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X 9R BT B3R PR 34 FE 5% Bl i 1 5N & W EE i 3 e Ot
EE PCR REKR NI AHEIENA

Z B s ? FAmT OEHEYM %k E? ZERE' Rkl

(1. 5 BRCREEER A S TR IR 8 2660425 2. FEDK=RHABTTE B iK™ W58 i
B HEERE SEORG EZ LR F LR E S EY - I BRI E IR 8 266071)

WE 2 MFFERITI LK (AHPND)Z X RS R P &R L. &/~ ENRE, AT REERE
KEAFH k. AHPND mEf k% | EEAE 4, IA N R E RN S A B A3 w5 .
Rk AR . B EH AR K, I ERAREBEFIT AL AHPND SR ERE D W R A, KR
AHPND ¥4 B (K # 4 5 — # — L% % pirA #7 pirB A & FUk by 5 3L, 2T pirA# pirB 2 F %
THAE S P 31 4 P LR KOk & PCR AR 7 % o 1% 77 3 X BOm £ B pirA #n pirB 45 e 5% . R
BEE, HARAIMR 5 A 5.43x10° Fr 4.31x10" copies/uL, # & F 340 i 5 & 26 min £4 . A
P— B IR Z T A LR R R, DAAR pirA An pirB & MR By &) 7 o 9 (Mbrio
parahaemolyticus)#F /T A TR Fe 5086, 25 F R W, B4 jm iy JL4h i 3 5T (Litopenaeus vannamei ) #2 22 |
REREJR . 2 A JIL 7 45 200 28 B B 6] B9 43R 3 B A T ) pirA Fn pirB; AR 2 h W4 R K%, pirB
opirA B R E 5., Wb, B0E E T pirAfe pirB b toxR A R F i, EaE 4 % AHPND 205 &
AN, AFRELNHBREKXKLEE PCR Bty B AR#E, X, gRE., 540, AP
Bl —FRAERERE. ZBEATRNEATERE, ERFARAXLENAGHERNER, WK
AN mRm R e R efm ERE T ERET FINEAF RS EILX#E,

KR ROERT BRI M ; BE ML ; pirA; pirB; SR s Bl

FESES S967  NXHEFRIEEE A XEHES  2095-9869(2023)03-0235-10

SRR AR IR FE S (AHPND) e W g ko AL PR (BEHHSE, 2018). 2014 ALK, 3K E FRFE XN IF AY
TZZA A E(EMS), JEXTIRIER il W . ™ A9 AHPND KRR E A 60%~80%, FEFIF=REMEAR . f= k&
%52 —(Shen et al, 2021), Ir4Ed, 7EhE . B . ARasE, MR E NI S 0 EA SO E, SERE,
DR PG, JEHTE . FREMBT LS EZEHAMIRE A5 AHPND % 32 80 R 2 B A 915 (Mibrio
T AHPND W%, 4 BREFEIRAE L 18 i 35 K& 0F parahaemolyticus) (Wang et al, 2015), It4h, ME4ELT
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3 (Mibrio harveyi) (Kondo et al, 2015). 2k D1 FCHR B
(Vibrio campbellii) (Ahn et al, 2017). Fx3C IR
(Vibrio owensii) (Liu et al, 2015)tL 7] i B 2Ll (4 95
iE, P AR R 2 R

RIS 0 I A A — o FCRA I | meEh A pe , et
A Hb 1 T R 1 R EE Tz AL 4K (Yang et al,
2019), WFFERM, AJE A BRI N AR Re S |
AHPND, £&4 5L PR 5 B 56 R B &2 B0, pir A il pirB
25 EXTER AHPND ) = 28800 HF(Lee et al, 2015).
Hrfr, pirB 8 % FEUJE XA EURJT, pirA B JIHH
X} 4555 (Dangtip et al, 2015). #iIHbil, AHPND AL
I SR N A YL R AN EE T R pVAL TR TOn R R

pir AYP 1 pir BYP fit @I v 10 9 TR A5 <2 B Bk (Powerss et al,

2021), HJm, HASKE & M — oo R W
pir A"’ il pirBP (Dong et al, 2017; Restrepo et al, 2018;
Dhar et al, 2019)., #t—8F52 £, % S50k pVAL
WG — NIy B 5 R R G A B — B A M g
UL, AT AR R [R) 9B 22 8] (1 4% 4% (Yang et al,
2019). UL, FXEowHF pirA Fl pirB it hER
PEBI W T UERA K I AHPND KOS 8 B 42 e s B A
HE AR A E RIS L,

K BL, AHPND 5 Jit & 4 A U i He R T Be 32
F47 PCR, & PCR A S4E 1R P18 £ AR (LAMP)
% (Arunrut et al, 2016), SERTEEAE & PCR (quantitative
real-time PCR, qPCR)5 % # PCR A It, A 55/
SEEUERG . ST . A SRR AR, AR
k7 T2 B S T (Michelini et al, 2008)  FREE R}
2#(Cummings et al, 2003) L) Jz 52 (Lee et al, 2004)%%
AU, BRI, HEAR B RN | W R A R
XN B ol HE AR R 28 5 TR S A
Kongrueng % (2015)i% it #) 2 5% (LAMP-a2 Fl
LAMP-a3) 7 LAMP £ I *b I+ 4% 5 50 5] &
AHPND W RIFE MR . LRk BR R UE R, H
15 PR [ 0 5 7 AR e R I AR S iE 24
HITH R IE A A IR B, L, iR
% ARSI 7 A 1 — 2625 B AT DUAE 3 B0 R
T AR ROR R Bk AN, © R A &R
L R HRE, POl AL AR 2 (Zhao et al, 2019),
EAF B M S, ¥ qPCR FiA 530 ot i AR A4,
4, 58 PCR AL, 45 2¢ )t it PCR iR H
BB R, ZaiE . [ LR B P R )
.

FEAK =40, O AR A I AR 78 AR X A D, AR
SCEEAERTNAISE T, B 24w e At RO R

& A\ i1 3V F(Photobacterium damselae subsp. Damselae)
TE R T (00 458 R A I B2 R 1) BF 5% (Zhang et al,
2021). Sirikharin Z£(Q2015)WFFX R, &5 Ik
S i) —JCHE A pirAYP 1 pirBYP J& AHPND Ay = 55
W, (H7 IR toxR I toxA 7 &l ¥ i 5 B
WAFTE, FFETEXTHRER YL R Him ad 16S rRNA FE A 1Y
e R EEEM LTI, £ X pirA Fil pirB
SRV RS S W, R SO R FR SO S
P, A58 g7 AT T B A 4 3R O 45 o e
TP I 7, A IR0 g XU ARG I 57 4R
P AR .

1 #MRI5FE
1.1 SRISEH

S v 5 SRR AL 4 AT pir AR pir B Y
W IMYNE Vpaneno (FRICHA Vpl1001), A4 pirA Fl
pirB MY R MK (FRid ok F3-7). BLAbh, A FE 58
02 PR HAL 7 FR IR (R 1), F T4 e A
98T .

x1 XBHAAEK

Tab.l Strains used in the experiment

it T4 MR

Strain Latin name Strain number
(RN 1) V. parahaemolyticus ~ F3-7

Vp1001

e AN ) V. harveyi ATCC 35084
2Nt ke E P damselae subsp. PDD 1605
2\ A1 A damselae
KEZ BN V. scophtal mi Vs0531
fig I B V. anguillarum Va020630
Jal 2 B B V. splendidus Vs1805
W IR V. cyclitrophicus Vc0406
e B V. rotiferianus vr1711

1.2 SI¥git R

AWM GenBank HVE S pirA Fl pirB 54
APy 88519, i i NCBI H Blast 55|
Y Re Sk o BT SE L B I P 90 A8 i AR T A ) TR
()Y B ARAE G, 51F5E 2, D
Vpaneno YE AR HARE , dEE0 AHPND 17 LK
FIEE Vpareno) . WA 2 FCOEE AR SE SR 45 HoAth 8 #
HTAAE X BRTAT, JCRKAE s R IE, il S 00
S OEE f PCR ALHEATY 3, SiE45 51 W A
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Pk, MK Z . 2xTaq Pro Universal SYBR qPCR
Master Mix 10 pL, 1F/J51¥)45 0.4 pL, DNA i
2uL, EBFK 720l KM 95°C 30s, 95°C

55, JBAIREEG8~63C)30s, 95°C 15s, #7401
PEIR, AR YE T 18 S5O e 20 2 B 1B KL K s g

FAF

®2 KWFASIY

Tab.2 Primers used in the experiment

A Bk 5195751 K EE BTN
Gene Primer Sequence of primers (5'~3") Length of the product/bp Reference
pirA pirA-F TGACTATTCTCACGATTGGACTG 284 AR
pPIrA-R CACGACTAGCGCCATTGTTA This study
pirB pirB-F TGATGAAGTGATGGGTGCTC 392
pirB-R TGTAAGCGCCGTTTAACTCA
pirA F TTGGACTGTCGAACCAAACG 135 Han Z£(2015)
R GACCCCATTGGTATTGAATG
toxR toxR-F CCTGTGGCTTCTGCTGTGAA 226 TR IR 1% 55(2022)
toxR-R CTGCATGGTGCTTAACGTAGC

1.3 fRAEHMERET

DL Vpaupeno 1) DNA AR , TR pir AFI pirB
B 2 XF51 95 B4 T % B PCR 9738, 84 r= 4D i
Bl 5 7% B & pMD-19T ik, 51k 2= K T
(Escherichia coli) DH-5a J&52 A4l , MR35, i
TR PCR 41 J5 0 0 24 3 PR TR S e i o
K Vpanenn T A HE FAR IE 58 R G 77 5 SR IBUTORE , $%
10 F5 46 BER B 6 6 B2 43 4T qPCR 914 I 23 A
MM,
1.4 WNERRERAELEE PCR REEXH

FEAE ) pir AN pirB TURLAR HE i 23 54 10 4546
JERFEN 10°~10° copies/uL . W44 B bR E & 23 1)
YE MRS T QPCR 973, BANBREE I 3 P17, 1
WEH R

15 WERMRERNLEE PCR REFHFHMUL

FH#7E pirA Fil pirB Btk DNA fE R,
AT MOR I YOLE R PCR B JIRE, 3 97E R
N 58~63 C AT 1Y, R AT 2 X5
s AR AR JORBE . RIEE, 43 513 SN AR S
25, 30, 35 f1 40, SukfmefER NI

1.6 WEMRBIEXNXESE PCREFER

LL Vpanesp F1HE Vpapenn 19 DNA VEEMR, H]
SEI BT pir AR pirB 514 toxR(R IR 1% 55, 2022)
1 pirA (Han et al, 2015) Ui #52¢ Y62 it PCR _L4E
A, AR 2 X5 W AE iz A3 S i ]

7 DL R e wfa o
1.7 ANIBg

N TG 52 5% fir ML 94 7= % IF (Litopenaeus
vannamei) (1R K iy 5~8 cm, IR EH 3.3 )4l A
INZRAE T 5T TSR0 37 o At BT B A A 52 36 25 7K
PRI 3R 18, R KT | 08 | DUTE Mg,
SCE I L A, IR REKE SN (272) °C, EREh
20, TSR0 RBUZ I AT 5 2 Aoy Xtk tr, 284
R 7 A, B Vpapeno RIEFESS 2 41, IE Vpaueno 2
RS 2 21, DHSa VR FITEST 2 41, 25 FXTIR 1 4.
P RN E] | EEFEATER, AR 10 B

F3-7 F1 Vp1001 PIRESLES R 437 7E TSB K7 %k
TR SR, 28 CIHIREG IR 18~24 h, PREBCAR P4 ES
FTEH 1.5% NaCl (1) TSB A EE 325, 28 CF
fEIREE IR, B OERE, IR A IR KA
A TS A LE 0 TR W, B R R Mk
10°CFU/mML ., 7EiS4id, 4 30 pL BERORE R
10° CFU/mL)E X HR LA A o 28 0 BR 4T I 3R A K
TFE, SRR AR

1.8 AEFTERAL pirAB EEH

ST IS 2.6 F1 12 /N SR A2 % A 4H 5 52
YA KRR, FEREDLEIEL 2 B FLANERTIR, XFALA .
JFIHERR . B8 22 Rz 4 AT HURE LD R, K 2 20
FHBY JI 8y #EIF 4R A0, 4R DNA 2 U &
(TIANGEN) Ut 4525 BREE HUZH 41 DNA ., FHEEHUTY
DNA, 75 B 2 AL 1 2 45 14 64T £ S U 8 ¢
g PCR Y, JR bRl RcR
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2 HR59H B, DA 54 pirA Rl pirB K5 TR,

2.1 EyREF pirA 0 pirB 5| #1455 F R E

FHP0 I 55 e 00 2 AR KGR EE (60 °C), HIARBIFSE
B pirA Al pirB P 51953 5506 Vpaseso B AE |
AE Vpameno FAK . PEAEICIREE . 2 AR EFF RN
A Ah . REEEPORGE . B2ONE . Al . W PRI
F4E RO A R AT QPCR K, SEEG s R, R
A Vpaneno HR(FEE Vp1001) BT H #3645 pirA
pirB PSS (B 1), 1 At ) g Jat o A 0 45 SR 35 R
FAM: . 25K, AW pirA Fl pirB # X
I AT LURE SR I S & pirA FL pirB Y i

Tl A S ARG I )
22 tREMKRNEL

BB A BUR T pirA F1 pirB B 2 A FURLBRAE
S35 10 A5 RE EER R AR 6 NBERE, HE1T qPCR ¥4,
IR mbR M2, 45 R 2a Fis, pirA BARTE
LR AE 5.43%10°~5.43x10* copies/pL ¥ B 70 Bl N A B 1
HILR PEAR et (y= —3.145x+6.63, R*=0.999)., Il 2b
Fi7R , pirB BYFRAE 2 TE 4.31x10°~4.31x10° copies/uL
W B B A R A AP AR PR (y= —3.015%+5.45,
R*=0.999).

a L b
22 000 2588 F
220000 - ;7200:
Z 18000 | g -
%&émooo— M S 6s00f
Boumel S
i iz & C
£ 5 10000 58 4s00r
#R§ 8000 [ #R83500:
" S 6000 " 82500
= 4000+ = 1500LC
2000 | so0 [
0 | I IS NN I NN [ I S I S I S I S N S— — — OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0246 810121416182022242628303234363840 0246 810121416182022242628303234363840
1EFFEL Cycle number EFEL Cycle number
Bl 1 pirA il pirB 51445
Fig.1 Specificity validation of pirA and pirB primer
a: pirA; b: pirB
a b
224000} z i
o 2 o & 24000
ﬁﬁ 20 000 F ﬁ&é 20 000 |
'y 16 000 o'y 16 000 |
g 12 000 - dz g 12000
K2 8000 22 8000F
®E 4000f ®E 4000t
0246 810121416182022242628303234363840
1EFF%L Cycle number g TEFFEL Cycle number
= (5]
o o 25
5E 2 HE s
g2 10 Ik =
gt . . - &3 S : : :
A 5, 0.000 001 0.000 1 0.01 1.0 6\ 0.000 001 0.000 1 0.01 1.0
¥ D1 %Y Copy number ¥ 1%t Copy number

K2 R pir A pirB A BORBRIE A5 2 AN bR i il 2k

Fig.2 Amplification curve and standard curve of the plasmid standard for the successful construction of pirA and pirB

a: pirA; b: pirB; 1: 10° copies/uL; 2: 10* copies/uL; 3: 107 copies/uL; 4: 10° copies/uL; 5: 10° copies/uL; 6: 10* copies/uL

23 WEMREXNLEE PCRAFELRER
B35 A H B LIRS bR o S 2R R 10 5 4E

R, #4173 ANEE MSEE ® PCR, LLEE K

PEATBAMEXT HE . pirA FRufES DNA Fiki7E 10

A1 10° copies/[ AT, 3 ASFATFSLERE) C, (B4 3N
31.11, 31.12, 31.24 1 32.25, 32.38, 32.29; pirB 5
HE S DNA FARALE 10" copies/ W, 3 ASFEAT S5 )
CAHSF 514 31,96, 31.99. 32.15, HARA B W3 1Y
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M. FESZBRE A, S ORUEAS 45 5 A w] S M Fn
WERfE, LA CofH 35.00 AR, 4§ C{H<35.00
HAY W, He mHEdE, Hik, pirAFl pirB 1)
ARSI PR 435 J 5.43x10° FIl 4.31x10" copies/uL
(K 3),
24 WERRERALEE PCREHEHK
PeALER 7 pirA 1 pirB AUE MO E &
PCR ¥ 1450 LAHIAS 450 pirA F pirB SRR i i
A WE NN, Kot RE i PCR (KR53 TITE 58~63 C
FHEATY R, ARG IS T AT . e S iR

JEH 1 pmol/L, HAESIREE N 60 C, W AE 4L
30, KA E Ry 26 min A2 47 o

LL Vpanenn FIAE Vpapenn 19 DNA YEEAR, H
AR SCEEAT 4 2 %5 [ 9y (pir A FiT pirB)FI G| 4 toxR F i i
FEYOtE T PCR EAEM, Wk 3 X5 MTEIZIA
NIRRT T ;s [RIES 51 Han 26(2005) 05 | 956 UF A
R B 5 R sER I . S5 Won, JF 5 Kl
2, AR AE Vpaueno 410 toxR 1 PN,
VpPauenn 411 pirA, pirB il toxR 3 59t IZE, pirA
(Han et al, 2005) 1 24 12k, 9E Vpaueno 41 pirA,
pirB F17s X R ZH S 7= A= 3 38 2 (] 4).

L b

¥
=
=3
S
S

TOUE S RE

Fluorescence intensity

0
0246 810121416182022242628303234363840
1EFFEL Cycle number

pirA 1 pirB 258 & PCR R AKE S5

Fig.3 Sensitivity test of pirA and pirB fluorescence quantitative PCR

a: pirA; b: pirB; 1~10: 10°, 10%, 107, 10°, 10%, 10*, 10°, 102, 10" and 10° copies/uL

=y
g
e
o o
41'111:: g
=0
R =
E :
. 0246 810121416182022242628303234363840
EFREL Cycle number
K3
210+
2180} 2 _—
g 150} 5
%ﬁ 120} ! 2
g // 5
fmg 90r '/
Ra 60} /
:}K § 30 o i i i 2 4/ ____________________
0 ; = : ; : 1
0 5 10 15 20 25 30
YEFRE Cycle number
Bl 4 A RE

Fig.4 Microfluidic integration diagram

1: VPanpnp PiIrA; 2: Vpapenp PIrB;
3: FE Vpanpnp toxR (Non-Vpappnp tOXR); 4: VPappnp tOXR;
5:pirA (Han et al, 2005);6: I VPpaupnp PiIrA (Non-Vpagpen PIrA);
7: A Vpaupnp PirB (Non-Vpauenp PirB); 8: ddH,0

25 AREFLEXTENE R B el 45 R

TEICPLANE S HF R S2 B 42, W HT 2 S /Y 7 vk
XF T AR B KRN 4 ASHEUERAL (622 | FFIBR |
JUUP A3 ) FEAT AR AR, 5 S 5 R S A
€ PCR AT RIERIAEXS Fe o S8, AE VPanenn
A R B BH A FRZH A2 1 2 RO AR ARG I 25 2R 1

FHYE, Vpapeno AL7EXT RS AHPND i 2 HpAN[A]
TG 7 AN 285 SRS TR] , FEAS [R] s ) Be 454 2H 20
Ja B R AR (GE 3. £ 4).

pirA I R FE R BT A S0 41 v, AKREAG I 25 SR 2
B , 12V SO0 2 KRR XS Ry B o FLZE VRS S g0 4 v
2~12 h i} AP EROGT R f) 4 A 20 2B S B9 ARG 0 235 SR 24 A BH
P ERBEIATHEARTZIEER, 2 hiF, Jf
JER B A0 g T AS T A B, SEALI M BHYE ;s 6 ho R,
HUAG RFRAR R B, AR S B 12 h B, 4
TS EAb e o] Y o

pirB i Al A R 25 SR 5 0 B pir A B A Az
SERME, IR pirA A FFEARTE ., 78127 2 h
B, HA BB B, AR S R BH M 6 h Fil 12 h
1) 4 TR i 359 R BE I

Vpaueno F3E VParpnn 41T toxR & P 1 46 25
HE . RAF, 2 h BRI R R, 4 A~4H8
K45 5245 BHE 56 h F1 12 he B FFA RE b 24 8 B
TS, BT KRR A BHESN, BT Ao ) B 1) JHL
AR 280 Sk P o

TE TH BRAG I 7K, pir A ) RABUEAL T pirB, {HAE
N TR YL Sz pirB L pirA G 50 i R B, PRI,
S TR 2 2R N T AR 7 S e i T 4 A e T ARG
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&3 ET pirA 1 pirB iRIER N EE PCR BB AR L
Tab.3 Comparison of application effects of microfluidic fluorescence quantitative PCR based on pirA and pirB

e TE] TG I7 X FRIEIKFE iz JHF JE it WA [ &
Gene Time/h Mode of infection Aquaculture water sample Gill filament  Hepatopancreas Muscle  Intestinal tract
pirA 2 %% Bath o+ + o+t e A
15 Injection —— o o F A A+
6 2t Bath +4+ 4+ + ++ A+ ++ - 4+ A+
# 4 Injection - 4 e A A
12 B Bath + 4+ + A+ o+ e o S e R
4T Injection - + + A
pirB 2 1% Bath ++ 4+ + o+ + 4+ B A S S A
5 Injection ———— o o F A A+
6 2t Bath +4++H+++ ++ A+ ++ ++ A+ ++ ++H+++ A+
#4) Injection - o+ o+ A
12 & Bath + 4+ A+ + + 4+ 4+ + + 4+t + +4++H+++  ++H+++
5 Injection e A o e S AR

e+ B — B3R +++ /4 ++: SOLE R PCR/AMUIRIE VG E 7t PCR (3 WOPAT LA 455, T,
Note: +: Positive; —: Negative; + + +/+ + +: qPCR result/microfluidic fluorescence quantitative PCR result (from 3 parallel
experiments). The same as below.

F4 ET toxR HimIZWEERE PCR B ARIR ¥ tE

Tab.4 Comparison of application effects of microfluidic fluorescence quantitative PCR based on toxR

B ] TR Fe Bk RE b 22 AR LR Wit
Time/h Mode of infection = Aquaculture water sample  Gill filament =~ Hepatopancreas Muscle Intestinal tract
2 2 Bath ++ A+ ++ ———f——— === f——— === e /———
TE ST Injection e A A+ FHAHA A
6 21 Bath + 4+ ++ +4++H+++ +4++H+++ + 4+ ++ + 4+ ++
4T Injection B —— +++/H+++ + 4+ +H+++ ++ +H+++ ++ 4+ +
12 =¥ Bath +++H/+++ +++/+++ +++/+++ +++H/+++ +++H/+++
5T Injection —_ ) +++4+++ +++4+++ +++/+++ +++H/+++

— I R, DA ARG EE SRR, BUR T pirA
1 pirB HEAA BE AR R S REE, EHT
AHPND EU J5 A A

3 ifip

AR, hRE TR A AHPND e X 0F H 4 4
B AT R A B S B B ] N R AE T
H 2009 4F LK C 25 2Bk iR SR AR 8 Y 430 123570
A4 2 (Kumar et al, 2021), EFRE, WATHRAITRE
B, PRI ALV, RO X R R
UM PRI A, J5 25 4s , HEia NS @,
amaRREeEEa6a, 2RRE. k. S8R
A, WARs, REMR5T, WK 5T AE, —8
5~7 d WHIBLRHEAET:, HIET- R &k 80%LL I
(Chen et al, 2022), 7EFRFELE, SR HATAEE T
PR AR UL 2 3 i 103 JUT A7 0L 13 198 o R Sk 140 DRI 6 6 1)

A IR R TIRYT R AR, R 2 R B AR RS T
R, DORSHE . R Py gk B, gy —
PRS2 AHPND A RS, J& S R
A AU RN P A T IR YT I BB

MW AR K ISR T, i PRRAE A4 2005 B
R RI AHPND A97775(Mai et al, 2021), H
2014 e, 52 F i T AT AL AHPND S sl ¢
AWRY ) PCR Ml % 5% PCR (RT-PCR) J7 %
(Dangtip et al, 2015). 245 PCR 77 75 B AT 5 2 i
FORGHAPE, (AAEZRET RS, BRAEREA, TR LA AR
SERKEIN . BEZE pirA Fl pirB IR R KL R,
Cruz-Flores %5£(2019)5 31 T M TaqMan S} 5¢ Y 58
i PCR A 75, A [l 4G 00 pirA A pirB, A6 il iy
[ 24 27 min, {HiZ )5 g XHEAE A R BRI R, B
REEAT IR o Arunrut 45(2016)3 T LAMP, 454
fifi I DNA J1fiE1k .ssDNA ARIC 40K £ R 4H(AUNP),



553 2 SEAE NS IE AT AR IR SE R R A I IR U O AR 2t PCR PR I A i e 575 1 ] 241

SEPGT AHPND BHPED 5 7= 9y it nl AR Ak, S ke ik ]
50 min, HARAESCIUIAG RN, (R B R A
Mai £5(202 1)5E %} pir AF pir B Bos e gy 1 45 iR &
Y 3R A Bl 15 (RPAYKEIN 77, 52 UKl AHPND
(RIS E] R 70 min, AGI A RIAS S o BRSESE A5 (2018) K
JH qPCR 8977 ¥4 AHPND, R4 H 10" copies/uL,
MASWEZE LT pirA BT 7t 8 i PCR R
T 25 (5.43%10° copies/pL). WOREE A+ A B A
1 VA NN = S Dt RS 5 2 ol B Y7 N =
TR 4 AL SR 5, BRI B AR 56 1 137 14
o AWFFEE ST AHPND #5377 0 2 ga i 3L A
pirA il pirB M2t e it PCR BRI 7%, 45
WEIR, WREYOEE = PCR KN J7 2% B K1
pirA 1 pirB HA R4 0955 vE, B M6
VPaurnns JE VPauenp BA ST FEEH 2 H B MR 5 o
XF pirA fil pirB H 9 F BeAg @ br e th 4 K B0, pirA 1)
PR 27 5.43x10°~5.43x 10" copies/pL #¢ B 3 Fl A
ARG B LR A e (y= —3.145x+6.63, R*=0.999),

pirB [KARIE TR 7E 4.31x10°~4.31x10* copies/uL ¥ &
AR AR 2R M G M (y=-3.015%+5.45,
RP=0.999), 2 />3 A 76 A [F) 44 2 Al % A ARl — s |
HEATAE AL, SN I E] Sy 26 min 2547, R TR
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Establishment and Application of Dual Microfluidic Fluorescent
Quantitative PCR for Rapid Detection of Vibrio parahaemolyticusin
Shrimp Hepatopancreatic Necrosis
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ZHANG Zheng’, MA Cuiping', CHEN Fushan'

(1. School of Marine Science and Biological Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
2. Yellow Sea Fisheries Research Indtitute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Shrimp has become a highly traded global seafood product, with 8 million tons of
shrimp produced annually. Acute hepatopancreatic necrosis disease (AHPND) is the most prevalent
and severe disease affecting shrimp aquaculture, resulting in considerable economic losses. The
AHPND incidence in shrimp farming was as high as 60%—-80% in China, resulting in reduced farming
capacity and unstable production. Vibrio parahaemolyticus has been identified as the main causative
agent of AHPND. In addition, V. harveyi, V. cambelii, V. algolyticus, and V. owenii are capable of
causing similar diseases, demonstrating a distinct pathogenic diversity. Previous studies have
indicated that not all of the above-mentioned Vibrios species are capable of causing AHPND, and
whole gene sequencing and knockout genes have revealed that pirA and pirB are the primary
pathogenic factors responsible for AHPND in shrimp. Specifically, the causative agent for AHPND
should be a specific strain of Vibrio carrying the binary toxins pirA"" and pirB" on the
extrachromosomal virulence plasmid pVAl. Among them, the pirB toxin mainly determines the
pathogenicity of the bacterium, whereas the pirA virulence is relatively weak. Furthermore, it has
been demonstrated that the virulence plasmids encoding the binary genes pirAY? and pirB? are the
main causative agents of AHPND. The virulence gene toxR is prevalent in Vibrio and plays an
important role through the genetic diversity of 16S rRNA genes during shrimp infection. Real-time
fluorescence quantitative PCR technology has less contamination, more accurate quantification,
real-time monitoring, and greater automation than conventional PCR technology, which has been
utilized in the fields of transgenic detection, environmental science, and medicine. However, this
technique is time-consuming, involves multiple instruments and reagents, and requires personnel with
extensive professional skills and experience. As a result of its small size, low sample and reagent
consumption, rapid detection speed, miniaturization, and integration, microfluidic chip assay
technology has emerged as a new focal point in assay technology. Therefore, in this study, we
designed specific primers and established a microfluorescence quantitative PCR assay based on two
genes, pPirA and pirB, to address the genetic similarity of AHPND pathogens carrying a large plasmid
encoding a binary toxin, pirA and pirB. The method was specific for the pathogenic pirA and pirB genes,
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and only when DNA from AHPND-infected samples was tested could the two genes be successfully
amplified, while all other pathogenic bacteria were detected with negative results. The sensitivity was
high, and the minimum detection limits for the pirA and pirB genes were 5.43x10° and 4.31x10"
copies/uL, respectively. Standard curves for pirA and pirB were constructed and demonstrated good
linearity in the concentration range of 5.43x10°-5.43x10* copies/uL for pirA (y= —3.145x+6.63,
R’=0.999) and 4.31x10°—4.31x10" copies/uL for pirB (y= —3.015x+5.45, R*=0.999), with an average
sample detection time of approximately 26 min. In order to evaluate the efficacy of the method in
practice, artificial infection experiments with V. parahaemolyticus were performed. In this study,
artificial infection experiments were induced by both injection and immersion, and samples were
collected at different time periods to clinically validate the established method and compare its
effectiveness in detecting different shrimp tissues, thereby facilitating a more thorough analysis of the
pathogenic pathways of infection. The experimental group with injection as the mode of infection
was found to be positive for all tissues in all time periods except the water test, which was negative.
The experimental group that used immersion as the infection method showed different results for
various time periods and with different genetic tests. In terms of the infection method, the tissues
could be infiltrated within 2 h using the injection method, whereas the target genes were not detected
in the hepatopancreas at 6 h using the immersion method. This indicated that the injection method
infiltrated the tissues more rapidly than the immersion method. According to the comparison results
of the three genes, pirB was only negative in the intestine at 2 h and positive in all tissues the rest of
the time; pirA was negative in the hepatopancreas and intestine at 2 h, only the intestine was negative
at 6 h, and all tissues were positive at 12 h; and toXR was negative in all tissues at 2 h. The rate of
infestation from rapid to slow showed that pirB > pirA > toxR. Based on the rate of tissue infestation,
pirA and pirB were detected in both cheek filaments and muscles at 2 h, making them the most rapid
infiltration agents. Therefore, the strategy of using pirB as the primer and gill filament or muscle as
the target tissue is more suitable for the rapid detection of AHPND in the field. In this study, we
established a method for microfluidic fluorescent quantitative PCR that has the advantages of being
rapid, sensitive, high throughput, less contaminated, on-site detectable, and integrated. The method is
not only applicable to the laboratory but also meets the requirements of rapid field detection at
hatcheries and farms, and can be used as a new technical method for shrimp fry quality detection and
disease control.

Key words AHPND; Vibrio parahaemolyticus; pirA; pirB; Microfluidic chip; Field detection



