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Molecular identification of Cynanchum auriculatum and its closely related species
based on ITS2 sequence
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Abstract: Objective To identify Cynanchum auriculatum and its closely related species using the ITS2 barcode. Methods A total of
54 samples of C. auriculatum and its related species were collected. Genomic DNAs were extracted from these samples. The ITS2
sequences of these samples were amplified and bidirectional sequenced by PCR. The obtained sequences were submitted to the
Gen Bank and the ITS2 sequences of 47 samples belonging to 15 species were downloaded from the GenBank, and ITS2 sequences
were annotated by ITS2 database. A total of 101 ITS2 sequences were aligned and the intraspecific and interspecific distances were
calculated using the MEGA 5.0. Identification analyses were performed using the similarity search method and nearest distance
method, and were presented intuitively by constructing neighbor-joining (NJ) tree. Results The length of all ITS2 sequences of C.
auriculatum was 249 bp, which was a haplotype and was close to Cynanchum. There was a significant difference between the
interspecific and intraspecific genetic distances of the ITS2 sequences. The NI tree showed that C. auriculatum obviously differed from
its closely related species, which showed high monophyly. According to the secondary structure of ITS2, it was also possible to
distinguish between C. auriculatumi and Asclepiadaceae related species. Conclusion As a DNA barcode, ITS2 sequences can stably
and accurately distinguish C. auriculatum from its closely related species and also provide a new technique to ensure the clinical safety
in utilization of Chinese materia medica.
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V¥ Cynanchum auriculatum Royle ex Wight AR,
HRH . B, MR, AR L. WS
UANIF'E . BAUR K. EERHFFEI . AR
SIS TR, Co SR H IR E L ) 5
UM SRR, AN A IR A 2
M. EIEREE IRR M. WA E SR R E
AR SRR AR B SO EAR E S R B
AR i AR ORI 5K 3 T R bR 5 OR Y B SR
PR AR R, O SR T SRR, BT R
() 24 F AN 2 BEARE AT A A F 5

ARHEEIERY], AES0EHTHE, BT TR
Hl, IEHZES, EENINEAREE, B AREFRU
RG2S, SREESRNZY. & EEHHRM
P R OFEAR) HEH R, “G75% A=
M, AREME. AEMET. A (RENH) GEEAR
B SCE, FAEEEDANERERAEY. OF
MoryBEEYS, RKEAR 3 M, T EFR
( Asclepiadaceae ) #§ 4% ik J& 1 % B 4= K
Cynanchum auriculatum Royle ex Wight. [&117H C.
wilfordii (Maxim.) Hemsl. [EKM-2E 579 C. bungei
Decne. [HUR, T 55 R HH 24 1,
1T 3 2 1) 2 A A o A AE DX T BT AT
—ERIZE S, (HMINI b5 HoA 2 Fhk i Ao HoAth [

BHEGHMHELLIX 4y, BZIERIRE- . fES50E
GEF Sy EAFRE, HAERRS R ER EAA
BORZEFME, ENX A B, s fpdsr—
PR T ) %5 T VSR X R 1 5 & HE 2%
ot AR CRISEIE 1 S5 BM ST . PR, RPN R 22 4
HZj.

DNA %JE5% (DNA barcoding) &4 2% K4
H— BLA N B BR HE R 7 51 AT WD Fh 25 58 1) 43 112
W H AR, DNA TR BA %5 Tl 5 . A 1A (s
Mo AR IR AE, e R IE AN FE Y
A% A8 T IER P, 24, ElEAE
5 R R G0 24 AR AR S Fe DA 4ol . ASHt
FARIEIF 1 E 5 S ERHT Z A EY) DNA FE
EFLITS2 JFAIT T8, BENREAES
) PR HE R 45 58 SRR F B4 Rt
1 #

FEVLIWEN A E S EE A X, Wb, AR,
BN WCERIR I B E S R I G E R R
VIFESD 54 4, PRI R R 2GR E R IR
5, RURFEAR ARG B IRE TP
REDFBERATE, SEE A EME B M GenBank % 5%
TR 1. M GenBank B FEH ME MiRBHE S
SOl S8 EERME AT S 1) ITS2 A3k 47 %,
fERE W 2,

®1 MREEE ITS2 FAIER
Table 1 Habitats of samples used in present study and its ITS2 sequences

T MY BT 4 HAEAL FHIKEEbp (GHC)/% K2P AL GenBank B35 7=

1 EEHELS C. auriculatum Al 249 62.2 0 MG907518  VEHIRZR

2 RIBANLS Al 249 62.2 0 MG907519  ¥EHIRZR

3 RIBANELS Al 249 62.2 0 MG907520  VEHIRZR

4 EEAYLY Al 249 62.2 0 MG907521

5 EBAYNY Al 249 62.2 0 MG907522 i

6 EEAYY Al 249 62.2 0 MG907523 i

7 EEAYNY Al 249 62.2 0 MG907524 A

8 WEAYY Al 249 62.2 0 MG907525 I RIREE

9 EEANELE Al 249 62.2 0 MG907526 I RIKEE
10 EEAYY Al 249 62.2 0 MG907527 IR RIREE
11 EEAYLS Al 249 62.2 0 MG907528  VEIEAR
12 ®EAYLS Al 249 62.2 0 MG907529  VEIEAR
13 ®EAYLS Al 249 62.2 0 MG907530  VEHEAR
14 ®EEAYLS Al 249 62.2 0 MG907531  VEEAR
15 sk i C. bungei Bl 249 62.6 0.0122 MG907532  LLZRYTIA
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wT  EYA BT 4 SR FHIKE /bp (G+HC)/% K2P #ifEfEE GenBank &% %5 P
16 B2 FiH Bl 249 62.6 0.0122 MG907533 LW &R IR
17 K&livy C. wilfoldii Cl 249 62.6 0.016 3 MG907534 BN &TT4E
18 K&Llive Cl 249 62.6 0.016 3 MG907535 B &ATHE
19 H7k Vincetoxicum atratum D1 247 64.8 0.055 8 MG907536  JLIEZ=#
20 ARk DI 247 64.8 0.055 8 MG907537 LA E=E
21 A% D2 246 65.0 0.065 1 MG907538  ELMELIG
22 HEL C. chinense El 251 62.2 0.049 8 MG907539  IL&F&E
23 #EL El 251 62.2 0.049 8 MG907540  ILAF&E
24 R E2 251 63.0 0.0413 MG907541  #higikE
25 R E3 251 63.8 0.0328 MG907542  #higkE
26 R E4 251 62.6 0.045 5 MG907543  #higikE
27 ROLLE El 251 62.2 0.049 8 MG907544  TdLERE
28 HELRE El 251 62.2 0.049 8 MG907545 LB
29 HELRE El 251 62.2 0.049 8 MG907546  AILEJE
30 G El 251 62.2 0.049 8 MG907547 WA FHE
31 WIHERT C. stauntonii F1 246 66.3 0.074 4 MG907548 ‘&)1
32 M Fl 246 66.3 0.074 4 MG907549 2 4
33 M A Fl 246 66.3 0.074 4 MG907550 ‘&)1
34 HHpE Metaplexis japonica Gl 247 65.1 0.068 2 MG907551 LRI
35 Gl 247 65.1 0.068 2 MG907552 LRI
36 HJEE Gl 247 65.1 0.068 2 MG907553 LA E=WE
37 HEE Gl 247 65.1 0.068 2 MG907554 LA E=E
38 HiE Gl 247 65.1 0.068 2 MG907555 &N SR BRA
39 B Gl 247 65.1 0.068 2 MG907556 e SR FRAS
40 HE Gl 247 65.1 0.068 2 MG907557  TLHH M
41 BEE Gl 247 65.1 0.068 2 MG907558 MR
42 BHEE Gl 247 65.1 0.068 2 MG907559  YLIRE M
43 BEE Gl 247 65.1 0.068 2 MG907560 FI R H B
44 HRSI C. thesioides Hi 246 64.7 0.051 0 MG907561 TR HZ=F
45 HhAS I Hi 246 64.7 0.0510 MG907562 1A EE W
46 1R C.paniculatum 11 247 64.4 0.060 6 MG907563  YLIE M
47 1RKI 12 247 65.6 0.069 7 MG907564 LI H M
48 IRKIH 3 247 64.8 0.056 1 MG907565  FIEH=SF
49 LERE Tylophora floribunda J1 244 66.4 0.093 2 MG907566  H24KTEA
50 LEM J1 244 66.4 0.093 2 MG907567  HMSEACH
51 LEM J1 244 66.4 0.093 2 MG907568  HNEACHT
52 LEM J1 244 66.4 0.093 2 MG907569  HMSEACHT
53 L5 Fallopia multiflora S1 197 75.2 0.766 6 MG907570  Fstfilikk
54 AELS S1 197 75.2 0.766 6 MG907571  FARLAlAR

K2P HAL R B R fa R — MR B A S (MG907518) 2 [Alf) K2P 1A% FH

K2P genetic distance refers to K2P genetic distance between each species and Cynanchum auriculatum (MG907518)
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Table 2 ITS2 sequences of species in family Asclepiadaceae downloaded from Gen Bank
Y% H{%AY GenBank & k5 Y4 Hf%AY GenBank & k5

HIM2E 7 C. auriculatum Al KM279350.1 | % Metaplexis japonica Gl LC027920.1
Hort2 vy Al EU580717 BR2% Hoya carnosa M1 DQ334460.1
Hort2 iy Al MG818133.1 | BRk>% M2 DQ334462.1
g2 2 C bungei Bl GU198970.1 | Bk>* M2 DQ334461.1
B 2R R B2 GU479037.1 | ATELEFMIR Calotropis procera N1 KR149556.1
FaLiyH C. wilfoldii Cl AY548207.1 H£ILART C. mongolicum o1 FJ980365.1
ALA Periploca sepium K1 KP975389.1 fifi5E (AHT Vincetoxicum stauntonii Pl KX184259.1
ALA K1 FJ980366.1 fif g AT P1 KX184258.1
%% Vincetoxicum atratum D3 KX670806.1 A P1 KX184257.1

H % D3 FJ980364.1 fif AT P1 KX184256.1

H % D3 KX184247.1 | &AM P1 KX184255.1
H % D3 KX184246.1 | fEFE AWM P1 KX184254.1
Sk D3 KX184245.1 | &AW P1 KX184253.1
H % D3 KX184244.1 | &AW P1 KX184252.1
Sk D3 KX184243.1 | &AW P1 KX184251.1
H % D3 KX184242.1 | &AW P1 KX 184250.1
H % D3 KX184241.1 | #%0% C. chinense El GU951533.1
H % D3 KX184240.1 | MMt EHHT C. stauntonii F2 EU591970.1
SEA D3 KX184239.1 | MIRAR C. acutum Ql FI572055.1
Sk D3 KX184238.1 | #&M3K=% Hoya camphorifolia R1 DQ334475.1
H % D3 KX184237.1 | 113 Fallopia multiflora S1 AF040055.1
Sk D3 KX184236.1 | filE S S2 KM279343.1
H % D3 KX184235.1 | fa S2 KM279327.1
HACERE Hoya fusca L1 HE794405.1
2 FE & 2% MgCl, 4.0 uL (25 mmol/L), dNTP 4.0 pL
2.1 {NEE5RF (2.5 mmol/L), PCR £ 5.0 uL (10X), F|¥)#%

Sigma 3~18 K =& ES O HL (Sigma A F],
5% D; Compact 7KV H KX (Biometra 2 H],
f[); Bio-Rad C1000PCR # 11X (Bio-Rad /7],
ZEE); Gel DocXR+#E %14 5258 (Bio-Rad A H],
D HYIEN 4 DNA $#2EUAFI & CRIREDS
FRAFD; 514H EESESA IR A 7 & .

2.2 DNA i2EX. PCR i 18X F

ke SR T 70% M8 vE, BUEH A H Y
KT REDZ) 0.1 g, RFAEEEKE 2 DNA #2
U5 & (Tiangen Biotech A&, FFED $2HUE
DNA, IE M 5% ITS2F: 5-ATGCGATACTTG-
GTGTGAAT-3’, K[ 5|%) ITS2R: 5-GACGCT-
TCTCCAGACTACAAT-3’. PCR N AKFR 50.0 L,

2.0 pL (2.5 pmol/L) (Generay A ], H[E), rTaq
fiff 0.25 uL, % DNA 5.0 uL (%) 50 ng), Fl K
ATRANE SNV ARFR . JIEREFF : 94 CHUAZE 5 min;
94 CHME30 s, 54 CiBK30 s, 72 CLEfH 45 s
(HEAT 40 ANMEFF), 72 CHE 10 min. 5 B RE ¢
e AE R IR F] 58 R
2.3 HIRALE

W F J5 Fr 43 0 B R B Codon Code Aligner
V2.06 (Codon Code ~#], KE) BA#Hf#E, Zkr
(980G L SR B SRS VNP it
HMM #8750, LR PHEE R — 80751 2
i 5.8 S Ml 28 S X BM (W AR A &
http://its2.bioapps.biozentrum.uni-wuerzburg.de 17
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HRE, RABFRME 1TS2 [HRR X 741 . W 58K A
MEGAS.0 AR Lex A P51, i EM N1 R
A ] )2 U, R RARR G A RN AL B,
7] — WA A A A R RS A AL A2, SrHT
AR A7 HAE S E AN R SRR A, SR AR B
%% (BLAST1) Fl#% /N #E B % (nearest
distance) %82 1TS2 o %E MIhZH, W
neigher-joining (NJ) ZRGEHEALA IR0 54k 22 1]
(3R . MR Koetschan 2518 57 (1) 1TS2 $idis %
T Ll T 1TS2 4544

Marker 1 2 3 4 5 6 7 8

3 SER5ESH
3.1 SEBHESRHEIGHMZARAEY PCR 3
R RMNF R INE

ST A S KT R 2 - 54 A
FES I ITS2 R AT R B, BT A SE3AE A
PCR 4 38 Sl FP D 2358 100%, J7 513k 45 %
(CBRUFHIELBE) TR N 100%, 2 1.0%35 6 HE kiR
HLYk 15 2] PCR ¢34 F VK I CE 1, 9738 SR e
KA, WAHMREILE, 1TS2 [¥FI¥1E 500 bp
A

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 Marker

1 FEAR ITS2 FHERREXE

Fig.1 Electrophoretogram of ITS2 sequences of samples

3.2 EBHESS5HIELSM ITS2 FIEZRMHR

ARSI ITS2 A FETE N 197~251
bp, ITS2 FFI GC & &N 62.2%~T75.2%, T
GC HFEN 64.2%. AICSLEG &R A KRN A
S22 AT A, SRR, KA S
A T AR R p, TS O SRR 2 MAEE 2 A
AL Rl TRIEEE SR A K2P #5575 0.000 0,
TR AE S 3 PR ITS2 F8FH R T2 K2P #HEs
9 0.010 0, FhiE] & /N K2P FEEBS A 0.012 2, 5k K2P
FEESN 0.016 3. V= E S5 TSI K2P i
274 0.032 8~0.093 2, P14 K2P #iE5°h 0.058 7,
8 2 58 A 2 K2P BEE KN 0.766 6.
T A S 2 Y K K2P BEES (0.016 3) /T
H5IEZMI i/ K2P J5 5 (0.032 8), “F K2P
FEES (0.010 0) /T H 5 Im G fh rFa]~F 35 K2P #E
2 (0.239 4), X UiHH K2P #h S al 1R 4 Hu[X 4 HF5E
NEASNEREYSEB iR v i

SIS FE S SR ITS2 4. K. GC & &
KFh K2P PR B LR 1. B s28e $4E Al GenBank
s e T E S ER 2 RS &, TR K
FEAE NEEIRE AT Y I EM AL 51
o SRR, M D R T GRh ) h (a) AR

FEFE, ITS2 T LB HX /I, EilFAHE S
a2 B YRR L AR R 2 R B
A INEAIX 43

33 CESHESRHEIESMN ITS2 FITERAS
SR

330 52 H R AN [E SR YRR b b R AR S 43
M AR FE RGN 14 ORI A SR
ITS2 FH43HT, RV ITS2 51—, FHARKRM
WAL, N NEAER, JFHIRACR Al i
H S SR 1TS2 P AR EAAAE 4 MRS
s, SRR R A N 2 MERL, fEE 1 MR R
Brse ERAE S5 ITS2 JPHIFEAALE 4
AR AL R o VR S 24 FH R A AS IR RRAE i )
HAEAE 5 AN 36

332 il EE D5 ERNL SME RN
YR 0T B EE R A TR N AN [R] R B AT R
BRGSO AR RERG R 4. 18
KIPFNE 3 MR, 4 ANRALS; ABF A
A 3AREE, 2 AR BOEFNE 44
BG4 NMBFALR; W EETRNA 2 SRS
B, 14 MBI BREFNA 2 NEAER, 24
AR A R
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*3 HESTEEEREZABEY ITS2 FHFEER S

Table 3 Interspecific variable sites in ITS2 sequences of C. bungei

AR BL A7
GenBan ZF 5 AAEE 20 bp 87 bp 1%7#;3‘“ 157 bp 211 bp
MG907518 Al A G A T G
MG907532 Bl T G A G C
GU479037.1 B2 T A A G C
MG907534 Cl1 T G T G C
*4 REOESEEMESGMARENMATSE S
Table 4 Intraspecific variable sites in ITS2 sequences of sibling species of C. auriculatum in Asclepiadaceae
skl 22 GenBank &% 5 R i 5i/bp D8
EN MG907563 11 7,30, 190, 197 T, T,A,T
A IH MG907564 2 7,30, 190, 198 A,C,GC
A IH MG907565 I3 7,30, 190, 199 TT,GT
H 7k MG907536 DI 224,237 C,T
Sk MG907538 D2 224,237 G C
Sk KX670806.1 D3 224,237 C,T
ek MG907540 El 7,59, 178,208 T,T,T,T
G e MG907541 E2 7,59, 178,208 GTGT
G e MG907542 E3 7,59, 178, 208 GGGG
TG e MG907543 E4 7,59, 178,208 GT,TT
M MG907548 F1 16, 29, 34, 60, 62, 63, 86, 90, 106, C,C,CCTGTGTGC,CA A
193, 201, 208, 232, 252
M AT EU591970.1 F2 16, 29, 34, 60, 62, 63, 86, 90, 106, GATGGTCTCATTGG
193, 201, 208, 232, 252
BR2 DQ334460.1 Ml 28,30 A, C
BR2 DQ334461.1 M2 28,30 GG
34 JEBBELSREIASM ITS2 F5) 5 WL (AY548207.1)

K FH AL 48 229 (BLAST1) Flf /M &
EXER A E S MGt T St e, 2 P
J5 13 M 5 B3 2 W TTS2 5 471 AT DA HERA H 44 3 Fol
ERAE S 20K SIEgEMENIT. NTEER
b S S e A L, AR AU RS TR B 4 R A R
IR BVES R T NI RGRER (K 2),
bootstrap 1 000 /X B & . V= 8 2 5 84 B2
KRR —%, HEAFXH,. EEAESE
RO R R PR B T, 5 8 EERL A A R T
DLBA & [X 43 FF
3.5 SEBHBESREIRSM ITS2 By RLEH

L4 Koetschan 250514 37 1) TTS2 $ud P &% F M)
Ul TR 0 1 S FLE R ) 1TS2 — 45 # (]
3), WLVEH, FrawR e RSN —
WCEH) K4 MNEHEX (Helix) #, BANIRE
EXAERKAN HEZBAHIZER (Loop) 454
T E RN R K LT SR 1TS2 i 4h 1)

&
=

1
|

2
Fig.2 NJ tree based on ITS2 sequences
and its closely related species

i (MG907534)

BRI AR (GU479037.1)
AR (GU198970.1)
BRI AR (MG907532)
Hik4-F il (MG907518)
LR (MG907542)
FOLHE (MGY07541)
FOLHE (MGY07543)
FELEHE (MG907540)
FIRERT (FI572055.1)
BHE (MG907551)
HiRS K (MG907561)

Hirt AT (EUS91970.1)
AL R (FI980365.1)
LEH (MG907566)
Mt AR (MG907548)
fREEART (KX184259.1)
BRI (MG907564)

A3k (MG907537)

A7k (KX670806.1)

A3k (MG907538)

BRI (MG907563)
BRI (MG907565)
FE4 A (KR149556.1)
Rt ER > (DQ334475.1)
BAEER: (HE794405.1)
R (DQ334462.1)

R (DQ334460.1)
ALHI (KP975389.1)
% (MG907570)

BT ITS2 FF5MERVRERE S R HEIESM NI

from C. auriculatum
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WEHHAE Y (MG907518) SR (MGO07532) gRH2E 2 (GU479037.1) Bl (MG907534)
o fe. S <O 5 = i
Ty & e & T & Ty, ']

oo ":} "?

HAEA AR (KR149556.1) AL ERT (FJ980365.1) FHARART (FI572055.1) ) HAEER2:  (HE794405.1)
- _-".:’ P
W §
e e 8 oF
Ty A Y
.‘"_5.‘."' s b L
o R, 5
'\':.. I
- %
y ;
I::!E'.. ¥
T,
g,
AT AR (KX184259.1) FEMERE (DQ334475.1) 7% (KX670806.1) i E 5 (MG907570)

B3 RiBEESRHEIEGMHAREY ITS2 FHIH ZREH

Fig.3 Secondary structures of ITS2 sequences in C. auriculatum and its closely related species
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RIL, SPIFILE 4 MEFEX PIZEREH . K. AL
B VLS ek I A A B 2 R, Rk, R
W ITS2 &y, n LB R AE S5 H
I FHIX 57 o

4 e

DNA & LS AR AE P Fh % 5 LA S A G 45 45k
(19 82 FH BIF 9 0 BRCA B A 49 27 3% K 1 BF 9 40 358
H R 2 —, R R R R
U2 FFRIRF 50 H7 (1 DNA TS %0 1
RE—FB T 8E AR, SERMMPSEETT
VEHEET PCR BT 12 28 1) DNA 73 T8 8 4
AL, BARERIER. SoermtP. Ry et
FIIREL AMER BRI CB Z s %. [
GRS B, B % e ik —F,
DNA & A %5 5 F AR R Bl 1 A0 R s o 2k
W E S 8. Bl A MR fe AN F =t ASIF]
LR IRE L RENE Fa e 3K15 DNA ZIBA5 7511,
ARSI oy M T D R L P 24 AR AR
(1) 1TS2 751, 45 5 W Frf SLERFEAR 1) PCR 73
W P2 7 3R45 28 100%, PCR 43515
BRI, FEATEM & . W ITS2 1R
HEHE S % e T AT DNA X, ITS2 J#5
519 R K s L2k AT S HE (1 S 2 R AR
PEE T .

AWFFIEET ITS2 UL N A E S
FILIRGF IR A FPEDEAIE S, M8 NI AL
S ITS2 JP A — Reiiy, Hortrah Rk 733,
ITS2 J7 5 REM HERf X sy (e S LR 4. [
I, 1N DNA 4IRS ITS2 78 AR (i (it
BRI O E Y S L E R SO 2 AR ) e it
T PR T, RIE TR A S I R
FA 24 el 22 4 o

DNA TR H AR AT DL I R KCP$ (i 45
EMAE, BB T AR T TAEE X 2 e
VAT PR eSS e, ARGV E TERIAN
AR, BT (e R0 R A Y . AR 7t 45
38T T DNA SRTERSEOAR R H T 25 i) % e
W2 R R, UEE T ITS2 P 5IE A DNA 2%
e ReRaE . MRS AR O A AEY, AR
R IR 22 4 23R A T By, o R EERME ) 7
% e RIS AL 2 RE R T B 5 T A

&t Ty EFRAFRIMVALHEZ. LA

PEHRFHFREGHANFLEEILH LR ED
A2 R F B,

SEH

(11 g, T/KJ5, FRE, % AESHRIR (1.
FREiZY, 2013, 44(3): 370-378

21 &), SKEE. f5F D e 5 ek
B [J]. REMRS, 2016, 33(17): 118

B1 #E8, £ M, RE)N. L 10 FEEE SR
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