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Analysis of Polymorphism of Exons in Tyrosinase-Related Protein 1 ( Tyrpl) Gene in Rex Rabbit( Oryctolagus cuniculus)
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[ Objective | To discuss the molecular mechanism of tyrosinase-related protein 1 (Tyrpl) gene of Rex rabbit ( Oryctolagus cunicu-

jlang Yuyao Xinnong Rabbit Industry Co. ,
Abstract
lus) during the formation of hair color. [ Method] The Tyrpl gene sequence, the nucleotide sequence, and the basic physical and chemical
properties of coding products were forecasted and analyzed. At the same time, PCR-SSCP ( single-strand conformational polymorphism ) was
used to detect the distribution of CDS sequences of Tyrpl. [ Result] Bioinformatics analysis found out that Tyrpl protein was an unstable hy-
drophilic protein, which had a signal peptide and a functional domain of the tyrosinase family. The polymorphism detection result indicated that
the exon 2 of Tyrpl in 29 bp (the gene CDS 483 bp) had a C—T mutation, and the nucleotide mutation did not lead to the amino acid change
(AUC—AUT, isoleucine). Hardy-Weinberg equilibrium test showed that the Chinchilla Rex rabbit population was at Hardy-Weinberg dise-
quilibrium, the white Rex rabbit population was at Hardy-Weinberg equilibrium. PIC of chinchilla Rex rabbit population was of medium poly-
morphism (0.25 < PIC < 0.50), white Rex rabbit population was of low polymorphism (PIC < 0.25). [ Conclusion] Tyrp gene has cer-
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tain effects on the hair color of Rex rabbit. This research provides certain references for the selection of hair color of Rex rabbit.
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Table 1 The information of primers
n B
519 5175 );‘Exj(/J\ Annealing
. . , B ragment
Primer Primer sequence(5'—3") . temperature
size // bp <

1 F:TTTACAGCTGGACTTTGGTCT 454 59
R:GCTTTGAACCTCATACAAGCCT

2 F:TCCCACAAAGCAGATATCTCA 323 58
R:CAGCAAAGGCATCTCGTCT

3 F:ACAAGCAGAGAATACTAACAGA 205 57
R:CTCCTAGCTGTAATTTGGAAC

4 F: TAAGATTCTAAGCGTTGACCT 168 58
R:CTAGACCAGTTGGAAGCACAC

5 F: TTTGCAATAGTTTTTACTCTTCT 180 50
R:CAGTGGCATCTTAATAATCCC

6 F: TAATATTAACAAGTTGCCT 147 48
R:TAAAATACATTTCAATGCTT

7 F:TTTTCTTTTTCAAATAGGTCA 206 51

R:CTGAATATTCGGACTCACA

1.2 A&
1.2.1 DNA $2H0, R AL S0 B/ A5l 32 75 B Ui o H- 40
ZUREELIH 20 DNA ] TE #5851 100 ng/wL, fii F NanoDrop
ND-1000 A% e 2 I 2 400 72 DNA ¥R, — % OD {E )l
H 1T ~ 1.9, W EPFE AR T
1.2.2 PCR 484, PCR JZRiAZ (20 wL) #7:10 x PCR Buff-
er 2 uL.10 mmol/L dNTPs 2 pL.10 pmol/L I FiF5| ¥4
1 wL.5 U/pL Tag i 0.2 pL.100 ng/plL DNA Bitg 1 plL.
ddH,0 12.8 pL, PCR KM Z&5 U F:95 °C #iAE ¥4 5 min;
95 °CZxME 30 s, 3f H TR IR K 30 5,72 °C #EfH 30 s,35 MG
572 CHEZAEf 10 min, 10 CRRAE
1.2.3 PCR-SSCP #;i, #£ 20 wL PCR §"#5 /=¥ in A
5 pL EFEGE o, IR A A R AE 98 CZZ % 10 min f5, & T
=20 CYKFFEHI 5 min, T 10% SRS 3R P B R R e e
VK SR, S5 250 'V HLIK, 10 min 5 HLRS IR 2R 120V,
HLUK 12 h, HRYL 65 EE A AN FA AL, 25 A AR
BB, WK PCR =¥k 4 T4 TR (_Bifg) A BRAH]
WU, DAY il B 5 AR () 263
1.3 HiESH
1.3.1  FERZRAFLR A, FLFE M (Gene frequency)
SEFR TR Hp IR S 3 R A At 2 7 R A L 3 JE R
TS ( Genotypic frequency ) f& 8 FE A H 2 4 e 5 DA AU A R
B AR R R
1.3.2  maft - 1A (Hardy-Weinberg) P55
0-E)’

% (1)
FHT, O (Observed ) {38 45/~ 25 IR AU 7 WL % B 5 E ( Expec-
ted ) FRF AN R RULE IS AR — IR A 5 A T A BOE
HHAEEE .
1.3.3 244 & (Heterozygosity, H,) , 224 1 B 56 R £ &
PR B A A A R

H=1-3p (2)

X =3

A H, BRI A kAR B G p, AR b AR SR

L A EEOLIE R AR
1.3.4 £ &1 5 & & (Polymrphism information content

PIC) , #EHL T AR FEZEFELETR(PIC)

PIC=1 -ép? -kE: /,élZp?pf =2k2: /=L§+lpip/(l -pp;) (3)
Kk AR H L p, B p; G305 RIS NS
2 BERE5H
2.1 Tympl EREIMEFHFIBER SHEEHM 7 A4
BT FHIEATY G, I 2% (BB S L Tk AS I, AG
P B By /N Y Marker 34728 DL 500 Marker, MJE 1 7]
PAE i, Tyrpl FER 45 A0 10 55007 R S M 354y, i 4
D RER AR I B BN S BB — %L, 4 PCR-SSCP A3l
J&i  FE Tyrpl FEFRAMNEF 1.3.4.5.6.7 ¥ ARK N ] Z 8107
BOAESNEF 2 B ) 2 A AE A BER 3 FP IR B (AA
BB.AB),

AA BB BB AB AA AA AA

E1 Tyrpl EENMEF 2 FARAEREKBIKEL
Fig.1 The SSCP electrophoresis image of different genotypes of
Tyrpl exon 2
2.2 Tyrpl ERZEFFISH A AlignIR V2.0 24, 4
P20 DNA JEFIHEFTREE . K 2 ~3 W] LAF Y, Tyrpl
LRSI F 2 75 29 bp (BESJE[A CDS #Y 483 bp) Ab A7 1 4>
CoTHRYZRAL , T Y 578 I i P SR A 24 % (AUC—
AUT, 552 &R ) , M Ia) SURAZ
2.3 Typl ERSMNEF2 HEESHMEST HOMEE
WSS T 2 4%k DR TR R PR R 8 28 R 5 i 5 VA
5, BB P RUIARAE T S B P, 7R B P A
%, RBIAEA LN BT 55 W5 (O SR AR v 9 D0 455 07 5
PR TIAE GBS v A 0 ) A R A3 A 0 2[5, Hardy-
Weinberg -6 50 3 W, 75 5¢ 15 (O MUS BE 1A b T AR 7 iR
&, ORI TR FEERIONThEZE
FE T (0.25 <PIC <0.50) , FH GG R O (IR 2 251
BER(PIC<0.25)  HEEOMRIE B, B Wi
R RERAR(£2) .
2.4 Tyrpl EEFFISDH
2.4.1 TYRPI ZERRIFHIIALIERT . MRHE GenBank i
JE B R RGN Tyrpl BEPIFR 51 AT, KAy Typl
PIGLT L2 getafh b, 2 15 843 bp A7 7 DNAMETF16 4
BT G 3 41 1683l 5 £ i, 4 15560 1 2 JE iR
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E2 SMEF2h AAF1 BB EEEMNFER
Fig.2 The sequencing result of AA and BB genotypes at exon 2

E3 AEERBEINEF 2 ZHBFIINEE
Fig.3 Homologous comparison of nucleotide sequence of exon 2 in different genotypes
R2 2AKGEE Dypl SFEF2 LETMNANENFEESIT
Table 2 Biological information statistics of exon 2 of Tyrpl loci in 2 rabbit populations

Bk REAK FLHHYSHR Genotype frequency SN REHAH R Allele frequency

Sample H,
number // 1 AA AB BB A B

2
Population PIC X

0.620 0.471 0.360
0.120 0.210 0.189

35.114
0.246

C 392 0.215(84) 0.330(129) 0.455(178) 0.380
% 174 0.779(127) 0.202(33) 0.018(3) 0. 880

i C ﬁ%%ﬁﬁﬁﬁ,w ﬁﬁéﬁﬁﬁ,ﬁ df=2 ETI, X%Qm) =9.21, X%u.()s) =5.99,
Note : C was Chinchilla Rex rabbits, W was White Rex rabbit;when df =2, Xfo. oy =9.21, X?o. 05y =95.99.

BRI, MBI o 28 ProtParam 7L HL
I35 5N Cogn Hyngs Nogs Ogay S, LT BB 8 717 A, 7 18
963 223.2 kD, BUBAEHL GO 6.06, 75T A b FEMR
Leu(L) &8, 7 8.6% ,Trp(W) H 5 1.8% (F£3) . #a
HLRTER LAY BB (ASP + Glu) Jy 56,47 IE BT AR 2L A S 8
i (Arg + Lys) g 47, ARUE TEEUR 52. 92, IEWIX AN E H A
#3 TYRPl EEREAR
Table 3 Composition of TYRP1 amino acid

AR i S U B 73 i [
Name Number  Ratio//% ||Name Number  Ratio//%
Ala(A) 34 6.1 Lys(K) 11 2.0
Arg(R) 36 6.4 Met(M) 12 2.1
Asn(N) 34 6.1 Phe(F) 30 5.4
Asp(D) 29 5.2 Pro(P) 39 7.0
Cys(C) 18 3.2 Ser(S) 41 7.3
GIn(Q) 27 4.8 Thr(T) 37 6.6
Glu(E) 27 4.8 Trp(W) 10 1.8
Gly(G) 35 6.2 Tyr(Y) 19 3.4
His(H) 18 3.2 Val(V) 31 5.5
Tle(T) 24 4.3 Pyl(0O) 0 0.0
Leu(L) 48 8.6 Sec(U) 0 0.0

MIE 4 AT LIE L TYRPL 86 (K e R 3. 711, %
/IMEJg -3, 133, TYRP1 8y % 35K E 5 (GRAVY ) (&

-0.381, 11 F GRAVY {HEUTEEANF -2 52 =z, HHhIiE
(B e W L 2R 1 B K B T (B R I Ry oK B, R
ZEIUEEKEN, R, TYRPL SRR 75 N 45 K 250k
KT, R Tyrpl JE Rt KR

& Score

0 100 200 300 400 500
345 E Sequence position

T AP FOR EIERRIR AL, T HEAUFARRT YR K X, 0 DL R
NHKIX,0 LR R KX

Note ; Horizontal lines indicated the amino acid residues,and the verti-
cal lines represented the relative hydrophilic regions. Above zero
was a hydrophobic region, and the following was a hydrophilic
area.

4 TYRP1 SEBPF JIREK ST
Fig.4 Analysis of the hydrophilic property of TYRP1 amino

acid sequence
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2.4.2  TYRPI Z3EMR)F 91 —RE5H A = REEH T, 38
it NPS@ filz 454 111y SOPMA Xf TYRPL #E47 % 254 i,
UK 4 s, Horp TYRPL S0 R4 DL o- SRR
MU Sy 32, A AT RS 25 1 B9 S5 A, JC R0 4 il 2
TYRP1 & HR KT, XRY] TYRPL 8 H ) — 945
IR AL,

MNIELS WL HY , = RESH PSRRI SR R 84.17%
E-value {E7 0, 15 W45 4 55§ 52 ) 700 £ 19 e 31 DC I 44
Bt

&4 TYRP1 ZEEKZREMIN
Table 4 Analysis of TYRP1 secondary protein structure

SOPMA
Number Ratio // %
a-12jiE Alpha helix( Hh) 191 34.11
30 125E 3, helix( Gg) 0 0
Pi 12JiE Pi helix(1i) 0 0
B—H‘E Beta bridge(Bb) 0 0
HiEfifi g Extended strand ( Ee) 106 18.93
B-#%ff Beta turn(Tt) 41 7.32
51t Bend region( Ss) 0 0
TEHLNEE i Random coil (Ce) 222 39.64
AHiE X Ambigous states 0 0
HAth Other states 0 0

E 5 TYRPI g =REEHEE
Fig.5 The tertiary structure model of TYRP1

2.4.3  TYRP1 22 17 5 (1 B Be P 25 0 Sl s . ) 1)
SMART(Simple Modular Architecture Research Tool , fij BAR b
SRR T H) 4 R s TYRPL S A 3 DR
B(E6), LLlX (1 ~47) fRRAF 5 Ik KA 1X (205 ~440)
R 2 I it % I P MRV DX B 1 L 1K (502 ~ 524) R it
JBEIX
3 Wit 5%R

KAEWFFERI, Tyrpl He K 5 3 ) 1) 6 & 2068 FP 56
K LB GBI 5, 6- T8 BEng| R 1R S AL It , 2 I 20 ity
B PME A, FE R AR BRI B R

Pfam
— :
Tyrosinase

0 100 200 300 400 500

E 6 itk TYRP1 ZAF 5 SMART SifffER
Fig.6 SMART analysis results of TYRP1 in rabbit

N Tyrpl BEPRSMNET 6 /Y 1 A IRIEBR I , Bl JF i il i
HE#RUE, FECTYRPL 26 2251 1, 115 10 1% S MR R ALl
FROREAL A T8 559 , 51 MR B2 Tk 11 £k 95 3 (OCA3) P Rieder
SRS R IR IR b Tyrpl JEN A9k AR K (T
%, 4R Tyrpl BEPR 5 Th i Kt K B (MR AR 06 . Li 2517 BF
FES IR, RGP rp Tyrpl JE DK (IR A7 (E 25 57 , BESPIE r
Tyrpl FEPRAIFEA 7 (P9 H 10 000 f5 LA E . BT,
Tyrpl JER 65159 TYRP £ [ (8% 5 /48 S H G (DCT) —ii
A2 T BRI A N EUSR 0 26 SR S (5 20 /AR 0 R B 5 26
NG A S PR T, T S S B R AR
KT HR Tyrpl SERTE B I B B e HIFL, 2
FARBUT Wit Tyrpl ZEP 51, %) Tyepl 2 LR 7 51 19 AL
PERRHEAT 00T, 0140 W 1% R K AR R E A, N -
LR ARSI, AT AR R [ 454 S Sh e e AT 10 4
W, SEFA TYRPL 25 2L R 91 40T 45 5 5 A IO
ARG %A T RS IR R 1, A AT SR A R AR
FENE I, AH Y I DX I T R R AR NI N, FR
TAERFASE , 5 B 26358 B A KPR T3 e 45 ) LA 2 1 4
ik 2L IR it 45 4 119 7 S R S TR, o B 60 FC 00 00 25 oty 2
TYRP1 % 159K i (45T 1, 00 T8N 38 5
SMART 437 5% T8 F110 3 S Thaedk A B, B0 N 315
P, F LR 2 B T A PR TR 56 R A i 2 e,
C S B IRAS I
FIHT, AR ZENSME B BESE Typl LR 1 2 B VEFE B
RS R IV . 2 DR R S 5 Tyrpl S
SRR 2 19 1 AEE LR SR AT AN, Rieder 25 B
FERINE Tyrpl ZEPISNET 2 1) SNP(C189T) 5| 2 35 2 R 5]
EHEIRIFE LI, Gratten 251 X B 60 1 i (5,2 W 4 3¢
Tyrpl JEPR BB IR, SN BT 4 119 869 bp Ab 714 L 5878
(T869G) , (AR U HE A4y TT, B (A 2% L LR Ay
GG & GT, MWLM S MR SR LMEBOMHAE, &
%210t 3 ISP A TS Tyrpl 3£ PCR-SSCP 41 2% BLAE
Tyrpl JEPIETE 2 DL ZSPEAL 5 (T367C il C11S3T) fH IR
RIIX 2 ANZZSMET 5,45 ) -4 39 30 (0,2 ) A7 7E S A ¢
P, BN Tyl (9 CDS FEo A 2 SR i AR 00 HE 4T
Rl K T A Tyrpl LR T AN TR 2 250 1 R
AT 1.3.4.5.6.7 FARKIN B £ A7 5, AUTEANE T 2 1Y
29 bp(B&AJEH CDS 1) 483 bp) i 1 A C—T IR LA
WA ZREE T R B, T 5 B R R 1Y He (B 5 T 1 (05
GRS, LI B AT EA B o B 8 L A, B e
W1, ZBME B R(PIC) R BN B2 B E
(F4% 196 7))
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R4 YA iR B X T Bl f o P AR e, DRI AT A f
g BT Ry S S B BT AR A IR A4 R0 B TR A
YER, LE R 7 A A AR S AR H AT,
Z AR ESh, NS BRI S AL RO . BRI 5 45 ik
We Mol i) S A TERS SR RE- B e b, TR R & Bl Bl
SEREATHRAT , RN 5E A% S0 DX e O i T S 255 , 4
BRI E T SR

3.3 RESYEREREEIR RYCHTLIRIE H AR
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Bt R X e 2k, PR A kR ELE 427, S BUIR
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A BORF il 48 00 BN A , 2 AR TR R K

F AR TR, T2 RSB I B R AR A Je 5 T, 5
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“[RISRA L iz P B R S B
4 g
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