FATERE E AT o 72,

D BT EBRE LSS

HrFy  EERERI%BEENLOD,
EELEBEROLEERIERTH S,

3) EvFUEARAL LSS

AV FEyF Ly EERIT 100% T,
AEBRREFTHD,

4) AR FEERLLIEE

ety EERIBRET, AF
HIERTH S,

TAVATH Y EFRIIEBET T,
EFRIERTH D,

B) ¥Y=¥ 22 Z%EARE LSS

HeHr T EmELRIX Q0% LT,
BRERIERT, BARBIEHSICbhhbb
TIHEELTNS,

HrFI T EEFIT 100%EL T,
FRERE AR 2 (8 AT R ER A TE R 30em EA
FizmEL., X< - BELTWVS,

¥ rFI T EERIZI%LULT, £
BIXEBFTH B,

BT IVT T EERE100%E T,
REIEET 2004 FICEET 2EA LD
27,

6) vAEBEAKRELEES

REE  FEERERHT0% T, £FIRE
Fehd,

7 TEERALLEEE:

FE(NTEE) RFNHDHEST T,
ERRICAEL ROoNT, EFRITL 0%
YUET, EFREETHS,

8 AXFrvavkBEARLLILES:

FTRYF ey  EERILIIONERE
T, AB BB THS,

9) FF N PEBERELERS

HFF  AFIZEFT, 2003 Eb

PATE « #EEASEAE Y . 2004 FIZIE 50 8
FigEOREZFITIHLD S,

TEFY  AFIREFICRET, 2003
ENLRTE - BERIBEY, AFWOLEB
hEHEIREIEL, BELTWS,

HAD ¥ A XA 2004 FIT1IEETE - 75
ERtEE o7,

D. E%

1) nekrFrEaReLiEES:

FNE FAT XY HEER T,
BARAEARL UTHERFRENE I NIEFR
T, AFORBEAHERITILNENHS,
R L LToFERIZIMERNZ L
BEER SN,

Ty aa BRREATR, £F0RGBR
BETOINENDD,

BT an  FOEERTIIYED
BiEEEL, FTORDEFLREFT, &
BEERBTCORITHEL LTHREFETES,
Ty 22 ORGITEHEOBEOX 3 2
THOT rF—IZ X D/NEORENRRZW
=, BEHPLBREOERIIFBELELE
Zbitd,

2 ARl LSS

Gy BWEEROERBEEL
I XA LOMTRHETHY, BE -
EEVEREIII T L CORAOBEI B L
L CHEERIIRETOLERD D,

3) B EERE LSS

ATy BIBOMEKEALFLE
DEVIZH L R2VWRIRTH D, 5. B
SIZOVWTORFEBLETH D,

4) AR FEBRL LB :

vFwrd s (BEFRTHLAA %
EARLLTHIALTEY., ZOoE@mTIIMA



B2,

TAVIw ¥ 7 £RER-HE
DEZITONTORMPLETH S,

b) Y=¥/r FhEARL LGS :

HreFEsrS, Ar¥rS  mHEEY
AFGREFT, BICREIRVWE IR
bid,

FhFZT RBATIE. EFORE
TEETDILENSS,

ATIFrT REETIRRERET
ZLTWAR, BIEEEHIIRESTE
LT, SHROEBFTORBL*EETALE
MBEHD,

6) UAEFAAREL LES

AEE  RRICE - THRHBATOHER
bHDHLORDOT, SHROBRBEEET
LUENDD,

7 TEEEARE LGS :

TE (NFETE) (I EAERT AL
BICREER2VE I CBbhS, A
EOGEDORERIRITH - o> TIIREFD
LEEND B,

8) A RFravkhRe LiEE:

TRUFrvay . fMBRUERTE, 7
oY vE I TIREEK
LTWai, REaoBd0YE#HEBL L
TA XYPria v THRATETIRAE,
Lodl, FBELEBAOSBOLEFTR
NEBEETILENSH B,

9 FFRAFTEERE LGS

EFoF, YRRV BMADEA XA
D IFETOVWTR D BRI T ZF,
FAEARE) LORBLAETHDD
DD, BHMTOHFFAAFTOIERBTET
HBT EPERTER,

EREYOLE., FAMALDORS A,

DEE LHERVON, REOHKH

E. &#&

BEERCLDZEET, tRiIfiEeD
iR (EfH, THEFERLE) Bboftd
DO, XF7 7 4 LAOFERICE Y KB
Bfah, BROEL DRI RYVEER
omEilbRof, £, BRIEMOEE
ADELERFILITD T L NEFE 2o
TWhED, BBV THLEETETH
DI EMNRERTCER,

AR ELFEROBRMEIZ DOWTIEFRA -
R ENBL, ERLUTHERT LIS
E¥BdD,

BERMENLENWI Z LiIE, HEOH
BOFMERENLEWI L LEABD
3T, SHROBEBTFHEARZIAOREIIT
B4Ba0Lo0E L MERFLTWA L
ITHLEDbNS,

F. FFERR
1ERCRE
2L
2. FRRR
2L

G. MHFHEORERKER
®mL

H. &8
DEAZES B IEmEOSEH)
5593 5 (1997 F 4 A)pp.11-13
AP EELR « PN EE  FEEADFEI
& DEAK - & DADHEE, HERM, 1973
NRBFIER : [MfF BHtOHEAR -HARL



mIEEH, MR, 1973
HDEFEEE - V-FrIA4 7 K
R RO SR LE, BoCEF i, 1972
BYER BT - Ranfl bty AR & ikAbAs 1
EHIER « WREECR, BROCEFTCH, 1974
OMRBTE « BFEBILE AL B
2 HEEBA -{EARE, FILEFTLH, 1974
DLEEE . AREANA P v o, 3%
TFE. 1973
9) FH ML B A RBSE) §
87 (2003 4):pp.103-111

— 100 —



EAGEBNEHAEES (B b L - BEAERSHETE)
SHEBRRES

Bz FHEAE A ORERE ORRHRE L BERRTOEAOEORE

DHEMEE KN xE

BHEOKRZFREEFREMEL L 7 — R

FEEEE, BETFHEAMYHPRBICES L, BREEREATI LA
{HEHEESE DI, EYOETERRNLIES<BboTWH I L 285
L. ®iC, #EEY (UF, BFiY. BFEY) OFERND
COMBROBHAEZI I 2 ofz, SN, REBFOBMSE L HAER
BFOHAFEBE L TRET S, RERTOBEWHFEITE., #ELL
MEMEOEHFELRBRERNTOBBEHFEO ZoB8H 5, o, FEE
BFOEAFEILE, BRARED CORRBIZL Y FEXHY, Zohik
CELTHOREERSFED 2 HEEYIERREEDOEDICHE 2
T, AES ¥ BB ERALT-OTHET B,

A. HFEBW :
RBBREFOEWEFEL, K<L T
WHERBETITONLAIREDOKR ST HiE
LA TITbh 3 LA, BEEA,
FEEFERER DD, EREDHO—E
THERLPTAEFCLIHEFELD
5, ¥ rv—OWLMBTITo 8BRS
HBEEORBERET DS, EALEY
3. BERED L EBMEDEZIH1008T
HD, ITNOLOWIEFEICEAL T 3EM
DEBRFHERERET D,

B. BB E LM

R T—AF P IA T INE
FEIEI D & 2 OFR BRI HIC 7 ¥ O RE
WEREHEEZALR, FIgETLT
WHILEERE - PEREDOA 2 DRI

EBERERDLIEELTWAELLT
fTole. BRIy v~—dtBOIF
M, #EE L 200m 205 1, 800m D B TH
L. XY BENEORBILET, K
MEDI ¥ ~v~—TOMEERBIAEDL
nTns,

HREBEMEL: BRPLEALLEDIZEL
WART,

ABRFE

(1) FHBFOREL I ¥ vw—3ED
HF M, R 1, 200m 235 1, 800m D HY
BTy OARERSHICERE BT
Do, EFARMEEREER S EY, £
CTOMBITHELRABEMEEA LR,
(2) BHEEREHOIF M TOHMA
FEZITV. RRICFA e % 2 %
RLEDOTCINOOERYEHMBLE,

- 101 —



(3) BEEETORER L EETDOARDED
CHEAOEER 3IZRA (AFux, 2UF
BT, HIRE) ZHEZAALT,

C. iIERRE
2y re—ERIURME COEAMBO
AFRRAEKL, K2R L, 3EM
ORBERTIIBIEE T
(M FEROIWLOEFF T, 2 X
THY, TRY, IH FRIXIF
F (100K MEP), AF37 (K
FBOREOHKES bV 7 oy i EERHL
LTEER). VA (REXPROBILRT
RKEEEMICHEZIAL), ¥, A F27
(Fikk 158, =Aito, Ky /X,
/X Ve Aa  FAuAFay,
Fyay FreEv=Vr (9F), &
DLrEErRa URURZIIRERR
LRV, ERHAERFEL TIE
~BHETE, Y /A4F, Xxav, Y
I8F- TR
(2) HEYRLI2WVWHoOIZRAFY X
FOVBHD, ZOMEBIEITALE O
WA~BHET 5, 7V LERBREN, v
7¥ 7 bAM~BET B,

(3) Trr~—0DERED

O Ay HZT. HIETObHO,

@ HXIZAL=AFAa2Y 100

BRIGIRE 2 BT L TR TH

3, RERGTCHD, #HE (1RE)
ELTRIATRETH S,

@ Irre—=rIPridBANHA
BTV, T—Fro=v
vEBLLTWS, RERXTFIE

Vv PR ThBEN, BB
BRTFEEH D,
(4) BAOERELBEMTROITESH
B ARMEY

@ A (BNIRE) OEAR250
OXREBFRPTHY, ZhbDHE
EAABARELTCHTZFEHLE
RETHD,

@ FUEOBARLLRLIEMIMT
KEKE LTW3, AR,

@ ARTOBBERIHEEL R
ELeOT, #EAOBARRICE
RETH D,

@ BHOLE »oHBIbEE
RRLEZOT, ZOBEFRLT
BARICEETTH D,

® VrIoBEBEFROIELE
DT BRELTOEEHTTHS,

® HTVREOEKICRLINE
HRTHLH, BRELDIOTH
g2b Liviany,

(5) #HAlOFEERE Fv/FiEyv7
FABRUCLNYFyEBEEALRHS, 18
BEOEHHELAZBEVWHOBRVWOH B
FTiToTWa, BEREW,

SEIOEAEDOP TREEREELZIT
S2TWALDEEIIITRT, T vr~v—
DFEAFEO TR IR E CHlET
3H01R0 K HMEoboIBidEs
rER), DI XE I A= AAF AV
B AT, 10 0HEREL PN L CH
R ThD, KERETHD, HE (R

) LLTHARERTHDS, @ v

- 102 -



T VL BEEHERFCTELTWY
SLOT RELHMPTHD, (FE1L,
2)
HAMDOIEH L AROERSEL D
Y S VAL T R (Y b O N e R o
DETILAERPLFLAALMERZE L
fTiF T, BEEOLTEROZITEL &E
DRABERBI ol ME, XIAATR
HEHoEEDOLS T, (BE3-10)

D. B8
EEFHASBAENEEZREL. BAR
EDRBEEBHS DI, BELEET
H5P., REEMFEORILLEELRE
WTHd, £, ALXERTHLWVIEE
FrANRAEEMEZEDH L, A2
BZROMEHIB®B T LF LW
RHLEDLND, Iy r~—0ORMTE
COERMEDERE L. BEx RoiF7
FTIEIKRBHLEDOT, IhbDIFHE
EICHEEFHABRIOBEREND Z &
MRS 5,

- 103 —



#F1 BEAEYOP CREBIHEELTOTNELO

AL bk HTE ik RRE R
1 Aoy EU A FUL BEOHST.HEF | B
2 H = Hoaw BEDOKDT B\
3 b N4 b N i PR
4 X7 x7 PRSI, FELES B\
5 rAe rtmo A BOA, fEF BRu»
6 Yrx54 PoxT4A BR45yi) B
7 Yol TFF fEF.IELA By BAE
8 H+riay THII7¥vay | BEAR BT BV BTE
9 xIXY P Ry iT BV B
10 | variy aliy i) By
11 | #AVD A PRy B
12 | Frey=rr hFR=P BRAy1T Buv
13 | FvFovy FT ¥Rori) Ry
14 |~ HFAE L% B4yt B>
15 | E¥rTav Frz v aipl B
16 | FFoe R il g
17 | ¥7F Y7F Bl B\
18 | Vav¥ay Yawiay At B
19 | BoFav Ly it B

T Iy FFCOBFREIEOEMED DR ERE

(05 ££ 3 A 20 BIRFE)

£ B & i bk BB R
1 vA%ay 7A%3y i+ By %
2 Ao ak xo8F ¥ B
3 A3 Al T B
4 HIVL AIVL BT B
5 ¥Fav FFav HET Bl
6 Ak oA WA, H¥ B
7 gl A= AT BV BIE.HEE
8 oy ATH¥ T P HEE
9 PPl gsa v B
10 VEVS o T B
11 FAAY A T gt
12 k% s T Bl FROGOHEZ T
13 Fsf= NEAF T By #EHE

BEH 1 BEBobFI w0 0an)

— 104 -




DOHEI N3 azl
R

e

(BH 2)B4HMOIvyw—0=r Py

— 105 —



yreo—ikiiot&

-~
B

T Fak, AVF AV~ F

PR

-

{ELi=3

i

=

~

BL~O

-
—

SME)EMAIRASL, FEMOREF2 ANRLRAAZITH>TND,

(BE 3)tt0BHARO@EY)
A HiX , #EHE1800m, 2005. 2. 27.

TR .
o T s 2

BRI

d

.
i Ty
e T .:...)

2003F DA

(BE 4)

— 106 —



(FH6) BkolH

L

(BE7)BEE AT (BH8) #E K0Sk

— 107 —



(BEE9) AMIavBE—RBRHCEARMTTOMEAY

(EE 10) HADETEOAKIZAAOMERHZ| TS,

HROBRTEL AP ELTER B RO R
. 3 W" g“r s

- 108 —



11I. HEREOFITIZET S R

%:E.:
RETERKAL L EA M KR BT =T HRREE

C. Long, N. Kakiuchi,A. | Phylogenetic analysis of the |Planta Medica 70 1080-1084 {2004
Takahashi, K. Komatsu, | DNA sequence of the (1D
S. Cai, M. Mikage non-coding region of nuclear

ribosomal DNA and

chloroplast of Ephedra plants

in China
C. Long, N. Kakiuchi,G. | Survey on resources of Biol. Pharm. Bull |28 285-288 2005
Zhong, M. Mikage Ephedra plants in Xinjiang (2)
I, Rk, |BIEOTEE L k28958 |Natural Medicines |58 |209-213 2004
SR ERR AHE (GBSED) REDIZRIT

H787<) O
Y. Kaminaga, F. P. Molecular cloning and FEBS Letters 567 197-202 2004
Sahin, H. Mizukami characterization of a

glucosyltransferase catalyzing

glucosylation of curcumin in

cultured Catharanthus roseus

cells
K. Yoshimatsu, H. Tropane alkaloid production |Biol. Pharm. Bull. |27 1261-1265 (2004
Sudo, H. Kamada, F. and shoot regeneration in (8)
Kiuchi, Y. Kikuchi, J. | hairy and adventitious root
Sawada, K. Shimomura |cultures of Duboisia

myoporoides — D. leichhardtii

hybrd
S. Oguro, T. Akashi, S. |Probing Biosynthesis of Plant |Biochem. Biophys. (325 |[561-567 2004
Ayabe, H. Noguchi, I. | Polyketides with Synthetic Res. Commun. (2)
Abe N-Acetyl- cysteamine

Thioesters
I Abe, Y. Utsumi, S. A Plant Type III Polyketide |/, Am. Chem. Soc, [127 |[1362-1363 |2005
Oguro, H. Morita, Y. Synthase that Produces (3

Sano, H. Noguchi

Pentaketide Chromone

HE (BRTERR)

(SERKEY) it & AT

Part 11

O Fa 0, FIFTL, AFYYSTY, AFACY Ny, aul sy

— 109 —




IV. FFEREORITH « BRI



Phylogenetic Analysis of the DNA Sequence of the
Non-Coding Region of Nuclear Ribosomal DNA and

Chloroplast of Ephedra Plants in China

¢ Shaoqing Cai?
i Masayuki Mikage'

Abstract

Twenty-four Ephedra plants belonging to 8 species grown in the
northern and western parts of China were phylogenetically ana-
lyzed for their non-coding DNA sequences, internal transcribed
spacers {ITSs) of nuclear ribosomal DNA as well as trnl intron
and intergenic spacers between tml and trnF (tmljoF) of the
chloroplast. Based on the ITS sequences, the § species could be
divided into 3 groups: Group 1 (Ephedra intermedia, E. sinica, E.
przewalskil), Group 2 (E. equiseting, E. monosperma, E.
gerardiana), and Group 3 (E. likiangensis, E. minuta). The species
classified into Group 1 grow mainly in the north, Group 3 in the
south and Group 2 in the center, suggesting their genetic and
geographic relationships. A specific primer set was designed to
classify the 3 groups by routine PCR. Combined analysis of ITS
and trnl{trnF differentiated the 8 Ephedra species.

Key words
Ephedra - Ephedraceae - nuclear ribosomal DNA - internal tran-

scribed spacer (ITS) - chloroplast DNA - intron of trnl and inter-
genic spacer between traL and trnF (trnd/trnF)

Abbreviations

ITS1: internal transcribed spacer 1

[TS2: internal transcribed spacer 2

tral/trnF:  intron of tral and intergenic spacer between trmL
and trnF

EL Ephedra intermedia

ES: Ephedra sinica

EP: Ephedra przewalskii

EE: Ephedra equisetina

EM: Ephedra monosperma

EG: Ephedra gerardiana

EL: Ephedra likiangensis

EMu: Ephedra minuta

Introduction

Mahuang is a crude drug that has been utilized for perspiratory,
antitussive, antipyretic and anti-inflammatory purposes in tradi-
tional Chinese medicine for centuries. The herbal origin of Ma-
huang is confined to the aeral part of Ephedra sinica, E.
intermedia and E. equisetina in the Pharmacopoeia of China [1].
The habitat of these 3 species is mainly the northern and north-

western parts of China, such as Inner Mengolia, Gansu and Qin-
ghai Provinces. Although other Ephedra species such as E.
gerardiana, E. likiangensis, E. przewalskii, E. minuta, are also used
as Mahuang [2], their reputation is not as good as the Ephedra
species listed in the Pharmacopoeia of China, and their ephe-
drine content is reportedly lower. It is therefore inappropriate to
use these species because their therapy effect has not been con-
firmed scientifically. However, it is difficult to exclude these spe-
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cies from clinical use because of the morphological resemblance
among Ephedra species when they do not bear flowers or seeds,
Anatomic research has been conducted to differentiate them [3],
[4], [3]), but its accuracy was discounted due to geographic varia-
tion. DNA analysis is a powerful tool for the identification of
Ephedra plants: the RAPD rmethod was used by Takeuchi et al.,
but the results were unclear because the plants in the study
were not differentiated [6]. In the course of research into medicin-
al plants in 2001 and 2002, we surveyed Ephedra plants in north-
ern and western China during flowering and collected 8 Ephedra
species [7]. Since non-coding regions tend to evolve faster than
the coding region, nuclear ribosomal internal transcribed spacers
(ITSs) were often used to identify the botanical origin of the herbal
drugs as well as to resolve the phylogenetic relationship [8], {9],
{10], [11]. The ITS of Ephedra plants, a member of the gymnosperm
family whose ITS are longer than in angiosperm plants, can pro-
vide further information for identification {12}, [13]. The trnL/trF
of chloroplast DNA is another molecular marker effective in differ-
entiating the herbal origin [14]. The plastids are inherited mater-
nally in Ephedre, and nuclear DNA is inherited biparentally [15].
The combined data derived from rDNA and chloroplast DNA pro-
vide a more precise resolution in phylogeny [16].

In this paper, we repert the results of the combined analysis of
IDNA ITS and ernl/trnF to differentiate 8 Ephedra species grown
in China.

Materials and Methods

Plant materials

All 24 Ephedra plant specimens belonging to 8 species (1-5 plant
specimens per species) were collected in the Inner Mongolia Au-
tonomous Region and the Sichuan, Hebei, Shanxi, Gansu and
Qinghai Provinces, as shown in Table 1. Gnetum leptostachyum
was a generous gift from Dr. M. Tamura, identified by M. Tamura
and J. F. Maxwell. The plants were deposited in the Herbariumn of
the Medicinal Plants of the Faculty of Pharmaceutical Sciences in
Kanazawa University.

DNA extraction and PCR ampilification

The plant stem was cut into 2-mm pieces, frozen in liquid nitro-
gen and ground into powder. Using the DNeasy Plant Mini Kit
(QIAGEN, Germany), the DNA was extracted according to the
manufacturer’s protocol. Total DNA was used as a template for
amplifying the ITSI and ITS2 by PCR. The primers were designed
based on 185, 5.85 and 265 nuclear ribasomal DNA sequences
from the Genbank. The primers, Eph-F (GAC GTC GCG AGA AGT
TCATT) and 5.85-R (CGG GAT TCT GCA ATT CAC AC), were used
to amplify ITS1 and primers 5.8-F (GAA CGT AGC GAA ATG CGA
TA) and Eph-R (GTA AGT TTC TCT TCC TCC GC) were used for
ITS2, The primers C (CGA AAR CGG TAG ACG CTA CG)and F{ATT
TGA ACT GGT GAC ACG AG) were used to amplify the region of
trL/trnF [17]. PCR was performed in 50 uL of reaction mixture

2 it e S KR s B N S G e T R |

Table1 Plant materials
Species Voucher No. Locality of voucher Date of GenBank Accession No.
collection
msi Ims2 tral/trnF
E, intermedia (E1} KANP02309 Guinan, Qinghai Prov., China 2002.7.31
KANPD2341 Akese, Gansu Prov,, China 2002.8.7
KANP02363 Yuzhong, Gansu Prav., China 2002.8.13 AY394070 AY394062 AY423430
KANP02364 Qingshui Xiang, Yuzhong, 2002.8.13
Gansu Prov., China
KANPQ2369 Longxi, Gansu Prov., China 2002.8.14
E. sinica (ES) KANPO2109 E-er-duo-si, Neimenggu, China 2002.6.5
KANPO2133 Datong, Shanxi Prov., China 2002.6.8
KANPO2139 Chengde, Hebei Prov,, China 2002.6.10 AY394071 AY394063 AY423431
KANPO2143 Chifeng, Neimenggu, China 2002.6.11
KANPQ2145 Tongliao, Neimenggu, China 2002.6.11
E. przewalskii (EP) KANPO2321 Dulan, Qinghai Prov., China 2002.84
KANPO2326 Ge-er-mu, Qinghai Prov., China 2002.84 AY394072 AY354064 AY423432
KANPO2340 Xi-meng-gu-zu-zi-zhi-zhou,, 2002.8.7
Qinghai Prov.,, China -
KANPD2351 Jiuguan, Gansu Prov., China 2002.8.10
£ equiseting (EE) KANP02303 Xurthua, Qinghal Prov., China 2002.7.30
KANPO2314 Xining, Qinghai Prov., China 2002.8. AY394073 AY394065 AY423433
KANP02356 Shandan, Gansu Prov., China 2002.8.11
KANPD2136 Zhangjiakou, Hebei Prov., China 2002.6.8 AY423434
E. monosperma (EM) KANPO2378 Qilianshan, Qinghai Prov., China 2002.8.1 AY394077 AY394066 AY423435
L. gerardiana (EG) KANPO1CT117 Shiqu Xian, Sichuan Prov., China 2001.8.6 AY394074 AY394067 AY423436
E. likiangensis (EL) KANPO101001 Kangding Xian,, Sichuan Prov., China 2001.7.27 AY394075 AY394068 AY423437
KANP(O101126 Xinlong Xian, Sichuan Prov., China 2001.8.8
£, minuta (EMu) KANPO101136 Litang Xian, Sichuan Prov., China 2001.8.1 AY394076 AY394069 AY423438
KANPO107039 Kangding Xian, Sichuan Prov., China 2001.7.28 AY423439
G. leptostachyum Doi Suthep, Thailand 20023 AY445622 AY445623 AY445621

Long C et al. Phylogenetic Analysis of ... Planta Med 2004; 70: 1080 - 1034
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containing 5 uL of 10x PCR buffer for KOD-Plus, 0.2 mM each of
dNTP, 1 mM MgS0,, 0.4 uM of each primer, 100 ng of the tem-
plate and 1 unit of KOD-Plus DNA polymerase (TOYOBOQ). PCR
was carried out as follows: hot start at 94°C for 2 min, 30 cycles
of denaturation at 94°C for 15 sec, annealing at 55°C for 30 sec
and elongation at 68°C for 45 sec, and final elongation at 68°C
for 5 min. Five pl PCR product was checked with 1.5% agarose
gel electrophoresis and the remaining product was purified
using the QIA quick PCR Purification Kit (QIAGEN, Germany).

Sequencing and phylogenetic analysis

The purified PCR product was subjected to direct sequencing
using a Bigdye Terminator Cycle Sequencing Kit (Applied Biosys-
tem) with ABI PRISM 310 (Applied Biosystem). The primers Eph-
F, 5.85-R and ITS-1A (GCG GGG ACG TGG ACG GTC TT) were used
for sequencing ITS1 and primer 5.85-F was used for ITS2. Primers
C and F were used to sequence the region of trnl/tmF. The DNA
sequences were aligned by ‘DNASIS’ version 3.0 (Hitachi).

Based on IT51, ITS2 and tral/trnF sequences, the phylogenetic
trees were constructed using the program PAUP* (Version4.0b10,
Sinauer Assoc, Inc,, US.A.). Parsimony analysis was performed
using the heuristic search methed with TBR branch swapping
with Gnetum leptostachym as an outgroup. Confidence in the
tree was estimated by bootstrap analysis.

Results

The sequence analysis of multiple specimens of EL, ES, EP and EL
showed their uniformity in the sequences analyzed in this study,
ITS 1 and 2 (Fig. 1), and treL/trnF, within the same species. This is
true for EE and EMu in the ITS1 and 2. The length of ITS2 found to
be conserved was 246 bp, whereas that of ITS1 ranged from 1120
to 1139, as shown in Table 2. Fl and ES, EL and EMu had identical
ITS1 and ITS2 [engths and sequences. Sequence divergence of
ITS51 in 8 Ephedra species ranged from Q to 3.49% while that of
IT32 ranged from O to 3.69%. At the end of ITS1, 76 bp were re-
peated 3 times in EI, ES and EP, whereas each of the sub-repeat
units of EE, EM, EG, EL and EMu has a 4 bp deletion {Table 3). Ac-
cording to the sequences of [TS1 and ITS2, 8 Ephedra species can
be divided into 3 groups: Group 1(EI ES and EP), Group 2 (EE, EM
and EG), and Group 3 {(EL and EMu).

Based on the difference in the sub-repeat unit of ITS1 {Table 3), a
specific primer to Group 1, ITS-B-R (GTG AGC GGC AAG TAA GAT

CC), was designed. Differentiation of the 3 groups of Ephedra spe-
cies was conducted using a primer set of ITS-B-R and [TS-1A
{357 -376). When the annealing temperature was set at 55°C,
PCR products with about 450 bp were detected in Group 1 and
Group 3, but no amplified fragment was seen in Group 2
(Fig. 2A). In addition to 450 bp, faint amplified bands of about
530 and 610 bp were also detected in Group 1. When the anneal-
ing temperature rose to 65°C, PCR fragments were detected only
in Group 1 analysis (Fig.2B).

The sequences of trnL/trnF were found at 465 bp in EIL, EP, EE, EM,
EG, EMu, EL, and 463 bp in ES (Fig.3). One specimen of EE,
EE02136 was found to be different at the 398t position from
the other 3. Similarly, 2 EMu were found to differ from each other
at the 271% position. El and EP have identical sequences. EE has
an identical sequence to EM, EG, EL, but not FE02136.

The phylogenetic tree based on the combined sequences of ITS1,
ITS2 and trni/ornF is shown in Fig.4. The results suggest that 8
Ephedra species were divided into two clusters, i.e., 1 (El, ES and
EP}and 2 (EE, EM, EG, EL and EMu} with high bootstrap probabil-
ities. Cluster 2 can be divided into two sub-clusters, i.e., EE, EM
and EG, and EL and EMu.,

Discussion

Ephedra and other Gnetalean genera are thought to share evolu-
tional positions between the angiosperm and gymnosperm. Qut
of 50 - 60 Ephedra species distributed worldwide, 12 species and
4 varieties are reported to grow in China [18]. [19]. The length of
ITS1 varies greatly within the same genus in many gymnosperm
plants. On the other hand, variations in the ITS1 length of the 8
Ephedra species were limited in range from 1120 bp to 1139 bp.
The region of tml/trnF was about 460bp in the Ephedra plants,
much shorter than that in the angiosperm. Nuclear ribosomal
DNA of plants is often reported to be heterogeneous due to DNA
recombination. However, we observed no ambiguous sequences
in the ITS2 of Ephedre plants determined by direct sequencing,
except for E. equisetina whose 16™ and 17 positions of [TS2
were C or T, suggesting that sequence heterogeneity is limited.
As for ITS1, although E. intermedia, E. sinica and E. przewalskii
were determined without ambiguity, E. likiangensis and E.
minuta that were classified into Group 3, were not clear at the
497, 595t and 731 positions, supposedly due to heterogeneity
in the nucleotide sequence of these points. Furthermore, Ephedra

Eph-F ITS-1A 58S-F Fig. 1 Organization of plant ITS1 and ITS2.
- - ) Arrows indicate orientation and approxi-
18S rDNA ITS1 58S rDNA| ITS2 26SrDNA | ™Mate position of the primers,
=< — = =
ITS-B-R 5.85R Eph-R
b o T s S L 1 e ety T e B e T S per o e, T A RS A L
Table2 The length of ITS1 and ITS2 of Ephedre species (bp)
Et £ EP £E EM EC EL EMu
ITs1 1139 1139 1139 1120 1120 1120 1124 1124
IT52 246 246 246 245 246 245 246 246
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Table3 The place where primer ITS-B-R (GTG AGC GGC AAG TAA GAT CC) possibly attaches. The numbers above sequences are the aligned

nucleotide positions, Hyphens represent gaps.

791-810 866885 945-964
ELES CGATCTTACTTGCCGCTCAC GGATCTTACTTGCCCCTCAA GGATCTTACTTGCCGCTCAC
EP GGATCTTACTTGCCGCTCAC GOATCTTACTTCCCGCTCAL GGATCTTACTTGCCGCTCAL
EE, EM GOATCTCAG - - -CGCTCAA GGATCTCAG - - -COCTCAA GCATCTCAC - - -COCTCAC
EG GGATCTCAG - - -CGCTCAA GOATCTCAG - - -CGCTCAA GCATTTCAG - - -COCTCAC
EL, EMu GGATCTTAC- - - -CGCTCAC GGATCTCAG - - -CCTTCAA GGATATCAG - - -CGCTCAC
A B

Fig.2 Specific amplification using primers ITS-1A and [TS-B-R. A: Annealing temperature at 55 °C. B: Annealing temperature at 65 °C. Lane
1:100-bp marker. Lane 2: E. intermedio. Lane 3: £. sinica. Lane 4: E. przewaiskii, Lane 5: E. equiseting. Lane 6: E. monosperma. Lane 7: E. gerardiona.
Lane 8: E. likiangensis. Lane 9: £. minuta.

96 219 271 325 398 459 460
E. intermedia (EI} C T T G A G T
E. sinica (ES) * * * * * . -
E. prrewalskii (EP) * * * * * * *
E. equisetina (EE) A * * * * * *
E. equisetina (EE)02136 A * * * C * *
E. monosperma (EM) A * * * * * *
E. gerardiana (EG) A * * * * * *
E. likiangensis (EL) A * * * * * *
E. minuta (EMu) * * * * *
E. minwra (EMu)0101039 * G C A * * *

Cud
"1 5exon tm Lintron 3'exon [imlL-trm I spacer | tmF

I_— 465 bp or 463 bp

™ F
|

Fig.3 Comparison of the region of trnl in-
tron and tmi-trnf intergenic spacer se-
quence, Arrows indicate arientation and ap-
proximate position of the primers. The
numbers above sequences are the aligned
nuclectide positions. Asterisks indicate the
identical nucleotides with E. intermedia in
the first line, and hyphens represent gaps.
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18 2_E intermedia
77 |:2 E. sinica

1
o 22 E przewalski
1 0 E equisetina
15 5 E. equiselina {02136)
T E. monosperma
14 E gerardiana
a7

E likiangensis

1]
20
E[¥] 3 E minuta
I—m—i 1

E minuta (0101039)
2 Gneturn leptostachyum

Fig.4 Phylogenetic relationship of 8 Ephedra species based on DNA
sequences of iTSs and trnl/trnF. The 50% majority rule consensus tree
built on the basis of maximum parsimonious analysis of combined
153, 1152 and tmiftrnf. Tree length = 609, CI = 0.9803,
Rl = 0.9226, RC = 0.9044. Number above line is branch fength, and
number below line is the bootstrap value with 1000 replicates.

species classified into Group 2 showed heterogeneity, C or T, at
the 33" position, Those nucleotide sequences were excluded
from the sequence analysis. As reported previously on E. fragilis,
ITS1 of the 8 Ephedra species had three tandem repeats of about
70 bp, the sequences of which were unique to each groupand can
be used to discriminate the groups. Although E. intermedia and E.
sinica as well as E. likiangensis and E. minuta are identical in [TS1
and ITS2, they differ in the region of trnL/trnF. The information
deduced from chloroplast DNA sequence analysis is different to
that from ribosomal DNA [TS. Furthermore, one E. equiseting
that was collected in Hebei Province, northeast China, had a dif-
ferent trnL/tmF sequence from the other 3 samples collected in
the northwest. Two E. minuta that were collected in Sichuan Pro-
vince, also showed differences in the tml/trF region. Chloro-
plast non-coding DNA mutates faster than nuciear DNA.

In the traditional classification of Ephedra species, according to
the morphological difference in seed cones, Ephedra species in
China were divided into 2 sections: Sect. Alatae and Sect
Ephedra. The seed cones in Sect. Alatae are membranous at ma-
turity, whereas the seed cones in Sect. Ephedra are fleshy at ma-
turity. E. przewalskii belongs to Sect. Alatae, and the other 7
Ephedra species belong to Sect. Ephedra [19]. However, analysis
of ITS and the region of trI/trmF shows that E. przewalskii has a
genetically close relationship with E. intermedia and E. sinica. In
addition, E, likiangensis and E. minuta that inhabit southern Chi-
na differ greatly in size of plant, but are genetically close accord-
ing to the ITS variation. The results frorn ITS and trni/traF did nat
correlate well with the morphology.

Karyomarphological studies showed that Ephedra species are di-
ploid with 2n = 14 (E. przewaiskii , E. equisetina and E. minuta),
or tetraploid with 2n = 28 (E. sinica, E. likiangensis), as well as a
mixture of those two 2n = 14, 28 (E. intermedia, E. gerardiana)
[20]. No polyploid relationship of either species distribution or
DNA classification was observed. On the other hand, in our sur-
vey, the species classified into Group 1 grew mainly in northern
China; Inner Mongolia, Hebei, Shanxi, Gansu, and Qinghai. Group
3 grew in the south, Sichuan, and Group 2 grew in the center,
suggesting genetic and geographic relationships. The species of
Group 1 are thought to better tolerate harsh climates such as wa-
ter-deficiency and low temperatures. The narrow DNA divergence

Long C et al. Phylogenetic Analysts of... Planta Med 2004; 70: 1080~ 1034

within the species may result from selection under such climate
stress. Considering their adaptive character, they may be suitable
for cultivation in the dry land of northern China where progressive
desert conditions have accelerated in the last 10 years,
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The resources of wild Ephedra plants in the Xinjiang Uygur Autonomous Region were surveyed. Ephedra
plants mainly grow on the fringes of the Taklimakan Desert and Gureban-tonggute Desert. We found six geno-
types of Ephedra priewalskii growing widely in XinJiang. Three genotypes of Ephedra intermedia were limited to
the northern and eastern parts, and Ephedra regeliana scattered in the northern part of Xinjiang, These Ephedra
specimens were analyzed for DNA sequences of nuclear ribosomal DNA, internal transcribed spacers 1 and 2,
chloroplastic DNA, srrL intron and rrnL-trF intergenic spacer. Intraspecific variation of the nucleotide sequence
in E. prrewalskii was found in different habitats. Norephedrine, ephedrine, psendoephedrine, and methyl-
ephedrine contents of the specimens were determined. Although Ephedra intermedia of all three genotypes con-
tained ephedrine alkaloids, ephedrine atkaloids were not detected in E. regeliana and E. przewalskii.

Key words Ephedra; internal transcribed spacer; traL intron; traL-trnF intergenic spacer: ephedrine alkaloid

The herbal drug Mahuang is commonly used in traditional
Chinese and Japanese medicines to cure colds. Botanical ori-
gin of the drug is confined to Ephedra intermedia SCHRENK et
C. A. MEYER, Ephedra sinica StarF and Ephedra equisetina
Bunce in the phanmacopoeia of both China and Japan.
Ephedrine  alkaloids, cphedrine, pscudocphedring, nor-
ephedrine, and methylephedrine that are pharmaceutically
active the anodyne and antifebrile principles, are abundant in
those Ephedra plants. In Mongolia, North America, and
some other parts of the world, however, Ephedra species that
do not contain ephedrine alkaloids are used traditionally for
various diseases. Ephedra przewalskii Starr, for example,
which is reported not to contain any ephedrine alkaloids, is
used for stornatitis, nephritis, and inflammation of organs in
Mongolian traditional medicine.” Thus the Ephedra plants
that are excluded from the Chinese and Japanese pharma-
copoeia are still important for their medicinal usefulness.

To protect Ephedra plant resources and prevent the en-
croachment of the desert, the Chinese government has
banned exports of Mahuang since 1999. Most Mahuang used
in Japanese traditional medicine (kampo) is imported from
China. Aiming at easing the shortage of Mahuang, we sur-
veyed the resources of Ephedra plants in China. In a previous
paper, we reported the results of the survey in the Inner Mon-
golia Autonomous Region, and Sichuan, Hebei, Shanxi,
Gansu, and Qinghai provinces that are known habitats of
Ephedra plants.? We collected specimens of eight Ephedra
species,? and their phylogenetic relationships were studied in
DNA sequence analysis of intemal transcribed spacers 1 and
2 (TTS1 and -2) and the #nL. (UAA) intron and the intergenic
spacer between the frnL (UAA) 3’ exon and the traF (GAA)
gene (trnL/F) and found that those Ephedra species could be
classified into three groups. We developed a simple PCR
method for the classification based on the DNA sequence
variation between the species in ITS1.” We found no varia-
tion within a species in [TS and tral/F in E. przewalskii, E.
sinica, and £, intermedia.

This time, we surveyed the resources of Ephedra plants in
Xinjiang, located on the west of the previous research sites.
With a large area including huge deserts and moumtains, Xin-
jiang has varied vegetation from the neighboring provinces

* To whom correspondence should be addressed.  e-mail: kakiuchi@p.kanazawa-w.ac. jp

on the east, and it continues with variation to the west. We
examined whether there is genetic variation in Ephedra
plants according to different habitats and tried determine the
relationship ameng morphology, nucleotide sequence, and
content of ephedrine alkaloids.

MATERIALS AND METHODS

Plant Materials Eighteen specimens of three Ephedra
species were collected from different habitats in the Xinjiang
Uygur Autonomous Region from July 9 through July 23,
2003 (Table 1). All plant specimens were identified by Dr. M.
Mikage.

PCR Amplification and Sequencing of Target DNA Re-
gions Total DNA was extracted from the stem of plants
with a DNeasy Plant Mini Kit (Qiagen, Germany). Using the
total DNA as a template, ITS1, ITS2, and trnL/T" were ampli-
fied by PCR as reported previously.” The amplified PCR
product was purified with a QIA quick PCR Purification Kit
(Qiagen, Germany). The purified PCR product was subjected
to direct sequencing using a Bigdye Terminator Cycle Se-
guencing Kit (Applied Biosystems) with ABl PRISM 310
{Applied Biosystems).

Analysis of Ephedrine Alkaloids The alkaloid content
was determined by the reported method with slight modifica-
tion.¥ The HPLC system is composed of a Shimadzu LC-6A
purmp, Shimadzu SPD-6A. detector, and C-R6A recorder.
Five hundred milligrams of powdered Ephedra specimen was
extracted with 25ml of a mixed solvent of CH,CN:
H,0:H,PO, (400:600:0.4) with 0.4% SDS by ultrasonic
extraction for 30min. Exiracts (5ul) were analyzed with
HPLC as followings: column, Devesil ODS-5 Nomura Ka-
gaku (Nagoya, Japan); mobile phase, CH,CN:H,0:H,;PO,
(400:600:0.4) with 04% S8SDS; flow rate, 0.8mlmin;
column temperature, 40°C. Contents of ephedrine,
norephedrine, pseudoephedrine, and methylephedrine were
calculated from peak areas of UV abscrption at 210nm by
comparing with the standard curve of each compound.

© 2005 Pharmaceutical Society of Japan
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RESULTS

Survey of Ephedra Plants in Xinjiang Our survey of
Ephedra plants in Xinjiang started in Urumgqi on July 9, 2003
and ended in Chongging on July 30, 2003. The survey route
traveled along the northern fringes of the Guerban-longgute
Desert in the Junggar Basin and the southern edge of the
Taklimakan Desert in the Tarim Basin through the regions
listed in Table 1. Specimens of three Ephedra species, E. in-
termedia, E. regeliana FLoriv, and E. przewalskil, were col-
lected. We found one specimen, specimen 23-20, that was
morphologically identical to E. intermedia collected in
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Gansu and Qinghal, with bush-like futures, three scaly
leaves, and twisted integurnent tubes (Fig. 1B). Two speci-
mens, 11-40) and 12-30 (Fig. 1C), showed different morphol-
ogy from typical E, intermedia. They were smaller in height
and had two scaly leaves. Specimens 15-10 and 17-10 had
two scaly leaves, but were taller than specimens 11-40 and
12-30. The habitats of E. intermedia were limited to the
northern and eastern parts. E. regeliana {Fig. 1D) was scat-
tered in the northern part of Xinjiang. We found E. przewal-
skii (Fig. 1A) growing widely in Xinjiang. No remarkable
morphologic change was detected within the specimens of E.
przewalskii collected from different habitats.

Table 1. Plant Material Collected in Xinjiang
: ) . . Datz of collection GenBank accession no.
Species Voucher no. Locality of voucher (md) s1 T2 uL/F

E. intermedia 1140 Kushui, Qitai xiun 2003.7.11 AYT730603 AY394062 AY423430
12-30 Aletai Shi 2003.7.12 AY730603 AY394062 AY422430

t5-1¢ Guhe Zhen, Jinghe Xian 2003.7.15 AYT730604 AY394062 AY423430

17-10 Kuergan, Kuche Xian 2003.7.17 AYT30604 AY394062 AY423430

2320 Acrjin mountain, Ruogiang Xian 2003.7.23 AY394070 AY394062 AY423430

E. regeliana 11-50 Saertuohai xiang, Fuyun tian 2003.7.11 AY730602 AYT730607 AY730599
12-20 Beitun Zhen, Aletai Shi 2003.7.12 AY730602 AYT20807 AY730599

13-10 Heishitou, Aletai Shi 2003.7.13 AYT30602 AYTI0607 AY730599

E. przewalskii 303 Hami Shi 2003.7.9 AY394072 AY394064 AY423432
306 Urumngi Shi 2003.7.9 AY394072 AYT30606 AY423432

11-10 Hongliugow, Qitai xian 2003.7.11 AY394072 AY 730605 AY423432

19-31 Hongliugou. Qitai xian 2003.7.11 AY730601 AYT730606 AY423432

1340 Wuerhe Xiang, Kelamayi Shi 2003.7.13 AYT730601 AYT30606 AY 730598

15-20 Daheyanzi. Jinghe Xian 2003.7.15 AY730601 AYT30606 AYTI0598

19-10 Qitang Ximng, Keping Xian 2003.7.19 AYT30601 AYT73D606 AY423432

20-10 Mulkuilai, Pishan Xian 2003.7.20 AYT30601 AY'T730606 AY730600

21-10 Aoyitogelake Xizng, Yutian Xian 2003.7.21 AYT30601 AYT30606 AY730600

22-10 Longkow, Qiemo Xian 2003.7.22 AYT30601 AY730606 AY'730600

Fig. 1. Photos of Ephedra Plants Collected i Xinjiang

A, E przewalstii (11-31); B, E. intermedia (23-20; C, E. intarmedia (12-30%; D, E. regeliana (11-50).
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