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[H#ZE] %9 H (Perciformes ) &2 P YRl 4 5 B fe i 10— A~ B, 4040 26 20K 3, el 4 0 B R S 4R %
B, SR, o % B (R SR AR =] 1908 R A M 5 | S 1) €6 2995 3. Toll 3% 44K ( Toll-like receptors, TLRs) f&
e RGP E T AT, 26 BE LA S 20 T B 4 o R i AR . AR SCLL TLRI RN LTRY e FE R, 36T 2
T H 17 MRERYF RN T, 8 ARz B PR e KoM SR 1 4> T iE L JE . BRI 500 &
B TLRI TLR9 FEH A 43 1A 16 FI 8 A~ IE BB 5 g WA Ak 7 1 (R 3], L 86% My A7 i TR H R E S 72 &
1% % %2 )73 ( Leucine rich repeat, LRR) 45 #4938, iR 45 SRARIR 658 H Wy T 1 5 85 1 s T i A 2 IR e g ok 5, i
XU TE S 5 ] RE S BOEE K AL B A S RE B IR PR IR AR 12 28, 3 41, Free-ratio DA M2 Branch-site 15
TRURSIN & BRE PR () 1E e85 B W Rl kR 5, A0 TLRT 76 SRR $5c 3 2[R 40 46 32 DA T R i 4 [R] 4H 56 32 45 37 5]
SR IEBERE , TLRO W AE BRI f i 26 R AH 56 S 32 1) J0 25 IE e 5, L I3 645 3 ol 41 42 % 32 B TR 44 1) Jgl
I, 8598 B 215 3 52 2 1E R 5 v AR R AR K HIPUR IR G W 1R 28 h b A 25 51 DA B WFoe 4 R0 7E KK
TR A 5 A 8998 B RN TLRI TLR9 5K T R & A= 1 58 i PR S RE .
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Analysis of Selection Pressure on 7LRI and TLR9Y9 Genes in Perciformes
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Abstract: The Perciformes is an order with the highest species richness in fish, distributed in many waters,and plays an
essential role in developing the fishery economy. However, the high-density culture mode aggravates the fish diseases
caused by pathogenic microorganisms. Toll-like receptors ( TLRs ) are essential proteins in innate immunity and play an
important role in the defense against bacterial or viral infections. In this paper,TLRI and LTR9 were used as candidate
genes, and the homologous sequences of 17 representative species of Perciformes were downloaded. The molecular evolu-
tionary basis of innate immunity of this species was discussed by evolutionary analysis. Selective pressure analysis showed
that the three methods simultaneously detected 16 and 8 positive selection sites in TLRI and TLR9 ,respectively. 86% of
sites were located in the Leucine rich repeat( LRR) domain. These results suggest that Perciformes species face the chal-
lenge of high pathogenic microbial infection. These positive selection sites may lead to critical functional changes in gene
evolution to resist pathogen invasion. In addition,free-ratio and branch-site models found that positive selection of genes
was species-specific. For example, TLR] is significantly positively selected in the last common ancestor( LCA) branch of
Sparidae and Percidae,and TLR9 is also significantly positively selected in the last common ancestor branch of Sparidae.
These lineages are often reported to be threatened by pathogens. Therefore ,the positive selection of multiple Perciformes

lineages may result from evolution in long-term resistance to pathogenic microorganisms. The above results indicated that
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TLRI and TLR9 of Perciformes species may have changed their adaptive functions during the long-term resistance to
pathogenic microorganisms.

Key words: Perciformes, TLRI , TLR9 , adaptive evolution,innate immunity

BT H (Perciformes ) 42 ff1 3¢ Hp ) Fft 3= B2 Joe i 19— D H 246 25 M2 H 160 BE 1539 J& (10 033
Pt BT HIRN MG Z R AETR TR SO Aty SRR ) A IR ZEIRAOK IR . 9 H 24
Yo b B H K SR A S A B T HME A T, a4l m % IR X 25 5 R EE H
TREANE R A IR Z BN R ANE R S S E WU . R E R R & S BI RS R T
K, DTN AR ™ I e TR <. Rt WIFSE I B f e BE DX Y A AN AT BT Bt i = R D A5 ] Fr) 4
FABL W Y Fisi iL & R KB Biin S ki 2 Ay S5 K35,

FERAE G PEAEHRG TN LI 5 AR AR 5 TS 4 H A, A sh W % = B AL ], QSR HRAE g I AR A
ROV —IE R AR IR A K R AR R b R AR R AR R T AR S, ok e
20 D 1 B 5 ST I A P AR O i I L SR8 I 2 RE AR AT AT e 1 238 5P TR AP B e T 1R D A R 4 1)
TEAR P Sy B A A ST ER B, S R Mk S R G R A e g AN R T A A = U A2 1
( pattern recognition receptor, PRR) %éﬁ%f]ﬁ)ﬁﬁ“ﬁﬁ?’fﬁgﬁﬁﬁji*ﬁfﬁ}%*%ﬁ( pathogen-associated molec-
ular pattern, PAMP) , t3 4555 E ¥ CpG ODN JREE 11 . dsRNA 45, 151 & — R IV s SO, PATH KA
AR o SRR A0 23K 89 Toll #5244 (Toll-like receptor, TLRs ) Z & K HEH) PRR , 1F
5 P RN G N2 A B I M e e o 5 TPt % T AR AREASTR] TLRs A [R5 J5UAH 56 43458
2,0 TLR 8% 5 W Wi 55— 4% TLRI TLR2 . TLR4 . TLRS F TLRY, 355 5HLIRXT 413 H)HU31 ,
AR RAER TR TLRs; 5% 2K 4048 TLR3  TLR7 ,TLRS M TLR22, 3% % 53y 8 19 YL, B AR Sy o 7 Y
TLRs'".

FIHATR AL, 2K O 2% K2 23 Bl TLRs'™ , ALY TLRs 2 1 454 6 45 58 20 R 42 X
(LRRs) 5 RBESEH IR (TM) P Toll/TL-1 SZ2ARZEMIIR (TIR ) , Herf LRRs DX b 55 M1 0 ) B A4 25 4, fili 5
Toll FEAZ PR , P — D5 TIR Z5F 85 4k 731 MyD88 (BERE LN 1) 455 1755 A RAE 4l i 1A
TR SR AR TIR KAHRRSF, 550 F 15 54 5 H 0. TLRs 7E 28 sz b iy fE FHC 8 2 i
T, AL S TLRs AH G B PR 334t 25 A A [ 1) 728 A R 3 7 A5 5 I AE AR BT, RV 1 6 ( Sparus
aurata) B K B TR R S ,TLR2 Fik kA iR ;j(,ﬁlf@(lﬂrimichthys crocea ) R 7K A= B T SRR
J& ,TLRI TLR3 #ik V-, TLR2 TLR22 3K TR il i 73 BT B AL IE S ] LAVE S 5 5 £ TLR9 K1k
LN AR TLRY S HABAR TR TLRs AR, 1% 3% R HAFAE T 40 Y30 , RS2 TR0 440 B Ao
B DNA ' CpG ODN Yy FEZ 24K il 5 CpG i Y791 45 & i 5 | B S e B 10 D R M sy, i
R G BERUN A AN 2 R N AR RO I R R4, RO B 5T £ T A o i i
LAY SR EAE RS TLRs W, TLRI RL-F- WA M i o s e e AL, /48 H T TLR1 7E R Bt
LR K ( Tetraodon nigroviridis ) BE Sy i R 408 ok | I ELG IR YL S 06 1 3% B 32 TR 7 £ 205 A
PEh A AR (R BT 2 TLRI WK T A DGR ST R TLRI W REFT 25 TLR2 L5+
TR RIRRAEAE R, G TLRI AP B IR ARIBIESE . H Al AT H TLRs FGEIEE K 2 5 i
TESSE 2 S b SR H > T AL BRI AN 58 A8 4. ARWE9E LA 17 FhiiE B Ay TLRI (TLRY Ay fi %k B
ST 5 Ak A S PR3 R A e s HL S R M e e AL WFSE 45 SR T8 B 28 0yt tL F AP L
LB biie BAT — E 46 5 8 3
1 RPRS sk
1.1 TLRI # TLRY K538 5tk 3¢

AHFSEIEEI 17 FhlyfE H s, s 256 R S5RL RERL 65FL SRR AESTRE ESuk Rl e R
Wt Bl A Rk IR, IR S AR SME. B T L6 DL SRS TLRT BEPR Ah AW ST BT i T A Y
TLR1 . TLR9 F:H 35 B33k A NCBI(http : //www.nebi.nlm.nih.gov/ ) G (£ 1) . #t—4, LLIKPE
TLR1 VE}32%:7% 7 5015 B ( Pagrus major ) VA 2 68 ( Acanthopagrus schlegelii) 3 R ZH F BEA 7 A b Blast' "™ LA
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ARHON BLEY TLRT &N | E-value {HBEE N 1e=5, Hrp B EE N1 (1 NCBI $di e, 8L ] 4 VT34
VK ST 5 R SR A BRI P B (R K32 . 3] Prank ' SRR 0] A — 4> HE DR L T 85 A 17K
SFHETZ RS X AR5 T Gblocks' " B4 X 7 91 AR AR~ X 3RaHEA T O AN A X

R1 KXHRFMENHEEAFINERS

Table 1 Accession numbers of species used in this study

LY/E BT4 Bt TLR1 &35 TLRY &%
NEN Pagrus major iR} A H# blast * EU256334.1
TR Acanthopagrus schlegelit AR} A blast = EU256333.2
K VG A Sparus aurata fifg A} XM_030396315.1 XM_030421964.1
fife £ Miichthys miiwy AR KP340899.1 KR709252.1
R W) fifs Sander lucioperca T iR XM_031319317.1 XM_031316335.1
i Perca flavescens ] i XM_028589377.1 XM_028584076.1
e e A s Etheostoma spectabile AR} XM_032528600.1 XM_032521582.1
R A B Epinephelus coioides fig®} HM357229.1 G0358201.1
el A Bt Epinephelus lanceolatus fig A XM_033632980.1 XM_033629987.1
R Seriola lalandi iR} XM_023396084.1 KR364001.2
YR IE i % Trachinotus ovatus #ER} MG762971.1 KU975048.1
o e Anabas testudineus SR} XM_026357347.1 XM_026367613.1
IR B 3 A 11 Anarrhichthys ocellatus AR IGR XM_031858208.1 XM_031844856.1
EEIRGRIZY S Pseudochaenichthys georgianus 2V G 2 XM_034092824.1 XM_034086580.1
EASS /A Gymnodraco acuticeps Jo XM_034230873.1 XM_034207489.1
ARJA LR Trematomus bernacchii R AR XM_034134081.1 XM_034145045.1
B NN Lateolabrax_japonicus B KY883370.1 MK273053.1
BET Danio_rerio fiA} NM_001130593.1 NM_001130594.1

" ZEH PSR Blast 474+

1.2 TLRY 1 TLRI EEREE

N TLRs 7E6E B YR NI RS R A 56 R il T Modelgenerator ™ {1 PR 8 RS R BR A5 |
i FH RAXML" ™ SR IR R AR R G0 R A A, BE S (/B SMEE, E R 1000 YA T35 25 9 SZH5 1 (bootstrap
value). A AN, A T (iAA A 45 R IIT 5%, Al H T Mrbayes™ B3 F DU e e AT A, L P S 10 HE R

B B R B BE S R 9% 71 (markov chain monte carlo, MCMC) 3217 100000 fC#E1 45T
1.3 SF#HUDHT

TR TLRI A TLRY AE87E H A BEALER S, A A PAMLA.7 (phylogenetic analysis by maxi-
mum Likelihood , PAML) #f:12" i CODEML F2J% %}E [7] L4 % ( nonsynonymous, dy) FaE] UL (syn-
onymous, dy ) B HAH (w=d/dy ) HATEAG. o (E 08 BRI B 246805, Ho o<1 =1 F1>1 535 B0k
HZ AL (Purify selection) | P ZE$E ( Neutral selection ) FlIE %% ( Positive selective ). {# F H Aij A 7A
BT H 288 Kk 1 5 R LU M TimeTree M3 (hitp ://www. timetree.org/ ) B 2 58 % & #AE Jy PAML 43 #r
AR (1),

B T R ABIR Y PAMLA.7 #PH42 "l Datamonkey ™) #E4T¥EA 59 H 4 F o TLRI F1 TLR9
WA LR 37 IE SR BRVE FH AL . 8558, 38 F PAML #0460 rh (A0 s A 0 (Site model ) F %) 19 X 455 280
Mla( PRI ) vs. M2a(IEZEFRALTY) | M8a( ALY  beta 7347 : 0<w, <1 Fl w, =1) vs. M8 (IEZEFFALAY
beta 737 :0<w, <1 Fl w,>1) FEATHEM. iz FILLIR LA (likelihood ratio test, LRT) 3k EA5 10 r A ¢ 132
P JFE i 2AInL (85 H H BE2Z 8] 74340 ( Chi-square test X*) & Z AN [ b BB 1) I 25 Pk, 24
FIRLE S LRT #:46 HL P {8 B 50, i3 FH D13 2886 01 -3 (bayes empirical bayes, BEB) #:il 1E £ %
7 5, Ho 5 B HE % (posterior probabilities , PP) BT 0.9 (A7 S AE AW FE M IE L84 . 5340, FEF R L
BRI Datamonkey ™ J vk HE— 25 HI T IR BT AL AR, 38 T T =R s KSR 12 , A 435 i 72 0007 B 4R vk
(fixed effects likelihood , FEL) . BEAILAL R ISRV (random effects likelihood , REL) F388 JG 24 o D - 374 4 v
(fast unconstrained bayesian approximation, FUBAR). FEL & M /K 1% % 4 0.2, REL U137 i K SF1% &
750, FUBAR HJi5 B M 4 [ 1 [ {EL 0.8.
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Branch site free ratio ——8&——— Anabas testudineus ‘ 7 Bkpyipl
TLRI - A Seriola lalandi  * ’\( e
TLR9 @ A —@— Trachinotus ovatus 6‘,\‘( -
Anarrhichthys ocellatus 6 AREHE}
Pseudochaenichthys georgianus?‘ 7 fi K £ F
B — Gymnodraco acuticeps 41@:‘ TRt
< Trematomus bernacchii @ EaL s

Perca flavescens ¥ ‘

»

Sander lucioperca <Py Tl

e Etheostoma spectabile é"
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< o figFh
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—A— Lateolabrax japonicus @( T8
—®— Miichthys miiuy "(3‘ )
N A Ak
e Pagrus major @1
i Sparus aurata ’m( R
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Fig.1 The input phylogenetic tree used in PAML analyses in this study. The results of Branch-site and Free ratio

models were marked with circles and triangles, respectively

N T PRI E e R BR TR E A & 18 T PAMLA.7 B2 P iy A H H 3RS (Free-
ratio model ) Fl1 33/ 545 ( Branch-site model ) #E47KEM. H B HC R RUB I —Z R EA MM o H, %
A 5 AR —— 51— [ A ( One-ratio model) BV 32 R B A MR o (HHEAT LLES. A7 AR A
( Branch-site model ) 15 /"™ 4 F8 1 45 [ A 0 £ 7, ANCRE A% 46 TN 52 1E 12 4% 1) 2 FR I REAS I 52 1E B £ 1Y
D7 5. 2RI TG B AL 2R 43 M T 5 32 (foreground branch , BB 4R 1) 32 R ) 5 75 5 % ( background
branch, RUARASCR) . AWTFE 4 17 FhiE B YRt BRI 0155, FHRBE Ma0 (PR 0<w, <1,
w, =1 Fl w,=1) AEEAEE Ma(IEBEBHA . 0<w,<1,0,>1 Fil 0, =1) FE17 H AL 12 H LRT Rl i A58
M, P<0.05 B A0 1 2, H AR I 62 8 PP>0.9 B, B A & IE R0
1.4 TLR1 # TLRY & A8 =447

Wit MEGA™ k{46 TLRI \ TLR9 5¢ &A% 7 R 7 51 Bl i 4 & SL 1. 7 51, Rl SMART 3 (hitp 2 //
smart.embl—heidelberg.de/ ) TN [ SCHESS M. 25 1 B b A el 22 BE TR i 728 1k ml BB 5 | S £ 1 o 25 [ A 1Y
YRR TR I AR I BRI RE. A 12D R R IR IR AL A TR AR 1 BT S 4RSS R A ) 3 A Ao f
JH I-TASSER ( Iterative Threading ASSEmbly Refinement ) 3 %f 268 TLR1 F1 TLRO £ 4 —#E&5 A 747 il
I8 1 EZMOL( http : //www.sbg.bio.ic.ac.uk/ezmol/ ) Wk & {37 1E BE PRV 5 7F 8 FH B —4E S50 7 &, A
T 58 LWL 73 B 67 0 2 1 B AR ) 2 D RE 2 i

2 iRl
2.1 REXERIEE
A THNHIEH TLRs B RGE KAERXR , B, 7T Modelgenerator[ OV ERAR ST, IR GTR+GAMMA +1

BRI B AR AL, R, ] RAXML P i 5 TR e KBS R ([ 2) . BRI 4R 2y
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W R8E H TLRs BYEEPIRRIE TLRT F1 TLRO WS BE[A A8 SR A 1 P BE DA%, (ELIE: , BRI AR 3 4 M2 ) 5 )
P AFAEZE S FE TLR1 YR, H AR 67 ( Lateolabrax japonicus ) S 81 ( Miichthys mituy ) BAE—E | M 1E
SEPRIR i 5 SR 0 DK VS B AR N OC R . AE TLRO JEPRIA rf | B T P A 3 BH W A b A B £
( Epinephelus coioides ) UL N ¥t A1 B4 (E. lanceolatus ) BEAT 5885 ( Perca flavescens ) TEAE—E , Fe K # 554
T HAB ) R = 5% 00 R B — 2[Rl DLt [ S 1 e KA SR VAL 1 Ay BE DRI RS, by k45 31
PP T 5 DR AR P AR AR SR NG A T AR — 30 (81 3) . 25 b R 5 Rl v i b 22 S 3R I AE 0 28 i bt 72
W, TLRI TLRY FEN T4 S e TR I BEAL , DLIE AN AR 358 B i I A W A 4R .
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Fig. 2 Reconstruction of the TLRI and TLRY phylogenetic tree of Perciformes by the maximum likelihood method
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BT R TLR1 A TLRO WA~ JE PR ZE T8 H b b J& B AR IE SR B3 07 1, B S8 PAMLA.7 {4
PRI (M1a vs. M2a M8a vs. M8) HEATAGIN. LRT 25 4% /R IE e AR T M2a Fil M8 34 i & 41 T v P A
#I Mla F1l M8a. fE TLRI RER A | T HAR M2a M8 H o {H 2354 2.55 F12.05, 4275 TLRI 32 1F %
$&,JF H M2a, M8 H i BEB Jrikar AN R 3 4~ 47 A IEEPEALS N MR KT 0.9, 78 TLR9 Kl 25 5
H M2a M8 BALSF IR E] 3 30 AN IEZERRALN. 5 ISR & 2] 0.95 B, 7E TLRI #2455 v M2a,
M8 Al E] 1A~ 20 AN IEERENL S, NFE TLR9 P, M2a AR F R AG I 3] J5 30 A8 22 K F 0.95 14 45, M8
FECRIDUAG 0 2] 10 AN 1E e A7 5. 53 4b, K FH] DataMonkey 38 o () = Fb ¢ K BL 2K 5 ( FEL  REL DA &
FUBAR ) E— 25X PR A PR JRE 07 R A T BE 85 R 4G . 25 R 3601 | i FH = A 5 W AE TLR1 F&H A 37 ( FEL; 28,
REL.8,FUBAR:13) A& TLR9 [N (i (FEL:24 ,REL:6,FUBAR .3 ) 24610 53 N EEF A5. ZEA L) E i fb
B RAUSRYE , TLRT 5 TLRY HH A AL Ty ik [l s Al 1) 1) 1E 645 543 5120 16 1 8 A, 7 ik 6457 45
SR ZU AN IE SR A, (AT ISk g = LB 5 A I 3] ) TE e B s o3 o 7 A 3 AN (3 2).
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Fig.3 Reconstruction of the TLRI and TLRY phylogenetic tree of Perciformes by Bayesian method

%2 PAML 70 Datamonkey il B 1) IE &2 {7 &5
Table 2 Sites under positive selection detected by PAML and Datamonkey

PAML Datamonkey Total no.
Gene .
Mla M8 FEL FUBAR REL of sites
TLR1 236 5,48,58,61,156,177, 46,48,111,120,125,128, 111,120,125,195, 48,120,177, 16(7)
195,207,223,226,236, 164,177 ,195,205,214,236, 205,214,236,251 , 195,236,239,
251,264,271,279,289, 239,251,331,364,365,409, 364,418,421 ,564, 251,253
305,364 ,568,578 418,421,515,553,564,592, 592
604,635,730,736
TLR9 NA 41,122,242 ,269,348, 14,29 ,41,81,210,242,327, 14,242 327 14 41,242, 8(3)
374,391,406 ,428 453,470, 428,730,819

432,495,545,692,716

487,514,613,620,692,730,
733,753,811,819,858

VE - BN L1 D7 A D B 5 SRR, 4 =R L R I B 7 AR LT ELARMAR.

iz F L — HR B ( One-ratio model ) R IT A 32 F2 HA A R 09 E AL B 46 | 45

BRI QYA TLRI

FITLRY 1 o {E73501 0 0.38 55 0.36, 3 /NT 1, 473K P>k DR B 1A sz 3] 9 SN A e B 2901 O 1 it — 2
B IE BT RIR T BEER A2 &R 12 H B H ERIE R (Free-ratio model ) #E47 /. LRT 454 R
BRI (One ratio vs. Free ratio) 225 % (P<0.01) , ¥d B B iy Fe R T 2200 F 80— R AR AL Free-
vatio F 7% I TLRI #F H AR BLf I 2557 TE e 9% 5 107 TLRO F PRI JEE 57 v DU AG 0l 2] 224> IE e 5 5 &R |, 491) 4 5 fos

5 AW ( Sander lucioperca ) T FLIRAH G, H AR B fififo EL0H RV EEER L &

R Y R 2 Rl AH S
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Y (K2 .3 3). Free ratio FAVKGIN 2| — 2837 R P A IEIEFE 5 (0>1) , JE4RE X 8 37 R K132 219K J5
AR 28, ELANERRL 37 R ERIE 4% Z SN G R R 78, 5 R 412U A M i R IRAE >

iz ™ 4% 1 S A6 A5 ( Branch-site model ) Kl £ 7, 45 S48 /R 7E TLRI JEP EEfi | IESE£E 57
PR A TE A FE Y (Anabas testudineus) ffifa BRI HE G5 ( Trachinotus ovatus) A B FLEG R £ ( Trematomus
bernacchii ) VL S A TG W AU VK 1 ( Pseudochaenichthys georgianus) JSBRIE M ( Gymnodraco acuticeps ) Bt 3
() REL 56 S, AR Ay B0 8 R B A R £ 30 A () A 5 5, 0 | PR K 78 v 08 e 3 ) AL 5 52 7E TLRY
R B R L SR BB G ( Etheostoma spectabile ) Bt 3[R AH e 57, ELHH | B K2 AV ¥ 09 B it 2 [R]
FELSE S A A3 ARG 38 TE B R 07 25 (3R 4)
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Table 3 The result for site model and branch model ( PAML ) tests of genes

A HELRY ~Ln fH LRT {f o IEBEEENT 5/ FR (pp>0.95) P
Gene Model —LnL 2AInL (dN/dS) Positively selected sites/branches value
TLRI Mla 1 3897.28 1
M2a 1 3877.94 38.68 2.55 236(0.987) <0.01
M8a 13 896.79 1 5(0.953) ;48(0.980) ;58(0.984) ;61(0.959) ;
M8 13 878.99 35.60 2.05 156(0.982) ;177(0.968) ;195(0.951) ;207(0.970) ;
223(0.964) ;226(0.980) ;236(0.996) ;251(0.984) ; <0.01

264(0.990) ;271(0.990) ;279(0.995) ;289(0.970) ;
305(0.982) ;364(0.957) ;568(0.961) ;578(0.984)

one 19 219.59 0.38
Free-ratio 19 090.37 258.44 L. japonicus <0.01
TLR9 Mla 18 979.44 1
M2a 18 965.50 27.88 2.01 N <0.01
M8a 18 971.51 1 41(0.964) ;122(0.955) ;242(0.986) ;269(0.957) ;
M8 18 951.29 40.44 1.59 348(0.953) ;432(0.964) ;495(0.955) ;545(0.956) ; <0.01
692(0.979) ;716(0.967)
one 22 721.93 0.36
Free-ratio 22 613.34 217.18 LCA of S. lucioperca;L.CA of <0.01

Sparidae and Lateolabracidae

7 : LCA( Last common ancestors ) , ¢t 3 [[ 455 3¢ ; PP ( Posterior probability) , & ¥ HE%.
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Table 4 The result for Branch-site model test of genes

A AT AL ~Ln {8 P value w E VR 25(PP)
gene Branch-site model -LnL ’ (dN/dS) Positively selected sites
TLRI A. testudineus
Ma0 18 697.14 w,=0.088 38,w, =1.000 00,w, =13.239 90
Ma 18 692.26  <0.01 w,=0.087 78,w, =1.000 00,w, =1.000 00 449(0.994)
M. miiwy
Ma0 18 694.60 w,=0.084 17,w, =1.000 00,w, =1.000 00
Ma 18 692.36 0.034 w,=0.084 63,0, =1.000 00,w, =6.083 43 583(0.993) ;766(0.967)
T. ovatus
Ma0 18 694.55 w,=0.084 36,w, =1.000 00,w, =1.000 00
Ma 18 692.52 0.044 w,=0.084 97,0, =1.000 00,w, =6.592 38 3(0.972) ;452(0.985)
LCA of P. georgianus
Ma0 18 695.17 w,=0.086 80,w, =1.000 00,w, =85.873 21
Ma 18 692.38 0.018 w,=0.086 67,w, =1.000 00,w, =1.000 00 332(0.995)
LCA of E. coioides
Ma0 18 697.26 w,=0.087 33,0, =1.000 00,w, =1.000 00
Ma 18 692.51 <0.01 w,=0.087 78,0, =1.000 00,w, =33.552 93 773(0.945)
LCA of P. major
Ma0 18 696.08 w,=0.086 24,w, =1.000 00,w, = 1.000 00
Ma 18 692.15 <0.01 w,=0.087 84,0, =1.000 00,w, =37.503 84 155(0.985)
T. bernacchii
Ma0 18 694.79 w,=0.085 96,w, =1.000 00,w, =37.014 13
Ma 18 692.19 0.022 w,=0.085 80,w, =1.000 00,w, =1.000 00 151(0.947) ;356(0.944) ;
523(0.945)
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%K 4 Table 4 continued

HEPA SV A -Ln f P value w IEEEEAL 5 (PP)
gene Branch-site model -LnL (dN/dS) Positively selected sites
TLR9Y LCA of E. spectabile

Ma0 22 010.87 w,=0.085 81,w, =1.000 00,w, =1.000 00

Ma 22 006.72  <0.01 w,=0.085 78,0, =1.000 00,w, =52.601 61 790(0.983)

LCA of P. major
Ma0 22 011.39 w,=0.086 49,w, =1.000 00,w, =1.000 00
Ma 22 004.18  <0.01 w,=0.086 62,0, =1.000 00,w, =75.680 34 124(0.966)

#: LCA(Last common ancestors) , 5¢3T & [F] 4 56 52 ; PP ( Posterior probability ) , 5 3%

2.3 TLRI1,TLRY 5% M K IEiE AL S iriEfE = 445y

AWFFEIEI T SR 5 ¢ RO RV VEGE (BARE) A0 IR FLma B fi (R i B ) | fase 286 (226t ) =
AR A E AT EIERR S /0. B SMART 343 39500 TLR1 ,TLRO 25 14 45 F B Jf 38 1 1BS" 4%
PEXT AR BT AT A (18] 4) . fare BT RPEVESR A1 I FL R i =~ Fhep  TLR1 4% )5 914 BEAH
1oL, 439024 798,802 802 A SERR , P RV VEIH A I 2 M5 IR B2 X (13 ) AH(EASFE R AE,
Py A RGN 1) 22 i vy G R T A 1K 5 41 [ L W 5 S R 5 XK B /D (4 A ) I ARG TN 3] 25 s
IX.. TLRY 7E =AY Fh sp A XS S R O sr AR &4 3180 /) TLRs 25 FAZ5 M3 ( LRR \TM | TIR ) , Hih R &R 2
XA AN 12 13 15 4. R T i —BHRGE IE BE PR A5 35 I T B8 (5% ), 4 35k S8 57 5 AR i 7R 2 1 —
HregER i B SR T-TASSER [ vl F0 1 BE SR 25 1 = 2 25 M55 80 530 5. EZMOL 74 28 00 3 467 [] sk 7 e
Fe KAUSR I 25 78 B A TEBE 007 &0 (TLR1: 16 Al TLR9 . 8) #n it | =i A v (18] 5) , & B 58% ) IE e £-1if
ML THE AT EZYReE, H 86% 5 ZU A \E LR s 7 T AU X 35 22 # 52 X (LRRs) .
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Fig.4 Comparison of the TLR1,TLR9 domain structures among various species
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Fig. 5 Annotation of the positive selection sites of genes in the three-dimensional structure of the protein
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