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BRI ¥ A R EREE (TYR) ZEEREFREN S

¥ Y, HEHE&, WEE, INE, £ 8, E OF, KIWM, IR
#'

(1 EWRI R Al B R RV SE00 5, B 201306 2. VLA T S i K FUKHUR T e 5t
3237005 3. WL A RELVCRMRL R, WL 25 323700)

B E: AR LAY RBEEA A IR EE, BOSTLUER TR (Cyprinus carpio var. color) {4
M FEEAF R Z— o VIRVIR A S R COE T R Fs AR R0 Z R A SE R 5 A0 7 K AR AR 6,
V1] 4708 S5 R M R 2R S2 8 T T A R o 2 SR R B S IR I L IR A (2 1 RIS R 5 A R 8 7 R i
& PR AL SR Z , G R Z B R T35 A BT AR SO R (dy) SR SCEHF (ds) MILHE (o
{E) /N T 1 (0.10 ~0.67) , KU BT 32 BN 15 Hs 7 5 AN [ 4% 62 RE VIR 880 g T e I G e DA o X9 52 30 e
HEFEES] (0=0.12~0.23) . ] PAML £{ry M2a 1 M8 A5 2 A 0 4l 73S - T P8 B 4 €6, bR VIR i
JIt 52 B I B A B0 T RBEA G (AAAATE R E 22 5% (P >0.05) 5 ik 2 FR G- [ o i 0 40 2 B IR o2
RO Z R RIEREE ) o WFI045 R KT A % BRI R AL O ST , F B2 e FRPE T, 2wy ALk
T AR X P e 5 R o 35 R

KGR ML, BEEIREER N IRy ; e

HESES: So17 SBRRRASED: A

REYT %A ( Cyprinus carpio var. color) {8
B4, EAT A 1200 AAF 3R 5 D
B B LT KR CRRAET R T
WMAE”S FhEAA S SRR A& B, AT
R R B SRR e B 2 5 R
HAR ORI AE ATT A AE 22 5, AN ) 1R (5, 7] g
Z BT AR AR N TSRSy, W, A
R A KPR RE WA TE B35 22 5%, 40 AL A
ORI AR A K B R T LD A K
AR AR A JLAR A (2R e
RBAATEHEBE S (LT IR R BE) 2 H S
Z— S FEEA R A R Ay 3 Bl (U RAET
“RRAET RRAET) BT ORIE, A RIS o R
A Y (] 2 A5 U0 A7 TR I 45 TR ) 22 57 M N AR 1T
Al

lis Z Bt ( Tyrosinase , TYR ) Z A=Wy iA T B4

i A 2015-09-01 &E HHA: 2015-12-03

FAT LIS R ), A R B R
BRI . HHESS BT L
AN [ A 2 REL VTR R i 22 R i [F] cDNA 22731 ¢
TERE RS, MAh, WAt 2 50 B ST 5 % 3L
55 1AM FAFAE— R B R Ty, T4
SR T T, 5 AR VTR 6 E AL
TIOLA B S EE R H R A S5
SRR T B S 2 T Z 5. AR
VARRVLRHE 5 PG IE R R Fs AR, @ bt
Fik TR IE R 5 4~ S0 5 B LA AS ) 4k €2 ] )
AR SR DU RN 32 B (0 3 8 16 7, B TR 30 1 2 R il
B 5 AR TR AR FAE O, WAL R [R] A1 i
TITZ BB ) 25 5 T A BE iAo 5 0 21
BER R TR R BT 32 59 N T 88 5 S 281k, 3Rt
N T 3 b A A S 6 18] Ay 3R Bh s

EETE: R A RPEEE(30907725,31372521 ) 5 i BhEdoR Z2 B 20 H (15391900800)
EE® ST W (1989—) & WL A, BHFE 07 16 K= S s IR S5 R0 i T A% . E-mail : 1174499653 @ qq. com
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1.1 SKIe##

S I H WL e R A R TR B R Rl
18 LA 2 1 A 1 BB A 8 7 46 AR BT 7 A A A4
BA R ) Fy — A, G 2L (FA
“QH”) CRAE” (AR “DH”)  “BRAE” (] B
“MH”) M £7 (AR “FY”) " #r4E” (f
“FH”) , 327 B,
1.2 2 RNA gJ#2EUA0 cDNA B

SO i 0% f0 1 K IR0 212 50 mg, BT 1.5
mL RNase-free B .0> % a7, fifi i§ RNA Store iz 5|
(et RARAABH A PR A ) ORAT, e A7 22 - 80
CUKH# 1, A Trizol 35l B RNA™ S DL
RNA 5 #, ] B PrimeScript® RT reagent Kit
With gDNA Eraser S 4% i) & (£ 49 TR
HEA AT 5 cDNA,
1.3 5|¥i%it5 PCR ¥ i

R B VLR Bl BR B AR T 4 P 9
( GenBank & 3 5. KU189170 ), A F Primer
premier 5.0 B PE " BB 14, 514 ih BigE TR
WA RS A S s RS
CTCTCCCTCTGCTTCTGTTCTT; T~ #f 51 ¥
GAAGTCGATCCCTCCTCTTCAC ), DL I ¥ % 1y
cDNA S5t , 47 3 AN [a] 14 €0, B VR B i 1R Il
FE A G X 341 o

PCR §" 844K Z &y 50 uL, fU & . PCR Master
Mix 25 pL,ddH,0 19 pL, [E5194% 2 ul, fifk
2 pL;PCR ¥ 34 W 27 : 94 °C FiA8 % 5 min; 94
CASHE 30 5,60 CIE K 30 5,72 °CHEAH 2 min, JE
1735 MEIG 72 CHEAH 10 min, /5 4 CLRAF
FCRLAS G , 25 B0 1) 4 L 2% B IRBE BRI
HLDKAS I, B H % 25 35 38 3508 A B8 e DNA
iR & (b s RAR A AR A R A 7)) 317
aifb. ide Y PMDI9-T Bk i £ (549 L
FEREA RN B ARG R 558, B4
AMARBRE 3 ~ 5 AN B O RTINS
1.4 HiEALE

{ifi Fi BioEdit #4""" F1 Clustal W {4 %}
JIr i 50 R AT e X 4§55 6 A DnaSP 5. 10 %%
P BRI 2 00 E(S) R IR 2
SRRk BTTRRZAENE () ([A) OB 38 ()
AR ] SO 3 (dy ) o
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SR FH AT P b 75 6 A G 6 T 2 TR il Bk A 32
PR IEFEET] -

(1) i) S 4 32 5 ] SO e 319 LU B
(w=dy/ d) "™ B w > 1, KW RN Z
B TIEmEFEE T 4 0 = 1, 2B 2R il 4k [
ZE| T IR T4 o < 1, 38 0 K R I
HAZ 3 T e

(2) 3K F PAML version 4.5 % 4"! o
Codem! FE/F /Y M2a F1 M8 5 75U 46 I Ji% 22 152 Jik K]
3k £ s 71 A s, LABE B b ) BEB ( Bayes
empirical Bayes) "' b5 v Sl i 02 1F 1] 6 9% K 7 7
AR KT 95% i, W% AT 52 2
R T ) SR I T o

2 4

2.1 SEFEMNBEETRSEREEASNT

BT 3 40 28 A 0E L PF Bz, 19 B R VLR #E TYR
FEH Y cDNA 2K (45 R W, GenBank % 5% 5.
KU189143 ~ KU189169) , HAJ$% 1 608 bp FFjit %
BEHE, giifith 535 NEIER . %I 5 NINE T
PR, H A 1 2 822 bp S+ 2 S 217
bp AMEF 3 Sk 148 bp ST 4 24 182 bp Sh i
5 4239 bp, MILLZ T, AMNET 1 AYBRIEAE
PR HRZ (97 A4) , HUOZIM T 5(33 10 5
I MAZ R A% 5 238 (A8 S 1 B A 5 A% 1 IR 4K
ZIW)E NS TS fem (13.819% ), HRGE S i
F1(11.80% ), AMEF 1 FAME T 5 W F %
TR 2E AR BRI T IR Z ARt 3 3 s, TS
¥ 2 ~4 R IR 22 AR BURIZ 1 IR Z AR PE X 3%
I, BB, BAR ISR 1 R,

TR SO (dy ) 5 6 SO e 3 (dy)
A (o ) SR ML EEAS SN i1 i 32 3 95 1 )
(F1),8R1REW KB TN o BHNF1
(0.10 ~0.67) , LI AL IEFE
2.2 FEENEETREEEEASH

TE S FpA(a 22 8], “ 42217 F0 BRAE” P iR (1
ik S R T 5 TR 1) A% 1 R A2 S 6 1 T Hi A 3 Folrfc
0 A RBEAR IR (KA CRRAE” R AET)
A8 5% (8. 64 % ) W 15 T IC A BE AR (B 80 (4
27 M ET) AR RR(T. 1% ), Wk 2, T
AT IR 25 6 80 (k) AL IR 2 () 1948 5%
s ik —.

It o (EREA [l 255 7Y i VR B i
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ARG R RS (£ 2) , KK o [/
F1(0.12 ~0.23) , I g fb ik £ BB At
I fR 1 S R T R R ) o (IR 18 T G SR BREAA 1
K HEFREE(P>95%) , a5 RFEW, A

#®1 WL

I P € R 7 B0 i PR g Ak [N 2 2 2 v f e %
A7 FRBEAR (55 0 PR B AR 40 B TR S E A e 7
Hh i S R L AR, oA A e F

FHEBRIBREERES METHEEEREREENSH

Tab. 1 Genetic variation and selection pressure parameters for
the five exons of tyrosinase gene in Oujiang color common carp

R
oK EZIDA=L 4 SR BEMESEN IERDOCEReR ROERER
ShET i ' ket , , ofd
the length of number of average number nucleotide nonsynonymous synonymous
exon L . R o . w-value
the sequence  polymorphic sites  of nucleotide diversity substitution rate substitution rate
differences
AN F 1 exon 1 822 97 (11.80% ) 20. 801 0.025 3 0.008 2 0.080 1 0.10
HME -2 exon 2 217 16 (7.37% ) 2.271 0.010 6 0.009 3 0.013 9 0.67
SNEF 3 exon 3 148 12 (8.11%) 2.798 0.018 9 0.006 0 0.057 4 0.10
AN T 4 exon 4 182 13 (7.14% ) 2.453 0.013 5 0.005 8 0.037 5 0.15
SNEF5 exon 5 239 33 (13.81%) 7.892 0.033 9 0.021 1 0.068 2 0.31
R
Note: The percentage of the VdI’ldtiOI‘l sites are presented in parenthesis.
R2 SHEEBHIVERIRBERSEERSREENSH
Tab.2 Genetic variation and selection pressure parameters in tyrosinase gene
from the five colors patterns of Oujiang color common carp
TR
ke EZ AR SRR BHREAEE AR SCE SR SRR o fii
number of average number nucleotide nonsynonymous  Synonymous
L . . o - o w-value
polymorphic sites  of nucleotide diversity substitution rate substitution rate
body color .
differences
1 BT KAt (DH) 41 (2.55%) 10.250 0.006 4 0.003 5 0.015 4 0.23
(with JRAE(MH) 106 (6.59% ) 65.500 0.040 9 0.017 9 0.1112 0.16
black ¥y A6 (FH) 79 (4.91%) 41.500 0.0259 0.012 8 0.064 8 0.20
spots ) -4 ( mean) 139 (8.64% ) 36.389 0.0227 0.010 5 0.060 1 0.17
TC BT 4¢1(QH) 112 (6.97% ) 42.810 0.026 7 0.010 8 0.075 4 0.14
(without FrE(FY) 37 (2.30% ) 18.833 0.0117 0.004 3 0.0350 0.12
black spots) 44 ( mean) 124 (7.71%) 35.800 0.022 4 0.008 7 0.064 3 0.14
SO 44 (mean ) 137 (8.52% ) 0.013 20.063 0 0.0120 0.014 2 0.85
T A5 5 FOREHRRAL 57 5
Note: The percentage of the variation sites are presented in parenthesis.
2.3 EEEALSED R FEIE AR (2 3) o 2 5 FhiR (5 I il

I M2a 1 M8 ARSI 23 550 % AN ] 4% 2 s
AR HE PR T 52 19 35 56 6 6 A R AT A (3% 3
e 4) , RIS R A o ) s 2 e il 5 R T 2 1
JFE 7RISR X B (AR AR, JHL I [ 6 5 g 437 0
U ARTR], (H G20 P g ) 1 1) e % i 48 1 80
Z (T4, HOh“RAE” (3 A4), “ B 7 A
B AR (1 AN) KA A A Y 1 1] 35 5 1K )
17555 PR P 1 I ) 8 488 0 7 553 1) ) 6 4B
RENT 95% , K ixF) B EHAKFE(P>0.05)

TE 3 Fifg BB IR R i, Ry ] M2a A5 RS
I 7 AN IE ] 356 85 e 7 467 450, 7 A M8 455 780 Az )
) 8 AN IE [ e 057 5 5 177 R b G SR BRE A (5 %
i r i ] M2a A5 MS AR LA ARG 1] 10 4N 1F

I, 7 M8 AR FR i B2 79 @I IRZ 3 T i
FH IR R PR R T (R SRR 95.4% ) o

i 2 i e | N L B e A bR = 1B
MRS AERS AN T I A I 0L (R 4) BP9 A Bl -
2B IE ) 16 9 7 1) 80 A EFEBR AL KR
2 (RO BAGHI s B3R s (o 17.5% ) 5 Hokoh
BAM(Q) AR (S) SR M (L), ¥
12.5% WK ILA 28 B TRV i BLAR By 52 AE 1) 1
FEIETT o BEAh, 52 0E [ e s ) i @ R IR A 5
LM TN T 1 MR T 5, R R R
PR Tt 5 PR B B R A7 i T 52 6 45 s 3 50 5 I R B
R ) 2 BR A3 A5 BT 32 AE 1] B R ) i T4 TR
PERA
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Tab.3 Positively selected amino acid sites on tyrosinase gene
from the five color patterns of Oujiang color common carp
= paTyIS BV
he i ARG InL ,,W.ﬁfr _ Erﬁlﬁaﬁﬁt_ﬂmm .
body color model parameter estimates sites under positive selection
w, =0.247 78, p, =1
M2a -2411.3182 ; =1.000 00, p, =0
KAt w, =1, p, =0
DH po =0.999 99 p =32.669 0
M8 -2411.320 6 p; =0.000 01, ¢=99.000 0
@ =1.000 00
w, =0.073 08, p, =0.901 75 79 (0.535) .
M2a -2682.999 1 w, =1.000 00, p, =0.043 35 155 (0.583) .
FRTE w, =1.000 00, p, =0.054 90 505 (0.614)
MH o =0.999 99, p=0.166 72 79 (0.631) .
M8 -2682.949 1 p, =0.000 01, q=0.851 28 155 (0.709) .
R BE ©=1.000 00 505 (0.741)
with black @y =0.163 76, p, =0.973 80
spots M2a ~2611.477 3 w, =1.000 00, p, =0.013 35 504 (0.568)
A w, =1.000 00, p, =0.012 86
FH Do =0.999 99 p=1.497 65
M8 -2611.476 7 p, =0.000 01, ¢ =6.482 29 504 (0.682)
@ =1.000 00
w =0.129 52, py =0.916 60 79 (0.727) 111 (0.556)
M2a -3112.754 3 w, =1.000 00, p, =0.000 00 116 (0.538) 312 (0.547) .
S w, =1.596 73, p, =0.083 39 423 (0.584) 493 (0.589) ,503 (0.549)
fean P =0.918 05, p=14.9528 79 (0.788) .111 (0.613) 116 (0.599) .
M8 -3 112.754 5 p; =0.081 95, ¢=99.000 00 155 (0.565) 312 (0.604) 423 (0.637) .
w=1.606 50 493 (0.641) 503 (0.608)
w0y =0.034 11, p, =0.913 76 35 Eggg; T ((()685335
7 (0.7
: - =1.000 0, p, =0.083 04 : * : *
M2a 2.938.620 9 o1 =10000. 11 =0.083 04 308 (0.591) 336 (0.641) ,
solT @2 =0 P2 = 505 (0.664)
H
° woom a3 0T
M8 -2938.52 p, =0.075 91, ¢ =0.607 54 308 (0.688) 336 (0.731) |
=6.526 61 505 (0.751)
wo =0, py =0.908 71
ToHEBE M2a -2 386.773 w; =1.000 00, p, =0.000 80 223 (0.754)
without WE w, =1.41219, p, =0.090 49
black FY po =0.908 75, p =0.005 00
spots M8 -2 386.773 py =0.091 25, ¢ =2.228 40 223 (0.800)
w=1.408 71
00 =0.031 52, py =0.916 82 2 (0 0 oty 208 (0.313)
7 (0.67 ) )
: -3 228, =1.000 00, p, =0.080 08 N N >
M2a 228.068 7 ”"_4 456 3 P 0,031 00 336 (0.554) 499 (0.560) .
Ty Wy =% » P2 = U 504 (0.563) 505 (0.609)
P 099491, p=0.079 94 40 o) 08 (0. 617)
M8 -3227.826 p, =0.005 09, ¢ =0.700 17 336 (0.662) 499(0. 667) .
w=4.453 47 504 (0.667) .505 (0.719)
wy =0.078 75, py =0.927 19 31 (0.506) 79 (0.814) 111 (0.592) .
M2a -3216.247 7 w, =1.000 00, p; =0.034 86 116 (0.519) .157 (0.604) 423 (0.555) .
— ®, =1.000 00, p, =0.037 95 493 (0.572) ,502(0.621) 503 (0.524)
|T(\\/ S
m 09976, p = 031909y 157 (0.718)
M8 -3216.217 p, =0.00231, ¢ = 1.973 03 (0.596) 155 (0.517) 157 (0.718) |

w = 6.25276

312 (0.502) 423 (0.649) 493 (0.674) |
497 (0.518) .502(0.779) \503 (0.604)

TEA55 AE N 2 BEB Kl )5 Mt kLR i A sl Fm R IR R T 95% .

Note: The posterior probabilities from BEB standard are presented in parenthesis. The bold letter showed the site with posterior probabilities more

than 95% .
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Tab. 4 Positively selected amino acids in tyrosinase gene from the five color patterns of Oujiang color common carp

TE [ 3% # E S1 7 5, sites under positive selection

e i%(%l exon 1 exon 3 exon 4 exon 5
body color 20 31 79 111 116 155 157 223 308 312 336 423 493 499 502 503 504 505
KAE M2a
DH M8
W M2a R T T
M e R T T
with black
spots Lapa M2a L
FH M8 L
Sy M2a Q N Q p F T I
mean M8 Q N Q vV F T L
AN M2a R Q Vv N S L
B QH M8 R Q A% N S L
without & M2a 1
black FY M8 1
spots S M2a R Q vV s 1 N S E R L
mean M8 R Q Vv S 1 N S T E R L
HOEHY M2a R Q N R V 8§ N F R L
mean M8 R Q N R VvV S N F T R L

TE L 07 i R FR SRR T 95%

Note: The bold letter shows the sites have more than 95% posterior probabilities.

3 e

e ) 2 UK A W A AR a8 A R AR Y 32 B2
By Ay, AR B e T ) AT RE S BURE AN [ 9 24
Jrl)e BRTRBEAE 24 1 200 RAFA FARERE S
PANEISCI% 2 SUR L | A w4 RN NP N
7 OB ETRIRIAE”S RhEEAR G, IE 10 RAF
K, RIS R W SRS R TR B R o
Gy B AR BT AR MK 5 Bl @ BT 1A H I @&
SREEA N TREH, A T — i 9 E A e 9 1K T
HIE AW RIAE R, AN AR R TR 5 2
PR IERE R 22 S R O T, P 2 A R BER (B
TG EBE AR 40 1) S 24 % R 22 57 5 KO - 39 %
HIRZHEBON R, RN TR 7 XX 5 Ff A
IR T BN R RRPAT

R PR 2t i XA A ) 9 BT 2 A i 7 P el RE
e —E 2R " R AR S R A R R
AT BRI M ge 8 LR 72 ASBF A 1 e R
FHELTTR SR B L N S AN SR T 1 dy/ d
{E (o {H) 1975 15 73 A e e 52 16 4% 1K 7 16
WEER IS OB T o /N T 1B S A
SRBFBIAE Tk . KAMATH I GETZ!!
IFTEHE H AR 0y A 2 R v e 9 1k ) AN AT g
— ERL TR FE TR T R Le R R 3K
P R, AREA 35 TR 25 DX 3 ) 758 62 4

W, ASBIETE SR AL AU S AR ) 2 ) X 37 i 4 7
E 1B R 3 A6 s A, 2 52 T[] 3 56 76 1)
PR R ZER FAMND T 1, 3R W] 2 1R B L
SR | B 5 IF 1 T S, S
2R A 45 R

3 AT AT PR B RN TG P B A 8 KB VTR
RIRTEHEA dy/dg {8, KIHEI/NT 1, B A
i, FERIN A RE . 8 s AR AR A I 3
PR B A A5 7 < TC B BE AR 00 IR R B T 2 IR Tl
FEPR B 32 B R £ ) 6 i %, R W TC R BEAR
RS by S AE I R s ) 520, 3 AT e T 2 R
Bl R 7 S i kP i R P A O 1E S R A
o, HORBLES 79 A 2R (Q, A AR ) 1 sk
2 0 T 1) 6 4% He 7 67 5, FEA A2 1F 1] 35 4 e )
L R S A TR B 5 3 /KT, 3R W R VLR S 2 1R
il PR X6 N 6 456 1) i by RIS R AT RE A LA
JUAS T3 T - — J2 T 24 R i 5 DX | 2 1 2 e
FE LR T ) HOB PR TR T
FEE T AR, N T ) 1 BEAN S K
AN, B 25 A B B IE ST e, R K R
Z LA, 7R PR R G I BR A Sy BIR 5 PR Y
ik R g R A1, 34 40 435 2 45 26 LT 5G4 T Y
MCIR™ FI agouti™ %5 M5 ZAH S KL, LA K b
TR AL /N AR AR SR SR T (MITE ) 2 g 3
{25 (sl 5 AR i N T 3E £ ) ] g
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5 LI RRUTTRE 0 o 0 TR il A A N T

PR T RRSY, B2 AL £, AT Y
TR T R X i A €0 R S 2k D) 3 Al = 119 1 %
F 1o SRT, A BETE AR A BORAT IR, 2R R
FHIREEN AR ZS , A A0 5T AR e 3t 0 AN [ R (2 B VT
REBEREFE s 7 04 22 5 0T JRBFE o
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Selection pressure analysis of tyrosinase ( TYR ) gene in Oujiang color
common carp ( Cyprinus carpio var. color)

GU Zhenzhen', YANG Xinxin', HU Jianzun', XIANG Songping’, WANG Jian’, WANG Jun', XU Zhibin®,

WANG Chenghui'

(1. Key Laboratory of Freshwater Fisheries Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Longquan Water Conservancy and Hydropower Bureaw in Longquan City, Longquan 323700, Zhejiang,

China; 3. The Provincial Farm of Oujiang Color Common Carp, Longquan 323700, Zhejiang ,China )

Abstract: Tyrosinase ( TYR) is a key and rate-limited enzyme in melanin synthesis pathway. Black spots are
one of the main body color characteristics in Oujiang color common carp ( Cyprinus carpio var. color). In this
study, the total of the fifth generations of Oujiang color common carp (F5) were used to observe the variation
and selective pressure sensitivity of tyrosinase (TYR) gene among the five exons in this gene and among the
five body color patterns in this fish. The results showed: the nucleotide variation rate and the number of their
positive selection sites in exon 1 and exon 5 were higher than those of the other three exons, indicating these
two exons were more easily subjected to selective pressure. The ratios (@) of dy/dy of the five exons were all
less than 1 (0.10 —0.67) , which demonstrated there was purifying selection conducted in tyrosinase gene.
Similarly, the ratio (@ =0.12 = 0. 23) illustrated there was also purifying selection in the five body color
patterns of Oujiang color common carp . The amino acid site analysis of selection pressure using the Codeml
models (M2a and M8) in the software PAML indicated that there were more positive selection sites in the fish
without black spots than the fish with black spots, although there was no significant difference (P >0.05).
Furthermore , some amino acid sites were also found with more easily positive selection than the other acids in
tyrosinase gene. Generally, tyrosinase gene was conservative in evolutionary process and mainly subjected to
purifying selection in Oujiang color common carp, and no significant selection pressure on this gene was found
under artificial selection in this fish.

Key words: Cyprinus carpio var. color; tyrosinase gene; selection pressure; genetic variation
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