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w1 2 2 2 L1
B#EK, %R, XN, THR, £X
1. WL A R A S HE R 2B, Wil S+l 316022;

2. T REF RS, Wi TUE 315211

WE: KR (Boleophthalmus pectinirostris)it=—Fh A2 15 75 1 [B] 47 A0 I Ve MEFIZL A0 PR EE WA R 5% P ng (.28, Hofe
JE ZR BRI /K 2B 2B 30 3R A R R T o Toll FESZAARIE I (FT AR TLR) & FE M S RPEML A, — BRI T
2R Z — o R TR 0 TLR Jk P2 75 D8] oAy LB AR 1) A4 0 P E36 7 7™ A 3 o7 R DA S TLR JE PRI AE
Z RN B a1 S R A, ASBIFGY IR B f e IR sk R4S T TLRS, TLRS F TLRY 5% )7 5| L) B2 TLR3
HTLR7 353 5, KT {5 B Rk 4 TLR5, TLRS Fl TLR9 KX 31 D) J S He /R 59 64T 1 204, IF
R TR Y R G K& B 5 A4S TLR S AT T 40 T 3E4b 30T, SR 26 B PCR Jy 6 KR i 5 4> TLR SE
HI AR AR AN R B IS 5 4> TLR JEIR B S I A =0T JR T FY - 45 SR R, TLRS FER 42K 3071 bp,
KN 2646 bp MISmASIX, Hh4mfis 882 MR FLMR; TLRS R 44K 3175 bp, AFE KK 3033 bp Wi X, ILgmid
1011 NEFEBR; TLRY K H 4K 3398 bp, Zif XK 3093 bp, H4mfD 1031 NE KM, KR M 3 4~ TLR N5
AR TLR FEPIGEF AL, FLAT 5 B O ST o R BT 25 SR 36 B, a2 TLR3, TLRS T TLRS J2: i BEARSFIW, Tl
TLR7 F TLRY e A it rpr =2 3 MRk T Ak A (v AR AU B SR B, SRy T 338 oy o 42 2% 22 725 1) T Al
s, Kk fh TLRY SEPR R R A T 38 B PR ik Ak . KR £ 5 4> TLR S AE 8 AMERRAL 2 (s, W), B, JIF, I, WL
W, WA R HP 38 33k, e IR E i) 3R a8 e 3 i o 75 %2 B B8 51 (Vibrio anguillarum)ﬁ(ﬁ}ﬁﬁ‘]ﬁi’ffi’%iji*ﬁ
B T KPR 5 A TLR ZEPIFE RN 41 i AR IR 3 T E 2R .

K KORIR M, Toll FESZAREERN, JFa4rHr; s F Ak dr; B8N, FEl R
FE DA S S92 kPR ERD: A XEHRS: 1005-8737-(2019)06—1049—-15

KA A SRR TR Y, ffifsfa
RERZRRRARR . PEgeit, AR R,
FLTA FIANTE (980 T LA ] 10°~10° CFU/mL!,
FREERCR ATk 3x10%~10° CFU/mL B4, S R4y R
Gt R 0 28 G 2 K AR IR o R AR 1R E I
S —iH R0, AR AR AR s AR v, a2t
ST BN SEE W B R SE . TR AT
R = TR Z RN, WFE & B 40 2 0 S0 08 By
A0 5N 5 AL HESh 2R R i 3 AR 1R ), il T
JE TR AP A1 T AARE 1) P B I R A T Y )2
P, HIE AR W5 bR 2 4 OG i A o Ot
BN, K i (Larimichthys crocea)C6 H R 7E X BT

#S B HA: 2019-04-02; &1T HHA: 2019-04-25.
ESWHE: BXAAF=ILLRIN E (31472279).

0T AR B AR N, I B S R
it 4% T AR

Toll #£5Z {4 (toll-like receptor, TLR)JHEA F= %
FEAE T AN -, S5 AR AH C 43155 (PAMPs)
FENRDNZ A, 02 TLR FIGEATE 6 MK,
HAH 27 A TLR HH, FFHid A HZ W) TLR HEH
IEHOE T LM, il Elshi(13 4~ TLR 3
POUY . TLR 437 & — Fif 5 22 0 455 530 331 A2 1
(PRR), F[RGIGFEEAIRRAE . IREH . IRZHE.
HUEE RNA FI¥EEHE % PAMPs, HE1in sh4i
MAE S B SE B, TLR JE N F o T 1E R4k
ESRARSE U sk, R R R HE S,

YEE R M (1993-), B, WA, J2%8 i 2 G B B 1Y v e 1 4 F AL F 5. B-mail: 852508538@qq.com
BEEE: Ak WA, BU%, 57 BT AW 550 74 9% E-mail: sg2610105@126.com
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BATHY TLR P Z5E A7 0 43R A0S o 72
Sl s — e 22 S0 AEARB s, RATHE
5% T K3k i (Boleophthalmus pectinirostris)i 5
A~ TLR N (TLR3, TLRS5, TLR7, TLR8 F1 TLR9Y),
IX 5 N3 PR R T R 2 G ) £ 2 TLR3
SFERREETRE Z XCHEZENEM, TR
B RO . 422 FRBA PR A Poly T: €201,
WPE B AT A R GE, TLR3 K 7E BE s X R fil
(letalurus punetaus)*™ . BE &t (Danio rerio)™ il
R i P S g op G LN Sk B s R
ik, fa2& TLRS 53 WL G RY TLRS(TLRSM)F 53
WAY TLRS(TLRSS)WiFh, TLRSM T4 A1 (Ople-
gnathus fasciatus)™, {6521 5tk (Salvelinus mal-
ma) PR BE 0 P78 e ch A Ay 3k TLRSS Jeta
KA B, (UAEM B (Miichthys miiuy)%5 /D528
g B2 2% TLR7, TLRS Rl TLRY J& T TLR7
WS NG, WE5E & BB ATTRE 8 TR 55 22 TG BH M 40
B, OB PO RR R Polyl: C Uk
JeRfan, HLWMPBAEF TLR7 M TLRS Y%
I g HEO S X SRR B AR DAL 5 Ao v
(Pelteobagrus fulvidraco)9 1> TLR &K )il 57 % B
TLR FEDNAE WA W8 7K =P i Je e rp bl 391 17 o 22
(g FE

Ky £ sR J& T UF 52 £ H (Gobiiformes), HFE
1 B (Gobiidae), K # ¥4 0 J& (Boleophthalmus)™,
ST A T R TRT 10380 [ 2 18 8 Y0 AR 218 b 45
WEPREE v A 28 o R T i 5 B 1 B SR A,
A 8 PR TF AR, KR L i 1E TS
T A b 2 F S H AR 22 SO T0A= ) i ARG 2R 5 v
R AR /D SR e 7™ o %) 40 T MR s, 3 B RS R
A s R G052 B AEAF 8 TR 1+ kPO,
THAFPIR A A7 I8, S W5 0 2R L5
NAE SRR, You ZECTHIESRBESE TR
AL . BT TLR SEHAESMRA A AR A&
ZAEH, ARWRIGE T 5 A6 iR 5] 68 I E 1Y
TLR 3EFM, I 5 A TLR FERHET KR
TLR 5 R 75 PR Sk WA AV B 55 52 i 7 A 3 oy M 14k,
I HAFE T EATHESZ 2] 68 IR IR L J5 1) B e o 285
B, DX 2 e R e Ml TLR KL Kk k
SRS — E DTk

1 MEEFE

1.1 TLR5, TLR8#0 TLRO F 54 #f

IS B R B R 0 R K B SR 4R v O 3 )
TLRS. TLR8 F1 TLRY P[5 75118, Fil
DNAman # 3 /> TLR 5 [H B3 LR 7 515 i
P BT B0 0 2 LR 7 91 7F Simple Modular Archi-
tecture Reach Tool (SMART)(http://smart.embl-
heidelberg.de/) ] TLRS, TLRS £ TLRO % 3R

J¥ 5 245 #9358, Al EXPASY (http://web.expasy.
org/protparam/) AT TLR3 B4 1 UL MBS pl {H;
i3t MatGAT2.01%V3 47 3 4~ TLR $E K 5 HAb 4
Fofr 28 L IR 0 AR UM RN — S0P, AR SO H At 4 Ao
B9 & LR ¥ 51 £ NCBI(https://www.ncbi.nlm.nih.
gov/nucleotide/) K R I, FIH] MEGA 5.1
FEFP A HoXS DA KA i R N RGER B .
1.2 HMERZEXENASTHASHT

FIF MrBayes!* i R 455 & HW, AR5
PAMLU Vi 4 40 ik 47 43 T aE b 40 A, R a2k
TLR J: A HEAL TR PAML A5 = KM, 3
SR AR A AS AR AR AR R 7 e A
A, HE R SO IR UG (AN) 5 [A] SR H 2 (dS)
PR Z L (AN/S, TN o ()2 W bRiE
W w>1, MYCHZIER A FIEERERAE; R
o<1, WA RZFER AL T REERE; 1R o=,
RPN TR s Bk, fik
BRI HE = X FA 7, B MO Fi1 M3, Mla il M2a,
M7 F1 M8, 45— %t (MO-M3) TR 57 15 (F 5 1)
Z B B AEAE AL S Bk, O3 A6 P X (M 1a-M2a
H1 M7-M8)H T TLR J PR v ) 1E S 4647 45,
SR 5 18 DL i3 (BEB) J7 ¥ Al 11402 A5 Y )5 36
BERPPYE SN o H, RA PP>0.95 {5
BN BA B EVE . HOR, A SRR T
O I S S A A T R A A AR TR RR 07 25 o R
PSR RIAL S — X AR, RV A A 07 s
Y R AR XTI A A B A
1.3 HEEEEN SEHE

KBRS AR [ WL =TT R MG, 7R S0
TSP o BEALPEBE f Bl B AR SR ICH 1y 52
10 180 BB, BT 6 1 65 L ST, A 30 .
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JRIE WA RIRUR . TLR 3 X 731 A7 S HEAE 88 IR W8 I 1) 2238 70 A 1051

25 1 2% 1) SCHR VI 0 AT T S 06 Al A O S A 82 50
PN 13107 CFU/mL, #5845 B 4~41:
X B 2H RN i I TR R Y A, T A g Ol IR O A
200 pL F 0.9%4: BEER K Fvk B 1x107 CFU/mL
#8258 (Vibrio anguillarum) ) W . 1E L 50 J5
Oh, 6h, 12h, 24h, 36h, 48h, 72 h, MAEEEL
BEMLPEIE 3 456, FH MS-222 BRIEEH-TE VK EALSE,
il T AT I 55 MALINE, 5 Ab, TR IR T b g
RS, WU, M. B . M. KR
AL, FTRE R AR TR, TR T80 C H &
RNA #2581

1.4 5 RNA $2EF cDNA &

KV URFE S T 213K 3 (IKA, GER)2IHK, SR)5
fil RNAiso Reagent {7 & (Takara, H A%)$iH8
YU I RNA JFE##1E DEPC AbZH i Y 7K
i, B 5 {4 F NanoDrop 2000 43566 & 11 (Nano-
Drop Technologies, USA)ill & Fr#2HUfY) RNA 7E
260 nm FI 280 nm &b L BE A A E 3 B RNA
AUV BE, JF BT 1%350 N W B J5e Hh Dk ok A A
SeEE, i FHHH 5 gDNA Eraser (Transgen, H1[E)
() PrimeScript "R &, e MEBERT AU,
I pg &k RNA MR & L6 cDNA. BT S

¥ —X Wi 617, SRIGR T A B cDNA il
—20°CH Ao
1.5 SERTSEEEE PCR

IS0 3 R A 0 J IR S 2 PO e O e 5 3
TLR5 . TLRS F1 TLRY9 3£ 5751, LI
TLR3(ZWA5 X 2445 bp)Fll TLR7(Zaf5 X 1992 bp)
MR 53 P A, 50 FEE PE BT AR 139 TLR3, TLRS,
TLR7, TLR8 F TLRY JER AT HLXE, TAH > 5E
G—50 FIFHFFTRER 5 4 TLR 3K %835
YT s, PR TR TR () By
BIRAFEIME, 25l Xt 2 5 & 3 53845 7 51 5¢
S8, AR IR BT 5 T2 2 & PCR 5]
Yy, AR A5 H Primer Premier 614435
1+(Z 1) FIH Tag™ DNA %4 Bi(Transgen, 1)
TE2¢ G RE 5 PCR Y (Eppendorf, f& &) 4752 A} 2¢
e & PCR(qPCR) S (20 uL), SEAF5 6 E &
PCR WA Z: 10 pL GoTaq MqPCR Master ik
W, 0.4 uL 9 cDNA, 0.4 pL FiE51%, 0.4 pL F i
519, 8.8 uL 1Y ddH,0. %6 5E B PCR B F
T:95C 5 min, 95°C 205, 60C 255, 72°C 25 s,
H B-actin FERVE NS HELN, FH 2747 Jrppl
THE L AT 3k

x=1 ASKWARAARSIY
Tab.1 PCR primers used in the study

GIE B S Em5IY(5-3") K514 (3'-5") Hik
primer name forward primer reverse primer usage
TLR3-1 GATTCTGAAGACTGGTGACT ATGACAATGGTGCTGCTTAAG B84IE verification
TLR3-2 ACGCCACTATCCTACTTCAAC CCAGAGCAATAAGCAGGTTC BIE verification
TLR5-1 CCTGTCTTGCCATCCTACAC CACCTAACTGCTCCAATCTA BHIE verification
TLR5-2 CAGATACCACAGAACAATAGC CAGATAGCGTCACGGATGTTG BHIE verification
TLR7-1 GTTCCCACAGCCTTGGATAA ACTGTGCCAGATGTGCTGTC I verification
TLR7-2 CTGCGTCTCCATAGCAACTC CTAACCTCTCCAGCGATTCAC B84 verification
TLRS-1 TGCTCCGTATTCTTGTGTTC ATTGTGGCTGATGATTAGGTG B84IE verification
TLRS-2 TGCGCATTACTTTGAAGCAG ATATGGGTCTGTGGCGTCAT BHIE verification
TLRY-1 ACCATGCTTTCCTTGTCCAG GCAAACAGCATTCTCCATCC BHIE verification
TLRY-2 AATTATTCCCAGCCCCATTC CAGAACAGACCTCCTGCACA BHIE verification
TLR3 GCCACATGAGCCTCAGTGAGATTC TGATGGTCGATCCGCACTAGCC qRT-PCR
TLRS GCGGTGCCTGTCTTGCCATC ACTGTGCCAGGTCCTGTAGTGAG qRT-PCR
TLR7 GGCAACAGCAGCGAGGTGAC GGTTGGTGGTCTCTTGTGGTATG qRT-PCR
TLRS ACAGCTCTCTGCACTCACCT CCTGGAAACCAATCCCGCTC qRT-PCR
TLRY CAGAACAGACCTCCTGCACAGTC GTACTAGTGCTGCTGGACGACATG qRT-PCR
p-actin GAGCGTGGCTACTCTTTCA GGAGGCAGCAGTGTTCAT qRT-PCR
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fdi ] SPSS Statistics 19 #fF#E17 qPCR %3
ST o AR BRI RN B R 2 . iE AT T
Z 5P HT(ANOVA), SR T 2 E L, LIRS
Qb PR B A 2 25 S o R ST REAS T K558 70 #r
g A s [F0) 50T FE 2L 0 083 B JE g 2 = ) P A X
R E 225, WAt PR Ty 22 0 Bk o i Bl
ol g I PR SRR G 21 N BT A B T s 2 ] i 25 5

2 HRE5SW

2.1 TLR5, TLR8 #l TLRO F 3l 4 #f

Kk TLRS B H 4K 3071 bp, HIGKE
A 2646 bp BIZRISIX, 235 bp B9 5-AF AL X AN
190 bp /Y 3RS IX, Hagmtth 882 P2, H
sy FHCh 1002 kD, P pl b 5.33, Kifikfa
TLRS A4 —MRE = XL, 10 4~ LRR 4543,
2/~ LRR_TYP Z5#938, —4> LRR_CT &5k, —
AN B L5 A S AN — > TIR Z5F38(J& 1), Kaiigfa
TLRS F#:H 414 3175 bp, 45K A 3033 bp 4
51X, 80 bp 14 5'-AE 4 i X 1 62 bp (1) 3"-FE G X,
g% 1011 DRI, HorFih 117.2 kD, #
W pI{EH 6.91, H TLRS f14F 12 /4~ LRR 45143,
—/~LRR_TYP #5435, —/>LRR_CT Z5tgkk, —
A5 25 A 3 N — > TIR Z5 R (J& 1), Kafig fa
TLRY 3K 41K 3398 bp, 5K & K 3093 bp 1%
B1X, 64 bp 1Y 5'-AE gt X 1 241 bp (1) 3"-AE S
X, 4% 1031 NEEER, HorF i MME pl 5
53908 118.2 kD il 7.50, KBy TLRY (145 13
A~ LRR %53, 2 4~ LRR_TYP Zifgll, —4
LRR_CT Z5#h5, —A85 RSG5 A S — 4> TIR 45
k(A 1), K3k TLRS MR F 5] 5EE
W fr B AR R N — Sk A, H TLRS &L T
G 5 fa | 4 88 0 B AR D ME R — Sk B,
TLRO Z LR )T 51 5 KB fa i £ (0 AR UM Fn— 2
PR R (R 2)0 NI BPEE SRR M09 3 4~ TLR 56
KRR, HEWILIYRE R, 3 D RR
fa TLR BN FAZE TLR 404 b, HHS5HIEHMA
FE AR B Rl (] 2),
22 REABEW

KTHE S A TLR HEMRZE LT RR, N

O HEBCHE R P AR IO R 1 TLR3 BRI (XM
020931412. 1)1 TLR7 J£H (XM _020939129.1)5E

SR TLRS . TLRS . TLRO — & 8 R 5 & FHY,
55 AN A FEHHE i R 3 59 A TLR FE[H, f45
32 M2 TLR B 27 AEfaZE TLR £ 4, H
th = PR T8 (Portunus trituberculatus)TLR3 F1 H

A G XFUF (Penaeus japonicus)TLR3 VERHMNEE, F]
DU gk 5 A KR TLR L5 59 4~
TLR 3R — A # R G A E W TLR3, TLRS, TLR7,
TLRS F1 TLR9 H:[H 5 E AT 1 & [FIE 43 5
E—i, RS R4, B S A TLR LN, B4
TLR FER A hfads TLR R E—E, RIFH
HAEMAM TLR BN RAE—iL . Mg LR a]
TLR7 &5 TLRS ARk, RIFni5
TLRY #HFN TLR5 HHR A —i, 55 TLR3 HE
TE—E (& 3),

23 SFHUESW

FIH 5 ARt TLR JE K5 HAb Y AR R
) TLR 3L 735 ¥ g kA, 7€ PAML R F A7
MR . S5 RERW, 7EM2E TLR3, TLRS Fi
TLRS s R kAL i 7EfaZs TLR7 J
PRI H Gz 0 28] 5 A 1 e £507 51 (647Q, 6918); 1Efh
5 TLRY9 FEPR v M 2] — A 1F 2 £ 07 55 (516A)
(# 3),

BEAN, ) E A A 7 A AR B ke BiF 5% R 3 R
a5 A TLR HEH, 25 R R, KR TLR3 F
TLRS JEWA KL IEIE AL Mifa2E TLRS
(1 e ] #H ek A AE A 2E A7 A5 (109D, 267K),
TEAE 0 28 A e A B AF 7E — A7 2 (2608); TE
TLR7 1 AE fa 2 tH Je B b A il 8 7 — A7 o5
(15W); fele, TERMIRMN TLRY HAEM T 3 4~
1E B B0V 45 (76P, 596A F1 603E), Ff H 7F 135
TLRY 1y AH Jes bt 4G I 21 — > #4467 55 (1078,
2938, 4718)(F 4),

24 EBRALGSTFH TILREENREE

Q3,95 Sy NI R (NS00 7N E SN = S | 1 I
WLIAL . LR R e ok A 7 R, 45 2R R A, 5 1
TLR 5 FIAE I A7 Rl ) fit B A 2 5 ik . 5
A TLR BEPR7E JF I 0 LI o B B B v i 23k K
-, $ESSE TLR3, TLRS A1 TLR7. %4, Kk
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Tab. 2 Similarities and identities of 3 TLR amino acid sequences between Boleophthalmus pectinirostris and other species

FEH gene P Fh species LT 44 scientific name AHALE/% similarity — /% identity

TLRS KRR Boleophthalmus pectinirostris - -
PNLEES Salmo salar 69.2 49.2
AE AL i Salvelinus malma 69.5 49.4
il Cyprinus carpio 63.5 41.0
il Carassius auratus 63.2 42.5
Kt Larimichthys crocea 71.2 54.2
HE MR A Notothenia coriiceps 73.9 55.3
<IN Homo sapiens 61.1 40.3
[y Pan paniscus 61.2 40.4

TLRS Kipigfa Boleophthalmus pectinirostris - -
pNLRES i Salmo salar 69.9 51.4
b 21 55 e Salvelinus alpinus 70.1 51.4
il Cyprinus carpio 67.9 473
BEL Danio rerio 52.0 32.7
G Efn Trachinotus ovatus 72.9 58.8
fift Miichthys miiuy 73.3 57.7
E=UN Homo sapiens 58.9 40.5
(333 Pan paniscus 60.0 41.1

TLR9 Kifgfa Boleophthalmus pectinirostris - -
pNLREE Salmo salar 69.2 49.2
i AN Salvelinus malma 69.5 49.4
il Cyprinus carpio 63.5 41.0
il Carassius auratus 63.2 42.5
N ] Larimichthys crocea 71.2 54.2
LN L& Notothenia coriiceps 73.9 55.3
(SN Homo sapiens 61.1 40.3
(33 Pan paniscus 61.2 36.4

TLRY WyFikfe, b TLRS HyZeik EEHRF X 42 55
(% 4),
25 SATLRERERLAFENRENEZER
AR H A 2= R RIRE v 0 5 4> TLR A AE
JF R TR fi Rk B A R, BFLARRIN T 5 A4
TLR i PRI7E JE U A1 187 S JFF ik AR B m 1 £ 928 1 25
B, LEFE T, 5 4 TLR SLPRTEXS BR2H vh 408 i
FEZEF(P>0.05); MBI IRYL S, TLR3 &Kik
HAE 36 h i FH NIk Bl e g, —E 3 72 h &R
BEETXEA . HAPIA TLR 3R, 487 6 h
(R 1k i S 1T, (H& TLRS —E % 24 h &R
FRtE— MR KT, Bl REZEIEH K, TLR7 4y
AFE 6 h Al 24 h & TXRAL; TLRS F1 TLR9
#BTE 12 /NEHIE TR, [HJE TLRS [ % IEH# K,
1M TLRY & E AL EIEH /K LUT (B 5). 7EE
W, 54 TLR FE PR 7E X} R4 Hh () 235 K B A I8

FAR(P>0.05); TEEEYL4H, TLRS/E 6 h 112 h .35
T, SRIGTE 24 h SRR, 7E 36 h 5 FRRIE N4
FREE K, TLR3 5 TLRS FikHaH AR, (H2
SRR/ MEZ TLR7 fE 24 h it B2 FTF, #1136 h
2R Th0E, RS 0EA TR, TLRS Il TLRY {NUAE
36 h BT, I H s FEAL 2 BAKT-(E 6).
3 iTig
3.1 TLR5, TLR8 # TLRO F 34 #f

WFFR 2B, KES> TLR FEH S5 3 5B
43 LRR Z5H 3R, B5BEAEH A TIR 25 F 41447,
LRR 2580 e T TLR 2P i S e 1),
LRR 25448 2 1R )0 SR 4 0 1 O e 25 4 1401
TIR HA m R, BER RS T iE S
O PR A A S B R AT — R B B A R
PE 7PV e KR B JEAR . A BETE
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100 [ KRPEGHEEE Salmo salar (XM_014144610.1)

52 L #6261 8k Salvelinus malma (MG490980.1)

100 A Cyprinus carpio (KC347572.1)
L 8 Carassius auratus (KX759644.1)

|j(§$‘{‘,%ﬁ Boleophthalmus pectinirostris |

99
100

K# 4 Larimichthys crocea (XM_010741268.2)
H Rk Notothenia coriiceps (XM_010781754.1)

& A\ Homo sapiens (NM_003268.5)

—

0.1 TLRS

1001 4% BIRE Pan paniscus (XM_014144610.1)

fit5 Miichthys miiuy (KR709251.1)

484 Trachinotus ovatus (KU975047.1)
44—100:
99

Ij:?i“/@ﬁ Boleophthalmus pectinirostris |

91 KPS Salmo salar (NM_001161693.1)
41()()':1&*&&&% Salvelinus alpinus (XM_023981108.2)
#8481 Cyprinus carpio (MH459392.1)
1 & N\ Homo sapiens (NM_138636.5)

100 & IRIR Pan paniscus (XM_008973908.2)

—_
0.1 TLRS
K# 4 Larimichthys crocea (EU655704.1)
0L g Miichthys miiuy (KR709252.1)
68 K34 Boleophthalmus pectinirostris_|
93 — KPGRE Salmo salar (NM_001123653.1)

100 — Pk Coregonus maraena (LN610597.1)

—:ﬁﬁﬁ Cyprinus carpio (GU809229.1)
100 BEL 4 Danio rerio (NM_001130594.1)

r & A Homo sapiens (NM_017442.3)

N |
0.1

TLR9

100 | B0 Pan paniscus (AB445675.1)

2 #F TLRS, TLRS il TLRO 23R ¥ 54 E 1Y NI R4 % & W
Fig. 2 Phylogenetic tree of TLRS, TLR8 and TLR9 amino acid sequences

KRR N R A1 SV SR AL b 3R AR T oK BRI M
TLR5, TLRS 1 TLRY 3£[H ) cDNA ¥4I, JfitfT
FEHIRAIE . KRk 3 4~ TLR 3 HHA AL
f) LRR 454435, 1 LRR_CT. BHEIX I TIR 4544
RO R, H gk A A 5 B S 2SR Y
TLRS . TLRS Fl TLRY MNP, G I MR 591 Hu it L
KNI RGERAEMFH MR E 34 TLR 3EH 5
Aty o A L 1) 23 R Y 4 5L A A v T R L
PR AT DA, AR fa 3 4> TLR AR HE ST
(1, X5 TLR 3R A B RSPk s — 2,
32 SO TLRERHMRSZELZEW

0 2 A7 7 (7] 1 L 30 4 K Xk IO g [ 93 PR 4
AW, RIS 5 A TLR M 5H
s HES 4 TLR3 . TLR5 . TLR7 . TLRS F1 TLRY

EHEWERGE K FR, 458 FKWE TLR7. TLRS
TLRY MR FFEIERERE—E, R5H55
TLR5 #AF TLR3 HR G —E, 4R 56 M)
W) TLR LR Bt Ak 43 A — 25 AR E A A T
TLR3 25— SR B R FRA, ERE
A A TR0 8 22 G 9 Tt M LA 0 A b e 14 R
% RNAPHI Poly I CP%, 4335 TLR5 205 HAb4H
S FF, TLRS J0F ] R0 4 ¥ B, 405 ¥ i 40
W ER AWK, ©RmERTN, JLFERA
Mo ah (A R ER AT, WSS & B TLRS 43 T4
T ZEm!", FH, TLRS KR W] A2 3| T £ 3
Bk ¥RIE )1, Bedm, TLR7 WRIES R KB
B, TLR7 W% %3 R 32 LR 000 2% [ BH MR S B
B, MTFAM IR H, T A
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ZPetRTE Portunus trituberculatus TLR3 (KR528474.1)

H AZEXTHF Marsupenaeus japonicus TLR3 (MF360946.1)

FEHfE Coregonus maraena TLR3 (LN610592.1)

KPGEE#E Salmo salar TLR3 (XM_014195261.1)

K%k Boleophthalmus pectinirostris TLR3 |(XM_020931412.1)
HZ4E85 Lateolabrax japonicus TLR3 (KY883371.1)

100

8 Miichthys miiuy TLR3 (KR709247.1)

—EOO BELy 4 Danio rerio TLR3 (NM_001013269.3)
AR Ictalurus punctatus TLR3 (NM_001200068.2)

—T100 %3LW8 Anas platyrhynchos TLR3 (XM_005008981.3)
ZX Gallus gallus TLR3 (NM_001011691.3)

100

97

10 INZ B Mus musculus TLR3 (NM_126166.5)
1 1 2 N\ Homo sapiens TLR3 (NM_003265.2)
00 ¢& SR Pan paniscus TLR3 (NM_001279234.1)

100 |j(5’$?/%ﬁ Boleophthalmus pectinirostris TLRS |
100 50285 Anabas testudineus TLR5 (XM_026341952.1)
K54 Larimichthys crocea TLR5 (XM_010741268.2)

MitRES £ Notothenia coriiceps TLRS5 (XM_010781754.1)
EFL# Pavo cristatus TLR5 (KU220027.1)
FW Gallus gallus TLRS (NM_001024586.1)
100 B JEXY Gallus lafayetii TLRS (F1915530.1)
Too W® Tupaia chinensis TLRS (XM_006171975.2)

& N Homo sapiens TLR5 (NM_003268.5)

P T Xenopus tropicalis TLRS (NM_001078891.1)
—100
& 1&g Nanorana parkeri TLR5 (XM_018573240.1)

1 T A Coregonus maraena TLR7 (LN610595.1)
@100 KPUPEEE Salmo salar TLR7 (XM_014174491.1)

100

100

100

100 W84 Oncorhynchus mykiss TLR7 (LN610595.1)
[ K5%: 1 Boleophthalmus pectinirostris TLR7 | (XM_020939129.1)
4@ AW E B Cynoglossus semilaevis TLR7 (XM_008328550.3)

01%0 BUIAEES Trachinotus ovatus TLR7 (KU975046.1)
KZE6F Scophthalmus maximus TLR7 (KU746964.1)

fi#% Dromaius novaehollandiae TLR7 (XM_026116653.1)
W00 @444 Manacus vitellinus TLR7 (XM_018083993.1)
J&4E Falco cherrug TLR7 (XM_005434509.1)

100 16 gyl 88 Pygoscelis adeliae TLR7 (XM_009318873.1)
2 N\ Homo sapiens TLR7 (NM_016562.3)
100 S Bos taurus TLR7 (NM._001033761.1)
100 wpss Sus scrofa TLR7 (NM_001097434.1)
BEASURMA Ictalurus punctatus TLRS (HQ677719.1)

100

1 KPGPEEE Salmo salar TLRS (NM_001161693.1)
100 kg 21 5 8sf Salvelinus alpinus TLRS (XM_023981108.2)
10 100 [ K#% 4 Boleophthalmus pectinirostris TLRS]
100 A Miichthys miiuy TLRS (KR709251.1)
100 KZE6E Scophthalmus maximus TLRS (KX708702.1)
¥ Paralichthys olivaceus TLRS (KT803488.1)
100 %4 N\ Homo sapiens TLR8 (NM_138636.5)
100 P85 Alligator sinensis TLRS (XM_025202523.1)
100 K EEWIEE Alligator mississippiensis TLRS (XM_019494973.1)

Too Pty Xenopus tropicalis TLRS (XM_002933813.1)
T L& I Nanorana parkeri TLR8 (XM_018566074.1)

KV HA: Salmo salar TLR9 (NM_001123653.1)

1 [X3%: 68 Boleophthalmus pectinirostris TLRY |

100

4 Miichthys miiuy TLR9 (KR709252.1)

KEEHE Scophthalmus maximus TLR9 (KU746969.1)

¥ EH Seriola lalandi TLR9 (KR364001.2)

100 BEA SUBMH Ictalurus punctatus TLR9 (XM_017468308.1)

100
100

& 3

100

0 8 Cyprinus carpio TLR9 (XM_019087490.1)
00 B Carassius carassius TLR9 (KC816577.1)

100 BE Lyt Danio rerio TLR9 (NM_001130594.1)
L
1 44 Carassius auratus TLR9 (XM_026270649.1)

100 W8 Tupaia chinensis TLR9 (XM_014584513.1)
& % N\ Homo sapiens TLR9 (NM_017442.3)

00 1t Bos indicus TLR9 (XM_019984854.1)

5 ANEHESIY) TLR 3L (TLR3, TLRS, TLR7, TLRS Fll TLRO)WI R S5 k&

JERML R BRTELE .

Fig. 3 The reconstructed Bayesian phylogeny of 5 vertebrate TLR genes (TLR3, TLRS5, TLR7, TLR8 and TLR9)
The posterior probabilities were shown after the lines, respectively.
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Tab.3 The results of site models on the five TLR genes

A model  Z¥¥H np ~InL Tﬁ:’ﬂ@ﬂﬁ' LRT P Ei,ifé&fﬁ
model comparison positive sites
TLR3
MO 31 28528
Mla 32 28003
M2a 34 28003 M2a, Mla 0.0 1.0 FKifid not allowed
M3 35 27712 M3, MO 1633.430 0.0 JC none
M7 32 27709
M8 34 27708 M8, M7 0.810 0.52 Fi# it not allowed
TLR5
MO 25 24439
Mla 26 23981
M2a 28 23981 M2a, Mla 0.0 1.0 i it not allowed
M3 29 23786 M3, MO 1304.901 0.0 JC none
M7 26 23788
M3 28 23787 M8, M7 1.627 0.32 F il it not allowed
TLR7
MO 27 25865
Mla 28 25295
M2a 30 25295 M2a, Mla 0.0 1.0 i i3 not allowed
M3 31 25088 M3, MO 1553.093 0.0 JC none
M7 28 25086
M8 30 25077 M8, M7 17.663 8.7E-5 647Q 691S
TLR8
MO 23 28718
Mla 24 27865
M2a 26 27865 M2a, Mla 0.0 1.0 i i3 not allowed
M3 27 27678 M3, MO 2091.908 0.0 JG none
M7 24 27672
M8 26 27671 M8, M7 1.639 0.32 A 47 not allowed
TLR9
MO 33 25252
Mla 34 25706
M2a 36 25706 M2a, Mla 0.0 1.0 3 3 not allowed
M3 37 24455 M3, MO 1593.950 0.0 JG none
M7 34 24446
M8 36 24437 M8, M7 18.219 6.6E-5 516A

PRI VER, TLR7 W52 2N WA R I e TLRS
WK
33 SFHUESH

P SRR LR I, fE ) TLR3. TLRS
M TLRS ThEA K BN #4007 i, 13X 5 ZH
2 TLR3 F TLRS (45 5 — 50100 i — B4 AT LA
i, ERMEALRE T, BRI A XK
SRR TLR3 . TLRS Fl TLRS 7= E k4% 11,
SR, A5 TLR7 hZ BT MA AL 21 (647Q,

691S), £ TLR9 1 &I T —1~(516A), 647Q fii T
LRR(621~653) 45k, Z 453k B35 59
PRI NS DR b2 X T BT B AL e L 3R
P EE AR S, P T 3 AN [ (Y e A4 11O
HRAEEAREN R M FET 691S IR A5
B 77, %A S AT TLR7 43T LRRcap (643~
660)2E 43k, S16A £ T TLRY 43+ T-AY LytTR (469~
S6)ZE M, XA DI RR IR NG A, 7
B — Rk I TR 2R TP TR )
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Tab. 4 The results branch-site models on the five TLR genes
H# model SEHnp Il BERBCXS LRT P R AL
model comparison positive site

TLR3
1. Z-Kifiikt Null-B. pectinirostris 34 28002 1,2 2.40 0.061 JC none
2. - KEIRAL B. pectinirostris 33 28003
3. E-#12% Null-fish 34 27997 3,4 6.73 0.0047 G none
4. t%-fa2% Fish 33 28001
5. Z-JE 45 Null-not fish 34 28003 5,6 1.36 0.12 K18 1d not allowed
6. -k Not fish 33 28004
TLR5
1. Z-KP% 0 Null-B. pectinirostris 28 23978 1,2 2.56 0.055 JG none
2. - Kok B. pectinirostris 27 23979
3. E-f12% Null-fish 28 23981 3,4 4.01 0.023 109D 267K
4. #-t42% Fish 27 23979
5. Z-JE 4% Null-not fish 28 23975 5,6 9.25 0.0012 2608
6. #-JE162% Not fish 27 23979
TLR7
1. F-K#sM Null-B. pectinirostris 30 25289 1,2 5.52 0.0091 G none
2. - KEfiR B. pectinirostris 29 25292
3. &2 Null-fish 30 25289 3,4 10.57 5.75E-4  15W
4. #%-f12% Fish 29 25294
5. F&-3E #4124 Null-not fish 30 23981 5,6 2628.36 0.0 J& none
6. #-JE462% Not fish 29 25295
TLR8
1. F-K#sM Null-B. pectinirostris 26 27859 1,2 7.38 0.0033 G none
2. %- R B. pectinirostris 25 27863
3. &2 Null-fish 26 27865 3,4 1.75 0.93 JG none
4. #%-f12% Fish 25 27864
5. E-3E#12% Null-not fish 26 27865 5,6 1.8E-5 0.50 7 none
6. %-3E 134 Not fish 25 27865
TLR9
1. F- K3 Null-B. pectinirostris 36 24678 1,2 16.12 3.0E-5  76P 596A 603E
2. %- R B. pectinirostris 35 24686
3. &-fti2% Null-fish 36 24686 3,4 11.89 2.82E-4  107S 293S 4718
4. f-fa2% Fish 35 24692
5. Z-JE 4125 Null-not fish 36 24706 5,6 0.0 1.0 i 11 not allowed
6. #5-JE 2% Not fish 35 24706

g, MfskUl, 25 TLR7 A1 TLRY KKK 1 3&
HAREZBNARC &8 T — & i ik
fift AR 7 SSBE R A, FRATE B TLRS
TEA I BP A WA AL 5 (109D FT 267K),
TEAR S B A — A 60 52(2608), X R
TLRS B2 T WIRIEEHE 55— IESE#E LR
FE ISR AL [ SR b, X T B 5 fa 2Rk ik
T T BLE N N 2% 2 AR IR B G B IR
ji%jpﬁiiﬁﬁz’é:z&bﬂ@ﬁ*ﬁ%mwmf‘aﬁi, X

AT BESE FH T MK AR PR ) i 2 PR B % A8 1 R v Y
W R ERN) . fEZE TLR7 ek R T
— AL (15W), B TLR7 7E fa 25 Rk
e T —IRIEESE, XRS5 mAm i RL %
(7K A PR3 W R A O . B, TR TLRY 47
TR RT3 AL (T6P, 596A F1 603E), 7E
Kufiyp s TLRY ARzl T 3 A &
(107S, 293S Fl 471S), HRHEIZEE A AT L) K5
Ut TLRY WIREZL T WK IEIERE . 5 —WIEBE
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on 3.0

S % TLR3 2 e TLRS 8 5[ p=3;msD TLR7
Hosl n=3; x+SD é 35l n=3; xtSD S n=3;
o2 S0
[« Gy °
f’ﬂj}g_gz.o Egz.g %.515
®Z15 & E 21 &2
= & g & S E10
§ 510 <k 14 ¥
= g £ 05
g 0.5 E 0.7 ~€ .
— < —
50 T 0 g 9

1.0

o
W

TLR8F R &
relative expression of TLR8
TLROFA R
relative expression of TLR9
W

(=]

1 2 3 4 5 7 38
K4 KRyigfamy 8 NHLAG, IR, B, I, W, ULA, BRI R 5 4 TLR JE 1 2Rk K
1. Bpid; 2. BR; 3. BFAE; 40 JFE; 5. Ml 6. WLIA; 7. BGURE; 8. Btk

Fig. 4 The relative expression levels of 5 7LR genes in the 8 tissues
(intestinal, eye, kidney, liver, brain, muscle, dpleen and skin) of Boleophthalmus pectinirostris
1. intestinal; 2. eye; 3. kidney; 4. liver; 5. brain; 6. muscle; 7. spleen; 8. skin

[ XIBR4H control 22 4BYRHEH Vibrio anguillarum

%3.5 b n=3; x+SD ¢ TLR3 '%25 _n=3; )?:tS]E TLRS5 §30 | n=3; x+SD TLR7
S30t s b ¥ She
(=} [=) *
552 -k -
207 K% é |
& a5t = & %
S SR .
o 1. [ /
2 > /
£05 B Z
2 2 7 ,
0 6 12 24 36 48 72 0 6 12 24 36 48 72
B} 1] /h time fi}[E]/h time Fi} [E]/h time
2 7} n=3; x+SD TLR8 2 S| n=3; x+SD TLR9
~ ~
N 6 = b
o b ) 41 *
I g 5 % iz o
9.8, X 8
| K
R % R %
g 92| 25
o [
21 =
S g
2 oA ' ' E 7 il 72| 7
0 6 12 24 36 48 72 0 6 12 24 36 48 72
At [Al/h time B [E]/h time

&5 SRy YL S IFE D 5 > TLR JE R R RB K-
AR BR L NS 6 41 22 i) A 8 1 2 57 (P<0.05), **AQ R Mt 3 22 5 (P<0.01). AN [l B ] 15 22 18] 14 2 53 FH/IN G b e
Fig. 5 The relative expression levels of 5 TLR genes in liver after Vibrio anguillarum injection
* represented the significant difference (P<0.05) between the control group and experimental group; ** represented the extremely
significant difference (P<0.01). The differences among different time points were shown by lowercase letters

PERTRE A AR A 2R p AL s, isE kRl RE g, MR RIR IR AR T IEERE, Hop,
Je M T RIIRMA N VBN 2 2R P dAEE MR T fom A IE e R, XAl BB Ak
A CaE R AT B, BHESAL BRI B R A e, Ak, KR
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1 X+ 4 control

222 #8398 E 4 Vibrio anguillarum

o be) — d N =3 - €
& 9r n=3;xSD TLRS & 9| n=3;xSD TLR7
S 20 S 8t T S8t i
Gy 7 G 7t
o g S o
Bels 9E ¢ DE |
F g7 25y
®éo el gl
x & & )
S =5 3F =SE 37
N Q ~ 0 =
2 05 227 S2r
£ g1 1
s 07 A 7| 80 20
0 6 12 24 36 48 T2 0 6 12 24 36 48 72
B} A]/h time B} 1] /h time Bif 18] /h time
25} =3, %SD b 1rR8 | n=3;7SD +  TLRY

o — —_ N
W S W (=]
T T

TLRSF =
relative expression of TLR8

(=]

0 6

12 24 36 48
fi B /h time

TLRYZE R E
[ 8] w S W

relative expression of 7LR9

—_

(=

K6 YRR S AL 5 4> TLR JEH 1) FRBKF
QX IR 20 0 S 0 2H =2 ] f) i 35 1 25 57 (P<0.05), UMK 35 22 5 (P<0.01) . AN [RIBT ] f1 2Z [A] ) 22 S5 /N B -8Bk 3R
Fig. 6 The relative expression levels of 5 7LR genes in spleen after Vibrio anguillarum injection
* represented the significant difference (P<0.05) between the control group and experimental group, ** represented the extremely
significant difference (P<0.01). The differences among different time points were shown by lowercase letters

N TR R S PN EREE, e TLR9 HEPH ]
RE= A2 T3k W PR IE AL, A BRI i E A i 5 4
HE T B UEYE SRR
3.4 SEIEIEHE S TLR BRI RENEER
B DN TR & — P e T | S Boam 2 i 0% i g
AP 22 (R RN, T Hm RO R MRS TR
P2 T KSR A = AR, AR 2R
R, ARG T 5 AR £ JHE A AL
TLR HE[AITE 32 3] 88 5 i W0k J5 1 e Rk A=
B NA T 5, KRR R RIAE 5 4> TLR %
RI(TLR3, TLRS5, TLR7, TLRS8 F1 TLR9)H & 45 %
T, R SRR IR RS BT E TR
[ R TLRS, TLR7, TLR8 F TLRY WA a5
JFREARAL, 5B hnf5 b, X g ) 5 B i
TLR &R 1E W /K S MM E (deromonas  hydrophila)
SR s EA R, gesh, AT TLR3
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Molecular evolution analysis of 5 TLR genes in the great blue-spotted
mudskipper (Boleophthalmus pectinirostris) and the immune response
patterns after Vibrio anguillarum infection

ZHOU Jianbo', MENG Fanxing®, LI Ming’?, WANG Rixin?, SHI Ge'

1. Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316000, China;
2. School of Marine Sciences, Ningbo University, Ningbo 315211, China

Abstract: Toll-like receptor (TLR) genes that can recognize various pathogens are important innate immune
members; thus, they are a hot spot in fish molecular immunology studies. The great blue-spotted mudskippers
(Boleophthalmus pectinirostris) inhabit an amphibious environment that has numerous pathogenic microorganisms.
Based on this situation, it can be speculated that the 7LR genes of B. pectinirostris might encounter strong selec-
tion pressure. In the present study, the complete sequence of TLRS5, TLRS, and TLRY and the partial sequences of
TLR3 and TLR7 were obtained from the skin transcriptome of B. pectinirostris. TLR5, TLRS, and TLR9 nucleotide
and amino acid sequences of B. pectinirostris were analyzed using molecular bioinformatics. The molecular evo-
lution analysis of the 5 TLR genes was conducted based on the phylogenetic tree. The tissue expression patterns of
the 5 TLR genes and their immune response patterns under Vibrio anguillarum challenge were explored using
real-time quantitative PCR. The results showed that the 7LR5 gene was 3071 bp and included a coding region that
was 2646 bp, which encoded 882 amino acids. The 7LR8 gene was 3175 bp, and it had a 3033 bp coding region,
which encoded 1011 amino acids, and the TLR9 gene was 3398 bp and had a 3093 bp coding region, which en-
coded 1031 amino acids. The TLRS, TLRS, and TLR9 molecule structures were similar to those of other species,
showing high conservation. The site model detected two sites (647Q, 691S) under positive selection pressure from
fish TLR7 genes, and one such site (516A) from fish TLR9 genes. Although there were no positive sites in the other
3 TLR genes. From the results of the site model, it can be speculated that TLR3, TLRS5, and TLRS of fish were
highly conserved, whereas TLR7 and TLR9 had some adaptive changes during long-term evolution. Furthermore,
the branch-site model detected 3 positive sites (76P, 596A, and 603E) from the branch of B. pectinirostris. The
results of the branch-site model showed that owing to the transition from the aquatic environment to the amphibi-
ous environment, the TLR9 gene of B. pectinirostris underwent adaptive evolution. The results of expression pat-
terns in healthy tissues showed that 5 TLR genes were widely expressed in the tissues examined (intestine, eye,
kidney, liver, brain, muscle, spleen, and skin), especially in the liver and spleen. Under V. anguillarum challenge,
the expression trends of the 5 TLR genes in the liver and spleen increased at first and then decreased, suggesting
that the TLR genes of B. pectinirostris play an important role in coping with bacterial invasion.
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guillarum; gene expression
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