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B 75 I HAH 5435 F (clustered regularly interspaced short palindromic repeats-associated protein, CRISPR-Cas)
T, RS G g RSN, FE I . B R TR CRISPR FE[E i+ A gy
RPA 254 CRISPR/Cas12a i Jy ik, Hus A rg K < PR Ts, R R AR 25 R (loop-mediated isothermal
amplification, LAMP)J5 i FL X PP 73 (e HE 26 i A g /S PR O BRT 0 B MR IR 25 08, SR AR A 8
M 252 R, SRIPEEYLRI(SYBR green, SYBG) LT %6 Y i€ 10 I8 A il 5 X )V (real-time fluorescence quantitative
polymerase chain reaction, qPCR)MZE M 2 3L H, AT 25 R B ST 2 L E L5 R —sh: . SR 1 74 filfak
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ABSTRACT: Objective
with clustered regularly interspaced short palindromic repeats-associated protein (CRISPR-Cas) to detect Aeromonas

A new method of RPA combined with

To establish a new method using recombinase polymerase amplification (RPA) combined

hydrophila in fish products and analyze its drug resistance. Methods
CRISPR/Cas12a was established based on the latest CRISPR gene editing technology to rapidly detect Aeromonas
hydrophila, and the loop-mediated isothermal amplification (LAMP) method was used to compare the results of the
two methods. To screen the drug resistance of Aeromonas hydrophila isolates, the disk diffusion method was used to
determine the drug resistance phenotype, SYBR Green (SYBG) real-time fluorescence quantitative polymerase chain
reaction (QPCR) was used to determine the drug resistance genes, and the consistency of the drug resistance
phenotype and drug resistance gene results was analyzed. Results Among 74 fish samples, 6 cases of Aeromonas
hydrophila were simultaneously detected based on RPA-CRISPR/Cas12a and LAMP. Analysis of the drug resistance
test results found that the isolates had great differences in resistance to 10 antibiotics in 5 major categories, and the
results of drug-resistant phenotypes and drug-resistant genes were highly consistent. Conclusion The established
RPA-CRISPR/Cas12a method is suitable for rapid detection of Aeromonas hydrophila. The mechanism of bacterial
drug resistance is relatively complex, and the generation of drug-resistant phenotypes is regulated by drug-resistant
genes to a certain extent. The research results provide new ideas and methods for rapid detection and drug resistance
screening of Aderomonas hydrophila in aquatic products.

KEY WORDS: Aeromonas hydrophila; recombinase polymerase amplification; clustered regularly interspaced short

palindromic repeats-associated protei; loop-mediated isothermal amplification; real-time fluorescence quantitative

polymerase chain reaction; drug-resistant phenotype; drug-resistant gene
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0 3

W& K S MU T8 (Aeromonas  hydrophila) & Rk 7 B 5
MR g, £ ARR PNz, B—FAN-F- KAt
B SEORTE, R AT ISR mIZE, dal s
el FHaml o BEmBl e B s RS
Al H AR BBV S KRB AL R, S8
FER AR IHUBIET, 4K FRal e e B R & B R
I 7K A BRI TR A g — T 2 1) g T D R s P i
A AR EIRERGEAZ, IR AL EY . .
S B R WIRE SR, XK SR 4 A R NP
fe FERA BRI R G K S BB (436 T SR T
PUER, WICHMFE, B T A 0 RS I o) 75
A il ik 2 Jk et A e by E O

VT AR BB A B AE 20 ok BE A AR T, K i i
G ELRTG Ye T, 25 NI R a3 IR I PR [0 AR gkt B
(] 0 ; 3% it A 22 1 2 41 R (antibiotic-resistant bacteria,
ARB)FIHi 4= i 25 55 [Fl (antibiotic resistance genes, ARGs)
MBI, JEIMFE ARGs fEKAERBE DT I 718, TR
LA 2 A AN S IS A 3R PSR K R A v
WP R EREENESE . RKIPNBRIE . s, puEp
RAR . EUIME RS, W ULAGE A A DG R 2K . Y

R WEREZE . KIRNERZE . 20T . p- ik
KUK BERPM AN, BRI R i i 2
PR O S MTH, EAH G 25 58 27K 7 b AT
K2, SHIN A5 hf K 7= i Fp P 4L 5 SR, 387
b R T TRV L 5 R N P 24 5 DR A ARG A DG P, B
BRI AT DA HEIR 25 38 D A 7 A . AHMEDM 54 415 2 i
PG RTARRA ARGs HEFTIEAL, & BLHTAE R 250 e = 19
MG ARGs k2. L1 25N A % B3R T 13
ANFRFE FEHD 7K T BT 2 S R s g, PR e 2
sulll  PUPRZE 2 tetM iR 24 J R Rt o3 i i . R BRVE T,
ik R MR —A H 2 E Ay R, AZSE S g )
PrIEE B S A A SR T B 25 K15 ARB & ARG,
P 1 L T4 24 20 (World Health Organization, WHO)# £,
A 700 J7 NFET R 2P, B 2050 4K 10 J7
NFET-U CARVALHO 26181 g A ot i i A L AN £
S B M S B R T 5 1) blaCTX-M-15., blaNDM %5}
R, URKBAFHE . IR CHEMESFE ST AIpE, FHE
S 20 AT AR B A L =2 6] LA B 3 A LA 5% 2 ) % 45,
Gy 5| A J LML AE .

BET, B X 2GR 2k i A, AR R Uk SE g
(antimicrobial susceptibility testing, AST)2: F % # 5 F 1Y
Tk, ARG YR . BUBTRL . WL W
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BRRE A T, XA ARERTAE Sy, T FLERA
HRTRE 2 X S0 N B4 A A — R BB, AR B K
(B ) AN s R R, FLATREAAFE—E it ) 4
XA BT 25 S DR A, H BRI  ASCBR | IR AR 58
HR IR S BOR G T AW A BOR LU AL LT |
5% R L0 VR A 0 2 L B S 2 000 25 oy o 00 PP

ARFNFERLE - BR, B> 7AW BRIl REH O A B 5

e I P BRI R AR L P IRAE R L Bz AR
HEAL AT B S AR 20 A i i RS Fr BOR R B AN R B B
TR A AR G 25 . TR AR 1R ¥R & (minimal  inhibitory
concentration, MIC){E. . JG72: K7 A8 B AR 4R A0 4 B i 24 2
PRI 200 O = e bR 00 D) i) o s i o 42 )7 90 B HC A G 2R 1
(clustered  regularly interspaced short palindromic
repeats-associated protein, CRISPR-Cas)Z 4t 1 4% FR K 4
AREA P MEFRIIIREE | (X3 . #4E A BT ZRARA L
H, BAT AT AL SR I T . CRISPR/Cas R GEiE 1 i
755 | 5 RNA (guide RNA, gRNA)IF, 1531 5 4k 4 ity L
o HARAZIR Y H 19, I HXSMNEAZ R = BE R 5, AT P
DNA % &= il 3, e FRIAT R, 25550
PR H ARG A % Ha v B & TR EOR A B, 5t
AP SR T AR A S (recombinase polymerase
amplification, RPA)5 CRISPR/Casl2a REH LS, TR
TR PR U R A TR R R A
%, KGR AT AE 30 min NSEML. BRARAEI A T
RPA/CRISPR-Cas12a HAR BAZ A MG A= 2 S5 T 4 R A,
Wy, Bl R RZE 30 min, [FIAHAT 4R A RBUE,
20 pL &R ATKG I E AL 0.0015 ng ¥EARKLER . T,
RPA-CRISPR/Cas12a £ B IS LB B 5 i s i 1 R
B S) . RARTRERE AL, TR Y RO AR A,
B St AL A Sh AR G DN 5 T AT A O T 5%
ABIEFEMCEE T R XK FRIAAL I 74 5] (A%
dir, SRS (9 RPA 254 CRISPR/Cas12a 46 7 i e i
AN 81 A it 52 W 7K PR TR SRR K-, (]I SR T PR A
IR P 1 (loop-mediated isothermal amplification, LAMP)J7
A TIE o SR AT 4B 202 R i K R T
YRR 253 B E, RPOEHRH(SYBR Green, SYBG)SLHf
WOt E w B A M s X )X ) (real-time fluorescence

quantitative polymerase chain reaction, qPCR)Ks Il i 24 B[4,

FHor M2 B8 7 T 145 T 24 R DRAGI J5 R 45 R 8 — Eob
AT AR K it H I 7K R T R SAS U N i 24 2
AR AT 1%

1 MR5ERE

1.1 HERSEF
MIGEH KK SRR T 74 Bl ZSkE g, B

RAF, B4R R A T H R H4eh,
AT VK i i B T E20°CHEAF & o ARSI = R A7
{14 7K BRI T AR U TR PR CICC10868 $2EUIE R4 DNA Sy
FHAE X

Wi B AR ZE (kanamycin, KAN, 30 pg/
). RKFZE (gentamicin, GEN, 10 pg+2.5 pg/F) . ZAi%
# (tobramycin, TOB, 10 pg/F) . ¥ N ¥ A (ciprofloxacin, CIP,
5 ug/H). WP A (norfloxacin, NOR, 10 pg/F) . ZERIP A
(levofloxacin, LEV, 5 ug/H") . PU¥FZ (tetracycline, TET, 30 pg/
A) . # 2K B % (florfenicol, FFC, 30 pg/ ). A H &
(chloramphenicol, CHL, 30 pg/f). & J7#rif B (compound
sulfamethoxazole, CO SMZ, 25 ug/ ") (" EHTM R 4 )
A B F]); MightyPrep reagent for DNA 7 & [Code
No.9182, 5 H EAYHALE)ARAF] SYBG SEHf2¢
JeE PCR IAFI[Cat#RR820A, FiA: W) T AR (K i) A P2
F]]; DNA & 3535 G (H RS 1#574)(051011M, 1P20010301,
T AUR e R AA R\, B FRBR(GCMI07), E TR
17 (CM106)(J6 3% Fli iy 5 AR S A BR 2 ) ); i R R 2% i
(pH 7.4, 10x)GEIE s AE M HARF IR A H])
12 {HF5RE

Mini- 15K F78 i 3 85 AL (BT BB AR A PR 7DD;
MX-S iSRRI A VIR A BR 2 RD); BWS-10 183
IKAE 5 (i — R4 PR F]); MyBL-100 4
JEAEIR A (H 78 AS ONE /A #]); Flex Quant Studio TM 7 SEH}
7%t PCR {¥ (3% [E Thermo Fisher Scientific 72\ 7 );
Microplate Reader Synergy H1 Bf#5{3 (€ [E BioTek 23 wl)o

1.3 BIAIER DNA #=2E

FETCTR A0 T R AR AT 7, ICA 8 20 ZURE
0.1~0.2 g, WA BAH BEIRELSE vpR MO IS & Hp, S TR
25 10%A9 4LV 5130/, 5000xg B0 S min, WEE RS DUTTEY
F 1.5 mL {59, A 100 pL ) MightyPrep iX7, &
A5, 95°CAKIB A 10 min, BHEZE S, 12000xg 5
2 min, DA RVEREIEE RN, BCRER A TPl
LAMP /3 #7 .

KK S PR AR E B RRIEFT ] LB (Luria-Bertani) A
W, 37°C, H53% 24 h, B 1 mL WHREHEYIE] 1.5 mL 3%
&, 5000xg .0 5 min, WHEITEY, TES A
100 pL f# MightyPrep iX7, 1E-G39%57.95°C/KIE NI 10 min,
RHIEERE, 12000xg B0 2 min, B FHRAE BT
56 LAMP 43#7 o
14 SREMASIHE gRNA
1.4.1 LAMP 3| %4 A&

LAMP 5% HAFRITY, gl ik, o mibs v,
HEAY TROGE)BRAF AN, BETFIE 1,
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1 AT LAMP 755R9514/4R $
Table 1 Primers/probes used in the LAMP method

ik B ARE (B A5) Sl YIRE TP H1(5°—37)
F3(iE [ 516 bp~534 bp) ACTTGTTCTTGGTGGTCAC
B3 CAACGACAGCGACACC

FIP (F1c+F2)

(FLIF] 646 bp~663 bp+iE [i] 571 bp~588 bp) CTGGTCAAGACGGTGGTGGTTGGTGGCGGTATCGTA

LAMP
BIP (Blc+B2) GCCACTTGAACTTGTTCTTGGTGTACGATACCGCCACCAA
(iE ] 507 bp~529 bp+JZ [i] 572 bp~588 bp)
LoopF TCAACGACAGCGACACC
LoopB(iE[1] 531 bp~548 bp) GTCACCTTCTCGCTCAGG
1.42 RPA 314 % gRNA &4 % %2 FTF RPA-CRISPR/Casl12a 7535005 ¥1/iR st
RPA 2|1 % gRNA HATH, el ik, W Rits] Table 2 Primers/probes used for RPA-CRISPR/Cas12a method
. . N A il > b}
Y0, AR T A TR R AT PR R, LA ik PRI IS 37
NESR FW CATAGGGATAGGAGATGT
N ) CAGCCTTGTAGAGC
1.43 @25 3K B A 7] 456 % RPA
B IS FEHEE R 10 M 2L ) gPCR K314, (2 Ry TOAGCOAGARGOTUACCA
$h VO ZRIH 2R rerd; BEMCET 2L sull . sul2;

s s TCAAGTGGCCACTGGTAGGG
WP IRZE T 29 3L qnrd . qnrD . qnrS; AR 23 CRISPR-Casl2a  gRNA  ATCTACACTTAGTAGAAATTA
cmld. floR. cfr; FIHMEAT R ZIEN aac(6)-1b-cr. 519 CTATAGTGAGTCGTATTA
Bl A TR ORIE ) A A AL A L, HARPSI 3% 3, T FW, B9 RY, Fiies|9, %3,

#3 TWHEE qPCR &M5(4
Table 3 Primers for qPCR detection of drug resistance genes
BRI R GlEY)] JFH(5°—3") RIGREEPC  PEUIK R S 3CHK
FW CGCACCGGAAACATCGCTGCAC
sull 62 163 [25]
N RV TGAAGTTCCGCCGCAAGGCTCG
EYES
FW TCCGGTGGAGGCCGGTATCTGG
sul2 62 191 [25]
RV CGGGAATGCCATCTGCCTTGAG
FW GCCAGCAGTGCCGTTTAT
cmlA 55 158 [15]
RV GGCCACCTCCCAGTAGAA
s FW CGGTCGGTATTGTCTTCACG
HARE floR 56 171 [15]
RV TCACGGGCCACGCTGTAT
FW TGTGCTACAGGCAACATTGGAT
cfr 55 148 [15]
RV CAAATACTTGACGGTTGGCTAGA
FwW AGGATTTCTCACGCCAGGATT
qnrA 57 124 [26]
RV CCGCTTTCAATGAAACTGCA
N FW AGTGAGTGTTTAGCTCAAGGAG
M T 2K qnrD 56.8 175 [26]
RV CAGTGCCATTCCAGCGATT
FW GTATAGAGTTCCGTGCGTGTGA
gnrS 54.6 189 [26]
RV GGTTCGTTCCTATCCAGCGATT
. Fw GCTACATCCTGCTTGCCTTC
PUIRZE tetA 62 210 [27]
RV CATAGATCGCCGTGAAGAGG
) ) FW TGCGATGCTCTATGAGTGGCTA
SATEWETT aac(6’)-Ib-cr 55 482 [28]

RV CTCGAATGCCTGGCGTGTTT
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1.5 RPA Z54 CRISPR/Cas12a #&0

% JH RPA %54 CRISPR/Cas12a J7 ¥ 25 74 14 (25
SRR SN . FRELASSHE S L E 241 DNA, RPA £
AE 4 SR E IR BT . ROBIR A 950 uL)fudE 29.4 pL A
Buffer, 2 pL RPA _E3i75147(10 umol/L), 2 uL RPA Fi#5| 41
(10 pmol/L), 3 uL $EEA M ISHE S SEF 4] DNA, 2.5 pL B
Buffer #l 11.1 pL RNase Free H,O . LW 7E 37°C 554 F k4T
20 min,

Y 5 RPA 7Y AT CRISPR/Cas12a #ill .
CRISPR/Cas12a Kl 7 4 & TG b4 T SN A HI(40 uL)
145 4 uL 10xBuffer, 0.4 uL LbCas12a protein (10 pmol/L),

2 uL gRNA (2 umol/L), 29.6 pL RNase Free H,0, 2 uL RPA
product, 2 uL Reporter (10 pmol/L), SN 7E 37°CEcA4 T it

17 60 min, ZJ&F 65°C, 10 min 2 1SR . 3 3o bR AR
RrE 5, BRSO DGR E: #R MK 480 nm; 4
K 510~650 nm,
1.6 LAMP IR

R LAMP J5 ki 74 6 2588 5 R ig K LR T o
FRIBUA SRR IOEE I ZH DNA, LAMP #3II7E Flex QuantStudio
TM 7 SERT5EE PCR X L3 7o RBARAYI(25 pLyff 12.5 uL
RM-SCI B (1X) . 1 pL (N5 149 FIP/BIP (1.6 pmol/L) . 1 uL
HISN 19 F3/B3 (0.2 pmol/L) .1 uL [A¥RE 1% LoopF/LoopB (0.8
pmol/L)., 1 puL Bst B4, 0.5 uL 26649k}, 2 uL DNA #ikx
F1 3 uL RNase Free H,O, il SE] %)% PCR kR MEL 56
HEhek, DRI FAM, WOKIEHIESE: None, JMNTE
63°CTHI#A 30 s, ¥ 63°C 15 s M1 63°C 45 s fEI— MG, T
63°C 45 s MDA, 40 AR, 5% Ct{H.

1.7 TZ5EFE SYBG qPCR &0

A3 0 DB ZISAE e 40 L Sk 19 W K S BRI A 1 T 245
., SYBG qPCR 43 7E Flex QuantStudio TM 7 SZif 585

A
o) — g
3600000 %EE%

4EHEA

s 3000000 ¢ 23@%

B 2400000 | Yoy

Sg 1800000 |
1200000 }

600000
0F

0 5 10 15 20 25 30 35
{E25

40 45

PCR ¥ _E#47 . 7 25 uL WA : TB Green Premix Ex
Taq II (Tli RnaseH Plus) 2x12.5 pL . PCR Forward Primer (10
umol/L) 1 pL, PCR Reverse Primer (10 umol/L) 1 pL, ROX
Reference Dye II (50x) 0.5 uL, DNA AR 2 pL FlfgliK 8
uLo SONLE JETE 95°C R HEAT 30 s — AMEFR Y TIALME; 95°C
JURL 5 s, 60°CINL 34 s, 40 MMEFR; 95°C 15 s, 60°C 1 min,
95°C 15 s —MEFR . D VLGSO 2R 154 1 ke ] W
L8 RGN

R A Brlfs IR 52 56 % #5 #E 1L 2 51 2 (International
Committee for Clinical Laboratory Standardization, CLST)#
TEIAC R B A T8 K O B 20 2 ok v 25 W R PR A
MR 2GR TUIE . B 1 mL 35 A g K B B A 11 A
HYREANE TR AT I RATT A, TR 2 P4,
Fe 2GR S5 M R TP A b e, ARG 3 246
AR o B 25 AR SRR 36°C B 37 48 rh 8 7
16~18 h, WEFFIC 25T no iR el B Az

2 HRED

2.1 BEMRIEKSEME LAMP &R

Xof 74 15y 8 25 RE G HR BT DNA #5417 LAMP #:30, 44~
FEAP A T8, KIUE] 6 AR A7k < S i B B
PE, 68 1 FEA A i 210 K S A BAPE (& 1A),
22 BIMHEMEKSEME RPA 454 CRISPR/Casl2a
Komes R

74 iR R DNA #E4T RPA-
CRISPR/Cas12a fiil, FANEAY 3 2047555, i) 6
ANREAS I UG KA BT BE B, 68 Py REAS BEAT 46 I 0 K <.
ORGP B (B 1B), %455 5 LAMP Rl 255 —5. W

B 20000 ,
o [HMH:XTRE
17500 | LR A
C_J S
S, 25 REAR
15000 | Y o 3pA
12500 | ’ o 4SHEA
i : o SEHEA
=4 10000 | P s o GEFEA
Si 7500 LR TS o [ e
RIS Fe
5000 |
2500 | £
0t

520 540 560 580 600 620 640
W /mm

IE: A: LAMP; B: RPA-CRISPR/Cas12a; 1~6"5 87K TSR BTG HAE (i, AR A W /R S B DA R H A 5
B Rt i obR K R R A D45
Fig.1 Test results of 6 strains of Aeromonas hydrophila in fish samples
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b7 p ke A BHPEAE Sh 285 SN/T 0751—2010 ¢ R O
st PR KB R 30 0k ) BRI W K AR I R A
A B B RE B 800 SN/T 0751—2010 Bk g K<
AT B2 5
23 FEKSBEDBERMARRENLER

HR A B2 28 T B 114 400 7R P LA K/ IV B R AR 3R
BT 2555 100 P S(RBURRTRY, sensitive) I(FP (] B, intermediate) .
R(T 257, resistant)ic 3%, 6 MK AR 3BT 5 K
2510 PP RN 2515 0025 AR (B 2A), XU EZE
VU PR 28 25 4 = AR T 250, T 25385 100%; X s i
FRZS AR VD AL D B2 I 25 3R 100%,; X 22 F7>
BT 2520 66.7% (4/6); M AN RN RIALEE . KK
BRMEZATER WU, 2855510 16.7% (1/6).
33.3% (2/6)F1 33.3% (2/6); XN IR Iy Bk 7= 5
Mt 25k, W25RA 100%,; ¥4 ERNHFR LR, Xt
AR R R Z51E, W25 K 100%.
2.4 FEKS HHREHZAEE RN

¥ 6 MR HRMIE S B kX 5 28Rt 10 bl R
it 2453 K G AB et 1 7 581 (&] 2B). 404 SYBG qPCR
R i 2 SE PRI 25 51, 6 WRIE /KRB TR 43 12 AR A4, 1 DU 3R
RRPUERMIZYIEH tetd, KN 100%; M2 HiE
EMHZGR gnrd .gnrD Fl gnrS ¥ 2535114 83.3% (5/6).

A

66.7% (4/6) Fll 66.7% (4/6); %4 F& M 1F 25 Tif 25 3k
aac(6’)-Ib-cr K &5 T A, WA KR Ce B A,
TR R 25 3 R sudl A sul2 R &5 R BHYE, #HR=HR
100%; FEEERISMZGIELE emld ., floR F cfir K H 255K
50% (3/6). 83.3% (5/6)F1 66.7% (4/6).
2.5 THARESWAHER S

3T B K LT3 18 B 2452 5 5 265 4 PR A
SERI— Bk (R 4) S5 RRYI I BRI R 77 A T 21,
FEA USRS R 2 IE R rerd, Tl 24 R TN 24 3
PRI PN BRI 45 2R — 2, A HAF G568 100%. 43 B kX
MEERZS RNV B L IR R AT AR T 2k, 6 A2
VRGN 2Y, AT 2550 88.9%, AHX I M i
fid2 P A R 25 5L gnrd . qnerD F gnrS WA, #H
R T2.2%. MFRERIS I S TR W A R 2, AR
(ARG HH i B 2T 24 D R swd 1 sud2, TR 2536 5 5 2 s i
(A FEAF 550 100.0% o X 2SR 28 RIREE = . R
BHRMEATER LB HUR, BIRMTZ5%8 27.8%, MR
AR I M 255 aac(6)-Ib-cro X H B RS
HIFER B 25 LB RUR, (AR G 85 R R SR 25 1k, Sk
M 25580 50%, AHXS AR Hh S 5 R KM 25 HE K emid |
floR FI cfir, Kt Hy 66.7%. LEA RS ST, 25K
1 5 T 2 R DR P e Ty i A D0 248 R — SR A v

CHI Er B cfr : ;JZ;R
=F = e
coswz s et | O IO = .
S T
*ﬁ GEN rﬁj sull P
£k 2 et | I O O O = 7>
cIp qnrsS [ ] =
NoR e [N N N O O 2,
o | I N O O
et R O O O
1 2 3 4 5 6 1 2 3 4 5 6
W 7K BT 4 Bk W KA BT 43 Bk

B2 6 R K ML ER 20 2 IR (A) TR 25 2 205 (B) T 245 2 DA 17

Fig.2 Drug resistance phenotype (A) and drug resistance gene detection (B) of 6 Aderomonas hydrophila isolates

F4 BAKSBERESBRAHRFERSTHARERRMEEREE

Table 4 Comparison of drug susceptibility disk results and drug resistance gene detection results of Aeromonas hydrophila isolates

5] AR 45 0R T 245 ik R G T 285 2
FHPEAN 5L [TETESA FH PN 5 K /%
TS 6 100.0 (6/6) 6 100.0 (6/6)
s A A 2 16 88.9 (16/18) 13 72.2 (13/18)
LR SR 5 27.8 (5/18) 0 100.0 (6/6)
T e 2k 6 100.0 (6/6) 12 100.0 (12/12)
ARmRL 6 50.0 (6/12) 12 66.7 (12/18)
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3 W54

CRISPR-Cas RGLSE] IZAAAE T Az BRI A B v Y 35
TP RS, WARFT & Cas HIAWIARTT 4 HH AL 6
AN 32 AT, HoH i — 2% CRISPR RSEA4M 2 [ Casl2,
Cas13. Casld, ANUEATYIFEIRE S 0HR P41 045 =A% g i
Wb, B VIE AEEE S ¥4 DNA (single-stranded DNA,
ssDNA)E; #4% RNA (single-stranded RNA, ssRNA)AY 2 =
RRIEEYE, %% ssDNA 5 ssRNA il By A 98 6L 7 Fi e
RIEA MR F, PRI 551% RNA [R5
S AWKk Cas EOIZMEHEE, LA EE R 5 DI # 4
HaFr PO ES, AR i PR S AR R,
WA T Rl i Re R AR U, BT CRISPR-Cas
ZERNHTER . HEJ CRISPR-Cas R4 E AN A K TP
TSRl s S A VI SR ey Al I - A0 X VRN S L P S
MR L IR MUK /i % . SR WMERE S
CRISPR ZRZufHEK, FeA s nl 46 i 41 221 LAMP
F1 RPA T J2 I sk 4% F F CRISPR K6 T 7 A% R A AR 1Y)
SIRY R, (A LAMP 5193 M1 HL 5 |9 22 18] 5 TE B
TR, LAMP W IR ETE 63~65°C, 1 CRISPR-Cas ;]
RS HZEER, MELIER —RRIIT, FIL RPA 2%
18 LAMP J5 3k i — Rl R F-BE3, RPA 5 CRISPR-Cas 45
IR Gk A, W, FIH RPA FRSpESUNY 14 H
FRIXI, RN YIEELE gRNA 515 R 1R 55 46 ] R X AH AT
JLF (protospacer adjacent motif, PAM)/F 51 FiF#llAr DNA,
2 Casl2a/gRNA K G5 W HEFR 45 G IF ST WEEY)
#, Mififihk LbCasl2a MR A YIENIIEMLEYIE] ssDNA
reporter, XA TR, AT LLAE TR )06 R TR ) A
F B, X SR R I A e e A R AR . M TR AT
PCR )7, A LTS BBt qPCR X, [CRAE
A IE LY A B — B AKIA R, BV AT PR A5 A6 25 5,
T8 2 Bl AR SO A2 e S B, A Nk I Y 32 R
2. AP, RPA-CRISPR/Casl2a J5 ¥:Aaill iR EE Hy 37°C,
% T qPCR &l & ps i s 28 A5 4, RPA B4 F1
gRNA BT P FIHERR T AR & dh VB e A AR S 4 38,
T R I R 7K AP A e e S

AHWFST R @ 7.1 RPA-CRISPR/Cas12a 512 I
BEIY 74 ) SRR S A I 6 RRIE K TS, 5 LAMP
T5 IR R 25 e — 3 SR 2Rl R i s v s ko 10
FppLA R M 20k, KB BT 5 K2 10 Fhbi Az 3 A
GBI TR . A B PR AT 2 2 R RN 24 5 R — bk 43
Bras LW, i 25 70 5 25 5 2 — 2 i — 8ok, 4n
BRI 24 P 1) 7= A ML B 5 2, T 2 8 R ) 7 A A —
JE b2 2 R R, (R 2 3R R 0k 5 15 52 Z R0
=, M2 RB A R IR Z Z R N 52 m R e & IR
SO AT A4 TR 24 2 T80 5 T 2 35 DR AR S AR 9 2 40 0 B2 1 o
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