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FFJE A4 3R B0 T 2 A e R D1, o, e
(C. carpio var. jian) B3 TI428 . K RAE T FMEAZ
REETENTEE TG A, HFGEARZ —
BEOR AL, B A B (C. carpio
haematopterus Temincket Schlegel) I Jp T #5(C.
carpio haematopterus) P17 5¢ 4= WU H 2% 38 A4 #d F
AR AARIO) I T 1 7 A L R AR ER A 2 5,
H e B iz i R0, T B far fu 21 6
AR RIR, 75 st 2 S5 MW E TIPS AR
LA PRI BE L 3 Biatowas ™ HIH, HEHLL AR
BT B A AR 3l 3 Ay LR AR R TG IR AR
Ao AR 25 P R i A AP g R B TR A £
BRI R A A K PERE AR B 25 5 . T 22 g )
FEXTfE Bl 2 5 R R U 22 BRI 4 2N
TSR, I RAAHE G ERRIKE
o SR, ‘AR 2 S AR A R4 K 22 501
O3 TR HLE R W HGE o AT A P < 3
2 SO AR, X R A FIE AL AR T A K
AE. MEEMRMGE, BRARS . BOARXSNHE
% (ko04916) M A=A P Z A 1l . BRJICRN 2500 36 [
(ko04935)JE R R IRTT JRAFTE, IRIHA G AR 57 54:
KAEREAIAROCHE, LI A3 i 2 5 i b o i
RAF ARG 2%

1 RS

1.1 ZEMMAEREERSE

2019 4F 4 H, FIH HaEmt 2 5 RhoEAR, Fri
K = B2 B 58 B IR AK AL 5T v O B i 55
HWFRAN TR, B TRIECK, &It T 4 4]
fe B (A ) SR B AL, SRR = KR
P BCE B, TR EERRIE e O LT RN T
B, fariEib)E, R NEERGO R R,
IR FE T IAS S 700 cmx435 cmx120 cm BFIZE N
KPR, FRTEHIK BRI K . 2019 £ 7
BEMLPEIE T KO FIRG 2T B A4 30 2, T &l
BRI, KRB FREFREREGEHE R 0.1 g),
SR FH A R 220 B RO 2 AR | R v R R JEE OF
£ 0.1 cm),
1.2 HIEBHBEEHEMERESENE

FEHLRAE T KEREa e MRS 5 B, ’HT

AR IS, SRR MM (1 mL) 1T 74 5 Bk 4 21
(60 mg), FEAITHIFRIEN GO1. GO2. GO3. GO4
Al GO5 (7 K AG4MA), 001, 002, 003, 004 Fi
005 (FHLTLAAAA) o 430K I i 2500 MR 13, B2 ik
44U 1 mL PBS ¥k, SIHE B0, BT
4 CCREM % S I 5 PR AN 2 €0 38 1 R WU
PR — 25 &0 1 IR A e W B i, R ES IR
AR B R & (ERRVAE Y, D

1.3 XH®EEE PCR (qPCR)

XF R 10 8 S50 43 ) SR AR K Bk AL
ZHZ, PEARZIR TRIzol ¥E(FE NI, )M
175 RNA #2£5¢, FJH NanoDrop ¥4 661
(Thermo, 75 )R AZ FR M B, Jfid it 2%B fE bk
BRI L PR A g 2k SR, FH HiScript® IIT RT
SuperMix R G OAEMERE, T E)E 500 ng AU
RNA J % 5% il cDNA B

%% KEGG (www.kegg. jp) Uil i % Fl NCBI
(www.ncbi.nlm.nih.gov) I+ 1 5 K 5 515 B, Phit
%1t k004916 (B EAK). ko04935 (A= K ik
F A REBORIAON i R DG JE AN B-actin
3t 20 NEEH Y gPCR F1¥(FK 1), M HO0E &
PCR ¥JH] CFX96™ Real-time System (Bio-Rad,
KENSER, 1T qPCR MR, AR E 3
NEE; WAKRZRN 20 pL: 2xChamQ Universal
SYBR qPCR Master Mix (#ME#E, HHE) 10 uL,
RS #9710 umol)4% 0.5 pL, cDNA #ifj 1.5 pL
1 ddH,0 7.5 pLo W ARJF: 95 C 30's, FARPE;
95 C 55, 60 C 30 s, I 40 Y HEHEIR; 95 C
155,60 ‘C 605,95 ‘C15s, SERUAMRMLZE., 5056
LZERLL f-actin HHZ, R 27407 kit I A
AR X e ik Y
1.4 HUELEF S

XS ARAR I AR R L TR SR T
028 i I DR T R i SR B A T B, Rk
5 20 [R) 25 55 0 PR (T K80 o JE T LR B FR G e 3k
2, T 3 (principal component analysis,
PCA), JFHIVEREAB AR . 4307 3 8 (1] () 2t AH
:(Pearson), JEFIJH] Cytoscape #4235 T 5L
T 1) 48 25 2 1 56 2R (P<0.05) M i L Rk M 45 L BT ik
T Ko . SRMEMISE . F RS T B s A E 3
1E R 2 ¥ (www.R-project.org) 52 il -
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Tab.1 The primer sequence information for qPCR of genes in Cyprinus carpio
FEH gene Wi 5% accession No. 5149741 (5'-3") primer sequence (5'-3") K & /bp length

B-actin M24113 TGCAAAGCCGGATTCGCTGG 187
AGTTGGTGACAATACCGTGC

asip KC178677 CCAACCATGTGAAGAGAC 290
TGACGAGCAGTAGGTAAC

det XM_019069482 CTGGATGAGTATAACCGTCTG 215
CGTCTGGCTTGTCGTATC

frizzled XM_019064880 CGCTCTACTTCTTCACCAT 284
ACCTACGACCACATCCAA

gh M27000 CTATTGTCGGTGGTGCTGGTTA 144
CAGGCTGTCCTCAAAGTCGTTA

ghr XM_019108925 AATGCTGGACCTGGAGAGT 237
GAGAAGATGAGGAGGACAAG

igfl XM_019092966 CGTGGATGAATGCTGCTT 181
CTTCTGATGAACCTCCTTACA

igf2 XM 019112130 GTGGCAGTCCTCAACAAC 245
GAGAATGCGGTGGAATGG

igf3 KT895500 GATGAGGACGCTGCTTCT 109
AAGGTTGCTGCTGTGTTG

kita XM_019125867 TGCGTGTGGTAATGGATG 107
ATGTGAGCGAGTGGTAATG

melr XM _019114733 AGCCATTACTCTGACCATCCT 199
CAACTCCTGACTGCGATACG

mitfa KC565527 ATGCTCTTCCTCCAACTG 186
CTCTGACCTCTGCTTCTAC

mitfb XM_0190840110 CCGATGCTTATGGTCTTGT 157
ATGTTCACGCTGTCCTTAC

pka XM_019069650 CATTCCTTGTGCGATTGG 250
TCTGTTACCTGTATGTAGCC

phke XM_019080659 TACATACTCCAGTCCAACCT 171
AAGCGAATCCGTCCTCTT

raf XM_019113428 ACTGGTGGCTGACTGTATC 177
ATGGAGGTGAGTGTGAAGG

ras XM_019066893 AAGCAGGAAGCGGTTGTTG 115
CAGCAGTGTGATAGACGATGG

tyr 1Q670941 ATGTTCACCGACATCAGCGT 160
AGAACAGCAGGTAAACGCGA

tyrpl KF709395 AGAGATTACCAGAACCACAGG 182
ATTGAGAAACAAATGAGCCAG

wnt3 XM_019113280 GTGAGAACCGACCAGATG 277

TGCTTGAAGAAGGCGTATT
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The Cyprinus carpio (FFRC No. 2 strain) individuals
with gray and orange skin color

Fig. 1
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Tab. 2 Descriptive statistics of phenotypic traits in three-month Cyprinus carpio with different pigmentation

n=30; x£SE
Nl /g &4 /em & /em AR /em (LN fEN= N LLN=S
skin color body weight standard length, SL  body depth, BD body thickness, BT SL/BD SL/BT
&Kt gray 43.67+2.91 11.35+0.28 3.63+0.09 2.28+0.06 3.14+0.06 4.9840.05
WG48 orange 21.33+3.23" 8.50+0.39" 2.84+0.127 1.74+0.08™ 2.98+0.03" 4.88+0.03

e * Aoy I R 7 K (6 FIA 21 €6 8] 2 57 B 35 (P<0.05) Rl i 35 (P<0.01).

Note: * and ** means significant (P<0.05) and extremely significant difference (P<0.01) between gray and orange color carps, respectively.
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Fig. 2 Scatter plot for growth traits in Cyprinus carpio 17.0 b
individuals with different colors 15.0 |
1L blood S Bkskin
22 BEBBEMENZEESRIR A tsue
S =~ S SNE il Y = i i Y
WG A R R e 0 P W"‘Mgfﬂizjﬁwm Py
An AR E

E N AN K A0 24 1L
i TRGLLO(P<0.05) (1 3a), AL #FF*3 B FRoR 135 (P<0.05) I 35 25 5 (P<0.01).

ARG ES THaOGH, HARKEEKFE
(P>0.05); TMiH KL Ik rh R 2= 5 i i
THGLL A4 (P<0.05) (& 3b),

Fig. 3 Tyrosinase activity (a) and melanin content (b) in
blood and skin of different color Cyprinus carpio
* and ** means significant difference (P<0.05) and extremely
significant difference (P<0.01), respectively.
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Fig. 4 Scatter plot of different color Cyprinus carpio
individuals based on gene relative expression data

HE RIAH T 38 T 7EAS R AR R A AE 25 7
(3 3). R, det. melr. mitfb, tyr Fl tyrpl
S5 124> ko04916 38 f% FE PN 75 K (4L B A ik
1 (P<0.05) 3 i 2 & (P<0.01) = TG4 a4
FIABXT FIB 5, T mitfa 3R TEH KA FEXT R
IR AR T AR 41 €8 2 A A X 3R I8 1 (P<0.01)
TENLA H, gh . ghr F1 igf2 %5 6 1> ko04935 1 & it
PRI FE T K 0 21 %) A X6 3 3K 1 I 25 (P<0.05) Bl A I
FH(P<0.0l) = THELL A MM X Rk & 1A,
pka. pkc. raf # ras N ko04916 F1 ko04935 i i
) Hfy SE R, HAE T 2L 0 B SR FAIL A 2 22
P S R Hoh, pke. raf Fl ras T8 K2 Ik
5L Y AH X 3R 38 5 [ 40 ¢ R 8 S 0.79
(P<0.01). 0.76 (P<0.05)F1 0.73 (P<0.05).

FEF X R B RZE T 2 A
IH P AH DGR By IR IE M 2% (K] 5)0 Hor, mitfa 5
kita. ras. mclr. frizzed I wnt3 fE1E 5 & FAH
(P<0.05), H:Ax K& [H] 18] 24 4775 1B 35 #9 1E AH 3G (P<
0.05).

x3 BEREMRZIESFIHTER

Tab.3 Relative expression levels of genes in Cyprinus carpio

n=>5; x+SE
g e 5] group
tissue gene HIKE gray &4l s orange
asip 1.06=0.11 2.04+0.61
dct 2.95+0.39 1.10£0.16™
frizzed 2.62+0.32 1.00£0.30™
kita 66.13+8.44 23.82+2.04"
melr 12.58+1.82 3.42+0.36"
mitfa 15.86+2.32 53.03+11.07"
7 ik mitfb 25.35+7.88 9.10+2.10"
skin pka 106.80+11.30 52.27+10.69™
pkc 5.27+1.49 0.46+0.08"
raf 43.73+5.65 26.77+5.66"
ras 23.88+2.98 9.97+2.20"
tyr 4.09+0.74 0.63+0.17"
tyrpl 151.55+15.78 48.96+18.08™
wnt3 26.16£1.90 12.75+0.89"
gh 11.72+1.32 3.95+0.48"
ghr 831.90+124.23 308.13+141.83"
igfl 27.95+4.50 30.70+6.78
igf2 261.73+24.50 83.64+36.40"
rffffle igf3 3.98+0.72 3.18+0.41
pha 175.64+17.76 114.46+29.12
pkc 2.15+0.78 0.21+0.05"
raf 111.92+6.21 66.84+12.81"
ras 33.09+3.36 12.96+3.19™
T R Ay ] R R T K E R 21 (6 41 8] 2 5 8 35 (P<0.05) Fl 4k
12 (P<0.01).

Note: * and ** means significant (P<0.05) and extremely significant
differences (P<0.01) between gray and orange groups, respectively.
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Fig. 5 Co-expression network of genes in skin and muscle of Cyprinus carpio (orang color vs. gray color)

PR KPR BE R < RAE Rk A6 A BA K
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REM (R T K A 41 (P<0.01), 255 Fikdlk
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AN F ARG ) B PR A SR 25 5, AL 2
PRI/ s LU AR/, AT RE -5 D A AL 2 ke D5 )
AL LT WA 21 6 R0 15 S R R DV Ok, iR
B EAEAERR R . BRIESE AR, a2k
TEAR G FIAE KX PR R B ATE— B IR AR

1% R il 2 PR 0 3R 5 O % ) PR R, LT
PEXT R B AR . BE R,
AR T 2 R A 7% 1 R (80 PR €0 3R 8 B A7 A R R
I B A AP R E F
Bl D R o XS RSP TR 5E S A S
(Plectropomus leopardus) V(8,78 S R 6 R K&
ity % B S5 7 MAFTE 22 5%, RO B R AN b
(ORI G N .7 o ey ¢
X T5 il 1 (Pelteobagrus fulvidraco) 53¢ v & B
AT 2L 1) B Bk v I S B T 5 PR R A R R AL
B, BT, TR L IR B R Y
1% 22U TS P 2 | B Y 35 (P<<0.01) i 35 (P<0.05)
m TR AH, HEF REHKKTRORSEER
B Em TG A (P<0.05), FHI, ICHBRERS
JRNS £ AR 0 A S A A B, H R R A
e £ 2R AR 0 22 S KK TR AR B g R,

I 7T RE S 2 AR B BRIz Y S D Re, T A2 ki
i PR AR 2R BRI 5 B N i SR AVRAE

AN, fEMEAREMR T, B OARTESF
TE 2% 5t (0 2 A6 A KR fE b ArfE — g 22 700,
Chatzifotis 2P VR 7 7 25 P50 5l 28 4] B (Pa-
grus pagrus) MFI SR A F 5 TP &3, R
O i e M SE B AL AR N AR KRRt AR . AR
i, 2R 41 B R £ (Oreochromis spp.)
(A AIF T H R 3T S 5 2 1 K ) P 0 2 A4 B A3 it
W2, HFEHAEMRAR, [BEHAE KPR =
R T PR EN A XA 5 A0 2w AR R S A,
pimdEap 3 AT REERE NEER I AW 1 B S i s S g TS 0
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B A A K M R R AR DK

BT 1) e Sy L AR A O, e B (e A
A 22 AR AT DA i B R Y 22 S 3R A BRI,
M 52 R AL 23 ) 2 22 SR B R A K 22 S i E 2
U, ARG I T 0 AR A I I R 43 #E 2
JR AL PR rf AR X e a8 1, X AN ) A o Sl R 1Y)
F R AT A R R, T 2 D] R A e
)22 57 o RS R 5 H  (ko04916) K5 X i 4 HT T
R EHLRIATST . RS0 RF )RS &
B tyr BEDRTE S B €5 1 TR v () Rk it e T A
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LR KB DO RE A 7 A A G . AT, k004916 Fil
ko04935 il J% I 11 4 ASFEPR7E Bz R AULIA )
FsEBAME, Hd 3 ASEE R E R4 LA
BA B3 IEAE(P<0.05), R, JHEIHZHF 5T Hh
R 5 54 K22 S RITAEMERR, 1T HES5H
Jof AR IR 4 e B R A e SR R B A OG, BT IE
“— PR 280 T AH KL PR 3 2o B ) A8 B A DL
FEIRME U LR g R R, BT <2 I —3%0

i LTk, R HA FE MR AR,
o R AT Pt DGR BN R AR e SR B A AR Kb
AB Y 22 S, U ] i £ 2 BT 3K 79 o 3% R R
[] F1Y S IR 38 A WL AR AE T2 B 9T R A il 2 5
X— N TEHE M, T RIEEEWEEARA
S ERBR R, HEMNAERK . KB &R
WG, BAARE B ML NIRRT T T
s AR 22 ks U@ R R A K
BUIAR DA B i 2 B D Rk ik b gy

e P A 2 PR T B SR, 3 mT Ry AL PR O
WA o3 A SR AT A RE B

S 3k

[1] Cal L, Suarez-Bregua P, Cerda-Reverter J] M, et al. Fish
pigmentation and the melanocortin system[J]. Comparative
Biochemistry and Physiology Part A: Molecular & Integra-
tive Physiology, 2017, 211: 26-33.

[2] Kelsh R N. Genetics and evolution of pigment patterns in
fish[J]. Pigment Cell Research, 2004, 17(4): 326-336.

[3] Logan D W, Burn S F, Jackson I J. Regulation of pigmenta-
tion in zebrafish melanophores[J]. Pigment Cell Research,
2006, 19(3): 206-213.

[4] Takahashi G, Kondo S. Melanophores in the stripes of adult
zebrafish do not have the nature to gather, but disperse when
they have the space to move[J]. Pigment Cell & Melanoma
Research, 2008, 21(6): 677-686.

[5]1 Volkening A, Sandstede B. Iridophores as a source of ro-
bustness in zebrafish stripes and variability in Danio pat-
terns[J]. Nature Communications, 2018, 9: 3231.

[6] Wang C H. Brief summary on genetic basis of pigmentation
in fish[J]. Journal of Shanghai Ocean University, 2012, 21(5):
737-742. [FJRME. SR 5 ) 35 AL TR 8 ot e 17
A BRI, 2012, 21(5): 737-742.]

[7] Katasonov V Y. Investigation of colour in hybrids of common
and ornamental (Japanese) carp. 3: Inheritance of blue and
orange colour types[J]. Genetika, 1978, 14(12): 2184-2192.

[8] Biatlowas H. Inheritance of orange pigmentation and scale
pattern in common carp (Cyprinus carpio L.)[J]. Archives of
Polish Fisheries, 2004, 12(2): 145-150.

[9] ZhangJ S, Pan G B. Body form and body colour in hybrids
of Cyprinus carpiolJ]. Journal of Fisheries of China, 1983,
7(4): 301-312. [FkEAR, WRICEE. Hfn R 6o R 3 15 (T
Y. K2R, 1983, 7(4): 301-312.]

[10] Xu P, Zhang X F, Wang X M, et al. Genome sequence and
genetic diversity of the common carp, Cyprinus carpiolJ].
Nature Genetics, 2014, 46(11): 1212-1219.

[11] Wang C H, Wachholtz M, Wang J, et al. Analysis of the skin
transcriptome in two Oujiang color varieties of common
carp[J]. PLoS ONE, 2014, 9(3): €90074.

[12] Li X M, Song Y N, Xiao G B, et al. Gene expression varia-
tions of red—white skin coloration in common carp (Cyprinus
carpio)[J]. International Journal of Molecular Sciences, 2015,
16(9): 21310-21329.

[13] Luo M K, Wang L M, Yin H R, et al. Integrated analysis of
long non-coding RNA and mRNA expression in different
colored skin of koi carp[J]. BMC Genomics, 2019, 20(1):
515.



946

K 7 R

428 &

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

Yin H R, Luo M K, Wang L M, et al. Changes of pig-
ment-related enzyme activity and gene expression at early
developmental stage of koi carp[J]. South China Fisheries
Science, 2019, 15(5): 109-117. [E&i4R, B, F 224,
S BRI K A R b AR G Tl B 3 A AR A
FRAER[T]. BEAKERRAE, 2019, 15(5): 109-117.]

YuL W, Cao S'Y, Wang J, et al. Formation of melanin and
mitfa in-situ in the Oujiang color common carp (Cyprinus
carpio var. color)[J]. Journal of Shanghai Ocean University,
2020, 29(4): 481-488. [ARBfith, R, 7%, 45 PAMAE
CRTTRBRR AT LR [T]. R R 22741, 2020,
29(4): 481-488.]

SiZ X, Chen H L, Xu X D, et al. Effect of Dct on pigmenta-
tion patterns in Oujiang color common carp[J]. Journal of
Fishery Sciences of China, 2020, 27(6): 605-612. [F]J&JiE,
PRELAR, VFANPT, 5. 2 00 2R S MO Tk 8] 0 TR VL% i B
BEARGRsZm]. T EK SRR, 2020, 27(6): 605-612.]
Hu J, Feng C, Ma X, et al. Molecular cloning and expression
of sepiapterin reductase in Japanese ornamental carp (Cy-
prinus carpio var. koi)[J]. Journal of Fisheries of China,
2020, 44(4): 551-561. [H%, ¥, i, 4. FpEsens
W JREEEER A ek . FIARENLIIHTI]. K241, 2020,
44(4): 551-561.]

Dong Z J, Luo M K, Wang L M, et al. MicroRNA-206 regu-
lation of skin pigmentation in koi carp (Cyprinus carpio
L.)[J]. Frontiers in Genetics, 2020, 11: 47.

Dong Z, Yuan X. The utilizations of heterosis in common
carp in China[J]. Aquaculture Asia, 2002, 7(2): 14-15.

Dong Z J, Nguyen N H, Zhu W B. Genetic evaluation of a
selective breeding program for common carp Cyprinus car-
pio conducted from 2004 to 2014[J]. BMC Genetics, 2015,
16: 94.

ZhuLY,MaY Q, Xiang S P, et al. Observation and analysis
of growth dynamics in Oujiang color common carp with dif-
ferent pigmentation types[J]. Journal of Shanghai Ocean
University, 2013, 22(3): 341-348. [T, DE, WAAF,
& R ERTTR A K SIS S 500 0]. R
AR, 2013, 22(3): 341-348.]

Qian Y S, Chen H L, Du J X, et al. Comparison of growth,
feeding and respiration characteristics and their correlation
among four color patterns in Oujiang color carp[J]. Journal
of Fishery Sciences of China, 2019, 26(4): 695-702. [k,
PRELAK, A4 A, 45 4 PMAGRLTIZ AT A& . SRR
W 22 S R CHEAR SRR Zr A (0], K = R4, 2019,
26(4): 695-702.]

Wang L M, Zhu W B, Fu J J, et al. De novo transcriptome
analysis and comparison of the FFRC No.2 strain common
carp Cyprinus carpio associated with its muscle growth[J].
Journal of Fisheries of China, 2021, 45(1): 79-87. [ 221#,

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

RICH, TR, 55 fEInil 2 SR AR ERAMANLA
LV SR AT I]. K254k, 2021, 45(1): 79-87.]

Livak K J, Schmittgen T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 24"
method[J]. Methods, 2001, 25(4): 402-408.

Franz M, Lopes C T, Huck G, et al. Cytoscape.js: A graph
theory library for visualisation and analysis[J]. Bioinformat-
ics, 2016, 32(2): 309-311.

Liu X J, Liang H W, Li Z, et al. Performances of the hybrid
between CyCa nucleocytplasmic hybrid fish and scattered
mirror carp in different culture environments[J]. Scientific
Reports, 2017, 7: 46329.

Deng C, Chen S L, Ye H Z, et al. Analysis of pigment and
enzyme levels of Plectropomus leopardus with body color
difference[J]. Life Science Research, 2020, 24(1): 15-20. [¥f
e, BRI, MHAEAR, SF. P22 SIS Y (R K
B S AT [I). AR ATRLASE, 2020, 24(1): 15-20.]

Cheng W X, Xu G H, Zhang L, et al. Effects of dietary in-
clusion of oxidized fish oil on melanin, melanin synthetic
enzymes and hormones of Pelteobagrus fulvidraco[J]. Acta
Hydrobiologica Sinica, 2017, 41(5): 1020-1026. [F4:%T, 4
EMe, SN, 55 Sk xS R A R A R N 4
WABER IS [T]. KA W2, 2017, 41(5): 1020-1026.]
Chatzifotis S, Pavlidis M, Jimeno C D, et al. The effect of
different carotenoid sources on skin coloration of cultured
red porgy (Pagrus pagrus)[J]. Aquaculture Research, 2005,
36(15): 1517-1525.

Zhao N N, Zhou B W, Li Y, et al. Effects of light color on
growth, skin color, and physiological indices of juvenile
Plectropomus leopardus in a recirculating aquaculture sys-
tem[J]. Journal of Fishery Sciences of China, 2016, 23(4):
976-984. (BT T, ALY, 2255, 45 MEOLEON Tk ik
FRIHANEUR R A I RN AR IR AR RS T].
7K =Rk, 2016, 23(4): 976-984.]

Wang L M, Song F B, Zhu W B, et al. Effects of temperature
on body color of Malaysian red tilapia during overwintering
period[J]. Journal of Fisheries of China, 2018, 42(1): 72-79.
[(EH, KRG, RICH, % BT DRGSR M
A HAR R REM)]. K244, 2018, 42(1): 72-79.]
Wang W, Hu H X, Sun X J, et al. Analysis of tyrosinase
gene and tissue expression in five different strains of Koi
carp (Cyprinus carpio Koi)[J]. Journal of Fisheries of China,
2012, 36(11): 1658-1666. [L-#f, WL, FhmE, &
M s S R 5 PR 91 3 B FCAE AN [ L 2R AN ] 2 41
rREYFRIA). AKFERER, 2012, 36(11): 1658-1666.]

Wang L Y, Tian X, Pang X L, et al. Molecular cloning, ex-
pression pattern and location of Tyrosinase gene in Yellow
River carp (Cyprinus carpio haematopterus)[J]. Journal of
Fisheries of China, 2017, 41(7): 1006-1016. [E R4, HZ,



5 8 1 MRS RGN K | BRI 02 o T RO ik 947

Pe/NG, S, BT HRRE SR A e ke . RSB 2011, 350(2): 405-413.
DI KRR, 2017, 41(7): 1006-1016.] [38] Wei P P, Li X, Zhang J P, et al. Effects of LED spectra on
[34] Bar I, Kaddar E, Velan A, et al. Melanocortin receptor 1 and morphological characters and gene expression of growth in
black pigmentation in the Japanese ornamental carp (Cypri- Takifugu rubripes larvae[J]. Progress in Fishery Sciences,
nus carpio var. koi)[J]. Frontiers in Genetics, 2013, 4: 6. 2020, 41(1): 162-168. [BFF, 228, kM, 4. LED %
[35] Cone R D, Lu D, Koppula S, et al. The melanocortin recep- TN T8 AR 7 A HE R A R B A KA DG I R 2R 35 1
tors: Agonists, antagonists, and the hormonal control of pig- ], ol BlEdE R, 2020, 41(1): 162-168.]
mentation[J]. Recent Progress in Hormone Research, 1996, [39] He CF, Li X F, Zhang L, et al. Effects of an extruded feed
51:287-317. with or without anti-stress additives supplementation on the
[36] Zhang Y Q, LiuJ H, Peng L Y, et al. Comparative transcrip- growth performance, digestive enzymes activities, stress re-
tome analysis of molecular mechanism underlying gray-to- sponse and the expressions of growth and feeding-related
red body color formation in red crucian carp (Carassius au- genes in blunt snout bream Megalobrama amblycephalalJ].
ratus, red var.)[J]. Fish Physiology and Biochemistry, 2017, Journal of Nanjing Agricultural University, 2020, 43(6):
43(5): 1387-1398. 1087-1096. [fa[E L, Z5m %, SKEH, 5. MEILiRARL R T
[37] Johnson S L, Nguyen A T N, Lister J A. Mitfa is required at JBL R L Sk A A B | THARERE N L RO A K
multiple stages of melanocyte differentiation but not to es- SRR RIB S [T]. P AR R 4], 2020,
tablish the melanocyte stem cell[J]. Developmental Biology, 43(6): 1087-1096.]

Comparison of growth, tyrosinase activity, melanin content, and gene
expression between common carps with different pigmentations

FUJ ianjunl, ZHU Wenbinl, LUO Wentaoz, WANG Lanmeil, LUO Mingkunl, DONG Zaijiel’ 2

1. Key Laboratory of Freshwater Fisheries and Germplasm Resource Utilization, Ministry of Agriculture and Rural Af-
fairs; Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China

Abstract: Some orange individuals have been found in certain families of the ‘FFRC No. 2’ strain of common carp
(Cyprinus carpio) during reproduction. This study aimed to unveil the pigmentation variation and its correlations
with growth performance by determining the differences in growth traits, tyrosinase activity, melanin content, and
gene expression between gray and orange individuals of ‘FFRC No. 2’ strain common carp. Based on growth trait
comparisons after three months, the body weight (BW), standard length (SL), body depth (BD), and body thick-
ness (BT) in the gray group were higher than those in the orange group (P<0.01), and the SL/BD ratio in the gray
group was higher than that in the orange group (P<0.05). The tyrosinase activity and melanin content were sig-
nificantly higher in the gray group than in the orange group (P<0.05). Compared to the gray group, 12 genes (dct,
frizzed, kita, mclr, mitfb, pka, pkc, raf, ras, tyr, tyrpl, and wnt3) of the melanogenesis pathway (ko04916) were
down-regulated in the skin of the orange group (P<0.05, or P<0.01), whereas six genes (gh, ghr, igf2, pkc, raf, and
ras) of the growth hormone synthesis, secretion and action pathway (ko04935) were synchronously down-regulated
in the muscle of the orange group (P<0.05, or P<0.01). Furthermore, the co-expression patterns of genes were
detected within pathways, and the shared genes of pathways showed similar expression patterns in different tissues.
The results indicated that the pigmentation variation of C. carpio was highly associated with the melanogenesis
pathway, and different growths were presented in C. carpio with different pigmentations. This correlation might be
due to the same genes being shared between pathways related to color and growth.
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