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Abstract: Melanocortin receptor 1 gene (mclr) is a crucial regulatory factor for body color formation in
animals. In order to explore the role of mc1r gene during body color variation in Amphilophus citrinellus, mc1r
full-length cDNA was obtained for the first time by rapid-amplification of cDNA ends (RACE) technique. The
total length of mc1r was 1 699 bp containing 497 bp 5’ untranslated region (UTR), 224 bp 3’-UTR, and 978 bp
open reading frame (ORF) encoding 325 amino acids (Fig. 1). Sequence analysis of amino acids and
phylogenetic analysis indicated that the similarity of mc1r encoded protein sequence of A. citrinellus showed
55.1%, 77.1%, 90.15% and 96.92% similarity with that of Homo sapiens, Danion rerio, Larimichthys crocea
and Oreochromis niloticus, respectively (Fig. 4). Analysis revealed that mc1r was expressed at different levels
in all 9 embryonic periods. With the development of embryo, the expression level of mc1r decreased gradually
(Fig. 7). The results suggested that the basic expression level of mc1r initiated adenylate cycle in early stage of
embryonic development, then involved in the formation of pigment cells. In three periods of body color changes
(black to hoar to yellow), the expression of mclr was decreased first and then increased slightly in caudal fin,
scales and skin and its expression was the lowest in the gray white transition stage (Fig. 8). It was presumed
that there might be a competitive combination between mc1r and Agouti, and that the color might be related to
appropriate balance among three genes, mclr, tyr, and tyrl in the process of body color changes of 4. citrinellus.
When the fish grew to near maturity, individuals with incomplete black-fading showed higher mc1r expression
compared to those with complete black-fading (P < 0.05, Fig. 9), and surface melatonin was negatively
correlated with the mc1r expression. mclr gene was expressed in all 11 tissues, and its expression in scale was
significantly higher than in other tissues (P < 0.05, Fig. 10). The present study revelaed expression features of
genes related to color variation, and the data are important for further studying fish body color heredity and
body color improvement.
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IR, NARLBEER . MF R4tk K
R SR ) AR AR LG, R
CRIR-PET A B HEl, A HEALE
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001302476.1) mclr J& 4 ¥ v 1 €4 XUe BN £
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BT MR AR IR AR A . 50 ul PCR
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¥ (10 pmol/L) %% 0.8 pl, r7ag 0.4 pl. KNS
$: 95 CHIAME 4min; 94 CAEME 305, 55 C
1BK60s, 72 CHEfH 60s, 30 MEH, 72 C
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WA E, VI, BB AR TIANgel Midi
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AU (TaKaRa), i BFH 4 oe B 7 o
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0235260 fE NN Z LA, 514 B-actin-RT-F 1 B-
actin-RT-R (K 1), AR A5 1A% (X il
melr ] cDNA 755 —X 5% % € & PCR 5l
W) mc1r-RT-F Fl mc1r-RT-R (3£ 1), Hy 44
B R /INZ) 200 bp. 43 51l #5 B-actin-RT-F A1 B-actin-
RT-R, UL mclr-RT-F fl mc1r-RT-R H5%t 5[4
HJ PCR ¥ =¥ 43| pMD19-T Vector A
E, RN RIAT RSz AR, SN
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Table 1 Synthetic primers in experiments

ClE/EA SRS (50-3D

Primer code Primer sequence (5' - 3')
melr-F GAGCGAAACTGGCTGAACT
mclr -R CAGGCGAGGATGAGGATAA
mclrr-3n GCCCTTTCTTTCTACACCTTATCC
mclr -3'w GCCAATCCACAAGTATGAAGG
mclrr-5n TGAAGTAGTACATAGGCGAGTGC
melr-5'w ATGACGTTGTCCAGGTGGC
mclrr-RT-F TACCTTTAGTGGTTGCCCAGAGACG
mclr -RT-R TCACACGCCCGAAGCAAAAAGAACAC
B-actin-RT-F TTGTTTCAGCCAGTTCCC
B-actin-RT-R AACCAAACCTGCATTCGC

FER 107" ~ 1072 4%, F QuantStudio6 Flex 1%
A RIERRAE 2R, BT drdEfh 4 R? K
T 0.99, RIZEAE - 3.3 4, W& TIE
&I F SYBR Green Master Mix i) &r, 7F
QuantStudio6 Flex {¥#% LFit4T%¢ e & PCR
S

RN ERE PCR K &: £ 20 pl, & ddH.O
Sul, B RIEEI4 (10 umol/L) #% 0.5 ul, SYBR
Green Master Mix 10 ul, cDNA 1 plo [ 26A4F:
50 ‘C 2min, 95 ‘C 5min; 95 CAZ4E 15,
55 ‘CiB/K 30s, 72 CHEfH 30s, 40 MEH: &
fitfHiZk: 95 C 15s, 55 ‘C 2min, 95 ‘C 15s.
i QuantStudioTM Real-Time PCR Solftware
V1.2 AR (L pD 1B BRI
Z IR 3G )5 1995 VU4 (quantity, Qty), &4
FE it 1 H 2R R 5 ) 2 25 R 98 DUBUE 2 LR A

H 5 AR ik 5, AR NP = Z059/0 SR,

ZnYi/n

P RAIN IR &, xi R H 1 MEAS H 2L
MFRIEE, yERE I MERNSIERRILE,
n XoFEAREE. B ntricH SPSS 20 #ff:
HEAT BRI R T 2243 HT (One-Way ANOVA) Fl1Z
HLH (Duncan) i E 7R ENE, B3] melr
FE [RIFEAR (0GR R 25 A ZR AR X RIS =
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2.1 IHEIGEME mclr i) cDNA £KMEE
BRFF 5153
AR cDNA A i bRk o B B A
(rapid-amplication of cDNA ends, RACE), i#
i VectorNTI # A Hf 4354534 (LSS I L melr
i) cDNA 4F51 1 699 bp (35 2078989),
5'9E4wt5 X (untranslated region, UTR) A 497
bp, 3"-UTR &y 224 bp, HJik 5154 Copen reading
frame, ORF) iy 978 bp, H:4mt & ZEMR 325 1.
3% B SR PE AATAAA ME1E S5 AT Poly(A)
FE (K 1). H ProtParam F1 ProtScale #f4 Tl
7R, MCIR EHK TELAN 3697 ku,
WAFHLA pl 4 6.65, JR/KVERECH 0799, &
B N K. iz H SignalP 4.1 #2708, HAS

YIS B (YD [ECKAE N 0.118, {55 KX
WAE (S MERKEN 0204, /8T 0.5
B, FHE#HENZEALNSAHESK. H
TMHMM #1 NCBI ' Conserved Domains &%
ST, ZEAETH 7 MERXE, Hd, 51~
70 EHERA N E—NEBIEIX, 52 ~ 7 M
RIEBRALE 73 HI N 83 ~ 103, 125~ 147, 168 ~
190, 200 ~222. 243 ~265 F1280~302 ([& 2),
& 1 AMESFI8(7tm-GPCRs, F 3). [ NetPhos
2.0 A NetNGlyc 1.0 AT R3], Z%E
HES 6 NMLRARBERIAI S 2 MR R T
FRAAT AR 1 ANER R IR AT 55, ANAE 570
A 3 A N-FERALAL S, BTG O-BEFEALAT 55 .

i SOPMA Tl iZ & 1 — R4, xEH

SRV SME (C) KA 0.108, B

1

91
181
271
361
451
541
631
721
811
901
991
1081
1171
1261
1351
1441

1531
1621

RARIFAE o BRHES B B TCHNE I AE

GCA GTG GTA TCA 406 CAG AGT ACA TGG GGC TCT TCT CAA AGA CGG TGT TCA CTG TCA OCA TGT TGC AAG AAT TIT GGC GGA T0G GGT GTC
TGA GTG A&A ACA TGA ACT TCG TGC GCA ATG TTT TGA TGG ATA AGA AAA TGT TAC AGA CCT COG TTC CAG ATT ACA CGA GTIC GTG AGA CGC
AQC TTT AAT OGG GAC AAA CTC TCC GAA GAG TTT TTA GGT TAA TTA ATG GTT GAA ATA AAT A0C CTT AGA CT6 TTA 6OG TGG ACT CIG T6G
ATA CTG GAC AGT CGA GGC TTT CAT GGG TTT AAC AAT TAA ACA GTT CGG ATG AGA AGC TTG ATT TTC CAA CCT GCT GAG AAG CAA CCTGTA
ACT GCA ACA GCT GAT GCC GAA GCA TOC TGT AAA CTA CGG AGA CAG CTG ATG ASA CTT TTT CAT TTT GAC ACT ITG CTG CAG TAA AaC CCA
AMC MGA GCA OCT GCA AAA CTG TCA GTT ATC TCA CTG AMG TCA GAT ATGGAAACI:MGGGTCTCN CA5 TAC COC ICC ATA CTT CAC
M/{E N T N G S L Q@ Y PSIULH
GOG GAC TTC GGC GOG CTA AAT GAC TAT ATG GAG GAG AAC GAA ACC AAC TOC ACC GTT GGA GAG CGA AMC TGG CTG AMC TGC GTT CAG ATC
A D F G AL NDY N EEDNETU N S T VGERIDNUW¥LDNTCV QI
CGG ATA COC CA6 GG CTIC TIC TTG GOG CTG GGG CTC ATC AGT CTG GTG GAG AMC ATC TTG GIC ATC CTG GOG ATT ATT AAA AAC OGA ALC
R I P @ EL FL AL GG LI S L VYV EUNTITLUVIUL A& TITI KN R K
CIG CAC TOG OCT ATG TAC TAC TTIC ATC T6C TGT CTG GOC GTG TCC GAC ATG CTT GTC AGC GIC AGC AXC GTG GCG GAG ACC ATA TIC ATG
LHS PNY Y F I CCL AV S D MNILVY S V SN VY A ETTIF X
CTT CTT AAT GAT CAC GGT CIT CTIG GAT GTG CAC OCT GGT ATG CT6 CGC CAC CTG GAC ALC GIC ATC GAC GTG ATG ATC T6C AGC TCT G¢T6
LLNDH G L LD VH?P GGN L RHLDDN V¥V I D VK ICS SV
GTA TOC TCT CTC TOC TTT TTIG TGC AQC ATC GOC GCG GAT CGC TAC ATC ACC ATC TTT TAC GCG CTA CGG TAT CAC AGC ATC ATG ACT ACT
vs Ss$1L1LTs FLCTTI AADRYTITTIT FYALZRTYHSTIMNTIT
CAC CGA GCC ATC ATC ATC ATC GTG GTG GT6 T6G CTG GCC AGC ATC ACG TCC AGC ATC CTC TTC ATC GTG TAT CAC ACC GAC AAT GCT GTC
HR 4 I I I I v ¥ v w L 4 s I T s s I L F I v Yy HTD N AV
ATC GTG TGC CTIC GTT ACC TIC TTC TGC ACT ACT CTG GTA TTC AAC GOC GTG TT6 TAC CTG CAC ATG TIT GTC CTG GOG CAC GTG CAT TICT
I v ¢cL VY TF F CT T LV F NA VL Y L HNTF VYV L A HY H S
CGG OGC ATC GTG GCT TIC CAC AAA AAC AGG CGC CAA TOC ACA AGT ATG AAG GGT GOG ATT ACT CTC AQG ATC CTG CTA GGG GTC TIT ATT
R R I Vv & FH XK NRUERKSGQQ S T S X X ¢ A I TULTTIULL 6V F I
TTA T6C TGG GGC CCT TIC TIT CTA CAC CTT ATC CTC ATC CTC GCC TGC COC ACC AGT TOC TIC TGC AMC TGT TTC TTT OGA AAC TTT AiC
L¢C ¥ ¢ P F F L HLIULTIULACZPTS S FCUNTZCTFTFTRIUNTFIN
CTT TTC CTC ATT CTC ATC ATC TGT AAT TCC CIC ATC GAT COG CTC ATA TAC GOC TAC CGG A6C CAG GAG CTG OGT AAA ACC CTG CAG GA6
LFL I LTI I CKNSLTIUDU®PULTITYAYURSQELRIKTLQE
ATG ATC CTG TGT TCT TTT TGC TTC GGC GTG TGA CAT TGT ACG CAT TCA GGA AAA ASG GOG AGG GCA AAA CAT CGT CCA CTA TCT TCA ACA
¥ I L ¢ S F C F G ¥V «x
TTA TIT AQG AAG ATA AAA CAA GCC ATA AGT GAT ATT TGT TTA AAC TTA CAG ATG TTG COC GIG CAA GAG TGC ACG TGA AAG TTG AAG ACT
CTC TCA TAT AAT AGA CAT TTT AAA AAT A4 ACT GGG TTT GTG TTA GTT ATA AAL AAS AAL AAR A48 AAR AAL AAA

1 RREIGENE mclr &K cDNA FFI REENRERF ]

Fig. 1 The full length cDNA and deduced amino acid sequences of mclr gene in Amphilophus citrinellus

TTHENRRIGE TS T+ RLIEER T FRIZONMRERE S

WIREE A Poly A .

The letters box showed start codon; “+” symbol for tag termination codon; Underline for adding tail signal with Ploy (A) tail; Wavy line symbol

for Ploy (A) tail.
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Fig.2 The prediction of mclr gene protein transmembrane receptors in Amphilophus citrinellus using

TMHMM program
| 50 100 150 200 250 300 325
TM helix 1 mm— TM helix 3 smmmm=iph helix 4 qmm—) TM helix 6 ]
TM helix 2 <mm— TM helix 5 mm—) TM helix 7 ¢m—
7tm_GPCRs superfamily )

B 3 NCBI Y Conserved Domains f2F g EXUEM A MCIR EHEHA 1 METIH (7tm-GPCRs)

Fig. 3 The prediction of MC1R gene protein containing one conserved domain (7tm-GPCRs) from

Amphilophus citrinellus using Conserved Domains program in NCBI

%I AR IR HFESIALE . TM helix 1 ~7 FIEHEERE 1 ~ 7.

The scale is the position of amino acids; TM helix 1 - 7 symbol for helical transmembrane.

DU FPghf, o, 163 A~ o BBJELEH, L
%179 50.15%; 28 /> B Hr & 4544, ELBIAN 8.62%:
58 DMIHUNIE Hi g5 4, HBIy 17.85%: 76 A
TEARBELE R, LB 23.38% (& 4). F SWISS-
MODEL Tillll =2k &5, FEEH o i3
JEMISEMREELE R (B 5D,
2.2 mclr FYR 5 RGN 34T

FIH Clustalx 444 UG NN £ melr 2
B A5 HAl 16 DMFHHEAT EEXT, H5 A
Bttt (Danion rerio)~ KN#ift (Larimichthys
crocea) MEZB F At (Oreochromis niloticus)
MCIR HEHME AN 55.1% 77.1%
90.15%- 96.92%. il MAGE 5.2 #ff 4R %

R R G, WALBY S SNl
SRR 3, I BIGE RN i e 5 SRR
FAEm . BP P AEm . A KW 6
(Neolamprologus brichardi)~ {HRAMIN L. BT
Ly LN . (Maylandia zebra) 5552 5% R BT
RPNy — 3, K iG aXUE RN melr
Feo 555 v & AR R YR B sy (97.23%),
5 Clustalx 58—, Hk5E% %M,
DR IUEN L AR OB 8L 2] 96%, RJE5
FoAh A} 0 25y —32 (B 6D
23 melr ZREFREER ST
23.1 MBEARIRENE mclr BEFE K
g s PCR KA KRB, melr 7RI,
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70 SOPMA :

| Alpha helix (Hh) : 163 is 50.15%
310 helix (Gg) : 9 is  ©0.00%
Pi helix (Ii) : @ is 0.00%
Beta bridge (Bb) : 0 is 0.00%
Extended strand (Ee) : 76 is 23.38%
Beta turn (Tt) : 28 is  8.62%
Bend region (Ss) : @ is 0.00%
Random coil (Cc) 58 is 17.85%
Ambiguous states (?) : 0 is 0.00%
Other states : 9 is 0.00%

Bl 4 SOPMA BFHFENEWE MCIR FH 41
Fig. 4 The prediction of MCI1R gene protein secondary structure in Amphilophus citrinellus

using SOPMA program
BT ZI AR IR EG Co. TR Ee. AHEE: Hh o BB5E: Tt.p .

Cc. Random coil; Ee. Extended strand; Hh. Alpha-helix; Tt. Beta-sheet.

B 5 SWISS-MODEL 2 1 7% X0 5t B
1 MCIR HH=5%M
Fig.5 The prediction of MC1R protein

tertiary structure in Amphilophus citrinellus using
SWISS-MODEL program
Cc. JTEHUUAEH; Be. EMEE; Hh. o SEHE: Tt p I,
Cc. Random coil; Ee. Extended strand; Hh. Alpha-helix; Tt. Beta-

sheet.

£ L9171 I8 G N 2431718 N IR 08 i NI 954
WL MEIEA . BB, AR 1 d X 9 MK
BN AEAFRERRE, BERBKE,
RISEZHD . IR SRR 1R

KERAK, BERKTZER 6 MREME (P<
0.05), REEMEIIIN RIEERE, M
S ARG R AR EZRAEE (P> 0.05),
#HoANERIA (B 7).

232 AEFEETERNSE mclr B2ERERE
melr TGRS A “ B E IR [ -5 0" =
MBI, REE. B, RRKRIAR
P 2 e BRI I AR S, 7K A
BEHIAWR, REEHET AR H
A B R A X RIA R B m TR A A
BRfE (P <0.05); BB AE RIS A
KEEREHTRKAGCHE (P<0.05); HE
WY BORISE (B B 3 PRI A B E R
(P>0.05) (K8,

233 METEMKRTE mclr BRRIEX
000568 T F 2 A7 AE AR R BB 5 A RN 78 4
PRI SL, JoHp,  oR S Al B A R R A 2
41 melr FXTRIEE T E KT 58 8 B o7 Ik
FESE (P <0.05), AR7EAaiEEmbE I
YR ES SRR ERAERE (P> 0.05)
(&9,

234 BEAFELERE mclr ERRZXER
melr TEAE R I sk 11 FeH g5
ARk, RISEHSFRKIONEE . IR
LA, EE. Oy By IR . Sk, il fE,
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75| BETYMAN £ Maylandia zebra XP_004539440.1
1A LS AR #4 Haplochromis burtoni NP_001302476.1
Ai B ET AL I Neolamprologus brichardi XP_006780085.1
& w2 Al . Oreochromis mossambicus CA138756.2
JE W% 1144 Oreochromis niloticus XP_005467175.1
* 1% (05t M & Cichlasoma citrinellum
[ #R8% Notothenia corficeps XP_010792084.1
IR ZHEHE 4 8 Stegastes partitus XP_008304273.1
£ fil it B8 85 A canthochromis polyacanthus XP_022046012.1
el Lates calcarifer XP_018523508.1
i Dicentrarchus labrax CAY39344.1
K ¥ fi Larimichthys crocea XP_010739809.1

PhE [ Austrofundulus limnaeus XP_013857373.1

T 8§ Oryzias latipes XP_011490066.1

PLI 8 Danio rerio NP_851301.1

100 |

/IN% B Mus musculus NP_032585.2

0.05

B 6

A Homo sapiens NP_002377.4

BT mclr ZRGHEH R FIIR I RGN

Fig. 6 Phylogenetic tree constructed based on mclr gene coding protein sequence

B EHERIREA 1000 YOS HATRI G S8 Ar REOR BT

BRI

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.

ik AR R R B e, B T AR
(P<0.05), H4 10 MAAREEZRARE
(P>0.05) (10,

3 Wi

3.1 mclr EUEBESNT

AU FIREAEEXUE NN melr cDNA 42
AN 1699 bp, HEMHILImILEIERR 325
A, H5REH P AEE melr WMISX ZREBRE =
HE (CRBFHLE 2015). MBS Hr 45 51
BoR, HEXUERN A MCIR & A 74 RS
AR, RS TR A T N B S
Hfa R FEVR MR R, SESRREGL, S
FRMERR, SREGRRRE, X—ohdRs
Al 0 ek T £ T & R 1 S 1 o S A A —

AP U T melr FFFAA R SF - MCIR
WA SIRBIYIN S E . BV R E A E
SIKX I AMEY/NT 0.5 RME, BFUCHENZ 5
HAASHESK, AATMER. ZEASA
7 NEEERIR, AU RRVINZEE IR 2R
L TEN B EREAN, 2 G EEMEG g+
A=A (THEE 20100,

3.2 mclr EEFREERT

321 MEEARKENH mclr ZEFREER
ST melr TERGERUE I 1 9 /M IRfiRK & I
WA ARRRERRIE, HAPEIRRIH. %
WA FE R Is B, MERBKE, K&
HIZHTD, fERKEZMEME (190 BRIA
TR . LR VR RE EURE B 06 €8 2R AR AR W 52
RI, MG E Z MG (BIRE 2 39h)
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B 7 mclr G 9 MR ERBIKREZAMMT (n1=3)

Fig.7 Analysis of mclr gene expression at 9 developmental stages

WSER: B-acting NAIFEREZEFEE (P<0.05). Reference gene: f-actin; Different letters indicated significant difference (P < 0.05).
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a
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4|
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o g 0.0003 + b 0.0003 0.00006 f T
SE 00002 f 0.0002 | b 0.00004 |
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o R Ot e S et i Rl gt Rl RO6a Eal
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B8 mclr ERNRGBEERNPINREZRMT (n=3)

Fig. 8 Analysis of mclr gene expression at different periods of color transition

A. Bt B. WEF; C. ke WSHMRH: p-acting NATRNREZEREE (P<0.05).

A. Tail fin; B. Scale; C. Skin. Reference gene: fS-actin; Different letters showed significant difference (P < 0.05).
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Fig. 9 Analysis of mclr gene expression in three tissues of incomplete or complete black-fading individuals

A. R#E: B 887 C k. WBEKH: facting ARTHRHUREREE (P<0.05).

A. Tail fin; B. Scale; C. Skin. Reference gene: f-actin; Different letters significant difference (P < 0.05).
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Fig. 10 Analysis of mclr gene expression in eleven tissues
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WSER: -acting NAFEREZERFEE (P<0.05). Reference gene: f-actin; Different letters indicated significant difference (P < 0.05).
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XPRELIAN, (ERAMRIFEA R, T
TG J5 €0 2 48 T 4 L B0 28 A0 K AR 22 1)
melr VG /D ERIE . HHE (2016) TEMGT
BTt 9 NG KR & IS melr Rk
tyr FXTRIE R RIEH & . HEN AT e
DRI AR SE5S BT K] melr AHX SRIA B R AN IR
GIRIA SR, H melr B R DhAE TG T4
MLFRAE L WU G S e S B8 At T T,
M EIE melr FERRRIEIK-BP o] 5 B g B E
W, BEEIAERANE— RISV RELE
MO, HHEIX—M AT (Fitzgerald et
al. 2006, FhFEF 2012); F¥, WHRAEMRIBRE
S, RROE AN R B[R] I B (0 3 At AE
A, ERAERKATRESMH AN (Djurdjevic
etal. 2015),
322 AFAAEEIEN mcr BRREER
i BEERORAEBRORNEEROERMN
B, HhEBOREIFONEBROER, HE
R AL OME AR, X EREERIET
7] — {5 3 i, AAE PR 2 R i R 4% T A
MIEX—1E 5™ melr 5 Agouti FERFL[FELE
FAUT TP RIEEIEH”  CEHIEE 2016).
Agouti FE X B8 2% 15 il iR 15 5 2 B (agouti
signaling protein, ASP), f& mclr FIFSEHIYI, X4
Agouti FikEW, 5 melr FIBIAECAA o-MSH 1
ACTH FPASEESS &, FHWHEGS cAMP, &
PO B OS], AT i B I 9 45
BERM A RAGETT (Hoekstra 2006); 24
Agouti NFRIERE, melr [PEEANRIE G B IR H R
TEIN, 2Bt o Rik, ERRERIEICNZ LR
(dopaquinone), % ELRRFERS 2 B AH G 1
FEH (r1) SMXEA 2 2EE (9r2) HEFEE
T EREEE (Kim et al. 2000, Robbins
2007, HEHFY 2016). Ak, Agouti 3BT LA
il yr HIETE, LAREFR TRY 5 TYRI EEHE
WRIKF (HNER 2012) . 17 HL7E J8 €038 & Ui
i melrs tyr tyrl 0T IE 2 H AP ERIRES
HEEEA RS A E (Hoekstra 2006)
FHEFe (20160 TEAE TGN =A™ LAY i

ol A AT R AE L 5. BRI oor AN R
KRR G, ARSI T, ExL
AN AR O AR ], R, B, Bk melr
FEXS LRI B A AR T I Atk ey, 13
ER AES I RIE B RN, vr 1ER melr
HI R IR, PRI A AN IEAH R B AR SG HY
HIR R, THEESE (2013) XERILEHE melr
BEAT RTINS R BRI R, fAA 0 5k
melr WIS B E T B O IR 2L 4RI AT A
5 Agouti (INAFAE TR ENESS & melr K  melr
THEI[EI Agouti R EAEAE, FHIEFBEAER
(6 (GBI EEE 2013); S AMESR melr X
FRIE R &, H melr BRI TR v, tyrl B
WEHPIRAESF K, HRER=FAATAE Y, AP
R, HEARIAGEA BAiE/ (Hoekstra
2006); HA S8 A3 o o URE IS TR 35 90 K,
ARG, HEORAR T ERAARA
RAMIPE, T NI RO RN O T Uk
g6, T B R A R X AN I R, DR
IRRERTINE] melr BIZIE (Dickman et al. 1988,
FgksE 2015).

3.2.3 FBRBSEEMARSESE mclr HERAER
ST ARSI R 5 AR R 78 A B € XU
T RIS R I, R R 52 4 ) f FE DR — IR AE
REEAR IR . XL EEE . . Rk = A
HEABEAT melr RIL B E S R EoR, HREARE
Z R TR R A PR A ek 5 3 e TR PR 5T
4t (P<0.05) o HEMIE t XU IN AR A
TS melr RIS E A RE R UG,

324 RAARRHLR mclr ZERAEZRIT
WEFLR I, L) melr 5 R R PIAR %
PIRASG, H SR R R R A B2 b 3R
& GRIRHEAE 2008). ANFEIBZEKIAHLA S melr
B[R AT 6 AN R R IR, BT R AE Rk
R, DI RIAEROR, R 0. B .
R HARIE R (BB 2013); f£5
i ( Oryzias latipes) #1 H 1 ( Xiphophorus
maculatus) W) R BT A AR 396 FRIK (Selz et
al.2007); MAELLEE AR Tl ( Takifugu rubripes)
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MR CFugu) v, UAER A DERE
(Klovins et al. 2004), {EASZIGH, AR AIE A
R T £ F AR A [F) 2H 2 B R 35 A AN R AR
ek, Higgh Rk Emm, BEmTH
fZHZR (P <0.05); TR MRk, 1EfEd
REMDERIE, ) X Rk BN 50
o SR B SRR B e AR SE A e A
SRS, ¥R ARG B XGE N F melr AL &
BERALAE R S AT (85 )
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