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ABSTRACT: Objective To optimize the enrichment method of low artificially contamininated GII type
norovirusin in fresh romaine lettuce, compare the detection of the real-time fluorescent RT-PCR and the droplet
digital RT-PCR, and develop a method for the quantitative detection of low artificially contaminated GII type
norovirus in fresh romaine lettuce. Methods The optimum conditions were determined by the orthogonal
experiment using 4 factors of eluent type, precipitant type, precipitation temperature and time. Under the optimum
conditions, the norovirus concentrations were detected by the real-time fluorescent RT-PCR and the droplet digital
RT-PCR, respectively. Results The optimum conditions were as follows: eluent type was beef-glycine eluent,
precipitant type was PEG6000+PEG8000, precipitation temperature was 4 ‘C and time was 4 h. Under these

conditions, the average recovery rate could reach 53.43%. The limit of detection of the real-time fluorescent RT-PCR
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was 1.44x10" copies/g while the limit of detection of the droplet digital RT-PCR was 7.86x10* copies/g. Conclusion

By optimizing the enrichment and comparing the detection effects of the real-time fluorescent RT-PCR and the

droplet digital RT-PCR, a method for the quantitative detection of low artificially contaminated G II type norovirus in

fresh romaine lettuce was developed

KEY WORDS: romaine lettuce; GII type norovirus; enrichment; real-time fluorescent RT-PCR; droplet digital

RT-PCR

1 3|

i W B (norovirus, NVs)JE AR 5 Bk 9%
E, BRI B RN E2 R, AL
50%Lh F A E A kA R e s e REa 5 3
DI, Horh G TR R A B UL A LR R L 5 angg
B PR AR — B A SR I 15 14 £ 3 (R ZE 0 RS ek Ak
sEYE, P KRS AR, — s 5 1
AL BEBE . BEIS A UE SR Oy SRR RN, i
WG TR IO R REAR, — R 10~100 4R T5), oot
F0, ATREERL KR AR S 12 ANRFE 2 B R
A5G A A0 YR AN R RV S, RN 35 R A
W 875 G A A TRV SR B A6 S i A B
YA TR, T E A B SR SN R
) (4 38 ST g%, T S i S T G i L B 1 XU H OB 7 =,
P AR EE AR EAE SR A, BT E A HE 2%
5t TR, RUEABE TR VU 2 SV E e R il . — I
THOLT, Wanp B & P is g & AR, AR A 2
AP PR AL X PCR RS AT IR, e
BTy i B BATED, FLE S — 2 1 BG40 7 1Y
P o DRI TR Ao s 1 0 T2 A AR £ it e i i
BEMREREZ —,

AR5 X B S B BV B U B sk b AT A Ak, i ke
SR RT-PCR KN [F] & A 4544 T B8 8 RNA &,
G R OIS SO S S 1 D B A S i N
RT-PCR(RT-qPCR) 5 % A 57 RT-PCR(RT-ddPCR)7E it
R I = AR, ST T PR A SRR RS el G T
T AN 57 10 8 A ik

2 MRS

2.1 # R

PEASENE A )N TR T G TRV Andp 28 Bk DNA
B AR R O e B4t G IT B Qs 2 BH M B
TR PHAR A SSEAG B0 A6 2 R B AR A
22 FERFENHE

BCHI W TR MR (5 0.1 mol/L H#Z, 0.3

il

mol/L S kN, pH 9.5); FRE-HABRETIRE(E 3%+ K
&, 0.05 mol/L H&M, pH 9.5); TGBE ¥EBLH (% 0.1 mol/L
Tris B . 0.05 mol/L H&®R . 1%F AE); PEG8000 A (&
40%(m:V)PEG8000, 1.5 mol/L G fL4H); PEG6000 ¥ (&
40%(m:V)PEG8000, 1.5 mol/L G fL4); PEG6000+PEG8000
RIS 20%(m: V)PEG6000, 20%(m:V)PEG8000, 1.5 mol/L
FAAbE) .

Wy &K PBS 22 (3£ E GE Healthcare Life
Sciences 2\ ]); PEG8000 1 PEG6000(Z#fr4li, | iffAE TN
"), HEmRGPral, TOMEERRT), FRBEE( AR
ARG R /A F]); RNase-Free Water(KAR A LB A
FR/\H]); Premix Ex Tag ™M(Probe qPCR)(#75: RRO39A, 5
AW TR (IGE)E FRZA 7]); QlAamp Viral RNA Mini Kit(f%
E QIAGEN /A #]); One Step PrimeScript™ RT-PCR
Kit(Perfect Real Time)(%75: RRO64A, A TFE(CKE)
£ BRZ>7]); One-Step RT-ddPCR Advanced Kit for Probes(No
dUTP)(%%'5: 1864021, EE1HRAR]); MM PCR
FiAth A7 &R (G A AR 2 H) o

pH AT H3E A BR I3 E A F]); GFL 1013
E IR KIS (T2 E GFL A R]); E163302 A4 2R (FE B¢
/v]); Sigmal-15PK SR O HL(3EE Sigma A H]);
Sigmal-14 /)N AU 5 3 2 0 AL (£ EH Sigma A A );
MDF-382E(N)-70 ‘CyK#fi(H A Sanyo Z3#l); ABI 7900HT
Fast B 5202 5% PCR X (2 [E ABI 2\ #)); BSA3202S H K
T (AL FE 2 RIS R G A /A F]); VORTEX GENE-2
G560E W% % % (3£ [ Scientific Industries 23 #]); HVE-50
1R TR R R R (4R AT AL AR A BR A F]); QX200 Droplet
Reader ., DGS8 cartridge 3 7% 4= i = . QX200 Droplet
Generator, PX1TM PCR Plate Sealer #1 PCR H: X § HE{F
LR RA ),

2.3 S|FnERE

SEBUS TG EEAT AR TE(SN/T 1635-2005 D12 iz in
JREERIIN i - RT-PCR J7 7% FISERT 2896 RT-PCR /%)
R Y FGE TR G AL QR #, AT RT-qPCR Al
RT-ddPCR #aill o 5[y AERE 34 i A2 T AE ) AR (i) Ay
BRRAAEHGE 1).
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Table 1 Primers and probes for the detection of GII type norovirus
g o i [ A ey 7S FEHI(5°-37) PR
COG2F CAR GAR BCN ATG TTY AGR TGG ATG AG
GII COG2R TCG ACG CCATCT TCATTC ACA 98
Probe Ring2-TP FAM-TGG GAG GGC GAT CGC AAT CT-TAMRA
R2 GIEBENRFREEEMUERKER
Table 2 Factors and levels of the optimization of G I norovirus concentration
K
A VR RN B ULRE R AL C UUVEFIE IR EE/C D YUREFAE I E]/h
1 TR PEG6000 4 1
2 A R - T A BR e PEG8000 26 4
3 TGBE VMt PEG6000+PEG8000 37 18

24 FrERZRIME

AR A 2509 G T RN MR BE AN REAE IR AP 25,
TR, NRE A UG TRk Bl W) Se 3o kAT 43 1 A
UL SRl ok DNA SR S bk i, 5 b5 82556
5T B P DU 8 B 1Y G T B34 s 75 Bk DNA
AT 10 RERREERR R, B30 10°~107, XF M H
3.76x107~3.76x10% copies/pL. VAA [FlH B B ki DNA
BT, BEFTSEI SO PCR(QPCR)SY, B 5 K. )
R Z (20 pL): 2xPremix Ex Taq 10 pL, Rox RD 0.4 pL,
ddH,0 3.2 pL, 51, T34, %34 10 pmol/L)0.8
pL, Fi#i DNA 4 pL. SOW ST 95 'C 10 min; 95 °C
155,56 C 1 min, 3t 45 MR,

2.5 §#3 RNA {EEL

140 pL 28 PBS LR AR R T 1.5 mL 2.0, 1%
118 QlAamp Viral RNA Mini Kit i -BEAEI T RNA B3
I, BT RT-qPCR 5 RT-ddPCR JWE5#-80 ‘CH#RAfF.

26 ALSEHRIFIERENHFENES
2.6.1 SEERI:

WO AN | DTVERIFNE | DOTE IR TR BE 5T
TEFIEREE 4 AR, A Orthogonality Experiment
Assistant I13.0 B Lo(3HikE, KEAKFERFE 2, K56
EIE-XE
2,62 AILFEHEE:

PEPULE S BT 1 emx 1 em FOIR, BRI S g A 50
mL .08, SRIGINER(200 pL)i G I RITE U0 T3/ B
W, YL SRR IRTE 20 min,

263 ElemENTE:
FA 40 mL KRR BB, 37 TTF 100 v/min §55F 30

min, 4 °C, 10000 r/min #.0> 30 min; % FiEZE 5 —4 50
mL B.0EH, 1 mol/L ERERVERVETT pH £ 7.0£0.2; fi
N SRR R (40%) B R TTEE I (PEG6000 . PEGS000 .
PEG6000+PEG8000), {fiyLiE L&k N 8%, WIEdRY
60 s IRA); HIEAEHR 2 RICAFIRIREE 4. 26, 37 CIFE
RIREIETE(1, 4. 18 h). 5 °C. 10000 g #5.0> 30 min, 3%
% I, /)55 °C. 10000 g 8.0 5 min, VAESSITIEY;
F b3, REBUINE; MIA 500 uL PBS T AEITIE, 60 Chni
5 min FEAMAEMTIIE. 4 °C. 10000 r/min #.0> 3 min, B |
T, FEEEERR Y, -20 CHE B8 T4 RNA. &4
PFREEGES 3, 25 XTI ARG ey v A= 3t A,
BH: X6 HE 20 A T A5 At i ) G T 3R i G R s T A o
2.7 RT-qPCR #1 RT-ddPCR #&3l|

107~ 10° W R FHIE R S B b 241, —4H
Ptz 2.5 T ARBUGEE RNA, 55— 4135 2.6.2 J5 B A 25
e PG A SR il A N LTS YeRE S, R ORAL S 1 S ik el
WO EE, $4 2.5 IR UREE RNA LAY RNA AR,
RS RERE P W3 1, 43147 RT-qPCR A
RT-ddPCR JZ Ji¥ .,

RT-qPCR JZ 3 {& £ (20 pL): Buffer 10 pL, Taq HS 0.4
uL, RT Enzyme Mix 0.4 uL, 5[4 0.8 uL(10 umol/L), T
514 0.8 uL(10 pmol/L), &%l 0.8 uL(10 pmol/L), RNA A4l
2 uL, RNase-free Water 4.8 pL. JZhW 58 N: 42 C 5
min; 95 °C 10s; 95 °C 55,56 °C 1 min, 3% 45 MEIR,

RT-ddPCR S Jijf& % (20 uL): Supermix 5 pL, Reverse
transcriptase 2 puL, 300 mmol DTT 1 pL, F5|4) 1.8 pL(10
pmol/L), "F 5197 1.8 uL(10 pmol/L), ¥&%} 0.5 uL(10 pmol/L),
RNA 4} 2 uL, RNase-free Water 5.9 pL. S0 S BEEA:
42 °C 60 min; 95 °C 10 min; 95 C 30's, 56 ‘C 1 min, 3£ 40 4~
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Table 3 Recovery rates of different dilutions of GII type norovirus

o 1 R E 10" 10° 107 10 10°

VIR IR TE RNA ¥ (copies/pL) 1.84x10* 4.29%10° 3.59x10? 1.96x10" 7.50
B 4EJ5 R RNA ¥ FE (copies/uL) 6.25x10° 6.58x10? 6.97x10" 5.05 -
[N (%) 83.7 38.4 48.5 64.2 -

T = ARG &5 R B o

fGH; 98 °C 10 min; 4 “C . RT-ddPCR 1 25 s 55 96 LR
A QX200Droplet Reader, fKIKFARE GG BIFETT, 1L
#r A ZRAETIAFS, TE5 5 R A Quanta soft 715t
AR
2.8 RO REWENITE

S B KA LA B {E AR ME 22 (xtsd) RN, IESCREE R
IIMER R 2243 Wk o RT-qPCR MARRY Ct{E27% 2.4 Hifil
bRt 2R, BIATT L v 295 DU B2, RT-ddPCR
A E AR P DUBOR B . R BE I ISCR AT : ik

A B 5 TR EERNASE DL
Il 9% = o
HARRTIIAJREERNAYE D15

3 SERESW

3.1 tRERZRIE

BNAT BT AR, TE 3.76x107~37.6 copies/uL I}, #f
FERRE T I BRI S e G5 S BLAL S AP Bk 2k,
FA RAFRAMEC R, BERN-3.056, HHCERER (H4 0.993,
DAFEAS 95 DUEL 10 I9X5 (1) oiiciln, AN AIB2REL Ce ik
YT FRERRER (K 1), F3 My Y=-3.056X+37.383,
FAFPGAEE R G R AR A A 2 150

Standard curve plot
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Fig. 1 The standard curve of GII type norovirus quantification

1.0 E+7

32 AREHERERESNEEE
76 107'~107° FGRE A BERE JE [l 4, 31t RT-ddPCR Jl5E
EAEMME LSRR RNA AP N Bk E, B3R FR

FEREE A DR LR 3. F R 3 WA, G IR W s A 1
JEA 107 B, R R, D6 AT A e 4
BRI, 16 10°~107 W B REVL I, FEE R
FEMRE R, ROBE VR ), mHseRIE R, sl ik )s
(B AR DT VR AEAR MR BE Y G 1L R s 25 75 Y SR AN 32 5%
Wi, {755 FEENHEAR
33 FRIEZHTALSEHERNRERE

WG R RO R 2.5 R RNA, K5 4T
RT-qPCR S i . FHVEXTFRALINAS Ct {E4 30.14, RAZHRE
4 234.57 copies/uL, B AINAGTE MR, FAPEXTREZHY
o3, FRES T AR EETT Yo AN E L 451 4R I
(4 G I s 6 RNA WA ISR 00 26 3, ANl & 46 4%
PR EREURTE AR RE DY RNA § 3 ILE 20 Ko\ Ky K3 4%
BCFLATFIR R 1, 2. 3 AR EICR EBA, K.
K. K 9IE K. K. K WEE, B2
Ri=max Kj-min K;(j=1~3). il A 22 K/, FHAA
IR 20 [BIBCR B R (. DA, TOTE IR I Al ~ 3k
JEIB RS TTIE R RSSO FIME IR . HdR KoL Ko
K fh, &4 GRS IR SRR N 45, By, Dy,
F & CRMAI R, EIFRAE 6(4,8;C, D) WEA & 5514,
Sl A o e Sl I S W =W 73R R N A 11 B
PEG6000+PEG8000., ViJERIVEREE J 4 C, WIERIMEH
BFIR] A 4 ho T A0 7 A0 -S40 B e e, o 7 - 2 ik
KAIK 53.43%.
3.4 RT-qPCR. RT-ddPCR # A\ Ti5mm4E S+
G BENFRERIELER

RT-qPCR. RT-ddPCR £l A T-y5 44438 G 11 Blig
MR EE I LS T L2 5, RT-qPCR Rl A Ty5 4475438 G 11
RSP S8 i 2 LK 3, i 3 I, RT-qPCR FE/R
BERRRERE Ry 107 BT AR I, FERG REAR B E Ry 107 B GIA BiAG:
Mk, B RT-qPCR BIRHINBR Ay 107 R AR, M4 T
AR 1.44%10* copies/g; RT-qPCR R A T35 44 PG A4 3
GII Iy an s & 1 — 4E B s R WL 4, I 4 FTA1,
RT-ddPCR 7ESRTEFRRIE N 107 IFRTAG I, TER TR
107 IR 3k, FPL RT-ddPCR RYASIER Jg 107 95
FERBREE, MY TR 7.86%10° copies/g. RT-ddPCR BB
Lt RT-qPCR BEARAGKMFR, #JiH] RT-ddPCR H REUE HH .
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Table 4 The results of Ly(3) orthogonal experiment
o % R
P vas
A B C D Ct{d Sk FE (copies/uL) S-E SR (%)
1 1 1 1 1 34.39+0.27 24.12+4.83 10.28+2.06
2 1 2 2 2 33.61+0.15 43.11+£4.92 18.38+2.10
3 1 3 3 3 33.36+0.30 52.62+11.64 22.43+4.96
4 2 1 2 3 33.18+0.15 59.60+6.63 25.41+2.83
5 2 2 3 1 33.25+0.32 57.10+13.79 24.34+5.88
6 2 3 1 2 32.19+0.13 125.31+£11.93 53.43+5.09
7 3 1 3 2 32.36+0.04 110.15+3.54 46.96x1.51
8 3 1 3 33.19+0.34 60.62+15.19 25.61+£6.47
9 3 3 2 1 32.94+0.02 71.34+1.00 30.42+0.43
K 51.09 82.65 89.32 65.04 ¥ K;=288.10
K, 103.18 68.33 74.21 118.77 ¥ K,=222.87
K; 102.99 106.28 93.73 73.45 ¥ K5=376.45 XK;=887.42
K, 17.03 27.55 29.77 21.68
K> 34.39 22.78 24.74 39.59
K 34.33 35.43 31.24 24.48
R; 17.36 12.65 6.50 17.91
4.900 E+1 - t 1 t }
3.900 E+1 -
2.900 E+1 -
1.900 E+1 -
9.000
Tl L LR Y T ] ] j L T |
0 5 10 15 20 25 30 35 40 45
T T R R i St B B B, T R 0 il X I B R B, R 3G i 2 0 RS SR AR AL A

B2 LoBHIEALFLIARA ST HE

Fig.2 The amplification plot of different combinations of Ly(3*) orthogonal experiment

%5 RT-qPCR. RT-ddPCR ¥ A TiSRAER S Gl BIFMFESHER
Table 5 The results of the detection of GII type norovirus in the artificially contaminated romaine lettuce by RT-qPCR and RT-ddPCR

V5 Y TR R RT-qPCR #4558 (Ct fH) AET K 2 RT-ddPCR #; i 4% 5 (copies/uL) e G R 2
107" 22.84 + 6045.00 +
107 26.84 + 608.00 +
107 30.57 + 60.70 +
10* Undetermined - 5.30 +
107 Undetermined - No Call -

TE: R BRI A5 R B « -

PRI EE R B
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3.900 E+1

2.900 E+1

1.900 E+1 —

9.000

~1.000

20 25 30 35 40

i N EEF AR R RKUOE 107, 107, 107, 107, 10°(FFAT).
Fl3 RT-qPCR Kuil P A: 5 R IR BRI G T AU A7 4 5 45 RNA 37 B4
Fig. 3 The amplification plot of the RNA extracted from different dilutions of GII type norovirus in romaine lettuce by RT-qPCR
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E: WESIARERFHRERKSE 107, 102, 107, 10*, 10°(=
FAT)o

4  RT-ddPCR i P4 A 3% R S [ 8 B G T 28 4 AN B — Ak
HE

Fig. 4 The amplification plot of the RNA extracted from different
dilutions of GII type norovirus in romaine lettuce by RT-ddPCR
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T T A e s 18 A DGR 2 AT A S A Ry Vs
BEGE R RGE, [E 4 Martin-Latil 20 TS A 15T . IEE
st P A A A L B A L S A ) G, 2013
# o6 HBERHAR MDA S KM T BITFRE CEN
1SO/TS15216:20131"2), H A gl S M b it bef 5 47 o 45 % A
1 BRI UTVE B, ABESE AL T I ik, 1M T
IR o AU RT-PCR AR 1448 PCR JEEE 591
WA 4341 (Poisson distribution)BEi EI %! PCR A,

BT IR INRAL R AR, 7] B R 46 % =4 Hr ),
HLR e K5 B AR R, AT RLA R0 B3 il - 1 £
FAUL sk s i {2 ARG FH T SEBRRE SR AG TN . ASBIFFE 08
TR TS e ity G LB A 2, AR T RS IR

AR FEAR R LR S8

(D PR FIRE R GRS a2 Al [l iR, af
HHAR R B N 107 B, e EE IR, WifE 107~
10 PR REE TR Y, B B AN Z 5, AR AL

(Q)UEMEITVE L IE A LI AL T 2 1 R kA,
A5 9 BE 09 OF- 10 B A, B O 2 [l T gk
53.43%.

(3)RT-qPCR ., RT-ddPCR I A .75 Yo 2E 32 rp G I
TV 7 B PSS 245 SR B RT-qPCR BREIIBR g 107 955
TR, MY TR 1.44x10° copies/g; RT-ddPCR (1)
R B Sl 107 o o B B, MY TR G Y 7.86x10°
copies/g, UitBH RT-ddPCR HA5 Lt RT-qPCR B Ik i) 5 R,
REEE R

A 5 o A R AR kDA R O R
RT-PCR Y FH, #3773 FH V8 A 324 il I 75 e it
G 1T B35 Qi 2 1) 5 S R0 0, b vk SRR 5, BRAE
ey o, HAT SEBRn R Lo

SE B
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