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Molecular identification of Tougucao and its adulterants based on I'TS2 sequence
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Abstract: Objective ITS2 barcoding was used to discriminate Tougucao and its adulterants in order to provide a new method for the
identification of Tougucao. Methods The total genomic DNAs were extracted from 35 samples of Tougucao and its adulterants. The ITS2
sequences of these samples were amplified and bidirectional sequenced by PCR. The obtained sequences were submitted to the GenBank and
the ITS2 sequences of 42 samples belonging to 13 species were downloaded from the GenBank. Genetic distance, neighbor joining (NJ)
phylogenetic tree and secondary structures of ITS2 sequences were analyzed by using MEGA 7.0. Results The maximum intraspecific
genetic distance (K2P distance) was much smaller than the minimum interspecific genetic distance between Tougucao and its adulterants. The
NJ tree showed that Tougucao and its adulterants could be distinguished obviously, which showed high monophyly. Comparing the secondary
structure of ITS2 among Tougucao and its adulterants, it was found that there were significant differences in the number, size, position of loop,
and the angle of helix exsertion. Conclusion As a DNA barcode, ITS2 sequences can stably and accurately distinguish Tougucao from its
adulterants and it can also provide a new technique to ensure the clinical safety in utilization of Chinese materia medica.
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PRIEIMARHZI 24 FRE AR #O8 T ImR 24
HEf, XTHM TR F AT SN E

DNA 52 AT AE o K2 T THOR, 2
FIH—BA BRI S8 1 HARX & AR
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FITS2 P 5% AR B R K I R R} i A Fl
[ 4 IR 4T DNA 7 T4, NREILEY
BEIRPUE  THE S E BFH 2  AAR AR R
1 ¥R

RGBS EEEMX EAR L7, JbE.
VLIS sE T A S, L BiE . KBS
HR Y 2 FHAEIRE S, 35 4, FEIIA R R EER
KERBEILSEE, TR GRS BARET
P HH R 2 RS2 AR AT, SEEAEHE ELER 1.
M GenBank ¥ e R # T ARAGE B B FHR Dy i
RN ITS2 813 42 26, FERME R ILE 2.
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Table 1 Habitats of samples used in present study and its ITS2 sequences

i Y% G FHKE/bp GC/% GenBank &35 PEH

1 T ARE S Vicia cracca L. Al 201 45.8 MNO080834 PR

2 JTAEBE Al 201 45.8 MN080835 M 5 BH

3 AEBIE Al 201 45.8 MNO080836 LK%

4 JARHE A2 201 45.8 MNO080837 HMKEF

5 JAEmE A2 201 45.8 MNO080838 LK%

6 WEFWiE V. amoena Fisch. ex DC. Bl 214 477 MNO080841 B |91

7 EBiE Bl 214 47.7 MN080842 Jemt

8 IFHE Bl 214 47.7 MNO080843 b=y =110

9 IHBIE Bl 214 47.7 MNO080844 B |91
10 IhEHE Bl 214 47.7 MN080845 Jemt b
11 hEEE Bl 214 477 MNO080846 TP
12 LWHEHS Bl 214 47.7 MN080847 HWKH
13 WWHEHS Bl 214 477 MNO080848 LK%
14 KMBF#i S V. pseudorobus Fisch. et Mey. Cl 214 477 MN080827 LT PR
15 KHEHG Cl 214 477 MN080828 TR
16 KHEFHiE Cl 214 477 MN080829 TP R
17 KHEFgiE Cl 214 477 MNO080830 TP R
18 KIHHEFHiE Cl 214 47.7 MN080831 Jemt b
19 KHEFgiE Cl 214 47.7 MNO080832 B |91
20 KHEFHEE Cl 214 47.7 MNO080833 B |91
21 RORHBIT V. sativa L. DI 214 46.3 MN080809 M P
22 ROoiHwmiE DI 214 46.3 MNO080810 1 AR SR
23 RoRHrwie D2 214 46.3 MNO080811 M 5 BH
24 BRIV unijuga A. El 214 47.7 MNO080805 LK%
25  JE¥FBIE ¥ ramuliflora (Maxim.) Ohwi F1 214 472 MNO080806 LK%
26 J&# Rhynchosia volubilis L. Gl 225 44.9 MNO080807 TLH5 A B
27 JEE Gl 225 449 MNO080808 N
28 MM Speranskia tuberculata (Bunge.) Baill. L1 227 58.6 MN080818 HMKEF
29  HuiymH L2 227 59.0 MN080819 IiNipsES
30 RALAE Impatiens balsamina L. Ml 199 50.3 MNO080820 TLH5 A B
31 Rt Ml 199 50.3 MNO080821 oA
32 RAlite M1 199 50.3 MNO080822 LHFE
33 RilifE M1 199 50.3 MN080823 TN
34 RAlife M1 199 50.3 MNO080824 HiNE
35 HEIEBKLRE Clematis intricate Bunge N1 228 65.4 MNO080825 OB i
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2 GenBank THERIEFTERELEMNGR ITS2 F5
Table 2 ITS2 sequences of Tougucao and its adulterants downloaded from GenBank
izL/ES AR GenBank B3R5 itk ALY GenBank &35

IiiLis sl Al KT270875.1 LT Fl KJ417928.1
IiiLig sl Al KT270876.1 ZZEWHE HI JQ309791.1
IEiiLag s Al KT270874.1 EZES 1) H1 MH548028.1
LB g Bl KT270925.1 EZEN 1) HI MH548027.1
BB Bl KT270923.1 EZEN 1) H1 KR029993.1
L8 1) Bl KT270921.1 Z Wi H1 KR029992.1
L8 A=) Bl KT270869.1 BT E B S 11 KJ417926.1
ITE: g A=) Bl KT270866.1 BT E B S 11 JQ309789.1
KI5 i 5 Cl KR029996.1 R E B Il MH547995.1
KI5 i 15 Cl KR029995.1 T E B Il MH547994.1
KI5 i 5 Cl1 KR029994.1 /NS Vicia hirsute (L.) S. F. Gray. J1 AB185890.1
pNURSES) Cl KT270920.1 /NS J1 MG235367.1
pNURSES) Cl1 KT270889.1 KFEEYBIE Vicia villosaRoth K1 MG236957.1
K- EFgi = Cl1 KT270888.1 KEEHH T K1 MG236900.1
RO i T DI DQ312198.1 KEEHHT K1 MG236376.1
HED/SE El JQ309790.1 RAUAE Impatiens balsamina L. Ml KY082768.1
¥ B e F1 JQ309793.1 RALAE Ml KT582062.1
B[l i) F1 KR029985.1 BRI N1 JN809683.1
JeEFHi T F1 KR029984.1 BRI N2 KT270926.1
L BT Fl KJ417930.1 BRI N3 KT270924.1
Bl A5g7ns) F1 KJ417929.1 1 Incarvillea sinensis Lam. 0Ol KX181010.1

2 Rk (Generay AR AR, #E), rTaq &§ 0.25 pL, #

2.1 {NEE5RF B DNA 2.0 pL, (7% 7K 14.25 pL. 9 94 C

Sigma 3-18K =pd ¥4 7 2501 (Sigma A w], fl
); Compact 7K1~ 85 I HLPKAY (Biometra A H], 4
[#); Bio-Rad C1000PCR #"1##{% (Bio-Rad /A7,
EED; Gel DocXRHER G Z St (Bio-Rad A F],
D, MYIEN 4 DNA =BT & CRIREDS
FRATD: 518 BERERA R A A &
2.2 DNA {EEl. PCR ¥ &K N5

F R USCER B i P I B S =, A
SIS BR ATV, TEBETF, SRR 5
7T . SOFEMIZ 30 mg, RAMEYIEK A
DNA $2HUR 7 & (Tiangen Biotech R A #],
B $2HUE DNA, PCR ¥ K H 25 DNA %
Wty % ERIFIEN, 1EM 5% ITS2F:
5’-ATGCGATACTTGGTGTGAAT-3" ; Jx [f] 5| #)
ITS2R: 5’-GACGCTTCTCCAGACTACAAT-3’ .
PCR X MARFR 25.0 uL, #& A& MgCl, 2.0 pL(25
mmol/L), dNTP 2.0 pL (2.5 mmol/L), PCR ZZ{f
W 2.5 uL (X100, 51#% 1.0 pL (2.5 pmol/L)

A 5 min; 94 CAE305s, 54 CiBK30s,
72 CIEAH 45 s CHEAT 40 MG, 72 CHEAH 10
min. W B FG 50 G 3 B AR D RHRCA IR A A e R
RAMEAREREST 3 .
2.3 HIEALIE

W 7 5 P 453 0 B2k - Codon Code Aligner
V5.1.3 (Codon Code HRRAF], EHE)D KXTHHE,
FRRICTR R 51 L 31 X MY, o B o R ok
B HMM VERE T, ERRPHER 2N —8UT 51
fwiss 5.8 S M 28 S KB (ALK FEFIRA &
http://its2. bioapps.biozentrum.uni-wuerzburg.de 117
TERED , FRAFHRAE 1TS2 [0 [X 5 51 0F 58K MEGA
7.0M AR S A A, TSR A 512 S R
[ FHA 5, AEMIEER N AL Bl, [FA—
VIRNAEAE AR S s B B AL A2, p e S
o7 A58 0425 LT S AN [ R B 5 A7), )% neighbor
joining (NJ) ZRGEiE bW ST ik 3 4 22 o) £ 555
. HRHE Koetschan 25"V 571 1TS2 Hedle e 2
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FR s T ITS2 — 2k 454 .
3 ER55%
3.0 FILEESERHEREAS PCR i HEMERKNF
RINE
X AR AGIE B S RO S 2 AR 35 M

b ITS2 AU it KB, BT SESRFEAR T PCR 4™
1 K 0 I 23 R 100%, 55 3R15 2 TR N 100%,
28 1.0%3 HEHR IS Fe vk /9 31 PCR ¥ 3 sk B (]
D, yIRCREE, KilEse, WHIERIR, F
G EIILE 500 bp L7 s

M1 2 3 4 5 6 7 8 9101112 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

2 000 bp

1 000 bp|
750 bp)

500 bp
250 bp)
100 bp

1 #ARRITS2 FHERIEKE

Fig. 1 Electrophoretogram of ITS2 sequences of samples

32 ITS2 FHIER#MR

AR B G AN FEDRIRE R 1TS2 A4t 8 %%, 7
HIHKFER 201 bp, ITS2 751/ GC &N 45.8%,
Al K2P 384% 7 A 0~0.005 05 11 57 86 5 AR [ 5k
R ITS2 75013 13 2%, FAIKE N 214 bp, 1TS2
FHI GC &8N 47.7%, Fi N K2P AL FEES M 05
KM-EF 50 G ASESRIE R ITS2 F413% 13 4%, Ak
JEH 214 bp, ITS2 JFHIH) GC &N 47.7%, FiK
K2P LA RN 0; A wie 51w, B
5 5 & b ] K2P 1845 B 2558 0.009 4~0.030 5,
FATEE G (WS, KM S G5 RIS
TR S FRE] K2P 8L EE RS 737 8 0.020 2~
1.018 8. 0.004 7~1.030 3. 0.004 7~1.0151. it
FE R 3 P S o P e KB AR R B 3N T H SR
it (R R) R INEAR BE RS, RS /IN T 3 P S P e ]
B/NBAERE R, AR R &GS A .

SEIOFE S SR ITS2 751, K. GC FEL
1o B s2ib BE M GenBank BUE 2 T # ALi%E
B IR 2 I BARSS A, R KRR
TERRICE B R R IR AR RS . dRE
B, ARAGE i B R TR Dy i R b ) A e 22 S LR
ITS2 A] LK H X 73, ZRIbiE i 5 3 Mk i 2 [A) AR
S ZEFMEONIE, TR EAIX 4)

33 ITS2 FHERA LS

T S X A [ SR Y ) 2R I 0 i R TR A
Yy ITS2 ¥4 M, KI A B S F N AEE 1 A
R, A2 RS BORH BTN A 2 4
HEERL, 6 MNRRAL A MU RN 2 AN HAFA,

1 MR EARREEFI N 3 ANHAES, 1
AR IEFEIG . KM S, BB
LR, JBE. ZEHEIS. BRIHHE., M
¥ KEEHGE. KL, AEMAN ITS2 75
—F, RENBRAE, B ADHER, T AGE
Pi 5 KRB E ITS2 JE AR IEAAAE 6 NERAL
M, TAESIE S ILERE 1TS2 FHIRIAFE 5
AR AL, IG5 KM BT 1TS2 741 Fh
[ AAAE 2 NS AT, 3 Pt R AR A& B 5 5 R
I Z AR AL, SR 1TS2 741 Lt
LK 2,
3.4 NJ R

K FHABATE 48 2292 (BLAST1) i i &
1% (nearest distance) X A< Jbi&E & & S HIR b it
ITREMIT, 2 Mot RIIFRY ITS2 J7 51
A CLHER K 3 PR AR LI B 2 8] X S TR
WIFF. AT HEE M S e g R, AT
AL 48 RIE BT R B VA4S R T NI RSt
M, bootstrap 1 000 IRE R, £ FFAEN R R
HEXFFR=50%, WK 3. 881K, 456 8
15 NMFIIRE A RN 3 K3, BT EEYE
N— KX, BEEEDEERRN L, RAfE.
MR SRR E . M S AW P AL PR R
Bk, BRMEN—KI. Hh, BHEEEY—
KZA, JAEEE. LS. KHEBE.
RonHwiE., Bk, bHFnS. BRETHHE.
KEXEHB G, 2Z2HHE. MNEELARN—
X, Rz A e] B R X A .



+5834 « ¢ 3 # Chinese Traditional and Herbal Drugs 35 50 % 2523 # 20194 12 A

20 40
A BB MN080834 B A A & B 7
JAi %755 MNO80837 Al A AA A N R
111 51 MN080841 N B A A R A N A
KIHEFBI T MN080827 N B AA Aa A N A
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Fig. 2 Interspecific alignment of ITS2 sequences in Tougucao and its adulterants
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EL3E (MN08080S)
EL3E (JQ309790.1)
K5 & (MN080829)
KM BB S (MN080828)
KM B8 (MN080827)
JLiFE s (MN080806)
LB (KR029985.1)
HRITHBIS (KJ417926.1)
BERITHEHE (JQ309789.1)
AT HIS (MH547995.1)
JEBFHiT (JQ309793.1)
i EE (MN080841)
LEF B S (MN080842)
LEF B E. (MN080843)
ZZEHBIE (JQ309791.1)
2B (MH548028.1)
2B T (MH548027.1)
KZEHZIE (MG236900.1)
KZEHHIT (MG236376.1)
KZEFHHT (MG236957.1)
I AT IS, (MN080837)
JUAREF B S (MNO080838)
I A S (MN080834)
I A B S, (MN0S0835)
— AT BIE (MN080836)
/NELSE (AB185890.1)
INELZE (MG235367.1)
Foi B E (MN080811)
o H BT (MN080809)
oS (MN080810)
O E BT (DQ312198.1)
4‘ JE# (MN080807)
JEZE (MN08080S)

FALAE (MN080821)

FALAE (MN080822)

RALFE (MN080820)

kg (MN080818)
kg (MN080819)

A7 (KX181010.1)
FEACERLRE (IN809683.1)
B (KT270926.1)
= ‘ﬁﬁ:@si&ﬁ (KT270924.1)
005 HEACERLRE (MN080825)

bootstrap 1 000 K HE 5
Percentage of replicate trees in which the associated taxa clustered

together in 1 000 bootstraps are shown next to the branches.

3 ETITS2 FIMZENFRILETERELRN A NJ &
Fig.3 NJ tree based on ITS2 sequences from Tougucao and

its adulterants
3.5 ITS2 5 ZRLEHTN

4 Koetschan 250V 37 1) TTS2 $udi P K% FL M)
i PN 2 b By B S TR P i Y TTS2 S5 # (]
4, WJUEH, FrAYF g a3 H— A
W (FEH) 4N EEX Chelix) FIRL, BEAMZEE
FNERKAN 828 2R (loop) 4514
I AR A& & 5 e FOR Oy i) 1TS2 e 45t
R, SV 4 MR ZEAEH . KA, A7
B LSRR M A A R AR, Bk, K
P 1TS2 2454, nILAEMHK AR biEH H S H

TP X ) o
4 e

W3 L ARIGE B EEE SHAM S 2 RA, H
TR DR i 2 R S YR 26 SRR AR TR A R
Zitt, XRS5 AR ALE AR R S Th Rk
AR E— W ZE S, BT A bR K.
GARALE B FEONA RSN BRI EAL S
VIS =2 3| prpv I Vi R NDAY i AL e
AR, 25 R R R A R 5 0 R R P,
ARG S8 T AR N 00 B, (L4 5
THEMELR R TR R, IO R R LS 5L
IR 222G, T ARIGE 5 B S E T2
o3 AE

DNA B IE AW R TAER
WFt ks, ORI, B E P o222 B A AR R
HIPY, DNA TSR AT DL R 3 I (K KP4t
YRR, BAPOE. AER. SR, WSRO
Mo AR EBB BRI PR PR 1,
4 BT AE 20 82 b T AR 3 ) b 24 A A gk AT
PO LA, AR SRS AN R,
225 % 5 R R T SN A R R

KT T ARAEEE R g, 45
VRN SRS ) 1TS2 781, A sESGFEA ) PCR
FHERCR N 100% [FFIKSEIITE 500 bp 47, X
S o 2 LK P TG VR AR G i B S Ry it [X
95, TR AP IR A AT b AR
FEAS PP B D) 28 S PP H13R13 289 100%,  HiH 1TS2
TEARICIE B FL R4 R A R DNA X B, ITS2
750 519 e 3 S5 26 A4t ot R AR 1 245 P A )
e MRT . ARAGE B R 3 PP R 1R P 5K K2P
P 29 183t 3t /N T L 5 VR b R ] B2/ K2P BE S,
I HARX T RBMAMM S, RIEEHESIEREY
P A ]S AL B B AR 22 80K, X T Re 5P &k
AR {EET NI EHENRAREZN S, ARV
PR N —/ Nz, 2O BRI RME, 1TS2 —
PEERI TR N I o TS S SR BDWE s R
JeE B E SR MR ZER . Bk, BT 1TS2
FTCHD AT e A M % e AR S B B A LR Y
e KRB S B DNA LI 54401050 25
FUONME A, RUERENFE M B, &2
SARAGIE B R DNA 7 T B, v RUAT
EARAGE G BRI R R R AR Ty
ERR YGOSR, R BRI PR F 24522 4 DL FH 2
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Fig. 4 Secondary structures of ITS2 sequences in Tougucao and its adulterants
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