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Jripd A - VREABY P 2B ERE T AT LpA
}iﬁ«ﬁ@%ﬁ{};%140kb1%5%5£DNA:ﬁr,‘fr’ﬂilﬁ}éi—"b%ﬁiﬁ, R ET
YRR TR B2 4P 0 BRI A 2 AT 20EA 0 4
ERNE N P PR EREL LN RS > RE P AN AFIAREZ
BIFAT AL o AFEEI 2008 E BN Foa g TR E T e A
FIM AL ) B AT S B2 g5 4~ lipopolysaccharide (LPS) ~ poly L:C
ZBEF FHEETHR I RFEFEZATEIR TR > GEN I8 B2 B ALE
2328 [ ARATF -

* 9 2% € #7172 GeneSpring GX 11.5 St 88 & AL AL 7 & 5 “$ TP s FE
M3OBA BEAFEARBES B AL AFE - AFHRE- H TR TERSE
fedp F ek Adriet A BB ARDATFIF o« 2 £ 447 24 BicE5 5 5 &

e F s 6B AKAPK AT > H Y RNA helicase DHX58 homolog ~ CD9
antigen ~ interferon stimulated gene 15 ~ HECT E3 ubiquitin ligase - reverse
transcriptase-like protein ~ vig-1 ~ very large inducible GTPase-1 - urokinase
plasminogen activator surface receptor » 26S proteasome non-ATPase regulatory
subunit 1 homolog ~ interleukin-1f ~ interleukin-8 ~ interferon-induced GTP-binding
protein MxI ~ tumor-necrosis factor a = cyclooxygenase-2 % 15 f £ ¥] > H /1 b4dr
%/}?r,‘%)f@lﬁl_g FReRAFLAREIV 22 74les 20 B @
UDP-glucose 6-dehydrogenase ,__I}ia% o2 ¥ el Tl A LE Rl e 27 100
BorFHAIIDFEAR LT A ZFTAFLE L2 A FRHMRA 2207

ﬁ’i}ﬁsfikﬁ’%' e 318 o



Abstract

Grouper iridovirus (GIV), a double-strand DNA virus, can infect with all life
stages of orange-spotted grouper (Epinephelus coioides), and causes groupers serious
death. It mainly attacks immune system of host, such as spleen and kidney. Until now,
the total 140 kb genome size of GIV had been sequenced and the research of several
virus genes expression upon infection had been studied. However, investigation of
host gene expression during GIV infection is still know very little. The grouper gene
expression profiles after different kinds of challenges including GIV,
lipopolysaccharide, and poly I:C wusing GIV-infected grouper kidney cDNA
microarray had been established in our lab previously.

We reanalyzed the previous array data of GIV-challenged only, and the newly
39 up-regulated and 48 down-regulated genes under two-fold thresholud were
selected. To validate the result of microarray analysis, the quantitative real-time
RT-PCR was performed. The kidney parts of non-injected control groupers and GIV-,
lipopolysaccharide-, poly I:C-treated of groupers were collected at 1, 3, 5 day
post-injection and the total RNAs were extracted for further RT-qPCR. Twenty four
candidate genes from microarray analysis and another 6 immune-related genes were
estimated. Fifteen genes including RNA helicase DHX58 homolog, CD9 antigen,
interferon stimulated gene 15, HECT E3 ubiquitin ligase, reverse transcriptase-like
protein, vig-1, very large inducible GTPase-1, urokinase plasminogen activator
surface receptor, 26S proteasome non-ATPase regulatory subunit 1 homolog,
interleukin-1B, interleukin-8, interferon-induced GTP-binding protein MxI,
tumor-necrosis factor a and cyclooxygenase-2 are significant expression up to 20 fold
compared to non-injected control candidate gene, but UDP-glucose 6-dehydrogenase

is suppressed down to around 100 fold after GIV-injected treatment. Based on this
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experiment, we believe that those genes with significant expressed or suppressed may

participate in the host-viral interaction.
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SHT RTRA R PBENSLOBAT AR Y FABTETAT R
FI N RARRZAE LR DA EE P DR AL EI R AT AL
BT R Ar RO BARNR AL BN EHEMFELRL AN B h 2 25
oG g g A % (Actinopterygii) ~ %75 F  (Perciformes) ~ # #4 (Serranidae )
z5/ (Epinephelus)  # 647 = Nelson (2006 ) 4zvk #2782 fi #4 4 4 5 3 1
Fo63 44948 0 A R B R TR A b LB eEefEsT T 11448 ¢

PR AR GRS A R A A BRF O WA R TR R R

REA Bl T A TN A PR FER AR WD A
P ool eSS FoE (8 > 1988) Bar s L Bp AlLAs > H KRR ERE
401534 CR > i 4 £ BIE 2228 C» Foagd HRA X E 4 AT
AR T L 0 P A S A B BRSSP H A B, F XN HAS

FrAag s EERY AL -PWESCFREE R HARNTERENBL R
AL ABOFRE RO KREPRE AL LA TR SR EARERFE
A TE G K 50 10-30 5F e A FRGE MR LR R BT 'R DORE 40-80 5F 2 i
ik o

7 3a i vpze e 48 (hermaphroditism ) 2. 4 2f - #pld 2ol & & 80t £ 2 5% F

Mt EH S RS R B BERRS L RFANET

(\x
My
e

o LR RaAf e SHFP T ARSI EEALET BT T
( Epinephelus malabaricus ) ~ 2 % % za ( Epinephelus coioides ) - #

( Epinephelus aowora ) ~ % 7L s ( Epinephelus fuscoguttatus) 2% #< % 7 &

B % " o

(Epinepheluslanceolatus) i&7 f8 o o @ Emm¥m 325 p Az L1
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9N*EW?EJﬁ@ﬁﬁ%°Bﬁ%ﬁﬁ%iiiﬁiﬂﬁﬁgﬁ6ﬁ’—ﬁ
Bl PR R AR R T R X R A A 5T & (nervous
necrosis virus ) ¥ - R AT FL LAY R A TR HHE o B
B DL Rl dip 4 (ridiovirus) ©
PR IR TEACOTEAUIR L EAR RIS RS AR ER A TS
Bkt @ o8 rmbh A inE 4 8K 1998 & hE F§ 5.000 2w

12008 £ B A AE 17,000 0 £ & L E 10 BHAT T R mITT &

REXFNTARS d AP F8F 52 TH AT ZAea A FFEZ TP
AMA LS REFABL PR F TRDZRHA R ER 2 TEY sa'gFF

AR R A AR ERAEI P LA A AR B DA T A £ A

’iﬁﬁé’%\)ﬁi%&q;éﬁmﬁ: G E A PR AT R R R

Aok h s TR RORIARTAB R ppmE 2 7B T w2 F o 4p
BEHSFRFAGT RAOEITL > B AR AMDE R ROERT > %
mAEESwF A - PR o

12 $8Fctimd 275 2
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dipA A - AAGENETHE TP R ORd Ap 2P e P

s . T . o

BRAA AR AHF HEL Lrls A% MF ¢ A& FNI (rainbow) 2. % 0 i

AP ipmd g 25 A6 § R AMT A LITH I Dok S Fd ¢

O

(Goorha, 1995)e s &’ 4 o 3 1l W4+ JF 4 B2 § PPtz & = 4 o Mp 4 o
# A TR ] 42 103-212 kb 2 FF .-;I;a:*; $EAE 4S5 125-300 nm 2 B > S

F 2 54 pop oA B G P -0 (nucleoprotein )~ 5 " % lipid inner membrane ) ~



F-v B (capsid) > F & fEsF2z brdlpm+ & F B (envelope) iz e o drdlp 4
W Amre P AF R S Y (rainbow ) 7 GNAEEE A dwi > £ U AR
(endocy) ™ Vi » #RiTen/m?? (Qinetal., 2001) » A% F B2 BB T 7 4
TR R mie chimie P F R F AR BT mﬂ:ﬂ»,}ﬁsi Sk A Rlme
Fom LT pd RS ARMB AR AHL RS §F F al
(inclusion body ) 77} = (Kasornchandra and Khongpradit, 1997; Tapiovaara et al.,
1998) e dxdip# F2 rd L RE R NFLAGIRAE > LR o FaEFfadp oz

F i FUaE 2 b 2 4 2 5 4+ (Castric and De Kinkelin, 1984) > # 2 57 B/ 1 (1)
Iridovirus: & % % fasfz g ¥ fadodtr > A RE A2 2P S0 B HAIRLIES
120 nm> #~ % 'H_:Ifia«% % Chilo iridescent virus(IV6 & - % CIV )-(2)Chloriridovirus :

AR RS A RHAMAELY S 180nm. & 4 5 Mosquito iridescent

virus (IV3)-(3) Ranavirus: 7 B/ ¥ ri— R A2 F 1 2382 _Bigalf
RAAF 25 Y 4kA 4w L33 7 2 > 28 (Murali etal., 2002) > $iT

“ARdp BT E kA RO ER G MO R AEES S frog virus 3(FV3) e
(4) Lymphocystivirus : # jg % % #cil ¥ @4 > 4 34~ ] ¥ 5 300 nm > &+ &
'l“zl_fflisi % Lymphocystivirus type 1 (LCDV-1) > }* :}?5_% R ReR o B2
w24 K ehk imrz (fibroblast) » B R me f g R me A A RE A

“~

BE AL 2 Riee bl jﬁ;;‘ﬂﬁgbk’r ﬂ,iljv*ig]@r m e ’?’TF\ & kR, L

FAEAALREI DT F3F > A LRALLET P FER - (5)
Megalocytivirus : i # % 4 A72 = 2 pd4 B R A% %2 & 50 K2 AR A

AH I KMHAN A RARAE Y REFEFEEL PR A4 H )J%-a- 4 ISKNV
(infectious spleen and kidney necrosis virus ) ~ RSIV (red sea sbream iridovirus ) 2
% TGIV (grouper Iridovirus of Taiwan ) % -

Jrdipmd B S AR L B S A SE AT 1983 F o & 2 B L% (Boston) #

2 %78 & % ( goldfish, Carassius auratus L ) - @ % 1984 & & # /7 #f ( redfin



perch, Perca fluviatilis ) # g #8¢ > p PSR 2 Hm4 o Fletop B d b ah
it 17 B p (epizootic disease )+t A chid b dm ik s TR MR LB A LA
BB IR T m)]%&: » ST X AR ALTT 5 epizootic haematopoietic necrosis virus
( EHNV ) (Langdon and Humphrey, 1987; Langdon et al., 1986) * % I FRA2 e
LFEN T FIHEMERZT VR AT Y 3 R LLMREA2Z D LY
148-167 nm > *F & B & ¥ 11-15 nm > R H 1< X 5 88-110 nm 2 x4 *Ae o @
te 1985 - j®4 en& 78 bo i (rainbow trout, Salmon gairdneri )» § 24+ & %
bl 2 RA > B m R SRR H R EHNV AR S 5700 A 4 4 T4 #2
AT R Y 8 E 4 3 (ataxia) 0 NI L & &R FF E 100% 0 R38R
A2 FORRE PR L g e B T B e RSB TR MR R O R PTRE
THRAOARABINES DR G > 2 ¥ wred 7 A58 %’%F R SEARE R i
(Langdon et al., 1988) - 1990 & A 2 R B ¥ ks W2 B G L7 T5F 4 0 4
( white sturgeon, Acipenser transmontanus ) = fxdl 4 2 B % 0 S opEF A LG
white sturgeon iridovirus (WSIV ) fjm i ¥ = @ (8 AP+ ARtgiR] D) 5 b dlp 4
2 ho R R A FE 2% BRHEEERE R ARG RS R
2w s o@m SF N f}ﬁsi A BERY LI E /S5 267 nm mflisi $f4 (Lapatra
et al., 1994) - 1992 & & 374 8L 1 §3 48 & g if # s (brown-spotted grouper,

Epinephelus tauvina)+ § dxfip# & A R > ME R Np T FE1HT FHD &

k)
[

I

& Pt o FIPM AL S sleep grouper disease ¢ 4. € v hTeEk Rk AEE- A
P gEA= 7= 55 50% AR 4o if roafd] 2 0.1kg I 4kg
TH G oAMR LA LR - MR E < P 23 B o mE LY d o R
FPaod oRFBET ALY B od BRpRET ALEL A LT
Bl o Wy A T e 2 G P > T BN T S e R R

}]isa SR AT L@ <) 5 130-160 nm(Chua et al., 1994) - 1994 T 1997

EF A WA KA LY A% 7 o 4 (mandarinfish, Sniperca chuatsia)s 2 x4}



)]354%}34 i 1998 & i G\E‘S;“a‘mij_mﬁrs*%’? B RAEZ A 5B ES50%
M AR R g 2 7-10 2 R F B E 100% H iRk G S A IR A E
B E e o d B RERT L TRE AR X 0 A p A AR D
150 nm > p 383 — * -] % 105 nm 2 [F]2; < (He et al., 2000) - 1992 & 4 &
P R A EWAF L AR R 57 BB R RS A da T S
Fi# B 4z (Chou etal,, 1994) > & /1995 #42 > s 302 X AHF s R
O3 ij_%’ﬁr)]%i & % J£(Chou et al., 1998) » #ﬁ;ﬁr;‘i EAZALHL P HRHM 2E
T NIBEA TS SRR ORE R ER AR F 5 60% Hopd Rl
KRE ( embryo of a hybrid of kelp and red spotted grouper ) ‘w¥z }kfs > ¢ H 5K mre
IR IR 1 2 ke s % cytopathic effect (CPE)> i :Ifia«% &l g e PR 1S I

2 i AT E AR o .3&.?%@@?%@@’\?‘ LM B+ fwre (giantcells)

e

Mo ST MBI RS E LS 230410 nm o p § - 120410 nm 2
WL B A R R REB AT EAY BB RN AT AL - AP PR

100% » @ pt fffai & ¢ % grouper iridovirus of Taiwan ( TGIV ) -

ETIES

B2rpm B ,351131‘%&1_%'3:)]%% 22T REOATFIES| T AT
L & ¢ 40 Iridovirus i 0 CIV(Jakob, 2001) 5 Chloriridovirus / <o
IIV-3(Delhon et al., 2006) ; Ranavirus /4 7 ATV (Jancovich et al., 2003) ~ TFV(He et
al., 2002) ~ SGIV(Song et al., 2004) ~ GIV(Tsai et al., 2005)¥* STIV(Huang et al.,
2009); Lymphocystivirus /2. LCDV-1(Tidona and Darai, 1997)12 2 LCDV-2(Zhang
et al., 2004) ; Megalocytivirus /% =7 ISKNV(He, 2001) ~ RBIV ((Do et al., 2004) -
OSGIV(Lu et al., 2005)4 2 TRBIVO(Shi et al., 2010a) » 3 7 ig® = & m}?r,—i & 7
WA MG B AP 8- 0 RadcDpd 27 7 Fﬁ:fﬁai TR e it A 5
i ¥ igd F’{:ﬁrjii EBERF LTI ENEAP R R A
FARAFLBMED B PP ek d 1 a £ RARAE

*F % 3 4rié * 2 grouper iridovirus (GIV) 5 1998 # p & 3R¥1 % 782 £ 3



WA ST E ] 0 5 A 2005 &% H oA L 220K TR A SRR 8 A 451 F
(Tsai et al., 2005) o d A 45t6 h % @ GIVZ AFE 7P ¢ 57 139 BB 2
7 (open reading frames, ORF ) (Tsai et al., 2007) » #-p* 4 g2 # i © 3 & i e
Fopa AF AP ATE > FIRGIV R 0T SR (1) GIV 48 %7
£ 4 # 3 79 Ranavirus & * B % 4. i\Emﬁr}% °(2) GIV R 7]¢ 71 CpG & 7L}
methylation ¥ ® 4% > DNA methlytransferase 7 ¥]°(3)GIV % F purine nucleoside
phosphorylase z& ] » p fd4F #ci¥ & GIV 2 SGIV (singapore grouper iridovirus)

¢ IR o

13 A3F2 LB %

LR RE DL MR R PR FRE AP PR
R e Ll = Lt e SRS T
oo B¢ - AL AR A& & 5 (innate immune system ) £ 2R & - (2 F
% %o (non-specific immune system ) > i&#8 d. & & S B e El g 7 AP g -
ﬁﬁ“%%@’%%%ﬁﬁﬁlgﬁw—w#fdﬂ’fwﬁﬁgﬁmgﬂﬁﬁ
FIEd s R H Rk AFIER R LA MALAF BV A LA AR FECER
f# (humoral and chemical barries ) 14 % ‘m#z |+ B [i (cellular barries) = f& ; &4~
BiLEERY X T LA 5 (1) % % F & (inflammation) : &d = - sz 5%
fe (eicosandoids) % m*2 g% (cytokines) 5w #g i & = #r2f% » _¢F &k R
EHPN RS LR F B2 - o (2) A& k3L (complement system ) : iﬁd
s H ek 7\[)%@ oo ATalAzand VgAY KR B Ifiif\? B e R IR B mie B
SRR R R e A R B IR A AR AP 9 b IR e doE e e \f‘%’
SR I8 A Gt R ARG G TR R aR R £ SR % 3B e ¢

B R R R ALY & e B E A B AL S BE L A



(phagosome ) eimPe p %2 B¢ 5 @ (S BN chfgE Ao 2 0 N wie )T
lepd AR el A AT VR ESRA I PHPA I RRY T &
B Tl ek e L 05 § B B DI RAR T B BRI e ¥ Z TR A B
RIFE % 6 % L& & % (aqecuired immune system ) £ & — {2 & & ik &b (specific
immune system ) » iEHF AL A 5 LA - FHF R E - EEL S LA B w4
B imie ~ T mie % A B AL 7 IEF o AR S SR B F T AR
A &ﬁm)ﬁa)ﬁr%ﬁ% - M3k (specific antigen) ; B fm?e ¥ S d 8 mPe LA FH &€ &
(somatic gene recombination) 2 4F & 4 E 3 & % 2 (it (antibody ) ~ 358
B e ¥ el 50 REaupRWIR 0 dotp P R BT AR
Wi AR B - PR s R e

mBPTE AR DLEET 5 ’Jf]l(Flshelson 1995; Willett et al., 1997a;

Willett et al., 1997b) ~ ¥ % (Fange, 1986) - #-%&(Secombes and Manning, 1980) ~ *+

B iE R R s (Dalmo et al., 1997)% s g2 AR A 4 SF  ArEF LT A B
] ¥

‘H_h

BHYRFEFREFLAEBTR X L5 AP AL R Kk
o B FP ML R AT L AT B B &
ZogF e e BE gp ¥ (head kidney ) k%4~ %4 = B ¥ end 4 (Hansen, 1997,
Hansen and Kaattari, 1995; Hansen and Kaattari, 1996; Willett et al., 1997a; Willett et
al., 1997b) > @ R EFeNis X L E A s BF ELES A AR 0 PR A
o b P FRI T A RALY L A AN LK Fv o [gGIgA -~ IgM
IgE e IgD > @ % d. 58 ¢ » ",ﬁ% T F ehE B 4 58 (agnathan fish) & & #F 4 £
F0 b Hap b SgdedicF 4 %8 (chondrichthyan fish ) ~ # # 4. (osteichthyan fish )
VAR ERES SEE S AVE TSRS SRR SR X BRI
g7 Z 4z A A zk v -IgM 3 P % @ ok R4 & 30 - a P G 1gM
AEMAMBANFA - BEAIRF AN REFER LAY DARE Y- A5

2

A% B mie e W S Red 3] 0 AT IgM B R Mot F £ ent it s



IgD & - % 1997 # femagb: k4w (Ictaluruspunctatus) #8 p 3 2. L % F-v >
Hr o vae 5 Blwre 2. X 4 (Wilson etal., 1997) ; @ IgZ £2 1gT p] &3t 2005 4 &)

=5 4 (zebrafish) & dr## (rainbow trout) ##p ¥ B> 1A AV & 5 H ¥ 4
RpAT4F 2 £ & $-9 (Danilova et al., 2005; Hansen et al., 2005) o & #fcd & & it

OB E N RBP A AR T ALE R ek ) frigd 2 3 24

Fopd Fh R R I P H A L ARTT Y B A0 AARF sl
FARIPY o

14 Fprz § R & pvsadl F b

T pEE E R G fF4asy & & (Q-RT PCR, Quantitative Real-Time Polymerase
Chain Reaction) #_:c 2 p - 4§ L2 K & fssady F & (PCR, Polymerase Chain
Reaction ) J* f6 F &2 — 4ehk 7 e = A3 2§ R L prdadl - B i
s e A2 P P e FIRAEDR AT Y e g D F k2 FkHF ek F TR
REM@EY F o - PR g F RTFAF OFR B T8 7 - I
e

TR EREEYF TR DHFRLABT AL P RE - S

(specific labeled probes ) % #£% — 44 #| (non-specific binding dye) = f& - P &
B PSS AR - R PERE AR - o] B R ES TR
& (Fluorescein ) 4 1 #F & 5’4+ » @ ¥ kFrqlH (Quencher) Plétls & ¥
— el F ke o Flpt FRRIIA R R S R SRR AT R
TR Eépssadyy F ke £ (elongation ) i 42 ¢ ¢ ¥ DNA polymerase
5’-exonuclease (T * & & fr H A YR ko § F K P T E ¥ L pEa Rk o
Wk Ry FRFSRE > FMP VT A% DNA £ £ (elongation) PFid B3] » H & £

ey £4F S TagMan o @ § - B2 % - P L AR LA AT IE A R



DNA @ i ¥ Lengdfd > FPL A5 S5 Y 313 5 FR 3P RA TR FER
& =) DNA pF o gt pezb & — (¥ L LR € 48 » % DNA ] v (minor
groove) P o dodr s S Az, DNA Ad=4% 5 o Pl » 20§ e A A org dang ks

"iffii“a'ﬁ °

\\

TR ER A e L & = B'% DNA fF Jpe - 513
ATIE gk AR R AR o T T RIE - X RTRIS B AR AR P RA
FIR AR gerg M LK 2 Wk A A Ry NN E PR DNA A 7R
Wk B0 FI 0t B2 B FRAAGEF ¥ P B2 Rds P R DNA BAER TR §

.
E R

@;

$12 22 (semi-quantitative) PA2 R R & & > ¥ Hipy H dplFEFA -

Ay
v“w“
<

SR FACRE BB E RS ERE R T AT E KR LA

(&
«

(X2

{“

2 B Rt iR] > R R GRS Rl Ol E s B AR AL B

S

E
=k

“rid A g AR o

@

15 il‘;/},?ia-fg\,'%?ﬁﬁ' *F‘Mpt

ARSI HBA B3 7% - 8 A AP b’%&ff%—%i"a:#iﬁmsfgaé Fire b b 4
R ERHRIO D AL P ERF R E RS R SR F IS ER

Fo-o LA RBAMML FHEIMPM 2 AR K RERIIES g 1
ERuE- @ d 2 F R o il R E AT 2
oS TR T LRE R EF R LRk BB 2 2 ik o A R4 g PR A T
B 3 b AGRELE Ak BB £ ERE R F OLF RATA L
PR @2 2 2 RpF TE AP MU R A RE LR L AG B2 AT
MRS R A AR R LB R DA RE REFASR
BARF B2 RARF i L r A e i d B £ R0 AL

mre AL BB AFIRIrH G LN EE By hE SR e EF R
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T KL FALTER S R A A gl AR LA HE T ARG A

“ﬁ

LE AT BRI Er pap i F i g aiiFEmse -
EPwF A ETHAFNAZRORE 6T gk T T F VR Fld
HEMEEDLES >R P oA SAATIHF a2 2 Pl E R * e ] 8 8 (microarray )

Hds 1T 0 i “E.;IJ w5

e

2RI -+ FBA o) P2 DNA< £

Wi
BRARGELA - R L P IR E . T ﬂ;mr;ﬁdj M 7] B 5 oom B 4

3

o
~F

B B 3 2 DNA # Bodg b 3 %k en Cyanine 3-CTP £ % %= 3k e Cyanine

5-CTP z. # kA HedF e 72 f F22 4 (hybrid) endiF > Fle s 22178 > 12

LR F S4F R E (confocal microscope) FH B~ B b A ey ckagiis o £
MEHER T ik o AR SHRE 2008 E @ P A2 B Foa g2 BT e

#r 5 P~ 8] i e total cDNA %] i ¢cDNA e 7] & 5 (§ 0 2008)> &2 &%y % p& (LPS,

lipopolysaccharide ) ~ poly I:C (polyinosinic-polycytidylic acid) ~ GIV J5 4 i ¥ &

Bl B 7 I Mg gt T 2 R T 2 ] B 5 cDNA $F 4
wEL > HR %2 B5 7 F0)L & GIV fﬁi'* BB At m st gLt T

AR FIARALRN > 2 GIV pd RE28F rug T e P23
FMAE MM FHREY ¢ whAFEF 4B HY 2 AFARPATL T 18
B f it ek FG 23 B om 41 BAFRE Fo F é‘é_%iif'?ﬁﬁ“?iéﬁ%é A
B4R AR ah (29%) > RHE (10%) s w32 X (%)~ e o f 2%/
e 5 (17% ) fo o F e (17% )~ iR /50 R 4n 2 By 18 22 (12%) »
s (5%)~ HF (2%) -~ e A= (5%) i& 10 % i & 73 o

R B k01 cDNA B 7] 5 2 dlh 4 A+ R AT e oo T eniR
$rref 2 % o FIY pFELY s 47 LPS ~ poly LC 14 2 S dlph & T i AT & cy
FRAEELFRARECL PEFAPFSENLIRIRESRMZ AT A
P R AT ST D R A R e 2 B R R T i 2 R R

L R ST AT L R T A A d R AR P R

10



SHEARY RPN T A FER T E L A ARM AT X Tk g R L prsa
FRRiMHEGRARE AL P 2E? DRATFILREE > UFEF LU HI R 2
B Fofl 2 FAAFIDEARELTEJ PSRN - R RT AT
R fEA FIE S E 2 AT BT B F M ALY > B AR
(i H w3 FA AT o Fenier #i 2 o B ippd A A

Ao EH ] o
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CEE SN

21 1D * A F L BF P LIS R A

12 GeneSpring GX 11.5 (Agilent Technologies) $c#8i& (7 4 47 b ¥’ 5 4 £ 3
2 8L T naEE B A FIACE 5] B 0 B 2L 1Y baseline transformation #-# § @ T 2t
fé s ,Tﬁ? BT a‘r“,f & Xup2E A4 (systematic variation ) 2_ % From &0 A TR 5
WAl F LR LABDATFR #r",f GAMRA D KT 6 A A T
£ & * LOWESS (Locally Weighted Scatterplot Smoother ) normalization #-H i
FilordaDpma Fa e T- X AFLAREF AN B0 55 AF -
FENPELEEEDFERTF] > TPEFDFEALFZ FHE- HEFEF T

(transformation ) °

22 Hixmre 2 Qg B g i

H
Escherichia coli DH-5a strain

LB broth ( Sigma )
Agar (Simga)
Ampicillin (MDBio, Inc)

pBlueScript SK(-) vector ( Stratagen )

PE- B HEFH2Z DHSa Atk E- FHEE 3 ml 2 LBEERY > &

12



37CHE ™ ™ 200 rpm 2 3 el 32 & 1R ko3 ml 2 FiR ) » 2 FiE 2 100 ml
LB %% ¢ » 12200 rpm f# 32 % » £ 1 ODgoo .9 0.4 3 0.6 2 [ = 2 15 %4
ki 10 ~ 480 £ A %3 50 ml s (Faleon) ¥ > rdgiE 4,000 rpm &< 15
Add o 33 bk o 1 Sml 2 0.1 M CaCly i3 i #-tm F4T AR IE- T 0kiE 5 A 48 o
BedTHCED S 2 B e AC TR T 1 4,000 tpm 2 HiE Hc 15 A & B e d
i Sml 2 0.1 M CaCly i3 i %l F 37 ATRE X 7RI S 44 o #3749 3 2
Ak e 4CHE T M 4,000 rpm 2 &3¢ 3o 15 A48 BaFpEF 2ml 7 0.1 M
CaCl; ~ 15% glycerol 3 % ® > Sk PR e F SOl A R B E Y o R
H-80CH B ¥ v Tk iz iwm®e (competent cells) > 7 5 T4 DNA 8 7] 5%
o

-9 % 45 2. 50 pl DH-500 %% i ' % § %ok b f255 f5 0 4 » 10 ng 2. 48 DNA
BEIDF 1B AR pkiE 30 4 4B £ 2~ 42°C-KiE 90 )ik {7 A ik s (heat shock )
(SPEIE o~ kY ks 2 A& 4~ Tmlz LB %% 37°C ~ 200 rpm # i T %
A 30 A48 P 100 pl Fig% G Tpeig 37CHE#EL 7 100 pg/ml 2

ampicillin P LB & A F » A 37TCTRAEIHRR ©
23 TR DNA 2 &1t 2 T 5 {0

L
LB broth ( Sigma )
Ampicillin (MDBio, Inc )

High-Speed Plasmid Mini Kit ( Geneaid )

PP iF* 33 £ 20 2 100 pg/ml ampicillin «HPLB# & & + 2 ¥ - F{i% >

2 3ml2 7 100 pg/mlampicillin LB 32 &% ¢ » & 37CT 8B & IF &  #-Fik §

13



» 1S ml R A F ¢ 5,000 x g R 5 A4 BlE 1o £ Rl Hi
B~ 1.5 ml fgE dges g ¢ 25,000 x gAges S A4 0 2 ik 0 ® % Geneaid
2. High-Speed Plasmid Mini Kit i& 7 § 4 DNA 2 & it o % %4c » 200 ul 2 PDI
Buffer i ‘w = > 5323 1 > 40 » 200 ul PD2 Buffer & g 50 £ 353 » £
4~ 300 pul PD3 Buffer ¥ = % b % fF )i 215 » 12 14,000 x g HEik 4 3 A 4 o
o o2 B F k4~ 7 PD Colunm 2. 2 ml o f ¥ ¢ 12 14,000 x g 43 3¢
1A RS 0 4 R iBH L2 R AR o o~ 400 pl W1 Buffer v iE 14,000 x g
oo 1 4480 53 B F R o £ 4 » 600 pl Wash Buffer 15 - #& * 14,000 x ¢
HE A 1 A4 4 i F R W is £ g 12,000 X g4t 5 A4 o % PD
Column # % ¥ — ¢ 270 1.5 ml e B 3ps F ¢ o 4e » S0 ul = iz = = 4K
TEFS A 4ais 0 1 12,000x g iR AL S A4 0 TR RAE T L AR DNA o
48 DNA 2. T R % e H_i# * ABI 3730 DNA analyzer Z_& % I 12 ABI Prism
Big Dye Terminator Cycle Sequencing Ready Reaction kit # FS AmpliTag DNA
polymerase (Perlin-Elmer) % %8 DNA 0 T3 2 T7 fxé+ 31+ B 4512 7 DNA
PR TR @53 ¢ 7 {82 A TR 515 & * DNAStar software 2 “fah{- 52
EcoR I *24|fx*7 i % adpator & 7|11 2 3’x:82_ 72 P chf 7)) B i8> 2 “,ITT AR
WA FE 7| £ & * DNAstar Lasergene 7.1 $ic %88 {7 4p i 44 +- $H42 & (alignment )
feple e/ 7] 5B € 270 F 4 (contig) > W ¥4 k2 s AR 4 NCBI 2
BLASTX 25 ¢ e 4rfk FIA 5| 5L B8 (700 $ o dof 1 e 4oz 4 71 A7)

£ ¢ * UniProt Knowledgebase #/& 2 3= H2 # i > L e H #8744 o

24 R Y 2 A%

TEEE

Epinephelus coioides

14



T I5E B 88404 cm M E 124418 g2 B FranE 158 L - B, &
~HetE s IOL2Z BB L F A2 300y kid » btk 2 PP E P &

AR B2 - ARG R RFH L 12 FoAEHFALLER S 25C -

25 im% k%

ok

GK-2 im% &

75T # % ¢ (BD Flcon)

Fetal Bovine Serum ( GIBCO )

Penicillin G sodium, 100 units/ml ( GIBCO )
Streotimycin, 100 pg/ml ( GIBCO )
L-glutamine ( GIBCO )

Leibovitz’s L-15 medium ( GIBCO)
Phosphate Buffered Saline ( GIBCO )

0.25% trypsin solution (GIBCO )

AR HETREY P b T w%etk (GK-2 cell line) ¢ 2% 7 3 4

( Epinephelus coioides) % %t im® 4= (% & #gm % (Yeh et al., 2008)17 GK-2 ‘m*# tk

¥ & TIST 8 5P > * 10% FBS(Fetal Bovine Serum )~penicillin-streptomycin
( Penicillin G sodium, 100 units/ml; Streptomycin sulfate, 100 pug/ml in 0.85% Saline )

% 2 mM L-glutamine 7 Leibovitz’s L-15 medium( 7 10%7%5# s 2. L-153% & /% )

BA 28CHAHY « Foe LBl 2 BEINY RAZBERE IS FB

2. PBS (Phosphate Buffered Saline) 7 & ¥ e 4 {2 » v » 1ml 7 0.25%% 3+

, 7 . N . N s 22 \ 2 REORAY 3 s A
v fs (Trypsin) 2. PBS iz ®% o Fiv* 3 wreGiF(s » e » £ 2 70 8

15



e
A
T
=
&
ki

—v a2 FME T R g1 9 o 2 83 23 M e iR (s 1 4

b4
B
Jls
s

DA
IR
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R

GIV (*F =% )

GK-2 wmietk (A7 5% 3F)

175T $2 % ¥, (BD Falcon)

10% Fetal Bovine Serum ( GIBCO)
2% Fetal Bovine Serum ( GIBCO )
Penicillin G sodium, 100 units/ml ( GIBCO )
Streotimycin, 100 pg/ml ( GIBCO )
L-glutamine ( GIBCO )

Leibovitz’s L-15 medium ( GIBCO )
Phosphate Buffered Saline ( GIBCO )

0.25% trypsin solution (GIBCO )

4 GK-2 fm% 12 % % 175T 235 % 507 +f #do%e S8 ¥ B4 1 £ 10 £ 175T
BAERG P i LI NARETTRE D% % GIV 4 11 MOI
( multiplicity of infection) % 0.01 #483] GK-2 wm*e k2 {5 > #-R A2 B X R
314~ 5 2%FBS-L-15 %% » 2 28CHB T % 7% > & CPE (cytopathic

effect) g = > MBS B HB £k

2.7 ik scif 2 iR T

16



ok

GIV (#9% %)

GK-2 %tk (AP % %)

Fetal Bovine Serum ( GIBCO )

Penicillin G sodium, 100 units/ml ( GIBCO )
Streotimycin, 100 pg/ml ( GIBCO )
L-glutamine ( GIBCO )

Leibovitz’s L-15 medium ( GIBCO)
Phosphate Buffered Saline ( GIBCO )
0.25% trypsin solution (GIBCO )

24 well plate (Nunc)

#-GK-2 fmre 153 5 1x10° Bimm s %22 24 3 moe s £ 459 > A 28C T

BERRE Fae bt B R 57 4 £ 3 2R L 50%E2 E A mre il T

¥

Fpd e 2R FR* 2 GIV p# AP p 1999 &0 | 523k 3 F fesm 7 50 4.
M EE Y A2 ghd bk (Laietal, 2000) o F MR 14 2% FBS-L-15
BARLEFE B2 AFRARSFRIERL 1073 107 s ah 2 24
P AR LB ARR I e r PBS FikEm A B RS 4E
Bk Ade 2 e 2 AR R Bt A0 Lmlo A R RR 4 r 1 ml2 3 7 pa
2% FBS-L-15 35 & % » 55 %0 28C /st ? » 2 5 p 0] 2 S B AcsL L R 4 e
2R RFEFET P x ks @t 12 Reed and Muench (1938) 2

LI PR FROL

28 FHAZ LA TIFSFIMEFT ~ SRk

17



P

Lipopolysaccharide ( Simga )
Polyinosinic:polycytidylic acid ( Sigma )

GIV (~9% %)

B-TI0E B 88+04cm >~ M E 12418 g2 BEF Foaf & - X {5 » U E Il
B 15 8 % - f s A w3 b 200 pg LPS ~ 200 pg poly I:C ~ 100 ul 10" TCIDs, /ml
GIV 2 54 % » X Pom A SfiB 1 BH 2 5 & A fsdpdle o A u dsis |-

3 5% > B gl RSB 5 L A2 FFR R 93—’-’%.3&37%‘2 Ut IR N F:d

29 PHAF T ERE N RN 2 RNA 352 Bt

R

Trizol (invitrogen )

Chroloform ( Merck )

Ethanol (Merck )

DEPC ( Sigma )

DNasel (Roche)

RNA clean & Concentrator (ZYMO RESEARCH )

SF T A2 SRR B 2 15 ¥z % x 250 pl 2 Trizol i3 A ¢ % A5 B4 A

_ﬁ'&

e > Bepsts o 4o » 50 pl chroloform i £ 353 {8 B »t 0kt T 4 4802 13,000
X g 4CHRHC 15 24 > o 8P HFE G ik 4o » 200 pl & $HFRE Y 0 1

13,000 x g~4CHEH 15 #4885 H A ik » FEH #5C= 218 4 » DEPC

18



BB vk w g gk o w g 18 2 i3k i * DNasel (Roche) AJZ2 % DNA #
1 ZYMO RESEARCH 2. RNA clean & Concentrator & {7 RNA column-purification

R

2.10cDNA 2_ & =

P

Hexamer ( Sigma )

dNTP (Sigma )

DTT (Sigma)

Reverse transcriptase ( Stratagene )

DEPC ( Sigma )

BH it F e RNA NP - edZ e & - A LB 1 pg 2 total RNAR & - R &
23152 R 5P Tugtotal RNA d1 %k » § 30 70CT A48 3 H - 554> 2
{83~ k¥ FRiFeo2 18 £ 4o x 1ul 2 10 mM hexamer~1 pl 22 10 mM dNTP ~
lulz 0.1 MDTT ~ 1l 2 50U F #4%f# (Stratagene) 14 % 2 ul 10 X buffer » i
* DEPC il RAd 2 B ¥ A 5 20wl > M 37TCF - | FF~92CT » 48"

bR iEE s & AN cDNA Y iR E 80 CHRE Y N FLE T &R -

211 TR ERE ML F B2 kY SIS R

TR R EFEAAY F Y TR Y 25 3 HRRBTE WRIZ P ERATFAE
7] » & * Primer Express 3.0 (Aplied Biosystems ) #r4#% 3+ » I $+iE * 3% SYBR

Greenl 2z 513 » i 2 513 Z@d 513 & - B4 (primer dimer) ¥ 2 45 ¢h

19



= ®A¥ (cross dimer) > 31+ p ¥ & 23 B4 (hairpin) > H - 313 &) = R

8 (self-dimer) > 4283 GC B eavdgZip ¥ » ® Tm & 4 3 58-60TC -

212 *RE T R R L F R

P

Maxima SYBR Green/ROX qPCR Master Mix ( Fermentas )

TRE R R L PEARA F R 2 ﬁﬁkfé *  LightCycler 480 Real-Time PCR
System (Roche) & Bi& iF » f]* ey L L H 5 2 & - M SYBR Green I - B~ 20
ng cDNA “4c~ P %2 200 nM 2 L5 973k 3 4 enp A T % - B350 3 4 25 ul
Maxima SYBR Green/ROX qPCR Master Mix (2x) (Fermentas) 2z ;& &% ¥ > &
{6 4v » DEPC rJdZ i 2 K #-B % A4 &3 5 puleqPCR 2 & iR & PaoRif i 5 ¢
A4 B R 95C S5 24 BF S 60 B VAT 2 95°C 10 #) ; 60°C 10 #; ; 72°C 10
#50 B ts 11 65C(1.5C/s )1 A 4 B fsi8 B ™ % 1 40°C B 15 11 {24 W 42 melting
curve) BlFFH Tm & > MFE 3+ H2 FEF € p (742583 42,5 9% DNA >
AN LT HRERY AFREFE A IERALATEF=EF 0 2 18s
rRNA & AR REEAF2 gL RE o

213 TR EREFAGF BB F2L AT

BT R RO F REE N2 AR R APEFTATICriEg k- kA
PR AT 18STRNA A F| Criap i fs o7l M2 B EACr @ L5 4 & s
B ke 2 R A FIACT £ S $ R e An 2 A b 5 LA FIACrdef (67 £ W AACT

R mdor 2aaCF 8 5 it O 4o

20



ACT = CT (target gene) ~ CT (reference gene)
AACT = ACT (treatment target gene) ~ ACt (control target gene)

Relative expression of target gene = 2744

21
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BL 3 p* A L BF FoaZ fLH S 7 4 47

i¢ * GeneSpring GX 11.5 (Agilent Technologies ) #i %4 4 47 SLJ_%’Z:I}% F e m

\’W
y-\
o
(\x
‘;H-
,‘m
[
C

TR AT HRES

B FREL TSNS

B AT LR R HECRET @3S BEAR Y IS G
GoF 124 BEAB S A4S BT AFREED 202 BEAK 2P G 1
Bclone £ it Ay B2 JAES BT &EEET E G IR B 315

BE AL A I o PFE - B RN SR ARG A

32 Fa DNA 24 2 {4

Az ﬁ%,g AR T2 E AR 0 0 T3 B8 TT7 fed 3+ 31 3 8 (7 T/ AR o
B2 /oA k315 B 2INAE PSR E (alignment) {6 0 DI 161 B g
Fag o L 161 B FME SR ® * BLASTX 4258 v 4+ NCBI 2 ¢ 3
B RO c BE RN 81 BATF]  HAp iR A3 36%F] 100%2 B - H
PEAES B R N3O BAT A RS BT F R4 B AT
S5BAFIRL LT HEA B2 RS BT E N @ ¥ 80 Big
F M A NCBI chj-o FFEREY P72 digpinenfl %> B¢ 5 33 BEAirs
Bt EENORFWUE S4BEAA BT EHE TREFHAS &
v Tgrs*ﬁ SR o vt g k2 2K 15 Uniprot TR ¢ v H Fod Bk H AR 2
F4 g A PP WS AR 0L 7 b&ﬁj — A2 ARSI AL 39 B
AT (- ) 2P 3 & %34 @BE (signal transduction) # it » & 21% > @

z bloodthirsty ~ CD9 antigen ~ Ly-6/neurotoxin-like protein 1 - insulin-like growth

22



factor binding protein ~ neoverrucotoxin subunit homolog ~ Ras-related C3 botulinum
toxin substrate 2 - urokinase plasminogen activator surface receptor 12 % very large
inducible GTPase-1 & ~ B A F] 5 % = < *5¥ 5 ik 18% =47k X 3% (metabolism )
F & » 7 F betaine-homocysteine S-methyltansferase - carboxypeptidase N catalytic
chain ~ ferritin heavy subunit ~ fructose-bisphosphate aldolase B ~ hemoglobin alpha
chain ~ hemoglobin beta chain 12 2 Midl-interacting protein 1 & = B & %] ; H = &
w i % # & & (immune response ) ¢ 16% > % 3 asparaginyl endopeptidase
(legumain) ~ beta-2 microglobulin ~ immunoglobulin mu heavy chain ~ interferon
stimulated gene 15 ~ vig-1 2 2 RNA helicase DHX58 homolog * = & & ¥] ; % 4¢
(structure ) #p B# & F15 cofilin-2 ~ collagen type I alpha 1 ~ profilin 1 /2 %2 sorting
nexin 3 v BAF > ik 11%; 2i £ (energy) #pM 2 2 F1 ¢ 10% > ¢ 2 ATP
synthase FO subunit 6 ~ cytochrome b ~ cytochrome c oxidase subunit III 2 2 NADH
dehydrogenase (ubiquinone) 1 alpha subcomplex, assembly factor 1 &= B A ] ; @
%8 J-v B & = (protein synthesis) B (T FIR 2 8% > £ 35 60S ribosomal
protein L34~ 60S ribosomal protein LP1 ~ pancreatic progenitor cell differentiation and
proliferation factor ¥ = B A %] ; 3 43 % F '% f2 (protein degradation) i#f #2935
F1 & 8% & 7 26S proteasome non-ATPase regulatory subunit 1 homolog~HECT E3
ubiquitin ligase ' % ubiquitin-conjugating enzyme E2 D2 % = i A 7] ; &2 i &% &
##:4 #7 (transcription/translation regulation) 7 B 2- A F1 4 8% > ~ %] % poly A
binding protein ~ cytoplasmic 1 b ~ bromodomain-containing protein 1 12 % reverse
transcriptase-like protein % = B & %] (Bl- )
Mo RS BT R At A TP S ke H R

20 FHa A8t (2 ) BHP 43% 5 RS S b 2 AT 0 A &L
acyl-coenzyme A thioesterase 13 ~ alanine aminotransferase ~ alcohol dehydrogenase

Class VI ~ aldehyde dehydrogenase, mitochondrial precursor ~ betaine-homocysteine

23



S-methyltansferase - cathepsin A ~ CNDP dipeptidase 2 ~ Glutathione S-transferase
theta-1 ~ NAD-dependent deacetylase sirtuin-5 ~ omega-amidase NIT2 -~ hemoglobin
alpha chain - Ectonucleoside triphosphate diphosphohydrolase 1 ~ glyceraldehyde
3-phosphate dehydrogenase ~ dihydrolipoamide S-succinyltransferase -~ peroxisomal
trans-2-enoyl-CoA reductase 4 %2 protein disulfide isomerase A6 ~ pyruvate kinase -
serine:pyruvate/alanine:glyoxylate aminotransferase -~ sorcin 1 % UDP-glucose
6-dehydrogenase % 20 BAF]; B A £ & S4pk > F 21% > % 10 B A F] >
% | % ATP synthase FO subunit 6~cytochrome b~ cytochrome ¢ oxidase subunit 8B ~
cytochrome ¢ oxidase subunit I ~ cytochrome ¢ oxidase subunit II ~ cytochrome ¢
oxidase subunit III - NADH dehydrogenase subunit 1 ~ NADH dehydrogenase subunit
4 ~ NADH dehydrogenase subunit 5 *# 2 NADH dehydrogenase subunit 6 ; £2 #4;
A0 B ek F1d 16% > 4 %] & coronin-1A ~ FAM18B - keratin 8 ~ keratin type IT E3 ~
NACHT, LRR and PYD domains-containing protein 1 ~ PDZ domain-containing
protein 1 ¥4 2 tropomyosin alpha-4 chain - troponin C & ~ & &£ %] ; £ v F & =
Beiitp B 2L %15 = 1> A %] E_408S ribosomal protein S2~40S ribosomal protein S4
40S ribosomal protein S15 ~ 40S ribosomal protein S27 ~ 60S ribosomal protein L4 12
% 60S ribosomal protein L17 > § 7 12% ; @ @422 @A f04p M AL F1C L 4% >
¥ 5 thioredoxin interacting protein £¥ eukaryotic translation elongation factor 2 & i
AT REF AP 2. AL Fle L 5 4% ¥ heat shock protein 90 4+ peptidylprolyl
isomerase A & = B A F) (Bl= )

PR e B AT Ik 2 A R e A SRR AR O L Y e A FE S
Bou kg™ 2 AF) 2 2008 & A diE 2 18 -‘Iﬁa«% IR AT R IHREE
Z2IMED B2 AFE 23 B A A BT 2 AT REFR > A RS B
b e TR 4 9B AFE P HE N2 AT - Rod f B A BT AT

PRI OI0 BATFo s s rrEE N AFHES RS (B2 )

24



33 TR REFMGF B kY 5T R

d E s fAES B ATl R F] Y P ’ﬁtf}ﬁafrl:‘i?,ém?ﬁf'a“ﬁﬂ
I HFIEH gy B l"fﬁ P B Ar M IRG L A2 RPN FE LA R AT B
hoBH Fom h B P+ F 2 A F]4- NF-kappa B (Kong et al, 2011) -
interferon-induced GTP-binding protein MxI (Lin et al., 2006) ~ interleukin 8(Sun et
al., 2011) ~ interleukin 1B (Lu et al., 2008) - tumor-necrosis factor o (Pavlikova and
Arukwe, 2011) ~ cyclooxygenase-2 (Castillo-Bricefio et al., 2011) » T ik 5 BEF £ 52
2_ X F1 % 7| 12 Primer Express 3.0 ( Aplied Biosystems ) $ic %8 3% 3+ 41 2. 30 %2 T pF 2_

EREEF B 25158 (22 )

34 TR EREFRYF B P HRATFILZRESS

PR AT RIS e 7 R R BEL R E 2 ARET < e 5 2 A
Foof s AN Y - A I ARRLEHNT BT LG
beta-2-microglobulin ~ CD9 antigen ~ asparaginyl endopeptidase - ferritin heavy subunit ~
reverse transcriptase-like protein 4 % insulin-like growth factor binding protein & =
BAF S -2 adstis s X 2 AR EE T %44 4 5 vig-1-RNA helicase
DHX58 homolog - interferon-stimulated gene 15 ~ HECT E3 ubiquitin ligase ~ 26S
proteasome non-ATPase regulatory subunit 1 homolog ~ Ras-related C3 botulinum
toxin substrate 2 ~ urokinase plasminogen activator surface receptor X % very large
inducible GTPase-1 i&~fEAF] ;A $ Z @R L A% ii- ~=2 7T 279 2T
AP At ANTR S YT EAR S - T8 2 A F] > 4o ubiquitin-conjugating
enzyme E2 D2 ~ immunoglobulin mu heavy chain 14 2 Ly-6/neurotoxin-like protein 1

Tz BAF (B2 )-

25



T R R PR F AP S B EE A B A

AR HEIE - 2 T A2 AFRRERF Vs S o F- R EAR

b

¥ - 2 TEi&F £ 2 AT & cytochrome ¢ oxidase subunit I - & ; e~

B ARRBEBH Ao BN ST X ET5 R F > ¢ 7 peptidylprolyl isomerase A~

UDP-glucose 6-dehydrogenase ' 2 heat shock protein 90 % = & A %] (£ = 2 )
T )e
AL AFE LA EED F MR E TR RS Rl F ez

BATFY B AAT A PERRLARE BRI ET AL Y- AR

B A E N A MEDRA B YT AR A RELNEAE T

Betaine-homocysteine S-methyltransferase & %] ; %

- &
— &R

5
Wi
frt.
s
o
=
(g
N
>
N
&
pEV
-\
e
s
I

% B+ £ > T §_hemoglobin alpha chain # 7] ;

- N2~ T RFed R EIFERIEIT 0 5 cytochrome B A %] (&2 2B )

AR E T A AR AT R SR S FERRARE L

FREARF VLA - AN - AT AR AR H SR FR

—“,\

e
Interleukin-1p ~ Interleukin-8 ~ tumor-necrosis factor a /2 2 cyclooxygenase-2 & =

AT P ¥ - FREEEIREAEFT X MR A 0 4~ % & Interferon-induced

GTP-binding protein MxI 12 2 NF-kB c-Rel subunit % & B & %] (Bl- )
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L
5]
s

d 352008 & #7472 i ]y B AL e 7 LPS ad® e ~ Poly LiC a2 212

3 i:_%‘ﬁrfgs%r ) R A nﬁ*uij_w,fﬁa% B2y P AR E A S EREK

-

MG SR 2 B 977 o B ept > R A B B E A Brf ipa 3

ARz RE s vauF 9B 10 BAFISG HFED o A K HFE N2 GE
AT EN U BT AREEEP 2 AT T GBALY 0T R LR
2 AP A FIFT T BE Bl W;I!T‘}J'_‘%/)?ﬁ"i‘l H2AFEAREod E57 %

a2 STl RN FIE AR E AP RO B Sl ko B ARRE ¥~
e dle @ ® ¢ CDI - Vig-1~RTL ~ DHX58 ~ IGFBP5 ~ PSMD1 ~ VLIG1 ~ NF-Kb
SRFTF I eLRESH103 202 2 F > ¥ 4 PLAUR ~ HERC ~ ISGI5 »

IL-1b~IL-8~MxI % A F1H 2 BB A B L F 08042100 22 % > k7 A7V

A St Ay - AL e W ched WS opa

™

BN me B LR AT > Ad DAY S E R T AT AT
beta-2-microglobulin (B2M) A F1 &8 - € it © e 2 5t L e A F E W5
6 0 B2M %87 H T e yEncl kiR Eih o AR TS %P0 E A WS HIV
B R e IB2M § R4 FIP T i - 2 LR % ( biomarker ) (Chitra et al.,
2011; Zijlstra et al., 1990) -
CD9 antigen & - &4 % w4 & 2. » F % kv (tetraspanin) > H 3835
EF e BIKEREBTHE e i? ow TG0 A& 580 w2 4 £
phA s L @R s e A1 e B ehfe &~ Ko 2 & (carcinogenesis) 14 % £
hdom R A M e @ 1T E# F dp I HTLV-1(human T-lymphotrophic virus-1
) £ HIV-1 ¢ f'w# 5%+ 22 TEM (tetraspanin-enriched microdomains) ® {7815

(budding ) # iF#-im¥e p fo k47 _'rﬁ:f’ia% 3pokiE Al s @ % HIV-1 g %42 Hela
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fote B CD9 2 FRE TEH {8 ¢ WRPF D wmre cnHIV-1 2 £ 5 ° > B CDI F
A It Y }]isa MR %A e age 4 (Krementsov et al., 2010; Krementsov et al.,
2009) -
Urokinase plasminogen activator surface receptor (PLAUR ) #_— 4 i# »t ‘m %2
Foo 24X 88 (receptor) > H g L F RPFUE A ffplmre VI0E X E AR ¥
i_i¢ wmre ¢b ZKE (extracellular matrix ) <%k & it 73 j2 (fibrinolysis) & 4 f24~
PN _ELF\« T * a3 REwie2 iy 7 ErEmE “‘% ¢ e 1) R
¥ 57k (monocyte) % mie 5t ¥ ¥ B & T b & R AT B T -H R 0 @ e
Bt % e (dendritic cell ) ~ H Pk fme 22 B e m#2 2. Spendi o & TR fm e
(antigen-presenting cell ) » € + & # & urokinase plasminogen activator surface
receptor * B om B ¥ a4 F - TALR N5E T (8 X LAk ke J(Martinez et al.,
2007; Mondino and Blasi, 2004) -
Cyclooxygenase-2 # ¥ #-v - 6> * { prostaglandin-endoperoxide synthase
20 g% LRy e (‘arachidonic acid ) # % 5 @ 7| ’Ujl—,% hiEE VP H2
( prostaglandin endoperoxide H2 ) » cyclooxygenase-2 &~ ¢ 48 L F it L @55
MopeiE AT AH ARG iea £ AT T E 2 - LA (eicosanoid)
* e L F R enig (7 (Dong et al., 2010) ©

ISG15 (interferon-stimulated gene 15) & & % 4% INF-a/b {1 & it ehfk 52

2N

- H - iiﬁﬁi o o B R0 TR T A BI~RA W (ubiquitin-like )
7

)

'5H

B FgeFAp s i 0 ¥ i d ISGlyation % kg2 p R Fw L
AP R RS A H A A RS R 2 FIRT] ISGLS ¥ e
&ﬁ_f}ﬁﬁi 45 B 0 4% 0 ISG15 A& Flenfk 717 "fTT /|- & (knockout mice) ¥ » % -]
ff’uié’%f}?a% R 4~ B E L A 2 a7 (Laietal, 2008) » A b %5 ¢ EoAe H_fdo il ¢
MF BT > & 5 VHSV-induced gene (vig-3) (O'Farrell et al., 2002) o %22 E ¥ ‘m

2 4p 0 e TO ‘w2 $h+ 3% I4o4t Salmon Alpha Virus-3 g % {6 fwz ¢ < € 2 3R 1)
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ISG15(Xu et al., 2010) » @ 4 IPNV (infectious pancreatic necrosis virus ) g % & 2.
SO R R LA 2 B R Y S IR T ISGLS ehx £ & J(Jensen et al., 2009)

AT

—\\

AAEY 2 ISGIS $20pd dhr 7 & 2B B2 ¥ jede g @ 0 LE|T 4o
Flp & hiE ¥ 4702 o
Vig-1 (viperin) & - 7 3 ¥ iv 5 fE% & = 2 # F]+ (cofactor) 2 MoaA
( molybdenum cofactor biosynthesis protein A domain ) % # (Boudinot et al., 1999)
T AL 2.+ 4o type-1 interferons 2 7 L:}?r,‘fr FOEEICT AL m},ia-%
»BIFEEFIEY > A ey ¢« B X ISAV (infectious salmon
anaemia virus) g %2 + & FAEd OF i e 2 e kY Vig-l § < £ AR
(Workenhe et al., 2009) » Vig-1 #e 4 5 & g % chart v 7 dc £ 50 hw 2o 02 i do
2. B8 @ 2009 # Wang % A » ZEF 7 Vig-l ¥ £ farnesyl diphosphatase
synthase % & I Frd| B 7B M8 - H 0" K i ey d 4 (Wang et al., 2007) »
Very large inducible GTPase-1 3 - P X+ 2F 5 m * £ L2 M2 A% &%
o) R R R o H o9 FA S 5 - IFN-inducible GTPase 4p 1247 > » ¥ 4 type |
interferon (interferon a.~ ) 12 % type II interferon (interferon y ) 3% ¥ & # /% 14(Kim

and Zhang, 2003)cd H &2 3 VAR F R F M 2 A FIF FBF PV ERIH ¥ i

\\\?{r

B FRETEE ﬁ%mPi)ﬁa@W)‘l}\Fﬁf&ﬁPmﬁ’%i ko ;mﬁ]r}
i R FIE % t6 2 7 1 4 (Chinook salmon) ¥-5F e 5% ¢ + # 5| VLIG] £ R E >
+ 2 (Rhodes etal., 2009) » = 21 3 A 455 ¢ VLIGl ¥ it » %47 & H2 4% d

BFfeeon i S Z AL LR T gl e o ML s & T e

F’_k
f

BRI RAGA FAdle s PR3 2AME - AH 55T 27 LAREYL
AT Az e mE D20 B2 5o pmRlE T N SR 2 A
i DNA 4 B % i S -

DHX58 (laboratory of gene and physiology, LGP2) &_RIG-1 (rentinoic acid

inducible gene 1) z_4piud » &2 H 3pind» RIG-1 2 MDAS F tk %22 7 interferon
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system 2_ 33 47°(Chopy et al., 2011)> @ #2010 & %= 3 @ &+ 7 i  VHSV (viral
hemorrhagic septicemia virus ) g % @t B 4 (japanese flounder) ¥ % @
DHXS58 A% g~ 2 AR > & ¢ T+ FRApMAF DL RiE Frilp hg %
(Ohtani et al., 2010) °

Interleukin 1B &_%< % IL-1 (interleukin 1) ® - F » ¥ 51428 L F &

(inflammatory response ) > @ IL-1 &% X &F &Y &% £ ¥ L ER F L F B

(pro-inflammatory ) 1 Ienim?e 2 2. - > H 2 M7 ilde- @@ 2 G4 F i
RpoF Hapz w2 1 2 451 % (chemokine) # M E et A & F T o @
Interleukin 1B % ¢ caspase IL-1P converting enzyme i3 4% (& > s 3 & £ (Miller et
al., 1993) » — 2 IL-1PB B 45 1 18 » 5}'-'5-'?)]'15? gl & @yE Y » B NF-xB RS
a0 @ G 4B Y % (chemokine) 2 interleukin 8 B~ ¥ 31424 X & & » IL-8
A& d Ergimie irA s H ?”-‘J"’?:—,' ? |4 %2 (netrophile )& 7 %8 2 wmre &1 # it >
FApIE Y fLmre 5 1 g X2 B ok fREE R 4 2 5t ko R (Das et al,
2011) « IL-1B 8 IL-8 £55 % H3e7 4 Rt BALH L F o2 in%e ek > 7 bh

YA FRINEABAFIEAREF s - A TEFEFE - THEF FELS

v

AFT A R FERDEDTTRLEE L EFPRpHEDES
Tumor-necrosis factor a ( TNF-a.) ¥ 4251 i#% & & & (pro-inflammatory ) »

H 55 "¢ w48 (phagocytosis) i 4 2 318 LB K )@H#Hf 4 RNk Rom R
Won hsmd R4y TNFos 7 f Faime g 12 & fdy e
(metalloproteinases ) (& &2 & ¢ » &iTE K7 B %+ &7 TNF-0 7 145
fne N (73 4 GE NF-kB 7 M enle f2 8% 8_RGE fm¥e = (apoptosis) & 2
caspase §% /% (Rahman and McFadden, 2006) > @ *t 2011 &+ {274 Z1a¥ IR
TNF-a #7% A1 &% i R wETlgts EARES 12 R A IR TNF-a
PR P - R TIN A R R o R AN 2 TNF-o

LR
g gFT o TNF-a Flpt g * 3t E Rl 4 & B R 2 A wred 2 4 fdgfh(Lametal,
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2011) »

NF-«B c-Rel subunit = NF-kB 3¢ & ¢ - = H 48 NF-xB & ix L& &
Pothi £200 2 Fulmte b= RS R RS £ R 4 R T H g hin
B¢ £ IkB (inhibition kappa B) % & m & 2 Fit ek fi > @ — & e B4 IR
IL-1B F¥ > NF-xB ¢ < IL-1B fjpciem & IkB AR L% #7"% #1818 NF-«xB B 457% it
I e kmre &= (apoptosis) IR % 1 B (Cheng and Gilmore, 2006) °

Cytochrome b % respiratory chain complex Il 5=  ~ §22_ - A Cytochrome ¢
oxidase subunit I P 5 respiratory chain complex IV =k 8 ~ 48 » 15 Jﬁ" R Sk
PR MR > TR AR 2R 28 Az T3 Bi4a A 4 ATP

£z ¢ * > Cytochrome c oxidase subunit I # respiratory chain complex IV ¥ #>
wenk L I K R aiE 7 (Jung et al, 2011) o BEZR L A B AR F] AL S & B &

ENEZSF LD Rt ST T ER AP F R REITRL AR
IR G 0 BiFwm R Flw FiE- o R A G Ao

Interferon-induced GTP-binding protein MxI % - ¥ X % - |+ 2 F % 7 £
zﬁ,ﬁﬁar)ﬁai B B - e F e i P 0 ¥ 4 RNA :]}%—3- » B ﬁﬂﬁh
B 4sie® 1 é"ﬂ"@/’%i v P A g BE S AR LF TR o< & XA 4 (atlantic salmon )~
dx ¥ (raibow trout)~ % ' ;7 #4 (channel catfish) ~ +* B 4. (japanese flounder) 14
%2 £ (grouper) % % {84 #5° 3573 2 MF| MxI 775 f(Fernandez-Trujillo et al.,
2011; Lin et al., 2006) °

HECT E3 ubiquitin ligase & - /™% b 2 A F] > H F9 FF 7z 7 - L & i~%
E3 i 4207 (ligase) 2 ® 3 > Tt imF " 3 v Henf? 7 F -2 87 & %
Piedo FFafiamed > a H¥ 5 - % % HERCS 2 HECT E3 ubiquitin ligase
£ 3 ¥ % ISG15 2 ISGlyation i * ¢ 1 E3 s 4&fF 2. 53> 11 { 3 47 ISGLS
fe% 2% > NEPlFupa ik o Da L B3l ERpFLARL m Fé";"a"‘v?:fﬁai R

L+ 4% % (Shi et al, 2010b) o & f X FSeng %P FMT § Lz Adly



¥ > HERC z 4% 22 ISG15 2. 4% ¥ = 240 F » #xdish HERC £ ISG15 = ¥ b 2
Fw iy ¥- TR G-

268 proteasome non-ATPase regulatory subunit 1 homolog (PSMDI1 ) &_26S
proteasome ¥ £1=x H - %8 (subunit) > 26S proteasome #m? ¥ ghrs i 2 - H_f B

T A B rinded FEfRELIT > @ PSMDI fidbg i Tl ka2 e P K -

X ,T*L»F»%? b b2 F2F e Hoir e o A0 60 268 proteasome ¥ At

\\\?{r

Bk R R A T
& 2 3y %‘rmjgﬁ IR ﬁ#r]}";‘a* B A s g = 2 e 4% (Deng et al.,
2007; Voges et al., 1999) -
UDP-glucose 6-dehydrogenase 3 — ¥ #- UDP-Glc (UDP-a-D-glucose ) # %
7% v 4] 7 UDP-GlcA (UDP-o-D-glucuronic acid ) efi% % » UDP-GIcA flm®e 412
TF S REE A K B R F T (detoxification ) A 0 @ B e ¢ B
#1122 UDP-GlcA 7z € > i&a 4|7 AP Ak (hyaluronan) 2. & = » #-¢
#1%.%; h¥ & (Huh et al., 2005; Lee and Spicer, 2000) e UGDH 4 § %& # 5 4
BBy - AP AMEBERIpH e AT $ 5 547 UGDH A & s b
FaHtmpas AN 28 ARAcy BRrdlomnk o R A m T vy Fik- A

e

R &)

o

reverse transcriptase-like protein 82 X & @ %5 ¢ & £ FIAp I enFe F o ® &
=k (telomerase) ® » # LI|H&E % T 4 reverse transcriptase-like ¥ # > #3
¥ 78~ 7 RNA & 3-v Feh4f &8 (ribonucleoprotein, RNP) » # & im#e p ehit
PEEIG ML R AR B L A S LR e

(apoptosis ) I % 131 et * (Huard et al., 2003) o
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- 7 LB, day
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Relative fold to normal conditon

AT
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B

Ble ~ 573 LB Tl adBis 2 B3 Poa T o & A igE AT LR
#ghd Tomr A A = o A wWE it LPSpoly I:.C~ iz;%'i«‘f[isi IEURPE I o 3 S I
3nS5APATRES (n=5) T L LR GG 5 a1t S ML R T i
B2 T AFGEAF A1 B poaififdlie P EHE L pgle
7 F A Flip ¥ & B E - B2M (beta-2-microglobulin, A ) ; CD9 (CD9 antigen, B) ;
AEP( asparaginyl endopeptidase, C ); UBE2D2( ubiquitin-conjugating enzyme E2 D2,
D) ; FTH (ferritin heavy subunit, E); ; Vig 1 (F); RTL (reverse transcriptase-like
protein, G ) ; DHX58 (RNA helicase DHX58 homolog, H) ; IGFBP5 (insulin-like
growth factor binding protein, I) ; ISG15 (interferon stimulated gene 15, J) ; HERC
(HECT E3 ubiquitin ligase, K ); IgM( immunoglobulin mu heavy chain, L ); PSMDI1
( 26S proteasome non-ATPase regulatory subunit 1 homolog, M ) ; RAC2
(Ras-related C3 botulinum toxin substrate 2, N) ; LYNX1 ( Ly-6/neurotoxin-like
protein 1, O ); PLAUR (urokinase plasminogen activator surface receptor, P); VLIG1

(very large inducible GTPase-1,Q) °
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7 F 2 Flip ¥ & L E - PPIA (peptidylprolyl isomerase A, A ) ; UGDH ( UDP-glucose
6-dehydrogenase, B) ; HSP90 (heat shock protein 90, C ) ; MTCO1 ( cytochrome ¢

oxidase subunit [, D) °
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IL1b ( Interleukin-1p, A ) ; IL8 ( Interleukin-8, B ) ; MxI ( Interferon-induced
GTP-binding protein MxI, C ); cRel( NF-«kB c-Rel subunit, D ); TNF a( tumor-necrosis

factor a, E) ; COX2 (cyclooxygenase-2, F) °
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BLASTX identification of select grouper contig

Gene name Clone(s)

Species Identity  E-value Accession number
Protein synthesis
60S ribosomal protein L34 1 Salmo salar 99% 8e-32 ACN10048
60S ribosomal protein LP1 1 Epinephelus coioides 100% le-27 ACH73062
pancreatic progenitor cell differentiation and proliferation factor 1 Daniorerio T7% 3e-36 NP 956373
Transcription/translation regulation
poly A binding protein, cytoplasmic 1 b 1 Daniorerio 90% 2e-85 NP_957176
bromodomain-containing protein 1 1 Daniorerio 55% le-32 NP_001104751
reverse transcriptase-like protein 3 Paralichthys olivaceus 69% 4e-108 AAN15747
Metabolism
betaine-homocysteine S-methyltansferase 16 Perca flavescens 94% 2e-169 ABU63967
carboxypeptidase N catalytic chain 1 Dicentrarchus labrax 94% 5e-153 CBNS81456
ferritin heavy subunit 1 Epinephelus awoara 94% 7e-97 ABI95136
fructose-bisphosphate aldolase B 2 Thunnus albacares 96% 0.0 CAX62602
hemoglobin alpha chain 1 Parachaeni chthys charcoti 76% 3e-57 ABC54635
hemoglobin beta chain 1 Epinephelus coioides 99% 2e-79 AAK38736
Mid1-interacting protein 1 1 Epinephelus bruneus 98% 8e-80 AEB31291
I mmune response
asparaginyl endopeptidase (legumain) 1 Paralichthys olivaceus 80% 2e-66 ABMS88796
beta-2 microglobulin 1 Epinephelus coioides 98% le-64 ACZ97569
immunoglobulin mu heavy chain 1 Epinephelus coioides 74% 2e-139 AAX78211
interferon stimulated gene 15 1 Sebastes schlegelii 71% le-54 BAG72218
RNA helicase DHX58 homolog 1 Paralichthys olivaceus 70% Te-61 ADI75503
vig-1 1 Epinephelus coioides 98% 7e-66 ACL98115
Protein degradation
26S proteasome non-ATPase regulatory subunit 1 homolog 4 Osmerus mordax 93% 2e-85 ACO09226
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HECT E3 ubiquitin ligase

ubiquitin-conjugating enzyme E2 D2

Signal transduction

Bloodthirsty

CD9 antigen

Ly-6/neurotoxin-like protein 1

insulin-like growth factor binding protein

neoverrucotoxin subunit homolog

Ras-related C3 botulinum toxin substrate 2

urokinase plasminogen activator surface receptor

very large inducible GTPase-1 (VLIG1)

Energy

ATP synthase FO subunit 6

cytochrome b

cytochrome c oxidase subunit III

NADH dehydrogenase (ubiquinone) 1 alpha subcomplex,
assembly factor 1

Structure

cofilin-2

collagen type I alpha 1

profilin 1

sorting nexin 3

Unknown

hypothetical protein 19h2, 26h12

EcfgEST0001, 0018, 0039, 0048, 0076, 0077, 0078, 0079, 0081,
0082, 0083, 0084, 0086, 0087, 0088, 0089, 0090, 0093, 0094,
0096, 0097, 0098, 0100, 0101, 0102, 0103, 0118, 0123, 0124,
0127, 0136

O S g Ty

—_— = NN
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Daniorerio
Osmerus mordax

Chaenocephal us aceratus
Anoplopoma fimbria
Sstrurus catenatus edwardsi
Seriola quinqueradiata
Synanceia verrucosa
Pagrus major

Daniorerio

Danio rerio

Epinephelus coioides
Epinephelus coioides
Epinephelus coioides
Daniorerio

Epinephelus coioides
Oryzas latipes
Anoplopoma fimbria
Daniorerio

50%
93%

54%
69%
35%
98%
41%
99%
41%
40%

97%
95%
94%
76%

100%
96%
36%
85%

le-92
2e-33

Se-64
2e-49
le-05
le-66
8e-53
le-107
2e-37
Se-116

6e-85

5e-159
S5e-129
6e-127

3e-73
8e-65
3e-15
S5e-31

XP_ 688463
ACO09151

AAX12162
ACQ58340
ABZ89719
ACD11357
A0ZSK3
AAP20195

XP_ 002664937
XP 682842

YP 002117859
YP 002117866
YP 002117860
NP 001013326

ACL98108
NP 001116390
ACQ58331
NP_001032183
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Gene name BLASTX identification of select grouper contig

Clone(s
®) Species Identity  E-value Accession number

Protein synthesis

40S ribosomal protein S2 3 Solea senegalensis 98% 9e-132 BAF45464
40S ribosomal protein S4 1 Epinephelus coioides 99% 6e-140 ADG29131
40S ribosomal protein S15 1 Salmo salar 83% 2e-50 ACN10008
40S ribosomal protein S27 1 Analis carolinensis 99% 8e-35 XP 003229145
60S ribosomal protein L4 2 Pagrus major 87% 3e-141 AAP20200
60S ribosomal protein L17 1 Epinephelus bruneus 100% le-93 AEB31310
Transcription/translation regulation

thioredoxin interacting protein 1 Daniorerio 61% le-92 NP_ 956381
eukaryotic translation elongation factor 2 1 Daniorerio 90% 0.0 AAH45488
Metabolism

acyl-coenzyme A thioesterase 13 1 Daniorerio 89% 3e-64 CAK05423
alanine aminotransferase 1 Sparus aurata 85% 8e-62 AAP42512
alcohol dehydrogenase Class VI 1 Gadus callarias 85% 2e-58 1CDO_A
aldehyde dehydrogenase, mitochondrial precursor 1 Salmo salar 91% 9e-64 ACI33614
betaine homocysteine S-methyltansferase 4 Perca flavescens 94% 2e-169 ABU63967
cathepsin A 1 Pan troglodytes 74% 4e-16 XP 001159669
CNDP dipeptidase 2 (metallopeptidase M20 family) 1 Oreochromis niloticus 94% 8e-43 BAE45263
Glutathione S-transferase theta-1 1 Oplegnathus fasciatus 86% 4e-118 ADY80025
NAD-dependent deacetylase sirtuin-5 1 Anoplopoma fimbria 86% 3e-91 ACQ58544
omega-amidase NIT2 1 Daniorerio 83% 4e-97 NP 991174
dihydrolipoamide S-succinyltransferase (DLST, E2 component of 1 Daniorerio 94% 7e-83 AAH65943
2-oxo-glutarate complex)

Ectonucleoside triphosphate diphosphohydrolase 1 1 Dicentrarchus labrax 88% 2e-15 CBN81572
glyceraldehyde 3-phosphate dehydrogenase 2 Epinephelus bruneus 98% 6e-166 AEB31345
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hemoglobin alpha chain

peroxisomal trans-2-enoyl-CoA reductase
protein disulfide isomerase A6

pyruvate kinase
serine:pyruvate/alanine:glyoxylate aminotransferase
Sorcin

UDP-glucose 6-dehydrogenase

I mmune response

heat shock protein 90

peptidylprolyl isomerase A (cyclophilin A)
Energy

ATP synthase FO subunit 6

cytochrome b

cytochrome c oxidase subunit 8B
cytochrome c oxidase subunit I
cytochrome c oxidase subunit II
cytochrome c oxidase subunit III

NADH dehydrogenase subunit 1

NADH dehydrogenase subunit 4

NADH dehydrogenase subunit 5

NADH dehydrogenase subunit 6
Structure

coronin-1A

FAM18B

keratin 8

keratin type I E3

NACHT, LRR and PYD domains-containing protein 1

PDZ domain-containing protein 1

—_— N = N = =

W — = N B

[ G Y S

Parachaeni chthys charcoti
Salmo salar

Daniorerio

Takifugu rubripes

Osmerus mordax

Xenopus (Slurana) tropicalis
Daniorerio

Epinephelus coioides
Branchiostoma floridae

Epinephelus coioides
Epinephelus coioides
Daniorerio

Epinephelus coioides
Epinephelus coioides
Epinephelus coioides
Anyperodon leucogrammicus
Epinephelus coioides
Epinephelus coioides
Epinephelus coioides

Salmo salar
Anoplopoma fimbria
Daniorerio
Dicentrarchus labrax
Daniorerio
Salmo salar

76%
80%
90%
96%
87%
72%
92%

99%
87%

97%
95%
66%
96%
95%
94%
97%
94%
96%
100%

66%
97%
93%
78%
57%
58%

3e-57
6e-54
2e-31
S5e-102
4e-148
4e-68
le-118

le-70
3e-47

6e-85
5e-159
le-15
0.0
le-106
S5e-129
8e-102
Se-54
2e-94
2e-62

9e-15
2e-42
6e-148
0.0
2e-65
7e-85

ABC54635
NP 001134524
AAK71636
BACO02918
ACO09121
NP 001016667
NP_001103872

ACV04938
XP_ 002597453

YP 002117859
YP 002117866
XP_ 698270

YP 002117856
YP 002117857
YP 002117860
YP 002907413
YP 002117863
YP 002117864
YP 002117865

ACN10578
ACQ58161
CAD31062
CBN80922
XP 697912
NP 001133562
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tropomyosin alpha-4 chain 1 Daniorerio

troponin C, fast skeletal 1 Epinephelus coioides
Unknown

hypothetical protein 19h2, 26h12 60

EcfgEST0001, 0003, 0009, 0014, 0025, 0026, 0028, 0036, 0042,
0045, 0056, 0057, 0080, 0083, 0085, 0088, 0091, 0092, 0095,
0099, 0100, 0103, 0104, 0105, 0106, 0107, 0108, 0109, 0110,
0111, 0112, 0113, 0114, 0115, 0116, 0117, 0119, 0120, 0121,
0122, 0125, 0126, 0128, 0129, 0130, 0131, 0132, 0133, 0134,
0135, 0137, 0138

91%
100%

3e-71
le-76

NP 998323
ACM41865
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Primer Name

Sequence (5°-37)

Gene sequence

18s-F
18s-R
AEP-F
AEP-R
BHMT-F
BHMT-R
B2M-F
B2M-R
CD9-F
CD9-R
CYTB-F
CYTB-R
DHXS58-F
DHX58-R
FTH-F
FTH-R
HBA-F
HBA-R
HSP90-F
HSP90-R
HERC-F
HERC-R
IgM-F
IgM-R
IGFBP5-F
IGFBP5-R

5’- CGCTCTGAGGGTAACTGATGG -3’

5’- GTCCTTTGGGAGCAGCCATG -3’

5’- ACTGCTACAACTGGCACAAAACA -3’
5’- CACAGGTTCACCAGAGCGTACA -3’

5’- TTACCACATCAGGGCTATTGCA -3’

5’- TGAGGCAGCGGCCATT -3’

5’- GCCCAAGGTTCAGGTGTACAG -3’

5’- ACATGGCAGATCAGGGTGTTG -3’

5’- AACAGGGATGAGTTTGGCTTGA -3’

5’- CTCCGCCGGTCACATACAG -3’

5’- GCACCCTCCAACATTTCCATT -3’

5’- GGCCTGTGAGAATTTGAGCAA -3

5’- AACAGAGAAGAGGAGTCGCAACAC -3’
5’- AGAGGCCACAGACCTGAAACA -3’

5’- CCCACATTTGTGCGATTTCA -3’

5’- GTCTGCCAGCTCTTTGATGGA -3’

5’- CAGTCTACCCGCAAACCAAGA -3’

5’- GGGACAGAGCCGGGAGTAAG -3’

5’- CCAAGAAGCACCTGGAGATCA -3’

5’- TCACAGCCTTGTCGTTCTTGTC -3°

5’- ACGCTGCTGACATCCATTTG -3’

5’- CCTCTCGTAGATAGGCAGCAGTAAC -3’
5’- ATACGTCGCTTTACTTCCCATCA -3’

5’- TTCCTTAAGTGGCTCTATCCAGTCTT -3
5’- TCCCCTCTGCCCATCGA -3’

5’- TGAATGATCCCATCCAGTTTTCT -3’

18s rRNA

asparaginyl endopeptidase

Betaine-homocysteine S-methyltransferase

Beta-2-microglobulin

CD9 antigen

cytochrome B

RNA helicase DHX58 homolog

ferritin heavy subunit

hemoglobin alpha chain

heat shock protein 90

HECT E3 ubiquitin ligase

immunoglobulin mu heavy chain

insulin-like growth factor binding protein
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ISG15-F
ISGI5-R
LYNXI1-F
LYNX2-R
MT-CO1-F
MT-CO1-R
PLAUR-F
PLAUR-R
PPIA-F
PPIA-R
PSMDI1-F
PSMDI-R
RAC2-F
RAC2-R
RTL-F
RTL-R
UBE2D2-F
UBE2D2-R
UGDH-F
UGDH-R
vig-1-F
vig-1-R
VLIG1-F
VLIGI1-R
cRel-F
cRel-R
MxI-F
MxI-R

5’- TGTCCCTGCTGGTGATCGA -3’

5’- TCCCCTTCTCGTTTCTGACAA -3’

5’- CTGCAGCGTTTGGGTTGAG -3’

5’- GGGCCGGTGCAGGATT -3’

5’- CTGCCCTCCCCCATATCAC -3°

5’- TTCAACTCCTCCCTTTCTCGTT -3°

5’- CCCCCGAGCCCATCAA -3’

5’- TTGTCCATCACAGGTGAAGCA -3’

5’- CCGGCCCAAACACGAA -3’

5’- CTTCCCGTCGAGCCATGAT -3’

5’- CCTGCCGAGAGCTACACCTT -3’

5’- TCTATGCATCCTGCGATCTCAT -3’

5’- AATGTGTGGTCGTGGGAGATG -3’

5’- GGGAAGGCATTGGTTGTGTAG -3’

5’- GAATGCAGCAGCACGTGTACTAA -3°
5’- GAGCCAGTGCAGAGAAGCTAAAAC -3’
5’- CTTCTCTCCATTTGCTCACTCCTAT -3’
5’- TCGTGCGATCTCTGGCACTA -3’

5’- GTCAACGAGTCCCGCATCA -3°

5’- TTCAGACCCGGCTCATATATGG -3’

5’- CGAGCAGCTGACGATAATGAAT -3°
5’- GAGGCCATGTTCATCCAGAAC -3’

5’- GGAAGCTCATCTGCTGTTGTGT -3°
5’- ACGGCCTCAACAGTGGAACT -3’

5’- TACAATGAGAAAAAGCGCAGAAGA -3’
5’- CAACAAAAGGACCACCTGACAA -3°
5’- AAGTGGTGCGGGAAGATAAGC -3°

5’- AGAGGCAATGTCCAGGGTGAT -3’

interferon stimulated gene 15

Ly-6/neurotoxin-like protein 1

cytochrome c oxidase subunit I

urokinase plasminogen activator surface receptor

peptidylprolyl isomerase A

268 proteasome non-ATPase regulatory subunit 1 homolog

Ras-related C3 botulinum toxin substrate 2

reverse transcriptase-like protein

ubiquitin-conjugating enzyme E2 D2

UDP-glucose 6-dehydrogenase

vig-1

very large inducible GTPase-1

NF-xB c-Rel subunit

Interferon-induced GTP-binding protein MxI
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ILIB-F
ILIB-R
IL8-F
IL8-R
TNFa-F
TNFo-R
COX2-F
COX2-R

5’- CCCAGATGACATGCAACGTT -3’

5’- GCCACGTGCTTCATTGTCAGT -3’
5’- CCTGACAGAGAGCAAACCCATT -3°
5’- CTTTCTTCACCCAGGGAGCTT -3’
5’- CTCAGGGCGGCTTCACACT -3’

5’- TCGCTGCAGGAGACTCTGAAC -3’
5’- AGAGGCAGCACAAGCTCAGACT -3’
5’- TCGACACCCACTTCCTTGACT -3’

Interleukin-1§

Interleukin-8

tumor-necrosis factor o

cyclooxygenase-2
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RSN I T SRR G P SRR 2
Treatment LPS Poly I:.C GIV
Gene name
Day post injection 1 3 5 1 3 1 3 5
asparaginyl endopeptidase 3.68 1.42 1.17 3.20 1.03 1.92 1.40 0.48 3.45
Betaine-homocysteine S-methyltransferase 0.71 0.56 0.85 0.76 0.20 0.29 0.17 0.78 1.23
Beta-2-microglobulin 2.82 1.38 1.44 5.67 232 2.97 2.54 2.39 3.82
CD9 antigen 2.67 1.30 0.85 15.70 0.97 2.74 1.70 9.13 19.90
cytochrome B 5.03 1.40 1.19 2.19 1.09 1.79 3.04 2.37 2.52
RNA helicase DHX58 homolog 1.94 0.73 1.00 17.01 1.12 1.24 4.76 9.18 18.00
ferritin heavy subunit 5.26 1.09 1.02 4.13 2.16 4.34 5.17 3.17 2.99
hemoglobin alpha chain 2.31 0.38 0.38 0.75 1.36 0.84 0.59 2.05 0.24
heat shock protein 90 0.75 1.50 1.04 1.28 1.52 0.97 2.74 1.38 3.81
HECT E3 ubiquitin ligase 2.90 1.03 1.69 74.87 0.96 1.76 8.96 27.73  104.07
immunoglobulin mu heavy chain 2.34 3.30 2.41 2.02 2.89 3.95 2.69 1.78 2.65
insulin-like growth factor binding protein 0.64 6.15 17.48 12.46 2.89 3.76 14.08 1.74 5.48
interferon stimulated gene 15 5.29 1.47 1.85 87.39 3.21 3.26 7.86 39.96 59.87
Ly-6/neurotoxin-like protein 1 0.34 0.53 4.52 1.02 0.48 0.90 0.85 0.47 0.87
cytochrome c oxidase subunit I 84.10 0.87 0.27 19.31 1.01 2.17 20.97 11.75 0.54
urokinase plasminogen activator surface receptor 3.38 1.31 2.05 23.06 1.74 3.98 10.27 19.39 79.44
peptidylprolyl isomerase A 1.04 1.18 1.68 5.38 3.01 3.37 3.72 1.99 4.55
26S proteasome non-ATPase regulatory subunit 1 homolog 11.29 4.90 2.20 19.13 6.66 5.59 6.45 8.37 19.34
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Ras-related C3 botulinum toxin substrate 2
reverse transcriptase-like protein
ubiquitin-conjugating enzyme E2 D2
UDP-glucose 6-dehydrogenase

vig-1

very large inducible GTPase-1

NF-kB c-Rel subunit

Interleukin-8

tumor-necrosis factor o

cyclooxygenase-2

Interferon-induced GTP-binding protein MxI

Interleukin-13

0.82
3.36
2.39
0.50
1.54
12.79
1.20
1.43
3.9i
0.97
0.93
13.67

1.11
0.40
1.62
0.74
0.80
1.61
1.16
2.01
T %
1.85
0.46
2.78

1.18
0.84
1.13
0.76
0.80
1.51
0.82
0.51
4.48
2.67
85
4.63

0.95
7.07
5.84
1.09
29.53
16.13
2.97
12.70
24.17
7.91
51.18
5.67

1.08
0.68
2.73
0.18
1.56
0.96
1.24
1.54
2.26
3.96
0.78
5.75

1.05
0.61
2.12
0.16
1.06
3.62
2.52
291
2.71
1.95
0.60
14.38

1.12
18.94
3.44
0.21
3.78
9.40
2.10
92.87
70.50
30.29
8.99
79.54

0.78
0.63
2.18
0.11
14.40
7.80
1.22
1.65
0.29
1.34
16.39
1.92

1.92
0.93
3.51
0.97
29.20
21.30
9.35
8.94
2.30
2.83
67.30
6.73
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