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FEE: BH SRR F NF-«B G4 TCE S IR R bR A E2/E M . ABFotiid RACE HiARFE T KEH
Xt WF (Fenneropenaeus penicillatus) NF-xB FEILH, 535454 N FpRelish F1 FpDorsal, FpRelish cDNA 41N
5373 bp, Hrf 5'UTR 88 bp, 3'UTR 1667 bp, 4ifihIX 3618 bp, 4ifi 1205 NEIEAR; FpDorsal cDNA 414}y 4816 bp,
H:A 5'UTR 611 bp, 3'UTR 2147 bp, Zwi%X 2058 bp, Zifd 685 N ILHER, P& HA RAD &5tik. FIRMEM RS
A HT R BH, FpRelish F1 FpDorsal #5457 315 P e s B 6B —32 . qPCR 4rHr kB, WISk BEAER DU i I . O
WE . JFFIEME . 85, BB . MERR. UL . PR B A LUh B RA, HIEFIBNE P AR, AE AR s, AH2E 8~
10.7 1% . W 7K B B (Aeromonas hydrophila) R 5, FpRelish 1 FpDorsal & F7E S8 AT R AT F 2445 56 1 - T &
M F AR, B8H FpRelish 3&[H 6 h ik s, NXTHRYL 2.7 fi%5, FpDorsal 3£ H 9 h Fik e, AXTHRAH 2.1 5
AN FpRelish FINTE 9 h iS55, i #FI88BAE 48 h, JXT ML 4.5 %, FpDorsal 3R 9 h Fik i, Mg
2 22 %, VEWREE (Vibrio aliginolyticus) R FG, BEH FpRelish 3L[H 24 h Fiki s, MY 1.9 £%, FpDorsal 3t
24 h FiktE, MATIRA 1.5 % BFBEIE T FpRelish 2K 3 h ik # ik i, FpDorsal 318 6 h #ikf s, ¥4
YR 1.5 5. AR FEM FpRelish M FpDorsal 754 T B XF R G 1445 vh A T HEAEH .
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it IMD 38 #% 2 5 HUAR R 55 == IG B PR 1 R 2
AR Dorsal W25 Toll 3l i HLA B L ¥ 2%
FC BH P B R T 1 e e A1

KF Relish #l Dorsal & 7£ oA HESh W T &
Tz . Li %000 Sun U5 R, 242
2 41 B 5 1 BEZE A 1iE 5 7 (white spot syndrome
virus, WSSV) il i i, b [E BH X} ¥F (Fenneropen-
aeus chinensis) FcDorsal & PH7E ML 20 M Ak L 45
ERRAEHE B, HAREEX YN (Marsupen-
aeus japonicus) MjDorsal & F7EMLANIE . 17 FnE
Hh R KN, F dsRNA J7iEF5Y FeDorsal
HTIRE, 25 FeDorsal 5% UF Penaeidin5 %
KB FE S8 5, ULER MjDorsal J&, SR 20 15
B SR FIAENE R IR, AN RS2 MjDorsal
Gy i IS IR A K-, R Dorsal TEEF R %%
KA b 5 EE MM . Huang 2%} JLAN
YR (Litopenaeus vannamei)F| X ¢ 2R B A
KIL, LvDorsal 7] LhRCILTEXEF Penaeidind &
K, W LvDorsal 7] LTI XTHF Penaeiding 3& R
(W% 5%; RT-PCR 43H7 & B LvRelish F sLvRelish
mRNA 7EH LU R IR KA, LvRelish v] LIy TY
Penaedind SEPIRYH D), ik B PR 70 1R JRUB R
(Procambarus clarkii) &3 T —FK WA LPcRelish
F—Fp HA N IR LAY SPeRelish, 1R
Vs I A TR SR S5 T T I 400 L SR 1 7 Sk
KFE B L, JEA RNAL HoR, BT
SPcRelish #1 LPcRelish TE5R B G iod A2 v %) Bt B
JIK B VR AN ) o Li 25U SRR 5 2 B0 e ] A ot
FcRelish FENHPFTIRBA WHE 2R, (LA
FIR 2 A% B P i 3R IR K e 88 9IER (Vibrio
anguillarium) Fl ¥ BE % BK B (Micrococcus
lysodeikticus) VT UF IR 23520 FeRelish 1Y%
%o Tanaka Z:UNE 52 %8 (Bombyx mori)H %5 Y
BmRelishl Fl BmRelish2, H. BmRelishl 3% nf
¥ BmRelish2 i, Zhong 252" % B H B2 gk
(Manduca sexta) Relish [F#) 4> [7] — 5 & v %Y
(MsRel2A I MsRel2B) Al G HL B ARIEH, 15
MsDorsal JE 5 R AA, G o i IR IE R i %
I8, LLBT B0 B KA 1 B 3% o Fan ZE0RPUL B2
(Carcinoscorpius rotundicauda) Relish 25 [ ) RHD

SEM RS AN «B A, T TR ERIA .
PB4 Relish WA, fEdf T HIE KA
B fE ) g i 2R E

BRI DL AL, 7 v A ok B Dz](Eriocheir sin-
ensis). =Y T B Portunus trituberculatus)F
A Bk B 0 B2 Pinctada fucata) % H A K T
Relish 3 Dorsal 7Ef 5 J TH BIAF5E, XK EH
XTHR Relish F1 Dorsal FE PR ST A WARGE o A%
W LA B WIXTER R4, @i PT-PCR, RACE
AR Dy e b 1 % 5% 5 I+ Relish #1 Dorsal
cDNA 21, it 5041 FpRelish 1 FpDorsal 3&[H
FEARRI 2 i R B S AE A IR SR K B
XTUF FpRelish 1 FpDorsal 3K mRNA #1351
i, MWIERIKEIN FpRelish . FpDorsal 3R Fl
1K B BT IR A R S P S PR Z A A LG R
Vi O X M %o i J e 1) B 8 B ML, A B TR
Tt 1 A6 IR ) S RV SR e ML, IR A B T &
S A8 A T 77 R 1) 9 o

1 MRS

1.1 LIy

PPA: K BB ER R A AGAR S, 7E 12 A&
0 RAR B AT, EEIREIESR | R KD
MMM S B MMEGEE 15.2~05 g &K 13.5~
16.5 cm)H F5L50
1.2 KEMRITER RNA I2EUE cDNA E—#E &K

fifg P A PR G B W XTI, ISR IV L O UE L
JERNE . B8 il . PERR. DL, M RE 3L 9 Fh
ML, FIH Trizol 742 B EXTHFAYE RNA,
28 1% IR W 58 I F Uk 5 ko A R B 1 I A
(NanoDrop 2000)i#E47 & M A€ # A, —80 C L&
AT DL 2 pg & 41415 RNA N S5 S b, AR
P& PrimeScript™ RT reagent Kit with gDNA Eraser
REFRANEFEHEEDHERERAHA, Jt
50) A HUAS —4% cDNA, cDNA =¥ 547 T—40 C
#H o
1.3 FpRlish ¥ FpDorsal £ F 35 [ K% Il 5

HRAE S 56 % O A 1Y 4 B B X R e rp 3R A9
FpRelish. FpDorsal 3R /343751, FIH Oligo
BB 51 GR 1), &AW TR K
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WA RARHTHI A . DL LR A S —a
cDNA W {H ] Tks Gflex™ DNA Polymerase it
R & (FEHEAYHERGRAR, L)1 PCR
P14, PCRY 4 551 94 CHUAEYE 3 min; 95 C7AF
P30 s, 62 ‘CiBk 30's, 72 CZEH 1 min, 3 ME
;95 CAEME30 s, 60 CiEk 30 s, 72 ‘CHEA
1 min, 3 MEFR; 95 CAEPE 30 s, 58 CiEk 30 s,

72 “CHEAH 1 min, 5 MEH; 95 CAEPE30s, 55 C
B 305,72 CHEM 1 min, 26 MEE; 72 CLEH
5 min; 4 CH4F. 3. 5RACE PCR ¥ #41{# H
SMARTer® RACE5'/3'Kit User Manual i) & (%
HEAYEARARAFA, Jba0), PCR ¥ #4514
94 CTiZSIE 3 min; 94 CZAFPE 30 s, 68 CiBk
30s, 72 CZEfH 2 min, 25 PMEH,

%*1 PCR3|¥EF

Tab.1 Primers used for PCR

5|4 primer JF%1)(5'-3") sequence (5'-3") H & usage
FpRelish-F1 CTTAGGTCTCGTTTGGTTGTGAT CDS
FpRelish-R1 TCTCACTTCTTACGCCTGGTCC
FpDorsal-F1 TCTATTGGTCTCGGCGTTGAC CDS
FpDorsal-R1 AATGGCTATCATCTGAACCTATTG
FpRelish-5'RACE CCCACCATCTCACTCTTGTAGCG 5'RACE
FpRelish-3'RACE GCGAGAACGACTTGCCAGCCACC 3'RACE
FpDorsal-5RACE GCTGGTTGGAGGAAGTACGCTGGGCA 5'RACE
FpDorsal-3'RACE ATCCCACACAATGTTCCGCCTCAG 3'RACE
FpEf1F1 CTACTCACCTGTGCTTGATTGC qRT-PCR
FpEfIR1 TTGCTGGGAACCATCTTTACGA
FpRelishdlF1 GTCCATTGTGCTGCCCAGAT qRT-PCR
FpRelishdIR1 ATTGATGGCTTGGGTTACTG
FpDorsaldlF1 ATCCGCAGTACCTAAAGAGA qRT-PCR
FpDorsaldIR1 GCTACTCTGATGGGTCGTGG

L L UKAS I PCR =9, I F B e 0 8 e [l
W) & el atifb o F Ak i) = )% $: 3] Blunt
Simple (2R BAEYEARBARAF, L)
& b, AL RRAZ SN TransSa (22X 4E4EY)
HARBAR AR, dbad)dr, R H PR TE
37 Crh¥EFR 12~16 h, WK#1T PCR Sk & 75 ik
Ry, AP iR N ) S SR OO % )
AR T AR A BR A JIIN T
1.4 FpRelish 71 FpDorsal EE BB RIEHSH

FIH Oligo #k kil FpRelish, FpDorsal %
WERSIY, NE31WS% Cai EPNF 1), M
TB Green® Premix Ex Taq™ I1 X7 & (% H E4:Y)
FARARAF, L) Lh45 441 cDNA AT
SERF 9 RE 7 PCR, PCR VAU : 95 CHil
51 3 min; 95 C7AEME 10 s, 60°CIE & 30 s, 39
TEFR . SCU R 2724 3 HrAb Bl qRT-PCR 45 5,
ACESUANS CAES BRI CEMZEE, &

5| YRR SR 20 e K R i I R A R
1.5 FpRelish 1 FpDorsal EEEMEELTH
RIETDH

X R B (Vibrio alginolyticus) Fl1Wg 7K < HL
Mo & (Aeromonas  hydrophila)(J] Vi K24 32 H #
Ui B AT B 5, FFXF AT S o B A P 4
A E LB FAE; IR 9 T 37 °C | 225 r/min 14 7%
Kig% 16 h 47, K H IR THKRT LB ik 57
Ferr 37 °C . 225 r/min #5355 % ODgoo 4 0.12~0.15,
BLOJE S AR R AL, O TR W5 IR £8 22 v (PBS)
W N o, KA EJH A 10" CFU/mL, 1N
1R YLK T B X R A B

W5 R 1 B A K T IH G R FR AR B 4R 48 h LU
KR 3 d, KRN (22+2) °C, HEKEREAE 25
A, FREAREXTEEHZ N 80 cmx50 cmx
60 cm, B MAE R R EY, HRFEAR
fEo BEF 150 FARER A4 B B X R B AL 53 S A~
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T . — X ERGL(EEAL 50 H, 10 HU/Am), xR
ZH NS Y 55 =R 1) 4 100 w9 JC 1 9
MRERTE MR (PBS)AATR, R4 7 ST 100 L fY
VR R BRI K A PR (107 CFU/mL).
f£0h, 3h, 6h, 9h, 12h, 24 h, 48 h &H}[H]
SRR 3 TR AR, S BOCH: Sy 2H SRR R
HETA 80 CUKARIRAF, M THRHUE RNA IS 4%
Sl cDNA, fEJ 525 Ik PCR (QPCR)JR S
AR . 27229553 FpRelish F FpDorsal
JE DRRE X 32 58 1 1R FH SPSS 3R A4 T T-test 437
HE R W
1.6 E£MERESH

TELR 3 WA IR 7 51 41 S LR e 91 AT T
%] 32 HE (ORF) (https://www.ncbi.nlm.nih.gov, http://
www.expasy.org), Ffiliif NCBI #* BLAST T Hi
TTEAN 8, A& BL Relish Al Dorsal 5 HAh 45
B4 [ P51 (http://www.nebi.nlm.nih.gov), F SingalP-
5.0 T {5 5 BK (http://www.cbs.dtu.dk/services/
SignalP/), it Prosite, Motif Scan. Protter /%
o WA 43 A B BT 2 BE A A (https:/prosite.
expasy.org/). (https://myhits.sib.swiss/cgi-bin/motif
scan) ., (http://wlab.ethz.ch/protter/start/) . DNAMAN

a b

28S

185

1

bp

4000
2000

1000

500
250

FIMEGAT10 (http://www.megasoftware.net/) 4 FH
TR X R G L& 408, K H A R (boot-
strap)#E1T 1000 YR FE & K5 .

2 HBRE5HH

2.1 FpRelish F1 FpDorsal EE W EIES F 55
HK B X HR A ZUR B4 HUE RNA, 25
P B 52 PR YK T LA SR8 T BT Y 18S.28S 4%
(Kl 12), BiH] RNA B BT T 25t 8
i$ PCR ¥ 13515 FpRelish 1 FpDorsal f) CDS (&
1b, 1c). % BLAST %3 #7, FpRelish 1 FpDorsal 4y
R 5 EE SR Y Relish. Dorsal 3
BABE M FEYE, Fi#Ed CDS %11 3'. 5’RACE
PR G| Y Te AR RS X, BRI 34 1 P 5 Pk
LSRRG FpRelish I FpDorsal cDNA 4K
KEWIXEF FpRelish ¢cDNA 41} 5373 bp,
Hidr 5-UTR 88 bp, 3'-UTR 1667 bp, Hr 44 1
ML T (TAA), 2 M EZRBHBRNERS
(polyadenylation signal site)(AATAAA)FI polyA
F&. FpDorsal cDNA 4} 4816 bp, £15% 1 141
611 bp (1 S'UTR X3 A1 1 4~ 2147 bp Y 3'UTR (AE
gt X)X 38, it ORF finder F1 Expasy F2J¥ il

M 1 c

3705

K EBXTEF FpRelish Fl FpDorsal 3 1) 78 &

a. KEWAXEF RNA AYHL KBRS b, K EXEF FpRelish 3 (9 ¥k, M: DL10000 DNA marker,
1: FpRelish ¥ 347 91; c. KEBBXUF FpDorsal 3£ (W 5%, M: DL10000 DNA marker, 1: FpDorsal 134 74].

Fig. 1

Cloning of the FpRelish and FpDorsal genes of Fenneropenaeus penicillatus

a. The electrophoretic patterns of the RNA of F. penicillatus; b. Cloning of the FpRelish gene of F. penicillatus,
M: DL10000 DNA marker, 1: amplification product of FpRelish; c. Cloning of the FpDorsal gene of
F. penicillatus, M: DL10000 DNA marker, 1: amplification product of FpDorsal.
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My FpRelish Zifi3IX 4K 3618 bp, it 1205 4~
AR, STHE—MENEABNO.3%), 7 F =
913498 kD, il 531, EHD TN
Css38H0232N169801888S49;  FpDorsal % i X 4 K
2058 bp, Zifih 685 DAL, TR IR ZA
fR(10.4%), 4> T8N 73.90 kD, ZFHL 5N 6.89,
HE TN Ci239Hs133N00501014S20, FpRelish Fl
FpDorsal & H )72 55 B4 8 H . i SignalP it il
{55 K/~ FpRelish 1 FpDorsal & GG 5K,
i Softberry 43#T1 FpRelish Fll FpDorsal & 13V 4
ME NGO, RABL THMBT T . FpRelish JF
IR ) S HE 5 AT 2 R T i 9 R Ak AL 5 (tyrosine
kinase phosphorylation site); %25 [ 11 B2 1L
37 $5 (casein kinase II phosphorylation site); &[]
P C BEFRILA A5 (protein kinase C phosphory-
lation site); cAMP F1 cGMP i 1Y 25 I il iR
1A 45 (cAMP and cGMP-dependent protein kinase
phosphorylation site); N-#HEA A7 15 (N-glycosylation
site); N-fit3&Ab A 45 (N-myristoylation site)5 HAh
{37 5., FpDorsal 2507t HA L2 2] A9 41
FAor 5.(F 2a, 2b)s

SMART 43#71 FpRelish, FpDorsal & [145#4,
25 B 5 7R FpRelish 1 FpDorsal 2 F1#FH-4 RHD
(B KW 52-251. 82-252). IPT (& ILFR 258-360.
257-358) 45 S I &2 A% 8 X 5, Ak FpRelish
HHILA 6 1~ ANK G H P 2 >4 il e
2t#y ., FH DNAStar ' Protean 4347 FpRelish
FpDorsal 5 [ — 22544, 458308 FpRelish 5
TR LER AL 41 A a-lRE . 67 A B-ITE . 54
A T-56 M8 49 TSN il , FpDorsal 25 F 2%
ZEMAL 24 A o-BRTE . 54 A BITEL 394 T
s mn 37 A JCHUN A il (8] 2¢, 2d).

BN FpRelish, FpDorsal 24312 751 it
7 Blast K& 7041, FpRelish 73 Hr 4528 /s H 5 v
HEID O T N AR L (VR o o= I o
96.39% . 96.43%, 5 FLANIEXTEF . B XTEF . H
ABEXTHR | ARG E | I ARAIYE 2 5 93.81%
95.30%. 89.61%. 75.63%; FpDorsal 43H745 5 g
NS BEXTER . HARBEXTUF | [ B A A A

IS 1K 98.06%.93.85%.99.52% . il MEGA10
Vs R G RIS, 2087 T FpRelish fl FpDorsal 5
HoAt 544 RHD F1IPT 4544 38k 1) [ U528 11 =2 [ 1Y) 24
GRFR . SRR RYREIR AL N 12
R PRSFRY, OF B —a B RAMOCH . MR
S & FpRelish, FpDorsal F %5 H 52 35)
YR A —3Z, 5 HAMTCE HESI Y 3 206 RAHXT
B 3), FIJ DNAMAN #/F%} FpRelish .,
FpDorsal 5 [EBIXTER . H AR . LAY XS
R 7R 8% 19 RHD 1 IPT 45 Myl 4 w47 7 %
FEH X o0 #r, 4559 7R, FpRelish [ RHD 2544
1,5 LvRelish. PcRelish #1 EsRelish 433 B
98.06% . 96.00%. 83.00%—Z 4, FpRelish f
IPT %5 #9135 LvRelish . EsRelish 43 %l B
98.06% . 87.38%My—F Pk, 5 [ BIXHF5E 42—
#(; FpDorsal S5 X9 Fh Y RHD A1 IPT 25435
W EA =8, XUl NF-xB KR RHD
FIPT Z5A 38 A Ak I v B ORAF (B 4) .
2.2 FpRelish ¥ FpDorsal EFFARRIESH

i qQRT-PCR £ AR KM FpRelish Fl FpDorsal
EHRAEASAFMAR TR RBEEN, SSREY
FpRelish (¥l 5a)f1 FpDorsal (&l Sb)TERIM Y 9 />
PAUP A Rk o 0 MR B SE R R B KR E
4 1.0, FpRelish #1 FpDorsal Y75 )1+ =215 &
A%, YITE I 40 B rh 3R Ik i B i, FpRelish 1 41 2
ik NI RIRE 8 A5 FpDorsal Ifil 40 i 3235 i
IR 10.7 45, PIETZENLA . 6], LOREM T
SEKOE e HAB A 4L, FpRelish 15 HAY 414
Tk BE 2 5 (P>0.05), FpDorsal 1E IR I
PR () ek B AT A TE T A A v o
2.3 FpRelish ¥ FpDorsal EREAEELTH
RIETWHES T

N T AR Y v e ok g K SR TR I, 40 BT
KB XIS FpRelish . FpDorsal £ 7EAZ Y
Je ARV B) A ) 2B AR AR AR . S5 R, 4IPS
1RYL I . A T FpRelish Fl FpDorsal R AE K B
BH X IR 8 ) e ik B
2.3.1 FpRelish ERREDIH  AH R Y FHEH
FpRelish FikZ5 R W (Bl Sc), 54w BG4 AH
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a B R BRI R IL V. A5 tyrosine kinase phosphorylation site
o ZHHIRFFZE LS cell attachment site
TH H I EFCBi iR 1LV 1 protein kinase C phosphorylation site
° N-Et34b 7 5 N-myristoylation site

B FE BRI R {1V )5, casein kinase II phosphorylation site
* cCAMPAHIcGMPHI ) 8 ISR RR (LA

cAMP and cGMP-dependent protein kinase phosphorylation site
o N-fESARAT A5 N-glycosylation site
o BtfHAbAZ A5 amidation site

HN
P T B S P G FBH & B S FD
R A DD O D Qe BOBDD O DB By G
@ ® W W O @O=E @ ® O ® M ®m @Qe® O @ ©®
R et ® X B O A o JRORROT BRI O R o - oMo I C)
® @M@ © O ® @ ® W @ @ue Q@ ® ® O 6 O O
@ ®W @ O O O=9 O ® & O O @ ® @@ O © ®
@ O ® 0 @ M O E=@ & & ® 0O W ® @wD @
(3 O 0 @ W @ ® O O ®=m O ® © ® ® 6 ® ©=®W
MO O Ee® @ W ©® O ® ® ® @=6 O ® ® O O O
@ & O = W 6 @ @ @G @=n @ 0 O @ O Q
R BB B8 8B Bed @ B8 BRQ B B’ B B
Q0 X Q n® © ® ® ® QP QQ Q=0 @ @ @ © COOH
© @ © ®» M @ O Q= ©® & & 0O ® O &
W R=® ® M ® O ®O O @@= O ® @ @ @ ® @
E RAB RN BB RBORBYBR RXB B S B
M M ® O @ e@ & O ) & O @ @ @ @=@E ®
® ® ®m O ® WO ®=m 0O ® O 6@ W 6 O 6 O
@ @ O CWa® O ©@ Q@ ® Q ® Q Wuw® © O ® O O
%P F % ¥ & WP F S P P
&
@ @ % oS - COOH
c m o-1ZjiE alpha regions m B-H7% beta regions o T-%# £ turm regions o LR coil regions
T T T T T T T T T T T Tl
100 200 300 400 500 700 800 900 1000 1100
A —OHo—s O H—oH—— —H———H—— -0
B
T
d I T T T T T T T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 600 650
AR + 00 i HO—0—0—H— 10— HHT + ¥ 0——3— I}
B3 - 44— —++4—ma-{——— o0 —— HHOHHH
T +#4+—H—+—F—"T++—+14+—0H } i} } H HHHHH H—H —H—
C ———0- H4+— H } 4 ¥ +— { ¥ —0—H——4—HHHH—

€l 2 FpRelish #l FpDorsal Z & 7 51 (v s FIEE 1 — 02540 7 22 &
a. FpRelish Z 3275147 2514 b. FpDorsal 2327 5 [#]; c. FpRelish 2 F1 4% 45#4; d. FpDorsal & 1 4 45 1
Fig. 2 Schematic diagram of amino acid sequence sites and protein secondary structures of FpRelish and FpDorsal
a. FpRelish amino acid sequence site; b. FpDorsal amino acid sequence site;
c. Secondary structures of FpRelish protein; d. Secondary structures of FpDorsal protein.

e, XTHEZH A FpRelish 2R ik KR KR &
(P>0.05). FpRelish mRNA [ 578 g /K < P T
IS 3 hy 6 h, 9 hy 12 h #1124 h ¥ 8%
(P<0.05), 48 h % FiH(P<0.05), iRk L |-
FHE TR, ZR AR RNS 3 hillds B, 2y
Sy ) — B[R] % BRZH 9 2.4 £%, Frgk FTHE 6 h ik %]
B FIRTR T, 290 R — I a) Xt B ALY 2.7 % 4%
1M FpRelish mRNA 1R IKTE7 BN H RIS 9 h.
12 h, 24 h f148 h ¥ i 3 11%(P<0.05),3h Al 6 h
B AL, TERYL T 12 h 3900 2 ] — s i) %o
HRZH 1.6 1%, JFWoRih W& EIHEH, 24 h R4

INE Hod o, 2o IRl — BRI By 1.9 £%,
BRI S L THE T RE

MR YL T HFBEIE T FpRelish 32585 87~
(I 5d), FpRelish 3R mRNA [ 578 Mg K<
J R RS G 3~24 h B BT R RS fb i,
TE 9 h BEEEESKT, Yk R R0 R 2
W, ZJ5 48 h Ml L, iRl m A E, AN
[ — B B0 AR 4.5 %, BR 3 h A7 B &A1k,
HoAth P[] 5 2 B 25 18 (P<0.05) o 75 75 35 9 T2 o) 84
N3 h f124 h ¥ 5% EFP<0.05), 9 h, 12 h Al
48 h ¥ 5 FH(P<0.05), 6 h % AH BE21k, 3 h
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FUEREESTIF Litopenaeus vannamei EF432734.1 |
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Fig. 3 The phylogenetic trees of Relish (a) and Dorsal (b) family members constructed by N-J method and MEGA10 software
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Cloning and expression analysis of NF-kB family genes under
bacterial infection of Fenneropenaeus penicillatus

LIANG Fangmei', ZHU Peng', QIU Chuntao', WANG Yanmei', LIU Lili', CAI Shuanghu®, WANG Pengliang',
ZHANG Hong', CHEN Jianging', XU Youhou'
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Abstract: Fenneropenaeus penicillatus is an important economic species naturally distributed in China. The Beibu
Gulf sea area is currently one of the main wild resource distribution areas of F. penicillatus. In the 1990s, due to its
delicious meat and fast growth rate in the later stages of its growth, it became the main species of prawn cultured
along the coast of South China. Unfortunately, with the outbreak of disease and the successful cultivation and
promotion of the introduced species Litopenaeus vannamei, F. penicillatus has been gradually replaced, and
currently only fishing is the mainstay. Due to overfishing and environmental pollution, F. penicillatus now is listed
as a red book species. With the frequent occurrence of prawn bacterial diseases, the combination of native prawn
species to develop new strains of prawn disease resistance is a current research hotspot. Nuclear transcription
factor NF-kB family genes control many important immune signaling pathways in invertebrates and produce
immune effector factors to resist external pathogenic stimuli, playing a very important role. RACE and real-time
quantitative PCR technology were used to systematically study the expression of NF-«B family genes (Relish and
Dorsal) of F. penicillatus harvested from the Beibu Gulf under the infection of Vibrio alginolyticus and Aeromonas
hydrophila, and the genes were named FpRelish and FpDorsal, respectively. The full-length cDNA of FpRelish is
5373 bp, including an 88 bp of 5'-UTR region, 1667 bp of 3’-UTR region (non-coding region); and a 3618 bp
coding region encoding 1205 amino acids. The full-length cDNA of FpDorsal is 4816 bp, including a 611 bp of
5'-UTR region, 2147 bp of 3'-UTR region (non-coding region), and 2058 bp coding region encoding 685 amino
acids. Both FpRelish and FpDorsal have RHD domains shared by Rel/NF-kB family members. Homology analysis
showed that the nucleotide sequence of FpRelish had a 96% similarity to the two subtypes of the Relish gene in
Penaeus chinensis. The nucleotide sequence of FpDorsal is 98 percent homologous to the Dorsal gene in Penaeus
monodon. Phylogenetic analysis showed that both FpRelish and FpDorsal first converged with crustaceans,
respectively. The real-time fluorescence quantitative RT-qPCR analysis showed that FpRelish and FpDorsal were
expressed in all detected tissues. The expression levels of FpRelish and FpDorsal were the lowest in the
hepatopancreas and the highest in blood cells, with a difference of 8-10.7 times. The expression patterns of
FpRelish and FpDorsal genes in gill and hepatopancreas were significantly altered by bacterial infection. After A4.
hydrophila stimulation, FpRelish and FpDorsal genes were upregulated first and then downregulated in both the
gill and hepatopancreas. The expression of the FpRelish gene in the gill was the highest at 6 h, which was 2.7
times that of the control group, and the expression of the FpDorsal gene at 9 h was 2.1 times higher than that in
the control group. In the hepatopancreas, the FpRelish gene was highly expressed at 9 h, and the highest
expression level was at 48 h, which was 4.5 times that of the control group. The 9 h expression of the FpDorsal
gene in the hepatopancreas was 22 times higher than that in the control group. After V. alginolyticus stimulation,
FpRelish gene expression in the gills was the highest at 24 h, which was 1.9 times that of the control group and the
expression of FpDorsal gene at 24 h was 1.5 times that of the control group. In the hepatopancreas, the expression
of FpRelish gene was the highest at 3 h and the FpDorsal gene was the highest at 6 h, which were 1.5 times that in
the control group. These results suggest that NF-kB transcription factor plays an important role in the immune
regulation of F. penicillatus. This study will help us better understand the innate immune mechanism of prawn and
help us to obtain more effective methods to prevent prawn disease.

Key words: Fenneropenaeus penicillatus; NF-xB family genes; bacterial infection; cloning and expression
Corresponding author: XU Youhou. E-mail: 36714447@qq.com



