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# E.[#%] T+ EBB%mF 1 (Decapod Iridescent Virus 1, DIV1)T & & £ G 2P 4F. & B xfF
Fo B ARSI, RAFAIFRALG I RREZL—, SA] S ik, FRILAEN TR LA S DIVI
BV AL AFEE T ZEEZ, [B 6] HFaEGIENE B4 = L Z H A7) (Clustered Regularly
Interspaced Short Palindromic Repeats, CRISPR)Z }#8 % & 12a (CRISPR Associated Protein 12a,
Casl2a), Bf CRISPR-Casl2a % %t, 5 ¥ 408K &-B4Y 3% (Recombinase Polymerase Amplification, RPA)
HAALE A, E AN DIV 495 % (RPA-Casl2a), FIRiT4 7 ik 5 RAE A4 T o 649 &2 A
8. [7 %] @RI DIVI DNA, it RPA 5140, crRNA RIRERAT, HALF# 5 RPA 44
CRISPR-Cas12a #9bif A7 ik, #—F A% R0 DIV] ¢ REE 5470, Jfusids
k5 qPCR ikt —2k. (4R ] 2 569 RPA-Casl2a Beif #0017 i T £ 40 min 7 52 It SFAE A
DNA ¥ DIV1 #9420, 4R % 10 copies/reaction. i % 7 ik 4> 5| & 2 &F & 52 476~ 4E 7% 2 (White Spot
Syndrome Virus, WSSV). 4% 4H K T & 1% dn 28 42 3R 58 % & (Infectious Hypodermal and Hematopoietic
Necrosis Virus, IHHNV). #FAM e & (Enterocytozoon Hepatopenaei, EHP)Z DIV1 #tATARR], 4%
X DIVI XA F R, W WSSV, IHHNV F= EHP 6940 45 R 3 4 I, KA RPA-Cas12a 42 7)
61 M EIRHEA, %5R¥ L5 qPCR MR G A A —2, [45] & 549 RPA-Casl2a 7 &4+
RS mar | A ik, B, RBUELSEHAFHROFE, AT B RE | ek ©nR
BT AE T E

X##i7: CRISPR-Casl2a, ZABEREGBEY 3%, + B HRE 1, Pigsn
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Rapid detection of decapod iridescent virus 1 by recombinase
polymerase amplification combined with CRISPR-Cas12a
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Abstract: [Background] Decapod iridescent virus 1 (DIV1), which can infect Penaeus vannamei,
Penaeus chinensis, Penaeus japonicus, etc., is one of the main viruses harmful to the prawn aquaculture.
Currently, the efficient, rapid, and simple detection of whether the prawn is infected with DIV1 is an
effective way to reduce the occurrence and damage of the virus. [Objective] Clustered regularly
interspaced short palindromic repeats (CRISPR) and CRISPR-associated protein (Casl2a), termed
CRISPR-Cas12a system, was combined with recombinase polymerase amplification (RPA) to establish a
method RPA-Cas12a for the rapid detection of DIV, and then the application value of this method in
detecting actual samples was assessed. [Methods] We extracted the DNA of DIV, and designed the
RPA primers of DIVI1, crRNA, and reporting probes to establish the rapid detection method.
Subsequently, we analyzed the sensitivity and specificity of this method in detecting DIV and
compared the consistency of the established method with qPCR. [Results] RPA-Cas12a can detect the
DIV1 DNA samples within 40 min and had the sensitivity of 10 copies/reaction. This method only
detected DIV1 while showed negative results for white spot syndrome virus, infectious hypodermal and
hematopoietic necrosis virus, and Enterocytozoon hepatopenaei. Moreover, the RPA-Cas12a method
revealed consistent positive rate with qPCR in detecting 61 actual samples. [Conclusion] The
RPA-Cas12a method established in this study is rapid, simple, sensitive, and specific, and can serve as a
new tool for the rapid detection of DIV1.

Keywords: CRISPR-Casl2a, recombinase polymerase amplification, Decapod iridescent virus 1, rapid
detection

A & A XT R (Penaeus vannamei) H 1988 4F5| A
T 5 7 4 S e ), T AR SR
AW T HE 2020 4 L GG AR K 4
T, 2019 3K [l K 558 AR K 558 v R 26 D6
BRFRFE P4 A 1.14x10° t, (5 X IR FRA B iRy
91.27%, JEIREXHERIRAE = BP0, (AR K
P36 XTI SR L R o 0, Bl L iR
B, XX IR FRTE KoM el i T e E AR kM. |
HI, S X R FRGE Y R I 32 20A + 2 H AR %
7% 1 (Decapod Iridescent Virus 1, DIVI), XJHFHBE
ZEAAIER BE(White Spot Syndrome Virus, WSSV),
FEWER T M I ZH RS R (Infectious Hypodermal

and Hematopoietic Necrosis Virus, IHHNV), Z:AF
Jifi i YK BE 25 & 1iE (Acute  Hepatopancreatic  Necrosis
Syndrome , AHPNS) M U JH-1% il 5L (Enterocytozoon
Hepatopenaei, EHP)Z5 , ¥ 85K 42 X MR FE 48\
M) E B FE, XAESC S B T B K& T i
&, CCR RS G IR FEFE Y & i) FE B BR R A 3R
Zz o

DIV1 J& TR A, J&—Fh A K
PRI | WUk DNA i 85, W90 &k B 5 i 1
FEFEREFEAXIF . FE XS ENPenaeus chinensis)
H A X} R (Penaeus japonicus) . 41. %% %5 WF (Cherax
quadricarinatus) . i [CJREHR(Procambarus clarkii) |
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& A R (Macrobrachium rosenbergii)F1 H A< V3 i
(Macrobrachium nipponense)ffp[10'11]O X R Z
B ECE ML | 6022 . AR . LA Y
24 L H S P AR AR AL B AR B S, SR
PO BN N 7 I = N 1 AN 7 = e
ZS s BRRER, 51 & X IRR R ERAET- . X
IR, B A A A 5 T
FAXTA R 7k, BRI IR B0 22 15
Jt BEL ok s TR AL R R, RN R, HERR L MR
$E L DR DIV AN 7 sk 2 iz 2 & A= ™
R EE R,

FURI, Xk 0 02 713 S g M 82 25 14 A6 38
R I A BB S . AR E | Sei il
5. ANAIEEFRAT PCR KGNSS, X LE77 EEFEIT |
FE . AR Ay, AROMERE N B PR . ER
Ay T B B A R I o e [ S A )
(Clustered Regularly Interspaced Short Palindromic
Repeats, CRISPR) X HAH# 1(CRISPR Associated
Protein, Cas)®%t, Hl CRISPR-Cas R4, J&)if%
A= W) P S HIRARD A1 A 38 A5 W) T A AR A A 92 9 A R
B8, RGO WG U — R Rk I g L
HU e, BEEZATRBIRR S 1124 Cas # 1 (W0
Cas12a) HATKHEUIRITE 1, I CRISPR-Cas #
Gon TR A 453, Cas12a 28 (W) HRR
4 Cpfl, i Zetsche 2T 2015 4 & B, %
HEHAART Caso M, HIHAE gRNA 5T T 5H
PrIP A5G 3T U0E H bR AU DNA AR, Bl T
Xf BT Y HEE DNA 7 AR S DRI RIS s X BE
% fifi Chen S5 & i —Fh 9% #% & DNA Endonuclease
Targeted CRISPR Trans Reporter (DETECTR)
LW RS, ZRG AT X Ih KA 5
DNA AT PR a5 g BB A0 5 24T
DETECTR % & & ¥ # 4 W & & B 9
(Recombinase Polymerase Amplification, RPA)+Y
A CRISPR-Casl2a K [iF RNA. 5671
MG —F ST A2 5", RPA HARMY

3 PG, RUREZS G SERXITR S| W E ARG . bk
DNA Z5AE O MEE S DNA RAm, mHE
37-42 °C T EYE, AT LAFE R A a] Y LI
M5 NS AR DNA Y3850 188, gl LA
R PCR ARG ; (H2 5 PCRZEML, Wssih
BARFE S 1 g Rl L 7 Cas12a FEFTE crRNA
515 T 5 BEspalda)a, B h sk
A, AMUAT LA SR Hb UTHIHE ssDNA 5 dsDNA,
I RERS R V) FN A RN HAL 5% DNA, BIEA
BRHE TG E ;s MR R IR FBE DNA &8 i 3
My, —H. Casl2a 5 E/# DNA FFHIRIFFETE,
R 2 U E BRE R ET I DN T B e i B 1A
MR OLAE S R AT A #AR DNA; Z i H
A R R SR, IR 1 R
WP I W TR T B

HItABF 5t 21 DETECTR RGRYFH, #
RPA # K 5 CRISPR-Casl2a ZGHLE S, HIET
DIV Pkl /51 (RPA-Cas12a), A DIV [k
HIZ T K B R R T H
U RPRS i
1.1 #&

+ R B 1 (DIVL), XFIR A BRELZESAE
Wi HE(WSSV) . A& Ye Pk iz T K Il 41 2R 58005 75
(THHNV) ., $F 7 i B (EHP )L 5 R 5 11 X iR R
B T VLAE K7 R HE ) S ek . PP g
i pET28a-MCP (Major Capsid Protein) 5k (%5 A
PRI A B i) T A AR S 28 OR AT
1.2 EERXFIFE

IKAE s DA A R B BB R 6 (B 0o A 1)
V2.0, JTINARIEEYIRHCA RS A RPA 97351t
&, Twist DX A H]; Casl2a f5H, | MIHAk
YRR A BR AR s e silon &, B At i e
MBI RHEA AR RNA aifbidFl &, Kk
R AR A RA

A WIRE L ETAL B . R AR A BT A
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UM BURAARA PR w5 ABI Step One A5 E
1% PCR {¥, Thermo Fisher 2]
1.3 RPA 3|#i&it

ok GenBank, #fELC & KM DIV1 # MCP
FH(KY681039. )FESF )P4, 28 RPA 5|9
Bt sk E RS, RPA RS
(DIV1-F): 5-CAGATCAGAGCGCATTCGATCCC
ATAGGCACCGC-3'; RPA TFi#5|#)(DIV1-R):
5'-CGTAAGAGAACATGTGGTATCCGGTGAGTT
CGGG-3', 5IW A T Ay TR () B A R
NGRSy
1.4 crRNA B9%I&

H 4 Cas12a 25 [ crRNA TH 588 751 (1) 4
Rl crRNA R 5 5% & & T ) PAM i, 7E DIV
() MCP JE[K 581 3563 4 X 4F5FPE ) DIV1-crRNA
519)(DIV1-ctRNA-1-4), 5I¥F5an#E 1 fis.

DI iR DIVI-crRNA B &, TS 190 5 AR
FPH, #EAT0EE DNA &R, REN E. T
51497(10 umol/L)% 5 uL, JC RNA [i/K 40 pL, i
o B ARE M LA TIR KGR KRR F R 99 °C
10 min, 85°C 5 min, 80 °C 5 min, 75 °C 5 min,

Je, R SR S0 AUEE DNA F Bedk A 4% 5,
SR )5 R RNA gl Abial ) &0 7 5 =itk 1 alifke,
R 445 crRNA,

1.5 RPA-Casl2a & /&

it BT (DIV1-Probe) [77 41127 Chen 51977
B, HF 4 FAM-TTATT-BHQL, 4T
AW TR (R R A PR F & . RPA-Casl2a
Rl J Wi AR (25 pL): 514 DIVI-F F1 DIVI-R
(10 umol/L)#% 1 uL, 20xCore Reaction 1.25 uL,
10xE-Mix 2.5 pL, MgOAc (280 mmol/L) 1.25 puL,
10xFnCas12a Buffer 2.5 pL, FnCasl2a (500 pmol)
1 uL, crRNA (10 umol/L) 2 pL, DIV1-Probe
(10 umol/L) 1 pL, FFHEUEFE DNA 1-100 ng,
TG RNA Ff7KAME 25 pls KB il i il S s 1R &)
J& 500 r/min .0 10 s, B TFoOEE R PCR XL,
37 °C J )i 40 min,

1.6 crRNA BY7%i%

Pl pET28a-MCP Jitki m#it, RMA 1.5
RPA-Cas12a f: 7k, 4334 4 41 DIVI-crRNA
(DIV1-crRNA-1-4) ATk , i 3 47 3 #h e 1 2¢
AE S AR W B[], B AR ULAY DIVI-crRNA 5]

70 °C 5 min)EPAIJE BUMEE DNARY, Jeigss 4l
%1 DIVI-crRNA 5|7
Table 1 DIV1-crRNA primer sequences

el CIR/Ep 519751

Category Primers name Primers sequence (5'—3")

DIV1-crRNA-1

DIVI1-crRNA-2

DIVI1-crRNA-3

DIV1-crRNA-4

DIV1-crRNA-F1

DIV1-crRNA-R1

DIVI1-crRNA-F2

DIVI1-crRNA-R2

DIV1-crRNA-F3

DIV1-crRNA-R3

DIV1-crRNA-F4

DIVI1-crRNA-R4

TAATACGACTCACTATAGGGTAATTTCTACTAAGTGTAGATAATCTCGAGATCG
TTTACGTTGA
TCAACGTAAACGATCTCGAGATTATCTACACTTAGTAGAAATTACCCTATAGTG
AGTCGTATTA
TAATACGACTCACTATAGGGTAATTTCTACTAAGTGTAGATATTCAACGTAAAC
GATCTCGAGA
TCTCGAGATCGTTTACGTTGAATATCTACACTTAGTAGAAATTACCCTATAGTG
AGTCGTATTA
TAATACGACTCACTATAGGGTAATTTCTACTAAGTGTAGATGATCGTGAATGGT
CTGTAGAACC
GGTTCTACAGACCATTCACGATCATCTACACTTAGTAGAAATTACCCTATAGTG
AGTCGTATTA
TAATACGACTCACTATAGGGTAATTTCTACTAAGTGTAGATCGGTGCCTATGGG
ATCGAAT
ATTCGATCCCATAGGCACCGATCTACACTTAGTAGAAATTACCCTATAGTGAGT
CGTATTA
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1.7 RPA-Casl2a H# R BUERE

FEHL pET28a-MCP FHYEF R, i+ NanoDrop
One X BHPE TR #F 47 7 &, AR5 5 Ho G Bl
10’-10° copies/reaction 8 MHKEF, KM 1.5
RPA-Cas12a il ik, DAHG BRS04 45 Mk R BH 14
JFRL Ko G RNA B 7K R RiA , 38 47 1 iif 2 4
PO IR MR IN R . B BURLHR BE HEAT 5 IR
HE
1.8 RPA-Casl2a i MHikie

SR AR 0 RE T Ak B AL 2 6 9 A % fi BRE R
HHEAT Y B AR S (0 K A 3l Wi e A A
PRI BGR ) & 3R B DIV, XFHF (1 BELE S E s 75
(WSSV)., f&Yet: B Kt i 2R FEH #:(THHN V)
KR i HU(EHP) O DNA, 5286 40 B8 2 IR U B 45
W7o R RPA-Cas12a JiEdbA R, [alAs LG
RNA [ ACHBMRAE 28 IR, BT AR IF 58 7 ik
ARSI AR S
1.9 RPA-Casl2a 7 7EX KBRAEFARBIE N

2 g 3 FIXTHRER (2019 4F 10 A % 2021 4F
2 AOREAR, BIETE K e B Mk Rt
FH 1.8 AR A RL R 24H DNA, RJER
FH 1.5 H1(%) RPA-Cas12a 1A R & Qiu % #57 ) qPCR

Extraction

W Template

1 RPA-Casl2a #ill+ 2 BHI %3 1 (DIV1)RYJRIE

@ Probe

R gy B R AT SRR A BRI, H g
2 PRI — bk . S IR POUEIL T
RPA-Cas12a Z5 53R, BIFRIIREAS (2K 5 ¢
JEAE>3 FEBAPEXT BRI 2 s 0O E, TR A
A DIV1, &BIEAE DIV,

2 HERG500
2.1 crRNA BIffik

RPA-Cas12a i+ & HUT R 1 (DIVDY
ARINEL 1 F7R. SR RPA-Cas12a J5 vk ORI
T 451 4 41 DIVI-crRNA (DIV1-crRNA-1-4),
S ZE R (E 2)% B, DIVI-crRNA-4 5HAh 3 41
(DIV1-crRNA-1, DIV1-crRNA-2 #l DIVI-
crRNA-3)HH H,  FLo S i Kk 1 B (] e A
e, JRZESE R DIVI-crRNA-4 #EfT, Hik
SEHIFS A 5'-UAAUUUCUACUAAGUGUAGAU
CGGUGCCUAUGGGAUCGAAU-3',
2.2 RPA-Casl2a iR HERBLER

DL 8 MERREERE BE(107-10° copies/reaction) i FH
PEFFE A TG RNA BifZK AT T RPA-Casl2a
K, Z5 40K 3 s, 10-10" copies/reaction 7 4~
o e JRE S BB 194 G I S I %€ (i 22 1] 38 TG 22
S, T HPOEHRE R T 10° copy/reaction Ak

(R ———

r Casl2a

dsDNA = — PE . »

2
Seg

Detection
e T ®
37°C 15 mm_:”,’:_ N

e\ Probe ?M ’
3

Casl2a

Figure 1 Schematic diagram of the detection of DIV1 by RPA-Cas12a method
TE: RPA-Cas12a filf Jy g i 5L 5 AR PRI+ LR35 1 (DIV]) DNA, K5 A7 24 M5 5 B 1S (RPA), 2
iU, FERRTPEIN Cas12a 2 R HRER, Cas12a YIFIRET S ZSOBMER L DIV 4 /L

Note: RPA-Cas12a method starts with the extraction of Decapod iridescent virus 1 (DIV1) DNA from Litopenaeus vannamei. After the
extracted targets are converted to RPA reaction, Cas12a and reporting probes are added to the system. Casl2a cleaves targets and probes,

releasing fluorescence, allowing direct detection of DIV1 DNA
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9x10* |- —— DIV1-crRNA-1 .
gx10¢ [+ DIVI-crRNA-2 o
«— DIVI-crRNA-3 g
7x10° | —— DIVI-crRNA-4 -
S 6x10° L
= j,"‘
S 5x10° -~ -
§ .)‘/ ,‘k*‘*‘
g 4xI0'F P g
B 3x10° b R I e
- et
P23 (1ol P 000 e bR
1<10*
0 1 1 1 1
0 10 20 30 40
f (min)

2 DIV1-crRNA RIfFELE R
Figure 2 Screening results of DIV1-crRNA

Ix10%

ok

2x10* |

Fluorescence

1x10* ¢

107 10 10° 10* 10° 10° 10" 10° N
Copies of plasmid standard

3 RPA-Casl2a REEIRELER
Figure 3 Sensitivity detection results of RPA-Cas12a
Note: N: No template; ***: P<0.01

MR I (P<0.01); 10° copy/reaction AR [
R R =R SRS & DORL ol 515 V5 7 = 5 = 8 A
I, ABFFTELH RPA-Casl2a J7 3 ARG R
10" copies/reaction.
2.3 RPA-Casl2a S5 R MR GE R
RPA-Cas12a [ 3 B 4 S5 1 20 G D00 45 2R 4
Kl 4 7, AU DIV ARG Y 2, = xR
(JC RNA fifi7K) . WSSV, THHNV } EHP #f§hH4K
G, WA RPA-Cas12a R4 R A Sk
PRI DIV H R 51, TS A [ A
AR = A8 SR , B AS G 5 5 S R A
A H B PR o

5x10°

——DIVI
—— WSSV o~
s L ——IHHNV ~
4x10° |- —— [HH
8 Water
= 5 L 4
§ 3x10 '/_,-
= ;
2x10°
£ e
)’"
1%10° F .’,.;“
M&'\Jﬁh‘—ﬂ-’\-ﬂ-“—d—&ﬂ-"ﬂu’.‘—‘n‘\-wHMHMWRJ—BR'H'—H-\';{A'!-M
0 i 1 n 1 1 1
0 10 20 30 40

t (min)

4 RPA-Casl2a HRMHIRIER
Figure 4 Specificity detection results of RPA-Cas12a

2.4 EBREARENHRITEM

X 2 AR 35 FAXTERER (2019 4F 10 A K 2021 4F
2 H)FEAEEL DNA 5, [FIFSR AT L8
RPA-Casl12a J7iEFICHRIERY qPCR FAHEA Y
DIV JEA A, 455 R, 2 oyt 2 fitrpgsE
FIXTRIR 1 DIV B 45 5 344 2019 4F 10 H
FEAAKS B PAYE 8 3, BATE 2 f3; 2021 4F 2 HFEAR
B 27 £y, BRI 24 405 DRI 2 Fooy v Ao A
ROR—3(5R 2).
3 i

AR, XTHRFRAEA TR L R, BRI
B K SR B B SR P 2 — o SR, X IR
B A A SR UG B TR TR R K, BEARERLS
SR IR ok BRI Tr i de, TR X iR
BEWIRER, —HESEEEHRNRAEZ
— o HRTX T R RGN R A

%2 RPA-Casl2a#0 qPCR J73% % X iR 4£ 2 dh B DIV1
oREES
Table 2 Detection results of RPA-Casl12a and qPCR for
Litopenaeus vannamei samples of DIV1
] AEA%CE FIPEREARCE
Detection Sample The number of
time number positive samples

FHPEREA S
The number of
negative samples

RPA-Casl2a qPCR RPA-Casl2a qPCR
201910 10 8 8 2 2
202102 51 27 27 24 24
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1o AR AR AR T B, R R S A K A T
SN, BERE KR D . HETZHr DIV
R EFEA R FRME . £:0 PCR.
qPCR ., #5250 18 (Loop-Mediated Isothermal
Amplification, LAMP)F AR RPA 4 /. SR
HI 3 P fR BB SIS ARRRE A ZR
ARG, FHEGEL ISR Ei# T, e
Tl 2 TR 5 AL I A U ) 75 25, LAMP
RPA 7] DAFEAE I S5 AN 04T SR kb b3k 5 4
AR, LIRS T A AN D B A% IR K
W, H LAMP $RTFTESS 5y AR R St 4 33
s BEPE v 9 ) A, 7 S5 B A W o A7 7R — e 1Y ik
Fs RPA HORGIWTHREI S, P IGHCRR, H
HA A SRET Bt 2, SR Bt S AR
St Casl2a P& 59 UG VERT I FAZ IR AU, 1 HA
A FE R S, 3E A WA I AT DL S A AR T
{E 2%, (X RPA 5 Cas12a HIZS &,
AT KR, R RPA B TR S 3 T 46 =g e
REWRBE, Casl2a X4 5GPy A TR n] 3
OG0 P A S o

ABFFER A T RGBT RPA £ K454 CRISPR
il R4, AL R M Chen % K& H, X Fp
CRISPR-Cas %4 B2 il /i 7 0 Ptk i = 48 BAY
P . R R EESE2mAN KEH
HI, K77 SRS vk i 9 i i, LAMP Al
DIV1 1 R 53K 354 copies/reactiont™, il WSSV
() R A g 225-0.225 copies/uL™!; TagMan qPCR
Ko DIV B9 REJEWRZE 1.2 copies/reaction I
4 copies/reaction®**1; RPA ¥l DIV & 51 Ky
11 copies/reaction™, ¥ THHNV (1) 5 G N
4 copies/reaction® [H LA b 46 7 vk B AR #14 l
NGV #5(qPCR), SR A= (LAMP),  BURR
FPEAIRRPA), AWFFEHENLAY 5 CRISPR-Casl2a
R RPA S b Y7 [a]—fH i T #6147, B4
if B HUHT A 4 B 1E R 2O A YRR AT 58

B, K DIV B9 R0 4 10" copies/reaction; 5
Ab L AKE I 5 2 Be R A I DIV, XS
WSSV, THHNV, EHP Jo32 XU ( 4). Wnaefs
RPA-Cas12a 45 G RAAIRIEIEAR , %I A BN
FH T JE 2 557 FN 7 158 FH A PRk Aoy DU

4 5Hig

AP RPA £ K 5 CRISPR-Cas12a R SiAH
EEEa VAR U OD O i O A S LW Tk W oAl E 'S
AR (RPA-Casl12a), FJ7E 40 min Z& 45K W% 95 75
DNA, HA R . R . FeFrom. #
YETT A0S, 2o 2 1 P s 2 B 4L 158
T3 A A b DA PR = R i e A T
HET R
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