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WHENNTH, BArBEmmIEm D, TR, SR G oK BT, FLX G (¥ 5 A BAT
BEZE e, AFEFEAEAZER A, of AR B E 5 R ARG 5 R . AT AE toll4 B
P AR AE SRR 1] AT RE LG A AT 2 bk, DAIERIASIRI K 2 5 SR AR . Rk, ARSCRIF PCR P24
BB RIS 22 MBI R B0 tol14 3 DR 3% 2 REVE DL B IR 2 5 (SNPs) (114
AR B, U0 E IR R ) S R 75 A R S R AR A, DA T L U 1 B 42 75 0 2 T 4
FIRTh e A g . 25 SRR A BUK N 1694 bp, 76 5 MREE 52 6351 (& 565 MN380726 ~
MN380777) , LRI 27 NRAFNL A, FEC9 ANREME e, b 3 ANGUIERR S et 700 5 2
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Abstract: Toll-like receptors (TLRs) are a family of proteins that recognize highly conserved pathogen-
related molecular patterns (PAMPs) in pathogens, and play an important role in initiating innate immunity.
Point mutations in the human tlr4 gene have been shown to be associated with many diseases, such as
respiratory syncytial virus infection, atherosclerosis, malaria, etc., and these mutations are often racially
specific. The Chinese Crocodile Lizard (Shinisaurus crocodilurus) is an ancient reptile which belongs to the
national first-class protection animal. Due to anthropogenic disturbance, such as illegal hunting and habitat
destruction, the number of the Chinese Crocodile Lizard is extremely rare. In recent years, a large number of
death of the Chinese Crocodile Lizard has been caused due to various diseases, and the diseases are different
among different populations, often with different disease symptoms, which are possibly caused by different
pathogens. We predict that point mutations in the tIr4 gene might be distributed differently among the Chinese
Crocodile Lizard populations to accommodate different local pathogens. Therefore, the aim of this study is to
preliminarily explore the genetic diversity of tlr4 gene and the distribution characteristics of SNPs in the
Chinese Crocodile Lizard by using PCR product direct sequencing and bioinformatics analysis, and to verify
whether the point mutation on the gene has the population-specific distribution, and to test whether its
non-synonymous substitution has an impact on the structure and function of protein. The amplified fragment
length was 1 694 bp (Fig. 1), and the genetic diversity of each population was different, with Linzhouding
population the highest and Dayaoshan population the lowest, which corresponds to the largest population of
Linzhouding and the smallest population of Dayaoshan (Table 1). A total of 27 point mutations were found in
52 individuals (GenBank accession: MN380726 - MN380777) from five populations, leading to nine
non-synonymous substitutions (Table 2), three of which were predicted to affect the function and structure of
proteins (Table 4). Twelve of the 27 point mutations were distributed in only one population, while four point
mutations were not specific to any population, with wild-types and mutant types in each population, and the
other eleven point mutations were distributed in two to three populations (Table 3). Only three of the 31
haplotypes were shared among populations, while the rest were distributed in a single population (Fig. 2). The
results have shown that the genetic polymorphism of tIr4 gene is not consistent among different populations,
and point mutations have population-specific distribution characteristics, reflecting the fact that different
geographical populations are affected by different pathogenic pressures. It is suggested that attention should
be paid to the maintenance of genetic diversity in future conservation of this species.

Key words: Toll-like receptor 4; Genetic diversity; Point mutations; Shinisaurus crocodilurus

Toll #£524K (Toll-like receptors, TLRs) FHENYD R AR AR B AG EEAEA . Toll F£52

& HH Toll # 2 2[R e gt () — R B A e 1)
e ) 1% 2R ) %2 48 ( pattern  recognition
receptors, PRRs) , FEERIATEF A L,

IR FORAMNL . BRI, P VR4S, XF

AR 95 S o v FEE DR ST 9 JEURE 5K 70 AR
( pathogen-associated molecular patterns ,
PAMPs) , WIAMEFAEYIAHMIEE . 5 35 1 1%
BR%, AR B o RAIE Gt R (Medzhitov
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2001) o Toll 32 fA I HEAMl 45 ¥ GLHE 40 AL 41 14
SR M H A E X (leucine-rich repeats,
LRRs) . BRI IR, A s B R <3 Y toll H
fr3&-L 524Kk (toll/IL-1 receptor domain, TIR)
X, TR EE A X (LRRs) HA X4
W HE. W AR oot
AT A BRI 55 (Mikami et al. 2012) &
1245 NIk, R HESIYI SR I 28 1 toll FE32
AL, AN[FEM 18] toll #5244 (1) Hr & A fh
FKEAZERNME, W AFKEEA 10 # toll
FERZAR, (HRTHIA T 2AHE, PINIZEEA 20
i, ffE A 21 Ff (Akira 2001, Tshii et al.
2007, Rebl et al. 2010, Knafler et al. 2015, Wang
etal. 2015, 2016) . ANIF toll #£32 fA KRR
AR R AR, R 25, W RLZr iR
AT toll FEZAK (TLR3. 7. 8. 9) FlIiH
AR toll #3246 (TLR1. 2. 4. 5. 6.
10> (Wlasiuk et al. 2010) .

Toll #5241k 4 ThREZAEAL, T ER 2
IIYER RN EE R G2 8% (lipopolysaccharide,
LPS) (Barton et al.2003) , AR FIZEAE A
HARTCE H 60 (heat shock protein 60, HSP60)
& GRARMESE 2007) , AT BEXTHICAT B4 ) s
RGEAAMHEZMEH (Aderem et al. 2000,
Zimmerman et al. 2010) . XPEHESIY) toll F£52
4 TR I, HZ2 A0S 2 RS
WK toll FEZAA 4 AN E R KA, HH
Ji7 299 A7 B RA G IRRAL Jy H AR, 8 H 5T 399
KL LR RIRRA N ER, CHAESEE K iE
BT &5 toll K324 4 XAEZHE (LPS)
)5 B F B&4 5% (Noreen et al. 2012) o IXFHA
RA TR AR E R F R X (LRRs) , (K
SRS SR A R TR A BE 775 ok 5% 200 B AL 1 i
RiERE ST, BET S BEURVER R &G ek
T, AN toll FERZAK 4 55 399 A IR IR RA
NS R IR 2 T B IRGE & M B R G SR

(Awomoyi et al. 2007) , & =0 Bl K 3 A A AL,
(1) 5 & (Noreen et al. 2012) 5 5 299 fif EK
K BRRZIH B EMZE RS (— i

ME) BEA M (Hawn et al. 2005) , H
TZRAL M, 24 iy ) L2 i 5 98 BR PR 12 22 PR AR T2 1Y
A (Faber et al. 2009) , AR EH, Z%
B R 2 A MERDEMEIE RN B3 20 (Kar
et al. 2015) . BbAk, 299 £ FRAEHERRA
HH &R IS FN S RIR MO 98 . RIE I IE R
i BYEF A K (Kiechl et al. 2002, Torok et
al. 2004, Berdeli et al. 2007) SRR H K. H
TANEAFEMBEMOIFRE, IR F A
HA s B s B 3 Af R 18 (Hise et al. 2007) o
X AT BE AR AN (R0 SR AR T toll A 52 44 25 PR it o
ANFREIERE SIS H (Ferwerda et al. 2007) .
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1E 2005 44 [H E5aH R AN 1000 A, I
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1.1 FEACKRE
A S5 1) [ P M i el YA SR AR T 2018
8 HZE 11 AZ Il RFEEEN, TS HH
TEERER L HARES X 10 W, T Fa B T Ak
L B AR PR X SRyl 10 H, T RE P A
SRARA X B2 B G 15 2, 7 A8 AR T 4R
PR3 X EZIH R s 11 o g 2 0 M S A
2017 FRET R T8 ZE HARRY X,
DNA UG R T - 20 ‘C&H, ALK HT A
[k e 507 DNA S FHZ AR, 3t 10 H. 65
WA K FH B HLEORE 5 iR AT IR B, RN FIE
HREFEA R AER BB ). TFRi (A&
B M, AR ORAE i B — e AR M.
WV R AR 7 VR F D IR (P FHEE 2013),
DR T H 2 ml ITEK LR R E
REEE I UK R SEER =, - 80 CHRIAHE
% DNA #2818,
1.2 DNA #EURI PCR 3 & Ul 5
DNA X QIAGEN (RARAALEHL A IR

AT, MDD /NE DNA HEBGRF &I
a0 B AT AR SR AL, $2HUY DNA R T
- 20 C# M. PCR 51t J5iEN, Mgk
[RIZH A R TN toll 32 AR A% TR 51) 5
X N LR 7 41 (Gao et al. 2017) , 7E NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) X}
W E TR Y 5 LR 7 51 47 R YE BLAST
(Altschul 1990) , AR¥E[FEVREMELE RS ERT
J& T toll4 B[H . e iz R fE, iRYEEFE
PR SO, X IERR PSR FRTIX 7. 45
R, BEHTT toll4 JEK 4K 8 038 bp, 3L 3 AN
AN, K5 51N 108 bp (AMEF 1)1 167 bp
(HMET2) F12263bp (HMET 3) o FIFAH
& 3 FHIE Oligo7 (Rychlik 2007) #Af 4T
PCR 5| #it, m&Hemmsl A
SherTLR4F 5'-GAT CCT GAC TGC CAA TCC
TC-3' (IE[FI5I#) 1 SherTLR4R 5-ACT CCC
GCT TCT AGT GTC T-3' ([ 5[4)) , PCR
PP EE A 1803 bp. SIMIHIETAYT

2 (R R ARAR AR PCR KR
950 ul, AFE 25 pl /9 2 x EasyTaq Super Mix
R EHE (b e XEeEMEAREGRAFD |,
2 ul DNA B GRFERZ) 5 ~ 10 mg/L) ,
10 pmol/L HIIE A 514 1 ul, IIABZEK
2 50 ple MAZF A 95 CTUAEYE S5 min;
95 CAE 305,62 CiB K 455,72 ‘CHEMH 2 min
10s, 3£ 35 ME: RE4AEM 10 min, 4 C
f#-17. PCR FEINEAT 1 Yolnt M bl It I L ik IR 7E
BHME T MG, KAEmT. o s
WEE R (MDA E T AR
WOF BRI o I J7 X OAIE, BR T IER A
KA, AN — 51 5-TAA
AGG AAC TAA GGG TGC-3"%} 4 14 74 v i)
Bt AT, DAMRIE 741 B HERf
1.3 RS
X H DNAStar7.0 (Burland 2000) ]

SeqMan #AFXS S5 R T AIATHEEE,  FERTRAR
AL R UG EEAT RSN, A T0 1 P i i B
AN BRI A TR IE S BR . B R
KA IR HENE, HA 1A s 1 RAR BAFAE
THA B ERAMEF A A E IR
FRAR LAFAE T A A LG B IR, Rt I
PR AT — A 38 T 5 BIE 1% 58 2 15 1R
£ MEGA7(Kumar et al. 2016)% 4 I Clustal
W FREFPHHT Z A, #0242
B, A5 5| H 5% 55 . 7E DnaSp5.0 (Librado et
al. 2009) F53 7 51 1) 2 A VAL S DL K 2 251
GO, AL R bR B 38 ok IR Tz A .
Tajima’s D #4435 fE 7E DnaSp5.0 (Librado et
al. 2009) At B trit S, FRAE YR 2% AR AR
ff NETWORKS5.0 L% (Bandelt 1999) . #
HHL 5 MEGA7 (Kumar et al. 2016) {4+
FIE R ELIR T A, DABRIA LR 1 [F) SO e
FAER] L . KA PolyPhen-2 Chttp:/genetics.
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star.edu.sg/) P FHE Ze BRAT: Pl N0 2 6k I 25 46 Xof
EAREMMINEEM M . £ LRRfinder
Chttp://www.lrrfinder.com/) 1 SMART Chttp:/
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smart.embl-heidelberg.de/) X #31 toll #5214 4
TE R R AL IR Py H AT 8 B S R (X

SignalP 3.0 ( http://www.cbs.dtu.dk/services/
SignalP- 3.0/) TiMll{E = Ik X 4%, TMHMM?2.0
(http://www.cbs.dtu.dk/servicess TMHMM/) i
W& AR PSR IX . H Swiss-Model 7EZRH1F
(https://www.swissmodel.expasy.org/interactive )
XS toll FE3ZAK 4 HIR SRR Fr HEAT 5 E 5
ZHERVEER, FHH Pymol2.3 (Krauss et al.
2014) B fnd & A i = R HEAT S

2 g3

2.1 BEZHEMESH

HIRAT 52 % toll4 FEFFF) (R 1D CFsf
5 MN380726 ~ MN380777) , T4 R
B Ja v AN IS 5 5 T 5K E R 1 694 bp,
AT RSN T SRR, FPylgmid 564
MEER (B D o R afBmE g R
MM, Bl PO REE AR, ERAE Y
BoiE, R RN, O
REGWFHE . % EH R 2 P s M AT

AR TR EE, SARKI T PERERILFEE (GR
1) o 1B 5 ANMESUMTRE S, ) AN TR R 7
AR (11 FD A ERZ, HILBRA S
%, HIERAR, RS R
SRV 5 AP R 0, G BRI
THRRRE LG A 4 ASFREER A B E gL A R R
FE (R 1) o JPERERILRREREE 2 BEPE RS
AT RER BT UK EE LR AT 1 B i 4
Kb, SEOREZ AR R . TEMEEZ
()3 A B, AR 3 ARG BUTE R o
FIEEIAIIE T, HA I 28 N AR RS N RIS
(B2 .
2.2 SNPs i f40#7

27 NRZAFIR Z M (SNPs) 7 A 559
MNEEERAEF LB, Ho 6 NIRRT
RO TRERES EEXE (LRRs) , 2 M
TRAMES ZHEXE C ¥ (LRRCT) , 14
AP TR S X I, (F 2) . SRk, 62
AT (1) LA T IR 22 35 M o0 A ELA P 0 A e e
(£3) . B VN-23 MEEA 3 MFEA A
RAF, ISR 3 HgmT N 1. 6 il 19 AR A,

R EHMERBESEES S
Table 1 Genetic diversity indices of the populations of the Chinese Crocodile Lizard

- JUHERKED TPEREELL IR AR RN T :

BT . . X LR

Total Daguishan, Dayaoshan, Luokeng, Linzhouding, Vietnam

Guangxi Guangxi Guangdong Guangdong
FEAH U Number of samples 52 7 10 14 11 10
B E Sequence length (bp) 1694 1 694 1694 1694 1 694 1694
AP 5% s Numbers of variations 27 10 9 12 16 15
{5 K E Number of haplotypes 31 6 7 6 10 6
A58 %2 Bk Haplotype diversity, Hq 0.962 0.952 0.911 0.813 0.982 0.844
(e ) 47 R M A
EF[{E.'E: ERHER S . . 0.000 18 0.009 12 0.005 98 0.005 44 0.002 15 0.010 60
Variance of haplotype diversity
Ha bz HE (i 72
Standard deviation of haplotype diversity 0.014 0.096 0.077 0.074 0.046 0-103
KPR Z R Nucleotide diversity 0.003 94 0.003 04 0.002 47 0.003 36 0.003 54 0.003 41
f#i %115 S0 & Parsimony informative sites 24 10 8 12 14 12
HAREA A Singleton variable sites 3 0 1 0 2 3
Tajima’s D 0.38295 1.39511 1.37143 2.025 20 0.4384 30 0.413 05
(P>0.10) (P>0.100 (P>0.10) (P<0.05) (P>0.100 (P>0.10)
. - e ENTES ENTES e e ENTES e
= ]

it RF1E Statistical significance Not significant Not significant Not significant ~ Significant ~ Not significant Not significant
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ShEBF1 WEF1 SNBF2 WETF2 F 5'-GAT CCT GAC TGC CAA TCC TC-3'
Exonl Intronl Exon2 Intron2 41 EF3 Exon3 B 10114 FLPHZER
i = P\ The tlr4 gene structure of

R 5'-ACT CCC GCT TCT AGT GTC T-3' J

the Chinese Crocodile Lizard

4

131

B LIRS 2 PR 1 25 Signal P LRR1 LER3 LRR5
The TLR4 protein structure of
the Chinese Crocodile Lizard

LRR7 LRR9 LRIILRRI13 LRRIS

—
Amplified fragment
1694 bp
bR R B S64 N R AR 694
The amplified fragment encodes

564 amino acids

K1 yErBrEE
Fig. 1 A schematic diagram of the amplified fragment

43kt LRRfinder A1 SMART Fitill, th TP KA F AR EVA T HY LRRNT, PRIUEAE 8 14544 hi A AR BLHY LRRNT . [ 458 A Bt 1 694
bp SR P4 AT G i AR A T BT KR . SR A PARTER) “1317 5 “694” ARE MRS AT ISR — AN AR IR
ShE— MNEIERRAE R B AT LA E . HEFS T LRR1 ~ LRR16 REREAI E L & EX I 1 ~ 16, /EE LS Liu 25 (2015) ,
The structural domain was predicted by LRRfinder and SMART. Since neither software could predict LRRNT, LRRNT was not reflected in the

protein structure. In the figure, the amplified fragment 1 694 bp is the sequence length used for analysis after the truncation of the front and rear

clutter sequences of sequencing results. The labels "131" and "694" in the protein structure section represent the position of the first and last amino

acids encoded by the analysis sequence on the complete protein. LRR1 to LRR16 in protein structure represents leucine-repeat enrichment region

1 - 16. The drawing method was referred to Liu et al. (2015).

se— RIA WA S EEF AR T2 T
FRFEFIRR R B 20 0l B 4 APl S M %
R 2 A1 SNPs, (Hitk m FREE K 4 MR H SNPs
W3 AR H A — JAMAK VN-23. 29 AR FAT A
A 4 ANME AL TEF e AR v, FIR
()RR AGTE 2 8% 3 MR ARSE (R 3D
ARG AT AE T S R AR AR S 17 A
WigmiS DNA (cDNA) 25 791. 792 £ LKW
AR S LT [F] — AN B B AL B =
£, HIERL 4 P+ (ACA. ACG. AAA.
AAG) , cDNA % 871. 872 A8 747 55
LT3R 15— LA A7, TR R 1

(GCA. ACA) . 1 9 NER X B = B 1R
(R 2, 6 MRAET AR, H
R 3N 2 8 3 MREEAEE

23 MK ERE BN EEREAMIIERK
2200

6 /IR B AE P P A A TN 2 SR
& RS2 R RAET RAE, BRI 6
RIERR G T A5 toll FESZ AR M) IEH 45
FIMTIRE . WADEIER B IRAE SIFT B 1
Wy “sLmER [AThEE” , {HAE PolyPhen-2 Fiijll
GERFEIR R, XFEERIFATE,
AR EIE A RE AU R, —1
FHETR B AL N R 1) T 5 SR SR 0t
EARIIRe LS A 2, R IX A n] RE 2
—MAFERNRER RN (R 4 o AR
(Val) RABREAR (Met) {XAE] RE G
FEFF I, %A R T T S A A I
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HO09

H12
H25 H23

H28

[ AR TTFPEE Linzhouding population
] FHiAh#E Luokeng population

M SE:LFEE Daguishan population
W LA Dayaoshan population
M FREFFREE Vetnamese population

B2 Toll BE32 1k 4 FH B Ak I 4% K
Fig. 2 Haplotype network diagram of tIr4 gene

BN P s — P LA 2, I ) B R IMREAZ A A A AR, TR ST R A AP SRt A T TR — AN B EOR, BERARIER

N SRR IAl . HOL ~ H31 23 36 0R 31 SR,

Each haplotype is shown as a circle, the size of which indicates the number of individuals with that haplotype. Mutational steps connecting

haplotypes are represented by a small black line between haplotypes. Little red dots that are not labeled represent median vector. HO1 - H31

represent 31 haplotypes respectively.

DRl e B A5 AT fE S e 4 R (S S L. 1
LRR finder TN (4758 3640 AL s FORA R A0 A7 25 1
FEAFSE 421 (LA ER (Thr) FZE 630 142
MR (Ser) MM A O-FEIEALAL 5T AR L
f7 5. HR4E SWISS-MODEL %57 ()2 A il =
PR, ¥ 8 NRAEERA AL &
JR=4e g, T E A HAD toll FEZAR 4
QB 0 [FIR T A, 3 BT IR AR L6 i 56
f) toll KESZAK 4 A = Yeghty, Rt A s
U BLG 2R 643 AL IARAL s, BEAIL = 4k 2R
HREEKE R 611 NMEIEIR(ER 28 22 638
R BER) , 1% BUSHRAR toll FE324K 4 (1)[R]
PEMEN 43.67% (K 3) .

3 i

KIS I toll4 FE K Fr B354 63 bp

—NEZFRLZ AN (SNP) Ak, SR
) RAR R . AN FREE I SRS T IR 2 S
(SNP) S AESIRLE 1/106 (RSP 106 bp
— AN RZ S S ORMTTTRED 2
1/188 (PR ILIFFFE) 2 8] . ST 48 B BeAL T toll4
BFEAET 3 b, wmiBHS R R EE S
FEIX 4 (LRRs) , ]I ey 848 A4 /& m] DA
fifi . AR E R EE X (LRRs) & 7
EAHEAEHMXIR, BEARESRRERMEZE
P (Vaure et al. 2014) , & —Fh 4% FE K A5
JRARBT 45558 A LmZE R, VR
PRI FEFIZ T IR 2 PR AR, PR N —
ARNIRREE, AH 20 RAMEA A, HEFAMS
WL AERIT T K2 IXPMRZ AR R R T
INFRFE L [T 38 A R AR A R ™ R 3 S BB R
151 . by FE DR 1 A% 22 PRI 1) B = 2 T 5



54 %

=24 E Chinese Journal of Zoology

* 852

"adA} JuenuI S3)EOIPUI , < ,, IS)JE PIOE OUIUIE IO 3SBq Y} pue ‘0dA} p[Im SajedIpur , < ,, 210§2q PIOB OUTWE IO aseq 3y} ¢ 2dA) monmusqns proe ourury,, pue 2d4) [eUOneLIEA SPIIOS[ONN],, JO UWINJOD Y} U]

RO F T EE T &£ R AT REEFUNE (O &EY bR AT BN TR A

€79 MMMM %MM,MM _M/mﬁm ukg-uoN X [/ I €/6¥ V<D LT61 LEST LT
0£9 ﬁwoomMmA %me M _Wmmw ukg-uoN X [ufdE I £/6v o<V 8881 86v1 9%
S09 ,ﬁwmwmq %MM_ M MM& uAS-uoN X [/ 4 /08 L<V Y181 444! ST
snowAuouAg X [ € /8% L<D 6LLT 68¢€1 144

snowAuouks x [ I /08 L<D SELT SYEl €2

snowAuoudg 3 [z| € ST/LT 1<D €ILI €Tel 44

snowAuoug ¥ fa| € /8y L<D OILI (1431 |£4

SNOWAUOUAS ¥ [ € STLT o<l 9891 9621 0T

snowkuouks 3 fi| € 1/08 V<D 1L91 1821 61

snowAuouAg ¥ [u| € /08 V<0 S091 SITI 81

SNOWAUOuAS X [if € ¥T/8¢C 1< LYET LS6 L1

snowAuouks [zl € 97/9¢ V<0 ¥8z1 68 91

M1 <o 4 v1/8¢€ o<V 79Z1 L8 9

Iey OradT Wy < wmy S UONTEE I v1/8¢ V<D 1921 1L8 pl
SnowAuouAg | € 0z/zg L<D T (443 €1

SAT<IqL € €1/6€ V<D 811 6L (4!

vt ol BT <G E A UON X el z 6/ct V<0 L811 16L 1
oL $UAT PA=Y uAS-TON ¥ el z vy 1<0 et LEL o1

AT < WEM )

snowkuouAs % [g| € vT/8T L<D €501 €99 6

snow&uouks  fal € T/0S V<D (]! ¥S9 8

Se AT Bry <sf1 ukg-uoN X [l 4 SILY o<V 01 b9 L

SEE < B o

98¢ L1 %MMM M MW% ukS-uoN [l 4 /18 o<V LS8 L9¥ 9
snowAuouks ¥ [u| € /8y V<D $s8 594 S

snowAuouks [z I T/0S o<1l €8 St 4

snowAuoukg (x| € /8% o<V (443 (431 €

snowAuouks ¥ [u| € /1 D<lL 89% 8L 4

Lyl €T Y < 08y uks-uoN X faldE I /18 V<D 6 4 I

XY < HERY S
urojoid ur uoneLIeA ad£) feuonmsqns SNOWAUOUASUON uopoo ut (uemp/prip) oney  odA3 [euoneLIRA VNQ» ut uoordure ToquImyy
uonIsoq Jo urewo(q proe ourury /SNOWAUOUAS uonIsod (FEILE/ SPNOJ[ONN uonisod ur uonisoq P
ETMICHEER BXPUEXY  ARBETE WEALEGEXE EBEYME@MER EEH =N ENEFAEED EUMVNGCT EBUWEHELR T

Y RREXNELMSINS TF

3d4) [euone)nw pue UCHELIO[ SGNS JO UOnBULIOJU] T d[qBL



* 853

i

RN tlrd BRI 35AE Z2 AR PE & SNPs /3 A5 4F A 40 b

N [ b B2 o

HHEE

LN

6 3

- D - - - - - o) - - L - - - - - - - - D - D - 11-dZ1
- - - - - - - - - - L v o) v - v - - - D - - - 01-dZ1
- - - L - L L - - - L v - - - - - - L - - - - 6-dZ'1
- - - L - L - - - - - v - - - - - - L - - - - 8-dZ1
- - - - - - - 0 - - L - - - - - - - - - - D - L-dZ1 Suwpnogzar|
- - - - - - - o - - L - - - - - - - - - - - - 9-dz1 M
- - - - - L - o - - L A4 - - - - - - - D - D - §-az'1
- D - - - - - o - - - - o) v - v - - - D - - - v-az1
- - - - - - L o - - L A4 - - - - - - - - v - - €-dZ1
- D - - - - - 0 - - L - - - - - - - - D - D - az1
- - - - - - - 0 - - L - - - - - - - - - - - - 1-az1
- - - - - - - - - - - - o) v - v - L - - - - - L-SHa
- - - - - L - - - - - \4 - - L - - - L - - - - 9-SHDa
- - - - - - - 0 - - - - o) v - v v L - - - - - §-SHa weysmeq
- - - - - L - - - - - v o) v L v - L L - - - - -$Dd mEY
- - - - - L - - - - - v o) v L - - L L - - - - £€-SDd
- - - - - L - - - - - - - - L v - - L - - - - 7-SHa
- - - - - - - o - - - - o) v - v v L - - - - - 1-sbd
- - - - - L - - - - L v - - L - - - L - - - - 0I-SAd
- - - - - L - - - - L v - - L - - - L - - - - 6-SAd
- - - L L - - - - - v - - L - - - L - - - - 8-SAd
- - - - - - - o - - L - - - - - - - - - v - - L-SAd
- - - - - L - - - - - v - - L - - - L - - - - 9-SAd  ueysoeke(q
- - - - - L - 0 - - L - - - - - - - - - - - - §-SAd MEY
- - - - - - L - - - L v - - - - - - L - - - - 7-SAd
- - - L - L - - - - - v - - L - - - L - - - - £€-SAd
- - - - - - - o - - L - - - - - - - - - v - - ¢-SAd
- - - - - - - 0 - - L - - - - - - - - - v - - 1-SAd
D v v o) o) o) o L D 0 o) o) v D o) D o) o) o) v D L D 204 pre
=zt

[enpIAIpUl uoneindog

Lz 9T ST VT € LT 1T 0T 61 81 LT 91 ST vl €I TI 1T O 46 L S 4 ! W iy
uoneINW JUI0] JLE Y

suonendod snoriea ur suopeinu jurod Jo UOHNQLYSIP Y} UO UOHBULIOJU] € QR

B e LR B W

€¥



54 %

=24 E Chinese Journal of Zoology

- 854

‘sojdures Jo Joquunu oY) YHm Jud)sIsuod A[e3o[dwos jou sem a[qe) oy ur suonendod snowrea Jo requnu dousnbas oy
PUE ‘PONUNUOJ 9q 10U P[NOJ SISA[BUE WEISUMOP 9} ‘S[ENPIAIPUI SUWIOS JO UONORNXd YN JO dInjIey oy 03 on(] "oseq odA)-p[im & Se PIIJISSEo SI 1 “3Is 9y Jo Ajuofew oy so1dnod0 9seq & USYA “OUI] ISIJ 97}
ur odK) prim oY) Se 9p1jos[onu dwes oY) sueswl - ‘uonendod yoes Ul soseq jueinur Jo 9ouosoxd oY) Juosordor # Pa[oqe] SUWIN0I OY) PUB ‘S9seq JuBINUI d1J199ds-so100ds o) Juosoxdol , PO[Oqe] SUWN[0O A,
‘R FEVAERH KGR LR B ¥ WL FHRE N0 VNG MY w5
TR BN S MR B WV ARTU R CRIBREARE TSN L - it — B L B TR M LN TR T M Y R

- - - - - - - - - - - - - - D - YT-NA

v - - L - - - L - - D - - - - v €T-NA

- TTNA

- IT-NA

- 9I-NA  osowremjo
- VINA B

- - L - - - L v - - - - - - - L-NA

7"NA

- - L - - - L v - - - - - - - £-NA

TNA

- - - - - - - - P11

€1- AT

- - - - - - - - 4981

-1

0131

- - - - - - - - 61

L - - - - - - - - - 8-A1 Suoyon]
L - - - - - - - - - L1 Y&

h - - - - - - - - - o.vi
H
H

- - - - - - - o) - -
- - - - - 1 - - v -

H B BB BH

© © 0O

=
=
=
< < <
<
@)

=
~
]
~
<
O

'
'
'
'
'
H BHBHBBBH
'
'
'
'
' !
V< <<
&) '
< !
H BHBHBBBH
< .
' .
[ '
Ve
' !
' !
' !
' !
' .
' .
' .
' !

< <
Il

S s s s e ST
L - - - - - - - - i 8!
S /R €1
L - - - - - - - - 7
L - - - - - - - - -1
ad& prim
T

[enplarpuy
L 9C ST T € 4T 1t 0 61 81 LT 91 ST ¥l €l TI IT 0L 4, .8 L 9 S JooL 4 N W

v D o) D 2 2 o D v v D L v L

&)

uonendod

kg

—

uoneINW JUI0g LG




6 TEPESE . AN [F MO A BT tird JEDRIE L 22 KR B2 SNPs 40 A1 45 s 43 4 855+

R4 FEF BT E GRS RERS MR K B 45 R

Table 4 Prediction of the effects of nonsynonymous substitution on protein structure and function

B SIFT T4 3 PolyPhen-2 il £ 4
Substitution type SIFT predicted results PolyPhen-2 predicted results
REHMR > RAWE Asp > Asn fiit %% Tolerated (0.24) K Benign (0.000)
HERR > WA His> Arg iif 3% Tolerated (0.05) K1 Benign (0.000)
WER > KRR Lys > Arg i 3% Tolerated (0.16) K1 Benign (0.015)
WER > WAL Ala> Val i} % Tolerated (0.24) K 14 Benign (0.015)
JRR > WEM Thr> Lys SR 8 (AR T Affect protein function (0.03) K 1% Benign (0.166)
B > HER Glu> Thr it 5% Tolerated (1.00) K 4 Benign (0.000)
HAR > FEM His > Leu RN B [ R DI % Affect protein function (0.02) K 7% Benign (0.075)
227K > HEMR Ser>Gly i} 5% Tolerated (0.42) K 1 Benign (0.201)
GiER > HEMKR Val > Met S B R I B8 Affect protein function (0.00) 1R AT R84 % Probably damage (0.998)

55 AR TIEE: KT SRTRERRIORE AR, KT 9 ENERRERREN,
What is given in brackets is the predicted value of the software; The amino acid before “ > indicates wild type and the amino acid after
“>"” indicates mutant type.
Wi > HER
A& : 500

Ser > Gly
Position: 500 f)
S

N

\_s'/\N-terminal

Ciiig

aegaéﬁg FAchi [\ Cterminal C U > S
A\sp >Als’171 ' ~A’A \Q - ﬁiﬁ j4u75
Position: 17 \E‘ %%%> *2%%:@ His > Leu

éﬁ%%> HEEBR L\"Iéhr S Lys Position: 475

VE: 156 IS
His > Arg Position: 264

Position: 156

\f
PoLsggoil A2r1gS W%%> %%:@ Position: 291

Ala > Val
Position: 246

B3 FEMRBHRIE ol XG4 EAR=ZLEHPROMVE
Fig.3 Position of amino acid substitutions in tertiary structure of TLR4 protein
OO B RN SRR D) e IR A S I SRR R AR AL s AL R T BT e s ma S5 A A D) eI B SR IR R AR s KT 5 T IR &
AR, KT RNEARERR R RN,
The green sites represent amino acid mutations that have no effect on structure or function, and the red sites predict amino acid mutations that may

affect structure or function; The amino acid before “ > indicates wild type and the amino acid after “ > indicates mutant type.

YR K A (ER &R (Sullivan et al. 2017) , WA PR E D, BRIBG, iZ/NRREERE T
IR S )™ VG DK% L 65 oy A R 170) 26 A ) 4 N4 FEUR R AR AT HR R, S 5] 3k At Al 3 v G 2 2L A
Mo T8 REE LLFRHE S e [ toll4 1% 2 FE 1 Z MR PRI AT SRS, SRR
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FEDR AL AR S AR T, RIS AR B rh A%
PR RBAT IR X 73, il o BH T Bt
SRR . (H)TTERER LA R AR
ZHE MRS DR S I A B 2 R, ]
RERE I N R AN T AZE IR 2 FEMEEUIR I R £
H— BAAME— mURAR I MATETS, 12 RAE N
BEAREL, WRGEREEN SRR,
JUARMINTTRN B B A Z eV e iR, XATRE R I
PR EE R Z NS, IR T D2 N
] Py fi i 23 A B 22 BRI T, BEAILAE B AT BA 2
HCRFF LRI AL AL e ) AR UM
Met %, HENEEZHENSEIIEAL, X
FhaE R AT RE R TSR B ) 5 R R, TR
T T BURBAL AR 53 AR T2 BB (1)K 40
A B, A LRSS I N TROAEE TN
7 EMANLFM, XK R#ATIX 0 K
A IR 55 25 9K B B0 IR MR TR — REREAT 22
Be, o] LA— @R b ORRFIE R AL AR S
Tajima’s D AH 7E & 7 F1 & Fp B 35 8 1E
B, *4 Tajima’s D > 0 I, ACEHFA &S/
SRR R 2, B P AR SR
M5l #E (Agnieszka et al. 2018) . Toll FE324&
FE DA Pk £ 4E B (Myodes glareolus) H
CAMT, HERK toll H2 4 1 2R (tolll) |
toll FESZAAR 5 FE[R (tollS) Hh 34y B Py ik £ 1)
WEHE, (HIFARAE toll FEZAA 4 FE[H (toll4)
RIAT AR & £ K J1 (PIEHE  ( Agnieszka et al.
2018) o VFEWEIURM, AL AR ik
P A& B e e B E AL B RS
{& (major histocompatibility complex, MHC)
B E, W 5 S P R KRR 1]
4 ¢4 (Rhinopithecus roxellana) MHC 3 5|38
SRR, AT 4ERF AP B gt 2
FEPEIKF (Zhang et al. 2018) « — X €1T3)
W) CELE 27 tol12 A1 toll4 Ik PR 53 i R o
BB AR S, 7E toll2 1 toll4 F: K A 4y
AR 30 AN 13 AN IEIEFERHE -, 15H
toll2 F:RIACFEA R L 71 F, 28T toll4
FEREA REIEFEIE 1094518 (Shang et al.

2017) . K, Tajima’s D B 45 S AT REmE R
B2 7 T RSN BT 8% 2 AR MR

i toll4 DR 1) s R ABTE R LK B A
AR AREAE, PTREAR BT YA
I3 JE A AE T toll4 5 DRt R S 1R e B I
DA AE ERGAE Y 2 M A AR 56, (A
toll4 LR A7 A Z 72 (Ferwerda et
al. 2007) o FEH, X T RAR PP R 1 4
A AT Re S A FEMBE IR AR, K
R RE Z B 0 S5 AR A 2 S BUR R
RAF, AN [A B SR A B G BT 5] S (R A —
o ML T B IR P E R e (R R
TORNERIR) WA v REXT & (1R S5 MR RE
A, ATREPRASE S A RSME N AR,
FEIER PR RN %A AR
IR GUREE, 2P 0 R s 1 R R
(Jiang et al. 2019) 2 & 52 E A Kb 7%
BE— B HSZIRIE N . 2 DMERERB AT RR
R S w AR X (LRRs) , %X 82 1R 519 iR
RO B, R AT REREMA toll FEAZ 4K 4 Xf
993 JEr A 2L AP 1 U300 DTG 453 5 S ) % e
RAGKL AN A 22 S T Re G s A A R
A%, Mgz AR EE, Ao HERTEH
IREIA, XA AR 7R B0 48 0 R AR TR BB
. BAFEFEEERER A R R T RE SRR 45
RAZ M I RAETAE, T2 S L
PR, R AR M T 0 SR AR P L R
1o ARIPE L] LIATD W BAT X AR S5 g
RIERR VSRR 5 A, LA G
Zat— PR R R S IR SRR R A
Bk AR o LT O-FEIEALAL S A FR LA i i 2848
WA AT RESZ A B 1R M Z5 MR RE, A O-
PEEE R R OE R R AR T R SR, A
T i % B 32 3 A K DL S 5 T B
JR A — B S e R, AN R 22 Fh 4
AR RE R A% 2006) 5 BEER LI A
BE ARG NEMZ —, SHBRIhEETN
WATECEK (BREE 2011

7EXF R AR (Pelodiscus sinensis) toll #:5%
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& 4 EHFUR I, AR toll FEZAA 4 Rehs
HAINEZ HE (LPS) )5 3) NF-«B 15 5%,
5 L3 AL, H % R N 1) R O AR
(Zhou et al. 2016) . Toll ££5Z 14 4 F:[A (toll4)
TE TP ) Bk B o DhRe, (HS
(Chincrmys reevesii) 7E#HLIERES, K toll4
PANGIE RGP H BN 5, DUETE Lt
NS K AR (Zhou et al. 2016) - H
A58 toll FEZAK 4 I DI REFI AL KP4 A
T, % TIRATKEh) toll4 3N FIF 70 ™ H B
Z, ESRZHIEGMSHENBN T, KLBE
BB toll FE3Z4K 4 B4 ThAg I BLAE B
M ik, HmRELEZEME.

Toll 52K G RTE S R e R Gk i JiR
WA B B 38— PR B LA R S & R f
P v LA B2 L (O'Neill et al. 2013) o €
T %% RS L8~ (Zimmerman et al.
2010) AFIFIHARY . 7 A ik A Wik 4k DA
W IRETE - R S eI, PR e JE DAL 1) A8 e o)
T AR 70 B R YRR HE S
JUE AR M A AR E AR IR Z, (HE
FHMBEEW D, ARTFFONBEVUREE, Fit
TIF 9 5 SR iy 110 163 4 A8 S B A AR M
SR, AT T 1) 45 SR BT IR S A AL
PRYEE B NSRS AL L 8 S EE
W, NESWI AR TARRMEE Rk, [F
It A FABICAT BN Rs 2 W75 E 1 toll A%
TR 4RI BE T S5,

ESQT Il e [N I e N b i s 2av
BISRAE, 1E MR IE H 0 1) B !
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