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Abstract Alpinia belongs to a large genus with many
species found in Peninsular Malaysia. Several species of
Alpinia exhibit important medicinal potential. However,
progressive studies on the genus Alpinia were hampered by
difficulties encountered in species identification. With the
advancement achieved in genomic technology, more sen-
sitive tools such as DNA barcoding were developed, which
can be used for species identification. Internal Transcribe
Spacer 2 (ITS2) is a DNA barcode which has proven to be
a promising tool for species identification. The criterions of
ITS2 efficacy namely universality and efficacy for species
identification were tested on Alpinia species collected from
Peninsular Malaysia. The results showed that a success rate
of 96.97% was achieved using ITS2 for screening 11
species of Alpinia and an outgroup sample (Zingiber
specatabile). Combined with 15 additional sequences from
the Genbank for five Alpinia species, ITS2 demonstrated
high species identification efficacy with 88.2% of species
identified using phylogenetic and distance analysis. The
analysis was further improved with the use of ITS2 sec-
ondary structure. The results of both criterions demon-
strated the ability of ITS2 to successfully discriminate
Alpinia species, which will help to improve species iden-
tification of Alpinia species in Peninsular Malaysia.
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Introduction

The genus Alpinia Roxb. is the largest genus in the Zin-
giberaceae (ginger) family with approximately 235 species
(Govaerts et al. 2017). Several traits distinguish the genus
from other genera in the Zingiberaceae family namely
terminally borne inflorescence on the leafy stem, poorly
developed or absence of lateral staminodes and typically
attractive labellum. The genus has an extensive distribution
range, which can be found growing in Japan, tropical and
sub-tropical Asia, Australia and the Pacific Islands. There
are currently 27 recognised Alpinia species in Peninsular
Malaysia, 13 of which are endemic to the region (Govaerts
et al. 2017). Alpinia species are small or large herbaceous
plants, up to 2 m in height. Most species are found in
understory of rainforest while some favour disturbed
habitats (e.g. A. mutica and A. javanica) or wetlands (A.
aquatica). Many species of Alpinia are rich in phyto-
chemicals making them pharmaceutically important
(Ghosh et al. 2013). Chemical constituents from species
such as A. mutica, A. pahangensis and A. scabra exhibited
cytotoxic activity towards cancerous cell (Phang et al.
2013; Reddy et al. 2013; Malek et al. 2011). Studies have
demonstrated their cardomin property in treating inflam-
matory (Chow et al. 2012; Lee 2005). Extracted essential
oil of A. pahangensis showed antimicrobial activity against
five different Staphylococcus aureus strain (Awang et al.
2011).

Despite its potential applications, the studies on the
genus Alpinia in Peninsular Malaysia were faced with
several hurdles. As with many plant taxa, species
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identification for Alpinia is often difficult due to vague
congeneric morphological characteristics especially in the
rhizome form, phenotypic plasticity and short seasonal
flowering periods (Shi et al. 2011; Vinitha et al. 2014). This
could lead to counterfeit medicinal herbs which is a
recurring problem in the pharmaceutical and food industry
(Vinitha et al. 2014). Moreover, the population and dis-
tribution data on the genus are limited and remains unas-
sessed for the International Union for Conservation of
Nature Red List.

With deforestation being a looming threat in Peninsular
Malaysia, many Alpinia species are at risk of extinction as
many are only recorded in several restricted locations. As
traditional morphological identification techniques might
prove inadequate at times, DNA barcoding can be used to
complement species identification for Alpinia species.

DNA barcoding utilizes short segments of DNA for
rapid and standardized identification at the species level
based on two criterions (Kress et al. 2005; Hollingsworth
et al. 2011). A DNA barcode must remain conserved
among taxa for species resolution by possessing universal
primer sites while retaining sufficient genetic polymor-
phism to discriminate (Chase et al. 2007). In contrast to the
success of mitochondrial Cytochrome Oxidase I (COI) in
DNA barcoding efforts for animals, current DNA barcode
for plants do not have the universality and resolving power
equivalent to that of COL. Instead, evaluation for candidate
DNA barcodes in plants identified several potential loci
such as intron maturase K (matK) and RuBisCo (rbcL) or
nuclear-encoded ribosomal internal transcribed spacer
(ITS) or its shorter fragment ITS2 (Hollingsworth et al.
2009a). Each respective plant DNA barcode has their own
strength and weaknesses resulting in varying levels of
success for identification between taxa (Hollingsworth
et al. 2009b). To identify plant based medicine, DNA
barcode ITS2 is the preferred choice as it has good uni-
versality, small intraspecific variation, but high inter-
specific divergence, and a short fragment length (Chen
et al. 2010).

Several studies have evaluated candidate DNA barcodes
for Alpinia as part of a family wide study in China (Shi
et al. 2011) and India (Vinitha et al. 2014), each with
varying results. Shi et al. (2011) reported that the use of
DNA barcode ITS2 had the highest species identification
efficacy among six chosen barcode candidates for Zingib-
eraceae. Conversely, Vinitha et al. (2014) suggested the
combination of matK and rbcL to be the better suited
candidate for Zingiberaceae. As different results were
observed, DNA barcode ITS2 must first be evaluated prior
to establishing a DNA barcode library to aid in taxonomic
identification of Alpinia species in Peninsular Malaysia.
Thus, in this study, criterions of universality and efficacy of
species identification were assessed to determine the
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suitability of ITS2 as a candidate DNA barcode for the
genus Alpinia in Peninsular Malaysia.

Materials and methods
Plant sample collection and preparation

A total of 33 samples were collected from living specimens
either at or in conjunction with Suriana Botanical Gardens,
Penang as listed in Supplementary Table 1. For each spe-
cies, leaves were handpicked from three individual plant to
serve as biological replicates. However, Alpinia oxymitra
and Alpinia suriana were sampled once as only a single
individual plant was available. Leaves were dried in silica
gel and stored at — 80 °C.

DNA extraction and PCR amplification

Genomic DNA was extracted using GeneAll® plant sv mini
extraction kit (GeneAll, Seoul, South Korea) from the plant
tissue with slight modifications to the protocol i.e. plant
material was incubated at 65 °C for 15 min while period-
ically shaken every 5 min.

Primer design and annealing temperature for plant bar-
code ITS2 were adapted from Vinitha et al. (2014). The
sequence for forward primer is 5- AATTGCA-
GAATCCCGTGAAC-3 and reverse primer is 5'-
CTCGCCGTTACTAGGGGAAT-3'. Polymerase chain
reaction (PCR) assays were performed in 25-pl reactions
containing: 1 x Green GoTaq® Flexi Buffer (Promega
Corporation, Madison, USA), 0.08 M of dANTP mix, 4 mM
of MgCl,, 1 uM of both primers, 1.25 U of Tag polymerase
(Promega Corporation, Madison, USA) and 50 ng of DNA.
The PCR reaction cycle was as follows: initial denaturation
at 95 °C for 5 min, 40 cycles of denaturation at 95 °C for
30 s, primer annealing at 58 °C for 40 s and DNA strand
extension at 72 °C for 1 min with a final extension at 72 °C
for 7 min. PCR products were purified using GeneAll®
Expin™ PCR centrifugation protocol (GeneAll, Seoul,
South Korea).

Sequencing and data analysis

Purified PCR products were sequenced in both directions
by the commercial sequencing service company (First
BASE Laboratories Sdn Bhd. Seri Kembangan, Malaysia).
To improve species coverage of Alpinia in Peninsular
Malaysia, additional ITS2 sequences of published Alpinia
species were retrieved from GenBank. Species were only
selected if there are at least three distinct accessions pre-
sent in the GenBank as listed in Supplementary Table 1.
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Nucleotide sequences were assembled and trimmed
using Sequencher 5.4.6 (Gene Codes Corporation, Ann
Arbor, Michigan, USA). The trimmed sequences were
annotated for the true ITS2 region based on a Hidden
Markov model (Keller et al. 2009) using the annotate tool
on Internal Transcribed Spacer 2 Ribosomal RNA data-
base. The DNA sequences of accessions were uploaded to
GenBank and Barcode of Life data system. Edited DNA
sequences were then aligned with MUSCLE (Edgar 2004)
and manually improved with Jalview (Waterhouse et al.
2009). Sequence characteristics were computed using
MEGA 7.0.

Genetic distances

Six parameters of genetic distances of ITS2 sequences
were calculated based on Kimura 2-Parameter (K2P)
model using MEGA7.0 (Kumar et al. 2016). The average
inter-specific divergence, minimum inter-specific diver-
gence and average theta prime were calculated based on
K2P model to evaluate inter-specific divergence (Meyer
and Paulay 2005). The average intra-specific distance,
coalescent depth, and theta were calculated to determine
the intra-specific variation based on the K2P model (Meyer
and Paulay 2005). Differences between interspecific and
intraspecific divergence were evaluated using Wilcoxon
two-sample tests. Wilcoxon 2-sample test is a commonly
non-parametric equivalent paired Student’s T test for sim-
ple statistical analysis.

As recommended by Collins and Cruickshank (2013),
barcode gap was analysed using a dot plot in which the
maximum intraspecific distance (x-axis) was plotted
against the nearest neighbour distance (y-axis). A barcode
gap is present in a species if the dot is positioned above the
1:1 slope emerging from the origin of the graph.

Efficacy of species delineation

To determine the species identification efficacy of ITS2 as
a DNA barcode for the genus Alpinia of Peninsular
Malaysia, two different strategies were used namely tree-
based and distance methods.

The tree-based approach was used to resolve the tax-
onomy of the sampled Alpinia species using different
phylogenetic analysis strategies on all accessions of Alpi-
nia along with outgroup sample Z. spectabile. A species is
considered identified if it is recovered monophyletically, in
which all accession of the same species is clustered. Phy-
logenetic trees were constructed using neighbour joining
(NJ), and maximum likelihood (ML) using MEGA 7.0.
Bootstrap support values were calculated by running 1000
bootstrap replicates of the data.

For the distance method, two parameters from Tax-
onDNA namely ‘best match’ and ‘best close match’ based
on K2P model were computed using Species Identifier 1.8
software (Meier et al. 2006). Each parameter is defined
below:

1.  ‘Best match’ module is used to determine the closest
barcode for each query. An identification is deemed
successful if both the sequences are of the same
species; misidentification occurs when both sequences
are mismatched; and scored ambiguous if multiple
equally good best matches from different species were
matched to the queried sequence.

2. ‘Best close match’ module, a threshold below 95% of

all intraspecific distances was computed from relative
frequency of intraspecific distances. Queries will be
scored unidentified if the match’s value exceeds the
computed threshold. The remaining categories are like
‘best match’ module.

Secondary structures prediction

The ITS2 sequences were folded into its secondary struc-
tures using the predict tool in Internal Transcribed Spacer 2
Ribosomal RNA database (Wolf et al. 2005) with the
default value of E-value cutoff (E < le—16).

Results
Amplification and sequencing

The universality of DNA barcode ITS2 was determined by
the results of polymerase chain reaction (PCR) and
sequencing. In this study, a total 32 new ITS2 sequences
representing 11 species were successfully recovered. High
PCR success (100%, n = 33) was observed for loci ITS2
using a single primer pair indicating good primer univer-
sality. The amplicon size produced was in congruent with
the recovered size of 350 bp in Zingiberaceae (Vinitha
et al. 2014) and the estimated size of ITS2 in monocots
which ranges from a 100 to 480 bp (Yao et al. 2010).
Conversely, sequencing success was slightly lower
(96.97%, n = 33). The average sequence length of ITS2
produced from sampled accessions is 364 bp (n = 32) with
the length of sequences ranging from 263 bp to 430 bp. To
further improve the coverage of Alpinia species in Penin-
sular Malaysia, a total of 15 accessions representing 5
additional species were retrieved from GenBank as listed in
Supplementary Table 1. Once annotated, aligned and
trimmed, the sequences were 251 bp in length. The number
of variable sequence sites found for ITS2 was 33.86%. The
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average GC content was 59.45% ranging from 56.33 to
63.52%.

Intra and inter-specific genetic divergence analyses
and barcode gap

The genetic-divergence of the genus Alpinia from Penin-
sular Malaysia were estimated using MEGA 7.0 which
were represented by six different parameters (average
inter-specific distance, minimum inter-specific distance,
theta prime, average intra-specific distance, coalescent
depth, and theta) based on the K2P model as shown in
Table 1. The calculated average intraspecific distance
(0.002) is relatively lower than average interspecific dis-
tance (0.094). The differences between interspecific and
intraspecific divergence were significant (p value = 0.00)
according to the Wilcoxon two-sample test.

An ideal barcode must display a ‘barcoding gap’
between inter- versus intra-specific divergences. The dot
plot method recommended by Collins and Cruickshank
(2013) was used to determine the presence of a ‘barcoding
gap’. Dots positioned above the 1:1 slope indicates the
presence of the barcode gap, while dots positioned below
the 1:1 slope do not have a barcode gap. In this study, the
barcode gap was present in 88% of the species as shown in
Fig. 1.

Efficacy of DNA barcode ITS2 in identifying Alpinia
species

The efficacy of DNA barcode ITS2 in identifying Alpinia
species from Peninsular Malaysia were evaluated using two
different approaches namely tree and distance-based
approach.

For the tree-based approach, species are considered
successfully identified if sequences from the species are
clustered monophyletically. Figures 2 and 3 show that both
neighbour-joining and maximum likelihood tree were
identical with 88.2% of species recovered monophyleti-
cally. However, the phylogenetic arrangement of species

Table 1 Analyses of inter-specific and intra-specific divergence of
ITS2 sequences in 17 Alpinia species

Measurement K2P distance

Average inter-specific distance 0.094 + 0.037
Theta Prime 0.094 £ 0.037
Minimum inter-specific distance 0.000 £ 0.000
Average intra-specific distance 0.002 £ 0.003
Theta 0.003 £ 0.005
Coalescent depth 0.015 £ 0.008
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were different in both analysis. An ambiguous identifica-
tion was observed for A. rafflesiana and A. suriana in both
analysis as individuals from these species were clustered
together.

The accuracy of barcode assignment was evaluated
using the distance-based approach with two parameters
from TaxonDNA namely ‘best match’ and ‘best close
match’. In both parameters, sequences will be assigned
against others in the dataset simulating a species search.
The results from both parameters were similar to the tree-
based methods with 88.2% of species successfully identi-
fied. Moreover, the successfully identified speices were
also similar, with A. rafflesiana and A. suriana remain
ambiguously identified.

Secondary structure of ITS2 regions

Besides using the DNA sequences of ITS2 for species
identification, the variation found in the secondary struc-
ture of ITS2 can also be used. The ITS2 secondary struc-
ture for 14 Alpinia species and one Zingiber species were
predicted and shown in Fig. 4. The secondary structures of
ITS2 sequences for A. javanica and A. oxymitra could not
be displayed as no reference models were found for them.
All ITS2 secondary structures possess a central ring and
four similar helices: Helix I, I, III, and I'V. The central ring
was different in size between the ITS2 secondary structure
of Z. spectabile and Alpinia species. Variations in helices
regions in terms of loop number, size, position and screw
angle were observed between 12 Alpinia species. However,
identical ITS2 secondary structures were predicted for A.
macrostephana and A. vitellina var. cannifolia. From the
data observed, ITS2 secondary structures predicted were
able to delineate Alpinia species relatively well.

Discussion

As the pharmaceutical significance of Alpinia species
continues to gain recognition, an improved method of
species identification is needed as many Alpinia species are
difficult to differentiate morphologically. The introduction
of DNA barcoding to complement descriptive taxonomy is
a viable solution as demonstrated by studies involving
other taxa in Zingiberaceae (Vinitha et al. 2014; Shi et al.
2011). This is first accomplished by creating a DNA bar-
code database for example BOLD. Through this database,
query sequences can be assigned to a list of known species
for identification. Though there are several loci used in
DNA barcoding, ITS2 is favored in the field of plant based
traditional medicine due to its favorable characteristics
namely good universality, small intraspecific but high
interspecific variation, and a small fragment length (Chen
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Fig. 1 DNA barcoding gap 016
plotted through dot plot graph

with minimum inter-specific )
distance against mean intra- 0.14

specific distance. DNA
barcoding gap is present for
species above the 1:1 line 012

Minimum Inter-specific Distance

0.02 0.04

et al. 2010; Yao et al. 2010). Previous studies have
demonstrated the success of DNA barcode ITS2 in species
identification for Zingiberaceae (Shi et al. 2011). To our
current knowledge, the efficacy of DNA barcoding has not
been tested on Alpinia species from Peninsular Malaysia.
Based on the two criterions of universality and efficacy of
species identification, DNA barcode ITS2 was found to be
efficient and therefore appropriate to be used for identify-
ing Alpinia species from Peninsular Malaysia.
Universality is an important characteristic of DNA
barcoding as the recovery of the target loci must be simple,
efficient and consistent to perform (Michel et al. 2016).
This is determined by the success of PCR and quality of
sequence produced. In this study, DNA barcode ITS2
demonstrated good universality with PCR being successful
(100%) at recovering ITS2 amplicons from all samples
using a single primer pair developed by Vinitha et al.
(2014). The sequencing of ITS2 was also relatively suc-
cessful (96.97%). High levels of universality were also
observed in several plant taxa (Gu et al. 2013; Feng et al.
2016; Michel et al. 2016; Guo et al. 2017; Yu et al. 2017;
Zhu et al. 2017). The presence of conserved flanking
regions 5.8S and 28S around ITS2 promotes universal
amplification in numerous plant taxa (Shi et al. 2011).
Though good universality was observed in this study, the
failed sequencing of two A. conchigera samples can be due
to the presence of intragenomic heterogeneity of ITS2. This
outcome 1is attributed to the hybrid origin or polyploidy
nature of certain species of Zingiberaceae (Chen et al.

0.06 0.08 0.1 0.12 0.14 0.16
Mean Intra-specific Distance

2015; Vinitha et al. 2014). By testing via a taxon-wise
manner, the problem of intragenomic heterogeneity does
not appear to be prevalent among Alpinia species in the
dataset. Improvement in amplification and sequencing
success was observed when a subsection of ITS namely
ITS2 was used (Hollingsworth et al. 2011).

The success of species identification is determined by
the selected locus having sufficient genetic variation and
the method used for assessing the efficacy used (Collins
and Cruickshank 2013). Sufficient genetic variability was
found in ITS2 as both types of analysis were consistently
successful in resolving 88.2% of the species sampled.
Similar levels of species resolution were observed in other
studies on Zingiberaceae (Shi et al. 2011; Vinitha et al.
2014) and plant taxa (Michel et al. 2016; Zhu et al. 2017,
Yu et al. 2017; Guo et al. 2017). The ITS2 region was
shown to have high genetic variability due to its high
mutation rate allowing it to resolve a large range of species
(Chen et al. 2010; Yao et al. 2010). In congruent with other
studies, the use of ITS2 secondary structure improves
species delineation (Yao et al. 2010; Feng et al. 2016). For
example, distinct ITS2 secondary structures of A. raffle-
siana and A. suriana allows for both species to be
differentiated.

Though ITS2 performed well as a DNA barcode for
resolving Alpinia species of Peninsular Malaysia, other
DNA barcodes have yet to be tested on Alpinia species in
this region. Differences in DNA barcode performance
occur between plant species. In a study by Shi et al. (2011),
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MH424549 Alpinia denticulata
MH424538 Alpinia javanica
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KJ507888 Alpinia capitellata
54 KJ507889 Alpinia capitellata
21' KJ507890 Alpinia capitellata
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KJ507914 Alpinia nobilis
= KJ507916 Alpinia nobilis
MH424558 Alpinia mutica
P MH424559 Alpinia mutica

MH424560 Alpinia mutica
6 MH424552 Alpinia petiolata
MH424553 Alpinia petiolata

MH424554 Alpinia petiolata

MH424541 Alpinia vitellina var. cannifolia

97 2 MH424542 Alpinia vitellina var. cannifolia

MH424540 Alpinia vitellina var. cannifolia
KJ507913 Alpinia macrostephana
KJ507912 Alpinia macrostephana
KJ507911 Alpinia macrostephana

]

0.020

Fig. 2 Neighbor-Joining (NJ) Tree of Alpinia species in Peninsular
Malaysia constructed with ITS2. The bootstrap score (1000 repli-
cates) are shown for each branch

ITS2 was an effective DNA barcode for Zingiberaceae but
found to have poor universality when tested on Indian
Zingiberaceae (Vinitha et al. 2014) and curcuma species
from Myanmar and China (Chen et al. 2015). This is due to
the presence of intragenomic heterogeneity in ITS2 which
can be overcome by cloning, an unideal step in DNA
barcoding (Hollingsworth et al. 2011). Although our study
showed that intragenomic heterogeneity in ITS2 was not a
prevalent issue in Alpinia species of Peninsular Malaysia, it
would be beneficial for future studies to incorporate other
DNA barcodes such as matK and rbcL for Alpinia species
in Peninsular Malaysia.
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Fig. 3 Maximum Likelihood (ML) Tree of Alpinia species in
Peninsular Malaysia constructed with ITS2. The bootstrap score
(1000 replicates) are shown for each branch

Conclusion

In this study, efficacy of DNA barcode ITS2 was tested on
Alpinia species from Peninsular Malaysia based on two
criterions namely universality and species resolution. DNA
barcode ITS2 was found to possess good levels of uni-
versality after screening through 11 species using a single
primer pair designed by Vinitha et al. (2014). Good levels
of species identification were observed using ITS2 with an
88.2% success rate using two different methods of analysis.
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M SN

Fig. 4 The ITS2 secondary structures of Alpinia species a A.
aquatica, b A. capitellata, ¢ A. conchigera, d A. denticulate, e A.
macrostephana, £ A. murdochii, g A. mutica, h A. nobilis, i A.

This is further improved when ITS2 secondary structures
were used for species delineation. Based on the results
observed, ITS2 appears as a suitable candidate for use in
the species identification of Alpinia species in Peninsular
Malaysia. This work will allow the establishment of an
ITS2 library to aid species identification for Alpinia species
in Peninsular Malaysia.
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