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[Abstract] Objective: To optimize and establish a multiplex polymerase chain reaction (PCR) system
to simultaneously identify Ziziphi Spinosae Semen (ZSS) , Hovenia acerba semen (HAS) , and Ziziphi
Mauritianae Semen (ZMS) , etermine their content to solve the problem of adulteration of ZSS pieces and its
preparations. Method: After the analysis and comparison of the internal transcribed spacer (ITS) sequence
differences of ZSS and its adulterants, specific single nucleotide polymorphism (SNP) sites were found, and
specific primers for identification were designed. The samples of ZSS, HAS, and ZMS from different sources
were specifically amplified under the conditions of optimized annealing temperature, the number of cycles, and
concentration of primers, as well as different polymerases and PCR systems after evaluation. Identification was
carried out according to the size of specific amplification bands, and the lower limit of detection (LOD) and
adulteration LOD were studied. Result: When the annealing temperature was 63 °C and the number of cycles

was 23, 549, 169, 389 bp specific bands were amplified from ZSS, HAS, and ZMS. The lower LOD of this
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method was 0.24 ng and 1.2 ng for ZSS and HAS, respectively. The adulteration LOD for ZSS,HAS, and ZMS
was 0.5%,2%, and 2% respectively. Conclusion: The established multiplex allele-specific PCR identification
method can accurately identify ZSS,HAS, and ZMS at the same time, which can provide a basis for solving the

problem of adulteration of ZSS and references for controlling the quality, security, and clinical application of

ZSS.
[Keywords]

Ziziphi Spinosae Semen; Hovenia acerba semen; Ziziphi Mauritianae Semen; multiplex
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Table 1 Information of medicinal material samples of Ziziphi

Spinosae Semen (ZSS) , Hovenia acerba semen (HAS) and Ziziphi
Mauritianae Semen(ZMS)

RO R GIY) ZRARN BT . BT B IR A
BB T AR A R S S I B WA 3L
A T A TR (L) A BR A WA

®2 BECHBFMERCHITSFS
Table 2 ITS sequence of ZSS,HAS and ZMS

W Fh T4 R o5

b T 4 R
1 FR#A" Ziziphus jujuba var. spinosa 111 V5% i i  IX
2 WREA" Z jujuba var. spinosa IPE R i R A X
3 MREA{" Z jujuba var. spinosa L7 O i i B
4 WAL Z jujuba var. spinosa 178 5 G2 vy B T
5 WRAA" Z jujuba var. spinosa 117G B 3kl v
6 MRAA" Z jujuba var. spinosa Wb % [ 25 0 T 3
7 BREAZ Z jujuba var. spinosa Wb mW 250 1
8 WR®AZ Z jujuba var. spinosa WAL [ 24584 1
9  RAA" Z jujuba var. spinosa b 4 [ 24584 11 3

10 FR#A~ Z jujuba var. spinosa b 2 [ 254 T
11 BREA{= Z jujuba var. spinosa WL E 25 1T
12 BR*A= Z jujuba var. spinosa Bl R a2 )5
13 BREA{~ Z jujuba var. spinosa b0 e -9 = 25 )
14 A~ Z jujuba var. spinosa Wb % E 25 6 T
15 BREA{" Z jujuba var. spinosa R KT R 2 By
16 BURF Hovenia acerba L% F 2541 111 3
17 BT H acerba BT R 2 by
18 BT H. acerba T T [ 2
19 HUHET H. acerba b2 [E 256 1
20 MUHT H. acerba L2 6 2544 17 %
21 HAA" Ziziphus mauritiana b 2 [ 254 T
22 FEA Z mauritiana b % [ 25 4 T
23 BUAEA Z mauritiana L% E 25 117 4
24 FEA{T Z mauritiana b 22 [ 25 6 1 3
25  BUHAT Z mauritiana o e = 250 B

& DQ146574.1 . EU075088.1 . KF186458.1 .

MF574596.1

Ziziphus jujuba

var. spinosa

WALF Hovenia acerba KP093126.1 . KP093127.1 , KY082789.1 .

MH711734.1 \MH808996.1

A" Z mauritiana DQ146588.1 . EU075098.1 . JQ627029.1 .
JQ627031.1,  JQ627038.1,  JQ627045.1

KC155273.1 \KX088507.1 \.KY379510.1

1 R TR I NCBI

®3 BECHEF EECHERESY
Table 3 Specific primers of ZSS,HAS and ZMS

w4 7 91(53) KE
/bp
A~ SF1 I CCTGTGTCCCGGAGCCTTCCT 549

SR4  Fi# GGTCTCTGTAGGGCCGCGACA
BT HAF1 Lif AATCCCGTGAACCATCGAATCT 169
HAR6 T iif CGCATTTCGGCCAACCGCTCG
FEA~ ZMF5 Liif GTGCGTCGTATTCTGTCTTA 389

ZMR5 TF# TCCGCGACGCATTGGGGTCTT

T B g 1t

2 HiE

2.1 5t MWNEEEREYE S F.O(NCBI)

B P T T A R AR B W il Y P A ik (] B
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AT R R PR SNP 25 S, 7E I B Al R
Oligo 7 4K F i i+ HI T % 0 W R Sk 5 1 9 45 4 55
P51 ¥ W 3 i A F SNP 7 s b o FF R K F
PrimerPremier 5.0 X} 5| ¥ )3 51 &5 S 1) & R 4509 B
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FERE S B IR RS T OS8R 0 I A
FH A P 35 P9 4 DN A $2 U R 6 4 Bl B 45 B2 B
K21 DNA. A H 8 13 6 43 0 ot B 3 I 366 [ 41
DNA 1 ¥k B Fn &l B2, 5 B 5L [ 41 DNA R JE =
20 mg L5 A, J T PCR 9 88 5 T -20 °CIR- A7 %%
FH o J5 8238 5 1.5% 3 His 0 56 e Fi K RS 0 2% 5k IR 40
DNA 1) 58 5 1 .

2.3 ZEPCRY MG KMNGE o RE( .
FRUAEL 7 1 H S (i B EE PCR S8 1) 7 %6, 25 XM X 0
eSS0 a8 R 0 B S AT 2 &
PCR [ 45 B DAL o 2 4% 5 1% PCR %5 1) )52 i
1£ 200 pL 1 PCR A Hh i AT, S BE B AR 2 0 25 nL,
£ T [ 51 W F R 51 )45 0.5 wL, 2xMS5 HiPer
plus Tag HiFi PCR Mix 12.5 wL,DNA # 47 1.5 uL,
TN T ZE AR K AN 2 25 WL, K SN R TR A B
850 J5 8 PCRAY B HEAT 1Y o SN 45 R U
RNiFEH) S WL, A DNA FAEZZ il 2 nL, iR 21 G F
1.5% Byt JiE W 056 Jig Pl ik A 0, e I O R A5 40 AT R
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63.64.65 °C ; @QPCR G H K 4L, 21.22.23 .24 K1
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Mix, M5 Tag DNA Polymerase. M5 Tag HiFi DNA
Polymerase . 2xM5 Super Fast7Tag PCR MasterMix;
@ A [H) &5 PCR Y , K960 A , C1000 Touch™ #Y ,
T100™ %,

24 ZHPCREMNAKRMMET ALK L5
SRR R i A B R R X N A R S
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FHESEPE R BE 169 bp ATEE {5 5 M - BE 389 bp,
A il Bk SR A FR B S A IR IR BE AT BRI
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94 °C7AE P 30 5,63 °Cil 'k 305,72 °CHEAH 30 s, 3L 23
WAE BN 5 77 W) K 3 72 °C ZE 1 7 min, 10 °C {4 iR
10 min,

3 ERS5HH

3.1 HHE PCRYHY i i m R S e 4 00 5L 5
i 36, oe 4 0 E TR T W SRR S R B %) SF1/SR4
BUR 7 19 48 5 % 51 90 X 8 HAF1/HARG B A [y
B S DI WX ZMFS/ZMRS . B 400 58 19 4% 51 1)
XA E MEAE, B m e, A T 2 E A SR 5
PCR VAR Z . 5I4)%F SF1/SRAALAEFR A rh i~
B9 i1 549 bp MR 5P A5 1 X HAF1/HARG 1Y
TE AU T P 88 169 bp (194 Sk &, 5196
ZMF5/ZMRS L FE B A4~ o 47 384 1Y 389 bp A9 4% 7 1
. ALY IGE R ILA 1,

ZMF5/ZMR5

M123456123456123456KK

549 bp
169 bp

389 bp

## :M.DL2 000 DNA Marker; 1 2. B8 %4133 4. BURT ;5.6 B[, K. 25

1 BEC HEFMESCHEEPCRYE
Fig.1 PCR amplification results of ZSS,HAS and ZMS

3.2 ZEAEAE M PCR SIS M &
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B R 0% T2 52 W 22 T PCR SN 45 5% 10 45 5 i o
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169 bp K /N Fe 51 %A, R AR AR AR 7oK 1R 81
JE R SR A5, B 29 7E 250 bp Ak IR R R M
P A I H R T3 389 bp &b AT B4 kL B
AR S R NS S A R e R . AER
R BE Ry 64 °C LA L B 3R TR S MR A5 S ] I
IS, O PRAIE PCR RN (4 ] 35 &2 M, o i I AR ok
TEJE R 63 °C, WLIE 2, % PCR %51 5 B 416 BR U Kk
21~24 WA B B I A R A 1 BT 3R B 6F 0 0 R R PR AR
i, ILE 20 FE 23 WKAG IR LA I A R A AR AN B
AT YRR S Pk 2R S B R Y 1Y R ORI R
FEP A 5L R AT T 2 R AN AE PR R EOnT D
TR E G P T e A D0 B B AR B S 1 o
PE , DR AS 5256 2R T 23 WRAE B o 18T W AN (7] 174 52 56 4
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64°C 65C

M 123456 12345%6

549 bp
169 bp

21453 227F¥F

1 23 456 1 23 45%6

389 bp

231EH 2413

M1 2 3 456 1234586

549 bp
169 bp

1 23 456 12 3 456

549 bp
169 bp

549 bp

389 bp
2x M5 HiPer plus Taq M5 Taq M5 Taq HiFi  2x M5 Super Fast Tagq
M1 2 3456 123456123456 123456
389 bp
K960 C1000 T100™
M1 23456 1234561 2345°%6
389 bp

169 bp

AL R KRB, IR REL C. RRIRAEFN 2, D. AR PCRAY ;M. DL2000 DNA Marker; 1.2, B4~ ;3 4. BT ;5.6 B[

B2 FAEZGHWESEPCRY G

Fig. 2 Multiplex allele-specific PCR amplification results under different conditions

3.3 U7 IR 2RS4 7 4%

3.3.1 Taqg DNARGEEMIEH L ARG M
PERY 22 5 DL K 3'-5' 90D i 176 1 104 52 Wil 25 250742 M 001
I 45 S 0 A e R R E R M o AR 2 A 2x M5
HiPer plus 7ag HiFi PCR Mix, M5 Tag DNA
Polymerase M5 Taq HiFi DNA Polymerase & 2xM5
Super Fast Tag PCR MasterMix i 17 /A~ 7] {4 B 52 i X
S 01 B 245 R S W) ) R I, 2 B2 M S v A
P, LK 2, 45 KW, M5 Tag DNA Polymerase
M5 Tag HiFi DNA Polymerase %I [i2 %0 {45 5 1% 4547
B33 45 FORNBLAE | Horp MS Tag DNA Polymerase
A" 3G M 1A R AT AR & 5 RIS 1 5501, 3B I Tag
it A Ay S5 I 5% A s T L Y o A R A 5 vk
L AT 1476 P Ok EAE 5, 18 2xM 5 Super Fast Tag
PCR MasterMix 4" 14 i 3 {11 3 549 bp 1% BH 1
F

332 PCRXH % S b 2 Bl I K960 Y |

C1000 Touch™ # , T100™ %4 $AF FF L 1T £ H PCR
Py, 25 SR R WL o Al R [ PCRAY, R A~ AR
- FIHE AT B AE 549 389,169 bp 4k H B 1
el , BOARN S8 AR A 22 S B RS 5 ) R A U
Gl ESE SN S

333 ZHE A SEESFPEPCRIZMAIIE X AR
DNA i Ff it i R 284~ AU A B A3 17 PCR 2
I DL B2 DL b A W b g A DU R . 4 AR O iR R
A" () DNA #F#F i I 2 0.24 ng B3 RE S 14 i
50 T R RE S ME A B, UM - DNA i M
TE>1.2 ng I GEY™ 3G H 4 5 1 58 301 55007, ol it o 2
AV SRS A 0 RO R R AT R R R
0.24 ng, AR F R I T FR Ky 1.2 ng, BA{ ARG R R
024 ng. WK 4,

334 BOKHBE ISR EC A B A AU
TR TR R 2.2 700 F 7 ik il & A, R
£ A RS R PCR R X 8 Oh B i F 15 A 0
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0.1 uL 0.2 uL

0.3 uL 0.4 uL

M1 2 345612 345612345612 345€6

549 bp
169 bp

0.1 uL 0.2 uL

389 bp

0.3 uL 0.4 uL

M1 2 345612 345612345612 345€6

549 bp
169 bp

0.1 uL 0.2 uL

389 bp

0.3 uL 0.4 uL

M1 2 345612 345612 345612 34586

549 bp
169 bp

389 bp

A, B HAF1/R6;B. 5¥) SF1/R4;C. 5|¥) ZMF5/R5;M. DL2000 DNA Marker; 1.2. FR%4{~;3 4. BT ;5.6. FIA/(

B3 ARESIMERZEPCRYIE

Fig. 3 Multiplex allele-specific PCR amplification results with different primer amounts

30 ng 6 ng

1.2 ng 0.24 ng

M1 2 3456 12 345612 3456 12 3 45¢6

549 bp
169 bp

7 :M.DL2000 DNA Marker; 1 2. FR%{ ;3 4. U T, 5.6. FIA [

4 BEFE{CZEPCRIEINIR
Fig. 4 Limit of detection in ZSS by multiplex allele-specific PCR

WA P AR R A 1 g F RIS, H R
B W) 0 AS ) B A1) 5 TR A R K R A IR AT, an 3% 4 i
R EM KRR, KETAREIHRRI0.0.5%.
1% .2% .5% . 10% .20% .50% . 100% [ K¢ /i , IF LA [A]
FE T3 1 AR B R R TR A FE G 45 2R
WE S B 6. Z5RERV] RS HPIRA 0.5% DL B IR
AT 2% LA b AR T 1l 2% DA PR R R] A
I >k o 2 B PCR R H R 8 AR i e
=R B PR HBR A 0.5% 2% 11 2%«

3.3.5 I HME 43 N2 T 3 B TR) 2 0 I AR
P TR A B A 20 HEAE (10 4k iR
7, S HEAR ML 7 5 L34 #E 4T 2 # 6  PCR 4
SEVEYT G P W 2 0k B NG W B R R UK G T, &%
R, TR AP 13RS 549 bp R 7 PE &,
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389 bp

UL 7 2597 B9 3R 45 169 bp ¢ 5 14 45, A 1 9”
B ARAT 389 bp KR M4 , 5P A R K B 45 SR AH —
o SRR E IR BRI &
YT R IE i P AE R LA 6.,
4 it

U 2 EALR R RN ERARE K
R SRS W) By B & 5 e 2 PCR ™4 19 ¢ 8 A
EZ— M rbcl  matK 55 H AL H ,1TS 51 89
Bl 3k 22 53 BH W, SNP v o5 A X 45 22, IR e AR F 9% 6
FEITS P54 I My B it X [a) i iR 0= BUAR
T BB ITS ¥ 8 G+C & & 8 m , i I 4%
SNP {7 5 % TR ok IR B 35 B R Sk 5 4 R TR
ME A SE5G FH Oligo 7 4 X 454~ SNP AL o5 2E 47 Wi
e, IFHEBR G+C & i B 1Y X BAE 51 4 % 503 4
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Table 4 Adulteration ratio of ZSS,HAS and ZMS

AT BURT B

FRAA

3% /mg /mg /mg 1% BE
A5 th 0 50 50 0 Al
0.5 49.75 49.75 0.5 Bl
1 49.5 49.5 1 2
2 49 49 2 3
5 47.5 475 5 4
10 45 45 10 5
20 40 40 20 6
50 25 25 50 7
100 0 0 100 8
B8 0h 50 0 50 0 A9
49.75 0.5 49.75 0.5 B9
495 1 49.5 1 10
49 2 49 2 11
475 5 47.5 5 12
45 10 45 10 13
40 20 40 20 14
25 50 25 50 15
0 100 0 100 16
FRAA B0 50 50 0 0 Al7
49.75 49.75 0.5 0.5 B17
495 49.5 1 1 18
49 49 2 2 19
475 47.5 5 5 20
45 45 10 10 21
40 40 20 20 22
25 25 50 50 23
0 0 100 100 24

Xt A AT B B, SR SR E AT SE R R U, 1R
UE T RSP 51 40 09 I 7 3 0l AR

Z & PCR UM FE v, o 5 645 Oh A
BREAT % 52, AR SR BF 9% 25 S R W A~ U 7
AR B DA R R 0.5% 2% 1 2% , AL F
AL T 45 Oh K6 H B AR X6 45 w8, 0 B 5 DR ol >
FRUREL - ol Bz R ) A TR o, A ) 5 6 A RS TR AR T A
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Fig. 5 Detection limit of adulteration in ZSS by multiplex allele-
specific PCR

M1 24

549 bp

169 by 389 bp

1 : M.DL2000 DNA Marker; 1~10. iR {1~ ; 11~15. U T ; 16~
20 F AT 21~23. R AT -ABL T - A4 51 R 0.5%: 49.75%:
49.75%,49.75%:0.5%:49.75%,49.75%:49.75%:0.5%; 24. 25 [
6 EBRFCMEFNEFCHSEPCRIEAMER
Fig. 6 Applicability of multiplex allele-specific PCR in ZSS, HAS
and ZMS
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