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K 25 6T 3K 1 (Vibrio scophthalmi) . #8 3K 4 (Vibrio
anguillarum) F1 3¢ A fa & ¢ #F B 35 A A Fh
(Photobacterium damselae subsp. damselae)j& T 43k
BT UL T SR R G Y LA E 2 Y i K SR A B ) B0
B, ARG K S (TR KA, 20125 BRI HESE, 2005)
XFOF (B A B %, 2000; 25 3E&E 0 2020) 1L
(Hidalgo et al, 2008)55: 2 Fiiff /K £ 55 S Achi o 3% 2
s SR LA BOR PR | AT BUER S A
TR, KPR FRFE A fa FHAR T, IR X 3% 255 [t b
) DR A I AR B S, A BT 080 4 H A% 4 R Uk
g, WD IR TR

P E R PCR BEORPKITERIE & . AuErE . R
JEE DA S UAS 75 T 8 5 T 5 T 745 81 T A e (] 2285 55,
2021), ) ZWHTEMER(RKREE, 2021), B
Wi (Fidalgo et al, 2021)F1 & BB (T 45 fi 45, 2020)
SR 2B R H R (microfluidics) X HEFR Rits i
S, P LUK RUBE 23 [R5 7 4545
FERFE R HOR (BT 5, 2020), B HoAR
53Ot it PCR HARME &, RO E
SO ARG R AR P G0 45 e A A B 2 /N R TR
SERE RSB AL I, 4% PCR 91 s FE bR
FE BT L], 5 E L S = YO E i PCR
INERFHLL, s 2 e & PCR BOAR HAT K rids

A7 PRBE AR EORAR A B AL, TR I PRAZ W
(EAT A4, 2018), B Al R U, 2009)H1 5
BE(ERE KA, 202152 AU E 245 2 Z R

AT T A2 E R PCR HOR, XTI
AEFCINER | RV I INER . KRS EFINE | A8 5IER FISE A
RO B R N AR B R 5 RS 1, il A
RLARZR B A A, HEATIX 5 Tl Jt 7 8 fol i 42 A DU
BT B RS, S B K R B D TR R RO £
PO PCR — A PRGN, AFFEE A NI A
TE 7K 77 37 58 B 3 IO FH 099 9 D Tl 22 B AW 4 A 0 B AR
BEE Bl

1 M5
1.1 SEISE

AWM 15 Fhanw, it 28 #r, Horb, g
HIEE (Vibrio splendidus)b ifi Bkt 1 A IR} B A
YW 52 BT o 1 2 3 A ) T O 84S B 0 (Chhina
General Microbiological Culture Collection Center,
CGMCC), I IR (Vibrio campbelii)% 11 Fibrife
FRRR I B SR 9 U A — IR PRI O I PR A 0 B
PR BP0y (Marine Culture Collection of China,
MCCC), M2 RIS 17 SRR A0 = 0 3 B

FEf D | TR B TR . AR L . AR T

®1 ZRAAEK

ANTE BB . ERRBEARE R 1.

Tab.1 The strains for testing
LS TR G 5 KU G173 PR G P

Strains Strain number Source Strains Strain number Source
M 4 [CHNA ATCC 35084 ZRIAGLZR PNV Sl PN RIA PDD 1605 B eV
V. harveyi Vha 0207 e ] P. damselae subsp. damselae PDD 1608 SLI I A

Vha 1809 SISy PDD 1809 SH = T

I AN ATCC 25920 R(AEES TN} Van 020630 SRR 4B
V. campbelii Vea 2007 SeEeE 4y Es | V.oanguillarum Van 020605 SR
WS A DSM 23055 P TR B B A ATCC 17802 T 1 A PR
V. owensii Vow 2007 Sty e | V. parahaemolyticus Vpa 1001 SIS
WA DSM 17186 T A TR AR AR B KCTC 22354 prif i bk
V. azureus V. sagamiensis
VR ATCC 17749 P v BT A e ] DSM 17186 o THE T R
V. alginolyticus Val 1001 LI EITE V. rotiferianus Vro 1711 SIS
T PR A Vey 0406 TEEIE | REEFINE Vsc 0531 e
V. cyclitrophicus V. scophtalmi
T4 U1 9K 1 ATCC 51288 o TR B TN VS ST-01 PRAE TR R
V. mytili Vmy 1006 S AT V. splendidus Vsp 1805 LU AR
= ATCC 14048 i R
V. natriegens Vna 0607 LG E A
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Fig.1

Microfluidic chip structure diagram and product

@4 0 D, 6 SR @ L5 @0 IRl @: L.
(a) Structure of the chip; (b) Product of the chip; (D, 3: Chip wing; @: Hole numbers; @): Loading hole; @: Vent hole.

1.3 ‘AEER DNA BHEI&

BT T80 “CIY 28 BRANTEIER T TSB 55
FRIE, 28 ‘CHEFE 18 hififb)a, PRECRR IS 200
1) TSB F-He s 355, 76 28 C R 4ifkis3: 18 h, ARG
PR 1~2 DA TS T 100 uL B9 JCTE K iR AT, 100 °C
£ B 15 min, 5 12 000 t/min 5.0 5 min, U4 I
THRE A A B DNA B, PRAFT-20 CE& .

1.4 S|¥i%itRisRHEEIE

4 GenBank H 8 SR IE 4 [GHN A vhhA A |
RIS 05 toxR A& PR AN RS2 B9 TuxR & P ) PR 1
J¥%1, H Primer Premier 5.0 #X {5 iH e 5 E5 19, 5
it NCBI " Blast S iiE 5 | 4 048 50 o 825 empA
FEPIASE N A L OUAT I 2 N AP Mep 2 A A9 R =
PES Y 5B ARSI E BB MR A5 R, 2012;
Zhang et al, 2021), BRI SIHF 928 A TAY)
TR BRMARAFRA K, 519575003 2,

DI 2R FCON TR . R Mok e . REEEFINE | A5
PR AN S8 N £ AT 1R S8 N Fa S AP SR H AR R, X
DUTCHRTA S5 oAt 10 B BEAE % BRTAT, TCREZKAER
25 X IR, R S 5 R S B 98 % E B PCR X
(Eppendorf AG 22331 Hamburg, fEE)#FATH 44, ik
AR S . AR ICOREE . RIS MR E . K6

I R W AR & A 2xTaq Pro Universal SYBR qPCR
Master Mix (Vazyme Biotech Co., Ltd) 10 pL, Primer
F/R 4 0.4 uL, DNA it 1 uL, ddH,0 8.2 uL. JZ )
AR 95 CHIAME 2 min, 95 CAEME 55, 60 ‘Cil %k
30s, §7HE 40 MBI BTG HISE N A KOEAT R SEA
10 2 LA BRSO AR 1E 2 2 XA (2012) i
Zhang %§(2021),

E AT AN N N2 1) Wz NN =3 Y S
PN SE N A AT B 38 N AR 53351 ] UF-150 F3iit
PEDEE it PCR GHAT RUR FESOLE = PCR 974,
SRS | YT A RS B T B T AT AR S 1,
NSRRI E N 10 uL: 2xTaq Pro Universal SYBR
qPCR Master Mix (Vazyme Biotech Co., Ltd) 5 pL,
Primer F/R % 1 uL, DNA ## 2 uL, ddH,O 1 pL.
S AR 95 ‘CHAE: 30's, 95 CAEME 5 s, B ki
] 30 s, 1B K5 S ot E i PCR — 2K,
1 30 MER
1.5 FRAEHEHE

W BRRr ST W 0 2547558 PCR ¥, 47
B =PI RS S PMD-19T #hik, 5=
DH-5a B2 54001, 43 IR AT PCR 97145
D 5t B TR SR s v it o W B o 0 1 TR 3 AR S
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Tab.2 The specific primer sequences of 5 pathogen strains

73 GIE7 22N 51975 PR 1B B

Strain Primer name Sequence of primers (5'~3") Product length/bp Annealing temperature/'C
A GO vhhA-F  GAGATGGTCAGTGCCTCTCAA 11 60
V. harveyi vhhA-R  TTTGCGGTGTGTCTGTGTAGA
KL B luxR-F GGCCACTGTTTGTTAGCACC 201 60
V. scophtal mi luxR-R ~ AGCTGTCCGCTAGTTTCAACA
Bl s M A e toxR-F CCTGTGGCTTCTGCTGTGAA 26 60
V. parahaemolyticus toxR-R CTGCATGGTGCTTAACGTAGC
15 A empA-F CACTATTTTTCCGTGCTACTGGC i 59
V. anguillarum empA-R  AGTTTGCGTTGCTACGACTGAC
N R EE N TR Mcp-F ACTCGCTTACTTGAATCGGAAAT » 60

P. damselae subsp. damselae Mcp-R

TCACGAAAGACATTGAGCATC

FEWUTORL, $% 10 BB EERGRE 6 N6 Bl A7 5
SE 1 PCR 4 I il n i 2k

1.6 ZREMRIZEREEE PCRREWR N F MU

A3 FAVE AR GO G . BIA R . RSB |
85 B RN 38 N A0 ROGHT TR 98 N A FP ) DNA B4R,
Fo A PR SO P O B i PCROAOIE KRB, 40 9)i%
FEJCNIERE N 58, 59, 60, 61, 62 Fll 63 CitArd 14,
A SRR B A A S [R)E KGR o TR 23 1) 18
MAEHECH 25, 30, 35, 40, WiEmAER VGRS,

1.7 &RER5IMEZ X RS

WV R e 4R [N . B I | K226
T B8 TR I 58 R GAT TR 56 AT A 0 4 S 5 |
P B o Aa S e b IR A 4 Y 5 BRI R DNA
R TE S M8 BT 2 RO AR 9O E 7t PCR
PR, SRS YA JosE RN o SN EA R BEE R
10 pL: 2xTaq Pro Universal SYBR qPCR Master Mix
(Vazyme Biotech Co., Ltd) 5 pL, Primer F/R %% 1 uL,
DNA #i#z 2 pL, ddH,O 1 pL. R 44 Jy 95 C i
M 30s, 95 CAEME Ss, 60 ‘CiRk 30s, P73 30 4
EH

1.8 ZWEMREXNKEE PCR RiENREHE
SR

¢ 1.3 BT AHRI A 73, R na 4 FCOIER | A Il
IRPE . REEEFNTR | B2 F1 38 N & EHFF 1R 55 A
WAPRIZEZAN T TSB AR I3 T alifb s,
A B S T JCHE PBS TR B 4.0%
10°, 2.0x10%, 2.0x10°, 5.0x10° 1 2.0x10° CFU/mL
WD R, 10 (5B EIRIRIGRE 6 BRI, TR
A B 56 TE LT B R o B AS [ e B BE P T

AR R 1.3 B [R) (97595 45 40 DNA Bifl,
PUK T 09 25 B 1K g BRI IR, FEAR AR5 1 B I 251
TR ZEBOR RSO E B PCR VL, #iE %
7 Y ARAG R o

19 ZFEERMIZRALEE PCR HIEH N A B 5L

AR

196 UK 2% 7 (Scophthal mus maximus) . LA 7 X iF
(Litopenaeus vannamei) . /5|2 (Apostichopus japonicus)
RSN GE, Ay M BURZEEER LA . 68 L, L
YRIEXTERAT LA . BEZHZY, (7RIS 0PI i iE
214 0.1 g, 4ralmA 100 pL B 4E T (1.0%
10° CFU/mL), R IMINIE (1.2x10° CFU/mL), K56
SN (1.6x10° CFU/mL)  #85K 1 (2.3x 10° CFU/mL) i1 3¢
N A5 ST 1 55 AT (8.0x 108 CFU/mL) I T
[EIEE, DA IO BRI A 20 S %t R, o 2H 2L )
WG 10 uL A 100 pL Z4## (Vazyme Biotech Co.,
Ltd)IE 4], 100 C4:JES 15 min JE A 100 pL §2 & K
(Vazyme Biotech Co., Ltd){£%2J, 12 000 r/min #5.(»
5min, HCETHWRAE BN, 760 L0000 b 4%
P17 Z2 BRSO E B PCR 9748, B uk A I
B

2 #R

2.1 S|¥4FREIEIE

S B B3t 1 51 90 0 9 i A7 8 i Ot E 7 PCR
MR DO E R PCR IV, 5190 Uk A 45
RN, MR . B MINE . JEEEPINR | 68
SIVER 1A KT B 6 ARl DNA B4 5k
Yok, HALANE DNA K B EXTHEJGH 18 i 28
B 2), KRBT 5 FE SRS R4
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Fig.2 Primer specificity validation

a: il SCHT G E i PCR REFESLTES; b MORE I it PCR FEF 505

a: Conventional real-time quantitative PCR specificity test; b: Microfluidic fluorescence quantitative PCR specific test;
I: V. harveyi; II:V.parahaemolyticus; III: V. scophthalmi; IV: V. anguillarum, V: P. damselae subsp. damselae.
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22 ZREMRERAEES PCRIRERNE R ER
5Kk & &R

TE PR O 1598 6 8 i PCR SR %A Y FE A I,
X £ E R R E | PCR J5 B S b S5 BEA T
o BRIV 5T B ROV S5 R 3 FrR, me i
ELZTEMREVOLER PCR RUNIAZR K 2xTaq Pro
Universal SYBR qPCR Master Mix 5 pL, Primer F/R
% 1 uL, DNA Bitlz 2 pL, ddH,O 1 pL. KW &K
95°C 30s, 95°C 5s, 61°C 30s, ¥'H# 30 MG,

CEEEFINRIRE]

FOLETRE
3

Fluorescence intensity

0 5 10 15 20 25 30
&I %L Cycle number
B3 BJGEEE 61 C i i 9t it PCR [ 4,
Fig.3 Microfluidic fluorescence quantitative PCR result at
annealing temperature 61 C

1. 6: WAERINEDIY; 2. 7. WWINHGIY;
3. 8: FAMEINHHEENAWFTI);
4. 9: RIEMINESIY; 5. 10: KEEINE G4 ;
6~10: ZSHXTIE; a: PRZEIRINGE; b: B39G;
c: FANMBOCATERANMERN; d: BT ;
C: jt%@zlzgj&%o
1, 6: Primers of V. harveyi; 2, 7: Primers of V. anguillarum;
3, 8: Primers of P. damselae subsp. damselae;
4, 9: Primers of V. parahaemolyticus;
5, 10: Primers of V. scophthalmi; 6~10: Negative control;
a: V. harveyi; b: V. anguillarum; ¢: P. damselae subsp.
damselae; d: V. parahaemolyticus; e: V. scophthalmi.

23 FRAEMZGINE

BRI e PN . B NG . KRS 6PN | 629K
PR AN 95 N 0% ST TR 38 N 03T 19 SO A o i 4031
Fie 10 A5 06 EERRBE 6 N6 BE , F1 7988 i PCR 973,
FELHIbREIR L . G55 E 4 Frs, 4k QO 1 AR
HEMTZRTE 2.42x10%~2.42x10°copies/pL ¥ 315 FBl N A
LI AR 2R 1 AR e (y= —2.972%+6.73, R*=0.999), RV
MR AR AE T 26 7E 3.83%10%~3.83 x 10° copies/uL ¥
FETEF A R PER SE M (y= —3.287x+7.48, R=
0.998), KZEHEINETE 2.87x10%°~2.87x10° copies/uL &
FEVL RN RAFI PR et (y= —3.549x+8.14, R=

0.998), #BHNETE 1.39x10%~1.39x10° copies/uL ¥
O A R B A e (y= —3.912x+7.83, R=
0.999), & Afh & JEHF I 36 A A Fh#E 2.20x10%~
2.20x10° copies/uL ¥ B 70 FE A R4 9 2R kA S b
(y=-3.969x+7.07, R*=0.992).,

24 SRR X RS

B 5 055 1R B Rl — R b, AT 51T 58X
Bt e AR W, 5 X g I AE R —S A B %
RIS, A8 25 A RONAB RN AR IR 45 2R 152
(1% 5).

25 ZEMKIERIEES PCR X 5 FiwE & AN
REE

W5 Bl e TR Y R SR T A ) [R]—A T
P, RIS AE IR . B NG . RS 6T
NG . B IITE F1 92 N £ & AT 1R 95 A fa 3 Fl DNA fE
AR, TEARARIT B R R R N S5 T, TRl 2R AT AL
WAEYOEE B PCR P74, BRiZ )y B m REUE ., 52
g R 6, RS BRI O X iR 5 e e
AR B ARG BR 43 1) & 40 CFU/mL (2.0x107° ng/uL) .
20 CFU/mL (2.0x107° ng/uL). 200 CFU/mL (2.0%
102 ng/uL). 500 CFU/mL (1.0x1072 ng/uL). 20 CFU/mL
(1.0x107° ng/uL), L, HE RS B A X 5 Fhop
JEU TR Y F AR AT A BR 4 100 CFU/mL (0.01 ng/uL), BA
e 1) RAUE

26 ZEMIMERLEE PCR KA IGK R FARR

VEHUKZE6F | FLANTE XTI | 502 S gi it 4
Bk 5 R SR AE R ESEILA . B ). FLANEXT
ERGULA . 68) . PRSP R 38 )20 20 ks
RO, G S B AR IR A o IO EL ST 1) 22 J
FEVENCRE f PCR AR 5 3% &4 5 R e i 19 Lk
YLLNTEATRE SR AN, [ s R FF S 560 28 RSN 9 '
i PCR HEAT R MVEXS e 25503k 3 fis,
S 2Ot PCR R IIAE i 45 5 43 51 o 100%
(21/21), 100% (21/21). 100% (21/21). 100% (21/21).
95.2% (20/21), Frasr 2 EMEDOEE # PCR
G 17 1 A 23R 3K 3] 35 3 S SO 8 | PCR K
Tk 96.2% LA b, S5 Hh AR I B V) 2 SR 45 SR
oA B o A A AR U R () AA 26 min, AGI A K
A S 9 ' E B PCR VI HE](1 h 40 min)AH &
A% .
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4 BURCARIE S B4 3G 2k Fnpr i 2k
Fig.4 Amplification curve and standard curve of plasmid standard
a: PHIMZ; b dRdEdiZ; 1~6 2309000 10°, 105, 107, 10°, 10° Fi1 10* copies /uL;
I. Dﬁiﬁ&%%, Il E'J{?ﬂ[ﬂ?}&%, Im . jt%’ﬂ?}ﬁ%, V. EE?)LW%T, A\ %A@Zi%*?%j%k@ﬂzﬁ“
a: Amplification curve; b: Standard curve; 1~6 indicate 10°%, 10%, 107, 10°, 10° and 10* copies /uL, respectively;
I: V. harveyi; 1I: V. parahaemolyticus; III: V. scophthalmi; IV: V. anguillarum; V: P. damselae subsp. damselae

. (X/NFi4E, 2017; Hidalgo et al, 2008)% £ i /K 235
3 iTig EILY/ N YN V- i PN A DO R
SEAEA | R R SR T K 7 S T Y KSR AL sh ) (Rivas et al, 2013)L) S AZSHA
B 2020 AETREAK R ERC 2 589 250, 1k WTE(Alvarez et al, 2006). BISERRS 1A JEA ) Rk
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Fig.5 Results of cross reaction analysis through
microfluidic fluorescence quantitative PCR
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The apparent turbidity of the channel was positive reaction.
I:V. harveyi; II:V.anguillarum; II: P. damselae subsp.

damselae; IV: V. parahaemolyticus; V: V. scophthalmi;
1, 6: Primers of V. harveyi; 2, 7: Primers of V. anguillarum;
3, 8: Primers of P. damselae subsp. damselae; 4, 9: Primers
of V. parahaemolyticus; 5, 10: Primers of V. scophthalmi;
6~10: Negative control.
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Fig.6  Sensitivity of multiplex microfluidic quantitative PCR on the 5 pathogenic bacteria
I ~VIZ3501% 10°, 10*, 10, 10>, 10" A1 10° CFU/mL (B ; 1. M4ERINE; 2. @RI ;
3: FENMEICHFHENMTF; 4. BBINGE; 5. KEFINME; 6~10: 25 XTI,
I ~VI indicated 10°, 10% 10%, 102, 10" and 10° CFU/mL bacteria suspension, respectively; 1: V. harveyi;
2: V. parahaemolyticus; 3: P. damselae subsp. damselae; 4: V. anguillarum; 5: V. scophthalmi; 6~10: Negative control.
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Tab.3 Results of microfluidic fluorescence quantitative PCR in different tissues of 5 pathogens

T #k Strains

ES 4141 - EINIT-> ridr
Host Tissue M 4 [CIRTE BV MR P REZ YA 107 §e) 2 )\ T FP

V. harveyi V. parahaemolyticus V. scophthalmi V. anguillarum P, damselae subsp.
damselae
et il Gill +4++/+++ +4++/+++ +4++/+++ A+ ++— —++/+++
S maximus LA Muscle +4++/+++ +4++/+++ +4++/+++ A+ +4++/+++
T 4+t +4++/+++ +4++/+++ A+ ——— +H++/+++
Rghrextur 88 Gill +4++/+++ +4++/+++ +4++/+++ A+ 4+ +4++/+++
L.vannamei UL Muscle +4++/++4+ +4++/+++ +4++/+++ A+ —++ +4++/+++
iBIES IFW#4 Respiratory tree +++/—++ +4++/+++ +4++/+++ A+ +4++/+++
A.japonicus 3¢ Gyt +++/+++ +++/+++ +4++/+++ A+t i oy ——

TE: + SR EIE — RN NP +++/+++: FlBOLE I PCR AGMESE R M4 9O E i PCR A IIZE R .
Note: +: Positive test result; —: Negative test result; + + + / + + +: Conventional fluorescence quantitative PCR detection
result / microfluidic fluorescence quantitative PCR detection result.
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Establishment of Multiple Microfluidic Fluorescence Quantitative PCR
Detection Technology for Five Main Mariculture Bacterial Pathogens

XU Yuanyuan'?, YU Yongxiang’, WANG Yingeng™’, WANG Chunyuan’,
LI Yongjie’, LIU Dingyuan'?, QIN Lei', ZHANG Zheng™*"

(1. Jiangsu Ocean University, Lianyungang 222005, China; 2. Key Laboratory of Maricultural Organism Disease Control,
Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Ingtitute, Chinese Academic of Fishery
Sciences, Qingdao 266071, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract \Vibrio harveyi, Vibrio parahaemolyticus, Vibrio scophthalmi, Vibrio anguillarum, and
Photobacterium damselae subsp. damselae are important pathogenic bacteria frequently reported in
mariculture animal diseases in recent years. These pathogens exhibit strong pathogenicity, wide epidemic
area, and high mortality rates, which usually cause serious economic losses in aquaculture. Strengthening
the research on rapid detection technology of these pathogens can help to effectively prevent and control
their transmission and infection, and reduce economic losses of the aquaculture industry. Therefore, rapid
detection of multiple pathogens in this field can promote the disease control technology development of
the aquaculture industry. In this study, the vhhA gene of V. harveyi, toxR gene of V. parahaemolyticus,
IuxR gene of V. scophthalmi, empA gene of V. anguillarum, and Mcp gene of P. damselae subsp. damselae
were selected as the target genes. Specific primers were designed using Primer Premier 5.0 software.
V. harveyi, V. parahaemolyticus, V. scophthalmi, V. anguillarum, and P. damselae subsp. damselae were
used as the target bacteria, V. campbelii and 10 other bacterial species were used as the control group, and
sterile water was used as the blank control. The specificity of the primers was verified by the laboratorial
conventional real-time quantitative PCR. Thereafter, V. harveyi, V. parahaemolyticus, V. scophthalmi,
V. anguillarum, and P. damselae subsp. damselae were amplified using the UF-150 microfluidic
fluorescence quantitative PCR instrument to verify the feasibility and specificity of the designed primers
on microfluidic fluorescence quantitative PCR. The PCR products were digested and recycled, then
ligated to PMD-19T vector and transformed into DH-5a competent cells to construct the standard
reference material. The extracted plasmid DNA was used as a template for fluorescence quantitative PCR
amplification after 10-fold gradient dilution, and a standard curve was drawn. The DNA of V. harveyi,
V. parahaemolyticus, V. scophthalmi, V. anguillarum, and P. damselae subsp. damselae were used to
optimize the annealing temperatures for single microfluidics quantitative PCR. The annealing
temperatures were set at 58 'C, 59 C, 60 C, 61 C, 62 C, and 63 C, respectively, and the optimal
common annealing temperatures of the five strains were finally screened. Meanwhile, the number of
reaction cycles was set at 25, 30, 35 and 40, respectively, to verify the optimal number of reaction cycles.
The designed specific primers of V. harveyi, V. parahaemolyticus, V. scophthalmi, V. anguillarum, and
P. damselae subsp. damselae were integrated into the microfluidic chip; multiple microfluidic
fluorescence quantitative PCR was performed on the integrated chip with the DNA template of the five
strains to verify the cross-reaction between the primers. Based on the reaction systems and conditions of
single detection methods, the reaction systems and conditions of multiple microfluidic fluorescence
quantitative PCR were optimized, and the microfluidic chip was integrated to establish a multiple
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microfluidic fluorescence quantitative PCR detection technology that could simultaneously detect these
five pathogens: V. harveyi, V. parahaemolyticus, V. scophthalmi, V. anguillarum and P. damselae subsp.
damselae. Scophthalmus maximus, Litopenaeus vannamei, and Apostichopus japonicus were selected as
the experimental orgainsms. The five pathogens were mixed with the tissues of S. maximus (muscle,
gill and liver), L. vannamel (muscle and gill), and A. japonicus (respiratory tree and intestine). The
established multiple microfluidic fluorescence quantitative PCR method was used to detect these tissues
which contained the five pathogens, and the conventional real-time fluorescence quantitative PCR was
performed for comparison. The results showed that the optimal reaction system of the established
detection method was as follows: 2xTaq Pro Universal SYBR qPCR Master Mix 5 uL, primer F/R 1 pL,
DNA template 2 pL, and ddH,O 1 pL. The reaction conditions were as follows: 95 ‘C for 30 s, 95 C
for 5 s, 61 C for 30 s, and 30 cycles of amplification. The standard curves of V. harveyi,
V. parahaemolyticus, V. scophthalmi, V. anguillarum, and P. damselae subsp. damselae showed good
linearity in the range of 10*~10° copies/uL. The linear equations were as follows: y= —2.972x+6.73, R=
0.999; y= -3.287x+7.48, R=0.998; y= -3.549x+8.14, R=0.998; y= —3.912x+7.83, R*=0.999; y=
~3.969x+7.07, R*=0.992, respectively. The method showed strong specificity and high sensitivity to V.
harveyi, V. parahaemolyticus, V. scophthalmi, V. anguillarum, and P. damselae subsp. damselae, and the
minimum detection limits for these bacteria were 40, 200, 200, 500 and 20 CFU/mL, respectively. The
established multiplex microfluidic fluorescence quantitative PCR method was used to detect these
pathogens in animal samples and compare the results to those of conventional fluorescence quantitative
PCR. The results showed that the accuracy of the established multi-microfluidic fluorescence quantitative
PCR method was higher than 96.2% of the conventional real-time fluorescence quantitative PCR method.
The average detection time of the samples was only 26 min, which was significantly shorter than that of
the conventional real-time fluorescence quantitative PCR reaction time of 1 h 40 min. The multiplex
microfluidic fluorescence quantitative PCR method established in this study for the detection of five kinds
of mariculture pathogens has strong specificity, high sensitivity, low environmental condition
requirements, outstanding portability, and detection accuracy (same as that of conventional real-time
fluorescence quantitative PCR), which is suitable for the development of rapid detection technology for
aquatic pathogens.

Key words Vibrio harveyi; Vibrio parahaemolyticus, Vibrio scophthalmi; Vibrio anguillarum,
Photobacterium damselae subsp. damselae; Microfluidic fluorescence quantitative PCR; On-site rapid
detection



