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Abstract

DNA barcoding is a useful tool to define operational taxonomic units based on
standardized DNA regions. In this study, the matK chloroplast gene was tested for
species identification of highly threatened sacred plant Aegle marmelos L., to document
their reliable identification, discrimination, similarities and evolutionary trend with their

related taxa for future use. DNA isolation from leaf sample of Aegle marmelos was Keywords
carried out by using a modified Cetyl Trimethyl Ammonium Bromide method (CTAB). Aegle marmelos L.
matK472F

Gradient PCR amplification was performed for the isolated DNA using matK gene and
the primers, matK472F and matK1248R. Pairwise sequence alignments were made with
BLAST and multiple sequence alignments were also made with ClustalW. Based on the
sequence alignments, dendrograms were constructed using the software, Mega 5 and
Neighbor Joining tree method was used to study the phylogenetic aspects of the species
studied and with their related taxa. The success rate of PCR amplification was 90-95%
and the success rate of DNA sequence was 95%. The maximum identity of the present
study sample was 100% with Aegle marmelos and the similarity of other related species,
Severinia buxifolia, Citrus trifoliata and Citrus reticulata was 97% respectively.

matK1248R primer
Sacred plant
Threatened species

Introduction

DNA barcoding, a new approach for species
identification using a short, standardized DNA region,
became an important tool in distinguishing species,
discovering cryptic species, protecting endangered
species and identifying traditional medicinal (TM) values
of highly threatened sacred plants (Hebert et al., 2003;
Kress et al., 2005; Hajibabaei et al., 2007; Chen et al.,
2010; China Plant BOL Group, 2011; Li et al., 2011a).
For animal DNA barcoding, the mitochondrial gene
Cytochrome-C  Oxidase subunit 1 (CO1) shows
extremely great efficiency. However, the marker is faced
with serious challenge in plant due to its low substitution
rates in plant mitochondrial genome (Kress et al., 2005;
Hollingsworth et al., 2011). In recent years, experts paid
attention to DNA markers from the chloroplast and
nuclear genome, and they did a lot of work on screening

and testing for potential DNA barcodes (China Plant
BOL Group, 2011; Hollingsworth et al., 2011; Dong et
al., 2012). An ideal DNA barcode should be universal,
reliable and cost-effective and have good discriminatory
power (CBOL Plant Working Group, 2009). But none of
the potential DNA regions could meet these criteria. As
a result, multiple markers become inevitable choice for
DNA barcoding in plant. Combination of potential
regions is being debated and controversial until now
(Hollingsworth et al., 2011).

The CBOL-PWG promoted a multi-locus solution
comprising portions of the plastid gene rbcL and matK
as core barcode gene for identification of land plants, for
attaining the 70-75% discrimination to the species level
(Ferri et al., 2015). CBOL Plant Working Group
recommended a two-marker combination of chloroplast
gene rbcL and matK as the core plant barcode. As
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previously reported rbcL routinely produced high quality
bi-directional reads, but had a lower discriminating
power as matK (Carrier et al., 2013). Subsequently,
Chinese Botanists made a great deal of researches and
proposed ITS/ ITS2 as one of the core DNA barcodes
(China Plant BOL Group, 2011; Yao et al., 2010; Li et
al.,, 2011b), although the nuclear marker was still
questioned for its disadvantages in some special taxon
such as gymnosperms (China Plant BOL Group, 2011,
Kiss, 2012).

In forensic botany, the identification of plant species is
the first step. The forensic botanist requires DNA
extraction, amplification and sequencing. The
information generated from plant DNA databases can be
used to correlate specific markers with known plant
species to establish forensic linkage using sequence
similarity and homology search tools, so we suggest two
barcoding markers for plant molecular systematic
investigations at the species level by universal primers
amplifications. A molecular DNA-based identification,
like a traditional morphological taxonomic key, provides
criteria that progressively identify an unknown plant
sample to a taxonomic rank (Ferri et al., 2008).

Sacred trees (Sthalavrikshas) have a unique place in the
fabric of Indian heritage. These trees symbolize
knowledge and spirituality. In ancient times, the trees
were worshipped along with Gods and established in the
temples as Sthalavrikshas, i.e., trees associated with the
deity in the temple and become an inseparable part of the
faith. Such trees were guarded and their saplings from
mother plants were given to other temples.

Sthalavrikshas are valued for their botanical, medicinal,
environmental, religious and mythical importance. The
Sthalavrikshas constitute a part of genetic resources for
the conservation of species diversity. Propagation of
Sthalavrikshas in temples contributes to the conservation
of our floral diversity. Medicinal parts of the Sacred
trees (Sthalavrikshas) are used in different forms. It is
given in the form of paste, juice, dried powder and made
into tablets and juices mixed with sugar and honey to
cure various diseases (Ranjan, 1996; Amirthalingam,
1988; Jain, 2004).

The degradation of forests and destruction of habitat due
to anthropogenic activities are the major causes of
decline in the global biodiversity (Bhakat and Pandi,
2003 and 2007). Various indigenous communities all
over the world lived in harmony with nature and thus
conserved biodiversity (Jeeva and Sukumaran, 2008;

Silja et al., 2008; Singh, 2008; Malhotra et al., 2001).
Many traditional conservation practices of indigenous
people in many parts of the world such as small forest
patches by dedicating them to the local deity, contributed
to the conservation and protection of biodiversity.
Sacred plants protected by the local people through
religious and cultural practices evolved to minimize
destruction. Sacred plants are important not only for
their botanical, economical, environmental, religious,
medicinal and mythical values but also forms an
important biological heritage of our nation and play role
in the conservation of environment and biodiversity
(Umavathi and Parvathi, 2012). Now-a-days, Aegle
marmelos is highly threatened in various places of Tamil
Nadu, India (Balagengatharathilagam et al.,, 2012;
Sivakamasundari et al., 2015). The present study would
be beneficial to evaluate the efficiency of the potential
DNA barcodes in Aegle marmelos.

Materials and methods
Plant materials

The leaf sample of Aegle marmelos used in this study
was collected from Sri Villeeswarar Temple T Idikarai,
Coimbatore, Tamil Nadu, India (Fig. 1). The voucher
specimens were identified and deposited in the
Herbarium of Department of Botany, Annamalai
University, Chidambaram, Tamil Nadu, India. Some
saplings of sacred plants were planted in Botanical
Garden, Department of Botany, Annamalai University as
a conservative measure of this highly threatened sacred
plant species.

DNA extraction, amplification and sequencing

Total DNA was extracted from young leaves using
modified CTAB method (Doyle and Doyel, 1987).
Gradient PCR was performed using isolated genomic
DNA to determine the optimum annealing temperatures
of the Primers used, namely matK 472F ( 5CN{C RTY
CAT CTG GAA ATC TTG GTT C-3 Npd matK 1248R

( SGNT RTR ATA ATG AGA AAG ATT TCT GC-3 Nj) .

This primer was obtained from Genei, Bangalore, India.
The PCR reaction mixture was consisted of 10x Taq
buffer, dNTP mix 100 mM, Taq polymerase (3U/ul) and
5i 50 ng of template DNA.

Thermal cycling conditions for gradient PCR were as
follows: Initial DNA denaturation at 94°C for 3 min,
followed by 40 cycles of final DNA denaturation at 94°C
for 30 s, primer annealing temperature at 48-52°C for
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40 s, DNA strand extension at 72°C for 1 min, and final
extension at 72°C for 10 min. The PCR products were
verified by electrophoresis in 1% agarose gel stained
with ethidium bromide. Bidirectional sequencing was

Data analysis

The DNA sequences were assembled and edited with
SegqMan (DNA STAR package; DNAStar Inc., Madison,
WI, USA). To verify whether the candidate barcodes
were competent for family or genus assignment in
authenticating Aegle marmelos, matK sequences of the
different genera of the family Rutaceae were downloaded
from GenBank for analysis. Sequences of plant sample
were aligned with those from GenBank by ClustalW
(Thompson et al., 1997) software, and the genetic
distances were calculated using the Kimura-2-Parameter
(K-2-P) model. The phylogenetic analysis based on the
matK regions was performed by MEGA 5.0 (Kimura,
1980; Tamura et al., 2011) using the Neighbor Joining
(NJ) method. Bootstrap support (BS) values for
individual clades were calculated by running 21000
bootstrap replicates of the data.

Results
Genomic DNA extraction
Genomic DNA was successfully extracted from Aegle

marmelos (without liquid nitrogen-modified CTAB
method).

conducted by ABI 3730 DNA sequencer (Applied
Biosystems, Foster City, CA, USA). Sequences with
poor pink graph were progressed by repeated sequencing
or discarded in final analysis.

IsL.

PCR and sequencing success

The primers for the DNA barcode were universally
applicable to the studied species. The success rate of
Gradient PCR amplification for matK was 90i 95%. The
amplification of Gradient PCR product was strong
enough for isolation of bands or direct sequencing and in
the present study, the DNA sequences were done at
Xcelris Labs Ltd., Sydney House, Premchand Nagar
Road, Bodakdev, Ahmadabad 7 380 054, India. The
methods of ABIi 3730 XI sequencer gave a success rate
of 90-95% and read length of 700 bases or more.

Sequence analysis and retrieval

The sequence alignment was performed between genuine
and adulterant samples to observe the sequence
variations for their discrimination to each other. The
matK sequences of Aegle marmelos were obtained using
the Basic Local Alignment Search Tool (BLAST)
through http://blast.ncbi.nim.nih.gov/Blast.cgi to confirm
the present study sequences from related genus or species
sequences available on NCBI database. The results
obtained are shown in different figures (Figs. 2-5). The
sequences were analyzed using BLAST for pairwise
sequence alignment (Fig. 2) and used ClustalW for the
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multiple sequence alignment (Fig. 3). The quality of
nucleotide sequence of Aegle marmelos are shown in
different colours in Fig. 4a - 4c. Blue colour denoted
good quality of nucleotide. Starting and ending
nucleotides are in yellow and red colours, which showed

low quality nucleotides. The BLAST was also used for
the identification of species with matK gene (Tables 1
and 2). After the multiple sequence alignment, the
phylogenetic tree was constructed using MEGA 5
Version (Neighbor Joining Tree).

- FM163957 AATCCATCCTCTTTTTTCTCTGTAACCAATCGTCTCATTTACAATCARCATCCTCTCGAG
.,.Q:'.'-:’. RN Database Mame nr FJIT16731 AATCCATCCTCTTTTTICTCTGTAACCAATCETCTCATTTACAATCARCATCCTCTCGAG
Molecue type nudeic acd Program BLASTNZ2.2.27+ IR589068 AATCCATCCTCTTTTTTCTCTGTAACCAATCGTCTCATTTACAATCARCATCCTTTCEAG
Query Length 768 HE967463 BATCCATCCTCTTTTTTCTCTGTAACCAATCGTCTCATTTACAATCARCATCCTTTCGAG
Sample AATCCATCCTCTTTTTTCTCTGTAACCAATCGTCTCATTTACAATCARCATCCTCTCGAG
EE L1
Graphic Summary

HM163957 TCCTCETTGAGCGAACGTATTTCTATGGAAARGTCGARTATCTTGTCGAAGTCTTTGCTA
Distribution of 100 Blast Hits on the Query Sequence FIT16731 TCCTCGTIGAGCGAACGTATTTCTATGGAAAAGTCGAACATCTIGICGARGTTITTGCTA
JQS89068 TCCTCGTTGAGCGAACGTATTTCTATGGARAMGTCGAACATCTTGTCGAAGTCTTTGCTA
et e FE967463 TCCTCGTTGAGCGAACGTATTTCTATGGARAMGTCGAACATCTTGTCGAAGTCTTTGCGA
S Sample TCCTCGTTEAGCGAACETATTTCTATGGAAAAGTCGAATATCTTGTCEARGTCTTTGCTA
150 300 450 ®on 750 kkkkk &
FM163957 AAGATTTTCAGGACATCTTAGGGTTGTTCAAGGATCCTTTCATGCATTATGTTAGATATC
FJ716731 AAGATTTTCAGGACATCTTAGGGTTGTTCAAGGATCCTTTCATGCATTATGTTAGATATC
JQ589068 AAGATTTTCAGEACATCTTAGGGTTGGTCAAGGATCCTTTCATGCATTATGTTAGATATC
HE967463 BAGATTTTCAGEACATCTTAGGGTTGGTCAAGGATCCTTTCATGCATTATGTTAGATATC
Sample AAGATTTTCAGGACATCTTAGGGTTGTTCAAGGATCCTTTCATGCATTATGTTAGATATC
HM163957 AAGGAAAATCCATTTTGECTTCAMAGGATACGCCTCTTCTGATGAATARATGGARATATT
FJ716731 BAGGAAAAGCCATTTTGGCT TCAAAGGATACGCCTCTTCTGATGAATARATGGARATATT
JQS89068 AAGGARAATCCATTTTGGCTTCAAAGGATACGCCTCTTCTGATGAATARATGGARATATT
FE967463 AAGGAAAATCCATTTTGGCTTCAAAGGATACGCCTCTTCTGATGAATARATGGARATATT
Sample AAGGAAAATCCATTTTGECTTCAAAGGATACGCCTCTTCTGATGAATARATGGARATATT
FM163957 ACCTTGTCGETTTATGECAATGGECATTTTCACGTGTCTICTCARCCAGGAAGGETTCAGC
FJ716731 ACCTTGTCGETTTATGECAATGGCATTTTCACGTGTCGTCTCARCCAGGAAGGETTCAGC
JQ589068 ACCTTGTCGETTTATEECAATGGCATTTTCACGCGTCTICTCAACCAGGARGGETTCAGC
HE967463 BCCTTGTCGETTTATGECAATGGCATTTTCACGCGTCTICTCARCCAGGARGGETTCAGC
Sample ACCTTGTCGETTTATGECAATGGCATTTTCACGTGTCTICTCARCCAGGAAGGETTCAGC

£ 1

Fig. 2: BLAST formatting results of Aegle marmelos
(sample).

Fig. 3: Multiple sequence alignment of sample (Aegle marmelos)
using ClustalW method.
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Fig. 4a: DNA sequences of Aegle marmelos (sample).
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Fig. 4b: Electropherogram of Aegle marmelos (sample).
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Fig. 4c: Electropherogram data of Aegle marmelos (sample).

Table 1. BLAST identification of sample (Aegle marmelos)

Accession no. Accession description E-value Max. identity

HM163957 Aegle marmelos voucher K:Chase 1340 maturase K (matK) gene, 0.0 100%
complete cds; chloroplast

FJ716731 Severinia buxifolia maturase K (matK) gene, complete cds; 0.0 97%
chloroplast
HE967463 Citrus trifoliata chloroplast partial matK gene for maturase K, 0.0 97%

specimen voucher MIB:ZPL:04007

JQ589068 Citrus reticulata voucher BioBot06153 maturase K (matK) gene, 0.0 97%
partial cds; chloroplast
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Table 2. The sequences retrieved from NCBI i gene bank for the study.

S. No. Accession no. Species Reference
1 HM163957 Aegle marmelos Salvo et al. (2011)
2 FJ716731 Severinia buxifolia Salvo et al. (2010)
3 HE967463 Citrus trifoliata Bruni et al. (2012)
4 JQ589068 Citrus reticulata iBOL (2012)
Phylogenetic tree have  been unexplored (Tholkappiyavathi  and

DNA barcoding is a new diagnostic technique in which
species identification is performed using DNA sequences
from a short and standardized DNA region of the
genome; it has become the trend and hot spot of biology
systematics and identification in recent years (Chen
et al., 2009 and 2010). Phylogenetic study was
performed using the molecular evolutionary genetics
analysis (MEGA) 5.0 software in accordance with the
Kimura 2-Parameter (K2P) model. The phylogenetic tree
for the present study was constructed using the Neighbor
Joining (NJ) method (Fig. 5).

Aegle marmelos L.

In the present study, the plant sample showed 100%
similarity with Aegle marmelos in phylogenetic analysis.
Other species involved in the present are Citrus
reticulata, Citrus trifoliata and Severnia buxifolia. All
these species were belonged to the Rutaceae family

(Fig. 5).

00— Citws retcuata
Citrus trioliata
Severinia buioia
oampe |

00— Aegle mamelos

Fig. 5: Phylogenic tree represents the evolutionary relationship
between the plant species and sample (Aegle marmelos).

Discussion

Sthalavrikshas (Sacred plants) are venerated from time
immemorial by devotees as being as holy as the
presiding deity of a temple (Gunasekaran and
Balasubramanian, 2005). Very few field studies have
been conducted on Sthalavriksha practice and its role in
social, ecological and environmental impacts of local
people. In particular, ethnomedicinal uses on
Sthalavrikshas, occurring in the temples of Tamil Nadu

Nadanakunjidam, 2013). Considering the importance of
Sthalavrikshas, the present study has been undertaken.

DNA barcoding is a new technique and is accepted
global level for species identification. However, a great
deal of effort is still needed before DNA barcoding of
plants can be considered sufficiently reliable for
widespread practical application. The strategy for
barcode development should be reached as soon as
possible. A desirable DNA barcode must simultaneously
possess enough sequence variations for species
identification and adequate conserved flanking sites for
the designation of the universal primers (Stoeckle, 2003).
Recent candidate barcodes are matK, ycf5, rpoC1, rbcL
and psbA-trnH in the chloroplast genome, as well as ITS
and ITS2 from the nuclear ribosomal DNA (Kress et al.,
2005; Kress and Erickson, 2007). The matK gene is one
of the most rapidly evolving plastid coding regions and it
has been studied widely (Asahina et al., 2010; Liu et al.,
2013; Mahadani et al., 2013; Wong et al., 2003).

Early studies adopted a strategy of using more highly
conserved trnK regions as priming positions for fragment
amplification and several internal primers for sequencing.
The internal primers were typically designed for specific
taxa and the universality was limited (Fazekas et al.,
2008). Of the primers designed, primer pair 390F/1326R
is one pair of the best, as exemplified by Lahaye et al.
(2008). In the present study the amplification success was
90-95%. There are two major hot spots for forward
primers: one is represented by 390F and the other by
1R_KIM. The matK472F falls in the second hot spot. The
reverse primers were tried mainly at three positions
represented by 3F_KIM, 1326R, and matK_KewR. The
matK1248R happens to overlap partially with MALV _
R1. There are many possible regions of the entire matK
gene that may be used as a plant barcode. It was
determined that the region from 600 to 1400 bp to be the
best representative of the whole-gene sequence based on
the smallest distances. Considering the conservative
regions for primer design and the mononucleotide repeats,
that causes sequencing problems, the final region of matK
was adjusted to contain the sequence from 472 to 1248 bp.
Although matK472F + matK1248R worked reasonably
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well for the samples tested, its usefulness for all
angiosperms needs to be evaluated. To avoid using too
many degenerate bases, it was ignored rare base
substitutions. In the present study more specific primers is
designed by modifying matK472F and matK1248R
according to the desired sequence. Failure of amplification
can also be attributed to a low quality of template DNA.
Amplification of the same samples was significantly
enhanced after purifying the DNA.

The primer pair identified in the present study is able to
function over a broad range of annealing temperatures
(from 38 to 52°C, or even to 60°C). In the present study,
suggest using an annealing temperature of 481 52°C for
this pair of primers. However, performing an initial
gradient PCR will identify the best annealing
temperature before performing many amplifications.
Additional optimization methods for PCR can be found
in standard DNA barcoding protocols (Chase et al.,
2007). The sequences obtained using the primers given
are the best representatives of the whole matK region and
are thus of phylogenetic value. Taking the representative
together with the variability of barcoding regions into
consideration will potentiate species identification using
phylogenetic methods when species delimitations are
problematic (Yu et al., 2011).

Conclusion

The present study revealed that matK to be the best DNA
barcode for Aegle marmelos. The matK provided the
best species resolution values in species assemblages.
The loci yielded the highest species resolution of 100%.
The Gradient-PCR amplification was 90-95% and the
sequencing success was 95%. Pairwise sequence
alignments were made with BLAST and multiple
sequence alignments are made with ClustalW, and based
on the sequence alignments, dendrograms were
constructed using software Mega 5 and Neighbor Joining
tree method (100% of bootstrap values for identification)
to study the phylogenetic aspects of Aegle marmelos and
with its related taxa. The phylogentic tree showed 100%
similarity of the sample with Aegle marmelos sequence.
Other species which showed close similarity were Citrus
reticulata, Citrus trifoliata and Severnia buxifolia of the
family Rutaceae. The maximum identification of Aegle
marmelos was 100% and the similarity of other related
species, Severinia buxifolia, Citrus trifoliata and Citrus
reticulata was 97% respectively. In the present study the
matK gene sequence information could help in correct
species identification and conservation for highly
threatened sacred plant of Aegle marmelos L.
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