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MmEFE, whe”, T &Y, ZER, FTRE,
FONEYE, o Y, REAT
(L. FEKF=R G TG IE KT, HREERZEESEARERELRE
B R 5 G re B R RE L Ie =, AV R AT Mg K ST B I TSR =
H S AKIRERAT IR SED R RERLRE, LR EFH  266071:
2. LIRS OKTE S A a b, B 201306)

HE: 4R A 4 AW RR T L% (AHPND)E oy & M 3T R B R W AT, R E F =
AABVEZTFENZF A ATHERRLRAG ESRAG T —HEREFHEN
RAZERTEREINTERE, AARXALZTENFRNT &, 2R TEHER
HATT B LA (WSSV). & 3t T K i ifn 41 035 30 % & (IHHNV).  &F ifn 40 g, 41
¥ 7 % (SHIV). 2t 2 M i 8 17 30 3007 8l % 30 H (Vpanenp)s 5 B 17 B & (EHP). iy 30 BF
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REFRBZFERTEFRNE Vpapno R EH B R T REFTHWFEL A, HAERN
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PR, BES AL BN AR M R SR PE Y ZR [
e T DL K SN 0 A5 0 BF AR T, {4 okt
WSRO B AR R G 10426 o5, S 1
XFHR Pl 0 A e o X TIZ SR R R, B AL
KA IR E R, H AT A N B R Ja o — A
KRR Y IS 1 B TR 43 B8 Mk (Vibrio parahaemoly-
ticus causing AHPND, Vpaupnp), % &I 1M1 5K
B 5 A ZOUPirkE 8 R 5K (pird " M pirB™) )
69 kbp T KL (pAP 1) ", % JT KL AT 4 5 Pir AN
PirBEE 2 /E 17X 77 A8 %) (R HA Sae vk,

T AT ST s, B R e R R ) A
B Y IR (V. harveyi-KC13.17.5)0] S5
AHPNDZERUE R Jreg A 30 E E g —
BRSCEC O (V. owensii SH-14)W,RE 5| 2 FL4H 75 X
R A2 AHPND! ™™ — BRI B 1 BT SE U 1 4K 1Y
WL SR (V. campbellii LA16-V 1) 57 41 5
pirAB FEH W B BORL P, [RIRE S BOR A LAY 2
X R % 42 AHPND ;DA FK [ 37 4 X 5 o 73 35 4%
B 1 — R HE AT pird™ Fl pir B 3 R Y 3R D1 FG R B
(VCaupnp-20130629003801), [H] #E HAT S 0% &F
PR AHPNDRYRE S, FIRGEREH], #0 A
B JI B A pird" MipirB () Z2 R, B 45 Bl 1M
PRI . AR QIR | RCOC PRI AR DL P
SR X Wi 45 BE % A AHPND !,

20164F, AHPNDYE J —F i & 95 9 1 it 5t
g T A HZU(OIE) K A= B Wy e i H sl s o 7
I PE IR SR o3 R T T, BRI R K 7 SR B
W 2% 1.0 (Network of Aquaculture Centres in Asia-
Pacific, NACAYA i I AP1, AP2FIAP35|#41H™,
OIE A 1 4G I R g % s s . T & UPCRAG I
fIAP4T| Pt 24230 % [ B 5E H HE T EIRPCRIY
L B R DR 20 43 BT U7 v, X AHPND
LS B AHPNDIY Z R T J 1 iz iitse, (3
AT 5¢ T AHPND Y F 5 22 4 vh 75 57 58 X0F #F
1 A LAt TR 76 25 3 W % 2 AHPNDg J5 1) 412 1
Ding%5 e IR IR VR 58 5 (HPND) B 9% 7K 55 5
rh AL G B (Eriocheir sinensis) Y XL 21 3% #9 F
Hu, JEHEN o 5 UL T BE S HPNDA OG5 1
W R e Ay, R AR G B R T B R IR BT S
YIRS . BN E AT IR, oA RS R IR K
3 JH Hh AL G B HPND 5 i 7K 57 58 3 ) AHPND
(B A7 AEAH DG

= YRR T 1 (Portunus trituberculatus)F J& T
B 1] (Arthropoda) . H 72 44 (Crustacea) . 1
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JE H (Decapoda), # T#& %} (Portunidae)., 12 F4E&
J& (Portunus), JZrAi TP HAS i &
SR VU A B SE U Y, IR TR SE L B
FMEE, #F#ZAMNNEE, CEHBCHERE
MK SR FEATMAEZ — IR —K
77 5 B A ol R B TR 55 i I P = AR TR R
A AHPNDJG R B &, I BUAE K B B A8 18 1Y
FEAR o AT LR =Pt TR T TE A 5
R S 2 BRI SUARR I, IFFERS VD anenD
BRPE Y BE Al b XF =P 7 B 2H 4URE W AT T A
U B 27 R0 AL A 58 o A, DA R 4 R 0 =
PR T A SR V aypnn /i T B0 2105 B AR
1k, W1t AHPNDZE 57 58 H1 76 26 h B9 AE B i A7 L
AR AL B

1 MRS TTE

1.1 HREXES5LIE

R I R [ T IL R MY T R Y,
RIRAD R VIHA LN, 2 58 295~7 em. BUR
AR BRAR 0o JUE 22 il e 227 S AL 2
530y AR AE T 95% 5 . RNAstorebE A4 A7
TR [RAR A AR (AL 50 A7 BR 2 7 1 H14% 22 58 W
[ 5 W (4%PFA), TR S sl . 4HR
o B2 RN 53 19 B 22 53 BT o 4%PF AL & W Y
FEAS [ %24 W, S35 R 70% 01 £ BEEA T I
12, BAEHLURIIY) 5 SR A58 SE i . M
Kt g R AR T 5200 = eAR T RE A T4 o
1.2 ALRBYIHHIME

HG DR AEFE 4% PF A 22 W 18 B A 4 R 22
(Lo AT T ik AT LUK L B R
LA, JEMEAT AN L R St A
B AR A 3R N 3 um A BE YT R SR LK
IR PEAT IR AKE MO 21 (H.E) Y € 1] T 41 4% B
WL S525K U0 R T b = (DIG)ARIC Y Vpareno
RNAFEAF HEAT 4L 8B 22 28 s 46300 1 F T8
TREF 10 JE A7 2258 BHPE X BE . S HLBYL (6 i ) | Fn
A 2 A2 i 4 5 19 U 5 T Nikon Eclipse E80iJ:
2% I B (Nikon, H A%) FILEEIFHARE .

1.3 HLAKREEIR I

B DRAFAE95% L BEVE T B HSUREAR L
S JCRNAME K G UL, FIWK 480 2% 2K 7
Ja SV BT, AT S ) H 20 D 2 DNASE
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RO & R AR AR AR (I 0 A BR 2 7 14 ke
i I DNA; K4 PR A7 AE RN Astoref A (AT P 9 41
ZUR T JCRNARGKIE BE , IF oK 4R 2 24K
41, SRJE R FIRNAso plus[ 52 4: 9 TR (K i) A BR
28 F) [ A AR A S RNA [ 5 3 3 NanoDrop 2000
(Thermo Scientific, Waltham, MA, USA)II & Ff
il % DNARIRNA I e & 2l B

1.4 2% R BORRER 46 T 43 #

MR A 3 W) TR (KA S iz K
FME) (OIE, 2017 RO AR LA I 7 ¥, % =9
PR T HERE T AL Yk B 3k 1fi 2H 2L IR BE 9% 27 (inf-
ectious hypodermal and hematopoietic necrosis virus,
IHHNV) ., %3k %5 7% (yellow head virus, YHV). [
B 25 A 1F 9% 5 (white spot syndrome virus, WSSV) .
JHF 1B i 41 /)N 994 B3 (hepatopancreatic parvovirus, HPV)
FNEL ST e R TR BE 5 14 1) L AR (Vp apenn) 1Y
FAAE A DL EAT PCREGE S PCRAGIN (2 1) MR 3¢
TR ) J7 5 0 i A AR BT R 35 (covert mo-
rtality nodavirus, CMNV) . #F T i Jifd 1 (enterocytoz-
oon hepatopenaei, EHP) A1 4R IfiL 21l Jifg &1 % J% B (shri-
mp hemocyte iridescent virus, SHIV) A 77 7E 1% i 3
fTPCRE{ E X PCRAZM P (F 1), PCR/=YTE
2% R HEEER LUK, A BE R LA (|
iR IR mDAA I 573 W 2 U0 RO
PR T AR TAR () B A R A w1 .

1.5 (AARMZTIREF&

TS 51 ¥ AP4-F1/R 1(£2)38 i PCRY 14
Vpanenp pirdB: K E— 1K B 1 269 bpit) 7 Be, A
J5 P51 AHPND _Sen/AntisE— 4 H#83% F BE N K
J& k247 bpl) - BeAE  AHPNDJF (37 22 38 #RE] (9 #E
W B, 7% i SCHRIRGE 19 77756145 Vo arenn
IRNAFREFCY, 4 AHPNDJS {37 2% 58 #R 41 1 #E 3k
Fr Bt dfi A pBluescript 11 SK+FUARL, 8 8 241 i 5
A B AR TR v B e BRI SR AT I B E, X
J¥- 30 565 IF 1E A 11 720 SR UE AT R 8 3R IR A%
Kok, SR )5 FBR 0 N DI Pst TFI Hind TR
IR E A ORI s AL A 0 3R R A
B, RHIT7 RNASR G B 5% 1 DIGHRIC 1Y Vparen
RNA#RE .

L6 HARMAFRIR

R FH I T 4% T8 0 D67 2 A2 (ISH) 7 e 12334
I A 4 B RN ASRER X i U1 HEATISH )

Mr, EZLE. OH PR LB ST
HERIK AL, SRS F14% PFA-PBSZE thig X 4 A ik
FPER e, BEJSMRUCH HPBSZZ i . 0.2 mol/L
HCLHFAT AL FEFESE, HEMiFH 10 pg/mLE FIEFK
Ak ; @7%3KY] A H1100~200 ng4t, 7E48~50 °C
A NHATIEEE s ORI« 10001 & bt iA/
Blocking buffer} 2428 J5 Ul i AT HiiRIE & 5 @F]
FHPBSTZE Pt Bk 15 A APZE whik 29 )i, Bk 1)
J1 /200 pL BCIP/NBTJR 4 b €4 3 54 7300 b £,
WEZ 5] 3 78 B 1 22 2205 45 5 FHPBSTZE vl ik o
Ve Ik B GXF A5 438 Y] R E 47 %
A YE A, B 5 (Nikon Eclipse E80i)WL
FFN Z 58V R R0 I R ol AR o DUAS IR
R R oA IR, Rl AT A LR A 24 3L

2 HEHR

2.1 BR=FEBTEER

20174F8 H , Il ZR B HE 57 58 b ) MR TR 57
b 3 P T ] B X B (Fenneropenaeus chinensis) & A4
AHPND, B i3 iR R A —Jimk 7 Bt i B 5
WAL, RREIR R BN A A TS 15
IR GE . 10%~20% M ALK 208 | I 5e FRIME |
MR/, KRERIIE# = JitR 78 & H v
F9~11 em, /NAYED R =P 18 2 W 58Ul
5~7 em, R/NAMERRGH 2B TC I B 25 5 (K1),

2.2 ZHRIEAEN

K HOIEHEZ WSSV, IHHNV, YHV, HPV
FVp arpapfrl 52, DL SARE SCHRIRIE B CMNV |
EHP I SHIV S I J7 2% X = P 42 1 A% S 247 50
TFAEW ARG AT, % B BB 5 b S B WSSV
[HHNV. SHIV. EHP . CMNV. YHVHIHPVZ% 7
95 JE PCR I £ ZCPCRAG I A B , 111 52 B VP Anenn
£ XX PCRAGIN Y BH (2, K13), EXPCRAYAS:
M2 R B, K s TR W 5200 = Pete T
B VD A ppnn B BH S H %6k 57%
23 VpauenoPHMEREMFERHERZLZE ST

X = PERR 1 BEAE 5 (95 WF_20170906004)
) Vp appnptor i 55 58 PCRY™ 14 F BE gk A7 3L A
G E , T AS ) 50 R FIBLASTHEA T HE X437,
g RN, ¥R BOF S GenBankH A A i pird®
[ (GenBank % 55 43 il KU 145400.1 . KU14-
5399. 1 FIKU145398.1)FH I/ X B () AH AL, BE 34 1 99%
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Tab.1 Primers sequences for PCR detection of pathogens

975 J ClE/ER S 175 (5'-3") T fE/°C GCE®E/% Jr B K FE fop
pathogen primer name primer sequences (5'-3") T, value GC content length of amplicons
WSSV 146F1 ACTACTAACTTCAGCCTATCTAG 47.8 39.1 1447
146R1 TAATGCGGGTGTAATGTTCTTACGA 63.1 40.0
146F2 GTAACTGCCCCTTCCATCTCCA 62.9 54.5 941
146R2 TACGGCAGCTGCTGCACCTTGT 67.7 59.1

THHNV IHHNV-389F CGGAACACAACCCGACTTTA 58.5 50.0 389
IHHNV-389R ~ GGCCAAGACCAAAATACGAA 57.8 45.0
IHHNV-309F TCCAACACTTAGTCAAAACCAA 553 36.4 309
IHHNV-309R  TGTCTGCTACGATGATTATCCA 55.9 40.9

SHIV IV-F GGGCGGGAGATGGTGTTAGAT 62.6 57.1 457
IV-R TCGTTTCGGTACGAAGATGTA 56.1 429
IV-NF CGGGAAACGATTCGTATTGGG 64.1 52.4 129
IV-NR TTGCTTGATCGGCATCCTTGA 63.8 47.6

VD ArpND AP4-F1 ATGAGTAACAATATAAAACATGAAAC 46.3 23.1 1269
AP4-R1 ACGATTTCGACGTTCCCCAA 56.8 50.0
AP4-F2 TTGAGAATACGGGACGTGGG 57.1 55.0 230
AP4-R2 GTTAGTCATGTGAGCACCTTC 532 47.6

EHP SWP_IF TTGCAGAGTGTTGTTAAGGGTTT 58.7 39.1 514
SWP_IR CACGATGTGTCTTTGCAATTTTC 60.1 39.1
SWP_2F TTGGCGGCACAATTCTCAAACA 66.0 455 148
SWP_2R GCTGTTTGTCTCCAACTGTATTTGA 60.6 40.0

CMNV CMNV-F1 AAATACGGCGATGACG 49.4 50.0 619
CMNV-R1 ACGAAGTGCCCACAGAC 50.4 58.8
CMNV-F2 TCGCGTATTCGTGGAT 49.5 50.0 413
CMNV-R2 TAGGGTCAAAAGGTGTAGT 46.5 42.1

YHV YHV-GY5 GAGCTGGAATTCAGTGAGAGAACA 60.4 458 794
YHV-GY1 GACATCACTCCAGACAACATCTG 56.8 47.8
YHV-GY4 GTGAAGTCCATGTGTGTGAGACG 60.1 522
YHV-GY2 CATCTGTCCAGAAGGCGTCTATGA 63.3 50.0 YHV: 277, GAV: 406
YHV-Y3 ACGCTCTGTGACAAGCATGAAGTT 63.0 45.8
YHV-G6 GTAGTAGAGACGAGTGACACCTAT 52.0 458

HPV HPV F1 GGTGATGTGGAGGAGAGA 51.8 52.6 628
HPVRI GTAACTATCGCCGCCAAC 53.5 55.5

A5 BT I 45 5 1) $2 22 NCBIECHE 3 E F P BLASTX [
XTIz KX R 22 B R T 51 5 <PirA(V. par-
ahaemolyticus)(GenBank’® %5 A0S51074.1)#H
7 X B AR AL A 97%, 5«3k DT [G IR B (GenBank
RS NWP_086370857.1)7 % 5 AH I X B 14 #H
IR 96%(#23). Fok H = PEtR T HEFE i LR T 51
(WF_20170906004)57 % i () 24 52 )7 51 . BLASTX
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Pl X 235 SR 6 K 9 3 B T RO I 91 AT &R
Gtk B, Z5RER, WE_20170906004%F
N B IR T 5 5 Vp appnp I PirA R & T — 4 £ 4
X, HIRGOCRBIE, 5 HAYNE R I 2 5
R 7 5 o 2 ok R (K 4) . ik 2 )75 Xt
ARG I 25 R UL, 45 9 WF_20170906004
1) = P M 1 B A o rp 5 7 SR Y T ELAHPNDY
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*2 BERRMEZREEHRFARNSY
Tab.2 Primers used for synthesis of the Vp,ypnp RNA probe

ElEVER S ST (5-3") TofE/ C GCEE/% Jr Bl i /bp
primer name primer sequences (5'-3") T,, value GC content length of amplicons
AP4-F1 ATGAGTAACAATATAAAACATGAAAC 46.3 23.1 1269
AP4-R1 ACGATTTCGACGTTCCCCAA 56.8 50.0
AHPND Sen CTACTGCAGTTGAGAATACGGGACGTGGG 64.6 55.2 247
AHPND Anti CAGAAGCTT GTTAGTCATGTGAGCACCTTC 61.1 46.7

e AR KA SR I “CTGCAG” Ay Pst TR B VERG VA7 25 2K

“CTA”FI“CAG” 43 BN R M 2

HEAR I “AAGCTT N Hind TFRHIPEREVIAL 215 R RILRAR 10751

Notes: the sequence of “CTGCAG” with gray background indicated the recognition site of restriction enzyme of Pst I; the sequence of “AAGCTT” with
gray background indicated the recognition site of restriction enzyme of Hind IlI, the underlined sequences of “CTA” and “CAG” were protective

nucleotides for the recognition sites of restriction enzymes, respectively

(®)

1 EESBR=HERTFEIUI
()F M s ()R T B
Fig.1 Difference of appearance of the normal and
diseased individual of P. trituberculatus

(a) dorsal view; (b) ventral view
RIS 1 A .
24 BRI T BARRER R 2R

MR I = bR 1 T I it 28 A0 9 LU A
ol UL, 000 I I /N8 S AR 4 45 7
ERE L R ARMIIASE . RS, LB A R 46
(Kl5-a, b). HFBHRALU A 2SS4 R B, AT
JBE R /N L B A0 Y A0 B R i R
RS OV panpnptR T 2 ME 5 (K5S¢, d), =H
X HE2H BT I fi L 200 rp R SR 5 (KD 5=, D)o

R PR T O LU Y R
O WU S H B ™ 519 220 kb S A S B, 0 WL
LRI RPN RLRE , O WU AT R
M AR (Kl 6-a, b)o O WLZH LU JEUAL 42 52 5]

AR, U WU 2P 2205 kb 4 0 2 L Al L R 3R
FEFBALAT W 58 0 oIR8 0 1 Vp o TR £ 4%
AR T (E6-c, d), MMias L0 g2
TG T (Kl6-e, ).

KRR e T Ml b 22 T AL S R B )
BoR, MM NS EIR eI S, il
A AEHESI RN T, A2 4L 20 i K B3R T
ML 248 JH R A4 25 440 1 200 A 1 46 7 7R (1K1 -2, b))
A 4 22 5 LBV SR A B A8 R T LR, A
2571 DA P 4 R ) 4 S R IRE Y () i 24 L P
1 W22 21 i 48 (0 B R K A1 Vp A IR BT 24 28 15
F(E7-c, d), Mz HMBHKMLTHL PR
I F T (Bl T-e, D)o

N2 955 = D MR S S ] L o BT b T
DILER R, WK 22 (1 b B Ak 2 4 M 45 7
SEEB L NEERIZEEL, S AN 22 A K I 41
I, 200 2 A 4 ) (K18-a, b). BEZH
LU JE A 22 Y R s, RS 22 I R A 58 40
IR T 1) I 40 A PN R 2 3 B O 2% 31 i 5% (0 Bl R
A VpaupnpIR T 22 2255 (EI8-c, d). XFHRZH
fiff 22 h R W B B 22 515 5 (K 8-¢, 1),

3 iR

AR, B FRIERB YR M e e 2 (e
FERRWT iR, = P0HR 1 B Y 37 G0 7 ) R H
o, U fe SR AR R R, Tl
Mol 2 Fibt 58 A G2 ) FE ALY, AHPND H 200945
FRVISK, FEIREVRIR LI AR AT, R
B X R SR E Y 8 37 T E g v iR, HE
ARk, FREFRAE =P 78 b i A A £ AHPND
s JE R O
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WSSV IHHNV

SHIV VP oo EHP

M P S1S283 S84 N P S1S2S3S4 N
2000
1000
750
500
250
100

WSSV IHHNV SHIV

P S1 8283 S84 N

(a) (b)

M P S1 S2 S3 S4 N P S1 S2 S3 S4 N

VD anenp

M P S1S2S83 84 N P S1S2S3 84 N

P S1S2S3S4 N

2000 2000

1000 1000

750 750

500 500

250 250

100 100
(©

M P S1 S2 S3 S4 N

P SI S2 S3 S4 N
bp

&2 EXPCREN=FEHFE#BPWSSY., THHNV. SHIV. Vp,upnp I EHPEL K [E
(a). (b). EXXPCRE —#PCR=M K, (c)v (d). E5NPCREE 4 PCR= M ¥k [§l; M. DL 2000 Marker; P. BHEXT B N.BH 45 B

S1. S2. S3FIS4. AR =R T AR TH

Fig.2 Electropherogram of the nested-PCR for WSSV, IHHNV, SHIV,

Vparpnp and EHP detection in samples of P. trituberculatus

(a), (b). electropherograms of the first round PCR product of nested-PCR; (c), (d). electropherograms of the second round PCR product of nested-PCR;

M. DL 2000 Marker; P. positive control; N. negative control; S1, S2, S3 and S4. samples of P. trituberculatus from Weifang City, Shandong Province;

the same below

CMNV YHV HPV
M P S1S2S3S4 N P S1S2S3S4 N P S1S2S3S4 N

bp
2000
1000
750
500
250
100

@

CMNV YHV-testl YHV-test2
M P S1S2S3S4N P S1S2S3S4N P S1S2S3S4N

bp
2000
1000
750
500
250
100

(b)

3 EXPCREM =R FEHZPCMNY,
YHVATHPVEE ik
(a) E3UPCRE — e PCR™ WK, (b) £ XPCREE — - PCR™
Yy ek
Fig. 3 Electropherogram of the nested-PCR for CMNYV,
YHYV and HPV detection in samples of P. trituberculatus

(a) electropherograms of the first round PCR product of nested-PCR,
(b) electropherograms of the second round PCR product of nested-PCR

111 7R 4 17 R A Y S ol 3 5 A v [ B X
K AHPNDJE , AWFFEX 5 22 & W i =i+
BERERNIEAT T 0 TR 2= 0. RS R R, 1%
MWy b G = PeR T S PIIHHNY . YHV, HPV,
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WSSV, CMNV . EHPHISHIVZ: 7% 5 PCRE &
K PCREGIN A B, 1 2 I Vp Anpnn e ZLPCRAS
MR ; EXPCREE R o, MIZFR5H ) & kit
RS20y =R TEERS T, VoanenoWH
PERS H FRIE57%; X Vpapenp e 2G PCRY 1 = 4 1E
FIRERRIT e M2 P9 et B, ok B =7
8 PV R BE A AR P 91 5 Vp appnp P pirA™ 3 R 2L
B 99%M [ ; T P H T R Gk
WNT R, ok A = b T8 (1 pird "L K 1) S 5L TR
J¥ %1 5 GenBank " € 41 AT F: B AHPNDH) £ F il I
P AE RPN R — 3. B R 45 SR UL % = PR
TP REHE T SR Y T Vpaneno

Yuhis PR TR SUR B TR, R
B T TG /0N A R A0 03 A /DN A A A
o, HB oI R /N A RE AR W, BB N
JEa 087 T T A T Wl QS A T e
PEAR T 1 T I i 20 200 3k Fhops Ak, 5 BT
23 119 H AHPND JL A U X6F M Sl B /N 12 40
MIEVE . IR AR B4 L 5 4 B IR B8 . 240 Jf A% [
4, JE W BERR E S R BE B N R AR i 40 R
T VA B AR AL B R 2. Ding & PRI R B
GUIBESE R, ARG B FE HPND G B i
Y ZU2 AN [ R B A 5 B 47, T J R 2
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F3 ZHRRTE Vpaueno pirA"E B RB SRR F TS H Il & S BB FIRE LT

Tab.3 Similarity of the amino acid sequence of Vp,ypnp PirA"” from P. trituberculatus with

other amino acid sequences of bacteria from GenBank

754475 GenBank %35 FF BRI /%
amino acid sequences of Vibrio from GenBank GenBank no. similarity
PirA (V. parahaemolyticus) A0S51074.1 97
hypothetical protein (V. harveyi group) WP_023622799.1 97
hypothetical protein (V. campbellii) WP_086370857.1 96
hypothetical protein (V. campbellii) WP_045384433.1 64
hypothetical protein (Shewanella violacea) WP_013050436.1 39
hypothetical protein (Pectobacterium carotovorum) WP_039278756.1 29
c-type cytochrome biogenesis protein Ceml (Pantoea stewartii) WP_006120094.1 36
hypothetical protein (Yersinia enterocolitica) WP_083159813.1 30
hypothetical protein (Y. aldovae) WP_053093377.1 30
hypothetical protein (Y. intermedia) WP_050086265.1 30
hypothetical protein (Y. intermedia) WP_032905692.1 30
hypothetical protein (Yersinia) WP _042569345.1 30

WYEECHNE V. harveyi (WP_023622799.1)

WL V. campbellii (WP_086370857.1)

BN V. parahaemolyticus (AOS51074.1)

WEF 20170906004 <

WILERIRE V. campbellii (WP_.045384433.1)
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0.20

HOURFRERHE  Yersinia (WP_042569345.1)
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Fig. 4 Phylogenetic tree constructed by using deduced amino acid sequences of pirA from Vp,upnp positive samples of

P. trituberculatus and other bacteria species from GenBank

The tree was generated by the neighbor-joining method using the MEGA 5.0 program
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Fig. 5 Micrographs of H.E staining and in situ hybridization for hepatopancreas of

P. trituberculatus naturally infected by Vp,upnp

(a) micrographs of histopathological H.E staining for section of the hepatopancreas of P. trituberculatus; (b) magnified micrograph of the area in the
black frame in (a); (¢) micrographs of ISH for section of the hepatopancreas of P. trituberculatus; (d) magnified micrograph of the area in the black frame
in (¢); (e) micrographs of ISH for section of the hepatopancreas of the P. trituberculatus without the Vp aypnp probe; (f) magnified micrograph of the area

in the black frame in (e)
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Fig. 6 Micrographs of H.E staining and in situ hybridization for section of heart of

P. trituberculatus naturally infected by Vpagpnp

(a) micrographs of histopathological H.E staining for section of the heart of P. trituberculatus; (b) magnified micrograph of the area inside the black

frame in (a); (c) micrographs of ISH for section of the heart of P. trituberculatus; (d) magnified micrograph of the area within the black frame in (c); (e)

micrographs of ISH for section of the heart of P. trituberculatus without the Vpyupnp probe; (f) magnified micrograph of the area within the black frame

in (e)
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Fig. 7 Micrographs of H.E staining and in situ hybridization for thoracic central ganglion of

P. trituberculatus naturally infected by Vp,upnp

(a) micrographs of histopathological H.E staining for section of the thoracic central ganglion of P. trituberculatus; (b) magnified micrograph of the area

inside the black frame in (a); (c) micrographs of ISH for section of the thoracic central ganglion of P. trituberculatus; (d) magnified micrograph of the

area within the black frame in (c); (¢) micrographs of ISH for section of the thoracic central ganglion of P. trituberculatus without the Vp,ypnp probe; (f)

magnified micrograph of the area within the black frame in (e)
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Fig. 8 Micrographs of H.E staining and in situ hybridization for gill of

P. trituberculatus naturally infected by Vpsgpnp

(a) micrographs of histopathological H.E staining for section of the gill of P. trituberculatus; (b) magnified micrograph of the area inside the black frame

in (a); (c) micrographs of ISH for section of the gill of P. trituberculatus; (d) magnified micrograph of the area inside the black frame in (c); (e) micr-

ographs of ISH for section of the gill of P. trituberculatus without the Vpypnp probe; (f) magnified micrograph of the area inside the black frame in (e)
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Natural infection of Portunus trituberculatus with acute hepatopancreas
necrosis disease causing by Vibrio parahaemolyticus (Vpappnp)

HAO Jingwei >,  GAO Baoquan >,  WANG Chong ¥, MENG Xianliang ', WAN Xiaoyuan ',
LI Xiaoping ?, LIU Ping ', ZHANG Qingli *
(1. Function Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Key Laboratory of Maricultural Organism Disease Control,
Ministry of Agriculture and Rural Affairs, Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The prevalence of multiple emerging diseases including acute hepatopancreatic necrosis disease
(AHPND) has caused serious economic losses of crustacean aquaculture industry in China in last several years. In
order to analyzing the possible pathogenic agents related to the slow growth of Portunus trituberculatus from
Weifang City, Shandong Province, the presence and infection of nine suspected pathogens in the disease P.
trituberculatus individuals were investigated by using the molecular detection methods in present study. The nine
pathogens included white spot syndrome virus (WSSV), Infectious Hypodermal and hematopoietic necrosis virus
(IHHNV), shrimp hemocyte iridescent virus (SHIV), AHPND-causing Vibrio parahaemolyticus (Vp aupnp)»
enterocytozoon hepatopenaei (EHP), covert mortality nodavirus (CMNV), yellow head virus (YHV) and
hepatopancreatic parvovirus (HPV). Meanwhile, histopathological analysis and in situ hybridization (ISH) were
performed on the clinical samples. Results of molecular analysis showed that the P. trituberculatus samples were
determined to be positive of Vp,ypnp and negative of other seven pathogens. Multiple sequence alignment based
on the amplicons of Vpypnp nested-PCR of the samples revealed that sequences of the amplicons from P.
trituberculatus samples shared 99% similarity to the pir4™ virulence gene from the pathogenic V. parahaemolyticus.
Phylogenetic analysis indicated that the sequence from P. trituberculatus samples was clustered into the same
branch with the reported PirA of pathogenic V. parahaemolyticus. Histological examination revealed necrosis of
epithelial cells in hepatopancreas tubules, myonecrosis of cardiac muscle in heart, necrosis of epithelial columnar
cells of gills, severe damage of nerve cell in the thoracic ganglion, as well as nuclear pyknosis in these tissues.
Micrographs of ISH showed that blue-violet hybridization signals of the Vp,ypnp probes were present in the
lesions of the hepatopancreas, myocardium, gills, and thoracic ganglia. The results indicated that the P.
trituberculatus samples from the shrimp and crab polyculture ponds were naturally infected by Vpypnp, Which
caused serious pathological damages of the hepatopancreas, myocardium, gills, and thoracic ganglia. The present
study revealed, for the first time, that Vpypnp infection in P. trituberculatus and the pathological changes caused
by the infection. The results provided basic information for revealing the natural host species of Vpypnp, and for
the prevention and control of AHPND of P. trituberculatus.

Key words: Portunus trituberculatus; acute hepatopancreatic necrosis disease (AHPND); AHPND-causing Vibrio
parahaemolyticus (Vpaupnp); slow-growing; histopathological analysis; in sifu hybridization (ISH)
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