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Fig.1 The cDNA nucleotide and its variation of tyrosinase gene in five
color patterns of Oujiang color common carp
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Fig.2 The amino acid sequence and its variation of two types of tyrosinase genes in Oujiang color common carp
AR I BB RR LA SRR o

2.3 EAREHATN

HEAFR R TMRA, BLTLR SR 2 R

BRI T FE b o BIE.B T B4, WA
DRTCHINE # o =551 B 7% - BR TR 6
P SR BRI ) P 0 B ELBRF B = R i =
1A SR AR T AL, 2 A 2257 X Bk o To AL
EHztg (& 3) .

B3 RiIX@ERSHREBER TYR-1(X)
TYR2(H) WEBR=REHTN
Fig.3 The tertiary structure of TYR-1 (left) and
TYR-2 (right) from tyrosinase gene in

Oujiang color common carp

http: //www. shhydxxb. com

3 e

BRRE) A THEY S A, R —
MR EZED, FRFETRAR/MEH
(melanosomes) "), {0 A5 — /N 43 #7146 T 40 L FR
Ho NIRRT R R 2 TR 454 25 A A AL
AWEFE sE K 5 1A €0 B VLR B 19 1% o PR I
cDNA 2731, % Bl IC 18 2 45 6 ) i VLR 88 (40
“RLT BME”) B A R OB R R
BN RRAE™ ) , B R 8 B B 0 B YT 8 (4
CRIE” RRAET ) , R R A SE B ) mRNA,
HAER MR @ rh #A Pi R 28 & mRNA (TYR-1,
TYR-2) , FFJR B BEAE R B — 3, P9 A ] o

I BB — =R G o, R IAE
Pl LA R (HIX 2022 Sl {5 BEHF A 2R
o PIFMERRRIT I M =R 2ME. B
e, FRATTHED , 3% Wi Fh & ZEBR 7 5 Dh BE AT RE R
B

JoRl— 2 4E , AR K97 A 2t TR
PR IR T D] TS PR 2R 3 ) 7 A, o 9 S TG 36 It



134

Yok dE , <5 B TD R SRR R PR R R ) T B 5 PP 51 T 19

FIBEAT , INFERRAE , ph T T PR A 2 B X358 149
MR T Ak . BN MRS K

W, R A IR N PR R 5 B 2SR

HRX SR A WH AL RL LT, H R

PRAGHIIE R AT 2 1k

A] L% Wi AR mRNA HE H

R BN S PRAT LS AL, T2 B B SE B 0
IR, R B E WA B A B BT R B
R RATA LB . HRX A FIAL R BRI 2
FRBEMITEAE 5 FE G KA FRA BT RE, iE
i Bk — P LRI o

S0k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

F R, TN, B, 45, BRVLRHELL R A £ 38t
fERAMBIZBIFELT]. LMK R4, 2008, 17
(4) . 402 -40s.

XUZE, TR, B 88, 45, 20 IR R G R VDR B Y
T2 AR [J]. b9 v K42 4, 2009, 18(6):
662 —666.

MARY L D, KAREN E L, PETER L M, et al. Genes that
determine flower color: the role of regulatory changes in the
evolution of phenotypic adaptations [ J ]. Molecular
Phylogenetics and Evolution, 2003, 29 507 —-518.

TORAL G M, FIGUEROLA J, NEGRO J J. Multiple ways to
become red: Pigment identification in red feathers using
spectrometry[ J]. Comparative Biochemistry and Physiology,
2008, 150(2) : 147 -152.

DAVID L, ROTHBARD S, RUBINSTEIN I, et al. Aspects
of red and black color inheritance in the Japanese ornamental
(Koi) carp ( Cyprinus carpio L. ) [J]. Aquaculture, 2004,
233: 129 - 147.

GOMELSKY B, CHERFAS N, HULATA G, et al. Inheritance of
the white-red ( kohaku) color complex in ornamental (koi)

Journal of

carp ( Cyprinus capio L.) [ J]. Israeli
Aquaculture, 2003, 55(3) ; 147 - 153.
SHIBAHARA S, OKINAGA S, TOMITA Y, et al. A point
mutation in the tyrosinase gene of BALB/c albino mouse
causing the cysteine serine substitution at position 85 [ J].
European Journal of Biochemistry, 1990, 189 (2). 455 -
461.

HIDEHITO I, AKIHIKO K, YOSHITAKA B, et al. The
tyrosinase gene from medakafish; transgenic expression
rescues albino mutation[ J]. Pigment Cell Research, 1998,
11(5) : 283 -290.

DING B, RYDER O A, WANG X, et al. Molecular basis of
albinism in the thesus monkey[ J]. Mutation Research,2000,

449:1 -6.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[(17]

(18]

[19]

[20]

[21]

[22]

(23]

YOSHINORI M, ISHWAR C V, RENU S, et al. Establishment
of tyrosinase sequence database in normally pigmented Indians
and Japanese for rapid determination of novel mutations[ J].
Journal of Dermatological Science, 2005, 39: 167 - 173.
NAKAMURA E, MIYAMURA Y, MATSUNAGA J, etal. A
novel mutation of the tyrosinase gene causing oculocutaneous
albinism type 1 ( OCA1) [ J]. Journal of Dermatological
Science, 2002, 28 (2): 102 -105.

YOKOYAMA T, SILVERSIDES D W, WAYMIRE K G, et
al. Conserved cysteine to serine mutation in tyrosinase is
responsible for the classical albino mutation in laboratory mice
[J]. Nucleic Acids Research, 1990, 18 (24): 7293 -
7298.

SINGH V K, MANGALAM AK, DWIVEDI S, et al. Primer
premier program for design of degenerate primers from a
protein sequence[ J]. BioTechniques, 1998, 24(2) : 318 -
319.

HALL T A. BioEdit; a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT [ J].
Nucleic Acids Symposium Series, 1999, 41 95 -98.

ROST B, YACHDAV G, LIU J. The predict protein server
[J]. Nucleic Acids Research, 2004, 32 321 -326.
ROBERT D F, JOHN T, JAINA M, et al. The Pfam protein
families database [ J]. Nucleic Acids Research, 2008, 36
(1): 281 -288.

BEIRHP. DNA FIEE H P S0 20 A TRIM]. Jext:
Bl AL, 200977 -83.

LAWRENCE A K, MICHAEL J E S, Protein structure
prediction on the Web: a case study using the Phyre server
[J]. Nat Protocols, 2009, 4(3) : 363 —371.

GUEX N, PEITSCH M C. SWISS-MODEL and the Swiss-Pdb
Viewer: An environment for comparative protein modeling
[J]. Electrophoresis, 1997, 18(15) ; 2714 -2723.

GUEX N, PEITSCH M C. Swiss-PDBViewer: a fast and easy-
to-use PDB viewer for macintosh and PC[J]. Protein Data
Bank Quaterly Newsletter, 1996, 77 7.

KONSTANTIN A, LORENZA B, JURGEN KOPP, et al. The
SWISS-MODEL workspace: a web-based environment for
protein structure homology modelling [ J]. Bioinformatics,
2006, 22(2): 195 -201.

KIEFER F, ARNOLD K, KUNZLI, et al. The SWISS-
MODEL Repository and associated resources [ J]. Nucleic
Acids Research, 2009, 37(1) : 387 -392.

ALEXANDER C T, DANIELE T, JOSE A M, et al. Functions
of adaptor protein ( AP)-3 and AP-1 in tyrosinase sorting from
endosomes to melanosomes [ J ]. Molecular Biology of the
Cell, 2005, 16(11) : 5356 —5372.

http: //www. shhydxxb. com



20 B\ W ¥ K ¥ % #H 21 %

Cloning and sequence analysis of tyrosinase gene in Oujiang color common
carp

YANG Xin-xin' , WANG Cheng-hui', MA Yu-qing', XIANG Song-ping’, WANG Jian’

(1. Key Laboratory of Aquatic Genetic Resources and Utilization, Certificated by Ministry of Aquaculture, Shanghai Ocean
University, Shanghai 201306, China; 2. Oujiang Color Common Carp Provincial Farm, Longquan 323700, Zhejiang,
China)

Abstract; Oujiang color common carp ( Cyprinus carpio var. color) is a regional freshwater species distributed
in the Oujiang River basin in China. Due to its rich color patterns and graceful body shape, Oujiang color
common carp is a very popular fish to local inhabitants of the Oujiang River drainage. The fish has five kinds
of body color patterns, namely “Whole red”, “Whole red with big black patch”, “Whole red with scattered
black spots”, “Whole white” and “Whole white with big black patch”. This fish can be a very good model or
material for studying body color inheritance in fish. Tyrosinase is a key enzyme involved in the formation of
melanin compounds. The melanin can not be synthesized if premature transcription termination occurs in this
gene. The cDNA sequences of tyrosinase gene were obtained from the skin tissue of five body color patterns of
Oujiang color common carp using the technique of rapid amplification of cDNA ends (RACE). The results
showed that the lengths of tyrosinase gene ¢cDNA sequence are different in different color patterns of Oujiang
color common carp. For instance, the length of “Whole red” is 2 100 bp, “Whole red with scattered spots”
is 2 107 bp, “Whole red with big black patch” is 2 073 bp, “Whole white” is 1 976 bp and “Whole white
with big black patch” is 2 111 bp. There are two types of mRNA transcripts in each kind of body color
patterns. Analyzing the amino acid sequence from two types mRNA, the first and second structures of
predicted protein are different, whereas the third structure and typical structural domain are same in tyrosinase
gene. It would be left behind to further research whether the sequence difference of tyrosinase gene would be
a direct factor or not in determining different color patterns of Oujiang color common carp.

Key words: Cyprinus carpio var. color; body color; tyrosinase gene

http: //www. shhydxxb. com



