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ABSTRACT

To determine the cause of monodon slow growth syndrome (MSGS)
in the black tiger shrimp Penaeus monodon, re-infection experiment was
carried out by injection of bacterial free lymphoid organ extracts (LOE) from
two commercial shrimp species into healthy juvenile P. monodon. The shrimps
of which LOE were obtained, were MSGS P. monodon, specific pathogen-free
(SPF) white Pacific shrimp P. vannamei that were co-cultured with MSGS
P. monodon, SPF P. vannamei that were mono-cultured, and P. monodon that
had normal growth rate. Both groups of the P. vannamei, from which LOE
were taken, did not have growth retardation. Four and a half months post-
injection, P. monodon groups that received LOE from MSGS P. monodon and
P. vannamei that were co-cultured with MSGS P. monodon had clinical
manifestations of MSGS, i.e., growth retardation, size difference and increased
body color. Under light microscopy (LM), the lymphoid organ of the naturally
occurred MSGS P. monodon contained several spheroids with inclusion bodies
of different size and colors in the spheroidal cells and similar features were
observed in the gills. Under transmission electron microscopy (TEM),
numerous icosahedral virus-like particles at 25 nm in diameter, and without
envelope, were observed in association with the inclusion bodies. Besides the
lymphoid organ spheroids and the gills, the abdominal muscle, eyestalk optic
lobe, brains, and the ventral nerve cord were also examined. All the tissues
examined, especially in the neural tissues, contained the virus-like particles.
The LM and TEM features of the experimentally induced MSGS P. monodon
were also similar to those of the naturally infected shrimp, suggesting that the
25 nm agent may be a causative virus for MSGS. The virus was also observed
under TEM in P. indicus and Macrobrachium rosenbergii that were co-cultured
with MSGS P. monodon, although growth retardation of these two species has
not been reported. This study showed another example of horizontal
transmission of virus from one to the next shrimp species, in which the original
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species that were infected by the virus had no clinical manifestation but the
species that received the virus showed morbidity.
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INTRODUCTION

A relatively sudden, nation-wide occurrence of unusually slow growth and wide
variation in size of cultivated black tiger shrimp Penaeus monodon has initially reported by
shrimp farmers from various growing areas in Thailand since mid 2001. This phenomenon
was termed monodon slow growth syndrome or MSGS. After a series of diagnosis of affected
shrimp by PCR, RT-PCR, histological methods and electron microscopy, no clear evidence
has been found to link MSGS with known pathogenic viruses. It was considered being caused
by cryptic pathogen(s) called monodon slow growth agent (MSGA) (1,2). Because the gross
appearances are unique and the causative agent is still speculative, case definitions of MSGS
shrimp was established for epidermiological purposes (3). The definition of MSGS includes
an average daily growth (ADG) at 4 months in culture of less than 0.15 g/day at stocking
density of 25 pieces/m? or higher, and the coefficient of variation (CV) of the body weight
(BW) higher than 35%. Most of the MSGS shrimps have distinctive dark color, with bright
yellow/black stripes on the body and appendages. The shrimp used must not be infected by
monodon baculovirus (MBV) or hepatopancreatic parvovirus (HPV), which may cause growth
retardation (4). Case of growth retardation also had been found in one commercial P.
monodon farm in East Africa in 2004 (2). After that, a new RNA virus called Laem-Singh
virus (LSNV) was described and suspected that could be associated with MSGS. However, it
was found in the lymphoid organ and gill specimens of both MSGS ponds and non-MSGS
ponds, thus it was not regarded as a possible pathogen (3,5).

During 2002, the MSGS problem, among other problems in shrimp industry,
prompted Thai shrimp farmers to switch from farming P. monodon to the less problematic
white Pacific shrimp P. vannamei (6,7). During shifting of the species, co-cultivation of P.
monodon and P. vannamei was widely observed, as well as co-cultivation within the same
pond with other less commercially important species, like the fresh water prawn,
Macrobrachium rosenbergii, the marine shrimp P. merguensis and P. indicus. The purpose of
the co-culturing was to achieve the most production from the same amount of investment
provided in mono-culture. With this co-culturing activities, spreading of pathogens across
species are expected. As a result, the presence of multiple viruses, parasites and bacterial
infections in Thai shrimp industry has been overwhelming as shown by routine histology
polymerase chain reaction (PCR) technique, dot-blot hybridization and in situ hybridization
assays (1,3,4,8).
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Some of these viruses are not known or has not been described in literature.
Apparently, except for P. monodon, no growth retardation has been reported in other co-
cultured species.

The first purpose of this study was to find out if MSGS could be transmitted from the
MSGS P. monodon and normal P. vannamei to healthy P. monodon. The second purpose was
to find out if the virus found in the lymphoid organ and gill of the MSGS P. monodon could
also be found in P. vannamei, P. indicus and M. rosenbergii being co-cultured with MSGS P.
monodon, under conventional transmission electron microscopy (TEM).

MATERIALS AND METHODS

The animal samples studied were 100 MSGS P. monodon from a commercial shrimp
pond in Thailand. The shrimps clearly demonstrated MSGS by having ADG at 4 months in
culture of less than 0.12 g/day, at stocking density of 30 pieces/m?, and CV of BW at 45%.
They had also distinctive body color as described. These MSGS P. monodon were co-
cultured with P. vannamei, which were stocked at 30 pieces/m” as well. In addition, samples
of 100 P. vannamei that were co-cultured with the MSGS P. monodon, 100 P. monodon from
a separate pond that grew normally (ADG at 4 months of >0.2 g/day) and had CV of BW
<20%, and 100 P. vannamei that were mono-cultured in a separate pond and had no growth
retardation, were taken.

Lymphoid organs (LO) from the four groups of shrimps were isolated and all the LO
from each group were pooled and homogenized with cold lobster hemolymph buffer (LHB) at
a ratio of 1:2 by volume. LHB was prepared using the method described by Paterson &
Stewart, 1974 (9). The homogenate was centrifuged and filtered through 0.45 pm membranes
and the filtrate was kept at -80°C until use. Either LHB or lymphoid organ extracts (LOE)
were injected into the abdominal muscle of P. monodon, aged one month, which were divided
into 5 groups, 60 animals each. Four groups of these animals were injected with LOE from
the four “donors” as described, and one group was injected with LHB. Another 45 one-month
old P. monodon served as non-injected control group. Each of the first five groups is
consisted of 4 replicates, with 15 animals per replicate, and the non-injected control group had
3 replicates. The initial BW of the one-month old P. monodon was 0.8-1.0 g and the volume
of LOE or LHB injected was 0.1 ml per shrimp. The shrimps in each replicate were reared for
135 days in 1.0m x 1.5m fiberglass tanks containing 0.5m-deep 15ppt seawater. The water
was adequately aerated by air stones and the shrimps were given pellet feed twice a day at a
rate of 3% BW per day. Water was exchanged at the rate of 30% daily. At the end of the
experiment, the shrimps were individually determined for BW, CV of BW and survival rate.

The lymphoid organ, gills, abdominal muscle, eyestalk optic lobe, brains, and the
ventral nerve cord of 5 MSGS P. monodon (donor) and of 5 P. monodon being injected by the
LOE (recipient) were examined under TEM. The tissues were fixed in cold 4%
glutaraldehyde dissolved in 0.1M Millonig’s buffer at pH 7.4 for 6 hours. They were then
rinsed in buffer, postfixed in 1% osmium tetroxide for 1 h, washed in Millonig’s buffer and
dehydrated through a graded series of ethanol, and infiltrated and embedded in Epon-812 or
LR-white resins (EMS, Hatfield, PA). The embedded tissues were polymerized in an oven at
70°C for 3 days. Semithin sections were cut, stained with toluidine blue and examined under
light microscope (LM). Ultrathin sections were cut and placed on copper grids, contrasted
with uranyl acetate and lead citrate for 30 min each and finally examined under a Hitachi
(H-7100) TEM.



92 G. ANANTASOMBOON et al.

In a separate experiment, the gill and LO samples were isolated from juvenile
P. vannamei, P. indicus and M. rosenbergii that were co-cultured with MSGS P. monodon for
study under TEM. These specimens were sent from various shrimp farms in central Thailand
and East African country.

RESULTS

Light microscopic examination on semithin sections of the MSGS P. monodon
reveals a number of dark-blue cytoplasmic inclusions as well as pyknotic nuclei and cellular
vacuolization in the cells of lymphoid organ spheroid (LOS) (Figure 1a). Whereas, gill,
abdominal muscle, brain, eyestalk optic lobe and ventral nerve cord show normal appearance
(Figure 1b-1f). Under TEM, several virus-like particles are observed in all the tissues
examined. Large electron dense inclusion bodies accompanied by the particles are observed in
the cytoplasm of cells in the LOS and the gill filament (Figure 2a & 2b), respectively. The
particles are also found at spaces between myofibrils of muscular tissue (Figure 2¢). In the
brain, the particles are sometimes observed on the cis- and trans-Golgi complex of certain
neurons (Figure 2d). In certain cells of the eyestalk optic lobe and ventral nerve cord, the
particles are frequently surrounded by double membrane vesicles (Figure 2e-2g), a
phenomenon known to exist in certain virus-infected cells (10). Within certain vesicles, the
particles are arranged in circular rows as bead-like appearance (Figure 2e), are icosahedral
with diameter of 25 nm, and have no envelope (Figure 2g).

Among the four groups of P. monodon injected with LOE from different sources, the
groups that received LOE from MSGS P. monodon and from P. vannamei that were co-
cultured with MSGS shrimps had a significantly lower BW, compared to the group that
received LOE from normal P. monodon (Figure 3). High variations in the BW were observed
in the two groups, resulting in wide SD and CV; it was noted that not all the injected shrimps
had low BW.

When the LO of P. monodon that were injected with LOE from MSGS P. monodon
were examined under LM using semithin sections, it reveals that the LO contain a large
number of spheroids, with apoptotic celis and cells with large vacuoles and cytoplasmic
inclusions (Figure 4a). The inclusions are of different sizes and colors, some are eosinophilic
and the others are basophilic. Some small basophilic inclusions are observed in the LO
tubules, but the spheroids distinctively contained higher number of the inclusion bodies.
Under TEM, the LO contains the 25 nm icosahedral virus-like particles as well as rod-shaped
yellow-head virus (YHV)-like particles (Figare 4b-insets), which are 150-800 nm long and 25
nm wide.

The semithin section and ultrastructure of the lymphoid organ of the apparently
healthy P. vannamei that were co-cultured with MSGS P. monodon reveal a large number of
spheroids containing 25 nm virus-like particles surrounding cytoplasmic vacuoles, and are
associated with inclusion bodies (Figure Sa & b). These features are similar to those found in
the lymphoid organ spheroids of MSGS P. monodon. The 25 nm virus-like particles are also
observed in the pillar cells of the marine shrimp P. indicus that had been co-cultured with
MSGS P. monodon (Figure 6a). Again, the particles are localized loosely around
cytoplasmic vacuoles. The virus-like particles are also detected in the cytoplasm of the pillar
cell in the gills of M. rosenbergii (Figure 6b). However, no cytoplasmic inclusion body as
observed in P. monodon and P. vannamei were observed.
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Figure 1. Semithin micrographs of the lymphoid organ (a), gill filament (b), abdominal
muscle (c), brain (d), eyestalk (e) and ventral nerve cord (f) of MSGS P. monodon with
toluidine blue staining. Dark-blue cytoplasmic inclusions (arrows) and cellular vacuolization,
features of viral infected cell were observed in the lymphoid organ spheroid (LOS), but not in
other tissues. LOT = lymphoid organ tubule.

DISCUSSION

The size of 25 nm virus-like particles found in MSGS P. monodon is close to that of
infectious hypodermal and hematopoietic necrosis virus (IHHNV), which is 18-22 nm in size.
There are, however, lines of evidence that the 25 nm particles in this study are not IHHNV.
Firstly, the localization of IHHNV is typically in the nuclear material of the cell (11,12), not in
the cytoplasm. Secondly, using polymerase chain reaction (PCR) specific for [HHNV, many
MSGS P. monodon was found to be negative (1). Another similar virus described previously
is the lymphoid organ vacuolizing virus (LOVV) infecting P. vannamei: the virus was
localized mainly in the cytoplasm and associated with vacuoles in the infected cell (13,14). In
certain TEM features, LOVV formed rows of viral particles or bead-like structures, which is
similar to the arrangement of the particles described in this study. However, the LOVYV is the
enveloped virus, its nucleocapsid size is 30 nm and the whole mature virion with envelope is
52-54 nm. Therefore, the particles found in this study are less likely LOVV.
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Figure 2. TEM micrographs of MSGS P. monodon showing numerous virus-like particles
(arrows) in cytoplasm of cell in the lymphoid organ spheroid (a) associated with large electron
dense inclusions (*), gill filament (b), muscular tissue (c), brain (d), eyestalk (¢) and ventral
nerve cord (f and g). The particle size is 25 nm as shown in high magnification in insets and
in figure g. In brain (d), virus-like particles (arrows) are found at Golgi complex area of a
neuron. The particles in the eyestalk and ventral nerve cord are localized inside membrane-
bound vesicles in the cytoplasm (e-g). In the eyestalk, the icosahedral particles are arranged
in paracrystaline array or bead-like structure (e). In ventral nerve cord, the particles are
observed in cytoplasm of neuroglial cells. At high magnification, the non-enveloped particles
in the ventral nerve cord had the size of 25 nm (g).
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LOE of normal P. monodon

LOE of MSGS P. monodon

LOE of P. vannamei, mono-cultured

[CILOE of ~. vannamei, co-cultured with
MSGS P. monodon

Figure 3. Graph showing mean body weight (BW) and coefficient of variations (CV) of the
BW of P. monodon at 135 days (4.5 months) after the injections with LHB and lymphoid
organ extract (LOE) from two shrimp species from different backgrounds. (*) P < 0.05,
compared to the shrimp injected with LOE from normal P. monodon.

Other morphologically similar viruses found in the penaeid shrimps are
hepatopancreatic parvovirus (15,16), spawner associated mortality virus, lymphoid organ
parvovirus (17,18), Taura syndrome virus (19-22) and infectious myonecrosis virus (23).
However, all these viruses exhibit different clinical signs and pathological lesions that are not
MSGS feature, they are unlikely to be the same virus as found in this study. The YHV-like
particles found in the MSGS P. monodon in this study are found to be another type of YHV
termed YHV-type4. In field study by RT-PCR, YHV-type4 was found only in 5% of the
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MSGS P. monodon in Thailand (24). Subsequent results of this non-virulent YHV infection
were revealed by RT-PCR test and immunohistochemistry in both normal growth and MSGS
ponds; thus it is unlikely that YHV-type4 is the cause of MSGS (25).

Figure 4. Semithin section stained with toluidine blue (a) and TEM micrograph (b) of the
lymphoid organ of P. monodon injected by lymphoid organ extract from MSGS P. monodon.
The semithin section reveals numerous spheroids (*) containing inclusion bodies of different
sizes, colors and shapes (arrows); and cytoplasmic vacuoles; as well as fragmented nuclei
(arrowheads). LOT = lymphoid organ tubules. Under TEM (b and insets), rod shaped YHV-
like particles (120-250 nm in length) and 25 nm icosahedral particles were observed in the
cytoplasm of the spheroid cells.
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Figure 5. Semithin section with toluidine blue-stain (a) and TEM micrograph (b) of the
lymphoid organ of normal P. vannamei that were co-cultured with MSGS P. monodon.
Features of several dark blue inclusions (*) in the cytoplasm of cells of the lymphoid organ
spheroids (LOS) were similar to that of in MSGS P. monodon. LOT = lymphoid organ tubule.
Under TEM, numerous 25 nm virus-like particles (arrows and inset) were observed in
vacuolar spaces surrounding electron-dense inclusion bodies (*) within the cytoplasm of the
cell.
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Figure 6. TEM micrographs of the pillar cell of the gill filament of P. indicus (a) and the gill
filament of M. rosenbergii (b) that were co-cultured with MSGS P. monodon. Clusters of 25
nm virus-like particles were observed in the cytoplasmic vacuolar spaces (arrows).
N = nucleus; S = hemolymph sinus.

In the study by Sritunyalucksana et al. (3), LOE of MSGS P. monodon was passed
through sucrose gradient ultracentrifugation and a band of unknown virus-like particles of 25
nm size observed under TEM was isolated. The PCR product was absent after the template
was treated with RNase; in addition, the RNA-dependent RNA polymerase (RdRp) gene of
virus was amplified by reverse transcriptase (RT) PCR; it was thus likely that the particles
were RNA virus.
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Results of the transmission study revealed that MSGS could be transmitted from
MSGS P. monodon to healthy P. monodon and that LOE from MSGS P. monodon contained
the causative agent. And it was found that the same type of particles, as observed by TEM,
were present in the recipient shrimp. This evidence partially fulfilled Koch's postulate (26,27)
since an injection of purified virus particles was not done in this study. An interesting result
from this study is that the injection of LOE from P. vannamei that were co-cultured with
MSGS P. monodon also induced MSGS in the recipient shrimp, while P. vannamei did not
show any clinical manifestation of MSGS. The result suggests that P. vannamei might be a
carrier of this virus. Not only P. vannamei, other kinds of crustaceans such as P. indicus and
M. rosenbergii could also be the carriers of this virus as TEM evidence revealed its presence
in these species. It is interesting to test if imported P. vannamei broodstocks carry the virus
reported in this study.

At this time, the causes that trigger growth retardation are remain to be explored.
However, since the nervous.system of shrimp, especially the optic lobe has found to control
not only in motor and sensory, but also neurohormonal functions, such as molting activity by
cells of the X-organ in eyestalk optic lobe, which is directly related to growth and body colors
of shrimps and other crustaceans (28). The finding that MSGS P. monodon was infected by
putative virus in its eyestalk optic lobe and other neural tissues also suggests a potential
interference to their neurohormonal regulating system, and possibly resulting in abnormal
body color and/or stunt growth. These changing in its body color and slow growth rate are
matched to the definition of MSGS shrimps (3). The similar virus-like particles were
previously reported in the cytoplasmic area of cells in many tissues derived from embryonic
mesoderm of growth-retarded P. monodon samples from East Africa (2). Those particles were
found associating with unique cytoplasmic lesions in the lymphoid organ and gills. The
infected mesodermal and ectodermal tissues included lymphoid organ, gill axis, hemocyte,
brain, ventral nerve cord and eyestalk optic lobe. The phenomenon is prevailed in non-
virulent honeybee virus infections of nervous tissues, immune cells and neuroendocrine cells
that causes paralysis, stunt growth, insufficient metamorphosis of pupae, molting defect and
changing of cuticular color of bee colonies (29,30).

In this study, not all the injected shrimps had retarded growth; this may be due to
sparing of an infection to the neuroendocrine cells. The finding was similar to clinical
symptoms of MSGS in an affected shrimp culturing pond, in which not all the shrimps are
growth retarded (3). Another expectation for normal growth shrimps from the same
conditions depended on individual shrimps that were capable of their cellular and humoral
defenses or may have a specific, or adaptive immune response to viral pathogens as well (31).
However, these topics have not been clearly explained by current knowledge.

Finally, the findings suggest a judicious precaution of the new viral transmission
among species in alternative rearing and co-cultured practices. This information also suggests
that extreme caution should be exercised in the movement of live aquatic stocks destined for
aquaculture, especially for co-cultivation. It also points out the importance of constant
vigilance of cultivated shrimp and prawn stocks for the possible emergence of new viral
pathogens of crustaceans that may be transferred from translocated stocks to native stocks or
from native stocks to newly imported exotic species (32,33).
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Abstract ,

The presence of unique TEM features with numerous virus-like particles and monodon-slow growth
syndrome (MSGS) that were inducible in healthy black tiger shrimp, Penacus monodon by re-infection
experiments suggest that lymphoid organ extract (LOL), as well as lymphoid organ, gill, muscular, nervous and
eyestalk tissues contained monodon-slow growth agent. MSGS may be caused by a new viral agent of
approximately 25nm diameter found in tissues derived from embryonic mesoderm and ectoderm. The unique
cyto-pathologic lesions associated with the finding virus in other commercial shrimp and prawn species indicate
that this new virus could infect many commercial shrimp and prawn species; but not all infected species show

clinical manifestations.

Background

In Thailand, a relatively sudden, nation-wide
occurrence of unusually slow-growth in the black
tiger shrimp, P. monodon called Monodon-slow
growth syndrome (MSGS) has occurred since
2001. The present study was aimed to find out a
putative virus causing MSGS in P. monodon. It
was major factor causing the majority of Thai
shrimp farmers to convert from  culturing .
monodon to gultivate the Pacific-white shrimp 7.
vannamei. In  addition, co-cultivation of P.
nionodon, P. vannamei, P. indicus and the giant
freshwater prawn Macrobrachium rosenbergii hass
been a common practice to make the most
production from the same amount of investment
providing in  mono-culture.  With  this  co-
cultivation, transmission of virus(es) among the co-
cultured species might be found and is likely
facilitate MSGS in shrimp.

Materials and Methods

The first purpose of this study was to find out 11
MSGS could be transmitted from the MSGS P
monodon  to healthy P monodon. This was
performed by injecting lvmphoid organ extracts
(LOE) from MSGS shrimp to healthy P. monodon
and M. rosenbergii. To exclude bacteria from the
LOE. the extract was filtered through 0.43um
membrane before the injection. Mean body weight
(BW) and coefficient variation (CVY of BW were
determined in the LOE-injected shrimp at 135 days
post-injection. The hvmphoid organs of the injected
shrimp were examined under ransmission electron
microscopy (TEMYL Towas alse determined for the
oresence of known shrimp viruses by polymerase

!
chain reaction (PCRy and histologieal assays using
.

viral detection and tvoing svstems, The second

purpose of this study was to find out if the virus
found in the lymphoid organ of the injected P.
monodon is also found in P. vannamei, P. indicus
and M. rosenbergii being co-cultured with MSGS
P. monodon using conventional TEM.

Results, Discussion and Conclusion

Clinical manifestation of MSGS was observed
in LOE-injected P. monodon. The BW of the
injected shrimp was 25-30% lower than control
group and showed wide variation in size. Under
TEM, lymphoid organs, gills, nwscle, brain,
eyestalk and ventral nerve cord of the slow-growth
shiimp and LOE-injected . monodon contained
icosahedral virus particles, 25nm size. No growth
retardation was observed in the LOE-injected A
rosenbergii. however, the same virus was observed
in the gills of the injected prawn. This virus was
also observed in the lymphoid organ and gills of .
vannamei and P. indicus that were co-cultured with
MSGS Pomonodon. The virus particles are usually
associated with farge clectron dense inclusion
bodies in the cytoplasm ot infected cells, as
observed {ron the semi-thin sections.

Results suggest that MSGS s probably caused
by an infection with the 25mm viras. This virus is
ransmissible among all four crustacean species
under study. however. only Poomonodon show
clinieal manifestation of MSGS. With the unigue
pathological fesion and the negaive resudts from
POR assavs 1o determine the presence of any
Lnown shrimp virgses i the MSGS samples, it s
miost Hkek this 23 vivus s @ new shrimp vires, 2

e MSGS.
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land, a relatively sudden, nation-wide occurrence of
ly slow-growth in the black tiger shrimp, P
w called Monodon-slow growth syndrome (MSGS)
urred since 2001. The present study was aimed to
| a putative virus causing MSGS in P. monodon. 1t
sjor factor causing the majority of Thai shrimp : ey
to convert from culturing P monodon to cultivate ~ Fig. 1 Pl ph of slow-growth P don {€3
ific-white shrimp P vannamei. In addition, co- with body weight of only 3-5 g at two [
ion of P. monodon, P. vannamei, P. indicus and the months in culturing pond.
‘eshwater prawn Macrobrachium rosenbergii has
ommon practice to make the most production from
€ amount of investment providing in mono-culture.
is co-cultivation, transmission of virus(es) among
cultured species might be found and is likely
= MSGS in shrimp.

in Thailand where
the new virus in

tives

o determine the cause of MSGS.

o determine tissue tropism of MSGA.

o elucidate transmission of MSGA among
smmercial shrimp and prawn species.

Fig.5 TEM micrograph of cefls in
hymphaoid organ spheroid of L.
vannamed (a), gill axis cell of
P indicus (b) tha were co-

ials and Methods TEM features of MSG

h - £ monodon showing clured  with  M3G /2
ransmission pumerous - virus-tike mongdon; and gilt tissue of
d organs were isolaied from MSG 2 monodon. particles  {armows) in LOE-injected M, rosenberyii
2 don, normal L. i that were co-culture

cytoplasm of cell in the
lymphoid organ
spheroid (a) associated
with  large  electron
dense inclusions {*).
gill axis (b), muscular
lissue (c). bmin {d),
eyestalk (¢) and venirat
nerve cord (). Under
high magnification, the
particles. with 25 am

() fiom MSG P monodon
featuring  numerous  smatl
virus-like pantictes at 25 nm
diameter  (arows).  These
particles are usually deposited
in the cytoplasmic vacuolar
spaces surrounding the
electron-dense inclusion bodies
{*). N = nucleus that appeared
norma with chromatin
condensation; S = hemolymph

G P monodon and L. vannamei that were reared
y. The four groups of lymphoid organs were
y homogenized with cold lobster hemolymph buffer
(1:2), centrifuged and filtered through 045 pum
tes and kept in —80°C before use. These tymphoid
tracts (LOE) were separately injected into 60 healthy
lon as 15 shrimp/group. aged of 1 month and 0.8-1 g
ight (BW), al 0.1 mUshrimp. The injected shrimp
red separately for 135 days in 1-ton concrete tanks

diameter, were sinus.
ation and with approximately 12:12 h tightdark icosahelral shape and
N . . N had no envelope (g).
iods. Commercial pellets were given 2-3 times a day

'0-30% of water was exchanged daily. At the end of
riment, the shrimp were determined for mean body Results
3W) and coefficient variation (CV) of BW. The LOE
injected into 15 pieces of M. rosenbergii with 10 g
the prawn were observed for another 12 days.

Lymphoid organ extracts (LOE) from MSG P monodon and from L. vannamei that were co-cultured with MSG P,
monodon caused slow growth in healthy P monodon. Mean BW of the LOE-injected shrimp was 20-30% lower than
LHB-injected group, with LOE from normal P monodon, or with LOE from L. vannamei that were scparately reared
(Fig. 3). Under TEM, the lymphoid organ, gill. muscular tissue, brain, eyestalk and ventral nerve cord of MSG 2

35 Fi N . i monodon (Fig. 4a-0) as well as normal B monodon in the same pond contained icosahedral virus-like particles
135 days ig.3 ?T;S ;ahowu;lg mean l:::y ::'gh's of £ monodon without envelope (~25 nm diameter) (Fig. 4g, at high magnification). In addition, the same features were observed in
aftel CC o . . . . . - - L -
a ys after inj wi many cells of lymphoid organ spheroid of L. vannamei (Fig. 5a) and in the gill axis cells of P, indicus (F ig. 5b) that
1z ] Lobster hemolymph buffer (LHB) were co-cultured with MSG P monodon. The virus-like particles were also detected in gills of the LOE-injected M.
© FFE  LOEs from normal P monodon rosenhergii (Fig. 5¢). From ultrathin sections (Fig. 6a), it was observed that these viral particles are usually associated
' MSG P manodon with large electron-dense inclusion bodies (*) as observed in semithin sections with toluidine blue stain (Fig. 6b).
8 L vannamei that were reared in a separate pond
6 BER L vorname that were co-cultured with MSG
£ monadon References:
4 CV = coeflicient of variation of body weight (BW). L. Aantasomboon. ., Sriumiratiana. . Flegel,
*P < 0.03. compared to the shrimp injected TW. Wityschumnamkul, B. 2005 {iniquc
2 with LHB. fesions and vinal-like particles found in growth
rearded Bhack Sger shrimp Fenaeus monndort
< from East Africa. dquoculiure (In press).
CYI%}= 54 26z 177 25 293 2. Cheysburakul, Nash, G. Praianpipa B
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. . in Thailand. Dis Aquar (g 60, 89-96.
s R led Under Tran. Electron Mu_:roscope 3. Flegel, T.W._ Nicksen. L., Themavit, V.. Kangtim.
rale experiment, several tissue samples were isolated from certain shrimp and prawn . ) . . S.. Pasharswipas, T.. 2004, Prosence of multiple
N o B . N Fig. 6 The virat particles (arrows) were usually found in ¢ fasmic vacuoles in the i i iva G
or study under transmission electron microscopy (TEM). The tissues included ® b N ) y en preses i nomdiscased, cullivited shriop at

Iymphoid organ (a) and were associated with farge electron dense inclusion

Barvest Aquurcultane. 244, 5564
bodies (*) in the infected shrimp. This unique lesions correspond to dark blue

organs, gills, abdominal muscle, eyestalks, brains, and ventral nerve cords from MSG
on; lymphoid organs and gills of L. vannamei and P indicus that were co-cultured
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inclusions (*) observed in semi-thin sections with toluidine blue-stain (b). LOS e S 5:;:;;"":: S

: e n h 3 N Ay i i ibyschummamkl B, 2 ominal
3 P monodon; and gills of LOE-injected M. rosenbergii. The tissues were fixed in = tymphoid organ spheroid; LOT = Iymphoid organ tubule. s:gmey: deformity disease (ASDD) of the
Jlutaraldehyde dissolved in 0.1M Millonig’s buffer at pH 7.4 for 6 h. The tissues were

whiteleg shimp Penavus vunnamei mared in
d in buffer, post-fixed in 1% osmium tetroxide for 1 h, washed in Millonig’s buffer Thailand. Aquaculiiors. 284; 46-52

drated through a graded series of ethanol, and subsqeuently embedded in Epon-812
IS, USA). The embedded tissues were polymerized in an oven at 70°C for 3 days.

sections were cut, stained with toluidine blue and examined under light microscope
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Abstract

Yellow-head virus (YHV) is an invertebrate RNA virus in order Nidovirales that causes:
mortality called yellow-head disease (YHD) in penaeid shrimp. The original YHV Qﬁ_tbreaks'
occurred in Thailand in the early 1990°s. At present, 5 genetic variants are known in the YUV
complex, but only the original YHV-type 1 variant appears to be highly virulent. By- in";-
dsRNA preparations based on non-coding sequence of ORF1b and ORF3 regions of the YHV
genome into 1g Pacific whiteleg shrimp Penacus (Litopenaeus) vannamer challenged w1th @
90% lethal dose of YHV inoculum we were able to demonstrate sequence-specific an’t;i,\?'i‘rél_:f;
protection when compared untreated control shrimp (Fig. 1). At 14 days post—challengé_.ft'}{g
dsRNA treated shrimp survival was 67% with the ORE3 preparation and 48% with the ORF1b.
preparation compared to 90% survival for the control shrimp. Although survivors were grossly. -
normal, all were positive for YHV-type 1 by reverse transcriptase polymerase chain reaction
(RT-PCR) assay specific for the ORF1b sequence of YHV. Real-time PCR quantification of -
YHV copies prepared from gill tissues of RNA interference (RNAi) shrimps showed lower
copy number compared to moribund shrimp. Positive immunohistochemical reactions for YHV
structural protein gp 116 in the lymphoid organ and gill tissues confirmed the presence of YHV.
On the other hand, immunofluorescent signal lower in the surviving shrimp than in the
moribund control shrimp, indicating lower viral loads in the former. These results suggested
that the surviving shrimp were tolerant rather than resistant to YHV-1 infection since RNAI was
not associated with absence of YHV.

e

Keywords: dsRNA, RNAI, virulent virus, yellow-head virus, YHV-1, penactd shrimp,
yellow-head discase (YHD), lethal dose, viral tolerant, SPR shrimp, SPF shrimp
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‘erials, Methods and Results

we compared 19 surviving and moribund Pacific white-leg shrimp Penaeus

renaeus) vannamei that were injected with dsRNA into-3-4th abdominal muscle,
ining with 90% lethal dose (LD90) of YHV inoculum at day 2 later. By injecting|
As preparations based on ORF1b and ORF3 regions of-the YHV genome, resuit
instrate that non-coding dsRNAs designed from ORF1b-and ORF3 regions induce
*nee-specific antiviral protection when compared with untreated control shrimp
1). At 15 days post-challenge the dsRNA treated shrimp survival was 67% with
RF3 (ORF3/YHV) preparation and 48% with the ORF1b (ORF1b/YHV) preparation
ared to low survival rate of 14% for the untreated control shrimp. Although
‘ors were grossly normal, but all were positive for YHV-typel by reverse
wriptase polymerase chain reaction (RT-PCR) assay specific for the ORF3
mnce of YHV (Fig. 2). The 739 bp amplicon from gill samples of surviving and
und shrimp was amplified and demonstrated in agarose gel photograph.
ve immunohistochemical reactions for YHV structural protein, gp116 using V3-28
clonal antibody (Sithigorngul, 2000; 2002) in the lymphoid organ (LO) confirmed
resence of YHV. However, the immunofluorescent signal was lower in the RNAi-
ing shrimps correlated to lower copy number of YHV genome than in moribund
)l shrimp by real-time PCR quantification (data not show).

-
' * saine / saline
——(RF1b/ saline
——CRF3/ saline [k
——CORF1b/ YHV
——ORF3/YHY
—o—BMP ; YHV
——8114/ YRV
~o-sgalng ! YHV

¢

: 1. Graph showing percent survisal of shrimp treated or not with dsRNAs. At day15 post-
administration with dsRNAs and an LD90 dose of YHV later, SPF Penaeus vannamei
injected with dsRNA specific to sequences of YHV-ORF1b and —ORF3 showed
significant flevels of protection (48% survival with ORF1b/YHV (#) dsRNA and 67%
survival with ORF3/YHV (e) dsRNA) against mortality from yellow-head disease
compared to result from other contro! groups: saline/saline injection (w); ORFib
dsRNA/negative YHV (A); ORF3  dsRNA/negative YHV (¥); non-shrimp
dsRNA(BMP)/YHV (p); catfish dsRNA(S114)/YHV (4); and saline/positive YHV(V).

Figure 2. Ethidium bromide stained electrophoresis gel
showing positive semiquantitative RT-PCR results of
8006700

RNA extracts from gills of control shrimp and shrimp
from dsRNAs treated groups. The primers for 739
amplicon was designed from ORF3 region of the
YHV and used for RT-PCR analysis at 35 cydes.
Lane M, 100 bp DNA standard marker; Lanes 1-5,
example of moribund shrimp at day 2 from positive
YHV (V); Lanes 6-9, surviving shrimp from dsRNA
treated groups: 6 (+), 7 (e), 8 (c), 9 (4); Lane -ve,
. negative control shrimp (=) result at dS. Note that
" all of the bands for survivors are fess intense than
those of moribund shrimp.
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Objectives

The ‘purpose of this study. is to examine survivors: of a YHV-type 1

f 50:to determine.s¢ char
ival -tate, - histopathology,. copy
mmitnohistochemical characteristics

ORE1b/YHV.SUVivo,

¢

?:

— ORF3/YHV Ssurvivor,

saling/saline~d15

Figure3. Photomicrographs showing immunofluorescent labeling for structural protein,
gpl116 of YHV in the lymphoid organ (LO) sections from experimental 2 vanname.
Immunofluorescent signals (yellow-green color) of moribund shrimp at day 2 after
YHV injection (saline/YHV) are intensely observed in the LO tubular (LOT) matrices.
Whereas, immuno-reactions in surviving shrimp treated with dsRNAs (ORF1b/YHV
& ORF3/YHV) reveal mildly positive signat with some infected cells at dusters of
aggregated hemocytes (amows), but are very faint to negative in the LOT, Bar =
50 um.
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Abstract

Yellow-head virus (YHV) is an invertebrate RNA virus in order Nidovirales that causes mass mortality in
penaeid shrimp called yellow-head disease (YHD). The original YHV outbreaks occurred in Thailand in the
carly 1990°s. At present, 5 genetic variants are known in the YHV complex, but only the original YHV-type 1
variant appears to be highly virulent. By injecting dsRNA preparations based on non-coding sequence of the
ORFIb and ORF3 regions of YHV genome into Pacific whiteleg shrimp Penaeus (Litopenaeus) vannamei (1g)
challenged with a 90% lethal dose of YHV inoculums, we were able to demonstrate sequence-specific antiviral
protection when compared to the untreated control shrimp (Fig. 1). At 14 days post-challenge, the survival of
dsRNA treated shrimp was 67% with the ORF3 preparation and 48% with the ORFib preparation when
compared to 90% survival of the control shrimp. Although grossly normal, all survivors were positive for the
YHV-type 1 by reverse transcriptase polymerase chain reaction (RT-PCR) assay specific for the ORFlb
sequence of YHV. Real-time PCR quantification of YHV copies prepared from the gill tissues of RNA
interference (RNAI) shrimps showed lower copy number than moribund shrimp. Positive immunohistochemical
reactions for the YHV structural protein gp116 in the lymphoid organs and gill tissues confirmed the presence of
YHV. On the other hand, the less immunofluorescent signal detected in the surviving shrimp than in the
moribund control shrimp, indicating lower viral loads in the former. These results suggested that the surviving

shrimp appeared to be tolerant rather than resistant to YHV-1 infection since RNA{ was not associated with the
absence of YHV.

Background in shrimp tissues by real-time PCR quantification

Yellow-head virus (YHV) is an invertebrate and mmmunohistochemical localization of the virus
RNA vitus in order Nidovirales that causes mass using confocal laser scanning microscopy (CLSM)
mortality in penaeid shrimp called yellow-head and conventional TEM.

disease (YHD). The original YHV outbreak had
been found in Thailand and Taiwan since the early

1990°s. At present, 5 genetic variants are known in Results

the YHV complex, but only the original YHV-type By mjecting dsRNAs preparations based on the
I variant appears to be highly virulent.  Most ORFIb and ORF3 regions of YHV genome, result
studies have focused on acute type | viral demonstrate that non-coding dsRNAs designed
infections, howcever, there is limited data on from the ORFIb and ORF3 regions induce
survivors of these outbreaks and RNA interference sequence-specific antiviral — protection  when
(RNAI) climinating the YHV. compared to untreated control shrimp. At 15 days

post-challenge, the dsRNA treated shrimp survival
was 07% with the ORF3 (ORF3/YHV) preparation

Objectives, Materials and Methods and  48% with  the ORFlb (ORFIb/YHV)

The purpose of this study is to examine preparation when compared o low survival rate
survivors of a YHV-type 1 challenge test (14%) for the untreated control shrimp.  Although
combining with RNA interference (RNAI) to YHV survivors were grossly normal, but all were positive
mfection in shrimp, to determine whether or not for  YHV-type 1 by reverse transcriptase
they were infected with YHV-1, and to determine polymerase chain reaction (RT-PCR) assay specific
some characteristics of the infection including for the ORE3 sequence of YHV. The 739 bp

histopathology, copy number of YHV replications amplicon  from  gill samples of surviving and



moribund shrimp was amphified and demonstrated
by photography of the stained agarose gel. Positive
mmunohistochemical reactions for YHV structural
protein, gpl16 using V3-2B monoclonal antibody
(Sithigorngul, 2000; 2002) in the lymphoid organs
(LO) confirmed the presence of YHV. However,
the immunofluorescent signal was lower in the
RNAi-surviving shrimp corrclated to lower copy
number of YHV genome than in moribund control
shrimp by real-time PCR quantification.

Discussion and Conclusions

The results indicate that RNAI using dsRNAs
prepared from non-coding sequences from ORF3
and ORFIb regions could protect shrimp from
mortality at high dose (LD90) of YHV injection
and reduce YHV multiplication. However,
surviving shrimp from dsRNA treated groups were
positive YHV-type | infection by semi-quantitative
RT-PCR analysis. Furthermore, surviving shrimp
was related to low YHV copy number in the former
and low amount of YH V-structural proteins, gp116,
when compared to the moribund shrimp by real-
time PCR and immunofluorescent detection. These
results suggest that the surviving shrimp appears to
be tolerant rather than resistant to YHV-1 infection

since RNAI was not associated with the absence of
YHV.

It 1s also hypothesized that RNAi1 generated by the
dsRNAs tested partially blocked the synthesis of
viral proteins which may have showed but not
eliminated viral replication.
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Figure 1 Photomicrographs showing immunofluorcscent labeling of structural protein, gpl16 of YHV in the lymphoid
Organ (LO) scctions from cxperimental P. vannamei. Immunofluorescent signals (yellow-green color) of moribund
shrimp at day 2 after YHV injection {salinc/YHV) arc intenscly obscrved in the LO tubular (LOT) matrices. Whercas,
t]}C Immuno-reactions in surviving shrimp treated with dsRNAs (ORFIb/YHV & ORF3/YHV) reveal mildly positive
S1gnal with some infected cells at clusters of aggregated hemocytes (arrows), but arc very faint to negative in the LOT.
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Protection of Penaeid Shrimp from Mortality and Reduces YHV Multiplication
Using RNAi Technology Specific to non-coding Fragments of YHV Genome
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Mahidol University, Bangkok 10400, Thailand

Abstract

The original yellow-head virus (YHV-type 1) outbreaks have occurred in Thailand since the early
1990°s and cause continue mass mortalities in penaeid shrimp called yellow-head disease (YHD).
Lacking of adaptive immunity in shrimp, it had been believed that RNA interference/or inhibition
(RNAI) could eliminate RNA viruses from infected animal. We applied RNAI technology to treat
penaied shrimp infected with original YHV strain. By single injection of dsRNA fragments, preparing
based on non-coding sequence of either ORF1b or ORF3 regions from the YHV genome into 1g SPF
Pacific whiteleg shrimp Pernaeus (Litopenaeus) vannamei, then challenged with a 90% lethal dose of
YHV-type 1 inoculums at the 2™ day later, we were able to demonstrate sequence-specific antiviral
protection when compared with untreated control shrimp. At 14 days post-YHV challenge, survival rates
of dsRNAs-treated shrimps were 67% with the ORF3- and 48% with the ORFIb-preparations. Although
survivors were healthy, all were positive for YHV by reverse transcriptase polymerase chain reaction
(RT-PCR) assay specific for the ORF1b sequence of YHV. Real-time PCR quantification of YHV
copies prepared from gill tissues of RN Ai-shrimps showed lower copy number compared with moribund
shrimp. Sequencing analysis of ORF1b amplified from RNAi shrimp also showed similarity to YHV-
type 1 without amino acid mutation or deletion. Positive immunohistochemical reactions for YHV
structural protein gp116 in the lymphoid organs confirmed the presence of YHV (Fig. 1). On the other
hand, lower immunofluorescent signal in the surviving shrimp than in the moribund control shrimp
indicated not only lower viral loads in the former but also implied its active virulent. These results
suggested that the surviving shrimps with dsRNA administration were tolerant rather than resistant to
YHV infection. Consequence of RNAI could reduce YHV multiplication, but was not associated with
- absence or complete elimination of YHV.

Keywords: RNAI, virulent virus, yellow-head virus (YHV), yellow-head disease (YHD),
penaeid shrimp, lethal dose, viral tolerant
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Abstract

Yellow-head virus (YHV) is an invertebrate RNA virus in order Nidovirales that causes mass mortality
called yellow-head disease (YHD) in penaeid shrimp. The original YHV (YHV-typel) outbreaks occurred in
Thailand in the early 1990’s. By injecting dsRNA preparations based on non-coding sequence of ORF1b and
ORF3 regions of the YHV genome into Pacific whiteleg shrimp Penaeus vannamei challenged with a 90%
lethal dose of YHV inoculum we were able to demonstrate sequence-specific antiviral protection when
compared untreated control shrimp. At 15 days post-challenge the dsSRNA treated shrimp survival was 67%
with the ORF3 preparation and 48% with the ORF1b preparation compared to the control shrimp. Although
survivors were grossly normal, all were positive for YHV-typel by reverse transcriptase polymerase chain
reaction (RT-PCR) assay specific for the ORF1b sequence. Real-time PCR quantification of YHV copies
prepared from gill tissues of RNA interference (RNAI) in the surviving shrimps, as well as immunofluorescent
labeling in lymphoid organ tissues confirmed lower YHV copy number compared to the moribund shrimps.
Additional results of DNA sequencing analyses from parts of the ORF1b and the ORF3 regions indicated non-
mutated aspect of the forming YHV population in shrimps. These results have suggested that the survival of
YHV-infected shrimp is depended on the low viral load since RNAI could not completely inhibit YHV
replication and was not associated with the production of defective YHV-typel virion. They are likely tolerant
rather than resistant to YHV-1 infection.

Keywords: RNAI, yellow-head virus, Penacus vannamei, quantitative RT-PCR, DNA sequencing

Background characteristics of the infection in terms of
Yellow-head virus (YHV) is an invertebrate histopathology and immunohistochemical
RNA virus in order Nidovirales that causes mass localization of the presented viruses under confocal
mortality called yellow-head disease (YHD) in laser scanning microscopy (CLSM); to quantify
penaeid shrimp. The original YHV outbreak had copy number of YHV replications in the survivors
found in Thailand and Taiwan since the early comparing with the moribund shrimps by real-time
1990’s. At present, 5 genetic vaniants are known in RT-PCR quantification; and to compare (ANOVA
the YHV complex, but only the original YHV-type test) the parts of the ORFib and ORF3 genomic
| variant appears to be highly virulent. Most sequences of the replicating YHVs, 27 and 26
studies have focused on acute type | viral infection inserted clones respectively, that were collected
(moribund shrimp), however, there is limited data and amplified from the experimental shrimps.
on survivors of these outbreaks and the RNA
interference (RNA1) technology that could protect Results

shrimp from the YHD as well. By injecting dsRNAs preparations based on

ORFIb and ORF3 regions of the YHV genome,

Objectives, Materials and Methods result demonstrate that non-coding dsRNAs
The purposes of this study are to examine the designed from ORF1b and ORF3 regions induce
percent survivors from a high dose (LD90) of sequence-specific  antiviral  protection  when
virulent YHV-typel challenge iest combining with compared with untreated control shrimp. At 15
RNA interference (RNAI) procedure in 1g SPF days post-challenge the dsRNA treated shrimp

Pacific whiteleg shrimps Penaeus (Litopenaeus) survival was 67% with the ORF3 (ORF3/YHV)
vannamei; to determine whether or not they were preparation  and  48%  with the ORFIlb

infected with YHV-1 and if so to determine some
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(ORFib/YHV) preparation compared to low
survival rate of 14% for the untreated control
shrimp. Although survivors were grossly normal,
but all were positive for YHV-typel by reverse
transcriptase polymerase chain reaction (RT-PCR)
assay specific for the ORE3 sequence of YHV.
The 739 bp amplicon from gill samples of
surviving and moribund shrimp was amplified and
demonstrated in agarose gel photograph. Positive
immunohistochemical reactions for YHV structural
protein, gpl116 using V3-2B monoclonal antibody
(Sithigorngul, 2000; 2002) in the lymphoid organ
(LO) confirmed the presence of complete YHV
VITIONS. However, immunofluorescent signal
revealed lower YHV load in the RNAI-surviving
shrimps correlated to the lower copy number of
YHV genome than that found in moribund and
positive control shrimps by real-time RT-PCR
quantifications (data not show). DNA sequencing
with alignment analyses of the ORF1b (Fig. 1) and
the ORF3 regions on the YHV genome show a few
of single-base mutations, but there was no
significant difference (P<0.01) among YHV
population that were collected from the surviving
and moribund shrimps.
Discussion and Conclusions

The results indicate that RNA1 using dsRNAs
administrations, prepared from  non-coding
sequences of ORF3 and ORFIlb regions could
protect shrimps from mortality with high dose
(LD90) of YHV-typel injection. It induces the
specific antiviral immunity and reduces YHV
multiplication in  Penaeid shrimp. However,
surviving shrimp from dsRNA treated groups were
still positive YHV infection by quantitative RT-
PCR and immunohistochemical analyses.

Somehow, the surviving phenomenal was
correlated to low YHV copy number in the former

Proceedings of the Anatomy Association of Thailand
April 27-29. 2011

and low amount of YHV-structural proteins, gpi 16,
when compared to the moribund shrimp. In
addition, surviving shrimp 1s not associated with
mutated genome of the YHV.  These results
suggest that the surviving shrimp appear to be
tolerant rather than resistant to YHV-1 infection.
The mechanism that involves in limitation of YHV
replication in the survivors is under investigated.
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Fig.1 Alignment test of the ORF1b sequence from 27 collected clones showing a few single-base mutations
without significant difference in genomic mutation (P<0.01) when compared to the original YHV-1.
Almost of the replicated base sequences that were found in surviving shrimps are identity to the virulent

YHV-typel (purple line, and*).
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Abstract

Shrimp, as well as other invertebrates have no immune memory or ddaptlve immune response,
therefore, there is no antibody reaction for viral and microbial defenses. Yellow-head virus (YHV) is a virulent
RNA virus that causes mass mortality in penaeid shrimp, called yellow-head disease (YHD). The original
YHV (YHV-typel) outbreaks occurred in Thailand in the early 1990’s. At present, some YHV-typel infected
domesticated black tiger shrimp Penaeus monodon in commercial farms and wild broodstocks have no clinical
signs and symptoms of YHD. It is believed that natural selection of survivors after YHV outbreaks has beeny
occurred with Thai stocks. In this study, we examined the tolerant property of shrimp to YHD that is possibly
correlated to the specific shrimp family. P. monodon families from stocks were immersive challenged with
YHV-typel. At 30 days post-challenge, 8% of shrimps from one family were still survived. Microsatellites
identification was subsequently inspected among the surviving and the moribund samples using their genomic
DNA extracts. Result with CUPmoll PCR-primer set revealed that all of the survivors contained unique
microsatellites allele at 142 and 148 bps, which was different from the microsatellites scores of the moribund
shrimp families. By TEM and RT-PCR examinations, all surviving shrimps were positive YHV infection. The
results are able lo demonstrate a model of a special P. monodon family with unique genomic diversity that is
associated to the YHD tolerance. However, the specific genes and mechanism that are correlated to their
tolerated property to the virus should be further investigated.

Keywords: Microsatellite markers, YHV, viral tolerance, Penaeus monodon, genomic diversity

Background tolerance or resistance from mortality of the
Microsatellites or Simple Sequence Repeats penaeid shrimp population.
(SSRs) of animal is repetitive based-sequences, Objectives
located within both of non-coding and coding . Purposes of this study are firstly to examine
regions of the genomic DNA. It is semi- * the percent survival of the black tiger shrimps
conservatively passed from the parents to their Penaeus monodon from virulent YHV-typel <
offspring and is wildly applied as a source of challenged test, and to determine whether or nol
genetic markers for identification of family or there 1s genetic variance or genomic diversity
strain in invertebrates. Yellow-head virus (YHV) among shrimp families that is involved in YHD-
is an mvertebrate ssRNA virus in order Nidovirales tolerated property.
that causes mass mortality in penaeid shrimp
cultivations, called yellow-head disease (YHD). Materials and Methods
The original YHV outbreak has been reported in Ten P. monodon families were obtained from
Thailand and Taiwan since the early 1990°s. At stocks of Shrimp Genetic Improvement Center
present, more than 5 genetic variants are known as (SGIC). Surajthani province and a commercial
the YHV complex virus, but only the original farm in Chachungsao province. Ten shrimps from
YHV-type 1| variant appears to be the most each batch of families with 10-15 g body weight
virulent. Previous studies have focused on acute were pooled-immersive challenged with YHV-
YHV-1 infection, therefore, there are limiting data typel inoculums, and observed the number Of
upon survivors after YHV outbreaks and remaining survivors and moribund shrimps. During 30 days
of unclear mechanism that are involved in the of experimental program, lymphoid organs, gills
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and swimming legs of the moribund shrimps and
the survivors were collected and subsequently
prepared for TEM and RT-PCR examinations of
yHV infection. Another inspection, their genomic
DNAs were extracted and identified for their
family stocks or genomic diversity. Based on
microsatellite markers and PCR amplification, five
sets of primers specifying for microsatellite
markers of the P. monodon (Tassanakajon, 1998)
were donated from Prof.Dr. Anchalee
Tassanakajon at Chulalongorn University and were
used in the microsatetlites identification of shrimp
family.  Microsatellite-PCR  products from the
gurvivors and the moribund shrimps were finally
visualized  and  differentiated by  1.5%
polyacryramide gel electrophoresis.

Results, Discussion and Conclusions
By immersive challenge of virulent YHV-
typel with ten families of the P. monodon stocks,
results demonstrated that 8 percent of the
experimental shrimps still survived at the day 30.
Interestingly, all of the survivors were originated
from the same family by the result of
microsatellites identification using CUPmo1l PCR-
primer set. The result revealed a significant
difference among the survivors and the moribund
shrimps that all of the survivors have unique
‘microsatellites allele at 142 and 148 bps (Fig.1),
whereas, the moribund samples contain differential
microsatellite scores as 139, 142, 148, 152, 157 bps
of PCR products. The moribund shrimps were
retrieved as other different families which are
susceptible for YHV-typel and have no tolerant
property to the YHD. Although the survivors were
healthy and grossly normal, but the results from
AEM and RT-PCR examinations indicated all
surviving shrimps (8 animals) were positive YHV
infection (data not show). This suggests that the
surviving shrimps appear to be tolerant rather than
resistant to the YHV-typel multiplication
(Anantasomboon, 2008). In summary, the results
_are able to demonstrate a model of special P.
monodon family with unique genomic diversity
which is likely correlated to the YHD tolerance.

Proceedings of the Anatomy Association of Thailand
May 2-4, 2012

In addition, natural selection of the surviving
shrimps that is occurred after disease outbreak has
been purposed in the Pacific white-leg shrimp
Penaeus vannamei against Taura syndrome virus
(TSV). They have differences of genetic
backgrounds, both of TSV-susceptible (Kona) and
TSV-resistant strains. These properties can be
passed o their offspring as unique families.
Somehow, not only the survived phenomena is
remained question, but also the mechanism in
toleration to virulent virus of the shrimp should be
further investigated.
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Fig.1 Gel electrophoresis exhibiting microsatellite inspection of survivors and moribund P. monodon.
Unique bands of microsatellite alleles are found in the survivors as 142 and 148 bps. In conirast, the
different pattems of microsatellite amplified bands (as 139,142,148, 152, 157 bps) are observed with

the moribund samples.
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tives

The purposes:of this study are firstly to examine the: percent survival of
ck tiger shrimps Pengeiss moriodoffrom virulent YHV-typet challénged
nd:to determine:.whether -or-not there is. genetic variance or genomic
y:among shrimp. farnili that-ls;lnvolved m YHD-tolerated: roperty

Conclusions and Discussion

% ln summar‘y, thevresul'ts are. able to demonstrate a modei of special P.

shnmp Penaeus vannamel agamst Taura syndréme virus: (TSV) They have
differences.of: genet|c backgrounds, both of Tsv~suscept1ble (Kona) and TSV-
res,:st;qnt strams. These ‘properties:can:be:passed to their offspring as unique

familiés. Somehow, not only the survived.phenc isy ined question,
but also the. mechanism in toleration to virulent virus.of the shrimp should be
further mvestlgated.

Percent of Survivor

S X Figure1. Greph showing percent survival of 10 2
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# v * S challenged with virulent YHV (YHv- 5 o Ead SN
typel; ©). After bioassay program, | a0 \\ * nd
survival rate (%SR) of co-habitated 6o d 4
1" 4 123450678 shrimps (0) at 15 to 30 days was 8%, n | %SR “\ >
i survivors wroribund = 8/100). Other groups of the positive 9 \ o
B : - : control shrimps with YHV injection (e) | 20 % - .
Polyacryramide gl electrophoresis with silver stain exhibiting were absolute die = 0%, survivos n = | N C e e
microsatellite inspection of survivors and moribund £ monodon. 0/20) within 5 days, post YHV injection D P Wtz 13 a3
Unique bands of microsatelite alleles are found in the sunvivors as Whereas, the shrimp from negative day
142 and 148 bps. In contrast, the different pattems of microsatellite control group (¥) had remained at
amplified bands (as 139,142,148, 152, 157 bps) are observed with 80.0% (n = 16/20).
the moribund samples.

Figure4. Transmissim Electron Micrograph (TEM) showing YHV
particles (*), depositing in cytoplasm of cells in the lymphoid
organ of the survived shrimp, M = mitochondria
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Yellow-head virus (YHV) is an invertebrate RNA virus in order Nidovirales that causes mass mortality called yellow-head
disease (YHD) in penaeid shrimp. The original YHV outbreak had found in Thailand and Taiwan since 1990. At present,

several types of YHV family are discovered in many Asian countries, but only the original YHV-type | appears to be
virulent.

s

Here we compared lg surviving and moribund Pacific white-leg shrimp Penaeus (Litopenaeus) vannamei that were
challenged with 90% lethal dose of YHV inoculum, combining with dsRNA administration. Result show that non-coding
dsRNAs designed from ORF1band ORF3 regions of YHV genome induces sequence-specific antiviral protection comparing
to the low survival rate of control 'shrimp (Fig. 1). Fourteen days after RNA interference (RNAi), the experimental shrimp
revealed survival rates at the level of 67% (ORF3/ YHV) and 48% (ORFI1b/ YHV). Although survivors were grossly
normal, but all were positive for YHV-type 1 by reverse transcriptase polymerase chain reaction (RT-PCR) assay specific
for the ORF1b sequence of YHV. Positive reaction of immunohistochemical analysis of YHV structural protein, gpl16 in
lymphoid organ and gill tissues has confirmed that the YHV virions and its envelope protein were completely produced.
However, immunofluorescent signal was differential lower in the surviving shrimp. Results also suggest that the surviving
shrimp appear to be tolerant, but not resistant to YHV-1 infection and RNAi was not associated with absence of the YHV.
Instead, it was associated with the presence of YHV-positive and likely relative to low viral replication in the survivors.
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FIGURE 1. Graph showing percent survival of RNAj shrimp. At day 15,
Penaeus vannamei that were injected with dsRNAs specific to non-coding
sequences of YHV-ORFIb and -ORF3 combining with high lethal dose

(LD90) of YHV inoculum reveal survival rates at 48% {ORF1b/ YHV) and
67% (ORF3/ YHV) respectively.
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:erials, Methods and Results

we compared 1g surviving and moribund Pacific white-leg shrimp Penaeus|
renaeus) vannamei that were injected with dsRNA into 3-4% abdominal muscle,
iining with 90% lethal dose (LD90) of YHV inocuium at day 2 later. By injecting
As preparations based on ORF1b and ORF3 regions of the YHV genome, result
nstrate that non-coding dsRNAs designed from ORF1b and ORF3 regions induce
2nce-specific antiviral protection when compared with untreated control shrimp|
1). At 15 days post-challenge the dsRNA treated shrimp survival was 67% with

IRF3 (ORF3/YHV) preparation and 48% with the ORF1b (ORF1b/YHV) preparation|

ared to low survival rate of 14% for the untreated control shrimp. Although
rors were grossty normal, but all were positive for YHV-typel by reverse
criptase polymerase chain reaction (RT-PCR) assay specific for the ORF3
:nce of YHV (Fig. 2). The 739 bp amplicon from gill samples of surviving and
wund shrimp was amplified and demonstrated in agarose gel photograph.
ve immunohistochemical reactions for YHV structural protein, gp116 using V3-28
xclonal antibody (Sithigorngul, 2000; 2002) in the lymphoid organ (LO) confirmed
resence of YHV. However, the immunofluorescent signal was. lower in the RNAJ-
7ing shrimps correlated to lower copy number of YHV genome than in moribund
ol shrimp by real-time PCR quantification (data not show).

—e—safine / saline
—— ORF1b / saine
-+ ORF3/ saline
~« ORF1b/ YHY
—— ORF3/YHV
~o- BVF J YHY
—— 5147 YHY
e~ safine / YHV

‘e 1. Graph showing percent survial of shrimp treated or not with dsRNAs. At day 15 post-
administration with dsRNAs and an LDI0 dose of YHV later, SPF Penaeus vannamei
injected with dsRNA specific to sequences of YHV-ORF1b and —ORF3 showed
significant levels of protection (48% survival with ORFib/YHV () dsRNA and 67%
survival with ORF3/YHV (e) dSRNA) against mortality from yellow-head disease
compared to result from other control groups: saling/saline injection (w); ORFlb
dsRNA/negative YHV (A); ORF3 dsRNA/negative YHV (V¥); non-shrimp
dsRNA(BMP)/YHV (0); catfish dsSRNA(S114)/YHV (A); and saline/positive YHV(V).

Figure 2, Ethidium bromide stained electrophoresis get
showing positive semiquantitative RT-PCR resuits of
[— RNA extracts from gills of control shrimp and shrimp
IR2DABDOY DO from dsRNAs treated groups. The primers for 739
amplicon was designed from ORF3 region of the
YHV and used for RT-PCR analysis at 35 cycles.
Lane M, 100 bp DNA standard marker; Lanes 1-5,
example of moribund shrimp at day 2 from positive
YHV (V); Lanes 6-9, surviving shrimp from dsRNA
treated groups: 6 (), 7 (»), 8 (o), 9 (4); Lane -ve,
negative control shrimp (=) result at dS. Note that
all of the bands for survivors are less intense than
those of moribund shrimp.
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Qbiectives
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Figure 3, Photomicrographs showing immunofluorescent fabeling for structural protein,

gp116 of YHV in the lymphoid organ (LO) sections from experimental £ vanname’,
Immunofluorescent signals (yellow-green color) of moribund shrimp at day 2 after
YHV injection (saline/YHV) are intensely observed in the LO tubular (LOT) matrices.
Whereas, immuno-reactions in surviving shrimp treated with dsRNAs (ORF1b/YHV
& ORF3/YHV) reveal mildly positive signal with some infected cels at clusters of
aggregated hemocytes (arrows), but are very faint to negative in the LOT. Bar =
S0 pm.




	

