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Rhizoma Curcumae (Ezhu) is a traditional Chinese medicine that has been used in removing blood
stasis and alleviating pain for over a thousand years. Three species of Curcuma rhizomes are being
used, which include Curcuma wenyujin, Curcuma phaeocaulis, and Curcuma kwangsiensis. In China,
the production of Rhizoma Curcumae largely depends on agricultural farming. The essential oils are
considered as active constituents in Rhizoma Curcumae, which include curdione, curcumol, and
germacrone. On the basis of the yield of curdione, curcumol, and germacrone in an orthogonal array
design, the optimized extraction condition was developed. The amounts of these compounds within
essential oils in Rhizoma Curcumae varied according to different species and their regions of
cultivation. Chemical fingerprints were generated from different species of Curcuma, which therefore
could serve as identification markers. In molecular genetic identification of Rhizoma Curcumae, the
5S-rRNA spacer domains of 5 Curcuma species, including the common adulterants of this herb,
were amplified, and their nucleotide sequences were determined. Diversity in DNA sequences among
various species was found in their 5S-rRNA spacer domains. Thus, the chemical fingerprint together
with the genetic distinction could serve as markers for quality control of Curcuma species.

KEYWORDS: Curcuma ; authentic identification; HPLC analysis; TCM; GAP farming; 5S-rRNA spacer
domain

INTRODUCTION Radix Curcumae (Turmeric Root Tuber; Yujin) is the dry root
Rhizoma Curcumae (thizome ofurcuma: Ezhu) is a tubers ofC. wenyujin,Curcuma longéd.., C. phaeocaulis, and

common traditional Chinese medicine that has been used forC' kw.a-n95|en3|$2); I IS commonly used n the treat.ment of
more than a thousand years; this herb could also be preparedqepat't's' menstrual dlsord_ers,_ and epﬂep@. (Rh'ZO”?a

as a decoction in many Chinese families as health food Curcumae Lo_ng_ae (Turmeric; Jlanghua_ng_) is the dry rhizome
supplements (1). The usage of Rhizoma Curcumae was first®f C: longa; it is used as an analgesic in the treatment of
recorded inYao Xing Lunby Su Song in 627649 B.C.; the mer_ls_,trual disorders, rheumat|s_m, and traumatic d|se3};d§|_(
described functions were to remove blood stasis and to alleviate@ddition, the root tuber and rhizome Gurcuma chuanyujin
pain (2).Curcumabelongs to the Zingiberaceae family and in C. K. Hsieh et H. Zhang are also used as s.ubst|t.utes of .Radlx
a genus of about 70 species of rhizomateous herbs distributedUrcumae and Rhizoma Curcumae, respectively, in the Sichuan
worldwide. About 20Curcumaspecies occur in China, of which ~ Province of China (4).

a few of them are being used as herbal medicine and food. The Although the aforementioned fiv€urcumaspecies belong
Chinese Pharmacopoeid)(recorded that Rhizoma Curcumae to the same genus, the chemical composition of these plant
should be the dry rhizomes derived froGurcuma wenyujin extracts, either from root or rhizome, are different. Phenolic
Y. H. Chen et C. LingCurcuma phaeocauligal., andCurcuma pigment and essential oil are main constituentsCurcuma
kwangsiensi§. G. Lee et C. F. Liang. However, different parts  plants; however, their amounts showed variation among different
of the plants derived from the thr&@urcumaspecies, as well ~ species (56). The rhizome ofC. longacontains the highest

as other closely related species@ifrcuma, are also used for amount of the pigments, which has been known for its coloring,
herbal medicine or food but have different therapeutic usages.flavoring, and digestive properties since ancient times. Indeed,
it is a major constituent of curry powder in Chinese and Indian
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Table 1. The Contents of Curdione, Curcumol, and Germacrone from Different Populations of Rhizoma Curcumae

content (mg/kg)©

no.2 voucher species origin® germacrone curdione curcumol
1 ESS-005 C. wenyujin Leqing, Zhejiang 5342 15088 78
2 ESS-006 C. wenyujin Yongjia, Zhejiang 6766 17959 -a
3 ESS-007 C phaeocaulis Xinjiang, Sichuan 1639 967 -
4 ESS-008 C. phaeocaulis Jiangyuan, Sichuan 1658 307
5 ESS-009 C phaeocaulis Sanjiang, Sichuan 1298 321
6 ESS-010 C phaeocaulis Zhoudu, Sichuan 1349 360
7 ESS-011 C phaeocaulis Wangdang, Sichuan 1336 335
8 ESS-012 C phaeocaulis Shuangliu, Sichuan 1477 1588
9 ESS-016 C. kwangsiensis Wuming, Guangxi 395 337

10 ESS-017 C. kwangsiensis Wenshan, Yunnan 880 204

11 ESS-019 C. kwangsiensis Fujian market 204 968

12 ESS-020 C. kwangsiensis Yuling, Guangxi 139 450

13 ESS-021 C. kwangsiensis Wenshan, Yunnan 98 238

14 ESS-025 C. kwangsiensis Anhui market 468 1764

15 ESS-022 C. longa Anhui market 318 179

16 ESS-023 C. longa Jianli, Sichuan 65 315

17 ESS-024 C. longa Hongkong market - 193

18 ESS-013 C. chuanyujin Chengdu, Sichuan 569 329

19 ESS-014 C. chuanyuijin Malipo, Yunnan 571 348

@Nineteen populations of Rhizoma Curcumae were collected in fresh and dried under vacuum. Extraction by ultrasonication was optimized as described in Figure 3.
b About 10-15 individual samples from each population were analyzed. All samples were collected in September to October, and they were all about 3-years-old. ¢ Values
are in mg/kg dry rhizome and in means, n = 10-15. The SD values are not shown for clarity, which are less than 10% of the means. ¢ Not detectable.

major components within the essential oils are curdione, collection was based on the popularity of Rhizoma Curcumae that was
curcumol, and germacrone; these components are commonlycultivated. The plant materials were collected in April of 2003; they
used as quality control marker11). The production of ~ Were~2—3 years of growth. About 10 batches of individual species

Rhizoma Curcumae depends on agricultural farming in China; having similar but not identical geographical properties at the same
. . . " region were tested. Individual samples were prepared fr&00 g of
however, the quality of the herb varies greatly. For instance, powder (0.10—0.15 mm) that was grounded frof0 plants of the

the. level of e.ssentlal OIIS. Wlthln Rhlzom'a CurCl_Jmae COUld_ be same population. These grinding processes were done during the field
varied according to the origin of the species, regions of farming, ¢ jection before they were delivered to the laboratory. The collected
farming technique, and extraction methods. Among different powder was stored with silica gel, which stabilized the chemical
members of Rhizoma Curcuma€, wenyujinfrom Zhejiang constituents.
China is considered to be the best source. On the other hand, Optimization of Extraction Condition. Exactly 0.5 g of ground
different methods in extracting essential oils have been describedpowder was tested under different methods of extraction. In hydrodis-
(12), and hydrodistillation is a conventional orid ). Thus, the tillation, the powder was placed in a flask of Clevenger extractor and
aforementioned parameters cause serious problems in the qualityvas extracted with 100 mL of water for 6 h. In ultrasonic extraction,
control of Rhizoma Curcumae. the powder was placed in a 50-mL CentrifL!ge tube containing 20 mL
To ensure the quality of Rhizoma Curcumae, we determined Methanol, and the capped tube was sonicated for 30 min at room
the chemical and genetic distinctions of rhizomes derived from temperature in an ultrasonic bath (150 W, 50 Hz). The supernatant
C. phaeocaulisC. kwangsiensis, an@. wenyuijin, as well as was collected by centrifugation at 50f0In reflux extraction, the

. ; powder was suspended in 20 mL of methanol in a 50-mL conical flask.
from its common adulterants. Chemically, we developed the et refiux extraction using a water bath was performed for 2 h. A

optimized extraction method in recovering curdione, curcumol, mechanical stirrer was used during the extraction. When the extraction
and germacrone, and the quality of Rhizoma Curcumae in finished, the suspension was transferred into a centrifuge tube for
different parts of China was also presented. Genetically, the centrifugation, 10 min at 50@0 The supernatant was collected. In

5S-rRNA spacer domains, the unique intronic sequences thatSoxhlet extraction, the powder was extracted in 150 mL petroleum ether

have been used commonly for species authenticalidr-15), for 6 h. The Soxhlet extracts were evaporated with nitrogen until they
were sequenced and compared among different species ofeached about 2 mL in volume. The concentrated extract was brought
Curcuma up to 25 mL with methanol. The supernatant was collected and filtered

through a Millipore filter unit (0.4%m). Ten microliters of the sample
was injected for reverse-phase high-performance liquid chromatography
(HPLC).

Acquisition of Plant Materials. Fresh plants and dried crude drugs Quantitative Analysis of Curdione, Curcumol, and Germacrone.
were collected from the agricultural farms in China. The voucher Curdione and curcumol were purchase from the National Institute for
specimens were deposited in the Department of Biology, The Hong the Control of Pharmaceutical and Biological Products (Beijing, China),
Kong University of Science and Technology, Hong Kong. For DNA  and germacrone was from Sigma (St. Louis, MO). HPLC grade reagents
analysis, entire plants . wenyujin(03-04-01) were obtained from  were from Fischer and Labscan (Dublin, Ireland). Chemical standards
Zhejiang; C. longa (03-04-05), C. chuanyujin (03-04-15), and were weighed and dissolved in 1 mL of methanol to give serial
C. phaeocaulis (03-04-09) were collected from Sichuan; and concentrations, and three injections were performed for each dilution.
C. kwangsiensif03-04-11) was obtained from Guangxi. The botanical The standard curve was calibrated by using the linear least-squares
origins of theCurcumaplants in forms of whole plants were identified  regression equation derived from the peak area; the concentration was
morphologically by ourselves during the field collection. Samples were calculated according to the regression parameters derived from the
kept in silica gel during field collection and were dried under vacuum. standard curves. HPLC analysis was performed on an Agilent Series
For chemical analysis, the rhizomes of differ€utrcumaspecies were 1100 liquid chromatograph, equipped with a vacuum degasser, a
collected from various regions of China and were dried under vacuum; quaternary pump, an auto-sampler, and a DAD detector, connected to
their notations are listed ifiable 1. The chosen area for the herbal an Agilent ChemStation software. A ZORBAX Eclipse XDB-C18

MATERIALS AND METHODS
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column (4.6x 250 mmi.d., um) and a ZORBAX Eclipse XDB-C18

guard column (4.6< 12.5 mm i.d., 5um) were used. The solvents of 0 A
mobile phase were A (methanol) and B (water). A linear gradient elution
was applied from 24 to 28% B starting from 0 to 25 min. The flow N

rate was 0.8 mL/min, and the injection volume wag10The system 0
operated at 38C, and peaks were detected at 214 nm.
DNA Extraction. Genomic DNA was extracted from the ground
powder derived from crude herbs by using DNA extraction buffer Curdione Curcumol Germacrone
consisting of 25 mM Tris-HCI pH 8.0, 50 mM EDTA, 0.5% SDS, 10 Figure 1. Chemical structures of the major constituents in the essential
ug/mL RNase, and 0.298-mercaptoethanol. The mixed solution was  oils of Rhizoma Curcumae: curdione, curcumol, and germacrone.
incubated for 15 min at 58C and then was centrifuged at 12 @0for
10 min. The supernatant was extracted by an equal volume of water- Germacrone Standard
saturated phenol:chloroform (1:1), mixed, and then centrifuged. The v
aqueous phase was collected and added to 0.1 volume of 3 M sodium
acetate and 2 volumes of 100% ethanol. The resulting pellet was
collected after centrifugation and was dissolved in 10 mM Tris-HCI ' \ Curcumol
pH 8.0, 5 mM EDTA (Tris-EDTA buffer). -
PCR Amplification and Sequencing.A 50-uL PCR reaction mix 507
consisted of 5uL 10X reaction buffer, luL each of 10 mM dNTPs
stock, 2.5uL containing 0.3ug forward and reverse primers (synthe-
sized by Invitrogen Life Technologies, Carlsbad, CA), and 1 unit of
Taqpolymerase (Roche, Mannheim, Germany). The primers used for Curdione
the amplification were 5S-P1 forward primet8GA TTC GTG CTT 150 v Germacrone
GGG CGA GAG TAG TA-3) and 5S-P2 reverse primer{BCG CTA 7 Curcumol 4
GTA TGG TCG TGA TTC CTA GG-3. These primers are flanking 50 j‘ L A Y
the spacer domain of 5S-rRNA (13—15). Approximately 50 ng of = —
genomic DNAs was used as a template for the reaction. The reaction 7 Ultrasonication
mix was overlaid with mineral oil and placed in a GeneAmp PCR g %7
System (Applied Biosystems, Foster City, CA). Cycling conditions £ Curdione
consisted of an initial 5 min at 92C followed by 1 min denaturing at = 5% v Germacrone
94°C, 2 min annealing at 53, and 3 min elongation at 7Z repeated : Curcumol ]
for 30 cycles with 10 min extension at 7€. The PCR products were 5°‘%Mm X
subjected to~1% agarose gel electrophoresis and were visualized by 97 ~A
ethidium bromide staining under UV. DNAs were purified by Concert h Reflux
Rapid gel extraction system (Invitrogen Life Technologies). 250
The PCR products were subcloned into a TA cloning vector pTAg ] Curdione
(Promega, Madison, WI). CompeteBscherichia coliJM 109 cells v Germacrone
were transformed with the ligated products, and the minipreparation 7 Curcumol 1
of plasmid DNAs from the ligator cell was performed using alkaline 50 L X
lysis (16). The correct DNA inserts were verified by restriction analysis, o4
and the plasmid DNAs, verified by colonies, were isolated with the 1 Soxhlet
Concert nucleic acid purification system (Invitrogen Life Technologies). 2501
ABI Prism, BigDye Terminator, and cycle Sequencing Ready Reaction 7 Curdione
Kit were used for sequencing reaction with T7 or SP6 primers. 1504 } Germacrone
Sequences were detected by an ABI Prism 310 Genetic Analyzer § N Curcumol |
(Applied Biosystems). Both strands of DNA clones were sequenced at 50 '\ h Y
least twice, and the sequences were aligned by MacVector software 0 Lo = =
(Kodak, New Heven, CT). Comparisons of entire sequences of test 0 5 10 15
samples were aligned by a software Clustal X having a gap opening of Time (min)
10 and a gap extension of 0.05. Polygenetic tree based on the_ _— .
hierarchical clustering of the alignments of the 5S-rRNA spacers was F19uré 2. Determinations of curdione, curcumol, and germacrone from
assessed by the neighbor-joining (UPGMA) method. Rhizoma Curcumae._By using a (_:18 <_:o|umn in HPLC analysgs, _the
Other Assays.The statistical software package was SPSS 10.0 for amount of essential oils was determined in extracts from hydrodistillation,
windows (SPSS Inc, Chicago, IL), which comprise many “procedures”  Ultrasonication, reflux, and Soxhlet extractions. Details of the extraction
graphical, statistical, reporting, processing, and tabulating procedures and HPLC running condition are stated in Materials and Methods.
that enable simple and rapid data evaluation. Statistical tests were made\bsorbance at 214 nm was recorded. Pure markers for curdione, curcumol,
by the PRIMER program, version 1: differences from basal or control and germacrone are indicated. Typical chromatograms are shown.

values (as shown in the plots) were classed as significant [*] where .
p < 0.05 and as highly significant [**] wherp < 0.001. oils were 0.9998 (curdione), 0.9997 (curcumol), and 0.9993

(germacrone). The precision test within the same sample of
chemical markers(= 5) showed the relative standard deviation
(RSD) values of 1.4% (curdione), 2.1% (curcumol), and 2.2%
The major constituents of essential oils within Rhizoma (germacrone). The short-term (12 h) and long-term (24 h)
Curcumae are curdione, curcumol, and germacrbigu(e 1), repeatabilities of curdione, curcumol, and germacrone were
which could be determined by HPLC and resolved in a single calculated for five determinations & 5). The RSD of short
chromatographyHigure 2). These chemical markers are chosen (or long) term repeatability for curdione, curcumol, and ger-
because they represent over 15% of essential oils in the rhizomemacrone was 1.1% (2.2%), 2.5% (3.1%), and 2.6% (2.8%),
The HPLC calibration curves of curdione, curcumol, and respectively. The recovery experiment was carried out to
germacrone exhibited good linearity in a range from 10 to evaluate the accuracy of the method. Known amounts of
~1000ug/mL. The correlation coefficients of these essential curdione, curcumol, and germacrone were added to the herbal

250
- Curdione

g Hydrodistillation
250

20 25

RESULTS
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ultrasonication in extracting curdione and germacrone was
D Curdione Germacrone . Curcumol higher than that of reflux or Soxhlet extraction, the differences
were small. A previous study showed that curdione was unstable
16 *% during heating 17). As expected, a rise in the temperature of
T dedke %k extraction could lead to a decrease of the oil yi&ld1@). Here,
14 T T the yields of chemical markers were decreased in general with
the extended extraction time at high temperature, which was in
12 accordance with those of previous results. The extraction by
ultrasonication was performed at room temperature and at a
g 10 - shorter time, which avoided the influence of heat on the oil
£ contents of Rhizoma Curcumae, and therefore it was a desirable
T 8- extraction method for further analysis.
f—.’ Rhizoma Curcumae is the rhizomes fr@nphaeocaulisC.
6 kwangsiensis, an@. wenyujin. Historically, the best quality of
Rhizoma Curcumae is derived fro@ wenyujinor C. phaeo-
44 caulis. Having the improvement of the farming method,
Rhizoma Curcumae (maini@. wenyujinrhizome) produced in
29 the Zhejiang province of China had a better reputation than other
species. By using the optimized ultrasonic extraction as
0 ' ' ' described inFigure 3, the contents of curdione, germacrone,
"/yq,o ] U/t,-as ’\“‘ef,‘l)r So,\.,,/e and curcumol were determined by HPLC from different
d'sl‘i//atl. °""ca,,-o t members of Rhizoma Curcumae; these rhizomes were also from
on 7 different cultivated regions in China as listed rable 1.
Figure 3. Amounts of curdione, curcumol, and germacrone in different Nineteen populations of Rhizoma Curcumae from fligcuma
extracts of Rhizoma Curcumae. The optimized conditions in each extraction Species and different geographica| regions were Co||ected; each
method are described in the text. The Starting material, 0.5 g rhizome of chosen popu|ati0n contained-205 different batches of Samp|es_
C. wenyujin, was used. The amounts of curdione, curcumol, and The chosen five species represent the major population of
germacrone determined as in Figure 2. The yield values of mg/g are in Curcumain China. Among all tested samples, oy wenyujin
means +SD, n = 5, where ** p < 0.001 by comparing to hydrodistillation. rhizome cultivated from Leqjing, Zhejiang contained a detectable

sample and were extracted by using the ultrasonication methodamounf of curcumoll (Tablg 1) In addition, rhlzome frof
wenyujinalso contained, significantly, the highest amount of

accordingly; the extracted material was subjected to analysis, ermacrone and curdione (on average, from 3 to 5-fold
and the contents of these compounds were calibrated. TheJ 9¢,

average recoveries of the tested chemicals were from 95.7 ,[Odlﬁe_rence) than t_he other .t.WO SPECIES. Th_e .tWO subregions,
98.9% (n= 5). Leging and Yongjia of Zhejiang, showed similar amounts of

By determining the contents of curdione, curcumol, and the essential oils, except for curcumGl. phaeocauliss mainly

germacrone, the optimized extraction condition was revealed cultlvat_ed n the S!chuan province, and Its amount c_)f the
for Rhizoma Curcumae. Four extraction methods were '[ested:esse'_1t|a| oils was h|_gher than that@f kwan_gS|enS|5Desp|t_e
hydrodistillation, ultrasonication, reflux, and Soxhlet. In different the different subregions wher@. phaeocauliould be cu_lt|-
extractions, an orthogonal array design was used to determinevat.ed’ they had comparaplg amounts of th? constituents.
the effects of particle size (0-D.21 mm), solvent nature (water, ~<nizome fromC. kwangsiensither from Guangxi or Yunnan,
petroleum ether, ethyl acetate, methanol), solvent volume (10 contained the least amount of germacrone and curdione. Not

150 mL), and extraction time (10 h) in recovering curdione only the low levels of the analyzed markers but also the variation
curcumol, and germacrone (data not shown). The optimized @M°Ng different subregions of farming was ra.ther high. Op the
condition of individual method in extracting 0.5 g sample was other hand, the common adulterants, or substitutes, of Rhizoma

hydrodistillation of having 0.1-mm particle size in 100 mL water Curcumae including. longaandC. chuanyujirshowed a lower
for 6 h, ultrasonication of having 0.1-mm particle size in 20 amount of germacrone and curdione (Table 1).
mL methanol for 0.5 h, reflux extraction of having 0.1-mm The quality of crude drugs is closely related to their chemical
particle size in 20 mL methanol for 2 h, and Soxhlet extraction constituents, and thus the identification of herb could be assessed
of having 0.1-mm particle size in 150 mL petroleum ether for by a chemical pattern recognition method. By using HPLC
6 h. Figure 2 shows typical HPLC profiles of Rhizoma fingerprinting, different samples of Rhizoma Curcumae were
CurcumaeC. wenyuijin under different extraction methods. The analyzed and their profiles were compargay@re 4A). Within
peaks of curdione, curcumol, and germacrone were distinct, the same HPLC analytic condition, 53 constituents including
which were identified by two means: (i) by comparing the curdione (at retention time 18.22 min), curcumol (25.45 min),
retention times of the unknown peaks with those of the standardsand germacrone (31.44 min) were identified in different herbal
eluted under the same conditions and (ii) by spiking the sample samples. These 53 constituents were calibrated for their relative
with stock standard solutions of chemical markers (data not retention times by using the peak-atl min retention time as
shown). a reference point ofg’ = 1; this peak was common to all
On the basis of the yield of three chemicals, one-way samples (Figure 4A). By using hierarchical clustering analysis,
ANOVA analysis was performed to compare the extraction a matrix of 19 (number of samples) 53 (number of chosen
efficiency of four methods. Overall speaking, the order of HPLC peaks) was obtained, which gave the differences among
extraction efficiency was ultrasonicatienreflux extraction> the tested 19 populations, as listed Table 1. Besides the
Soxhlet extractiorr hydrodistillation (Figure 3). Hydrodistil- known peaks for curdione, germacrone, and curcumol, the
lation was significantly lower in terms of the chemical composi- following peaks, although not known for their identities, are
tion among the four methods. Although the efficiency of unique to differentCurcumaspecies:ty’ = 1.43, 1.65, 4.25,
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Figure 4. Chemical fingerprinting and cluster analysis of Curcuma
rhizomes. (A) Superimpose of HPLC fingerprints from the 19 samples
including five different species of Curcuma rhizomes. The HPLC condition
was similar to that of essential oil determination as in Figure 2 except for
the mobile phase. Solvents were A: acetonitrile and B: water. The gradient
of A:B was 0~3 min, 45:55; 3~30 min, 45:55 gradient up to 65:35; 30~38
min, 65:35; 38~45 min, 65:35 gradient up to 90:10; 45~55 min, 90:10
gradient up to 100:0; 55~65 min, 100:0. These samples were chosen
randomly from various populations, one sample from each population, as
listed in Table 1. The relative retention times (&') at 1 are denoted by an
*. Peaks for curdione, curcumol, and germacrone are indicated. (B) The
hierarchical clustering analysis of different Curcuma rhizomes. The
clustering was done by SPSS software from 53 HPLC peaks analyzed
from the 19 Curcuma rhizomes; these samples matched with the HPLC
fingerprints as in A. Rescale cluster distance is indicated.

and 4.34 foiC. wenyujintg’ = 2.19 and 2.40 fo€. phaeocaulis

tr' = 0.68 and 0.94 fo€. kwangsiensid¢i' = 0.47, 0.70, 1.12,

1.96, 2.90, 3.63, and 3.69 faE. longae tr" = 0.53 for C.
chuanyujin.Besidestg’ = 1.00 peak, the peak &' = 1.38
was also revealed in all five species.
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Figure 5. PCR analysis of five Curcuma species. PCR products were
generated by primers (5S-P1 and 5S-P2) on the DNAs isolated from C.
wenyujin, C. longa, C. phaeocaulis, C. kwangsiensis, and C. chuanyujin.
The PCR products were separated in a 1% agarose gel and were
visualized by ethidium bromide staining. The negative control is the one
without genomic DNA. DNA markers are indicated.

ing C. kwangsiensisnly) as cluster one, samples-2 (com-
promising C. wenyujinonly) as cluster two, samples—38
(compromisingC. phaeocauli©only) as cluster three, samples
15—17 (compromisingC. longa only) as cluster four, and
samples 18—19 (compromisir@. chuanyujinonly) as cluster
five. The cluster analysis agrees very well with the results of
classic taxonomy for genuSurcuma. This analysis therefore
could be used as a mean in finding out the botanical source of
Rhizoma Curcumae.

The genetic characteristic of the fiv@urcumaplants was
also determined. The 5S-rRNA spacer domain was selected for
analysis; this spacer represents the unique intronic sequences
that have been commonly used for species authenticat®n (

15). Primers flanking the spacer domain of 5S-rRNA were used
in PCR analyses of genomic DNAs isolated from plant tissues
of C. wenyujin C. phaeocaulisC. kwangsiensi<;. longa,and

C. chuanyujin. C. longa and C. chuanyujiare common
substitutes or adulterants of Rhizoma Curcumae, and therefore
they were selected for comparison.@ wenyujin,C. phaeo-
caulis, C. kwangsiensis, an€. chuanyujin, PCR products
having ~450 bp were detected in agarose electrophoresis.
However, an~350 bp PCR product was revealedGnlonga.
Over 10 individual plants from the same species were analyzed,
and the same PCR product was generated from either leaf, or
rhizome, or rootFigure 5). The PCR products were subcloned
and sequenced. Several individual clones of the same PCR
product were sequenced as to avoid any mutation introduced
by Taqpolymerase. The respective lengths of 5S-rRNA spacer
domains in different species a@& wenyu;jin361 bp (GenBank
accession number is AF548125(. phaeocaulis352 bp
(AY962526), C. kwangsiensi843 bp (AY962527)C. longa

267 bp (AF548126), an€. chuanyujin342 bp (AY962528)
(Figure 6A). The DNA fragments were sequenced in both
directions several times. A consensus sequence was obtained
by aligning different individual clones from the same species.
An identical sequence was obtained when the amplification was
done with DNA isolated from leaf, rhizome, or root of the same
species (data not shown). Each species had a unique sequence

A method named as the average linkage between groups wasn the 5S-rRNA spacer domain; they could be easily discrimi-
applied, and Pearson correlation was selected as the measuraiated at the DNA level. In additionfigure 6B shows a

ment, and the result is shown Kigure 4B. From the cluster

phylogenetic tree obtained by comparing the sequence identity

analysis, the tested 19 populations of Rhizoma Curcumae couldof 5S-rRNA spacer among the fiveurcumaspecies. Signifi-

be grouped into five main clusters: samplesig-{compromis-

cantly, the members of Rhizoma Curcumae, thatisyenyujin
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5S-P1
C. wenyujin GGATCCGTGCTTCGGCCAGAGTAGTACTAGGATGGGTGACCCCCTGGGARGTCCTCGIGT]| 60
C. phaeocaulis |GEATCCCTECTTCCECCACACTAGTACTAGGATCEETCACCCCCTGEEARGTCCTCETAT| 60
C. kwangsiensis |GGATCCGTG-TTGGGCCAGAGTAG-ACTAGAATGGT--ACCCCCTGGARRGTCCTCGTGT| 56
C. longa GGATCCGTGCTTCCGCCAGAGTAGTACTAGGATGGGTGACCCCCTGGGARGTCCTCGTET| 60
C. chuanyujin GGATCCGTGCTTCGGCGAGAGTAGTACTAGGATGGGTGACCCCCTGGGAAGTCCTCGTGT| 60

ok ok ok ok ok R ok ke R ok ok R ok ok ok ok ok R R ok ok R ok ok R o ok ok kR ek ok R ok ke ok R ok ok ok R
C. wenyujin BGCALCTATTTT-TGATGTGTCTTTTTTTTTACGTGTTATTGTTGATTTATTTTATTTTA 119
C. phaeocauh's PEEA CTATTTT-TGATGT======= TTC--ACGTGTTATTGTTGATTTATTTTATTT-- 108
C. kwangsiensis [FGCALCTATTTT-TTGTGART--TTTTTCTTTCGCGTTTTTATTGATTT-TTTCATCT-- 110
C. longa PECA CTATTTT-T-GTGAA-——-———- AC----GATTTGTTGCGTTGTTTGTTTGTTT-- 105
C. chuanyujin PGCALCTATTCCATTAGGTATTTCTTTTAGAAAGATGGAACCCATGTTTAGAAAGTTGAA 120

*hkhkkkhkdhkhkk * * +* * * *
C. wenyujin TTATTTTTTCTGTCTCTCTTTTTGGTTCGTGCGGGTTGCCTTCCTGCTCGTCTTCGGCCT 179
C. phaeocaulis ------- TTCTGTCTCTCTTTTTTGT TCGTGCGGGTTGCCTTCCTGCTCGTCTTCGGCCE 161
C. kwangsiensis --------- CGGTCTCTCTTTTT-GTTCGTGCGGGTTGCCTTCCTCCTCGTCTCCGGCCT 160
C. fonga ———————————— TTTCTTTTGTT-ATGATTGTGATTT=--TTATTATTTTTTTTCTTCTT 149
C. chuanyujin TA-—--—- TTCGGCCATCACCTT-GTACCCATGATTTGGATCGAAGTTCAAATTAGGAAA 173
C. wenyujin CGTGTTCGCG--~-TAGCGGCGAGAGGTTTG-TGTGTACGC-GTGTGTGTTGGTCGGGAAT 234
C. phaeocaulis  CGTGTTCGCG---TAGCGGCGAGAGGTTTG-TGTGTACGCCGTGTGTGTTGGTCGGGAAT 217
C. kwangsiensis CGTGTTCGCG---TAGCGGCGAGAGGTTTG-TGCGTGCGC-GTGTGTGTTTGTCGGGRAT 215
C. longa CTTCTTCGT————TT-————————— GTTCG-TGTGGGCTGCCTTCCTTCTCGTC—————— 188
C. chuanyujin GG'EGEC GEAAT GC'£A'1'AAI—\AGGAA'L'§'£'£ '['AAC;’-\_AEAGG 'l'A;’-\_AﬁGGAEGGG'L'AJ-\_?IMAT G| =2
C. wenyuj:'n TATTTTTTCGAGGTGCGCGTGGGGTAATTGGTCTGGTGGTCACTTTTTTTGTCCTTGGAR 254
C. phaeocaulis  TATTTTTTCGAGGTGCGCGTGGGGTAATTGGTCTGGTGETCACTTTTTTTGTCCTTGGRR 277
C. kwangsiensis TATTTTTTCGAGGTGCGCGTGTGGGTTTTTTTCCGGTGGT--CTCTTTGTGTCCTCCGGT 273
C. longa -—-TCCGGCCTCGTGCCCGCGTGGCGA——————— GGCGEC————————————————— GAG 221
C. chuanyujin AAGGTTTATTAAAG(EATTTTAGA(itsGATGTGAGGTT(':%CCACTATAGGT ————— TAMCLA 288
C. wenyujin GAATTGGAGGTGGT TCGGTTGGGARATCGCGGATGGATGGAT ———————— TGAGGGTTCC 346
C. phaeocaulis  GRATTGGLGGTGGTTTGGTTGGGARATCGCGGATGGATGGATGGATGGATTGAGGGTTCC 337
C. kwangsiensis GATTTCGTGGTCGTTTGGTTGGGARATCGCGGATGGATGGAT———————— TTGGGGTTCC 325
C. longa AGGTTGGTGG-GGTACGCGTGETTCCCCGCCACCEETCGG= === mm mm = mm o m e C 261
C. chuanyujin AGGTTCATGGTGGTTCGACTCCTARCTCATGCCTCTAACAAR--===-=== TAAGGARACC 340
C. wenyujin GCACGGTGCGGCGAAGGT TGATTTTTCGGTCGATGGCCETTGGCGGGATATATAGGGAGC 406
C. phaeocaulis  GCRCGGTGCGGCGAAGGTTGATTTTTCGGTCGATGGCCGTTGGCGGGATATATAGGGAGC 397
C. kwangsiensis GCLCGGTGCGGTGAAGGTTGATTTTT-GGTCGATGGCCGTTGGCGGGATARATAGGGAGC 384
C. longa GAARGGTCCAAT---—- TTGGTATCG----AGATGACCGTTGGCCGGATARATAGGAAGG 312
C. chuanyujin TTAAACAAGAAC----- CTAGGACCC----CAACGGCTARAACC----TAACTCAAGGTC 387
C.wenyujin — cora6TGGGARGGA THGCTCCCATCATACCAGCACTARGGATCY 451
C. phaeocaulis  ccrcoTGCEAACCATIRECTGCEATCATACCAGCACTAAGGA 442
C. kwangsiensis  11666666AAGGATIEEGTCCCATCATACCAGCACTAAGGATCT 429
C.longa TGCGAATAGGAAGTAGEETEGCCGATCATACCAGCACTAAGGA! 357
C.chuanyujin  cnpccrTGTGATGET GECTGCCATCATACCAGCACTAAGGATCT 432

B

0

0.05

* kK LR R R AR R R LSRR R EEEEEEEESEE RS
——E
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C. wenyujin
C. phaeocaulis

—

C. kwangsiensis
C. longa

C. chuanyujin
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Figure 6. Sequence analysis of the spacer domains of 5S-rRNA genes from Curcuma species. (A) Sequence alignments of the 5S-rRNA spacer
domains. The coding regions are boxed. Primers used for amplification are indicated by an arrow. Identical sequences are indicated by an *. Gaps (-)
are introduced for the best alignment. (B) Phylogenetic tree for the five species of Curcuma plants assessed by the UPGMA method. The highest identity
is between C. wenyujin and C. phaeocaulis. The distance corresponding to 0.05 sequence divergence is indicated by a bar.

C. phaeocaulis, an@. kwangsiensis, are in a distinct group of chuanyujinshow a unique 5S-rRNA spacer, and they have only
which C. wenyujinandC. phaeocaulishow the closest DNA  50—55% DNA identity as compared to the other three members
homology of ~95% identity. In contrastC. longa and C. of Rhizoma Curcumae. Interestingly, the phylogentic result by
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DNA analysis is similar to the clustering result generated by C. wenyujinandC. chuanyujinalso suggests that they are two
chemical fingerprints. distinct species. Thus, our result strongly supports the naming
of C. wenyujinandC. chuanyujinas two independent species.
The sequences of 18S rRNA anhK genes have been
o o ) o reported inCurcumaspecies (21). Similar to our conclusion
Precise identification of crude drugs is a prerequisite for ayealed by using 5S-rRNA spacer domain, the species distinc-
chemical and pharmacological investigations of traditional tion could be clearly resolved genetically, in particular, the
Chinese medicine and for their clinical applications. Besides, (esglution betweerC. wenyujinand C. longa However, the
this requirement is also important in achieving good agricultural genetic variation of the 5S-rRNA spacer is superior than that
practice (GAP) farming of herbal medicine in China. In case 4 185 {RNA andrnK sequences; the genetic variation of 18S
of Rhizoma Curcumae here, both chemical fingerprint and \RNA andtrnK genes inCurcumaspecies is very small, for
genetic analysis are used for identification, and the results ShOWexampIe, only one base difference among the six teteduma
that C. wenyujin,C. phaeocaulis, andC. kwangsiensisare species in the-1.8 kb 18S rRNA sequence (21).
cIo_ser related. Indeed, these three species are bei_ljg used as polecular genetic methods have several advantages over
Rhizoma Curcuma. In contrag, longaandC. chuanyujirare classical authentication by using morphological and chemical
rather separated from the members of Rhizoma Curcumae.analyses. First, the genetic method requires genotype instead
Although chemical and genetic methods are two rather distinct ¢ the phenotype: therefore, it will not be changed according to
analyses, their results are in line with each other suggesting theihe  environment. Second, most of the traditional Chinese
unique characteristic of the herb. Thus, both chemical and megicinal herbs require processes such as drying, heating, or
gene.tlc methods could be used as tools in identifying the correctkm(‘:’_term storage. Under some circumstances, the herbs have
species ofCurcuma. to be ground into powder before medication. This could make
The root ofCurcumaplant, instead of rhizome, could also  morphological identification impossible. Third, a small amount
be used as herbal medicine, which is known as Radix CUrCUmae.of rhizome is needed for DNA ana|ysi3, and it could be in
According to Chinese Pharmacopoei),(Radix Curcumae different forms. Last, the molecular genetic approach provides
should be the dry root tubers @&. wenyuijin C. longa C. a faster and more precise method to identify traditional Chinese

phaeocaulis, andC. kwangsiensis. Radix Curcumae was re- medicinal herbs, which meets the needs of the present market.
corded inTang Ben Cadyy Su Jing (659 A.D.) for the first

time but no description of the plant morphology was given. AckNOWLEDGMENT
Subsequently, Tang Shen Wei (1108 A.D.)dheng Lei Ben
Cao and Li Shi Zhen (1596 A.D.) iBBen Cao Gang Mu  This work is part of a project on the study of some common
described the morphology of Radix Curcumae and provided Chinese Material Medica in Hong Kong being undertaken by
detailed drawings of the plant. The described species, at thatthe Department of Health, Hong Kong SAR Government, China.
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