%51% 55 WOk K % ¥ R O(E ¥ ) Vol.51 No.5
5

20254F 9 H Journal of Jilin University (Medicine Edition) Sep. 202 1399

[XXEHE] 1671-587X(2025)05-1399-08 DOI:10. 13481/j. 1671-587X. 20250529

LAMPE£4& CRISPR/Casl12a & % # M 8 3% i a8 & th E
FiEWEILEHEIFEN

W, ek, % #, T, RKAF, BET, SRR, REL, W4
(bR 2 I 2 7 R 2 G M AR TR A 36 U 22, & AR & AR 132013)

[ ZE] HB.: BB AFEERY B (LAMP) FUFE R B0 &) B % [F SC E & ¥ 5] (CRISPR) /
CRISPRAI K 1 12a (Casl2a) (CRISPR/Casl2a) Z 445 A B9 B HE Yk I vk, I IF o
HAR I A RIS (Vp) AN RIE TR R (b)) FERECRE . FHk: DLV B b FERAE RN
Wit LAMP 5 #F1 CRISPR RNA  (crRNA), #2If-fif/b LAMP-CRISPR i Il 14 & 4% J 43 f A4 vk 2 TG
Fo, DABSFEZFIAT B . 4 o €030 24 BR AT JOR I 30 A TR D X 2L, S MRS I Vip o/h B K Y LAMP-
CRISPR/Casl2a /7%, IRk iR vk . REUE | EEM M HMER G R0 . &5 Zh ik
REAe MR Vp, BEFEZEFAT I . &0 OO A ER B AR IR A N BAMEZ5 5 . Vp DNA SO
H7190. 67 mg-L '"BFIOGE (A) (260) /A (280) LLfH A 1.84, e PCR (qPCR) {X37°C. 8011
. 40 min )&, LAMP-CRISPR/Cas12afk & ' Cas12a 2 4 il crRNA (4 & 24 50 nmol- L'
i DAY R 2 B R A X 2Ol o B 0 R, RS Ve DNA MR REBUE W36 10 *me- L' EEMIKB R, A
[7i] S50 N D36 AN R) S 30 PR 45 . AN () )R] 3 5 RS I 45 SR — 8. S5 = 7  LAMP-CRISPR/Cas12a 7
DT ARG Vp 0 elh BE DR, LR R L Ry SR AR, R S B b S e [R] Y R A AR

(X&) R MYEIE; CRISPR-Casl2a R45; thIE; HA-SERY 1, RGN
[FESES] R446.5 [X#kFRER] A

Establishment of LAMP combined with CRISPR/Cas12a
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ABSTRACT Objective: To establish a rapid detection method for pathogenic microorganisms by combining
loop-mediated isothermal amplification (LAMP) and clustered regularly interspaced short palindromic
repeats(CRISPR)/CRISPR-associated protein 12a(Cas12a) (CRISPR-Cas12a) system, and to evaluate its

[KkF EHI] 2024-10-08 [(RABH] 2024-12-12
[(HE2TR] HHAERFEITRRE EREITHE (20230204085YY, 20230202059NC) 5 At 4 K 2% 6F 5¢ 4= 81 # i &l w51 B
([2023]071)

(MEZEBA] A (1998—), L, HMREHEMRIA, FEMLATTE A, 322 T a5 PE i A 4 b sk s 0 5 1 g 0T 5
(BEMEE] e, ##, SLo4ES0 (E-mail: jlsunliyuan@163.com)

© (EMRRFEM (B2 ) FiEE, JFRRGENE CC BY-NC-ND #r.
© Editorial Board of Journal of Jilin University (Medicine Edition). Open access under CC BY-NC-ND license.



1400 TR (BEFR) H51E HE5H 20254 9 ]

efficacy for detecting the thermolabile hemolysin (#/h) gene of Vibrio parahaemolyticus( Vp). Methods: Using
the 7/h gene of Vp as the target gene, LAMP primers and CRISPR RNA(crRNA) were designed to construct
and optimize the optimal concentration ratio of each component in the LAMP-CRISPR detection system.
Bacillus cereus, Staphylococcus aureus, and Escherichia coli were used as control groups, and the specificity,
sensitivity, reproducibility and positive conformity rate were verified to establish a rapid LAMP-CRISPR/
Casl2a method for detecting the #/4 gene of Vp. Results: The method specifically detected Vp, while
Bacillus cereus, Staphylococcus aureus, and Escherichia coli yielded negative results. The DNA extraction
concentration of Vp was 190. 67 mg-L. ' with an A(260)/(A280) ratio of 1. 84. Under the reaction conditions
of 37 “C with 80 cycles for 40 min using quantitative PCR (qPCR) method, when the concentrations of
Cas12a protein and crRNA in the LAMP-CRISPR/Cas12a system were 50 nmol-1.~", the visual brightness
and relative fluorescence intensity peaks were high. The sensitivity of LAMP CRISPR/Cas12a for detecting
Vp DNA concentration could reach 10~° mg-L.~". The reproducibility test results showed that different
Conclusion: The
established LAMP-CRISPR/Cas12a method can rapidly detect the #/h gene of Vp with high sensitivity and
specificity, and can achieve short-term visual detection in the field.
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experimenters had consistent results in different experimental environments and times.

amplification; Nucleic acid test

RIS YL (Vibrio parahaemolyticus, Vp)
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(clustered regularly interspaced short palindromic
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1.1 SB@A#A . TE2ANFNE
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NE), KGR A VA A B0 G 3K O RN R 2 AT
TR 35 Ry Al A8 R 2 B 2 R 27 I i I Al A ) e 3 A 5
FRAFEFP . 2X Taq PCR Master Mix I [ b 5 K
AR AT R AR, 10X LbCasl2a 24 i 22 il |
1 pmol-L ™" LbCas12a #% & f§ . 500 nmol-L ™" crRNA
A1 pmol-L " DNA g & 73 7 ¥ [ ) 3L 3 5L A
FHEA RS A R, 88 % EY 8 PCRIE &)
WHAETAY TR (L) ROARAF . LY
A GV s b & A BR A H ), 20 0 B 3R 4
(BRI ARA R BEF AT ), BSA124S
B R (b st 38 2 M B2 (U A R A D,
ETC811 PCR ¥ 14 A3 (J5 MM AR i 24l B} 25 A 25 4 B
v Al ), DS-11IFX A fi i 4% iR 8 (1 A A (€
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FAERARAH) .
1.2 AR EKDNA

BN Vp. BEREZEMAT R . 4 65 4G BRI A
Kk A W, BU50 ul ddH,O T EP & v, FH % b
IRPROhR TR AR, RN RE TR AL A, RIA
WM, P . R ORI A R iR 4R R
100 “CHN#4 10 min, F 4 C# & 10 min, 12 000 g
B0 10 min, FEVUGE, 708 BFE, B HKDNA,
WK 3%, —20 CORAF# I . W5 $E U DNA,
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i 260 A1 280 nm &b W S BE (A) fH, R
KA SE B B DNA B W BRI 4l BE L, L
A(260)/A(280) 1 LLE AL DNA 4l
1.3 sl# A=A & #H

PL Vp I tlh FE TR Ry $ 36 PR 17 LAMP R 545

PIF CRISPR RNA (crRNA) K #i4% DNA (single-
stranded DNA, ssDNA) #%t, LAMP3I¥H 4T
AT REARRS (L) BROARAFR S K,
crRNA K ssDNA #8451 i 7 M 3k 5 AR H A7 BR 58
EAF G B B FIEE P8 I3 1,

#£1 LAMPRETIY Vp i crRNA K ssDNA 54t ¥ 51
Tab.1 Sequences of LAMP specific primers and crRNA and ssDNA probes for Vp

Primer Sequence(5'—3")

LAMP-t/h F3.GCGCAAGGTTACAACATCAC
B3:AAACTTCTCAGCACCAGACG
FIP:GCGTTCACGAAACCGTGCTCTTTGATACTCACGCCTTGTTCG
BIP: TTGGACATCAACCGCTCATCGTGCACACTCAGAGCGCAAT

crRNA GGGUAAUUUCUACUAAGUGUAGAUCUGGAGCACCAGACCGUUGU

ssDNA TTTTTT

1.4 LAMP-CRISPR B & 4k % #4L

LAMP 52 55 ¥ & i B B B, 43 il 2B 56 °C.
58 ‘C. 60 CHI62°C; WEWN. Fh5l ¥4k,
Bp1:1, 2:1, 4:1M8:1; ZH&ERMNIEKRSP
Bst DNA &G B B9 A A fin A s K 0.5, 1.0 F0
1.5 plo XA/ B & E 1A% A3 E xR
2, DABAE il B R VAR R o

fF LAMP Y 3795, 435l A Casl2a i M .
crRNA Fl ssDNA ¥ 4F, 37 C) W 5 min. & & i
# crRNA HI Casl2a 8 H YW EE, 435 20, 30,
40 150 nmol-L 1, 3 2 # Yk 4% 47 R 26 (5 5 0
A R AR £ . # € LAMP-CRISPR JZ B K & )5
£ LAMP #7388 7= 45 o A 10X 24 fift 28 op W
1 pmol-L. ' Cas12a, 500 nmol-L. ' crRNA. 2 ypmol-L '
ssDNA fil — & & By DEPC H,O, 7 & & PCR
(quantitative PCR, qPCR) {X 37 °C. 80/1E ¥ .
SR 40 min Ji5, WSS HL UK 4545 RO 6 A 5 0 B2 K T
#r LAMP-CRISPR J7 ik '
1.5 LAMP-CRISPR 7 ik #F## 4
1.5.1 FESEAN RGN Vp . &8 A
) ERTE . K 30 A ORI A 2F AT T DNA Ji 7
BE10mg-L ", IR “1.47 L3 gy e dd v i
Z AT LAMP-CRISPR IV, R FH Bt i A 68 e rit
VK5 5 A B AR S I 2¢ 6B VA R S
1.5.2 REPUEEM K Vp ) DNA A5 51 Fi B
SN ERE (10 *mg-L '~10°mg-L "), &
B “1.4” 25 R p i f A IR &R #E 4T LAMP-
CRISPR i, R FH 35 A6 Wi 5 e i UK 5 28 203 Y

1Y) S B 2 S E P R R S

1.5.3 HEMWAN 2 HITE 3N AR i 344
AR B ERE R ST, # IR C1.47 PR
{1 $5% A4 52 R A 3R 3E 47 LAMP-CRISPR & 1, %
T AR U5 2 PR DK 5 58 0 a2 AL S I e AR PR A
M

1.5.4 [HMERF AR R &M “1.47 PR
I 1A 2 4T LAMP-CRISPR [z I K I 45 400 b A%
I F R I 245 R 5 L B 9 Ot qPCR - (real-time
fluorescence qPCR, RT-qPCR) # il &5 5 i 17 X%
e, iR BHMEM G R, HEMFGR= [ HHME/
(EPAMERCH BB EED) 1 X 100% .

2 & B

2.1 B DNARIRLEFRE

2 BB bR 2 [ 41 DNA 9 A (260)/A(280) He
BI7E 1.8~2.0, H DNA ¥ B ##8 i 150 mg-L ',
UL 2, W PCREEY M 920 5ok

R2 AR DNA 2 BLLEMEE
Tab. 2 DNA extraction purities and concentrations of each

bacterial strain

Concentration

Bacterial strain A(260)/A(280)

[oy/(mg-L 1]
Vp 1.84+0.01 190.67£0.05
Bacillus cereus 1.8840.02 248.26+£2.45
Staphylococcus aureus 1.95+0.01 155.87£4.70
Escherichia coli 1.8240.03 177.6443.35
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2.2 LAMP-CRISPR &£ % &4 &4 fo B 54 &
LAMP S5 85 5L W oR . N il B 60 Ch 2%
WHREMW (K1) WL S5IYfl 4 18 : 1
AT UL B 4k (181 2) 5 Bst DNA R A in A &
0.5, 1.0 1.5 pl Bf ¥ 0] ULy My 4545 (/&1 3) .
PRI 1M e A 52 30 2 AP o A B L BE 60 °C, L AR AL
SR 4 0 1 H Bst DNA RARINAE}O0.5pL,
J5 22 LAMP 5256 &/ W AR & (25 pl) E N -
2% LAMP Mix 12. 5 HL’ 9F§|%F3$HB3%O‘ 5 HL’ M: 100 bp marker; Lane 1: 1:1; Lane 2: 2: 1; Lane 3: 4:1;

% Lane 4: 8:1; N: Blank control.
W51 ¥ FIP #1 BIP 4 2 ul., DNA 2 ul., Bst DNA B2 LAMPEE S 8 K AAL

REM0.5 pl, DEPC K5 plo Fig. 2 Optimization of optimal primer ratio for LAMP

M: 100 bp marker; Lane 1:56 ‘C; Lane 2:58 °C; Lane 3:60 C;

Lane 4:62 °C; N:Blank control. M: 100 bp marker; Lane 1: 0.5 pL.; Lane 2: 1.0 pL.; Lane 3:
Bl LAMP BE 5N IR BE AR A6 1.5 plL; N: Blank control.

Fig. 1 Optimization of optimal reaction temperature B3 LAMP Bst DNA BAEIAEKAL

for LAMP Fig. 3 Optimization of Bst DNA polymerase dosage

for LAMP
LAMP-CRISPR Jz b & & th b 45 R B s .

Cas12a #E 1 fll crRNA ¥ £ 3% % & 50 nmol- L~ " A, OGS . W 4ARS, BT g R,
320 nm AP E T A IR 2% 56 25 BE D8 I ASOR: I AH Xk LAMP-CRISPR #t 4 2 AR & 352 W3 3.

13 000~

12000~ =50 nmol-L !
40 nmol-L !
10 000~ =30 nmol-L
20 nmol-L !
8 000~ === Blank control
=)
B~
& 6000~
4000~
2000~
= s —
1 0001+t

T T ARARARS EARRL SRS T T T T T RmanaE
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Cycle number

A B
A': Visualization results under 320 nm ultraviolet light (1: 20 nmol-L""; 2: 30 nmol-L"'; 3: 40 nmol-L"'; 4: 50 nmol-L"'; N:
Blank control) ; B: Amplification fluorescence curves.

B4 LAMP-CRISPR R H Casl2a B FRARL T B HE

Fig. 4 Determination of optimal final concentration of Cas12a protein in LAMP-CRISPR reactions
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12
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— 1 000 T rrr T T T T T T T T T T T T T T T T T T T T T T T T TR T T T T
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Cycle number
B

A': Visualization results under 320 nm ultraviolet light(1: 20 nmol- L' 2:30 nmol-L™"; 3:40 nmol-L™*; 4:50 nmol-L™'; N:Blank

control) ; B: Amplification fluorescence curves.

El5 LAMP-CRISPR R H crRNA B AR E N E

Fig. 5 Determination of optimal final concentration of crRNA in LAMP-CRISPR reactions

#3 LAMP-CRISPRBER Bk R
Tab.3 Optimal reaction system of LAMP-CRISPR

2.3 LAMP-CRISPR 7 & 5 3%
2.3.1 FrSMIEM XA R E kT R LAMP-

Reaction system Volume( V/pl) Reaction condition CRISPR T ERK N, {2 Vp & VE T HE Tk 4%
107 Cleavage bufler >0 o ERERERIOIE S, FUA P A S X R T K
et e 5 e AW BSOS | WO Ve R AT R
2 pmol-1. " ssDNA 6.0 80 cycles RSk UL 6.

1 pmol-L ' DNA 2.0 40 min 2.3.2 REEITH K Vp R H DNA #1745
DEPC 1,0 151 HRi R, 2R DNA VKRB 10 " mg-L

I, BRUNR BRI FL VK AT AT UL B3 T H A9 2%, B

7 000 T
,,,,, T S T e B T e
e e m—— - I A - N — 5
—— Staphylococcus aureus
5000 _-===\ Escherichiacoll ______ | _____ U WIS (U R TN F— ‘ ,,,,71,,, S I S—
4 0004 —— Blank control
D - o - - N N -
o 3000 S E— - = = IR A = -
#2000
1000 T - . 7/ o - - -
S ] N I =t = - =
O — B S ety -
—1 000
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Cycle number
C
A: LAMP-CRISPR electrophoretic result (M : 100 bp marker; Lane 1: Vp; Lane 2: Bacillus cereus; Lane 3:Staphylococcus aureus ;
Lane 4: Escherichia coli; N: Blank control); B: Visualization results under 320 nm ultraviolet light (1: Vp; 2: Bacillus cereus;
3:Staphylococcus aureus; 4 : Escherichia coli; N:Blank control); C: Amplification fluorescence curves.
K6 LAMP-CRISPR#:FZMIEM
Fig. 6 Evaluation on specificity of LAMP-CRISPR
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LHMET RIRAT L2 E. WK 7,
2.3.3 EEMITH W3IKBLEBIENGTEAR
5256 28 % LAMP-CRISPR/Cas12a £  Vip BH

6

]

iloo
all

PRAS, ARG AE SR — B, Bl B R I H ik 4 T L
W H RS, BRSO WIR AT IS, W%
Tk EENEL . WA S,

ey
gy
EROEh N

-
¥ ——

Cycle number

A: LAMP-CRISPR electrophoretic result (M : 100 bp marker; Lane 1: 10 mg-L™'; Lane 2: 10' mg-L ™ '; Lane 3: 10’ mg-L ™ ';
Lane 4: 10" mg'Lﬂ; Lane 5: 10 2 mg'Ifl; Lane 6: 10 ° mg-If'; Lane 7: 10 * mg'If'; Lane 8: 10 ° mg'Ifl; Lane 9: 10°° mg-If';

Lane 10: 107 mg-Ifl; Lane 11: 107 mg-L”;N :Blank control) ; B: Visualization results under 320 nm ultraviolet light(1: 10° mg-Ifl;
2: 10" mg-L 1.3: 10° mg-L 4. 10 1mg-L 1. 5. 10 ng-L 6. 10°° mg-L L7.10 lmg-l, 1.8: 10 ng-L 1. 9. 10 6mg'L L

10: 10 "mg-L ';11: 10 *mg-L ';N:Blank control) ; C: Amplification fluorescence curves.

B 7 LAMP-CRISPR R &R R4
Fig. 7 Evaluation on sensitivity of LAMP-CRISPR

2.3.4  PHPERF G0 A Al H ST 1 LAMP-
CRISPR/Cas12a J7 ¥ Fl RT-qPCR J7 1 X Il & £ Bl
Vp i G BEAT K, He A 2 A7 1k R T 45 5 O 43
BT MR A%, 45 R 28 . LAMP-CRISPR/
Cas12a J7 16 B BHYEFF G 8 Al RT-qPCR B 1 FH M 45
GRGER—-, WEFE -3, IEW LAMP-CRISPR
kAT, WA
3 3
BEEBORE Vel KM EYhEHF2HE
AERE R R, PUE R K@, BHAEr, B vy
) bR R R R, XTI Vp KTl
S Tl N L% o R | iV & =S R = IS VA U
BRPERR 2 RGBT P TR . Mk, B
K P . KRR Vp AR A FEERE Y A
T2 T R X R U T S B TR B R R,
AF Ok [ N A 2R Y BRI & D AR T T B,
PCR-BERHL K i A . RT-qPCR., H:[H 48 20 F %0

AL DL K ELISA 345, & A URe i O 2 B[R] i
A — W R B . PCR-#E L vk 2 PRl HL AR 2%
th o, AR R 25 R B L K S 7 A R I Rk
FlG YU Z B R, R AT AR, RT-
qPCR 4% AR B4R B4 i BE R S v R R R, (B 1
e 65 001 2 FH 7 5 0 9 S AR T it A7 199 J 1 ) R, 6 A
T SR oy BT ik PR ) e A - TSz BR
LAMP J& —F 818 i 3 F AW 5 % 0w F B,
HAeSFEWNEE . wRE MG ERSE, 2
— PR R IR Y R . SR EEKRY T
BEME, iz AR R HBETT T 5% B bk DNA JF 51 (1)
6 N I A ARSI . AR & DNA 7E
60 C~65 CHHEE T, BAII Y. = Ak &
DNA B 4 L B ANTPs 2857, B — 25 BRI np 52
PR R A TSR AR, T RO B s 0 R B R A
W E T TN S M. LAMP A — & 1 it
ML, ARSI, SR BB EME, X anfriE o
FEg I ih . o R S5 U R R I & R R I T B
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Op 1 U PN IRV HUSNR AU JEURURE AR VSRR NESY N /:{ii ,,,,,,,
20 000 Operator 2 Sel -
—— Operator P —
F——rBlank-gontrols s = e m e e ’"7’/({:;’ S R B
5 15000 I
[ T | P SR WIS (SR —— IO o I oo TR R PESSININ ISR IS
[~ Pt
10 000 e
___________ il RN I AR R R N e R
: it
5 000 T —— S
= ;;/;;’—-—“_’fi """" S R s e s e s T S s e
—1 0003+
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Cycle number
C

A: LAMP-CRISPR electrophoretic result(M: 100 bp marker; Lane 1: Operator 1; Lane 2: Operator 2; Lane 3: Operator 3; N: Blank
control) ; B: Visualization results under 320 nm ultraviolet light (1: Operator 1; 2: Operator 2; 3: Operator 3; N: Blank control) ;
C: Amplification fluorescence curves.
B8 LAMP-CRISPREX H:iFHr
Fig. 8 Evaluation on repeatability of LAMP-CRISPR

R W EABFER

Tab.4 Positive conformity rates of two methods

Conformity
Method Positive  Feminine

rate(n/ %)
RT-qPCR 25 0 100
LAMP-CRISPR/Cas12a 25 0 100

DASE B 1 7= U Sk 0 e S e O], AT TR
58 . CRISPR RS0, FR46 40 6 A1l B b iy — Fpid
NEPESEERLE], BT IZ RS K 1) CRISPR/Cas $£
AR AT U AR B 2% 1 3 X G 3 B R o I 4Ok Cas12,
Cas13 Fll Cas14 &5 [ AN AR B H &1 6 e $8 7 91 1)
o SO A e PN VD PR R, I LA R B X A R
PE ssDNA FlHEE RNA (9 5 1 VI E R Y, F5s
Al e RO ) Cas 28K (40 Cas12a8f Casl13a)
Mt 5] & RNA (guide RNA, gRNA) #if, 5
BUARIRBIRC% . Hirh Cas12a & (1 H A M8/ R,
sb, AR T RO A, BT
LRI %L (protospacer adjacent motif, PAM) H
A BRI RE T . Vi B A SEA I 32 22 R Cas12a
8¢ Casl3a 25 H W R L) H 6 £, ooRNA 5 H
DNA (1 tdh R 8 orh ) HAMIEX, 454 Cas
E AL M E K. Casl2a 76 U] & ¥ kR X5 DNA

OB P#)) J5, #0% ssDNA U135, )
Wr 92 Jehnic (W FAM-BHQ1) (8%, Mo Bk
PECAF T IR BT AR A ROCR o A I A 43 S i R
B, fH TR R CRISPR R b, ¥y
Casl2a-crRNA & G L9 C R A, @5k
SRIEFIWZE R . AR A ARG REES
B bE, MR g E 1 RN, mR TG R
Po IR LA B IE HPE, G5 )2 M ik 40 2% ol i 45
KPR IR, & T Hs 1M 3R5 % %5
o (HHALAE — MR BRI, T RS M ) 3
) crRNA . CRISPR % [ 4 8 H R oy Vp /9460 5
B PB4 T RS B T HARL O R AR TR
R FEFR I BIRE Sy, T I — 2 P 76 TR A I
WA A BB HEA R . R R AR T 2 AR
B (4 CRISPR-LAMP-# 45 ) Fl 85 24 R &
(4n One Health 5 B¢ ), #E 30 A SE 50 = 2 7k 4k 1
Ak

A WF 58 # ST — OB 2% 1 LAMP-CRISPR/
Casl2a 7 ¥ Vp () elh FE P, A 44 2 £ 1H 1R
37 ‘CIR I 20~40 min BRI AT 58 ks M, 25 SR 847l 4
fb, ZOrEEAT R PR WAL SRR . X R
i3 v) 5 0 45 AR R A — R, BT B A
B 1A ML AR AR L A B . H CasTEH &I
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H VAR R R T AR RSB AR BRI, e BO%TT
IO S BRSO o FEAZ R A I T, ROk
AT RABE B B9 crRNA I i B 5 44 1) Cas 25
F o, P Ab 38 92 b s A g D) 28 ol LA S B
5, AT BN AN Y BN [ 2 BEAT L DT 4R
7B ID, i e A R

i Lk, AW @ T LAMP-CRISPR/
Cas12a TR Vp B9 th 36D, Atk 116
o Vp B PR A I B R R s R T, A
FAT Y T AR %7 5 i RO 0 2, 5 ) W Al 2
w1

P 55 SR A
BT AT 3 A WA AE R 2 o 5
EE TR

JHEGZ 5L R R B RS SURS , ke XA
TCHEMEE TS SO R KB, mET . MR
RIB 2 &S 58T, IV RS 58 B S 1 .

(&% k]

(1] BTMpR, 5k ok, Bk, & B4 SFIRT AL
B LB AR 13 AT AR D R VA P IR [T ] B A BT
TR AR AR, 2024, 15(1) : 74-84.

(2] . TDHAITRHBI M i £ I 1 ) 7 v 0 5 it 1%
ZAEPEME W ID ] )N AER AR R, 2020.

[31 )7, #ritde, 2SS, S KA WA S EY B M
Ao o) 3 2132 4K 4 T A Ak A D00 A v AR R (D). b R
AR AR, 2023, 28(1) : 180-189.

(4] THEsE, A, Xk, & BT EHAmN FHFET
1% -CRISPR/Cas12afy 7 fa ) Fh i S E F 5[], B b
LA A I AE AR, 2024, 15(4) : 40-48.

[5] FFRWE, REL, @3 R SOE R 5 b5k
TE B VA PR I B AS 56 BE 0 86 TR R R N 5 A [T ],
T % A BUR RN 22412, 2019, 10(1) : 252-255.

[6] JIANG M C, HU Z X, WANG K X, et al. CRISPR/
Cas9-mediated knockout of SLC15A4 gene involved in
the immune response in bovine rumen epithelial cells[J].
J Integr Agric, 2023, 22(10): 3148-3158.

[7] SI X X, ZHANG Q, LUO Z D, et al. A rapid and
accurate  CRISPR/Casl12b-mediated genotyping assay
for the methylenetetrahydrofolate
polymorphism C677T [J]. Biomed Environ Sci, 2023,
36(6): 561-565.

(8] JU Y, KIM H Y, AHN J K, et al. Ultrasensitive

version of nucleic acid sequence-based amplification

reductase  gene

(NASBA) utilizing a nicking and extension chain
reaction system[J]. Nanoscale, 2021, 13(24) : 10785-

10791.

[9] KUTI K A, NUR R A, DONKA G M, et al
Predictors of intestinal parasitic infection among food
handlers working in madda walabu university, Ethiopia:
a cross-sectional study [J]. Interdiscip Perspect Infect
Dis, 2020, 2020: 9321348.

[I0] WANG S, HU J H, XIAO S, et al. Fluorescent/
electrochemical dual-signal response biosensing strategy
mediated by  DNAzyme-ferrocene-triggered  click

chemistry for simultaneous rapid screening and
quantitative detection of Vibrio parahaemolyticus [J].
Sens Actuat B Chem, 2023, 380: 133393.

[11]{E  #%. LAMP% & CRISPREZ A I T B i A4 1 45 i
Sl A BESE LD ] BTN WK, 2022.

[12] SHEN Z K, LIU Y, CHEN L M. Qualitative and
quantitative detection of potentially virulent Vibrio
parahaemolyticus in drinking water and commonly
consumed aquatic products by loop-mediated isothermal
amplification[ J]. Pathogens, 2021, 11(1): 10.

[13] ANUPAMA K P, NAYAK A, KARUNASAGAR 1,
et al. Evaluation of loop-mediated isothermal

amplification assay along with conventional and real-time

PCR assay for sensitive detection of pathogenic Vibrio

parahaemolyticus ~ from  seafood without
enrichment[J]. Mol Biol Rep, 2021, 48(1): 1009-1016.

(1410 %%, ar B, 9 3, % REUK-BNSFFRY
TR R S A D0 R A i BN T Oy ik B ST
E T BE 2 2, 2017, 18(4) : 266-271.

[15] Taksk, ¥ 2, SN, % LE 9O PCRECA P
G B T B R ZE AT T L] SR ARG B -1l A A
2022, 58(12): 1461-1465.

[16] £ 5%, JR3CHE, Xk, 4. PN ALET 98 2 I e 0 S 6
ARG Iy v B ms [T ] I R AT BEAG 7% 35, 2024, 40(4)
672-678.

[17] MAFFERT P, REVERCHON S, NASSER W, et al.

New nucleic acid testing devices to diagnose infectious

sample

diseases in resource-limited settings [J]. Eur J Clin
Microbiol Infect Dis, 2017, 36(10): 1717-1731.

[18] BE 2, MEE L, XIBUE, 55 . 5% 8 250 3 28 LAMP-
CRISPR/Cas12a% M J5 v iy gt 37 45 B L], o [l 5 12
Fla#, 2024, 54(6) : 728-734.

[19] # 24, FFLAMP-CRISPR/Cas12al) GMO#: iR Tl i#
K LR EFE (D ] 3R - LRI I, 2023.

[20] LIN Z Q, LUJF, WU S H, et al. A novel detection
method for the pathogenic Aeromonas hydrophila
expressing aerA gene and/or hlyA gene based on
dualplex RAA and CRISPR/Casl2a[J]. Front Microbiol ,
2022, 13: 973996.



