64 - 25 W) 4y M 22 E ChinJ Pharm Anal 2017,37(1) ‘jPA

ABBHEHEIREEBHEREERE T EFER
M AR et REF EE L ER

(1. B2 FE S SE I A B i et v BR R e P25 B L, JE AT 1007005 2. R R 25 R, 1L 230038 )

WE BHM: 22 A THrHEEMEBRENASE T HMG Tk SFRATRART RFER, FiE: R
LEXRR FHAOALE TP HMAL BES ZLCARTY LFILRARAT A KT A AT=X, FTAH
IR ELE DNA, i & E 0 51 4, MBEAS G B T A A, B RE A RESFRETT %
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Identification of high resolution melting curves of
Panax species and methodological investigation’
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Chinese Medical Sciences, Beijing 100700, China; 2. Anhui University of Chinese Medicine, Hefei 230038, China )

Abstract Objective: To establish a method for the identification of Panax species based on high
resolution melting( HRM ) , and to carry out systematic methodological study. Methods: Panax species
such as: Panax ginseng, Panax quinquefolium, Panax notoginseng, Panax japonicus, Panax japonicas
var. major, Panax pseudoginseng var. bipinnatifidus were collected. The DNA of all the collected samples
were extracted; the suitable primers were selected and the melting curve for Panax species was developed.
The fakes and adulterants of different mix were also tested. Molecular identification, including the

sensitivity , specificity, repeatability, robustness, and the limit of detection was systematically investigated.
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Results: A total of 75 samples of Panax ginseng were selected by using primer pshA—F/trnH-R. The template

concentration was 1.6-200 ng* w1, primer concentration for the psbA—F/trnH-R primer was 0.1-0.3 wmol - L™,

and annealing temperature was 54-60 C. The analysis of high—resolution melting curve on Panax species can obtain the

correct stable identification. Conclusion: High resolution melting curve analysis can distinguish Panax species

by genotyping, and its adulterants can be detected. On this basis, this paper presents a standard method for the

molecular identification of traditional Chinese medicine, which provides a basis for further standardizing the

molecular identification of traditional Chinese medicine.

Keywords: TCM; DNA analysis; Panax species; adulterant ; molecular authentication; HRM ; methodological investigation

NZ @Y 2 3 WAL 5 4 5t h 258, 2 A
AR R R IERL T T
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W@ T N2 ( Panax ginseng )\ V412 ( P. quinquefolium ).
= -k (P. notoginseng ). 11 17 = ( P. japonicus ). ¥k ¥ =
( P. japonicas var. major ) VA J¢ PJHt =2 ( P. pseudoginseng
var. bipinnatifidus ) 6 N 2 J& 1 ¥). SR i, H T
NS B MY % % R AR, OB &% A7 180 2
ARAR L, XELASEAT IX 43, IR A S RITE S 2
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%5 ) ' PCR-RFLP(PCR- IR i B U1 & J& £ &
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1, Tork il R 2 01 S R R ER TR T T Y
BOR

BT BRI 2 ( high resolution melting, HRM )
ST FUHE T 0UEE DNA A LA [R) TR A R 25
Fs it it L A DR 23 BUHOR . DNA A AN ],
1) 28 5 ) 23 e i th 22 4E ( melting curve shapes )
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T T AR B 5 SR 5 I SRR RIS
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LightCycler 480 #1525 %¢ Y & 11t PCR {X ( Roche
22wl ), 5810R UK IEL Ve Uk LBl ( Eppendorf 23 7] ),
MM 400 2 ¥R 3 7 B % {X ( Retsch 23 & ), ND-1000
TURZIR E A ( Gene 22 7] ), T A% W 4% ( Eppendorf
NI
1.2 i

CTAB ( Merck 2~ #] ), SpeedStar HS Taq DNA &
Jif ( Takara 23 7] ), LC Green Plus ( Idaho 22 7] ), — &
HIkE « KRBT« SNBSS N [ = A4l
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15 (3 PUFESRE AL 3 BIR AT 5 AR, 22 2l
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AL B, 28 R [ AROND R~ B VT AT 50 B3 4 7
10 63 =L RE S 20 B2R B 2 pg SO SCil &, 2230
=-EHFIEBEAE T WIBEIT 535 s AT S Mk TS
A AS 10 43R 1L, 2 il AL TR HRF-0F 52 i

FRMEIFUEE s 10 3P =-LAEA R A o, WL
TRZPHRFIITE R E o OSSR R BIRGER , I
T SEUEARA I GRAT T [ o BE Rl B Hh 25 B IR
Hl o SERRAEMIAPRIE LR 1,

Fx1 EWE
Tab.1 Information of plant materials
%45 (No.) Fft ( species ) it (numbers ) S8 origin )
1 Vi (P. quinguefolium ) 10 L7 % JE ( Shijiazhuang, Hebei )
2 V§¥Z (P. quinquefolium ) 5 FARF L ( Baishan, Jilin )
3 A% (P. ginseng ) 5 LT J}4 ( Dandong, Liaoning )
4 NZ: (P. ginseng ) 10 FMaE b4EZE (Jian, Tonghua, Jilin )
5 N2 (P. ginseng ) 5 FRLESFEFF ( Huichun, Yanbian, Jilin)
6 =-k (P. notoginseng ) 10 231 ( Wenshan, Yunnan )
7 Y1952 ( Panax japonicas ) 10 5140 Bt S, ( Xuanen, Enshi, Hubei )
8 BkF2 ( Panax japonicas var. major ) 10 WL S8 B 5L ( Xuanen, Enshi, Hubei )
9 Pt =k ( Panax pseudoginseng var. bipinnatifidus ) 10 7 W38 4] ( Ludian, Zhaotong, Yunnan )
1.4 5 DNA 25 fifi, 1 nL (2950 ng ) DNA 4, 2 L 100 x LC Green

F 75% & A 25 M R TS, I 25 AR 3R e, R
PR RIS 14 24 B B B 29 20 mg, HEHE CTAB 5 5 i i
DNA, i F§ ND-1000 #% 2 =2 2 {0 3 DNA ¥ & J&
Asgo/Ango» - FHFE K (ddH,0 ) T 5 2L JBE 24 50ng -
wL™, T PCR ¢4,
1.5 PCR §" 4%

DU DNA AR, 78 LightCycler 480 AUSEIFE Y
JE 1t PCRAX 47 HRM 43 H7. 25 L S ik 52 2.5
wL 10 x buffer, 1 L 10 mmol + L' dNTPs, 025 pmol « L™
i SRS, 0.25 U Speed Star HS Taq DNA R4

Plus, il ddH,0 #h5% % 25 WL, PCR FW &0 W3 2,
PCR ¥ 34 S 4505 , i HRM A4 REE - 95 C A8
£ 1 min, 40 °C 1 min J& 55 I XUEE DNA , 1M f5 i
270 °C,H oM 70 CZE 97 C, A4 1 CRE 15

NGOG, SIEEHSH ] Light Cycler 480 1.5.1 4k
4T HRM 4307, R DNA BEAR BN AR ) 5 F
] LR TS Y s R TS0 HRM 2B ies >
AFAESAT HRM S0 0T Z 01, 38 4 38 i e HEBR
B FE AR T iKY 1S 60% AR

*£2 S|¥F%%0 PCR EF

Tab.2 Sequence of primers and PCR program

751 ( sequence 5”10 3")

PCR #2/¥ ( PCR program )

h Bt (region) 245K (name )
psbA—trnH psbA-F
trnH-R
rbel. 1F
724R
ITS2 1TS2
1TS3
matK 3F
IR
trnl—trnF trnl,
trnF
trnlL ( Intron ) trnl.—g
trnl—h

GTTATGCATGAACGTAATGCTC
CGCGCATGGTGGATTCACAATCC
ATGTCACCACAAACAGAAAC
TCGCATGTACCTGCAGTAGC
ATGCGATACTTGGTGTGAAT
GACGCTTCTCCAGACTACAAT
CGTACAGTACTTTTGTGTTTACGAG
ACCCAGTCCATCTGGAAATCTTGGTTC
CGAAATCGCTAGACGCTACG
ATTTGAACTGGTGACACGAG
GGGCAATCCTGAGCCAA
CCATTGAGTCTCTGCACCTATC

95 °C 5 min;( 95 °C 305562 °C 305572 °C 90 s ) 35 cycles

95 °C 5 min;( 95 °C 3055 56 C. 305572 °C 90 s ) 35 cycles

95 °C 5min;(95 € 30s;56 C 30s;72°C90s)35 cycles

95 °C 5 min;( 95 °C 305356 °C 30s;72 °C 90 s ) 35 cycles

95 °C 5 min;( 95 °C 305554 “C 305572 °C 905 ) 35 cycles

95 °C 5 min;( 95 °C 305554 C 305572 °C 90 s ) 35 cycles
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1.6 5|k

5T 51 W) psbA-F/ tmH-R | rbel. 1F/724R 1TS2/
ITS3 . matK 3F/1R . trnL/trnF . trnL (Intron ) "'/ X A 2
JEAS PRI e 2RI RV R (T, ) (22 57 15
M), i 326 3l B S0 51 W, 1S v B, 51 E 9
PCR R &40 2 s .
1.7 HRM %37

HRM 4381 43 51 % FH 2 B0 5 200 (1) 45 figk i 5 i
(B, P i i Ze R AT oK 2, ARG LA B L oK &
Lk, E T AR, AR 1-A5(2) E o P i e i
28 431 ( HRM genotyping ), L% X 4 fift ith 2k £ 47 kb
#3034 Light Cycler 480 1.5.1 A/ UA—AbJim , nLAXT
FEATHIT , T AR ER RS A& 1-B,

90 KA (sample) A
— & (model)

60
E N\
<
a=

30

0 . . . :
78 80 82 84 86 88 Tu/C
120 Bedh (sanple) B

® —Fi# (model)
2901
(53
2
(o
5601
=
<3

304

0 . . . ; ‘
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E1 AZEHRM HHiERKET
Fig. 1 The establishment of standard model for HRM analysis of

Panax species

1.8 JrikerEss
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UNE NN NECWNURTE N e Nl e op vy -
& 34y, $EHCDNA I ddH,0 V8 8% 55E Bk i, #E AT
HRM 5041, 275 2 S AR ARL, T H X B 5 52 b
BHE 285 5 22 18] B 40 B 5 I 4 Sk 5 ekt
RIS PR B PR LS SR 2Z [  E 43 EL

1.82 EmEM MAREEEE, 1A ASEM
L DNA, 501 7 47, 5 psbA-F/irnH-R 51 ¥ 3E4T9"
B RIFHERE AT H S MR A A i 2 o T 2 2R 1t
B T, EARE2ZE K RSD. R AN R AR E 1, B 1
A NS JEFH R DNA, 53 5 7 0, 4 psbA-FlernH-R
SIPHEATY G, Ay 7 d ESEIERE TR T, (HhR 2

J RSD,
1.8.3 Fafdetk Wik HRM % 5 i DNA ¥ JiF Fa fi
P, LS R, BN Z: DNA 45 14, H ddH,0 7%
DNA JIi 5 ¥k i %5 200 ng » L™, I WLZE 2K 3 47 4
i B, T8 A i B A 200,40 .8, 1.6, 0.32 ng » L
() DNA ¥ B4 B2, fi FH psbA—F/ernH-R 51 ¥ 459"
B BEAS OB FR 3 U, A LA AR 2 SRR, L 3
AEEHEH 2 A EE GRS PPREE RS0
T aE BUERR . IR HRM 23 BT B3R i B Fafde b,
A Z & M £ DNA £ 14, F ddH,0 75 %% DNA i
YR 2 50 ng - w7, i psbA-F/irnH-R 514, #K
WH IR KR 56.58.60, 62,6466 CHEATH"
B, NN ER 3R U3AEE R EDH 2
ANE A 45 R PR R — B E N A R .
I HRM Z387 14 5 | e 3 T B AR il BN S @ A )
DNA 45 1 4~, F ddH,0 J#%& DNA JFiit i & % 50 ng -
wL™, 4 psbA=F/irnH-R 5197, 4 % ] ddH,0 5 #%
S} 0.1,0.2,0.3,0.4 pmol « L™ BEATY 4 4t
MR 3, L3 ANEE TR 2 A EE AR
5 S BRah R 2OAE A R
1.84 ZLMHXRS5KEHME WL A ZE HRM &
B 7 1 my A Y BR, AN Z 2R ], BN 2 DNA 7 4>,
FH ddH,0 ¥ %% DNA i i i & % 200 ng - w17, H
ddH,0 & B2 #i B, B 5T 1 ¥k B2 Oy 200,408, 1.6,
0.32 ng+ wL™' A DNA MREERRFE, IF LA ddH,0 H7s
X R LA psbA=FlirnH-R A5 190834, 4387 HRM 43
Hres e e st NS @SR R T, (BB 1 9 o 3
1B, B DNA ML 55060 10 O Com BEAE A T4k Bl , 45
BRI LAAS AR S OGBS et
AR ILIER 3 5z ER TR
1.9 RPhSLATES

FEXE NS VTS IR O i BU 2 DNA FE 5
AT AR LR &, F5- L psbA=FlirnH-R A5 |99 14
JE 4T HRM 4347, 3B HRM 25
2 #R
2.1 5|yt

h T ARAHE T A S @26 HRM 251095149,
SHILLS NS S =L M S BTSN
i = -& DNA 1E i 85 4, 9% £ psbA-F/ trnH-R, rbcL.
1F/724R, ITS2/ ITS3, matK 3F/1R, trnL/trnk, trnL
(Intron ) b B, 439l ¢ HL38E B 098 R E 12 35 M6
I RIAAE T BT i 2 o B, X LG At 26 T, (8
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N HRM 43 RAZEILHEAT L0, W3k 3, ik th 22 5t W AS WS =L &, A =L s |
FRIGIYT HRM %50 4520, 519 psbA-F/ 7€ HRM 43105 i, A BB AE psbA-FlirnH-R
trnH-R 5 trnL. (Intron ) 2 MR BT LRI A S8 Beh2mlE5 W, WA 2.

R3 ABEARREBHEERE(T,)
Tab.3 Melting temperature ( 7, ) of different fragments of Panax species

T,/

b ( species ) trnL ( Intron ) F Bt

(trnL ( Intron ) fragment )

matK B
( matK fragment )

nl B
(trnL fragment )

psbA-trnH R B
( psbA—trnH fragment )

PiES: ( P.quinquefolium ) 83.57 +0.06 84.61+0.01 83.97 +0.02 81.01 0.04,84.10 = 0.04
NZ: (P.ginseng ) 83.790.05 85.02 +0.02 84.06 + 0.02 81.26 + 0.04,84.30 + 0.06
=& (P.notoginseng ) 83.60 = 0.05 84.70 £ 0.01 84.23+0.10 80.65 + 0.07.83.99 + 0.07
11452 ( Pjaponicas ) 83.54+0.04 84.47 £0.03 83.71£0.01 80.13 +0.12,84.01 + 0.04
T2 ( Pjaponicas var.major ) 83.74 £ 0.02 84.62 +0.03 83.86£0.01 80.66 + 0.02, 84.15 + 0.02
It =k ( P.pseudoginseng var.bipinnatifidus ) 83.75+0.05 84.63 £0.03 83.81£0.03 80.55 + 0.06., 84.14 + 0.06

1 (note ) : matK 3F/1R, trul. / trnF, trnL (Intron ) % i 1 28 T2 B 000, 7 Af BAAS T, {85 psb A=F/lernH-R % fff il 26 T8 BB, 7= A 2 4 T, 18
(In matK 3F/1R, tral. / trnF and trnl.( Intron ) fragment, there is single peak in melting curve and a single corresponding T, value.But in pshA-F/ trnH-R

fragment, there are two formed peaks in melting curve and two corresponding T, value ) ; rbcL. 1F/724R, ITS2/ 1TS3 FAXT 514, i T4 HERCRAK , KT libs it

HH£k ( As rbel. 1F/724R , 1TS2/ ITS3 fragment, the efficiency of amplification is low, which has not formed the melting curve )

120 120 7
matK trnL—trnF
90 90 R
Q = © -
g s LY
o Q \\
B 2 W,
7] w ,
5] @ Wi
5 60 5 60 W,
ES 3 o\
30 30
0 | 0 T T 1
80 88 80 82 84 86 88
I/C Tn/C
120 120
psbA—trnl trnl. (Intron)
o 90 ° 90
Q Q
£ I3
o Q
? 2
o i 5]
5 60 B 60 |
= =
= =
30 30
0 T T T - — 1 0 ‘ V:E'.E\-\..,
78 80 82 84 86 88 82 é 4 8|6 8|8
T./C Ta/°C

PIM-=-; (P. pseudoginseng var. bipinnatifidus)

—— V¥ (P. quinquefolium)

B2 AZE HRM HBILER

Fig. 2 The results of HRM genotyping for Panax species
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2.2 HRM /3#7

JH psbA-F/trnH-R 5| ¥y %I e 5 N 2 J& 31 75 1
FE & HEAT U 38, ) FH LightCycler 480 1.5.1 %% 14 43
SRR 2 Fh 7 B AT RS A3 A= (1) 2 A Uk B2 0 {1
P NS E 6 AW R B R T, H, NS P
WZ . =L M S ne K, R =L 52k
TSl TWE R T, 642, T, 15 i o FEAR T, T

100~ A
20
80
60 / 154
B~
3 N/
S 40 \
y 104
20 /
0 : — g 57
77 82 87 &
T./C @
o
120~ B3
<9
100
o \
g 80
3
8 60 \ ~107
T 40
_15;
20
0 T T -20 -

7 82 87

A. NS g5 #IETE (the melting peaks for Panax species )
C. ASJE HRM 25461 (the difference graph of HRM for Panax species )
B3 AZE HRM S0 PEEMEB KN TER (psbA-trnH KB E)

WX Ay, W 3-A;(2)HRM 43 B, A2 15 5
=L P =L AT S R SR R R A
) HRM 7434 2% 5L 1 HRM JH —f£ & ( the normalized
graph of HRM ), WLIE 3-B; [IBHn] LUK B T2 0%
ik M 2 o BEER 45 20T AR HE ok BAT IO 22 S A
B9 HRM 2= 55 4k €] ( the difference graph of HRM ), VL
&l 3-C,

—¥IH=-t (P. pseudoginseng var. bipinnatifidus)
—%F2% (P. japonicas var. major)
4% (P. japonicus)
—PPES (P. quinquefolium)
——=- (P.notoginseng)
A% (P.ginseng)

B. AZJ& HRM IH—1L & ( the normalized graph of HRM for Panax species )

Fig. 3 The results of HRM analysis for Panax species in psbA—trnH region

23 Jiikersg

231 REHESRSME ASVES =LA
Z KT Z Pt =L A28 HRM 4 B4 L 34 5 51
PRat R —30, SO R 55 R 100% .

232 E=EMW HIWEBIERELZE BRI NNASE
B DNA, 43 18 7 4, {8 psbA-FlirnH-R 51 9y 7] i
PEATY 4, 43 B H HRM 43 BUZ5 5L L 7, {8 +
PrRifE2E R (8128 £0.06) °C. (84.30+£0.08) °C,RSD Ky
0.08% F1 0.09%. AL e, |1 D> ASIR
K DNA, 53 1% 7 4, i psbA-FrmH-R 51 ¥ 17
Py, oy T GRS T RHE T + FRifEZE N
(81.30+0.06) °C., (84.33+0.09)°C,RSD 4 0.06% il

0.09%. ZRFINZ T IEEE RS,

233 FafdPE A HRM 28 52 %) DNA ¥k 2 f2
fatk, AANZ R0, 81 A~ A2 DNA, Lk ddH,0 7%
DNA K E 200 ng- w L™, DL ddH,0 BEEEH RS,
& B B Mk B S 200.40.8.1.6.0.32 ng s w L7 Y
DNA ¥ BB B2, {8 ] psbA—F/ernH-R 5 ¥ 479" 14,
TNV 3 UK, RN Ay B 25 S M, DL 3 A
FEhR/DA 2 NEEZR G LR - E R
GESLAER, Z5HFEI, H DNA TR vk BE AR £ R R
1.6~200 ng+ w L™, 4N 4. Mk HRM 487 7 2, 4%
SRR AR JOR BRIl 54~60 °C, H5 | Pk
FEFEfEIEFE A 0.1~0.3 wmol « L',

AR S
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120+
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100 AN
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\
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100
8 ngeul’
3 80-
=
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S 60
()
g
S 40
=
20-
0 T T T T
77 79 81 83 85
T/C

— A& (P. ginseng)
4 RESHRE T HRM 45

Fig. 4 HRM genotyping for different concentrations of Panax species

234 LMEXRSKR  DNA W 5T 0 A i
VAR B (B A T et T 0, A5 3 [l )
Y=12.893In X+26.354 R=09146

LRI 200~1.6 ng - wL7's ZHKHIBR & X
CEP2 RS OGBS i bn i th e BRI Ul
) 345 ), A2J8 HRM i bRy 039 ng - w17
2.4 ROy B H

DS =Lt i ], BN 281 =1 DNA
BE S A 10y, L ddH,0 9 & it B Wk B %5 S0 ng» w17,
BPIFIRA =L AZ DNA Bt i Hofil, JE AR 100%
50% . 25% . 12.5% . 0% W ¥ B L 4], LA psbA-F/ernH-R
J sy 5 AT HRM 43 B 54T, 10 SR X oy 45 v J3E
FEGIRE S T, {8, 230 B FE HRM 43 B 25 L, 25 5L 3%
B RN 5 0 S5 T B S DX 5], DT ] RAXT R
Pl HEAT R, WA 5-A L Co EHXTAS RIS
TR, R AR 3G 5%, 437 H HRM 438045
K 5-B. D,
3 itig
3.1 HRM 53t ik L

3 3 O I e Ui P WA R R HRM 43 Y 2 7 i
AT T A AR b, T DU R s e B VA (T T, {1
BARTEEMEE R S R B AR AR E MR
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— =t (P. notoginseng)
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VE¥E2Z (P. nquinquefol ium)

PR, E 205 il 20 L B ATS AR S AR 1), i AR
Gkl R AR DNA WAL s, pL B S A&
HE R AR AL, NTEL 6 BT, {H & HRM 43 02047 20 R
FEAEIXRE A ]8T, St (s A U — Ak 20 B i HRM 43
BT HAA E A AR v, o — o, Had R B,
HRM 43025 By 2, g5 HRM 2k af i,
TR, BB DNA ZTERS 1), SR A 2 1 o i
) HRM 43T A 2 DL K feft FH AU 14 B 4 1) A T % e
PRI T IR
32 R R R AL

TE op 7 S 8 AU B Ok AR L R AR
BN R, kR R (1) R Bk
S RS fE DA S p el BH M S
SR BH PR 45 SR 2 180 B T 4 L, B BE P 45 5/ ([
P+ BB ), R5 SR 2 RS & v i 3 BH 5 S B
B PR 25 R 2 [0 A 7 43 E, BRBA 25 5 7 ( B + (B BH
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