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TR ABEE Toll 3 {8 (TLRs) ERIRENEE . HHUEFRIA

1.2 § - — 1o . 2
RERT, EOE, BT, #EER, I =7, FAixu”
(1R R, AP RORE S, g0 570228;
2GR, BRI RIE N E R E RS, R 570228)

WE: R KA E S Toll # %1k (TLRs) . o R RAER, RERLETELA
FFWy & R 3E S K A fode F 4l B 4%, FIF Blast, 2A#NMEGHERFAENELF T &,
A A E AR TLRs ZE R R 2 tth. LR fRELA UL FH REAER. 4

B, afhpanmad ST B ITATLRARE, X BEESET 5N Kk (TLRI,
TLR3. TLR5. TLR7 2 TLR11), 25| A 7e 24 & Qe etk il 11 4461k F; 174 TLR
HEEFARORELFHARTETFRNRAER, R, LTHELEK LY TLRXH
WA B TN AN RAMER . Lo EaTLR18-1 5§ EaTLR18-2 HL T 9 TR &4k L,
“HENKRBAERAGEMN, HECEFEERL; AT 2053 E4K LE EaTLR2-1a §
EaTLR2-1b Wy Rk ¥ X5 E AL, ¥4 & %k ik, EaTLRSM 5 EaTLRSS FfL T 14 5
FEARE, —HTREAEEAENE LRR 85493, HAERE AR+ KL AT 05 ZAH
M TIfGLT 18 & et fkty EaTLR7 5 EaTLRS Fo i T 4 & 4 {hth EaTLR2-2 5 EaTLR3,
HEABRAAFAENL ZR. FRERTH &K Toll B2k A RN RESE KE,

IKPA 2R, 2022, 46(5): 760-773

4 ¥ — F B K A R 3 Toll A5 4K 35 B o b 3 2 A
KREEIA: KR Toll 24K, AGEBMH; KK

FEDHES: S942

Toll ¥£3Z & (Toll-like receptors, TLRs) f&—3&
PR 5F R ] 3Z 4K (pattern recognition receptors,
PRRs), H 32 2238 1 33 519 S5 AR A ¢ 43+ 155 5
(pathogen-associated molecular patterns, PAMPs) J&
B SR A g I B IS B AL R B i A=

TLRs % Jt 55 I i 5 90T 2R W8 (Drosophila
spp.), BFFE I R, HAE vy SR b VR I A A 2 A
PP E A SN R R AR, Bi)E . TENE
FLEh ¥ il S 5 5 Y Toll 3R Y[R R4, B Toll
BEZARIE . JLARYE) TLRs RS (1, &40
JL A0 X3 N 3 5 4% 24 PR B & ¥ 41 (N-terminus
with leucine-rich repeat region, LRR), — /™ [l 4k
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SCHRFRES: A

¥ 38 (transmembrane domain) F1 40 g Py X 38§ 11
Toll/IL-1 5% & &% #4 3§ (Toll/IL-1 receptor domain,
TIR)™, fZE H A, HHESh Y e i 271
TLRs Z MG M o AR H R G i Fh 44,
Roach 2514 Ho Ay 6 N4 . TLR1, TLR3,
TLR4., TLRS. TLR7 5 TLR11 W&, EA I
#W, AFEIYFE TLRs KGR RAAHEZES . B
an, FEN (Homo sapiens) % € tH TLR1-10 3 10
N TLRs KGR D1, 16/l (Mus musculus) 4% E
th TLR1-9 5 TLR11-13 3£ 124> TLRs 5 % W & .
e, BAFELE 16 4 TLRs FWpL A, H
R AR T ELsh# . i, WELsh
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53 PrEAR, 5. JRnifaBEfl Toll HEAZ 4K (TLRs) RER G %0k . AL 53R3A 761

Y TLR11 5 TLR12 7 f 25 v g oR WL 4 38 7
TLRA TEVHFL 304 8k AE7E , A B 0 rh H T
TEBE D £ (Danio rerio)®™ . # (Cyprinus carpio)” Fl
2T RN (Ictalurus punctatus)!'™ &, FEBE AT
SR LT BE LR Tl (Fugu rubripes)! . KU
#E (Salmo salar)!"™ SE00F A rp & LT —Fh A 255G
(1) TIR Z5 Mg kBl e (1 TLR 3£ H——TLRSS; TLR21
5 TLR22ANAE fa AN WA S rhofg o 4 3 51 175
TLR16 F1 TLR24 43 HIAEAEINTIE (Xenopus laevis)'™
1 H AL 348 (Lampetra japonica)'™ 9% LB, %
T TLRs B 51 21 BAF 7 0 35 9 W b 22 ek, IR
ZR RS | 2Tkt o B E
=98

IR 35 A B4 (Epinephelus akaara) 15 FR 413,
J& T 1 H (Perciformes) #8F} (Serranidae) 41 B ffi
J& (Epinephelus), J&—Fh St iF 205025, H
TERNMES, THTREIIR, YD
AR g W AF E K iz SR B, AR RA 5
1 TLRs 5% 1% 1 B 5% 40 B S B 92 T 6 v A 1) 1]
5T TLRs 7ESE R A Rl 2R H, A ab
IR 5 5 A BE A TLRs K% A 02 5 . AR
WERE R A 15 B 2 W ik, X o 50 B £
TLRs ZRM AT T &R A %0, IFiE—2Px)
HHL R . Petafie . SEHE5 5 E A 451
B, DARTEA A s iRt TS, B
FELE NG 028 Toll FEZ 1A RGP e ik =
A, oI R IR A BE A TLRs 281 1 Y fig
T BE 5 IR S LAl

1 MRS I7

1.1 FEAME TLREFANLZE

5 A B FE DR 2 K T R A4 A figshare %k
P& F (https://figshare.com/) H 4%, M NCBI (http:/
www.ncbi.nlm.nih.gov/) B Ensemble (http://www.
ensembl.org) FARTF N . /NEL. BESh M0, ZLBEAR T
filfi | B} A7 BE AL (E. coioides). ¥ A1 BE A (E.
lanceolatus) FIAEE (Lateolabrax maculatus)TLRs Ky
FILEFH) . (1 genblastG 4K Al IR TLRs /¥
G 5 75 i A B A0 L DR 2 2R A T LU DA R B0 AR A
BEff TLRs &K 454, E-value B & H 1x107";
[7] {5 1] TBLASTP 2 J3* R i i A B £ 2 [ 42
WERY TLRs, E-value BR8N 1x107°%2, A0 H
ik TLRsS NR Bl FEHEAT HoXT, Fah KERIT
AIFF), PR TERN TLRs ¥ 51, @it Prot-
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Param 7£ 2k #X {4 (https://web.expasy.org/protparam/)
TH5 TLRs M8 H 20 & 55 H5, JFFIH Prot-
Comp 9.0 TELR AKX (http://www.softberry.com) Tl
TLRs F) 740 0 5E 432,

1.2 FREARE TLR ZENARGH LS

i FH ClustalW2 %44 Hb X5 fifi 158 i) IR o5 B £,
TLRs 5 ik 7 49 F0 i9 [5] I TLRs 24312 )7 51
i HH MEGA-CC10™ # - F it R Ge b fb i, Hovr,
MEGA-CC10 27 2k H e KPR, LB sy
WAG #EAY, fii ] JTT BRI PFAL NI A1 BioNJ 553
AR B RE, A SRR AR R RIE R,
it FH B I Gamma 4377 BT4DU 5 [1] 1 Ak 5 1) 22
5, BB =E DT 905% W75, Bootstrap X A
1 000; )5 {fi i iTOL (http:/itol.embl.de/) 7E£& T
HLP X R G A AT B

1.3 FEaANE TLREFENERGEAREMNSH
S Ay

HR 4 205 A B 5 PR 2 v g B TR 25 R 1 R
WiE TLR BRI e AR A L . DAl A B £,
FLH 4 (NCBI %55 . GCF_005281545.1) 1E A%
ML, i Ff MCScanX 7E£k 4K 14 (http://github.
com/tanghaibao/jevi) X7l £ A1 B 10 5 ey 4 B £
KA AT IR ME i, S8 BONE, JEH R
1 criclize X HLER S R T MLAL .

14 FEANE TLROEFRAGEHRELLE
W ath

R i o5 A B 10356 PR 2 b g B R 25 4 17 8
4G TLR F AR 7-N & e 2, ]
GSDS2.0 78 £ # 4 (http://gsds.cbi.pku.edu) ¥ 17 1]
MAk . Kk H SMART 74 T. H (http://smart.embl-
heidelberg.de/) 31454 HMMER ., Pfam. SignalP %%
I EXT 7% s A0 BE AL TLR 25 1 B 2548 Sl A T U0
Y58, fHH IBS k{4 (Illustrator for Biological Seque-
nces) X FIN B Z5F S 4 T AT A4 .

1.5 FREAKE TLR EEMELRIEST

M\ NCBI ] SRA 5545 e i 2 s A B f0 %
AL Y B I 46 & (raw reads) (SRR8132758-
SRR8132770), ZFk A FEAKIE T TR 4 {3 ik
SRR 5 A BE A U A, 8] HiSeq X Ten ¥
Y 3R 45 raw reads. i id trimmomatic” AKX 7 i UE
i raw reads H AR AU Sk R 8, RS
OB (clean reads). fifi Fl HISAT2PY ¥ clean reads
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LEXT B85 s A B R 2 | o SR StringTie R4
B3t b B B — A A 32 K 4K (read counts),
AR YT TPMAE, T BRI IR B 5 4
PR EERSZmE, i1 A O 905 1Y Python JAIACKS: read
counts A THRHEAL (https://github.com/thecgs/readco-
unts2FPKM_and_TPM). #Y&[i R £ pheatmap A=/

1.6 SERUCHE = PCR (qRT-PCR)

R 0 A 05 A B fa [ AR (8.8 +2.2) em] HH A
A KRG T, SRBUFAE . AR SR
RNA, Jf 550 cDNA, —20 °C A7 % M. 1l
JH Primer premier 6 ¥ BT A &5 A1 BE £ TLRs 4%
B AR S ST (R 1) qRT-PCR 6 U 2 %
Yang P, L pactin fE NS EER, R
M 2otmbitBER T REE, HRE
ggplot2 T HLAL S 56 45

2 4R

21 FRANHE TLR EEMNETESEUMR

AW b A e W 17 AN JR S A BEAAY TLR
L, R S A B TLR K5 7 # G M
Zh¥) TLR F& R W R4 56 2 Kk i A BE A0 5 ¥

BE i TLR LD W JL 2 5C R X 17 A i 44
N EaTLR1-1, EaTLR1-2. EaTLR2-1a. EaTLR2-1b.
EaTLR2-2 . EaTLR3 . EaTLRSS . EaTLR5M . EaTLR7 .
EaTLR8 . EaTLR9 . EaTLR13-1. EaTLR13-2. EaTLR
18-1. EaTLR18-2. EaTLR21. EaTLR22 (3 2).
IR A BEA TLR SEPR 4 it 285 11 i BRA M o an
R 2/, X4 il 58.08~135.98 ku, H
WAL O 5.64~8.94, VAN RE o7 TN 45 SR B R
Bk T EaTLRI18-1 ZK H & T ML)t . EaTLR21 & H
FENL T L . EaTLRSS 5 EaTLR22 2 [ %E {7 T K
i A ERRSN, AN IR S A BEf TLRs 113
SEN T TR
22 FHREANE TLRZEERGHNL DT

RGN R, JR S AR TLR JEH 4
Hh SR (B 1), Hob TLR1 W % 61 5§
EaTLR1-1, EaTLR1-2, EaTLR2-la. EaTLR2-1b.
EaTLR2-2. EaTLR18-1 Fl EaTLR18-2, TLR3 V%
Wi A4 ¥ EaTLR3, TLRS WV %% 1% £ & EaTLRSM
Fl EaTLR5S, TLR7 WA WAL EaTLRT. EaTLR8
I EaTLR9, TLRI11 WHKJEAL S EaTLR13-1, EaTLR
13-2. EaTLR21 Ml EaTLR22., % % #EAbA 09 4 b

#£1 FEAKE 174 TLR Z£EH) qRT-PCR 5|4
Tab.1 Specific primers for gRT-PCR expression analysis of 17 TLR genes identified in E. akaara

5144 EH 519 (5'-3") a5 (5-3")

primer names primer F (5'-3") primer R (5'-3")
EaTLR1-1 TGCAGCTACCCGGACAATGTTC GCGATGGCAAGCGGTCACAA
EaTLR1-2 ACCATTGCCGTCGTGTCCCTA GCCTTGAGGTGACGCACAGTT
EaTLR2-1a CGTCCAGACCTCCAGTCGTACA GCCTCCGTTGATGGCTGATTGG
EaTLR2-1b TCCGACAACCTGCTGACTGACA GGCTCACTGCGGACAGAGACTT
EaTLR2-2 TGGAGGCTGGTGCGAACACA GGCACTCAAACACCGACAACCT
EaTLR3 ACCTCAGCCTGCTTGTCATGGA GCCAGTGGAGTGTTGCACGTAT
EaTLR5M TGCGAGTGCTGGATCTTCATGA TGTGGGAGAGCCGCAAGTGA
EaTLR5S TGGACCGCCTTCAGCATCTCT GCCGTGAAGATCCAGGGTTGTG
EaTLR7 AGACGGACATGCTGCTTCTGC TTGGTCGTGTTGAGCCACTTGA
EaTLR8 CGGCGAACCAGAAGGACAAAGT GGACGTAGGAGGCATCCCAGTA
EaTLR9 AGCGTTCCTCGTCTGTTCCTTC TAGCCCTTGTGTCCTGCCCAAA
EaTLR13-1 TAGCCCAGGTCAACCTCTCTGC AGGGTTACCAGTCAGGTCCAGG
EaTLR13-2 CCACATCGGGAACAGCATCGT TGGCAGGCAGAGCATCAAGGT
EaTLR18-1 CCCTACCACTGCACTTGTGAGC TTCCCGCCGCTTCTCCTTGT
EaTLR18-2 ATCACTCGGCTTGTCGCTCAC AGCTGGTCCAGGTTGCAGTAGG
EaTLR21 GCTGCACCTGCAAGAACCACTT GGTTGTCATGCGGGCATACCAT
EaTLR22 CTGCGATAACGCCTGGTTCCTC GGACCGGATGTCGAGCTTCAAC
P-actin CCCTCTTCCAGCCTTCCTTCCT ACCTCCAGACAGCACGGTGTT
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54 MRBEdR, 55 ARSABEf Toll FEAZ1 (TLRs) SEH IG5 %k 763
Fx2 FEARE 174 TLR EEREHEHE
Tab.2 Characteristics of 17 TLR genes identified in E. akaara
BT B4 ek mRNAKE/bp CDSKE/bp AEERREAN ST Eku SN E 240 i 5 o7
GenBank ID gene names  chromosome mRNA length CDS length number of amino acids MW pl subcellular location

OM023889 EaTLR1-1 Chr08 2411 2412 803 90.34 6.04 Jo iR
OM023890 EaTLR1-2 Chr23 3880 2484 827 93.29 6.34 Jo R
OM023891 EaTLR2-1a Chr20 9129 2244 747 84.64 5.64 I
OMO023892 EaTLR2-1b Chr20 12 242 2415 804 90.74 5.89 Jo R
OM023893 EaTLR2-2 Chr04 2393 2394 797 90.82 5.92 I
OM023894 EaTLR3 Chr04 3149 2733 910 102.73 8.47 Jo R
OM023895 EaTLR5M Chrl4 9 647 2661 886 100.90 6.51 I
OM023896 EaTLR5S Chrl4 3786 1935 644 72.64 6.7 RS ARk
OM023897 EaTLR7 Chrl8 3486 3171 1056 121.58 8.33 I
OM023898 EaTLRS Chrl8 13 945 3579 1192 135.98 6.61 7R
OM023899 EaTLR9 Chr03 3576 3183 1060 121.47 7.04 I
OM023900 EaTLR13-1 Chrl6 7483 2037 678 78.67 5.75 Jo
0OM023901 EaTLR13-2 Chr22 4 866 2748 915 102.70 8.72 U
OM023902 EaTLR18-1 Chr09 4899 1 860 619 71.16 6.35 i 5t
0OM023903 EaTLR18-2 Chr09 2184 1530 509 58.08 8.25 U
OM023904 EaTLR21 Chr09 2939 2940 979 113.44 8.65 JEEi
OM023905 EaTLR22 Chr21 5397 2928 975 111.85 8.94 JELG G ki A

SER R, IRASABEAE) TLR 45 JE N3 0y e 5 8%
e AT BEAA RN AL A7 BEARL TLR FE B — 7, Hak
SEJE & B eSS TLR JH B h—%, R5H
S HAb 2 TLR SRR —32, e Szl
(NS/NROTLR FRE N —32, HEA3588
HA R Bootstrap {H, FIAARSLIR RSk
Mras RIS R . o, RELE RG>
Mt B S R s A B TLR JE R A 1R o

23 FEANE&E TLREFENRERAFAEMSH
S Ao

by it — A0 E IR A BE AL TLR J& R 432K
ARG XTI 5 A B £ 3 PR 4 5 ey A B L PR 4
[T HEAT T Yo fde i 5 3Ltk b . Yoo
LSRR IR, AR LR 19 207 4~
PR IE PRI, 109 AL gt X4, Frp o o5 B
04 17 4 TLR B 73 5 3 A 7E 24 SR 4L ik iy 11
Ytk L, e A B 15 4 TLR 3N [FFE Sy
BT ARTE 24 SRRy 11 Sy ik b (8 2), Xt
I AT B £ 5 B A BE AR TLR2-1 A1 TLR18-1 JE[H
HEAT BRI A B, SRR, IR A R Y
EaTLR2-1a 5 EaTLR2-1b 5¥i7 A B EITLR2-1
SRR R 5 AR A BEA EaTLR18-1 5 877 4 BE
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0% EITLR18-1 XN R 4RI, EaTLR18-2°H
A BT, FE RO A B P 2 R
KW (K 3). BRtz A, Hay TLR FENTEAR i
B A0y 55 ey A 3R 0 22 (] 349 Sl s e i R 2 M OC R
(E 2).

24 FRARE TLRNEZFRGHENNER
Lt ot

FEHEEH HT R, PR A B TLR R
HMEFEON 13 13 85, AN[E TLR FER Ak 543
1A (Kl 4), EaTLR1-1 F1 EaTLR1-2 /35184 1
ASF 2 ANHM ST, EaTLR2-1a #1 EaTLR2-1b 4y 5
A 11 AHN3 NN T, EaTLR13-1 Fll EaTLR13-2
S EA 3R 6 ANAMNE T, EaTLR18-1 Fl EaTLR
182 735l & A 6 N1 2 A+, RO ASUA BE
1 TLR B AR P8 DUAE A P4 H EAAAE 25 5%

XiF 7% 45 A0 BE £ TLRs (142 A 45 38k 0 B 45 21
R, BR EaTLRSS A& A TIR £54#44, EaTLRI-
1. EaTLR2-1b, EaTLR5S, EaTLR13-2 FIEaTLR18-
A& EERIX AN, Al TLRs 8 (75038 & A
TIR Z5#93% . LRR Z5F93FES B IX (18] 5). BLAk,
ANIF Y TLR 25 16L& A AR 1Y LRR 25 A2
U1 EaTLR2-1b, EaTLR18 fil EaTLR21 AfU# LRR
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B 1 TLRERERERKRK RS LR
TLR 3R K i3 44 TLR1. TLR3. TLR4. TLR5. TLR7 Al TLR11 4 6 MK ; ARG LR ARR TLR FE W Kk, 206 iE S E
WA 7% s BE £ TLR JEDRE R G LI Ar B

Fig. 1 Phylogenetic tree of the TLR gene family
The TLR gene family are divided into six subfamilies, including TLR1, TLR3, TLR4, TLR5, TLR7 and TLR11; the genes of different subfamilies are

represented by different colors, the red dots indicate the locations of the TLR genes of E. akaara on the phylogenetic tree

CT 25 #J18; (leucine rich repeat C-terminal domain); wE 6 frax, HHEH, EaTLR5S ik & & & ,
EaTLR2-2. EaTLR3. EaTLRSS fl EaTLR7 &% fi  EaTLR3 W Z , H LK E; WP, EaTLR8
LRR_NT %5#41s (leucine rich repeat C-terminal doma- R ik fefm; WL, EaTLR3 f &, FHR 2
in), HAlh TLR ¥J0IEEE P % EaTLRS; WiZHZ, EaTLRS ik ke, HUWE
25 FABHE TLR EEMEDRLS T EaTLR3; BUET , RESFH ILREHKKR
EaTLRS8 . EaTLR22. EaTLR21. EaTLR2-2. EaTLR3
PR A BEf 8 ANLHEL (O ME L k. 8RR Ml EaTLR13-2; ' [k 5 EaTLR13-2 353k 4) ,
B WUA JERE . BRI (9 13 DFER P o viygeik . Hob EoTLRS Eik s . Hk 2
TLR FENFR B IAT RS, AR, 24 EaTLRSM R EaTLR21; 7E8 |, EaTLRSZ ik &
MEPEPEBRAE LS 1SR PETEIRAE S RO 135 20 B, HOKUE EaTLR21. EaTLR22; 780 JE b,
AN BEPERAE S 1S PR BN R 1A EaTLR21 ik, HAKJE EaTLR8 Fl EaTLR3,
RS2 (E 6, B 7). FEASTRNE S A S R S A B TLR FE R K b 7 8 440
Fefh, TLRFEA M RIAB A AME, £ By AR i 2Rk =X (8 7), 40 EaTLR18-1 Fi
TLR K mRNA 7K-F-py A n i 51510 G EaTLR18-2 FEAEOMEH I EaTLR1-2, EaTLR
BRSO R TLR JEP AN ik 2-2 Ml EaTLR13-2 F B AL P vh %63k ; EaTLRSM
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Fig.2 Chromosomal localization and synteny of TLR genes in E. akaara and E. lanceolatus

Orange box represents red-spotted grouper chromosome; blue box represents giant grouper chromosome; gray line represents the synteny relationship

between E. akaara and E. lanceolatus genes; red line represents the synteny relationship between E. akaara and E. lanceolatus the TLR genes
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Fig. 6 The relative expression of TLR different genes in tissues of E. akaara

1. female liver, 2. female gonad, 3. female gonad, 4. intersex gonad, 5. female muscle, 6. female brain, 7. intersex brain, 8. female brain, 9. male brain,

10. female spleen, 11. female kidney, 12. female gill, 13. female heart; red indicates high expression, blue indicates low expression; colors raging from

red to blue, indicate 1g(TPM+1) from large to small, normalize data by column
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Identification, evolution and expression pattern of Toll-like receptor
gene family in Epinephelus akaara

*

CHEN Guisen '?, CAO Zhenjie !, YAO Xinping', WEI Caoying', SUN Yun'"*, ZHOU Yongcan "*'
(1. Key Laboratory for Tropical Hydrobiology and Biotechnology, Hainan University, Haikou 570228, China;
2. State Key Laboratory of Marine Resource Utilization in South China Sea, Hainan University, Haikou 570228, China)

Abstract: Toll-like receptor gene family is a class of conserved pattern recognition receptors, which plays an
essential role in innate immunity providing efficient defense against invading microbial pathogens. Epinephelus
akaara is one of the most important commercial marine fishes, and the main aquaculture industry in China is dis-
tributed along the coast of Fujian. The species is also considered a good model for studying immunity. Although
TLRs have been extensively characterized in both invertebrates and vertebrates, a comprehensive analysis of TLRs
in E. akaara is lacking. This research aims to study the systematic evolution, chromosome distribution, and
expression regulation patterns of the Toll-like receptor genes in different tissues of E. akaara, based on the pub-
lished genome and transcriptomic data of E. akaara, this study analyzed the phylogenesis, chromosome distribu-
tion, and expression regulation patterns of Toll-like receptor gene family in E. akaara tissues using bioinformatics
methods including BLAST, phylogeny and synteny. The results showed that a total of 17 TLR genes were identi-
fied in E. akaara, which were divided into 5 subfamilies (TLR1, TLR3, TLRS, TLR7 and TLR11) and distributed
on 11 of the 24 chromosomes. The 17 TLRs showed different expression patterns in different tissues. EaTLR1-2,
EaTLR2-2, and EaTLR13-2 were mainly highly expressed in the spleen. EaTLR5M was highly expressed in the
kidney, spleen, gills, and heart, but lowly expressed in other tissues. EaTLR5S was highly expressed in the kidney,
liver, and spleen, but with low expression in other tissues. EaTLR18-1 and FaTLR18-2 were mainly expressed in
the heart. EaTLRS was highly expressed in all tissues except muscle and liver. EaTLR1-1, EaTLR2-1a, EaTLR2-1b,
EaTLR3, EaTLR7, EaTLR9, EaTLR13-1, EaTLR21, and EaTLR22 were mainly highly expressed in the brain,
spleen, kidney, and gill. In addition, EaTLR18-1 and EaTLR18-2 were both located on chromosome 9 with highly
similar expression patterns. EaTLR2-1a and EaTLR2-1b were located on chromosome 20 and their expression
patterns were also highly similar. In addition, EaTLRSM and EaTLRSS, which had high LRR domain similarity,
were located on chromosome 14, and had high similarity in expression levels in different tissues. On the contrary,
EaTLR7 and EaTLRS8, which were located on chromosome 18, and EaTLR2-2 and EaTLR3, which were located on
chromosome 4, had different expression patterns. These suggested that copies of 7LR genes in the same chromosome
may have similar expression patterns or functions. This work provided reference data for studying the evolution of
the Toll-like receptor system in fish, and laid a foundation for further research on the function of Toll-like receptor

genes in E. akaara.
Key words: Epinephelus akaara; Toll-like receptors; phylogenetic analysis; expression analysis
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