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Tab. 1 Oxidative indexes of fish oil, oxidative fish oil and

dissolved fish pulp
JEA HEMEPOV  FRIMAV A MDA
Raw material (meq/kg) (g/kg) (mg/kg)
gk 333 0.56 o4
Fish oil : - .
= ;
AL
Oxidized fish oil 74.59 2.65 54.04
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dissolved pulp 4.14 3.46 15.83
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Fig. 1 Melanin synthesis pathway, its enzyme and protein in localization framework map
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log,(OFH/FH)H 73 % 82.40. —5.58, ZRRIELE
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TRNEMEEAL S, PAX3-a 2 R Kk B EE 1A,
MSOX10 22 57 235 2. 3 11 N M, PAX3AH T RIKE
#, (ARIE BB E KT

RS, R il R A a-
MSH K HZAMCH-R1. MCH-R2. MC-R33E[H [
Fik, Hh, MCH-R2. MC-R3:FFiLEE#M b
W, MMCH-RIAR B R Z R RIS EROERG K-
BEEMBPoth. REPEALCEEMEHD
MITFR: R A 2 73208 R . S MITF G 53
WHEISOX10. PAX3. PAX3-alf) 33552 8500,
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Tab. 2 Genes associated with melanin synthesis and cellular melanosome movement

5 TR
. . A log, Cross-reference Blast - Elﬂ? "
& F Protein ¥ AR1ID GenelD J¥Length  (OFH/ P-value (KO/egaNOG) P evalue homology
(bp) FH) * (%)
S AT . K00505/ENOG410IEZU;
ﬁ%é@xTyrosmase, TYR TRINITY DN255 c0 g2 605 -6.00  0.06 ENOGA10Y421 5.0E-20 (D49
P T IR B AR G 1
Tyrosinase-related TRINITY DN179139 ¢0 gl 320 -5.70 100 NA/NA 1.0E-60 @92
protein 1, TRP-1
L-% L0 38 AR S #) g
L-dopachrome tautomerase
DCT; Bt Z RN AR G TRINITY DN137449 ¢2 gl 2107 8.46  4.1E-26 NA/K01827 0.0E+00 (395
H A2 Tyrosinase-related
protein2, TRP-2
D-Z D& HAEE-A
D-dopachrome TRINITY DNI141872 c2 g2 1824 —2.00 1.1E-11 K10028/NA 3.0E-44 (397
tautomerase-A, DDT-A
Ras#l & FARabff-27A )
Ras-related protein TRINITY DN158127 c2 gl 2164 0.89  9.8E-05 Kg;igéﬁ(lggoggrl, 6.0E-142 @94
Rab-27A, Rab27a Q
JEH MR -Va )
Unconventional myosin- ~ TRINITY_DN99488 c0_g2 4600 080 050  JS03STHKOO0I00: g ©s8
Va, MYO5AZMyosin-Va ’
LR & 1 VIa-Fl
RAB-HlEAEHEA )
Myosin-VIlaand Rab-  TRINITY DN12795 c0 gl 1205 0.0 088  NA/ENOGAIOIBX: ) op 0 G4

interacting protein,
Melanophilin, MYRIP

ENOG41126RD

EE: *HEAT [RIURE LS B il O S0 i @l Q) @BEL £, @B ri X il

Note: * For homology comparison of species: D) Clonorchis sinensis; @Salmon; @ Cyprinus carpio; @Danio rerio; ®lctalurus

punctatus
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2 o 22 085 4 R 2 A D T B £ B A L
RN K E MG 52 EAKIT LA A
KITL{E 5 i##. WNT/B-catenin{ 5 B . EDN3
FEDNRB/E 5 18 2%, K48 i 5 20 5 — SR DR R
KEGGHEER: . GOMJREIFRESFAE R, B4 &
W3NG 510 B B AH G B B AR DRE BLER 4, 30
15/ BE Ao 28 0t R R ) R P 23 A, X 1SN S
B B SO SRR, AR 5 A (R 2 R )
[EUE 91 %—100%, HA R ey (1) B DA [m] 9812 o

HH & 47 A1, fEKIT A& HECAAKITLAS 5@ B,
RS B J5U B I KAtRe A (KITL)  BEK/ 40 a2k
K7 32 K (KITABLSCFR), Hlog,(OFH/FH){H 7>
MA-0.35. 0.21, AERRIL, HHYAEE. T
WNT/B-cateninfs 5 il B, £ 815 3 B-1& 30 5 H (B-

Catenin). Ik LY 58 25 G DA 5 1/ T 20 Mo A S 12 e 5%
Al F1-0(LEF-1/TCF1-a)« RAMPN & Jof 454 &
1 1(CREB- 1), BT 1log,(OFH/FH){E 73 7 N
—0.10. —0.99410.10, A 7 5 RIS H AR IE 2 5 FPEK
V. 5 TEDN3MEDNRB(SE Sl i, VERAF RN 2
H-1(ET-1). WHEHE-2(ET-2). W E-1%{KED-
NRA). W ZBZ &K (EDNRB)X K, ©111
log,(OFH/FH){E 43 % 82.71 4.37. 0.83%1-0.20,
Hor, ET-1VMIET-255 R 22 S R0k 0k 21 W 2 17K
TEW K BI3AME Tl ik, 40 M A5 5 4% 33 1)
FEEAREFERSRNE 4. FEHRhoM X
GTP4%5 4 H A IRho (RHOU). RHOGTPHEHIIE &
132 Rho (ARHGAP32). £51H2K (13 11 1) ot
(CaMK I1). cAMPK S 14 25 1 ¥ 1 16 0 5 A
a(PRKACA). cAMPHK i P S 1 B0 4 40 0 57
B(PRKACB). cAMPHKH 14 £ B ITAY - o i 15 1

®3 o-MSHMERBRAMALE. BREARNESEER

Tab. 3 Effects of a-MSH pathway genes on the development of the melanocyte and melanin synthesis

e A B B[R R E A
. - log, Cross-reference Blast Gene
& HProtein 5 ARID GenelD Length (OFH/FH) P-value (KO/egeNOG) P evalue homology
(bp) * (%)
Ry 28 7 2R J
Pro-opiomelanocortin, TRINITY_DN150490_c0_gl 569 2.40 0.28 NA/NA 2.00E-32 D68
POMC
B 28 R -2
Pro-opiomelanocortin-2,  TRINITY DN152044 ¢5 gl 333 —-5.58 1.00 NA/NA 3.00E-66 @92
POMC-2
HORIRGERZ A1
Melanin-concentrating K04320/KOG3656;
hormone receptorl, TRINITY DN4519 c0 gl 425 0.00 1.00 ENOGA410XRWO9 9.00E-59 3100
MCH-R1
MCH-R I B FH ) B4R
& AMCH-R I -interacting NA/ENOG410IF0H;
zinc finger protein, TRINITY_DN78371_c0_gl 2275 -0.50 0.63 ENOG410YJQA 2.00E-139 D100
MCH-R1-i
BERIRAG R K2
Melanin-concentrating
hormone receptor2, TRINITY_DN24222 c0_gl 1481 3.04 2.6E-08 NA/NA 1.00E-110 @98
MCH-R2
B3 .
Melanocortin TRINITY DN213433 c0 gl 452 sg0 028 KIAOUKOGI 100E-76 @95
receptor3, MC-R3
ANIRAR S e R 7 ,
Microphthalmia-associated TRINITY _DN99498 c2 g4 2565 -0.30 0.877 EI;I\I[?)/EA?S (1)381\%3 6.00E-71 ®73
transcription factor, MITF
X % [H T PAX3-A
Paired-domain transcription TRINITY_DN67185 ¢0 gl 753 5.00 0.25 K09381/NA 4.00E-78 @77
factor Pax3-A, PAX3-a
M & 8 FIPAX-3 :
Paired box protein TRINITY DN67185 c0 g2 758 -1.40 0.36 K09381/KOG0349; 2.00E-74 @75
- - ENOG410XS01
Pax-3, PAX3
R R SOX-10
o K09270/KOG0527;
Transcription factor TRINITY_DN205352 _¢c0_gl 333 -7.14 0.25 ENOG410XTOK 7.00E-27 @96

Sox-10, SOX10

T FREAT RIVRAE EEX i OB X R i @8 @, @35 i

Note: * For homology comparison of species: DIctalurus punctatus; @ Cyprinus carpio; @ Carassius auratus; @Danio rerio
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Tab. 4 Genes in three signaling pathways modulate melanocyte differentiation and development

LIS log DR (R 4
= : = AR 2 Cross-reference Blast Gene
# [ Protein 3% 1D GenelD Length ((;EH/ P-value (KO/egeNOG) P-ovalue homology

(bp) ) * (%)
KitAt &Kt ligand (or )

Mast cell growth factor, ~ TRINITY_DN161739 cl g2 3746 -0.35 0.45 KOSSE%%II?&%OI}I;SY, 4.0E-17 ®91
KITL (or MGF) Q
JEZR/ 40 e A PR 752
fAMast/stem cell growth K05091/KOG0200;
factor receptor kita, TRINITY DN164287 c0 g2 3435 0.1 0.12 COGO515 3.0E-130 D97
KITA (SCFR)
it .
Eéﬁiﬁl FICatenin beta, 1o NITY DN147360 0 gl 868 010  0.96 NA/NA 3.0E-147 @100
GRS & K UT
0 iy e M S TR T
1-aLymphoid enhancer- )
binding factor 1 (T cell-  TRINITY DN152754 3 gl 2833 099  0.01 e oS 708117 ©93
specific transcription
factor 1-alpha), LEF-1/
TCFl-a
IRAMPRE TLlk 454
41 Cyclic AMP- )
responsive TRINITY_DN86813 c0 gl 1206  0.10  0.98 oo s® 3.0B-105 @97
element-binding
proteinl, CREB-1
W J¥% 2152 & Endothelin-1 K04197/KOG3656;
receptor, EDNRA TRINITY DN165834 c0 g2 3807  0.83  0.00 ENOGAIOXRWO 0 @93
P i % B%{AEndothelin B K04198/KOG3656;
receptor, EDNRB TRINITY DN110003 c0 gl 495 —0.20  1.00 ENOG410XRWO 20E-77 @94
W i &-2 Endothelin-2 K16367/ENOG410J1XQ;
(ET-2) TRINITY DN131629 ¢l gl 1415 437 6.58E-18 ENOG410YUMW 20E-27 (92
M & %-1 Endothelin-1, K16366/ENOG410IWVG;
ET-1 TRINITY _DN136854 c0 gl 1588 271 3.91E-11 ENOG4111WED 9.0E-29 @93
RhoAfl S GTPLS 478 1)
Rho Rho-related GTP- K07865/KOG0393;
binding protein RhoU, TRINITY DN156791 c2 gl 422  4.64 1.00 COG1100 7.0E-36 95
RHOU
RHOGTPREHE H 32 )
Rho GTPase-activating ~ TRINITY DN164721 c0 gl 319 080  1.00 ENRRY A 5.0E-54 @100
protein 32, ARHGAP32
5 8 2 1 T ) o )
CaM-kinase IT alpha TRINITY DN68937 cl gl 1005 —6.50  0.01 o s 0a00%: LoB-176 ©95
chain, CaMK 1l
cAMPE I B8 1
TEALIE H 4L o CAMP- .
dependent protein kinase  TRINITY DN160609 cl gl 594  0.58  0.07 oo 80E-135  ®100
catalytic subunit alpha, QQ
PRKACA
CAMPR P B (1R 8
LI HLAZB cAMP- .
dependent protein kinase ~ TRINITY_DN134056_c3_gl 1315  0.39 0.23 Kg;géﬁﬁg)((}g 616; 8.00E-63 (@97
catalytic subunit beta, QQ
PRKACB
cAMPK P B 1
1124 -o ¥ 15 WV HEcAMP-
dependent protein K04739/KOG1113;
Kinase type I1-alpha TRINITY DN157710 c0 gl 2709 —0.69  0.02 COG0664 0.0E+00 (D98
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A FHEAT RIVR M L B DA, @B w1 R, @421, @H; ©4UhLiiERE L, @3 S

Note: * For homology comparison of species: O Cyprinus carpio; @Ictalurus punctatus; @Sinocyclocheilus anshuiensis; ®Carassius
auratus; ®Echinococcus granulosus; ®Danio rerio
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Fig.2 Gene network of hormone and signaling pathways during melanoma cell differentiation and development process
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TRANSCRIPTOME ANALYSIS OF MELANOCYTE DIFFERENTIATION AND
THE MELANIN SYNTHESIS METABOLIC PATHWAY IN THE
GASTROINTESTINAL MUCOSA OF YELLOW CATFISH
(PELTEOBAGRUS FULVIDRACO) FED OXIDIZED
FISH OIL

YE Yuan-Tu', WU Ping', CAI Chun-Fang', WU Dai-Wu', LUO Qi-Gang', HE Jie', GAO Min-Min', ZHOU Lu-Yang',
WANG Meng—Yingl, WANG Bingl, ZHANG Bao—Tong2 and XIAO Pei-Zhen’

(1. Key Laboratory of Aquatic Animal Nutrition, School of Basic Medicine and Biological Science, Soochow University, Suzhou
215123, China; 2. Open Lab for Aquatic Animal Nutrition, Beijing Research Institute for Nutritional, Beijing 100000, China)

Abstract: Transcriptome analysis of yellow catfish (Pelteobagrus fulvidraco) by RNA-seq method extracting
gastrointestinal mucosa Total RNA was studied in this paper. The fish were fed with oxidized fish oil and fish oil re-
spectively for 7d. Differential expression of genes related to melanin synthesis, melanosomes movement, melanocyte
stimulating hormone-a pathway and three signal pathways controlling melanocyte differentiation were analyzed. The
results showed that there were metabolic networks of melanocyte differentiation and development, melanin synthesis
and regulation in the gastrointestinal mucosa. The genetic information of key enzymes and protein of melanin synthesis
were introduced with plotting metabolic networks graph. The melanin content was deficient because of the genes ex-
pression level were significantly down-regulation related to controlling melanin synthesis after fed with oxidized fish
oil. While melanocyte differentiation and development were improved because of the genes expression level were sig-
nificantly up-regulation related to melanocyte stimulating hormone-a pathway (a-MSH). In the same time, genes ex-
pression level of WNT/B-catenin, EDN3 / EDNRB and KIT/KITL signal pathways were different. In conclusion, feed-
ing oxidized fish oil affected melanocyte differentiation and development and reduced melanocyte number which be-
nefited to maturity in yellow catfish. Insufficient melanin biosynthesis also led to body color variation of yellow catfish.

Key words: Melanin; Melanosomes; Melanocytes; Gastrointestinal mucosa; Catfish



