
Journal of Computer Science & Systems Biology - Open Access

                Research  Article      JCSB/Vol.2 May-June  2009

J Comput Sci Syst Biol Volume 2(3): 200-207 (2009) - 200

 ISSN:0974-7230   JCSB, an open access journal

Analysis of the Sequence of ITS1-5.8S-ITS2 Regions of the

Three Species of Fructus Evodiae in Guizhou Province of China

and Identification of Main Ingredients of Their Medicinal Chemistry

Liu-Zhongyu1, Liu-Yang2, Liu-Shouhan1, Ding-Xianping1, Yang-Yi1* and Huang-Hai *2

1College of Life Science, Sichuan University, China. 610041
2Department of Clinical Biochemistry, Guiyang Medical College China. 550004

*Corresponding authors: Yang-Yi, College of Life Science,

Sichuan University, China. 610041, E-mail: zhongyujohn@gmail.com

Huang-Hai, Department of Clinical Biochemistry,

Guiyang Medical College China. 550004, E-mail: hwanghai828@tom.com

Received May 07, 2009; Accepted June 23, 2009; Published June 24, 2009

Citation: Liu Z, Liu Y, Liu S, Ding X, Yang Y,  et al. (2009) Analysis of the Sequence of ITS1-5.8S-ITS2 Regions of the Three

Species of Fructus Evodiae in Guizhou Province of China and Identification of Main Ingredients of Their Medicinal Chem-

istry. J Comput Sci Syst Biol  2: 200-207. doi:10.4172/jcsb.1000032

Copyright: © 2009 Liu Z, et al. This is an open-access article distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author

and source are credited.

Abstract

A total of fourteen specimens of three Fructus Evodiae species were collected from Zunyi and Tongren of

Guizhou Province in China. The internal transcribed spacer (ITS) region (ITS1, ITS2 and 5.8S rDNA) of the

nuclear ribosomal DNA (nrDNA) of the fourteen species were amplified and sequenced and another two se-

quences of Evodia rutaecarpa (JUSS.) BENTH species were obtained from Hunan Academy of Traditional Chi-

nese Medicine, Changsha, Hunan Province of China. In addition to, the main ingredients of their medicinal

chemistry of all specimens were identified by high performance liquid chromatography (HPLC). The three differ-

ent morphological Fructus Evodiae species could not be distinctly classified by phylogenetic analysis of ITS

combining the main ingredients of medicinal chemistry. This conclusion is inconsistent with early research re-

sults.
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Introduction

Fructus Evodiae (synonyms: Tetradium ruticarpum),

which is the dried nearly ripe fruit of Evodia rutaecarpa

(JUSS.) BENTH (EB); Evodia rutaecarpa (JUSS.)

BENTH. var. officinalis (DODE) HUANG (EBOH) or

Evodia rutaecarpa (JUSS.) BENTH. var. bodinieri

(DODE) HUANG (EBBH), are widely used in traditional

Chinese medicines, which have about 150 species, distrib-

uted in Asia, eastern Africa and Oceania. In China there

are about 20 species including 5 varieties (Zhengyi  et

al., 2007). Fructus Evodiae cultivation has a long history in

China Guizhou province, mainly distributed in Tongren,

Zunyi , and other places. With its first-class quality, the out-

put ranks first in China main exporting to Southeast Asia as

Chinese traditional commodities.

In Pharmacopoeia of P. R. China (Part I), Fructus

Evodiae is classified into three groups, EB; EBOH or EBBH

(Chi, 2000), however, the latter two are considered

ered as the variants of the former group. So far, this tax-

onomy is more acceptable to most scholars. As a medicine

product on the market, according to the size of the flower

of plants, Fructus Evodiae is also grouped into two sec-

tions, big flowers referred to EB and small flowers referred

to EBOH or EBBH. In general, all above classifications are

based on the individual characters portrayed and macro-

level observation. In practice, those classifications are fac-

ing challenges. For example, Fructus Evodiae is identified

mainly relying on shapes of its leaves and fruit , but it has a

strong seasonal limitations, for example, in winter and spring,
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its breeding and screening of seedlings face the identifica-

tion  difficulties. In addition, many unscrupulous traders of-

ten use the fake and shoddy Fructus Evodiae to cheat con-

sumers due to identification difficulties. Those require that

people must find a new classification and identification meth-

ods of Fructus Evodiae.

Eukaryotic ribosomal RNA genes (known as ribosomal

DNA or rDNA) are found as parts of repeat units that are

arranged in tandem arrays, ITS (for internal transcribed

spacer) refers to a piece of non-functional RNA situated

between structural ribosomal RNAs (rRNA) on a common

precursor transcript. In the transcribed region, internal tran-

scribed spacers (ITS) are found on either side of 5.8S rRNA

gene and are described as ITS1 and ITS2. The length and

sequences of ITS regions of rDNA repeats are believed to

be fast evolving and therefore may vary. Universal PCR

primers designed from highly conserved regions flanking

the ITS and its relatively small size (600-700 bp) enable

easy amplification of ITS region due to high copy number

(up to-30000 per cell (Dubouzet and Shinoda 1999) of

rDNA repeats). This makes the ITS region an interesting

subject for evolutionary/phylogenetic investigations (Baldwin

et al., 1995; Hershkovitz et al., 1996; Hershkovitz et al., 1999) as well

as biogeographic investigations (Sharma et al., 1993; Suh

et al., 1993; Hsiao et al., 1994; Dubouzet et al., 1999).

A molecular approach, using sequence data from the in-

ternal transcribed spacer (ITS) of nuclear ribosomal DNA

(nrDNA) were used in this study. The initial results of mo-

lecular phylogenetic analyses on taxa from the ITS region

of Fructus Evodiae were showed in this paper. In addition,

the content of Evodiamine and Rutaecarpine, both of which

are major bioactive compounds in Fructus Evodiae, was

determined by High Performance Liquid Chromatography

(HPLC).

Material and Methods

Plant Materials

A total of fourteen specimens of three Fructus Evodiae

species were collected from Zunyi and Tongren of Guizhou

in China, including two vouchers of EB, six species each of

EBOH and EBBH, and the sequences of another two spe-

cies, code EB.JL and EB.JS, were obtained from the Pro-

vincial Key Laboratory of Drug Research, Hunan Acad-

emy of Traditional Chinese Medicine, Changsha, Hunan

Province, 410013 (Dan et al. ,  2008). Due to the

morphological variation of Petal and leaf of female Fructus

Specimens Location (China) No. 
GenBank 

Accession 
A T G C 

G+C 

(mol 

%) 

Length(nt) 

analyzed 

dataset 

E+R 

(%) 

EB.ZY1 Zunyi,Guizhou 1 EU663538 18.5 18.7 29.4 33.3 62.7 615 0 

EB.ZY2 Zunyi,Guizhou 2 EU663537 18.9 18.5 29.1 33.5 62.6 615  0.04 

EB.JS* Jiangsu 3 EF432817 18.7 18.5 29.3 33.6 62.9 611 0.65 

EB.JL* Jilin, Shangdong 4 EF432818 18.7 18.5 28.7 34.1 62.8 616 0.4 

EBOH.TR1 Tongren,Guizhou 5 EU663542 18.2 18.7 29.2 33.9 63.1 616 0.2 

EBOH.TR2 Tongren,Guizhou 6 EU663543 18.5 18.7 29.4 33.3 62.7 615 0.25 

EBOH.TR3 Tongren,Guizhou 7 EU663544 18.5 18.7 29.4 33.3 62.7 615 0.11 

EBOH.ZY1 Zunyi,Guizhou 8 EU663534 18.7 18.5 29.3 33.5 62.8 615 0.64 

EBOH.ZY2 Zunyi,Guizhou 9 EU663535 18 17.9 29.8 34.3 64.1 615 0.54 

EBOH.ZY3 Zunyi,Guizhou 10 EU663536 18.5 18.7 29.3 33.5 62.8 615 0.73 

EBBH.TR1 Tongren,Guizhou 11 EU663545 18.7 18.5 29.3 33.5 62.8 615 1.34 

EBBH.TR2 Tongren,Guizhou 12 EU663546 18.7 18.4 29.5 33.4 62.9 614 1.53 

EBBH.TR3 Tongren,Guizhou 13 EU663533 18.7 18.9 29.3 33.2 62.5 615 1.41 

EBBH.ZY1 Zunyi,Guizhou 14 EU663539 18.9 18.7 29.1 33.3 62.4 615 0.08 

EBBH.ZY2 Zunyi,Guizhou 15 EU663540 18.7 18.5 29.3 33.5 62.8 615 0.22 

EBBH.ZY3 Zunyi,Guizhou 16 EU663541 18 17.9 29.8 34.3 64.1 615 0.15  mean  18.6 18.5 29.3 33.6 62.92 614.81 0.59 

 

Table 1: Plant materials of three species used in this study and the accession of these species for ITS1-5.8S-ITS2 sequence

in GenBank.

Abbreviations: EB, Evodia rutaecarpa (JUSS.) BENTH; EBOH, Evodia rutaecarpa (JUSS.) BENTH. var. officinalis (DODE) HUANG;

EBBH, Evodia rutaecarpa (JUSS.) BENTH. var. bodinieri (DODE) HUANG; TR, Tongren of Guizhou; ZY, Zunyi of Guizhou; JL, Jilin

of Shangdong; JS, Jiangsu province; E, Evodiamine; R, Rutaecarpine.

*: EB.JS and EB.JL offered by Provincial Key Laboratory of Drug Research, Hunan Academy of Traditional Chinese Medicine,

Changsha, Hunan Province,410013.
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Evodiae, its specimens were grouped into 3 types, EB

(shape-clustering and larger petals), EBOH (shape-dispers-

ing and smaller petals, 13-18cm leaves with highly dense

dots in diameter, commonly found in the limestone moun-

tain), EBOH (shape-dispersing and smaller petals and about

10cm in diameter leaves with sparse dots in diameter, com-

monly found in relatively flat lands) (Zhengyi et al.,

2007). All specimens were identified by Prof. Dr.Hesun.Zhi,

Department of Clinical Biochemistry, Guiyang Medical Col-

lege China 550004. Fresh leaves were collected, using ul-

tra-low-temperature ice bags to conserve and keeping in

the ultra-low-temperature refrigerator. Details of the plant

materials are shown in Table 1.

DNA extraction, ITS amplification, cloning and se-

quencing

(a) DNA extraction and purification: Total cellular DNA

was isolated using modified CTAB method based on the

traditional one (Doyle et al., 1987). The isolated DNA

was purified by RNase A treatment and chloroform:

isoamyl alcohol extraction. The quality and quantity of

DNA samples was checked on agarose gel using lambda

DNA as marker.

(b) ITS amplification: ITS1-5.8S- ITS2 rDNA region was

amplified using the following primer pair (White et al.,

1990):

 ITS-4 (5’-TCCTCCGCTTATTGATATGC-3’)

 ITS-5 (5’- GGAAGTAAAAGTCGTAACAAGG-3’)

Amplifications were carried out in 50 µl reaction mixture

containing 34.6µl sterile water , 5µl of 10x PCR buffer,

3µl of 25mM MgCl
2, 

4µl of 10mM dNTPs, 1µl of each

primer (20µM ), 0.4µl  (2 U)  of  Taq polymerase (TaKaRa

Corp., China) and 1 µl (200ng) template DNA. Eppendorf

DNA thermal cycles were used with the following PCR

profile: an initial denaturation for 5 min at 95o C, 35 thermal

cycles (1 min at 95 oC, 1min at 54oC and 1 min at  72o C), and

a final 10 min extension at 72 o C.  The amplified DNA was

purified using Tiangen QUICK PCR purification kit fol-

lowing manufacturer’s instructions (Tiangen, China).

(c) Cloning and sequencing: Purified DNA was ligated in

pMD18-T Easy vector (TaKaRa Corp., China) over-

night at 16oC. The ligated DNA was transformed in DH5α

competent cells.  The recombinant clones were identified

through blue/white color selection and the presence of

insert in the recombinant clones (white colonies) was con-

firmed following colony PCR. For sequencing, plasmid

DNA was isolated following alkali lysis method

(Sambrook et al., 1989). The insert DNA was sequenced

on contract using automated sequencing facility at

TaKaRa Corp., China.

(d) Sequence alignment: The sequences of ITS1-5.8S-

ITS2 regions were manually aligned.

(e) Sequence submission: Sequences of clones were sub-

mitted directly to GenBank through Bankit (a World Wide

Web sequence submission server available at NCBI home

page). The sequences are available on line (http://

www.ncbi.nlm.nih.gov) and can be located by accession

numbers or GI numbers EU663533-663546.

An initial alignment of the ITS sequences was generated

u s i n g  C L U S T A L W  ( T h o m p s o n  e t  a l . ,  1 9 9 4 ;

Higgins et al., 1996 ), and then made several minor

adjustments manually. The sequences with those published

on the ITS of Fructus Evodiae (Dan et al., 2008;

Poon et  a l . ,  2007)  were compared to  determine

boundaries of ITS1ans ITS2. A total of 616 nucle-

otides were included for the phylogenetic analyses under

maximum-parsimony (MP) criteria. Gaps were coded as

missing data. MP phylogenetic analyses were accomplished

using PAUP* 4.0b10 (Swofford, 2000) on PC with

windows platform. Pairwise evolutionary distances between

accessions were generated under the Kimura 2-parameter

model (Kimura, 1980). Each nucleotide position was

treated as an independent, unordered, multistate character

of equal weight. All characters have equal weight and the

parameter setting with weights transversions 10 times tran-

sitions. A parsimony heuristic search was performed using

addition sequence set at random, with 1000 repetitions,

ACCTRAN character state optimization, tree bisection-

reconnection (TBR) branch swapping, and MULTRREES

on, trees are unrooted. The ÷2-test of paup*4.0b4a

(David, 1999) was performed to obtain the information

about the homogeneity of the nucleotide distribution.

The robustness and stability of parsimony trees were

estimated by using bootstrapping with 100 replicates.

High Performance Liquid Chromatography (HPLC)

Analysis

The HPLC system consisted of Quat pumps (Model

G1311A, Agilent, U.S.A.), a diode array detector (Model

G1315B, Agilent, U.S.A.)”. Chromatographic separation

was carried out on a Agilent SB C18 column

(250mm×4.6mm, 5µm; Elite, China), using a gradient sol-

vent system comprised of (A) CH3CN and (B) H2O(with

0.05% H3PO4 and 0.04% Octane sulfuric acid sodium salt

(Chaudhary, 2007). Gradient profile: 0—25 min: linear

95—65% of B; 25—40min: linear 65—60% of B; 40—

55min: linear 60—58% of B; 55—65min: linear 58—25%

of B; 65—100min: 10% of B; on-line UV spectra were
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recorded with detection wavelength of 225nm, column

temperature: 25°C. Data were stored on a personal com-

puter.

Result

The base composition in the dataset was balanced with a

mean G+C content of 62.9% for the aligned complete se-

quences. Table 1 shows the distribution of nucleotides as

well as the G+C content in ITS1+5.8S+ITS2 complete se-

quences. After exclusion of highly variable sites to mini-

mize the risk of a phylogenetic tree construction based on

nucleotide distribution (Saitou et al., 1989; Hasegawa

et al., 1993; Steel et al., 1993) the distribution pattern

resulted in a chi-square-test with p=1.0000, allowing for

phylogenetic reconstruction.

Internal Transcribed Spacer Sequence Diversity

16 complete ITS sequences were generated for the 4 EB

and 6 EBBOH and 6 EBBH species. Each full sequence

included complete sequences of ITS1, the 5.8S rRNA gene,

and ITS2. All complete 5.8S sequences were 163 nucle-

otides in length, except for the two sequences from EB.JS

and EB.JL, which were 182 nucleotides long. The ITS1

sequences varied in length from 220 to 232bp, whereas the

ITS2 sequences varied from 196 to 220 bp. Alignment of

the ITS1 sequences required the hypothesis of 11 insertion/

deletion events of 1–2 bp each and resulted in an aligned

length of 246 bp. Alignment of the ITS sequences required

3 indels of 1 bp each and 1 gap of 6 bp for a total aligned

length of 617 bp. The guanine +cytosine (G+C) content

averaged , respectively , 64.4%, 64.80% and 64.70% in ITS1,

54.62%, 54.09% and 53.89% in 5.8S, and 67.63%, 67.78%

and 67.66% in the ITS in EB, EBBH and EBOH (shown in

Table 2).

The studies show that some plant genomes harbor mul-

tiple, and in some cases, highly divergent ITS sequences,

e.g., Buckler and Holtsford (1996), more than one clone for

most studied accessions were sampled. When considering

only substitution polymorphisms, the ITs sequence of

EBBH.ZY1 was identical to EBOH.ZY2, EBBH.TR3 and

EBBH were also identical as well because their evolution-

ary distance equals to zero (Table 3). Fourteen unique se-

quences among the 16 sequences included in the main phy-

logenetic analysis were selected in this study, 31 of 616 char-

acters (5.03%) exhibited substitution polymorphisms, and

16 (2.3%) of those were parsimony-informative. These In-

formative sites were approximately equally distributed be-

S.No Parameter ITS1 5.8S ITS2 Entire sequence 

1 Length range (nt) 230-232

232
232

163-182

163
163

196-220

220
220

609-615

615
615

2 Length mean (nt) 231.0 

232.0 

232.0 

175.67 

163.0 

163.0 

205.67 

220.0 

220.0 

612.33 

615 

615 

3 Aligned length(nt) 234 

232 

232 

182 

163 

163 

220 

220 

220 

617 

615 

615 

4 G+C content, range (%) 63.91-64.94 

64.22-66.38 

64.22-66.38 

53.99-54.99 

53.99-54.60 

53.37-53.99 

67.27-68.16 

67.27-68.64 

66.82-69.09 

62.70-62.89 

62.60-64.07 

62.44-64.07 

5 G+C content, mean (%) 64.40 

64.80 

64.70 

54.62 

54.09 

53.89 

67.63 

67.78 

67.66 

62.78 

63.03 

62.92 

6 No. of variable sites (%) 14(5.98) 

11(4.74) 
7(3.02) 

1(0.55) 

3(1.84) 
1(0.61) 

6(2.73) 

7(3.18) 
7(3.18) 

21(3.40) 

21(3.41) 
15(2.44) 

7 No. of constant sites (%) 219(93.59) 

221(95.26) 
225(96.98) 

181(99.45) 

160(98.16) 
162(99.39) 

214(97.27) 

213(96.82) 
213(96.82) 

595(96.43) 

594(96.59) 
600(97.56) 

8 Transitions® 0-2

0-2

0-1

0-0

0-0

0-0

0-1

0-2

0-1

1-3

1-2

1-2

9 Transversions® 1-2

0-1

0-1

0-1

0-1

Onc

Onc-1 

Onc-0 

Onc-0 

2-2

0-2

0-1

 

Table 2: Sequence characteristics of ITS region of EB, EBBH and EBOH.

Note: In each box, upper value is for EB; middle value is for EBBH and lower values is for EBOH
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tween ITS1 and ITS2, with much less information present

in the 5.8S gene (Table 2).  Over all, in the entire ITS re-

gion, 15 (2.43%) autapomorphy sites (variation at a same

site in one sequence) were detected, similarly, 24 (3.9%)

synapomorphic sites (variation at the same site in more than

one sequence) were detected ( supplementary Fig 1 online).

Intraspecific Sequence Divergence in ITS1, ITS2 and

5.8S Regions

Of the three regions of the entire ITS, the sequence of

5.8S rRNA coding region, as expected, was conserved

amongst EB.EBOH and EBBH species and this region ex-

hibited only four substitutions (including three transitions and

one transversion) and( supplementary Fig 1 online ). It sug-

gested that a similar level of intraspecific sequence diver-

gence in 5.8S region in the three species.

Four EB (4 sequences), six EBBH (6 sequences) and six

EBOH (6 sequences) accessions were used to investigate

intraspecific ITS variation. In EBBH, 5 of 6 sequences were

unique, sequence divergence (Kimura 2-parameter dis-

tances) ranged from 0.000 to 0.023 (mean =0.012) (Table

3); In EBOH, all six sequences were unique, sequence di-

vergence ranged from 0.003 to 0.018 (mean =0.01); In EB,

four sequences were unique, sequence divergence ranged

from 0.005 to 0.027 (mean =0.0178). Therefore the three

groups of species showed low within-group sequence di-

vergence, it also clearly indicated that on the basis of se-

quence divergence, due to substitutions in the ITS region,

the EB genotypes were more diverse than the EBBH and

EBOH genotypes. The mean sequence divergence (Kimura

2-parameter distances, 0.0144) between EB and EBBH,

(0.0185) between EB and EBOH were greater than aver-

age divergence (0.01) between EBBH and EBOH, which

suggested that the diverseness between EB and EBBH and

EBOH were more than that of between EBBH and EBOH.

Phylogenetic Relationship

Based on the ITS sequences of the three species deter-

mined in thisent study and two sequences obtained from

GenBank (EB.JS, EF432817; EB.JL, EF432818), parsimony

analysis produced two most parsimonious trees, Tree length

= 153, with a Consistency index (CI) = 0.9673, Homoplasy

index (HI) = 0.0327, CI excluding uninformative characters

= 0.9231, HI excluding uninformative characters = 0.0769,

Retention index (RI) = 0.9664 and Rescaled consistency

index (RC) = 0.9349. As shown in Fig 1, bootstrap 50%

majority-rule consensus tree divided the 16 Fructus Evodiae

species into three main groups. The three EBOHs, three

EBBHs and one EB species formed a biggest group with

54 bootstrap, which include two subgroups, EBOH.ZY1 and

EBOH.TR3 with 65 bootstrap, EBBH.TR3 and EBBH.TR2

with 62 bootstrap; the second biggest group with 97 boot-

strap comprised of two EBBHs, two EBs and one EBOH

species, two EBs species, EB.JS and EB.JL (76 bootstrap)

Table 3: Pairwise nucleotide sequence divergence (%), based on substitutions, among 16 accessions of. Fructus Evodiae

(Model: Nucleotide: Kimura 2-parameter ->Substitutions to Include: d: Transitions + Transversions) 31 Variable sites, 15

singleton sites and 16 parsimony-informative sites.

Seq-> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

EB.ZY1 - 5 12 15 13 4 4 2 8 5 2 4 6 7 2 8 

EB.ZY2 0.8 - 13 16 14 3 3 3 9 2 5 3 3 4 3 9 

EB.JL 2 2.2 - 3 3 12 12 12 8 13 12 12 14 15 12 6 

EB.JS 2.5 2.7 0.5 - 6 15 15 15 11 16 15 15 17 18 15 9 

EBBH.TR1 2.2 2.3 0.5 1 - 13 13 13 9 14 13 13 15 16 13 7 

EBBH.TR2 0.7 0.5 2 2.5 2.2 - 0 4 8 3 4 2 4 5 4 8 

EBBH.TR3 0.7 0.5 2 2.5 2.2 0 - 4 8 3 4 2 4 5 4 8 

EBBH.ZY1 0.3 0.5 2 2.5 2.2 0.7 0.7 - 8 3 2 4 4 5 0 8 

EBBH.ZY2 1.3 1.5 1.3 1.8 1.5 1.3 1.3 1.3 - 9 8 8 10 11 8 2 

EBBH.ZY3 0.8 0.3 2.2 2.7 2.3 0.5 0.5 0.5 1.5 - 5 3 3 4 3 9 

EBOH.TR1 0.3 0.8 2 2.5 2.2 0.7 0.7 0.3 1.3 0.8 - 4 6 7 2 8 

EBOH.TR2 0.7 0.5 2 2.5 2.2 0.3 0.3 0.7 1.3 0.5 0.7 - 4 5 4 8 

EBOH.TR3 1 0.5 2.3 2.9 2.5 0.7 0.7 0.7 1.7 0.5 1 0.7 - 3 4 10 

EBOH.ZY1 1.2 0.7 2.5 3 2.7 0.8 0.8 0.8 1.8 0.7 1.2 0.8 0.5 - 5 11 

EBOH.ZY2 0.3 0.5 2 2.5 2.2 0.7 0.7 0 1.3 0.5 0.3 0.7 0.7 0.8 - 8 

EBOH.ZY3 1.3 1.5 1 1.5 1.2 1.3 1.3 1.3 0.3 1.5 1.3 1.3 1.7 1.8 1.3 - 

 Note: Direct counts of transitions/transversions are shown above the diagonal; Percentage of sequence divergence distance, the true value

= value * 10-2, is shown below the diagonal; Light grey area: EB cluster, middle grey area: EBBH cluster, thick grey area: EBOH cluster
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were a sister group to EBBH.TR1 with 99 bootstrap. In

another two OTUs, EBBH.ZY2 and EBOH.ZY3, form a

polyclade with 97 bootstrap; the remaining four species,

EBOH.TR1, EBOH.ZY2, EBBH.ZY1 and EB.ZY1 formed

a polyclade in this phylogenetic tree as a individual branch.

Contents of Evodiamine and Rutavarpine from Fruc-

tus Evodiae

Evodiamine and rutavarpine, two of the main bioactive

constituents in Fructus Evodiae, were selected as the refer-

ence standards for equalizing and evaluating the quality of

the species (Dan et al., 2008). In our experimental

chromatographic conditions, the retention time and peak

area of Evodiamine were stable and reproducible. There-

fore, Evodiamine was selected as the reference peak and

marker for Fructus Evodiae in this study. The content of

Evodiamine and Rutaecarpine in ten samples was also tested,

according to the method of Committee for the Pharmaco-

poeia of P. R. China (Chi, 2000). The result is shown in 

the last column of Table 1.

Discussion

Dan et al., (2008) and Poon et al., (2007 ) tested the

sequence of ITS of Fructus Evodiae samples  f rom

other districts, but GC contents,variation sequence, and in-

traspecific sequence divergence in ITS1, ITS1 and 5.8S

regions of the entire ITS of Fructus Evodiae in their study

were relatively few. Dan et al ., (2008) (30) reported that

there was an ITS base sequence variation in length and

similarity among different district Fructus Evodiae. The

intraspecies identification of the three Fructus Evodiae

species from Guizhou, Jiangsu and Shandong province

in China was done in this study. When comparing to the

former research results, the number of isolates was rela-

tively high and the geography distribution was relatively

narrow, which could contribute to the origin and evolution

of Fructus Evodiae in Guizhou province of China. Accord-

ing to the ITS sequences of Fructus Evodiae, the results

showed that there were variation sites on the rDNA ITS

sequence in different isolates, and there was a genetic dif-

ferentiation in various degrees. Therefore, it is concluded

that the ITS sequence of Fructus Evodiae was very con-

servative. There was an ITS sequence variation among dif-

ferent Fructus Evodiae isolates, which showed that there

was a tiny variation among Fructus Evodiae individuals of

the same intraspecies.

 The phylogenetic relationship of Fructus Evodiae iso-

lates from Guizhou, Jiangsu and Shangdong was examined

(Fig 1). In this phylogenetic tree, any clade almost includes

three species of Fructus Evodiae, i.e.  The different kinds

Figure 1: Bootstrap 50% majority-rule consensus tree of two Most Parsimonious Trees Reconstructed on the Basis of ITS

Sequence from Fructus Evodiae Species Tree length = 153, with a Consistency index (CI) = 0.9673, Homoplasy index (HI)

= 0.0327, CI excluding uninformative characters = 0.9231, HI excluding uninformative characters = 0.0769, Retention index

(RI) = 0.9664 and Rescaled consistency index (RC) = 0.9349 number on line is the bootstrap value with 1000 replicates.
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of Fructus Evodiae could not be effectively seperated and

identify by using this method. .  Furthermore, by combining

with the results of HPLC test (in the last column of table 1),

it is hardly possible to draw a similar conclusion which was

deduced by Dan et al., (2008). The reason might be

that Dan et al., (2008)’s conclusion is available to relatively 

wide samplings in geographic areas.

Conclusion

There are two conclusions may be drawn from this study.

Firstly, in a relatively-narrow geographic area,  the ITS se-

quence of Fructus Evodiae was very conservative, and

there was no ITS sequence variation among different Fruc-

tus Evodiae species, therefore, ITS sequence analysis is

considered as a non-effective measure for studying the phy-

logenetic evolution. Secondly, it is difficult to identify and

distinguished the three Fructus Evodiae species in detail

by using the ITS sequence analysis combined with High

Performance Liquid Chromatography (HPLC), therefore a

novel test method should be developed to differentiate the

three Fructus Evodiae species.
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