till there was no alcohol smell.
After drying the pellet was later dissolved in (150
ml) T10E1 buffer and stored at -20 °C until use.

¢+ RNase treatment: Required quantity (3 ml) of
RNAse was mixed to the DNA sample and tubes
were incubated on water bath at 37 °C for one
hour and 50 °C for five minutes to remove the
RNA present in the DNA.

The quantity and purity of DNA was confirmed by
electrophoresis, using agarose (0.8 %) gel. DNA
concentration was calculated based on standard ladder
which was 1Kb. Column purification was done using
spin column-based tube (cat. No. 69702) with a solid
phase of silica layer (0.45 um pore size) to get rid of
salt contamination (Table 2 and Plate 1).

TABLE 2

DNA quantification of promising black turmeric
genotypes and other Zingiberaceae
species for sequencing studies

Nucleic
Species Code  acidconcen A260/ A280

tration (ng/ul) ratio
Black turmeric GKM-2 354 1.61
Black turmeric GKJ-5 123.0 1.86
Black turmeric GMV-6 125.5 1.62
Un Identified UNK-7 683 1.80
species
Black turmeric GBH-9 733 1.74
Black turmeric GGR-10 49.0 1.81
Black turmeric GAB-13 535 1.55
Black turmeric GMA-17 476 1.75
Black turmeric GOK-19 101.3 1.82
Black turmeric GAP-20 61.7 1.76
Black turmeric GMF-21 1343 1.80
Black turmeric GMI-22 2248 1.82
Black Ginger BG-1 1244 240
Black turmeric GMS-24 388 1.80
Black turmeric GNF-27 2154 192
Black Ginger BG2 1223 1.81
Black turmeric GKK-30 3972 1.83
Black turmeric GMR-31 822 1.4
Black turmeric GIG-35 98.7 1.80
Black turmeric GNP-36 84.9 1.84
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Amplified ITS gene of selected genotypes
2 3 4 6 8 9

10 100
bp
—

19 + 20 100

bp

PCR products after gel purification

12 3 45 6 78 9101112 13 141516171819 20

Plate 1 : A: Amplification of ITS2 gene of selected genotypes
and species; B: Purified PCR products ready
for Sanger sequencing.

Amplification of Nuclear Gene

The target genes were amplified using ITS-2
forward and reverse primers (ITS2-F:
ATGCGATACTTGGTGTGAAT, ITS2-R:
ACGCTTCTCCAGACTACAAT). The reaction
mixture for PCR amplification of the isolated DNA
was set after gel electrophoresis. Reaction mixture
contained 25ng of genomic DNA, 10pM of forward
and reverse primers, 10pM dNTP’s, 0.5U of Taq
polymerase and 10x reaction buffer was prepared and
PCR plate was kept inside the thermo cycler which
was programmed to target the respective gene; initial
denaturation 95 °C for 2 minutes, final denaturation
95 °C for 30 seconds, annealing 55 °C for 30 seconds,
elongation 72 °C for 1 minute for 30 cycles followed
by final elongation 72 °C for 10 minutes. After PCR
amplification, entire reaction volume was run on gel
to observe the amplified product. The PCR bands
were cut precisely, dissolving in buffer and was eluted
to obtain purified DNA for Sanger sequencing.

Sanger Sequencing

After gel purification, the samples were sequenced
bidirectional by performing sequencing PCR using ITS2
primers which is followed by post sequencing PCR

purification. The program used is as follows: initial
denaturation 95 °C for 2 minutes, final denaturation
95 °C for 30 seconds, annealing 55 °C for 30 seconds
followed by termination 60 °C for 4 minutes for 30
cycles. The purified plate was linked in a 16 capillary
genetic analyser (3130XL, Applied Biosystems). The
obtained sequences were queried against NCBI’s
sequence databases using on-line BLAST search
(Madden et al., 1996). The hit having maximum
coverage and more similarity percentage will be
considered as relevant species.

Phylogeny

The DNA sequences obtained were minimally edited
and manually aligned and partition homogeneity of
sequences were implemented to get a total molecular
evidence analysis. Further, all the sequences obtained
from BLAST were aligned using the clustal omega
computer program to understand the relationship
between the species (Compson et al., 1997).

RESULTS AND DiscussioN

The nuclear ITS-2 is regarded as an appropriate DNA
barcode region because of its high variability and has
capacity to distinguish even closely related species.
All the sequences obtained from Sanger sequencing
were extracted to fasta sequences, and were subjected
for multiple sequence alignment using Clustal Q.

All 20 samples taken for study yielded PCR product
of ITS2 gene of around 700 base pairs (Plate 1A, 1B).
The sequences obtained were subjected to NCBI
BLAST data base to check its similarity with nearest
hits (Plate 2).

MOLE-BLAST is an experimental tool that helps
taxonomists to find the closest database neighbors of
submitted query sequences. It computes a multiple
sequence alignment (MSA) between the query
sequences along with their top BLAST database hits,
and generates a phylogenetic tree. Query sequences
in the tree are denoted with highlighted node yellow
labels.

The present study aims to identify species with atmost
precision and to avoid mismatch. The MOLE-BLAST
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Chmaz CAGEETAGT TOAGTEIT T ITGABCOEAAGT T GT GHE OAGOERET TOCT O TEEGACC
ks EBTGCGGABTITITGAGTIEBITIGABGEAAGTTGT G GAGGEIBT TGT GIEGAC
Grv-6 & T GG CAT TITTCAGTERT TT G ARG A AGT TG TG G oA G G TTGTCTERG A C
UKy AT TOAGTITOAGTERTITTGA oA AT TG TGE GACCEEBT IGTadTEGACL
GBEH .IE;GAGTTGAG—T T T TGCAEGEAAGTTGT GE GAGGEEE T TGTGTEGAL
GeR10 GAGEIT AGIIGAGIEBITIGABGEAAGTIGTG G A GG TTCGT O THEEGATCT
GAR-13 AT GGOGAGTIT T GOGAGTETITGAERBGEAAGTTITGTG =G A GG T TGT G TEG A C
GMAIFTA TG T AGT TGAGTEITTIGCGARBGEAAGTTGCTG G AGGEREET TG T G TG AL
Goxk-19 GG T GAEBGC T ITGCAGTEITIGCGAESGEAAGTITIOT GX GAGG TTGTGTEGAC
G2 BIEBT GAGT TGCAGTETIITGCABGEBAAGTIGTG G A GG ST T GT G TERG AL
GMF-ZLI ARG GG AGT TGAGTEITTITIGABGE AAGTIOTG G A GG = T TG T G T ERG AC
GMIzz GABIET B I TCAGTE T TIGABGCGEAAGTITIGT GY GAGG TTGIGTEGAC
BG-1 AGGGGAGTTGCAGTETITIGABGEAAGTTGT G G A GG TTGT GGERG . A K
GMsS-24 A T G TAGTTITGAGTET I TGCABGEAAGTTITGT G G AGG TTGTGTEG AL
GMNF-2T7 A T AGT TGOCAGTEET T TGCGABGEEAAGT T GCGT G G A GG TTOCTOGTEEG AL
BiG-> GATTABGCT ITGAGTEITT ITGCAEBGEAAGITITGT GHE G A GG TTGTGTHERG AL
GEH-30 3 A A AATTGGA AT TTTGAAEBGEAAGTTIGT G G A A G TTGTGTEGACC
GMR-ILEEEST G AGT TG T AGT T T TGAEBGCGERA AGT T GTG G oA GG TTGTGTITEKEG AC
GIS-35 T AAGT IETTITGAGT TTTGAEBGEEA AGTTGT GHE GAGGEMET TG T GGTERG . AC
GNF-36 GG GGG TAGTITGAGT TTTGAEGEAAGTTIGT GE R G oA G GIC TTGTGTEG AL

Plate 2: All the sequences of Curcuma caesia and other Zingiberaceae species aligned using Clustal Q

results clearly shows that the percent identity of the MOL-BLAST results of 17 promising Curcuma
all the species ranges from 79.14 to 99.9 per cent, caesia Roxb genotypes are; genotype GKM-2, GKJ-
where 75 to 98 per cent BLAST sequence identity is 5, GBH-9, GAB-13, GMA-17, GOK-19, GAP-20,
suggested. The genotypes GMS-24 and GJG-35 had GMF-21, GMI-22, GNF-27, GKK-30, GMR-31, GJG-
exhibited highest percentage of sequence identity with 35 and GNP-36 had equal Max score and Total score,
the database. Followed by GAB-13 (98.50 %), GNF- which denotes highest alignment of the sequence for
27 (95.86 %), GMA-17 (92.88 %), GOK-19 (92.88 the matched nucleotide.

%), GMF-21 (92.13 %) and GKM-2 (90.03 %), clearly

denotes that all the species are identified precisely and The percentage of individual sequence of the
accurately (Table 3). genotypes aligned to a sequence in gene bank is ranged

TaBLE 3

NCBI BLAST results of Curcuma caesia and other Zingiberaceae species

o Max Total Query ' Accession
Code Description score  score  coverage L value Identity(%o) number
GKM-2 Curcuma caesia isolate Zn_58.6 clone 379 379 69% 8e-10! 90.03 KF304492.1
2 18S ribosomal RNA gene
GKJ-5  Curcuma caesia isolate cgbottu36 5.8S 536 536 92% 4e-148 88.81 MF076980.1

ribosomal RNA gene and internal
transcribed spacer 2,

GMV-6  Curcuma caesia isolate cgbottu36 5.8S 436 672 92% Se-118 85.16 MF076980.1
ribosomal RNA gene and internal
transcribed spacer 2

UNK-7  Curcuma wenyujin voucher DQY32 588 588 96% le-163 89.70 KF694813.1
5.8S ribosomal RNA gene, partial
sequence

GBH9 Curcuma caesia isolate Zn_58.6 488 488 68% 2e-13 96.01 KF304497.1
clone 7 18S ribosomal RNA gene,

GGR-10 Curcuma caesia isolate Zn_58.6 clone 379 578 78% le-1 90.03 KF304492.1

2 18S ribosomal RNA gene,
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e Max Total Query . Accession
Code Description score score coverage Evalue  Identity(%) number
GAB-13 Curcuma caesia isolate Zn_58.6 clone 468 468 65% 2e-17 98.5 KF304499.1
9 18S ribosomal RNA gene
GMA-17 Curcuma caesia isolate Zn_58.6 clone 425 425 66% 9e-'1 92.88 KF304497.1
7 18S ribosomal RNA gene
GOK-19 Curcuma caesia isolate Zn_58.3 clone 425 425 66% 9e-'1 92.88 KF304479.1
10 18S ribosomal RNA gene
GAP-20 Curcuma caesia isolate cgbottu 36 5.8S 479 479 71 le-1%0 85.71 MF076980.1

ribosomal RNA gene and internal
transcribed spacer 2,

GMF-21 Curcuma caesia isolate Zn_58.6 clone 425 425 64% le-1* 92.13 KF304499.1
19 18S ribosomal RNA gene, partial
sequence; internal transcribed spacer

GMI-22 Curcuma caesia isolate cgbottu 36 5.8S 307 307 68% S5e-” 79.44 MF076980.1
ribosomal RNA gene and internal
transcribed spacer 2,

BG-1  Kaempferia parviflora isolate K96 5667 496 799 86% le-1% 99.9% 1KY701332.1
18S ribosomal RNA gene, partial
sequence; internal transcribed spacer

GMS-24 Curcuma caesia voucher 333 647 68% 6e-*’ 99.9 MG725946.1
BSI/WRC/IDEN.CER./2017/H3-28 5.8S
ribosomal RNA gene
GNF-27  Curcuma caesia isolate Zn_58.6 clone 507 507 62% 4e-1% 95.86 KF304497.1

7 18S ribosomal RNA gene, partial
sequence; internal transcribed spacer

BG2 Kaempferia parviflora voucher BKF:J. 435 435 68% 2e-17 98.78% KU159396.1
Mood 3087 18S ribosomal RNA gene,
partial sequence

GKK-30 Curcuma caesia 18S ribosomal 1 RNA 322 322 80% 1e-83 82.01 KX148596.1
gene, partial sequence; internal
transcribed spacer

GMR-31 Curcuma caesia 18S ribosomal RNA 484 484 81% le-132 89.56 KX148596.1
gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal
RNA gene

GJG-35 Curcuma caesia voucher BSI/WRC/ 366 366 60% 8e-97 99.9 MG725946.1
IDEN.CER./2017/H3-28 5.8S ribosomal
RNA gene and internal transcribed
spacer 2

GNP-36 Curcuma caesia isolate cgbottu36 5.8S 448 448 70% 3e-121 85.14 MF076980.1
ribosomal RNA gene and internal
transcribed spacer 2, partial sequence
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from 62 to 92 per cent. Higest query coverage was
observed for GKJ-5 (92 %) and GMV-6 (92 %) and
least was for GNF-27 (62 %).

The E value of the sequence blast ranges from 1™
to 9¢!'5, E value (expect value) is a parameter that
describes the number of hits one can expect to see by
chance when searching a database of a particular size.
Blast results are sorted by E-value by default (best hit
in 1% line), the smaller the E value better the match.
Genotype GKK-30 had least E value e'*, followed
by GGR-10 (e''?), GMF-21 (e'''*), GAP-20 (e'!*%)
and GMR-31 (e!13?). This clearly shows high quality
match of the sequence with database. All the
genotypes were precisely identified and confirmed that
the genus belongs to Curcuma caesia Roxb.

BG-1 and BG-2 species were identified as Kaempferia
parviflora (Black ginger) with an accession number
KY701332.1 and KU159396.1 in the NCBI library

records, respectively. NCBI blast resulted 86 and 68
per cent query coverage, 99.9 and 98.78 per cent
identity along with 496 and 435 max score out of 799
and 435 Total score and le'* and 2¢!""” E value for
BG-1 and BG-2 species respectively. This result clearly
shows the precision of the MOL-BLAST and both
the species belongs to Kaempferia parviflora (black
ginger) species.

The unknown species (UNK-7) was identified as
Curcuma kwangsiensis with an accession number
KF694813.1 in the NCBI library record. The per cent
identity of the specimen is 89.70 per cent, having 96
per cent query coverage. The blast had scored 588
Max score out of 588 Total score with 1¢9 E values.
These results are clearly helps to identify the unknown
species (Table 3).

These results are helpful in identifying the species in
precision (Fig.1-5), the sequence obtained from the
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Fig. 1: Phylogenetic tree created through MOLE-BLAST for UNK-7
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Fig. 2 : Phylogenetic tree created through MOLE-BLAST for BG-1
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AGKI-5 _ITS2 1A.abl

f Curcuma longa isolate CL4 clone 4 185 ribosom
:'] Curcumna longa isolate CL4 clone 5 185 nbosom
& Curcoma longa tsolate CL2 clone 3 18S nbosom
& Curcuma longa tsolate CL2 clone 1 185 nbosom

;‘-Furcum longa isolate CL

el

-;Curcuma longa isolate CL
' Bcurcuma caesta isolate 7n 584 clone 3 185 ribosomal RNA gene, pamial sequence; internal transc
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mole-blast sequencing of each genotypes of black Curcuma caesia genotypes, Kaempferia parviflora
turmeric and other species can be used as an identity (BG-1 and BG-2) and Curcuma kwangsiensis (UNK-
marker for the respective genotypes or species (Plate 7) species.

2). Hence, there is an urgent need to submit the The results are confirmatory with the findings of
sequences to NCBI and get accession numbers for Sharma and Lamichhane (2020) who reported 100
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per cent sequence similarity with NCBI blast by using
ITS barcode candidate gene for black turmeric
accessions collected from different locations of Nepal.

REFERENCES

AnonyMoUs, 2001, Wealth of India : A dictionary of indian
raw materials and industrial products, CSIR., 2 : 264.

ANonymous, 2011, CPBG-comparative analysis of a large
data set indicates ITS should be incorporated into the
core barcode for seed plants. Proc. Natl. Acad. Sci.
U.S.A.,108 : 19641 - 19646.

CHEN, S. L., Yao, H., Song, J. Y. anp L1 Xw., 2007, Use of
DNA barcoding to identify chinese medicinal materials.
World Sci. Technol. Mod. Trad. Chin. Med. Mater. Med.,
9(3):7-12.

CHEN, S. L., Yao, H. anp Han, J. P., 2010, Validation of the
ITS 2 region as a novel DNA barcode for identifying
medicinal plant species. PLoS One., 5 :e8613.

CHEN, J., ZHA0, J. T., EricksoNn, D. L., Xia, N. aNp KREss,
W. 1., 2015, Testing DNA barcodes in closely related
species of Curcuma, (Zingiberaceae) from Myanmar
and China. Mol. Ecol. Resour., 15 : 337 - 348.

CowmpsoN, J. P., WATERMAN, J. K. AND HEATLEY, F. W., 1997,
The radiological anatomy of the scaphoid: part 2 :
radiology. J. Hand Surgery : Brit. & Euro., 22 (1) :
8-15.

Hegerr, P. D. N., Cywinska, N. A. anp BaLt, S. L., 2003,
Biological identifications through DNAbarcodes. Pr.
Royal. Soc. Bio. Sci., 270 :313-321.

KRrEss, W. J. anp Erickson, D. L., 2007, A two-locus global
DNA barcode for land plants, the coding rbcL gene
complements the non-coding trnH-psbA spacer region.
PLoS One., 2 :508.

L, Y.,Rov, S. S.,NeBIE, R. H. C., ZHANG, Y. AND NAIR, M. G,,
2013, Functional food quality of Curcuma caesia,
Curcuma zedoaria and Curcuma aeruginosa endemic
to north - eastern India. Pl. Food. Human nutri., 68 :
72 -77.

Mabppen, T. L., Tatusov, R. L. AND ZHANG, J., 1996,
Applications of network BLAST server. Methods,
Enzymol., 266 : 131 -41.

NEWMASTER, S. G., FAzEKAS, A. J. AND RaGUPATHY, S., 2006,
DNA barcoding inland plants: evaluation of rbcL in a
multigene tiered approach. Botany., 84 : 335 -341.

PoreBsky, S., BALEY, L. G. aNp Baum, B. R., 1997, Modification
of a CTAB DNA extraction protocol for plants
containing high polysaccharide and polyphenol
components. Pl. Mole. Biol. Rep.,15: 8 - 15.

Saiki, R. K., GeLronDp, D. H., SToFrEL, S., ScHARF, S. J.,
HicucHi, R., Horn, B. T., MuLLIs, K. B. AND EaLicH, H.,
1988, Primer directed enzymatic amplification of DNA
with a thermo stable DNA polymerase. Sci., 239 :
487-491.

SHARMA, D. aAND LamicHHANE, 2020, Molecular
authentication and DNA barcoding of Nepali black
turmeric (Curcuma caesia) using RBCL gene. Int. Res.
J. App. Scie. Engi. & Tech., 6 (7):1 - 10.

Sur, L. C., ZHaNG, J., Han, J. P., Song, J. Y., Yao, H., Znu, Y. J.,
L, J. C., Wang, Z. Z., X1a0, W, LIN, Y. L., Xig, C. X.,
QiaN, Z. Z. anDp CHEN, S. L., 2011, Testing the potential
of proposed DNA barcodes for species identification
of Zingiberaceae. J. Syst. Evol., 49 :261 -266.

TABERLET, P., Coissac, E., PompaNon, F., GIELLY, L., MIQUEL,
C., VALENTINI, A., VERMAT, T., CORTHIER, G., BROCHMANN,
C. AND WILLERSLEV, E., 2007, Power and limitations of
the chloroplast trnL. (UAA) intron for plant DNA
barcoding. Nucl. Acid. Res., 35 (3) : el4.

VALENTINI, A., PompaNON, F. AND TABERLET, P., 2009, DNA
barcoding for ecologists. Trends Ecol. Evol., 24 :
110-117.

VINITHA, M. R., KuMAR, U. S., AISHWARYA, K., SABU, M. AND
THowMmas, G., 2014, Prospects for discriminating
Zingiberaceae species in India using DNA barcodes.
J.Inte. Pl. Bio.,56:760-773.

ZAVESKA, E., FEr. T., Sipa, O., Krak, K., MARHOLD, K. AND
LEONG-SKORNICKOVA, J., 2012, Phylogeny of Curcuma
(Zingiberaceae) based on plastid and nuclear
sequences: Proposal of the new subgenus Ecomata.
Taxon., 61 :747 - 63.

(Received : May 2021 Accepted : September 2021)

179

1]
)
S
3
5
A
~
N
§
S
2
80
~
S
~
S
-
\
®
S
Q2
Q
~
=




	2. MJAS Cover 55 (3) Cover.pdf
	Page 1

	3. Contents.pdf

