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ABSTRACT

Background : Plants belonging to 5 species of the genus Eleutherococcus are currently distributed in the Korean peninsula. The
traditional medicine ‘Ogapi’, derived from Eleutherococcus sessiliflorus and other related species, and ‘Gasiogapi’, derived from
Eleutherococcus senticosus, are frequently mixed up and marketed. Therefore, accurated identification of their origins in urgently
required.

Methods and Results : Candidate genes from nuclear ribosomal DNA (nrDNA) and chloroplast DNA (cpDNA) of Eleutherococ-
cus plants were analyzed. Whereas the ntDNA-internal transcribed spacer (ITS) regions were useful in elucidating the phylogenetic
relationships among the plants, the cpDNA regions were not as effective. Therefore, a combined analysis with ntDNA-ITS was per-
formed. Various combinations of nrDNA and mafK were effective for discriminating among the plants. However, the marK and
rpoC1 combination was ineffective for discriminating among some species. Based on these results, it was found that OG1, OG4,
0G5, 0G7, GS1, GS2, and GS3 were derived from E. sessiliflorus. In particular, it was confirmed that GS1, GS2, and GS3 were not
derived from E. senticosus. However, more samples need to be analyzed because identification of the origins of OG2, OG3, OG6
and GS4 was not possible.

Conclusion : The ITS2, ITS5a, and marK combination was the most effective in identifying the phylogenetic relationship among
Eleutherococcus plants and traditional medicines based on Eleutherococcus.
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FEUTH (Araliaceae) THAA SFAEA e4vE ogHo] KTk (Kim, 1997). °l59] elade Hqxd
(Eleutherococcus) A& =& HIES = 5549, #Al (Kim et al., 2004), 9=, -8 2 F2EF X (Deyama
0]— S 9, 9B Bee T FEolAofol| oF 35%0] et al., 2001)¥ERF ofl2} = &4ksl (Heo ef al., 2011), &
X3, =W oll= QAU (Eleutherococcus sessiliflorus), el 2 s (Lim ef al., 2010)° ©]2717kA] tiksiAl

7]'/\].9_%}4 (E. senticosus), @43 (E. divaricatus), X242t HEo] 9l
43 (E. divaricatus var. chiisanensis), /3 223 U5 (E. U RAGOIN LA UTE o ()R, 71
gracilistylus) % 5%°] AYsh= AoZ dEHA Qo oduE YRR FEE I Aok dlgw=eEd Al 10
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BEARGASH AlEHo] B4 (Huh er al., 2005; Lim et al.,
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al., 1998), ISSR A} £4] (Hong er al., 2000) 52| <
T7F FAER 0 olFHG A =L SolF v A
o] 7Fsgk A gylo] FQstth. Consortium for the

Barcode of Life (CBOL)7} AI%Fet DNA barcoding 7]&-2
nrDNA (nuclear ribosomal DNA) 2 cpDNA (chloroplast
DNA)<] Az o2 HE EAE SNP (Single
Nucleotide Polymorphism) i}olg B3 AE 2 e
HpHo B AldAl A REA ZHoA 215 Z7) Ho| B
Ao §-83ltt (CBOL Plant Working Group, 2009). ©]<}
ddsle] Lim 5 2012y &S 3 ofA| Wil DNA
barcodings 8319921, Kim 5 (2014) ©|& SZFd&%
AE 1 Al A8 vt ok e4TE AES i
© 2 ITS (internal transcribed spacer) F7|MEE o83k &
AFHA EA (Han et al., 2006) 5°] 3% B} o1} o)<
o] DNA barcoding 7|&S o83 7|194d A+= vF
7otk b 2 A= mDNA 3 cpDNA 7k G714
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1. SAM=E
2 ATE 8 AR 55E T gy

(Eleutherococcus senticosus, 1T239073, 1T239084, 17239239,
1T239040, 1T239279) 583 AT YT (Eleutherococcus
sessiliflorus), X273 (Eleutherococcus divaricatus var.
A AINE (Eleutherococcus gracilistylus) z¥
#&0 AAFES HIFst, S5 LAk Al
LA LINNF- (Eleutherococcus sieboldianus) 1782 7¢]'°J‘:
¥971%9 QbR ATARRE Bohol FAARE o]
STl TS NCBI (National Center for Blotechnology
Information) Genbank®]l =% 1282 H71XE A

Aol AMSSE 0 4TS AE 55 Hlasidi). $h, iﬂﬁ T
T 2719 ek wPHS flsl AMEoFRE A, SAREIAIY, o
TGO ZNE e BAHCR -5 T Ui o7t
T 1083 T2 17, & 1S 73k oA ¥hdo| o] &
S1TH (Table 1).
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LAE AEA 5Eel st FEl A4S S8 Axdis
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£ SAson, 271 oo A% 9 7 £ 2§
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3. DNA & % PCR 34

o7k4 2159 nDNA 2 ¢pDNAZS FZ317] &l 4=
Aol doZRE HiYield" Genomic DNA Mini Kit (RBC
Bioscience Co., Taipei, Taiwan)S ©]-83sl] A=A o7

o wet AUt F=% DNAE Multiskan GO UV/Vis

microplate  spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA)E ©l-&sle % 4 +E& IRIsNe

o, ztzke] AlRE 20 ng/id 2 A3t PCR W3l o]8-3}
Atk PCR 412 28] ntDNA 7F1 internal transcribed
spacers (ITS2 % ITS5a), ZZ2]3 cpDNA 7+l Maturase
K (mafK), RuBisCO large subunit (rbcL), RNA polymerase
subunit (rpoB2 % rpoCl)Q] AE YollA primers A &Fsto]
AMEEFE 2™, PCR 532 40ng genomic DNAS} forward
2 reverse primer 10pmo, 20mM Tris-HCl (pH 8.0),
100mM KCl, 2.5mM MgCl, 1.25unit Tag-DNA polymerase
o} A Hkg-ols 5040 2 Sk PTC-200 DNA Engine
thermo cycler (Bio-Rad Co., Waltham, MA, USA)OU Azt
primer 272 $8Y 315t} (Table 2). PCR 522 Aol 4l
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Table 1. Eleutherococcus accessions used in this research.
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No. Code” Origin Collected region Voucher Note
1 ESS EIeuF herococcus Cherwon - fresh
sessiliflorus
2 ECS E. divaricatus var. chiisanensis Cherwon - fresh
3 EGR E. gracilistylus Cherwon - fresh
4 ESB E. sieboldianus Cherwon - fresh
5 ESC1 E. senticosus Cherwon IT239073 fresh
6 ESC2 E. senticosus Cherwon IT239084 fresh
7 ESC3 E. senticosus Cherwon IT239239 fresh
8 ESC4 E. senticosus Cherwon IT239040 fresh
9 ESC5 E. senticosus Cherwon IT239279 fresh
10 OG1 Ogapi Geumsan Medicinal Market dried
11 0Q2 Ogapi Geumsan Medicinal Market dried
12 0G3 Ogapi(China) Seoul Medicinal Market dried
13 0G4 Ogamok Geumsan Medicinal Market dried
14 OG5 Ogamok Daegu Medicinal Market dried
15 0G6 Ogalpinamu Daegu Medicinal Market dried
16 OG7 Jinogapi Daegu Medicinal Market dried
17 GS1 Gasiogapi Daegu Medicinal Market dried
18 GS2 Gasiogapi Seoul Medicinal Market dried
19 GS3 Gasiogapi Seoul Medicinal Market dried
20 GS4 Gasiogapi Geumsan Medicinal Market dried
21 I-ESS E. sessiliflorus NCBI Genbank FJ980421 gene
22 I-ESC E. senticosus NCBI Genbank AJ786230 gene
23 I-EGR E. gracilistylus NCBI Genbank KJ170232 gene
24 |-ESB E. sieboldianus NCBI Genbank KJ170230 gene
25 M-ESS E. sessiliflorus NCBI Genbank DQ133782 gene
26 M-ESC1 E. senticosus NCBI Genbank AB080246 gene
27 M-ESC2  E. senticosus NCBI Genbank AB571641 gene
28 L-ESS E. sessiliflorus NCBI Genbank DQ133796 gene
29 L-ESC E. senticosus NCBI Genbank GQ436704 gene
30 L-EGR E. gracilistylus NCBI Genbank GQ436710 gene
31 B-ESC E. senticosus NCBI Genbank KF412447 gene
32 B-EGR E. gracilistylus NCBI Genbank KF412457 gene
DI ITS, M; matK, L; rbel, B; rpoB2.
Table 2. Primer sequences and PCR conditions of candidate genes.
Region Sequence (5> — 3°) Annealing Reéz;cctllgn
(FICGACCCTTCTCCAGACTACAA q
L ONA 152 (RATGCGATACTTGGTGTGAAT 57¢ 40
FYCCTTATCATTTAGAGGAACGA 5
TS50 QITCCTCCOUTTATIGATATGC 56C 40
FATGTCACCACAAACACAAA 5
Bl RCOCATGIACCTOCAGTACE 53¢ 3
FYCGATCTATTCATTCAATATTTC )
MaK O CTAGCACACGAMGTCOARGT 52¢ 3
CPONA (FIATGCAACGTCAAGCAGTTCC ;
POB2 (RIGATCCCAGCATCACAATTCC 55¢C 3
1poCT EF)TGAGAAAACATAAGTAAACG 53°C 40

RIGTGCATACACTTCTTGATAA
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F=E =o|7] sl 7 AEAIE T 281 WY 2004)2] Kimura 2-parameter methodZ 34 AZE AlLls)
o] neighbor-joining (Saitou and Nei, 1987) WHOo=Z
4. WIME L ZADISSE 7oAz0) 24 phylogenetic treeE 2P stlth AlEFel thet AR E=

ZZd PCR AE& GA & @AxH (Genotech Inc., bootstrap %t 10003 wWHE 3] T 7}E Tl (Felsenstein,
Dagjeon, Korea)oll 1 3dted ABI Prism 3730xI DNA 1985).
sequencer (Applied Biosystems, Foster City, CA, USA)Z &
NLe BAET 7 RS 971EE Biokdit version 249} 9 D
7.2.5 223 (http://bioedit.software.informer.com/)2] ClustalW
multiple  alignmentZ FJE3$ F MEGA6 (molecular 1. 2% HEfX SM Hlw
evolutionary genetics analysis version 6.0) (Tamura et al., o7Zkm & AR o] A EAL BEF 529 AAEA

Al (a) (d)

Fig. 1. Morphological characteristics of leaves, leaflets and branches of Eleutherococcus
species. (a); E. sessiliflorus, (b); E. senticosus, (c); E. divaricatus var. chiisanensis, (d); E.
gracilistylus, (e); E. sieboldianus.

600bp >

Fig. 2. PCR products of Eleutherococcus spp. A; ntDNA ITS2, B; nrDNA ITS5a, C; cpDNA matK,
D; cpDNA rbcl, E; cpDNA rpoB2, F; chNA rpoC1, 1; E. sessiliflorus, 2; E. divaricatus var.
chiisanensis, 3; E. grac:hstylus 4; E sieboldianus, 5; E. senticosus (Yangpyeong Yongmunsa),
6; E. senticosus (Bukhaedo), 7; E. senticosus (Cheorwon- Daeseongsan), 8; E. senticosus
(Baekjeoksan) 9; E. senticosus (China).
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2. DNA barcodingdll 2Jst @Zuls5 559| HIE 27
o7& A& 5%l thdte] nrDNA #7341 ITS2, ITSSa
9} ¢pDNA 771 malK, rbel, rpoB2, rpoClS 53 4
3}, ITS2E 450 - 500 bp, ITS52%41= 700 - 800 bp H $1llA
ZZ =7} AL, marKe}d rbeLolHE 22 900 bp -
1 kb 700 - 800 bp, rpoB22t rpoC1-S 500 - 600 bp 8 SIellA]
1=} (Fig. 2). DNA barcodinge ©|F 48 7+ Y
FAAE 76| SNP Zpolel]l e A& F2 HEske WS
, EAHPYe] H= o AEe] T SR #1ke] A=
FHoe =z FASITE (Hollingsworth e al., 2011). 223 &
S R g 7} §H2 77k PCR A¥de 7=
(Lim et al, 2012), "% (Lim et al., 2013), 5= (Kim

[e)
A)

al

et al., 2014) 5 Bt A& i AFEFEH Aozl Wiz
71} Ak ez #RIEo] Hollingsworth 5 (2011)9]
B9l ABI[T SEE PCR AHES Q7GRS 13
stlom ITS2¢F ITSSax= ZHZF 423 bp, 615bp, marK,
rbcL, rpoB2, rpoClolX = Z+ZF 752bp, 675bp, 415bp,
487bp TZHE = SNP ¥ phylogeny #412 %3l &
7+ fFABAE gl

1) Nnuclear ribosomal DNA (nrDNA) ITS 7+ A% &4

ITS2 774l HAE SNP= & 2070 = (Table 3), 927
U (E. sessiliflorus : ESS), A21A+ 23] (E. divaricatus var.
chiisanensis: ECS), 24 Q25U (E. gracilistylus: EGR), 27}
W5 (E sieboldianus: ESB), 71A 223 (E. senticosus:
ESC) ¥ 559 o734 2]8 I phylogenetic tree “dollA]
ZbzF g JAee® EAHJY 7T Heke] A,
ESC5E A2l ymjA] 49 7hAl5e] & oz 530
o, ESC5¢] A, the 7 ey FE3 2T BAKY
o] Jeht T ®ole] 7S HAFUL) ol T
1 2 b frwe] ATt BRERETY %97 (Hong et
al., 2000), w-=to] 9X|gF A ol mE el 7191
g Aog AlREH

ITSS5a F7tlM= F 29719] SNP7} ERIEIS™ (Table
4), |5 ¥I"CZ phylogenetic tree YERH A3}, ITS29} v}

AR o49E AE 58] Azte] fAder EAHI
A 2] 79T} 97%2] Ee AAER shte] R
©Go= friHo], ESCy7t HdAoR EXHA 1TS2¢9] 4
Fo} 2polZ HYAT} (Fig. 3). ol#d 2ol ITS2 F7HolA]
7HA 28] F HA 7 2felE Bole= SNP7F EE Aol
71918k, ESC5¢] ITS2 77+ A71M Y Adkes 7 eds &

W o] ] o188 F 9 R0 AR,

Table 3. SNPs of 5 Eleutherococcus species by using the primers of nrDNA (ITS2).

Origin Code 2
4 7 17 64 71 72 77 88 108 124 154 158 196 206 210 211 217 218 221 409
E. sessiliflorus ESS 6 G T C€C C C T G C 7T A C T A C G T G C
5 :af"’ng I’SC;S‘; o EKS G G T C CCT A CTAACTACGTGC
E. gracilistylus EGR ¢ ¢ T A T T C A C C A G C G G A G C G 1
E. sieboldianus ESB A G C C ¢c ¢c 1T A T C A A T G G C A C A C
E. senticosus Esch ¢6 6 ¢ ¢ ¢ ¢ 1T A C T A A C G G C G Cc G c
E. senticosus EsSC2 ¢6 6 ¢ ¢ ¢c ¢c 1T A C T A A C G G C G cCc G c
E. senticosus E[scs ¢6 6 ¢ ¢ ¢ ¢ T A C T A A C G G C G Cc G c
E. senticosus sS4 ¢6 6 ¢ ¢ ¢ C¢c 1T A C T A A C G G C G Cc G c
E. senticosus E[scs ¢6 ¢ ¢ ¢ ¢ ¢ G A C T A A CG G C G c G c
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Table 4. SNPs of 5 Eleutherococcus species by using the primers of nrDNA (ITS5a).

ITS5a
Origin Code
12 29 45 47 55 74 75 125 134 166 171 307 320 367 374
E. sessiliflorus ESS T G G A G T T T C A T G T C C
: af’zzlrl’fj;‘é; L K T A G G G G T C C A T G C A T
E. gracilistylus EGR T A G G G G T C C A C G T A T
E. sieboldianus ESB C G T G G G T C A A T A C C C
E. senticosus ESC1 C G G G T G C C C G T G C C C
E. senticosus ESC2 C G G G T G C C C G T G C C C
E. senticosus ESC3 C G G G T G C C C G T G C C C
E. senticosus ESC4 C G G G T G C C C G T G C C C
E. senticosus ESC5 C G G G T G C C C G T G C C C
ITS5a
Origin Code
375 380 391 411 427 457 461 499 509 513 514 520 521 524
E. sessiliflorus ESS C T G C T G A C T A C G T G
E. divaricatus - S T C A C C A G C G G A G C G
var. chiisanensis
E. gracilistylus EGR T C A C C A G C G G A G C G
E. sieboldianus ESB C T A T C A A T G G C A C A
E. senticosus ESC1 C T A C T A A C G G C G C G
E. senticosus ESC2 C T A C T A A C G G C G C G
E. senticosus ESC3 C T A C T A A C G G C G C G
E. senticosus ESC4 C T A C T A A C G G C G C G
E. senticosus ESC5 C T A C T A A C G G C G C G
ITSZ ITS5a ESCH
ESC2
-|esca
ESC4
ESCS
I-ESC (AJ786230)
|ESB
99 | LESB (KJ170230)
a8 |ESS
ESS 100 | LESS (FJ980421)
3 Ecrs EGR
FGR &5 L LEGR (KJ170232)

—
0.002

Fig. 3. Neighbor-joining trees of nrDNA sequences of Eleutherococcus species. ESS; E. sessiliflorus,
ECS; E. divaricatus var. chiisanensis, EGR; E. gracilistylus, ESB; E. sieboldianus, ESC; E. senticosus.

2) Chloroplast DNA (cpDNA) 177+ AlE &4

mafK 774 Eeld® SNPE & $/|E (Table 5), ©lel
gk phylogenetic tree 4 A3 QAT HR-e} A2 ike 2]
7 e HRENCH, A eduuby, e7hr, T ezt

S el dRow Fguel Mz 7R
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Table 5. SNPs of 5 Eleutherococcus species by using the primers of cpDNA (matK, rbcL, rpoB2 and rpoC1).

matK rbcL rpoB2 rpoC1
Origin Code
42 248 322 461 495 512 619 742 622 625 38 208 388
E. sessiliflorus ESS C T T C T C G G A A A A A
E. divaricatus ECS T G ¢ G € C C G c T G G G
var. chiisanensis
E. gracilistylus EGR T G C G T T G A C T G A A
E. sieboldianus ESB T G C G T T G A C T G G G
E. senticosus ESC1 T G C G T T G A C T G A A
E. senticosus ESC2 T G C G T C G G C T G A A
E. senticosus ESC3 T G C G T T G A C T G A A
E. senticosus ESC4 T G C G T T G A C T G A A
E. senticosus ESC5 T G C G T T G A C T G A A
EGR ECS
matK e rbcl EoR
ESCH ESB
a7|ESC3 ESC1
ESC4 88 |ESC2
=5 ESC5 ESC3
M-ESC1(AB571641) ESC4
M-ESC2(AB080246) ESCS
ECS L-ESC(GQ436704)
ESC2 L-EGR{GQ436710)
|ESS |ESS
o7 IM-ESS1(DQ133782) IL-ESS[DQ133796)
—_ [—
0.001 0.0002
rpoB2 ECS rpoCl EGR
EGR
ESC1
ESC? 88 ESC2
ESC3 ESC3
‘ ESC4 ESC4
ESCS ESCS5
B-EGR(KF412457) ECs
‘ B-ESC(KF412447) s
ESS
00002 0,0005

Fig. 4. Neighbor-joining trees of cpDNA sequences of Eleutherococcus spp. ESS; E. sessiliflorus,
ECS; E. divaricatus var. chiisanensis, EGR; E. gracilistylus, ESB; E. sieboldianus, ESC; E. senticosus.

£ JHAIA T WHel7t BAEIS o R AlsE
eAHE A& £ rhel 77 W SNPE= 2, rpoB2
7kl 749 VNE (Table 5), ©]oll thdt phylogenetic tree &

A Az v RTE FRET YR F& 3 Fdo=z &
HAeEe Fds Btk 39, mpoCl 77+ 235 & K
SNP7} RZAE| AT} (Table 5). Phylogenetic tree “dollA]
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et A 4T B AHedu v shve] Jue s, 1
i Arkeduel o7 59 Juo R fEe A
WO Z rpoCl 77+ el e49& A& Fo] FEEA
BUTH (Fig. 4). & A7 Aol Adsto, rbcle A BE
Ao A&7Fssht stEErE o 2dge] WojXivhks
H37F 9lem (CBOL Plant Working Group, 2009; Little,



2014), rpoB2 3 rpoC1e] 73,
(2014)2] A+~ Az} FARE g2 29
go] v 7107 AlFHT}

SNPZ  Kim
o, 29l ) w0

il

3) nfDNA % cpDNA 77+ 23 &

B oA nrDNA ITS2 2 ITS5a ©5% o]guto g
& 5%l gk ol 7Fssisith 22y cpDNA
4= primer YFOEE F FEO SHAIE HY Ki
(2014)°] A-ATe} AA|EFA2H, cpDNA TF7He] ¥
gk SHAIE Bekel7] 918 nrDNASE cpDNA -7+
48 AT pDNA 77+ 5 rbels} rpoB2E
WS A9 g vR] Foll tigh v f-84d0] FA] ko
g o FbelA ALkt 1TS29F marK 7R 2%
A}, 1TS2¢0] 2Jgh 4147t @] ESC7t F7H 02 £4]
=}t (Fig. 5A). ITS5a8} maK 77+ 2% A3, makK &
= o]g Al FEEXA U Q7RFe} A duuRst B4
o] o] folalor ITS5a Ws 28] 7pA| ez
ol E3AD ESC27F marKe] JFeE BA =AU (Fig.
5B). ool ITS2E 37} A}, ITS5a B marK Z3oll

=D S|
LS |

N
=

o rlo

™ to

i

r,
F:
2

[e}rdSyi

a=

N

rol

el

A ESC1
“lEsca
ESC4
ESC5
. r————————————ssa
48 EGR
ESC2
ECS
98 ESS
P.-_.-|
C ESC1
“1ESC3
i ESC4
97 Escs
I—ESCZ‘
ESB
ESS
ECS
'| EGR

—

= ol - RSP - I

Al 7 9] Fdol friEle] A" ESC57t ok 7Aoozt
2R FEHAG (Fig. 5C). 3 ¢pDNA marKS}t rpoCl
23 A3, poClold FEEA] 0 7 249, Q7R
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Fig. 5. Combinations of neighbor-joining trees of nrDNA and cpDNA of Eleutherococcus
spp. A; ITS2 + matK, B; ITS5a + matK, C; ITS2 + ITS5a + matK, D; matK + rpoC1,
ESS; E. sessiliflorus, ECS; E. divaricatus var. chiisanensis, ECR; E. gracilistylus, ESB; E.

sieboldianus, ESC; E. senticosus.
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Fig. 6. Processed traditional medicine of Eleutherococcus spp.
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& 2E e f8slod, A, Aikedy], A
AT FAHFEHI ta o AIE BAAAL (Fig 3),
cpDNA®] marK 77kl oAM= A Zdu el Q7hr-o
FHo| oJHUTH (Fig. 4). ©lol nrDNA2] ITS2¢} ITS5a 2
cpDNA marK 77+ A4S 745 A5 F70] B
P T vhEEo] Y] (Fig. 5C) ©l& kA &
ol A8t

edug AEA R HY xgoE AdEE ITS2+
ITS5a + matK Z3-2 o83l A5 5 71 ekl 113
o] o) HL3F A} 0Gl, 0G4, 0G5, 0G7, GSI,
GS2, GS37F eA4TuR9 Fdst Jdoz f3=o] 274y
UFERE fEE oI e R RIS (Fig. 7). 59
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Fig. 7. Neighbor-joining tree combining matK, ITS5a,
and ITS2 sequences of plants and dried
medicinal materials of Eleutherococcus spp. ESS;
E. sessiliflorus, ECS; E. divaricatus var. chiisanensis,
ECR; E. gracilistylus, ESB; E. sieboldianus, ESC; E.
senticosus, OG1; Ogapi, OG2; Ogapi, OGS3;
Ogapi (China), OG4; Ogamok, OG5; Ogamok,

OGC6; Ogalpinamu, OG7; Jinogapi, GS1;
Gasiogapi, GS2; Gasiogapi, GS3; Gasiogapi, GS4;
Gasiogapi.
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