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BE. T ARBEIEM T (Maize dwarf mosaic virus, MDMV ) J&— Fh 55 22 (4 R B8 PG B , 7™ B 52 ) oK 1 A 7,
T T AR FRIBACH 5, A5 ST R A BN F A5 R AZ R Y 1% (RT-RAA) F AR HI CRISPR/Cas12a R 58
FAFE T —Fh MDMV s 5 72 4 TG 1500 58 Hp e — R v A T SN, 33 2o ) 1 9 3 iR 4R 4% (LFD) 4
NEEESR , AWFFEIEAS S0 B RN SR, B 1R IR 2.8 wL FB #4543 F VB 100 nmol/L \RT-RAA RGN
A [E] 20 min ,CRISPR/ Cas12a RGL LAY [A] 20 min, ASWFFEAE @A) 3T RT-RAA I CRISPR/Cas12a A — 4 E K
SRACIT R B DA I ik R S e R AU R, BT AR (B 4 LS S T B A

XK, FARBAEMNRE; RESCHERAMN SEEZRY 1 (RT-RAA) #K; CRISPR/Cas12a; M) ishix
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A one-tube rapid detection method for maize dwarf mosaic virus based on
RT-RAA and CRISPR/Casl2a

HOU Yumeng'?, ZHAO Zhenxing', WANG Siyuan', DONG Zheng', HU Zhongze’, ZHOU Tao’
ZHANG Yongjiang'
(1. Chinese Academy of Inspection and Quarantine, Beijjing 100176, China; 2.College of Plant Protection, China Agricultural University, Beijing 100193,

’

China; 3.Taizhou Institute of Agricultural Sciences, Jiangsu Academy of Agricultural Sciences, Taizhou 225300, China)

Abstract: Maize dwarf mosaic virus (MDMV) is an important quarantine virus that seriously affects maize produc-
tion. To effectively prevent and control maize dwarf mosaic disease, this study constructed a rapid detection method for
MDMYV based on reverse transcription-recombinase aided amplification ( RT-RAA) technology and the CRISPR/Casl2a
system. All reagents were reacted in a single test tube, and the reaction results were detected by lateral flow dipstick
(LFD). The optimal reaction conditions screened in this study were as follows: primer addition amount of 2.8 pL, FB re-
porter molecule concentration of 100 mol/L, RT-RAA system reaction time of 20 minutes, and CRISPR/Cas12a system re-

action time of 20 minutes. The one-tube rapid detection method for maize dwarf mosaic virus based on RT-RAA and

_k CRISPR/Cas12a constructed in this study has strong
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EEWMA : FAEFE I H (2021 YFD1400100,2021YFD1400103)
TEE R BT (2000-) . 4 FFE L BF50E | 5 M o materials used are convenient for carrying and transporta-
EAE IR AYBFST ; (E-mail) 2192494895@ qq.com, B tion, making it suitable for on-site detection.

specificity, high sensitivity, and the experimental
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FOKIE R BRE B AR, M Az U
TR BT AR T2, KEZ 2 RER T
FokAE, R EAES 2 AR, TR
P B UM ARSI A RE ST, oK
WA SRR R Gy, U R A, oK
AL 2 R WA H 22—, S R ECE K i
R T R, 5 RS 1200 1) 32 B0 5 AL 45 H T A6 i
7% (Sugarcane mosaic virus, SCMV) | E KRIEAE 9% 5
( Maize dwarf mosaic virus, MDMV) , X iR R 25 | 2
FREARARL MELAIX 432 H R DA MDMV 1Y
WFSEAE XS B/ PR, g vy — A AT 4R e i PR
MDMV il AR TE Ry E 2

FARFEALMRTEE T S Y ITERH(Potyviri-
dae ) THEAEE Y S5FEIR (Potyvirus ) , J&— PP B ARG E
PR, MDMV J&—FlIE CHEE RNA e 103
B TARARHEY, TR g oK HRESE R R AEY)
B AR Y, Hoh 2 f 2 F e B AR
MDMV H[H] K I3 I, MDMV %3% 7 X2,
(ELE L 1 i e I L i S A DT A T oS B a7
TE T HEA TR AVEAE T . MDMV A4 e (2
e F RIS TEREAR AN TGRS 3l , 5 SRR A SN ] P 1
PIEAL I R g R AR A S B A AR, e 28368 B K
W 200 LA L FL L0 MDMV 2B LR
ESEN | EwNR LT N A SRR 1 e |
R R DGR R AE BT AR A S i ) v [
FARAANF] MDMV 3200 B f5c T 38 [ 2 AR
PRI, 2021 4F 4 F 9 HYGHHEFI AP ie N RALA
I HESEAR IR M F AR 4 k) Rt L BT AR
KW MDMV IR A A B A FERR R, 75
[, FORBEALI 0 1 B R R & MDMV 1Y B B
BB o B R B, RS RE AL
TE(SCMV) B—ERFAR L, IR A SCMV , JF
444 SCMV-MDB' ",

HRA O MDMV ARG IN 7 1k A 475 B e s 3R G il
5 )2 i ( Reverse transcription-poly-merase chain re-
action, RT-PCR) SEIFOLE RALRY HIHAR (Quan-
titative real-time PCR, qPCR) %%, iX 6 75 72 i fE HE A
K] MDMV  HAEHS #1E 2 2% R 2L AEoR
UNGE e YE A MR8 A ] N R s e
SRR Y 1 ?}Z*( Reverse transcription-recombi-
nase aided amplification, RT-RAA) j& — P AT ZEHFR
SE BEHURG 25 [ AR A 7E36 ~ 44 °C 264 T KL

20~40 min RIRJ5ERE H B9 5L P840 18, BAT SO
BREEPR BRAE AT Bl RE ORI, R R S e
SEAA o RSB A AT LA 2 3047 PR s i fr) 5
SRUSERETIZ N T AR FER Y
ARSI AU, RT-RAA & 90 T Bk 38 A Sl
SERERYRBE i B R A 30 R
fRIRG =) CRISPR/ Cas ( Clustered regularly inter-
spaced short palindromic repeats/associated protein ) J&
—FhEET CRISPR RNA ( crRNA ) 5| 5 4 ¥ i) 5 KR
BEYIEIE A, CRISPR/Casl2a J& T45 2 VAR
i, RSN ) A RS I 2R R 0 H BRI, HRTE
BRI S ASBFFEIIE T RT-RAA TH IS H 4,
A CRISPR/ Cas12a R4E, 5 MDMV A6l i 751 4 o
TR — 8 TR e T SORE, I PN 1) S8 R Mr R
RHAGIN SN 4, LA B T | s % B W PR
ol T KIEAE G RS HEBOR S

1 ARSI

1.1 RIe

MDMV FHE R SCMV B TR KRS 4%
4595 7% ( Rice black-streaked dwarf virus, RBSDV) |
TR AR BB B ( Maize chlorotic mottle virus, MC-
MV) /N R SR AEM 7 ( Wheat streak mosaic virus,
WSMV) | # JK 46 M 95 3 ( Cucumber mosaic virus,
CMV ) HH A S50 28 (R AT 5 B MDMV £ 5 K5 B H
J I SC AR SN i O HR AL
1.2 Fi&

1.2.1 RAA 314 crRNA Z 3% 455 FQ.FB %3t

27 RAA 51t i AR OGSk, %8 5% NCBI 9]
vl RECE HE B9 MDMV 4h5¢ 2 1 ( Coat protein,,
CP) 2N ¥,

FIFH 2 H P 4 bt T H AR L 51 47 et 43
Prifsy X, 7EORSF XA, 3531 2 XF RAA 514,
it T H. CRISPR, A4l MDMV 523 F R 7
HIHY PR <7 X 30 1 RF 7 P erRNA JF 51, MDMV-
c¢rRNA ; 5"-UAAUUUCUACUAAGUGUAGAUAUAGGU-
GGUAUGAAGCAGUACAG-3";FQ 4501 6- 52 HL 7%
HZ-CCGGAAAAAAAAAAAACCGG-ZE M K 5 ; FB
3 6-FREEV R -CCGGAAAAAAAAAAAAC-
CCG-EMIER . FIIEME B MR 1 Bk, orRNA K
FQ FB 4275701 9 R BRA 7 (b s, )
BB FABR A W (Aea, T ED B
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Table 1 Primer sequences
514 JFH1(5'—3") PR B (bp)

MDMV-RAA-IF TCTAAAAAGATGCGTTTACCTCAGGCAAAAGG 228
MDMV-RAA-1R CTCATGACAACTGTCATTTGTGTGTCATCAAG
MDMV-RAA-2F CCAAGCTCAAAGCCATGTCTAAAAAGATGCG 440
MDMV-RAA-2R TTCAATACACCAAACCATCAGTCCACTCATGAC
MDMV-194F GTRCAGAAAGARTACGAACT 194
MDMV-194R TGCATRATYTGTCTGAAAGTTG

1.2.2 RT-RAA B4 ¥ %M RT-RAA {HIRY 1
R & (A5 WLRB8207KIT, %23 A sk A= Wy B0 A
BRZSHI =) B U6EH 51T RT-RAA SR 4%, B
PRERAEL BRANE - 10 A VR T W R A rh A 29. 4
pL A buffer 2.0 pL IE 5[4 (10 pmol/L) Fl 2.0
pL S IE 514 (10 pmol/L) ,12. 1 pL ddH,0, | F W%
FIRAT R T B AR 720V i, BEJS A 2.0 L A%
B (MDMV BHPEFE#L) (2.5 wL B buffer, & {4 £ 3
50.0 wLo FEAMRA) G, ¥ B A8 i A HE TR B0 i
25| ,42 °C 24 T TEIR S 30 min, T}Li%ﬁi}ﬁ, [
PBE =4 R i A 50.0 wL DNA 42 B, 12 000
v/min 0 5 min, B R ET S SR M HL VKA
123 A F RT-RAA #= CRISPR/Casl12a #)— % X, =
R4k et g A Bk A 7 %k RT-RAA R R U456
25.0 pL A buffer 2.4 pL IF [ 319 (10 pumol/L) Fl
2.4 pL A 5147(10 pmol/L) 4.0 pL FQ 4R &55rT
(10 wmol/L) 6.0 pL ddH,O BHE SIF A AT il
Y ARG N 2.5 ul. B buffer, | NI4T
RAEHAG, AP HE 9.0 wL RT-RAA (K RIFH E
PCR % JIE#. CRISPR/Cas12a & &35 7.5 L 10x
NEBuffer 3. 1.2.5 pL RNase inhibitor (40 U/pL) 2.5
L DTT(0. 1 mmol/L) 2.5 pL LbCas12a(5 wmol/L) |
5.0 wL MDMV-crRNA (10 pmol/L) , 3843 9% 1% 1R &)
J& TR 4. 0 L CRISPR/ Cas12a K R W T45
TN HHEL 1 pL REIUEEE RNA 28R, LR
RAHE], BRMAA PCR B 5, PCRATE T 42 CH)
TEIR AL PN 20 min, BEG R IEE.O L, 4 L
CRISPR/ Cas12a IR RIFWK 9 L RT-RAA 1A R
1 pL 7 RNA JRA 15, PCR & NIRA AW ik
BUN 14 pL K PCR B HASERFEAUH 7 37 C 4
PR RS 30 min , FF I BEINEEGE S

M FB iR 5125 A ) 3 204 SR A
JAEE RNA I 6 4 pl FQ it 70 74y 4 wl FB
i, HAb S N A AR ], RO A5 RS, A 86
pL 287K IRA YA R RS A PCR &,
#E 5 min, WELST
1.2.4 # F RT-RAA #= CRISPR/Casl2a #5 — % X
E R AT IR A AR A M R A B AT TRIR
TIANGEN ® RNAprep Pure #8 4 & RNA 42 B 7
SIS, $EECE K | F WK 7 RBSDV ,CMV , SC-
MV MCMV \WSMV A RNA, B:1FE 55 1.2.3 iU T
RT-RAA #l CRISPR/ Cas12a f—45 2 F K IEAL M5
BEPRGHASIN 5 125 ) e Sk
1.2.5 J F RT-RAA #= CRISPR/Casl2a # — & X,
F R 4ETE TR A A k6 AR oA
ddH,0 ¥ MDMV FHAE BRI AS BER B A B 1 L 1x
1074401 1x10°4%5 D1 1x10°# D1 [ 1x10*$5 01 (1% 10°
PEUL 1x10*#5 D1 [ 1x10" #5001 1x10° #8501 8 A
PUAERRE oK RNA iy BH 1 X6 B8 20 550 R 5 86 1.2.3
% T RT-RAA F CRISPR/Casl2a B —4& = £ K
TERACI I BE PR ORI 7 12 RT-RAA %5 G 5E 5 HL K
J5 1 RT-PCR 256 B8 HL VK 5 vE AT RO, 23 B
ANFETT R R

2 AR5

2.1 ETF RT-RAA #1 CRISPR/Casl2a B —& X
S S =il gt oa) papr: LR A

2.1.1 RT-RAARZ Mk DL FQ 1E N5 E
ST AR 2 % RT-RAA 514, 38 3 56 T RT-
RAA Hl CRISPR/ Cas12a ) — 45 20 £ KB AL i 7
UG I 75 G I MDMV P JBORE , ) it A fd B
K RNA PERIAPEXT R, Rl R B s i 1 s,
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2 X%F RAA 5939 REY 88 B 7 B, Hoh 514 &
MDMV-RAA-1F/MDMV-RAA-1R 5 652 (H &
B, T 93 ) MDMV-RAA-1F/MDMV-RAA-1R,

1501

~ 1201

;&(’ 90 -~
60r DS )

30F - -

0 =2 .‘—.' + g o « - )

5 10 15 20 25 30 35
5[] (min)

- - MDMV-RAA-1F/MDMV-RAA-1RY #MDMV FHPE T hr ;

.- MDMV-RAA-2F/MDMV-RAA-2RH FMDMV FHPE JT AL ;

— MDMV-RAA-1F/MDMV-RAA- 1R 3 BH %6}

- - MDMV-RAA-2F/MDMV-RAA-2RY"™ 14 [ %6} JiE

e
B
e
o

1 RT-RAA 3|40%i%
Fig.1 Screening of RT-RAA primers

2.12 RT-RAA fK & 31 #ifm B fnit B RT-RAA 1K
%5 ¥ MDMV-RAA-1F/MDMV-RAA-1R (10 wmol/L)
IR % E 2.0 pL.2.2 ul.2.4 uL 2.6 pL. 2.8
pL 3.0 pL, B TE, DL FQ 1 POGE S5 1, it
B5T RT-RAA F1 CRISPR/ Cas12a HY—45 0 E KIEAL N
S B DRI 7 A MDMV FEH: R, A6 25 SR 4n
& 2 BN, 245 s 2. 0~3. 0 wL, By a] k6 ) 2%
W55, Bl E] 2.8 pl i, 9OUFE T
B U5 WA 3.0 wL B, 986550855, IR L
E 514 MDMV-RAA-1F/MDMV-RAA-1R (10 pmol/L)
AN 2.8 pL,

120

90

60

DGR (a.u.)

30

Fsf (8] (min)

—3.0uL; ==2.8puL; -+ 2.6uL; =-2.4L;
—2.2 uL; 2.0 uL; -~ BAEXT

B2 RT-RAA 3|#1iFmMERE
Fig.2 Screening of RT-RAA primer addition amount

2.1.3 R%E45F FBRE it FE CRISPR/Casl2a &
i 1R T AR BT RSN 2 SR A R T O
e PR B HAIC T B S BUB FHPESS R B, AT

WA BH 1 B4, FHAR 48 25 43 50 A0 0 nmol /L 25
nmol/L., 50 nmol/L, 100 nmol/L, 200 nmol/L. 500
nmol/ LA1 000 nmol/ LIKFERY FB &3+, W&l 3 fir
7N, 24 FB RIEACT 100 nmol/ LIS, Kl 2834725 H B A
SSIBRIAPES S . RIS 100 nmol/ LUK EE (Y FB #it
H T

&

i [HRiS

AAAY

cEEE
ool 11 I

T KM 2R C. B 42 il 28, 1.0 nmol/L; 2: 25 nmol/L; 3: 50
nmol/L;4; 100 nmol/L; 5200 nmol/L; 6; 500 nmol/L;7:1 000
nmol/L,

E 3 FBiRES FRERL

Fig.3 Screening of FB reporter molecule concentration

2.1.4 RT-RAA 1k % B R B 4E4L 435l & RT-
RAA R 2 2 WA 24 5 min .10 min .15 min .20 min
25 min 30 min, Ul FB fE {5 54>, @i £ T RT-
RAA Fll CRISPR/ Cas12a f— 45 3 T K 5& 4L M 75
PRGN 7 ¥ K6 MDMV BH P ok, 4G T 245 5 n
& 4 B ,RT-RAA J2J3 5 min B A]7ERGINZE (T £8)
R A B RT-RAA 1A 28 SO0 IR 3800, 46
DEE 1 1 27t B T IR . 4 s o s [ 3 20
min , Kl 2 b (4 55 R BE AN B B 2 1) [ 38 i iy A2
b, L 20 min /E8 RT-RAA 1 & 54 52 by i
[i]

2.1.5 CRISPR/Casl2a 4k % B B B4R AL 4353l
W'E CRISPR/Casl2a & & & W B [8] & 5 min | 10
min .15 min .20 min .25 min 30 min, 21 FB Ve EE
43 F il id 3T RT-RAA fil CRISPR/Cas12a i —4%
3T R AE 95 T PR A I A MDMV B
JAL, ZERANES FR , ROV 10 min, iRARAR A INZR
AR B A RN S TE) R I R 2 b A A
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2025 4F 45 41 % 2 M

PUEZEHTINGE . 5 S N E] i 20 min, F 26 |
P8 A5 TR JEE AN P IS TR0 i 22 £, PR IR e 4 20

Smin 10 min 15min 20 min 25 min 30min

a

min £} CRISPR/ Cas12a 1A 2 A4 5 b B[]

Smin 10 min 15min 20 min 25 min 30min

az IEXT IR b FORIEAET I RE (MDMV) o T ASMIEL ; €. Bt

Bl 4 RT-RAA K& & 5 At (8] 75 1%

Fig.4 Screening of RT-RAA system reaction time

Smin 10min 15min 20 min 25 min 30 min

Smin 10 min 15 min 20 min 25 min 30 min

a: BAEXT I b FRIBAE TR (MDMY) , T AL ; C. B4kl
5 CRISPR/Casl2a i % [z Rz i 18] 0% 2%
Fig.5 Screening of CRISPR/Casl2a system reaction time

2.2 E T RT-RAA #1 CRISPR/Casl2a B)—& X
F KB ITR F IR N SRR R

FPEAL 3T RT-RAA Fll CRISPR/ Casl12a [ —
A 2R IR A 95 75 DU D 7 9 1 e Sk il
AN Z AR HEAT TR, A4S KB AL
B (MDMV) 7K A5 B S5 BB 4 9% 75 (RBSDV ) | 8 )AL
T HE (CMV) HBEAEIi 7 (SCMV) | F KR 4R B
B EE(MCMV) FI/NEE R B 3 (WSMV) |, If:
DMEERRE £k RNA VE R BAYEXT IR, W& 6 iR, 1A
RO MDMV (3R 4R AR 2% (T £k ) b B a4k

ARSI A 55 5 AR IS % B A AR A TR T
Ml (C £2) B4, R BLAERE R Y 3 5%
M. ABFFEH RT-RAA/Cas12a — &L AER I MD-
MV BRI & R S, R 5 A H DL & AR 3
WL,
2.3 E T RT-RAA #1 CRISPR/Casl2a fi—& X
ERBEMRSREGN T ENRBE

R VAl AN R R I T 3k 1) SRR A o) 3 T
RT-RAA #l CRISPR/ Cas12a F—45 2 F K IEAL M5
BEPUHAS I )y 75  RT-PCR 4545 5 e B 9K J7 15 RT-
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RAA 255 BERE LUK 7 R0 MDMV BHA: Bk, 4
Bl 7 Frs, RT-PCR 455 e B UK 77 v B A D 1) 79
RTERAE S A 1 pL 1x10°# 01 (18 7a) , RT-
RAA 456 5E I H UK J7 15 Re A i 2] 04 95 25 B I 7%
FEE 1 L 1x10*# 01, 3£ F RT-RAA F1 CRISPR/
Cas12a Y48 2 T KM A6 o3 3 PR AG I 7 125 g
o0 381 1) 95 B R AR B AR 1 L 1x 107 5 DL (
7¢), Al UL, % F RT-RAA F1 CRISPR/Cas12a [ —
A R K 2 A i 1 DR A Iy v R U & RT-
RAA Z5G- B ELIK 7 219 100 75, J& RT-PCR 45 &
BERCHLUK 711 0001
2.4 E T RT-RAA #1 CRISPR/Casl2a ) —& =X
F KRB R FRIER N T £ KRG = N

J B IE R T RT-RAA Fl1 CRISPR/Cas12a i) —
A E ORI T PR A I 7 v P RS M AT &
PR X PR SRR PR DG BRI 4 (3 SR K%
A9 B 19 T R AR S2E A7 AR I, ) B DA i R K
RNA YEABAPEXT IR, anfEl 8 frzs , &l ik 4 3 )8k
Y ORI AL 5 B ORAB R AT 4R SR £ 1 3 1
BRI 2571 , R I AHIF 9 1)y A Tl 5

M123456 7 8NC M1 2

2 000 bp 2 000 bp
1 000 bp 1 000 bp
750 bp 750 bp

500 bp 500 bp
250 bp

100 bp

250 bp
100 bp

a
a:RT-PCR 455 BB LUK 7 i RGUE R b . RT-RAA 454 BEI AL UK J7 1 RBUZ AR ; . RT-RAA 454 CRISPR/ Cas12a — & R E KB M
RIS R AU, M:2 000 bp marker; T ALK ; C . B4 HILk 1~ 8. 48 B0 %E 1wl 1x107H5 01 (1< 10045 DL 110745 L 1%
10*#5 D1 1x10°#5 D1 1} 107 #5 DL [ 1x10" #5 U1 1x10° 4% DL ;NC ; BHHERT IR,

E7 #-T RT-RAA l CRISPR/ Cas12a ) —E X ERELMHHH REQNITE R LS

Fig.7 Sensitivity analysis of a one-tube rapid detection method for maize dwarf mosaic virus based on RT-RAA and CRISPR/Casl2a

3 1T i

FARETEEBLENEDZ —, K2 2EY#
W F R B MDMV {2 4% 19 F K8 3R
FEIGE , MDMV 7£ 4= Bk Bl P 2 Al ™ =2 19 48 05 0
0 SO P N1 A 1920 i s 7 Q= e 3 (U <SPy o o

3456 7 8NC

"EEFEF

T AL ; C BRI 1 FORIBAEIH R 5 2 KR A B 40

EE 53 BORAE M 8E ;4. T REAEMIN 28 5 - FOKRARERBER G 3% 5

6 /NEL AR ;7 BIVEXT IR

6 T RT-RAA #1 CRISPR/Casl2a i — & X EREHLM
R B IRIER N T7 E FF R IES

Fig.6 Specificity analysis of a one-tube rapid detection method

for maize dwarf mosaic virus based on RT-RAA and

CRISPR/Casl2a
3

|
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C ‘“'{"‘4—4—"’—1
|

TELL

1 2 4 5 6 7 8 NC

1443

b

TN T B S U A A MDMV A 7 ik
AFEARAS 25 1 AFIHAT B XU

RT-RAA J7i%38 12 DNA &6 | 541 B A0 2 Fh
il B I )4 P 58 B B B 46, S B ) R R g PR 3
a8 54645 PCR MZEERE R PCR AHEL, 1071k
TCTHHLIKAN AN DG E 1 PCR A AN iR 4 SR i Bl
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"FrFED

T REINZR 5 C BT AR 2 5 1 BT X 105 2 3 AR M DG4 A1 1y %

e FARIBALM I TE TORAERAE M ;4.5 7 N SR BRI &

KIEAL I TE T ARAHRRAE & 5 6: PP XS R

B 8 ETF RT-RAA 71 CRISPR/Casl2a FI— & X EXKZELM

7% 25 IRIE AR T 75 3K 19 SE BRAR AR AR N 25 SR

Fig.8 The actual detection results of diseased maize plants
using the one-tube rapid detection method for maize
dwarf mosaic virus based on RT-RAA and CRISPR/
Casl2a

AT 52 BRI, R MR e R HR AR B) , L OE ST g1k
K> peAh, SR R AR LA R A% 1 A
SRR ETR | R A OL SRR TR R IR T 8
L, ZFEARIE T 454 S SRR | O T AL
B e BT IR AR 5% 55 T ik, ARG I 45 SR T O
TR R Bk B R E AR EZ —, 5
s, A 6 AT 5 R ORI, B 1]
FECERAE S ERE R AL R AE IR 25 S
AOVER IR B R PR Y . MDMV 2 T K I A -
M FEER IR Z —, ABF5EEET RT-RAA A1 CRISPR/
Cas12a P EE—FRKGI MDMV (19779 B BT A K60
IR AN B AT SO, IF % SO S F i AT
ik, RIGSE %80 514 MDMA-RAA-1F/MDMA-
RAA-IR FasE E o ; S tE R 56 408 0, 51 W s =
2.8 wL.FB #2454 F ¥ BF 100 nmol/L RT-RAA %
4t ] i I 6] 20 min , CRISPR/ Cas12a & 55 2 o7 I ]
20 min, AW H AL T RT-RAA Fl CRISPR/
Cas12a fy—38 20 T K & 46 1 25 DR R I Oy vk 4%
SRR, R AU RT-RAA 454 58I HL ¥k 5 i 19
100 fi5, /& RT-PCR G B HLIK 1519 1 000 £%,
27 R A T A TR T A3 (5 T A RS

(]IP800 ) JE AT I AR 2%, 26 D0 T 32k S i ]
T EH IR) RS 2 R 05 20 1 B 12 W0 B
J N RTE

SE Lk
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