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Fig.1 Ephedra equisetina and E. sinica cultivated in the same field in Pole, Xinjiang autonomous region, China.
The stocks in this side (left, bigger) are E. equisetina, and in the other side are E. sinica.
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Fig.2 HPLC chromatograms of Ephedra plants samples.

a Ephedra sinica (130625A-3), b Ephedra equisetina (130625A-2)
NPE:norpseudoephedrine, NE:norephedrine, PE:pseudpephedrine, E:ephedrine, ME:methylephedrine
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Tablel. Alkaloid contents in the herbals tems of Ephedra plants cultivated for8years
fromseedlings in Pole, Xinjiang autonomous region, China.

contents (%) Eph  (Eph+P-Eph) NP-Eph
VoucherNo. sex Eph P-Eph N-Eph NP-Eph M-Eph E+PE ETBogac /P-Eoh  sTas  /7as
130625A-3 — 083 021 0.08 005 004 1.04 121 395 086 004
130625A-4 & 027 019 001 002 002 047 052 143 089 005
130625A-5 — 084 008 0.06 002 005 092 105 1078 088 0.02
Ephedrasinica 130625A-6 — 0.64 0.07 0.06 002 003 071 080£0.24 081 979 087 002
130625A-7 — 050 065 002 028 002 115 147 076 078 0.9
130625A-12— 043 031 003 010 002 074 089 139 083 011
130625A-13 = 036 023 008 037  0.00 059 104 153 057 035
130625A-1 $ 113 068 012 015 002 L8 209 165 086 0.7
130625A-2 194 092 007 015 009 286 317 212 090 005
Bopisana  10625A8 — 138 085 008 004 006 223 232%039" 241 162 082 002
130625A-9 — 125 088 0.06 041 003 213 264 141 081 016
130625A-10— 151 121 007 006 007 2.72 202 125 093 002
130625A-11— 089 128 003 007 005 2.8 232 070 094 003

Eph:ephedrine, ,P-Eph:psudoephedrine, N-Eph:norephedrine, NP-Eph:norpseudoephedrine, M-Eph:methylephedrine.
E+PE:ephedrine+pseudoephedrine, TAs:totalcontent of Eph, P-Eph, N-Eph, NP-Eph and M-Eph

*:stasistically significant (student T-test, P<0.05).
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The classification of Ephedra plants has long been a matter of debate, as Ephedra plants have
few morphological characteristics to aid classification. In particular, the distinction between E.
equisetina and E. major ssp. procera is uncertain. Thus, in this study, an attempt was made to
clarify their relationship by molecular analysis and content of ephedrine alkaloid. Molecular
analysis revealed that E. equisetina and E. major ssp. procera have a close relationship with
differing matrilineage, and chemical analysis showed that they have the same characteristic which
varied alkaloid composition ratio by collection site. Thus, we suggest that on the basis of molecular
phylogeny that E. major ssp. procera should be treated as a synonym or subspecies of E. equisetina

instead of a subspecies of E. major ssp. major.
Key word: Ephedra major subsp. procera, Ephedra equisetina, ITS1, trn K, alkaloid

Introduction
The genus Ephedra is a taxon of approximately 50 species that are distributed in the Eurasian

Continent, the northern part of the African Continent, and the arid area in the western American
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continent (Price 1996). Fourteen species of them including Ephedra sinica Stapf and E. intermedia
Schrenk et C.A. Meyer grow in China (Fu L. G. 1999). The classification of Ephedra plants has
long been a matter of debate, because of the few morphological differences that exist between them.
For example, regarding E. sinica in China and E. distachya L., which is distributed from Europe to
Asia, some researchers think that E. sinica is identical to E. distachya. However, anatomical data
and molecular analysis have revealed that these two species are different, although they are
morphologically quite similar (Ni 2013). Moreover, many researchers have discussed the
classification of E. sinica and E. dahurica Turcz., and it has been suggested that E. sinica should be
reduced to a subspecies of E. dahurica (Kakiuchi 2011). Moreover, since the morphological
characteristics of E. equisetina Bunge are similar to those of E. major Host ssp. procera
(C.A.Mey.) Bornm., the distinction between E. equisetina and E. major ssp. procera is uncertain
(Rydin 2010). It has been reported in Flora Reipublicae Popularis Sinicae that E. equisetina are
morphologically similar to E. procera ( = E. major ssp. procera) and could be treated as the same
species (Cheng C. Y. 1978).

It is known that E. equisetina usually grow at dry and rocky places at high altitudes of about 800
to 3000 meters in China (Gansu, Hebei, Inner Mongol, Ningxia, Qinghai, Shanxi, Xinjiang),
Afghanistan, Kazakhstan, Kyrgyzstan, Mongolia, Russia, Tajikistan, Turkmenistan, and Uzbekistan
(Fu L. G. 1999). Plants in the genus Ephedra generally produce two seeds in each cone, but E.
equisetina has only one (Fu L. G. 1999). Moreover, E. equisetina is a species that contains a high
level of alkaloids (Cheng C. Y. 1978) and more ephedrine than pseudoephedrine (Zhang 1989).
Some researchers have found diverse genotypes in E. equisetina by analyzing the DNA sequence of
the non-coding region of nuclear ribosomal and chloroplast DNA. These genotypes have been
registered in the DNA Data Bank of Japan (DDBJ).

Some subspecies have been classified under E. major including E. major ssp. procera. The
distribution of E. major ssp. major is restricted to the western parts of the Mediterranean area. On
the other hand, E. major ssp. procera has a wide distribution ranging from Western Europe and the
Western Mediterranean area to Central Asia (Rydin 2010). In addition, E. major ssp. procera
produces one seed in each cone and contains a high level of alkaloids, being not less than 2.5% of
total alkaloids and more ephedrine than pseudoephedrine (Gokturk 2006). The classification of E.

equisetina and E. major ssp. procera is complex as E. equisetina has various genotypes. Therefore,
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we intended to study the phylogenic relationship of E. equisetina and related species by molecular
analysis and the content of ephedrine alkaloid. In the molecular analysis, we investigated nuclear
internal transcribed spacer (ITS) and chloroplast #rnK genes used frequently for phylogenic
analysis of closely related taxa of plants. In the analysis focusing on Ephedrine alkaloid content, we
quantified ephedrine alkaloids (Ephedrine (E), Pseudoephedrine (PE), Norephedrine (NE),
Norpseudoephedrine (NPE) and Methylephedrine (ME)) by high performance liquid

chromatography (HPLC) analysis.

Materials

E. equisetina plant materials were collected in China and Mongolia in 2002, 2005, 2006, 2009,
2010 and 2012 (Table 1). E. major ssp. procera plant materials were collected in Turkey and France
in 2012 (Table 1). The specimens were identified by Prof. M. Mikage and the curator of Muséum
National d’Histoire Naturelle, and deposited in the herbarium of the Faculty of Pharmaceutical
Sciences, Kanazawa University (KANP), Japan. All the specimens identified as E. major were
further distinguished as a ssp. procera based on their condensed branch and thin stem from ssp.

major.

Methods
DNA preparation, PCR amplification and Sequencing

From the dried stem of the collected specimens, samples of about 50-100 mg were frozen in
liquid nitrogen and ground into fine powder. Using a DNeasy Plant Mini Kit (Qiagen, Germany),
DNA was extracted according to the manufacturer’s protocol. The primer sets of Eph-1F2 (ACG
TCG CGA GAA GTT CAT TG) and 5.8S-R (CGG GAT TCT GCA ATT CAC AC) were used to
amplify the ITS1 region. PCR was carried out in a 25 pL reaction mixture containing 2.5 pL of 10
x PCR buffer for KOD-Plus, 0.2 mM of each dNTP, 1 mM MgSOs, 0.4 uM of each primer,
approximately 100 ng of the DNA sample, and 0.5 units of KOD-Plus DNA polymerase (Toyobo,
Japan). For the ITS region, the cycling conditions used for PCR were as follows. ITS1: 94 °C for 2
min, 35 cycles of denaturation at 94 °C for 15 sec, annealing at 58 °C for 30 sec, and elongation at
68 °C for 45 sec, and a final elongation step at 68 °C for 5 min. While the primer sets and the

cycling condition of ##rn K gene following previous study (Kitani 2009). Three microliters of the
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PCR products were used for agarose gel electrophoresis, and the remained product was purified
using the QIAquick PCR Purification Kit (Qiagen, Germany). The purified PCR products were
used for cycle sequences using a BigDye Terminator Cycle Sequencing Kit (Applied Biosystems,

U.S.A.) on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, U.S.A.).

Analysis of ephedrine alkaloid content

We applied the optimized method from the quantification method described in JP16 (Society of
Japanese Pharmacopoeia 2011).

Preparation of samples for injection: The mobile phase at 5.0 mL was added to each sample
powder at 100 mg, and left at room temperature for 20 minutes. Subsequently, ultrasonic extraction
was performed for 25 minutes. Each solution was centrifuged at 3,000 rpm for 15 minutes. The
supernatant was filtered using a 0.45 um membrane filter (Minisart RC25, Sartorius Stedim
Biotech), and used as the sample solution. HPLC conditions: An L-2130 pump, L-2200
autosampler, L-2400 UV detector, D-2500 integrator (Hitachi), and Wakopak Handy ODS column
(4.6 mm LD. x 250 mm) (Wako Pure Chemical Industries, Co., Ltd.) were used. Column
temperature: room temperature, Flow rate: 1.0 mL/min, Detection wavelength: 210 nm, Mobile

phase: 27 mM sodium lauryl sulfate (SDS) solution/MeCN/H3PO;4 (305:195:0.8)

Results
Nucleotide variations in the I'TS1 regions of E. equisetina and E. major

We analyzed the ITS1 region of E. equisetina (57 specimens) from China and Mongolia and E.
major ssp. procera (24 specimens) from Turkey and France (Table 1). The determined sequences
were 1120 or 1121 bp in length for E. equisetina and 1121 bp in length for E. major ssp. procera. A
schematic illustration of the different nucleotide positions of E. equisetina and E. major ssp.
procera, based on the results of DNA sequence analysis of the ITS1 region, is shown in Fig. 1 and
the phylogenetic tree constructed based on the ITS1 sequences using UPGMA method are shown in
Fig. 2. The phylogenetic tree showed that E. equisetina (AY394073; registered in DDBJ) and the
materials derived from E. equisetina (Table 1) formed the identical group, and E. major ssp.
procera from Turkey and France formed the identical group also. However, E. major ssp. major

was separated from E. major ssp. procera and E. equisetina.
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Two types of overlapping nucleotide signal in ITS1 from two different alignments were observed
in all specimens of E. equisetina (Fig. 3, Fig. 4). One type is the specimens 06¢3094 (collected in
China) and 20531051 (collected in Mongolia) which showed an overlapping signal from nucleotide
position 770 (Fig. 3). From these complex ITS1 peaks, we divided the overlapping signal into two
parts by signal intensity: the main peaks had high homology in E. infermedia and E. sinica and the
2nd peaks had high homology in E. equisetina. In another type of overlapping nucleotide signal in
E. equisetina (except 06¢3094 and 20531051), the nucleotide sequence from position 1 to 807 were
identical to the nucleotide sequence of E. equisetina (GU968572) registered in DDBJ and all
specimens of E. major ssp. procera used in this study. The overlapping nucleotide signal of those
specimens were seen at a position starting at 808; two subtypes of overlapping peaks were found:
subtype A and subtype B. Subtype A is a group of specimens in which main peaks were determined
to have high homology with AY394073 (E. equisetina) and the 2nd peaks were determined to have
high homology with GU968572 (E. equisetina) (Fig. 4-A), in contrast, subtype B is a group of
specimens in which main peaks were determined to have homology with GU968572 and the 2nd
peaks were determined to have high homology with AY394073 (Fig. 4-B). When we compared the
selected nucleotide sequence of AY394073 and GU968572, it could be clearly understanding that
the reason for the overlapping nucleotide signals were attributed to a lack of base cytosine at the
808th position. In this study, all of the specimens derived from E. equisetina except 06c3094 and
20531051 were classified into type A or B based on the main peaks and 2nd peaks in the nucleotide
sequence starting from the 808th position.

In the part of the ITS1 sequence of E. major ssp. procera, the specimens of E. major ssp. procera
had almost identical GU968555 (E. major ssp. procera) in the DDBJ except one base indel at
nucleotide position 35th and identical with the main peaks of subtype A after the 808th position
observed in E. equisetina (Fig. 1 and Fig. 5). On the other hand, 71 or 73 bp of different bases in
total were found when we compared E. major ssp. procera with E. major ssp. major (GU968557)
as standard subspecies (Table 2). As a result, E. major ssp. procera and E. equisetina were sharing
the quite identical sequence with the exception of one cytosine at the 808th position.

Nucleotide variations in the #rn K regions of E. equisetina and E. major
In the resulting DNA sequence analysis of a part of the ##n K gene of E. equisetina (27

specimens) from China and E. major ssp. procera (24 specimens) from Turkey and France. The
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length of a part of the #rn K gene of E. equisetina and E. major ssp. procera was 2307 bp, and 2307
bp or 2316 bp respectively (Table 3). Upon comparison of the nucleotide sequence of E. equisetina
(AB453795) registered in DDBJ with the specimens derived from E. equisetina, it was clear that
they were identical each other except two base-substitutions at the 1602th and 1864th positions.
Besides, the two genotypes (type M-1, type M-2) were observed also in the frn K gene on the
specimens of E. major ssp. procera which had the identical sequence of ITS1 region. The
sequences of type M-1 and M-2 were different by 1 or 2 substitutions (1630th, 2014th) and 9 indels
(TTT TCA ATG) from the 186th position to the 194th position. For the E. major ssp. procera from
Turkey and Franée, five specimens (Ankara (n=2), Kirikkale (n=3)), were grouped into type M-1,
whereas there were 18 specimens from Turkey: Karadiken (n=1), Kaiseri (n=4), Cappadocia (n=10),
Kirikkale (n=3), and France: Paris (n=1) were divided into type M-2. Among the type M-2
collected from different countries (Turkey and France), their sequencing results showed one
different base at the 1630th position. About the differences of sequence in E. equisetina and E.
major ssp. procera (type M-1 and M-2), our results showed that there were 10 base variations
between E. equisetina and type M-1, and there were 11 or 12 base variations and 9 indels between

E. equisetina and type M-2.

Ephedrine alkaloid content

The Ephedra specimens were analyzed for their ephedrine alkaloid contents, as shown in Fig. 6.
In Fig. 6-A, 57 specimens of E. equisetina from six sites showed the average of total alkaloid
content (E+PE) 1.72%, which was more than two times the value prescribed in JP16. Moreover, the
average total alkaloid content at each collection site was more than 0.7%, according to JP16. The
specimens that had the highest alkaloid content were E. equisetina from Qinghai (2.64%). We
showed five types of alkaloid composition ratio: E, PE, NE, NPE and ME in Fig. 7-A. Nonetheless,
E and PE were the most prominent compounds. The composition ratio of E. equisetina from
Xinjiang was E: 64%, PE: 20%, Hebei was E: 64%, PE: 22%, Qinghai was E: 13%, PE: 80%,
Gansu was E: 12%, PE: 73%, Inner Mongolia was E: 7%, PE: 84%, Mongolia was E: 9%, PE: 82%.

The ephedrine alkaloid analysis of E. major ssp. procera (23 specimens except the French

specimens) from five sites was shown in Fig. 6-B. Their average of total alkaloid content (E+PE)
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was 0.70% which reached the value prescribed by JP16. Among most of the E. major ssp. procera,
the specimens from Ankara had the highest alkaloid content (1.17%). The composition ratio of
ephedrine in E. major ssp. procera specimens was analyzed according to the different locations (Fig.
7-B): Karadiken was E: 0%, PE: 93%, Kaiseri was E: 25%, PE: 65%, Kirikkale was E: 0%, PE:
97%, Cappadocia was E: 31%, PE: 62%, Ankara was E: 1%, PE: 95%. All of the specimens
collected from Karadiken and Kirikkale contained an undetectable level of ephedrine, furthermore

one specimen from Ankara had a low level of ephedrine.

Discussion and conclusions

(1) The relationship between E. equisetina and E. major ssp. procera has long been a topic of

discussion.
There have been widely different opinions about the similarity of morphological characteristics in
both groups. In addition, the histology and other characteristics of E. equisetina are quite variable
and the distinction between E. equisetina and E. major ssp. procera is uncertain (Rydin 2010). The
common morphological characteristics of E. major ssp. major are upright branchlets that are
relatively thick (2-3 mm) and rougher than those of E. major ssp. procera. E. major ssp. procera
has numerous, smooth, and thin (1 mm) branchlets (Rydin 2010, Freitag 2007). Based on
morphological characteristics, it is assumed that E. major ssp. procera and E. equisetina are more
similar to each other than to E. major ssp. major.

(2) In the DNA analysis of the ITS1 region, it could be clear that all of the specimens derived
from E. equisetina had overlapping sequences. We found two types of sequences in E. equisetina
used in this study (57 specimens). One is the overlapping sequence starting at the 770th position,
another is the overlapping sequence starting at the 808th position. The classification of E.
equisetina and E. monosperma, E. equisetina and E. gerardiana was difficult in the past, because of
the high level of homology on ITS region (Kitani 2010). Here, we could clearly distinguish E.
equisetina from E. monosperma and E. gerardiana by considering the existence of the overlapping
sequence, because E. monosperma and E. gerardiana did not have overlapping sequence. The
sequence of E. equisetina started at the 808th position, where the peaks overlap, is species-specific,

and as such we are able to identify E. equisetina. It suggested that these sequences with overlapping
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peaks derived from a cross-fertilization. The possibility of a hybrid on E. equisetina could be
explained the morphological diversity of E. equisetina.

We found the differences between E. major ssp. major (GU968557, Algeria) and E. major ssp.
procera in 71 or 73 bp of different bases on the nucleotide sequence. On the other hand, when we
compared E. equisetina with E. major ssp. procera, the difference of both species was the existence
of the overlapping sequence from the 808th position; one deletion of cytosine at the 808th position
were found either main peaks or 2nd peaks. As a result, from our phylogenetic comparison of the
ITS1 region, we found that E. major ssp. procera has a closer relationship with E. equisetina than
with E. major ssp. major. The phylogenetic trees showed that E. major ssp. procera was located
between the materials derived from E. equisetina (Table 1) and E. equisetina (GU968572;
registered in DDBJ), so, E. major ssp. procera contained in the diversity of E. equisetina.

(3) Analyzing the trn K gene, we found two genotypes of E. major ssp. procera containing 10-11
bp of base-variations: type M-1 and type M-2. Type M-1 are specimens from Kirikkale and Ankara
while type M-2 are from Karadiken, Kaiseri, Kirikkale, Cappadocia and France. The differences
between E. equisetina and type M-1 were 10 bp of base-variations, while E. equisetina and type
M-2 were 20-21 bp of base-variations. In addition, we found that E. major ssp. procera from
France belong to the type M-2 group. Thus we showed that E. major ssp. procera consists of at
least two types of matrilineage, because the chloroplast DNA generally is obtained through
maternal inheritance. Moreover, it was assumed that type M-2 was a cluster of E. major ssp.
procera produced by seed dispersal around the Mediterranean area. According to the analysis
results of the #n K gene, we found two types of specimens on different matrilineage
morphologically identified as E. major ssp. procera.

(4) Two specimens (06¢3094 from Xinjiang and 20531051 from Mongolia) thought to be hybrids
were confirmed in specimens identified as E. equisetina. It was assumed that one specimen from
Xinjiang was hybrid from E. equisetina and E. intermedia, because E. sinica doesn’t grow wild in
Xinjiang (Yang C. Y. 1992).

(5) We found that the alkaloid composition ratio varied by collection site. For example, the
composition ratio of ephedrine of E. equisetina from Xinjiang and Hebei was 64%, but specimens
from Chinghai, Gansu, Inner Mongolia and Mongolia were 7~13%. A previous study has reported

that E. sinica, E. intermedia and E. equisetina can be classified chemically by alkaloid composition
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ratio (Hong 2011), which was contrary to our results. The composition ratio of ephedrine of E.
equisetina varied by collection site in this study. We noticed that E. equisetina used in the above
Hong’s study (2011) were exclusively Xinjiang. Therefore, our results with specimens from
Xinjiang are in accordance with the previous study. Similarly, the composition ratio of ephedrine in
E. major ssp. procera from Kaiseri and Cappadocia was 25-31%, but in specimens from Karadiken,
Kirikkale and Ankara it was 0-1%. Thus, we showed that the composition ratio of E and PE
depends on the collection site for E. equisetina and E. major ssp. procera. It is likely that E.
equisetina and E. major ssp. procera make a cluster differing in genetic background based on
collection site, because the alkaloid composition ratio was influenced by genetic factors
(Matsumoto 2014). Besides, the alkaloid composition ratio and genotype were not related,
according to analysis of ITS1 and #n K sequence.

(6) We concluded that E. major ssp. procera had a closer relationship with E. equisetina in
morphology and molecular phylogeny than E. major ssp. major. We think that these classifications
have been difficult because the taxa had a close relationship with differing matrilineage and a
different genetic background. Thus, we suggest that E. major ssp. procera should be treated as a
synonym or subspecies of E. equisetina instead of a subspecies of E. major, based on molecular
phylogeny. E. equisetina and E. major ssp. procera contained no less than 0.7% of total alkaloids.
In general, E. equisetina is a medicinal species prescribed in JP16. However, E. major ssp. procera
is not used as medicine in Japan, though it is used as a medicinal plant in Turkey (Fakir 2009,
Altundag 2011). It is necessary that we discuss the usage of E. major ssp. procera as a medicinal

plant (Ephedrae Herba) in Japan.
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TRFNHER STV SRR, TERESERVRHEANELL L T\ % E. equisetina & E. major ssp. procera
DRI AFENTIREL L TV D, £ T TARIFFETIE, DNA ESlE T v oA FEElE b &I
MREOUGERER D L2 BRI E Lz, ZORER, ITS1 SElKk O rm K BEF OB ET
X, BERO R HITRBIRICH 2 FRREINTZ. £, EHEMD OSPERTIE, MRS HICEM
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ssp. procera V% E. major ssp. major OHFEL 325 LV, HREFICHELIL, ST REENICHER
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Species Locality of voucher ]c)Sithion of Voucher No.
%‘ﬁfﬂ’ Xinjiang, | 5015710 | 71031, 71032, 71033, 71034, 71037, 71038
- i 2012711 | 71121, 71122, 71123, 71124
c%ﬁ: WIang: "2012.7.12 | 71201, 71202, 71203, 71204
2012.7.13 | 71301, 71302
Rumul,  Xinjiang, | ,,06 627 | 063024, 06C3025
China
Qinggil,  Xinjiang, | 500 ¢ 30 | 06C3046
China e
g‘fﬁ’;‘; Xinjiang, | 5006 ¢ 30 | 06C3047, 06C3048, 06C3049
Altay,  Xinjiang, | o0 630 | 06C3051, 06C3056, 06C3057
China
Jeminay, Xinjiang, | 550671 | 06C3062, 06C3063
China
i Kazakh, | 50674 | 063091, 06C3092
Xinjiang, China
Xinyuan, Xinjiang, | og06 75 | 063094, 06C3095
China
Fukang, Xinjiang, | 006 714 | 06C3138
China
_— Zhangjiakou
E. ‘ .
equisetina Hebei, China 2002.6.8 02136
Zhangjiakou,
Hebet Ghing 2002.7.27 | 02612-1, 02612-2, 02612-3
é‘fm”a’ Qinghal, | 005730 | 02303-1, 02303-2, 02304, 02305
ma
Xining,  Qinghai, | )00 o1 | 02314
China
Shandan,  Gansu, | 5005 ¢ 11 | 02356
China
Gulang,  Gansu, | 307915 | 02359
China
Bayan Nur, Inner | ,,,q¢ 15 | 90815102, 90815103
Mongolia, China
Bayan Nur, Inner | 2009.8.15 | 90815104, 90815105, 90815106
Mongolia, China 5070722 | 1007221
Alxa Zuogi, Inmer |, ", | 1007222, 1007224, 1007226, 1007227,
Mongolia, China o 1007228
Bayanhongor
Distriet, Mongolia | 2005731 | 20531022, 20531023
Dundgovi District, 2005.8.4 20531051
Mongolia o
Karadiken, Turkey | 2012.3.30 U120330
Kaisori. Turke 2012.620 | U120620
’ y 2012.629 | U62921, U62922, U62923
E. major ssp. | Kirikkale, Turkey 2012.6.29 82538%’ U62902, U62903, U62904, U62905,
procera Cappadocia, 2012630 | U63001, U63002, U63003, U63004, U63005,
Turkey £012.6. U63006, U63007, U63008, U63009, U63010
Ankara, Turkey 2012.7.1 U70101, U70102
France 2012.9.3 0201209031

Table 1 Plant materials used in this study (Chinese, Mongolian, Turkish and French origin)
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Nucleotide positions of ITS1 region?

33 35 770 808 816 882 total length

1 i l b)) 1 ] I 1 ]

i i I W i i | i 1
Ephedra equisetina(GU968572) — C - C R C C - T —— 1121bp
E. equisetina (AY394073) — Y -c ¥ . Y - ¢ ———— 1120bp

E. equisetina (06¢3094,20531051)

— C - € P TGETGCEGCGACGGGEGG = +++=+rsemrrsarssnssrssssrss correspond to
¢ ¢ TeeTaCaCeACEEase 1139 bp E. intermedia (AY394070)
3
— c-c C c-¢—
. 1121bp ) correspond to
- . b
—c-c } C-C—— 1120bp E. equisetina (specimens®)

—% Complex peaks from 770th nucleotide by overlapping in each other; shown in Fig. 2

E. equisetina (specimens used in this study®) Sub type B
— C-C R C C - C —— 1121bp correspond to GU968572
" Sub type A
— C-C - C - C —— 1120bp correspond to AY394073
Complex peaks from 808th nucleotide by overlapping in

each other; shown in Fig. 3

E. major ssp. procera (GU968555)
—c--— c C-¢C ———— 1120bp

E. major ssp. procera(specimens used in this study)
—c-c 7} C C-C— 1121bp

L——» Single peaks; shown in Fig. 4

Fig. 1 Schematic illustration of ITS1 region
*Nucleotide positions are counted from 5°- terminal of AY394073
> All of the specimens except 06¢3094 and 20531051
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0 E. equisetina AY394073 CHN

E. equisetina subtype A 2nd peaks
0.00044 E. equisetina subtype A main peaks
E. equisetina subtype B 2nd peaks
0.00032 E. equisetina subtype B main peaks

0 .
0.0004 E. major ssp. procera .C010498 FRA

0.01230 E. major ssp. procera LC010497 TUR

0.00076] E. equisetina GU968572 TKM
0.00510

0 E. intermedia AY394070 CHN
0.44172 0.0130

E. sinica AY394071 CHN

0.01816 E. major ssp. major GU968557 DZA

0.45988

Gnetum leptostachyum AY445622 THA

0.5 04 03 0.2 0.1 0.0

Fig. 2 The phylogenetic trees using the UPGMA method for Ephedra plants obtained from ITS1 sequence
The trees were outgroup-rooted using the sequence data of Gnetum leptostachyum. Branch lengths were calculated by Kimura’s two-parameter method.

Bootstrap (1000 replications) analysis was performed to estimate the confidence of topology of the consensus tree.



N WANAAAAAL WA AAAAAK

TV7V7T\ 7T\ T\ T\ T\ T\ T\ T\ T\ T\ T \T\T|\T|\T|\T|7T|7T\|\7T |7|7|\7|7|7
7777777777888 8|8 (8|8 (8/8/8|9(9|9(9]9]|9
0/1]2(3[4/5/(6[7(8|9]/0/1|2 |34 |5]6 |7[8]9|0]1]2|3 4|5
Main peaks TIGIG|T|G C|G|C|G|A|C|G|G|G|G|G|C|G|G|A|T |CITIT|A|C
2nd peaks GIG|T|G|C|G|C|G|A|T|G|G|G|G|G|C|G|GIA|T|C|T|C/lA|C|C
063094,
20531051 KIGIK|IK|SIS|S|S|IR|WS|G|G|G|G|S|S|GR|WY |Y Y WMDC

Fig. 3 Example of direct sequencing Electropherogram of E. equisetina from China and Mongolia.
Y:CandT S:CandG K:GandT R:AandG M:AandC W:AandT
Overlapping peaks were analyzed on ITS1 about 06¢3094 and 20531051 from the nucleotides
position 770th. The main and 2nd peaks were elucidated by comparing with the corresponding

regions of E. equisetina and E. intermedia respectively.

4
‘ [\

\ ! “ ‘:./
8/8/8/8/8(8/8|/8(8/8/8|8(8/8|/8(8/8|/8(8/8|8 |88 [8/8/8,8
ojofoj1rfj1jr|1f1jrj1ry1|1(1|2(2(2|2(2(2(22(2{2 (3(3/3|3
7/8(9|/0|1]2[3/4/5/6|7/8/9]/0]|1]2[3|/4|/5/6|7 |89 |0]/1]2|3

Main peaks CITITICIC|G|C|C|C|C|G|T|C|C|C|G|T|[C|G|C|G |G C|G|GAC
2nd peaks CICITITICI[C|G|C|C|C|C|G|T|C|C|C|G|T|C|G|C |GG |C|GGA
Subtype A ClYTIY CIS|[S|CICIC|S|IK|Y|C|C|S|IK|Y|S|S|S|G[S |S|GRM

Fig. 4-A Example of direct sequencing Electropherogram of E. equisetina from China and Mongolia.
Y:CandT S:CandG K:GandT R:AandG M:AandC W:AandT
Subtype A is complex ITS1 peaks from 808th position by overlapping of peaks from two different
bases. The main peaks determined to have high homology with AY394073 (E. equisetina), the 2nd
peaks determined to have high homology with GU968572 (E. equisetina).
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