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Researchers explore solutions to major shrimp disease

The white spot syndrome virus (WSSV) has caused major economic losses to shrimp farmers
worldwide since the 1990s. Various field treatments and strategies for controlling WSSV have been
tested, showing different degrees of efficacy. Some of these include immuno-stimulants, administration
of recombinant viral proteins, manipulating water temperature, DNA vaccines and RNA interference
(RNAI).

WSSV has up to 531 putative genes, some of which may be essential for WSSV infection/replication.
Most of the WSSV genes have unknown roles in virus infection. Several studies have used RNAi against
WSSV genes, encoding structural proteins involved in virion architecture and virus entry. Other studies
have assessed the antiviral efficacy of non-structural WSSV proteins.

It is possible the antiviral efficacy of RNAi molecules depends on the targeted genes. Silencing WSSV
genes with critical roles in virus replication might show a stronger antiviral effect and thus reduce
shrimp mortality.
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At the end of the experiments, most of the animals treated with dsRNA against WSSV genes survived
and had low rates of WSSV infection.

Study setup

The authors therefore established a study to evaluate the antiviral efficacy of double-stranded (ds)RNA
against non-structural WSSV genes orf89 and wsv191 in Pacific white shrimp (Litopenaeus vannamei)
and compare it to dsRNA against WSSV genes vp28 and vp26 under experimental conditions.
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Juvenile shrimp from a hatchery in Sonora, Mexico, were tested WSSV-negative by polymerase chain
reaction (PCR) analyses. The animals were maintained in artificial seawater with a salinity of 25 g/L,
temperature of 27 + 2 degrees-C and continuous aeration. Fifty percent water exchange was done every
third day to maintain good water quality.

A WSSV inoculum prepared from naturally infected shrimp from Sinaloa, Mexico, was titrated in vivo.
For each tenfold serial dilution (102-107), five shrimp were intramuscularly inoculated and individually
kept in 12-L tanks with artificial seawater.

The shrimp were monitored twice daily for clinical signs of WSSV infection and mortality for 10 days.
Infectivity and lethal titers were determined to be 10%° SID5o/mL and 10°° L.D.5p/mL, respectively.
SIDs5g is the shrimp infectious dose that will result in 50 percent infected shrimp. L.D.5q is the single
dose that will cause death in 50 percent of a group of test animals.

RNAIi against four WSSV genes — vp26, vp28, vp191 and orf89 — was produced as dsRNA using a
commercial transcription kit following the manufacturer instructions. Table 1 includes information on
the specific primers and standard PCR conditions used to amplify the genes.

Treatments

Groups of 10 WSSV-free L. vannamei were acclimatized for 24 hours in 80-L tanks containing artificial
seawater at 25-g/L salinity, a temperature of 25 + 2 degrees-C and with continuous aeration. Each
group was respectively inoculated via 4-ug injections with one of the dsRNAs.

A group was treated with 40 pyL dsRNA against bacterial LacZ gene and used as a control. Another
group of 10 shrimp was mock treated with 40 yL phosphate-buffered saline and used as a positive
control. Three replicates were done per treatment.

After 48 hours, all the treated animals were intramuscularly challenged with a high dose (2,500 SIDsg in
50 pL) of WSSV. The shrimp were monitored twice daily for 10 days after the challenge for clinical
signs of disease and mortality. Moribund and dead shrimp were recorded and removed from the tanks,
with tissue samples taken for WSSV detection.

At the end of the experiment, surviving shrimp were sacrificed, and their gills were used for RNA
extraction and WSSV PCR analyses. The antiviral efficacy of the different dsRNAs was assessed using
cumulative mortality and number of WSSV-infected shrimp.
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Figure 1. Mean cumulative mortality of shrimp treated with dsRINA against WSSV genes.
Groups of mock-treated shrimp, LacZ dsRNA and a blank group not challenged with WSSV
nor treated with dsRINA are included.
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Figure 1

Results

The mock-treated group and shrimp treated with LacZ dsRNA first showed clinical signs of WSSV
infection, such as reduced feeding, erratic swimming and/or lethargy at 24 hours post inoculation (hpi).
The first mortalities were recorded at 36 hpi. These two groups had 100 percent mortality at 108 hpi
(Figure 1), and all animals in these groups were WSSV-positive by PCR (Figure 2).

Shrimp treated with vp28 dsRNA showed first mortalities at 72 hpi and final cumulative mortality of 7
percent. Animals treated with orf89 dsRNA displayed first mortalities at 108 hpi, and their cumulative
mortality at the end of the experiments was 10 percent. Shrimp treated with vp26 dsRNA showed first
mortalities at 84 hpi and cumulative mortality of 21 percent. Animals treated with wsv191 dsRNA
showed first mortalities at 24 hpi and final cumulative mortality of 83 percent (Figure 1).

All dead animals in these treatments were WSSV-positive by PCR. The surviving shrimp did not display
clinical signs of WSSV infection and were WSSV-negative by RT-PCR assays (Figure 3).
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Figure 2

Antiviral response

A single dsRNA dose of 4 pg/shrimp was enough to trigger an antiviral response against a lethal WSSV
challenge. Sequence-specific dsRNA effectively inhibited virus replication and reduced mortality in
treated shrimp. At the end of the experiments, most of the animals treated with dsRNA against WSSV
genes survived and had low rates of WSSV infection. In contrast, shrimp treated with sequence-
independent dsRNA (bacterial LacZ gene) became infected and only underwent a delay in time to
mortality.

Shrimp treated with dsRNA against vp28 and vp26 were protected against a highly lethal WSSV
challenge. Genes vp28 and vp26 encode structural proteins VP28 and VP26, which have been shown to
play important roles in virion structure, virus attachment and infection.
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The two dsRNAs against the non-structural WSSV genes orf89 and wsv191 showed that silencing the

orf89 gene was effective in reducing virus replication and shrimp mortality in a way similar to that
observed with vp28 dsRNA. In contrast, dsSRNA against wsv191 had the least antiviral effect of the four
sequence-specific dsRNAs tested.

Figure 3

Perspectives

The functions of the two non-structural proteins encoded by these WSSV genes may help explain the
differences in antiviral activity. Gene orf89 is expressed early during virus replication and encodes a
viral protein that has a negative regulatory function. This gene may have an essential early role during
virus infection/replication, and therefore its silencing greatly affected the outcome of WSSV infection.

In contrast, gene wsv191 probably is not an essential gene for WSSV replication, despite the fact it may
encode a non-specific endonuclease with both DNAse and RNAse activities. Its silencing was not
significant in inhibiting virus replication.

Primer Name

orf89F1
orf89R1

wsv191F1
wsv191R1

vp28F3
Vp28R3

Vp26F4
vp26R4

LacZF2
LacZR2

B-ActinF2
B-ActinR2

BLOCK-IT.T7
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Sequence (5' > 3)

AGGACCCGATCGCTTACTTTGA
CAAGAAACCGGGAGGGATTTTC

AAGTGGGTGCGCAACAAAATA
TGTAGAGGGCATGAGGGATAG

ATGGATCTTTCTTTCAC
TTACTCGGTCTCAGTGC

ATCCAACCAACACGTAAAGG
GGAAAATCTACATCTGTTGTGC

ACCAGAAGCGGTGCCGGAAA
CCACAGCGGATGGTTCGGAT

GAAGTAGCCGCCCTGGTTG
CGGTTAGCCTTGGGGTTGAG

GATGACTCGTAATACGACTCACTA

PCR Product Size (bp)

483
451
615
580
1,012

416
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