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Development of a rapid visualization detection kit ( biochip method) for
four pathogens in Penaeus vannamei
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Abstract: The reverse hybridization technique was used to develop the rapid visualization detection kit ( biochip
method) for four pathogens in Penaeus vannamei. The detection indices included acute hepatopancreatic necrosis disease-
causing Vibrio parahaemolyticus (VpAHPND) , white spot syndrome virus ( WSSV) , infectious hypodermal and hematopoi-
etic necrosis virus (IHHNV) , Enterocytozoon hepatopenaei (EHP ). The recombinant plasmid was used to test the minimum
detection limit, and the results based on kits were compared with those based on the common methods. The minimum detec-
tion limit of four pathogens based on this detection kit was 10—100 copies per microliter. In addition, the results of specific-
ity tests showed that there was no cross-reaction among four pathogens. Compared with the results of the recommended de-
tection methods, the positive coincidence rate was completely consistent. The detection kit introduced in this study has the
characteristics of easy operation, high sensitivity, good specificity, short detection time and simple equipment. It is suitable
for the screening and detection of VpAHPND, WSSV,

WA B 3 2019-12-13 IHHNV and EHP in Penaeus vannamei.
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Table 1 Sequences of the primers used in this study

ElE/E2 JF3 (5'—3") 19K (bp) PR BKEE (bp) x4
pirF-b Bio-ATGGGTGCTGCTAGTTGGTG 20 225 pirB JEH
pirR ACGATTTCGACGTTCCCCAA 20
EF-b Bio-GGTGGGCAAAGAATGAAATCTC 22 363 Xof B JHF i i
ER GCACCACTCTTGTCTACCTCA 21
1p28F-b Bio-TTGTCGGTAGCTCCAACACC 20 166 XUF EPELR G AR B
p28R TCGGTCTCAGTGCCAGAGTA 20
IF-b Bio-CTCTTCCAAGAATACGAAAAGGA 23 156 Yo UL etk e R e st il A0 SR AL R B
IR CATCTGTGTGGGTCTGGTCC 20
18S rDNAF-b  Bio-CATGACGACCTACTGCGAAA 20 274 ESERGEN
18S rDNAR ~ GTTGAGTCAAATTGAGCCGC 20
x2 REREES
Table 2 Sequences of the probes used in this study
TR 2K JP3 (5'—3") EKE (bp) ioaUlRoE S
Pir-P AGGAAAACCAACAGCAGGTGA 21 pirB FEH
EHP-P CATCGCTCTCGCAACACCCA 20 Xof MR it 1
1p28-P TAGAGACGGGGGTGAAGGAG 20 XHUF AU BELR B AR
IHHNV-P CTTTCGGCGTGTTCTTCGTC 20 ot U A etk e T B s it 41 SR BTG
18S rDNA-P CTAGGGCGGTATCTGATCGC 20 ESSROE
HC TTTTTTTAAATGTTGGGGAA 20 Y

pir-P wp28-P  THHNV-P HC

EHP-P  18SrDNA-P

Le . . . .

pir-P wp28-P IHHNV-P HC .EHP-P . 18S rDNA-P W3 2,
1 REEFHR
Fig.1 Microarray of probes

1.2.5 P FA LA AR RAETLIS AR
AT BR > w0 77 S 2H 25 R 2 4 BRG] &
(REERE ) Wl FH UL 15 AT HR 4 , B 20 mg X HRZH
ZUNEIRA 50 wl BEER 200 wl Z47 1,200 pl 22
i 2,50 wl 25 K 94 H,60 °C 1500 1/min
fEIRAR Y 20 min, BUH S OARE 158 S g b s

FR W AR R AR T 52 8 A 70 pl YR, & T
72 CHEIRIRZ#5H 5 min, BUE A RE S48 B E
WA,

1.2.6  sAkA R FRX B FH = 5% B L (3 e
(Tris)-Z VU Z 2 (EDTA) ZE Wil (TE) X5/ 4
o e A UL s DR 35 I 4] 1) o 4 B 2R A T 10 A%
FREERBE, T FE 2 10. 000 pg/pl (49 1 pl 3.3x10°#%
D1 .0.300 fg/wl( %51 wl 100.0 $£01) 0. 030 fg/pl
(251 wl 10.0 42 01) 0.003 fg/pl (£ 1 ul 1.0 $%
DY SR AT AR Rk, AT 3 AT R
B, ARHER AT HEAR 18 OGS A R B N 1A
S e AP ) PR A R SR B A S R A A IR
R FR S , R A E A BIPEARSE 2 B 5 4 Foig
JEAAR (VpAHPND \WSSV  EHP  THHNV ) $ 475 35 [A] i
FEFF 5 BIAREBURL 10 A5 A B2 i R 22 JH S5 AP ARG ) R
JoT R VR B AT ARG, DAASC AU I R L i Y A i R 2
D B, WEE IR 45

1.2.7 #FHX3%  H TE XS54 AU 4 Fhig 5
AR 35 R B 3 7 41) 1) 2 2 SO 2R AT 10 A5 46 B A
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FE,FBEZR 10. 000 pe/wl, -5 B R 2 R 20 3 ] 4 7
AW A AT 3 O AT

1.2.8 AMEhxL5HEE T FosEiE LI
45 VpAHPND WSSV .EHP IHHNV A9 X #F 2 2R A
RIS IR}, A H AR ik AR 5T I i
F3 BERNTEHERDGSY

Table 3 Primers used in the recommended detection methods

AR ARSI AR o 2 A B BT
(Fri B 51 W3R 3) RIS PInd A 18 vk A
IMPEAEAS, LB B PEAT & 3, I 8 885X PCR =X
PCR "3 Wik 2 A T AW TR (L1 ) ey A5 FR
O AV AT A TR ) & M REEA TR A

51 £ JP51 (5'—3") P 1K/ (bp) R Xt 52 E = ViEiS
AP4-F1 ATGAGTAACAATATAAAACATGAAAC 1269 X B 2o P T P i SR A s ) 75 1 51 [9]
AP4-R1 ACGATTTCGACGTTCCCCAA

AP4-F2 TTGAGAATACGGGACGTGGG- 230

AP4-R2 GTTAGTCATGTGAGCACCTTC

WSSV-F1 ACTACTAACTTCAGCCTATCTAG 1447 X R BELE A E 6 2 [13]
WSSV-R1 TAATGCGGGTGTAATGTTCTTACGA

WSSV-F2 GTAACTGCCCCTTCCATCTCCA 941

WSSV-R2 TACGGCAGCTGCTGCACCTTGT

IHHNV-F CGGAACACAACCCGACTTTA 389 it iR A% Yk B2 T Bt 1 2R SR B B [14]
IHHNV-R GGCCAAGACCAAAATACGAA

SWP-F1 TTGCAGAGTGTTGTTAAGGGTTT 514

SWP-R1 CACGATGTGTCTTTGCAATTTTC Xof AT JH i i [15]
SWP-F2 TTGGCGGCACAATTCTCAAACA 148

SWP-R2 GCTGTTTGTCTCCAACTGTATTTGA

Shrimp-F TGCCTTATCAGCTNTCGATTGTAG 848 ESSRSET [13]
Shrimp-R TTCAGNTTTGCAACCATACTTCCC

2 SRS
2.1 ZBEPCRFIEERETL

Wit — RPN (G Mg™ e 186 B2 A Ak A
TE S w5 R e O 5 ) B0 18 wl FLEE PCR 47
AR IR A, BN I 3l % 4 Fofoipg Jis A
R 35 R B 5L 1 4] A EE L R, OO I VR B R 10
pe/ il , - ELAR IR L (96 B i 0 45 SR i o 5 3
P4 3G 25, 38 I OUEE 3 1G4 B R i 6 2
R HE —% PCR B KIREE N 55 °C, PCR 5%
F4:50 °C 2 min;95 °C 4 min;95 °C 30 5,55 C 30
5,72 °C 20 5,40 MfE# ;95 C 30 5568 °C 305,72 °C
58,3 MERX, K2 8BRS —% PCRIBKIRE N
55 CHE, 705 34 & A AT 4 i I A s 2L [
8957 IO piv ava it e I WARG SR E i o
22 EWMSRENERET

X A I [R] | 4 A8 T B | b (e B ] | G e 3l R A
HEATHE ST, B S A 3k A 2% 28 A W 45 A < A sC BE] 9

min, 2258 B 45 C, AR ] 3 min, & @A 45
C. B3 5os, B BRI SR < 2258 B[] 43 51
A3 min .6 min.9 min 12 min; 238 5140 45 C
1 500 r/min; PSR .45 °C L2 min, R ETK
YRV 2 WK WAt R .45 €, 1 500 t/min, 3 min,
Bt 3 fg/wl EHP TR A5 E i, 438 B[] 2 9
min A1 12 min B, {55 58 0 E HAF SHZEA K,
Jr AR 9 min VE R He A B A28 IT ]

2.3 RARKENR SR

B fERAGHI FRA 56 25 S (T 4) R, AR vk
XF VpAHPND Hc AT RR 4 1wl 1 48 D1, % IHH-
NV WSSV [ EARAIIER S 1wl 10 #5 D1, %F EHP #Y
B ARASE IR A 1wl 100 #4501,

K5 S e me ARG 0 IR v B2 7 JBi ks 5 B 1
FENAIR 4, VpAHPND WSSV THHNV # 5% {5 A% il
FRATIEF] 1l 10 ¥ 01, EHP B AR IR A 1
100 # 01 , VpAHPND ,IHHNV WSSV .EHP 7 i fK A6
WIRR R A5 5 X B b 3
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Fig.2 Optimization of annealing temperature in multiplex PCR reaction system
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Fig.3 Optimization of hybridization time in biochip detection

system
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SREA, FIRAEYE R R, 2428 A5 5
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5.6 SHEA B A BRSSPI 2 Ao ik Y
LORIIERE S

EHP #4558 (& 8) Bon , FIF EHP 3 PCR
AT B, AP XS B2 TC 257, BHE X HR 41 B
AR, TR B S 1 BG4 HRA R R A A i B
WS 26t 190 1) 5 X1 2 i BOR oy, A I 25 SR A 5, 5
SREARTE PCR —$89 1 RIS B0 H (4 45447 , Rk BH P
P ATEREA 1 5 3 5 6 SHEATE PCR Y
O ELE A2k, A FHYEREAS X PCR 4893
FEMIIEATIN T Bk EHP BHEEREAR N 1 5 3 55
56 SHEA R AW R A I B 2% 28 T
SR A A s U A I B Ty, S5 AR R 1
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Fig.4 Minimum detection limit based on biochip method
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Fig.5 Verification of minimum detection limit based on biochip
method

535 .55 .6 SRR S HMERS S, R 2
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WSSV Fill 45 5 (K 9) s, FFHSCHR[ 13 ] /Y
3 PCR RGN 90 A7 K6  Bsf B 4 X6 HE 4 TG 2%
PR RRZE A B 4547 . (2 B 198 s H
(4 BRI PRI A H B S 2y, 0 BH S R 2 4R U Ty, A
MG, 15 3 SHEALE PCR —f ey 14 H
H 2571, bk B P s BH PR A, X PCR 489
WP AT BN WSSV BHMEREA S 1 5 3 5
FEAS R A R i i, 2432 4 | 4R 4%

VpAHPND WSSV IHHNV EHP N
B S R LA
o TR L E T
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e
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Fig.6 Specificity of the biochip
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A;AP4 Hi38 PCR ;B AEWAS %, M:DL2000 marker; 1-1 % 1-6:1 % 6 B REAS—46 PCR 53474 1. BIVERT HEZL 55— %% PCR §34 7
) N1 BIPEXT BRAL — 46 PCR 471 1052-1 3 2-6:1 5 6 SREAHS 46 PCR 14710, P2 FIPEXT BRALSS 46 PCR 4714790, N2, bt
ML 5 PCR ¥ 58724,

7 AP4 B PCRIEFEYE %X VPAHPND HI# il 45 R
Fig.7 Detection of acute hepatopancreatic necrosis disease-causing Vibrio parahaemolyticus ( VpAHPND ) by the biochip and AP4 nested

PCR
A M 1-1 1-2 1-3 14 1-5 1-6 P1 NI 2-1 2-2 2-3 24 2-5 2-6 P2 N2 SI S2 S3 S4 S5 S6
2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp
B 1 2 4 5 6
B e T Lol [ o =
3 : d 5 .‘ L =) 4 < X 9 4 .- .' i o
A:EHP 58 PCR ¥ ;B AWt 1. M:DL2000 marker;1-1 % 1-6:1 & 6 SHEEASE —4% PCR Y1771y P1 . FHM:XS BRZH 45 —% PCR ¥ 384 7=
WNT BIMEXT FRA 58 —%8 PCR 174 52-1 3 2-6:1 & 6 SHAN 248 PCR 7144 ; P2, FHM: X HRZH 258 — 4% PCR 9854 ; N2 . B Mt
PRZHSE — 4 PCR Y7 H472W),S1 £ S6:1 £ 6 SHATEHE P W=,

8 EHP = PCR EFMEME R A EHP R N4 R
Fig.8 Detection of Enterocytozoon hepatopenaei (EHP) by the biochip and EHP nested PCR
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PR B A I 7 125 A ARG D 45 2R — B, BHMEAT 5 2 8
4 100% |,

3 17 i

A s A RGN T FEAE A U S — AR
FEAEAE AR BRSNS W b A T2, s AR

i BARAE SR AE ) T B R T R U AR, T3
BRI, A S A A ORI 2 T 1%
TR H AU & J

AHIFEHG Z B PCR LR 3G HOAR FMAF Y 4=
Wi b il S BOARARES & HAT AR, KR br 22
PR, RBUE S SR AR TG AR Y ad i



R 5 45 - B G A X B 4 Fobo JEL AR AT LA DR A I ) & (AR 0 i) OB 663

A M 1-1 12 13

1-4 Pl NI 21 22 23 24 P2 N2 S1I S2 S3 S4

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

= T TS el <
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A0 PCR BB B k. M:DL2000 marker; 1-1 2 1-4:1 & 4 SRR 4 PCR 974477 P11 FIMERXS IRALSE — % PCR 3744 1y
N1 BIPEXS B 25— PCR 473470 52-1 £ 2-4.1 & 4 SHEAS 50 PCR 4734771 P2 BHMEXS B S5 — %8 PCR #7374 N2 . B M
Y155 58 PCR &7 17451 2 S4:1 £ 4 SHA TR ASIMY 1Y),

9 EX PCREFEYEF AT WSSV B4

Fig.9 Detection of white spot syndrome virus( WSSV) by the biochip and nested PCR

M1 2 3 456 7 8N
2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

1 2 3
CESICE BERGC
4 ‘5- 6
R RSCo Raler
Shasps o T
ol

A HE5E PCR #55 B A Hi, M:DL2000 marker;1~8:1~8 SHEAS; N, BPEXT I,

10 EiE PCRZMAYE R A3 IHHNV B4R

Fig.10 Detection of infectious hypodermal and hematopoietic necrosis virus(IHHNV) by the biochip and normal PCR

P A BRI T 3, TR M T 5 1 4y AR KL
FE I OU AN B, 77 2R o B 2 e A
HORIFEIN AL TIRAEL IR, M TSI 9ina 2y
R T LR v R AR A A B R, e AR S AR
o, BAREAEE AT LA S IREH S5, T — S i AR R S
O AT I Al 1) B Al 2 R SR 45 4, 76 IR ) W (910
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