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HEAR AT R FE A Rk, Fi)S, OsHV-1
pvarfE KA . PUBEAF . MR A5 [ S AH 4k
B, IF 51 Y M A AW A K RBIE T BR T %
ARz AN, HALOsHV-1748 5 bk 9 A5 4k 45
Wk, GLFELEMIFL A DL (Chlamys farreri) P 450 H
[ 2201 9 B 4 PR SE9% B (acute viral necrosis virus,
AVNWV)P i rp & B OsHV-1-SBY, K4t
Wi . AEA RS AT (Ruditapes phillippinarum) X KX
J33 U (Pecten maximus)%)) B th £ i 1) OsHV-1var
U, HAOsHV-12 %k . AVNVHIOsHV-1-
SBY 4 3 K 21 J¥ 1] E 483 1o Sangeril ¥ 4 A il 2h
A, FEEA RN B 5207 439, 210 993F
199 354 bp; OsHV-1Z# # 5 AVNVHIOsHV-1-
SBAE A 2 DNA Y AHALLIE 73531 2 95.2% 4197 3%,

H T Sangeril] J¥ £ A @ &AL, K3 Fizd:
AR EATOSHV-1FE A4 7 B, 77 2 2 TR B
. o H s FIAERT 2% 1 py s i, ARGE A R AR
T 8 22 A8 S bk 3 DR AL S R AR S R
GE . AR A W T R R R R, e T
+ 7K (next-generation sequencing, NGS)#{ # ok ik 2
Hby 107 FH 380 40, 465 o6 92 0 1 AR PN Y 22 Aol 2 R R A
WP AH G R 5T 40 8 P, 5 Sangerd R AH L,
NGS# A . PR F R A U0 it & WL
{H NG S A X 5 85 A% BR 1) 20 B A1 80 (G Bl pg
GOBORARm, ML EMHEZ Y Z R MR,
H i = Bl 2% B A R B0 vk A 2L ek 4l
e EERL -, BT EE TR R R AR, P d R
[ DN AR XE it JEE NGSHY K

£ F BtPCR(Long-range PCRE{ # Long
PCR)IE # AT LAY 143~15 kb v B, JER#H T
A 45 5 B FE DN 2 N 28 B0 A OC JE N A B Y g
AP35 | S R e i P e 5 v T AR A
BAE i Eh S T AR T K T BEPCRECAR Y OsHV -1
R DNAE A, FIHIZE ARG R OsHV-1
FEH A DNATT LU F & 5 )5 . AR 5T 2400
I FH A2 B AR G R A7 AT L B DL A A
AN H ARG BB S T REA 56 B OsHV - 13E 17
HEAY M EEMEEENT, Forls50
HIOsHV-1JLAZE SRR L 4 7 91 22 S R R 458
KBRER,

1 MRS TTE

1.1 SEIe# R

FAL A DL A S 200 14F 5 I Ji M 185 18 IX K
A RHUBFET (IR, RAF T—40 °CIIRTR K

b, OsHV-1Z2%#k . AVNVAHIOsHV-1-SB(Gen-
Bank % 5% 570 % HAY509253 . GQ1539387]
KP412538) &L R A 7 513 N A X EE R EY
FAREB DL (National Center of Biotechnology In-
formation, NCBI) DNAJF %1 #(#i& %2 . DNeasy” Il 7
&AL DNAFERGAN & . QIAquick™ i Al i i 7]
&) H QIAGEN, PrimeSTAR*GXL DNA%E &
. LA taq H EEY TRAMRAHE], FastStart
Essential DNA Probes Master=L i 52 # PCRI® 7l &
4 A Roche, AT A 514 . ¥REHFIBORL34 f A T A=
W) TR (L) IR AR A R FA .

1.2 HFamtE

BYHLL ghi DLANE AL 4L, i BT T 8 %,
2£0.22 pmyE AR U8 Y K B K R3S, A
9 mLid WK . i FHZH 21419 123 000 r/min,
SIHIW, BIW10 )T FERB AN S K|,
1000xg (4 °C)E.0>5 minH F 5 . WLHL 3% &
180 uL ¥4 i, #% H DNeasy®Ifil K &4 2
DNA$ B 7] & A #2120 BREFT DN A Y 42 L
BF P X R CHC  fd E A LR DUAEAS L I A R
A FARTFDNA
13 5t

£ F BtPCRE | ¥ (3 DR #E GenBankH & & 3=
MOsHV-1Z % % F ¥ (GenBank & 5% 5 4
AY509253))7 41, A FITEL 5 | 13 F GenoFrag

%11 (http://genoweb .irisa.fr/Serveur-GPO/outils/
generationAmorces/GENOFRAG/indexen.php).

1.4 PCRE N

SEAE FPCR A WRIE 20 B 1Y S5 2 it
PCR{#i i Martenot % UV 37 (1) B &1 1k A7 4 DU
FAPCRIL MW AR R AL 2xMix 12.5 uL. [ F 5|
Y110 pmol/L)£5 1 uL. 4+ (10 pmol/L) 0.5 uL. 4
W2 uL., B4tk #hFEE25 uL, PCREMFRFE: 95°C
AP 10 min; 95 °CAEME10s, 60°C20s, 407
PEIR . % BT A A BORE R 107~10"9% DL /uL . 104%
o BE R BN T & ORI B 51 40 R
JBF: 5-GTCGCATCTTTGGATTTAACAA-
3, B4: 5-ACTGGGATCCGACTGACAAC-
3’, BP: 6FAM-TGCCCCTGTCATCTTGAGG
TATAGACAATC-BHQ-1,

KK HEPCR K BPCRRH25 pLIk R,
£ 455%Mix 5 uL. dNTP 2 uL. GXL DNAZ A fifi
0.5 uL. L FUHE519(10 pmol/L)450.5 pL. 4R
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Tab.1 Primer sequences for Long-range PCR of OsHV-1

SIAAFR ElE )2 Gl BN Gk

primer ID primer sequences primer ID primer sequences
IF CCCGCACACATACGCACTACATAAA 12R CGGCATTACCAAATATAGGCACACG
IR GGTTTCCAGTAGGGTGTTTAAGAGC 13F GGCACGCTCATTCTTACAACTCTTG
2F GCAATCCAGTTCCCAAACCAATAGG 13R CAACCAATCAGATCGACGAGACTCA
2R ATCGCTTCCTATCACCTTGTGGTCT 14F GCGATGCCTTAATTGTTGCCAGAGT
3F CCGTGAAATATCTGCCAAGGTGTTG 14R TCCTGTGGAATGGTTGTTGGTGATG
3R CGACCAGGAGAACATGAACGACTTT I5F GCAAACGAAAGAGCGGCTATAACAG
4F GCCCTCCTATTGGTACAAGATTGCT I5R CTCCGTCATCGGTGTTATTACTAGG
4R GAGCACAAACACTACCGCATACATG 16F GTCGGTTGTGGGTTTGGAAATGTAG
SF GCTTGTTTCTTGGTGTCTGAGGTCA 16R CTGGAAGCGAGTGTCAAGGTTAAAC
5R ATGGCAGAAATAGAAACCCGAGGTC 17F GCAGTTTGATTCATGTGTGGCAGAG
6F ATCCCAGTCTGTCAAATGCTCTCTC 17R GCCATCCACCTCATATCCATTTCTC
6R CCAGATATGAAGAGGAAGGGATGTC 18F GGATGATGGATTGTTGGACGAGAGA
7F ATGCCTGGGCGTAATTGTCTCTTGA 18R GCTGCGGTCAGTACATGGTCATTTA
7R CCAACTCTTCATCGTCACTCATCTC 19F CGTGAAGACGCCATGAAGAGAAGTT
8F GGGCGTTCACTTTAGACTTCCAATC I9R TCTGCCAGCCTCTGTGAACTTGTAA
8R TTCCCTGGCGATACTCTCATAGACA 20F TTGGCAGATGAGGACACCTTATACC
9F GGTCCGTCAACATCGAGAAAGAGAA 20R TTCCTGATTCCTCCACGCCATAACA
9R CACGATAAATATGCTGCCTGGGTCA 21F GGCAGCTAGTAAGGTCAATCTCAAC
10F AGGGCGAGCATGGTCACATTTCAAA 2IR TGGTTCCCTGGCGACGTTTACATAA
10R GGGATATTCTGAGGGTTGTTGTGGA 22F CGAAACGACAGGTTGAAGTGAGG
11F GCCCAATAAACCTACAGAGGATGAG 22R CAATGAATCGCCAATTAAGGAGG
1IR ATGGCAGATTCAGGAGAGGGTTGTA 23F CCATTTGTCAATCTCGGTTCTGC
12F TGGCTTCTGTGGTGGTAGTTGTTGT 23R GGAGGTGGGGTTTGAATACGAAG

1uL, #Hali/K15.5uL, PCREWFEF: 94 °CHiAL
P£1 min; 98 °CZEP£10s, 50 °CiB k15, 68 °C
FEM10 min, 35EFR.

1.5 KHEPCR=4#:N

H4.5 uL&K B BEPCRY 1 ™%, JmA1.5 uL
E@Lﬁ% W (GeneFinder 6xloading bufferf%
COMRBUR S IRA G, TR 0 0.8% 1 Bl bl
&éﬂ»’C*Ullo VHLE LK S0 min; 5 &8 i 1%
RGEMETH IR, FFTELY 10 KbHYRe 5 R 55
DU 2 3 .

1.6 KFEPCRFH¥adtIMEERE
XTI B B PCRI= ), % B8 QIAquick i
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W 7] G A B IR AT e sliAe, SRS
HFINanoDrop 200078 fi 12t 53 5t 5 BE 3+ X [m] i 1) 7™
WEAT . B REPCR™ W) % & ik & FIR
AN, 23X K R B R A B R BGHATIR B o TR
A5 1K R BePCR™ 3% AL st i R BUE A Y15 B
BHEARA A, WEDNANRBSCE, -l
Illumina Hiseq 2500 PE2507: il £ 55 & #E1 7 + ,

1.7 =EEEBEREMTH

B Je i FHFASTX-Toolkit®] J5& 45 B 35 #4713
UE (3L 7P FI AL Hreads), 745 Fclean reads.
J¥ 91204 LLOsHV-12 %tk (GenBank % 5 524
AYS509253)E 2%, fii Fl 3 T de-Bruijn®i 74 1)
K i SOAPdonovo 5 Velveti 4k 52 K, W5
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perlIEIAS GE T AW 5 v I A2 S ik (ZK2001) J2 H
b 3MR AL F MR GCH i . LLOsHV-10 2% 5
2, i EEXTEAAFEBWA (0.7.12)2k Hmem & 4%
clean reads It XF 3|2 % K 4H |, F) H Integrative
Genomics Viewer (IGV) 42 il readsTE 2 7% 3
2 153 A QP TR )

1.8 EFEAFNTFSH

{81 H picard(1.129)%f ZK200175 5 #% 5 OsHV-1
S 7% Wk X 2 J5 1 25 SRR 17 A% 5340 05 (Variant) 43
#r, Variantf§ 78 5 K 4K il 2 E i el &
JUAN A% 4 B2 19 4 A sl Bl 2% I 5| i I DNA 7 91 £
At SRIG R GATK(3.4-46)%F &b -4 1
Xof SCAE HEAT BAASREAS Y VarianthG I, A8 I 3] iy 75
S i Variant Filtration#F 4732 E, AVNV.,
OsHV-1-SB5 OsHV-1[1 kb X%} F1 SN P/ #r ffi F
MUMmer 3.238014, BROIASE, &5 SVGHK
1422 Tl SNPAE & [H 41 v 14 4 A7 2 o

fd FH ANNOV AR A4 X A6 H Y VariantifE 17
IIREVERE, 5 H A A SNPH: B i [R5 725 Fld: []
XA, HperlA S i 5, &5 HSVGHK
4 2 il B A~ FF 0 8 32 HE (open reading frame,
ORF)H & LR Sz He AR S 1R ORI %

1.9 RZABRXAESH

MZK2001 5 A 20 v il 324> I 75 B 13 HE
(ORFEZHIR P, 5E A HAL100sHV-1
SR RNE T A, iR B K ABLAR 15 (maximum
likelihood, ML)#EAT 22 4t &K B 4341 . J&fi HIMAFFT
RTINS T Z E X, A Bioedit
7.0.0%F Lt wF 25 Rk — LM OE . i HjModelTest
2.1.4"1 Y Akaike Information Criterion (AIC)¥rE,
PePE B LB R . PAUP 4.0b10f ML, &
B8 % 49 2 (heuristic search), & 7 il FEHL
AR, S88E N100 o ARy R R —
4543 P13% 3% (tree bisection reconnection, TBR), Jif
BEARHI RN, RI550%— R, 2%
1 1000¥K F & 73 SCAG 30 3075

2 HEiH

2.1 PCRy iszL

At 7 FPCR%E R 28 S} 3 7 PCRAS
M, ARWBFSE T 20014 5% 5 69 A5 FL RS DL RE AR
OsHV-1E YL 38 B H8.7x10°4% Il /mgZH 41, 35 5|k

111 A Bt PCRY 4 ir 225K DN AR YL 58 &£ (10°45
N /mgd 21V 1),

¥ A EPCRY 34 R 23%HK H BXPCRE W)
YIRE Iy 14 R BER/NE 10 kb ZEA Y= 8, 5T
WIS AW A T B BRI AS BE B 3 (18 1)
22 SBENFER

X vy 38 B R L i U8 J5 A5 Fll clean reads.
i FHSOAP denovo’& 1%t clean readsi?Ff7Hf 422, £
ik HE: -R-dl-u-K#, H-KSHREZAND A
MIME(45. 55, 73. 87. 95), HEZ 4B H
FINSOK &, M4-K Ry 87H 41 % 45 Hfe i, 14 #
200 bpL I i Scaffold ¥ 3l 3 X H b AT K B Ge 1T
45 518> Scaffold, K 4374170 095, 18 675,
1929, 1805, 1395, 834, 82511600 bp.

PLOsHV-12 % Bk (AYS509253)1E I 5 % ¢
G, Geiti P, L& ZK2001 A H Al 3428
PRGCEH B A K (F2), ZK2001 /73 GCH &N
38.58%, S5AVNV(GQ153938) OsHV-1-SB#k
(KP412538)GCH g —%, W&k T OsHV-1Z% tk
f138.72%. FHARK Bt overlapil 7 I8 B 47 BH I
Han, FEHEA KRR EL KRR %

23 ERAFIIEFRTH

B B4 1 ZK2001 . AVNV(GQ153938).
OsHV-1-SB(KP412538)5 % % A% 3 ¥k JE [K 41 47
Fext, £ F A AZE S k] SNP([X13), LA K SNPH|
A2 £5 T ) 2 AE (ORF) 24 JE 1R 72 7 1) > HiUFI A 4%
(Fl4), ZK20015 2% B A4 A0 L A7 7E 3281
SNP{i i, JLF-3k A ZK200 186 AN FE 40, {H 77
TE 5L PR A JR 3 X R) A2 05 40 A 1 25 5% . AVNVAI
OsHV-1-SB5 S H F A M Lk, A 4655771
SNP, B4 & FZK2001 % SNPE &, H X —H
G R R AR TS . SNPS|H & I FR A S  $l i
Z 1)L ORFIK Y N ORF70, 69, 9. 38F159, iX
L6 ORF 43 %l 2 4 ¥4 45 25 1 (ORF9MIZS) . i 1
(ORF59)F12/> 2K %1 Uy B (1) & 11 i (ORF69F170)
SNP7 | e 22 5 iR 78 55 4 % B R i) JL > ORFAK K
ORF15, 12, 1411655, XELhH H A LI
LR ENEOIIREE N, XhifRHaEg RN
AR SR JEA

24 RGEBREDHT
RAEKRE F RN B RZK2001520094F 53
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(@)~ (c) 23/NPCR=MIIM MK EE s (b). (d) BIHEXS BRIk & s 1~23. 235X L5 I PCRF™“ 4 ;. M. Trans15 kb DNA Marker

Fig. 1 Agarose gel electrophoresis results of PCR amplicons

(a), (¢) 23 PCR amplicons result ; (b), (d) negative controls result; 1-23.23 PCR amplicons result of corresponding primers; M. Trans15 kb DNA Marker

B IR EMFLE N AAVNVIES K R i, Hk
92012443 25 [ 3 = Bl i OsHV-1-SBAI201H 42
904 AR 43 5 [ MR 4E 05 B OsHV-12 % k5 1
5520084F L H R A9 OsHV-1pvar Bz HAH 5678 F bk
) 2F 2% ¢ R i (1K15).

3 iR

H 20t 290K LISk, OsHV-15] i L4
TR I 7E A B 42 BR 147 [ 5 R Ml IX T 7K 57 58 52 D
KW RMBIET . H i 52 52 W 7Y A 28 A0 45 4 15
(6% i DL(3Ff) . i 2 ) FELRE 7E 9 Y 124>
Py b 32 50 i AR ™ B R O L R R
IS [ SR R A, DA R TR ] 55 1) FG AL B
DLFRGEEREE = 7 19 T OsH V-1 K 417 51 45 5+
MR SE oR, e B KA T B BE R Ak
LR [R) A8 50K 19 40 A 7T e EL A 50 1 1) 45
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SRR T Aw Ao {H H AT X OsHV- 11 73 AR
S AE DA T 5 DR 4 51+ RIL 32 BB LA
DBULAS R A 1 B T AR AE Sl 92
T BE BB SE s, D RO TR AR A S et 12
o B 42 Ak DX 2 P 5104 S A R T AR Y LSS O

FEAN [F AT 96 7 A OsHV - 1 35 bk 42 i [
2 Fp 5 B0 AR ORI 22 S 0 A O R L, O 2 T 2
HARENE B B8, I LAt o HE b 2 47
RN RRBEUMAE LT RANT, &
figp PR L 3 IR G HE .l T OsHV-1BE I (8] 11 %
JEANW K A AL, XA R ARACR I OsHV-172 5+
PREE A ¥ 5 22 5 00 A, A BT T e 2 Bl
I ) A R P9 AR 1R 00, DT B o e v T 3R
ML R o (HOR T R R A 2 K
I 6] B R AT, Tk 5 T IR RE T, TRk T
A2 B EBIN, I E AR L
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B2 MEFEEEEZK200)REMGCEESHE
Fig. 2 Distribution of coverage and GC content of the sequenced ZK2001 genome
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AY509253 bl ) Al 4 4l d > N PRl N B PRI I I M
{4 € ) 4@ <4l i« ({ | <« | (4 | Wit <« ¢ 4 e
KP412538 IO O N AR URTOU R UMM OO0 0 OO AL AORTOR OO OO NI A0 N AR |
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B3 NFEESHEEZK2001)F15E B EHHEEESNPS 7 [E
Fig.3 SNP distribution of the sequenced ZK2001 compared to the reference genome

AR FHRNAFEF (1 H AR 7T LL 5 L DNA H 4
I EE L I 4IDNA™, (B H §iTh 3 AU X &
Yo N LA IR 92 9 6 2 T 4 & 45 RN AR &L T fit
i . Bl e A I 2 R AR, A e
T2 4R U YL 2 0 B 0 R U DNAE T
s e I B i, IR BIR A
i o S DNA LA AR AR 055 5 2 D 41 i B U5 3]
T B980T R G 96 92 9 1 1 2. U R (Elephas max-
imus)41 2105 B DNADE AT &8 &0 7, S8R 1
T = 3 DR 2 e 49 A AIG 19 52 960 92 96 5 (Elephantid
herpesvirus 1)JEF A MM 7 . 2S5 R R,
EEHVI1AFIEEHV 1 B3 R 41 BI040 A 5 43 4540 1)
0.169%110.038%,  F T 45 A& K 41 Z5die o e Bk
B RAR, RAWKE EZREASE LS S%
FERA LE XS . MRS, A A8 58 WLiX 21 2 3 A
AR, ARTOsHV-1/1y - JLFP 0L 2575 3=,
bR T A4S, XAl AE RGBT
fif B, DRI RO ) ) O ¥R B AN 3 T OsH V-1
LR My o

OsHV-1 0 W EE DNAJG 7, FE X 4 A X F2

SE L PN AR SR ] 3 DR 8 AL R AR 95 % A
fio BT LR, ALBE AL TR E
PCRY" M )5 ¥k, #HESL T OsHV-14 3L K 40§ 3 Al
HAEREA, RS =R EEENF S
X S LT T . AW W24t
i I B BEPCRANES AR Sl sl P e A, )
SE T K R A R RE A B OsHV - 148 S #E 1Y
FE N ZH DNA Y 5 A R e 00 o 0058 6 45 2R
FW], BT H SR AR (5 B sl AT I )4 B
DNA#FATK F BtPCR, 2 B 1% R O 45 2 A
R SF B A3 B — ) ) i TR 2 F T
15 EDNAM KRB, T T KA BPCREIYS
ek S N R NI G By 3 g i
BT RRYEX — A, SRk T A
o B 43 1 3 2H 2R 41 B R 1 U8 75 3 DNA B
(7 s (AR A RE 5 5 8 43 i i ) - R A 1%
R SRR A AL B, PR AT A% R P B B Y
DNAFEA T UG K A BEPCREGE Y 3 . (Hih T4
WFFE R F T PCRY ™3 J5 19 7=y gt Sr P SC PR, AL
KRB BmRSFENREE, HRFEANY
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Fig. 4 Number and probability of amino acid variations in each open reading frame
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Long-range PCR and next generation sequencing of
Ostreid herpesvirus genome

SHI Jie '?, BAI Changming’, LIChen’, CAI Shengli', WANG Chongming >

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture,
Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology,
Qingdao Key Laboratory of Mariculture Epid emiology and Biosecurity, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China )

Abstract: To obtain the genome sequence of Ostreid herpesvirus 1 (OsHV-1) infected Zhikong scallop (Chlamys
farreri) in 2001 (ZK2001), and its phylogenetic relationship with the other reported variants, the genome DNA of
the ZK2001 variant was firstly enriched through long-range PCR, and sequenced with Illumina Hiseq 2500 PE250
platform. Then the variation and phylogenetic relationship between ZK2001 and the other reported variants were
analyzed. 8 scaffolds were obtained after assembly. Genome variation analysis indicated that there were 328 SNPs
between ZK2001 and the reference genome. SNPs and insert/deletion were the main cause of genome differenti-
ation. Phylogenetic inference indicated that ZK2001 variant was more closely related to OsHV-1 variants isolated
from China than those from Europe. These results indicated that genetic differentiation had occurred as a result of
geographic isolation. This study indicated genomic DNA of OsHV-1, which had been frozen for a long time, could
be enriched with long-range PCR and used for high-throughput sequencing. The genomic data of different OsHV-1
variants will be necessary for further study of the genetic variation, evolution and phylogenetic analysis of the virus.
Key words: Chlamys farreri; next-generation sequencing; long-range PCR; Ostreid herpesvirus 1
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