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2. WIVLTT BAF e b Y S B WiV K R T 9 U0 s AR R PR s S0 % WL T 315000
3. RIHEERY: KPP REERIR AR S A HAFEHEATRE [ 201306)

fE 4 #%(Snonovacula constricta)Z & E 4 by W kA FTE N K2 —, KAELEFFZHRE
TR T R KB LT Fn 2 AR 4k, Toll % & (Toll-like receptor, TLR) /& H 7 #F % 5 % 094 X 38 4l
T, ERHEEH NN EREREFREEEEER, FFRLEE TLR o FRAE R H 507 o 8 5
BREdREERLEEREER, AAENGBEERA)T7 P45 % H 42 4 TLREE(STLR), H¥,
33/ RA AR TLR &, Hih oM TLR #E G, RIEEAEHHESEL, HHEAEWN TLR &5
AH2KEAANTE, —£ K % ¥ A% TLR (mecTLR), @45 1 4~ P & TLR #n 7 /> sPP # TLR;
B — K K B EA B 4 TLR (sccTLR), 445 16 4 sP & TLR #7 9 /™ Ls & TLR, 5 H i 9 fr i k5h
#1 TLR ZFR W XA BB U RERE T, GRAFAFRAAHLBREAI Y FHEAN V B
Twin-TIR # TLR, #2 J& & # 8 mccTLR 2 B 7 BK 20 4 3% 0 KA B4 3K, 77 A2 JR 50 B 8 sccTLR
KBHKET AT K, RAEZEPCR MMNMEFR, 6 # TLRAEMRN B 7 AL & Lk kik,
FLA g, BT IR A A PR R e, 8l il (Mbrio parahemolyticus) 8 12 h £ 48 h
By 4wk A AT B R A BT Bor, BlE MR E 9 A TLR ZFH 7 S s IF EfR F 09 %
HRELKERET, 64 HHE (ctgl18.25, ctgl18.26, ctg356.25. ctg774.6. ctg681.6 7 ctgl513.5)7%
BFE12h s 48h EWEAL T REZREH, WS NEEEXRAE L, X ctgl5135 KK & T#;

3 NI F(ctg467.9. ctg2496.3 1 ctg903.17)E KA 12h S 48 h Gy iF IR P kk £ R B &, A,

Ctgd67.9 fr ctg2496.3 & ik & TIf, ctg903.17 kit & LI, 4% LA, RHFELE RGN EANFKITE
] TLR B 78 45 8% K 9K 70 o K A5 09 18 R R Ao 50 2k

KR 4k Toll BEZR; MW AH; KK

FESES K826.15 XEAFRIAEE A XEHS  2095-9869(2023)04-0155-12

DA — P HESI Y, (RATEE R S S RPEDIRE o Jo Rk i SN A 25 — 25 i il i A5 5
PEMM AR DTIR , EEREERIE R R G LHE M (pattern recognition receptor, PRR)/EHI {4
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Y4 F L5 (pathogen associated molecular pattern,
PAMP), Ji ¢ W15 il #, RO B AR i A=
(Medzhitov, 2007), Toll #£5Z /£ (Toll-like receptor, TLR)
SRR 2 IR A BB R R Z ik 2 —, TR Rk
TR R G R F A H B U hE . R 8 (Drosophila
melanogaster) i Toll-1 J& 55— 8k ZFAY TLR, Hif
TS e Sk - NF-xB {5538 R 45 G 19 515
&% & (Medzhitov et al, 1998), FifiJ5iEsE Toll JE K 78 5
BT IR B T A 4% 2 AR FH (Lemaitre et al,
1997), JL7AY TLR & HELE 3 > EEALT L, —
B &5 E R 2 ¥ ¥ (leucine-rich repeat, LRR)F Y
AheEp e TR IR 45 44 J5 (transmembrane  domain,
TMD); =J& %4 TIR (Toll/interleukin-1 receptor)f iy
P2 S AR LR A S5 Bl A2 4k, TLR 7] 43 h
K& LR FRTE TLR (single cysteine cluster TLR,
sccTLR)FIZ Pt A 2% TLR (multiple cysteine cluster
TLR, mccTLR), sccTLR [U4F1ESETE LRR [ C-AK ity
FE 1A SR 5 9 F B 2 B2 72 , 1 mecTLR i
ANEER I LA 2 ANl 2 )21 & R 7% (Leulier et al,
2008), Brennan Z5(2018)#EiM, mccTLR 2 JH T 4 g
%) '] (Cnidaria), T sccTLR ZEBf7E Ak sh ¥ 1]
(Mollusca) i F ¥ 5K, TLR FEfREFA YA BLA G
kB WEIEE

TLR FEPRIAE A S K b e i B B2 LR 4, TE M
iz B2, (B CEHESIY TLR 94
TR R BE RO SEAI AL T 4020 B Bt o AHXT T HES
W, W TCEME SR F A TLR B H BF AT
BEMY KRR, MM REN, FECEMA
(Branchiostoma floridae) £ ¥ IH (Strongylocentrotus
purpuratus) {143 1] 4 5 H 72 4~ 222 4 TLR (Satake
etal, 2012); Toubiana %(2013)7E H HHiEE I 1 (Mytilus
galloprovincialis) 1 i #:F 5% 5% 240 £ 48 1y 23 4>
TLR, Hr, 34> TLR # mecTLR, HAh TLR )8 T
sccTLR; Zhang %5(2015) M 4 45(Crassostrea gigas)
FER R 5) 83 4~ TLR, M4 M 45 e 1
m, BH N VL Py sPL sPP Il Ls 5 A H
19 A TLR 7E9% 75 A0 & 1l T 22 7 81k
Gorbushin (2020) M JE5¢ T R B (Littorina littorea) IfiL 41l
JG S S5 Y 43 4 TLR, AR 4 TLR 28 (1 19 68T
SYARAE, B ENTS A VO BLR Twin-TIR BB B
I Z 4h, Ren % (2021) A JE A 22 % 1 (Ruditapes
philippinarum)’% SR SCE R 3 8 A~ TLR, I
HAh vV, P osP I Ls B,

DUZEAETETE AR T, B 320 B R B s, A
(Vibrio) Flis B % D128 332 58 77 b 7™ A= B K S 5 I 38 i
JUEE TR (KRBT A, 2020; B W4, 2021),
4%t (Sinonovacula constricta) 2 % [ 14 4t (1) U K 7K
FRAH S Z —, T2 5040 T V0 V- PRI 5 08 3 [a] 45 F
T 117K (Zhao et al, 2017). SRifi, Bl FEHAEEE
A K Aol A TR B ) 2 A, 4 G WO AR B M A R B
KRIAFFHI, HIL, AT 4805 0 G52 B AL ]
AR E A BRSNS . SERTAT TR, B
MK (Vibrio parahemol yticus)B& e & , 4 0 i 1 JiT- g
Ji 2E 2 S A G R A G Y R PR R AR T 125 (Zhao et al,
2017); e TR D8 T 4 09 1Y) G 9% B g Al 2 Kk AR AR
KR (FLRERESE, 2022), SR, XiF 40 G i hH o6
5 1 B P AT AR X A A e i B R e e
MFEAE, WMHLEHM®Niu et al, 2013a, b), ZF4E5E
B A CE H(Wu et al, 2021), KEBHRMEH
(Meng et al, 2022) ) Jx C-HI%E4E ZE (Xu et al, 2020)%
AR SCHE 3 X G W A L A TLR BRI Y %5 5 Fl 43
e HAH IR IR B 534 DL S R 5 e R G wi
S A S0 T R S0 A A R AR BT, i —
AT g TLR R Y sk M4, IF MIRARDIA
[F] TLR 3 PR 7 4 198 TR 9K e 2 b R #5 i AF FH BR Lt 5
HEA

1 #wRERE
11 BETLREFELE

T O A M40 %8 4 L 41 (Dong et al, 2020),
X TLR FEFEN T &L HAE R N4 . N
Pfam 25 H it % £ P8 J# (http://pfam.xfam.org/) 2% if]
TIR 45 %5 (PFO1582) 1 LRR 4% #4 1 (PF13855) ¥
Pfam #i'5, F T 45008 4 5L DX 21 G i 25 A 2 1 P 9 1)
InterProScan 3145 3 SC 4, 48 Pfam 4w, X[ st
£ LRR I TIR A 45 A6 S8 28 1 4 ) 5 PR 6 A 7 A
Ko PR FRG RN E B FIE AR 175, 8@
1T TBLASTN P23 7E 4 B 2 DNA 351 it — 20 %
FE B T R R R IE R T R A TLR JE AL
Wi SMART W3 (http://smart.embl-heidelberg.de/) X}
CL4EE R TLR & A 45— 2L r fafik, 454
IO O (IR ) E<1 x 107, 5234 AY TLR &
JF51% 1% %50 LRR F1 TIR P25 M sk, HA
ARG T SIS o X T8 A A5 SR 23 ) TLR
LR, FIF Softberry ¥k (http://www.softberry.com/)
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) FGENESH 752k 5 A T R 1 , A1) & DA 4 e 97 %
HALR G FEATROE o He TALIE IS i 5 R 7 51 #6474k
P& o0 B (4i 8 TLR JE P cDNA & H Fp 51 WL
https://figshare.com/s/958beb427d81530b78a0) .

12 HEHY TR KEERMULBEMAEZRE S

XERARh Y 4 99 9 MMURDIFI [N . A
(Acanthopleura granulate) ; 3k /& 4% . H1 [ F 1 (Octopus
vulgaris); & 240 M fu(Aplysia californica). 1&
77 12 (Pomacea canaliculata) . #j T 3% £ 7 12 (Lottia
gigantean); X5as: FifLks Dl (Chlamys farreri), 5
[CERFE U1 (Pinctada martensi) . 3 Y 4115 (Crassostrea
virginica), KAHWEIHY TLR RN #1702, 5
40 TLR BEPA Zp 8 HEAT HUHR  TLR JE PR 43 e T HAR
FIZ5 )T 51, R3S Gerdol 25(2017)48 H 1y Jr skt 47
A, AW 9 FHRIR S IER TLR & T2
# F B (2021),

MLt 4 TLR 8 PR SF B9 TIR 4514
33, A ClustalW (Thompson et al, 1994)%} TIR £ H
PNt Z B SI AT, AR5 A MEGAT #F
(Kumar et al, 2016) & T 4B 4% I (neighbor-joining
method, NN RS K B, i P-distance Bi%I )
Bootstrap fil1FE I A SRR 43 377 AU SCHRR
HZHON 1000, RGKEWER iTOL (https://itol.
embl.de/index.shtml)(Letunic et al, 2016)i#47 A #i4k .

13 ELRHEmMmEHARAWE

ARSI T 48 9% 1) -3 72 KM (6.7£0.2) em, I
O (12.0£0.5) g, >k HWITLA G =115 SLEHT,
P4 I AE KRR 20 °C  FREE S 20 (i K R R 1,
SRIGBEPLPRE 9 HgE RN, FI 1 mL A9 528 A
FENRAEMLIKRE, SZBIF 4 C 800 g #.L» 10 min, FF
FVEW, AR MmANE. MA 1 mL TRIzol (ifiME#E
R401-01) 8 4 I 40 AR, 46 Hi 40 f5 RNA . SRS FRIk
EANERE, . KA. 8 PEIR AU S A 2N
fir, JCA RNase-free B0, 7 BIR A %,
SRIG A 80 CUKFHIRAF#5 T # 60 HAAR—FL.
BT 1 B4R BEALaR 2 41, B0 5 SR 41 A% B
A, FH 30 Ko H 1 mL FESER A4 0 75
&R TEST 100 pL PBS F 5 B4 1x10° CFU/mL (1)
RIS IR, X HEZH R S AR AR PBS TG 2% i
o THESE 12 h Al 48 h 543l 2565 20 A vt HE 40
BEMLIEE 6 H4iit, UAESSAFERA L, $EH0
RNA, HRHBEH 3 R4 A H% RNA H T4 sk 41 S0
) ¥ T

1.4 RNA RJEEL

fdi J1] TRIzol (FEMEHE R401-01)45 B 45158 4% 4H 21
RNA , NanoDrop 2000 (Thermo Scientific, 3% )l 1%
BB B v DK 73 ARG 0 e J32 AR 5 A o R S Y
RNA Jilt A—80 CUKFHARAE £ ]

15 ELHEHREE PCR

RPRTT 4 % TLR PR FE R 4L rp i R s e
M 33 AN Gl ke ek 5 4 1 TLR BL R i BEHIL R B 6 LA
4354 meeTLR 25 ctg294.3 (sPP %), ctg1017.8
(sPP #i¥)F01 ctg1228.10 (P %) Jz sccTLR ZEH 1) ctg1513.3
(Ls ), ctg5741.1 (sP %) Fil ctg169.28 (Ls &), #F
SEEFHE G E B PCR(QRT-PCR)FE A X HAE i ik A4
LU FRIB KO AT . BAARBIRIR : H
450% 7 FhAH L) RNA, 2350 HiScript® T Q RT
SuperMix for qPCR (M MEHE R223-01)i 51 & S 5% 5 A
cDNA, #RJ5 LA 18S tRNA AN S KL, ##17 qRT-PCR
FEE(GER 1), EEMWAFIF ChamQ Universal SYBR
qPCR Master Mix TUIRIE(EMERE Q712), #F Roche
LightCycler® 480 Il %65t 1 PCR R4 Lilk47.
K% 10 uL 2x SYBR qPCR Master Mix, 0.4 pL 1E[7]
5141(0.4 umol/L), 0.4 uL JZ[7]5[4(0.4 pmol/L), 2 pL
cDNA f&#, ddH,O #hZ 20 uL. KPR 7 ik
TR : 95 CHiAEM: 30 s; 95 ‘CAEME 10s, 60 CiB
JOFIEAR 30 s, 64T 40 DMEA . EFR4A 2] TLR
FEPR AT, DA 20 it Hh B (A6 P14 (Cr 1)
YERXTRR, 15 TLR 7EHABZH 2L (SE 9040 ) i 3RakK
o I AT O BEZE) A 41 21 (SE K 41) ) mRNA
FIBAKOPARUEAL B[R] —FEAS () 18S rRNA FE [ £k K
Yo SEEGTES 3R, LA 2T AR N R s,
i/ GraphPad Prism 8.4.3 3X {4147 B 28 7 22 43t
(one-way ANOVA) AEE], Hrr, P<0.05 3R/R 25 W
F, P>0.05 BnEFARE,

1.6 IMEBEFEEE TLR ERE A 5

5 S 2L I P 49 21 B9 T2 B (clean reads)fifi
HISAT2 R4 b Xt 2 45 0% 2 % FL I 41 | (Mortazavi
etal, 2008), A5, HHEHXT L F| ] FeatureCounts
Gt A A EAY B H (Liao et al, 2014), )5,
FIFH DESeq2 HEATAN[FAF: il 4H 1] 22 S5 B DA 3 3k 43 M
(Love et al, 2014), N #r &5 Rt 42 4~ TLR LA
() 23R T A5t 2 I AR, ARARE 22 S 2 R R PRI 42 T 4 JL
&, 22 32K N|log,FoldChange| >1 H. P<0.05 (TLR
FEPRIFEAS[RI R it v e 3k i i BARRIE R Gge 4B 4 2R
UL https://figshare.com/s/958beb427d81530b78a0),
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Tab.1 Sequence of primers used for qRT-PCR
e e TR ElE 2]l M
Gene ID Primer sequences (5'~3") Purpose

ctg169.28 F: GACGGCAACTGGATAAATAA  qRT-PCR
R: TTGACAGAAGGAGGTGAAGC

ctg294.3 F: TACCCGAAGCCGATTATACGA ¢RT-PCR
R: TACCAACCAGCACTTGACGA

ctg1228.10 F: ATGTTCTATTACCTCGTCTTC  qRT-PCR
R: TGACTCTATGCCTTCTTTCT

ctg5741.1 F: CTGGAACGATTGGAAAAGTA qRT-PCR
R: CATCAAGGTTGCACAAGACA

ctg1513.5 F: AACTGGACTAATTGCGAACC qRT-PCR
R: GTCGGAAGTATTGTAGAAGAT

ctg1017.8 F: ATTGCATTGCGATTGTTATTCC qRT-PCR
R: GACAACACTCGGCACCACCA

18S rRNA F: TCGGTTCTATTGCGTTGGTTTT eSS

R: CAGTTGGCATCGTTTATGGTCA Reference

2 HBRE5HH

21 @ TLREFEEFRESERAKENEE

BT S BETR 7 5 I AL R B 1 45 A4 3 2 A
AT GEAE 4 58 42 FE L A 3 9 rp oA 3 42 > TLR 3
DRI (6 2) o 3 2 XoF 45 ) 358 G A AN 52 K 1) TLR 32 BRI
FGENESH " [ 13 il 72 )7 7 5 K 41 ) 91) )23 1 2E A A
1E, JF454 SMART MIuhixf TLR 2 H 45 #3857,
SRR, 33 4> TLR $EHEA LRR 4558 . 54,
FIR A TIR 54958, HHAIR) 528 TLR &,
HAth 9 40 TLR FEEH, Hi, 4 TLR HHE=
FLPY TIR Z5F4930, 2 Ak = B L5 F 358, 1 6= LRR
gk, Hofth 2 M= TIR Fil T™M 45948k LRR F1
TM 25930,

22 4tE TLRFXRERMSEXMARGEN

FTH4h LRR 5045 1E, SR sh¥) TLR 7]
PAr K2 sceTLR Fll mecTLR, FfiE—24143 N
6 N2E(E 1), Hrb, sceTLR fdE 3 M. (1) V
A TLR, Z#LA) sccTLR, H N ¥ifl C ¥iff) LRR 45
FIB(LRR-NT #1 LRR-CT){ii F LRR Fifill; (2) sP %Y
TLR, 25 F V & TLR, {HW%E; (3) Ls & TLR, G
LRR-NT #5443k, AP M ARTESGRILE LRR 2544
%, mccTLR 400 3 AT (4) P & TLR, KMWT
JEE Toll FE[H, HARAEJE S A ) 2 4~ LRR 254 388
LRR-NT F LRR-CT 5438537 F 5 (5) sPP & TLR, 2
f1F P # TLR, {H#%%E; (6) Twin-TIR % TLR, 251Ul

T P AR sPP A TLR, {HHEA 2 AL TIR 4544
I (Gerdol et al, 2017), #tAh, XF FHZ LRR 504 TIR
EM IR B ISPk TLR REZE I (TLR-like protein)
(Brennan et al, 2018), 45#% 42 4~ TLR #H 145 25 4~
sccTLR, 8 > mccTLR 1 9 4~ TLR BEFE H (£ 2). N
TG 4RI TLR S04 3k K A4 45 4 Al 32 G i Ak
KZ, ¥450% 33 588 TLR & 13T TIR 45585
FIMIEE R G R B . AR TLR 58 B M R 5%k
BT KB, 481 33 M58 # TLR 7B 1E 4 Ik,
A3k P A sPP AU sP AUFN Ls A, Hidr, sP Fll Ls
Al TLR 438 F AR [R] 32 (B 2).

2.3 IRIEEh TLR B9 LB

AT TLR A4S, IR Gerdol 45
(Q017)#E I TLR 42k, AT G488 7E N 1Y
10 FpARIASh Y TLR KGR /2 FE H (R 3).
M 3 LA, 4% ARAEE V BHT Twin-TIR %Y
TLR, H sceTLR #(HZ T mccTLR, HH', sccTLR
) sP B TLR #x%, A 16 45 i mccTLR H1iY P
B TLR 5 REZH AN — R HE D, UH 114
WAL, 4EikHRAEAE 9 4> TLR BEEEH, X AERERIM 4K
RS R A S B, A A g 0 2 FG R DL ep 3 A
6 F 11 A il I X 10 FhEIARSh 1) TLR %3 H 43
RAEH T IR, AREESP TLR
A B AEfE R R 225, R N W E AL 7 R
16 /4~ TLR, i e4 i MAtHIA =ik 130 4
TLR; 1ER[aE m K4t mr Fn o4t s, H TLR %L
HWAERRES, KIEWA 83 4~ TLR; FRitz4h,
Ls BUAT sP & TLR fEERR ) b 7 £ S fi, 5 HA
A TLR M H WA RWE, HAAE A
Hi) v B TLR 238 ik sh iy i b Aefe , (HEE 3R
L TE 1~4 220

2.4 4% TLR BERE 7R AR hpRIE4HE

TLR B A ZUR IR FFIE ST 25 R R, 6 4
TLR JE R FE A i 7 AN b, (5540 . &8
JHFIBRAR . PEAR . 7502 . APERERUKAE th ¥ A AR 72 B
25 (18 3), Hirf, ctg294.3 (sPP ). ctg1017.8 (sPP
RFI ctg1513.3 (Ls K) 3 4 Jk R 4 76 1 41 it b (2 2
FIK(P<0.05), HUIEHE, MfEKE . SNE AR
Aol Uh K R K(P>0.05) . R4 A4, ctg294.3
1 ctg1513.3 By ik 7E HANH L A 22 7 A W, M
ctgl017.8 41 415 HoAth 21 21 2% 5 55 W 3 (P<0.05)
ctg5741.1 (sP %) Fl ctg169.28 (Ls %) 2 >3 K43 i 7E
JHF i i AR o 2 3k i B 8 (P<<0.05), R R AR R o
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R2 HGBLERAPLEEHHN TLRs
Tab.2 TLRs identified in the genome of Sinonovacula constricta

TLR 2K HY TLR W2 BE P HHKE S
TLR type TLR subtype Gene ID Protein length /aa Domain structure
mecTLR P %l ctg1228.10 1213 SP-LRR(18)-NT-LRR(3)-TM-TIR
sPP 7l ctg1017.8 755 LRR(5)-CT-NT-LRR(2)-CT-TM-TIR
ctg294.1 362 LRR(8)-CT-NT-LRR(5)-CT-TM-TIR
ctg294.3 710 LRR(2)-CT-NT-LRR(5)-CT-TM-TIR
ctg1017.9 269 SP-LRR(5)-CT-NT-LRR(2)-CT-TM-TIR
ctg1350.1 1155 SP-LRR(5)-CT-NT-LRR-CT-TM-TIR
ctg356.25 531 CT-NT-CT-TM-TIR
ctg2.41 601 CT-NT-LRR(1)-CT-TIR
sccTLR sP I ctg774.6 750 SP-LRR(2)-NT-LRR-TM-TIR
ctg899.7 835 SP-LRR(1)-NT-LRR(1)-TM-TIR
ctg368.18_20 774 SP-LRR(2)-NT-TM-TIR
ctg903.17 224 SP-NT-LRR(7)-TM-TIR
ctg255.18 564 LRR(6)-TM-TIR
ctg414.46 880 SP-LRR(8)-TM-TIR
ctg1193.4 864 SP-LRR(9)-TM-TIR
ctg58.57 606 SP-LRR(2)-TM-TIR
ctg730.10 251 LRR(1)-TM-TIR
ctg58.54 438 SP-LRR(2)-TM-TIR
ctg118.25 607 LRR(1)-TM-TIR
ctg118.26 393 LRR-TM-TIR
Ctg2496.3 408 CT-TM-TIR
ctg467.9 705 SP-NT-LRR(7)-CT-TM-TIR
ctg5741.1 705 SP-NT-LRR(7)-CT-TM-TIR
ctg467.8 705 SP-NT-LRR(5)-CT-TM-TIR
Ls Jl ctg1105.25 945 CT-TM-TIR
Ctg4463.3 1030 CT-TM-TIR
ctg169.28 725 SP-LRR(6)-CT-TM-TIR
ctg169.30 723 SP-LRR(6)-CT-TM-TIR
ctg169.29 723 SP-LRR(6)-CT-TM-TIR
ctg109.1 737 SP-LRR(5)-CT-TM-TIR
ctg18.55 735 LRR(9)-CT-TM-TIR
ctg1513.3 455 LRR(1)-CT-TM-TIR
ctg1513.5 733 SP-LRR(10)-CT-TM-TIR
TLR FEFE [ I TM & 4y sk ctg681.6 409 SP-LRR(4)-TIR
TLR-like protein No TM domain ctg242.33 615 LRR(9)-TIR
TE TIR 253§ ctg58.58 558 LRR(6)-TM
No TIR domain ctg375.2 601 SP-LRR(4)-TM
ctg730.9 630 SP-LRR(7)-TM
ctg375.3 855 LRR(5)-TM
A LRREHE yoan o3 239 TM-TIR
No LRR domain
HAth Others ctg1472.2 96 TIR
ctg1184.1 466 SP-NT-LRR(8)

FE: LRR: SEMRELITIH); TM: BBEL5HE; TIR: TIR 4583 SP: {55 k; CT: LRR % C K¥i; NT: LRR /Y
N R

Note: LRR: Leucine-rich repeat; TM: Transmembrane domain; TIR: Toll/interleukin-1 receptor domain; SP: Signal peptide;
CT: C-terminus of the LRR; NT: N-terminus of the LRR.
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¥ LRR-CT 25 BeREEEE TLR EFNE L 4
4 LRR-NT
Z%ﬁf HR A e S ] v SR N R GR VKB, 22 TLR
R F R HE(E 4A), WTLUAEH, 78 PBS X4,
42 N 41 DI A A R IB(FPKM>1), [HAS R 3
i PR MR A ) 01022 591, B FL7E 1 2L 1
9 >
=E SOF AR H B 3Rk, A SRR 2 Pl 2L (BRI
& = T U B 2k T ctg1184.1 78 T AR Hh S 2k
(PBS_H 4 3 /N#E & FPKM {70514 1 672, 1370 Fi
2002), i H LA FA(PBS G 4H 3 N EE FPKM {4
o A3 0.027. 0 1 0.029); ctg2.41 FEf A i ik
% E | 4] /\E/—‘ ﬁ/\ n[J N
» 2SS o o o (PBS_G 41 3 ©~HE FPKM {H5 514 3.04, 9.33 il
=z 4: 12.97), FFBEARF L AFEX(PBS H 4 3 AHE
23 b
: v @ L b PP TwinTIR FPKM {H43-5]4 0.49. 0.43 1 0.07), i ctg356.25 7E
TR R S8 T I AR P 3545 #6315 (PBS_G 41 3 1~ H & FPKM {H
1 R TLR B 4 g A3k 2.86. 2,77 F12.23; PBS_H % 3 1 & E FPKM
N P I o T e gp S A
Fig.1 Pattern of protein domains in different subtype of TLRs {52575 6.01. 3.08 A 1 43)e IR RS g L

LRR: &M ELEF4]; LRR-CT: LRR Y C &Kt
LRR-NT: LRR #J N R¥jii; TIR: TIR &5,
LRR: Leucine-rich repeat; LRR-CT: C-terminus of the LRR;
LRR-NT: N-terminus of the LRR; TIR: Toll/interleukin-1
receptor domain.

FHR AR (P>0.05), T ctgl228.10 (P ) K 7E 45 40

— 6 TLRHE R 7E 9B B 12 h F1/5% 48 h J 76 68 5 i
TR rh A ek i R AR T ARk, ﬁ%%ﬁ%ﬁﬁlﬁL
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Abstract

Molluscs do not have adaptive immune cells and corresponding antibodies in their bodies.

They mainly rely on the innate immune system to protect themselves from various pathogens and foreign

substances to maintain normal life activities. Pattern recognition receptors (PRRs) first sense

pathogen-associated molecular patterns (PAMPs) during the innate immune response, triggering specific

signaling pathways and resisting pathogenic invasion. Toll-like receptors (TLRs) are widely studied PRRs
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and play important roles in the innate immunity of invertebrates. The first TLR was found in Drosophila,
which activated the transcription factor NF-kB signaling pathway to guide early embryonic development.
Later, it was proved to play an important role in the immunity of Drosophila. A typical TLR protein
includes three protein domains, the extracellular domain containing two to 45 leucine-rich repeats (LRRs),
the transmembrane domain, and the intracellular region containing a TIR (Toll/interleukin-1 receptor)
domain. According to their structure variation in the LRR extracellular domain, TLRs can be divided into
two types, namely single cysteine cluster TLR (sccTLR) and multiple cysteine cluster TLR (mccTLR).
The razor clam Snonovacula constricta is an economically important bivalve species and one of
the four traditional mariculture mollusks in China. However, deterioration of the rearing environment and
various bacterial and viral disease outbreaks have caused significant economic losses to the S constricta
industry. Therefore, a deep understanding of the immune defense mechanisms in S. constricta would help
implement effective disease resistance strategies. In this study, we identified all TLR genes in
S congtricta using whole genomic resources. Firstly, we identified the S constricta proteins with both
TIR domain (PF01582) and LRR domain (PF13855) using the InterProScan. Secondly, we further
searched the whole genome DNA sequence using the TBLASTN program and the TIR-LRR protein
sequences as query to identify missed TLR genes during genome annotation. The TLR protein domains
identified were analyzed with the SMART software (http://smart.embl-heidelberg.de/). The TLR proteins
with incomplete domains were further corrected with the FGENESH™ program on the Softberry website
(http://www.softberry.com/). Finally, a total of 42 S congtricta TLR (SCTLR) genes were identified.
Among them, 33 genes encode typical TLR proteins with three domains, and the remaining nine genes
encode TLR-like proteins lacking some domains. The typical S. constricta TLR proteins were classified
into two types and four subtypes based on the protein domain structure characteristics. The type mccTLR
includes one P-TLR and seven sPP-TLRs, while the type sccTLR includes 16 sP-TLRs and nine Ls-TLRs.
Furthermore, the type and number of TLR genes were compared among ten species from four classes of
mollusks, including S. constricta. The results showed that two types of TLR genes, V-type and Twin-TIR
TLR, identified in other mollusks were not found in the S. constricta genome. The number of TLR genes
varied dramatically between different species, wherein the owl limpet (Lottia gigantea) and the common
octopus (Octopus sinensis) possessed 16 and 17 TLR genes, respectively, while the American oyster
(Crassostrea virginica) owned more than 130 TLR genes. Even in the same taxonomic genus, different
species had a vastly different number of TLR genes, such as the Pacific oyster (Crassostrea gigas), which
belongs to the same genus as the American oyster, and possessed 83 TLR genes, obviously less than the
American oyster. Evolutionarily, the anciently originated mcCTLR genes in mollusks did not expand in
number, while the recently originated SCCTLR genes largely expanded in number. The gqRT-PCR
tissue-specific expression analysis showed that six TLR genes randomly selected were expressed in seven
tissues, including the hemolymph, gill, hepatopancreas, gonad, foot, mantle, and siphon, being highly
expressed in the hemolymph, gill, and hepatopancreas. Finally, the razor clams were infected with Vibrio
parahemolyticus, and the gill and hepatopancreas tissues were collected at 12 h and 24 h post-injection
(hpi) for further transcriptome analysis. The results showed that nine TLR genes were differentially
expressed in the gill or hepatopancreas before and after V. parahemolyticus injection. Six genes (ctgl118.25,
Ctg118.26, ctg356.25, ctg774.6, ctg681.6, and ctgl1513.5) were differentially expressed in gill at 12 hpi or
48 hpi, in which only ctg1513.5 was down-regulated and the other five were up-regulated. Three genes
(ctgd67.9, ctg2496.3, and ctg903.17) were differentially expressed in the hepatopancreas at 12 hpi or
48 hpi, wherein ctgd67.9 and ctg2496.3 were down-regulated, and ctg903.17 was up-regulated. In
summary, our findings will pave the way for investigating the functions of TLR genes in the innate
immune response to different pathogens.
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