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Multiplex PCR System for the Identification of Paridis Rhizoma’s Legal
Origins and Its Closely Related Species from Genus Paris
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Abstract: In this study,three specific primers pairs were designed bases on comparison of the difference of the ITS gene
sequences of Rhizoma Paridis’ legal“origins ( Paris polyphylla var. chinensis and P. polyphylla var. yunnanensis) from
their closely related species. A fast and accurate method was established to identify Rhizoma Paridis’ legal origins and
their closely related species according to the'principles of multiplex polymerase chain reaction (PCR). Eventually, the
size of 210 bp specific bands were-amplified from the P. polyphylla var. chinensis ;the sizes of 248 bp and 149 bp specif-
ic bands were amplifiedfrom: P. polyphylla var. yunnanensis samples of two kinds of genotypes ( YN-T and YN-II) re-
spectively. The positive identification of legal origins were obtained while their closely related species weren’ t amplified
any bands to interfere with the result. For the first time, this method realized authentification of Rhizoma Paridis’ legal
origins in one multiple PCR identification system simultaneously. This method is of great significance for improving the
technical level ‘of quality control of Rhizoma Paridis.
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Bl AN AR S 5 R BB M — A 46 (P. polyphylla var.
chinensis) 5 = B B % ( P. polyphylla var. yunnanen-
sis) ZAb, & B 4% Z w E (P polyphylla var.
polyphylla) , B 1 8 #% ( P. polyphylla var. stenophyl-
la) , BT (P. vietnamensis) , TL48 3% ( P. axialis var.
axialis) , V- 1% B A% ( P. vaniotii ) , 3R 25 [ B 4% (P.
fargesii) , BAFFE Bk ( P. thibetica var. thibetica) , K AE
FHAE(P. forrestii) 22T GARHE, fn A+ - R L
T E A LAAR ZE 2, AR 40 MR B I 55 R T e LA X
TE i B T G IR FH R 25 b AT A R0X 00, X g b B
A5 e R 24 1 S 4 T D TEVHE R T IROR 1Y% A B
R DRI X i R R e TR S R AT A A
X3, TR A VA B e s — PRl R A 45
S5 R T AR R 2 4 SR R DL AR
HhE MR PRI A T B

Bl 7 LR Wy kR A 7E DNA JKF |
(1) ALV 5% 0O 5 B 1k 8 %, FH T 245 AR 00 1) O
TREF AW BERAS . M FREEX —EHE
ZRRY P24 T 2R A O S A B S B 2 i
BERNFZANTR I FP ) X 43, OB 2 A 2 Hk
JE R[] 501, 53 A0 Ikt e < e E R 2 DR
RIS E R 4528 . SR, AR 1 XS 5197 )

il PCR J5ik 2752 3 X PCR A BESE— e ah
A, SRR A e O T iR X — [, A
WFFEIERE TDNA-ITS RSP, ERE 3 X p k5|
YA EN—4> PCR A Z {5 —UC PCR Al ss) |
TRMETERCR, T ST 1 2 iy s AR i 5 TR
FHIEZ At T Podi 4 i 2 5 PCR MR AR

1 HHH

1.1 ZfiEm

AU SRR AT L A 34 1), s AR
65 iy, Z W E AL 17 {3, PRl HRE 10 43, B EBE 8
7, TAREETRE S 0y, FAERE 7 i, BR 25 B JE bk 22
fy , RAFEAE 13 03 ARAETRE 3 . SEIARHEA
R SETEAE R LR Ve i 28 AR T B 2 R
T F R S PRAF TR 15 24 oy R R =
2y R
1.2 35

TR N BE AR R A R A R |, Gold-
view T RURIR e (7] (LA R ERHCA IR A # ),
EasyTaq DNA polymerase, 10 x EasyTaq Buffer( Mg® "
plus) (JLEt Y ARA R ) , DNA

Rl LBRHERER

Table 1. Sample information of Paris
B 40P ET TR {0 e Rt 4T RS i
Sample name Source Part Sdmp.l ¢ Sample name Source Part Sdmp.l ©
quantity quantity

Lt —BAE (H) N I 2 I I 1
Paris polyphylla var. chinensis P 11 - 1 YIB! i 5
YIRS v y 2 YN EA] i 6

Y )1 [ 3224 iy 7 WdL2410 iEE 1

v )i 1L Ly 2 HNSCE it 1

PR R 3 P. poljiiftl?ifr(. z'(tjn)ophylla PITEZM n !

V91T AR 2K 1 R E I 1

ey o] 2K 2 Dy e 1

IplIE-SE Ly 2 Va1 2 [iiE 1

LI e[l i 2 YN b 4

YIS iy 3 ‘ SN AR hh 2

RS TR T €= 2 JHEBRON ST T 4

PN 74 Ly 1 B A EE h 2

- BN i 2 (WL BN SL i NER i 2
P. polyphylla var. yunnanensis N1 "t 4 P. axialis var. asialis PIHE)T n 2
S it 2 I t 2

SN KIr i 5% oy )1 ez hh 1

sME 3 FHGER (D N 3

B i i ' EJIERE f !
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2:5% 1( Continued Tab. 1)

e ETTT I N e rews owe UK
Sample name Source Part amp'e Sample name Source Part ampe
quantity quantity
SR m >
S I it 2 £ t I
S i 2 2L ut 2
Sk it 74 f*ﬁ[‘f;aﬁ%( Q) il it 6
e ot 4 o PR it i
il 2 it | EN nt 1
PIKE i 34 e it 7
2L it 34 IR T 1
el it 3 WA it 2
PO R 2 WL ot 4R 3
il 2 Mk t i
Zw N I i Ny R !
FHAT it s e t I
A i 24 P15 £ it 2
S it 2 Pl t 2
S it 2 P it 2
S, i 8 e ut 2
P, pozil?;f%r(.%;phma P "t ! VIR L a 2
P12 it | R ut I
P R it I AR (CZ) e T B 3

P. forrestii

TE: B« AR SRR B T, R A DR R A A 1,

Note ; P. polyphylla var. yunnanensis samples of genotype 1I were marked with "

Marker -B,dNTPs Mixture Solution ( 4 T 4% T. A%
MABRAF]) AP ZH DNA FRB0L] & (R AR bR
EVEARABRAT) , - R GE Rl CERHA RHE
ABRAT]) o
1.3 (=5

Legend Micro 21 R=& .0> #l ( 22 [ Thermo ),
BSA124S J3HrKF (Sartorius B AU A RAH )
MK-10 7~ 20 i A (o B AL A FRA 7] ), PCR
AL CHEH S H B BRA 7)), DDY-12 HLjk &8 (b
IS A=) BOE AR X Typhoon 7000 (i H H,
REBEST SR AE i BHEER ), B 58 Ah-3 1 D BE AR
(Thermo Nanodrop 2000)
2 [k
2.1 EF DNA 25X

A B AR, B 30 mg, FHAE A 41 DNA
PRI & AR BUS DNA, ARZERE TRy, i 3 %
it , B 20 mg ¥y, 4% A P 2 DNA 12 U 57 25 38
B AT et | T i Y W] S 20 W 19 75%

%" while samples of genotype I were unmarked.

o1 FEVE R HEFLIBUEL DNA 4 CLRAF, DNA $25Y)
P IS 14 TTS4/1TS-L' 4T PCR 474 , 47K 4
7.5 wL, R H 3% B BRREAREEI Bk SR A 52 4h-
S3CCRE{CRAIE DNA Fife, @5 s Wk 2,
2.2 ITS MPEFRFRESIMEIT 5itE

TEZ 8 PCR SR Z b, 20 R e g [ iy ik
TR R BRI . 38 514 1TS-4/1TS-
LGB AR FE i DNA BEAR#EAT 1TS P25,
TEAFEACPATY 4G 3 W, 1S 7 W % UER SR A R
YR BR A A AT . H] Megalign 4%
FPai RBEAT R VRN 5 0, $e Hth oA R e 22 5+ 1Y
SNP {i; &, i Pirmer permier 5. 0 ® {47 &M —4i 4
F = AR AT SNP A i DXl o3 Sl 5034 e 1
g1, I 5 1 Y0k AR RE i DNA B AR 317
PCR 43, 0 4 th e 5 M5, BB 5 VA DX 43 5 4> 1
TE i AT BEAT B3 I HA B WO AL S 1)
2.3 EZEPRYEERNET

PCR S &R SUATR 25 pL, Horpga 6§ 10 x Ea-
syTaq Buffer 2.5 pL,dNTPs mixture 280 puM, 5|4 %}
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H-F/H-R f & 0. 15/0. 2 uM, 5|9 %} YN-IF2/YN-
IR2 H& 0.25/0. 15 uM, 5|#%F YN-IIF3/YN-IIR21
& 0.2/0.25 pM, EasyTaq DNA polymerase 1.5 U,
Bl DNA 30 ng, JC B AL ZE K #h SEAR R 2 25 pl,
PCR J )W Z%0:94 CTiZEPE 5 min,94 C A8 30 s,
64 CiB k30 s,72 °C LA 30 5,27 MEH 5,72 C
FEA S min, 12 CLRAF. PCR P71 [ ML Z5 W, X
PCR Wi r=#) 7.5 wL, i 6 x Loading buffer J&2] )5 ,
T Goldview T B (0,1 3% Ay B i Wl B JIC g Pk A 0,
220 V IR T HLPK 20 min, BERE AR RS0 T WEEIF
FAIRORAE

3 R

3.1 REHRE
SR 5190 1TS XA S50 fir A YRR DNA

HEATY 1S, A3 ]2y 700 bp Ao A B9 HG 45T, KB
ARSI AR DNA 5 45 & PCR 342K
3.2 EEEBREEXITS F5IH SNP 4 549 # & 3|
Wi%it

TEXT 65 13 N[ 7= Hb () 2= B F S AR AR Y ITS i
GIHEAT 43 BT, e AR SNP 57 50 mT LA 43 2 A
FERAY, —FAE SNP I (1) ZRE MR IR 407> 55,
A3 4Rk YN-T T YN-TT, 356 PR L Aol 43 s v
F 3, o YN-T BUREASA 35 47, YN- LRI
30y, 0 T kS A 2 A S Y B A e
RRAG I E A B, e B [ 5 T 5 L %, 5T
It 4 S - L — R AR A RE R S [ H X H-F/H-R,
Y 2 e EE AR I RS T IL B R S 5 | X YN-TF2/
YN-IR2, YN-IIE3/YN-UR21, 5|95 5 th B B A=
YR AR A TS M. A SIS 1o W 2,

®2 SWFTIR
Table 2 Primers used in thisstudy
GIE BN FF51 53
Primers Sequence from 5 to 3’
P L S [R]BF X, Internal transcribed spacer 1Ts4 TCCTCCGCTTATTGATATGC
ITS-L TCGTAACAAGGTTTCCGTAGGTC

L — AR S 51 W%t Specific primers pair of H

GCTAGGCAACGCGTACAGCAT

H<R GCGAACTACGCCTGTGGGAT
= R R SRS | W)X Specific primers pairs of YN YN-IF2 ACTTTTGACCCACGGGCA
YN-IR2 CTGTCATTAGATGATGCAGTGGC
YN-IIF3 CACTCGCCGTGTTGGTCTCA
YN-IIR21 CTGCCTGTGCGACACGTCTTATA

3 ZEHERWREREIIA SNP L S4F4E

Table 3. SNP site characteristics in two genotypes of P. polyphylla var. yunnanensis

A5 AV
B Variation sites( bp)
Genotypes
10 34 36 42 55 62 93 127 131 180
YN-I T G C T C T A C G A T
YN-IL C T T C T C G T A T C
183 193 197 201 211 212 223 395 411 412 413
YN-I G A C C A T C T G C G
YN-II A G T T C C T C A T A
439 443 462 471 476 482 500 520 521 526 527
YN-I G A T G T C C G T G G
YN-II A G C A C T T T G C A
594 596 599 604 612 615 622
YN-I A G A A G C T
YN-II G C G G T T C
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3.3 ZEPCR REEREMNEILRMAWL
3.3.1 REFIMREE R

BB =X H S 51 % H-F/H-R, YN-IF2/YN-
IR2, YN-TIF3/YN-IIR21 /A [A) ¥ B L f5], UL 3% 4.
HEEANRG yH BEXT PCR 4 18 B 07 (14 5% M 7 356 $5¢
WGP L o B AR S W A FE DRI M A%

SEIE R S AR AR S v A PSR A IR Y
%I%ﬁﬁg,ﬁﬁa%l%{iﬁ&tuﬂ E. f#iEEm—8 ik
1E 210 bp 5 — KSR 4501 , =~ B BB L A 7Y T(YN-
1) 7€ 248 bp 1 — kW52 457, oo B ARSI Y 11
( YN-II) 7£ 149 bpﬁ —ZRHSE R, R 1

R4 SIMREMLSEY

Table 4  Optimal conditions of specific primers’ concentration

] 3| WJH i Concentration of specific primers( wM)
Group H-F/H-R YN-IF2/YN-IR2 YN-TIF3/YN-TIR21
A 0.25/0.25 0.25/0.25 0.25/0.25
B 0.2/0.2 0.25/0.2 0.2/0.25
C 0.125/0. 125 0.2/0.2 0.125/0.2
D 0.2/0.2 0.25/0.15 0.2/0.25
E 0.15/0.2 0.25/0.15 0.2/0.25
F 0.15/0.2 0.25/0.15 0.15/0.25

1T N(

M BC H

I NCMBCH 1

Bl ZEPCRERSIMKELREKE
Fig. 1 "Agarose gel electrophoresis of primers concentration investigation
1 :M;DNA Markersh | ZTF KK 71600 bp 500 bp 400 bp 300 bp 200 bp 100 bp; BC F2s (A%F B H Ry —A45 48, T 2 2 g ok (k5 78
YN-I) L2k = R (R YN-IT)  NC Oy A M AR AR IR, T IR] . & A B C D \E F Hf =5 H5x ik B2 L B SO Aridt
Note : M : DNA[Marker, from top to bottom, the following is:600 bp,500 bp,400 bp,300 bp,200 bp and 100 bp; BC is Blank control,H is P. polyphylla

var. chinensis,l is P. polyphylla var. yunnanensis ( YN-1) 1l is P. polyphylla var. yunnanensis ( YN-1I) ,NC is P. polyphylla var. polyphylla as the nega-

tive control, similarly hereinafter. The concentration of three specific primer pairs in figure A,B,C,D,E and F are as described in the article.

3.3.2 %i& ANTP ;& jF ey # %

ANTP ¥ B 43 5135 &4 120,200,280 ,400 pM,
ZELNA] ANTP ¥ B2 X PCR 744 Jsz L7 19 5% M), 1 155
Hid ANTP ¥R EE (B 2) o S5 R KW, ANTP BER B2 1Y
Ham, % Z 8 PCR [ BA M HIE . éa’ dNTP ¥
JESR 120 7 280 M ], AT 328 W 40 i HF 4 S Pk Akl
(7= A 5 MU B R T 280 M Hﬂ‘,)ﬂﬂ%%ﬁﬁxﬂ%#r
YA R . I, AS PSR B ANTP ¥k B

7280 WM,
3.3.3 Ji#E Taq B A T HE K

25uL AR ZH Taq i HEE 2 0.5.1.5 2.5,
3.5 U, %% Taq B HEXT PCR 93 5207 5200
i Taq M (&1 3) . 458 %W,0.5 £3.5U
(1) Taq BEHTATH 3 AR AT YRR 1.5 U LA
I, S AR R A R B R, A T SRR R S
WYY AR Taq BiEHIE R 1.5 U,
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MBCH I I NC MBCH I I NC MBCH I @I NC MEBECH I II NC

B2 %EPCRUKZR INTP iREXZZEKE
Fig. 2 Agarose gel electrophoresis of dNTP concentration investigation
7 A B.C.D 1 dNTP ¥k FEAK YKy 120,200,280 400 pM
Note ; The concentration of ANTP in figure A,B,C and D are 120,200,280 and 400 pM

MBCH I @I NC MBCH I II NC MBCH I @I NC MBCH I @I NC

B3 ZEPCRUEKR Taq EBREZREIKE
Fig. 3 Agarose gel electrophoresis of Taq polymerase dosage investigation
11:: 18 A B.C.D 1 Taq /HEAKUCH0.5.1.5.2.5 3°5 U
Note: The dosage of Taq polymerase in figure A,B,C and D are 0.5,1.5,2.5 and 3.5 U

3.3.4 RiEBKBEMER IR AR S (H SR O BE R ik 66 °C B, e S Mk 4

3R E IR SRR 60,62, 4 .64.3 .66 C % RIS SRR, YN-T RE R 45 8 8 JL-F- Joik

SR SR EE X PCR 738 S, (9 5] i 1 fme s o P PRI, 250 25 R IR B X = X R SR 1 )

R (B 4) o 28R R, RERF R R ER  PIEPCRNE M, S 64 C AR R IR KR,
MBCH I II NC MBCH I II NC MEBECH I I NC MEBEC H I I NC

E4 Z£ZHPCREFREBNEEZZBIKE
Fig. 4 Agarose gel electrophoresis of annealing temperature investigation
B A BLC.D R AGEEERIK A 60 .62.4 .64.3 .66 C
Note ; The annealing temperature in figure A,B,C and D are 60,62.4,64.3 and 66 C

3.3.5  SEMIRHAF R HERFEAEO PCR 473 52 b7 1 52 W), 1 16 e i
41 26 .27 28 30 1 32 MG AT H L, P ISR B (B S) o S5RF],26 2 32 EIAM
MBCH I INC MBCH I I NC MBCH I I NN MBCH I I NN MBCH I I NC

BES5 %EPCRUERBEAYEZEIKE
Fig. 5 Agarose gel electrophoresis of cycles investigation
TE: & A B.C.D.E PIEIREURICH 26 27 28 30,32
Note ; The cycles in figure A,B,C,D and E are 26,27,28,30 and 32
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PIREY I I = F AR R AR A . A RIESEIRAY B 10,3060 ,90 ng AYAEH DNA il (& 6) .
WERE Bt S A EGE 2 S BT Re AR R R 5% A5 RR T B L 7E 10 ~ 90 ng B BREY 1 e 55

WPRE VERE R 27 NMER AT PCR Ao AT, H R DNA B30, 9738 4540 i =2 5
3.3.6 BB FER E=SC b b SR
Wb 52 R 22 b DNA Y i 3EAT T %555, 40 EARMEALES R IR 5,

E6 ZEPCRERERELERIKE
Fig. 6 Agarose gel electrophoresis of template quantity investigation
TE: A B LCHRER A5 LTI, A8 18] FrAS AR B4 R 10.,30,60 .90 ng
Note ;: The samples in figure A,B and C are H,I and II. The template quantities in‘eachAfigure-are.10,30,60 and 90 ng

%£5 SEPCRIERMMSL

Table 5 Optimization of multiplex PCR identification system

- 2%

5| H)He F Primers’ concentration (M) A + A+ A+ -
B + A+ A+ -
C + + A+ -
D + + A+ -
E + + + -
F + + + -
dNTP ¥ DNTP concentration (M) 120 + A+ AANN+ A
200 + A+ AN+ A
280 + + A+ -
400 + A + -
Taq fiff ] & Taq polymerase dosage (U) 0.5 + A + -
1.5 + + A+ -
2.5 + + A+ -
3.5 + A+ A+ -
iR K. Annealing temperature ( °C) 60 + A+ AN+ A
62.4 + A+ A+ A
64.3 + + A+ -

66 + A +
HEFREL Cycles 26 + + + -
27 + + + -
28 + + + .
30 + + A+ -

32 + A+ A+ -
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%3¢ 5( Continued Tab. 5)
P £
AR ol H YN-I YN-II NC
Optimization factors Conditions
AR & Template quantity (ng) 10 + + + -
30 + + + -
60 + + + -
90 + + + -
TE: S+ 7 —JR3el A — R, - A
Note:“ +” one bright band,” A” one dark band,” -=” no band.

3.4 ZEPCRFHFRUELEHNER

>R F Lk P 5 ) e A B AR 3R P SO S48,
P H b K 8 ks UL ) a8 2 2% N T B i
XS A 22 i PCR S A 28 AT O 1 3 T IR 46
UECIE 7)o SRR R-E M —BAEREA AT 3 Y B

K/NA 210 bp (YRe S B, 25 r AR AR T 1Y P2
FEPIBY (YN-T YN-ID) BEAH] 43 5047 5% 1 248 bp F11
149 bp B4 A B, JA] A4S 20 0 BH MR 28 5, i H:
b [) & U e Fh JCAT AT v Be ke T T, ) T B
TERR 1) 2551

M BC H I Il DY XY NWZLPF Q HZ CZ

<

B7 ZEERMEEELH S WEBILSZA THIEFH S E PCR £5BikE

Fig. 7 Agarose gel electrophoresis of legal origing and their 8 closely related species from cultivated investigation
T :M:DNA Marker, BC Jyzs (A I8, H -t —A 6, L gz B Eig (YN-1) LA AR B (YN-ID) , DY Sy nt-dtk, XY Sy gkt B ik, N i
R, WZL N TG, PF P A, Q SV BRZGFRE RS HZ Jy BN EERE , CZ Dy AT E B .
Note; M:DNA Marker,BC is Blank control,H is"P. polyphylla var. chinensis,1 is P. polyphylla var. yunnanensis ( YN-1) ,1I is P. polyphylla var. yun-
nanensis ( YN-II) ,DY is P. polyphylla var. polyphylla, XY is P. polyphylla var. stenophylla ,N is P. vietnamensis, WZL is P. axialis var. axialis,PF is
P. vaniotii,Q is P. fargesii ,HZ is P. thibetica var. thibetica,, CZ is P. forrestii.

4 itig

e 2 PCR$EONHYIE AT J7 0, 28R RS 5
IRAE B BN AR RS I 22 1~ AR ) H A, A
%8 PCR SRS R 48 b R BE Id o — X 45 SR 5 |
WS IR BB A4 SRR N w8 28 22 T R BE, AR
TS S e O AR A A
9 S PR ST R, 32 % P 3 4 R e e i
ANZ VTS B S 2 b S b AR
JFHN R T, A TEART 4 6 Bl DNA 5B
R FFHIRS FAL R 11 YRR A [R] P 51 ) 455 BE
PEAT A, A BE ITS2 J 815 Hof DNA S5 TR A% % 16
JFHUAR HCEAT WA A PR . 2221 Senh d b 8 A
Pifl 4 2% DNA ZIE AL 17 91 AT 5%, I 1TS
P HIRE S 45 5 TR 5 W LAl R L OR, BoR
ITS JP 8 e/ AR T 2 P81

TEXT 65 15 5 W B R A AT DN P i e B, =

TP HI B RPN 22 SR, MR ITS J 51 1 SNP 7]
Sr MRS, AT A BE AR (25 DNA 4
T T2 ) thxt 4 4K 8 231bp 1Y = A%
DNA ZJERS ITS2 2% Fp 5%} L & A 27 A8 A
MR . PRI, ASHIF S8 8 I = B E R XX
3 R WEE PR T YN-T R YN-IT, S 7 e i 2 5L R
AU 2= m AR 2 A A 200, kS A PR 2 SR, 43 St
PR RN = B AR TR S 1

a2 #E PCR IR R, 5t 2 X E
B OUH R R @ 3 Gfh 22 8] 28 S /0 ARIES | i
FRSE Ve 51 W) 2 () AH B T P R S5 0 AR T B 5%
U ARBESE T 1 B R B X R Y 1
JE A I — A K A L DR B 1) 2 TR Al i =
SRS 9. N TARIES R v, ARSI 51
) YN-IIR21 14 5" v 2f )\ AIEE + A5 | A T 450,
BEARRZ TR G AT 548 IR T A A #15]
Yy H-F 1 3" 055 AR G 28748 AL B35
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H-R 1 3 3 MR T RN A JFHITA
FestET I Tm (HAHZELE 4 LA, DURIED 3 4%
R—H, Ji5h, XTI 51Xt PCR R R, £
SLZ L PCR 4 SR ZR N, A [R) 5 | 0] (4 7k B2 L 2 5
Wi Z2 55 PCRFp S FIAS 2 PR SCHE N 3R, 51 W3t 2
[BIAFFEAR B 38 4 N L O 2 G EL v R 2 3
PCR (R R AR E Y B N R . e A5 h
2y M RER] R L G P 2 RIS BT, Bl 2 2 E
Py B0 e R S AT 5 RS A B O B, AR T I R
1 2 YR AN AR AL AT 5 e R MR 2R

T ORUERE A i SR TE B, AN S A IR AR A
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