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1.1 SEIF & R E

AR S BT FH HE TR B TR O R 2% K
PRI S M BRI TR HE3 A, BT R A (A
A BERAR U . BB SR AR WU T EAT
WS [ B B R B R L M AR €5 KRR
g . EEE . SOk LN . EEALA .
JEBE . . 88 WS SR AR A PR .
I RNAiso Plus (TaKaRa, 3% )ik #1545 42 B
AR FEH S MRNA, RNASER P BE IR
PKOTEERGI, Hovk BF K ODME FHIND-20004% i 75 4

AGHEAT I AE o
12 BUETyEEREKHNTIE

F & GenBankHH (Y A 5 %1, F| FH Primer 5.0
AR L CDSIX I RE AR B 1Y) Tr-FRI TR (1),
FHF Tyr 8] 7 B 4 38 o DA LY 6 VT i 2 (2
R R A S RNA LR, 44 #E PrimeScript 1T 1st Strand
cDNA Synthesis Kit (TaKaRa, K% )] 4574745
— 4 cDNARY & M. LASE —5EcDNAH B AR 17
PCRY" 8, ZF41F . 94 °CHiAEME2 min; 94 °C
30s, 65°C30s, 72°C2min, L35MEFR; 72°C
FEAHS min, PCRY™ ™ 1) 2 1 %35 g Wl B Jie ri K
e, slifefs 2 . F ek bl A T4 | it
Ty . fECRM)P IR T3 -RACEA!
5'-RACERY R S nI W (R 1), #E473 M5 K
i

#1 ZBHEASIYMF

Tab.1 The sequence of primers used in the study

ElE s

primer names

SIYIFF51(5'-3")

sequences

i

usage

o]y Bedr

Tyr-F GCTTCTGCCAAGTCGTCACGGTCTC partial sequence PCR
Try-R GTCAGAAACTCCTGCACAAACCGCT
3'RACE O CTTTGAGCAATGGCTGAGGAGACACC i
ut 3. RACE PCR
3'RACE In TTTACAGGACCCAAGTCAGCGG
5' RACE Out GCTCCCAGAACAGCAGGTAAACG i ia
. 5'-RACE PCR
5'RACE In CGGCACACTGGCAGGTTTGGTT
UPMLL CTAATACGACTCACTATAGGGCAAGCA BHEIY
GTGGTATCAACGCAGAGT universal primer
UPM-S CTAATACGACTCACTATAGGGC
WICE =
qTyr-F TCGCGTTTACCTGCTGTTCT GRT-PCR
qTyr-R GCTGAGATGGTTGGGGTTGA
e
p-actin-F TGCAAAGCCGGATTCGCTGG .
housekeeping gene
B-actin-R AGTTGGTGACAATACCGTGC

fdi FISMARTer™ RACE ¢cDNA Amplification
Kit (TaKaRa, Ki%)i#173"-H15-RACE-Ready cDNA
A . FEATY HEmE, 43 BILAS ¥ % 3 -RACE
Out & UPM-LF15'-RACE Out & UPM-Li# 414"
W YR B SOR VR S A PCREAR , LA3'-
RACE inner & UPM-SHI5’-RACE inner & UPM-S
Sl AT 2R " I EPCR, P& 94 °C
A PE2 min; 94°C 30s, 59°C30s, 72°C90s,
304G ; 72 °CHEMHS min, XFPCR™ 4 (1) 55
UER FH v |) R B 1 s B i

1.3 TyrBEE RS54

F) FH DN Astar {48 #3547 85 0] 6 Tyr 7 51 BF 4%
Open Reading Frame (ORF) Finder(https://www.ncbi.
nlm.nih.gov/orffinder/)fE 35 H I il 2] 152 HE 11 4 ith 22
FEFRF 3 . SignalP 4.1 Server (http://www.cbs.dtu.
dk/services/SignalP/) . SMART (http://smart.embl-
heidelberg de/)Fi] 125 5 FE 511 IR 445K BREG 497 .
Clustal X2¥f 1% o # Tyr2d 2% /2 J¥ 5] 55 GenBank 1
F1%) JHC Al ) b 1) Ty B 9 e 571 A7 [ P B XS
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MEGA 6.0%¢ 4 LA 48 2 7% (Neighbor-Joining, NJ)
(bootstrap values & 1000)f4 4 R 5t & F# .

1.4 qRT-PCRZ#reia 82 TyrE F B H R4 =
M FRIK

A5 BT 3145 14 4 T0T 8 Tyr & Pl cDNA T 51 i 31
MG, I B-actinh NZIEH (R 1), B pg
S RNA, #18 PrimeScript RT reagent Kit With gDNA
Eraser (TaKaRa, Ki% )il AT Rt sk . >k
% [CLight Cycle 967t S PCRIY, ZIESYBR”
Premix Ex Taq"™ (Tli RNaseH Plus)(TaKaRa, K
) B TQRT-PCRY 1 . JWARZR10uL: 5L
SYBR" Premix Ex Taq™ (TaKaRa, Kj%), 0.3 uL
PCR Forward Primer (10 umol/L), 0.3 uL PCR
Reverse Primer (10 pmol/L), 1.0 pL cDNABEAHT ,
3.4 pLTCHK . PIGRRIF R P 95 °CHilAL
FE30's; 95°C5s, 60°C20s, 40MEER, 457
FES 3 FAT o 270 SOk T B B T B S IS R AS
TyrAl X} 255, SPSS16.08 {4 # 17 One-Way
ANOVAZLT 73 Mt BT 5 K8l o

1.5 Western blotE[ i 53 i Tyr&R HEE A FI4A LR
FRIRIE

WO HE RO R R R R R L B R R B
M) B FE 42 BURR 38 Western blot S TP fifd 24 /# i
CGiznR, LUl T, &AWk EMHBCA
EAWEN AN EE K, Li)dEfrmeE,
B LR M EE & 25 ng, #E47SDS-PAGEHL
Pk, 100 mAfH L ED EPVDFIE, 5% AT [E 471.5 he
ERT, S%MAE M E 1 h, PYDFEH bt
TyrZ 5 FEHAR(TBST 1 : 100#% B¢, Santa Cruz,
H-109: sc-15341, EE)F Pt GAPDHZ sLlEHL
{R(TBST 1 : 1008 B, BUIH Bt 2= A= W8 W)k A 7097
B, 4°Cidh, TBSTIEMEPVDFE3YK, £:YKS5 min,
HRP-111 240 % 1gG (TBST 1 : 5000% B¢, dtarth
AT A R, Jba0)37 )CRER I & PVDFE h,
# PVDFE FHTBSTIZEPE3 YK, AFIKS min, ECLA
e D . B E K A (Canon, R MR, RER
BAEFE 53 HT o

1.6 P RAATyriIREBEBAUFERE

AR €2, 5 4 B 1 1l 5 T 460 5 2 £, J7 iR
AR AR A R R, 4% 2 RS E24 h, WAGER
FERLAK . —HRE, 2E52.5 e s b
M XA S B D) B, TR R 6 pm;
5 2 SRR SR B A ) R B E K IR
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T, 3% H,0,5% & 10 minb) 2[4 N M A1k 4
i, YR ZPBSZE vl WIS VE3IK, K5 min;
SR JE 5 %R S 8 4 1ML 35 7E 37 °CHH 20 min/5
TR 5 37 °CRVLTyrZ W FEHUARPBS 1 = 200
Fi®%, Santa Cruz, 3EE)IFH 30 min, 4 °Cid;
P ) B 7E37 °C% F 20 min, PBSZE WP W I Uk ;
37 °C HRP-1LI £ Hi%1gG (PBS 1 : 500055 B¢, Jbi
S Y AR, LRI E 20 min, F14XT ]
FARR R R LT, YA A PBSZE MR bk s %
MDABIRF &AL A2 WA A E, dLa)i
B A AT 0 S N, S B 8] S 20 min, ZEAR K
Lk RN, HPBSZE M AT Pk IRARRFERE
BRJGEMK . EHEPHEMRE A

2 4R

21 HASEEHSS. BEHSAREXER
0 B B Y 22

A 5 T T S R e I 6 Ak
RN A LR, & B0 E o) A 3 (0 25 4 it B R
(LR O e D ORI N (ES R D P o
H, ISRl A BRI, EaRAR
R R A0 M S 4R € 88 ELAT 2 (5 25 41 i
AU Z AN i an i, R A B aE R
L € 2R A M . AN T A € R 40 ) B
PP R[] s i T LB i 25 57

22 TyrEEWMEKRERFTISHT

TERESF AN MY . DR, A5 ) A AR Ty
K cDNA4 K K1717 bp, H A 4% X K 1605 bp,
D535 E AR, S'AEMmIBIX K41 bp, 3'HE4H
XK 71 bp (E12). JF3C #2238 2 GenBank (No.
KY305667), i i 75 £k B A4 43 A7 A& B0 35 0] Tyr 5 H
fib £71 25 — FEAE NS A 191 & LB AR R 1015 5 Ik,
FEA 44 HL AR ST 1 4548 38 (% 5 B EGF-like (LE)
GG . T4 G X CuA . CuBfE 5 Al
W B IRAE S . BB Tyr s 143 & 132K e
R 5% %k (cysteine, cys), 194 cys/r 7 1E T
N, 55440434 £ CuA FICuBZ 1] (JK12) . K ]
H} ) Tyr#E 157 51 iE 17 2 8 L s (813), K344~
SEF Y AR ST

23 HNETyrEHRIRMELRERGHEH
aF =

18 FH Clustal X251 443t 2 o] 88 Tyr 5 FHo A 4y
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Fig. 1 Observation of chromatophores on back scales, abdomen scales and fin of Yellow River carp

1. The front view of black scales; 2. the back view of black scales; 3. the front view of silvery scales; 4. the back view of silvery scales; 5, 6. anal fin. The

blue arrow: melanophores; the red arrow: xanthophores; the black arrow: iridophores

Fift L TR A R R (11 3), S5 SR ok, HE YT f fu
BRI PE s, H99.6%, 5 HoAth 1 25 1y RH Bk
FE63.5%~99.2%, 5 HAhH A 50 P 11 2 5L TR 4 o)
PETE60.3%~63.2% . RIINIEMEEHRKELE
B (E14), 259 R . v 65 6 ) Tyrik fb 56 &
&AL, BRH—/N, ZR ST REE ., i
WD fth (Danio rerio) SRR —&, H5H
fhfa R — AR50, WAL 2R HAD
BHES YR R 5 — K&, X5 Clustal X2 H X 45
R,

2.4 HEAEETyrEFRE LR MERIE

qRT-PCREG I 45 5 @7, 5 #8 Tyr mRNA
e A AL A RE, HhisiLa R
kg, HUCHIEMNLA . BE k. B,
WO K BRI 68, 7EH R ik Y Rk
HERRES) ., A ORMAMAHEN T, BE
R AR e E R Y R A kD Tyr Ok 5 iR
B, HORE R . REERUE S, WA K
Rk E R,
25 HINEAEHARTyrEBRIEFER

Western blot E[J b K I 25 5 g 7, B yn] i 22
@Rk, BEEMEENEATA S5 TyrZ P

TR R A e PR RN R L AR, ar TR
/NG RTS ku, R R TR &R R B R D B S
TyrZ oMYA K AE Gy BH M S0 9 8 1 4% (]
6-a)o X E TR Tyr. 2 GAPDH G E il 25
1953 BT 7R < 7E T TR A PR €5 K R o Ty e 85
Riktmim, LR EEEMIEEE, 78 65k
FR S K B Tyr il 2235 (K 6-b),

2.6 FMERRKRAATYrHIRRALAMUERE
#R

B R SR T2 Pl R B R M B SR A, B
FHRAGI BN TRIEZRREZE R Z
] B AR @R IR R R RO RN, &
0 BB rP 0 3R 2 R B 2 A e R R AR
Tyrf A A Qe G AR R . PR (0
IR A A BH R BB, B B IR AR OR DL BH A
BTy BREER, Tyofe B O R A A7
TERIALE A RIK, RN bk B BH 1
IO, BT 2 B Ik 4 2 v AR LS 3] B A B o

3 iR

A 52 B 4R A5 5 ] 4 Ty R cDN A4 K Y 31
1717 bp, FIEHER 1605 bp, 4t 5354 & FEMR,
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ttttcctaactcttecegtgtctaattegtectegetetegtcATGTCTCTCCCTCTGCTTCTGTTCTTCATTCAGT

M S L P L L L F F I Q
TCTTGAGTCCGTCTCCCCAGCAGTTTCCTCGGCCGTGCACCACGCCGGACGTCCTGCGGAGCAAGCGCTGCTGTC
F L S P S P Q Q F PRUPOC,TTU®PDJVILTZ RSIZ KTZRC,C,
CGGTTTGGCCGGGCGACGGTTCGGTGTGCGGCTCCCTTTCGGGTCGAGGCTTCTGCCAGGACGTCACGGTCTCCG
P VWP GDG SV CG S L. §$ GR G FC,Q DV T V 8
ATCTTCCCAACGGGCCGCAGTACCCGCATTCAGGCCTGGACGACCGCGAACAATGGCCTCTGGTGTTTTACAACC
D L P NGP QY P H S G LDIDIUREOQWUPULV F Y N

EGF-like domain
AAACCTGCCAGTGTGCCGGCAACTACATGGGGTTCGACTGTGGCGAGTGCAAGTTCGGTTACTTCGGCGCCAATT
Q T[C.Q C.A G N ¥ M G F D C|J]G E C,K F G Y F G A N
GCGGTGAACGACGGGAATCTGTGCGCAAAAACATCTTCCAATTATCCGTCTCTGAAAGGCAGAGGTTCATCTCGT
C. G E RRE S VRI KNIV FOGQULSV S EURIQRTFTI S
ACCTCAATCTCGCCAAAACTACAGTCAGCCCTGATTATATGATCGTGACGGGCGTGTACTCACAGATGAACAACG
¥y L N L A K T TV S P D Y M I VT G V Y S M N N
GCTCGACGCCCATGTTCACCAACATCAGTGTGTATGATCTGTTCGTCTGGATGCACTATTACGTGTCCCGCGATG
G s T PMVFTNTISV Y DIULVFVWMHY Y V S RD
CuA-binding

CACTGCTCGGGGGTCCCGGGAACGTGTGGGCCGACATTGACTTTGCACACGAATCGGCCGCGTTTCTGCCATGGC
ALLGGPGNVWADIDFAIHESAAFLPW
ATCGCGTTTACCTGCTGTTCTGGGAGCATGAGATCCGGAAGCTGACCGGTGACTTTAACTTCACCATCCCGTACT

H R V Y L L F W E|HE E I RKULT G D FNTFTTI P Y

GGGACTGGCGTGACGCTCAGGACTGTCAGGTGTGCACGGATGAGCTGATGGGGGCACGCAGTCCTCTCAACCCCA
W D WR DA QD C Q VC, T DE L MG AIR S PLNUP
ACCTCATCAGCCCGTCCTCGGTGTTCTCCTCCTGGAAGGTGATCTGTTCACAACCCGAAGACTACAACCAGCGTG
N L I s P S S V F S S WK VI C,sS Q P ED Y N QR
AGGTTTTGTGTGACGGATCTCCAGAGGGACCGTTACTGCGTAATCCAGGAAACCACGACCCAAACCGTGTCCCGC
E VvV L ¢. D G S P EG PLLRNUPGNU HUDUPNURV P
GGCTGCCCACCTCCGCAGACGTGGAGTCAGTGCTGAGCCTAACAGAGTACGAGACGGGTCTGATGGACAGACGCG
R L P T S A DV E S VL S L TEZYETGULMDRR
CCAACATGAGCTTCAGGAACGCTCTGGAAGGTTTTGCGAGTCCTGAGACGGGGCTGGCAGTAACGGGGCAGAGCT
A N M S F R NATLESGT FA ASUPETGU LA AVTG Q S

CuB-binding
TGATGCACAACTCCTTACACGTCTTCATGAACGGATCCATGTCTTCAGTGCAGGGATCCGCCAACGACCCCATCT
L M HN S LHV FMNUG G SMS SV Q G S A NI P I
TCCTTCTACATCATGCCTTCATCGACAGCATCTTTGAGCAATGGCTGAGGAGACACCAGCCCCCCCGCACACACT

FLLHHAFIDISIFEQWLRRHQPPRTH

ACCCGACAGCCAACGCCCCAATCGGACACAACGACGGCTTTTACATGGTCCCCTTCATCCCTCTGTACAGAAACG
Y P T A NA PIGHNUDGU F Y MV P F I PUL Y RN
GAGATTATTTCCTCTCGACTAAAGCTCTGGGATATGAATATGCATATTTACAGGACCCAAGTCAGCGGTTTGTGC
G DY F L S T KA AULGYE YA AYTULOQDU P S QR F V
AGGAGTTTCTGACGCCGTATCTAGAGCAAGCTCAGCAGATCTGGCGCTGGCTGCTGGCCGCGGGGCTCCTCGGCG
Q E F L T P ¥ L E Q A Q Q I W R WUILULAAGTULUL G
CGGCTGTGGCGGGAATTATTGCAACTATTATCACCGTGGCGTGTCGCAGACGCCTGAAGAGGCGAAAGTCATCGG
A AV A G I I A TTI I T VACIZ RI BRI RILIKIRIRIK S s
Dileucine signal

CGTACGGGGAGAGACAGCCACTGCTGAACAGCAGTGAAGAGGAGGGATCGACTTCATGTCAGACTACACTGTGAa
A Y G | N S S E E E G S T s C Q T T L *
taagagcgtaagcctacagacacgtgccagcgaggacagatacgccaaaaaaaaaaaaaaaaaaaaa

2 EMEE TyrE E 7Y MEEE TS

NGFRFORS M ARG IX ;. K'E FRERRmIG X . TS SR T RILER, DHIREGF-like. CuA. CuBMIXUREARRIE S M7

HEZOR o PR IR Sk A7 kR AR BB L, RN R T

Fig. 2 Full-length nucleotide cDNA sequence and deduced amino acid sequences of Tyr in Yellow River carp

The lowercase letters indicate 5’ and 3’ UTR; and the ORF is presented in capital letters. EGF-like domain signature, CuA-binding,

CuB-binding domains signature and dileucine signal are boxed.. Conserved cysteine residues are indicated by black solid dots and

the stop codon is indicated by an asterisk

HA AN ESE I (K2), NG EGF likeZh #4) 1,
(C-x-C-x(2)-[V](2)-G-[C]-x-C) (xFE7 I I & 2 41
EEAEARERR) . WA IRSFH & T4 CuA |
CuBUL S X5t A R 5 5 (E-X (2)-PLL)(#2), X5
Z WA IE YA A S W) Tyr 8 45k del— 2
B 6 Tyr 2 U N-R i A 48 5 285 F 85 T 7%
FIT A0 A5 5 K 51 (1 2) 0 N3 Y EGF-like 4
F4 388, 55 Tyr3Z {4 2K 4 TRPs (tyrosinase receptor proteins)/F
B 22 W5 WA G 2 2R (histidine)PE Ry
Cu™ W BCLIAR, JEEGMEILIEMLTHEIRIL . CuARl
CuBfE N Tyrfy AL IE ML, BECu" 5 & A MWA
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ZH 54 R 1 454 18 (H-x(4,5)-F-[ LIVMFTP]-x-[FW]-H-
R-x(2)-[LVMT]-x(3)-E) fll (D-P-x-F-[LIVMFY W]-
x(2-)-x(3)-D)&5 A I " A7 F Ty F Cii
(1 RS G BR A5 5 1T LLKs Ty 20 M 05 b 56 7 3] S
BR/ME, WITE R AR, 750 Lo 45 53 W
7~ T Tyr B 13 cys, /O F 31 Nt
4N FCuA, CuBZH], X S5HpEENT . BEHfh
T B85 R A% £ 005 T e U OSE A b Y Ty A & 1 cys
B A E— 2, U0 Tyefe 28 e B A = AR
SEVE . RGBS AT A B T B Tyrad LR P
1) [ f W VTOR S B O R B A R A0 28
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44 2R 55 BT AL 4 702 i (0 AR — B (151 4)

A O ZRE, FER R KBRS
ORI FNE . B DL RS R R S 8,

Hitl C. carpio

BRYTFER C. carpio var.color
il C. carpio

Y D. rerio

Y54 O. aries
KGVEEE S. salar

T ERGEAN L A. citrinellus
HSWEE O. anatinus

JR3S G. gallus

A H. sapiens

SPEUE R nigromaculata
BE 5 X RA 1 punctatus

T 48 O. mykiss

#Hi 0. latipes

HHALES P, sinensis

L E. caballus

RJ7LLEESE T rubripes

N M. musculus

TR C. carpio haematopterus -

HRE C. carpio

BRI C. carpio var.color
8 C. carpio

Wt D. rerio

5E 42 O. aries

KPGFEEE S. salar

TGt XGENN . A. citrinellus
HSWEE O. anatinus

JE3S G. gallus

N H. sapiens

SPEUE R. nigromaculata

BE i X RAE I punctatus
W48 O. mykiss

i O. latipes

AL P. sinensis

L E. caballus

IRITELEESE T, rubripes

/N M. musculus

i

i C. carpio

REYLRER C. carpio var.color
# C. carpio

BET A D. rerio

LBYE O. aries
KPP S. salar

T LGN 1. A. citrinellus
HSWEE O. anatinus

JR3Y G. gallus

N H. sapiens

HPEEE R. nigromaculata
B 5 UMW 1. punctatus
U O. mykiss

i O. latipes

R AEHE P. sinensis

5 E. caballus

IR )5 4L T, rubripes
/N M. musculus

B Y C. carpio haematopterus .

H3 C. carpio

[T 48 C. carpio var.color
8 C. carpio

BEL 1 D, rerio

B4 O. aries
KVGvEE S. salar

I XUGENT L A. citrinellus
HSHE - O. anatinus

JR3 G. gallus

N H. sapiens

P R. nigromaculata

B 5 XA 1. punctatus
W6 O. mykiss

i O. latipes

tp RS P. sinensis

5 E. caballus

R )7 4L T, rubripes
NER M. musculus

FEI R C. carpio haematopterus;

il C. carpio haematopterus

: ——MSLP-LLLFFQFWSP:LQ
MSLP-LLLFFFQFLSPSLQ
——-MSLP-LLLFF IQFLSPSLQ
ISLHLLLFFFQLFSSELQ,
MLLAALYCLEWSFRTSAGH
~MVLLVVLGSLLQULFLRSCVG
~MRRLCVSLVLEQLIRTCFS
MLLVTLACLECSVQQSSG:
—=—=MFLFAMGLL EVILQPSTG,
MLLAVLYCL FWSFQTSAGH
VLLATSTLELVLHASYG

Bl WDWRD)
BV WDWRD)

5 e1y

AR SIZ I o) T T RN IE TR . BB AR R AN
PEATAREE & IRy i o A 3 £ 2R 40 il B R
R, HERMPAITEAaE, HhRa
i LR BRERMMERE L, ERIRZ, MER
s FRA KRR ARMME ). Wik, &

QUGVDDRES
/DDRE}

[RNRUERI P T

PNiVP

PNiVP
VPH

QQ
QQ
QQ
RR|
QL
QQ
RQ
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Fig.3 Amino acid sequence alignment of Tyr in Yellow River carp with other animals
The program ClustalX is used to align the Tyr sequences. The 100% and 75% identity among these sequences are respectively highlighted by black and

grey shade. 13 conservative cysteine residues are identified by asterisk. Conserved N-terminal EGF-like domain signature, 2 copper-binding domains

signature and dileucine signal signature are red boxed
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Fig. 4 Phylogenetic tree of Tyr proteins from vertebrates
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Fig. 5 Real-time PCR quantification of Tyr expression
in different tissues of Yellow River carp

1. dorsal muscle; 2. caudal muscle; 3. black skin; 4. tail fin; 5. yellow
skin; 6. anal fin; 7. silvery skin; 8. intestines; 9. brain; 10. liver pancreas;
11. gill
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Fig. 6 Analysis of Tyr protein expression in several
tissues in Yellow River carp

(a)Western blot analysis of Tyr protein in different tissues. (b)The
relatively expression of Tyr in differrent tissues in Yellow River carp,

gained by Western blot analysis, different letter superscripts indicate

significant differences (P<0.05). 1. black skin; 2. silvery skin; 3. anal fin;
4. tail fin
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Fig. 7 Expression of Tyr protein in skin tissue of Yellow River carp showed by immunohistochemical method

1, 4. control groups; 2, 5. expression of Tyr in silvery skin tissue of Yellow River carp; 3, 6. expression of Tyr in black skin tissue of Yellow River carp;

Ep: epidermis; S. scale; Sc. stratum compactum; M. muscle; black arrow. melanophores; arrowhead. the positive reaction position of melanophores

(Magnification: 1, 2, 3 x200; 4, 5, 6 x400)
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Molecular cloning, expression pattern and location of Tyrosinase gene in
Yellow River carp (Cyprinus carpio haematopterus)

WANG Liangyan, TIAN Xue, PANG Xiaolei, LI Mengrong, LI Xuejun”

(College of Fisheries, Henan Normal University, Engineering Technology Reasearch Center of

Henan Province for Aquatic Animal Cultivation, Xinxiang 453007, China)

Abstract: Tyrosinase (7yr) is the essential rate-limiting enzyme in melanogenesis. To study the relationship
between Tyr gene and the formation of body color in Cyprinus carpio haematopterus, the black scales, silvery
scales and fins were observed using microscope. Besides, we also obtained the full-length cDNA sequence of Tyr
by rapid-amplification of cDNA ends (RACE) and examined the mRNA and protein expression levels of Tyr in
different tissues using quantitative real-time PCR (qQRT-PCR), Western blotting and immunohistochemical
methods. The results showed that there were 3 kinds of pigment cells including melanophores, xanthophores and
iridophores in different tissues, and the quantity, combination, and density of the chromatophores are varied. The
full length cDNA of Tyr was 1717 bp (Genbank ID: No. KY305667), including 41bp at 5'-UTR, 71 bp at 3’-UTR,
and a 1605 bp open reading frame encoded a peptide of 535 amino acids. Sequence analysis exhibited that Tyr
from Yellow River carp had the highest amino acid similarity with Cyprinidae, while it had low similarity with
mammalian and bird. And phylogenetic tree analysis indicated Yellow River carp has close relationship with
Cyprinidae species like Cyprinus carpio, Cyprinus carpio Koi, Cyprinus carpio color and Danio rerio. qRT-PCR
results revealed that 7yr mRNA was checked in all different tissues of Yellow River carp, among which the
maximum level was detected in muscle, followed by black skin. In addition, Tyr also displayed a higher expression
in the yellow skin, anal fin and caudal fin with abundant melanophores. But Tyr was not detected in the silvery
skin lacking melanophores. The protein expression of 7yr in black skin, anal fin, caudal fin and silvery skin
exhibited similar trend with 7y mRNA. The immunohistochemical positive signals were detected in the
melanophores and mucous cells of black skin. In conclusion, the expression level of Tyr is relevant to the
abundance and location of melanophores, and could be associated with the body color formation of the Yellow
River carp.
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