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Abstract: Melanocortin 1 receptor gene (mclr) is an important gene that controls pigment synthesis in
animals. To explore the relationship between mclr gene expression level and body color variation in Rainbow
Trout (Oncorhynchus mykiss), the present work obtained the full-length cDNA sequence of the gene by
rapid-amplification of cDNA ends (RACE) technology, and the encoded protein was analyzed by
bioinformatics. Simultaneously, quantitative real-time PCR (gQRT-PCR) was used to detect the expression
levels of mclr gene in different developmental stages (from fertilization stage to 12 months post hatch) and
tissues (dorsal skin, ventral skin, dorsal muscle, ventral muscle, eye, brain, gill, midkidney, headkidney,
intestine, liver, spleen and heart) of wild-type and yellow mutant Rainbow Trouts, respectively. The results
showed that mclr gene was 4 518 bp, containing 1 017 bp open reading frame (ORF) (encoding 338 amino
acid residues), 532 bp 5’ untranslated region (UTR), and 2 969 bp 3’ UTR. Sequence analysis revealed that
Mc1r protein of Rainbow Trout had the 7TM_GPCR_Srsx structural domain, and sequence analysis of amino
acids and phylogenetic tree analysis indicated that conservation of Mcl1r was higher in fish than that in other
vertebrates (Table 2 and Fig. 2). gRT-PCR results showed that mclr gene began to express at the fertilized
egg stage of wild-type and yellow mutant Rainbow Trouts, and the expression in the early embryonic stages
(from fertilized egg stage to multi-cell stage) was higher than that in the late embryonic stages (Fig. 3).
Moreover, there were significant differences (P < 0.05) in the expression level of mclr gene at the same stages
between wild-type and yellow mutant Rainbow Trouts, including fertilized egg stage, 4-cell, 16-cell, blastula,
gastrula, neurula, somite stage, 1 day post hatch, 3 days post hatch, 7 days post hatch, 1 month post hatch, 2
months post hatch, 3 months post hatch and 6 months post hatch (Fig. 3). mclr gene also widely expressed in
various tissues in 12 months post hatch wild-type and yellow mutant Rainbow Trouts, with the higher
expression levels in dorsal skin, ventral skin and brain, when compared to other tissues (P < 0.05) (Fig. 4).
Moreover, the expression level of mclr gene in dorsal skin of wild-type was higher than that of yellow mutant
Rainbow Trout (P > 0.05) (Fig. 4). In conclusion, the expression level of mclr gene might be closely related
to body color variation of Rainbow Trout. The results of this study provided valuable data for later studies on
the molecular mechanism of Rainbow Trout body color variation.

Key words: Rainbow Trout (Oncorhynchus mykiss); Body color; Melanocortin 1 receptor gene (mclr);
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AN HESH YN 2 FEAL IR LR AIE
o IR A AT SRR BLROG
T4 4575 T B A 0 EEE R X (Jiang et al.
2014), RO ZRALRAERE . M5, B IR
AR ER R R T B R A AL S P
SRR, —MERIEYZIER (Zhu et al.

2016). B EFAMAL N H AT 7N 2 HIRA
= MMRA, AR AR EIR 2 B
R AR WAL [F I (Lim et al. 2019).
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— MR TS B EAAE 7 DB
B, N G EEME K- B R LR AR
Rz — (HERESE 2017). a- R BOREER (o
melanocyte-stimulating hormone, o-MSH) Fi{i¢
B bR B # (adrenocorticotropic hormone,
ACTH) & Mclr P MECHA, 432 AT i 45
G, =i G mERERZARI SR, s
ik CAMP 15 538 % 25 il /) HE g 2 AH 5Q 3 s [A]
T3 A (microphtalmia-associated transcription
factor, mitf) %% s LA R I 2 R g i [R] oK e
[tyrosinase (tyr). tyrosinase related protein 1
(tyrpl) F tyrosinase related protein 2 (tyrp2) ]
BERMRIE, mABBRMEARIRE (T
%% 2010, Dong et al. 2020). 24 M1k, mclr
BRI e — ] DUARRE NS B 3 A il AR AR
SRR, AR = S S A BONIRA
IR, anfE/ MR (Mus musculus). 5 (Equus
caballus). - (Bovine). =£ (Ovis aries) F1Z
B R IR M RAL 221G B AR, BAT
R4 (2009) KIL, melr HERIFIEE A 7EAR
0¢ (Lamaglama) J ki RIE E# 5 E &
THEEEK. B, ZEEE OB TR 32
S BRI R 2 —
T4 (Oncorhynchus mykiss) F& 3k [ & %
A KL, HEEFBENMMR, —
Toh R 0 R Jo 5 K £ [0 B A TR T il (T i),
T3 PR R Ik S P R A TRl (i)
(Boonanuntanasarn et al. 2004) . #&fikiE, F5H
G Sl LT S P B AR T R AN 5 Ak A T T
HA RT3 e 0T W ) 22 DA B
HIh A ik B 35 2 18 BUR R FE M CHE 2R % 5%
2008) . A ENE yUT 6l 5 E K 2 BE AR, BT K
I 42 0 5 Rz ST RR R A AEAE (Hattori
et al. 20200, VLHIRXA ARG KA Rk = B
ROlER, P, BB EER SRR R IL
Xof WT 8] 17 Jik PR ZR TR OS5 AR5
5 7 WS N PR R UUAR K TR P AL BRAR AT
B, H Wi AE i X5 W f C Amphilophus
citrinellus ) (&l J¢ %7 & 2019) . [ VL % il
(Cyprinus carpio var. color) (%% 2013)

SR ERS melr A cDNA &K, FfiE
it Szif 2¢Ot 52 B PCR (quantitative real-time
PCR, gRT-PCR) #uill’&Z3H, mclr K 11k
5 kR AR YRR E VI . BATHEN melr
FE DRI 1) 22 38 B 5 T A €0 PR A0 e P RE AR AE SR
KR HUHATE 2 F BT R0 45 0 5 JoR 4 S5 2 2
PEXTEL MRS, BANRIL melr JER 7F &k
1k B, X5 R 2 A AN R A £
Fr R IARE UM ) (Wang et al. 2017, Zhang
etal. 2017). [Atk, Jy 7 5%iF melr He[K AR AT 6l
5 &8 0 L PR AT J5 I RIA O, AR A
cDNA Kty 3 (rapid-amplification of
cDNAends, RACE) HiARIK1F1ZFEE A 1) cDNA
4K 55, HiBid qRT-PCR J5 9243 H A i i
L5 G WA £, I AR S [ ) AN A [R] 2L A A R AR G
Fak, DRI melr R )30k & 5 UL A
A R RAR D, O E BAT Sl (5,8 S 431 AL
IR NI T AR SRR TR

1 MEET5E

11 SR EERRE

ASHIE TR FH AR SR04 6 351 5% | H i AR
KK FEREE LI G B R RS
BRSNS SZAE O AT I B H AT E LRI, 34T
TR, A . 16 AR, SEM. TR
L JE A s AL AT AL BEER D IR G
S 1 Hig. 3 Hid. 5 Hik. 7 Hik. 10
I 4 s 2 4 B B BE AN S BB A e 44, DARZ 1 H
WL 2 AES. 3 AR 6 Hik K 12 HIAMARY
T . AU S K 4 12 H v, 4y
B 3 R BRI R A ToAe LA AR B K
INBUAA, G IR E IR R LIS R e
5 (tricaine methanesulfonate, MS-222) FRIEE
Jo, POEBURFHSEES, ARk, E
TR LA, RS R, .
L SKE S W L ARGt 13 AN, #
NBERRAE, HTJ54: RNA 21
1.2 & RNA F3REL

%18 Total RNA 27 & (TIANGEN,
JE5TD AR 0B A PR R % 4 SR
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RNA, FEAEA 195 fih e e vk A IS RNA
F 5%, H Nanodrop # &KX (Thermo,
USA) 52 & RNA MIRFERIZEE, JEE T
- 80 CIRAE-
1.3 melr ZHFE cDNA 4K T2 M 55100 &
R 45 AT 0 17 Jk B SR AV BB medr FE R

(ID: LOC110506598), F|H Primer 5.0 %it
B 514 melr-1F AT melr-1R & melr-2F Al
mclr-2R (% 1), FF melr JEE A E) A B9
W, DAMT S8 50 R R RNA BEAR, 28
PrimeScript™ II 1st Strand cDNA Synthesis Kit
(TaKaRa, KD B #i e 4 R AIFR 7
HHAT S —255% cDNA &k, I L R it
f7PAF PCR ## e . PCR JRMiAA R 50 pl:
10 x buffer 5 pl, ANTP 2.5 pl (2.5 mmol/L), Taq
DNA i 0.75 pl (5 U/uD), 1E 71547 (10 umol/L)
% 1.25 ul, cDNA it 2.5 ul (380 mg/L), X
77K 36.75 ulo PCR MAEFF: 94 °C 5min;
94 ‘C 455, 55 ‘C 455, 72 C 150's, 35
f&¥; 72 C 10 min.

K1 AGRFTHBGY

Table 1 Primer sequences used in the research

S AR ]l
Primer name Sequence (5'-3")

mclr-1F CCATCATCAAGAACCGCAATC

mclr -1R GAAAGCCATCGAATGCAACA

mclr-2F GCACATTTATTTCCCAGGGTTAC

mclr -2R GATAAGTTTGAGCCTTGGTTCTG

melr -5'GSP GATTACGCCAAGCTTTCCAGGTGCCGCAG
CATTTCAGGTG

melr -3'GSP gég[r%(;%(é(}r@r?ggTTGCTCTTCTGCTCCT

melr -3'NGSP iémggfp?ég\gT%TTTATGGCTGTGTGTC

UPM CTAATACGACTCACTATAGGGCAAGCAG
TGGTATCAACGCAGAGT

UPS CTAATACGACTCACTATAGGGC

mclr -3F CCAGGGAGCAGAACTCTACGA

mclr -3R GATTGCGGTTCTTGATGATGG

p-actin-F TGGGGCAGTATGGCTTGTATG

p-actin-R CTCTGGCACCCTAATCACCTCT

AR BRA A 18] v Bedeit melr-52 [l

S 51 ¥) (gene specific primer, GSP) .
mclr-3'GSP Al mclr-3' 55 x5 K 45 57 14 51 4

(nested gene specific primer, NGSP) (& 1),
4 SMARTer® RACE 5'/3' Kit (Clontech,
FED 1A RE AR R AR R 2 b
melr 3 A 1) 5701 32K 3 . 305 15 6 PCR 45 W)=
K= R 50 fi N a0 PCR FOBEAR . X LA
BT PCR PR AT IR B 34 Ak Ak
B, fJaE il E PCR ik 3 ~ 5 ANH ek
2R A R AT .
14 FFHIGHT

181 DNAMAN 9.0 X melr £ 5K i o

hE) Fr B 3R s e BT AS P AT i, JR
2234 NCBI ' BLAST #2/7 (https://blast.nchi.nim.
nih.gov/Blast.cgi) il RACE 45 S IE#i 1,
&3 E] melr 2 ) cDNA &K Fo, il
NCBI # ORF finder Chttp://www.ncbi.nlm.nih.
gov/gorflorfig.cgi) 7341 I B 5l SEHE H-HE T B g
R F5). 144 Protaram Chttps://web.
expasy.org/protparam/) #1 Protscale Chttps://web.
expasy.org/protscale/) 43 H7 & [ 5 1) AL P4 5T Fl
K, 3FAF TMHMMChttp://www.cbs.dtu.
dk/servicessTMHMM/) #1 NCBI # Conserved
Domains 2 ¥ Chttps://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi) 7T & AR B I 45 44,
i F SMART Chttps://smart.embl-heidelberg.de/)
ST ER B R A IR, A R = s o)
E ] SOPMA (Chttps://npsa-prabi.ibcp.fr/) F1
SWISS-MODEL Chttp://www.swissmodel.expasy.
org/) HEAT 20T, 15/ Clustalx 1.83 #f#t4T &
FFRVE LT . R MEGA 7.0 %4 H 407z

(neighbor-joining, NJ) 44 & 3L 1) R ge it
R
15 qRT-PCR 4#7

M3 R A L6 medr FER 741 Beih o8

Jt5E B 514 melr-3F Al melr-3R, DL g-actin %
FNHNZ (R 1. B4, FIH PrimeScript™ RT
reagent Kit (TaKaRa, Ki%) ¥ ik CUHEHUY
RNA #5457 B cDNA; ZJ5, LA cDNA A



750 » 42 & Chinese Journal of Zoology 56 %

W4T gRT-PCR J B, B ME X B 3 M EE .
20 pl MARREHE ddHL0 7.5 pl, B RS
(10 umol/L) % 1 ul, SYBR Premix Ex Taq Il
(Tl RNaseH Plus) 10 ul, cDNA 0.5 pl
(380 mg/L). JeMiZkfH: 95 ‘C 30s; 95 C 55,
60 ‘C 34s, 40 MH; 95 C 15s, 60 C 1
min, 95 ‘C 15s. @ik AR M 262 Hr B 1A
PRE S, R 285k melr SR
%tF p-actin FEA ) mRNA Fik&. LL SPSS
19.0 IR ET7 Z 1 (One-Way ANOVA)
FZ B (Duncan) BEATEZEMEHT (E51
4 2012), P <0.05 M AEREE, P<0.01
Iy 22 AR 2

2 GRE5ES

2.1 mclr ZPE cDNA M4mEE H R F51 957
A GE 4 v B Y JS 3R 1S melr Bk A
cDNA 474 4518 bp (GenBank & %5 : MW
281061), Hrr, JFJlBEHE Copen reading
frame, ORF) y 1017 bp, %ifit 338 NMEIERZ,
5'9E4w 15 [X (untranslated region, UTR) A 532 bp,
3'UTR A 2 969 bp H. 3'Kuu & 25 bp ) Poly
(A B, BAEHHEZNIAMERE S (AA
TAAA). ProtParam 73T i7~, Mclr & HM 4
TN CiresH2781N4370466S33, ERIRSFHL 1 Pl
N 7.89, BIRI;T RN 38.65 ku, P
IKZRECHN 0.747, R Mclr & A NH KR A
Jii. ProtScale Zr#T R, A5 34 MIMITAZ
MR M ek CRIK R EL - 2.367), % 252
Rz TR ISRk M 55 (K 24K 3.278)
£33 TMHMM #i1 Conserved Domains 7347, 1%
HHSH 7RG, Hd, 5% 50 ~ 69
QIR NE MBI, 52 ~ 7T EE
REER Iy HINL TEIERR P HIH) 82 ~ 104, 124 ~
146. 167 ~ 189. 199 ~ 221. 242 ~ 264 Fl1 279 ~
301. [l SMART Zp#r &3, Mclr EEH A&
— AR 5 R, (TTM_GPCR_Srsx) . iz i
SOPMA 7 — 2k £544, Mclr S HE S 169 4~
o BEHELE ) (50.01%). 9 B S (2.66%)-.

93 NEHAEM (27.51%) F1 67 ANIEfHLE
(19.82%). — R HHTERW, ZEAHBE
DL o SBHEA LG AE (B D,

o TE
Alpha-helix
/' Random coil

1 T8 Mclr BAR=5&EW
Fig. 1 The tertiary structure of Mclr protein
in Rainbow Trout

2.2 [FYREEY 5 RGRATIT

()5 L AR GedE A o BT B, 2T melr
ST s T IR SN N T
(Oncorhynchus tshawytscha, XP_024296087.1)
A R YR P ik 99.11%, 53¢ fa (Danio rerio,
NP_851301.1) WIEJEMEAN 77.71%, EA1E N
—3¢; HAhZ, s (Oryzias latipes, XP_
011490066.1) . BN (Maylandia zebra,
XP_004539440.1). Je ¥ %' 4k (Oreochromis
niloticus, XP_005467175.1) BAH—K¥: 5
% (Gallus gallus, NP_001026633.1). /M,
(Mus musculus, NP_032585.2) K A3 (Homo
sapiens, NP_002377.4) HI[EJRMHAE (F 2
FE 2,
2.3 mclr ZEEEMTE 5S8R R E MK
RIEZEFRIHT

MHT 68 5 685252 12 AR B I 2
) gRT-PCR 45 E7R, melr HRAEBNKE
BB A ik, Mo, Jp AR 6 6 4 21
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100[ KK D04 Oncorhynchus tshawytscha (XP_024296087.1)
39 W% Oncorhynchus mykiss (MW281061)

100

Bt L f Danio rerio (NP_851301.1)
B Oryzias latipes (XP_011490066.1)

99 BELLIAN f Maylandia zebra (XP_004539440.1)
1

00 L j2 e w-|l:48 Oreochromis niloticus (XP_005467175.1)

FH A Gallus gallus (NP_001026633.1)

0.05

[
1001

JINEL Mus musculus (NP_032585.2)
A2 Homo sapiens (NP_002377.4)

B2 ATESISERINY mclr RRAERFIIRERERR

Fig. 2 Phylogenetic relationships of mclr gene amino acid in Rainbow Trout and selected vertebrates

&S LIBUERIRZ 1000 YOS SRR G SME; bR R A BRI LA

The values on each branch represent the guiding values obtained by 1 000 operations. The scale represents the rate of change per unit of amino acid.

R 2 M5 HAMYR Mclr RERF 52 E X

Table 2 Alignment of the amino acid sequences of
Mclr proteins in different species

Yyt P35 [ A
Species GenBank No.  Homology (%)

4T % Oncorhynchus mykiss MW281061 100.00
B £ Danio rerio NP_851301.1 77.71
FHlf Oryzias latipes XP_011490066.1 78.43
é\nﬁégﬁ;/?]zﬁ% tshawytscha XP_024296087.1 99.11
I fIUNfi Maylandia zebra ~ XP_004539440.1 78.10
Je % %'kt Oreochromis niloticus XP_005467175.1 78.43
/INER, Mus musculus NP_032585.2 57.79
A% Homo sapiens NP_002377.4 59.32
3 Gallus gallus NP_001026633.1 64.31

JOSHIRAG AT 3 8N4 50 R Tk i 20k B de
L, WEESTHAMSNEY (P<0.05), Hiz
FERIENT 68 5 G625 1AL 4 A, 16 4 f
W, 24 i B IR A s 1) Rk = v T IR
JE . fEMRRRE LR, MEERIAE
NIFUG B TF (A W6l 5 4 684 R I 3 1
Pk R RN, melr RREZ RSN, 4 41
MufA. 16 A, BRI, JEm . M HIIE
GF0 1 Hid. 7 HBAMARMIRAIAI LA 1 A
WL 3 AN 6 H AR R I RIAE
WS EZES (P<0.01), FEETEE. 3
H AN B AR A BT F 2 F 88 AN 3 157 Jik

MFEZFEE (P<0.05), SHEH. OB
JRREFA 5 HE .10 HEEAMA 1 SR A LA 12
WA AT 5 57 Jok 122 35 IR () 3R IR P 0 22
2 (P>0.05) (3).
2.4 mclr EFREMH S SEARHAR R
EERIT

mclr JEETE 12 FH i fith F1 4 AN ] 2 21
ZERFIENLE 4, EALEF, ZIE RN
Rkl i s, FLUORTS R A 7R
Gfitirp, TR R melr B R 2RI R A
FLUCGR NGB Rz i s 78 LA Fax =AM 2 1
RIEEWRZE T HAMHAL (P<0.05), melr
5 DRI T 0 308 Bz K v ) 308 2 v T S
ek (P >0.05). M5 465 AH &) i #A F R0k
IR, SRR R EERLAL T
PRALHI RIS Z TR E (P <0.0D), £
FULA. RIS 88, SKERG T RREER B
= (P < 0.05), &k, WA EH melr
REAMEREEFAEZE (P>0.05),

3 ik

BE KRR ZE WP REEN AR,
HEEGFETREEKE. BE. MWL
FHT RS A, S 3 Bz JEk 2R AR AT A RO A e
Jo 452 55 A B 4540 AU ZERF I 5 FL 5 D e 94
(Lin et al. 2007). W70 &I melr J K 7F 2
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melr AL AT 3k B

Relative expression of mclr gene

[] #m##% Wild-type rainbow trout
I £ Yellow mutant rainbow trout

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
3 Stages

B3 melr & HAEIHS SRR K N HIKRE

Fig. 3 Expression of mclr gene at different developmental stages of wild-type and yellow mutant Rainbow Trouts

WSER: p-acting n=3; HLEARELERIURIZE R RS FERR, GRARFLE N IRZE RS HANG FREROR, ARKFE
FTorzEFEE (P<0.05), MAFER—NFEEME—ANFEARLREZRAEE (P>0.05); W5 568F— & & I 25305
AR, *P<0.05, **P<0.0L,

Reference gene: g-actin; n = 3; The difference analysis of wild-type and yellow mutant Rainbow Trouts at different developmental stages are
expressed in uppercase and lowercase letters, respectively, different letters indicate significant difference (P < 0.05), the same letters or one same
letter and one different letter represent no significant difference (P > 0.05); The differences between wild-type and yellow mutant Rainbow Trouts
at the same developmental stages are indicated by * and **, * P < 0.05, ** P < 0.01.

1. 25 2.4 4nfil; 316 AufEill; 4. REW: 5. BRI 6. BN 7. AR 8 Tl 9. LBkl 10.1 Hi; 113 FE%:
12.5 Hi%; 13.7 Hi%; 14.10 Hi%; 15.1 H#d; 16.2 A#g; 17.3 Ak 18.6 Hik; 19.12 Hil.

1. Fertilized egg stage; 2. 4-cell; 3. 16-cell; 4. Multi-cell; 5. Blastula; 6. Gastrula; 7. Neurula; 8. Somite stage; 9. Heartbeating stage; 10. 1 day post
hatch; 11. 3 days post hatch; 12. 5 days post hatch; 13. 7 days post hatch; 14. 10 days post hatch; 15. 1 month post hatch; 16. 2 months post hatch;
17. 3 months post hatch; 18. 6 months post hatch; 19. 12 months post hatch.

KU bR R RIE, RS SN
A REBEORBEMRLY (RRORSEEDA
) MEEJEERE (Lietal 20200, BR
PRI AR BT B 2 R R ], (EJ2 melr
BRI PP R A A B ARV HER (Wolf
et al. 2016). TEMABNYIA LK PiE KRG
EEMES melr JERF M RIEKFERIEL
(Tezuka et al. 2011), ViR kB AR
R T Bk 0 R 3L A

AT T IRAFUT 6 medr FEF cDNA JF 414
K 4518 bp, FHILFEEEHE 1017 bp, Zwh 338
MR EER . AR, Mclr EHES 7
ANEERREERIFN—A Srsx 4L 7TM_GPCR_
Srsx Z5 MR, X515 (Cynoglossus
semilaevis)Mclr & 1458 —3 (Li et al. 2020,

ViR LS5 R Mcdr 25 A Th 2 ARG ST IR
1M H, Mclr EEEEM AT LI N AT C K B
FHREEANFEMIINRE, AP N A
B R YRR AR SE AN RIS S48 SR, T
T GTP 4 &E MBS AAN C KimfEm H M
PRI DX 1 o S ) i AR DA R 24 S G SR AE
Jo S A LA FH S R 35 L DhRE (Wolf et all.
2016). & H FIVE LRI 5240 K B 45 AT, 4T
il Mclr 2 7ERE & f AN FLah Y A A
[F] B[RRI S SRk &, o, W6 KoK
hug o g i (1 LR N — B H SRS K R i
i, SEFFHARPFEVRER, BERR
BRI, 3K 4 W g 5 6 R S 4y
AT A — K

Tt 9 R 22 e 3R 0 BB TR (i M 4R 7 R B PR
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80~
** (] ¥ Wild-type rainbow trout
v A I £ Yellow mutant rainbow trout
Q
i % 60(-B, c
o
K b b
EE
= 40H
H
@ (=1
S 'E 2011 %
E
0 L

#H 41 Tissues

Bl 4 mclr 2 RAEIL S SR R H P RIK

Fig. 4 Expression of mclr gene in various tissues of wild-type and yellow mutant Rainbow Trouts

WZIEH: p-acting n=3; WLEIAREENPKNZERDMIHRE TR, SEARKENHNZERITHNS FRRR, AR
FRZERLE (P<0.05), MAFHE—AFEHE —AFRAFARRERANEE (P>0.05); U5 — k&R #INER > H
*FI**K IR, *P<0.05 **P<0.01.

Reference gene: p-actin; n = 3; The differences of wild-type and yellow mutant Rainbow Trouts at different developmental stages are expressed in
uppercase and lowercase letters, respectively, different letters indicate significant difference (P < 0.05),the same letters or one same letter and one
different letter represent no significant difference (P > 0.05); The difference analysis between wild-type and yellow mutant Rainbow Trouts at the
same developmental stages are indicated by * and **, * P < 0.05, ** P < 0.01.

1O E ks 2. BERBE: 3. TEBULAL: 4. BBLA: 5. s 6. MRAF: 7. 68 8. "iF: 9. KW 100 s 11 FFs 120 M 130 .
1. Dorsal skin; 2. Ventral skin; 3. Dorsal muscle; 4. Ventral muscle; 5. Brain; 6. Eye; 7. Gill; 8. Midkidney; 9. Headkidney; 10. Intestine; 11. Liver;

12. Spleen; 13. Heart.
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