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Development SCAR marker for the rapid authenticaton of
Sinomeni Caulis et Rhizoma based on ITS Sequences

Wook Jin Kim®, Sumin Noh, Goya Choi, and Byeong Cheol Moon

Herbal Medicine Resources Research Center, Korea Institute of Oriental Medicine

ABSTRACT

Objectives : In the Korean Pharmacopoeia 12th edition (KP 12) and the Korean Herbal Pharmacopoeia (KHP), two
authentic herbal medicines are described, namely Bang—gi (Cheong—pung—deung) and Mok—bang—gi, respectively.
In China, Bun—bang—gi is also used as herbal medicine, This study was conducted to develop a molecular
authentication tool for distinguishing the three herbal medicine used as Bang—gi, which are Sinomeni Caulis et
Rhizoma (Rhizome of Sinomenium acutum), Stephaniae Tetrandrae Radix (Root of Stephania terandra), and Cocculi
Radix (Root of Cocculus trilobus).

Methods : Twelve samples of three species (four samples of S, acutum, five samples of S, tetrandra, and three samples
of C trilobus) were collected from different habitats. The sequences of internal transcribed spacer (ITS) regions were
obtained and comparatively analyzed to design the species—specific sequence characterized amplified region (SCAR)
primers, The specificity of each pair of SCAR primers that amplified species—specific amplicon was evaluated for
establishing the singleplex and multiplex PCR assay tools.

Results : The singleplex SCAR markers show discriminability in C, acutum, S, tetrandra, and C. trilobus, These SCAR
markers were also efficiently authenticated three species in the multiplex SCAR amplification using single PCR reaction,
Furthermore, these PCR assay methods were applicable to authenticate dried herbal medicines distributed in the
markets,

Conclusions : The SCAR markers and PCR assay tools help discriminate the three herbal medicines used as Bang—gi
at the species levels and provide a reliable genetic method to prevent the inauthentic distribution of these herbal

medicines,
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I.A &

B5C. Sinomeni Caulis et Rhizoma:= jitfAjREEc] 50|
A= TR T4 HIER o] GEH, o 55
= B dREES S A7, A8 E T EAA A
H AL At ARgskaL e, (HEul=ekd)(e]st ‘KP
123 (F3RAN-F3=r2FA)(0]8F 'ChP 201574 =23t
T YE 719Ee Zo|7t glo] AHEAl Fozt agE
KP12= e 71¥9Ee ‘MEddZ3H(Menispermaceae)
X189l ¥7| Sinomenium acutum (Thunb,) Rehder &
E.H . Wilson®] B2/4&7] € $&7|(olst Haik) = -
Ast= HbH, ChP 2015% Wi Stephania tetrandra
S.Moore®] He](o]s} #pid’) & B 719ELE F45t
I o] g=tat 2ol ok, HEe] W7 S acutum®] B
A E719 BEYE7'E o8 B2 AT KP 129 (ZE9F
b (elat JP 17)ZHe @ ChP 2015& B2E7|9H <l
Aote Y o Zol7h ok (Figure 1), EFE, (=
ek QlgteR(A R AN (o]3t KHP ol AE ArelgZdto|
&3t ‘dol’dZF Cocculus trilobus (Thunb,) DC. o] Hg]
(ol8} “KRphc’) & A KB Cocculi Radix® A8t
ot moimt ol pha, 1K, AR E Bogets W
oA FYT AR ARG 71 5ol AlsE2F = Folslof
o|F A 7Y £ - 282 QAR o|FH IS A - A
Aow A4 5 o, A= ol FIAE =L S
oA Atz AHFE T 7| AFol 2fol7} Qle B R AHet=d|
lo] FEE o] A-gFojof 3 Holr},

2 £° DNA HIZE 27HE o83 F 54 9 o
28 A7) g BUsA oA L e, B2 o83k
FHoRR o] i HE-S AlE e Srekabdo] e, AE ¥ 53
2 internal transcribed spacer (ITS), matK, rbcL, psbA—
troH 18]3 ¢rnl—-FF 2+ DNA HIZE FZto] F2 o]
|79, 22Uy, DNA HZE 73t 4714d AR FRE
A8liAe PCR &, A719% 9 5Z AEY 34, E714E
= D HaEA F9 FA ATte] tha AW O o]
HASTHE o] AT, B3 S5 EL Fhepo] S
Az Add Fej7h gok DNA HpEE 27F E44] DNA
7t A E S 7HeAdol w1 HlEE B4 1718 =7](700
~ 1600 bp)7F T4 Ath= A= FA% £4& Asfiste &
Qolm, o7 Fo] EYEHY FEHAE WE sty f-F
£ RE & A2E2 oF 2 BAsok a0, o]ze
DNA HIZE £X49] &ty& BHestu 553 24 235 o
7] 43 FZol= £ E0]3<Q primerE ©]&3%t sequence
characterized amplified region (SCAR) marker 7J& |7}
A FFALA BuE: Y tEo] arE z+zte
% Eo|&<l primerE 3t tube UlollA ¥FEAIA gHH 2l PCR
ZEZog oy 9 TA Zdo] 7153 multiplex SCAR

Table 2. Primers used for the ITS sequence analysis.

markers B4 AJ7ta} v]-&Hol| A singleplex SCAR marker
weh gy ZEFo o,

mEtx] B dFo A= oY 71Y9FoR o] fE= HAE
B, KBS 2 #BAT, 3% theh ITS vlZE 33 G714 ES
gH ko] H|-EA L, o] B OoE A&-HEgt F 7ol
7F53%t multiplex SCAR markerE 7W3sto] teFx] BhOME
o] &8st} gt

I. A2 2

1. AdA=

2 Ao AHgE HEEE 470, Kpid 570 2 B2 37
& 1270 NE= ReHl= $59 A2 o0& A4 =3
H Ao A7 NaEe B£8, AEERT 9 AEAHT
Y ARVIE FHE EFFH AEYYE AXH 1 F& F
TRz gAHstgoen, ZF AR 7|YAES dF AY E
28 Aste =gt ddd dYEERER(IH 22T
FE KIOM)o| #2HTE Hoste] Hastgrh(Figure 2,
Table 1).

N

2. DNA &

Genomic DNA $Z&2 DNeasy Plant Mini Kit (QIAGEN,
USA)o A AF3t= protocole] @t ¢F 100 mge A|EE
ol-gste Xdystga, HFL UV spectrophotometer
(Nanodrop, USA)E ©]&3}l9 260 nm &F= SAHZo =2
A4S AT

3. ITS ¥}= 720 PCR 35 % 97142 24

ITS HtZE 7o) 245 $3] < 15 ng9 genomic
DNA®} z+ 0.5 umol L™'9] a3} &g primer (Table
2)2 Solg™ 2 x Taq PCR Smart—MixI (Solgent, Daejeon,
Korea)¢} &33to] ¥h-g-Eo] HA| 40 uL H=E Azt
PCR #H]= ProFlex " PCR System (Applied Biosystems,
USA)E o|83t9on, 3 24L& 95TA 287 271 ¥
AN & 95TolA 60%, 53CA 60%, 72TA 902
HS-& & 353 HHESE & mix|gto g 72CoA 587 I
st ZACE WREAIFY 2 AlRY FEAES o&T A7
dE ZFEZAE 3|5 T-vector A% D £ coli FAAS 1
A7INE BHL 7 So] Hudt 2AW S5 $3)

al
stac?.

1O

DNA barcode region Primer name

Primer sequences (5'—3’)

Reference

ITS1 TCC GTA GGT GAA CCT GCG G

ITS

White et al., 1990

1TS4 TCC TCC GCT TAT TGA TAT GC
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Figure 1. Plant and herbal medicine of Sinomenium acutum (A, D), Cocculus trilobus (B, E) and Stephania tetrandra (C, F). A picture of
herbal medicine (D, E and F) was adapted from Korean Medicinal Materials'?,

Table 1. List and information of plant materials used in this study.

Herbal name Scientific name Information of sample habitate Voucher number Abbreviation
Aewol—eup, Jeju—si 2011-KR—-1-30 SA1
Sinomeni Caulis et Sinomenium acutum Yokji—myeon, Tongyeong—si 2011-KR—-2-05 SA2

Rhi (Thunb.) Rehder &
1zoma E.H,Wilson Heuksan—myeon, Sinan—gun 2011-KR—-2-47 SA3
Heuksan—myeon, Sinan—gun 2011-KR—-3-13 SA4
Seongsan—eup, Seogwipo—si 2011-KR—-1-02 CT1
Gujwa—eup, Jeju—si 2011-KR—-1-04 CT2
. . Cocculus trilobus .
Cocculi Radix (Thunb,) DC. Yuseong—gu, Daejeon 2011-KR—-1-13 CT3
Gahoe—myeon, Hapcheon—gun 2011-KR—-1-18 CT4
Gonyang—myeon, Sacheon—si 2011-KR—-1-21 CT5
Anhui, China 2011-CN-1-27 ST1
Stephaniae rI.‘e-tramdrae Stephania tetrandra Jiangsu, China 9011—CN—2—49 ST
Radix S.Moore

Jiangsu, China 2011-CN-2-50 ST3
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4. ¥ Eo°|3 SCAR primer A& 9 HZF

gRE oF 700 bp 27| ITS ‘ﬁﬂﬁ“‘i BioEdit(# &
7.0.5.3) ZRIHE o]gsto] A, FHHE H7IME
oFdtho] QX% ITS1 9 ITS4 primer HYE 7|&0=2
ClustalW Multiple AlighmentE Z3] FHA|FH T E3, F
£©°]3 SCAR marker AZ-& 913 357 G714 E HlZ-E4
oA ElE F 5ol A7IAE A& D AY-EH s 2T
8H= & SCAR primer F-92 AAsFATE AZgE SCAR
primer?] F 5ol HFL 3% 127] AIEE o2 o33t
22 2702 st ¢ 15 ng?l genomic DNAS} z}
0.5 umol L7'9] Aulekat d81eF primerE Solg™ 2% Taq
PCR Smart—MixI (Solgent, Daejeon, Korea)2} &35}
e Eo] AA 20 w7t H=E RSP, ProFlex
PCR System (Applied Biosystems, USA)E o|-&3}lo] ZE
AFHS, PCR 272 95T AlA 287 HAAAZ] & 95T A4

20%, 65ClA 30%, 72TA 20% ¥H-& £ 353 wHE
Zaeln opxgte g 7200 587 TS Ao uhe

Al ZiE

5. Multiplex SCAR ¥4 ¥ $5& 2UHF

Multiplex SCAR £42& £ Eo|Ao] AZH primer 4712
gt 709 tubeoll Al Ao ¥REAIA EQlstgH e, PCR W&

[
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50
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Az W 2AL 9o 7]&3t SCAR primer £ Eo|A AS1
FUS HHoE 43 01'@‘\1]- EF 123 multiplex SCAR

markera ol&% BUHTPL Id=H FFAAM T+ 7
e 97iet KRBT 5709 45 S PR stk B4
W2 AR oF 50g9] AZ AE Bysin FAI3 e
0] 4319 genomic DNAS %£3%3}¢th PCR ¥HSE Az U
ZAL $oll 7]1€3 SCAR primer £ ol A3 U3
Wz estglct

m.Z2
1. ITS H}2E 77+ 22 9 Q7|4 Q B4

=

WhiteZ7} B33 £o] primerE o|-&5te] HEME 4704,
ABFE 57HA 2 Bhe 37HAOA ITS f3A 2712 A4
oF 700 bp FE AHEL W7|9EL S sty 7 A
29 HEot A7|AE AR FRE Y&l TF AEL E colidl
FAHESIA 3709 colonyE EAEH oM, FRE ZF AR
3t 47148 HARE BioEditE o83 v|® - B4 £3)
S stAtH(Figure 2).

1 AY 3% 120A 25 E R ITS £99 d7|HEL
HEFE 6897 A71(nt), KB 615-616 nt LI HEH
624 nt2 FA = AR HFigure 2).

€0 70 80 S0

o slllimma] el salmmen frmsllvas gl sl ol Fomeefaema ool wnmeilme i [ sl s s
SA1 TCCGTAGGTGAACCTGCGGAAGGATCATTGTCGAAACCTGCAA AGCAGAATGACCAGTGAATCGCGTTGCACTACCACACCGACTCCAGTTATGGAGCCTT

=7V 2 - T,
o7t [ S TSN ! I = St M0, e N SR SO SN S R E OO P/ o SO o = T
T ————
Ve LAty A SR A o R o GC.......C....C.C...C.AT.GA. ..———.GAGACTTGT. .C.CTC. .G.
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T e I O o e A I ST T
T S ————
U s oL T S TR OG0~ N e ARG DS 1IN W e PSSR S|
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cr3 GG.TC. .G. ..C.C SO G siiene CiC GG.AC.C.. - 0L
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cT5 GG.TCC.G. ..C.C GAL LG CiChiroins GG.AC.C.. ..c.c
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SA1 GGCTGAAAAAGTTGCCCGTTGG CATGCACTACGCGATCAGTGGTGGTTGACAAAACCCATTCACCGAAATAGGATGACTTGATCGAGTAGTT
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OIS & i P00 SCINCICE A O i e ik s s OCTRA S i 5 GC.....G.CG.GC..-C
CTh| L TGA..C. B R T SRR B GOFA . . s G G.CE.CC. .0
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SA1 TCGAGGGTAAATTGAACCCTTGTAGCTCCTATACCATGCGACCCCAGGTCAGGCGGGGACACCCGCTGAGTYTAAGCATATCAATAAGCGGAGGA)
SRZ  Shreirsed nashe

SA3 ciiicnstcrcnnectt st n s st eE st aasnne s mmean
SA4 ..iciisesresnseriseansennaiane

CT1 GGAG...C.CG
CT2 GGAG...C.CG
CT3 GGAG...C.CG
CT4 GGAG...C.CG
CT5 GGAG...C.CG
ST1 ATCG...CGG.
ST2 ATC....CGG.
ST3 ATC....CGG.

Figure 2. The ClustalW Multiple Alignment using the amplified ITS sequences in three species related with Sinomeni Caulis et Rhizoma.
The boxes indicate the SCAR primer regions used in this assay.

2. ITS 4714 <¥ 7|49t £ Eo] 782 SCAR marker 7|2+

a7 ER AYd 3% 1270419 ITS €714 84S EY o]-83le] PCR AR 3 A3}, 127 A& FollA HE#E 40
2 F 59| primer Y& AGstHch(Figure 2, Table 3). A 7o ARE BolH o2 258 bp 2719 FF 4hEo] A7|¥e=
SCAR primer+= 22~2470¢] @7| 82 AAStH L, PCRE F3 A= AH(Figure 3. A). EZH KBid E©] primer
T FAA S AEY 94 27)= HEER 258 bp, KBS (CT-F<} ITS4-TTA)S} #MHC. E©| primer(ST-F&} ITS4—
422 bp 233 ¥BHT 177 bp Rth(Table 3). 3% 27kl & TTA)E Z+Z; o] &3t PCR AAANAE KBFT(422 bp)T #
E0]42 SCAR primerE o83 PCR HAAS T3 &Ast BT (177 bp)ollAdl & Soldez FE AEo] FUFtt
Ack(Figure 3). FEES 2 SA-F2} ITS4-TTA primerE (Figure 3. B, O).



14 K R BB g 3k — Vol. 37 No. 4, 2022

Table 3. List of SCAR primers used for the species—specific assay.

Primer name Sequence (5° —3") Specificity Amplicon (bp)
SA-F CAT TGC GCC ACT CCC AAC CCA CGG Sinomenium acutum 258
CT-F CGA CGC CGT AAT TCC GAA CTA C Cocculus trilobus 422
ST-F AAA TCG TAG CCC CGG CGC CAG G Stephania tetrandra 177

ITS4-TTA TCC TCC GCT TAT TGA TAT GCT TA All samples -

R
‘\L
vbﬁo
A)
- 258 bp
(B)
-« 422bp
©
B < 177bp

Figure 3. Verification of six species—specific SCAR primers using
the conventional PCR assays. (A) Species—specific amplicon in
Sinomenium acutum using SA—F/ITS4—TTA primers. (B) Species—
specific amplicon in Cocculus trilobus using CT—F/ITS4-TTA
primers. (C) Species—specific amplicon in Stephania tetrandra
using ST—F/ITS4—TTA primers.

< 420bp
-
177

3.0kb—

1.0kb—

58 bp 100 bp—
bp

3. Multiplex PCR ¥4 7% 2 §-5% 2UHS

Z Eolio] &E SCAR primer 470E ©]-83}o] g H
PCR $Z 22 3%9 BofEE Al 2EE 5= $l= multiplex
BHL ST AT, 3% BE o NH 279 FE 80| F
Solgoz #/9%5L F3 = dckFigure 4). 751
multiplex PCR £4%H& o]-§3to] §-5F Bic 971 #Bhid
SAHE HAT A, 47 AE 719EQ HEES Mo E
Ao miEe] T2 FF A rtrh(Figure 5).

< 422bp
< 258 bp
=~ 177bp

Figure 5. Monitoring of Sinomeni Caulis et Rhizoma and

Figure 4. Verification of species specificity of multiplex using theStephaniae Tetrandrae Radix distributing on the herbal medicinal

conventional PCR assays.

v, &1

Seuetol A 2o AW WESS ZHe gk pok =
bR kR ST Qi 71 YA B £RI chakstn
2po| 7t glo] FEEHE kA BT o) 2 WetshA utE o
wheh HAE S Qe T Aol2 FEets Ao BEstE @
oA ol gol Fad @il pog WREE eUEd
AHgE o St E2okH SAE BT 7| 9E T} ok
ol ztol2 LEE|S] AMEHE B, TNE BHE 2 A

market using the multiplex SCAR markers.

2
o, 2183 A= 54 ZAE ARgel SAE EcE =%
gt FE Ad A BaEI oy, fAR fEoA Y
28 Q77 Bag A Arsie

HT B0 7% TIAY F AES A% 1A% &4 dF
Z DNA barcoding, PCR 7|4t B4 Next generation
sequencing (NGS) So| &451 Jo}*” 5#z} 7o
W22 ZHoA DNA barcodingo]U NGSE o] &3te] &



ITS G714 G 7|9k 7] Al

= = £ G718 FEE o]&35t7]
Bl A 23] Ay 9 A o] AT, AAERAE 4
S 9 A 7HE S A Bg&Ao] Eolttn & 4 Jth
£3], DNA barcodingZ ©o]-§3}o] gHek & 7Hd 24
L3t S, FEHE Y BN Eg 4 Ax
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