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I IRAG N T IIEAFAE — LA 2 AL, WS I VAN
B R O 8 KI5 & R E R R E TR &
T F 5 B T A S0 N B 7 B — e I S IR 4 R
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CRISPR £ 4t fe 4] /& 75 41 i A1 5 40 i v 45 2 1
A CRISPR-Cas & % /2 45 & A Y) S 41 K % R 1
JE KB S 47 A4, CRISPR-Cas 4 184
NP ATH Z E AR SWWIRIRIZR N —K R
g8, s 1AL, TAYAIVAY, DL AE B — B
2R A%, O, VAVIERDY, T RAITIR &
GUIHA WAL Cast% R N VI AL B AT crRNA,
NerRNA#H 2 i 2 CasTE H E AW, i a] LU
AT E 5 crRNA B AMIAZ IR B BL. 1 I B &R 4t
A FRHTcrRNA AL AN F], KA S5HfcrRNAH HE
75 B AN S crRN A (tracrRNA) 7E Cas9 25
TEAE RIS LR 2 fi 8 XUBE RN AR S P A% R A% TR 1t
RNasellTF7 488", T4k, CRISPR-Cas13a3| &
TIRZKIWIF . CRISPR-Casl3a(LARTFR NC2c2) 52
—FlHT AL RN T 1138, VIEY, RNASGI S 1
RNAZ# R 4", Cas13alfiF 550 T 5o 745
AN B B EAZ AN R A A TR 45 & 9 A% B A% TR Iy &5
3%, HAE7EDNasefi A6 45", CRISPR-Cas13a
HARNAGI FHIRNARE [\ ) 8 A0 HE R = v
RNA A ] I 3 12 P vy o, 2T A T e A% R A
Mg THE", MCas13a5crRNAZ S G, TR A
B LRI 1 AR AZ B VB AR, R0 2 BA
FNT B I B SR ARRNAR, 23380 Cas13a ))& H
B ARRNACY . F) S35 20 A3 o 1 58 k-
VERKARHIssSRNASRAT I, #3305 1) Cas13a2 ) Ess-
RNA SR G R 76" . JETix— ik,
CRISPR/Cas13alPJA il a8 2 B2 FH 4600 7 55 4 BiE
PRI R R S W A A e

A R HTNO & a5 75, Casl13a 5045 7 [RcrRNA
S ETRE G H 5 mRNASS &, Cas13aft]
DIRNE R BOE DA RS M RNA

MIRA (Multienzyme Isothermal Rapid Amplifi-
cation, MIRA)#% AR i — Fft Ji& - H 20 i L i 1% 1R 1R
YR, BT MIRA J B ] s H AR R P
G 3G, T2 5 2% I FAHIE P, T A2 T DA I
B K BN B AE20—37 °C E IR E R 58
o BEAN s NEFE T EE3FPE: S A, 1 TR
PESI P 5 B DNARC XS HEEDNASS & 8 H(SSB),
TEA ARG LT T2 R EEDNA,; 4 B i DNA K
G, AT AN . S — H IR, DNAY 1
SeARHEAT, FE20minkRf 1] P A 5 AR IR K
HRPA (T4 UvsX)E{RAA (KHTH UvsX)d fd ]
{2 4 A 7%, MIR A FH 02 e g (gp4 1) F1 T 2
fif (SC-recA) I A R Y U FEDNA FF 3 3l [ B .
ZEERGINIR TR NE S, R HE T LE R 1
i 52 1% o FEMIRAH, K% FR AR F 4 39 ik 72 m] LAAE
37—42°C T 10—30minN 58 . XA A H T
HMR R . 5 AR SR I KA, R -
MIRA (RT-MIRA) =454 ] LI ik 7 25 A8 I = s
i 58 SEEPCREEAT AT ALALAS I .

A FIF R T —Fh2h A MIRAE R FICRISPR/
Cas13a R G MMSRVIZER KL 7 1%, 1% 5 1547 7 1t
o, R = IE HARAERTAE, AMSRV B I 7 A
FRAEES B, oy RE R FIMSRV SR B 12 48 e 42 it
.

1 #MR57EE

1.1 HASKIE

NG £ 55 5 37 SR AR SR ORI R G SRR B A
K292 em Py 5, SAETCT—80 CUKFE IRAF -
1.2 LIS

FZRH: 4ifk i LwaCas13a (East Mad &R $112E
Yo A]); Tris A (pH7.8); RNAiso plusfIRT-
PCRIA A & (TaKaRaA A]); &% FA(TOYOBO
REEYI AT, TTEFPPRNAY A& ChamQ
SYBR qPCR Master Mix(Without ROX)ik 7l &
(Vazymeii MEFE A P1H AR A PR 22 7]); CRISPR/Cas13a
For il 2 40 1) 2% 1 A F MacklinZz e MR A 7] 2
il (40 mmol/L Tris-HCI pH 7.3, 60 mmol/L NaCl,
6 mmol/L MgCl,); MIRA-RNA 1 ji B i 4 48 1 7]
TEGERN A (T 223 AR AR A R A F]).

FEAYLS: Tannon2500 AL AE R4 SERT
WG 7 PCRAX (£ [EBio-Rad A A)); w&iid 25041
(3% EBeckman 2 wl); HLIKAC(AL T A SAEHEARE
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FRARD); RAMEH 45 (3 E MaestroGen A /) o
1.3 crRNARYHI&Z LR MIRAS &3t

7£ GenBankH1 F #MSRV F 41, &t % H AR 785K
F1(CP)ZE K7 51(NCBI: MK397811.2) % i1 N
20 ntffHE A, AR I HE 2 BT AE A B B A
crRNA (43 5 NerRNA1FIcrRNA2), i1 1F1R, I
JHIINCBI-BLAST R A RE o i ™
XA RIMIRA 5| 473 S0t 25 A 88 4 26 B8] Bt
1T9 18, I 44 93 5 NWMIRA-F1/R1FIMIRA-F2/R2,
W 20R.

F 1 $XIMSRVIZitAIcrRNAFS
Tab. 1 crRNA sequences designed for MSRV

% HName J7%1Sequence (5—3")

crRNAL1 GACCACCCCAAAAAUGAAGGG
GACUAAAACCGAACUCUCAGUAAGCUGAG
GACCACCCCAAAAAUGAAGGG

GACUAAAACGGACUGCCCUUCUUCCAUAG

crRNA2

=2 MIRAY ES|HIFF

Tab.2 Primer sequences for MIRA amplification

4% FRName J¥%Sequence (5'—3")

MIRA-F1 TAATACGACTCACTATAGGGTCTG
TGAGGTTGTCC

MIRA-R1 CCAACAACAGGATCACAAGGGCT
TTGTCTT

MIRA-F2 TAATACGACTCACTATAGGGCAGAT
ATCGTGGTCC

MIRA-R2 CCAACAACAGGATCACAAGGGCTT
TGTCTT

1.4 MIRAY LR ARINE R

i FHMIR AR PO 3 49 3 77 &, 7242 CHER
ZAF T, FIMIRA S| P04 S50 H SR AE S RNAZEAT
P18, TR A AT U RN, £33 DN AfE
FH R 40 S X R SR Ah 6 S RNA, AT 3R 1595 55
RNAF 4,
1.5 FroERBEIE

BT S2i B A I cDNAZE, FIMSRV 5] 4%+
cDNA AT qPCREGIE A& 75 AMSRV . 28 /5 1 2
J& B cDNAZPCRY™ 1 J& HEAT PR Ah i 3%, Wl
R IR AT BIRNASRE i -
1.6 ssSRNAREIRET AR

ssRNAR & #4741 4: 5'-UUUUUU-3', 5"
A3 43 AL T 23 A AT K BE ] . A48
RNARG KM iXssRNAH 5 R EHE N A4S = 0 mT
1T, IR, FIHCas13atk H FFEVE, ssSRNAHR 5 1R
BT 0T BS80S 1 Cas 13a 8 I 24AE, AT K HL %, 7T
JE I 8T B PR SR AT B G R R
1.7 Cas13at&N{E %

CRISPR/Cas13afi il s 4 R 4n5E 3F7s, ¥

I IR AT O JE B TR e A b, N
L FAM OGRS, 1637 CHEIR 44~ &N 1h, I H.
BB I minllUER — R B AH, [V 4E 3 e AT iR
SIS G AE -
1.8 #ENERML

N T Hfa € FCRISPR/Cas13af& llMSRV [ f 43
J iR Z, FRATTRT e I A4 2 1 DO AN 58 40 i3 AT T AR
f6: crRNAFPZE . NI E . ssSRNAR B R & &
PL K Casl13a5crRNA R e Wik B L, R i FRATTHE 52
56 Fp 8 A ddHL,OE A2 (A X R

B RFE A S B AR, B NerRN AR Ff
Z(BIcrRNA1FIcrRNAY), #¢ 5 iR 5 B AL I 8] P
I 3508 I e AW 1) 7 A R IR e A [P crRNA;
WAREBRERMNIEE, BT RS E, LA SR FF
NS Y RIE31C. 34°CL 37°CAHI40°C HEAT S5
FEROR, B T ssRNAfR & IR EH 5 &, HAh S B IR FF
ANAR B IRENRE 43 N100, 200, 300, 400, 500-
600F1700 nmol/L; )&, Tr$F HAB S HAAR, i
Cas13a5crRNAM MR BELL o HR 38 B AL [A] Y
SR B PR 1) 706 A R 6 A £ 1Y B
WP ssSRNAR E #REHK B A Cas13a 5 crRNAT
IR L
1.9 REERWE

15 AR AL 5 FICRISPR/Cas 1 3ak: I 5 Gi A6 A
[l B RN AFRAE T, BA10Y MBI 10" M3 J2 5t
RNAVRE AT 1065 1B 227 B, LLJC H FRRNAKE
S X R AT R - CRISPR/Cas 13af6 il R 45 i
IR IR B
110 MR

1§ FIARAL S IRICRISPR/Cas 1 3ak6: il 2 GE AN =]
fI7K P “RNAREE f45RGNNV. BFNNV. TPNNV,
FTC s B et RN AVE N XTIE, FHddH,OfE N
25 AN, MRS R 7 EcrRNAFICRISPR/Cas13a
Frl Z 495 2 A R H AT 7K RN AT B
111 ESMRAE AR ERQE

KA B ok B 00 R s B R i, TR gk
FTTALFEANY BERNA . K ASHE SR AL )5 I CRIS-

%<3 CRISPR /Cas13at& K%
Tab. 3 CRISPR /Casl3a detection system

#H 4> Component {ARFAVolume (uL)
Casl3a 1
crRNA 1
ssSRNATR 5 2841 1
FrIRNAKE f/RNAbRE 1
G R 16
£l Total 20
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PR/Cas13afiill & 4t, 5 SL40 % & HUAE FH FIMSRV
K 515 (qPCR) AT B, PAMSRV  [RI 4 Ay BH 44 %6F
FEZH, TEMSRVYp 38 % 8 RN ARE i A 9 [ 14 %
HEZH, ddH,OfF 7S XS R4

2 R

2.1 MIRAS|#%} %

A5 F X AN [FIMIR A 51 006 55 A5 7 51 1 22 A
B Bt AT, e A S Ae b AR A vk, Wi 1a
Fir. HIKENAL T 100 bpAIAL &, 34Tk IE ) H ELH
Sel gk, RA SRR Y 5= 4. kg2 13
250 bpb Ny B H W% . HImage JEAH 53
B Lk ks 2 K 224 bp AIPKIE3 K FE N
255 bpJ H 2% 134T € b, FEH <K B %R
NEBRSITINGE R . Wi 4 A5 H, KL
KNG VIR, RIBI R R 45 &3 B 3808 =,
W 1bfTR. 25 REH: R HMIRA-F2/R2 5| Y%
I, 5 R SE S AR .
2.2 CRISPR/Cas13at& & &

CRISPR/Cas13afar il {4 5 Jx .45 0 f F 48 40T
AT RE G, M9 B E (B 2).
2.3 CRISPR/Cas13a-MSRVER{ER MK &

P10 A RN A AR A0 38 (1) B S RN A
TS5, Wl 3afros, #E1a H ARRNAR) & Ao B,
crRNA2E AL FcrRNAT; crRNA1 L crRNA2F B 5
[ B 9 645 55 crRNA1+crRNA2%% L 5 Vi &4
FRELE AP I R, RNV RUR BT

I MR XN RF ), "E T

bp
2000

1000
750

500

N
100 - — Ny <€§g>

31°C. 34°C. 37°CHI41°CAE IR, anl& 3b
Ffi7, CRISPR/Cas13a-MSR VA A £ f5¢ £ SN I
JEE37Co

R FTssRN AR 75 R &34 B 5o 60 0 28 ¢ 16 52
WE 3cHR, EMERTE A, 7658 5 5 ssRNATR
HARET IR S B IEAH S, ssSRNATR R ETH IR FE LE 500—
700 nmol/LAS Il 25 3R 2 S AN K, 25 FE BB 5L 2295 ]
L, B FE B ssRN AR 5 FR £ B 9500 nmol/L.

AR FEANF] Cas13a 5 crRNA FF) 52 v I B LE %
R 2 Se s, an b 3dFw, 24 LA 100 nmol/L
B f5 i FE A | Cas13a:crRNA I EL ) A4 1F03 16,
Cas13aik BAFVIRES; XM Casl3a%i & —E R, Kt
=5 R IR A 5 crRN AR (1 3G i & 1F A
X% . B, Casl3at5crRNALECH] N2 1, CRISPR/
Cas13a-MSRV Gl 22 4t e 0% 3545 5 K (PIAS U6 4 o
24 REEITHL

9 5% CRISPR/Cas13a-MSRVEy il £ 4t % MS-
RV I B ARAS R B, WO RN AAR HE S 3EAT 1045 56
FE SRS, 7 FCRISPR/Cas13a-MSRVAG il % 4t
HEATHSI . P 4517, CRISPR/Cas13a-MSR VS
MRS/ EERIE]10° M MSRV[¥IssRNA. 24 H
FRRNAKEEAE 1107 £MIS, HLESK I 31 (1752 5 5
XL E 25 . Bk, CRISPR/Casl3a-
MSRV I 2 %5 2/ GE R I 51107 fM MSRV [¥ss-
RNA.

25 HRMIT

J9¥EA CRISPR/Cas13a-MSR VIl % 45 i) 4

S, A8 FHACAL JE ICRISPR/Cas 13ak6 il £2 4546

b 10000 r
8000 r

6000 r

4000 [

K FE 18 Grey value

2000 [

RN
S

S S

K1 MIRASI4xd i id i Pk 18 A R R FE A 20 W
Fig. 1 MIRA primer pair screening electrophoretic gel plots as well as gray value analysis
a. JKIEM: 2000 bp DNA marker; Jk18 1. [ HEDNASE S H 8, JkiE2. MIRA-FI/R1 5514 H 9 F B (7 HE BT 7R 224 bp); FkIE3.
MIRA-F2/R2 514%™ 4 H 10 J Be(JrHEFT7R255 bp); b. 268 K BEAE 2 Hr (5 HEFT77)
a. Lane M: 2000 bp DNA marker; lane 1. amplification of negative DNA sample; lane 2. amplification of target fragment by MIRA-F1/R1

primer pair (224 bp shown in box); lane 3. amplification of target fragment by MIRA-F2/R2 primer pair (255 bp shown in box); b. analysis

of gray value of the bands (shown in box)
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AFEHI K PZRNAY &, BFRGNNV. BFENNVAHI
TPNNV. Wl 5, R AMSRV IR MAK 2 Gef
T 615 5, HoAthpE 5 RS I AR 4600 H 2%

Bl 2 CRISPR/Casl3afer il & &-2¢ 652 FE
Fig. 2 CRISPR/Casl3a detection system-fluorescence brightness
map
1—3. JEARNAFRAE S 24 5 4. AIACrRNA; 5. A
Cas13a% [1; 6. RN AssRNAIREAREL; 7. BHHEXT R
1—3. full system with RNA standards added; 4. no crRNA added;
5. no Casl3a protein added; 6. no ssSRNA reporter probes added;
7. negative control

= 10000
g 8000
8
o § 6000
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¥ 5
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= ——NTC
& .
0 5 10 15 20
[} ] Time (min)
15000  —=NIC —e— 400 nmol/L
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=
7
w5 10000 t
o 5
B8
¥ 5
' 3
E 3 5000
=
o)
[}
Z
5
&

Fi (6] Time (min)

=5 H PR T 2 5, NP R . XK BHCR-
ISPR/Cas13a-MSRV | £ 4t il 45 53 14 4E [AIMSRV,
A 7 VR S AR AT
2.6 FEGAN

X I 0 3558 37 R AR A W 5 BT 08 R I F R
i, SR TR A4 5 AMSRY, {F HIMSS-
RV 7 F R 5 I TPCRY 3, JEK e 6a
HH EE K B R R AR s, B A AMSRV

X GL T MSRV 95 #RF it AT T A 2 0 T
PG BERNA, 285 5 AP I ZH AT A I . [F)B
FEHURE i I DN AU Bl I qPCRIFAT LA . 4
K| 78 7~, FHCRISPR/Cas13a-MSRVE: il £ 4 k6 i
HEHMERERG 64 7+ 8. 9. 120 13, 14f11155)
55 A M qPCR IV 25 S —#¢, HohqPCRIICQIE &b
F18—25; MBATERES (1. 24 4. 5. 9. 10F1115)

5 10000 [
a9
& —=—31C
Z 8000 3y
- g ——37C
@ E 6000 [ —*40C
238 ——NTC
8
® 4000 f
Es
=
£ 2000
g
e
0 5 10 15 20
[t 6] Time (min)
] -
5000 1,
10000 F

5000 F —®—4:11 —— 12
——3:] —8—1:3
——2:1 —-a—14
—e—1:1

FRF & 00
Relative fluorescence intensity (RFU)

4:1 3:1 2:1 1:1 1:2 1:3 1:4
Casl3a:crRNAJY L]
The ratio of Casl3a to crRNA

K3 fRALCRISPR/Cas13a-MSRVE I J5z J52 % A4+ o 0 28 6 45 H 4 1l
Fig.3 Optimization of CRISPR/Cas13a-MSRYV assay reaction conditions to detect the effect of each data graph
a. FIA T3] 1B 8 75 210 ) crRIN ARG AR 4 ot RINA PR 0 225 SR LA b, R 3R e E AN R B2 T R DA 7 RNA T 8645 5 300 LA e H
AN TR TR RN AR 5 R BRI AR A bt 10 98 615 5 2088 LU d. FHASRIVR B2 LE 221K Cas13a/crRN A TR E 52 A0 RS DI A 44 it PR A 45 2

55

a. Comparison of assay results for detection of RNA from standards with different spacer sequences of ctrRNA; b. Comparison of

fluorescence signal data for detection of RNA from standards at different temperatures by the assay system; c. Comparison of fluorescence

signal data for detection of standards with different concentrations of RNA reporter probes; d. Comparison of assay results for detection of

standards with different concentration ratios of Cas13a/crRNA probe complexes
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CCCCCTCAGCTTACTGAGAGTTCGCTATGGAAGAA
GGGCAGTCCCAGACCTCGCAGTGGCCCAAGGCCA
GACTGATATCCAAGACAAAGCCCTTGTGATCCTGTT
GTTGGGGATCTATCGAGTAGCATCTATCACAAACG
ATGCGTACAAAACACGCGTCATGGAGGCAGTACA
GCAGCAGGCCTTAGAGGCAGATCCTAAACTCCAGC
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Fig. 6 Confirmation of MSRYV serial information
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CRISPR/Cas13a-MSRV crRNA 1 45 & ({1 58k B

a. PCR amplified 228 bp product band of MSRV primers; b. Sequence of MSRV capsid protein compared to NCBI, Bold sequence is the
upstream and downstream primer binding site, shadow region is the target location for CRISPR/Cas13a-MSRV crRNA1 binding
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A METHOD FOR DETECTION OF MICROPTERUS SALMOIDES
RHABDOVIRUS BASED ON CRISPR/CAS13A SYSTEM

ZHANG Min-Lin', HUANG Feng-Qi', ZUO Xiao-Ling', LIANG Jian-Tao', LIANG Kai-Shan', SHAN Jin-Hong',
LI Zong-Yang', YU Jie', LUO Li-Yuan', XUAN Zi-Jie', ZHAO Hui-Hong"* and WANG Qing"’
(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China; 2. Joint Laboratory of Guangdong

Province and Hong Kong Region on Marine Bioresource Conservation and Exploitation, College of Marine Sciences,
South China Agricultural University, Guangzhou 510642, China)

Abstract: The Micropterus salmoides rhabdovirus (MSRYV) is a pathogenic RNA virus. Currently, detection methods
for MSRYV are limited and inconvenient. In order to establish a MSRV detection method with high sensitivity and spe-
cificity and suitable for on-site diagnosis, we developed an MSRV detection method based on the CRISPR-Cas13a sys-
tem combined with the Multi Enzyme Thermostable Rapid Amplification of Nucleic Acids (MIRA) technique. After
multiple sequence alignment analysis of MSRV sequences, two targets were designed for the specific region of MSRV
capsid protein (CP) gene and transcribed into specific crRNA in vitro, and the MIRA primer sequence was designed
and synthesized to achieve isothermal amplification of the target sequence. The reaction system was optimized in terms
of the selection of efficient crRNA, reaction temperature, concentration of ssSRNA reporter probe and the concentration
ratio of Casl3a to crRNA, and the optimal detection system was validated for largemouth bass samples. The results
showed that the addition of 200 nmol/L Cas13a, 100 nmol/L crRNA1, 100 nmol/L crRNA2 and 500 nmol/L ssRNA re-
porter probes in a 20 pL assay system at 37°C gave the best detection results. The assay system demonstrated its capa-
bility to detect 10” fM MSRYV virus with remarkable specificity and sensitivity. Moreover, the results could be directly
observed by UV light irradiation. The MSRYV assay established in this study is based on the integration of
CRISPR/Cas13a system and the isothermal amplification MIRA technique. One of its significant advantages is its abi-
lity to detect MSRYV virus at room temperature without the need for expensive instruments. Furthermore, the results can
be directly observed by the naked eye and can be used in a variety of settings. Overall, the results of the study provide
an effective method for detecting MSRV.

Key words: Micropterus salmoides rhabdovirusis; CRISPR-Cas13a; MIRA; Micropterus salmoides
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