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Abstract

Objective

The sustainable development of the farmed shrimp industry is threatened by a wide range of
important pathogens, including white spot syndrome virus (WSSV), which causes severe
economic losses to the industry. The aim of this study was to identify differentially expressed
genes (DEGSs) in Kuruma shrimp (Marsupenaeus japonicus) in response to injection of long non-
specific dsSRNA and their association with survival and immunity against white spot disease
(WSD).

Materials and methods

Eight microarray data from shrimp hemocytes injected with PBS and long non-specific dsSRNA
(four samples from each group) at time intervals of 24 and 48 hours after injection were extracted
from the GEO database with accession number GSE61541 and analyzed using the GEOZ2R tool.
After automatic normalization, the data were imported into Excel software and differentially
expressed genes (DEGs) were identified with an adjusted P-Value less than 0.05. Genes with
LogFC greater than 2 and less than -2 were considered as up- and down-expressed genes,

respectively. Then, the commen DEGs were identified using the VENNY 2.0.2 tool.
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Results

Data analysis showed that 160 DEGs were identified in 24 hours after dsSRNA injection, of which
111 genes were up-regulated and 49 genes down-regulated. As well as, the results showed that
206 DEGs were identified in 48 hours after dsSRNA injection, of which 138 genes were up-
regulated and 68 genes down-regulated. The analysis of DEGs using the VENNY tool showed
that 74 common genes were identified in 24 and 48 hours after dsSRNA injection, of which 67
genes were up-regulated and 7 genes down-regulated. Shrimp injected with dsSRNA had a higher
number of DEGs than the PBS-injected group, most of which were up-regulated. The results of
this study confirmed that injection of long non-specific dSRNAs could induce many genes related
to innate immunity, such as Ribonuclease T2, C-type lectin 2, HSP90, Caspase Nc-like, and
TRIM64 in response to WSSV infection in Kuruma shrimp.

Conclusions

Various biological functions were predicted for genes induced in Kuruma shrimp in response to
injection of long non-specific dsSRNA included recognition of pathogen-associated molecular
patterns (PAMPs), binding, homeostasis, apoptosis, catalytic, transmembrane, chaperone and
RNA.. Identification of these genes could be useful in finding markers associated with white spot
infection, diagnosis, or designing inhibitors against that disease.
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Introduction

Kuruma shrimp (Marsupenaeus japonicus) is one of the most important commercial
crustacean species in the aquaculture industry. As a warm-water shrimp, this species is distributed
from Japan and Southeast Asia to East Africa and the Red Sea, and its production accounts for
more than 5% of the world's shrimp. There are reports of the presence of Kuruma shrimp in the
waters of the Persian Gulf and the Sea of Oman as an indigenous species. Since this species can
be cultivated in the temperature conditions of the second half of the year, new research approaches
have been initiated by the Iranian Fisheries Science Research Institute on this species since 2022
in order to develop the shrimp farming industry, create food security, and sustain production with
the aim of species diversity. The distinctive color, unique flavor, high price, export demand, and
the possibility of live trade have made this species a suitable option in aquaculture and a specialty
seafood. However, the sustainable development of the shrimp farming industry is threatened by
a wide range of diseases, including viral, bacterial, fungal and parasitic diseases. Among them,
white spot disease (WSD), caused by white spot syndrome virus (WSSV), is one of the most
important diseases for all shrimp farming species worldwide. This disease is caused by a highly
lethal, stress-dependent virus of the genus Whispovirus and the family Nimaviridae. This disease
causes significant mortality and economic losses in the global shrimp industry. In recent decades,
various methods have been developed to understand the impact of various environmental factors,
including diseases, on the expression of genes in organisms. One of these methods is microarray
technology. Several studies have been conducted using microarray technology to investigate
differential gene expression in different shrimp species exposed to WSSV. For example,
microarray technology has been used in Litopenaeus stylirostris, Fenneropenaeus chinensis,
Litopenaeus vannamei, Penaeus monodon, and Marsupenaeus japonicus. The RNA interference
(RNAI) mechanism, initially identified as a natural antiviral immunity in plants and arthropods,
was a significant discovery in the field of studying immune responses in shrimp. RNAI is a post-
transcriptional gene silencing mechanism in which double-stranded RNA (dsRNA) molecules
suppress the expression of genes with homologous sequences. Significant success has been
reported in preventing disease progression in shrimp by injecting dsSRNAs specific to viral genes.
RNAI has been used as an antiviral treatment in shrimp for Taura syndrome virus (TSV), WSSV,
and Yellowhead virus (YHV). However, another interesting approach by RNA. is the injection of
non-specific dSRNAs with different lengths, sequences and base combinations, which can induce
non-specific immunity and protect shrimp against fatal diseases, although its biological
mechanisms are not fully understood. The first study in this field, conducted in 2004, confirmed
that the injection of dsRNA in Litopenaeus vannamei reduced shrimp mortality after exposure to

TSV and WSSV infections. As mentioned, the mechanisms of non-specific dsRNAs in inducing
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immunity in shrimp and biological defense against diseases are not completely clear. Therefore,
microarray data from Japanese shrimp samples injected with PBS and long non-specific dsRNA,
extracted from the GEO database, were analyzed to identify host-induced genes against WSSV
in this study. This information can be used to analyze virus-host interactions to determine which
genes are expressed and in what relative amounts during infection. It can also be used to identify
the relationship between differentially expressed genes and shrimp survival after virus exposure

and the induction of immunity against white spot infection.

Materials and methods

Eight microarray datasets from shrimp hemocytes, injected with either PBS or long non-
specific dsSRNA (four samples per group), were retrieved from the GEO database (accession
number GSE61541) and analyzed using the GEO2R platform at 24- and 48-hours post-injection.
Following automatic normalization, the data were transferred to Excel software, where
differentially expressed genes (DEGs) were identified based on an adjusted P-value threshold of
less than 0.05. Genes exhibiting a LogFC greater than 2 or less than -2 were classified as
upregulated and downregulated, respectively. Subsequently, common DEGs were determined
using the VENNY 2.0.2 tool. The protein name of each gene or its predicted function was
extracted from the UniProt, Expasy, EMBL-EBI, GeneCards, and gene ontology databases using
the DAVID tool.

Results

Data analysis revealed that 160 differentially expressed genes (DEGSs) were detected 24
hours after dsSRNA injection, comprising 111 upregulated and 49 downregulated genes. Similarly,
at 48 hours post-injection, 206 DEGs were identified, including 138 upregulated and 68
downregulated genes. Further analysis using the VENNY tool indicated that 74 genes were
commonly expressed at both 24 and 48 hours after dSRNA treatment, with 67 being upregulated
and 7 downregulated. Shrimp injected with dsRNA exhibited a greater number of DEGs
compared to the PBS-injected group, with the majority showing upregulation. These findings
confirmed that the administration of long non-specific dSRNAs could activate numerous innate
immunity-related genes—such as Ribonuclease T2, C-type lectin 2, HSP90, Caspase Nc-like, and

TRIM64—in response to WSSV infection in Kuruma shrimp.

Conclusions
Several biological functions were predicted for the genes induced in Kuruma shrimp

following the injection of long non-specific dSRNA, including the recognition of pathogen-
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associated molecular patterns (PAMPs), binding activities, homeostasis regulation, apoptosis,
catalytic processes, transmembrane functions, chaperone activity, and RNA interference (RNAI).
The identification of these genes may prove valuable for discovering markers linked to white spot
syndrome infection, improving diagnostic methods, or developing inhibitors to combat the

disease.
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Figure 3. Volcano plot showing genes with differential expression in hemocyte cells of
shrimp samples at 24 hours after dsRNA injection. Genes with increased expression are
marked with red dots and genes with decreased expression are marked with blue dots

Long ds-48 vs pbs-48, Padj<0.05
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Figure 4. Volcano plot showing genes with differential expression in hemocyte cells of

shrimp samples at 48 hours after dsRNA injection. Genes with increased expression are
marked with red dots and genes with decreased expression are marked with blue dots

248

8, SN,



RN,

V€+& DA Mt 9 D M

o3l b a5 5JUT ol cnl jasuio & JSW )3 a5 job sl 1S o 00w 3l 1 458 LR 2wl
Gr 3l o el YA o VY o 93 oy S e jobo 4y (B8l Lo b o5 VF a8l Lz VENNY 2.0.2 15 5l
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dsRNA
Figure 5. Common and specific differentially expressed genes at 24 and 48 hours after
dsRNA injection.
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ASRNA 51,5 5 o el YF 55 ol ihise cmfimbs s Vb b ool 55 1+ sl ¥ Jgser 5o (adjP</+0)
(adjP<+/-0) Kilons 03]

224 pablen USRNA 3,55 51 ot Claw £A 43 moluais sad by (31581 (gl 5 (ot lawlis

o el YA 3 olass] 3 VY S sl s VENNY 2.0.2 1540 51 oolizl § o 3] gl el (st & S5
sl Sl ol Gl 55 5 5 ol Lialidl o VY sl ol ) (@djP</-0) aisls 31,8l Ly ASRNA 54,5 5|
ASRNA (5,35 31 (g el ¥A 3 Gl ol ol § Vb b moliadl o Ve ol ¥ Joa2 o (adjP<-/-0)

.(ade<~/~a) Llods 03)51
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Table 1. Ten common genes with the highest expression levels at 24 and 48 hours after

8, SN,

dsRNA injection (adjP<0.05)

dsSRNA G5 il jw celo 48 dsSRNA )5 5l pw cslo 24
48 hours after dsSRNA injection 24 hours after dsRNA injection
oL gy 3,Sles LogFC o5 01 oy 3, Slas LogFC o3
Predicted function Gene Predicted function Gene
Sy d5ens 5816 6.476 Transcription factor hwgen b badye cuigy 6.747 Hemocyte 1
RFX3 RFX3 Cogad homeostasis-
Transcription Hemocyte associated pl’oteln
factor RFX3 homeostasis-
associated protein
(2 y0) Shasls o3 6.461 Dom-3 homolog z b o900 05,5 6.140 Low density 2
Housekeeping oS & lipoprotein
gene Low density receptor
lipoprotein
receptor
pree 5.756 Caspase Nc-like (&2 y0) Soasls o3 5.780 Dom-3 homologz 3
Apoptosis Housekeeping
gene
2 C-gg oS 5.588 C-type lectin 2 b Lagye (g gn) 5.412 Virulent strain 4
C-type lectin 2 oans associated
Virus-associated lipoprotein
lipoprotein
sl g 5.403 Ankyrin partial 2C-gg s 5.180 C-type lectin 2 5
Binding protein C-type lectin 2
ogSae (6l e 5.399 Reverse transcriptase D 59 emlsl 5.118 ApolipoproteinD 6
Reverse Apolipoprotein
transcriptase
b cnBygm) 055 4.880 Low density Oon 4.848 Trigger factor 7
o S5 lipoprotein receptor Chaperone
Low density
lipoprotein
receptor
bwgan b o pe (piigy 4.816 Hemocyte o5Sxe (613 s 4.792 Reverse 8
g homeostasis- Reverse transcriptase
Hemocyte associated protein transcriptase
homeostasis-
associated protein
b yano )3 oo o] 4.808 Triosephosphate I 4.603 Legumain 9
5355555 5 eSS isomerase Peptidase precursor
Important enzyme
in the glycolysis
and
gluconeogenesis
pathways
3, Slas s A5, oSl 4.715 Granulin precursor S A5 818 4.314 Transcription 10
Multi-functional RFX3 factor RFX3
growth factor Transcription
factor RFX3
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Table 2. The common genes with the lowest expression levels at 24 and 48 hours after dSRNA

8, SN,

injection (adjP<0.05)

dSRNA )5 5l pw cclo 48 dsSRNA )5 5l jw celo 24
48 hours after dsRNA injection 24 hours after dsRNA injection
ot 3ySlas LogFC o5 ot 3ySles LogFC o3
ol Gene ol Gene
Predicted Predicted
function function
Jlasl conls’ -3.004 ABC subfamily ABCG S ool Gy -3.266 Ribonuclease T2
ATP Innate
ATP- immune
binding response
cassette
(ABC)
S o) gl -2.990  Ribonuclease T2 g pgllio -3.217  UPF0632 protein
Innate TIKIL C20rf89-like
immune Metalloprote
response ase TIKI1
Shodd 25 ,e56 -2.831  Anti-lipopolysaccharide & by wiion -2.749  Adipose differentiation
A sl factor A (ALF-A) o sl related isoform cra_a
(ALF-A) Protein
Anti- related to
lipopolysacc adipogenesis
haride factor
A (ALF-A)
Wopgke -2570  UPF0632 protein C20rf89- Sl (plign -2.404  Novel protein related
TIKIL like el b Lag e immunity
Metalloprote Unknown
ase TIKI1 function
s gy -2.532  Novel protein related | _Ls 1o 656 -2.336 Anti-
el b Lag e immunity A il lipopolysaccharide
Unknown (ALF-A) factor A (ALF-A)
function Anti-
lipopolysacc
haride factor
A (ALF-A)
b by cuiion -2.434  Protein related bowel L bsye oo -2.179  Protein related bowel
039) 039)
Protein Protein
related related
bowel bowel
& byype oy -2.092  Adipose differentiation Jlasl cals -2.159  ABC subfamily ABCG
o sl related isoform cra_a ATP (ABC)
Protein ATP'blndlng
related to cassette
adipogenesis (ABC)
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Table 3. The specific genes with the highest and lowest expression levels at 24 hours after

dsRNA injection (adjP<0.05)

(ade<./.o)

ol el b (B3l el
Differential genes with reduced expression

ol o8l b (Bl glag
Differential genes with increased expression

04 (i O ySlas LogFC o5 ol sy 3,Skas LogFC 35
Predicted function Gene Predicted function Gene
wlid JGsl gy -4.252 7 transmembrane 3yl Bgilgus 00 31 3646  Heparan sulfate 2- 1
Transmembrane Sulfotransferase o-sulfotransferase
protein enzyme
o Juasl (9,5 Jb -3.853  Calcineurin-like NFXT alie gy 3.561 NFX1-type zinc 2
. e " phosphoesterase i ; finger-containing
R ORI “”L'B ' domain containing 1 NFX1-like protein protein 1-like
PP (g g jLland
3blewsd
Activate metal ion
binding, protein
serine phosphatase
and protein
threonine
phosphatase
& Lly Olaws 36 -2.801  Sodium-dependent {8))3355) 53l 3.266 Riken cDNA 3
i,;.\.‘, phosphate transporter ( )?_ y)'tl:w 1600014c10-like
L™ S OR ) isoform 2
Sodium-dependent & ol g (2b)AS go
phosphate sl i
transporter Lo
Autophagy,
mitochondrial
calcium ion
homeostasis, and
the response to
oxidative stress
I eloyosls Jlas) -2. rganic cation SET alie o5 . an
S elssls J 2.663  Organi i s Lo gy 3214  SET and MYND 4
Transport of organic transporter MYND ) doma_in—co_ntaining
cations SET and MYND- protein 4-like
like protein
ko Ao el -2.602  Anti- Old gl opep 3.143 Phox domain- 5
r lipopolysaccharide containing protein
ALF-B) B (5L Phox
( A)\nti- ) factor B (ALF-B) Pho_x_domain—_
lipopolysaccharide containing protein
factor B (ALF-B)
g9y H95 -2.597  Basic Helix-Loop- i JEsl s,y 2.954 Innexin inx1 6
Transcription factor Helix (BHLH) factor Transmembrane
protein
3659, -2590  Aldehyde ) Sdbols 120 g, 2.821 120 kDa Pistil 7
Aldehyde dehydrogenase family 8 Pistil wlis extensin-like
member Al isoform 1 ; rotein
dehydrogenase 120 kDa Pistil-like P
protein
0ol o Jlg Jlasl -2.438  rRNA intron-encoded da 5 3l g Ol yss 2.806  Ubiquitin  family 8
Transition of homing endonuclease Post-translation protein
specific sequences modification
Fhwgs pgd dlsye U1 -2.411  Glutamate S o) gy 2.754  Tripartite  motif- 9
] semialdehyde Innate immune containing protein
Catal;)si Bsﬂ’of the dehydrogenase response 64-like (TRIM64)
second step of
proline biosynthesis
-2.388  Prophenoloxidase I3 e — SIS gl 2568  Endonuclease- 10

S Jgidg
Prophenoloxidase

(ERT) osSine
Endonuclease-
reverse transcriptase
(ERT)

reverse
transcriptase (ERT)
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Table 4. The specific genes with the highest and lowest expression levels at 48 hours after

dsRNA injection (adjP<0.05)

Ol Rl b (S8l glagy
Differential genes with reduced expression

Ol oL (BB sl
Differential genes with increased expression

0l i i 3,Sdas LogFC o5 0Ad i 3ySles LogFC o5
Predicted function Gene Predicted function Gene
Sl 3B -4.450 Sulfotransferase 1C4 alie ey 3.847 Apolipoprotein  D- 1
i y like
Sulfate catalysis D 5 sulasl
Apolipoprotein D-
like
g eSS -3.286  Glycoprotein GP2 Sy el 3.646  Ubiquitin carboxyl- 2
Glycoprotein Protease activity terminal hydrolase
isozyme 13
byl Jlis! -3.162 Bestrophin isoform A 3, Sdes s Cuigy 3.322 Meckelin-like 3
Anion transport Multifunctional
protein
Sl Sed omign -3.103  Heat shock protein 70 EMolss gy dlaly 3091  Kelch motif family 4
70 e protein
Heat shock protein T O o
70 JUS JWSI 5 (55
Mediator for protein-
protein interactions,
protein degradation
and signal
transduction
ST -2.986 PPE family protein 90 i)y Sod gy 3.041 Heat shock protein 90 5
Immune system Heat shock protein
90
$5ST T 155 om0 -2.960 Glutathione peroxidase (Joko a8 > > 33 2.956 F-box protein 7 6
Hydrogen peroxide BPrecursor |5 s Jsbo s
detoxification )
£339°555
Cell cycle, cell
proliferation and
maintenance of
chromosome
stability
o 15 g5 -2.922  Anti- wlie JUS gy 2.955 Sid-1-like protein 7
lipopolysaccharide 1
(ALF-C) c-d%m@ factor C (ALF-C) dsRNA s ¢!y
Anti- Transmembrane
lipopolysaccharide Protein for dsSRNA
factor C (ALF-C)
Pk Jlas! -2.775  Selenium binding | 4 clall (g, ad, g5l 2906  Bone morphogenetic 8
Selenium binding protein-1 s medylie i protein
Silwger
Growth factor,
metabolism and
homeostasis
BRIV -2.590 Gamma-glutamyl | 550,08 b bagye g 2.850 Fibrinogen  C 9
Hydrolase hydrolase | Eiprinogen-related domain-containing
protein protein 1-like
g oy 0358l -2.571 Serine protease | 4 DNA (o oMol puis 2.833 Non-histone 10

(o)
Serine protease
inhibitor

inhibitor-6 (Serpin)

Syt oS
Alteration of
interactions between
DNA and histone
octamer

chromosome protein
2
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b —olasl e ASRNA s PBS L osi 5,5 (15 (950 (slodiges 4 baspe alyl) slaodls jI ,sls asllas p

ol s 03lawl WSSV ale b o il (glays olwlid jolaie 4 (GEO oals o5l 5l oais zlysel iy Jobo
Cigie (b )3 i e d )3 5 oy plS 4 Sisled e (s 9 ooy sl piSemy 5T 5k ) il o e
5 ol elsae Sloosis b oas sly Byl sla s o Lol olgise SledMbl ) 5 odlii ol b izmod e oo ol
Oy 0SS 0 adlllas pl 53 0aid lulid S yidie (sl 5l (S 908 (pluolid |y i o) Cigie ale ol (U
il ASRNA 52,5 51 g caelo FA 5 VF (slaploj )3 65 sloog ) 55 o5 5 (HHAP) cssgon jliavgon b Loy
2 oS ladlllas )3 )15 Coanl Cogon liwgen ;3 8 ol (g ng (B9x So HHAP (@djP<-/-0) oy plss ol
55§l 6ySols b PMHHAP i8] 0oty o8 0 [aseiie €8)5 &0 WSSV L 0 52,5 ol (65 (slosSie
wgor 38 cge (izmed 9 Cusl (153 (13)5 )3 lrCuwgen gaw bais sl 655l plgis 4 dbcpmgen @y L&
Eym S5 yd 50 i ol (Prapavorarat et. al., 2010) 3,5 o (owgpg cogie Job )3 oliws o 13 el
OiSan s g g Sishe Job ) sl S ol WSSV IWSSVIB4 (559, L PMHHAP o5 3l (s elews
aalge il L OSRNA L oss 53,5 (bl5 slagSes pols adllas p3 a5l 4 4545 L (Apitanyasai et al., 2018) sl
g HHAP (0 (ol wlats &) g5-590 cnl cl (o tidly (Lt aald 095 & cuas 1) 55Vl Slooss; WSSV L
o5 35 V-Croggp (U b 4y S0 00 (oLl Sy (1 il i po g g gt Jsb ) bicumgen (S 5)lk
b Sldllae b aoes opl oS (@AJP</+0) ol ol olo Lil38 ASRNA 5,5 5 e el A g VF (Lo 93 yo
@ J5S50 slogSll &S i oKo sl i 53 0l g st slagtisy C s slopas) csh cdllas
» (Wang et al., 2020) 1S o ololis 19,500 zokaw 59, ) "(PAMPS) (g)los Jole b b po ois cblas s
s n & Jleail b il (5 95 0 WSSV i g cisie couilyi ¥ Coggs oS0 &5 0 ()15 (sladlllas
Ol o &S s s ie ;500 adllas > (XU €t al., 2014) 35 5o Sloodi il Coge g Hlee VP28 iy
o sl VWY g 8 3 ol Sbgiln )3 o9 4 (oy€ Mo (S95ue ciliBes (slacdly ;> LVLECHIN-2 pb 4y C g4 iU S
Wei etal., ) cusls (@djP</-0) 15 (gne il 381 ¥ o9 Mo o500 g 5551 s WSSVl il slacsgas b agalse

@ ol ol ol 8 2 llid (25 50 0 MICTL pb 4, C g5 0080ty 5 S ] aallla S 5(2012

1 Hemocyte homeostasis-associated protein

2 C-type lectin 2

3 Pathogen-associated molecular patterns (PAMPS)
4Vibrio anguillarum
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»(Zheng et al., 2020) cél yul3 WSSV L os i 5,5 slosSes ol SShgsla ;5 (QAJP</+0) (5)> ixe yobo
g wSL Y ailne g Jlasl b oS uis slolid o)8 dbw (6950 > LVPLP pb & C g5 S0 Solgi)l 6 500 adlllas
Sl Cogie 4 Koo ol fesly 3 1y oo 1 TAMPS) 5 Seo 1 (slodiity ol 5 jotemosSE (55, 5,80 5
Pl 4 C gy o) S ol a5 as (5138 ais S o (B et al, 2020) ais o Lyl T pupSiisadlly apeis
rosSeilponll gipg s len Jelss b aalse 51 G Wit 02 4 (06 diis (55500 slacdl: aan > LVCTL3

o5 L etal., 2014) (P<-/-0) cab )3l (EC) (b g ) le band w5le ool piusw (oS e g WSSV
colus YA 9 V¥ oloj 93 10 13 a5 35 (LDLR) o8 JSe b (g pgnd 0335 S & bgupo 1500 0 (pllis S
03555 A oIS BLSI uels K gsls a5 C g5 sl ) L@JP</+0) oy 5L ol ial3l ASRNA G155 5l e
05 S o] adlae 4 3 iloas (plwlid pliwgy cow il gl > ain (LAIFCTL) o8 S8 b 015950
G dme yobo 4 sl i S0y55 3l L a5 0S olwls (LVLAIFCTL) (o)¢ aéw (66500 5l as LAIFCTL
Speip Cshs MA T arge dlate S b e 0 cnl 0055 Ghgels b Lot gl QR e —gen ) (P<4/-0)
LdlrLec2 4 LdlrLecl ; 9 sl %os clllae y> (Liang et al., 2019) us WSSV cigic Jlos g pwsSeidsas/yl
Fenneropenaeus ) (sjse (s55ue (slocawsen > FMLAIN o5 Ly s WSSV Lisa 5 apalse (015 (56500 )
2l I3 (P /+) (5o s5b & WSSV g posisadl s s (555 cigie s &uly > (Merguiensis
Olgie 4 NCO —5Lls wlie o5 o (TP jly093] linsd jg0 5 o5 (XU et al., 2014; Kwankaew et al., 2018)
L« (@djP</-0) Ly oLss olo (l58l ASRNA 5,5 5 o celw YA 9 VT oloj 90 j3 S o slas
05 ol ol &S s asuie EXopalaemon carinicauda (lagSe ) cladlas j> Jio (oly sl cillas poin
00929 o) S5 4 SdsSS pino s )b WSSV L agale 5l ey oo V¥ 1 (ECTPI) jlogil il o, 5
soSee ;> PJCaspase pb 4 Las jLwls o5 G oo & 4 (ascie sladlke (> (LiU et al., 2017) w8 o S8
909 b 5l o5 ol cel S a8 il aaliEl (P<4/40) ()l e yobo 4 WSSV L agalge 5l anilojls (o3
ol adllas ol ,> (Janewanthanakul et al., 2020) ssl acily Ko ool dgute )3 (g pgind Lid 5 Wb pwg g

! Agglutination

2 Antimicrobial peptides (AMPS)

3 Vibrio parahaemolyticus

4 Low-density lipoprotein receptor

5 Triosephosphate isomerase

6 Caspase Nc-like

7 NFX1-type zinc finger-containing protein 1-like
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ol s 5 0] GEB 5 090 0l Ol Gl 2090 03 iy adlllae b o (ADJP<-/-0) 8L (Il (5 e
b &S sl 9,8 y0) b odsigus 56 g o NFXL op55q, (Xia et al., 2023) cosly caslae o)é diw (o950
Sl s slootiay b Jalss o ASRNA L Lol dy 0l g ) Al o b po (8 stm o)l (glie
BIasi 61 ) 1S oo cogii gy cigie adsl >lpe 3 1) L g 09l Gl 5 039 (MAVS) (b jaiSsie (cwgngind
GuF 3l o el V¥ o (oliaidl b 4 T(ERT) ugSas )l pases =300l 0 ol s (ol 55 (al., 2022
S5 5> s o) Cighe Blie 53 sl )3 0F ol BB 9590 3 ety adlllas b oS (QDJP<-/-0) L 233 ASRNA
PMIERT (5 el Sae a ad (asiide (115 (5550 (59, ;500 adlas ,>.(Jin et al,, 2019) cils callas o5
oS Cighe b agalye 5 WasSoe Al Giali8l Gage 0 cnl T ST oS pgb 4 0Bl Fge sSue 3 el slagl W
Bup il o el YF 5 olaisl job 4 TRIMBA? alio o3 G ol adllas o) 3 (Ma et al., 2018) 13,5 siw
Clllas 550 3 03gl l (glory) il 3)90 53 ey b L &S (AAJP<-/-0) el (ul8l (L5 555e > ASRNA
> PMTRIM37 5l &, TRIM37 55 5| Sglsan i sl s 45 4 oo (haalllan 1o Jlio (gl sl
a3l (P</20) (o)l (e yobo & WSSV cigie b agalse | e ol (g0 slagSien 55lid sloplil g ol Sibilin
Zhao et al., ) 35l 291t NF-KB o o sy Gy o 311, i S g9 iS5 (5 ol sl (S0 5 2y
2391 oty Mk (55w 33 s 5] oyl ot 5] spuise LVTRIMB2 5 & 05 yaseio 1505 adllae ;5 (2023
ol (Wang et al., 2020) »,ls i ° osSidsis I g pg 9 WSSV 5l (5L slacigae ply )3 95ue cuoglio 13 g
<8l Gl ASRNA 5355 5l g cosls TA ) (oliaidl jobo 4 "(HSPIO) A ()l S5 iy 0 0 Ol @l
Gl a4y S G e Sagrn il Sed b otiny b cdlas L3 cllle gl b &5 (@djP<-/-0)
L o agalye ()8 dhew 555ue 3 HSPOO () ol (sladdllas 13 Jlio (gl i (0 S8 (g g slacisis 5l (6 lue
ol lisslen » WSSV iS5 (lall s o gl el (oo gl iy <8y G331 (6> (ine ysb s WSSV cigae
el 5See HSPOO (5 ojlo (iol5dl ol b ool b (Yingsunthonwattana et al., 2022) a_sl aily id wgpsg
» (Maralitet al., 2015) aisb 55 Lwgpg 399 3 (56 (wyiwol L WSSV cigae ply 13 oljwe cdabls (gly (Seaoly
(@djP<-/-0) cél Ll dSRNA 5,5 5 jw celis YA 3 coliaid! jgb & Sid-1-liKe (59, o5 ol adlae oyl

4 oS 2l o RNAT S5 5 Ui o JsUse 5 oS Sid-1-like gy il cilas L5 cldlas gls | &

1 Mitochondrial antiviral signaling proteins (MAVS)
2 Endonuclease-reverse transcriptase

3 Knockdown

4 Tripartite Motif-Containing Protein 64-like

> Vibrio alginolyticus

® Heat shock protein 90
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sl ey s JUS olgis 4 oS cl olbyiay »3 Sid-1-liKe amd o gl ol asl e (WASRNA
sl oas aslis WK G dSRNA &5 T 51 (Labreuche et al., 2010) w8 o Jos LASRNA Sooiy
g1 Lzl 590 adlllae ol > SIA-1-1IKE (5595 ol GR133 culpls a—slige RNAT IS g5L s 5 b slaJoUs5e
71 50 (Kl slagl (B aSl Al ced (ol 0f o 025 (hgel sl e b Sl eg)S cul oo 15
Sial3dl a8 ol Lt adllas ol s (Maralit et al., 2015) asl b 51 Sy espmg i 5,Shos 1yl 45 A8 Lo oilais
L oS 15,5 WSSV cisie L agalye 15 ls slosSee Sloods; dgute 5 smspeg 1 s S el Sid-1-like 55 ol
olaid! e il > o5 ol BB p sl ls opl (Maralit et al., 2015) cush céllas iy Slillas gl
V=035t C 0meld sgle B plids (uion S ol adlllae () 3 3l e WSSV ale (o wgpg a5 ol
b s ol b a5 (adjP</+0) ol L3l ASRNA 50,5 5 u el FA )3 —olazsl yob 4, (FCDP1)
5" sasle sy acisie b oasd aalse ol m SlagSen 3 (i b s pe sl ol Je lp ol cillas
sSeilpanly gpp Chghs L oad agelye (ise slagSee > (Oangkhana et al., 2021) aii s s gy
da Rosa Coelho et al., ) (cs)ls aus cogic bod i apnloe oye 1bw clagSis > (SeNghoi et al., 2019)
ol el g)ls me G133 (SUN € al., 2014) g, Moy esp g b 0o dpalye (5 losSiee ) 5 (2016
colo FA Y iy a3 (eolaidl ygb & T(HSPT0) Ve ()l Sod g 5 il g0 clapl 4 0 90 adlllas
Sygio WSSV b odgll 056 tis (slavgSun (69, 45 (sladllan ,> .(adJP<-/-0) aieily olo zalS ASRNA &)5 5
Gl aeelse 5l g sl YF 53 LVPIOPO ol & jlas’slgidg y 0aiiS” Jb s 5> l8 )5 s HSPT0 ol wcd 5
3l (Sla55 Ol g il (slaglej (o 0aid Mg oS 6yl e (el e b badhe ] ofg 4 o
223 355 J5 3 (SarsS Td ac gamo s 90 S5 (s A2 9 Cige yob 4 gy slags ol 450l 2 0g3le
sy g5l o pimen (Khabiri et al., 2023) sy (S 35 Gloes 4y dls o 4 b5 olo 9 395 0 oylo <l g4
L RNA 5 (leg,s RNA ) ¢ ysmn o3 SloMol duome (55l DNA goMite Jols o935 0l hlice
Sbewiph ynb 5 i ol 9y L e In 5 O g lis)low Jalge cdss e Jaome Jalge LoaiiSaS e wily Jobo

Jelse g pei5al sy om odaw L OMoles sl (Soe ¢l Ly (Barazandeh et al., 2016) sua Jols > 05

! Fibrinogen C domain-containing protein 1-like
2 Vibrio harveyi

3 Prophenoloxidase

4 Heat shock protein 70

5 Temporal expression
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sl plw s el len 4 S5 sloedygld (lie mizen (AMiri Roudbar et al., 2020) s2s ¢, Jeoe
@ baye 5 4w addllae ol ,> (Bordbar et al., 2022) w0 s 1y o5 o) ol @95 o0 a3l Jgmame o) 055l
CoB A s L bl cygeaf s clasi o a8 8ad alules YALF) g0l (lised 05 (slaygsé
i poladl b 4 ALF-C g ALF-B o 5 oloj 99 52 55 Syt b 4 ALF-A 1 iloas ool (L
obas] JSo & ALF lapybgsl il (3 .(@AJP<</<0) L3l lis ol ials ASRNA 5,5 51 o cesls FA 4 VF
ol oy G55 Gilio g 5 bl Jl sl 3 gl s ol o Jo 3 S ol paeie il Sy
395 o malas JAK/ISTAT 4 TOIl MDY (slos pyinno Jolis KoM K& pusno cptin> baogs WALF s g9,
UK pio bowgs 0l (695 0 ALF2 g ALFL )Ly a5 us aseiie adllae S p> (HOegEr & Harris 2020)
Shazoaglogs p ALF2 s ALFL (clogs ol sl czrse MIIMD (L e 15 35— 0 s IMD (2
L agalge 5l o 950 3 ALP (slays olo cciliseo lalllas )3 a8l 3939 b .(LaN et al., 2013) 13,5 o9, 305650 109
Ol Jb @ w5 e addlas (] > 0a b Ll 3 GLALP oLy (2als s (ol b el aidl (0l 5 lon Jolss
g s 0355 e £l 42 (35 S aslllae ) )3 a3l Lol SidliSis jimee Jlae b g ol & o b)) uobuas!
Slalllas gl b 45 (@djP<-/+0) oy ylis ol zals ASRNA )5 5l e el FA 3 (olaidl job & ()
> s95we o (Homvises et al., 2010) ob—w (0 5500 > o5 ol oo il Jle (ol ol cilae
Ol LialS a8 3505 5155 liime oyl (P<e/+0) ol oas 5,155 WSSV cigac b sus aplge (LiU et al., 2009)
O o O > BT g o glosliaiy n T 5l Gl Ol & e sl (S0 (i SlasSes 1> e 0
(Liuetal., 2009) 33,5 ol pisw )3 (o0
Sl Carge ey il Jobo b (ol aiblé SASRNA (55 45 2905 0l aalllae o) ults 15 a5 Aot
s NC -l & (3)l> Sod (ign F-Cogy ) T2 Wl 500, o (51 ol b b o slogy 5l )l
wad i sl ) il slaculd gl lagys ol 00,8 (L5 s 9 WSSV cisae 4 7wl > TRIMG4
RNAI 5 gz colié JUinl oss3bl8 ] «s3tisgan i Jlaalecslony Jolo b Lo J5Sso (slasS)
SlgSen Wigd oo M aSJ Cogis dde oal gm0 crge g 03905 sl (lje 3 1) (g g s b S bl dg
s bl el aS aasls PBS b osi 3,5 aalis 09,8 a0 o |y (o ity B138] gl y5 laws ASRNA L o 3,5

1{ wobwl)& dSRNA dL&:J}Q}c LY a._wb Jel ol &) LngU) uJLmL._m 9 dalllas OJ‘ ("_ULJ u.lf )9]0 LY ...U.)y Yb uLJ

1 Anti-lipopolysaccharide factor (ALP)
2 Immune deficiency (IMD)

3 Serine protease inhibitor (Serpin)

4 Overexpression
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Ol e 018 oo (b b g et K 53 i 4T ()low b Lasipe (tnj (slo Sl (8l caas 53 Wl oo i Jsbo

p e guae Hidehiro Kondo s (Bl Gl o)) el 5 b gl 5l cadlas oyl plosl gl 206 ) 35wl

@ cplplo 03,5 oalil " pl5 c0uS'g obyd ()9l g pole oSSl cpgis pole olSiinlejl g b)yd (gyolid 5 pole oasihy"

Ao danl Wbl 5 lyeld 5l cpiored S o (6Kl oo Hlisl Ll gl jl dlis 816,50 pl sl b

D35 g0 (108 g S pele 5 (LBl ke Wl g Alie obj)l b 4 (65)5liS ($5eleSSsn

&
e il o (Marsupenaeus japonicus) ol; (coue dmwlio (VF++) a0 b ydis ¢ S yo (6590 dows (i

9 95un gy e . i el 3,509, L 5y 9 miSS slalise Ll 5l (LitOpeanaues vannamei)
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