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Changes of pigment-related enzyme activity and gene expression at early
developmental stage of koi carp
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Abstract: We investigated the changes of tyrosinase and cystinase activities, as well as the expressions of tyr, mitf, agouti and
mclr mRNAs at the early developmental stage of Kohaku and Hi-Utsuri koi carp (Cyprinus carpio) by using histological observa-
tion, enzyme-linked immunoassay and quantitative reverse transcription-polymerase chain reaction methods. The results show that
the hatched carps became light yellow and translucent. The melanocytes occurred on 8 dph (day-post-hatching). The activity of
cystinase increased with the koi carp development, and no significant difference was observed between Kohaku and Hi-Utsuri groups
before 7 dph (P>0.05), while Hi-Utsuri group showed significantly higher enzyme activity than Kohaku group at the same stages
after 7 dph (P<0.05). Tyrosinase activity showed an up-regulation trend with slight fluctuation during the development of koi carp,
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and peaked at the ocular pigment stage and on 23 dph (P<0.05). The enzyme activity was significantly higher in Hi-Utsuri group than

in Kohaku group at each developmental stage (P<0.05), which indicates that tyrosinase and cystinase activities were closely associ-

ated with pigment cell development of koi carp. The expressions of agouti, mclr, mitf'and tyr mRNAs peaked in gastrula and blas-

tula periods (P<0.01), then decreased. Thus, agouti, mclr, mitf'and tyr mRNAs might play an important role in the formation of body

colors in early embryonic development.
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Bank 7 tyr. mitf\ agouti. mclr )}(ﬁ—actin MRV E
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Tab.l1 Primer sequences used in real-time quantitative RT-PCR

BIE7E2N B IRFS (5'-3")
primer sequence
tyr F CACGGTCTCCGATCTTCCC
tyr R CATCACGCCAGTCCCAGTA
mitf F ACAACTCCTGCCCGTCTAAC
mitf R CCGTTGTTGAGGTCCAGAGT
agouti F' AACTGCGTGCCGCTCTTGA
agouti R TAAACAAGCCTTTGGGATCGGG
mclr F AGGAATCTCCACTCGCCAA
mclr R GCCCGTGCTCCGTCAATAA
p-actin F AGTCAGCAGAGTTGGGTGCT
p-actin R CACGGCATCATTACCAACTG

1.4 HiELE

Y LE R, “ FH bR (X +SD)” FRk. KA
SPSS 22.0 3R AFXT A #EA T AR 2 77 2253 HT (One-Way AN-
OVA), Jf#47 LSD 1 Duncan's Hlb#, & KFEEH
0.05.

R

21 HERHPLAEFENR

ZAEEN A 8 HRAT &I, A e 5 2 A
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BERME, ZIFTHRBEIG 2L ML H RS R
FIBEZEL (B 1-c. 1-d).
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BEEMMEI R . Gt AR, aadF—10 (F) RkE

K1 BRI R F RO
a IREOEKFRZI; b, MIBRIBAFt, BEOFR I ORMM;
c. 8 HIRZL B, MOF KRB ORANE;
d. 8 HEALL s
Fig.1 Change of body color at early developmental stage of

koi carp
a. eye melanin stage; b. the black arrow indicates the yellow pigment
cells that appeared on the back of the newly hatched larvae; c. 8 dph
larvae in Hi-Utsuri groups (the black arrow shows melanocytes);

d. 8 dph larvae in Kohaku groups
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Tab.2 Segregation of body color characteristics of F; generation
in Kohaku group

2151 group 4% red 4] white ZL[] Kohaku
ZI 1A Kohaku A MA%L 463 200 441
HA/%  41.94 18.1 39.95
£119B Kohaku B “MA%k 377 180 652
A% 3118 14.89 53.93

22 WMERHLZEARNMISRES KIS
iE T

A A R O ER, BEICT 9 ANk
FEETH . BRI IR ORI B, 1 HiR . 3 H
# . 7 Hify. 13 Hii%. 23 HEd R 43 HEk, DX A E
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Tab.3 Segregation of body color characteristics of F; generation in Hi-Utsuri group

2[5 group 441 red 1M Hi-Utsuri 4|1 white #I 1 Kohaku =% Showa B 1y Shiro-Utsuri
21 %A Hi-Utsuri A A% 312 498 2 97 233 13
% 27.01 43.12 0.17 8.40 20.17 1.13
21 8B Hi-Utsuri B A% 96 134 66 218 403 216
% 8.47 11.83 5.83 19.24 35.57 19.06

x4 ABRAF-REEBHYUNE

Tab.4 Segregation of black pattern characteristics of F; genera-
tion in Hi-Utsuri group

205 A I JCHRHE
group pigmented unpigmented
£1 HAA Hi-Utsuri A ANEEL 744 411
FL 4 1.81:1
ZIBBHi-Usuri B MK 753 380
FL 4 1.98 : 1

MBS YRR L, ZERRW], A gl QBRI A 3 H
B EE SRS, AR FTHERE, HEFRRE
(P>0.05); KEZE 7 HIRES, WHHEFMRELT . 5543 R
IKFNE(H (P<0.05), ZLMRZHEREL, |ICWIZE 3 HIB Al
B, MRS 2 R B E (P>0.05); KBHE T HIR
i, BEETZAAHEB (P<0.01), 13 HATHEA A
(P<0.05), ZEXNFm; KB X 43 H Ik 3 06 E
(P<0.05), HMLLEAI, MNBEMIF] 3 Hid 1o 0t a
FRBEHG PE2E AR B3 (P>0.05), 27 HIAH, 21 BAH
[ A TR (P<0.05, 4] 2),

A IRIBZE R R, N, BN E | B
BB, BRAR (3R EIARE M 2 & (P<0.05), Ll
WIERAE, HERARE (P>0.05); B3 45, BRERE
TEYEREIT S, RS 23 KIAIE(H (P<0.05). £IH4M,
PRI Z 3 HIRAF AR B, [RIFEULEE S IR 6 R AL R
PERR (P<0.05), HAbAIZE A E (P>0.05); IS 7d,
W IR BTG PRSI R, 56 23 KaARIIE(E (P<0.05), ZHIH]
PR, LLRALFAR 4 R & B B i s R S PR L
AL FI2H i (P<0.05, 141 3),
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tyr X mitf 4 DR FIR A . agouti He KIAE R4 4
KEANFGBIAE A, L0 AA 520 AT A )
KRB WAR B B2 S A B E (P>0.05); 1M PIZH AL 5]
SRR R IR i S T AR (P<0.01), ZJERE
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W (P<0.05, [ 4),

melr FEFTE R BRI A 3k, P2 U AE
TR T AR B B2 R AR B3 (P>0.05), R %
K S T HABR (P<0.01), MEEYEESTH
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WL 1 HiER L 7 Hig. 23 Hid5 43 Hi% 8 Al
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(P>0.05). P TAQHR 0175 7 i 101 3R 05 1 10 25 v T At i
] (P<0.01), MZIEHIRZ (P<0.05), ZIGBHkEAL, 3
TE7 Hiy, 23 HiR5 43 HIRFFEZMAL (P<0.05, & 6).
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5t (P>0.05) Ji i 1 e 38 25 K SF- A 3 s T At A&
(P<0.01), MIZARIIKZ (P<0.01), HERRI]SHR (o R AURM]
BEHTREERN . MBI, 1 Hilg, 7 HiR. 23 Hig
K 43 BHiE 6 NI (P<0.05); 7 Bk, 23 Hid5 43 Hig
8] JC . E 2 5 (P>0.05), HBEMTHAAW (P<0.05,
#l 7)s
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Fig.2 Change of cystinase activity during embryonic development of Kohaku group and Hi-Utsuri group

Different letters in the same group indicate significant difference at different periods (P<0.05); the same letters indicate no significant difference

(P>0.05); *. significant difference between different groups in the same period (P<0.05). The same case in Fig.3.
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Fig.3 Chang of tyrosinase activity during embryonic development of Kohaku group and Hi-Utsuri group

a O 4124H Hi-utsuri
_L [0 4.H4H Kohaku

agouti BRI FHX RIS &
relative expression of agouti

bcbc

b
Ir be be be 1. be be X be
c © c C
0 ' ' ' ' ' P e B R o, B

EE EE sheel IRIEDE RERM WY 1HER 7THE 2308 430
blastula gastrula neurula &M 2] hatching 1 dph 7dph  23dph 43 dph
stage stage stage optic eye melanin stage
vesicle stage stage
RE M

developmental stage

K4 agoutizERYEHREEA R & B ik =
AR FHFRZR RE (P<0.05), JEEIF L
Fig.4 agouti gene expression at different developmental stage

Different letters indicate significant difference (P<0.05). The same case in the following figures.
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Fig.5 meclr gene expression at different developmental stage
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Fig.6 mitf gene expression at different developmental stage
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Fig.7 tyr gene expression at different developmental stage
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