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Abstract

Disorganized and chaotic collection of the Euphor-
bia plant species from the wild is one of the major rea-
sons for its endangered status. According to CITES,
the trade in Euphorbia royleana species is prohibited
under Appendix Il. However, the trade continues un-
abated as current identification methods do not dis-
criminate between closely related species.

In the present study, a DNA barcoding method
has been used to establish inter- and intra-specific
divergences of both matK and rbcL regions by using
pairwise genetic distance measurement methods for
evaluating the maximum barcoding gap.

The matk and rbcL yielded a 100% amplification
and sequencing success rate to distinguish closely re-
lated species of Euphorbia royleana unambiguously.
The matk and rbcL showed average interspecific ge-
netic distance divergence values of 0.031and 0.015,
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respectively. The maximum number of species-specif-
ic SNPs was observed in matK sequences at seven
consecutive sites, which could distinguish Euphorbia
royleana from closely related species.

The best candidate barcoding region to identify
Euphorbia royleana was found to be matK with a sin-
gle-locus barcoding approach. Furthermore, the spe-
cies discrimination method was developed with the
help of species-specific SNPs derived from the matK
barcoding region to accurately authenticate Euphor-
bia royleana, and it provided 100% species resolution.
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1. Introduction

Medicinal plants are wildly harvested for their
medicinal properties. Many species of these plants
are becoming endangered or vulnerable to extinc-
tion due to their over-trading. The United Nations
Office on Drugs and Crime (UNODC) Worldwide
database suggests that is 14.3% of seizures regu-
lated by CITES (Convention of International Trade
in Endangered Species) and other related organi-
zations belong to the category of plants [1]. The
reports from Trade Records Analysis of Flora and
Fauna in Commerce (TRAFFIC) suggests ille-
gal trade of plants extract from the wild species is
around 7 billion USD [2].

Euphorbia royleana is a succulent cactus-like
shrub, which belongs to the Euphorbiaceae family.
The plant is extracted from the wild due to its broad
spectral medicinal properties used to treat inflam-
mation and arthritis [3], as well as asthma, cough,
anemia and jaundice [4].The surplus extraction of
this plant from the wild has led to its vulnerability.
Therefore, Euphorbia royleana has been listed in
CITES Appendix-Il [5]. Because plant populations
are exploited by pharmaceutical businesses, enor-
mous volume exchange at national and internation-
al levels has been observed. This might be one of
the major causes for their rapid depletion in various
regions of the Indian subcontinent [6]. The illegal
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extraction of medicinal plants like Euphorbia roylea-
na from the wild has been unabated for a long time.
Either our labs lack identification methodologies and
are unable to discriminate between closely related
species, or there is no legislation available that can
prevent this plant from being traded and extinction
[7]. The taxonomic status of the Euphorbia species
is dubious, as the plant displays similar morph-
types dispersed in Euphorbia genus: the similarity
of morphological attributes has caused it to be char-
acterized into sub-divisions or segments by certain
taxonomists. Furthermore, proposals and studies to
conclusively identify the plant only based on mor-
phological and anatomical characteristics are still
inconclusive [8]. Because the Euphorbia species
exhibits an internal variation with similar morpho-
types, morphological identification of species has
become difficult as well as controversial. It has,
therefore, become very difficult to distinguish it from
closely related species. Such limitations need to be
overcome by using advanced, validated scientific
methods like DNA barcoding techniques.The ability
of these techniques to discriminate species, as well
as provide a delineation of closely related species,
is quite promising. DNA barcoding technology has
the potential to evolve as a new and effective facet
of wildlife forensics [9-14]. CITES has listed the Eu-
phorbia royleana species in appendices Il; therefore
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taxonomic delineations from closely related species
is urgently required with inexpensive and validat-
ed methodologies[15]. DNA barcoding technology
is well accepted and validated by various scientif-
ic groups and can be useful in the conservation of
animal species as well [16]. Similar studies are ur-
gently required in wildlife forensics, specifically with
respect to the identification of other medicinal and
aromatic plants that are traded illegally.

Recently, various scientific experts has used
DNA barcoding technology for the identification of
plants. They have suggested 13 regions for the
identification of plants. The plant DNA barcoding re-
gions used for the identification are nrITS, nrITS2,
accD, ndhJ, ycf5, trnLrpoC1, rpoB, matK, trnH-ps-
bA, rbcL, atpF-H, psbK-I, and UPA [17].

The agreement on a single-locus universal plant
DNA barcoding region is still the major concern in
plant DNA barcoding studies [17]. The technolo-
gy has given suitable results with fresh as well as
dried herbal products, but it has certain limitations.
Firstly, the validation of candidate loci with respect
to specific genus and secondly, the lack of accessi-
ble databases of DNA sequences in the NCBI Na-
tional Center for Biotechnology Information (NCBI),
GenBank [18,19]. No DNA sequences are available
for BLAST search in GenBank, NCBI, and Bold Sys-
tems. Therefore, it was thought desirable to make a
comprehensive first attempt to collect and analyse
Euphorbia royleana species with the help of DNA
barcoding technology to establish a barcode refer-
ence library by using both a single and a multi-locus
approach. The present study has been designed to
evaluate the applicability of recommended universal
primers of either matK or rbcL or both for successful
amplification of desired barcoding regions. The study
utilizes the Consortium of Barcode of Life (CBOL)
recommended matK and rbcL barcoding region to
assess the candidature for more specific species

resolution in discriminating closely related species.
As the use of a DNA barcoding technique in foren-
sic cases requires a validation of candidate markers
with respect to amplification success rate and se-
quence success, the present study investigated the
reliability and reproducibility of the results obtained
according to the guidelines of the Scientific Working
Group on DNA Analysis Methods (SWGDAM).

2. Materials and Methods

Euphorbia royleana plants were collected from
three different sites: the Medicinal Botanical Gar-
den in Sarangpur, the Medicinal Botanical Garden
in Dumreda, Shimla, and the Medicinal Botanical
Garden, Mandi, in Himachal Pradesh state of India
to check the intra-plant species variations, if any.
The samples were preserved on marked FTA clas-
sic cards in zip lock bags containing silica beads.
The Euphorbia royleana product samples (10) were
also collected from the local market of Chandigarh,
a region in India.

2. 1 DNA extraction and amplification

The FTA cards were punched and then homog-
enized with 400 pL of pL1, followed by RNase solu-
tion, which was further incubated for 10 minutes at
650C. The DNA extraction was carried out using a
NucleoSpin® Plant Il Kit (Macherey-Nagel) in accor-
dance with the manufacturer’s protocol. The extract-
ed results were checked with the help of 0.8% aga-
rose gel, which was prepared by dissolving in 100
mL of 0.5X TBE buffer. The template DNA used in
PCR amplification was 40-50 ng/uL. The primers uti-
lized for PCR amplification were 390f and 1326r for
matk and rbclLa_f and rbcL724_rev for rbcl [20,21].
Reaction conditions as per the recommended guide-
lines provided by the Consortium of Barcode of Life
(CBOL) plant-working group are shown in Table-1.

ASFSFM 2021; Volume 3 Issue (2)
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Table 1- Universal primers utilized and reaction conditions for matK, rbcL and ITS barcoding regions.

Primer . . ) ’ Reaction Condi-
Target References Direction Sequence (5° __,.3’) tions
??%f Forward CGATCTATTCATTCAATATTTC 30 - 098 q[cycles40
5- °C 98
secC
10 - °C 50
matK 1326 sSec
75 Reverse  TCTAGCACACGAAAGTCGAAGT 15 - °C 72
secC
60 - °C 72
secC
co- °C 4
r[ﬁ’(;_L%]f Forward ATGTCACCACAAACAGAGACTAAAGC S0 = ‘C98 qfeyclesao
5- °C 98
SecC
10 - °C 58
rocl  rbol724. i oC 79
rev [17- Reverse GTAAAATCAAGTCCACCRCG sec
18] 60 - °C 72
SecC
co- °C 4
'T[%?F Forward  GGAAGTAAAAGTCGTAACAAGG Sgc_ °C 98 q[cycles 40
5- °C 98
sSec
10 - °C 58
ITS ITS-4R sec
[1'9] Reverse TCCTCCGCTTATTGATATGC 15 - °C72
secC
60 - °C 72
SecC
co- °C 4

The nuclear ITS (Internal Transcriber Spacer gene)
was also tested with two different primer sets: ITS-5F
and ITS-4R [22], with the above-mentioned reaction
condition. However, the desired amplification could
not be achieved, even after repeated trials, which led
to its exclusion from the present study. The selected
DNA regions (matK and rbcL) were amplified by us-
ing a reaction volume of 20-uL. The 20 pL reaction
mixture includes 1x PCR buffer 1.5 mM MgCl2, 0.2
mM each dNTPs (dATP, dGTP, dCTP and dTTP), 1
UL DNA, 0.2 yL DNA polymerase enzyme (Genei®),
0.1 mg/ml BSA and 3% DMSO, 0.5M Betaine, 5pM
of forward and reverse primers. The sequencing

reaction for both forward and reverse primers was
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performed by using the standard manufactured pro-
tocol of the Big Dye Terminator (v3.1) using Cycle
Sequencing Kit (Applied Biosystems, USA).

2. 2 Sequence analysis

The sequences obtained for both forward and
reverse sequences for each barcoding region,
matK and rbcL, were assembled and edited by us-
ing Mega 7.0 software. A NCBI BLAST nucleotide
tool was used to study the homology of obtained
sequences with sequences available in the NCBI
database. The edited sequences were then aligned
with CLUSTAL W present in MEGA 7.0 software with
15 as a gap-opening penalty, 6.66 as gap extension
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Table 2- Accession number of DNA sequences published in NCBI GenBank and BOLD systems.

Barcoding region

NCBI GenBank Accession Number

BOLD Process IDs

Maturase Kinase (matK)

Ribulose biphosphate carboxyl- MH765673.1 and MH765674.1

ate large subunit (rbcL)

MKO002729 and MK0027271

ERRO001-19, ERR002-19, ERR003-19

ERRO013-19, ERR007-19, ERR008-19

penalty, and with 5-transition weight. The sequenc-
es of matK and rbcL were analyzed individually and
genetic distances were evaluated for single locus
and multilocus barcodes. The guidelines given by
CBOL were followed to study the variability of in-
terspecific and intraspecific genetic distances using
pairwise genetic distance [23]. The informative pa-
rameters of DNA sequences were generated with
the help of MEGA 7.0 by using informative parsimo-
ny sites, degenerate, coverage and CpG, mean GC
content, a variable number of nucleotides, and the
average length of the sequences.

2. 3 Data analysis and sequence submission to NCBI

The sequence data obtained from the present
study were examined with the help of ABI sequenc-
ing analysis. MEGA 7.0 and CLUSTAL W tools were
also utilized to compare various parameters of the
sequences obtained. The sequences of closely re-
lated species like Euphorbia maculate, Euphorbia
Hita, and Euphorbia abyssinicia were obtained from
the NCBI Gen Bank in FASTA format. The inter-
species similarity was studied with the help of the
MEGA 7.0 genetic software, and the discriminatory
power of the matK, rbcL and ITS barcoding regions
were assessed. The sequences obtained from the
study were edited with the help of sequencing anal-
ysis and were published in NCBI.

The contribution is expected to enrich the plas-
tid and nuclear genomic database of Indian plant
species, as it will be highly useful in dealing with the
problem of species identification through BLAST
analysis. The aligned sequences for all the three

tested barcodes were sequentially analyzed for
p-distance (pair-wise distance) and are shown in
Table-3 and Figure-2.

3. Results

The success rate for amplification and sequenc-
ing of both plastid barcoding regions, i.e. matK and
rbcL,was 100% with regards to the universality of
primers. The four sequences generated during the
course of the present investigation were published
in GenBank NCBI and BOLD systems, as shown in
Table-2. No DNA barcoding studies had been un-
dertaken before this study on the Euphorbia roylea-
na species; therefore, no congeneric sequences
corresponding to Euphorbia royleanaare found in
a NCBI BLAST search. Among search results ob-
tained through BLAST nucleotide hits, the DNA se-
quences of Euphorbia royleana showed most simi-
larity with other genera of the family Apocynaceae.
The PCR amplicons of the two barcoding regions,
i.e. matK and rbcL, showed a consistent size:1kb
for matK and 800kb for rbcL, which is in agreement
with the mean size of the respective marker, as
shown in Figure-1. The sequence characteristics of
both plastid candidate barcoding regions (matK and
rbcL) are shown in Table-3.

The matK sequence size varied from 474 bp to
534 bp with 52 variable sites and 867 conserved
sites. It is interesting to note that the matK region
showed maximum parsim informative sites (27) with
respect to Euphorbia royleana and its closely relat-
ed species. The alignment length of the matK bar-
coding region was 613 bp within the aligned region.

ASFSFM 2021; Volume 3 Issue (2)
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Figure 1- PCR ampilification gel images of matK and rbcL barcoding region show-
ing 1kb ampilified product in case of matK and 700bp product in case of rbcL.

Table 3- Nucleotide sequence parameters of Euphorbia royleana for matK and rbcl barcoding regions.

S. No Parameter Studied matK rbcL
1 Mean Inter-specific distances 0.031 0.015
3 Mean Intra-specific distances 0.0 0.00
3 Number of Conserved Sites 867 1321
4 Number of Variable Sites 52 38
5 Number of Parsim Info Sites 27 10
6. Number of Singleton sites 25 13
7 0-Fold 883 942
8 2-Fold 328 294
9 4-Fold 146 143
10. Coverage 653 532
11 CpG 148 150
The plastid barcoding region, rbcL, showed align- observed, matK showed more variations with maxi-
ment length of 525 bp and was observed to be ex- mum number of informative sites.
tremely conserved within the four tested species of
Euphorbia genus, resulting in 1321 conserved sites 3.1 Distance analysis and barcoding regions for
with 38 variable regions and 10 parsim informative species identification
sites. From the overall sequences generated and The analysis of barcoding gaps assists in es-

ASFSFM 2021; Volume 3 Issue (2)
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Figure 2- Graph showing barcoding gap plotted against the distances to the nearest neighbor (NN) vs. the
maximum intra-specific distances (%) for three barcoding region i.e. for (a) rbcL (b) matK (c) matK+rbcL.
The pair wise genetic distance revealed discrimination ability for Euphorbia species. Individuals with same
genetic distance are represented with single dot. Linear intersecting line indicated the presence of barcod-

ing gap with respect to three barcoding loci tested.

tablishing the distances within conspecific and
congeneric species. The scatter graphs plotted for
barcoding gap analysis within the nearest neigh-
bor (NN) of Euphorbia royleana against the genetic
distance of conspecific species revealed mean in-
terspecific genetic distance greater than the mean
intraspecific genetic distance in cases of both matK
and rbclL barcoding regions (Figure-2). Among the
closely related individuals concerning the matK bar-
coding region, the highest distance of 0.027 was
recorded for Euphorbia hirta. Euphorbia maculate
and Euphorbia abyssinicia showed a barcoding gap
of 0.021 and 0.011, respectively, in terms of their

nearest neighbor to Euphorbia royleana. The matK
sequences demonstrated a barcode gap, i.e.031
pairwise genetic distance, which makes it the best
candidate barcode in comparison to rbcL to identify
Euphorbia royleana and its closely related species
(Figure-2). In terms of matK barcoding loci, Euphor-
bia maculate and Euphorbia abyssinicia recorded
the lowest NN distance of 0.011 and 0.021 (matK)
amongst the four species; whereas Euphorbia hir-
ta showed maximum genetic distance with a 0.027
barcoding gap, which makes matK a potent candi-
date barcode in terms of barcoding gap analysis and
the best marker for the discrimination of Euphorbia

ASFSFM 2021; Volume 3 Issue (2)



royleana from its closely related species available
on the market.

Among the closely related individuals of Euphor-
bia royleana, the highest distance of 0.013 was re-
corded for Euphorbia hirta for the rbcL barcoding
region. Euphorbia maculate and Euphorbia abyssi-
nicia showed the maximum genetic barcoding gap
in terms of their nearest neighbor with Euphorbia,
which was observed to be 0.010 and 0.004, respec-
tively. The interspecific genetic distance study can
successfully discriminate between two closely relat-
ed species, as shown in Figure-1. Meanwhile, rbcL
exhibited a maximum inter-specific divergence of
only 0.015, making it a less suitable choice in com-
parison to matK for species identification.

The maximum inter-specific genetic distance in
a multilocus region (matK+rbcL) was observed to
be 0.024, revealing it a potent choice as a candidate
loci, beside the matK barcoding region. In terms of
matK+rbcL barcoding loci, Euphorbia maculate and
Euphorbia abyssinicia recorded the NN distance
of 0.016 and 0.008, respectively, whereas Euphor-
bia hirta showed maximum genetic distance with a
0.021 barcoding gap.

The maximum genetic distance to the nearest
region (NN) in a multilocus barcoding region (mat-
K+rbclL) when compared to single-locus matK re-
vealed lesser genetic distance. Thus, matK as single
locus barcode can be considered the best candidate
marker for the discrimination of closely related spe-
cies of Euphorbia royleana a vailable in the market.

The scatter graphs have been plotted for max-
imum intra-specific distances versus the Nearest
Neighbor distances to validate and authenticate the
subsistence and enormity of the barcode gap with
three tested candidate barcodes. From the graph,
it can be clearly observed that no maximum in-
tra-specific divergence existed between conspecific
species of Euphorbia royleana. Based on the utility
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of the single-locus barcode approach, matKcan be
considered as the prospective candidate barcode
for the recognition of Euphorbia royleana.

Similarly, with respect to the multilocus barcode
approach, barcoding gap was observed compared
with matK loci, which establishes the competence
of a multilocus approach in plant DNA barcoding
technology. The core barcode (matK+rbcL), as sug-
gested by CBOL guidelines, suggests a barcoding
gap between 0.008-0.021 among the individuals of
the species with their nearest neighbor, thus sug-
gesting suitability for the identification of Euphorbia
royleana as shown in Figure-2.

3. 2 Species specific SNPs with respect to matK
and rbcL barcoding regions

Regarding rbcL barcode, not even a single nu-
cleotide polymorphism was observed for Euphor-
bia royleana, which could discriminate it from oth-
er species. However, in the case of other species
like Euphorbia abyssinicia, two SNPs were located
at 127 and 535 in which Adenine (A) and Thymine
(T) were replaced with guanine and cytosine(C),
respectively, in other reaming species. Euphorbia
hirta showed only one SNP where cytosine was re-
placed by Thymine at position 193 and Euphorbia
maculate showed one SNP at position 430, where
thymine was replaced with guanine.

The best single locus, matK, presented opportu-
nities to differentiate species-specific sequences at
different positions between 219 bp to 844 bp region
as shown in Figure-3.

The 7 valuable, specific SNPs of Euphorbia
royleana were located as follows:

+ Position 299 cytosine(C) was replaced by

guanine.

+ Position 412 adenine (A) was replaced by

thymine (T).
+ Position 460 cytosine (C) was replaced by
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Figure 3- Single nucleotide polymorphism (SNP) alignment of matK and rbcL DNA Barcoding region variability with

respect to closely related species.

adenine(A).

+ Position 597 thymine (T) was replaced by

guanine(G).

+ Position 719 cytosine (C) was replaced by

thymine(T).

+ Position 820 cytosine (C) was replaced by

adenine(A).

+ Position 822 thymine (T) was replaced by cy-

tosine (C)

Similarly, in Euphorbia hirta the valuable SNP
was located at position 319 in which cytosine is re-
placed by guanine. Regarding Euphorbia abyssini-
cia, two valuable SNPs, 241 and 279, were identified
in which adenine and thymine (T) are replaced by
cytosine (C). Only one valuable SNP was observed
with respect to Euphorbia maculate at position 251
in which cytosine (C) was exchanged with thymine
(T) in all the remaining closely related species.

3. 3 Validation of DNA barcoding

DNA sequences of matK and rbcL barcoding
regions were observed to be highly distinctive for
all Euphorbia species. DNA extracted from herbal
samples collected from the market yielded more de-
graded DNA compared to the DNA obtained from
fresh plant samples. PCR amplification and DNA
sequencing was still success ful regarding matK

and rbcL, whereas the ITS barcoding region was
not successfully amplified and, therefore, was not
included in the present study. In the present study,
PCR amplifications with 2.0 mM to 7.0 mM MgCI2
concentrations showed stable amplification results.
The annealing temperature of 500C with + 3°C for
matK was observed to produce good amplification
results. The annealing temperature for rbcL was
standardized to be 580C. Even when changing the
cycle number and different DNA Taq polymerases,
obtained from different manufacturers, results re-
mained the same. All PCR products obtained in the
validation study were sequenced and aligned with
positive controls of Euphorbia royleana and were
100% similar in the DNA sequence alignments.

4. Discussion

DNA barcoding technology is able to authenti-
cate and discriminate between the molecular iden-
tity of Euphorbia royleana species and its closely
related species of E. royleana.

The present study was the first published at-
tempt to represent the molecular phylogeny of the
threatened and endangered Euphorbia royleana
species listed in CITES Appendix-1l. The bioinfor-
matics analysis of the markers suggests that the
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barcoding regions can precisely discriminate be-
tween the closely related species.

The molecular study with plastid loci can be
helpful in providing resolution among both conspe-
cific species and congeneric species (Figure-1).
From the tested plastid loci, the matK region as a
single locus showed the maximum competence for
the identification of species in Euphorbia royleana.

The plant molecular systematic study requires a
candidate barcode, which could deliver relevant in-
formation on all taxonomic levels. The second most
important aspect in choosing a plant DNA barcode
was maximum discriminatory ability and higher evo-
lutionary rate of the marker. The matK barcoding
region showed potential variable coding regions,
specifically in cases of angiosperms, and has also
been recommended by CBOL to be a barcode for
land plants [22,23]. However, matK exhibits low
amplification in certain plant species due to less
universality of certain primers. In the present study,
the matK primer was tested for its applicability with
respect to the Euphorbia royleana species. The re-
sults obtained suggest that matK satisfies the two
criteria to be chosen as a candidate barcode to dis-
tinguish Euphorbia royleana from other conspecific
and congeneric species. The matK region provided
the most variable sites and with maximum parism
informative sites with 100% successful amplifica-
tion and sequencing results. The universality of this
primer pair was tested using 10 (plants) of euphor-
bia royleana, and the primers showed strong am-
plification (100%) and sequencing (100%) success.

In comparison to the rbcL plastid region, the
matK barcode provides superior phylogenetic evo-
lutionary rate, specifically in the case of euphorbia
royleana. The results obtained are in agreement
with the results of other genus-level studies [24,25].
The lowest genetic distance was asingle-locus rbcL
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region, which limits its utility in Euphorbia genus.
The large size of the rbcL,i.e. ~1430 bp length, and
more conserved region in the markers show conten-
tious limits for accurate identification at the species
level. The whole barcoding region getting success-
fully amplified and sequenced for clear species dis-
crimination is necessary and a primary requirement
for successful identification.

The conditions which make a barcode strong
for identification of species, are because of its
small size and ability to pairing with universal prim-
ers easily [11,22]. The high success rate in terms
of amplification and sequencing of the chloroplast
matK coding region offers a better qualification as
a candidate barcode, either as a single locus or in
combination with rbcL. The matK barcoding region
contains a larger number of nucleotide substitutions
with a maximum number of variable sites and max-
imum parsim informative sites than rbcL loci from
the plastid genome. Moreover, the main aspect of
the matK barcoding region is the barcoding gap,
which is demonstrated through higher inter-specific
divergence values versus intraspecific divergence
among matK sequences.

The clear distinction of closely related species
is an important aspect from a legal point of view
(CITES) to distinguish between legal and illegal
trade. In the present study, the molecular identifica-
tion method, especially DNA barcoding, successful-
ly provided a potential tool to delineate closely relat-
ed species. Similar observations were also made by
earlier studies [22,23,26,27].

The investigation of single universal DNA bar-
code is suitable for the identification of all types of
land plants. The scientific community/CBOL has also
recommend matK+rbcL two-locus barcode for land
plants, which is in line with the conclusions made in
the present study. Moreover, we have performed a
comprehensive validation as well as evaluation of
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closely related species that were creating problems
in tackling illegal trades due to inaccurate identifica-
tion. The present study suggested two barcoding ap-
proaches to accurately authenticate the species as
well as delineate the congeneric species, first with
the combination of matK+rbcL and secondly with a
single-locus matK barcoding region. The choice of
barcoding region varies with respect to genus and
species under question. Therefore, these types of
validation studies are urgently required to affirm the
choice of candidate barcoding loci so that standard-
ized procedures can be adopted to help the foren-
sic science community to successfully resolve such
types of cases.

SNPs based on chloroplast DNA with respect to
matK and rbcL regions are shown in Figure-3 and
are well suited for specific molecular marker devel-
opment. The SNP specific targeted study can be a
valuable addition in establishing marker based kit
and direct usage to identify specific plant species.

Species richness in NCBI

The present study was successful in developing
a reference DNA barcode database for Euphorbia
royleana, CITES listed important medicinal plants.
DNA sequence data generated from the current
study have been deposited and accepted at the
NCBI nucleotide bank. The sequences published in
NCBI GenBank were assigned accession numbers
as follows:

+  MKO002729 and MK002727.1 format K region
with 534bp and 474bp sequence length, re-
spectively.

+ MH765673.1 and MH765674.1 for rbcL re-
gion with 449bp and 658bp sequence length,
respectively.

5. Conclusion

The unique sequence of the candidate barcode

matK obtained in the present study provided pre-
cise leads in expedition of the molecular individu-
ality of Euphorbia and its closely related species.
The best candidate barcoding region for the iden-
tification of Euphorbia royleana species turned out
to be matK with a single locus barcoding approach
and have maximum interspecific genetic variations
i.e. the matK showcase maximum genetic distances
within different species of same genus. The results
obtained (the novel sequences) in the present study
have successfully contributed to NCBI GenBank for
the identification of the Euphorbia royleana plant
and will ultimately help in the delineation of close-
ly related species. Additionally, the species-specific
SNPs derived from the matK barcoding region es-
tablished its importance in providing accurate spe-
cies discrimination. The insertion of diverse conspe-
cific populations and congeneric species helped in
gaining imminent impending approach toward con-
servation of Euphorbia species.

It is expected that the sequences obtained in
the present study will be useful in regulating the il-
legal wildlife trade in medicinal plants, by identifying
natural herbal and aromatic plant species with the
DNA barcoding technique for regulatory purposes
and ensuring the quality and safety of natural medi-
cines by validating the authenticity of natural herbal
materials.
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