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Molecular identification of six medicinal Curcuma plants produced
in Sichuan: Evidence from plastid trnK gene sequences
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Abstract: Aim To establish a rapid and simple molecular identification method for six medicinals :

Curcuma : C. longa, C. phaeocaulis, C. sichuanensis, C. chuanyujn, C. chuanhuangjang, and C.
chuanezhu in Sichuan Province . Methods A molecular approach ( tmK nucleotide sequencing) was used in
this study . Results The sequenced entire chloroplast tmK gene region spanned 2 699 - 2 705 bp . The mutK
gene (an intron embodied in fmK gene) sequence and the intron spacer region of the #mK gene have great
diversity within these six medicinal Curcunm species . There were six single bases substitutions between frmK
coding region and mutK region, the 9-bp deletion and 4-bp or 14-bp insertion repeat at some sites of mutK

region in each taxon. Conclwsion These relatively variable sequences were potentially informative in the

Research Center

identification for these six Curcumnm species at the DNA level .
Key words: Curcumnu ; nucleotide sequencing ; tmK gene ; molecular identification

CLC number: 81 Document code: A

Article ID: 0513 - 4870(2003)11 - 0871 - 05

6 trnK

1* : oo 2
(1. , 519020 ; 2. , 930 - 0194)
: 6 ( Curcuma)
tRNA ( tmK) . 6 ( C. longa . C. phaeocaulis .
C. sichuanensis - C. chuanyujin . C. chuanhuangjang . C. chuanezhu) tmK

2699 ~ 2705 bp. mat K tmK mat K s 6

( SNPs) 1l  %bp 2 4bpl4bp tmK
6 )

; ; tmK ;
Species identification of Chinese drugs is a biology, comparative DNA sequences have become a

prerequisite for standardization of the mselves . Traditional
ways rely on the inspection of morphological , histological
as well as phytochemical markers. DNA is the basic
component of a living organism, whereas phenotypic and
chemical characters are controlled by the arrange ment and
expression of genes. With recent advances in molecular
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widespread tool for species identification of medicinal
materials. In our laboratories, many medicinal plants
Cnidium

Pinellia and Pogostemon were successfully identified

such as Dioscorea , Ligusticum, Panax,

using 18S rRNA gene and mutK gene sequences by
molecular means'' "7 .

About 20 species of Curcuma are estimated to be
found in China, Some of them are of medicinal and
economic importance . Huangsi Yujin is derived from the

tuber of Curcunmm longa , Ezhu from the rhizome of C.
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These two Chinese drugs are officially
1

phaeocaulis .
recorded in the Chinese Pharmacopoeia'® However,
there are some confusion of botanical origins on Yujin and

[9]

Ezhu in commercial market in Sichuan ' . For instance ,

the former was often substituted by Chuanyujin/
Huangbaisi Yujin ( tubers of C. sichuanensis or C.
chuanyujin) , the latter by Chuanezhu/ Wenzhu ( rhizomes
of C. chuanezhu or C. chuanhuangjang) ( Table 1) , it
makes species identification of a particular Curcuma drug

difficult .

Table 1
origin and commercial names of Yuyin and Ezhu
retailed in Sichuan market

The overlapping and confusion in botanical

Origin Part used Commercial drug name
Curcuma longa Rhizome  Jianghuang ( )
Tuber Huangsi Yujin ( )
C. sichuanensis Rhizome  Chuanezhu ( )
Tuber Chuan Yujin( )
C. chuanyujin Rhizome  Chuanezhu( )
Tuber Huangbaisi Yujin ( )
C. chuanhuangjiang ~ Rhizome  Wenzhu ( )
Tuber Baisi Yujin( )
C. phaeocaulis Rhizome  Ezhu( )
Tuber Lusi Yujin ( )
C. chuanezhu Rhizome  Wenzhu/ Chuanezhu( / )
Tuber Lisi Yujin( )

Detection of some medicinal Curcumm plants have
currently been investigated using random amplified
polymorphic DNA ( RAPD) technique''*""' . Although
RAPD method does not require prior genetic background
of the genome and can examine DNA polymorphism , the
reliability of RAPD based genomic fingerprint results can
be greatly influenced by experimental conditions. These
studies also indicate that interspecific differentiation can
not be resolved completely. DNA sequencing method
focuses on a defined locus on the genome and may provide
definitive means for species identification of medicinal

12-13
Curcuma plants[ I

In the present study, sequence
analysis was performed using a chloroplast transfer RNA
for lysine ( tmK) among six medicinal Curcuma species
in Sichuan for establishing a rapid and simple molecular

identification of Curcuma drugs at DNA level .

Materials and methods

Plant materials Six species of medicinal Curcunn
were collected from different localities in Sichuan
province , Curcuma aromatica from Botanical Garden of
Institute of Medicinal Plants, The Chinese Academy of

Medical Sciences , Beijing and one species of Hedychium

from the Medicinal Plant Research Center of Toyama
Prefecture, Japan were chosen as ingroup and outgroup
taxon, respectively ( Table 2) . Four to five accessions
were tested in each taxon from one source . All voucher
specimens were identified by authors and deposited in the
Museum of Materia Medica, of Natural
Medicine , Medical and  Pharmaceutical

University , Japan .

Institute

Toyama

Table 2 Plant materials investigated in this study
GenBank

Taxon Source * Voucher

Accession””
Cao 9946 AB047738
Cao 9948 AB047739
Cao0 9956 AB047735
Cao 9951 AB047736

Curcuma longa L.

C.sichuanensis X.X.Chen

Shuangliu , Sichuan
Shuangliu , Sichuan
C. phaeocaulis Val .

C.chuanezhu Z .Y .Zhu

Chongqin , Sichuan
Emei , Sichuan

C. chuanyujin C.K.Hsieh

et H.Zhang

Chongqin, Sichuan Cao 9954 AB047733

C. chuanhuangjiang
Z.Y .Zhu

Emei, Sichuan Ca0 9952 AB047732

C. aromatica Salish . BGIMP, Beijing Cao 9801 AB047731
Fedychium spicatum Smith  MPRC, Toyama , Japan Cao 0002 AB047754

" BGIMP: Botanical Garden of Institute of Medicinal Plants, The
Chinese Academy of Medical Sciences. MPRC: Medicinal Plant
Research Center of Toyama Prefecture. ~~ All the nucleotide
sequence data of tmK gene in above table will appear in the
GenBank, DDBJ and EMBL nucleotide sequence databases with
accession numbers

Genomic DNA preparation Total DNA was
prepared from fresh rhizomes or tubers, the tissues were
frazen with liquid nitrogen into a fine powder. The DNA
extraction method was a modification described in the
operating manual of DNeasy plant mini-extraction kit
( Giagen, Hilden, Germany) .

The molecular size was determined by 1.0 % in
agarose gel electrophoresis comparing with A Hnd 1II
Rockville, MD) .
Photograph of the DNA banding pattern was made using
an AE-6911 FX printgraph system ( Atto Co., Tokyo,
Japan) . The amount was detected using an UltroSpec
4000 UV Visible Spectrophotometer ( Pharmacia Biotech
( Biochrom) Ltd., Cambridge , UK) .

DNA amplification  Double-stranded DNAs of
tmK regions were amplified using PCR with primers
trmK-3914F and tmK2R. The amplification reaction was

marker ( Life Technologies Inc.,

performed in a volume of 50 pL containing 1x Tag buffer
[10 mmol*L™" Tris- HCl (9.0) , 50 mmol*L™' KC1,1.5
MeCl, and 0.1 % Triton X100 1], 0.2
mmol* L' of each dNTPs, 1.5 U Tag polymerase
( Promega, Madison, WI), 0.25 mmol*L™' of each
primer and 10 - 100 ng template DNA in a PTC100

mmol* L™
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Programmable Thermal Controller ( M] Research, Inc.,
Watertown, MA), then subjected 1o the following thermal
cycles: one hot start cycle for 3 min at 94 C, 35 cycles
for 1 min at 94 C, 1 min at 52 C and 2.5 min at
72 °C, and a final extension cycle for 10 min at 72 C .
All specimens were analyzed at least twice to confirm the
results. The amplified product was resolved by 1.0%
agarose gel electrophoresis as described above, 1 kb DNA
ladder ( Life Technologies Inc., Rockville, MD) was
used as a size marker,

DNA Sequencing The PCR product was purified
by QIAquick™ PCR purification kit ( Qiagen, Hilden,
Germany} . The purified products were sequenced using a
Thermo Sequenase’™ fluorescent labeled primer cycle
sequencing kit with 7-deaza-dGTP ( Amersham Pharmacia
Biotech UK Limited, Burkinghamshire, UK} and a setl of
fluorescent-labeled internal primers according to the
manufacturer’ s recommendation { Figure 1). Labeled
sequencing fragments were separated in 4% Long
Ranger™ ( acrylamide ) gel and analyzed on a 4000L
Automated DNA Sequencer (Li-Cor Inc., Lincoln, NE)
according to the manual supplied.

MK-IF4F
nK-2R

mKS'F matK-126F matK J48F mutiC-1451F
—_— m— —_— —
matk Gene
tmi §"-axon — — A Al K 30200
matk-226R maKAIR  meK-A219R mi3'R
| I
trnK Gene
The PCR  amplification  primers  were  rnK-3914F  ( 5'-

TGGGTTGCTAACTCAATGG-3") and trnK-2R ( 5-
AACTAGTCGGATGGAGTAG-3') . The base composition {5'.3') of
sequencing primers is trnK-3'F: AGCAGCATGTCGTAATACGT;
matK-126F: GATAGATCTCTGGCAACAACAG;

mat K-748F; AAGGATCCTTTCATGCATTAT;

matK-1451F; TATCCGTATCAATGACTTGG ;

matK-228R . CAATGACTGCAAAACCTTCAG,

matK-1141R: ACAATCCGCTAAATCGGTCC;

matK-1219R: GTCGAAGTATATACTTTATTCG ;

nK-3'R: TCCTTGTTATAATAGGTAAC

Figure 1  Structure and relative position of the PCR
amplification and sequencing primers used for tmK

gene. Boxed areas represent coding region. Arrows

indicate the direction of strand synthesis

Data analysis
wmputed using Version 4.0 BaselmagIR™ program ( Li-
Cor Inc., Lincoln, NE), aligned using Version 1.3.0
AutoAssembler™ program ( Applied Biosystems, Foster,

The sequences were read and

CA) with minor manual adjustments, The boundaries of
both trnK exon and matK of all taxa were determined by
comparison with published trnK data for rice { GenBank-
X15901) and tobacce (GenBank-Z00044 ) . The sequence
divergence and pairwise genetic distance were calculated
using the Distance Matrix option in Version 43a PAUP
program ( Sinauer Associates, Sunderland, MA}. The
phylogenetic tree was generated by UPGMA method .

Results and discussion

The quality of total genomic DNA isolaled from seven
Curcuma species and one Hedychium species using CTAB
miniprep method-based kit was shown in Figure 2A,
which resulted in a clear band, ca. 23 .1 kilobases {(kb)
in length. The quantilative measurement showed that
vields of genomic DNA ranged from 132.4 10 178.9 ng/
mg. The polymerase chain reaction amplification resulted
in a single band corresponding to approximately 2.7 kb
using trnK-2914F and trnK-2R primers ( Figure 2B) .

The sequence length of tmK region spanned 2699-
2705 base-pair ( bp ). and C.
sichuanensis are 2699 bp, C. phaescaulis and C.
chuanezhy 2704 bp, and C.
chuanhuangiiang 2705 bp. The sequence divergence and

Curcuma  longa

chuanyujin and C.

absclute genetic distance of the trnK dala among seven
Curcuma species are shown in Table 3. The sequence
divergence ranged from 0.000% - 0.224% , including
base substitution numbers 0 — 6, transition numbers 0 - 5
and transversion numbers 0 — 1, there were three patterns
in trnK sequence within seven Curcuma species. Six
single base substitutions from the upstream at nucleotide
position 146, 147, 645 and the downsiream at 2511,
2575, 2602, one 1-bp gap at 512, one 9-bp deletion at
714 — 722, as well as two 4-bp, 14 bp insertion repeats
were observed in 5'-intron spacer region between tmK
exon and matK gene (Figure 3) .

The UPGMA dendrogram constructed by tmK
sequences using Kimura two-parameter method showed
that the Curcuma chuanyujin and C. chuanhuangjiang
with hairy both surfaces on leaf were clustered fimstly,
followed by the order of five other species. Of the later
cluster, €. longa and C. sichuanensis without hairy and
with central spike become a group, closely related to €.
phaeocaulis and C. chuanezhu with purple cloud along
midrib on leaf blade and lateral spike than the {ormer
cluster in phylogenetic relationship ( Figure 4) .
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Lane 1 : Curcuma longa ; Lane 2: C. sichuanensis ; Lane 3: C. chuanhuangjang; Lane 4: C. chuanyujin; Lane 5: C. phaeocaulis ; Lane 6: C.
chuanezhu ; Lane 7: C. aromatica ; Lane 8 : Hedychium spicatum. Lane Ml : AHind 111, M2 : I kb DNA ladder

Figure 2 Agarose gel electrophoresis patterns of total genomic DNA isolated ( A) and PCR amplification of plastid

tmK gene from Curcuma and Hedychium ( B)

146-7 512 645 713 764 2511 2575 2602
Curucma aromatica AT T A CC--------- TACA- - - - GGTTTTTTATTATTATTGTTTTATTATTATTG T A C T (2705 bp)
C. chuanhuanhjiag AT T A CC--------- TACA- - - - GGTTTTTTATTATTATTGTITTTATTATTATTIG T A C T (2705 bp)
C. chuanyujin AT T A CC--------- TACA---- GG TTATTATTATTGTTTTATTATTATTIG T A C T (2705 bp)
C. longa GC - G CCTCTTTCCTTTACA- - - - GGTTTTTTATTATTATTG-------------~ T G C G (2699 bp)
C. sichuanensis GC - G CCTCTTTCCTTTACA- - - - GGTTTTTTATTATTATTG-------------~ T G C G (2699 bp)
C. phaeocaulis GC T G CCTCTTTCCTTTACATACAGGTTTTTTATTATTATTG-------------~ T G T G (2704 bp)
C. chuanezhu GC T G CCTCTTTCCTTTACATACAGGTTTTTTATTATTATTG-------------~ T G T G (2704 bp)

Hyphens (-) denote alignment gaps ; boxed hyphen indicated 9-bp deletion indel ; boxed letter showed 4-bp and 14-bp insertion repeat indels . Numbers in above

the sequence indicate the aligned nucleotide position

Figure 3

Table 3  Pairwise genetic distances among seven
Curcuma species based on 2680 nucleotides of the

trnK gene sequences. Upperright diagonal:
percentages of sequence divergence; lower left
diagonal: numbers of nucleotide substitutions
(transitiony transversion)

1 2 3 4 5 6 7

1 Gurcunm longa - 0.000 0.037 0.037 0.037 0.224 0.224

2 C. sichuanensis 0(0/0) -  0.037 0.037 0.037 0.224 0.224
3 C. aomtica  5(41) 5(41) -  0.000 0.000 0.18 0.186
4 C. chuanyujn  5(41) 5(41) 0(0/0) -  0.000 0.186 0.186
5 C. chuanhuangjang 5(41) 5(41) 0(0/0) 0(0/0) -  0.186 0.186
6 C. phacocaulis  6(5/1) 6(5/1) 1(1/0) 1(1/0) 1(1/0) -  0.000

7 C. chuanezhu  6(5/1) 6(5/1) 1(1/0) 1(1/0) 1(1/0) 0(0/0) -

This investigation did not support some recently
published Curcuma taxa as new speciesm’ls] , because
the molecular data are not congruent with morphological
characters for these seven species of Curuma. C.
chuanhuangjiang and C. chuanyujin have identical
sequences in tmK gene , seem to be the same species as

C. armatica . Similarly, C. chuanezhu seem to be

Comparison of tmK gene sequences in seven Curcunm taxa

combined under C. phaeocaulis . Liu et al reported that
C. chuanyujin could be placed under C. kunngsiensis
based on the morphology''®’, but our result also do not
agree their combination treatment .

[Curcuma phaeocaulis
C. chuanezhu
|:C. longa
C. sichuanensis

C. aromatica

— C. chuanhuangjiang

C. chuanyujin

o1 Hedychium spicatum
I |

The tree was outgroup-rooted using the tmK sequence of Hedychium
spicatum. The distance corresponding to 0.01 sequence divergence is
indicated by the bar

Figure 4  Dendrogram of phylogenetic relationship
among seven Curcunm taxa based on fmK sequences

using UPGMA method

Although Chen et al reported that C. sichuanensis
and C. wuenyujin seem to be combined according to
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RAPD and chemical analysis!™ , but our previous study
showed that there are more great differences in tmK

"3 The present

sequences hetween these two species
study showed that C. sichuanensis might be combined

under C. longa.

Conclusion

Nucleotide sequencing of plastid ¢tmK gene could
provide a novel information for origin identification of
Curcuma species due to its higher mutation rate. Indeed,
each group of Curcume species was found to have a
unique sequence pattern in the trnK gene region, so that
they could be easily distinguished at the DNA level. On
the other hand, these relatively variable sites in the non-
coding region of trK iniron were potentially informative
in design of species-specific primer used as a DNA probe
to identify such Curcuma drugs as Yujin and Ezhu from

Sichuan market .
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