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ERPE RS BRI MR B mitfa RiEDHT

S OBER B B TER'
BER THEW' FAES
(1. ERFAEGRE 1078 BE  330031; 2. VLFEE KRS HHE % s
LPE BEE 330031; 3. mATAERFIRIRIRE LM JTPE EEF 330800)

BE AT RWET G 1~60 B # R 4 (Misgurnus anguillicaudatus) # &, & 41 jf 09 & &, . A7
AEERA, HAE3h, ERANERENTANZEGERA R 6 F MM, MFaBz 21 8&, &
EET NG hA B R mA; N 22 B4 a2 R e Wik, REEET LREAEE6 R HM.
MBEMERE | B RRST R R A, B2 12 AR ERERAEER, 7T ARBEEE
WAEEZHM, ERNE 22 dRN, REWBEeZam 9 aAR2eial, P RbERE
R ER, H—FBMRE LR N 22d Fdk, 3 FILse A RMER T KA B A B R AR
BeEmM., EALHEREMGEE, HURECEAWANERRERKIE; &/NEHRHEEK,
EI A BCR 26 R AR EN R /NLIE; ELRERMER, HERBEZHRIHH Y. FA
)18 B A LR O & PCR (qRT-PCR)J7 i X JR 8L & 2 U & A8 x 2 B mitfa $4T 7 9047, &R
Bor, AN AE x4 EHF a 2 F (microphtalmia-associated transcription factor a, mitfa)%s 4 1y
MITFa & & 4 408 M&A LB, WX 2 FME N 4568 kDa, M % w 5 H 7.16, & 4
MITF_TFEB_C_3_N. bHLH-Zip fn DUF 3371 £, 5§ & & % &y mitf 3£ & 7 2048 th, mitfa f&
SEMRE, A AL 5 (58.8%~83.2%), qRT-PCR %4 % ¥ 7=, mitfamRNA 72 ff fs & & th & ¥ oF
M Bk B e, B3R R Rk KT B TR R KR F IR KT & B 8 & Fn ik 3
B R R mitfa EE B RIK, NI —F T BRMEETH R EPF EE T A,

KSR EEE; MG R, mitfa; EE KK

hESES S917.4  XHEEREEE A XEHS  2095-9869(2024)03-0117-12

P ERTORAE A R Eh i EE REahaRMMAZEI . 56 . LB W BRI
M, AT LEm s IR R L BEARSS  SRAE . BRXORER I BT RE T U, IRl AN LA R A BRR A
bR B DL AR AP 2R 45 (Kelsh, 2004; Hubbard (4725 Ak, 177 3 13 P 75 4k (Hirata et al, 2003, 2005), 7Eff
etal, 2010), 74k, —SIROAREPARIBEAELY AP EE 6 AW AR, QfEREAR, E
A K PERE(Rodriguez et al, 2019; fHEESE, 2021), i @F . ®WOFE . 46F. HEOEEME GO R MM (Fujii,

* VLV BHY E S WF AT H (20232BBF60012) . E 4K 8 S0 &5 H (2018YFD0901700) . 71744 FEAK 7= 7=l 82 A 4 &R
5 H (JXARS-10) . VT.P44 & S AF & %1 (20181 ACF60014)FIVT. P9 44 B1E AV Il 2: 39 H (529211040305 1)L W% B, 23560k,
E-mail: gdldlzx@163.com

@ WBEEE: BER, RI#4%, E-mail: shengqingjun@163.com

ks H #H: 2023-04-18, WeE Bk H #H: 2023-06-04



118 ook B

545 %

2000; Sugimoto, 2002; Burton, 2002; Burton et al, 2017;

Phang et al, 2012), 7EZL {014 (23] fi(Betta splendens)
HR B h E R AR MM AR 7E
Z& 0 (Cichlidae) (Maan et al, 2013)F17g & (Misgurnus
anguillicaudatus)(Sheng et al, 2022) 8 ik v (5, 2% 41 ity
FHEERAER HOARAMTE AR, ARAER
34 A B S BT AR B R A R 6 3R R R A
(Bagnara et al, 2006). F k(03 K128 Sl T (4 K 41 i
A B EC FNHESN G 00 o S R BR AT BAR | BE AN
IR S 8O IR H 45 8055 36 18 %€ (Santos et al, 2016;
Roberts et al, 2009; Kratochwil et al, 2019, 2018; Ahi
et al, 2017; Hendrick et al, 2019; Sazima et al, 2006),
i ARt SRR IFI S b & B W B i A2 4k, AN[A &
BB, AR ORI R A F & F e
fE(Reiss et al, 2012), &0 MAEREREERGKE
By B BRI, T 4l A K R DR R A A A
MK, XEMUFF A RE. 2 H Rk,
PR N U AN ICE S R e -a= - 3 D&
ZAEVE R I 5T R4 e BE T i (Danio rerio) il fiff
(Oryzias | atipes) &5 /D E i =0 A W (Meyer et al, 1993,
1995; Kelsh et al, 1996; Nagao et al, 2014; Irion et al,
2019; Patterson et al, 2019), Xl 2R LK EW)

KT A 2 B ORISR, 20025 Hhog b4,

2006; TiEMEEE, 2012),

7INHIR BT FH 2 5% 53 PR 7 (microphthalmia-associated
transcription factor, MITF)J& fif I 2 i€ 38— 2 iie 42 2
FR i (b HLH-Zip) 8 FU 0L, AE W 4l & & 1Y
FEW AR R AR AN A L B RS 1e
(Hou et al, 2008) . mitf % [K & 477 K /)N B (Mus muscul us)
/N HR W IR A5 o 114 5 PR e A 5 728 1T 9 % B (Hodgkinson
etal, 1993), FEMFLEIYT, B~ mitf 55D i (8
AR EARE 37 RS s 77 A 22 A 28 () SCHE A,
2017). FEf2Erh, 5/NEL mitf-A F1 mitf-M AR Y
mitfa F1 mitfo EFC L ACLIER LA, 8B M
(Xiphophorus hellerii)f1£Lfi& 7 J5 fili(Fugu rubripes)s
AR RGE . Hd, mitfa JERTE R R G Z 40
% B O B vh & 4% HE BE H (Lister et al, 1999), i
mitfb T ZAEMR ML, 7Esk/D mitfa {&PEAIE DT
MR 2 | K (RPE)AH L Y & B & #5065 1 D) B
(Lister et al, 2001). mitf 44 1B 5 £f1 58 A8 (R 7E ARG
KB R DRz BORAM, HITE 6 RH
L P 250 ) A B 1 AT B 4 AN (Lister et al, 1999),

VSRR — P/ NI TR T2 3 A T Y
P H A s R TR B B 45 i (Wang et al,
2018; Yi et al, 2019). VL.7G %B I X AAAE 3 FiEBE
I YR, AR I R R R L YA TE SR/l

T4 R RAEBEVES . /NAEBE YR BN TCAE BE ek, ELAE
BRI K7 ik A7 7E 3 RIS A 4 K 1 B (Sheng et al,
2022), R, FIHFTME, M J66TH A k@R 40
& B REAE S , X Je Bk ta 28 TR R 1Y - ML
W2 FE/D o A SCEE A5 380 PH I e ) Rz ik €2 25 40 it
(R % B RRAE , 4 3 b A6 B 6 Y S (5 A0 i A T R AT
PEAT AL, 520 mitfa R R 9 AR AE L B 2% 3 A
FE VRS 7] & & B BER fiG 2 Bl 1A AN [v] 4 45 o A 7 5i
R, UM IR R R IA R T @ EZNTE . &
J& RN BRI S Al B

1 MRERE
11 BYHEREE

TSN T ZH SR 7 R B R 2H LA K= sh )
UGS ) S SE R AT, TSR AR B ST
WRRFFP VR Bk IR A S, BEECPE R & E R . oA
TCHRTE VR SRV S N T BB 1) 53 £, e BROR A6 BiE e fifk
()X KRAEBLIRHBK( &), /NMEBLIRBK( Q )x/INEBE R fifk
(8). JCACBLIREHK( @ )< CAEBEVEI( ST KR M
It 25 A SR A M 668 J AL R S48 7= R 0 Oy vk R AT N
TARFE, B R MESKE ST 40 TU A9 R (B4 TR
BT, eSS R, BT FE AT
BAGEE A ARG I, Bl 5K A2 8 90 e 78 2 AL A
W, TF(23+1) TR K Rk .

2021 4 5—7 A, FTEMZKEINEIE] 60 H 40
WA R B OB URERARAG | {740, HE ALl fa b4
BEDLEBGE B & T 1 F B9 IRIG st iR, AT g
R MIEA S R E AN R F o W5 — R
i ARG mitfan & 7R PR 85O [R) % B B B AG Hh Y
mRNA Fik/KF. R H4(20.0+0.2) g FJRBHK AR LE
KA (23£1) CH A SIER KRR G PR SR 3 d,
1) B R HEIR 2 YORT BRI R, 25, s HUE R Y
etk 3 2, WO ER I b . M IR T . R . W . FAE
O L AR RN UL 24T T 3 R ek T

12 BRABMEERBRABBOES

FH 0.04% = F(MS-222, Sigma-Aldrich)%} gk
HEAT RIS AL B, WA ic 5 T Ve Sk MR G 2251k
J& 60 d &y )t 2 A P B FE RN R B R AR IRE A,
JEHREE T 3 A A e Bk ik B8 60 R A Y K B RRE .

1.3 mitfa EE £ cDNA =&

15 F SuperScript™ M 044 SR & (Invitrogen) ,
DL 4 pL ek fe ik S RNA SR, FIIH] SMART 4%
TG PH 57/3'-CDS 519 4 | 5% cDNA, HR¥E
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#5R} (Cyprinidae)f2E mitf JE A A O <F [R]85 51 1 1
5191 (mitf-F 1 mitf-R, & 1), 12 6] 5 5 B 1 75 e fifk
mitfa 3P B R 51 Al mitfa b a] F B 5150
2 XFHE ST (3'-GSP 1 3'-NGSP, 5'-GSP Al
5'-NGSP, # 1), FIJH SMARTer RACE 5'/3"i&#| £
(TaKaRa) , i@ i cDNA K 3f Pt ¥ 3 75 (rapid
amplification of cDNA ends, RACE)%: 2 % PCR 7g [ 3k
4 mitfa cDNA f9 3'Fl 5550 . SCHRRt, w5
514 3'-GSP (5 5'-GSP)FL#E FHE ¥R &%) (UPM, £ 1)

HEATHS 1% PCR, JH ddH,0 # PCR =¥y Bl s
B, G149 3'-NGSP (& 5'-NGSP) il 5| ¥ &
PI(UPM)#EATHS 2 % PCR. 2 # PCR M RHMTE
PCR #2J¥(Golden Star T6 Super PCR Mix Ver.2, %},
dt50): 98 °C 2 min; 98 °C 10s, Tm15s, 35 MEH;
72°C 20s; 72 °C 5 min. HAYH BE4d 1] DNA BEKE
TG e -7 A s o e L G I 7 D R v
HEH TR, ZRYIE 5 Z P A FICERL, Ja)mrak
RN AL TR T A1

&1 miftaRERERRESFSY

Tab.1 Primers for mitfa cloning and gene expression analysis

5|4 Primer 5| %7 %] Primer sequences (5'~3") T./C & Purpose
mitf-R GGTGCCGTTGTTGAGGTCTA 55 Hhi) i Bt Partial cDNA
mitf-F GCCCTTCTCACCCTCAACTG
3’-GSP AGTCCAATGACCCAGACATGAGGTGG 66 )
3’-NGSP TCGAGCGATCAAGCAGGAGCCCAG 67 3 oRACE
5’-GSP GGCGTGCTCCAGTCTCTTCTGTCGGTTC 65 5" RACE
5’-NGSP CATCATGCCGGGTGCTGGGGTAG 67
Short UPM CTAATACGACTCACTATAGGGC 3’/5’-RACE
Long UPM CTAATACGACTCACTATAGGGCA

AGCAGTGGTATCAACGCAGAGT
B-actin-F CCCATCCATCGTCCACAG qRT-PCR
B-actin-R CTTTCCAGTTTCCGCATC >
mitfa-F ATTCTCAAGGCTTCGGTGGAT
mitfa-R TCGGAGGAATAAAGCGTGGAA >

1.4 mitfamRNA RiESH

fdiFH Trizol 7(TaKaRa) AR 31 H 2 ZURE
PREUE RNA RIS B RNA 25008 706 HH(Genova
Nano, 9 [ ) Fl B AR MH B F Uk A /5 T80 “C vk Af
&M, 3o BV S 5 ) & (PrimeScript™  RT
reagent Kit with gDNA Eraser, TaKaRa) & il #i5 cDNA .,

i qRT-PCR H A, ffi[f] CFX96 Touch™ SHf
PCR il % %t (Bio-Rad, 3&E)KMA[F A & Bt
o R i N R AN R 0 mitfa mRNA AR5 Ol o
qRT-PCR KR AN : 12.5 pL 2xTB Green Premix Ex
Tagll , 2 pL cDNA #itk, b FHF5I¥(mitfa-F F1
mitfa-R, 7 1)4% 0.5 pL (10 pmol/L), 9.5 uL ddH,0,
MAKFN 25 uL. qRT-PCR BFW R : 95 °C Smin;
95°C 5s, 55°C 30s, 72°C 30s, 40 MEH, 2K
B 25 VA RS AR )R g B PEX B S 45 T
I A A A R A S, SR 27 R
mitfa J& 5 i AU SRk

2 HR

2.1 RHA SRR S M H I A E IR

3 PP BE VR SR i A o B X R L e 2 40 R
o VAKAEBEVRH N B, HIESS, 1 H B Jes AR S
PR MR 1), 2 H Ao iR i o S % 40
MI(E 1b), 7 H I3 1 30 A R A (& 1c),
12 HigmHAR BB A& 1d). b e ik ot
— kT, HRRBOEAM . 50 g HmZ 40
i B R £

MAF I BIHEfA S (21 H i), Ve m] il
IR RA AN, HE BRI (22 H i) B R4 I
M5k %) iz Bk AT DL RO TR PR B AN AT IR, DRl
F R Z AN R BRE B RS LR/ IR (A 2a. b);
MAT-fo 0 3 20 HE 05 (21 B i), BERMIESH

(B 2c. d); MHEMJEEAQ2 BB M ml, 40585
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AR 4y A T PR (0 2K 200 Mo o K AR SRR R AR
(4 AR PR (5 R AR (] 2e. D)

22 3MIERERERZEIAMELFTHENILR

RS UEL 3 FhESEE B IR R IR (R A0
MEFER. 4R ExR, WA 2~21 d BRFERE)E

fofk b £ 7 e S RIHE F 101 R B I B, AR SR BB A R 4hi
YIMah iR R B Z A (& 3a. b). BFL)E 22 d, TR
Rk FTF IRt IR R R A R AN, 22 40 2R IR,
Wil J P18 €0, 3% 240 2 5 2R T L) 1 K P S 3

d)s ﬁﬂ%ﬂ:): 45 d, RAEBEYEH AR MR R A0 A A
HRE,

EHEPOIR(E 3e. o BRI WA,

BT RAEBERET I R T B 3 MO R A T

Fig.1

Development progression of three types of pigment cells in early development stage of large-blackspot loach

a: 1 HAF A Ofi kR BERAME); b: 2 B RGO R g
c: 7 HIRMEM(LOF LR M ERMN); d:

i) 5
12 H S HE AR (20 Sk s D 40

a: 1-day-old larva, the red arrow points to the melanocytes; b: 2-day-old larva, the red arrow points to the iridophores;
c: 7-day-old juvenile, the red arrow points to xanthophore; d: 12-day-old juvenile, the red arrow points to iridophores.

& 2

a: 1 Hi7f; b: 5 Hgfrfa; c.

6 HikMEfh; d. 21 HIRHEM,; e M f. 45 H

RACBEL R IR R R O R AR &

Fig.2 Development of melanocytes on body surface of large-blackspot larvae loach

B e A e R (0 R A

a: 1-day-old larvae; b: 5-day-old larvae; c: 6-day-old juveniles; d: 21-day-old juveniles;
e and f: Melanocytes on body surface of 45-o0ld-day loach.
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K3 RAEBEIREIA R QR AR IR EH

Fig.3 Early development of melanocytes on body surface of large-blackspot loach

a fllb: 20 HiRUREK: ¢ Fld: 22 HiRURHK: e Al f: 45 HiRJesK;
g: 60 HER VBRI IH K2 Pk M (LR AN s he 60 & YRBHH A1 A IR R (3R 20
a and b: 20-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.

ALIL 60 H i AL BE U 5k 1A 7 JE €5 22 At it 2 2 A IR
VF 22 4K 28 AT (AR 2 2= 40 ) (] 3g. h)s

WAL 2~21 d, /NEBE R kiR 26 22 Z AN 35 H
SRR B A XA 4a. b), M 22 HIBITHG, TRk
RS Rz J0k 1T DL AR TR SR A, e, KRR A
AR AUR(E 4. d)o M 45 HIRTFHR, TRk
SO SHUERMOICSE, i, RO E g SR, M
MR ) PR R AR IR AR /N, TR R R W] LY
INEBE(E] de. ). ZREZEREZNIER, W] W—iRorB A
ZR 2 L DA 20 A S A e REL ) 9 Ak T S AR SR, iR
MR SOIR (B 42 h)o

TECAEBEVRIEIL 2~21 d N, HARREG
LR gh iR B R AN AL(E Sa. b). M 22 HiRTFLR,
RRAT LA R R A R A, R, REHCR AR
HL A FOR(E Sc. d). LSS 47 d, VRERkIRFR S
038 40 3 S R SR Y AR T R R AR L (] SeL D)
60 HHESHT, HI UL N0 22 20 i A MR ZE A 1 3~6 M
KW S, B2 IR VT 2/ MR 58, LAY R
R AN o3 A AE Ve SR FR (] 5g. h)s

2.3 mitfa EFEFF 54FE

mitfa JL K cDNA 34K 1482 bp, 15—

K4 /NMEREJRE AR R G R AN R L

400 m

Fig.4 Early development of melanocytes on body surface of small-blackspot loach

afllb: 7 HikUek:; ¢ fd: 22 HiRJeEk: o F1f. 45 HiBUesk;
g: 60 HER VBRI I K2 Ik M (LR AN he 60 & YRBHHT 1S A IR R (3R 2
a and b: 7-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.
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Fig.5 Early development of melanocytes on body surface of non-blackspot loach

aflb: 7 HIBURHK, c Fid. 22 HEBUEHK; e FIf: 45 HB ek,
g: 60 H iUkl j e B F M ; he 60 H S TRHKE 305 Ik B K 4.

a and b: 7-day-old loach; ¢ and d: 22-day-old loach; e and f: 45-day-old loach;
g: Melanocytes on side skin of 60-day-old loach; h: Melanocytes on the back skin of 60-day-old loach.

KRN 1227 bp BFF R SEHE o HES 1 8 1 BT 51
408 LML , AHXF 4> ¥ B il 45.68 kDa, Filil 45 Hy
KA 716, ARSI H BN A MITF_TFEB_C3_N.
bHLH-Zip 1 DUF 3371 &5#9385 5147 F 118~396.
727~1 038 F1 1 018~1 194 {ii (K 6). FHIAEIM:S
Br & n, mitfa 5 KP4 ¥ fE (Salmo salar) | AT il
(Oncorhynchus mykis) . % i ffi(Tachysurus fulvidraco) .
fil (Cyprinus carpio) fil BE & 1 ¢ [A] V8 1 & &
(58.8%~83.2%), 5 ELifE#(Halocynthia roretzi) (34.8%)
P[RR MBI . MITFa 19 = 45k T 45 41 R
HA 4 MITF_TFEB_C3 N #l bHLH-Zip #5#938,, H
Wi, bHLH-Zip 25384 & T i DNA &5 &0 S A &
AR T B

24 A EBREE M B RMAERE mitfa BE RKF

qRT-PCR Z55R 7%, mitfa LN 7EJREIRIG & &
125 B Be 3 2R3k o FERAGTEVRBRIG T , mitfa
1) 3 I8 7K 32 R B W e i (P<0.01), HRJEZ 4
SR 5 IR (P>0.05), IFTE S I 2 )5 #a T A2 e
(P>0.05)(I&l 7a); FE/NMEBEREKARIG T, mitfa i93R16
TKETE 52K B B B A 25 (P<0.01), LV £ 40 i e
BB, ZJ5, mitfa ik K78 i TR 0T 35 [
flk(P<0.01), HY5JFZJLA% B W BB ALG mitfa
2R K TG i3 22 5 (P>0.05) (K] 7b); TETCAEBEIR
BRARAG Y, mitfa R IBAKFAEZAG IO B B dwe i, AE
£ A M BRI (P<0.01), FZ AL B ALE
KAKOF, A Z 4 IR G 5 5 S2IR G & B A iR G
mitfa YRk 7K 22 5 1A i 2 (P>0.05)(# 7c).

25 RWMAEHERH mitfa BEERRIEER

qRT-PCR Z553L 4R, 78 3 FhRBRITA 2 ku 440
rhESHEAS T 2] mitfa mRNA Uik, HAENLA R
F Bk 2235 7K B 5 (P<0.01)(B] 8). 1E AL B e fifk
o, mitfa 7 B R 2R KT AR RE S B R I 0 P
151 (P<0.05),  7E i FLC I A 9 3k K- T0 1 2 25 7
(P>0.05)(F& 8a); FE/NEBEIREK T, HLAILLZH mitfa
()22 IR AT B 3 R T AP Mk (P<0.01), H =4k
T HAB A 4U(P<0.01), Rtz 4, mitfa 75 HAl
LA B R K34 T 8 35 2% 5 (P>0.05) (K1 8b); 7E
TCAEBER R, mitfa 7ETF B2 P 0 2R3k KA 2
FHLA(P<0.01), FERRHEE . &K . B AN IERR B Y
FRIKF AR 8c)s

31 REMF. REEEEMEENFRNXR

PR O EMPA L BT, BERAEHRT
L, HYOR AR AN AT R A0, X5 A
Bt 25 4R ZE 8T (Scophthamus maxi mus) (R84, 2002)
126 (Sparus macrocephalus)(T-iE 545, 2012)H [
WL —8 . 75 8% (Siniperca chautsi) (X154,
2019)F1 & B 5L % (Verasper variegatus)(™ & iF 45,
2017) IR TIE & B B B WA B B R A, T A €L
5% i 1. (Amphil ophus citrinellus) (S5 845, 2015) 1
Al .(Symphysodon spp.) (X 4525, 2008) I 7 )1k
Je B BEA H 30 R 0, 3R A0 i D AR 3R B £ 2R A i Y T
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1 ATTACGCACCCCAGGCTTTCCCCTTTAGCTTCCGGCTCGTTTGGGGGGAATTGTGAGCGGATACCAATTCCCC

74 CCAGGAAACAGCTATATGGGGGACAGCGTGTTTACCGCTGATTCAGACAGTTTCTACGAGCTGAAGAGTCAG

1 M GDSVFTADSTDT ST FYETLTEKS Q

146 CCTATTACCTCAAGTGGCTCTTTGACCTCTGCTGACTCCGTGACCCCCGTGATGACGTCACGCGTGTTGATG

20 P I TSSGSTLTS SADSV VTPVMTS ST RVYVLM |
218 AGGCAGGAGCTGATGCGTCAGCAGGCTCAGGACCAGGAGCGACGGGAGGCTCAAAAACAGGCCTCCAGCATT

44 R Q ELMUPRI QAQAQDU QETRT REA AR QEKT G QASSI

290 CAGCTGCGTCTCGCCGACGCCACCCCTGCCATCTCTGTTGCCTCCAACCTGCCTGCCACACCTGCCCAGGTG

68 Q LRLADATTPATISVYVASNTLTPATTZPAGQYV — M
362 CCCGTGGAAGTGCTGAAGGTTCAGACCCATTTAGAAAACCCAACAAAGTACCACATTCAGCAGGCTCAGAGA

92 P VEVLIEKVYVQQTHTLTENTPTIEKTYHTIG QQASA QR

434 CAGCAAGTGAAGCAGTACCTCTCTCACACCCTGGGAAATAAATTAGCCCTTCTCACCCTCAACTGTGAGAAA
116 Q Q VX Q YL SHTLGNTZEKTLALTLTTLNTCEK _J
506 GAGATGGACGATGTAATCGAAGACATCATCAGTTTGGAGCCAAGCTATAATGATGATATTCTTGGATTTATG
140 EMDDVTIETDTITISLETPSTYNDDTITLTGTFM

578 GATGCTGGACTTCAGATGACTAATACGATTCCAGTTTCTGCGAACATATTGGATATGTACAACAATCATCCT
164 DAGLQMTNTTIPVSANTILTDMYNNHP

650 CTTCCTCCAGCTGGGGTTGCCATTAGCAACACCTGTCCATCTAACCTACCAGCCGTGAAAAGGGAATTATCC
188 LPPAGVYV AISNTT CTPSNTLTPAVEKT RTETLS

722 GCTACCCCAGCACCCGGCATGATGCACATAATGGAGAAGCCCGGACCATGTGGCAATTTTGACTCTTATCAA
212 ATPAPGMMHETIMETZ KTPGPT CGNTFTDS Y Q

794 AGGCCCGAAGGGTTTCCAGTAGAAGCTGAGGTCAGAGCTTTGGCAAAGGAGAGACAAAAGAAGGACAACCAC
236 R PEGTFPVEAEVT RALATZKTETRTU QE KT KT DN H
866 AACCTAATTGAACGAAGACGGCGGTTTAATATAAACGACAGAATTAAAGAGCTGGGAACATTAATTCCCAAG
260 NLIERIRRRTPFNTINDTI RTITIKTETLTGTTLTITPEK

938 TCCAATGACCCAGACATGAGGTGGAATAAGGGGACCATTCTCAAGGCTTCGGTGGATTATATTAGGAGACTG
284 S NDPDMPRUWNI KTGTTITLTI KA ASVDYTIZ RTZ RTL ~H
1010  CAGAAAGAGCAACAGAAAGCAAAAGAACTCGAGAACCGACAGAAGAGACTGGAGCACGCCAACAGACATCTT
308 Q K E Q Q KA KEULTENZ R QKT RLTETHANT RIHL
1082  TTGCTTCGAATTCAGGAGCTTGAGATTCAAGCCCGTGCTCACGGACTCGCTGTAGTGGCCTCTTCCACGCTT
332 LLRIQETLTEIQARAHG LAV YV ASSTTL_J
1154  TATTCCTCCGATCTGGTAGCTCGAGCGATCAAGCAGGAGCCCAGCATGGGGGACTGCTCCTCAGATCTCTAC
356 Y S S DLV ARATIZ KA QETPSMGDTCSSDTL Y D
1226  TCTCACCTCCCCAGCCCTGACATGTCCCGACCCACCACTCTAGACCTCAACAACGGCACCAGAGGGAGGCTT
380 S HLPSPDMS®RPTTTLDTLNNSGTT RTGT RTL
1298  AGCCCGTGGACGGTGIGAGCCCGGTGACGCCCCCCCCCCCGCCGGGGCGCGGACTTCTCGGAGTCGGGTTGT
404 S P W T V %

1370 TTGGGAAGCAGCCCAAAGCGGGTGGTAAACTCCCTTTAAGGCTAAATACCGGCCCGAGACCGATAGTCGACA
1442 AGTACCGTAAGGGAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Pl 6 785 FH IR mitfa & DA AZ IR Fr 1) F BT 5L IR Y 471

Fig.6 The nucleotide and predicted amino aquences of mitfa in loach

M 4 MITF_TFEB_C_3 N Z5#3; H Jy bHLH-Zip Z5#3%; D Jy DUF3371 &5k ;
PRGN EW T KOO S, KA X bHLH-Zip 45F930F1 DUF3371 Z5# i) & X .
M means MITF_TFEB_C 3 N domain, H means bHLH-Zip domain, D means DUF3371 domain. * shows stop codon.
The grey region shows domains, dark grey shows overlapping region between bHLH-Zip and DUF3371 domain.
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Fig.7 The relative expression level of mitfa in different developmental stages of loach with three types of black spots

a: KAEBEVRH; b: /NEBEJREK; c: TCAEBEIREL .
FO: KGO, MC: Z48MEi; BL: ®IEM; GA: FBIR; NE: sh&ifili; ME: DLAZUNE; HB: O#kN; HA:
WAL BC: MRERRY]; FR: g, ARG RN AR B35 22 5% (P<0.01), T,
a: Large-blackspot loach; b: Small-blackspot loach; c: Non-blackspot loach.
FO: Fertilized ovum stage; MC: Multicellular stage; BL: Blastula stage; GA: Gastrula stage; NE: Neurula stage; ME: Muscle
effect stage; HB: Heartbeat stage; HA: Hatching stage; BC: Blood circulation stage; FR: Fry stage.
Different capital letters indicate highly significant differences (P<0.01). The same below.
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Fig.8 The relative expression levels of mitfa in different tissues of loach with three types of black spots

a: RACBEVEHK; b: INMEBEJEHK; o2 JCAEBEIREK. FIEAE LI AR/ NG F-RERIRAFTE 835 22 53 (P<0.05).
a: Large-blackspot loach; b: Small-blackspot loach; c: Non-blackspot loach.
Different lowercase letters above the bar indicate significant differences (P<0.05).
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Observation of Black Spot Formation and mitfa Expression Analysis of
Misgurnus anguillicaudatus from Poyang L ake

LI Zhixiong"?, SHENG Junging'*", SHENG Bin'?,
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Abstract
distribution, and pigment state of pigment cells, and the reflective ability of iridophores determines body

Color pattern plays a vital role in animal survival and communication. The type,

color. It varies adaptively in response to external environmental changes and physiological states. The
skin pigmentation pattern reflects the number and arrangement of chromatophores. Some fish with rich
color patterns, including egg spot patterns, blotch patterns, melanism, horizontal stripe patterns, and
vertical bar patterns, have been studied increasingly. This study observed the formation, distribution, and
main pattern of chromatophores in 1-60-day-old Misgurnus anguillicaudatus after hatching. Larval
melanocytes were first observed in the yolk sac of loach larvae at 3 h post-hatching. From the larval to
juvenile stage at 21 days, larval melanocytes appeared on the loach body surface. From the juvenile stage
at 22 days to the adult stage, adult melanocytes appeared on the loach body surface. Iridocytes were first
observed in the eyes of one-day-old larvae but not on the body surface until they were 12 days old.
Xanthophores appeared on the body surface of seven-day-old juveniles. At 2-21 days post-hatching, the
melanocytes in the loaches were larval, and their shape changed from star- to snowflake-shaped before
forming a black spot. From 22 days, different morphological adult melanocytes formed on the body
surface of the loaches with three types of black spots. Chrysanthemum-shaped melanocytes regularly
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aggregated into large black spots on large black spot loaches. Round and dendritic melanocytes gathered
to form small black spots on small black spot loaches. Dendritic melanocytes were evenly distributed on
non-black spot loaches. The pigmentation-related mitfa gene was obtained from M. anguillicaudatus using
the rapid amplification of cDNA ends (RACE) approach with the SMARTer RACE 5°/3” Kit User Manual
according to the manufacturer’s recommendations and was analyzed using bioinformatics and quantitative
methods. The results showed that the mitfa gene encoded a protein with 408 amino acids with a calculated
molecular mass of 45.68 kDa and an estimated isoelectric point of 7.16. MITFa contained
MITF TFEB C 3 N, bHLH-Zip, and DUF 3371 domains. MITFa was well-conserved compared to
MITF of various species with a higher degree of sequence similarity with other fishes (58.8%—-83.2%).
The qRT-PCR results showed that the mitfa mRNA was expressed at all stages of embryonic development
and reached a peak value at the fertilization stage. mitfa expression was detected in all examined tissues of
the three types of loaches, and the highest level of expression was detected in both muscle and dorsal skin
(P<0.01). This study explored pigmentation formation and mitfa expression, serving as a foundation for
gaining further insight into the genetic mechanism of body color formation in M. anguillicaudatus.

Key words Poyang Lake; Misgurnus anguillicaudatus; Pigmentation formation; mitfa; Expression
analysis



