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ORF23/24 , ORF75 ORF94 ORFI125 WSSv
VNTR (singlenucleotide ,
polymorphisms, SNPs) WSSV ORF14/15 ORF23/24 , ORF75 ORF%
B~ ORF75 ORFI125 RUs SNP
(repeat units, RUs), 45bp 102 bp, 2013 3 12
45 bp 3 15 30 40 42 45 SNP, 64 WSSV ,
102 bp 45 bp , 83 , ORF14/15
SNP ORF9% 54bp RUs , ORF23/24 , RUs SNP
48 SNP ORFI25 69bp RUs , WSSV
SNP , .
RUs 8 18 25 66 69
SNP, 3 SNP : L1
RUs (2] 2013 3—12 WSSV
RUs [0, 12-15 ,
RUs SNP,
RUs -80°C
RUs SNP ORF
1

F 1 WSSV #AREIES K ORFT5. ORF94 fl ORFI125 MBS B TH
Tab.1 WSSV samples and repeat units (RUs) present in ORF75, ORF94 and ORF125

repeat unit

number sample number site species ORF75 ORF 75 ORF 94 ORF 125
(45 bp) (102 bp) (54 bp) (69 bp)
1 20130312A HY Litopenaeus vannamei - - — -
2 20130312B HY Litopenaeus vannamei - - - -
3 20130312C HY Litopenaeus vannamei - - - -
4 20130312D HY Litopenaeus vannamei - - - -
5 20130312E HY Litopenaeus vannamei - - - -
6 2013031202 HY Litopenaeus vannamei - - - -
7 2013031203 HY Litopenaeus vannamei - - - -
8 2013031204 HY Litopenaeus vannamei - - — -
9 2013031206 HY Litopenaeus vannamei - - — -
10 2013031207 HY Litopenaeus vannamei - - - -
11 2013031208 HY Litopenaeus vannamei - - - -
12 2013031209 HY Litopenaeus vannamei - - - -
13 2013031210 HY Litopenaeus vannamei - - - -
14 2013031211 HY Litopenaeus vannamei - - - -
15 2013031212 HY Litopenaeus vannamei - - - -
16 2013031213 HY Litopenaeus vannamei - - — -
17 2013032502 G.zZ Litopenaeus vannamei - - — 7
18 2013032505 G.Z Litopenaeus vannamei - - - -
19 2013050401 H.C Litopenaeus vannamei - - 0 7
20 2013050403 H.C Litopenaeus vannamei - - 0 7

( to be continued)
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( 1 Tab.1 continued)
repeat unit
number sample number site species ORF75 ORF 75 ORF 94 ORF 125
(45 bp) (102 bp) (54 bp) (69 bp)
21 2013050405 H.C Litopenaeus vannamei - - 0 -
22 2013050406 H.C Litopenaeus vannamei - - 0 7
23 2013050502 H.H Litopenaeus vannamei - - - 0
24 2013051102 S.R Litopenaeus vannamei - - - -
25 2013051403 T.H Litopenaeus vannamei - - — 7
26 2013052101 S.R Penaeus orientalis - - 3 -
27 2013052102 S.R Penaeus orientalis - - - -
28 2013052701 S.R Penaeus orientalis - — - -
29 2013060301 S.R Penaeus japonicus - - - -
30 2013060302 S.R Penaeus japonicus - - - -
31 20130629004 G.B Litopenaeus vannamei - - - -
32 20130722002 ZH Litopenaeus annamei - - 4 7
33 20130722003 Z.H Litopenaeus vannamei - — 4 7
34 20130902041 S.J Litopenaeus vannamei - - — -
35 20130902044 S.J Litopenaeus vannamei - - - -
36 20130902066 S.J Litopenaeus vannamei - - - 7
37 20130902052 S.J Litopenaeus vannamei - - - -
38 20130902062 S.J Litopenaeus vannamei - - - -
39 20130902064 S.J Litopenaeus vannamei - - - 7
40 20130902065 S.J Litopenaeus vannamei - - - -
41 20130902068 S.J Litopenaeus vannamei - - — -
42 20130902069 S.J Litopenaeus vannamei - - — 7
43 20130902070 S.J Litopenaeus vannamei - - - -
44 20130902071 S.J Litopenaeus vannamei - - - -
45 20130902072 S.J Litopenaeus vannamei - - - -
46 20130902073 S.J Litopenaeus vannamei - - - 7
47 20130902078 S.J Litopenaeus vannamei - - - 7
48 20130902079 S.J Litopenaeus vannamei - - - 7
49 20130902080 S.J Litopenaeus vannamei - - — 7
50 20130902081 S.J Litopenaeus vannamei - - — 7
51 20130902083 S.J Litopenaeus vannamei - - - 7
52 20130902086 S.J Litopenaeus vannamei - - - 7
53 20130902092 S.J Litopenaeus vannamei - - - 7
54 20130902094 S.J Litopenaeus vannamei - - - -
55 20130902095 S.J Litopenaeus vannamei - - - 7
56 20130926001 S.J Litopenaeus vannamei - - - 7
57 20131206001 H.S Litopenaeus vannamei - - — -
58 20131207001 H.S Litopenaeus vannamei - - — 7
59 20131213002 S.wW Litopenaeus vannamei - - - -
60 20131215001 H.T Litopenaeus vannamei - - - 7
61 20131215002 H.T Penaeus japonicus - - - -
62 20131215003 H.T Penaeus japonicus - - 12 7
63 20131216001 H.H Litopenaeus vannamei - - 12 7
64 20131216002 H.H Litopenaeus vannamei - - - -

L

Note: “—” represents not amplified.
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1.2 WSSV 14 PCR
30 mg , WSSV
DNA ( ) ORF14/15 ORF23/24 ORF75 ORF9%4
DNA , -20°C ORF125 25 uL
1.3 PCR : 2.5 uL 10xPCR (  Mg*),
WSSV DNA GB/T 286302—  17.3 uL , 2 L ,
2012 (WSD) 2 1 uL, 0.2 uL Ex 7ag DNA , 1 uL
PCR PCR TAE PCR
1% 2[10, 13, 16-18]

&2 PCR¥HEIIMUAR KN FHE
Tab.2 PCR primers and cycling conditions

primer (5'-3") sequence(5'-3") initial denaturation denaturation extension
ORF-14/15F AATATGGAACGACGGGTG 94°C 5 min 35 cycles: 94°C 305, 55°C 72°C 7 min
ORF-14/15R GACCAGCGCCTCTTCAG 30s, 72°C 2 min
ORF-23/24F GTAGTGCATGTTTCTCTAAC 94°C 5 min 35 cycles: 94°C 305, 51°C 72°C 7 min
ORF-23/24R GTAAGTTTATTGCTGAGAAG 30s,72°C 1.5 min
ORF-75F CTTTCACCGCTCTCA 94°C 5 min 35 cycles: 94°C 30's, 59°C 72°C 7 min
ORF-75R GGGTTCACCAGAGAGACAGG 30s,72°C 2 min
ORF-94S CTGGGTGGCATCGGTTAG 94°C 5 min 35 cycles: 94°C 30's, 60°C 72°C 7 min
ORF-94A CGTCACTTTCGTGCGTAGT 30s,72°C 1.5 min
ORF-125F CGAAATCTTGATATGTTGTGC 94°C5 min 35 cycles: 94°C 30's, 54°C 72°C 7 min
ORF-125R CCATATCCATTGCCCTTCTC 30s,72°C 1 min
1.5 )
PCR ORF23/24 , 1 (62#)
, Nannodrop 2000 DNA , ,
pMD"18-T Vector , 1.56%(  2) VNTR
ORF14/15 ORF75 , ¢ 3)
TH-96-1T : , ORF23/24 ORF94 , 9 (19# 20#
(TW) , DNAMAN 21# 22# 26# 32# 33# O62# 63#),
ORF94 ORF125 RUs SNP
2
( 4, 14.06%, 26# 62# 63#
2.1 PCR , 32#
64 WSSv , 57 33# ,
, 7 DNA
ORF125 , 25 (17# 19# 20#
2.2 PCR 22# 23# 25# 32# 33# 36# 394 42# 46#
WSSV , 5 (20# 47# A8# A9# S50# S1# S52# 53# S55# S6#
22# 60# 62# 63#) ORF14/15 , 58# 60# 62# 63#) ,
7.81%, 62# 39.06%,

¢ D, ()
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5 6 7 891011121314

39 40 41 4243 44 45 46

58 5960 61 62 63 64

1 ORF14/15
M: DNA marker DL 2000; (+) () ; 1~64:

Fig. 1 Amplification result of primer ORF14/15
M: DNA marker DL 2000; (+) positive control; (—) negative control; 1—64: number of samples.

6 7 89 10 11 12 13 14 1516 17 1819 20

8 29 3031 32 33 3435 36 37 3839 40 41 42 4344 45 46

48 49 50 5152 4 5556 57 58 5960 61 62 63 64

p— !\) = N

2 ORF23/24
M: DNA marker DL 2000; (+) , () ; 1~64:

Fig. 2 Amplification result of preimer ORF23/24
M: DNA marker DL 2000; (+) positive control; () negative control; 1—64: number of samples.



698

23

9 10 11 1213 14 15 1617 18 192

37 3839 4041 42 4344 45 46
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— NN~I— DD
D NOND

3 ORF75
M: DNA marker DL 2000; (+) () ; 1~64:

Fig. 3 Amplification result of primer ORF75
M: DNA marker DL 2000; (+) positive control; () negative control; 1-64: number of samples.
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4 ORF9%
M: DNA marker DL 2000; (+) () ; 1~64:

Fig. 4 Amplification of primer ORF94
M: DNA marker DL 2000; (+) positive control; () negative control; 1—64: number of samples.
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‘-(;7 8 9-71(:'7117 1-2 13 14 l;l(:l;lS 19 20
.- -
-
5 ORF125
M: DNA marker DL 2000; (+) () ; 1~64:
Fig. 5 Amplification of primer ORF125
M: DNA marker DL 2000; (+) positive control; (—) negative control; 1—64: number of samples.
2.3 T T T, 4 RUs ORF9%4
ORF14/15 R 3 48 T T T T, 12 RUs
, 1270 bp( ORF94 48 T A A
, , ) 1267 bp( ) A AAAAAAA A( 3  ORFI2S
1892 bp( ) TH-96-11 , 3 RU, RUs 7
6530 bp 6533 bp 5908 bp( 6) 8 18 25 66 69 G G G
ORF23/24 , (62#) G A 9 50 53 6l 4 ( 4
1140bp
12070 b (7 %3 ORFUREEEERTTAEBUMNBREERES M
’ p Tab. 3 Single-nucleotide polymorphism (SNP) patterns at
ORF9%4 R 4 position 48 on each repeat unit (RU) of ORF94 region
, 591 bp( ) 482 bp( ) no of RUs SNP pattern of SNPs
536 bp( ) 965 bp( ). 3 TTT
. RUs 0 4 T,T,T,T
12 T,AAA A A A A A A A A
3 4 12 ORF125 R 2
: 810 bp,
3
859 bp, :
810 bp RUs 0, 7 1) 64 2013 3—I2
3  RUs ORF9%4 48 WSSV
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I T11-96-11 (7500 bp)

6530 bp
L —— WL . PR . ST (1270 bp)
[ - - 6333bp ———E LM (1267 bp)
- 0P — O LR (1892 bp)
- 1Ly S KR (2079 bp)
5316 bp
I —= —-————— [ TH (2484 bp)
- 23800 S TW (2662 bp)
5132 bp
2R N N (2668 bp)
6 WSSV ORF14/15
TW: (AF440570); TH: (AF369029); CN: (AF332093); KR: (JX515788).
ORF14/15 S TH-96-11

Fig. 6 Scheme of deletion region of ORF14/15 in different WSSV strains
TW: strain of Taiwan, China(AF440570); TH: strain of Thailand(AF369029); CN: strain of China(AF332093); KR: strain of Ko-
rea(JX515788). Rectangles mean sequences amplified by ORF14/15. The imaginary lines in the middle mean sequences deletion
compared to TH-96-11 strain. Figures in the brackets mean the length of the amplified fragment.

2559 15770
I, 1V (13210 bp)

2356 14500
— 12070 bp = WAL R (1140 bp)
7 WSSV ORF23/24
TW: (AF440570). , ;
™ : ™

Fig. 7 Scheme of deletion region of ORF23/24 in different WSSV strains
TW: strain of Taiwan, China(AF440570). The right heavy line means the region outside the fragment amplified by the primers; the
right and left rectangles mean sequences which can be amplified. The imaginary line in the middle means sequence deletion compared
to TW strain. Figures on brackets indicate the originated and terminative position corresponding to the TW strain.

%4 ORF125 REEEEHITHE 9. 50, 53, 61 L mHY ORF75 ORF94 ORFI125 ,
BRERS SN 0 0
Tab. 4 Single-nucleotide polymorphism (SNP) patterns at 0 14.06% 39.06% ’
position 9, 50, 53, 61 on each repeat unit (RU) of ORF12S region 3 ,
position
pattern ’ >
9(C) 50(T) 53(T) 61(T) 624 ORF75 ’
1 G - C
I G G - C
0 A G B . ORF14/15 , 2 ,
v G — C C 1267 bp 1270 bp, TH-96-11 ,

. . 6533 bp 6530 bp

Note: the base in brackets is the original base. 383 1267 bp 1270 bp
7 TCC 3 ,

ORF14/15 ORF23/24 5

7.81%  1.56%, 1892 bp, 5908 bp
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Variation sequence comparison of shrimp WSSV from different parts
of China in 2013
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Abstract: White spot syndrome virus (WSSV) is highly pathogenic to penaeid shrimp and has caused significant eco-
nomic losses in the aquaculture industry worldwide. With the constant expansion of the areas and scale of prawn farm-
ing, variations between different strains of WSSV have emerged. The differences between isolates may cause variations
in the virulence of WSS. Deletions in the ORF14/15 and ORF23/24 variable regions have been used as molecular
markers to study the epidemiology of the virus. The repeat units of ORF75, ORF94, and ORF125 vary in different iso-
lates and the numbers of repeat units in these three genomic regions are a useful marker for epidemiological studies and
for genotyping strains of WSSV. However, each repeat unit may contain single-nucleotide polymorphisms (SNPs) that
are important for differentiating haplotypes with the same numbers of repeat units. The results of epidemiological stud-
ies may differ if the variability provided by these SNPs is not considered and only the number of repeat units is taken
into account.

To understand the variations in WSSV ORF14/15 and ORF23/24 and the variable number of tandem repeats
(VNTR) and SNPs located in ORF75, ORF94, and ORF125 in different regions of China, we investigated 64 samples
that were WSSV-positive on PCR, collected in a disease outbreak area between March and December 2013. The tested
samples were from Hainan, Guangdong, Guangxi, Zhejiang, Shandong, Hebei, and Tianjin. Using specific primers,
WSSV-positive samples were genotyped with PCR and the amplified fragments were ligated to a T-vector and used to
transform Top10 cells. The positive clones were selected and sequenced. After sequencing, the fragments deleted from
ORF14/15 and ORF23/24 in different samples were compared with the sequences of Th-96-11 and TW respectively, and
the three WSSV VNTR regions and SNPs in ORF75, ORF94, and ORF125 from different samples were analyzed with
the DNAMAN software. The results showed that there were five samples which had the products of ORF14/15 ampli-
fication, and one sample had the products of ORF23/24 amplification. The lengths of the amplified fragments of
ORF14/15 were 1267 bp, 1270 bp, and 1892 bp, corresponding to deletions of 6533 bp, 6530 bp, and 5908 bp, respec-
tively, compared with Th-96-I1. One type of ORF23/24 was confirmed in this experiment, and the amplified fragment
was 1140 bp, corresponding to a deletion of 12070 bp compared with the TW isolate. No fragment was amplified from
ORF75. Four different ORF94 VNTRs, including 0, 3, 4, or 12 repeat units, were identified. The ORF125 VNTR,
which included O or 7 repeat units, was identified. The SNP analysis showed that the bases on the special site in this
study were different from the reported types. The bases at site 48 in ORF94 were T, T, T(Type I: 3 RUs), or the bases at
site 48 were T, T, T, T(Type II: 4 RUs), and the base were T and 11 A(Type I1I: 12RUs), respectively. The bases at site 8,
18, 25, 66, and 69 in ORF125(contained 7 RUs), were G, G, G, G, and A, respectively. It is noteworthy that there were
also some variations at sites 9, 50, 53, and 61 in ORF125. These results suggest that there are certain degrees of preva-
lence and variation in WSSV, which causes white spot disease in most parts of China, with clear variations between the
different strains in ORF14/15, ORF23/24, ORF75, ORF94, and ORF125.
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