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AR LU AL & GI A GIT NoV #EJE [K (1) 9% 75
FERIURL E 2 R S5 R, B X GL NoV i
2 41 RAA 514 3 Fl RAA 2651 ¥ 4T 4
Gy BEXT GIT NoV it i 6 41 RAA 514 9 F
RAA 2 6L 51 e L4, 43 0 i 8 th GL AT GIL
NoV il ) fe 51 Wy B AR T, IR A7 R S 1
eri Bz v AR e LAk, B Ry A4 F& Ak DA B 6t B 5
FEAKE I Y R S TS50, B REF R
e fRT B R GI Al GIT NoV i {0 vk M 9e e ik
FiP RAA T WAL BRI 757 i NoV 33 P
RO A PR T S

1 MBEH®E
1.1 #E 5K

GII NoV F. 52 A A Hy v [ K5 90 K6 2 B 27
WFR BE T A K 360 5 A e e i B it , et 5
FH AR JHF 4 9 75 A o 1R o [ DGR 2 BRI 5 v o
=

RAA R 1A & RAA #ZIRY 150 &
(ML), TLIRE RIEF AR A BR A A
RNeasy Mini Kit 7l &, SLAS 0l 45 8 (1) A
FRAWR] ;8 RAA & (M-MLV, A~ Taq
fitg), Wy FORE (KRB 25:24:1) K] |
SYBR Green 1 ¥4kl bt KEERHHRA
i ;DL 5000 DNA Ladder DL 2000 DNA Lad-
der,dt 5t A 2 s AW ARG R A | ;DEPC /K, 2
nREYHEARGRAF
12 UE5EF

PCR 1 BIO-RAD T100 Thermal Cycler ., &
AL Picol7 (B> 71 =12 000 g), 3 [E Thermo
Scientific 23 H] ; HL UK AL . 4 B 20 & I AR & 4
PharosFX, 3€ [E1[1 5k (BIO-RAD) 2 &) 5 W8 iYL , i
I HRR DL IR AR5 1 1 A BR 2N W) 5 4 e L it
ke AL, B 7R 8 A 7] 2R R qPCR X, 1
WA YRR A Bilidy . IRAMYL, 1=
Eppendorf 23 7] ; A2 W4 446, 52 6] NUAIRE A A ;
B0 \EHE PCR &, £ Axygen A F]
1.3 Hik
1.3.1 Gl NoV MRS HF MM M\ TRk
AR F GI NoV HSEFEAS | PR it i [ B A 1fE 1SO
TS 15216-2-2013 5 E4{x GB 4789.42-2016 1 ¥

E W GI NoV ¥l #8 #& (GenBank % 3% 5 .
M87661.2) i X i i) 496 bp ) ¢cDNA J¥ 31, Z 4
S A e KB KB AT BRA B 3047 N A L,
FEAE A BT FI Y 57 3 A1 37 S 43 51 A T B4
M Sal 1 X Xho 1,485 va B3 pMV Ak b IR
B Gl NoV EALHE M AT IS . R Sal 1 1
Xho T X} 55 21 Jo A E 47 BUBG VI 56 o, Wi U0 AR 200
10 wL R RE &y, Sal TF Xho 14 1 wl;37 C
it 1) 40 min, i 1.5% ) 50 B 241 0k 2L K Sal 1
N Xho 1 XLYIE J5 09 7= )47 LUK 28 0, ALK 5%
160 V HL & 20 min, X 55 41 50k A D) 7= )
HEAT I B

1.3.2 51 e Wit ik $EHISO TS
15216-2-2013, [H45 GB 4789.42-2016 L& K S
% 5 Gl (GenBank :M87661.2) #1 GII (GenBank :
X86557.1)NoV , LA S %6 IR 9 5 | HY 78 I 4% 6 75 &%
UL VS e B B A 3L N 4L 41, e ECH F 3R E A
T NoV 743 B4 0 FF ik & 12 4HE 1 (Open Reading
Frame 1,0RF1) S5FFCREHE 2 (Open Reading
Frame 2,0RF2) BL&5F X 380 9 M5 E RNA 3R 5
filf FNZ5 #9285 11 VP17 51, R Clustal X # R 17
JEA LE X R4 RAA 514303t 538, F A Primer
Premier 5.0 #C 76 F 0] 22 5 X 38045 ) 13 01 GIL Al
GIT NoV HJ4H: 51 RAA 519 MERES 75 {5 80
1R, FHFBRITARASBEEREFBHEARA
GRSy A8

1.3.3 RAA B A AN RAA KWK R 2= M
RAA %R 4 38 500 & 1 W3 43 1 4 B 00 A 11 i
R . % b 25 L, 15 [ 514 (10 wmol/L)2 plL,
R 5% (10 pmol/L)2 plL,dd H,0 15.5 uL, H
44.5 pL IR TR WL 2 A R TR 0 PCR 4
o BRI TR R T A R A O SO
PRI 2 )E . ME A 5 LA 2.5 pL i
CIREVWE, TEE NN ARR P INA 3 pL
M, 2 T 25 45 3, 3 o T B0 il IR BE R A R
REERITH, B IRG IR S F G B0, A
PCR 1%t 37 C4" 4 40 min, FW 4595 B 25 L
B IMASEAR B B S R (25124
DR, IR 3% 1R 5T 5 B0, 18 FH 2% 35 B8 1 6 Jise Xof
FREEWRHEATRIKEE ., RN IA L
L 1 000xSYBR Green I #% R4 FHRES) G B
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F 1 GI# Gl NoV RAA #ill5| #1 & ¥R $t 7 51
Table 1 RAA primer and probe sequence
AER I HIRA 531 (5'—3")
Gl GIF1 GTATGTCCCAGGATGGCAGGCCATGTTC
GIR1 CCACGCTTGATGTAGCGTCCTTAGACGC
GIF2 ATGTATGTCCCAGGATGGCAGGCCATGT
GIR2 TCCGGTACCAACTGACCAGCGCCACTAG
GIP1/2 GACCTCGGATTGTGGACAGGAGATCGCGA [FAM —dT][THF][BHQ1 -dT|TCTGCCCGAATTCGT[c3 -
spacer|
GIP2 TCCGCTGGATGCGCTTCCATGACCTCGGAT[FAM—dT|[THF][BHQ1-dT]|GGACAG[c3—spacer]
GlI GIIF1 TGAGATTCTCAGATCTGAGCACGTGGGA
GIIR1 ATTATTGACCTCTGGGACGAGGTTGGCT
GIIF2 CAGAACTGAAGGAAGGTGGCATGGATT
GIIR2 TTATTGACCTCTGGGACGAGGTTGGCTG
GIIF3 GTTCAGATGGATGAGATTCTCAGATCTG
GIIR3 TATTGACCTCTGGGACGAGGTTGGCTGC
GlIF4 GCAGAACTGAAGGAAGGTGGCATGGATT
GIIR4 ATTATTGACCTCTGGGACGAGGTTGGCT
GIIFS TTACGTGCCCAGACAAGAGCCAATGTTCAG
GIIRS GTCATTCGACGCCATCTTCATTCACAAAGC
GIIF6 TACTTAGGCAAATGTACTGGACTAGAGGC
GIIR6 TTCCTTCAGTTCTGCAATGACTAGCTTG
GIIP2/4 CGTGCCCAGACAAGAGCCAATGTTCAGA [FAM —dT]G [THF]A [BHQ1 —dT]|GAGATTCTCAGATC [¢3 -
spacer|
GIIP2/3/4 GGAGGGCGATCGCAATCTGGCTCCCAGCTT[FAM —dT][THF][BHQ1-dT|GAATGAAGATGGCGT[c3 -
spacer|
GIIP1/2/3/4  GGCGATCGCAATCTGGCTCCCAGCTTTG[FAM—-dT|G[THF]A[BHQ1-dT]|GAAGATGGCGTCGAAT[c3—-

spacer|

DU 25 5%, 4 B OR BRI ekt o g i
VSR G S SRR N R B SO R R AT

1.3.4 RAA IEIERT  RAA 262K M 5 hi
KRS B RAA By 3510 & (FOh) i it
A A5 il 5 15 00 R AS () BIUR VL - 22 v 25 L, 1E 1)
5147 (10 pmol/L)2.1 L, JZ 11514 (10 wmol/L)2.1
wL, Z4F (10 wmol/L)0.6 pL,ddH,0 14.7 pL, ¥ I
WRIR WS 2 AR TR ) PCR &b iR T
SRR TR Fe o IR ) R AT R B, TR
A 2.5 pL (9 SRR BE VWL, 758 N R AR &
A 3 WL BRIHR , 4% o A4 o, R R0 Al
ORI TR D, 30 R IR TR 2 R
N FR IR PG B L, AR gPCR AL H
B, KR FEF N 237 °C 15337 °C 158,50 MEH
FESS RN B BOSCAE FAM 2806155, 945 R i
PR GTE 2R R P, A H B S iy £ 40 1

S B

1.3.5 RAA k04 5 Pk Fr {11 JC RNA [
ddH,0 73 Bi%F GIT ¥ Wi 7 | 48 W0 7 A HT RL T
RIFFIEREARHITEEIRS), HB AR
HAEMEELE T, 1 RNeasy Mini Kit i 7
&% 3 A TR R B AT RNA SR 5, 1 & fig
Ak T A T G T ST 2 BUHE 1) RNA ¥k 3 2 17
W o B R Sl & (M-MLV , A & Taq
fitg ) Ui B A5 8 3 A 9 RNA SRFE S eDNA
PLGI NoV 4 H: K445 Wi Bk Al GIT NoV (1) eD-
NA Ry ELSERE A, B AR bR 25 A 48 R e 3 1
cDNA 1ERIRI X 1R | ddH,0 M55 (I, 4351k
175 RAA 5 6IE A | B4 B 3% & A4~ F
17, 00647 3 IRE A,

1.3.6 7 ILik

1.3.6.1 RAA I bkl )y it hiE
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LTI RAA 875X NoV K i (1) f 46 3 3 i)
B8], g XF 1.3.3 7 RAA i f2 7 i A1k, LAk
B B PR T A H A, R R I I Y B AR S I AT
RAA # , 4y % #E17 37 C¥~ 4 40,30,20,10
min, LA ddH,0 K25 (xR OB 45 S5, FH 2%35
BB BE I R Pk AT SYBR Green T A% B2 Y4k} i (0 45
TELEA FIWT B i R I B 8], AT 3 IRE &
1.3.6.2 RAA ZOGk ik r bt iE
YT B RAA 967X NoV A I ) 5 g 7 344 B
], AR 56 % 0 18 H 10 RAA 286 e 5 | W # &F
WA MATY T IA, 76 1.3.4 75 RAA 25k
2 5 R Py LA B, KSR B B Y BN R T
FsF TR A9 R 28053 0 E Ry 215 .50 JE 6,15 5,40
AR, 10 s .40 EIR |5 s .40 FEI AR5 56 69 14 il
L e R N AR, IR AR LA ddHL0
25 XTI AN RN R 2 AT, R T 3 IR E
B,
1.3.7 KRR Al A i ik 1 e A 5 1 9
FAEL 20 )6 AT RAA 5 9634 N [R) s g 14 & i 45
M, DABG a2 RAA K e /N 2 AR &R 36 20 A 1k
Fr I BCAS 1 H Y, o il B 48,24,16,12 pL it
B RAA G ROV AR FR R R a6 37 1
PRH SN R R AR P HEAT Y R RL ddH0 s
I I8 AR RN IR 2 AN AT, IR AT 3 IRE R
T,
1.3.8  #S7H9 NoV RAA A Ak B 4G iy vk R
BB N EIREE L RAA B 59
5 e ARG T R e AN T AR 2R X NoV A U i1 2
O, ¥4 GI NoV 42 & Uik 2 25 4 il vk B
S35 R 1,107,107 ng/plL, GIT LS FE A B AR
e 4 IR A 20,10, 1 ng/pll, R EiR ST 1
RAA W] WAk PR A6 0 77 v 1647 3055, 20 B R D
X NoV 225 i R EL SEREAS i Kzt BR, B> S
N B P ASEAT , ddH,0 A28 I IF 64T 3 Ik
AR,

2 HRE5SMW
21 NoV Gl ZESEHRERE

WAL GI NoV H Y Fr BL A = 20 5ok, Jf:
PEAT IR W BRI F UK S5, A5 2R /R A7E 3 277 bp

BRI A A5, RIERFA BUN, E 1 R, R
FH Sal 1F1 Xho 15t 55 20 A b 47 XU D) 4 22, o]
3R 2 769 bp (1 & AR FTK B Sl 508 bp 19 H
(0 7 B, 25 W I, B AT IO S R an &l 1
TN o HLHE 2 S5O FH D7 0 0 4 R TE A TE S
20 R AG EE) , 4ii 44 2 pMV-NoV Gl

M XEEY) kL

5000 bp
3000 bp
2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

7 :M & DL5000 DNA ladder,

1 Gl NoVEARHNEYIELETERKE
Fig.1 Enzyme digestion of NoV GL

recombinant plasmid

2.2 NoV RAA #:ill 5| 4 & 5 $ B9 i 1%

22.1 RAA BAFEKMTIHATHE 5 0x ik
111 2 240 GI NoV 51915 6 4 GII NoV 5l#ik17
RAA i, 38 2 35t I 0 66 Jsc FhL UK 5 S €0 &5 SR 0 3
TSI, GL A1 GIL NoV 5| 4 9 1 25 543531 4
[l 2a F1 2b iR, S5 EH].GL NoV 19 2 4519
t,GIF1 / GIR1 M ¥ B RCRIE T GIF2 / GIR2;GIT
NoV ) 6 415141+ GIIF2 / GIIR2 5| ¥ 4" J& & %
o, IR ZE RAA 1 755 I AR BE /Y GIF1/
GIR1 1 GIIF2/GIIR2 £} GI F1 GIT NoV il iy
A WA TIRE

222 RAA ZOGIEK IS W) RAREF G v
GI NoV [ 3 5| #4414 (GIF1/GIR1/GIP1/2
GIF2/GIR2/GIP1/2 .GIF2/GIR2/GIP2) 5 GII NoV
() 9 51 ¥ R 51 41 & (GIIF1/GIIR1/GIIP1/2/3/4 .
GIIF2/GIIR2/GIIP1/2/3/4 .GIIF2/GIIR2/GIIP2/4 |
GITF2/GIIR2/GIIP2/3/4 .GIIF3/GIIR3/GIIP1/2/3/4 .
GIIF3/GIIR3/GIIP2/3/4 .GIIF4/GIIR4/GIIP1/2/3/4 |
GITF4/GIIR4/GIIP2/4 .GIIF4/GITR4/GIIP2/3/4 ) 43 5
i RAA 26 A7 A I, 38 4 He 3R 2 e 1 i
LR KM Gl NoV I 3RSl WiRE 4G,
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GIF2/GIR2/GIP1/2 B9 4 % R e 4 ; GII NoV 19 9
Bl R &4 & 1, GITF2/GIIR2/GIIP2/4 By P J'
MR, S5RWMK 3a 5 3b s, I G 2

RAA %61 DA % i GI NoV Fe A5 ¥#R 441
4 GIF2/GIR2/GIP1/2;GIl NoV {51 W 4K 5 4
4 GIIF2/GIIR2/GIIP2/4 4Tk 5 .

M Al A2 CK Bl B2 B3 B4 B5 B6 CK
2000 bp 2000 bp
1000 bp 1000 bp &
750 bp 750 bp

500 bp 500 bp

250 bp 250 bp

100 bp 100 bp

s CH1-FAM === CT-T

5000
£ /
2
= 4000
2
= £ 3000 2,
R § 2000
£ 1000
=
A3 ___CK
0 f——
L Ml TS PR P Prees i aly Ml P T e |
0 4 8 12 16 20 24 28 32 36 40
TEFR AL
Number of cycles
(a)

(bh)
7 :M & DL2000 DNA ladder; A1~A2 43 %] %78 GIF1 / GIR1.GIF2 / GIR2 514 4 B9 9 34 50U R ; B1~B6 43 % % 7% GIIF1 / GIIR1 .GIIF2 /
GIIR2 \GIIF3 / GIIR3 \GIIF4 / GIIR4 \GIIF5 / GIIRS \GIIF6 / GIIR6 51 4% (4™ 3 U, CK Ry a8 I R
B 2 RAA S| #105i%
Fig.2 Screening of RAA primers

W CH1-FAM
g 4000 )3‘
z /
I
= B2
Z 3000 =
™ L
g .5 5
R 8 2000 B
# ? 71
0
S 1000 B
=
= B6
CK
0
IR FERTE FEETE PETTE FETTY FEETS FEETS PERT Fewey feees |
0 4 8 12 16 20 24 28 32 36 40
TEIEL
Number of cycles
(b)

1 A1~A3 43 313878 GIF1/GIR1/GIP1/2 (GIF2/GIR2/GIP1/2 \GIF2/GIR2/GIP2 51 ¥4 5 41 & 1 5™ B R s B1~B9 43l & 7R8 GIIFL/
GIIR1/GIIP1/2/3/4 (GIIF2/GIIR2/GIIP1/2/3/4 (GIIF2/GIIR2/GITP2/4 (GIIF2/GIIR2/GI1P2/3/4 (GIIF3/GIIR3/G1IP1/2/3/4 (GIIF3/GIIR3/
GIIP2/3/4 (GIIF4/GIIR4/GIIP1/2/3/4 GIIF4/GIIRA/GIIP2/4 (GIIF4/GIIRA/GIIP2/3/4 SR EH LA 1 5™ B AUR  CK S a8 1) T

B 3 RAA R ES|I MRS L

Fig.3 Screening of RAA fluorescent primers and probes

2.3 RAA SI#FIR s R IER T

o o3 M L AR A R | AR 25 X
NoV il iy S P, 73 Bl GI AR 2 25 R il L
GIl NoV. AW RE . HHRLAT 50 B L SLREA 1Y
cDNA #EA7 RAA K5l , RAA (7546 I 25 2R an 141
4 fro, ATRAFR H A E AR b ) DK 45 R AT B
HUP SR TR GRAE S $lke S NS ENE IoE DR SE iox

o, RAA ORI &5 F & 5 froR , il LUE
o O 2 HE 0 S5 A B AR AL A A3 S G Bk
GII NoV A1 ,G1 5 GII NoV Z [ o3 XLz
N, HOE R B Oy HG L DL 2 S e B AR I 50 0 ok
1) GL A GII NoV A5 ¥ MRS 41 & 1R = 1
R4t
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2000 bp

1000 bp
750 bp

500 bp

250 bp

(a)

1 :M 5 DL2000 DNA ladder; %l a 7 GI NoV & a3k RAA 5144 R 25 5, 1~8 43 il %% GI NoV \GII NoV %8Ik &
# IR EE B b A GII NoV i 574 RAA 544 S A 45 5, 1~8 20 312K GII NoV .Gl NoV 4Rk &  FH IS 2% .

B 4 ERAR®&i%&x NoV il g4 7%
Fig.4 Specificity of RAA chromogenic method for NoV detection

== CHI-FAM

/

3000

B
£
B
Z 2000
= 2
g B
# 5 1000
g /
= 0 Rz AE =P
L i i o ol . ' . ' ' J
0 4 8 12 16 20 24 28 32 36 40
TG EL
Number of cycles
(a)

. ay GI NoV 956 RAA I HRET 5 SR 2551 8 by GII NoV 92561 RAA BIWIHREH 45 5

==CHI-FAM == CT-Th

7
/
/
/

5000

4000

3000

2000

Fluorescence intensity/Vm

1000 /
0 MR BT
aaaalaaaalaaaals ' ' Ml IS P Pwes rwees )
0 4 8 12 16 20 24 28 32 36 40
BN
Number of cycles
(b)

A AR

5 ERA I3t X NoV #& il iy 4 = 1%
Fig.5 Specificity of RAA fluorescence method for NoV detection

2.4 RAA BERKNTEF KR

2.4.1 RAA PRy ik e AR
A REAE A RAA (03 1 G DU Bsf ], A 42 46 R H]
GI Fil GII NoVRAA & 83 S AE 51 ) i 17 A 7] 72
JRRHe . a5 R R BRI IE R RAA 5]
YITE 4 B P BB R B R aCR, 49
BBk 10 min B AT BEAS 1 {FBH 1 A 5 Y
60 5 BT B £ | L Yk A T AR AR A5 SR
K6 i . 2 LUK EE R 5 T AL i (B 25 5L o
AR I E 7 19 NoVRAA I 0 32 J5 S 4 K6 I 7% )
37 °C 10 min,

2.4.2  RAA 2L P A il o 8] B B . AR
FIREZE A RAA 6Tk 1 R I B 1], (i B b 38 07 2ot
R ARSI AR A& 31T RAA 980 IL Y 1 2
Fe AR S R 7 Fros o SR > R0 Ry 46 R
37 °C 15337 °C 55,40 NGBS, 5L b 8T
W 5 i 2 (&1 7d) 6 B 3 ROR I 06 R R
B3 BF 18] A 10 min 21 s, DRI Aff 5 A 3 6 2t
ST RAA ZE TR eI AR P o8 37 °C 15337 C
55,40 MEH, HwEFTLE 10 min 21 s 5E AT NoV
14 AT ARSI
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=n

M Gl

GII CK M Gl GII CK

2000 bp 2000 bp 2000 bp 2000 bp

1000 bp
750 bp

1000 bp
750 bp
500 bp [

1000 bp
750 bp

1000 bp
750 bp

500 bp 500 bp

500 bp

250 bp 250 bp 250 bp 250 bp

100 bp 100 bp 100 bp 100 bp

1 :M 37 DI2000 DNA ladder, £ a~d I 3 5122 5% 5 3416 6] 5 40,30,20, 10 min BOAG 25 5, CK 28 (%) B
E 6 RAARBEIEEFMAL

Fig.6  Optimization of amplification procedure for RAA chromogenic method

=== CHI-FAM

3000

GI

) =

2000

i

o
#
1000

Fluorescence intensity/Vm

g TEETE FETTE FURTE FETTS FEUTE PRl FUTTE FETTE Fewws Seews )
0 4 8 12 16 20 24 28 32 36 40
{288
Number of cycles
(a)
== CH1-FAM == CT-Th
5000
FE - /
< 4000
£ / Gl
g
B2 3000
g .5
e /7
@ £ 2000
S 1000
=
=
0
0 4 8 12 16 20 24 28 32 36 40
T
Number of cycles
(c)

== CH1-FAM

/%
/ ;
) _%
0
ITETE FETEY FETEE PR FRST FYRTE FETEE FETES Frews Fewes |

0 5 10

3000

2000

PEOLER B
Fluorescence intensity/Vm

15 20 25 30 35 40 45 50
e
Number of cycles
(b)
wes CHI-FAM == CT-Th
5000
= /
& 4000
> GI
z
w 5 3000
5 Ve
R £ 2000
K g
g
£ 1000 /
=
= —
O s
0 4 8 12 16 20 24 28 32 36 40
TEEREL
Number of cycles
(d)

T B a~d 4050378 RAA OGS Z B Bemy SOw 25 43 1% 15 s .50 165,15 5,40 Fi#5,10 s.40 FE¥F,5 5,40 1F

EE/RE AT O

7 RAATRGEETEBEFMRUER

Fig.7 Optimization results of fluorescent RAA amplification program

2.5 RAA T IRE N A EY & RMAAL

O AT BE R IR A, %) RAA A A B2 17
RREATIAL, SR RAKUCEE N 48,2416 wL

12 pl, RAA ok Aa il g5 R an sl 8 frs ,RAA
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2.6 RAA FT#{LIRIEW N X REE S 3
PRGBS 7 RAA B a3k Rk
PR AN AT LA PR A Iy % G T A1 GIT NoV &l
(R, Ay B R O 1,107,107 ng/pL
) GI NoV 2% #e i, BT R B 20,
m1%mme]mVExﬁAﬁ TR, 4
S anE 10 S5 11 s, 255 R0 m R Ak
D7 iR NoV K i R 85 R 484y, ARl 46 4 107

Tig

RAA # Bk K2 —Fp o] LR PCR R
BT AN B PR v A, i AT LR X AR 2
NEENE NS R 7L /S0 Y Al I N T e S
RAA FARE S T I8 6 Ao 6k B AP NoV 7] 1
ARG I 7, R Sk R, RO o LSRR
ARG ) R AL A3 1 ng/pL, A4 G NoV [P
PR 6 A L T R TR B XA D AR R AT

ng/pL 1 G I NoV #MRZH M DL & 1 ng/pl 1Y
GII NoV FLILHEA,

DAY e R B G T B I (] PR 2 10 min 72
A I BT ST A ARG 7 9t B R IS SR
20 e T 491 0 A ) 3 ) B I AR 2R D0 O ik



204

2023 55 12

2000 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

(a)

2000 bp

1000 bp
750 bp

500 bp e
250 bp

100 bp

(b)

:M 4 DL2000 DNA ladder; &l a iy GI NoV & 0751 ¥ % A% 2 2 25 b 5 K i R B0 45 1 1~6 43 5378 1,107,107
ng/pL 9 GI NoV R 2% HE i 8 b 2 GIT NoV (5 3 51 4 Xof e B0 SR AS G A SR AR 25 21 | 1~6 43 51 22 7R 20,10, 1 ng/pl.
i GIT NoV HLSZREAR

B 10 RAA E %3t NoV il R &1 E
Fig.10 Sensitivity of NoV by RAA chromogenic method

== CHI1-FAM
4000

1 ng/j

4

. 3000

2000

IR

Fluorescence intensity/Vm

P
K

1000

0 CK
IS FEETE FEETE T FRETE PR FESTE PETel FEwws fewe |
4 8 12 16 20 24 28 32 36 40
G %
Number of cycles
(a)

== CH1-FAM
3000
E
=
=
z»
= 2000
g 20 ng/uL
w8
g
Y = /)
=8 1000 10 ngpul
12]
g ///“@“L
= CK
0
AT FUETY FUUTY FETTY AR FEATE FERTE FURY FUwey Fewes
4 8 12 16 20 24 28 32 36 40
(LER
Number of cycles
(b)

& a8 GI NoV Z& MRS | W85 X HAZ TR 2 25 Kk i R i 1) R A5RE 25 5% 18l b o GIT NoV %26 R 5| ) R 5t

X SRR ARG I ) SR AR 2 2R
B 11

RAA 25t i& 33 NoV #& il B R 8 &

Fig.11 Sensitivity of NoV by RAA fluorescence method

() =53 Z 1 3B R AR TH T LR 81T

AR 7 ik 9 ST O NoV B B 37 46 I 42 3t
T&%, (HEBESLPRN TS PATEAE R K
WF5E 25 1], PR 0 I 2k A F 9% o 0 R AR v 7

1) T NoV Hui&A &if iy sk 55 77 7k
R, LTI R IR BT LA NoV [ B SEREAR |
2T, AR T FEAE R 6= GI NoV FLAC
FEAC, BT RL AR T A MU IR 2 2% FF 5 AR B B
SRS PEAT G NoV AJ AL 7 ki, A i iR
AF Al AT AT FC 22 TR M0 A v 1) | e 4 4 FH A i
WG bR ERE A . % 50 B B bR E AR B B R
FH R 90 B 0K o 4 #8 DNA 3 RNA 1E Ry i %

i, VAWE R BLE 44 WGBS T GIT NoV B iz
SRR A, AR SL 50 = 5 S 5K M GT NoV
LR e N T N Sy 8 NG A B e B S DR (e
T A # G IR AT RSN RS IR (AR, L TE A
R A R A B 0RO #R ER (1) DNA/RNA
VR g it DG vk W AR TR P B 7, e A IR
P25 5y B A, DR 5 A S SRl R A
RNA L ARWFE GI NoV FRifErE S, 2 H RNA
AREPUEHE RNA R B A 28 31 g g R A< 52 2 (1 v il
JISL IS B AR UKL, 3R bR o A i TR TG A e B 1 3
FE R BH PR B FEAS — AR 4 AR I o 7R, IR
HEIT 52 RNase F R # I 55 F0-AF Rz i



236 H 12

GI #= GII 40 5% 7 RAA TALAL B i ] 7 sk 69 32 5 205

2) NoV 337K 1) 55 — > K 5l 351 [m) R 7
TR EEifl, HFEMH T NoV 8%
fiX, BAZE MW A Z 4%, %A % PCR
M5, XN AR BRI N R A ok TR
KEME, B LG 280 258 TR NoV (E
B ali b AR 1R H MOFs 3¢ COFs 4545 A
REAL A K LR | & BUXT NoV EL AT 4 5 I B 3
AE MY A% BR 1 WO AR, IR HAG Ui E 98 K e 2k 3R 1D, X
SR NoV #E 47 R 5 Ml 2k, i 55 B £
i HR R BGH R B NoV A9 & SRR,

3) NoV 722 il , HAjC A il M4 NoV
F PR R Ay RO SF X 38, ORF1 L 4 % RNA 4K i
RNA % 4 B X 3 A1 ORF2 | 4 % 3= 2 45 ¥4 25 1
VPl X3 G T NoV 432k 9 ANFEHE A G I
NoV 43247 29 A~ 3[R AB0 ACHIF 53 8 57 5 i i ik
FE A &F XF IS0 TS 15216-2-2013, [ F5 GB
4789.42-2016 H BT HLAE (1% UL NoV WA | fr ik it
B 5 R B ANBE 5E 24 55 T A 1 NoV BE R 7Y
RSt — Iy X A G T A G I
NoV W R HEAT 22 J7 H1 L X, 78 X AR 18 56 7 3 1
HIHAES PR ET A B SR L, T AT DR af
fiE [ I A6 0 22 Fh NoV S (%) f 3151 4 5 [5) i %+
2 FPER K NoV W 151 55, i 2 &
e, a7 — B R AR & N A G
FGI NoV T 2 KA1y RAA 7] #1 Ak P sk 46 )
Jride, DAk 7R S BRI A gk R ks R G k1
B

4) RAA £ AR HAT AT LS H e I B2 A 156
A B ks B RAA $7 AR 5 56 H 2 i F R
(Clustered regularly interspaced short palindromic
repeats, CRISPR ) XU &I 7 BE | AT Ay 4% R 45 L 4 14
o He A B & AT — AN B
RAA 5% RT-RAA H ARSI H A5 A% 2 14 18 509 14
% 5 i RNA, Cas 5 FI7E erRNA 51 % N & H
F& RNA, YIEIZ R [ B 5405 Cas 85 119 B 200
YIENH A DGR B E AR e i TR, (%
MR FR K5 DR TR, SEB H bR LA
BOREIN 0 F BEPUEE N7 T RAA—Cas12a £
G VL 48 BRI R R, O UE B I PR A A S
o, 5250050 F1 PCR 77 5 AH H , RAA-Cas12a J7
RN R A R 100% , 455 43 51 100%

M 95.5%, KNG PRARAS o £ 5 (0,8 45 2K
AT 1) REUE R 5, vl UHAEIG IR 3
PO A, 753 S5EP2% F RAA-CRISPR/Cas13a 4
ARG5S AL T A 00 R A IR TR 40 A T 4
A, KA R EUE R 10" CFU/mL, & T real-time
PCR , A 0 i 18] 42 75 30 min, H A f&j Pk R
B R S A U0 AT SRy 4 € 2 K A e L T
F AR F B, 5T 415 WDKK B RAA BiR
5 CRISPR/Cas & 4% X405, JF & nl LU
SEEE NoV 347 v A0 Ak PR S A I IF: 73 74 %) RAA i
Yok, Ead IR O BRI S5, EOE T NoV
) B 175 DR O A, R No VA9 W 0 0 48 AN A7 BRI
PEOUERRAT Ty I FAR S

& % x #

(1] ZMg, SPHPR, S8 0L i an o 2 2% g Bow AL 19
WEFT Ik D] ARG R 254, 2022, 43(1): 91-95.
LI M, FENG D D, DANG S S, et al. Advances in
the study of pathogenic mechanisms of norovirus in-
fection [J]. World Clinical Drugs, 2022, 43 (1):
91-95.

2] BFEI, #Ese, SRR, S U AP s A
15 B e AL SR BT ST E (D], WUE W oA R, 2021,
48(8): 2860-2869.

YANG J L, XUE L, CAI W C, et al. Advances in
decontamination

techniques  for human —derived

norovirus contamination in shellfish [J]. Microbiology
Bulletin, 2021, 48(8): 2860-2869.

B1  FRA, JEAT, W, . RN KA G

B IR e P TS 2 R P N R A ()], VLR TR PR A
2022, 33(1). 84-8s5.
CHEN R, TANG R Y, LI H L, et al. Investigation
of an outbhreak of water—borne norovirus infectious
diarrhealJ]. Jiangsu Preventive Medicine, 2022, 33
(1) 84-85.

[4] BN, BRITEN, PR, £ v e R A I

ARAFFEIE R[] &5 5L, 2021, 37(4): 200-
206, 232.
LIAO X Y, CHEN L L, BAT Y L, et al. Ad-
vances in norovirus detection technology in food[J].
Food and Machinery, 2021, 37(4): 200-206, 232.

[5] CHHABRA P, DE GRAAF M, PARRA G I, et al.

Updated classification of mnorovirus genogroups and



206 SRS TN S e 2023 455 12 0
genotypes [J]. The Journal of General Virology, Neijiang City in 2020[J]. Medical Animal Control,
2019, 100(10): 1393. 2022, 38(2): 183-186.

[6] JABLHE, WY, TEREAR. W0 EE K BOw ALE &2 [13] i, XUE#, skIreR, 4. #Im & 2017-2019 4F
Wil)]. A5, 2019, 14(5): 303-309. PR N T S 2 R AR AT R AR R A [D]. BAR
ZHOU H L, TAN M, WANG X Y, et al iR E2E, 2021, 48(21). 3847-3851.

Pathogenic mechanism and diagnosis of norovirus[J]. DONG R, LIU F Q, ZHANG S Y, et al. Analysis
Microbiology and Infection, 2019, 14(5): 303-309. of the epidemiological characteristics of outbreaks of

[71  FHems, Vrmss, sk#F, 6. 2017-2019 4F LG norovirus infection in schools in Hunan Province
ST DR 0 T U e M I S A AT R AR ()] PR from 2017 2019 [J]. Modern Preventive Medicine,
S B, 2021, 38(5): 511-516. 2021, 48(21): 3847-3851.

YU X N, XIN L J, ZHANG J, et al. Epidemiolog- [14] SKREFIM, S1BrF, Bp, 5. J5 34l s
ical characteristics of norovirus —infected diarrhea NI HE R[], B A A I E i, 2021,
epidemic in Hongkou District, Shanghai, 2017-2019 12(17). 6727-6734.

[J].  Environmental and Occupational Medicine, ZHANG W S, HU X L, LV N, et al. Progress of
2021, 38(5): 511-516. norovirus research in the post—genomic eral]]. Jour-

(8]  ZhE. Tl v Un s 7 S e 2% R 8 N URLAT R AIE B B 4 nal of Food Safety and Quality Testing, 2021, 12

SR AE S [J]. W H BB BEAE, 2021, 27(4): 378- (17): 6727-6734.
381. [15] BELLIOT G, LOPMAN B A, AMBERT-BALAY K,
LIAN L. Study on the epidemiological characteristics et al. The burden of norovirus gastroenteritis: an
and prevention and control strategies of norovirus important foodborne and healthcare related infection
infection outbreaks in China[J]. Applied Preventive [J]. Clinical Microbiology & Infection, 2014, 20
Medicine, 2021, 27(4): 378-381. (8): 724-730.

9] RWed:, skifh, Jti[E K. 2000-2013 48 3 [ i 40 5% [16] WM, BEss, A1, AL VR AR B UL URAT BR

B R W 58 B R AT SRR AR S BT R0 JIE A 4 S 2 J2 BT B RS I O k(. BRCE AR AR
m, 2017, 32(2). 127-131. 2020, 47(8): 2665-2672.
SONG X J, ZHANG J, SHI G Q, et al. Epidemio- GAO J S, XUE L, ZUO Y T, et al. Rapid col-
logical characteristics of outbreaks of mnorovirus —in- loidal gold immunochromatographic assay for common
fected gastroenteritis in China from 2000 to 2013[J]. endemic strains of norovirus [J]. Microbiology Bul-
Disease Surveillance, 2017, 32(2). 127-131. letin, 2020, 47(8): 2665-2672.

[10] STALS A, UYTTENDAELE M, COILLIE E V. The [17] sk$E, FHk, BILHE, 55 TR R 20
need for harmonization in detection of human AR A 5 T AR RE D R I v L)) SRR
noroviruses in food[J]. Journal of AOAC Internation- 02017, 41(7): 691-694.
al, 2013, 96(5): 998-1005. ZHANG J, WANG L, HUO J L, et al. Study on

[11] BR#ess, FhEs, JuEGZe, . EITEPRIREE b — the rapid detection method of foodborne norovirus
A I T b T s R A R O 0 AL AT A R (). based on near —infrared immunochromatography [J].
i E E B AR AR, 2022, 45(2): 116-120. Heilongjiang Medicine, 2017, 41(7): 691-694.
CHEN Y F, DU J, YOU R L, et al. Epidemiolog- [18] ZHAO Z, ZHANG J, XU M L, et al. A rapidly
ical investigation of a cruise ship gastrointestinal new —typed detection of mnorovirus based on FOF1 -
disease gathering at Xiamen International Cruise ATPase molecular motor biosensor[J]. Biotechnology
Center]J]. Chinese Journal of Border Health and Quar- and Bioprocess Engineering, 2016, 21(1): 128-133.
antine, 2022, 45(2): 116-120. [19] ®eing - A, &1, 5. T EE A E ¥

[12] 2, XUA%, XUMS, 4%. 2020 4 ML —AE 40 JL b B A S AR IR W HORAR DN GIT 2 s 4 g 75 ik

0 g B UL R R PG W A [)). 2 2= S W B
2022, 38(2): 183-186.
TAN A, LIU J, LIU P, et al. Investigation of an

outbreak of norovirus infection in a kindergarten in

(] #e#EdM, 2012, 28(2): 165-171.
LUO J M, WU X Y, XU Z Q, et al. Detection of
GII  norovirus color —determined

gene by reverse

transcription loop —mediated isothermal amplification



236 H 12

GI #= GII 40 5% 7 RAA TALAL B i ] 7 sk 69 32 5

207

[20]

[21]

[22]

[23]

[24]

[25]

[J]. Journal of Virology, 2012, 28(2): 165-171.
PIREE, BE WIFE, . EALINE 2O RAA R
BRI 5 R Y A S R R ). B R A R B,
2021(23): 68-72.

GUO C Y, LIANG Y, HU T J, et al. Establish-
ment and application of a fluorescent RAA rapid
detection method for Vibrio cholerae[]]. Heilongjiang
Animal Husbandry and Veterinary Medicine, 2021
(23): 68-72.

TIGUE, EHi, RMA. RABA T HOR R
TE 995 JEL 0 A PR A T e i 1 P Ok F D). R A
TRGE, 2021, 41(6): 45-49.

MA Q N, WANG M, ZHU X Q, et al. Advances
in recombinant enzyme-mediated amplification tech-
nology and its application in rapid detection of
pathogenic microorganisms[J]. Chinese Journal of Bi-
ological Engineering, 2021, 41(6): 45-49.

Flk, Swefl, oo, & SRS EE 1B RAA-
LFD ¥ 7 vk g @ S7[0]. K 80 4 8 2= 11, 2020, 30
(3): 1-4.

WANG S, LV X N, XU L P, et al. Establishment
of a detection method for herpesvirus type I RAA-
LFD in carp[J]. Journal of Inspection and Quaran-
tine, 2020, 30(3): 1-4.

B, RS, JURE, % OHEAEN S
ARPEY AR P EPB . EaRa, 2010,
40(10): 983-988.

LV B, CHENG H R, YAN Q F, et al. Rapid am-
plification of nucleic acids by recombinase-—mediated
amplification [J]. Chinese Science: Life Sciences,
2010, 40(10): 983-988.

sk, RE, BROChE, SN EMON YOO RT-
RAA K 77 2 i N2 )). sh BEA kR, 2021, 42
(6): 36-39.

ZHANG A J, ZHANG H, YIN W T, et al. Estab-
lishment of a fluorescent RT-RAA assay for feline
coronavirus[J]. Advances in Animal Medicine, 2021,
42(6): 36-39.

BWeAn, tRoral, skoc, 4. BRI #E RAA-LFD
Ry vk i SE ). B BB EE AR, 2020, 42

[27]

28]

[29]

[30]

[31]

(32]

(3): 263-267.
LV X N, XU L P, ZHANG W, et al. Establish-
ment of a method for the detection of carp floating
virus: RAA-LFD[J]. Chinese Journal of Preventive
Veterinary Medicine, 2020, 42(3). 263-267.
ZHANG X, GUO L, MA R, et al. Rapid detection
of Salmonella with recombinase aided amplification
[J]. Journal of Microbiological Methods, 2017, 139:
202-204.

SHEN X, QIU F, SHEN L P, et al. A rapid and
sensitive recombinase aided amplification assay to
detect hepatitis B virus without DNA extraction [J].
BMC Infectious Diseases, 2019, 19(1). 1-5.
ZHENG Y Z, CHEN J T, LI J,

transcription recombinase —aided amplification assay

et al. Reverse
with lateral flow dipstick assay for rapid detection of
2019 novel coronavirus[J]. Frontiers in Cellular and
Infection Microbiology, 2021, 11: 613304.
PASLOSKE B L, CINDY R, WALKERPEACH C
R, et al. Armored RNA technology for production of
ribonuclease —resistant viral RNA controls and stan-
dards[J]. Journal of Clinical Microbiology, 1998, 36
(12): 3590-3594.

CHHABRA P, DE GRAAF M, PARRA G I, et al.
Updated classification of mnorovirus genogroups and
genotypes|J]. The Journal of General Virology, 2019,
100(10): 1393.

EBE. 40O A BRE MY 25 ) T RAA-Casl2a ¥
POHRE D], FBMI . FBMIAE, 2021

WANG Y. Drug resistance of Staphylococcus aureus
rapid detection based on RAA —Casl2a [D].
Zhengzhou: Zhengzhou University, 2021.

SRk, EULLEK, skfif, 4. CRISPR-Casl3a % I}
RAA P A I 4 2 6830 4 BR A 09 B 52 ()], v B I
IR, 2020, 15(3): 253-258.

SU X, GE Y Y, ZHANG Q, et al. Rapid detection
of Staphylococcus aureus by CRISPR -Casl13acom-

and

bined with recombinase aided amplification (RAA)
[JI. Journal of Pathogen Biology, 2020, 15 (3):

253-258.



208 b

g
Eo
4

= 4 2023 4E55 12

Establishment of a Visual Recombinase Aided Amplification (RAA) Method for Rapid Detection
of GI and GII Noroviruses

Lin Zhiwei', Yang Yange’, Wu Zhanwen®?, Wang Shuai*®, Li Tao?, Li Hongna?>, Yuan Fei*
(College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163000, Heilongjiang;
*Key Laboratory of Food Quality and Safety for State Market Regulation, Chinese Academy of Inspection and Quarantine ,
Beijing 100176
College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163000, Heilongjiang)

Abstract Norovirus (NoV) is one of the major pathogens causing acute gastroenteritis diseases worldwide and is highly
susceptible to outbreak transmission, increasing medical and economic burden. Objective: To develop a novel detection
method for NoV by recombinase aided amplification (RAA). Methods Based on the ¢DNA sequences corresponding to the
Gl and GII NoV detection targets specified in ISO TS 15216-2-2013 and GB 4789.42, the optimal RAA primers and
probes were designed and screened, and their specificity for other common food—borne diarrthea viruses was determined;
the shortest detection time, reaction procedure, and reaction system were determined by optimization, and the analysis of
this detection system was performed. The shortest detection time, reaction procedure and reaction system were optimized,
and the sensitivity of the assay system for the detection of NoV reference plasmids and real samples was analyzed, thus
establishing a rapid visualization method for the detection of Gl and GII NoV RAA. The optimized reaction procedure can
shorten the detection time to about 10 min and reduce the reaction cost by two-thirds, and the sensitivity of the method
can reach 1072 ng/pl. for the reference plasmid and 1 ng/pl. for the real sample. The two NoV assays established are
specific, sensitive, simple, rapid and visualized, and provide a good basis for future rapid NoV detection.

Keywords Norovirus (Nov); recombinase mediated isothermal amplification (RAA); visualization; rapid detection



