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Evaluation of Potential DNA Barcodes for Identifying Thunbergia spp.
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Abstract

Introduction: A number of Thunbergia species are widely used as medicinal plants. Identifi-
cation by traditional morphological methods is difficult especially when specimens are commercial
herbal products, which morphology is unattainable. To facilitate the identification process, this study
searched for potential DNA barcodes by evaluating three DNA loci, the chloroplast psbA-trnH and
trnL-trnF intergenic spacers and the second nuclear internal transcribed spacer (ITS2), among eight
species of Thunbergia. Methods: Plant samples were collected and fresh leaves were used for
genomic DNA extractions. Polymerase chain reaction amplifications of the psbA-trnH, trnL-trnF and
ITS2 regions were performed. The PCR products were sequenced and verified by BioEdit v7.0.8 and
Clustal W programs. Kimura 2-Parameter (K2P) were computed via MEGA 6.06 to reveal the genetic
divergence. Results: Three candidate regions of all Thunbergia DNA samples were successfully
amplified with the rate of 100 %. These amplified products were also successfully sequenced (100%)
in both directions. The average interspecific divergence values calculated from K2P for psbA-trnH,
trnL-trnF, and 1TS2 were 0.088, 0.054 and 0.121, respectively, implying that each Thunbergia spp.
could be discriminated from one another. Conclusion: This study confirmed the universality of the
primers used for psbA-trnH, trnL-trnF and ITS2 PCR amplification and sequencing. The K2P results
showed that each locus could individually differentiate between Thunbergia spp. under studied while
the most variable region that can make a distinction effectively was ITS2. The combination of ITS2
with psbA-trnH and/or trnL-trnF sequences was proposed as a potential barcode for identifying

Thunbergia species.
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1. Introduction

The genus Thunbergia, belonging to the
family Acanthaceae, comprises more than hun-
dred flowering plant species (Jiaqi, et al., 2011).
Only eleven species, T. affinis, T. alata, T. coc-
cinea, T. colpifera, T. erecta, T. fragrans, T.
grandifiora, T. hossei, T. laurifolia, T. nivea and
T. similis, are found in Thailand (The Forest Her-
barium, 2001). Most species are widely known as
medicinal plants such as T. alata, T. fragrans, T.
grandifiora and T. laurifolia (Meurer-Grimes, et al.,
1996; Kanchanapoom, et al., 2002; Leonti, et al.,
2002; Okello and Ssegawa, 2007) while some of
them are ornamental plants (The Forest Herba
rium-BKF, 2014). The popular one in Thai tradi-
tional medicine is T. laurifolia or Rang chuet (Thai
vernacular name), which is commonly used as
detoxifying agent (Chan et al., 2011; Suwanchai-
kasem, et al., 2013). Based on morphological and
physiological criteria, most species of Thunbergia
are efficiently identified particularly for fresh or
well-preserved specimens. Other forms of com-
mercial herbal products (eg. tea, ground or pow-
der, etc.) cannot be correctly identified by those
criteria. Therefore, some limitations in traditional
morphology identification are unable to differenti-
ate such herbs when an incomplete specimen
was obtained. Thus, a novel method for simple
and accurate species identification is required.
Recently, a DNA-based identification system
known as DNA barcode has been proposed and
competently exploited to identify species and can
resolve many taxonomic and evolutionary prob-
lems (Hebert, et al., 2003; Kress, et al., 2005;
Miller, 2007; Kress and Erickson, 2007). It was
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accepted that the ideal DNA barcode should have
three important characteristics as follows i) short
sequence length to facilitate DNA extraction and
PCR amplification, ii) flanked by conserved re-
gions for capturing with the universal primers, and
iii) contain sufficient sequence variation to dis-
criminate between species (Kress, et al., 2005;
et al., 2005).

cytochrome c oxidase subunit 1 (mtCO1) gene

Weising, Mitochondrial
has been successfully used as universal DNA
barcode to identify animal biological diversity such
as birds (Hebert, et al., 2004), fish (Ward, et al.,
2005), arthropods (Hajibabaei, et al., 2006) and
mammals (Hajibabaei, et al., 2007). However, the
mtCO1 gene did not work well in plant because
of its slow evolution rate. Several plant DNA re-
gions with high sequence variation and evolution-
ary rate have been proposed for identifying spe-
cies such as matK (CBOL Plant Working Group,
2009), trnL-trnF intergenic spacer (McDade and
Moody, 1999; McDade, et al., 2005), psbA-trnH
intergenic spacer (Pang, et al., 2012) and the
nuclear ribosomal internal transcribed spacer 2
(nrITS2) (Gao, et al., 2010). Additionally, the
combination of more than one DNA barcode is
suggested for better species distinguishing such
as a combination of matK and rbcL has been
recommended as the core barcode for land plants
(CBOL Plant Working Group, 2009). Until now,
no universal DNA barcode has been proposed for
plants.

In the present study, the capability of
three DNA loci: the chloroplast psbA-trnH and
trnL-trnF intergenic spacers and ITS2 as candi-

date DNA barcodes for identifying Thunbergia spp.
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were studied. The results suggested that ITS2 or
combinations of ITS2 with psbA-trnH and/or trnL-
trnF can effectively discriminate among each

Thunbergia spp.

2. Materials and Methods

Plant materials

The plant samples (1 sample for Thun-
bergia alata, T. coccinea, T. colpifera, T. fragrans
and T. hossei. and 3 samples for T. erecta, T.

grandifiora and T. laurifolia) were collected from
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various areas of Thailand as shown in Table 1.
Morphological identification of these samples
followed the Flora of China guideline (Jiaqi, et al.,
2011) and the Encyclopedia of plant in Thailand
database (The Forest Herbarium-BKF, 2014).
Herbarium specimens were well prepared according
to a standard protocol (Chayamarit, 2001). All
corresponding voucher images and specimens
were kept at Silpakorn University and subse
quently the herbaria will be deposited at the
Forest Herbarium-BKF, Thailand.

Table 1: Plant materials used in this study

Scientific name Thai vernacular name Location in Thailand Voucher ID
Thunbergia alata Waeo ta Chiang Rai PWO058

T. coccinea Nam nae daeng Chiang Rai PWO062

T. colpifera Rang chuet ton phuka Nan PWO070

T. erecta Chong nang Bangkok, Nakhon Pathom PWO071, PW089, PW090
T. fragrans Nam nae khao Chiang Mai PWO073

T. grandiflora Soi in thanin Bangkok, Nakhon Pathom PWO072, PW091, PW092
T. hossei Nam nae dong Chiang Mai PWO049

T. laurifolia Rang chuet Ayutthaya, Chiang Rai, PWO037, PW093, PW094

Nakhon Pathom

DNA extraction and PCR amplification

Total DNA was extracted, using
Genomic DNA mini kit plant (Geneaid Biotech
Ltd., Taiwan), from 300 mg of fresh leaves, which
was pulverized under liquid nitrogen. Quality and
rough quantity of extracted DNA were determined
by electrophoresis on 0.8% agarose gel stained

with ethidium bromide.
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Polymerase chain reaction (PCR) ampli-
fications of the psbA-trnH, trnL-trnF and ITS2
regions were performed on a Gene-Amp PCR
System 9700 (Applied Biosystems, USA) using
the primer pairs and thermocycling conditions
obtained from previous studies given in Table 2.
A 50 pl reaction mixture containing 10-100 ng

DNA template, 1 uyM of each primer, 1x PCR
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buffer (20 mM Tris—HCI, pH 8.4, 50 mM KClI),
1.5 mM MgCIZ, 2.5 mM dNTPs, and 2.5 unit of
Taq DNA polymerase (Invitrogen, USA). The PCR

products were confirmed by 2% agarose gel
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electrophoresis and then purified by using Geneaid
Gel/PCR DNA Fragments Extraction Kit (Geneaid
Biotech Ltd., Taiwan).

Table 2: Primers and reaction conditions
DNA region Primer pairs Primer sequence (5’-3’) Thermocycling conditions
psbA-trnH psbA’3f GTTATGCATGAACGTAAT- 94°C 5 min; [ 40 cycles: 94°C 40
GCTC s; 55°C 40 s; 72°C 40 s]; 72°C 10
(Chen, etal., 2010)  trnH’r CGCGCATGGTGGAT- ™Mn
TCACAATCC
trnL-trnF UniE GGTTCAAGTCCCTCTATCCC  94°C 5 min; [ 30 cycles: 94°C 30
(McDade and UniF ATTTGAACTGGTGACACGAG S 90°C 40 72°C 40 5] 72°C 10
Moody, 1999) min
ITS2 S2F ATGCGATACTTGGTGTGAAT  94°C 5 min; [ 40 cycles: 94°C 30
(Chen, etal., 2010)  S3R GACGCTTCTCCAGACTACAAT S 96°C 405, 72°C 40s]; 72°C 10

min

DNA sequencing and analysis

DNA sequencing in both directions using
the same primers for PCR amplification were
performed on the DNA Sequencer at SolGent Co.,
Ltd. (Korea). The forward and reverse sequences
obtained were edited and aligned using the
program Bioedit v7.0.8 (http://www.mbio.ncsu.
edu/BioEdit/BioEdit.html; Hall, 1999) and Clustal
W (Larkin, et al., 2007), respectively. The
genetic distances were computed using MEGA
6.06 according to the Kimura 2-Parameter (K2P)
model (Kimura, 1980; Tamura, et al., 2013).
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3. Results and Discussion

Specimen collection and morphological
verification of Thunbergia spp.

Although it was reported that there are
eleven species of Thunbergia existing in Thailand
(The Forest Herbarium, 2001), in this study only
eight species, T. alata, T. coccinea, T. colpifera,
T. erecta, T. fragrans, T. grandifiora, T. hossei
and T. laurifolia could be collected from various
areas in Thailand (see Fig. 1 and Table 1). T.
affinis, T. nivea, and T. similis could not be found
even with great effort. Morphological identification
of the plant specimens conformed to the Flora of
China guideline (Jiaqi, et al., 2011) and the
Encyclopedia of plant in Thailand database (The
Forest Herbarium-BKF, 2014). Stalks, leaves,

flowers, and fruits of each specimen were used
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to prepare the herbarium. All corresponding
voucher images and specimens were kept at
Silpakorn University and subsequently the
herbaria will be deposited at the Forest Herbarium
-BKF, Thailand.

By means of morphology examination of
fresh specimen, each species of Thunbergia was
easily identified except for T. grandifiora and T.
laurifolia because of the similarity of their flowers,
as shown in Fig. 1. So, other features especially
the shape of leaves could be used to differentiate
between them. T. laurifolia has an oval-shaped
leaves while T. grandifiora leaves are variable in
shape, i.e. heart or triangular-shaped with broad-
base and narrow to a pointed tip, the margins

may be toothed, lobed or entire (The Forest

©
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Herbarium-BKF, 2014). Therefore, it must be
noted that to verify any plant, a complete specimen
should be obtained otherwise it might lead to
misunderstanding or eventually misuse, especially
for the plants appeared to be very similar. This
problem emphasizes an important aspect for
verification or quality control of commercial
herbal products, either in the form of fresh or
processed herb. A new molecular technique
known as ‘DNA barcoding’ has been proposed as
a simple and accurate technique for identifying
the species of living organisms (Hebert, et al.,
2003). Herein, we applied this method to identify
Thunbergia spp. by investigating three DNA loci

as potential DNA barcodes.
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Figure 1:

The images of Thunbergia spp. used in this study showing their flowers and leaves: 1) T.

alata 2) T. coccinea 3) T. colpifera 4) T. erecta 5) T. fragrans 6) T. grandifiora 7) T. hossei

and 8) T. laurifolia

DNA extraction and PCR amplification

Fresh leaves were used for DNA extraction
because of their availability and ease of extraction.
Purified genomic DNA was then used as a
template for PCR amplifications. The primer pairs
and reaction conditions from previous studies
(McDade and Moody, 1999; Chen, et al., 2010)

were successfully amplified psbA—trnH, trnL-trnF
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and ITS2 regions of these Thunbergia DNA sam-
ples with 100% success rate. As estimated from
agarose gel electrophoresis, the sizes of PCR
products of psbA-trnH, trnL-trnF, and ITS2 were
550, 450 and 500 bps, respectively (see Fig.2).
High success rate of PCR amplification supported
the ‘universality’ of these primers to be used as

the universal primers for amplifying these regions.
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PCR products of ITS2, psbA-trnH, and trnL-trnF amplification. The figure show 2 % agarose

gel electrophoresis (ethidium bromide-stained) of 500 bp, 550 bp and 450 bp fragments

of ITS2 (lane 1), psbA-trnH (lane 2), and trnL-trnF (lane 3) amplification, respectively. Lane

M represents 2-Log DNA ladder.

Sequencing efficiency and sequence
analysis

All purified PCR products obtained could
be sequenced in both directions giving overall
success sequence rate of 100%. The accuracy
of target sequences were verified by editing and
alignment between the forward and reverse
sequences obtained using the programs BioEdit
v7.0.8 and Clustal W, respectively and then were
carefully fine-tuned manually. These results

revealed the sequence quality of these PCR
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products. The lengths of the intergenic spacers
psbA-trnH, trnL-trnF and the second nuclear
ribosomal internal transcribed spacer, ITS2
sequences ranged from 423 to 448 bps (avg. =
440 bps), 319 to 349 bps (avg. = 338 bps) and
207 to 226 bps (avg. = 219 bps), respectively
(Table 3). It was noted that the length of these
three DNA regions were quite short enough to be
easily amplified and sequenced, thus appropriate

for DNA barcoding in the study of Thunbergia spp.
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Table 3: The length (base-pairs) and % GC content of psbA-trnH, trnL-trnF, and ITS2 from Thunbergia

Spp.

length (base-pairs)

%GC content

psbA-trnH  trnL-trnF ITS2 psbA-trnH trnL-trnF ITS2

Thunbergia alata 446 337 223 26.90 37.98 70.40
T. coccinea 440 345 218 25.68 37.68 70.64
T. colpifera 423 319 217 26.24 39.49 69.12
T. erecta 441 340 207 27.21 37.64 69.56
T. fragrans 446 349 226 27.88 39.95 72.57
T. grandiflora 440 335 222 25.90 37.91 63.58
T. hossei 448 340 217 27.00 37.64 73.27
T. laurifolia 432 341 225 26.85 37.24 71.11
Average 440 338 219 26.71 38.19 70.03

Another important feature of a desirable
DNA barcode is an ease to be amplified, hence
its GC content should be concerned. If a DNA
fragment has too high GC content, it is rather
difficult to amplify using a standard PCR protocol,
and usually need optimization. By analyzing
percent GC content of three DNA loci of eight
Thunbergia species, it was found that psbA-trnH,
trnL-trnF and ITS2 sequences contained an
average of 26.71, 38.19 and 70.03 %GC, respec-
tively (Table 3). Albeit ITS2 seemed to have high
GC content, it was amplified successfully. That
was probably due to its relatively short sequence
and primer specificity with high denaturing tem-
perature.

It is also noted that the discriminating
power among species is a significant character-
istics of an ideal DNA barcode. In this work, we

utilized the K2P distance (divergence, d-value)

via the program MEGA 6.06 to demonstrate the
difference between two compared sequences.
The K2P distance varies between 0-1 (0<K2P
distance<1). The higher the K2P value, the more
the divergence (i.e. high sequence variation
between species so that they can be discrimi-
nated from one another). All K2P values of pair-
wised sequences comparison between psbA-trnH,
trnL-trnF, and ITS2 of eight Thunbergia species
were shown in Table 4 with an average of 0.088,
0.054, and 0.121, respectively. The results
showed that all three candidate barcodes could
obviously differentiate among pairs of studied
species as shown by ‘K2P divergence value > 0.
In this regard, ITS2 showed the highest average
K2P value implying that it was the best perform-
ing single locus amongst three candidate
barcodes to identify the variation. However, for

some Thunbergia pair eg. T. alata vs.T. coccinea
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or T. alata vs. T. hossei, the trnL-trnF locus was
found relatively better than ITS2 in differentiating
these species due to its higher K2P value. The
result presented here was in accordance with the
previous study that proposed ITS2 as a universal
DNA barcode for identification of medicinal plants.

They showed that the ITS2 sequence readily dif-
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ferentiated all 24 medicinal species and 66 re-
lated species at the genus level and could also
differentiate 80% of the studied species at the
species level. Moreover, the success rate of
identifying over 4800 plant species from 750
genera using the ITS2 region reached 92.7%
(Chen, et al., 2010).

Table 4 Value of sequence divergences (Kimura 2-Parameter) computed between each pair of Thun-

bergia spp.

psbA-trnH trnL-trnF ITS2
T. alata T. coccinea 0.078 0.147 0.089
T. alata T. colpifera 0.153 0.135 0.184
T. alata T. erecta 0.068 0.139 0.146
T. alata T. fragrans 0.040 0.144 0.084
T. alata T. grandifiora 0.140 0.147 0.102
T. alata T. hossei 0.068 0.147 0.095
T. alata T. laurifolia 0.087 0.152 0.094
T. coccinea T. colpifera 0.143 0.042 0.178
T. coccinea T. erecta 0.099 0.024 0.127
T. coccinea T. fragrans 0.086 0.031 0.126
T. coccinea T. grandifiora 0.090 0.000 0.027
T. coccinea T. hossei 0.039 0.000 0.056
T. coccinea T. laurifolia 0.016 0.003 0.010
T. colpifera T. erecta 0.095 0.024 0.206
T. colpifera T. fragrans 0.141 0.046 0.193
T. colpifera T. grandifiora 0.074 0.042 0.159
T. colpifera T. hossei 0.173 0.042 0.184
T. colpifera T. laurifolia 0.150 0.046 0.165
T. erecta T. fragrans 0.066 0.028 0.199
T. erecta T. grandifiora 0.090 0.024 0.146
T. erecta T. hossei 0.089 0.024 0.133
T. erecta T. laurifolia 0.108 0.028 0.133
T. fragrans T. grandifiora 0.079 0.031 0.126
T. fragrans T. hossei 0.099 0.031 0.139
T. fragrans T. laurifolia 0.089 0.035 0.133
T. grandifiora T. hossei 0.033 0.000 0.073
T. grandifiora T. laurifolia 0.019 0.003 0.016
T. hossei T. laurifolia 0.048 0.003 0.062
Average 0.088 0.054 0.121

* Italic numbers represent the highest value of sequence divergence among the three candidate barcodes
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For psbA-trnH region, the average K2P
value was 0.088 which was lower than that of
ITS2. Several studies proposed psbA-trnH as a
good DNA barcode candidate for plants due to
its PCR priming sites within highly conserved
sequences and high numbers of substitution in
the sequence (Pang et al. 2012). The psbA-trnH
was also found efficient in distinguishing various
Dendrobium Sw. species, with relatively high
interspecific variation (Yao et al., 2009). Moreover,
it was also proposed that the plastid psbA-trnH
intergenic spacer region would be a suitable
universal barcode for land plants (Kress and
Erickson, 2007). Therefore, psbA-trnH could also
be considered as a DNA barcode for Thunbergia
species with lower discrimination power than
ITS2.

In case of trnL-trnF, it showed the lowest
average sequence divergence among three
tested markers. Moreover, it could not differentiate
between T. coccinea and T. grandifiora or T.
hossei; and T. grandifiora vs. T. hossei, with the
K2P value of 0. These data indicated that the
trnL-trnF locus appear to have no or little variation
to discriminate between most of Thunbergia
species. Chase, 2005 also showed that frnL-trnF
region was not variable enough to be used as a
DNA barcode (Chase, 2005). Nonetheless,
trnL-trnF performed well over ITS2 and psbA-trnH
to discriminate T. alata from T. fragrans or T.
grandifiora or T. hossei or T. laurifolia, suggesting
that the combination of loci such as ITS2 and
trnL-trnF may be required if single ITS2-locus

cannot differentiate among these species.
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Concerning CBOL'’s data standards and
guidelines for DNA barcode locus selection, ITS2
was then proposed as a potential barcode to
indentify Thunbergia spp. due to its high potential
to identify variation, easy amplification and
sequencing. In addition, we suggest using two or
three-locus combinations (eg. ITS2 and psbA-trnH
or trnL-trnF, or using ITS2 together with psbA-trnH
and trnL-trnF) that may be necessary to provide
enough variation and increasing the discriminatory

power.

4. Conclusion

In this study, we evaluated three DNA
barcode candidates, psbA-trnH, trnL-trnF, and
ITS2 for identification of Thunbergia spp. existing
in Thailand. PCR amplification and sequencing
efficiency, and sequence divergence of the three
markers were investigated. All candidates showed
great efficiency in PCR amplification and sequencing
using universal primers. Although, these three
genetic loci can individually differentiate most
Thunbergia species under studied but their
discrimination powers vary. ITS2 showed the
highest sequence divergence while the lowest one
was frnL-trnF. ITS2 seemed to be the best single
DNA barcode locus, but a combination of ITS2
with psbA-trnH and/or trnL-trnF will greater im-
prove discrimination power for identification of
Thunbergia spp. However, we still further study
by increasing the number of samples in order to
standardize these potential DNA barcodes, which
may be applied for authenticating or developing
the quality control of related herbal products in

the near future.
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