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Appendix 1.Genes/molecules that may have immune function identified within the 
lymphoid organ of penaeid prawns. 

Genes/molecules Inducer Species Authors 
Immune related factor and homeostatis 

Alpha2-macroglobulin 

V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

WSSV P. vannamei (Rodríguez et al., 2012) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Alpha2-macroglobulin 1 
(A2M-1) 

- P. chinensis (Ma et al., 2010) 
V. anguillarum P. chinensis (Ma et al., 2010) 
WSSV P. chinensis (Ma et al., 2010) 

Alpha2-macroglobulin 2 
(A2M-2) - P. chinensis (Ma et al., 2010) 

Clotting protein (CP) 

YHV  P. monodon (Bourchookarn et al., 2008) 
CP-dsRNA P. japonicus (Maningas et al., 2008a) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Copper homeostatis protein - P. monodon (Pongsomboon et al., 2008) 
Cyclophilin-5 - P. monodon (Pongsomboon et al., 2008) 
Cyclophilin-18 - P. monodon (Pongsomboon et al., 2008) 
Cyclophilin A V. harveyi P. monodon (Pongsomboon et al., 2008) 

Ferritin  
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Haemocyanin  
- P. chinensis (Zhang et al., 2010) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Haemocyanin subunit Y V. harveyi P. monodon (Chaikeeratisak et al., 2012) 
Haem peroxidase V. harveyi P. monodon (Pongsomboon et al., 2008) 
Heat shock protein 1, beta 
isoform 1 V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Heat shock protein-70  - P. monodon (Pongsomboon et al., 2008) 

Peroxiredoxin 
Peptidoglycan 
(Bifidobacterium 
thermophilum) 

P. japonicus (Maningas et al., 2008b) 

Prophenoloxidase (proPO) 

- P. vannamei (Yeh et al., 2009a) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Prophenoloxidase I (proPOI) - P. vannamei (Yeh et al., 2009a) 

Prophenoloxidase II (proPO2) 
- P. vannamei (Yeh et al., 2009a) 
- P. vannamei (Ai et al., 2009) 

ProPO activating factor III V. harveyi P. monodon (Pongsomboon et al., 2008) 

Transglutaminase (TGase) 
- P. chinensis (Zhang et al., 2010) 
- P. vannamei (Yeh et al., 2009b) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 
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Genes/molecules Inducer Species Authors 

Transglutaminase (TGase) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 
YHV P. monodon (Bourchookarn et al., 2008) 
TGase-dsRNA P. japonicus (Maningas et al., 2008a) 

Antimicrobial peptides (AMP) 

11.5 kDa antibacterial protein 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Anti-lipopolysaccharide 
factors (ALFs)                       

- P. monodon (Supungul et al., 2004) 

- P. vannamei (O'Leary et al., 2006; de la 
Vega et al., 2008) 

V. harveyi 
 

P. monodon 
 

(Pongsomboon et al., 2008; 
Somboonwiwat et al., 2008) 

ALF6 - P. monodon (Ponprateep et al., 2012) 

Crustins  

- P. monodon (Supungul et al., 2004) 
- P. monodon (Soonthornchai et al., 2010) 
V. nigripulchritudo P .japonicus (Fall et al., 2010) 
Nucleotide-rich 
baker’s yeast 
extract, Vertex 
IG20 

P .japonicus (Biswas et al., 2012) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

Crustin 5 Heat-shock P. monodon (Vatanavicharn et al., 2009) 
C-type lysozyme - P. monodon (Supungul et al., 2010) 

Lysozyme 

V. campbellii P. vannamei (Burge et al., 2007) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 
V. nigripulchritudo P .japonicus (Fall et al., 2010) 
Nucleotide-rich 
baker’s yeast 
extract, Vertex 
IG20 

P .japonicus (Biswas et al., 2012) 

Lysozyme C 
- P. stylirostris (Mai and Hu, 2009b) 
V. alginolyticus 
(heat-killed) P. stylirostris (Mai and Hu, 2009b) 

Penaeidins 

- P. monodon (Supungul et al., 2004) 
- P. monodon (Soonthornchai et al., 2010) 
V. nigripulchritudo P .japonicus (Fall et al., 2010) 
Nucleotide-rich 
baker’s yeast 
extract, Vertex 
IG20 

P .japonicus (Biswas et al., 2012) 

WSSV P. vannamei (Rodríguez et al., 2012) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

Penaeidin-5 - P. monodon (Hu et al., 2006) 

Penaeidin-2 precursor 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Penaeidin-3c precursor 
Oxytetracyclin P. monodon (Fagutao et al., 2009) 
Oxolinic acid P. monodon (Fagutao et al., 2009) 

Techylectin-5B precursor V. harveyi P. monodon (Pongsomboon et al., 2008) 
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Genes/molecules Inducer Species Authors 
Antioxidants and antitoxicities 
Cytosolic manganese 
superoxide dismutase - P. chinensis (Zhang et al., 2010) 

Glutathione peroxidase 
- P. chinensis (Zhang et al., 2010) 
- P. monodon (Liu et al., 2010b) 

NADPH oxidase - P. japonicus (Inada et al., 2012) 
Nitric oxide V. penaeicida P. japonicus (Inada et al., 2010) 
Selenium-dependent 
glutathione peroxidase - P. monodon (Liu et al., 2010b) 

Selenophosphate synthetase 
(SPS) - P. monodon (Yeh et al., 2012) 

Thioredoxin 1 - P. chinensis (Zhang et al., 2010) 
Thioredoxin peroxidase - P. chinensis (Zhang et al., 2010) 
Proteinases and inhibitors 

Argonaute (Ago) 
V. harveyi P. monodon (Unajak et al., 2006) 
YHV P. monodon (Unajak et al., 2006) 
WSSV P. monodon (Unajak et al., 2006) 

Cathepsin A V. harveyi P. monodon (Pongsomboon et al., 2008) 

Cathepsin B 
- P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Cathepsin C - P. monodon (Pongsomboon et al., 2008) 

Cathepsin D 
- P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Cathepsin L 

- P. monodon (Pongsomboon et al., 2008) 
- P. vannamei (O'Leary et al., 2006) 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

C-type lectin 

- P. monodon (Soonthornchai et al., 2010) 
- P. vannamei (Junkunlo et al., 2012) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Cysteine aspartate protease-2 
(caspase-2) 

- P. vannamei (Chang et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Cytosolic non-specific 
dipeptidase - P. chinensis (Zhang et al., 2010) 

Double whey acidic protein 
(WAP) domain (DWD) WSSV P. monodon (Suthianthong et al., 2011) 

Inhibitor of apoptosis protein 
1 (IAP1) - P. vannamei (Leu et al., 2012) 

Inhibitor of apoptosis protein 
2 (IAP2) - P. vannamei (Leu et al., 2012) 

Kazal type 2 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Leucine-rich repeat (LRR) YHV P. monodon (Sriphaijit and Senapin, 
2007) 



 
   

 
 

194 

Genes/molecules Inducer Species Authors 

Leucine-rich repeat (LRR) WSSV P. monodon (Sriphaijit and Senapin, 
2007) 

Melanization inhibition 
protein - P. monodon (Angthong et al., 2010) 

Protein inhibitor-signal 
crayfish 

Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Protein kinase c inhibitor 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Saposin 
- P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Serine protease 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Serine protease-14D - P. monodon (Pongsomboon et al., 2008) 
Serine protease inhibitor 
(serpin) - P. chinensis (Liu et al., 2009b) 

Serpin 6 - P. monodon (Homvises et al., 2010) 
Serpin 8 - P. monodon (Somnuk et al., 2012) 

Survivin 
- P. vannamei (Leu et al., 2012) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

 Leg-amputated P. monodon (Suthianthong et al., 2011) 
Tudor staphylococcal 
nuclease (TSN) - P. monodon (Phetrungnapha et al., 2011) 

Whey acidic protein (WAP) 
Oxytetracyclin P. monodon (Fagutao et al., 2009) 
Oxolinic acid P. monodon (Fagutao et al., 2009) 

Synthesis, processing, regulation and apoptotic related proteins 
26S proteasome regulatory 
subunit 

Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Apoptosis-linked-gene-2-
interacting protein X  (Alix) - P. monodon (Sangsuriya et al., 2007) 

Calreticulin - P. monodon (Visudtiphole et al., 2010) 

Calreticulin precursor 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Carboxypeptidase B 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Caspase pH-stress P. chinensis (Wang et al., 2011) 
Chaperonin - P. monodon (Pongsomboon et al., 2008) 
Chaperonin containing T-
complex V. harveyi P. monodon (Pongsomboon et al., 2008) 

Chaperonin containing TCP-
1β - P. monodon (Pongsomboon et al., 2008) 

Croquemort scavenging 
receptor (SCRBQ) WSSV P. japonicus (Mekata et al., 2011) 

Defender against cell death - P. vannamei (O'Leary et al., 2006) 

Drosha 
- P. japonicus (Huang et al., 2012) 
WSSV P. japonicus (Huang et al., 2012) 
Drosha-siRNA P. japonicus (Huang et al., 2012) 

Elongation factor-1α 
- P. chinensis (Zhang et al., 2010) 
- P. monodon (Pongsomboon et al., 2008) 
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Genes/molecules Inducer Species Authors 

Elongation factor-1α 
- P. monodon (Soonthornchai et al., 2010) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Elongation factor 2 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Nucleosome remodelling 
factor e 38kD, isoformA - P. chinensis (Zhang et al., 2010) 

Protein disulfide isomerase 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Proteasome 25 kDa subunit - P. chinensis (Zhang et al., 2010) 
Proteasome 26S ATPase 
subunit 4 isoform 1 - P. chinensis (Zhang et al., 2010) 

Proteasome alpha 4 subunit - P. chinensis (Zhang et al., 2010) 
Proteasome subunit alpha 
type 5 - P. chinensis (Zhang et al., 2010) 

Proteasome subunit beta type 
6 precursor - P. chinensis (Zhang et al., 2010) 

Proteasome delta - P. chinensis (Zhang et al., 2010) 
QM protein V. harveyi P. monodon (Pongsomboon et al., 2008) 
snRNA-activating protein 
complex subunit - P. chinensis (Zhang et al., 2010) 

Translation initiation factor 3 
47 kDa subunit - P. chinensis (Zhang et al., 2010) 

Translationally controlled 
tumor protein (TCTP) V. harveyi P. monodon (Pongsomboon et al., 2008) 

Tumor necrosis factor (TNF) 

- P. monodon (Pongsomboon et al., 2008) 
- P. japonicus (Mekata et al., 2010) 
V. nigripulchritudo P .japonicus (Fall et al., 2010) 
Lipopolysaccharide 
(LPS) P. japonicus (Mekata et al., 2010) 

Peptidoglycan (PG) P. japonicus (Mekata et al., 2010) 
Poly I:C 
(polyinosinic-
polycytidylic 
acid) 

P. japonicus (Mekata et al., 2010) 

Tumor necrosis factor 
induced protein 

- P. monodon (Pongsomboon et al., 2008) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

T-complex Chaperonin 5, 
isoform A 

- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Ubiquitin c (Ubc) - P. monodon (Sangsuriya et al., 2010) 

Voltage-dependent anion 
channel (VDAC) 

- P .japonicus (Han-Ching Wang et al., 
2010) 

VDAC-dsRNA P .japonicus (Han-Ching Wang et al., 
2010) 

Replication, transcription, translation and repair related proteins 
Tat-binding protein-1 V. harveyi P. monodon (Chaikeeratisak et al., 2012) 
Rad23 - P. japonicus (Wang et al., 2011) 
Really interesting new gene 
(RING)-box protein Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
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Genes/molecules Inducer Species Authors 
Really interesting new gene 
(RING)-box protein Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Cell adhesion molecules 
Down syndrome cell adhesion 
molecule (Dscam) 

- P. monodon (Chou et al., 2011) 
- P. vannamei (Chou et al., 2009) 

Peroxinectin 
- P. vannamei (Burge et al., 2009) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

Tetraspanin-3 - P. chinensis (Gui et al., 2012) 
Signal transduction factors 

14-3-3 like protein 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

14-3-3A like protein - P. monodon (Kaeodee et al., 2011) 

Astakine 
- P. monodon (Hsiao and Song, 2010) 

WSSV P. monodon 
(LOCC) (Jose et al., 2012) 

Clip domain serine 
proteinases (clip-SPs) - P. monodon (Amparyup et al., 2010) 

Cyclic AMP-regulated protein 
like protein - P. chinensis (Zhang et al., 2010) 

Cytokine - P. vannamei (O'Leary et al., 2006) 

Dorsal 
- P. chinensis (Li et al., 2010a) 
V. anguillarum P. chinensis (Li et al., 2010a) 
WSSV P. chinensis (Li et al., 2010a) 

Guanylyl cyclase (GC) - P. monodon (Sangsuriya et al., 2010) 
Interferon-c-inducible 
lysosomal thiol reductase 
enzymes (GILT) 

LPS P. monodon (Kongton et al., 2011) 

WSSV P. monodon (Kongton et al., 2011) 

Interleukin-1 receptor 
associated kinase-4 (IRAK-4) - P. monodon (Watthanasurorot et al., 

2012) 
Receptor for activated protein 
kinase C1 (RACK1) 

- P. monodon (Tonganunt et al., 2009) 
WSSV P. monodon (Tonganunt et al., 2009) 

Receptor kinase CG6033-PA, 
isoform A - P. chinensis (Zhang et al., 2010) 

GDI-1 GDP dissociation 
inhibitor - P. chinensis (Zhang et al., 2010) 

Immune deficiency (imd) 
gene 

- P. vannamei (O'Leary et al., 2006) 
   

Intracellular fatty acid binding 
protein - P. chinensis (Zhang et al., 2010) 

Protein kinase c protein 2, 
isoform d V. anguillarum P. chinensis (Zhang et al., 2010) 

RAS protein - P. chinensis (Zhang et al., 2010) 

Relish 

- P. chinensis (Li et al., 2009a) 
Micrococcus 
lysodeikticus P. chinensis (Li et al., 2009a) 

V. anguillarum 
(heat-inactivated) P. chinensis (Li et al., 2009a) 

dsRNA-Relish P. chinensis (Li et al., 2009a) 
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Genes/molecules Inducer Species Authors 
Rho guanine dissociation 
factor isoform 1 - P. chinensis (Zhang et al., 2010) 

Signal transducer and 
activators of transcription 
(STAT) 

Peptidoglycan  
(staphylococcus 
aureus) 

P. japonicus (Okugawa et al., 2012) 

Polycytidylic acid P. japonicus (Okugawa et al., 2012) 
Spawning stress P. monodon (Lin et al., 2012) 

Suppressors of cytokine 
signaling (SOCS) 

Peptidoglycan  
(staphylococcus 
aureus) 

P. japonicus (Okugawa et al., 2012) 

Polycytidylic acid P. japonicus (Okugawa et al., 2012) 

Toll-like receptor (TLR) 

- P. monodon (Assavalapsakul and 
Panyim, 2012) 

V. anguillarum P. chinensis (Yang et al., 2008) 
V. nigripulchritudo P .japonicus (Fall et al., 2010) 
WSSV P. chinensis (Yang et al., 2008) 

Energy and metabolisms 
Arginine kinase - P. chinensis (Zhang et al., 2010) 

ATP synthase beta subunit 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

ATP synthase F0 sub 6 V. harveyi P. monodon (Pongsomboon et al., 2008) 

Cytochrome c oxidase sub I 
- P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Cytochrome c oxidase sub II 
- P. monodon (Pongsomboon et al., 2008) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 

Esterase D/formylglutathione 
hydrolase - P. chinensis (Zhang et al., 2010) 

Farnesoic acid O-
methyltransferase - P. chinensis (Zhang et al., 2010) 

H+ transporting ATP synthase 
O sub - P. monodon (Pongsomboon et al., 2008) 

Malate dehydrogenase - P. chinensis (Zhang et al., 2010) 
Nad dependent 
epimerase/dehydratase - P. chinensis (Zhang et al., 2010) 

NADH dehydrogenase sub 1 V. harveyi P. monodon (Pongsomboon et al., 2008) 
Phosphopyruvate hydratase - P. chinensis (Zhang et al., 2010) 
Phosphogluconate 
dehydrogenas - P. chinensis (Zhang et al., 2010) 

S-adenosylhomocysteine 
hydrolase, putative - P. chinensis (Zhang et al., 2010) 

Spermatogonial stem-cell 
renewal factor - P. chinensis (Zhang et al., 2010) 

Transketolase - P. chinensis (Zhang et al., 2010) 

Triosephosphate isomerase 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Vacuolar ATP synthase  
subunit B K form 
 

- P. chinensis (Zhang et al., 2010) 
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Genes/molecules Inducer Species Authors 
Active transporter 
Plasmolipin 1 (PLP1) - P. monodon (Vatanavicharn et al., 2012) 
Plasmolipin 2 (PLP2) - P. monodon (Vatanavicharn et al., 2012) 
Structural and cytoskeletal related proteins 

Actin 
- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Actin 1 - P. chinensis (Zhang et al., 2010) 
Actin 2 V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Alpha tubulin 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Alpha-III tubulin - P. chinensis (Zhang et al., 2010) 

Beta-actin 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Beta-thymosin 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Cytoplasmic actin Cy II 
- P. chinensis (Zhang et al., 2010) 
V. anguillarum P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 

Cytoplasmic type actin 3 - P. chinensis (Zhang et al., 2010) 

Beta tubulin 
V. harveyi P. monodon (Chaikeeratisak et al., 2012) 
V. anguillarum P. chinensis (Zhang et al., 2010) 

Myosin II essential light chain - P. chinensis (Zhang et al., 2010) 

Profilin 

- P. chinensis (Zhang et al., 2010) 
V. harveyi P. monodon (Pongsomboon et al., 2008) 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Thymosin-1 V. harveyi P. monodon (Pongsomboon et al., 2008) 

Thymosin beta-9 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Thymosin beta-11 
Oxytetracyclin  P. monodon (Fagutao et al., 2009) 
Oxolinic acid  P. monodon (Fagutao et al., 2009) 

Extracellular matrix components 

Laminin receptor (Lamr) 
- P. monodon (Senapin et al., 2010) 
- P. vannamei (Senapin et al., 2010) 

Peritrophin V. harveyi P. monodon (Pongsomboon et al., 2008) 
Thrombospondin V. harveyi P. monodon (Pongsomboon et al., 2008) 
Pigments 
Crustacyanin  - P. vannamei (O'Leary et al., 2006) 
Ribosomal proteins 
40S ribosomal protein S12 - P. chinensis (Zhang et al., 2010) 
Ribosomal protein L21 V. harveyi P. monodon (Pongsomboon et al., 2008) 
Ribosomal protein L26 
(Phagocytosis 
activating protein) 

- P. vannamei (Khimmakthong et al., 
2011) 

Ribosomal protein p1 V. harveyi P. monodon (Pongsomboon et al., 2008) 
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Genes/molecules Inducer Species Authors 
Ribosomal protein S10 - P. monodon (Pongsomboon et al., 2008) 
Ribosomal protein S17 V. harveyi P. monodon (Pongsomboon et al., 2008) 
Ribosomal protein S27 V. harveyi P. monodon (Pongsomboon et al., 2008) 
Miscellaneous 
Macrophage migration 
inhibitory factor - P. vannamei (O'Leary et al., 2006) 

Cytidylate kinase V. harveyi P. monodon (Pongsomboon et al., 2008) 
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Appendix 2.Differentially expressed genes of penaeid prawns from various tissues SSH cDNA libraries. 

Differentially expressed genes Challenges Tissues Species References 
Up-regulated Genes 
Immune-related factors and homeostatis 
1,3-β-D-glucan-binding protein WSSV Hp P. japonicus (Pan et al., 2005) 
70 kD heat shock-like protein - OvI P. monodon (Preechaphol et al., 2010) 
Adenosin deaminase WSSV Hp P. japonicus (Pan et al., 2005) 
Alpha2-macroglobulin  V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Alpha-2-macroglobulin isoform 3 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Alpha-aspartyl dipeptidase WSSV Hp P. japonicus (Pan et al., 2005) 
Amyloid precursor protein V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Annexin II WSSV H P. japonicus (He et al., 2005) 
ARP-like protein - OLLF P. monodon (Tangprasittipap et al., 2010) 
Cell-surface antigen WSSV Hp P. japonicus (Pan et al., 2005) 

Chitinase 
WSSV Hp P. vannamei (Zhao et al., 2007) 
WSSV Hp P. japonicus (Pan et al., 2005) 
V.  harveyii PL P. indicus (Nayak et al., 2011) 

Clotable protein - OvTP P. chinensis (Xie et al., 2010) 
Coagulation factor Xa  WSSV H P. japonicus (He et al., 2005) 
Coagulation factor XIII, A1 subunit - OvTP P. chinensis (Xie et al., 2010) 
Complement factor B precursor WSSV H P. japonicus (He et al., 2005) 
Corticol granule protein with LDL-receptor WSSV Hp P. vannamei (Zhao et al., 2007) 
Cryptdin-related protein 4C V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Cyclophylin-5 Hyperthermic H P. monodon (de la Vega et al., 2007a) 
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Differentially expressed genes Challenges Tissues Species References 
Cyclophylin-5 V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Death domain protein YHV H P. monodon (Prapavorarat et al., 2010) 
Dipeptidyl peptidase III V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Ecdysteroid regulated protein 16 kDa WSSV Hp P. vannamei (Zhao et al., 2007) 
Epoxide hydrolase YHV H P. monodon (Prapavorarat et al., 2010) 

Ferritin 

WSSV Hp P. vannamei (Zhao et al., 2007) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
- OvI P. monodon (Preechaphol et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Ferritin peptide  - OvTP P. chinensis (Xie et al., 2010) 
Ferritin subunit I WSSV Hp P. japonicus (Pan et al., 2005) 
Ferritin subunit II WSSV Hp P. japonicus (Pan et al., 2005) 

Haemocyanin 

Osmotic  H P. monodon (de la Vega et al., 2007a; de la Vega et al., 
2007b) 

WSSV Hp P. japonicus (Pan et al., 2005) 
WSSV Hp P. vannamei (Zhao et al., 2007) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

Haemocyanin subunit L V. harveyi PL P. indicus (Nayak et al., 2011) 

Heat shock protein 70  
- Ov P. merguiensis (Wonglapsuwan et al., 2009) 
YHV H P. monodon (Prapavorarat et al., 2010) 

Heat shock protein 90 
WSSV H P. japonicus (He et al., 2005) 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvDP P. chinensis (Xie et al., 2010) 

Heat shock protein gp96 - Tjuv P. monodon (Leelatanawit et al., 2008) 

http://www.jcu.edu.au/�


 

  
 

202 

Differentially expressed genes Challenges Tissues Species References 
Hemolectin YHV H P. monodon (Prapavorarat et al., 2010) 
Heparan sulphate V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Hyaluronoglucosamidase - OLLF P. monodon (Tangprasittipap et al., 2010) 
Interferon receptor 1-bound protein 4 PEB H P. japonicus (He et al., 2004) 
Interferon α-I-B WSSV H P. japonicus (He et al., 2005) 
Laccase WSSV Hp P. vannamei (Zhao et al., 2007) 
Leuchine-rich repeat LGI family WSSV Hp P. vannamei (Zhao et al., 2007) 
Lipase precursor WSSV Hp P. vannamei (Zhao et al., 2007) 
Monocyte/neutrophil elastase inhibitor V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Ninjurin I V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
NUCB1 CG32190-PA - OLSF P. monodon (Tangprasittipap et al., 2010) 
Phospholipid-hydroperoxide glutathione peroxide YHV H P. monodon (Prapavorarat et al., 2010) 
Prostaglandin E synthase YHV H P. monodon (Prapavorarat et al., 2010) 
Procollagen-proline, 2-oxoglutarate 4-dioxygenase (proteindisulfide 
isomerase-associated 1) - OvIII P. monodon (Preechaphol et al., 2010) 

Protein-disulfide isomerase YHV H P. monodon (Prapavorarat et al., 2010) 
Prothymosin alpha WSSV H P. japonicus (He et al., 2005) 

Sarco/endoplasmic reticulum Ca2+-ATPase YHV H P. monodon (Prapavorarat et al., 2010) 

Stress-70 protein, mitochondrial precursor (75 kDa glucose-regulated protein) - OvI P. monodon (Preechaphol et al., 2010) 

Synthenin-like protein (TE8) WSSV H P. monodon (Bangrak et al., 2002) 
TAR-binding protein Hyperthermic H P. monodon (de la Vega et al., 2007a) 

T-complex protein 11 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
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Differentially expressed genes Challenges Tissues Species References 
TM2 domain containing 1 - OLSF P. monodon (Tangprasittipap et al., 2010) 

Transglutaminase (TGase) 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 

Tyrosine-rich heat shock protein PEB H P. japonicus (He et al., 2004) 

Zinc proteinase 
WSSV Hp P. japonicus (Pan et al., 2005) 
WSSV Hp P. vannamei (Zhao et al., 2007) 

Zinc proteinase Mpc1 V. harveyi PL P. monodon (Nayak et al., 2010) 
Zinc proteinase Mpc2 V. harveyi PL P. monodon (Nayak et al., 2010) 
Antimicrobial peptides (AMP) 

Anti-lipopolysaccharide factor (ALF) 
dsRNA H P. vannamei (Robalino et al., 2007a) 
FAV G, H P. vannamei (Robalino et al., 2007a) 

Anti-lipopolysaccharide factor 6 YHV H P. monodon (Prapavorarat et al., 2010) 

Antimicrobial peptides 
- OvTP P. chinensis (Xie et al., 2010) 
WSSV Hp P. indicus (James et al., 2010) 
- Tbs P. monodon (Leelatanawit et al., 2008) 

Crustin voucher PvHm116 WSSV H P. vannamei (García et al., 2009) 
Crustin-1 YHV H P. monodon (Prapavorarat et al., 2010) 
Crustin-4 YHV H P. monodon (Prapavorarat et al., 2010) 

C-type lectin 

WSSV H P. vannamei (García et al., 2009) 
WSSV H P. japonicus (He et al., 2005) 
WSSV Hp P. japonicus (Pan et al., 2005) 
WSSV Hp P. vannamei (Zhao et al., 2007) 
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Differentially expressed genes Challenges Tissues Species References 
C-type lectin YHV H P. monodon (Prapavorarat et al., 2010) 
C-type lectin-like domain-containing protein PtLP YHV H P. monodon (Prapavorarat et al., 2010) 
HEPATIC lectin WSSV Hp P. japonicus (Pan et al., 2005) 

Lysozyme 
WSSV Hp P. vannamei  (Robalino et al., 2007a; Zhao et al., 2007) 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
WSSV/32°C H P. vannamei (Robalino et al., 2007a) 

Mitochondrial C type lectin containingdomain protein Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Penaeidin 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 

Penaeidin 2 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
WSSV H P. vannamei (García et al., 2009) 

Penaeidin 3 V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Penaeidin 3 WSSV H P. vannamei (García et al., 2009) 
Tachylectin-5A WSSV/32°C H P. vannamei (Robalino et al., 2007a) 
Antioxidants and antitoxicities 
2-Cys thioredoxin peroxidase - OvI P. monodon (Preechaphol et al., 2010) 
Alcohol dehydrogenase - Tjuv P. monodon (Leelatanawit et al., 2008) 

Catalase 
WSSV Hp P. indicus (James et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

Cytosolic manganese superoxide dismutase (MnSOD) - Tbs P. monodon (Leelatanawit et al., 2008) 
DNA gyrase A subunit WSSV Hp P. vannamei  (Zhao et al., 2007) 
Glutathione peroxidase WSSV H P. japonicus (He et al., 2005) 
Manganese superoxide dismutase (MnSOD) V. harveyi PL P. monodon (Nayak et al., 2010) 
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Differentially expressed genes Challenges Tissues Species References 
Monomeric sarcosine oxidase WSSV Hp P. indicus (James et al., 2010) 
Selenoprotein M precursor - OvI P. monodon (Preechaphol et al., 2010) 

Thioredoxin reductase 
WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
FAV G P. vannamei (Robalino et al., 2007a) 

Zinc-binding dehydrogenases WSSV Hp P. japonicus (Pan et al., 2005) 
Proteases and inhibitors 
Aminopeptidase FAV G, H P. vannamei (Robalino et al., 2007a) 
Basic proteinase inhibitor WSSV H P. japonicus (He et al., 2005) 
Cathepsin A serine carboxypeptidase WSSV H P. vannamei (Robalino et al., 2007a) 
Cathepsin B - Tjuv P. monodon (Leelatanawit et al., 2008) 
Cathepsin B cysteine protease WSSV H P. vannamei (Robalino et al., 2007a) 

Cathepsin L 
WSSV Hp P. vannamei (Zhao et al., 2007) 
YHV H P. monodon (Prapavorarat et al., 2010) 

Cathepsin L cysteine protease 
dsRNA G, H P. vannamei (Robalino et al., 2007a) 
WSSV G P. vannamei (Robalino et al., 2007a) 

Inhibitor of Bruton agammaglobulinemai tyrosine kinase - OvIII P. monodon (Preechaphol et al., 2010) 
Kunitz-type proteinase inhibitor PEB H P. japonicus (He et al., 2004) 
Kazal-type proteinase inhibitor 2 YHV H P. monodon (Prapavorarat et al., 2010) 
Kazal-type proteinase inhibitor 5 YHV H P. monodon (Prapavorarat et al., 2010) 
Lysosomal carboxypeptidase WSSV H P. vannamei (Robalino et al., 2007a) 
Matrix metalloproteinase WSSV Hp P. indicus (James et al., 2010) 
Nuclease diphosphate kinase B - OvI P. monodon (Preechaphol et al., 2010) 
PfP1 family WSSV Hp P. indicus (James et al., 2010) 
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Differentially expressed genes Challenges Tissues Species References 
Preamylase WSSV Hp P. vannamei (Zhao et al., 2007) 
Protein phosphatase 2c gamma     
Secretory leucocyte protease inhibitor PEB H P. japonicus (He et al., 2004) 

Serine carboxypeptidase 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Serine protease inhibitors dsRNA, FAV, 
WSSV/32°C H P. vannamei (Robalino et al., 2007a) 

Similar to protease inhibitor WSSV-infected WSSV H P. vannamei (García et al., 2009) 
Suppressor of profilin 2 V. harveyi PL P. monodon (Nayak et al., 2010) 
Transposase IS630 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Trypsin 
WSSV Hp P. vannamei (Zhao et al., 2007) 
Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Zinc carboxypeptidase dsRNA, 
WSSV G P. vannamei (Robalino et al., 2007a) 

Zinc metalloproteinase nas-10 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Haematopoiesis-differentiation 
CBF1 interacting corepressor  WSSV H P. japonicus (He et al., 2005) 
dMi protein V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Granulocyte-macrophage coloni-stimulating factor precursor WSSV H P. japonicus (He et al., 2005) 
Helicase DOMINO A V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 

Innexin 
PEB H P. japonicus (He et al., 2004) 
- Tjuv P. monodon (Leelatanawit et al., 2008) 

Laminin gamma-1 WSSV H P. japonicus (He et al., 2005) 
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Differentially expressed genes Challenges Tissues Species References 
Lsc protein V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Macrophage colony-stimulating factor 1 receptor precursor WSSV H P. japonicus (He et al., 2005) 

Mi protein 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 

Ra1-A exchange factor Ra1GPS2 V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Stress-associated endoplasmic reticulum protein PEB H P. japonicus (He et al., 2004) 
Transforming growth factor (TGF) β precursor WSSV H P. japonicus (He et al., 2005) 
TGF beta inducible nuclear protein 1 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Synthesis, processing, regulation and apoptotic-related proteins 

26S proteasome (prosome, macropain)  non-ATPase subunit 13 - Tjuv P. monodon (Leelatanawit et al., 2008) 

26S proteasome (prosome, macropain) ATPase subunit 5 isoform CRA_a - Tbs P. monodon (Leelatanawit et al., 2008) 

26S proteasome ATPase subunit 4 CG5289-PA - Tjuv P. monodon (Leelatanawit et al., 2008) 
26S proteasome non-ATPase regulatory subunit - OLLF P. monodon (Tangprasittipap et al., 2010) 

26S proteasome non-ATPase subunit 12 
- OLLF P. monodon (Tangprasittipap et al., 2010) 
- Tbs P. monodon (Leelatanawit et al., 2008) 
- Tjuv P. monodon (Leelatanawit et al., 2008) 

26S proteasome regulatory subunit rpn2 - OvIII P. monodon (Preechaphol et al., 2010) 
26S proteasome regulatory complex ATPase RPT4 - Tbs P. monodon (Leelatanawit et al., 2008) 
Abrupt - OvTP P. chinensis (Xie et al., 2010) 
Activated protein kinase C receptor - Tbs P. monodon (Leelatanawit et al., 2008) 
Activator of S phase kinase V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
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Differentially expressed genes Challenges Tissues Species References 
Acyl-CoA synthase - OvI P. monodon (Preechaphol et al., 2010) 

Allatotropin neuropeptide precursor 
- OvI P. monodon (Preechaphol et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Anaphase-promoting complex subunit 4 V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Apoptosis 1 inhibitor V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Ataxin1 ubiquitin-like interacting protein - OvI P. monodon (Preechaphol et al., 2010) 
Ataxin 2-binding protein 1 (A2BP1) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Authophagy protein 9 WSSV Hp P. vannamei (Robalino et al., 2007a) 
C-1-tetrahydrofolate synthase, cytoplasmic (C1-THF synthase) - Tbs P. monodon (Leelatanawit et al., 2008) 
Calcitonin gene-related peptide-receptor component protein isoform a - Tjuv P. monodon (Leelatanawit et al., 2008) 
Calreticulin - OvIII P. monodon (Preechaphol et al., 2010) 
Calreticulin precursor (CRP55) (Calregulin) - OvI P. monodon (Preechaphol et al., 2010) 
Carboxypeptidase B  WSSV Hp P. vannamei (Zhao et al., 2007) 
Caspase WSSV Hp P. japonicus (Pan et al., 2005) 
Caspase 3 YHV H P. monodon (Prapavorarat et al., 2010) 
CCR4-NOT transcription complex, subunit 10 - OvI P. monodon (Preechaphol et al., 2010) 
CDK5 regulatory subunit associated protein 1-like 1 - OvDP P. chinensis (Xie et al., 2010) 

Cellular apoptosis susceptible gene 
- OvDP P. chinensis (Xie et al., 2010) 
WSSV Hp P. japonicus (Pan et al., 2005) 

Cement precursor protein 3B variant 2 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Cement precursor protein 3B variant 3 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Chaperonin containing T-complex polypeptide 1 (TCP1) - OvIII P. monodon (Preechaphol et al., 2010) 
Chaperonin containing TCP1(CCT) PEB H P. japonicus (He et al., 2004) 
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Differentially expressed genes Challenges Tissues Species References 
Chaperonin containing TCP1, subunit 3 (gamma) - OLSF P. monodon (Tangprasittipap et al., 2010) 
Chitin binding domain RE24790p WSSV H P. vannamei (García et al., 2009) 
Complete mitochondrial genome (16S ribosomal) Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Cyclin A - OvIII P. monodon (Preechaphol et al., 2010) 
Cyclin B3, CG5814-PA - OvI P. monodon (Preechaphol et al., 2010) 
DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 - OvIII P. monodon (Preechaphol et al., 2010) 
DEAD (Asp-Glu-Ala-Asp) box polypeptide 54 iso-3 - Tbs P. monodon (Leelatanawit et al., 2008) 
DEAD box ATP-dependent RNA helicase - OLSF P. monodon  (Tangprasittipap et al., 2010) 
DNA-directed RNA polymerase, I, II, and III subunit RPABC2 - OLSF P. monodon  (Tangprasittipap et al., 2010) 
Dolichyl-diphosphooligosaccharide-protein-glycotransferase - Tbs P. monodon (Leelatanawit et al., 2008) 

Elongation factor-1α 

Osmotic H P. monodon (de la Vega et al., 2007a) 
WSSV Hp P. vannamei (Zhao et al., 2007) 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
- Tjuv P. monodon (Leelatanawit et al., 2008) 
- Tbs P. monodon (Leelatanawit et al., 2008) 
- OvIII P. monodon (Preechaphol et al., 2010) 

Elongation factor-1δ (eEF1delta) - Tjuv P. monodon (Leelatanawit et al., 2008) 

Elongation factor-1 γ 
- OvTP P. chinensis (Xie et al., 2010) 
- OLLF P. monodon (Tangprasittipap et al., 2010) 

Elongation factor 2 YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

Elongation factor 2 - OvIII P. monodon (Preechaphol et al., 2010) 
EF hand-containing protein 1, isoform CRA-a YHV H P. monodon (Prapavorarat et al., 2010) 
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Differentially expressed genes Challenges Tissues Species References 
Endoplasmin - OvTP P. chinensis (Xie et al., 2010) 
Eukaryotic translation initiation factor  WSSV Hp P. vannamei (Zhao et al., 2007) 
Eukaryotic translation initiation factor 2, subunit 2 - Tbs P. monodon (Leelatanawit et al., 2008) 
Eukaryotic translation initiation factor 2, subunit 2 beta - OvIII P. monodon (Preechaphol et al., 2010) 
Eukaryotic translation initiation factor 2B, subunit 5 epsilon,isoform 3 - OvIII P. monodon (Preechaphol et al., 2010) 
Eukaryotic translation initiation factor 3, subunit 4 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Eukaryotic translation initiation factor 3, subunit B YHV H P. monodon (Prapavorarat et al., 2010) 
Eukaryotic initiation factor 3e (eIF3e) V. harveyi PL P. indicus (Nayak et al., 2011) 

Eukaryotic initiation factor 4A 
- OvI P. monodon (Preechaphol et al., 2010) 
- OvIII P. monodon (Preechaphol et al., 2010) 

F-box protein - Tjuv P. monodon (Leelatanawit et al., 2008) 
Fizzy-related protein V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Gelsolin, cytoplasmic (actin-depolymerizing factor, ADF) - Tjuv P. monodon (Leelatanawit et al., 2008) 
Guanylate kinase-1 - OLLF P. monodon (Tangprasittipap et al., 2010) 
Guanyl-nucleotide exchange factor:Schizo CG32434_PB, isoform B - OLSF P. monodon (Tangprasittipap et al., 2010) 

Histidine triad nucleotide-binding protein 2 YHV H P. monodon (Prapavorarat et al., 2010) 
Histone H1 - OvTP P. chinensis (Xie et al., 2010) 
Histone H2A variant Z FAV H P. vannamei (Robalino et al., 2007a) 
Histone H3.3B Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Histone H4 FAV H P. vannamei (Robalino et al., 2007a) 
HIT protein WSSV Hp P. japonicus (Pan et al., 2005) 
HLA-B-associated transcript 3 - OvI P. monodon (Preechaphol et al., 2010) 
Malate dehydrogenase 1, isoform CRA_d - Tbs P. monodon (Leelatanawit et al., 2008) 
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Differentially expressed genes Challenges Tissues Species References 
Meiotic recombination protein DMC1/LIM15 homolog isoform 1 - Tbs P. monodon (Leelatanawit et al., 2008) 
Metabolism haloacid dehalogenase-like hydrolase:AGAP003372-PA - OLSF P. monodon (Tangprasittipap et al., 2010) 
Methylenetetrahydrofolate dehydrogenase - OLSF P. monodon (Tangprasittipap et al., 2010) 

Mitochondrial 16S rRNA 
Hypoxic H P. monodon (de la Vega et al., 2007b) 
YHV H P. monodon (Prapavorarat et al., 2010) 

Mitochondrial precursor protein import receptor - OLSF P. monodon (Tangprasittipap et al., 2010) 
Mitochondrial protein NADH dehydrogenase subunit 2 - OLSF P. monodon (Tangprasittipap et al., 2010) 
Nucleolar RNA helicase WSSV Hp P. japonicus (Pan et al., 2005) 

Nucleolin 
- Tjuv P. monodon (Leelatanawit et al., 2008) 
- OvIII P. monodon (Preechaphol et al., 2010) 

Oncoprotein nm23 - Tbs P. monodon (Leelatanawit et al., 2008) 
Peanut gene product V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Peptidylprolyl isomerase D - OvI P. monodon (Preechaphol et al., 2010) 
Phosphoglucomutase - OLSF P. monodon (Tangprasittipap et al., 2010) 
Programmed cell death 6 interacting protein V. penaeicida H P. japonicus (de Lorgeril et al., 2005) 
Programmed cell death-involved protein YHV H P. monodon (Prapavorarat et al., 2010) 
Proteasome alpha 4 subunit  PEB H P. japonicus (He et al., 2004) 
Proteasome subunit alpha type 2 (proteasome component C3, macropain 
subunit C3) - Tbs P. monodon (Leelatanawit et al., 2008) 

Proteasome subunit alpha type 5 - Tbs P. monodon (Leelatanawit et al., 2008) 

QM protein 
WSSV Hp P. japonicus (Pan et al., 2005) 
Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

RAD1 protein WSSV H P. japonicus (He et al., 2005) 
Radixin V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 

http://www.jcu.edu.au/�


 

  
 

212 

Differentially expressed genes Challenges Tissues Species References 
Receptor for activated protein kinase C (RACK) 1 isoform 1 - Tbs P. monodon (Leelatanawit et al., 2008) 
Receptor for activated protein kinase C (RACK) 1 isoform 2 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Ribonuclease P 40kDa subunit isoform 3 - OvI P. monodon (Preechaphol et al., 2010) 
RING finger protein 2, CG15814-PA, isoform A - OvI P. monodon (Preechaphol et al., 2010) 
S-phase kinase-protein 1A V. harveyii PL P. indicus (Nayak et al., 2011) 
Selenophosphate synthetase (selenium donor protein) - OvI P. monodon (Preechaphol et al., 2010) 
Signal peptidase complex 18 kD (SPC18) - OvTP P. chinensis (Xie et al., 2010) 
Signal peptidase complex subunit 2 - Tbs P. monodon (Leelatanawit et al., 2008) 
Signal sequence receptor - OvI P. monodon (Preechaphol et al., 2010) 
Small optic lobes CG1391-PB, isoform B (calpain) - Tjuv P. monodon (Leelatanawit et al., 2008) 
Translation elongation factor eEF-1 WSSV H P. japonicus (He et al., 2005) 

Translation elongation factor EF-1a 
WSSV Hp P. vannamei (Zhao et al., 2007) 
YHV H P. monodon (Prapavorarat et al., 2010) 

Translation initiation factor 3 subunit 6 - OvTP P. chinensis (Xie et al., 2010) 
Translation initiation factor IF-3 WSSV H P. japonicus (He et al., 2005) 
Translation initiation factor IIB-1 - OvTP P. chinensis (Xie et al., 2010) 
Translation initiation factor eIF4A - OvI P. monodon (Preechaphol et al., 2010) 

Translationally controlled tumour protein (TCTP) 

WSSV H P. japonicus (He et al., 2005) 
- Ov P. merguiensis (Wonglapsuwan et al., 2009) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Transposase - OvTP P. chinensis (Xie et al., 2010) 
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Transposase IS630 V. harveyi PL P. indicus (Nayak et al., 2011) 
Tu translation elongation factor,mitochondrial (tufm) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Ubiquitin V. harveyi PL P. indicus (Nayak et al., 2011) 
Ubiquitin-like 1 activating enzyme E1B (SUMO-1 activatingenzyme subunit 
2) - OvI P. monodon (Preechaphol et al., 2010) 

Ubiquitin specific protease 30 - OvDP P. chinensis (Xie et al., 2010) 
Ubiquitin/ribosomal 27a WSSV H P. japonicus (He et al., 2005) 
Ubiquitin/ribosomal L40 fusion protein - OvTP P. chinensis (Xie et al., 2010) 
Vitronectin precursor WSSV H P. japonicus (He et al., 2005) 

Replication, transcription, translation and repair related factors 

ATP-dependent chromatin assembly factor YHV H P. monodon (Prapavorarat et al., 2010) 
ATP-dependent RNA helicase - Tbs P. monodon (Leelatanawit et al., 2008) 
Basic leucine zipper and W2 domain-containing protein 2 - Tbs P. monodon (Leelatanawit et al., 2008) 
Brahma associated protein 60 kDa, chromatin remodelling  FAV H P. vannamei (Robalino et al., 2007a) 
Bucentaur: endonuclease/exonuclease/phophatase family - OLSF P. monodon (Tangprasittipap et al., 2010) 
Centromere/kinetochore protein zw10 homolog - Tjuv P. monodon (Leelatanawit et al., 2008) 

Check point kinase 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 

CWF19-like 2, cell cycle control - OvIII P. monodon (Preechaphol et al., 2010) 
DNA gyrase subunit B V. harveyi PL P. indicus (Nayak et al., 2011) 
DNA replication licensing factor - OvIII P. monodon (Preechaphol et al., 2010) 
dsDNA-binding, chromatin organization, transcriptional regulation FAV G P. vannamei (Robalino et al., 2007a) 
Gastrula zinc finger protein  - OvIII P. monodon (Preechaphol et al., 2010) 
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General transcription factor IIH subunit 3 YHV H P. monodon (Prapavorarat et al., 2010) 
Helicase, lymphoid-specific isoform 2 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Helicase/SNF2 family  WSSV Hp P. indicus (James et al., 2010) 
Heterogeneous nuclear ribonucleoprotein  WSSV Hp P. indicus (James et al., 2010) 
Heterogeneous nuclear ribonucleoprotein L YHV H P. monodon (Prapavorarat et al., 2010) 
High mobility group 20A, isoform CRA-b YHV H P. monodon (Prapavorarat et al., 2010) 
KIN, antigenic determinant of recA protein homolog - OLSF P. monodon (Tangprasittipap et al., 2010) 
Mcm-3 prov protein (minichromosome maintanance protein) - Tjuv P. monodon (Leelatanawit et al., 2008) 
Muskelin 1 YHV H P. monodon (Prapavorarat et al., 2010) 
NSFL1 cofactor p47 - OLSF P. monodon (Tangprasittipap et al., 2010) 
Nop56CG13849-PA, isoform A (nucleolar KKE/D repeat protein; 
DmNOP56) - Tjuv P. monodon (Leelatanawit et al., 2008) 

PolyA binding protein PEB H P. japonicus (He et al., 2004) 
Proliferating cell  nuclear antigen YHV H P. monodon (Prapavorarat et al., 2010) 
Replication factor C/activator 1 subunit - OvI P. monodon (Preechaphol et al., 2010) 
Rhombotin-like transcription factor WSSV/32°C G P. vannamei (Robalino et al., 2007a) 
Ribosomal RNA methyltransferase - Tjuv P. monodon (Leelatanawit et al., 2008) 
RNA polymerase  - Tjuv P. monodon (Leelatanawit et al., 2008) 
RNA polymerase I associated factor 53 isoform 1 - OvI P. monodon (Preechaphol et al., 2010) 
RNA polymerase II ctd phosphatase  YHV H P. monodon (Prapavorarat et al., 2010) 

Similar to cAMP responsive element binding protein-like 2, transcriptional 
regulation 

dsRNA G P. vannamei (Robalino et al., 2007a) 

WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
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SMAD transcription factor 
 

WSSV G P. vannamei (Robalino et al., 2007a) 

WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 

Small nuclear ribonucleoprotein D2 polypeptide 16.5 kDa, isoform CRA_b - Tjuv P. monodon (Leelatanawit et al., 2008) 
Small nuclear ribonucleoprotein E (snRNP-E) - Tjuv P. monodon (Leelatanawit et al., 2008) 
SPARC - OLSF P. monodon (Tangprasittipap et al., 2010) 
Splicing factor, arginine/serine-rich 7 - OvI P. monodon (Preechaphol et al., 2010) 
ssRNA/DNA binding protein, chromatin regulation WSSV H P. vannamei (Robalino et al., 2007a) 
Thyroid hormone receptor-associated protein TRAP240 WSSV H P. vannamei (Robalino et al., 2007a) 
Transcription factor AP-1 precursor WSSV H P. japonicus (He et al., 2005) 
Transcription factor E3 dsRNA G P. vannamei (Robalino et al., 2007a) 
Transcription factor pdm2 WSSV H P. japonicus (He et al., 2005) 
Transcription initiation factor TFIID subunit 12 - Tjuv P. monodon (Leelatanawit et al., 2008) 
U2 small nuclear ribonucleoprotein auxiliary YHV H P. monodon (Prapavorarat et al., 2010) 
Zinc finger protein - OvTP P. chinensis (Xie et al., 2010) 
Zinc finger protein 146 - OvIII P. monodon (Preechaphol et al., 2010) 
Zinc finger protein 84 (HPF2) isoform 1 YHV H P. monodon (Prapavorarat et al., 2010) 
Reverse transcriptases/retrotransposons 
Endonuclease-reverse transcriptase - OLLF P. monodon (Tangprasittipap et al., 2010) 
Gag (I factor) Hyperthermic H P. monodon (de la Vega et al., 2007a) 

Pol-like protein (MosquI-Aa2 non-LTR retrotransposon) 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Hypoxic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 

Pol-like protein (non-LTR retrotransposon from D. melanogaster) Hypoxic H P. monodon (de la Vega et al., 2007a) 
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Pol-like protein (non-LTR retrotransposon from D. melanogaster) Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Polymerase polyprotein (Gypsy type retrotransposon) Osmotic H P. monodon (de la Vega et al., 2007a) 
Protease, reverse transcriptase, ribonuclease H, integrase (osvaldo-like 
retrotransposon) Hyperthermic H P. monodon (de la Vega et al., 2007a) 

Putative ORF non-LTR retrotransposon 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 

Putative reverse transcriptase (Bilbo-like non-LTR) 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 

Reverse transcriptase  
WSSV Hp P. indicus (James et al., 2010) 
WSSV Hp P. indicus (James et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Reverse transcriptase (Jockey type retrotransposon) Osmotic H P. monodon (de la Vega et al., 2007a) 
Reverse transcriptase (R2Bm non-LTR retrotransposon) Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Reverse transcriptase like (non-LTR retrotransposon) Osmotic H P. monodon (de la Vega et al., 2007a) 
Reverse transcriptase-like V. harveyi PL P. monodon (Nayak et al., 2010) 
RTE-like non-LTR retrotransposon Hyperthermic H P. monodon (de la Vega et al., 2007a) 
RTE-like non-LTR retrotransposon Osmotic H P. monodon (de la Vega et al., 2007a) 
Cell adhesion molecules 

Deleted in malignant brain tumors 1 
- OvIII P. monodon (Preechaphol et al., 2010) 
- OvI P. monodon (Preechaphol et al., 2010) 

Immunoglobulin domain FAV H P. vannamei (Robalino et al., 2007a) 
Integrin α dsRNA H P. vannamei (Robalino et al., 2007a) 
Integrin β dsRNA H P. vannamei (Robalino et al., 2007a) 
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Integrin β-1 YHV H P. monodon (Prapavorarat et al., 2010) 
Integrin β-1 precursor PEB H P. japonicus (He et al., 2004) 
Integrin β-4 protein binding PEB H P. japonicus (He et al., 2004) 
Interleukin enhancer binding factor 2 - OvI P. monodon (Preechaphol et al., 2010) 
MHC class I RT.Aa alpha chain (Rt1.aa) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Receptor type tyrosine phosphatise beta WSSV Hp P. indicus (James et al., 2010) 
RNA binding motif protein 4 - OvIII P. monodon (Preechaphol et al., 2010) 
RNA binding protein 5 - OvIII P. monodon (Preechaphol et al., 2010) 
Transmembrane 4 superfamily member 8 isoform 1/ 
Tetraspanin 3 - OvI P. monodon (Preechaphol et al., 2010) 

Tetraspanin 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 
FAV Hp P. vannamei (Robalino et al., 2007a) 

Tetraspanin 3, isoform CRA-a - Tjuv P. monodon (Leelatanawit et al., 2008) 
Tetraspanin 96F CG6120-PA - Tjuv P. monodon (Leelatanawit et al., 2008) 
Tetraspanin D107 YHV H P. monodon (Prapavorarat et al., 2010) 
Tetraspanin, cell surface glycoprotein FAV Hp P. vannamei (Robalino et al., 2007a) 
Unc-112-related, pleckstrin homology domain WSSV H P. vannamei (Robalino et al., 2007a) 
Signal transduction factors 
14-3-3 zeta protein PEB H P. japonicus (He et al., 2004) 
Acyl-CoA-binding protein WSSV Hp P. vannamei (Zhao et al., 2007) 
Amyloid beta (A4) precursorprotein-binding (APBB2) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Arginine methyltransferase PEB H P. japonicus (He et al., 2004) 
Armadillo repeat WSSV Hp P. indicus (James et al., 2010) 
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CAP, adenylate cyclase-associate d protein(yeast)(CAP2) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Casein kinase 2 WSSV Hp P. indicus (James et al., 2010) 
Casein kinase 2, alpha subunit WSSV, FAV H P. vannamei (Robalino et al., 2007a) 
CD53 antigen - OvIII P. monodon (Preechaphol et al., 2010) 
cGMP-dependent protein kinase YHV H P. monodon (Prapavorarat et al., 2010) 
Coatomer delta subunit - OvTP P. chinensis (Xie et al., 2010) 

COP9 signalosome complex subunit I 
WSSV Hp P. vannamei (Robalino et al., 2007a) 
FAV, WSSV Hp P. vannamei (Robalino et al., 2007a) 

CRK protein - OvTP P. chinensis (Xie et al., 2010) 
Cyclophilin A - OLSF P. monodon (Tangprasittipap et al., 2010) 
Cyclophilin-like protein  - OLSF P. monodon (Tangprasittipap et al., 2010) 
Cyclophylin-5 precursor YHV H P. monodon (Prapavorarat et al., 2010) 
Fatty acid binding protein WSSV Hp P. vannamei (Zhao et al., 2007) 
Ficolin - OvDP P. chinensis (Xie et al., 2010) 
Growth factor receptor bound protein 2 PEB H P. japonicus (He et al., 2004) 

GTP-binding protein 
- Tbs P. monodon (Leelatanawit et al., 2008) 
- Tjuv P. monodon (Leelatanawit et al., 2008) 

I κB Kinase WSSV H P. vannamei (Robalino et al., 2007a) 
Inositol 1,4,5-triphosphate 3-kinase FAV Hp P. vannamei (Robalino et al., 2007a) 
Kelch domain containing 3 - OvTP P. chinensis (Xie et al., 2010) 
N-Myristoylation WSSV Hp P. indicus (James et al., 2010) 
Ovarian lipoprotein receptor - OvI P. monodon (Preechaphol et al., 2010) 
Peptidylprolyl isomerase A - Tjuv P. monodon (Leelatanawit et al., 2008) 
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Phospholipase C gamma YHV H P. monodon (Prapavorarat et al., 2010) 
Platelet derived growth factor-like FAV Hp P. vannamei (Robalino et al., 2007a) 
Protein kinase C phosphorylase WSSV Hp P. indicus (James et al., 2010) 
Protein kinase raf WSSV H P. japonicus (He et al., 2005) 
Protein phosphatase 1 catalytic subunit gamma  YHV H P. monodon (Prapavorarat et al., 2010) 
Putative regulator of MAPK pathway WSSV Hp P. vannamei (Robalino et al., 2007a) 
Rab11 YHV H P. monodon (Prapavorarat et al., 2010) 
Rac GTPase-activating protein 1, isoform CRA-a YHV H P. monodon (Prapavorarat et al., 2010) 
Ran-binding protein WSSV Hp P. japonicus (Pan et al., 2005) 
Ras oncogene family member RAP1B V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Ras small monomeric GTPase Rab6 - OvTP P. chinensis (Xie et al., 2010) 
Ras-like GTP-binding protein Rho WSSV Hp P. japonicus (Pan et al., 2005) 
Ras-related nuclear protein  - Tbs P. monodon (Leelatanawit et al., 2008) 
Ras-related nuclear protein RAN PEB H P. japonicus (He et al., 2004) 
Ras-related protein Rab-6A WSSV Hp P. japonicus (Pan et al., 2005) 
RhoGap protein V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
RSR 1 protein (GTPase) WSSV Hp P. indicus (James et al., 2010) 
Serine/threonine checkpoint kinase 1 (Chk1), - OvIII P. monodon (Preechaphol et al., 2010) 
Serine/threonine protein kinase WSSV Hp P. indicus (James et al., 2010) 
Serine/threonine protein kinase checkpoint FAV G P. vannamei (Robalino et al., 2007a) 
Serine/threonine protein kinase Misshapen FAV H P. vannamei (Robalino et al., 2007a) 
Serine/threonine protein kinase TAO2 V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Serine/threonine protein phosphatise PP1 WSSV/32°C H P. vannamei (Robalino et al., 2007a) 
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Tetratricopeptide repeat domain 3 - OvTP P. chinensis (Xie et al., 2010) 
TGF-β receptor interacting protein 1 PEB H P. japonicus (He et al., 2004) 
Trio protein, spectrin repeat, nucleotide exchange factor, serine/threonine 
kinase WSSV/32°C H P. vannamei (Robalino et al., 2007a) 

WD40 domain FAV H, Hp P. vannamei (Robalino et al., 2007a) 
Energy and metabolism 
2-amino-3-ketobutyrate coenzyme a ligase - OvTP P. chinensis (Xie et al., 2010) 
Arginine kinase V. harveyii PL P. indicus (Nayak et al., 2011) 
ADP-ATP translocator PEB H P. japonicus (He et al., 2004) 
Alcohol dehydrogenase - OvTP P. chinensis (Xie et al., 2010) 
Amidase - OvTP P. chinensis (Xie et al., 2010) 
Arginine kinase V. harveyi PL P. monodon (Nayak et al., 2010) 
ATP binding protein associated with cell differentiation V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
ATP lipid-binding protein like protein - OvI P. monodon (Preechaphol et al., 2010) 
ATP synthase WSSV Hp P. japonicus (Pan et al., 2005) 
ATP synthase V. harveyi PL P. monodon (Nayak et al., 2010) 
ATP synthase, CG11154-PA isoform A - OvI P. monodon (Preechaphol et al., 2010) 
ATP synthase beta subunit - Ov P. merguiensis  (Wonglapsuwan et al., 2009) 
ATP synthase delta chain - OvTP P. chinensis (Xie et al., 2010) 

ATP synthase F0 subunit 6 
- OvTP P. chinensis (Xie et al., 2010) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

ATP synthase g chain Osmotic H P. monodon (de la Vega et al., 2007a) 
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ATP synthase oligomycin sensitivity conferral protein - OvIII P. monodon (Preechaphol et al., 2010) 
ATPase V. harveyi PL P. monodon (Nayak et al., 2010) 
ATPase subunit 6 WSSV Hp P. vannamei (Zhao et al., 2007) 
Carbamoyl-phosphate synthetase 2, aspartate 
transcarbamylase, and dihydroorotase - OvIII P. monodon (Preechaphol et al., 2010) 

Carbonyl reductase - OvI P. monodon (Preechaphol et al., 2010) 
Carboxypeptidase B V. harveyi PL P. indicus (Nayak et al., 2011) 
Chitin deacetylase-like 9, CG15918-PA - OvI P. monodon (Preechaphol et al., 2010) 
Citrate synthase - OvIII P. monodon (Preechaphol et al., 2010) 

Cytochrome b 

- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 
- OLLF P. monodon (Tangprasittipap et al., 2010) 
- Tjuv P. monodon (Leelatanawit et al., 2008) 
WSSV Hp P. indicus (James et al., 2010) 
Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Cytochrome b5 YHV H P. monodon (Prapavorarat et al., 2010) 
Cytochrome Bc1 complex WSSV Hp P. japonicus (Pan et al., 2005) 
Cytochrome c WSSV H P. japonicus (He et al., 2005) 
Cytochrome c-1 - OvDP P. chinensis (Xie et al., 2010) 
Cytochrome c oxidase PEB H P. japonicus (He et al., 2004) 
Cytochrome c oxidase polypeptide IV - OvIII P. monodon (Preechaphol et al., 2010) 
Cytochrome c oxidase subunit 6a polypetide 1 - Tbs P. monodon (Leelatanawit et al., 2008) 

Cytochrome c oxidase subunit I 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 
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Cytochrome c oxidase subunit I 

- OLLF P. monodon (Tangprasittipap et al., 2010) 
- Tbs P. monodon (Leelatanawit et al., 2008) 
- Tbs P. monodon (Leelatanawit et al., 2008) 
WSSV Hp P. japonicus (Pan et al., 2005) 

Cytochrome c oxidase subunit I 

WSSV Hp P. indicus (James et al., 2010) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Cytochrome c oxidase subunit II 
- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 
YHV H P. monodon (Prapavorarat et al., 2010) 

Cytochrome c oxidase subunit III 

- OLSF P. monodon (Tangprasittipap et al., 2010) 
WSSV Hp P. indicus (James et al., 2010) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

Cytochrome c oxidase subunit III 
- OLLF P. monodon (Tangprasittipap et al., 2010) 
- Tbs P. monodon (Leelatanawit et al., 2008) 

Delta-aminolevulinate dehydratase - OvTP P. chinensis (Xie et al., 2010) 
Dihydrolipoamide acetyltransferase YHV H P. monodon (Prapavorarat et al., 2010) 
Dihydrolipoamide dehydropgenase precursor YHV H P. monodon (Prapavorarat et al., 2010) 

F1-ATP synthase beta subunit 
- OvTP P. chinensis (Xie et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 

F1F0 ATP synthase subunit G V. harveyi PL P. monodon (Nayak et al., 2010) 

http://www.jcu.edu.au/�


 

  
 

223 

Differentially expressed genes Challenges Tissues Species References 
F1F0 ATP synthase subunit G V. harveyii PL P. indicus (Nayak et al., 2011) 
Farnesoic acid O-methyltransferase  - OvDP P. chinensis (Xie et al., 2010) 
Fatty acid elongation protein 3 YHV H P. monodon (Prapavorarat et al., 2010) 
Glycosyl-phosphatidylinositol-linked carbonic anhydrase - OvDP P. chinensis (Xie et al., 2010) 

H+-transporting ATP synthase protein 
WSSV Hp P. vannamei (Zhao et al., 2007) 

V. harveyi PL P. monodon (Nayak et al., 2010) 

Histidyl-tRNA synthetase WSSV H P. vannamei (García et al., 2009) 
Intracellular fatty acid binding protein - Tjuv P. monodon (Leelatanawit et al., 2008) 
Isocitrate dehydrogenase 2 - OvIII P. monodon (Preechaphol et al., 2010) 
Leucyl aminopeptidase - OvDP P. chinensis (Xie et al., 2010) 
Mitochondrion Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Mitochondrial ATP synthase e chain - OvIII P. monodon (Preechaphol et al., 2010) 

Na+-K+-ATPase α- subunit 
- OvDP P. chinensis (Xie et al., 2010) 
V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 

NADH dehydrogenase 

PEB H P. japonicus (He et al., 2004) 
WSSV H P. japonicus (He et al., 2005) 
WSSV Hp P. japonicus (Pan et al., 2005) 
YHV H P. monodon (Prapavorarat et al., 2010) 

NADH dehydrogenase subunit 1 

- OLSF P. monodon (Tangprasittipap et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 
YHV H P. monodon (Prapavorarat et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
- OLLF P. monodon (Tangprasittipap et al., 2010) 
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NADH dehydrogenase subunit 1 V. harveyii PL P. indicus (Nayak et al., 2011) 

NADH dehydrogenase subunit 2 
- OLLF P. monodon (Tangprasittipap et al., 2010) 
V. harveyii PL P. indicus (Nayak et al., 2011) 

NADH dehydrogenase subunit 4 
- OvTP P. chinensis (Xie et al., 2010) 
V. harveyii PL P. indicus (Nayak et al., 2011) 

NADH dehydrogenase subunit 5 V. harveyii PL P. indicus (Nayak et al., 2011) 
NADH dehydrogenase subunit 6 YHV H P. monodon (Prapavorarat et al., 2010) 
NADH ubiquinone dehydrogenase YHV H P. monodon (Prapavorarat et al., 2010) 
Neutral alpha-glucosidase AB precursor (Glucosidase II 
subunit alpha) - OvI P. monodon (Preechaphol et al., 2010) 

Phosphoglycerate kinase V. harveyi PL P. monodon (Nayak et al., 2010) 

Pyruvate kinase 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Short chain dehydrogenase - OvTP P. chinensis (Xie et al., 2010) 
Succinate-CoA ligase, alpha subunit YHV H P. monodon (Prapavorarat et al., 2010) 
Transaldolase - OvTP P. chinensis (Xie et al., 2010) 
Ubiquinol-cytochrome c reductase WSSV H P. japonicus (He et al., 2005) 

Ubiquinol-cytochrome c reductase binding protein 
PEB H P. japonicus (He et al., 2004) 
Osmotic stress G P. monodon (Gonçalves-Soares et al., 2012) 

V-ATPase subunit A YHV H P. monodon (Prapavorarat et al., 2010) 
Xylose isomerise V. harveyi PL P. monodon (Nayak et al., 2010) 
Active transporters 
ADP-ribosylation factor related family member (arf-3) - OLLF P. monodon (Tangprasittipap et al., 2010) 
ATPase, H+ transporting, lysosomal accessory protein2 - OvIII P. monodon (Preechaphol et al., 2010) 

http://www.jcu.edu.au/�


 

  
 

225 

Differentially expressed genes Challenges Tissues Species References 
ATP/ADP translocase - OvDP P. chinensis (Xie et al., 2010) 
Calcium-dependent chloride channel-1 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Calsium ATPase WSSV Hp P. indicus (James et al., 2010) 
Carbonic anhydrase I PEB H P. japonicus (He et al., 2004) 
CG10527-like methyltransferase - OvI P. monodon (Preechaphol et al., 2010) 
Coatomer protein - OvIII P. monodon (Preechaphol et al., 2010) 
Ecxdysteroid regulated 16kDa - OLLF P. monodon (Tangprasittipap et al., 2010) 
Ferric reductase-like protein - Tjuv P. monodon (Leelatanawit et al., 2008) 
Glutathione S-transferase WSSV Hp P. japonicus (Pan et al., 2005) 
Glycosyltransferase - OLLF P. monodon (Tangprasittipap et al., 2010) 
Intracellular fatty acid binding protein - OLLF P. monodon (Tangprasittipap et al., 2010) 
Karyopherin (importin) alpha 4 - Tjuv P. monodon (Leelatanawit et al., 2008) 
Kinesin heavy chain WSSV H P. japonicus (He et al., 2005) 
Kinesin heavy chain - Tjuv P. monodon (Leelatanawit et al., 2008) 
Kinesin-like protein 2 - OvIII P. monodon (Preechaphol et al., 2010) 
Lysine rich bipartite NLS WSSV Hp P. indicus (James et al., 2010) 
Membrane-associated protein gex-3 YHV H P. monodon (Prapavorarat et al., 2010) 
Niemann-Pick disease type C2 - Tjuv P. monodon (Leelatanawit et al., 2008) 
NTF2-related export protein - Tbs P. monodon (Leelatanawit et al., 2008) 
Sec23 protein - OvIII P. monodon (Preechaphol et al., 2010) 
Signal sequence receptor - Tbs P. monodon (Leelatanawit et al., 2008) 
Sodium dependent phosphate transporter - OLSF P. monodon (Tangprasittipap et al., 2010) 
Sodium glutamate symporter WSSV Hp P. indicus (James et al., 2010) 
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Sterol carrier protein WSSV Hp P. vannamei (Zhao et al., 2007) 
Stored-operated calcium entry WSSV Hp P. indicus (James et al., 2010) 
Synaptosome-associated protein of 25 kDa - OLSF P. monodon (Tangprasittipap et al., 2010) 
Transmembrane protein - Tbs P. monodon (Leelatanawit et al., 2008) 
Structural and cytoskeletal related molecules 
Alpha actin V. harveyi PL P. indicus (Nayak et al., 2011) 
Actin V. harveyi PL P. indicus (Nayak et al., 2011) 
Actin 1 V. harveyi PL P. monodon (Nayak et al., 2010) 
Actin 2 V. harveyi PL P. monodon (Nayak et al., 2010) 
Actin D V. harveyi PL P. monodon (Nayak et al., 2010) 
Actin T2 WSSV/33°C Cep P. Vannamei (Reyes et al., 2007) 
Actin, alpha, cardiac muscle V. harveyi PL P. monodon (Nayak et al., 2010) 
Actin-depolymerizing factor 1 - Tbs P. monodon (Leelatanawit et al., 2008) 
Adducin-like protein R1 YHV H P. monodon (Prapavorarat et al., 2010) 
Allergen Pen m2 - Tjuv P. monodon (Leelatanawit et al., 2008) 

Allergen Pen m2 
V. harveyi PL P. monodon (Nayak et al., 2010) 
- Tbs P. monodon (Leelatanawit et al., 2008) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Alpha-1-tubulin WSSV Cep P. chinensis (Wang et al., 2006) 
Alpha-4-tubulin - OvTP P. chinensis (Xie et al., 2010) 
Arp2/3 complex 21 KDa subunit YHV H P. monodon (Prapavorarat et al., 2010) 

Beta-actin 
- OvTP P. chinensis (Xie et al., 2010) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
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Beta-actin V. harveyi PL P. indicus (Nayak et al., 2011) 
Βeta-1-tubulin WSSV Cep P. chinensis (Wang et al., 2006) 
Beta-tubulin - OvDP P. chinensis (Xie et al., 2010) 
Beta-tubulin - OvTP P. chinensis (Xie et al., 2010) 

Cardiac muscle actin  
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Cell wall hydroxyproline-rich glycoprotein Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Ciboulot  WSSV Hp P. japonicus (Pan et al., 2005) 
Cofilin WSSV H P. japonicus (He et al., 2005) 
Cuticle protein CUT5 V. harveyi PL P. monodon (Nayak et al., 2010) 
Fast myotomal muscle actin 2 V. harveyi PL P. indicus (Nayak et al., 2011) 
Four and a half LIM domain V. harveyi PL P. monodon (Nayak et al., 2010) 
Four and a half LIM domains 1 V. harveyi PL P. indicus (Nayak et al., 2011) 
Keratinocyte-associated protein 2 - OvIII P. monodon (Preechaphol et al., 2010) 
Myosin - Tbs P. monodon (Leelatanawit et al., 2008) 
Myosin 1A YHV H P. monodon (Prapavorarat et al., 2010) 

Myosin heavy chain 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Myosin II essential light chain 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
- OvTP P. chinensis (Xie et al., 2010) 

Myosin II essential light chain - OvIII P. monodon (Preechaphol et al., 2010) 

Myosin light chain 
WSSV Hp P. japonicus (Pan et al., 2005) 
V. harveyi PL P. monodon (Nayak et al., 2010) 
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Non muscle myosin-II heavy chain 
YHV H P. monodon (Prapavorarat et al., 2010) 
- OvIII P. monodon (Preechaphol et al., 2010) 

Profilin 
PEB H P. japonicus (He et al., 2004) 
- OvTP P. chinensis (Xie et al., 2010) 

Sarcoplasmic Ca+ binding protein 
V. harveyi PL P. monodon (Nayak et al., 2010) 

V. harveyi PL P. indicus (Nayak et al., 2011) 

Shroom family member - OvTP P. chinensis (Xie et al., 2010) 
Thymosin β PEB H P. japonicus (He et al., 2004) 
Troponin I V. harveyi PL P. indicus (Nayak et al., 2011) 
Troponin I, fast skeletal muscle V. harveyi PL P. monodon (Nayak et al., 2010) 
Tubulin folding cofactor C - OLLF P. monodon (Tangprasittipap et al., 2010) 
Vinculin YHV H P. monodon (Prapavorarat et al., 2010) 
Extracellular matrix components 
Cyteine-rich with epidermal growth factor (EGF)-like domain 2, CG11377-
PA - OvI P. monodon (Preechaphol et al., 2010) 

Peritrophin  
 

- Ov P. merguiensis (Loongyai et al., 2007a; Wonglapsuwan et 
al., 2009) 

- OvDP P. chinensis (Xie et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 

Peritrophin 1 
- OvIII P. monodon (Preechaphol et al., 2010) 
- OvI P. monodon (Preechaphol et al., 2010) 

Peritrophin 2 
- OvIII P. monodon (Preechaphol et al., 2010) 
- OvI P. monodon (Preechaphol et al., 2010) 

Secreted nidogen domain protein - OvIII P. monodon (Preechaphol et al., 2010) 
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Secreted nidogen domain protein - OvI P. monodon (Preechaphol et al., 2010) 

Thrombospondin 

- Ov P. merguiensis (Wonglapsuwan et al., 2009) 
- OvDP P. chinensis (Xie et al., 2010) 
- OvTP P. chinensis (Xie et al., 2010) 
- OvIII P. monodon (Preechaphol et al., 2010) 

Thrombospondin - OvI P. monodon (Preechaphol et al., 2010) 
Pigments 
Crustacyanin-A2 subunit V. harveyi PL P. monodon (Nayak et al., 2010) 
Crustacyanin-C1 subunit V. harveyi PL P. monodon (Nayak et al., 2010) 
Crustacyanin-C1 subunit V. harveyi PL P. indicus (Nayak et al., 2011) 
Crustacyanin-like lipocalin - OvTP P. chinensis (Xie et al., 2010) 

Rhodopsin 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Microsatelites 

Microsatellite 
Hypoxic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 

Microsatellite (PM2334) 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Osmotic H P. monodon (de la Vega et al., 2007a) 

Microsatellite (TUZX4-6:32) Osmotic H P. monodon (de la Vega et al., 2007a) 
Microsatellite t1609 Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Microsatellite t403 Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Ribosomal protein 
40S ribosomal protein S4 - OvTP P. chinensis [33](Xie et al., 2010) 
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40S ribosomal protein S7 - OvTP P. chinensis [33](Xie et al., 2010) 

40S ribosomal protein S23 
- OvTP P. chinensis [33](Xie et al., 2010) 
YHV H P. monodon [39](Prapavorarat et al., 2010) 

60S ribosomal protein L3 YHV H P. monodon (Prapavorarat et al., 2010) 
60S ribosomal protein L5 - OvTP P. chinensis (Xie et al., 2010) 
60S ribosomal protein L6e - OvTP P. chinensis (Xie et al., 2010) 
60S ribosomal protein L7a Osmotic H P. monodon (de la Vega et al., 2007a) 

60S ribosomal protein L8 
Osmotic H P. monodon (de la Vega et al., 2007a) 
YHV H P. monodon (Prapavorarat et al., 2010) 

60S ribosomal protein L11 - OvTP P. chinensis [33](Xie et al., 2010) 
60S ribosomal protein L13 - OvTP P. chinensis (Xie et al., 2010) 
60S ribosomal protein L13a - OvTP P. chinensis (Xie et al., 2010) 
60S ribosomal protein L27 - OvDP P. chinensis (Xie et al., 2010) 
Acidic ribosomal protein WSSV Hp P. vannamei (Zhao et al., 2007) 
Mitochondrial ribosomal protein L43 - OLLF P. monodon (Tangprasittipap et al., 2010) 
Ribosomal protein fibrillarin - OLSF P. monodon (Tangprasittipap et al., 2010) 
Ribosomal protein L6 - Ov P. merguiensis (Wonglapsuwan et al., 2009) 
Ribosomal protein L7 WSSV Hp P. vannamei  (Zhao et al., 2007) 

Ribosomal protein L7A 
- OvTP P. chinensis (Xie et al., 2010) 
Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Ribosomal protein L8 V. harveyi PL P. monodon (Nayak et al., 2010) 
Ribosomal protein L10A - Ov P. merguiensis (Wonglapsuwan et al., 2009) 
Ribosomal protein L10Ae V. harveyi PL P. monodon (Nayak et al., 2010) 
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Ribosomal protein L11 YHV H P. monodon (Prapavorarat et al., 2010) 
Ribosomal protein L18 YHV H P. monodon (Prapavorarat et al., 2010) 
Ribosomal protein L26 V. harveyi PL P. indicus (Nayak et al., 2011) 
Ribosomal protein L30 YHV H P. monodon (Prapavorarat et al., 2010) 
Ribosomal protein S5 - OvDP P. chinensis (Xie et al., 2010) 
Ribosomal protein S6 serine/threonine kinase dsRNA G P. vannamei (Robalino et al., 2007a) 
Ribosomal protein S8 - OLSF P. monodon (Tangprasittipap et al., 2010) 
Ribosomal protein S11 - OvTP P. chinensis (Xie et al., 2010) 
Ribosomal protein S13 - OLLF P. monodon (Tangprasittipap et al., 2010) 
Ribosomal protein S23e WSSV Hp P. vannamei (Zhao et al., 2007) 
Ribosomal protein S24 YHV H P. monodon (Prapavorarat et al., 2010) 
Ribosome biogenesis protein NSA2 homolog  YHV H P. monodon (Prapavorarat et al., 2010) 
Ribosome S6 protein kinase V. penaeicida H P. stylirostris (de Lorgeril et al., 2005) 
Miscellaneous 
(2’-5’) Oligo(A) synthetase-like protein WSSV H P. japonicus (He et al., 2005) 
Accessory gland protein (putative) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Arsenite-resistance protein PEB H P. japonicus (He et al., 2004) 
Beta-alanyl conjugating enzyme - OLSF P. monodon (Tangprasittipap et al., 2010) 
Bmsqd-2 - Tbs P. monodon (Leelatanawit et al., 2008) 
C2 domain containing protein - Tbs P. monodon (Leelatanawit et al., 2008) 
Collagen α-1 WSSV H P. japonicus (He et al., 2005) 
Chromosome-associated protein, CG9802-PA, iso A - OvIII P. monodon (Preechaphol et al., 2010) 
Domino isoform D, CG9696-PD - OvIII P. monodon (Preechaphol et al., 2010) 
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Egalitarian - OvI P. monodon (Preechaphol et al., 2010) 
Endothelial chloride channel V. harveyi PL P. monodon (Nayak et al., 2010) 
GRN protein - OLSF P. monodon (Tangprasittipap et al., 2010) 
H-L(3)MBT-like protein - Ov P. merguiensis (Wonglapsuwan et al., 2009) 
Methionyl-tRNA formyltransferase, mitochondrial precursor (MtFMT) - OvIII P. monodon (Preechaphol et al., 2010) 
Myelodysplasia/myeloid leukimia factor CG8295-PD, isoform D - Tbs P. monodon (Leelatanawit et al., 2008) 
Myeloid leukimia factor 2 (myelodysplasia-myeloid leukimia factor 2)  - Tjuv P. monodon (Leelatanawit et al., 2008) 
Neuralized protein - OvI P. monodon (Preechaphol et al., 2010) 
Nuclear autoantigenic sperm protein - OvI P. monodon (Preechaphol et al., 2010) 
PC2-like protein - OLSF P. monodon (Tangprasittipap et al., 2010) 

Puroinodoline B protein 
V. harveyi PL P. monodon (Nayak et al., 2010) 
V. harveyi PL P. indicus (Nayak et al., 2011) 

Sensitized chromosome inheritance modifier 19 CG9241-PA - Tbs P. monodon (Leelatanawit et al., 2008) 
Similar to astacin-like protein V. harveyi PL P. monodon (Nayak et al., 2010) 
SpAN-like protein Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Spermatogonial stem-cell renewal factor - OvTP P. chinensis (Xie et al., 2010) 
Synapse-associated protein- SAP90/PSD95 PEB H P. japonicus (He et al., 2004) 
T-complex protein - OLSF P. monodon (Tangprasittipap et al., 2010) 
Thioesterase superfamily member 2 - OvI P. monodon (Preechaphol et al., 2010) 
TRI1, CG7338-PA - OvI P. monodon (Preechaphol et al., 2010) 
Tudor staphylococcal nuclease FAV H P. vannamei (Robalino et al., 2007a) 

WW domain binding protein - OLSF P. monodon (Tangprasittipap et al., 2010) 
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Viral protein and coding genes 
3C-like protein YHV H P. monodon (Prapavorarat et al., 2010) 
Glycoprotein 116 YHV H P. monodon (Prapavorarat et al., 2010) 
Glycoprotein 64 YHV H P. monodon (Prapavorarat et al., 2010) 
Hemagglutinin esterase V. harveyi PL P. indicus (Nayak et al., 2011) 
Helicase YHV H P. monodon (Prapavorarat et al., 2010) 
Nucleocapsid protein YHV H P. monodon (Prapavorarat et al., 2010) 
ORF44 WSSV/26ºC Cep P. vannamei (Reyes et al., 2007) 
ORF70 WSSV/26ºC Cep P. vannamei (Reyes et al., 2007) 
Replicase polyprotein YHV H P. monodon (Prapavorarat et al., 2010) 
RNA polymerase YHV H P. monodon (Prapavorarat et al., 2010) 
VP15 WSSV/26ºC Cep P. vannamei (Reyes et al., 2007) 
VP28 WSSV/26ºC Cep P. vannamei (Reyes et al., 2007) 
WSSV P22 WSSV H P. vannamei (García et al., 2009) 
WSSV protein VP28 gene WSSV H P. vannamei (García et al., 2009) 

 
Down-regulated genes 
Immune-related factors and homeostatis 
Peptidylprolyl isomerase B(cyclophilin B) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Ferritin Osmotic H P. monodon (de la Vega et al., 2007a) 
Haemocyanin Hypoxic H P. monodon (de la Vega et al., 2007b) 
Haemocyanin WSSV Cep P. chinensis (Wang et al., 2006) 
Prophenoloxidase (proPO) Hyperthermic H P. monodon (de la Vega et al., 2007a) 
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Transglutaminase (TGase) Osmotic  H P. monodon (de la Vega et al., 2007b) 
Antimicrobial peptides 
Anti-lipopolysaccharide factor (ALF) dsRNA G P. vannamei (Robalino et al., 2007a) 

Crustin-like 
Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Hypoxic H P. monodon (de la Vega et al., 2007b) 

C-type lectin 
YHV G P. vannamei (Junkunlo et al., 2010; Junkunlo et al., 

2012) 
Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Lysozyme Osmotic H P. monodon (de la Vega et al., 2007a) 
Lysozyme dsRNA H P. vannamei (Robalino et al., 2007a) 
Lysozyme Hyperthermic H P. monodon (de la Vega et al., 2007b) 
Tachylectin-5A WSSV/32°C H P. vannamei (Robalino et al., 2007a) 
Antioxidants and antitoxicities 
Zinc binding alcoholdehydrogenase, domaincontaining 2 (zadh2) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Proteases and inhibitors 
Astacin protease WSSV Hp P. vannamei (Robalino et al., 2007a) 

Cathepsin D aspartic protease 
Hypoxic H P. monodon (de la Vega et al., 2007a) 
WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 

Cathepsin L cysteine protease WSSV/32°C H, Hp P. vannamei (Robalino et al., 2007a) 
Cubilin protease WSSV H, Hp P. vannamei (Robalino et al., 2007a) 
Neprilysin metalloproteinase dsRNA G P. vannamei (Robalino et al., 2007a) 

Palmitoyl-proteinthioesterase 2 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
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PAPI I protein, kazal protease inhibitor Osmotic H P. monodon (de la Vega et al., 2007a) 
Protease inhibitor Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Serine carboxypeptidase WSSV Hp P. vannamei (Robalino et al., 2007a) 
Serine protease inhibitors WSSV/32°C H P. vannamei (Robalino et al., 2007a) 
WAP domain protease inhibitor dsRNA H P. vannamei (Robalino et al., 2007a) 
Synthesis, processing, regulation and apoptotic related protein 
Acidic ribosomal phosphor-protein (PO) Hypoxic H P. monodon (de la Vega et al., 2007a) 
Disulfide isomerase Osmotic H P. monodon (de la Vega et al., 2007a) 
EF2Mc2 elongation factor 2 (Ef-2) WSSV Cep P. chinensis (Wang et al., 2006) 
Elongation factor 1α Hyperthermic H P. monodon (de la Vega et al., 2007a) 
FinTRIM family protein(ftr02 gene) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Histone H3.3B Hypoxic H P. monodon (de la Vega et al., 2007a) 
Non-SMCcondensin IIcomplex, subunit D3(NCAPD3) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Nucleosida diphosphate kinase WSSV Cep P. chinensis (Wang et al., 2006) 
Tripartit motif containing37 (TRIM37) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 

Replication, transcription, translation and repair related factors     
CHK1 checkpoint homolog WSSV Hp P. vannamei (Zhao et al., 2007) 
Endo/excinuclease domainprotein Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Interleukin enhancer binding factor 2 WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
Similar to cAMP responsive element binding protein-like 2, transcriptional 
regulation WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 

Zn finger protein, associated with PKC-related kinase WSSV Hp P. vannamei (Robalino et al., 2007a) 
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Reverse transcriptase/retrotransposons 
BCNT LINE insert Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Gag, pol and env.protein (Gypsy/Ty retrotransposon) Osmotic H P. monodon (de la Vega et al., 2007a) 
Lreo 3 Hyperthermic H P. monodon (de la Vega et al., 2007a) 

Pol-like protein (MosquI-Aa2 non LTR retrotransposon) 

Hyperthermic H P. monodon (de la Vega et al., 2007a; de la Vega et al., 
2007b) 

hypoxia H P. monodon (de la Vega et al., 2007a) 

Osmotic H P. monodon (de la Vega et al., 2007a; de la Vega et al., 
2007b) 

Pol-like protein (non LTR retrotransposons) 
Hyperthermic H P. monodon (de la Vega et al., 2007a; de la Vega et al., 

2007b) 
Hypoxic H P. monodon (de la Vega et al., 2007a) 

Pol-like protein (non LTR retrotransposons) Osmotic H P. monodon (de la Vega et al., 2007a; de la Vega et al., 
2007b) 

Cell adhesion molecules 
Cadherin 23 WSSV Hp P. vannamei (Robalino et al., 2007a) 
Leuchine-rich repeat and PDZ domain protein WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
Peroxinectin WSSV G P. vannamei (Robalino et al., 2007a) 
Tetraspanin WSSV G P. vannamei (Robalino et al., 2007a) 
Signal transduction factors 
cAMP dependent protein kinase WSSV G P. vannamei (Robalino et al., 2007a) 
Casein kinase II, alpha subunit FAV H P. vannamei (Robalino et al., 2007a) 
Platelet derived growth factor-like WSSV/32°C G P. vannamei (Robalino et al., 2007a) 
Rho small GTPase Hypoxic H P. monodon (de la Vega et al., 2007a) 
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Differentially expressed genes Challenges Tissues Species References 
Serine/theronine protein kinase 2A WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
Serine/theronine protein kinase, polo WSSV Hp P. vannamei (Robalino et al., 2007a) 
Serine/theronine protein kinase, transduction of mitogenic signal WSSV/32°C H P. vannamei (Robalino et al., 2007a) 
Serine/threonine protein kinase 25 dsRNA G P. vannamei (Robalino et al., 2007a) 
Src-family tyrosine protein kinase WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
WD40 domain FAV G P. vannamei (Robalino et al., 2007a) 
Energy and metabolism 
Alanyl (membrane)aminopeptidase Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Arginin kinase WSSV Cep. P. chinensis (Wang et al., 2006) 
ATP synthase subunit 9mitochondrial precursor Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
ATP synthase subunit alpha precursor Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Complete mitochondrial genome (16S ribosomal) Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Cytochrome c oxidasesubunit II Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Cytochrome c oxidase subunit IIIv b v Hypoxic H P. monodon (de la Vega et al., 2007a) 
Malate dehydrogenase 2–2,NAD (mitochondrial) Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Mitochondria Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Mitochondrial ATPsynthase F chain Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
NADH dehydrogenase[ubiquinone] 1 alphasubcomplex subunit 5 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Phosphopyruvate hydratase WSSV Cep P. chinensis (Wang et al., 2006) 
Vacuolar ATPase G subunitlikeprotein Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
V-H-ATPase subunit A Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Active transporters 
H+transporting ATPsynthase O subunit Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
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Differentially expressed genes Challenges Tissues Species References 
Glutathione S-transferase WSSV Hp P. vannamei (Robalino et al., 2007a) 
Nucleoside diphosphate kinase WSSV Hp P. vannamei (Zhao et al., 2007) 
Structural and cytoskeletal molecules 
Actin WSSV Cep P. chinensis (Wang et al., 2006) 
Actin D Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Calcified cuticle proteinCP14.1 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Early cuticle protein 1 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Nuclear β-tubulin Osmotic H P. monodon (de la Vega et al., 2007a) 
Smooth muscle myosin Osmotic H P. monodon (de la Vega et al., 2007a) 
Extracellular matrix components 
Peritrophin Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Pigments 
Crustacyanin-A2 subunit WSSV Hp P. vannamei (Zhao et al., 2007) 
Microsatelites 
Microsatellites Osmotic  H P. monodon (de la Vega et al., 2007b) 
Ribosomal proteins 
16S ribosomal RNA gene Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
40S ribosomal protein S8 Hypoxic H P. monodon (de la Vega et al., 2007a) 
40S ribosomal protein S23 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
40S ribosomal protein S24 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
60S ribosomal Hypoxic H P. monodon (de la Vega et al., 2007a) 
60S ribosomal L35a Osmotic H P. monodon (de la Vega et al., 2007a) 
60S ribosomal L8 Hyperthermic H P. monodon (de la Vega et al., 2007a) 
Ribosomal protein L23 WSSV Hp P. vannamei (Zhao et al., 2007) 
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Differentially expressed genes Challenges Tissues Species References 
Ribosomal protein L3 WSSV Hp P. vannamei (Zhao et al., 2007) 
Ribosomal protein L35A WSSV Hp P. vannamei (Zhao et al., 2007) 
Ribosomal protein large PO Hypoxic H P. monodon (de la Vega et al., 2007a) 
Ribosomal protein S24 Hypoxic H P. monodon (de la Vega et al., 2007a) 
Miscelloneous 
CCCH-type zinc finger antiviral protein WSSV/32°C Hp P. vannamei (Robalino et al., 2007a) 
Proline-rich protein BstNIsubfamily 1 Osmotic stress G P. vannamei (Gonçalves-Soares et al., 2012) 
Putative helicase from Moloney leukemia virus, SDE-3/armitage WSSV/32°C G P. vannamei (Robalino et al., 2007a) 

 
Cep., cephalotorax; G, gills; H, haemocyte; Hp, hepatopancreas; OLLF, optic lobes of large female prawn; OLSF, optic lobes of small female prawn; Ov, ovary; OvI, 
previttelogenic (stage I) ovary; OvIII, cortical rod (stage III) ovary; OvDP, ovary of diploid prawn; OvTP, ovary of triploid prawn; Tbs, testis of broodstock; Tjuv, testis of 
juvenile; Sub, subcuticular epithelium of cephalotorax; FAV, a mixture of heat-inactivated microorganism (Fusarium oxysporum, Aerococcus viridans, Vibrio 
parahaemolyticus); PEB, a mixed suspension of heat-killed microorganisms (Pichia pastoris, Escherichia coli, Bacillus subtilis); WSSV/32°C, WSSV infected at 32°C. 
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Appendix 3.Differentially expressed gene identified in the lymphoid organ cDNA 

SHH libraries that may have immune function in Penaeus merguiensis. 

Appendix 3.1.  Proteases and inhibitors 

Cathepsin B not only has endopeptidase activity but also dipeptidyl-

carboxypeptidase activity.  Cathepsin B is mainly involved in degradation of cellular 

protein and turnover (Mort and Buttle, 1997; Turk et al., 2012).  In mammals, this 

enzyme is implicated in physiological process such as thyroid hormone generation 

by proteolytic processing of thyroglobulin and mechanism of calcium homeostatis.  

In pathological mechanism, the type B cathepsin is associated with inflammatory 

airways diseases, rheumatoid arthritis and acute pancreatitis.  It is also involved in 

the invasion, metastasis and proliferation of cancer cells (Mort and Buttle, 1997; 

Nomura and Katunuma, 2005; Turk et al., 2012). 

Appendix 3.2.  Structural and cytoskeletal related molecules  

Actins are highly conserved proteins and universally expressed in all living 

organisms (Schoenenberger et al., 2011). The functional variability of actins was 

determined by regulation or expression of their isoforms in different tissues 

(Schoenenberger et al., 2011).  In vertebrates, three isoforms of actin were identified.  

The α-actins were identified in cardiac, skeletal and smooth muscles, while β and γ-

actins were expressed in most cell types (Dominguez and Holmes, 2011).  Actin 

isoforms may only have a few differences in amino acids; but they may not 

substitute each other in the tissue specific functions (Dominguez and Holmes, 2011; 

Schoenenberger et al., 2011).  This protein may also undergo posttranslational 

modifications (Hild et al., 2010; Schoenenberger et al., 2011).   In the muscle, actin 

participated in contraction.  Actin in the cytoskeleton is involved in cellular polarity, 

cellular trafficking, cell motility, cell shape, adhesion, cytokenesis, and endocytosis.  

Nuclear actin plays an important role in signal transduction, transcription and 

chromatin remodelling (Hild et al., 2010). 
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Numerous viruses such as adenovirus, baculovirus, herpesvirus, iridovirus, 

orthomyxovirus, paramyxovirus, poxvirus, retrovirus, rhabdovirus and togavirus 

have been documented to interact with actin at various stages throughout their life 

cycles, either disrupting or rearranging the actin cytoskeleton to their own advantage 

(Cudmore et al., 1997).  Vaccinia virus for instance, not only disrupts the actin 

cytoskeleton at the early stage of infection, but also utilises polymerization of actin 

to enhance viral spread into the neighbouring cells at the later stage (Cudmore et al., 

1997; Ploubidou and Way, 2001).  Actin facilitates viral entry into the host cells 

(Ploubidou and Way, 2001; Smith and Helenius, 2004; Liu et al., 2009a; 

Pongsomboon et al., 2011) and promotes vesicle budding at the cell surface and to 

propel virus-containing endocytic vesicle through the cytoplasm (Smith and 

Helenius, 2004).  Actin is also indicated to be involved in intracellular transport 

mechanism for many viruses.  Most viral genomes should be transported to nucleus 

or specific cytosolic membranes after penetration (Smith and Helenius, 2004).  For 

example, baculovirus take advantage of actin microfilament in cytoplasmic transport 

of nucleocapsid to the nucleus (van Loo et al., 2001). 

Appendix 3.3.Synthesis, processing and regulation proteins 

Translation of mRNA by ribosomes consists of initiation, elongation, termination 

and recycling (Passmore et al., 2007).  Moreover, eIF6 is rate-limiting for 

translation, growth and oncogene-driven transformation (Gandin et al., 2008; 

Miluzio et al., 2009).   The eIF6 have been found to be up regulated in colon cancer 

and aggressive leukaemia (Miluzio et al., 2009).   Furthermore, the initiation factor 

eIF6 has been shown to have a crucial role in regulating miRNA-dependent gene 

silencing.  Reduction of eIF6 in human cells and the unsegmented nematode, 

Caenorhabditis elegans perturbed miRNA-mediated regulation of target protein and 

mRNA levels (Chendrimada et al., 2007).   

Ubiquitin is a ubiquitously expressed protein family that has a variety of sequences, 

but has a highly similar structure and conjugates mainly to isopeptide bond between 

its C-terminal glycine and a lysine residue within the target protein.  Ubiquitination 

of proteins is achieved through an enzymatic cascade involving ubiquitin-activating 
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(E1), ubiquitin-conjugating (E2), and ubiquitin-ligating (E3) enzymes (Pickart and 

Eddins, 2004; Deshaise and Joazeiro, 2009; Schaefer et al., 2012). 

Appendix 3.4.  Energy and metabolism factors 

Mitochondria, double-membrane organelles regulate many critical cellular processes 

and homeostasis that are closely related to the cellular metabolic networks including  

intermediary metabolism, metabolism of amino acids, lipids, cholesterol, steroids 

and nucleotides, generation and detoxification of reactive oxygen species (ROS), 

apoptosis and intracellular signalling.  Possibly, mitochondria play a crucial role in 

cellular energy metabolism including fatty acid β oxidation, the urea cycle and the 

final common pathway of ATP production (Chinnery and Schon, 2003; Picard et al., 

2011; Cloonan and Choi, 2012).  Mitochondrial proteins are encoded by two distinct 

gene sets: nuclear DNA (nDNA) and mitochondrial DNA (mtDNA).  Mitochondrial 

DNA is located within the mitochondria and maternally inherited (Chinnery and 

Schon, 2003; Máximo et al., 2009).   

More than 150 different pathogenic point mutations and a number of partial deletions 

and duplication of mtDNA are related to diseases.  Nuclear genes are fundamental 

for mitochondrial homeostasis and if these genes are disrupted, autosomally 

inherited mitochondrial diseases occur.  Several nuclear genetic disorders including 

Friedreich΄s ataxia, Wilson΄s diseases, hereditary spastic paraplegia and dominant 

optic atrophy are associated with mitochondrial dysfunction (Chinnery and Schon, 

2003).  Mitochondria also associated with neurodegenerative diseases such as 

Parkinson’s disease, Alzheimer’s disease and amyotrophic lateral sclerosis 

(Cassarino and Bennett Jr, 1999).   Mutations of mtDNA are frequent events in 

tumorigenesis such as lung, liver, prostate, kidney, and breast cancers (Máximo et 

al., 2009). 

NADH dehydrogenase is the most complex proton translocating enzyme, consists of 

45 different subunits that are mostly encoded by nDNA and imported from 

cytoplasm.  However, like cytochrome reductase, cytochrome oxidase and the H+-

ATPase, some NADH dehydrogenases are encoded by mtDNA and synthesised in 
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mitochondria.  The ND4 and ND5 subunits which are involved in proton 

translocation are located in the distal end of the membrane arm of the NADH 

dehydrogenease (Weiss et al., 1991; Kerscher et al., 2008).  A variety of human 

diseases have been reported to be associated with impaired NADH dehydrogenease 

activities.  These diseases predominantly affect organs with high demand of ATP 

such as muscle and brain and therefore called mitochondrial enchephalomyopathies 

(Weiss et al., 1991).  The NADH dehydrogenase was also implicated in 

neurodegenerative diseases such as Parkinson’s and suggested to be the primary 

sources for reactive oxygen species (ROS) derived from respiratory chain (Kerscher 

et al., 2008).  Expression of NADH dehydrogenase could be induced by infectious 

pathogens.   

Cytochrome oxidase is a transmembrane protein that localises in the inner membrane 

of mitochondria and expressed ubiquitously in all aerobic cells (Brunori and Wilson, 

1982; Capaldi et al., 1983; Denis, 1986).  Cytochrome oxidase composes of 11-13 

subunits depending on the organism.  Three main subunits of cytochrome oxidase, 

COI, COII and COIII are encoded by mtDNA, while the other subunits are encoded 

by nDNA and synthesised in cytoplasm (Denis, 1986; Robinson, 2000; 

Khalimonchuk and Rödel, 2005).  Various clinical phenotypes of cytochrome 

oxidase deficiency in humans have been documented including Leigh’s syndrome, a 

progressive neurologic deterioration of basal ganglia and brain stem, lactic acidemia, 

fatal infantile form and a benign reversible form (Robinson, 2000).  Others include 

sideroplastic anemia, motor neuro-like degeneration, multisystemic disorder, 

myoglobinuria, encephalopathy encephalomyopathy, cardioencephalomyopathy and 

hepatic failure (Barrientos et al., 2002).   

Appendix 3.5.  Ribosomal proteins 

Ribosomes are built up from ribosomal proteins and ribosomal RNA (rRNA).  Most 

ribosomal proteins localise at the surface of the particle, whilst rRNA is in the 

central core (Brodersen and Nissen, 2005; Wilson and Nierhaus, 2005).  Even 

though rRNA is involved in a certain aspects of ribosomal functions including 

decoding and peptidyl-transferase centre (PTC) of the ribosomes, the ribosomal 
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proteins play a crucial role in assembly and optimal function of ribosomes (Wilson 

and Nierhaus, 2005).   

It is difficult to assign the specific function of individual ribosomal proteins because 

the complexity and diversity of interaction between rRNA and ribosomal proteins 

and between the ribosomal proteins themselves, but functional roles of some distinct 

ribosomal proteins can be determined (Wilson and Nierhaus, 2005).  In prokaryotes 

for instance, small subunit ribosomal protein S1 plays an essential role in 

transporting the mRNA as well as tmRNA mediated trans-translation.  Ribosomal 

protein S3, S4 and S5 are involved in the formation of the entry pore of the mRNA 

and exerting helicase activity.  Ribosomal proteins S4 and S5 with S12 also have 

critical function in decoding and fidelity of translation.  Large subunit ribosomal 

proteins L1 and L16/L27 may be important in releasing and binding of tRNA to 

ribosomes.  Ribosomal protein L9 may affect the stability of tRNA at the P site and 

mRNA movement.  The efficiency of translational bypassing was affected by 

mutation in L9 (Wilson and Nierhaus, 2005).  Ribosomal protein L5 may also 

interact with the P site tRNA (Brodersen and Nissen, 2005).   

The receptor of activated C kinase (RACK1) a ribosomal protein in eukaryotes,  

plays a role as a scaffolding protein, binding to kinases such protein kinase C, Rsc 

kinase,  mRNA-binding proteins and signalling pathways (Brodersen and Nissen, 

2005).  Ribosomal proteins also act as a docking site for chaperons (Wilson and 

Nierhaus, 2005).  Mutation in ribosomal protein genes or interruption in their gene 

expressions are related to inherited genetic disorder including Tuner syndrome,  

Bardet-Bield syndrome, Noonan syndrome, Diamond-Blackfan anemia syndrome, 

and Camuraty-Engelmann disease (Lai and Xu, 2007).  
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Appendix 4.Publishedmanuscripts from research project of PhD candidature. 

Appendix 4.1.Rusaini and Owens, L. (2010) Insight into the lymphoid organ of 
penaeid prawn: A review.  Fish Shellfish Immunol29: 367-377. 

http://www.jcu.edu.au/�
jc163040
Text Box

THIS ARTICLE HAS BEEN REMOVED DUE
 TO COPYRIGHT RESTRICTIONS
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Appendix 4.2.Rusaini, Ariel, E., Burgess, G.W. and Owens, L. (2013) Investigation 
of an idiopathic lesion in redclaw crayfish Cherax quadricarinatus using suppression 
subtractive hybridization.   J Virol Microbiol2013,Article ID 569032: 15 pages. 
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Appendix 4.3.Rusaini, La Fauce, K.A., Elliman, J., Bowater, R.O. and Owens, L. 
(2013) Endogenous Brevidensovirus-like elements in Cherax quadricarinatus: 
Friend or foe?  Aquaculture396-399: 136-145. 
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Appendix 5.Presentations and workshops during PhD candidature 

Appendix 5. 1.  Presentations 

Rusaini and L. Owens. Moulting and lunar rhythms on the lymphoid organ spheroid 
(LOS) cells of the black tiger prawn (Penaeus monodon).  4th FRDC Aquatic 
Animal Health Subprogram Scientific Conference, The Rydges Esplanade Resort, 
Cairns, QLD, Australia, 22-24 July 2009. 

Rusaini, E. Ariel, G.W. Burgess and L. Owens.  Suppression subtractive 
hybridization for genes expressed in redclaw crayfish Cherax quadricarinatus with 
an idiopathic lesion.  1st FRDC Australasian Aquatic Animal Health Scientific 
Conference, Pullman Reef Hotel, Cairns, QLD, Australia, 5-8 July 2011. 

Rusaini and L. Owens.  Profiling expressed genes in the lymphoid organ of 
Australian banana prawn (Penaeus merguiensis) using suppression subtractive 
hybridization.  8th Symposium on Diseases in Asian Aquaculture, Milagres Hall, 
Mangalore, Karnataka, India, 21-25 November 2011. 

Rusaini, K. A. La Fauce, J. Elliman, R. O. Bowater and L. Owens.  Endogenous 
Brevidensovirus-like elements in Cherax quadricarinatus: Friend or foe?  North 
Queensland Festival of Life Science, Faculty of Medicine, Health, and Molecular 
Sciences, James Cook University, 30 October 2012. 

Rusaini, K. A. La Fauce, J. Elliman, R. O. Bowater and L. Owens.Endogenous 
virus-like elements in redclaw crayfish Cherax quadricarinatus.2nd FRDC 
Australasian Aquatic Animal Health Scientific Conference, Pullman Reef Hotel, 
Cairns, QLD, Australia, 8-12 July 2013.   

Appendix 5.2.  Workshops 

AusAID Introductory Academic Program, 19th January – 13th February 2009, 
Teaching & Learning Development, James Cook University, Townsville, northern 
Queensland, Australia. 

Biosafety Course, February 18, 2010, James Cook University, Townsville, northern 
Queensland, Australia. 

Aquatic Animal Health Technicians Forum Workshop Wednesday 17th to Friday 19th 
March 2010, Aquatic Animal Health Laboratory (AAHL) CSIRO, Geelong, 
Victoria, Australia. 
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Appendix 6.Animal ethics approvalfor the research project of PhD candidature. 
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