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ABSTRACT

The present paper documents the molecular diagnosis and genotyping of white spot syndrome virus (WSSV) isolates
collected from different shrimp farms of Gujarat, north-west coast of India. Preliminary diagnosis was done using single
tube PCR and genotyping of isolates by analysis of variable number tandem repeat sequence (VNTRS) in minisatellites
viz., ORF 94, ORF 125, ORF 75 and ORF 75 flank. Out of the 79 samples analysed, 32 (33.80%) were positive with low
(54.17%), medium (8.33%) and high (37.50%) severity of infection. Genotyping, using ORF 94 revealed that repeat units
(RUs) 4 and 11 were the most frequent ones (32%) while ORF 125 showed 5 different repeat types of which RU 5 was the
most common (45.83%). Two genotypes were observed for ORF 75, one showed multiple repeats of two 45 bp, followed by
a 57 bp, whereas the other showed two repeats that included 5 and 4 repeats of 45 bp. Sequence analysis of the 54 bp variable
sequence of ORF 94 RU type 4 revealed single-nucleotide polymorphism (SNP) at 47" base. Based on the results from ORF
94, dominance of RU types 11or 4 were recorded for the first time in India and one sample showed 2 bands of different sizes
indicating the prevalence of two different genotypes infecting the same pond at a given time. Further, no correlation could be
observed between the virus genotype and the severity of the mortality in the outbreaks. The results suggest the widespread

occurrence of WSSV in the region and circulation of distinct virus genotypes.
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White spot syndrome virus (WSSV) affects
commercially important species of penaeid shrimps under
all age groups worldwide, including India (Karunasagar
etal., 1997). InIndia, economic loss to the tune 0f 48,717 t
of shrimp valued at US$ 1.85 billion was attributed to
diseases (Kalaimani ez al., 2013). The state of Gujarat
has 3.76 lakh ha of potential brackishwater farming area
concentrated mainly in the southern districts of Valsad,
Navsari, Surat and Bharuch. Despite following the standard
culture practices, losses due to WSSV continue to occur in
the state. Information on the status of the disease in the
shrimp farming regions is vital for developing suitable
prevention and control strategies. Report on the incidence
of WSSV and further characterisation has mostly been
restricted to some of the southern Indian states like Andhra
Pradesh, Tamil Nadu, Kerala and Karnataka (Otta et al.,
1999; Vaseeharan et al., 2003; Pradeep et al., 2008; John
et al., 2010) where large scale shrimp culture were
practiced. However, such kind of information is not
available from Gujarat where, major shrimp growing
developed lately. The present paper documents the
molecular diagnosis and genotyping of WSSV isolates

based on the variable number tandem repeats (VNTRs)
located in 3 minisatellites from shrimp culture operations
in the state of Gujarat.

The study comprised shrimp samples submitted
(n=79) during April 2010 to Aug 2013 to Aquaculture
Laboratory at Navsari Agricultural University (NAU),
Navsari, Gujarat. PCR analysis for diagnosis of WSSV
was done using commercial kit (Genei, Bangalore). All
the DNA samples positive for WSSV were subjected
to genotyping through variable number tandem repeat
(VNTR) analysis by amplifying the 3 minisatellite regions,
ORF 94, ORF 125, ORF 75 and ORF 75 flank using
specific primers and cycling conditions (Pradeep et al.,
2008). PCR amplicons of representative samples of ORF
94 and ORF 125 were cloned and sequenced to compare
with available sequence information in the database while
ORF 75 samples were sequenced to obtain the repeating
patterns.

Of the total 79 samples used for diagnosis, 40.51%
were found to be positive for WSSV. Among the positive
samples, the presence of either three (941, 525 and
204 bps), two (525 and 204 bps) or one (204 bp) band
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indicated the degree of infection as strong, medium or
weak based on the presence of copy numbers of WSSV
DNA. Out of the total 32 positive samples, 54.17%
samples were found with low, 8.33% with medium and
37.5% with high severity.

While genotyping, PCR for the 54 bp RU in ORF 94
revealed 5 repeat types which ranged from 4 to 11 RUs
(Fig. 1) which was also verified by sequencing. Repeat
type with 11 RUs was the most frequent one (32%).
Samples from Navsari, Surat, Baruch and Junagarh did not
show any specific trend in their repeat types (Table 1). One
sample showed 2 bands of different sizes indicating the
prevalence of two different genotypes infecting the same
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Fig. 1. Agarose gel showing PCR amplification product for
ORF 94, ORF 125, ORF 75 and ORF 75 Flank
Lanes 1 to 21: selected shrimp samples, Lane M : 100 bp
molecular weight marker, Lane +: positive control,
Lane : negative control.
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Variable number tandem repeats (VNTRs) associated
with DNA minisatellites and the SNPs within these
repeats are considered important for genotyping of WSSV
isolates. The present report is based on three minisatellites
ORF 75, 94 and 125. Application of these methods for
typing WSSV isolates has been reported widely from
the shrimp growing countries in the world (Dieu et al.,
2004; Hoa et al., 2012; Gonzalez-Galaviz et al., 2013)
while similar studies are limited from India (Musthaq
et al.,2006; Pradeep et al., 2008; John et al.,2010) and the
present study is the first report of WSSV genotyping from
the state of Gujarat.

In the present study, typing based on ORF 94 showed
highest number of RUs as 11 followed by 4. Interestingly
earlier reports from India showed highest prevalence of
WSSV RU types 6 followed by 9 and 12 (John ef al.,
2010) and 7 followed by 2 and 8 (Pradeep ef al., 2008).
Similarly, highest prevalence of RU type 8 in Thailand
(Wongteerasupaya et al., 2003) as well as 7 in Thailand
(Kiatpathomchai et al., 2005), India (Pradeep et al., 2008),
Vietnam (Hoa et al., 2005; 2012) and Mexico (Gonzalez
Galaviz et al., 2013) were reported. On the contrary, in
the present study, none of the samples showed the RU
type 7. Dominance of WSSV RU types 1lor 4 indicates
the circulation of separate genotypes in Gujarat against
the reported dominance of types 6, 7 or 8 (Musthaq ef al.,
2006), 6 or 9 (John et al., 2010) and 7 or 2 (Pradeep et al.,
2008) in southern India. Previous studies have reported the

Table 1. Number of samples positive for WSSV and the repeat units (RU) present in encoding ORF 94, ORF 125 and ORF 75 from

Gujarat. ND = Not detected

Region ORF 94 ORF 125 ORF 75
Amplicon size (bp) RUs Amplicon size (bp) RUs Amplicon size (bp) RUs
Valsad 680 9 394 5 ND -
Navsarai 400-750 4-11 337-557 4-7 850, 896 1,2
Surat 400, 750 4,11 374-760 5-10 850, 896 1,2
Baruch ND -- 409 5 ND --
Junagarh ND -- 409 5 ND --

pond at a given time (Fig. 1, ORF 94 - lane 8). Sequencing
of the 54 bp PCR product from the representative 4 RU
sample revealed single nucleotide polymorphism (SNP)
at the 47" base of the 3™ repeat unit where G is replaced
with T. PCR for the 69 bp RU in ORF 125 showed 5 repeat
types ranging from 4 to 10 RUs. Genotype with 5 RUs was
the most common (45.83%) with no sample showing two
amplicons. Based on PCR amplification, two genotypes
were observed for ORF 75. For the two different types of
ORF 75 products that were sequenced, one of the isolate
showed multiple repeats of two 45 bp followed by a 57 bp,
whereas the other variety included two of the repeats that
included 5 and 4 repeats of 45 bp also.

SNP at 48" base (G replaced with T) in the 54 bp variable
sequence in standard WSSV-Thailand, WSSV-Taiwan and
WSSV-China and one from India (Pradeep et al., 2008).
However, in the present study, replacement of G with T at
47% position further support our observation on circulation
of distinct WSSV genotype in the study area.

Similar to previous observations, mixed infection
with two RU types, 4 and 11 was noticed in the present
study (Hoa et al., 2005, 2011, 2012; Musthaq et al., 2006;
Pradeep et al., 2008). In contrast to the earlier observation
which correlated mixed infection with lower virulence
(Hoa et al., 2012), in this case the farm with mixed WSSV
infection had suffered the similar severity as that of single
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genotype infection. Further, dominance of the RU type 11
in WSSV outbreaks in the region of Gujarat is in contrast
to the earlier observation that genotypes with less than
8 RUs dominate the outbreaks and genotypes with more
than 11 RUs dominate in healthy ponds (Hoa et al., 2012).
Previous studies have reported the association of WSSV
genotype with virulence and correlated low RU numbers
with virulence (Hoa et al., 2005; Waikhom et al., 2006;
Pradeep et al., 2008). In contrast to previous observation
of Hoa et al. (2012), in the present study no correlation
could be observed between the genotype and the severity
of mortality in the outbreaks, which might be due to the
fact that samples analysed here were only from outbreaks
and no sample from normal ponds was included. Similar
to our observation, John et al. (2010) also could not
establish the relation between genotypes and virulence
even under experimental conditions.

Comparing the geographical distribution of different
genotypes in Valsad, Navsari and Surat districts of
Gujarat, a specific pattern was noticed in the 54 bp
RU (Valsad and Surat are 150 km apart and Navsari is
located halfway between Valsad in the south and Surat
in the north). Isolates from Valsad showed RU type 9
only, while Surat samples showed 4 and 11 RU types. It
is interesting to note that isolates from Navsari which is
located between Valsad and Surat showed the RU types
4, 9 and 11. However, genotypes within the location
were almost identical similar to earlier observations (Hoa
et al., 2012) that circulation of distinct genotypes in small
spatio-temporal scales.

Based on ORF 125, WSSV positive samples
showed 5 genotypes (4-7 and 10) in the present study.
Earlier studies have reported 5 RU genotypes (Dieu
et al.,2004) and 14 RU genotypes (Hoa et al., 2012) from
Vietnam while Indian studies reported RU genotypes
varying between 2 to 14 (Pradeep ef al., 2008). Major
RU types reported earlier were 6 and 7 in Vietnam (Hoa
etal.,2012). The domination of RU genotype 5 in Gujarat
and RU 4 as major genotype from South India (Pradeep
et al., 2008) suggest the circulation of different RU types
in the region. It has been observed in the present study
that, WSSV isolates having same repeat pattern in ORF 94
showed difference in ORF 125 and ORF 75. This variation
was suggested to be due to variation in the sequences
of these three microsatellites and hence the need to
consider all the 3 minisatellite loci for epidemiological
studies (Pradeep et al., 2008). However, in contrast to the
previous observations (Dieu et al., 2004; Pradeep
et al., 2008; Hoa et al., 2011, 2012), similar number of
variations in the tandem repeats were observed in ORF 94
and ORF 125. Among the PCR positive samples, 10.34%
of the samples could not be amplified in each of the three
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ORFs. This variation in amplification in genotyping
was attributed to variations of sequences in the primer
binding sites or the low levels of target DNA (Hossain
et al., 2004; Pradeep et al., 2008). This was further
confirmed in one of the sample which did not show
amplification with standard primers for ORF 75 but
showed the amplicon when ORF 75 flank primers were
used. While the use of ORF 94 and ORF 125 has been
proved to be useful in various epidemiological studies, the
same for ORF 75 has so far not been advocated. This could
be due to sequence variation at the primer binding sites
contributing to difficulties in its detection. In the present
study, many of our samples were not amplified either
by ORF 75 or ORF 75 flank primers. At the same time,
these were amplified by ORF 94 and ORF 125. Further
refining of the primer design may be helpful in detecting
this particular ORF.

It can be concluded from this study that WSSV is
widespread in Gujarat which is a major shrimp growing
state in the north-west coast of India. Genotyping of
WSSV isolates based on RU patterns of VNTRs suggest
that, some distinct genotypes of the virus are circulating
in Gujarat and are distinct from the isolates reported from
southern part of India and the other geographically distant
shrimp growing regions like, Mexico, Thailand and
Vietnam. Further in depth study of SNPs would help in
tracking the movement of virus within the country.
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