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ABSTRACT

Forensically informative nucleotide sequencing (FINS) is a molecular approach to identify biological materials based on DNA
sequences. It focuses on the clustering of samples with reference species through an analysis of the phylogenetic relationship among the
species. The choice of loci is critical to the successful use of FINS for identification. In this study, we investigated the influence of six loci
(TS, matK, rbcL, rps16, trnH-psbA and trnL-trnF) on the application of FINS for the identification of traditional Chinese medicine as
demonstrated in Baihuasheshecao, a traditional anti-tumor herb derived from Hedyotis diffusa willd. A total of 36 plant samples of Hedyotis
species and eight samples of Baihuasheshecao commodities were collected from Hong Kong, Macao, Taiwan, mainland China and the
USA. Internal transcribed spacers (ITS) sequences displayed the highest rate of formation of single species cluster (89%), followed by
rps16 (78%), matK (74%), trnL-trnF (72%), trnH-psbA (67%) and rbcL (61%). All the loci could discriminate H. diffusa from the common
substitute species H. corymbosa, H. pinifolia and H. tenelliflora. FINS identification based on ITS, trnH-psbA and trnL-trnF revealed
that five Baihuasheshecao commodities were genuine herb derived from H. diffiisa, while the other three commodities were substitutes
derived from H. corymbosa. MatK, rbcL and rps16 could not be amplified from all commodity samples and were thus inapplicable for
FINS identification of dried the samples. In conclusion, the success of FINS identification depends on the DNA loci as they show different
abilities to differentiate genuine species from substitutes, to discriminate closely related species and to generate quality sequences. In this
study, the eligibility of DNA locus for FINS identification of Baihuasheshecao commodities, in descending order, is ITS > trnL-trnF >

trnH-psbA > rps16 > matK > rbcL.
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INTRODUCTION

Forensically informative nucleotide sequencing (FINS)
is a molecular approach to trace the source of biological
material based on the informative sites in DNA sequence and
clustering revealed in phylogenetic trees!). It focuses on the
clustering of samples with reference species through an anal-
ysis of the phylogenetic relationship among the species®.
In the past decade, FINS has been applied to identify the
source of food products and herbal medicines using various
DNA loci®!D. DNA of testing materials is extracted, which
is followed by amplification and sequencing of a portion of
DNA. This DNA sequence is compared with reference DNA
sequences of the same locus and the identity of the testing
material can be determined by phylogenetic analysis‘".

* Author for correspondence. Tel: +852 9366 0328;
Fax: +852 2603 5646; E-mail: paulbut@hotmail.com

The resolution of FINS depends on the variability and the
number of informative sites in the DNA sequences of testing
samples and reference materials®. Since the evolutionary
rates of different DNA loci vary among different taxa, it is
essential to select DNA loci with sufficient variability to give
appropriate resolution in FINS. In recent years, several DNA
loci have been suggested by the Consortium for the Barcode
of Life for barcoding every species, including mitochon-
drial cytochrome c oxidase 1 gene (CO/), chloroplast large
subunit of ribulose-bisphosphate carboxylase gene (rbcL),
chloroplast maturase K coding region (matK), chloroplast
trnH-psbA intergenic spacer (trnH-psbA) and nuclear internal
transcribed spacer (ITS)1>14. Other DNA loci, such as
chloroplast 7psi6 and chloroplast trnL-trnF region, are also
commonly used to differentiate medicinal materials('>'®),
All these DNA loci have different success rates of PCR
amplification, genetic divergence levels and identification
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values!317). Consequently, it is necessary to explore the most
suitable DNA loci for FINS and rate their success rates as
primary DNA targets. In this study, the influence of six DNA
loci (ITS, matK, rbcL, rps16, trnH-psbA and trnL-trnF) was
compared on the application of FINS for identifying tradi-
tional Chinese medicines (TCM) using Baihuasheshecao as
a demonstration.

Accordingtothe Pharmacopoeia of the People s Republic
of China'"®, Baihuasheshecao is derived from the whole plant
of Oldenlandia diffusa (willd) Roxb., which is regarded as a
synonym of Hedyotis diffusa'>??. Traditionally, it has been
used for relieving ‘internal heat’, detoxification, facilitation
of diuresis and for elimination of ‘internal wetness’. Recent
studies have shown that it has anti-tumor, immunomodula-
tory?!-?Y_anti-inflammatory, anti-bacterial, hepatoprotec-
tive®>29) anti-oxidative®’->®) and neuroprotective proper-
ties®®. In the market, there are several common substitutes
derived from various species in the same genus, particularly
H. corymbosa, H. pinifolia and H. tenelliflora (syn. H. angus-
tifolia Cham. & Schlecht), and the species from the families
Caryophyllaceae, Molluginaceae and Loganiaceae®?). Tradi-
tional classification of Hedyotis showed several Sections
in Hedyotis, including Hedyotis, Diplophragma, Dimetia,
Euoldenlandia and Gonotheca''®). More updated taxonomy
review showed that the classification of Hedyotis is more
complicated because of the reduced morphological characters
and unsettled nomenclatural issues??). Among four Hedyotis
species (H. diffusa, H. corymbosa, H. pinifolia and H. tenel-
liflora), they share similar appearances and thus are easily
confused as Baihuasheshecao commodities. Among them,
H. diffusa and H. corymbosa are common species distributed
widely in China. The two species look very similar except
for the number of axillary flowers, which may vary with
geographical and environmental factors. Despite the similar
morphology, the medicinal values of H. diffusa and H.
corymbosa are somewhat different>>). Consequently, correct
identification of the genuine herb is important for therapeutic
applications.

MATERIALS AND METHODS
. Samples Studied

A total of 36 plant samples covering 19 Hedyotis
species were collected from Hong Kong, Macao, Taiwan and
mainland China. A total of 35 plant samples were collected
in field and deposited in Shiu-Ying Hu Herbarium, School
of Life Sciences, The Chinese University of Hong Kong.
One specimen sample of H. vestita R. Br. (HK36764) was
obtained from Hong Kong Herbarium, Agriculture, Fish-
eries and Conservation Department. Eight herb samples of
Baihuasheshecao were purchased from herb stores in Hong
Kong, mainland China and USA and were deposited in the
Museum, Institute of Chinese Medicine, The Chinese Univer-
sity of Hong Kong (Table 1).
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Il. DNA Extraction, Amplification, Cloning and Sequencing

Approximately 10 mg of sample was subjected to DNA
extraction by the modified CTAB (cetyltrimethylammonium
bromide) extraction method as previously described®). Target
DNA loci were amplified by polymerase chain reaction
(PCR) in a 25 pL reaction mixture containing 17.3 pL double
distilled water, 2.5 uL 10x PCR buffer [10 mM Tris-HCI (pH
8.3), 50 mM KCl, 25 mM MgCl, 0.001% gelatin], 1 uL 2.5
mM dNTPs, 0.5 uL. each 10 mM forward and reverse primer,
1 unit 7aq polymerase and 1.5 pL. DNA extract. The primers
for ITS are RUT-ITSF1 (5'- TCG CGA GAA GTC CAC TGA
-3") and ITS4 (5'- CAC ACC GCC CGT CGC TCC TAC
CGA -3")CD; for matK are matK 2F (5'- GTT CAC TAA
TTG TGA AAC GT -3') and matK 3R (5'- GAT CCG CTG
TGA TAA TGA GA -3)3%); for rbcL are rbcL._Z674F (5'-
TTT ATA AAT CAC AAG CCG AAA CTG GTG AAATC
-3") and rbcL Z1375R (5'- AAT TTG ATC TCC TTC CAT
ATT TCG CA -3")®¥; for rpsi6 are 1ps16_F (5'- GTG GTA
GAAAGCAACGTGCGACTT-3")andrps16 R3 (5'- CGA
TAG ACG GCT CAT TGG GAT A -3"3339; for trnH-psbA
are trnHR (5'- CGC GCA TGG TGG ATT CAC AAA TC
-3") and psbAF (5'- GTT ATG CAT GAA CGT AAT GCT
C -3"32); for trnL-trnF are TabC (5'- CGA AAT CGG TAG
ACG CTA CG -3') and TabF (5'- ATT TGA ACT GGT GAC
AC GAG -3)®. PCR was performed in a thermal cycler
through 32 cycles of 95°C for 45 sec, 50°C or 53°C for 1
min, and 72°C for 1 min. PCR products were analyzed by
gel electrophoresis and purified by Gel-M™ Gel Extraction
System (Viogene) following the manufacturer’s instructions.
PCR products were cloned using pGEM®-T Easy Vector
System I (Promega) and transformed into Escherichia coli
(strain DH5a) competent cells. Purified PCR products and
bacterial clones were sent to either Macogen Inc. or Beijing
Genomics Institute for DNA sequencing.

IIl. Data Analysis

For each DNA locus, sequences of all samples were
aligned and edited using BioEdit 7.0 and ClustalX 2.0¢7),
The evolutionary divergences among sequences were calcu-
lated under the maximum parsimony criterion for phyloge-
netic trees construction with bootstrap assessment by 1000
replications using MEGA5G®. Branches corresponding to
partitions reproduced in less than 50% bootstrap replicates
are collapsed. The maximum parsimony tree was obtained
using the Close-Neighbor-Interchange algorithm®? with
search level 1 in which the initial trees were obtained with the
random addition of sequences (10 replicates). All positions
containing gaps and missing data were eliminated.

RESULTS AND DISCUSSION

In this study, we have used six DNA loci from the nuclear
and chloroplast genomes (ITS, matK, rbcL, rps16, trnH-psbA
and #rnL-trnF) for the authentication of Baihuasheshecao
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commodities using FINS approach. All the samples were
successfully amplified with the six DNA loci. The only
exception was H. vestita (YU26), which was derived from an
old voucher specimen stored in Hong Kong Herbarium, Agri-
culture, Fisheries and Conservation Department; only ITS
and matK were successfully amplified from this specimen
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(Table 1). The sizes of the amplicon were 659-669 bp for ITS,
265-475 bp for trnH-psbA, 853-906 for trnl-trnF, 636-671
bp for rpsi6, 670 bp for rbcL and 874 bp for matK. The
numbers of informative sites/aligned sites were 210/689 for
ITS, 215/547 for trnH-psbA, 176/999 for trnL-trnF, 94/697
bp for rpsi6, 39/670 bp for rbcL and 114/874 bp for matK.

Table 1. Plant samples and Baihuasheshecao commodities used in this study

GenBank accession number

Species / sample Code Collection place

ITS trnH-psbA  trnL-trnF rpsl6 rbcL matK
Sect. Hedyotis
Hedyotis auricularia L. MA17*  Saikung, Hong Kong, China HQ148794 HM640352 HM752867 HM752952 HM753037 HM753122
Hedyotis auricularia L. MA18*  Saikung, Hong Kong, China HQ148795 HM640353 HM752868 HM752953 HM753038 HM753123
Hedyotis pinifolia Wall. ex Mapp#  ilho do Nordeste de Coloane, o 40788 1M640346 HM752861 HM752946 HMT53031 HM7S3116
G.Don Macau, China
Hedyotis pinifolia Wall. ex .
o YUI9*  Hong Kong, China HQI48821 HM640379 HM752894 HM752979 HM753064 HM753149
Hedyotis tenelliflora Blume TMO05*  Taimoshan, Hong Kong, China HQ148762 HM640320 HM752835 HM752920 HM753005 HM753090
Hedyotis tenelliflora Blume TMO06*  Taimoshan, Hong Kong, China HQ148763 HM640321 HM752836 HM752921 HM753006 HM?753091
Hedyotis verticillata (L) Lam.  MA14* &‘;‘éﬁidgh?r‘l‘;a Municipal Park, 10140701 HM640349 HM752864 HM752949 HM753034 HMTS3119
Hedyotis verticillata (L) Lam.  YU12* E(;’I‘l’gRg‘;llfng"““‘ry Park, Hong 11148815 HM640373 HM752888 HMT52973 HM753058 HM753143

. . Hong Kong Herbarium, Hong

Hedyotis vestita R. Br. U260 China HQ148827 - - - HQ225735
Sect. Diplophragma
edyors acutanguld Champ- €y g1+ Tailongsaiwan, Hong Kong, China HQI4STS  HMG40311  HM7S2826 HM7S2911 HMTS2996 HMITS3081
g:r‘ftylf”s acutangula ChAMp. X 1y 0 Tyilongsaiwan, Hong Kong, China HQI48754 HM640312 HM752827 HM752912 HM752997 HMT53082
Hedyotis assimilis Tutch. BWO07*  Guangzhou, China HQI48743 HM640301 HM752816 HM752901 HM752986 HM753071
Hedyotis assimilis Tutch. BW09*  Guangzhou, China HQI48744 HM640302 HM752817 HM752902 HM752987 HM753072
Hedyotis bodinieri H.Lév. TM22*  Taimoshan, Hong Kong, China HQ148777 HM640335 HM752850 HM752935 HM753020 HM753105
Hedyotis bodinieri H.Lév. YUII*  Taimoshan, Hong Kong, China ~ HQI48814 HM640372 HM752887 HM?752972 HM753057 HM753142
Hedyotis bracteosa Hance MAO1* gfg’ud‘égzzd“te de Coloane, 10 14g778  HM640336  HM752851 HM752936 HM753021 HM753106
Hedyotis bracteosa Hance MA02* E:ﬁ‘;ﬁ‘égﬁfesw de Coloane, 10148779 HM640337 HM752852 HM752937 HMT753022 HM753107
Hedyotis consanguinea Hance BX03*  Patsinleng, Hong Kong, China HQ148752 HM640310 HM752825 HM752910 HM752995 HM753080
Hedyotis consanguinea Hance BW20*  Patsinleng, Hong Kong, China HQ148748 HM640306 HM752821 HM752906 HM752991 HM753076
Hedyotis loganioides Benth, YUI6* Ma On Shan, Hong Kong, China ~ HQ148819 HM640377 HM752892 HM752977 HM753062 HM753147
Hedyotis loganioides Benth. YUI7*  Ma On Shan, Hong Kong, China ~ HQ148820 HM640378 HM752893 HM752978 HM753063 HM753148
;’;‘iy/[‘;’t’gall‘;”g"’mm Mert & Bwo6*  Guangzhou, China HQI48742 HM640300 HMT752815 HM752900 HMT752985 HM753070
Hedyotis shiuyingiae T. Chen TMO09*  Tai Mo Shan, Hong Kong, China  HQ148764 HM640322 HM?752837 HM?752922 HM753007 HM?753092
Hedyotis shiuyingiae T. Chen TM19*  Tai Mo Shan, Hong Kong, China ~ HQ148774 HM640332 HM?752847 HM752932 HM753017 HM753102
Hedyotis uncinella Hook. & Arn.  TM16*  Tai Mo Shan, Hong Kong, China ~ HQ148771 HM640329 HM752844 HM752929 HM753014 HM753099
Hedyotis uncinella Hook. & Arn.  TM17*  Tai Mo Shan, Hong Kong, China ~ HQ148772 HM640330 HM?752845 HM752930 HM?753015 HM753100
Hedyotis vachellii Hook. & Am. ~ YU21*  Lan Tau Peak, Hong Kong, China  HQ148823 HM640381 HM752896 HM752981 HM753066 HM753151
Hedyotis vachellii Hook. & Am. ~ YU22*  Lan Tau Peak, Hong Kong, China  HQ148824 HM640382 HM?752897 HM752982 HM753067 HM753152
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Table 1. Continued
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GenBank accession number

Species / sample Code Collection place

ITS trnH-psbA  trnL-trnF rpsl6 rbeL matK
Sect. Dimetia
Hedbotis hedyotidea (DC.) Merr.  KL03*  Kei Leng, Hong Kong, China HQI48756 HM640314 HM752829 HM752914 HM752999 HM753084
Hedyoris hedyoridea (DC.) Mer. MAQ3* 72 Pt an Country Park, HQI48780 HM640338 HM752853 HM752938 HM753023 HMTS3108
Sect. Euoldenlandia

. Encosta do Altinho de Coloane,

Hedyotis corymbosa (L) Lam. ~ MA25* (W08 0. HQI48802 HM640360 HM752875 HM752960 HM753045 HM753130
Hedotis corymbosa (L) Lam.  TAOI*  Taiwan HQI48757 HM640315 HM752830 HM752915 HM?753000 HM753085
Hedyotis diffusa Willd. MAI19* E‘}ﬁzBr‘dge’ Coloane, Macau, 1y 148706 HM640354 HM752869 HM752954 HM753039 HM753124
Hedvyotis diffusa Willd. TYO1* gi‘h% Lan Tau Island, Hong Kong, 111 4e750  1M640317 HM752832 HM752917 HMT53002 HM753087
Sect. Gonotheca
Hedyotis biflora (L.) Lam. MAO08*  Jardim Lou Lim Iok, Macau, China HQ148785 HM640343 HM752858 HM752943 HM753028 HM753113
Hedbotis biflora (L.) Lam. YU20*  Lantau Island, Hong Kong, China  HQ148822 HM640380 HM752895 HM752980 HM753065 HM753150
Commodity sample
- DS01 Sﬁ?f;h"“’ Zhejiang Province, - yo14g808 Q48844 HQI48861 . -
- DS03  Tianjin, China HQI48830 HQI48846 HQI48863 - -
. DS08 é‘l’l‘i’fjhumang’ Hunan Province, 0146835 1Q148851  HQI48868 i .
- DS10  Seattle, Washington State, USA HQ148837 HQ148853 HQI148870 - - -
- DSl gl‘lliar?th"“’ Guangdong Province, 148838 HQ48854  HQI48871 - -
- DS12  Hong Kong, China HQI48839 HQI48857 HQI48872 - - -
- DSI3  Hong Kong, China HQI48840 HQI48858 HQI48873 - - -
; DSIS  Boston, USA HQI48842 HQI48860 HQ148875 - - -

* Voucher specimens are stored in Shiu-Ying Hu Herbarium in the School of Life Sciences, The Chinese University of Hong Kong.
# Voucher specimen HK 36764 is stored in Hong Kong Herbarium, Agriculture, Fisheries and Conservation Department, Hong Kong SAR Government.

1. Authentication Using FINS Approach

The use of FINS for authentication focuses on the
identity of the samples through an analysis of the molecular
sequences and the phylogenetic relationship of the species
concerned. The clustering of species and resolution for
species identification in the phylogram is the major consider-
ation, while the cladistics interpretation of the phylogenetic
relationships among taxa is secondary®. The maximum
parsimony tree constructed based on ITS showed that indi-
vidual pairs of samples of H. diffusa (99%), H. corymbosa
(99%), H. pinifolia (99%) and H. tenelliflora (99%), formed
close groupings distinct from those of other species with the
support of high bootstrap frequencies (Figure 1). Traditional
taxonomy has classified H. diffiusa and H. corymbosa in the
same section of Euoldenlandia. Our results obviously showed
that these two species are remotely related; similar interpreta-
tion was reported in a previous phylogenetic analysis®. A
more thorough cladistics study is on-going with the aim to

further clarify the phylogenetic relationship among the 400+
Hedyotis species.

Our FINS analysis indicated that five Baihuasheshecao
commodities collected form Zhejiang (DS01), Tianjin (DS03),
Hunan (DS08), Seattle (DS10) and Guangdong (DS11) were
genuine and clustered with H. diffusa. In contrast, three
commodities collected from Hong Kong (DS12 and DS13)
and Boston (DS15) were substitutes derived from H. corym-
bosa (Figure 1). Similar conclusion was drawn from the
maximum parsimony tree of trnL-trnF, in which the distinct
clusters of H. diffusa (98%), H. corymbosa (99%), H. pinifolia
(99%) and H. tenelliflora (99%) were well supported by high
bootstrap frequencies, and the Baihuasheshecao commodities
clustered with H. diffusa (DS01, DS03, DS08, DS10 and DS
11) and H. corymbosa (DS12, DS13 and DS15), respectively
(Figure 2). For trnH-psbA, the distinct clusters of H. diffusa
(100%), H. corymbosa (99%), H. pinifolia (100%) and H.
teneliflora (91%) were clearly formed with high bootstrap
support (Figure 3). FINS analysis based on trnH-psbA also
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Figure 1. Maximum parsimony analysis of Hedyotis species based
on ITS. The bootstrap consensus tree inferred from 1000 replicates is
taken to represent the evolutionary history of the taxa analyzed. A total
of 44 taxa comprised with 36 plant samples of 19 Hedyotis species
and eight samples of Baihuasheshecao commodity were included.
Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed.

56 99

99

indicated that five Baihuasheshecao commodities (DSO1,
DS03, DS08, DS10 and DS11) were derived from H. diffusa
and three Baihuasheshecao commodities (DS12, DS13 and
DS15) are substitutes derived from H. corymbosa (Figure 3).
The DNA loci matK, rbcL and rpsl6 could be amplified in
reference species only but not in Baihuasheshecao commodi-
ties, and therefore the identity of these commodities could
not be revealed using these loci in this study (Figures 4-6).
Generally, the DNA quality and quantity in less carefully
preserved samples are low. Amplification of large DNA loci
from dried commodity herbs remains very challenging.

I1. Eligibility of DNA Loci for FINS Identification
The most crucial factor for successful FINS analysis is

the choice of suitable DNA locus, which should have suffi-
cient genetic divergences and should be easily amplified,
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Figure 2. Maximum parsimony analysis of Hedyotis species based on
trnL-trnF. The bootstrap consensus tree inferred from 1000 replicates
is taken to represent the evolutionary history of the taxa analyzed.
A total of 43 taxa comprised with 35 plant samples of 18 Hedyotis
species and eight samples of Baihuasheshecao commodity were
included. Branches corresponding to partitions reproduced in less than
50% bootstrap replicates are collapsed.

sequenced and analyzed. In this study, all six DNA loci
resolve H. diffusa, H. corymbosa, H. pinifolia and H. tenel-
liflora into distinct clusters (Figures 1-6). The phylogram
of ITS shows the highest number of single species clusters
except H. bodinieri and H. longanioides (17/19 species,
89%), followed by rpsi6 (14/18 species, 78%), matK
(14/19 species, 74%), trnL-trnF (13/18 species, 72%),
trnH-psbA (12/18 species, 67%) and rbcL (11/18 species,
61%). In general, the higher number of single species clus-
ters formed, the higher resolution value of FINS and the
higher eligibility of the DNA loci for FINS. Consequently,
the eligibility of DNA loci for FINS based on the genetic
divergence is ITS > rps16 > matK > trnL-trnF > trnH-psbA
> rbcL. Amplification of the six loci was generally easy for
most of the plant samples***!). However, matK, rbcL and
rps16 were not amplified from the dried herbal commodi-
ties and therefore these three DNA loci were not eligible



FLHT BEEFTHEE 3

il

884

4100: MA17 H auricularia
MA18 H auricularia
458: MAO3 H hedyotidea

100 KLO3 H hedyotidea

YU20 H biflora

491: TMO06 H tenelliflora
s 'I’\;ll\'{‘l‘(ﬁ1 HHtene;IIi.f_l.ora
verticillata
58 YU12 H vertici
100 MATT H pamaata
YU19 H pinifolia
— TY01 H diffusa
69 MA19 H diffusa
DS03
100 DS01
——— DS08
o
59 DS11
MA25 H corymbosa
99 TAO1 H corymbosa
DS13
DS12
DS15
_98: BW21 H consanguinea
BX03 H consanguinea
ﬂ: TM17 H uncinella
TM16 H uncinella
_99: HAO01 H acutangula
HAO2 H acutangula
_66: YU17 H loganioides
YU16 H loganioides
——  YU22 H vachellii
9Tt MAO1 H bracteosa

YU11 H bodinieri
MAO2 H bracteosa
TM19 H shiuyingiae
YU21 H vachellii
BWO07 H assimilis
TMO9 H shiuyingiae
BWO06 H longiexserta
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Figure 3. Maximum parsimony analysis of Hedyotis species based on
trnH-psbA. The bootstrap consensus tree inferred from 1000 replicates
is taken to represent the evolutionary history of the taxa analyzed.
A total of 43 taxa comprised with 35 plant samples of 18 Hedyotis
species and 8 samples of Baihuasheshecao commodity were included.
Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed.

for FINS identification of Baihusheshecao commodities
in this study. DNA degradation may lead to poor DNA
quality and quantity for subsequent molecular identifica-
tion. Therefore, DNA locus with large size, such as matKk,
rbeL and rpsl6, may lead to unsuccessful amplification in
commodity samples. Consequently, the eligibility of DNA
loci for FINS identification of Baihusheshecao commodities
should be ITS > trul-trnF > trnH-psbA > rpsl6 > matK
> rbeL. Tt is worthwhile to note that fungal contamination
is frequently found in herbal commodity which is improp-
erly processed and stored, thus generating possible false
positive amplification results, especially for nuclear loci
such as ITS. Plant-specific primers should be designed in
this case to eliminate the false positive amplification. For
DNA sequencing, the presence of multiple copies, pseudo-
genes, and secondary structure of ITS sometimes lead to
poor quality of sequence data®>**). TrnH-pshA sometimes
does not generate bidirectional unambiguous sequences due
to the presence of a poly-A/T structure which lowers the
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Figure 4. Maximum parsimony analysis of Hedyotis species based on
matK. The bootstrap consensus tree inferred from 1000 replicates is
taken to represent the evolutionary history of the taxa analyzed. A total
of 36 plant samples of 19 Hedyotis species were included. Branches
corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed.

100

successful rate of DNA sequencing®®. Although molecular
cloning of trnH-psbA prior to DNA sequencing can improve
the DNA sequencing results, the presence of large number of
indels makes sequence alignment and data analysis difficult.
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