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Abstract
The white spot syndrome virus (WSSV) remains the most devastating viral pathogen of shrimp culture

worldwide. Gene silencing by RNA interference (RNAi) using double stranded RNA (dsRNA) has been
considered a powerful tool for conferring protection against WSSV when viral genes are silenced, as
documented in several shrimp species. However, this effect is not long lasting. Our results provide
the first evidence that long-term silencing of the LvRab7 endogen produced antiviral effect against
WSSV, which endured at least 21 d after dsRNA treatment (dat). Until now, the most efficient way to
implement RNAi with dsRNA into the shrimp is by injection. Consequently, its application to broodstock
in hatcheries is possible, minimizing the risk of vertical transmission of the virus. We show that the
expression of Rab7 in hemocytes is lowest at 2 dat and finally recovers to basal status. In contrast, in gills
and pleopods, gene expression silencing continued for at least 21 d. We challenged Litopenaeus vannamei
broodstock with WSSV at 7, 14, or 21 dat reaching mortality rates of 0, 40, and 27%, respectively.
In conclusion, the LvRab7 gene silencing is progressive and effective against WSSV. However, further
studies are necessary to elucidate the functions of Rab7 in shrimp cells before applying this methodology
at a commercial level.

The white spot syndrome virus (WSSV) remains
the most devastating viral pathogen of shrimp
culture worldwide (Lightner 2011). Since its
first appearance, the white spot disease has
caused mass mortalities in a few days after
the onset of signs, being a serious threat to
shrimp aquaculture (Lightner 1996). To coun-
teract its impact, several biosecurity strategies
have been implemented, such as the control

1 Correspondence to: pindaroalvarez@hotmail.com

of broodstock (Lightner 2005), water filtration
and disinfection (Schuur 2003), use of certi-
fied specific pathogen-free (SPF) postlarvae
(Lightner and Redman 1998), and eradication
of vectors and/or carriers (Lotz 1997). How-
ever, these actions have not been effective in
preventing development of the disease. Hence,
some biotechnological tools have been tested
as recombinant subunit vaccines (Witteveldt
et al. 2004), probiotic microorganisms and
antiviral plants (Peraza-Gómez et al. 2009),
synthetic antiviral products, macroalgae and
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microalgae (Rahman et al. 2006; Huynh et al.
2011), and recently RNA interference (RNAi)
triggered by short interfering RNA (siRNA)
or double-stranded RNA (dsRNA) (Robalino
et al. 2005; Kim et al. 2007). RNAi is a cel-
lular pathway initiated by long dsRNA that is
processed to small RNAs (21–26 bp) by an
RNase III (Dicer). These small RNAs act within
silencing effector complexes that are targeted to
complementary sequences in the mRNA, start-
ing their specific degradation (Fire et al. 1998).
This pathway has been described in numerous
eukaryotic organisms including shrimp (Tira-
sophon et al. 2007; Xu et al. 2007; Rijiravanich
et al. 2008). RNAi has been applied to shrimp
in three ways: (a) interfering transcription and,
therefore, with the synthesis of viral proteins;
(b) interfering proteins involved in shrimp viral
infection; and (c) to identify biological, physi-
ological or immunological consequences of the
interference of endogenous genes. RNAi has
been denoted as a powerful tool against WSSV
when viral genes are silenced. This effect has
been documented in several shrimp species such
as Marsupenaeus japonicus (Wu et al. 2007; Xu
et al. 2007; Sudhakaran et al. 2011), Penaeus
chinensis (Kim et al. 2007), Penaeus monodon
(Westenberg et al. 2005; Attasart et al. 2009),
and Litopenaeus vannamei (Robalino et al.
2005; Wu et al. 2007). The efficiency of RNAi
to inhibit the replication of WSSV in shrimp
depends on the protein target, dsRNA size,
dsRNA dosage applied, and the number of inoc-
ulated virions (Robalino et al. 2005; Wu et al.
2007; Alvarez-Ruiz et al. 2013). Some results
suggest that RNAi pathway in shrimp is more
effective when target mRNAs are present within
the cell (Mejía-Ruiz et al. 2011). Moreover, by
silencing endogenous shrimp genes associated
with the infection of WSSV, as the integrin β-cell
receptor, it has been possible to successfully
reduce viral replication and, therefore, increase
survival in M. japonicus (Li et al. 2007). Silenc-
ing of caspase-3 and Toll gene in L. vannamei
activated an antiviral response against WSSV
(Rijiravanich et al. 2008; Lebreuche et al. 2009).
Silencing of tetraspanin-3 in Fenneropenaeus
chinensis significantly reduced mortality in
shrimp challenged with WSSV (Gui et al. 2012).

In addition, Rab7 gene silencing has shown an
impact against the replication of WSSV in
P. monodon juveniles (Ongvarrasopone et al.
2008).

Rab7 belongs to the family of Rab proteins
(Ras-associated binding). These are small
GTPases that regulate docking and fusion
of transport vesicles through the endocyto-
sis and exocytosis pathways (Rodman and
Wandinger-Ness 2000). Some viruses use endo-
cytosis pathway to enter the cell and replicate
(Sieczkarski and Whittaker 2002). Sritun-
yalucksana et al. (2006) first reported Rab7 in
P. monodon (named PmRab7) as a protein
related to WSSV infection. Later, it was dis-
covered that silencing Rab7 produces an effect
against WSSV in P. monodon postlarvae and
juveniles (Ongvarrasopone et al. 2008; Attasart
et al. 2009) as well as in broodstock of L. van-
namei (Alvarez-Ruiz et al. 2013). In addition,
shrimp treated with dsRNA-PmRab7 inhibited
infection against other shrimp viruses, such
as the yellow head virus (YHV) (Ongvarraso-
pone et al. 2008), Laem-Singh virus (LSNV)
(Ongvarrasopone et al. 2010), and the Taura
syndrome virus (TSV) (Ongvarrasopone et al.
2011). Recently, a Rab7 cDNA sequence was
isolated from L. vannamei (LvRab7) and silenc-
ing of this transcript showed a modest antiviral
response against WSSV challenge after 48 h
post-dsRNA inoculation in broodstock; how-
ever, the highest gene silencing was registered
up to 120 h post-treatment (Alvarez-Ruiz et al.
2013). Therefore, the aims of this research were
to assess the antiviral effect against WSSV at
several times after dsRNA treatment in brood-
stock and to determine long-term silencing in
different shrimp tissues.

Materials and Methods

Virus Inoculum and Infectious Doses

The WSSV inoculum was titrated in vivo
in a previous study and inoculation was done
intramuscularly (Alvarez-Ruiz et al. 2013). The
infectious titer of the inoculum was 106.2 infec-
tious doses with 50% endpoint (shrimp infec-
tious dose, SID50/mL) (Reed and Muench 1938).
A deadly dose (20 SID50) was chosen for
challenge experiments.
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Table 1. Primers used for expression, synthesis of dsRNA, and WSSV detection.

Gene Primer Sequence
Product
size (bp)

Efficiency
(%) Analyses

LvRab7 LvRab7-F 5′ ATGGCATCTCGCAA
GAAG 3′

618 dsRNA
production

LvRab7-R 5′ TTAGCAAGAGCATGC
ATCC 3′

LvRab7 qLvRab7-F 5′ GCAACCATTGGAGCA
GATTT 3′

195 94.1 LvRab7
expression

qLvRab7-R 5′ ACGCCATGAATCGAG
AGACT 3′

WSSV VP28 VP28-F 5′ AACTGCAGATGGATCT
TTCTTTC 3′

615 WSSV detection

VP28-R 5′ AACTGCAGTTACTCGGT
CTCAG 3′a

β-actin β-actinF 5′ GAAGTAGCCGCCCTG
GTTG 3′

338 Internal control

β-actinR 5′ CGGTTAGCCTTGGGG
TTGAG 3′

Ribosomal protein
40S-S24

qLv40S-S24-F 5′ CAGGCCGATCAACTGT
CC 3′

204 93.1

qLv40S-S24-R 5′ CAATGAGAGCTTGCCT
TTCC 3′

Elongation factor
2

qLvEf-F 5′ CTGTGGTCTGGTTGGT
GTTG 3′

141 99.2

qLvEf-R 5′ TCAGATGGGTTCTTGG
GTTC 3′

Ubiquitin qLvUBIQ-F 5′ GGGAAGACCATCACC
CTTG 3′

146 90.2 qPCR reference
genes

qLvUBIQ-R 5′ TCAGACAGAGTGCGA
CCATC 3′

18S rRNA qLv18S-F 5’ GCAGGCTGGTTTTTG
CTTAC 3’

185 86.9

qLv18S-R 5′ ATGCTTTCGCAGTAGG
TCGT 3′

Tubulin qLvTUB-F 5′ GTCCGCAAGGAAGCAG
AA 3′

210 89.9

uLvTUB-R 5′ GATTGAGAGGGTTGCG
TTGT 3′

WSSV=White Spot Syndrome Virus.
aRestriction site PstI is underlined.

WSSV Diagnosis by PCR

Total DNA from hemocytes was extracted
using GENECLEAN SPIN Kit (MP Biomedi-
cals, Santa Ana, CA, USA). DNA from gills was
extracted using DNAzol (Gibco®, Invitrogen,
Waltham, MA, USA), following manufacturer’s
instructions.

In order to confirm that the organisms used
in this work were WSSV free, the experimental
shrimp collected were screened for WSSV
by PCR using primers (VP28 F/R) (Table 1)
and DNA (80–100 μg) from hemocytes as
template. Viral infection in dead shrimp was

confirmed by PCR, extracting DNA from gills.
β-actin sequence was used as an internal control
(Table 1). PCR conditions for amplification were
denaturation at 95 C for 3 min, followed by 35
cycles of denaturation (95 C for 30 s), annealing
(55 C for 30 s), and extension (72 C for 1 min),
with a final extension (72 C for 5 min). The PCR
products were resolved on a 1% agarose gel.

RNA Extraction, cDNA Synthesis, and Reverse
Transcription PCR

Total RNA was extracted using Trizol (Gibco,
Invitrogen, Waltham, MA, USA), following
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manufacturer’s instructions. Total RNA was
quantified on a NanoPhotometer® (Nano-Drop
2000c, Thermo Scientific, Vantaa, Finland),
considering the absorbance ratio 260/280 nm
between 1.8 and 2.0 as acceptable purity range.

cDNAs were synthesized from 1.0 μg of
total RNA from each sample using Improm-II
Reverse Transcriptase (Promega, Madison, WI,
USA) and oligo dT20. cDNA was diluted 10
times with water; 5 μL of this cDNA dilution
was used as template in RT-PCR reactions.
Conditions for amplification were the same of
the PCR (above).

qPCR Analyses

The qPCR mix contained 2.5 mM MgCl2,
50 μM of each dNTP, 0.45 U of GoTaq DNA
polymerase (Promega, Madison, WI, USA),
0.20–0.46 μM of each primer, and 1× EvaGreen
fluorescent dye (Biotium Inc., Hayward, CA,
USA), in 15 μL of final volume. The efficiency of
the amplification was determined by calculating
a slope with at least five serial dilutions (dilution
factor of 5) of a representative pool of cDNAs.
The amount of primers was optimized for each
gene when the best efficiency was recorded, ana-
lyzing different dilution curves with different
amounts of primers. The amplification condi-
tions were as follows: 95 C for 3 min followed by
40 cycles of 95 C for 10 s, 60 C for 15 s, 72 C for
30 s, and 79 C for 5 s (to acquire fluorescence),
using a CFX96 Real Time PCR thermal cycler
(Bio-Rad). After each reaction, a dissociation
curve from 60 to 90 C was recorded at incre-
ments of 0.5 C and examined for unique and
specific products. All reactions were conducted
in duplicate (expression analyses) or triplicate
(efficiency curves), and spurious amplification
of Cq 38 and/or with unexpected dissociation
curves were considered as not amplified.

To determine the most stable reference genes
to be used in relative expression analyses,
we analyzed the expression of five genes as
potential reference genes (Table 1). The relative
stability of reference genes was analyzed in
86 samples obtained from the experiment. The
expression stability of the potential reference
genes was analyzed using two algorithms:

GeNorm (Vandesompele et al. 2002) and
NormFinder (Andersen et al. 2004), using
the RefFinder web application (http://www.
leonxie.com/referencegene.php). The expres-
sion of target genes was normalized to the
geometric mean of the three most stable genes.

Cq values were exported to Excel (Microsoft)
and transformed to relative quantities (RQ)
using the equation RQij = E

(
Cq(min)−Cq(ij)

)
.

Where E is the gene-specific efficiency, and
(Cq(min)−Cq(ij)) is the absolute difference for
each Cq sample against the lowest Cq in the
data set for each gene. Relative expression was
calculated with the equation RQtarget/Geometric
mean of the three most stable reference genes
RQreference genes (Vandesompele et al. 2002).

Construction of LvRab7-Specific
Double-Stranded RNA (dsRNA)

A 618 bp Rab7 dsRNA fragment was synthe-
sized using an in vitro transcription kit (Block-iT
RNAi TOPO Transcription Kit; Invitrogen) as
follows. Briefly, PCR products of the LvRab7
gene were amplified and linked to the T7 pro-
moter. Two secondary PCR reactions were per-
formed separately combining the T7 primer
and LvRab7-specific forward or reverse primers,
respectively, to amplify linked forward or reverse
PCR products. Each of these amplifications pro-
duced sense or antisense DNA strands linked
to T7 promoter sequence in the 5′ end, to be
used next as templates for ssRNA transcrip-
tion. Transcription of sense or antisense ssRNA
templates was achieved by incubating separate
templates for 6 h at 37 C with BLOCK-iT T7
enzyme mix. After transcription, DNAse I was
added to digest DNA templates. Sense and anti-
sense ssRNAs were purified and quantified using
a NanoPhotometer (Nano-Drop 2000c; Thermo
Scientific, Vantaa, Finland). Equimolar concen-
trations of sense and antisense ssRNA tran-
scripts were mixed to form dsRNA and stored
in aliquots of 100 μg each at −70 C until used.
To test whether RNA was double stranded, an
aliquot of dsRNA was incubated with RNaseA
and DNAase I, which specifically cleave ssRNA
and DNA, respectively, and the intact dsRNA
was assessed by agarose electrophoresis.
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LvRab7 Silencing in Hemocytes, Gills,
and Pleopods

To evaluate LvRab7 gene silencing in differ-
ent shrimp tissues, 200 L. vannamei (15± 2.5 g
mean body weight [MBW]) were obtained from
experimental ponds of CIBNOR-La Paz and
placed in plastic containers of 1500 L with fil-
tered sea water (35 g/L salinity) and continuous
aeration.

After 24 h acclimation, 60 shrimp were
intramuscularly injected with dsRNA-LvRab7
(5 μg/shrimp) and placed in six plastic tanks
with 80 L of filtered seawater and continuous
aeration. Water temperature was 27± 1.0 C and
water exchange (50%) was done daily. Shrimp
were fed twice daily with commercial diet dur-
ing the experiment. A total of 60 shrimp, under
the same conditions and injected with phosphate
buffer saline (PBS) buffer (1×), were used as a
negative control.

Seven treated and seven untreated shrimp were
collected at 2, 7, 14, and 21 d after dsRNA
treatment (dat). Hemolymph (300 μL), pleopods,
and gills were taken from each animal. Gills and
pleopods were fixed with Trizol (1.0 mL) and
stored at −70 C until used. The hemolymph was
processed, and subsequently hemocytes were
fixed with Trizol (500 μL).

At the end of the experiment, all samples
were processed to obtain total RNA. cDNAs
were synthesized, and expression of LvRab7 was
assessed through qRT-PCR.

WSSV Challenge at 7, 14, and 21 d After dsRNA
Treatment

Shrimp L. vannamei broodstock (n= 300,
MBW 27± 4.0 g) were obtained from a hatch-
ery in Sonora, Mexico. Shrimp were maintained
in a glass fiber tank (2000 L) contained 1800 L
of filtered sea water (25 g L−1 salinity) provided
with continuous aeration. Animals were kept in
these conditions 10 d before the experiments.
DNA was extracted from hemocytes and ana-
lyzed by PCR to discard WSSV presence. After
that, 225 shrimp broodstock were distributed
among three batches in separate tanks: Batch (1),
75 shrimp injected with 5 μg of LvRab7-dsRNA
(treatment); Batch (2), 75 shrimp injected with

PBS-1× alone (used as positive control); and
Batch (3), 75 intact shrimp (used as negative
control).

The challenge experiments were performed in
controlled temperature chambers at 27± 0.1 C
using sterile seawater at 25 g/L salinity. The
experimental units consisted of plastic tanks of
80 L with lids. To eliminate water exchange,
each tank was equipped with a sand filter and
continuous water recirculation impelled by aer-
ation. Five shrimp were placed in each tank and
acclimated 24 h before challenge. Each experi-
ment was performed in triplicate. Shrimp were
fed ad libitum in two portions daily.

At 7 dat, five shrimps from treatment and pos-
itive control (Batches 1 and 2) were challenged
intramuscularly with a lethal dose of WSSV (20
SID50); five shrimp from negative control (Batch
3) were mock-treated with 100 μL of PBS 1×.
Clinical signs of infection and shrimp mortality
were monitored twice daily. Moribund shrimp
were collected during the experiment and pro-
cessed for DNA-PCR and qRT-PCR analyses.
Dead shrimp were collected and fixed only for
WSSV detection by PCR. At 10 d after challenge
(dac), survivors were euthanized and processed
for analyses. Identical experiments were done
with shrimp from the initial batches (1, 2, and
3) at 14 and 21 dat.

Statistical Analyses

The significance of the mortality rates and
LvRab7 expression of the different experimental
groups was determined by one-way ANOVA
followed by Tukey’s multiple comparison test.
Mortality percentage values were converted to
arcsine values for statistical analysis. A P≤ 0.05
value was considered statistically significant.

Results

Stability Analyses of Reference Genes

Amplification efficiencies (E) of each refer-
ence gene primers (Table 1) were calculated
from the slope curve with a pool of shrimp
cDNAs. The efficiencies ranged between 86.9
and 99.2% (Table 1). These values were used as
a correction parameter for the relative quantifi-
cation of samples.
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Figure 1. Stability values of reference genes, by geNorm and NormFinder.

When the Cq of reference genes was analyzed
using geNorm. UBIQ, 40S-S24, and Ef remained
as the most stable genes, giving stability-values
(SV) of 0.4 (Fig. 1). Analyses using NormFinder
determined Ef as the most stable gene reaching
SV= 0.1, the second and the third were UBIQ
and 40S-S24 giving SV values of 0.5 and 0.6,
respectively (Fig. 1). Hence, they were selected
to obtain LvRab7 expression.

Silencing of LvRab7 in Different Tissues

The silencing effect of LvRab7 dsRNA during
21 days was quantified in three shrimp tis-
sues. The monitoring was carried out in hemo-
cytes, gills, and pleopods (Fig. 2). All treated
shrimp had the lowest expression levels at 2
dat, whereas expression was clearly shown in
the PBS-injected shrimp. However, expression

in hemocytes at 7, 14, and 21 dat was not
significantly different from that of untreated
shrimp. In contrast, expression in gills and
pleopods remained significantly different at least
until 21 dat. These results demonstrate that
silencing of LvRab7 was active at 2 dat and per-
sisted in some shrimp tissues for at least 21 dat.

Long-term Protection Against WSSV

The antiviral effect of LvRab7 silencing was
estimated in shrimp broodstock by three experi-
ments. A lethal dose of WSSV (20 SID50) was
injected into experimental shrimp at 7, 14, or
21 dat, and development of disease and LvRab7
gene expression were analyzed.

No mortality was recorded in the negative
control (no WSSV and no dsRNA). On the other
hand, mortality reached 100% in the positive
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Figure 2. Relative expression of LvRab7 mRNA in (A) hemocytes, (B) gills, and (C) pleopods. Samples were taken at
different times after dsRNA-LvRab7 injection (2, 7, 14, and 21 d). Relative expression was normalized with geometric
means of 40S-S24, Ef, and UBIQ. Different letters indicate significant differences (P≤ 0.05).

control (no dsRNA+WSSV) (Fig. 3). WSSV
presence was verified by PCR.

Experiment 1: At the first WSSV challenge
(7 dat), shrimp treated with dsRNA as well as

the negative control group showed no signs of
disease during the experiment. At 10 dac, no
mortality was recorded in either treated animals
or negative control (Fig. 3A).
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Figure 3. Cumulative mortality of Litopenaeus vannamei broodstock challenged with WSSV (20 SID50). No mortality
was recorded in negative control groups (no dsRNA, no WSSV) while positive control groups (no dsRNA+WSSV) had a
cumulative mortality of 100% at 4 days after challenge. (A) No mortality was recorded in shrimp challenged at 7 days
after treatment (dat). (B) Challenged at 14 dat (40% mortality). (C) Challenged at 21 dat (27% mortality). Different letters
indicate significant differences (P≤ 0.05).

Experiment 2: Shrimp dsRNA-treated and
challenged with WSSV at 14 dat showed
cumulative mortality of 40% (Fig. 3B).

Experiment 3: At 21 dat, shrimp were
inoculated with WSSV. At the end of the
experiment mortality reached 27% in the
LvRab7-dsRNA treatment (Fig. 3C).

LvRab7 Expression in Shrimp Challenged
Against WSSV

LvRab7 expression was quantified using
qRT-PCR in gill tissue of surviving shrimp in
all three assays (7, 14, and 21 dat), as well as in
control groups. The expression was significantly
higher in the control groups shrimp (no dsRNA)
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Figure 4. mRNA expression levels of LvRab7 estimated in gill tissue of experimental shrimp broodstock. Positive control
[no dsRNA+white spot syndrome virus (WSSV)]. Negative control (no dsRNA+ no WSSV) (survivors). Shrimp treated with
LvRab7 dsRNA that survived to WSSV challenge. Relative expression was normalized with geometric means of 40S-S24,
Ef, and UBIQ. Different letters indicate significant differences (P≤ 0.05).

than in those treated with dsRNALvRab7,
besides decreasing gradually (Fig. 4). These
results reveal that silencing of LvRab7 persisted
during all the experiments.

Discussion

The Rab proteins are small GTPases with a
significant function in endocytosis and exocyto-
sis (Stenmark and Olkkonen 2001; Sieczkarski
and Whittaker 2002). Several enveloped viruses
enter into cells by endocytosis-mediated Rab5
and/or Rab7. Venezuelan equine encephalitis
virus (VEEV) and dengue virus (DENV) require
Rab5 and Rab7 to enter the mosquito cells (Col-
pitts et al. 2007; van der Schaar et al. 2008).
Semliki Forest virus and vesicular stomatitis
virus need exclusively Rab5 to infect cells
(Sieczkarski and Whittaker 2002). Moreover, it
has been found that silencing of Rab5 and Rab7
reduces viral replication of hepatitis C virus
(HCV) (Manna et al. 2010). In shrimp, blocking
of Rab7 protein with anti-Rab7 or silencing gene
with dsRNA increased survival in broodstock
and juvenile shrimp challenged against WSSV
(Sritunyalucksana et al. 2006; Ongvarrasopone
et al. 2008; Attasart et al. 2009; Alvarez-Ruiz
et al. 2013). Furthermore, it has been docu-
mented that silencing of Rab7 in P. monodon
and L. vannamei inhibits the replication of other
viruses such as YHV (Ongvarrasopone et al.

2008), LSNV (Ongvarrasopone et al. 2010), and
TSV (Ongvarrasopone et al. 2011). Hence, it is
clear the potential of silencing Rab7 as a pre-
ventive strategy against WSSV. The first study
concerned Rab7 silencing in juveniles (7–10 g)
of P. monodon, experimentally infected at 2 d
dat, with duration of 9 d (Ongvarrasopone et al.
2008). Then, P. monodon (300 mg) were infected
at 3 dat, and observed for 11 d (Attasart et al.
2009) and L. vannamei broodstock (27.5± 2.5 g)
infected at 2 dat and maintained for 12 days
(Alvarez-Ruiz et al. 2013). Regarding the Rab7
silencing against other viruses (LSNV or TSV),
monitoring has been less than a week (Ongvar-
rasopone et al. 2010, 2011). To our knowledge,
there are no studies on the long-term protection
against WSSV by silencing endogenous genes or
the effect of silencing LvRab7 in shrimp after 12
d. In this study, for the first time L. vannamei
treated with dsRNA-LvRab7 were observed dur-
ing 31 dat.

Rab7 silencing in juvenile shrimp reaches its
highest level at 2 dat, evaluated by qRT-PCR
(Ongvarrasopone et al. 2008). However, in
a previous study, LvRab7 dsRNA-treated
shrimp broodstock showed lower expression in
hemocytes up to 5 dat, evaluated by RT-PCR
(Alvarez-Ruiz et al. 2013). Besides, there are no
reports on the development of Rab7 silencing in
other shrimp tissues. In this study, the expression



580 ALVAREZ-RUIZ ET AL.

of Rab7 in hemocytes, gill, and pleopods at 2,
7, 14, and 21 dat were evaluated. The results
showed that silencing in hemocytes is lowest
at 2 dat, but recovers to basal status at 7 dat.
This result agrees with research published by
Ongvarrasopone et al. (2008). On the other
hand, silencing of Rab7 in gills and pleopods
was significantly different from the control (no
dsRNA) at all sampling times. This suggests
that silencing of Rab7 depends on the lifetime of
the cell. In this case, it could be that hemocytes
were renewed after 2 d, and the new cells were
not silenced.

To assess the durability of the antiviral effect,
dsRNA Rab7-treated broodstock were chal-
lenged against WSSV at 7, 14, and 21 dat.
Previous studies using Rab7-dsRNA to inhibit
virus infection in P. monodon (1–2 g) showed a
modest inhibition and 45% cumulative mortality
(Attasart et al. 2009). L. vannamei broodstock
showed 33 and 40% mortality at 10 d after
WSSV challenge (Alvarez-Ruiz et al. 2013).
However, both challenge experiments were
carried out by inoculating the virus at 2 dat. In
this study, the results showed a potent antivi-
ral effect at 7 dat. In addition, there was no
mortality in this experiment, indicating that the
antiviral effect is optimal after 7 d. This is the
first experiment where dsRNA-Rab7-treated
shrimp were kept uninfected for long intervals
of time before being challenged with WSSV.
Moreover, it is the first report of zero mortality
in dsRNA-Rab7-treated shrimp and challenged
with WSSV. It is possible that the antiviral treat-
ment described in this study improved survival
because the elapsed interval between the dsRNA
injection and the WSSV infection was longer
than 2 d.

The lifetime of human Rab7 is ∼28 h (Ganley
et al. 2004). However, in this study, the antiviral
effect of dsRNA-Rab7 administered at 7 dat
was stronger than at 2 dat, probably due to the
half-life of the LvRab7 synthesized before RNAi
triggered. Some studies revealed that the last
amino acid of the protein chain (N-terminal)
indicates its lifetime (Bachmair et al. 1986).
LvRab7 has cysteine in its N-terminal region,
which classifies it as a half-life protein. However,

no information is available on the lifetime of
Rab7 in shrimp.

On the other hand, in this study, we have shown
that the shrimp inoculated with dsRNA-LvRab7
resulted in eliminating the virus from the experi-
mental shrimp after 7, 14, or 21 dat. These results
contrast with a previous research where shrimp
treated with dsRNA of the WSSV gene (VP28
and VP26) were challenged against WSSV at 10
or 20 d after dsRNA injection. They reported a
gradual loss of the antiviral effect and suggest
that if there is no target mRNAs to degrade (viral
mRNAs), the RNAi pathway gradually loses its
effect in shrimp (Mejía-Ruiz et al. 2011).

In this sense, it is known that RNA-dependent
RNA polymerase (RdRP) is a required compo-
nent of the RNA silencing pathway (Wasseneg-
ger and Krczal 2006). A role for RdRP in eukary-
otic RNA silencing has been demonstrated in
a wide range of eukaryotic species, including
fungi (Cogoni and Macino 1999), plants (Hamil-
ton and Baulcombe 1999), nematodes (Sijen
et al. 2007), and insects (Lipardi and Paterson
2010). Besides, the RNAi pathway potentiates its
effect using the mRNAs target as a substrate to
generate secondary short interfering RNA (siR-
NAs) synthesized by RdRPs in Caenorhabditis
elegans (Sijen et al. 2007). In this study, we reg-
istered a potent antiviral effect, when an endoge-
nous gene of shrimp (LvRab7) was silenced, so
that the mRNAs were present before virus infec-
tion. Therefore, our results suggest that L. van-
namei has a homologue of RdRP to enhance the
RNAi potency. However, until now no RdRP has
been identified in shrimp.

To determine the status of LvRab7 mRNA
in experimental shrimp, the expression was
assessed using qRT-PCR. Statistical analysis
of results showed that samples were separated
in two groups (treated and untreated). How-
ever, LvRab7 expression diminished gradually
according to the elapsed time after LvRab7
dsRNA application.

Despite the efforts made so far, WSSV con-
tinues to cause mortalities to the shrimp farm-
ing industry. RNAi pathway has proven to be
a powerful tool to prevent WSSV replication.
Currently, applying large-scale RNAi is not prof-
itable. However, because the broodstock are
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the source of postlarvae, implementing RNAi
as a prophylactic measure in hatcheries could
be a strategy to obtain WSSV-free postlarvae.
The reproductive period of female shrimp in
hatcheries is about 60 d. Therefore, it is imper-
ative to find strategies to protect broodstock
against pathogens for prolonged periods of time.
This is the first study in which LvRab7 silenc-
ing provides a lasting effect against WSSV. But,
although our work adds to the molecular knowl-
edge related to WSSV infection, the particular
complexity of Rab proteins, interacting in signif-
icant cellular pathways, implies that much more
work is required to define the specific function
of LvRab7 in viral pathogenesis.
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