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TE: N T 2 FL4AYIE X EFJAK (Lv-JAK)Fn STAT (Lv-STAT) 3 [ Ji 4 0 JR B 12 42 W k 3k &
WARAE , A SE 3o A I 2 € EPCRILA AT T Lv-JAKF0 Lv-STATHE Bl 0 41 48 R 3k 56 4E, FF A
ALK EEPCREAQNT T HEH 2 F AN FRLAR TR ERLATHNHMLE. £XR
B, Lv-JAKFaLv-STATH F A LN E O AR+ A AR R ZEN KK, HEE. I
BANEFREERG. FebFAFERLE, ABRARY, Lv-JAKF1Lv-STATH H
A REEE R LN PR Q~T2E EF LR RS, EMEARF, Lv-JAKE F 84
R KEARSE EWHO6F24 0D F Ff, Lv-STATH F W48t k% ARG G H24f72hE
FLM. K EXRW, JAKISTATH R E -2 BRE L5 5T AN ER T RN B H =42 FH
AHEI LN RAF T AT, FIT LN IE X EFJAKFSTATHE B 4 7 = 4 5 FAT 3 R
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K, RFERFREE S A5, PR 0 H A g By
PR AR RS T a0, RARRERS
TEARAFVE T R Ge R e L2 2 W A4 AE Y, A
% DX 235 B R 1 B, DT B g b £ 4 A 1R
B2 R IR R T I HEZ Y, A ER&RE
PERERGE, HAEMKEE K IR g% 2 40 ok #K8H Fn
AICAZ WG R, JAK/STATIE B AE Ry KK
£ H A B ), TR A TR RIE T 2R
HEMEH . 7EWHFL Y, JAK/STAT(E il
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20 T JBE A% I8 58 % (acute hepatopancreatic
necrosis disease, AHPND)/& — it iz, & F£ 5 HF 25 )
R, Ak E, HAr, REF
B K SR MF 2 XA AT o FRE R
KA R ZEa g2k sl B
FEARER . R RWE SRR, BT R R K 100%,
ARBI X5 R T 4 5 1 OIS TR 63 % A i I I 5K B
(Vibrio parahemolyticus), [FBFiA4G31.8% K F =
4 ZE T 1 ( Bacillus thuringiensis ), 5 B 1ok
() I3 23 4 2 A6 AT TR X £t e o R AT N TR
XTERFET 3R 62%, HET-XF R 3 H 378 (g I fi
HRIRFESE AR S A< 52 50 5 Hif 40 26 sk 20 73 B 45 2R W
7N, JURR S SO R T L5 K JAK/STAT
WA OGN 3R GA ) W 2 ol . AR AE o
BT Lv-JAKFI Lv-STATH: K 24 2138 3K 43 Aii 1) 5 il
b, R T HNE D B & AR R G R IA AR
ERHIE, ATFE45 A B TR X AR JAK/STATAR
538 PR AEBT A By I A S AR AR AR EERILA

R U E SRS RES

L1 SeEwst, WX S

ZirFhd JLAEX R (R 9~13 cm)k
HRHAR BT, TR SRR RS
(27 °C, #hHEE3%0~4%0, FLE)VEF3~4d, i
OS2 H6 28 N SR I

5 56X TRIzol (Invitrogen), GoScript™
Reverse Transcription System#1GoTag"Green Master
Mix (Promega), AceQ”qPCR-SYBR"Green Master
Mix (Vazyme), HAbR5) 220 [ = sk 1015 #r 2l
P o

AL Veriti™ PCR{X (Applied
Biosystems), NanoDrop 2000 (Thermo Fisher),
Smart spec™ Plus/ )%t i1 (Bio-Rad), 5%k
20 HL(Eppendorf), 1 it # ¥ #% (Eppendorf),
LightCycler® 480 System (Roche), Gel Doc™
XR+H14 & 4t (Bio-Rad)5% .

1.2 ZRNAIREIAcDNAA K

fiff 1) 43 B85 At B L 4 VS X R A L L R R
. fpiE. B, O, e BEUk R FALA A
Lot 4141, I H TRIzol42 HU45 41 41 1) M RNA,
25 1%MOPs T AE - 5 I HL UK 5 10 A% R A 1
% (NanoDrop 2000)3i#F 17 & P A1 E A, —80 °C
P17 £ . M5 GoScript™ Reverse Transcription
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SystemUt Bl 45, DL2 pg#s 441 B RNAN Ji i seAs
Me, F#3k51 9 AOLPHIBDA G Jl.cDNA, # 4
FILH B-actin X 51 ¥ (Actin-FHl Actin-R)F:
cDNAFi i (% 1),

®1 ZBAASIMF
Tab.1 Information of primer sequences used
in the present study

S1WIFFA (53

sequences (5'-3")

AOLP  5-GGCCACGCGTCGACTAGTAC(T)16(A/C/G)-3'

ElEZEL S

primers name

BDA 5-AAGCAGTGGTATCAACGCAGAAGTACGCGGG-3'
Actin-F 5-GAAGTACCGCCCTGGTTG-3'

Actin-R  5-CGGTTAGCCTTGGGGTTGAGGGAG-3'

JAK-BF  5-ACTCTATCCGACGGCACCACTA-3'

JAK-BR  5-ACCACCCCATAATACCCCTCTC-3'

STAT-BF 5'-CTGTCTTTGCCAGTTGTAGTCA-3'
STAT-BR 5-CTCTCCAAGGGGTGTGTAGTA-3'

TPI-qF 5-GGTCACGTGTTGTCTTGGCTTATGAACC-3'

TPI-qR 5'-CTGAACAAAGTCTGGCTTGAGAGCTGC-3'
JAK-gF  5-CCCAGCAACCAAACAAAGGA-3'
JAK-qR  5-CTCAGCCCCACGAGTAAACA-3'

STAT-qF 5'-CCAGATAATCCAAGCCATACTC-3'

STAT-qR  5-GTGAAACACCTCCTCCTAACAT-3'

1.3 Lv-JAKMLv-STATEFBLEFIED T

PL#5 ZHZLcDNAH AR, F 2 2 7t PCRIY
DA BT 4 A8 Ly-JAK N Lv-STATHE H i) 22 35
TG0 . LA R IR B-actin y NS I H, L) Actin-
FAlActin-R Y 514, PCRY I EF. 95 °CHi
AR3 ming 95 °CAE4:30s, 58 °CiE k30s, 72°C
FEAH30s, 260 E . HB-actinde ik & A X — 3K
1) £ 20 2L cDN AR Al £ 2K 47 3G Lv-JAKHE K FN Ly-
STATHEIN Fr Bt . 2% NCBIEUIE J5 Hh Lv-JAKHE [H
)7 515 B (GenBank{F I 45 : KP310054.1)FIA
U B T FE R STATH [ (GenBank 1 it 5 .
KC779541. 1)/ ¥ 505 B TH T 51 e S 1k 2 o
519 o Lv-JAKFLv-STATH: R 2 € B 45 S 519
J1JAK-BF/JAK-BRHISTAT-BF/STAT-BR, PCRY”
WL, 95 °CTAR 3 min; 95 °CAE1E30s, 58 °C
B k30, 72°CHEM130 s/1 min, 26ME#H ., PCR
7P HE 1 % ) B B W EE I b e AT R VKR, JF
FI HIBandScanfR 4 73 A LUK S5 K B2, #E T 45
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Lv-JAKFILv-STATHE 76 AN [R] 2H 80 B AR R ak i

14 Lv-JAKFLv-STATERNE R ZEHFH
HERERENRET S

Sy i 95 2 46 2 FAF T b A
AP OO B S b L. KRS
& ZFAFF R AELBES F5 2 737 °C. 220 r/minid
WHEFR, W H 5 s 3% B BRI B 97 2. 0Dy
$}0.6~0.8, B A I AR R, UG R B R £E 2%
P (PBS)H 40 7 B8, AR E 22107 CFU/mL,
FARTE T4 °CH .

TE FH A 3% 1Y) FL AR T Xof MR IR N SE B A L X
WRZH A2 (L4, SO0 2 B RS ER S 10 Lok =
4 AT B B W (107 CFU/mL), Xf B 2H 45 )2 % iR
HEH10 pLK EPBSZE v, 25 FH AL X HR TG AT An] 13
o WS LA ERER A IR L2, AR S
M 7ANBF ] S (6. 12, 24, 36, 48, 60172 h)%r
S B R 2 R S 06 2 %o S R B G 2 4, AR
3NVAT, FATATETRES, B ERNAIE R
i 57 H cDNAAE A 5 I 98 )t € 52 PCR ( gPCR ) X
I PASEAR , B IR PR AR S ) it 55 ] (triosephosphate
isomerase, TPDIE N NS HH , 5149 0 TPI-qF Al
TPI-qR, Lv-JAKHEH & i Fe 5 1 51 ) JAK-qF Al
JAK-qR; Lv-STATHEH & #5515 9 STAT-

hem hep gil int sto ner hea mus ple

Lv-JAK e e
f-actin e e e e ]

1L

0.40
0.35
0.30
0.25
0.20

o

relative expression
level of Lv-JAK mRNA

Lv-JAKSE R MR RIA &=

0.10
ner hep sto hem ple mus hea int gil

0.05
0
HA

tissue

& 1

@

(b)

qFFISTAT-qR; qPCRI L /¥ : 95 °CHAEPES
min; 95 °CZEM10s, 60 °CiE k30s, 401EF;
W5 2 1AMEFR95 °C 15's, 60 °C 1 min, 95°C 15s
HEAT S ik i 2k 43 B o % 2L R S 56 2 g B[]
M cDNAFE fhi% B 241 qPCR, —HH W NS
B, 75— HIER, B4 RNk E3NF
7o 32 28k 54 Lv-JAK I Lv-STATH: [F AR Xf
K EIFF G R E R E R 0.

E2E S

21 Lv-JAKFLv-STATE E 4R L FTIiE D47

DL % 1t PCR T ¥ 3 BT Lv-JAK RN Ly-STATH:
AR )R O, I H BandScanfk
X HLUK SR AT IR BE 43 AT o S5 R R, Lv-JAKHI
Lv-STATHE R AE FLAN 5 %3 W 114 OFh 2 2 b A5 AS TR
JER IR, HAEal | g I8 AL IE Rk
T, Lv-JAKGE [RFE 4 28 0 8 i 20 2 v ik i 4
fIX, Lv-STATHE A T 1R FN S 20 80 3Rk i 4
flR(El 1),

2.2 Lv-JJAKERERNZEAR=EF BT EREN
RIETHFIED R

NIRRT = 2R WA R s, 0 Hr Ly i

2

hem hep gil int sto ner hea mus ple

Lo-STAT EC R
f-actin ]

0.30
1 .
X o Z 0.25 |
®.e ‘é T
g §[:c 0.20 |
£5 015
o = T
M3 000l I
R
523 2l
il
o LL1
hep sto ple mus ner hem int hea gil
HL
tissue

FLAE ST Lyv-JAKFA Lv-STA TEE B 40 48 32 1A 43 fiF

(@) Ly-JAKHN Ly-STATH: PR 20 2136 3 (R Bk I FB UK 20 15 (b) Lv-JAKFN Ly-STATHE BRI 7E A [7) 2 4 ey (R AH % #6935 &40 ;. hem. MLZH M, hep. JiF
H, ple. i ik /&

IR, gil 88, int. J7IE, sto. ner. #f £,

hea. .0 fE, mus. JLIA,

Fig. 1 Relative tissue expression of Lv-JAK and Lv-STAT gene in L. vannamei

(a) tissue expression of Lv-JAK and Lv-STAT gene by gel electrophoresis, (b) relative expression level of Lv-JAK and Lv-STAT gene in different tissues;

hem. hemocytes, hep. hepatopancreas, gil. gill; int. intestine, sto. stomach, ner. nerve, hea. heart, mus. muscle, ple. pleopod
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Ko AR
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Ko W 88 0 i T8 Lv-JAKFE PR A8 B I AN [R) s i) o5
) 22 B AR LR AE . 5 R B/, S5XF A,
{5l 2 2 v Ly-JAKHE PR 7R S 1) v 6 D] (24~72 h) ik
F LI FRIK(P<0.05), Y548 hiy AHXS Kbk it
KB, 25 7RI 1 60172 ity A X 2 ik
HBWEAE TR, H5XRAML, F 8% LT

0T S mpm plank Db
I < WA PRS-
) g E 8 SCYGHH B thuringiensis
Rz g
Box 6f
£ 23
$3 .
v L
LR
SET
-~ (5]
a5 2
0
blank 6 12 24 36 48 60 72
ORI 8] 5 /h
sampling time
(a)
2

Lv-JAKFE R XS 30k 5

(P<0.05)(Kl2-a); B4, Lv-JAKHE R 7R
Juiy Forp B (6F124 h)f 3 I H 3R 38 (P<0.05), 7F
YL 5 6 hI A X R IR i e, SR P (48~
72 W B AR e Ik B B R AR, AR E X R
HIKF-(#2-b)

2 Bb L% (4] blank
< Bb ZZ %[ {2 PBS
=Z 2.5 B SEYGY B thuringiensis
.S &
2=
%M 1.5
N
o L
o i
zz 10
=0
8205
L
0.0

blank 6

12 24 36 48 60 72
UCRER [R] pi/h

sampling time

(b)

T o & F AT E R E FLAYE T R 88 (a) A1 A7 18 (b) P Lv-JAKES B #Y) 3R 1A T AL HHIE

MR ZENERAAAREFEELR, ANEEEERHAARNEFER: TH

Fig. 2 Relative expression level of Lv-JAK gene after B. thuringiensis infection

in gill (a) and intestine (b) of L. vannamei

Significant differences between groups were expressed in different capital letters, and significant differences within groups were expressed in different

lower-case letters; the same below

e

5

2.3 Lv-STATERNZE 7 & & F BT E RS
BRI L HFE D #7

NTEY T =& F MW IE, i Lz
Xof W G 1 i 38 P Lv-STA THE R AR S 5 A [7] i i)
RN AL ERAE . SR Bk, 5 X IR 4 A
W, YR = 4 2R MR S 924~72 h, BSR4
I Ly-STATHE R A Rk B 2 B F LIRS
R, SRS 48 hig A ek Bk B ok E, 2
Je FE IR 1 60 F1 72 hid) Al X 22 38 1 g A T R
EAT 35 i T X B 2H (P<0.05)([&13-a); R =
M E G 6~72 h, i H b Ly-STATH:
DAL (0 A0 X ok T R At 3 R R R AR R, R
JG24 Wl X Kk Eak By NEE, ZEWMAE T
K, AE72 hif AT 28 3k 1k B i KA (1%13-b).

3 vHie

W98 B RJAK/STAT(S SR 7)) 255
gpEREsE . k. BT ULEIRIR R E AN, B
R G 5 I 2y Th Ak B AR U KA
J, XTIAK/STATI B (B 5% £ 4 b e &k
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YA A v, 2 I R B T Ok
B2 TR, TEAREE 3l A rh ) H Y BIF 5 il
TFIEAE K . SongFE I L4 V5 Xof HF b v B SR A
JAK cDNAE K P, %K & A 11> FERMZE
FIE, 1A~ SH2.45 Fa) 355 0 21 i 2 1 K i A Ak 245 4
B, AL E JAKSAEPE R IR 45 4 BUH1~JHT . 5K
e S AN LG Y XoF B o B B AR A STA T cDNA
SRFF, %I S A N-A I 45 b 4 e 4
Pl . DNAZS G SR SH2G5 4 55, FL2%5 # R F B
IR T STATHEN FE AL LA SF . HFT, FIZE
W 7¢ s W TAK/STAT M #% TF & 1 B 58 T4 2 54k
HRAEPUXT IR FBELE A R 7 ( white spot syndrome
virus, WSSV ) P3N 8 F rp 1) 22 7R P R HE 5
PP 5 , 12 3 I IO 28 0 I TR 1 e A F 5 v ff
A,

FIFH 22t PCRAZ AR 43 BT T 1% SE PR A6 X IR )
M2 A . FFBERR . 88, . B . #he . D
FE UL PR A i Uk SR OFh AL SN [ A A B L . 45
HBIR, Lv-JAKFILv-STATIE R 17 AE T Lk ofd
ML, TP Y 53 A R AE T BEA B T JAKY
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N

%?%Zﬁl blank Eb
o e 7| PBS
H}@ E<Z: 12 | g szl B thuringiensis
RSE 10!
A
Eag 87
S
m ) :] 6
& E Gy
x=° 4
N T —
5ET
3 2 21 a
0 5 I & 53 B2l
blank 6 12 24 36 48 60 72
BRI 1) 2/h
sampling time
(@)

7 E%Eﬁiﬂ blank Fb
i 272 AT HR4L PBS h
_@ - <ZC 6 | Ul B. thuringiensis
! ~
K.eg st
" 5
T4y
K59,
223 Bb
= sSo2¢ O :
St »
A 5 1+ s ;
S - ,
0 U #

12 24 36 48 60 72
HURER ] £i/h

sampling time

(b)

blank 6

3 HEEFETFERLRE PRI AFER ()17 18 (b)) Lyv-STATE F #I RIA T LHHE

Fig.3 Relative expression level of Lv-STAT gene after B. thuringiensis infection in gill

(a) and intestine (b) of L. vannamei

STATIE % X g I A A AR ABCH PRI SR o Lyv-JAK
FILv-STATHE N #RAE S A0 i3 rh Rk sy, e
HLOH M (Scylla paramamosain)P OV Fl Hh 48 45 5 &
(Eriocheir sinensis)® "R IE T AHIAY 25 R . &1
iy T8 2 W I B A g 7 O o B, R X MR
)R A E L A e A 0 o A
R A6 A ] BBk 9 S B2 DI RE s 0 3 T R AR
BRI T G R T R G R B AR s R, P
P AU B2 H S, R g — A4
WE M RIEE o EEEAEH L h oA 1) 2=
SUFRE ALY EMES, A4
TR 53 A AR A ) B 2R W T L AE ML e e 4 ot
PR IV IR E

AR, XU 20 R YR S CRE A5 A g
K, AWFREW, o s F S X IR
JiR IR BEAE 2 & %% AR OG!S, (H ML o AN B 4
I G AR R — A L OB, R
AW IEAR R BOR TR 2R AR il R e AR
) PE ISR B FR RS-, BN IR E A
(insecticidal crystal proteins, ICPs). 8- & % B}
fil AR, BE S HCry B HMCytE F PR
U Hord Cy ok BR R 40 B A8 i AR SR
(cytolytic protein), 122 1 HA b 2 4 1L A1 44
FEbE, X TR HE B W R HE S A T i 20 Y
FARMEHT, WXyt [ A LB
PRI, —FO SO R E PR R
Ja, G miE R TG EE A, 456 s A E
R, HEABIERE, 2N ERSTEE,
S B O — AR, CytEEH

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

5 A A I e 1 5 | A B T 4 1 R e R R S
5 DT BB I A M R, el B P A3 it R Y n A
0 TR R L | R B R IR R B, R R A
AT 1R Y LA XRS5 A 25 LAY 1
FALE . 51K T ERERE ENE TR, L
XTURJAK/STATIHE B BE R S 5 08 = & 2R AT 18 51
R G 28 DA S A R 4, (AR AR
R, ASBESE BEEL T 95 = 4 27 04T 1 X ML
YRYEXTUR AT N TR YL 528G, 43 A A 65 RN i i
s 23K 1Y Ly-JAK I Lv-STATH: & 75 2 50Uk
N &0 R TR A Y o AR . BEST R, BRI Ly-
JAKHN Lv-STATAE S () B3 (24~72 h)# g 3 I
W IE(P<0.05), HARREELYL J5 48 hif) X} £ ik
FIK RN, Wi P Ly-JAKFI Ly-STATY 1 J8 e
Ja 6. 24172 hig 3 FH 3K (P<0.05), HiELE
YL S 6 hi AHXT Rib ft iy, Jo & TR 5 72
hF B IR B . T = & 2R AOFF R R Y LAY 2
XFURJG , Lv-JAKSE R 78 25 24 21 HL ) 3% 38 AR fh i
R EFAFFAE, Lyv-STATIHEDR A5 2 £ 21 HL () 3
KA AR 2 L, RUIR B & 2R AT
WGHAUE—ERE LiIFESFLv-JAKH Lv-
STATHE K % sk gy, #Em = 5 28EH T
5 S 1) 875 0 07 55 2k A o Lv-JAKHEE DR A P b £ 4 L
AR RBEEARHAEAFHN S 5N E T -
& AT R G AR R T R A PR [E], i
Lv-STATHE P AE P AP 240 8 3 28 05 = 4 2R A AT 1A
YL VR R AT RE A R S A SR SR B,
FH TR by 2% [ BH M TR 1Y) 4 3 60 78 46 BR P 1R e L
YR XTER PR A R AR R R LR X
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U P JB8 R P Lv-J A K3 DR 00 AR S 3 3k otk 5
%, RIS Tt s DL 8 Hh Sp-J AKFE R A
H A 2 5 18 11 200 S T Es-J A KHE TR B ARG 353K F 7
Y AN, e B PRk
XS 1040 M P Es-STATHE R () AH %k 26 1k 2 1 166 30
W, 5IATOBEFEE RIS 2R o
(GRNBG , AT g v Sp-JAKHE [H A A 4%
H A 120 T Es-STATHE PR X 23k B 1 b He
B GHZ YL J5 T A W g i g U0

AR R 8905 I g % I I I B SR SEAE =
B T REE IR ) PirABRY IR I & (LA Rl
Ve L BICER A ) i 5 [ R 40, A B X R v 43 25
HWIBURHA =2 — W s FMrE, 1
BiE — MNMEMCENRE, ENNEEEAS
555 B I ST 9 7 ) 8 I PirABA B 2 bl ek 22
SR DIRE? B WA 5 R i K P R 4R A R
S B0 U IR R ST B R A7 O o A SRR AT
(G FITEIN 5 15T (G—) 2 B 174 235 ) 2 1 A fe
REPUI S BRI Z A 2E R R SRR T
AN TR 08 43 F G 8 g 7 i 6k HJR e 1) B 2K 4
VIR 26 {5 S i AR R AT PR A 2 3 2 ) A R A B
FIEEAS = #H T, HAl, WshPIAK/STAT
i B R AE e T B B 9% A X A D R B ORI 3
Joi . 12 [ O B PRI 1V 28 R AE RN D) BE AT 9 TR
EEETIL, B, AR IRERARTIAKAH
STATHE K 7E XT MR K AR e 928 07 25 4o A v 19 VB R AL
wRE T HEMENS S, HIRGEREEHTT
il Xk AR JHF B B TR BB 11 2 R HIL 3L e Xof S £ o 2
I EEPUR

SE M
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Expression profile analysis of JAK and STAT genes in Litopenaeus vannamei
after Bacillus thuringiensis challenge

LI Danlei', HAO Shaoyan', ZHANG Yichen', GENG Xuyun’, LIU Yichen", SUN Jinsheng "

(1. Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences,
Tianjin Normal University, Tianjin 300387, China;
2. Tianjin Fisheries Research Institute, Tianjin 300221, China)

Abstract: In order to understand the expression profile of JAK (Lv-JAK) and STAT (Lv-STAT) genes in
Litopenaeus vannamei during the infection of pathogenic bacteria, relative expressions of Lv-JAK and Lv-STAT
genes were analyzed in this study. Relative expression profile of Lv-JAK and Lv-STAT in different tissues and
during the infection of Bacillus thuringiensis were analyzed by semi-quantitative PCR and quantitative real-time
PCR , respectively. The results showed that transcript of Lv-J4K and Lv-STAT was mainly detected in gill,
intestine and heart. The relative expressions of Lv-JAK and Lv-STAT were significantly up-regulated in gill tissues
at the middle and late stages of B. thuringiensis infection (24~72 h). In intestine, the relative expression of Lv-JAK
was significantly up-regulated at 6 and 24 h, while that of Lv-STAT was significantly up-regulated at 24 and 72 h.
These studies indicated that JAK and STAT participated in the innate immune response induced by B. thuringiensis
in L. vannamei. Understanding the expression profile of JAK and STAT in response to B. thuringiensis infection
will be helpful to study the function and regulatory mechanism of shrimp JAK/STAT signaling pathway in
response to bacterial infection.
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