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Abstract: Objective To provide a scientific basis for the modern identification of Panax japonicus and ensure the clinical efficacy and
medication accuracy, the molecular identification of P, japonicus and its related species or adulterants was carried out. Methods ITS2
sequences of P, japonicus were amplified and sequenced directionally. ITS2 sequences of related species and adulterants were downloaded
from GenBank. Cutting with ITS2 database, the final dataset consisted of 102 sequences from 24 species. DAMBE program was also
implemented to detect substitution saturation of ITS2 sequences. MEGA 6.06 software was utilized for sequence alignment, calculating GC
content, analyzing variation sites, estimating intra-specific and inter-specific genetic distances, and finally building NJ tree. Moreover, the
secondary structure of ITS2 was predicted by using the ITS2 database. Results The length of ITS2 sequences from P, japonicas was 230 bp
and GC content was 63.7%. The average genetic distance analysis, NJ tree, and secondary structure characteristics of the ITS2 sequences

showed that there were great differences between P japonicus and its non-identical adulterants or partial related species (P, stipuleanatus,
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P. pseudoginseng, P. trifolius, P. vietnamensis var. fuscidiscus, and P. vietnamensis). Howerer, the application of such method for the

identification of P, japonicus and partial closely related species (P. quinquefolius, P. ginseng, P. notoginseng, P. japonicus var. major, P.

Japonicus var. bipinnatifidus, P. assamicus, P. variabilis, and P. japonicus var. angustifolius) had certain limitation. Conclusion The

ITS2 sequence can be used as one of the DNA barcodings for the identification of P. japonicus and its non-identical adulterants at high

identification rate, however, its versatility of identification between P japonicus and related species needs to be further verified. Our

study provides the basis for the identification of inter-specific genetic and affinity relationship of P. japonicas and its related species,

the distinguishment between P. japonicas and non-identical adulterants, and the clinical safety of P japonicas.

Key words: Panax japonicus C. A. Mey.; related species or adulterants; molecular identification; DNA barcoding; internal transcribed

Spacer 2 sequence

THZRNILMEANSEEYMAT S Panax
Jjaponicus C. A. Mey. FITHARZEN, B4 db=-t. 1F
W=, BT RERWHEGHEZ], WRME ‘3R
ZE7 SR, W B, AR B s,
BRI NS B2 = LiE A D)3,
FIRTE RS BN ERET . ARG ERT T
R, B R R, BERERITTSH
I, Herp R R Rl 22 285 A R i
(mitogen-activated protein kinase, MAPK) %Al kB
(nuclear factor-kB, NF-«B) {5 5Bl AAFHI A/ ERY,
XTE . 18I IE. AR RSE GHL. HARRRE.
O o) ST RIS E O, T
SHEPERIEARIGTT . TRA@s . At il SRS 2 B
M, M2 &ERE S HES. R, migk
WAPMZ. FiA=th R=h \AE, 4
Ft. BA-LEFRYEEAEFRER D B R EiR =
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MIRRRE, 52N T AT ST RO 22 4. iR
2t i, BRRIMARFHZAZ AR, S TR
HERTEE, =R ARE TR T EAX 31152
HFRHE SRR R VR Dy i o

HAT, ARG 28 % £ Zlnd %50 2544 1)
Bt TEA. A TR SREE MR 540
FE, B WAFETIRAMRE AR5 MR, 25
NI BB S o 1K 4 KAE G 25 %8 TR SR8
SR F & AL SE ) 73 2R A RN S 56
WM TR T AA MM, HI T
BF ARG ASIREISFI S, 8 24 %5 58 N
ARz,

DNA %4710 AR (DNA barcoding) #& 24 Hi i
FeBt ) TR ERARZ —, WALV R %€ T AR 4t
TR B BN B2 R 2 TAEE
AR TN 53T 465GV I8 FHIZ R fif th S bR
TAE i) ), Horb ITS2 Cinternal transcribed spacer

2) JPHIHTRAR. SY 3. SR Em &2k
7. Chen Z51h4 7 Fh DNA 245 B (psbA-tmH.
matK. rbcL. rpoCl. yef5. ITS2. ITS) i F45
KHE 753 AM& 4 800 ML 6 600 IAFHIFES, LEEL
5K ITS2 FERE ) %58 Hh (I € 4 HE R ik
92.7%, FHHH ITS2 AIVEA % HPREE IR 26T
i Rk, AFFFRFIA ITS2 FHTTZ L FRE
R AIEERRHE TRy #EAT DNA 70740,
NPTHS R AERG 4 2 S 245 2 A R A -
1 #H

N HSFEMRET ) RE, & NP ESARY
258 o R R LRI BUAR B E NI S Panax
Japonicus C. A. Mey. HJTIERZE. J8id DNA $2HL.
PCR 43 P /5433 2 5% 1TS2 F#41 (95 Panax
Jjaponicus X1, Panax japonicus X2), [FIi, JHiT
GenBank #{ #& & ( https://www.ncbi.nlm.nih.gov/
genbank/) NEATZ R &G AIEE ] B TR O il
1) ITS2 P&, il (hERmE) 22K, FPaltk
BFETIMBIANS B2 9 %, BTS2 %, =
L2%. =L9%. TS 2% AZ3%.
W=H9%. BAZS2%. TS 6%, BERSkK
JEMA L 4 %, DNERITELEAEL3 &, DNEER
R \SE 4 26 NFE 5 55 JIE 2 % /D
J\STE 2 F VU0 \ M 1 SRS\ A 2 2%, /I
BERhLIfiHESl-B 6 %, JRFERKERR=t4
ks A, ARESCERIRIE, =2, P assamicus Pan..
P, variabilis L.« B =LA AT E T TOINEIAZ
JEPRR, (EF ARG T (R EEE), AR
REIRZR ITS2 %S LR GAF e, A
WK =M% 3 %% P, assamicus 4 %%, P. variabilis 6
o =87 SAEEE NS 5 5K ITS2 [F 41— IR
Rk, AT 24 NPIFD 102 65751, 10T
Z: R HGE AR AEER] R O 1TS2 FF Ak B
WA 1




*3674 -

)

Chinese Traditional and Herbal Drugs

F493% F 158 201848 A

x1 NHSREESMMHFRA® ITS2 FIRIERER

Table 1 Information of ITS2 sequences source of P. japonicus and its related species or adulterants

Yikphi T 4 L& VIR EHE FEA 5 B Genbank 5 CRAEM 1)

Panax japonicus C. A. Mey. (UREE~ FMFEIANZJE  Panax japonicus X1 (HF[E] ). Panax japonicus X2 (1
B 7R). KI559422.1 CRE MDD, KIS59421.1 (Fh
E 7). KJ559420.1 C(HE =) KI559419.1 (h
PO KI559418.1 CHRE B KX674925.1 (H
&), KX674924.1 (HZAD

Panax japonicus C. A. Mey. var ¥HT% TR AZE  TF421522.1. JF421521.1

major (Burk.) C. Y. Wu et K. M.

Feng

P japonicus bipinnatifidus FPIW=-£  FHIMEAZJE HQI112363.1 (hEPY)IID. HQ112364.1 C(hEPY)ID

(Seem.) Li

P, trifolius L. =M% TIBEIAZIE HQ112446.1 (S£[E). HQ112445.1 (£, GU054701.1
(EED

P, notoginseng (Burk.) F. H. Chen =t AmEIAZE  AY271919.1 (HE =), JF778863.1. JX680329.1.
JX996143.1. KT285074.1. KT285075.1 . KY120314.1.
MG283276.1. MG283277.1

P japonicus angustifolius BEMTZ HINBRIASE  FI872552.1 (JBYH/R). FI872548.1 (JEVH/R)

(Burkill) Li

P, ginseng C. A. Mey. NS AINEIAZE  EU592017.1 (R EFMHEAL). BU5S92020.1 (H[E FH bk
A ). EUS92021.1 (FFEILTH =)

P stipuleanatus H. T. Tsai & K. M. ffii—=t  FAINBEASE KX768324.1 G ). KX768323.1 Gk ). KJ418197.1

Feng GHEE). KJ418196.1 GElipd ). AY271921.1 (HF[E=
). AY271922.1 (HEZ®)D I1X680330.1 GEFEF).
HQ112444.1 GERE). HQ112443.1 (Eg)

P, pseudoginseng Wall. BAZ HMBIAZIE  HQI112438.1 (JEi/K). HQ112437.1 (JEi1/K)

P, quinquefolius L. [liipeee B AZE MG217816.1 (HIER). MG218783.1 (ME KD,
MG217889.1 (A& KD, KM036297.1 (i [E ) .
HQ112440.1 (ZE[E). MG219300.1 (INEK)

P, assamicus R. N. Banerjee ¥ HIMBIAZE  AY233320.1 CEIREE). AY233321.1 (B, AY725135.1
(ENFE). AY725136.1 C(EIE)

P, variabilis J. Wen. ¥ AINEIAZE  AY233329.1 (HEZ=RD. AY233330.1 (HE=F).
AY233331.1 (FFE =R AY271923.1 (FFIE =R
FI872557.1 (ENFE). FJ872554.1 C(ENED)

P vietnamensis var. fuscidiscus K. ¥ =+ TMEIAZE  KJ418182.1 (HEFG). KJ418188.1 (iiiFg ). KX768326.1

Komatsu S. Zhu & S. Q. Cai GEERE) KJ418192.1 GEEEF). KJ418191.1 GEERG).
KJ418183.1 (HiEg). KJ418185.1 GHERES)

P, vietmamensis Ha & Grushv WEAZ  HMEIAZE KX768325.1 GG ). KT380922.1 Gl ). MG283290.11
(HFF). MG283291.11 GEERE). MG283292.11 (jlk
2D

Aconitum sinomontanum Nakai A& EBERELE KY417332.1 CREDY)ID. KY417331.1 CREHIED
KY417330.1 (FE#IIL). AY150232.1

Caulophyllum robustum Maxim. AR /NEERL JX040540.1. EU592026.1 (HHEZHD. L77157.1 (i

aELRE ED

Diphylleia sinensis Li &t /NEERL KY746321.1. KY746322.1. KY746323.1. KY746324.1.

thifar i KY746325.1. KY746326.1

Dysosma  versipellis (Hance) M. J\fA3% ANEERLLFE  EUS592023.1 CHEZH0O. KT290659.1. KY701310.1.

Cheng KY701315.1

D. delavayi (Franch. ) Hu JIJ\SE NERVRAE  KM980521.1. KM980520.1

D. difformis (Hemsl. & E. H. Wilson) /N\f%  /NEERLRFEJE KT290665.1. KT290664.1

T. H. Wang

D. majoensis (Gagnep. ) M. Hiroe TN NEERIR )R KT290667.1. KT290666.1

D. pleiantha (Hance) Woods. N NEERLFE  KT290663.1. KT290662.1. KT290661.1. KT290660.1
KM980518.1

D. tsayuensis T. S. Ying VAN NBERVREE  MF785662.1 (HHEE D

Phedimus aizoon (L.)’t Hart BR=t FRERERE MG236504.1 (15 KD, MG236951.1 ChIZE k).

EU592008.1 (HFETH). KX896732.1 (1 [E)
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2.1 DNA 2B
BT S 220 30 mg, IMARE TR

SWREEIE R B0 JE, IR DNA PRidgig
BORTIE (Y3 R4 DNA #2EGA7] & DP305,
RIRAEE AR AT #2HUR DNA.
2.2 PCR ¥ RN

PCR ¥k A 1TS2 JEHA 5149 S2F: 5°-ATGC-
GATACTTGGTGTGAAT-3’Al S3R: 5’-GACGCTT-
CTCCAGACTACAAT-3’. FH#iRMKH 50 L &
%, BFERIR DNA 4 pL. IE[A SR 514904 0.7
uL, Prime STAR®HS Premix 25 pL (&1 TAKARA 2
7)), ddH,0 19.6 uL. PCR ¥ #F2FF A 94 C AR 2
min, 1 ME; 98 CAZME 10s, 55 ‘CiEBk 105, 72 C
FEMH 30 s, 40 MEFE; 72 CigJa i 5 min, BT 1
AMIEIR, 4 CHRAZY B4, PCR P9 1% ekt
R HIKRIN S S, FRsk AR IERAT IR IE, 5
JE41d 1TS2 database BIVIFAS 2 56477152 ITS2 741
2.3 MAKRMEIFTISHT

KA ClustalW 77T 2 EFFI LA, 285 F]
I MEGA 6.06 #4153 47 Bt I 1 71 )48 S o7
HHE GC &R ZER, HETIZSHHEA Kimura

two-parameter (K2P) TH&E AN S5Fha &/ K
AP P18 A% BE S
24 FHIAFERN. ERG & W RIN_5K
4544

HH T 3 A I A R 7 ) 52 B A T RS,
FISZHE, T IX A BN R REI R G K B 4 R
AR R AER I 1TS2 A RS K B A,
i3t DAMBE #EP L Tss Iss.c PR RAGIIF
I BARMANRE, 2 Iss<<Iss.c H P=0.0000, JIZH]
BT 5 Bt SR 2 3 B A AN BE RS R, AT T4
HARAGREW. NH MEGA 6.06 JAIFHE NI R4;
KRB M (neighbor-joining tree), FF Bootstrap j%i
171 000 (X E BT, K& KGR B BIISCRE,
SN SRy SR B RYE, IR Xia %P
#5371 ITS2 database(http://its2.bioapps. biozentrum.
uni- wuerzburg.de) Tl ITS2 2 4544
3 HRE7R
3.1 FHEREESN

DRI AT 5 2 T A L I G A AR O i
)38 A% R BE AN 22 53 K/, ARBEFURI ] MEGA
6.06 FAFXTANNI) ITS2 FPHIHATAR 04T, 73
SRR 2. TS 1TS2 JFHIK YN 230 bp, ~F

*2 MUSRELESHMSRAGITS2 FENKETEE. FIOWHEHER

Table 2 Length range and average base composition of ITS2 fragment of P. japonicus and its related species or adulterants

W4 T/% C/% A% G/% (G+C)% B KB bp
S 19.7 342 16.7 29.5 63.7 230
T 19.6 34.3 17.0 29.1 63.4 230
P=t 18.5 34.8 17.2 29.6 64.4 233
== 15.0 38.7 154 30.9 69.6 233~242
=t 204 343 16.1 29.1 63.4 230~233
DIUKURTE 19.7 33.7 17.2 294 63.1 233
NS 20.7 33.0 16.9 294 62.4 224~225
BFil=+ 19.5 34.7 16.5 29.3 64.0 203~232
BAZ 20.3 33.3 18.2 28.1 61.4 231
[lipE 19.8 33.9 16.6 29.6 63.5 232~233
Panax assamicus 20.1 33.8 17.0 29.1 62.9 223~265
Panax variabilis 20.2 33.9 18.0 279 61.8 232~265
H=+ 20.5 32.0 18.9 28.6 60.6 204~224
R A2 19.7 34.1 17.8 28.3 62.4 224~233
A& 22.0 31.2 17.3 28.9 60.1 209~217
A= 16.2 36.9 17.8 30.1 67.0 229~238
J\SA3E 28.9 26.3 21.7 23.1 494 242~248
N\ 29.8 25.6 20.7 24.0 49.6 242
TR\ A 3% 29.2 254 21.6 23.1 48.5 238
N \SHE 28.3 26.2 21.1 244 50.6 242
M\ A 28.1 26.4 21.1 244 50.8 242
7N FATE 29.3 26.0 21.6 23.1 49.1 242
it 30.6 247 20.7 24.0 48.7 245~246
FR=1 28.1 24.0 22.0 25.9 49.9 219~252
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¥ GC &8N 63.7%, KHF—HIX FIFEATHIF AR
RIAF AL, FAR—HX CRE & S0, H
KERFD MFEAESRRT S B R AR E, 1
KEAARFHLX TS 2 [BIEAEE 9 ML, H
i EEE NS 5 B AR IFEATE 191 ALk
C/A Hiife, AFMXATHSMAZERER, XnEE
YIS R A SR SR AR A 5%, A7
W RIEHEIR SR T 203~265 bp, GC F&
N 60.8%~69.6%, XS5 TSN GC &EAM
ZIHAE. mAEFRRR R T I E 209~252
bp, GC &EN 48.5%~67.0%, LLififH & &il-tA R
FE )\, ) \ SR M ST SN GC
SEERHE, HEKT 10%, FHLATEE/ \ Mz
K (48.5%). Kifi, GC EEn{EAXSI TSN
HAEFRHE R i EhetrZ —.
32 FIEREBES

N T HBREERFEANEAF S R RmZE, A5

T TP SR W S il G Fh AR O i b ] <
YJK2P S, 5B 1 fos. fEREEZ SR
F, BAS. =2, P variabilis. P assamicus-
=1, BEAZ. B=CMEFSEESS
MHSMANZERAE, TEMNTSHEXS, 777
Z 5= ERIZE (0.091); MFES. AS.
=t BTrZs. P =tLERIFAHE, HARE
b B AR PR B T A A X A IR e R . AEFER]JE
BOARF, M54 ELERERE (0572), 5
A G RE B G (0.783), LA L, SRR
ZFIAHLEL, 172 53EREBHEY PR A A
PR ZEARF .

gi BT, BRUEES. NS, =h BRTS.
Pt =Bk, SN EEE (0.018) B
BTSSR WA EPY B R, R EH K2P
WAL PR B AE S AT S R o i A b AR [
BHE Ry i 7 A — € M A ANE .

0.649

0.758

0.727
0.650

0.650

0.656

0.704

0.657
0.572

0.783

Panax variabilis = () ()55
Panax assamicus w().026
ViEZ: =.0.018
NS —0.079
BiA=L w— 068
ANZ w=.(.020
TN S w—(.036
=5 w—0034
EH D —).09 |
P = w025
®TZ m0012
5% =.0.018

-

0 0.150 0.300

0.450 0.600 0.750

A B

1 HE&MAREEEYFFIERERMERAmIE-T K2P B E

Fig. 1 Average K2P distance of P. japonicus and its related species or adulterants

33 FIIBMERNSHERZELAER (NJRD
7 ANV BRI S5 SR B oR, TS 5 ik 49
AR B VRO i 7 B4R Tss.cSym O RRZEALA)
AT Iss.cAsym (A FRBEAGH D {E S5 B2 KT Tss MH,
I H P=0.000 0, FKHIFFHI BRI, 1& S EH
FETITS2 AN 2 KRS P A AE R &
RS NI RGEKEMILE 2. K 2-A s, ok
AN [F -0 DX AT 5 2 A A b 5 B[R] — kA A
MRS @ P 3 Sdifety, HAR
SE PRI WS M3, RN 94%,
KEHEM L. PUNNA= RS 528 Rk

SILFRR 3, LFFE 3%, KRS EE—
X, CHFE 88%: ok H MR I E = LA A SR
B E R, AR TR AR G R SR G M R
I, BYs. Bhrs. =t Ass, 1
RITGFIT R R F — BT b, R R 4T
IR RME. K 2-B s, RAAFRMX TS
RIUF — MR, SCRFER 100%, FLARPESR,
REA RUX oy T HAIR Dy s EAEF B IR A, 5
REFERBEFRR =1, BERSLBERA LN
BERLRAE /M. i Eeilt. aELEa
EL& ARSI, R R AFH R
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T2 SRR Jw R &
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Fig.2 Construction of NJ tree of P. japonicus and its related species or adulterants based on ITS2 sequence

ZE LRTIR, B ITS2 FAIME NI BBEH 2 X
S SRR EIRK S, MESE TS KT
G A —w RR .

34 PFHERERMAGITS2 FH LMD

JEIT ITS2 database fi 34T Hidden Markov
Models (HMM) FIJ7VEERYTH S KT SRl
TROVE T, FEARYE 2 MR 25 8 14T (R JR e A
TR 1TS2 2k &kH, E /AT 1X107'°, 4
B 3. TS KL G R R D S ) 1TS2 —
WEERIBIUL—D K Z B ARG (R0, 1Y
JAREKH 4 AVE, FRI £ D7 FbRidoA 1. 1L T,
V8, B MRBIRIE S RN, ST
Ui AR FC AT PRI TE RO FE IR, & MG T E 5
T 5 2 [ R EC BRI N AR . Wil 3, KA
X YT S 1TS2 ShtseAR—5L, (HZ&, JL 1 E
RZEIRE H A A A AARH . B, RTS8 6
AN, REMHSE 44025, kAT, (i,
ZEANUNT T SE 5 AR AT S
TN 2 ANZEIRIERACER, KRS 10T
U = —/NZEIR TR A A FHLX T S 8 2
WorAi AN R IEAFN IR T8 4 —5L .

3 A 3 v L, ETmERE SR T, B
W=t BAS. =HZ =t A3 ITS2
TGRS S E RN, EAE ES 0

A HMNZFHERTI TSN ZER. A5k,
B = RRTEE G R R, ST Sk
WILRZE R R, BASH =S AR R,
SR T TS TV B2 (8], FFH I b #l
A, MEF=-tMBEAZ 1B, IV BT K
JEIRIR, X 7 SRR AT iy S M 4 I
W=t BAS. =3, =L, BEAS5
WS HR, OIS RS RA TN =/
AP TSR AL 3RS, B =+,
=45 kM5S0 NS P assamicus- P. variabilis-
KT S ZRAEMIEIRENT WS AE, BRitLL
bb, HREMS5TTZERAHE.

S5t ERBHER & = REs o0
TR MR, BB ZEIH. EHRNAR B TS E
SR (B3 MK 3. FlinaEtMsa k=t
AIE 2 A KA ERRHE, FR=t&2
AR, BRA G N\ REFS AE T HA7EAE
BRI, &b, P\ ME. I URE. N\
. SUN\RERIN FES AAAES N B 1
BEFTHZ,

g5 L RTIR, ITS2 &5 Fks AT AE N X 23 711
Z S HAEF @ ROy s AR Bhdebn 2 —, TN
B R AT 2 e FOR R P M R A
B,
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kRN AN FR X AT TS B 23050 22 57 AR R s

The arrows indicate the difference and similarities of the stems of P. japonicus in different regions.

3 MnEREESYMAIERRERE M ITS2 Z R

Fig.3 ITS2 secondary structure of P. japonicus and its related species or adulterants

4 g

AT T JLTAERIE R, I7 802 KRR
= S BIE A, Hh 24 P Dy 6 0 R IE L7 2o
A VERIIERE . SR 25T R 42 R BRIV hEk
RAMRZ, L0 T HEZAHIPMELKE . DNA %
TERGH A 2 11 4% 524 5210 258U % i,
HAG®RETE, BEEE. L EARERKAE
FAVESREEA o5, RGBT RIS A S 5 5
FREEE )0 75 BRI, MR 2
A I S 00 7 R

HMBANS BT SE RN “FAZ £, 4

AR OME R . R LRI T, AT 2R Dy
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Table 3 Number of I, II, III and IV loops in secondary
structure of P. japonicus and its related species or adulterants
g mg veE
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=
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YRR TR L, JFEAETESEENAE
AR =g, =S T L E A,
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