XEHRS: 1000-0615(2021)09-1491-09 K= 2], 2021, 45(9): 1491-1499

@ 7]t % 2 T
‘v JOURNAL OF FISHERIES OF CHINA

DOI: 10.11964/jfc.20210512878 Sclahco.Prass

5 [ R Z AN F PR Sk (WSSV-Ce) & & 4H B9 — N EN ik
;i;-n]- «%1,2, ﬁ E‘){P, ? %1,2’ 5{/‘%%1,2*

(1. P EB = RBOKAE LB AT, WAL B 4300725
2. P ER R AP, dE 1001015
3. iR Y, B FE AR E R ERE T L,
KPR R R R AR SR A WE S SLIRE, Rl 201306)

T N B RS JILE 7w KR &I 4% B i A 3% 5 #k (Cambarus clarkii whispovirus,
WSSV-Ce 5 Cec th) 2 — " X F AR DMt FEtk. v FReMREH NI REEXETAF
WTHWEHTE, #TTEMABMINE. XEAEMSRZAR TN BAXREREY 8 EH
Ko W Cotk 74L. 86L. 8TR. 88R. R Fu SR 6 NEE, 58 MNEAMKE/RNE
BREBEPREEaAFIIMEHRNAN, ERT 0N T REEITHF (Ceth. CNO2 # .

Pc #) F i A X 8F % & (CN A&+ CNOI £. CNO3 #k. CNO4 #k. TW #kfn KR #)2 £ . H
AR EROEREAH#HTSEFIL, Box Ce-87R £ 5 AKX IR EKFFE B
ZR B E. X BE KX (TMD) & H 4848 287 aa J7 7|« 1815 A 5% % PI3K rbd 4 4 3 i 7
FEE B . 3 — ¥ kit Fo6E A 87R-F/87R-R Fu 238-F/87R-R # f 5| 4, 47 LL 3k K /DN A&
MK E Coth i AT R E CNKRMEE A N ERATRBRY 8, FRMN Co R+
¥ 82| KNG T09bp, 4 Ce-8TR 2 FFIWM %8 F £ T A CN R AR H 21 4 3 2| X

N4 Bl A 1600 F2 4 810 bp, X4 Ce- 87Rﬁ]3/\ﬁ }ﬁﬁﬂ‘?@ﬁ}:‘h&, # Cc-87R & Cc #k £
PP —NFHEMEFNOITRET LRI - AARAHTEARELET AR E
W SR R R AT # BT

KB KR & KR BT B 3% & (WSSV-Ce 2 Ce th); HE4; HE; 2 F47i0
FESES: S 941 SCERFRASRD: A

IFOREE WKL TSI, E kil KA PERT R DNA W BE, A L08R N 488 1o
Fif S S s 15% s R, EESRAER 300k i FHERMEEFA, JF =z 5
PN L S8 M XY v (G 2 WR (Cambarus clarkii 2% U A 596 7 19 b A, (X X 28w Ak R
% Procambarus clarkiiy, 18#/NEUF, 2019 4F4E JCERIN T A A B o 5 R B ) AY 32
o ELE A 4 1104258 SR, B SLAE TR K XTI IR 3 . A TR S I
W2z =\ kR, L HSE ABEZE S ER T (white B ESE A EAEHE T,

spot syndrome virus, WSSV) Ji5", O FE 28K % AT AT X b R B MR 1 BE S 5 RO 0T 9Y 4 T 1
AL FE T BRI JE T4k R %, B WSSV-CNO2 5 CNO2 # (KT995470)!,
(Nimaviridae) [1 5% 7% J& (Whispovirus)"™, & — WSSV-CN-Pc 5 Pc #f (KX686117)"7, K FRH P.
ks BHEA: 2021-05-31 &EIHH: 2021-08-17 e
HHE: EXARFT IS (31972839, 31772890); HH ZK H s & vt &I (2018YFD0900601); H [} 2% Bt 1l ’“4
H (KJZD-SW-L11, XDA24030203); LifgiFtH#EARZE R FEBIIIE (21ZR1427200) -—
E—EE: W IRT), NIKF=Z MM F %P 50, E-mail: kefei@ihb.ac.cn
BIE1EE: K%, E-mail: zhangqy@ihb.ac.cn
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1492 KopE o R 45 4

clarkii virus (PCV £k, MH663976)"" iy C. clarkii
whispovirus (WSSV-Cc 8¢ Ce #) 45 o [ i 25 I 1
BEAGEE MR I SE R 51, 6 B 11 BB B 0T e LG
ZEUR ARG 2k B 5 R HO B 1Y R R B
ORHRES R 55 H A AR i it R e B g A DG
iRl XU R, TEK" FEHH SO [F K A 2R
B EERERED, B EE, M2
K585 . XSl . T A 2k
S ) b R Py BRAC B A FE i B0 B NI
it T A 5 B TR, 8-S S0 B T Y
28 [ AR PR IE BT 1Y 2 R B fE S A h B T
EN3 (footprint) P, A4 3 X ) 51 5l H:Ath 58 (% A
e, DUAEE R AL . Rk kg, £%
2350 B B AR 20 K/ FEH AR R T Bl
AN AT £ B 1 A AL B b i & A A R 2 A
A5 B, ek B 518 FAHEAEN .
BEERIE SR AT B AR L AR

PR B I 2 B 3 WSSV-Ce i JE
K 2H 2 AR TR, B (T FRAEME B IR Y
G, AW G R BB RO . - F
N L[] S e S ey B AT e R A, AR DT
WSSV-Ce bk 2T 2 ve [ it B WF MR A 58 & v B09E
BT MUY L BEE A R A Y, X A g
PR 20 54700 5 5 Ak A, 08 i B A A
A B SRR e 1) P L X, X WSSV-Ce B
FF S 0 KUY S0 HEAT 0 A L SRR, RS B
BESL N ENIl ,

1 MEHSIE

L1 R#E., EMSEBHUE

IAAE v i DX 57 5 3 R 4R SR UL A1 AE o G )
B, HWKGRAE, #RLmE, i
K. U200 B D) R g B BRUR SR W AT B
JHF JE JiR PN 68 25 20 21, #F Bouin 57 H [& 52 24 h,
SR G G A B TR O 70% ) LRy RS
RO O BOKE, BEEMEHEAE Y, &
WY FHLERVESRAF R VALY /-, R DA ik
R i G 5 B R 8 R AR MO AT 52 30 X IR, SRS
FHIRAKE-PHEL (HLE) Yefa, FFPEG s T ige.,

oy BB Y A AT v G SR B AR A 2, 43 i
2.5% % S E, FEH 1% B R (050,) [E %,
AR e & B 7K, H Epon-812 @34, I H
Leica #8 Y R HLHI & U0 7, 1% B R il A1 Ay
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BERR AT AT WYL 5, FFAE JEM-1230 HL - I 3 B
100 KV FFATEEY, S0H £ 20 1 s 7 B T 7
IR L, 2 1%~2% MBS IR (PTA) Ay, T
Je HL R SR

1.2 mENRS. ERBEREREE

U A IR 1 A B R R A 20, IR R &
SRR L, A HAREE.
PR LUBT R, #2110 Ay EL B A B IR $h 2%
HEW (PBS) TEMFER th b, #5120 °C UKAf Hh I}
it FEZ5 2 000 t/min 5500 20 min, W4 b
¥ ; 20 000 r/min (Beckman SW41) # i# B 0> 60
min, WHERHRBFVE, FEE T 30 uL TEZE 1Pl
(10 mmol/L Tris-Cl, 1 mmol/L EDTA, pH 7.5) 1,
Rai i # Y, difb )5 R S TES A W (10
mmol/L Tris, 1 mmol/L EDTA, 1% SDS, pH 1H 8.0,
100 pg/mL 2 K) WATER, 7£37°CEE 2h,
RIG AP AR . ZEEDiTE, & AR A
MR, HARBES %A TR,

1.3 mEERENFRERS

f# F§ Mega Genomics Co. Ltd. (*F [E dt 57) Y
Illumina Hiseq X ten £ &t F 17 95 7% 5 A 419 7
FH NGSQC toolkit Fl1ER A 2 H06] i 46 152 550 0E 47 ot
= P51 . F DNASTAR # ¥ (Lasergene, Madison,
WL, K ) X DNA (Y4 . 250 Fl a2 3 1R 7 1) i
1353 5 I 9 3 56 X 20 11 400 (http://www.soft-
berry.com/berry.phtml?Topic=index&group=pro-
grams&subgroup=gfindv) 1 [ %L K & B (Gene Fin-
ding) {4, FU I B2 4E (open reading frames,
ORFs)* 7, F| ] BLAST #2 ¥ 7£ GenBank %{ i /£
rh 5 Al B2 04T R UE) T 51 e TMHMM
2.0 A LN 55 5 45 44 B (TMDs). i ] ClustalX
1.83 B PRk AT Z2 7 4 L X, ] MegAlign 72
A — 2k

14 REREDH

1 v B RS MR 1 BE % 75 AR (WSSV-Ce) 2 [H
A5 1A LA X JE B 2] 6 MEFRVEIEN, &
7 9 B 4 2 191 43 )R 741 R VEBE). 86L (R i
BE). 8TR (MR ). 88R (BEMEH ). 92R (oL
RIFLAIEE 1) R 9SR (AR ) (BT 1), 5 HAB 8
FREBEREE CNO2, Pc, CN, CNO1, CN0O2, CN/3,
TW Hl KR #1828 (1 647 7 50 B 6, I FH 46
$2 15 (neighbor-joining, NN H R FE K F W, H
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1R 30L~32L 86L-87R-88R 164L~165L 172R~175R
(a) H
1bp 287 119 bp
74.(76 77 78 80 81 82 83 868788 89 92 9394 95‘-9>6 ORF
<IPBX 1« ] m— 2 > > > DD
b L 1 L 1 L 1 1 L Il ! I 1
®) 110 120 140 145 kb

1 WSSV-Ce tiEFHAF/IMEXE
(a) KHER N WSSV-Ce #kFE R H 484, 177 FRid ORF RAERIA B, T N0EER, LE A FIAERXE, 30L~32L, ZE 7%
1 [X B (86L-87R-88R), H5 (49T 48 2 [X By, 164L~165L, KS(a ATIAL 3 X B, 172R~175R; (b) 9 (a) IR B, #i S b5 V% 4 B ORF [f)
KA ALEFTT W, IHEEAFWEFS, PEFLAERSCHARRFEER, KOFLAERS O AR R, G 28R

KBRH T RN, TOELRREZEX

Fig.1 Schematic diagram of architecture in WSSV-Cec strain genome

(a) long frame indicates the genomic architecture, with ORFs and their corresponding position, and base pairs under the long frame, purple for immediate-
early gene (30L-32L), green for variable region 1(86L-87R-88R), blue for variable region 2 (164L-165L), orange for variable region 3 (172R-175R); (b)

the local enlargement of (a), arrows indicate the size, location and orientation of ORFs, hollow arrows indicate low homology between WSSV-Cc strain

and other known whispoviruses, gray arrows indicate ORFs sharing high homology between WSSV-Cc strain and most known whispoviruses, the arrows

with red boxes indicate that they are used to construct the phylogenetic tree, the red dotted line indicates the variable regions

MEGA-5 B A #E4T 1 000 ¥ EH 25K
1.5 PCR ¥ i

H T R UE TR IR BB, KRG
KB AT A B < B B R PR AT SR A
Xof A0 =X AT R Y B 5L R R AT PCR A . HLAK
BAEMT,

H—, SWHR Y DAL (OIE) 1Y (/K
A ZY W TN ) O T I BELE A E N B R
(2019)F", F Hovp PCR A6 1) J7 58 120 SR 1 47 45
1B, KW AE s [C R B R 2 A5 52 WSSV PHM: .

BT, WA T 5O, Ce-87R 4w Aid
JREE R, H Cc #R1Y 86L. 87R Fl 88R % [H
39 5 CN B 1 wsv-231 (CN-231). wsv-238 (CN-
238) Flwsv-242 (CN-242) [Al 5 . 0 56 iF 5 [G 8%
U B Ce-87R 5 ¥ 7K X MR 95 7 CN ok [ 5 3 (A
S E, 2l it 514 87R-F (TAGGCTA-
GTGTCGAAAGGTACATTT, %35 MH663976);
87R-R (AGCTGTTCCACCTTTTGCTTATCTC, %
5 MH663976) F1238-F (CGTCAGGTCCCGTATT
ATATAGGAC, 3¢5 AF332093).

LL5| ¥ 87R-F/87R-R &Y 238-F/87R-R, 43 4
DL Ce #k 88 CN & 2k X 4 g 584 i A7 PCR 47 3
iR F & M TransGen Biotech 2 & 7= &, § MK &
(25uL): 10xPCR Buffer2.5puL, Mg>2.5uL, dNTP
Mix 1 uL, 5| 4% 87R-F/87R-R B 238-F/87R-R %%
0.5 uL, Taq polymerase 0.5 uL, DNA #i#iz 1 uL,
Bl ddH,0 % 25 pL, #7355 F . 94 °C, TiAE %
5 min; 94 °C 751 30s, 57 °CiE k 30s, 72 °C
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FEAR 1 min, 35 M ; 72 °C ZEfH 10 min, § 4%
FEYITE 1% Bh I B e e fL vk (170 'V, 20 min) 43
Mr, R e )n, 785k SAR 7 i R 50
(syngerg: Box) 73Hr. HIAENCER DNA BE i $2 B
Fl G B R MO W B B, 3 pMDIS-T %k
&, #EAL R IAAT I Topl0 40 HEATHE 3%, FHPE S
P25 PCR ik, )T #r o

2 4

2.1 HisEw RIREE AV AR RIE SBMES

XFWACERSEAT B . # k5 PCR &I, H
DI JC ] ZE AR R AE , AN R WA F BEE . )
] LR DL IR i TC B, PR T R IR
JHF i i S R B (R AT AR AR R MR . 4 PCR
ALK WSSV FH A o P2 — 25 X i A 1 A7 41 41
s B ol L A L5

LY WSS R IR, {5 AR 2 2 45 4 T A
HEZ A 5 10 S0 AF B L 22 A AL . K
Wi (i), REBHAE R AR, BE
. TERFIERRANEE | MU SRR BT
Z AL (BT ),

B EE 7R, 7E B AE v G 5 2 0 48 i rp
AR o OB 43 A1 7 M TR A T, B )
HEF A6 A% N B0 ) BT o B I A % R 1) s B R
TP KN 300 nmx 110 nm, 24955 55 4% 4K 58
PR, LR EERSIN, K/ R 400 nmx80 nm
(BRI, ] W WSSV-Ce bk B A 1 B s 75 )
1R AOY S A
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Plate [

& S9N

Histological micrographs of healthy and
endangered P. clarkii

1. hepatopancrea, 2. gill; N. healthy, tissue structures are clear and regu-

lar, I. endangered, tissue structures are disorderly or damaged

BRI 5 EKREINFS WSSV-Ce FREI R IRE
.7 U G 2. 7 T 20 L A 81 0 7 R
3 BT

Plate I Electron microscopy images of

‘WSSV-Cec strain

1. infected P. clarkii gill cell, 2. the viral particles are arranged in an
orderly fashion in the gill nuclei of infected P. clarkii, 3. viral nucleo-

capsid
2.2 Cc ¥REREHENEERLEH

W75 7 G 5 S HR 3 WSSV-Ce #4 1 3 K 41
K/NA 287 179 bp,  HET: ] 4w B FF ik (e i324E (ORFs)
180 4>, HF 3 E 17 A GenBank 5 I (8 %
5 MH663976). 7£ 5 K 2244 & 4 BIARTE T 4 4
B IX B T BT A A R T R0 A, AR
30L~32L [ 7 BP L X, 7% 86L~88R 1 ] A%
X1, % 164L~165L BRI AZ[X 2 K 172R~175R 11
AR X 3 (K 1-a)

224 Ce BRAE T AR X 1 K ARSI X 5 1 45 7
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REE, bREH AR ORF BRI/ 7 B K 5
], I 4 Bl bR T 5 EE B R R AR
(>95%) BK R A ORF, 2 #r tb7n, 7E Ce M3t
P2 P AR (X1 S HAH AR IX A7 7R LA 5 B0 BE
95 7 AH 5 PRLIG [A] 5 B9 ORFs, A 4% 74L Fl 86L
(CRTEFE), 87R. 88R Fl 95R(ZE JIE 2K 11 5% & 15 i
5Ky 3k TMD), 92R (o7 BR RV EE 1) (&l 1-b), X
6 MHIMARFIEE 1, BRARERIN, 2R 5HE
AR AH I BB Pl s B R A AR

23 H Ce HKRRIREZEMEHANRT A2 R

¥ WSSV-Cc # 6 MIKF JE & 4 (74L. 86L.
87R. 88R. 92R Fl 95R) /¥ ¥ Hf Bk , I 5 H
8 Bk 11 B 5 2 (CN02, Pc, CN, CNOI, CNO3,
CNO4, TW Fll KR) # 7] U5 25 1 119 5 BX P 571 #y 2
HEAER . g5 RATIRIETE 2 o 1 LRI
JREIMEEE, & Ce. CNO2 Ml Pctk; %1 % &
K IR R, A& CN. CNOl., CNO3. CNO4,
TW Fl KR #k (Bl 2). X 6 MEFERE A 5%
5 T AR 6 T B R AR A R B 0 3E PR R
HA ] fBAF R 2 e 8RS o 7= A3l I 1 i AR
Jr B8 T BYERIE (footprint) o

24 5 Cc-87R BIREBMFFIEL 3

BT LRAEIY, BEEE R R B AR 19K (R
BEAFIIITZEILN, SR ER, KAK
[ J5 B HR A Ce MR Y Ce-87R 5 CNO2 k) CNO2-
238 K/, gkl —3, BN R & PI3K rbd 4514
BRI 199 MR, BR T Pe-98 Z4b, &
H& 25 44 38 (transmembrane domain, TMD) 7£ PN A9
283 AN E SR T AN B o oAb T A I K X IR
PR 1 (CNO1-238, CN-238. TH-119, MX-0119,
TW-294 F1 KR-2380) #f; [F] B} % TMD Al PI3K_rbd
SEMEY, KN 480~486 aa (81 3) . LR B
N, Co MR GG Ce-87R B [ 1Y 3k PR Z sk 1Y —
ASERFE, B TR Sy B IR 5 2R R Y

—/I\Eljﬁo

2.5 Cc-87R 535 7k Xt 4T 2 B 5% 25 ¥k 575 £ &
HERES

I3 LA WSSV-Ce Bk FI CN Rk PR 20 Ry 1A
£ 1 87R-F/87R-R &Y, 238-F/87R-R 5| ¥ i/f 17 PCR
PRy aE B R, M CN R SR 4] rpoa] 3 4 3]
4 810 F1 1600 bp 2 > Fr Br; MMM Ce BREEPH 4
LY 143 709 bp — A b Bt (K] 4-a). XTrd 3 i

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

9 11 FTT&, 4. T IR RS (A BER B bk (WSSV-Ce) 3k K 41 (1) — 4~ B 36 1495

——— Coc SIRREAF  C. clarkii (MH663976)

———— CNO02 % IRJFEEIT  C. clarkii (KT995470) o ISR UT
C. clarkii

Pc 5 [RJEEUF  C. clarkii (KX686117)

CNO4 HAXIIF  Penaeus japonicus (KY827813)

CNO3 LYNIEXIUT  Litopenaeus vannamei (KT995471)

CNO1 HAXHER  Penaeus japonicus (KT995472)

KRR
CN HASXUR  Penaeus japonicus (AF332093) marine shrimp

TW BEH R Penaeus monodon (AF440570)

KR FLYNIERIR  Litopenaeus vannamei (X515788)

B2 i
SCRNPIRE; KB T KRR 9 WSSV-Ce(4L th & 7% Cc). CNO2 Al Pe ¥k R A — 325 ok B K4 HF (1) CN. CNOI. CNO03. CN04. TW A
KR VBN — X
Fig. 2 Phylogenetic tree

These virus trains can be divided into two clusters, WSSV-Cc (red, Cc) is clustered with CNO2 and Pc, from P. clarkii and the another cluster include
CN, CNO1, CN03, CN04, TW and KR, from marine shrimp

Cc-87R

CN02-238: :
Pc—98 : MEVIST LPGAKTIDSQPFRKRRKRKRYRTSESGDGIDGGTGTT TNGNGTGTT TNGNGSGTT T TDTDDFEPTPALLKERLLNSISSKPK : 165
CNO1-238: MV DGAKTIDSQPFRKRRKRKRYRTSESGDGIDGGTGTT TNGNGTGTT TNGNGSGTT T TDTDDFEPTPALLKERLLNSISSKPK : 165
CN-238 DGAKT IDSQPFRKRRKRKRYRTSESGDG IDGGTGTT TNGNGTGTT TNGNGSGTT! T TDTDE SSKPK : 165
TH-119 : MEVIS DGAKTIDSQPFRKRRKRKRYRTSESGDG IDGGTGTT TNGNGTGTT TNGNGSGTT TN TDTDDFEPTPALLKERLLNSISSKPK : 159
MX-0119 : MF GAKTTDSQPFRKRRKRKRYRTSESGDGIDGGTGTT TNGNGTGTT TNGNGSGTT T TDTDDFEPTPALLKERLLNSISSKPK : 165
TW-294 : MREVIS DGAKTIDSQPFRKRRKRKRYRTSESGDGIDGGTGTT] INGNGTGTT TNGNGSGTT) T TDTDDFEPTPALLKERLLNSTSSKPK : 165
KR-2380 : MFVISIATS! DGAKT IDSQPFRKRRKRKRYRTSESGDGIDGGTGTT TNGNGTGTT TNGNGSGTT! T TDTDDFEPTPALLKERLLNSISSKPK : 165
Cc—87R = ML Af\TG(\ﬂ LAKTPA THETEFERCTIL ‘/FDF\SGTITSNT\’[QV 143
CN02-238 AKTP THET Vi 43
Pc-98 YEAFVSAEVETALQLSRDDSTQTI L IDDDQLELDASDTLQGKPRDY! LH(LI\ FLEGTTIRKAEDRARNINEEETAQT ILSQLREKHINDEYDGKYATPEERADFSNSLNLVTKYTNHEVGLLVGET ltl\/\H’Htl 330
CNO1-238 FVSAl LQLSRDDSTQTIlIDDDQLLLDI\SDTLQ(:I\PRD\LH\LI\G\ SS'\I-LLGTTIRK[\LDR/\RNINLLLI/\QTILSQLRLI\HII\DL‘{DGKY'\TI"LLI I-\ S| VTKYTNHEV Vi QY : 330
CN-238 FVSAI 330
TH-119 FVSA 324
MX-0119 NSGTITSNTMQY : 330
TW-294 : TNHE ] NSGTITSNTMQY : 330
KR—2380 : EYYEAFVSAI 'T.‘\LQLSI(DDSTQTIlIDDDQLELD!\SDTLQGKPRD‘xL[“KLAG\’SSAI'LEGTTIRK:’\EDR:’\RN[NEEEII\QTILSQLREKIIINDEYDGK\'ATPEEI({\DI“SNSLNL\’TKYT.\IIE\‘GLLVGET KAFPH] ERCITLVEDFNSGTITSNTMQY : 330

Cc—87R  : RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLETSATNRCQDICFVITPRLSATGKNATMVIRKGDETKQETYLEVANKNDT THFSTTTDKDESVGIELNMLIFSERILPTLSDPATVPRPLTDANVLSAYGKRLGVGAFTDKNLLSSQ : 199
CN02-238: RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLEISATNRCQDICFVIIPRLSATGKNATMYIRKGDEIKQETYLFVANKNDTTHFSTITDKDESVGIELNMLIFSERTLPTLSDPATVPRPLTDANVLSAYGKRLGVGAFTDKNLLSSQ : 199
Pc—98 © RSNAYKTRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLETSATNRCQDICFVITPRLSATGKNATMVIRKGDETKQETYLFVANKNDTTHFSTITDKDESVGTELNMLIFSERTLPTLSDPATVPRPLTDANV! DKNLLSSQ : 486
CNO1-238: RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLEISATNRCQDICFVIIPRLSATGKNATMV IRKGDEIKQETYLFVANKNDTTHFSTITDKDESVGIELNMLIFSERILPTLSDPATVPRPLTDANV] FTDKNLLSSQ : 486
CN-238 : RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLETSATNRCQDICFVITPRLSATGKNATMVIRKGDETKQETYLFVANKNDTTHFSTTTDKDESVGIELNMLIFSERTLPTLSDPATVPRPLTDANV] FTDKNLLSSQ : 486
TH-119 : RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLETSATNRCQDICFVITPRLSATGKNATMVIRKGDETKQETYLFVANKNDTTHFSTITDKDESVGIELNMLIFSERTLPTLSDPATVPRPLTDANVLSAYGKRLGVGAFTDKNLLSSQ : 180
MX-0119 : RSNAYKTRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLETSATNRCQDTCFVITPRLSATGKNATMV IRKGDETKQETYLFVANKNDTTHFSTTTDKDESVGTELNMLIFSERTLPTL.SDPATVPRPLTDANV] KRI FTDKNLLSSQ : 486
TW-294 : RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLEISATNRCQDICFVIIPRLSATGKNATMV IRKGDETKQETYLFVANKNDTTHFSTITDKDESVGIELNMLIFSERILPTLSDPATVPRPLTDANV] KRLGVGAFTDKNLLSSQ : 486
KR—2380 : RSNAYKIRVVEGSTTDPGEVVPDDCLVFAVVVNKEQHSLEISATNRCQDICFVITPRLSATGKNATMVIRKGDEIKQETYLFVANKNDTTHFSIITDKDESVGIELNMLIFSERILPTLSDPATVPRPLTDANVLSAYGKRLGVGAFTDKNLLSSQ : 486

PI3K_tbd
3 Ce-8REAMERERFIIZEL
TMD. 5 5 45 4 3 (PR tAfiE);  PI3K-rbd. B S I JULEE 3 S48 ras S5 M3k (K ) — AR ARG
Fig.3 Multiple sequence alignment of Cc-87R

TMD. transmembrane domain (black frame); PI3K-rbd. phosphatidylinositol 3-kinase ras-binding domain (gray); — no corresponding

amino acids

BEWMFEAYHT, WRM Co SR PP 143 Ce-87R,  fEMIC R, AR ILHFH T #IF, K3
MM CN FER A PP 8 2 (9 )2 & CN-238 TE NI Co bk 5 HAl 55 bk A W 35 25 Sl 43 B 19— > B3
Pl B, 5 B — 2 (5] 4-b). WEW] Ce-87R 1Y JEIH Ce-87R. HEM Ce Mk A 1 — ENV3E AT il K95
B 2 5 EQ VBT 19 B 2 A — R SE I o i 3 e e K B 6 % TR 7 38 B T T
o CA MR TE 32 5 A B AR T S8
5 H P TR

9T £ BERS 28 HE A o 2 o 26 35 D4 41 DNA JUAEAEA P 209 B LR R L 2K
FEg B R RN, SCI SRR AR . Aok PRI Tk (H 3 AL 4 SR kAR G
T B OB T R R AR AL S, A . H SR Ce-87R it 199 aa W, BE/D
£ Co BRI R A W 00 5 o #8254 5 1) THAME R RIVERILR, 40 CN-238 &5 7 486
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87R-F/87R-R  238-F/87R-R

CN  Cc

CN Cc bp

4810 bp
— ~

43810 231 [ 238 242 CN

1600 bp

/—J% -

1600 231 | 238 |242 _CN

709 bp
709 86L Il 87R  [88R , Cc
(b)

4 PCR I #EZYREK (a) REHWTER (b)

M. DNA Ladder; A&, ¥ 3 Jv B A R X 3,

K AE A () %5 231, 238 K 242, A CN #k ¥ ORF; 86L. 87R il 88R, A1 Cc #k i) ORF; K
5 Ce #RAH LT FI R X 38 A R Ce Bk AR B 51 =l R 95 X 35

Fig. 4 Electrophoregram and schematic diagram of PCR products

M. DNA Ladder; long box. amplified segments, the numbers in the long box represent the ORFs of CN-231, 238 and 242, or Cc-86L, 87R and 88R; gray.

homologous region with the corrsponding sequence Cc; white. non-homologous region of the sequence corresponding to Cc

aa IO . XA Ce Bk A9 58 R 4 85/ Tl BE 2
F T a7 A 3 S A kT 7 2R A S5 R . 3l R R
HA A3k 518 R M HE , 75 AR E
AR o XA ] 9 55 4k W] 6 2 Y 22 527 971
X, Ce-87R AR BF LS H4 (TMD) K AHSK
287 aa, {H & PI3K rbd 4% #4 W i I & 11 . PI3K
e TG, SRR BELEE 3B, A R STIE
i, PI3K-rbd It % Ras Z5H45K (rbd) AT 576 GTP-
Ras 45 4 M B0IS BORE PIBK M5 O 243 9 455 58 Xof
PI3K B0IE J5 1 T W A5 5 4% ik e e PEAE F
X {E B R Ce-87R 42 Ce Mh— ML 5 5 1
HEEMBE A, R 5k B K IR 3 bk A R
FEE R, Bk TMD 252 W% 8 (5 40 i N 4h
IR, (HdSHTRA/NIREE RN, H
AL G5 . AR, Ce-87R M HARAE Y2
DIREE A FE e SeWFos BB . 340, Pe k&5
[R5 2 MR B, B Ay ] H: 4 % 1) [] 5 4 1 Pe-98
AN TA] T 78 I J B R A Ce-87R il CN02-238 X &
199 aa, 1J& 5 1 K X8R A5 5 19 CN-2384H [A] &
486 aa, HEIIX T RE A PR 5L 20 B A AL 1) AN - i
PERTEL

R VA 9 B G 4 7 BE AR 7Rl R B AR
NATSFE Ak 25 53 8 %o B dEme IR, IR RE A
B 2 A I A3 BT T O i, DA A [ SR
AW ST AR 0 A B A BRI Ce-87R, BT A
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A footprint in the genome of freshwater crayfish whispovirus (WSSV-Cc)

KE Fei '’, GUILang®, LITao'’, ZHANG Qiya"”

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;

2. The Innovation Academy of Seed Design, Chinese Academy of Sciences, Beijing 100101, China;
3. International Research Center for Marine Biosciences, Ministry of Science and Technology,
Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,

Ministry of Education, Shanghai Ocean University, Shanghai 210306, China)

Abstract: A white spot syndrome virus strain (Cambarus clarkii whispovirus, WSSV-Cc or Cc strain) was isol-
ated from naturally infected and moribund freshwater crayfish (C. clarkii or Procambarus clarkii, P. clarkii),
which is a new strain with a smaller genome. In order to find the footprints in the genome generated during virus
evolution, microscopic and ultramicroscopic investigations, genome architecture and phylogenetic analysis, and
specific gene amplification were performed. The products of six genes (74L, 86L, 87R, 88R, 92R and 95R) of Cc
strain were selected to construct a phylogenetic tree with their homologs from eight white spot virus strains. Res-
ults showed that the strains can be divided into two clusters: one included P. clarkii nimavirus (Cc, CN02, and Pc)
and the other contained marine shrimp nimaviruses (CN, CNO1, CN03, CN04, TW and KR). Multiple sequence
alignments of homologous proteins from different viral strains showed that Cc-87R is significantly different from
its homologous membrane proteins of marine shrimp nimavirus. It lacks the transmembrane domain (TMD) and its
adjacent 287 aa sequence, but still has a complete PI3K rbd region. Further nucleic acid amplification was per-
formed with two pairs of primers, 87R-F/87R-R and 238-F/87R-R, using the genomes of P. clarkii nimavirus Cc
strain and marine shrimp nimavirus CN strain as templates respectively. A fragment with size of 709 bp contain-
ing the entire sequence of Cc-87R was amplified from the Cc genomic template. However, the fragments with size
of 1 600 and 4 810 bp, only containing partial sequence of Cc-87R, were amplified from the template of the CN
strain. The results provided experimental evidence that Cc-87R is a footprint with unique sequence structure of the
Cc strain. This finding will benefit the detection of the P. clarkii nimavirus pathogen and the warning of its epi-
demic trend.

Key words: Procambarus clarkii; Cambarus clarkii whispovirus (WSSV-Cc or Cc strain); genome; footprint;

molecular marker
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