%46 % 6 Wl B % U R Vol.46, No.6
2025 4 12 A PROGRESS IN FISHERY SCIENCES Dec., 2025

DOI: 10.19663/j.issn2095-9869.20241128004 http://www.yykxjz.cn/

PNGESHE, IR IE, @ik, TRSOME, XUBTE, SKRAIER, TRORHER. KEE6T figla JEDR I v b B AR O B0 fhad B rh i 3K 40 A, ¥
W RLEHERR, 2025, 46(6): 167-176

SUN X X, CHENG L Y, MENG Z, XU W T, LIU X F, ZHANG H S, XU R J. Cloning and expression analysis of figla during ovarian
differentiation in turbot (Scophthalmus maximus). Progress in Fishery Sciences, 2025, 46(6): 167-176

KRZEE figla BEEMTEREE
R E ST RRERRIEST

Fheeae P omBEY % K'Y #xB!
XNFE ' Ak hE#
(1. WKIE A B R S el sr= il A EE SRS PEKEREAVIRERER KRN IR F5 266071
2. DIRHERFOKFE SR B 2013065 3. WL VERFOKF2EBE Wik SRl 316022; 4. F S8 K
FEARAF IR HE 266404; 5. WMETF KX RKEFEK=ERAF IR MWE  264001)

{E  figla (factor in the germ cell line, alpha) & 4 78 28 ffl P 45w MR A W H T H F= —, dTHE
#RFAEI AT R A R B R AR BEER . AT A# K Z 5 (Scophthalmus maximus) figla & 7
FIRHAENERMA T HLE TN, KFARUKZF LMW N 204, %A RT-PCR, cDNA
st bk 7 (RACE) 7 [£ K 15 K % 47 figla 3L F B 4K cDNA 77|, JFi it % & PCR, Lo K4
& PCR (qQRT-PCR). J& 1 4 25 (ISH) x40 K% 3k 20 A7 o B 2 51 % B 14 42 o oy i &= R A R ok
TTHRLERLT, KEH figla 3£ FH cDNA 4K % 1006 bp, FF 7k 42 % 609 bp (150~758 bp),
Ja#h 202 N LB, ELA M e PR32 % (basic Helix-Loop-Helix, bHLH) ¥ 7| 5 4E ; figla £ K %
SRR TRERRE, WEPTWEXAKTETRE; EFRATHMNITELFTRIRLY, figla mRNA
T e 25 B # (dph) iR bk 35, 35dph B E 3w, /G E F 90 dph K3k K FH LM iy &
LR ERD T, figla mRNA F EE TN HERBAN, HARERWFRT, figla LH 5 K%
S 09 5 f G B o BT R, R BEIER R IR T BRE R AFRER KK
NERKRZTFNE R NALE W FRENFHRET SF K

KEBIR KX, figla XB; WRINEEM; HERML

hESES S9174  TEMARIRES A XEHS  2095-9869(2025)06-0167-10

MBItk AL B A 2R, T o1k — i FE AN (primordial germ cell, PGCs)iE % . A= 4 41 fifg 4
2 LA U] A Ak T RE Y e M R AR S L AR FE AN 2% 51 B 40 M 08 o 2R 3l 3 A E R B, P14k
HILEET & F 0 o0 580 S A i 2 (Devlin er al, B 240 7 S R A Sy o B B0 Ak 5 B 240 B 27k
2002; Kitano et al, 2024; Striissmann et al, 2002), 7E 5P & (Nakamura et al, 1998; Yamamoto, 1968),
H R R F M i, ATy 1 is 4 figla (factor in the germ cell line, alpha)3& [ % it
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—FiE B 4N AR 5 bHLH (basic Helix-Loop-Helix)
Fese AT, CROIESES 5 3L 3h W) F R - 0 2 OF 5153
TR E , TR S5 he BRI A0 2% O B 40 B i T8 . 72
N (Mus musculus)™, Figla 5% 5K+ E12 JE 5+
TRIK, GG RIEER P A E-box fsi, 1H & Y]
i ZP1, ZP2. ZP3 JEPIR ST B0iE ik, i 5 S
B Y BU(Huntriss et al, 2002; $AFISE, 2012); #Kk
Figla % N 12> S BUE FH 41 M TCHE 5 P B 41 AR
HAEFIF R T (Vidas et al, 2012; Joshi et al, 2007).,
TEMEE 2R, figla J& 75 8 (Oryzias latipes)H fix
R IR IbR iGN Z —, Bb)E 1 B, 5
W SR N sep3 Fl dmel —HF, S IMEMEFE R
ik e e B B AL (Oreochromis niloticus)E 5T,
WEAL)E 30 Hie, BRI IR RIX figla LN, F
AP R T HA S, FEREVEY R b it Rk
figla W' FBOR A 3Z B, [FIET sep3 F prm 3235 1.
F FF#(Qiu et al, 2015), WAL, ERG T K I ffi(Silurus
meridionalis) (ST, 2008), KP4 (Salmo salar)
(Kleppe et al, 2017). ¥/ #f 8l (Gobiocypris rarus)
(Yuan et al, 2014). F F (Paralichthys olivaceus)
(Liang et al, 2020)F1>Y-¥ 5 5 Cynoglossus semilaevis)
(Li et al, 2016)5F Z 2R MR A REH], figla B
PRI B 5 rh K1 1 38 v TRE 8L, 2 5 00 814010
ONREZE AL A F , RIAE S B RE A AR IO B U T g £
M o3 AL R

KEZZEF(Scophthalmus maximus) 2R . P F15E
WL B2 3R R A 2 i, BLAT S RLRY
WEMEA R AL, i E SR AR 1 AT 5K 5 TR (Meng
etal, 2023; WHESE, 2023; SKIRELAE, 2024), KEZ6T
P IE A% e L A e S R (ZW/2Z), EATHRE
TIEBA P A A v Y 53 15 S R OR 7 A R
P51 e 5E #1434k i C 5[5 3 (Robledo er al, 2015;
Figueras et al, 2016; Ribas et al, 2016; Martinez et al,
2021), fHAEFE A0 AL o3 L5 2h R L& R 4E4F
W VR FHAILE M ARTE 2 . Figla B b AR 58 40 4 5 1
T SR DR 1, s DA Ay S % B 3 K T A DG AT
R 45 O RE A0 R R A B RAE Zhou G
QO18) LA T figla TERZEHE 8. 14 Hl 24 mph
(months post hatching, mph)As[a] Bl 8 & & B 1 (1) 3% 15
B, H B ARV 0 RN RB AR5 .
W, AT A SR SRA KEE 6T figla FEPH, JF LI
WIREE A MEE ROy SEE AR, R AR HEL 4h
0GP 5L B IR R IR, RAT figla FETE RS

{5 S5y BT L R A) 0% B 240 A 18 1 P o T SR
b, WA 2 DI RE AR SR 2R St ), RIS Y
UEFNE 3 18 12 =i | B o VI R B P =

1 ##REFE
1.1 SEIEsH#

KEEHEPERR cDNA Y5 FH PR O A7 1 i 1L s
15~90 H % (dph) 4= i Fl I cDNA S ¢cDNA,
PP ECRE 5 15 dph JSTH] B 5 d HC— B, RRIR
B 6~8 &, FEAhZE MS-222 (150 mg/L)PL s R ,
30 dph Hif, YIERk | RBHR, PR AR SE B3, AR A
30~75 dph, EBRIEENIEERE; 75 dph 5, [E
PSR Z 1.5 B MEUE (4 3 B)R A& TT & X R IE
KB RAFRIR B NS N TR &R afE A, MS-222
RIS, SO . FEAAC . JFFIE . EE . ME . R OO
W H . LA, DPELFIRE AL AR A
RNA store H, 2R J5 5 3]-80 ‘C vKAE R, FHT 5 RNA
MIHEIC, ) HUOR BLAHBURATE T 4% RIWET, T

1.2 = RNA 2E{#0 cDNA &

& RNA prep pure #2441 RNA $ it
AR, DP431)HEHUE RNA, UL DNase | Z=RRHEN
ZH DNA, 2 1% ARHEEE R HL Uk Al RNA SE 881k,
M OEEETHGE, KE)KGI RNA B FIkEE .
K-LHZT RNA 4331 Thermo RT F % sk 7l £5(154402)
8 cDNA 5 —4, —20 CIRAF& M.

1.3 KEZEEH figlaHEE=E

Wit RT-PCR R KZEEE figla FE R RS FBE,
i B1%4 Figla-F1 F1 Figla-R1 (¥ 1), PCR ¥ 141k
%4 cDNA 1 uL. PCR mix 12.5 pL. 5[#/4% 1 uL.
ddH,0 9.5 uL, KR 4. 95 CHIZEM: 3 min; 95 C
PE 30s, 65 CiBk 30s, 72 ‘CAE{# 1 min, 35 &
¥y 72 CHEfH 5 min,

PRI OE HL4H 4 4 RNA, T 5-RACE #I
3'-RACE c¢DNA % —# & i, & LK) cDNA 5 —%5E 57
I 5'/3'-RACE i) £ (Accurate Biology, AG11618)
54T PCR ¥4 , it 519~ FigGSP-RS5 il FigGSP-F4
(F 1), HEAELIR . TRARFR B 2 P 4% Bt
Me i HFMtE T, s mliaife . 850
Wy J5 , SRR P S A Ol B it AT Pf e, 1593 figla
FHAY 4K cDNA JF51,
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PNGETIESE: REZOT figla % PR (1) 5 b I FEAE O 554313 2 v ) R 3K 43 B 169

F1 AWREAAMNSIY
Tab.1 Primers used in this study

5|4 Primer J¥%1 Sequence (5'~3")
Figla-F1 AGAGGMRGAATTAATGAGCGACAT
Figla-R1 AACTGGTAHGCAGGCATCACACA
FigGSP-R5 ACTCTCCATAGGTCACTGCCCAAGCC
FigGSP-F4 AGTGGACACGCTAAAAGCTGCGACG
fig-qF TCCGTATCTCTGCCGCTTC
fig-qR TCGTTTCTTCACCGTTTGGTT
actin-F GTGGAGCGATTTGTCTGGTT
actin-R CTCAATCTCGTGTGGCTGAA

Figla-probeF
Figla-probeR

ATTTAGGTGACACTATAGAAGAAGCGTATGGTGCCACTGA
TAATACGACTCACTATAGGGGTTGCAAAACCAGTCTCGTCA

#: R=A/G, M=A/C, H=A/C/T,

14 F35H

cDNA J¥ %11 NCBI ##a £ #£ 17 BLAST J¥ 41 [t
Xt A EEE 5T, FIFH ORF Finder #EIN T b8 52 AE
& FLfRIF 5] ; K ExPASy ProtParam Fll ExPASy
ProtScale 437 Figla £ [ BT 2 3SR B . 405
PSS 5. %5, TMHMM Server 2.0 JE47 2 H 5751
) 5 JI X 3843 BT 5 NetNGlyel.0 1 NetPhos3.1 T H-7
M figla 2% 28 FEMRAFTE 1 28 FUOBE B AL FIBEIR 1k 2 515
SignalP 6.0 73 Hr HE a5 5 KBTI 50 ; SOPMA FI
SWISS-MODEL 7EZ Fililll T 24347 Figla 2119 2%
T =4 4k44; PSORT Il Prediction £F £k #4750 IV 40
JfiE 7 ; DNAMAN Fl MEGA 6.0 {4 LL&R 07 A %
(Neighbor-Joining) ¥ #4 #t 2 45 #E{L 4 (bootstrap 18N
1 000).

15 HARIRESFESH

DI RZZ B £ 45 220 cDNA MBI, DA B-actin
FEHFNNZ, KA actin-F. actin-R fil fig-qF . fig-qR
SR 1), B RT-PCR LK figla 3K
ERZEBE R R R U ) Rk W B, LA 15~90 dph
LM RSEGE R /MENR cDNA WA KR, B4R 3 4
Feih, RH qRT-PCR WIE figla PR 7E K3 B FUI PR
W& B Mo ALY B i ik K, OB A 95 ‘T
AZPE 3 ming 95 CASME 7s, 57 CiBk 10s, 72 ‘C4E
15 's,40 MBI SR BAE R 22 IR AT 40 HT,
Wi Z IR e RZZBEIFAL G 15~90 d AT ik i,

1.6 FEA3xr

WG e BERY figla KN 5 5 BT 4e S5 R 51 9

Figla-probeF fil Figla-probeR (£ 1), ¥ #41*) PCR j=¥)
S AliAb S Rl B PR ET RSN . 4 R b 5 2 (DIG R
£t BH 5 (Roche Applied Science, 11277073910)#:4F,
Az B A L AR Y IE ORI SC RNA #8481, It
FH LiCl PLiE i xRt i ratifk, aifb s AR e P17
F-80 CH,

WIRAET 4%2 5 H I vh 1) RS 6T 51 520 S w
MOTEHIT A R, JBER 6 pm, MY A G,
XF B BERRAHEAT S K AL IE 2, 78 60 “CF HIELH
I 1Y A% A2 W (25 mL £ B B OBE i +12.5 mL
20xSSC+15 mL H,0+460 pL ¥/ BERR+50 uL Tween 20+
1 mL tRNA+10 pL [FZ) 4428 4 he Y L ib
VRRC TS H 200 ng/mL A9FRET 1 mL, 60 CH¥
B, K H XL R TR, IFEERT
o S AT L 2E I R B R A 4 h s, 4 CTR
¥t DIG HikBFF I 7% . PBST PE#&JE A (O
BCIP/NBT, 7E% bt A&0F F AT W, 8
e, KUK BE 2k A RN
H 3 A e F, g JE B ECIIPSES0i i i3 BE WLEE
.

2 H#R

2.1 K% figlaEEH LK cDNA F7l

i itk RT-PCR J77% , ffi 1154 Figla-F1 1 Figla-R1
1138 534 bp MRS A Bt 5-RACE Al 3'-RACE
FEYIRE 45k 580 bp A1 579 bp, #+ 5-RACE., #
L B 3'-RACE JP A PF 2515 81 figla R 2K,
HAJE R 1006 bpo JFHLHH EEHE(ORF) A 609 bp (150~
758 bp), HhH T 202 NI H A 1),
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30
90
150

210

21
270

41
330

61
390

81
450
101
510
121
570
141
630
161
690
181
750
201
810
870
930
990

GAGAGGTGGGGCCCTGATTAGTCTCAGGT
GTGCTTCCCCTCGGAGCTCGTTCGAACTCCTTCCGTATCTCTGCCGCTTCCACGAGCGTA
CGGCCGCGTATCGCCGAGAAAGGTTTAACGAGGGGCAACGCGTTGACGGGGCTTGACCAC
ATGTTCCTCGTTGGGATGAAGGCGCCCGCCGAGGAACTGATGAGCGACATCCTGAAGCGT

M F L v G M K A P A E E L M S D I L K R
CTGACGGGCGAGTCGGCGCTGCCCGCGTACAGCAACATCGAGAAGTTCAGACGAGCCAAG
L T 6 E s A L P A Y S N I E K F R R A K
GACGGCGTGTATTTCGTCGCCGAGGACTTCAACCAAACGGTGAAGAAACGAGAGCTGGTC
p G vy F VA EDFN QT V K KR E L V
AACGCCAAGGAACGATTGAGAATTCGCAACTTGAATACTATGTTTTCCCGCCTGAAGCGT
N A K ER L R I RNILNTMUF S R L K R
ATGGTGCCACTGATGCGACCGGACCGGAAGCCCAGTAAAGTGGACACGCTAAAAGCTGCG
M Vv p LM R P DR K P S K V D T L K A A
ACGGAATACATCCGATTGCTTGTTGCAGTTTTACAAGACACTGACAGTCAAGATGGCTGT
T E ¥y I R L L. VA V L Q D T D S Q D G C
GGAACTGATTTCCTAAAGAATGCAATCACTTATGGTCAGACTGAAGGCTTGGGCAGTGAC
G T b FrF L K N A I T Y G Q T E G L G S D
CTATGGAGAGTGGATGATTTGCTGAACATGTCCGACGAGTGCATGGAAGATGGATTCACT
L w R VDD L L NM S DECME D G F T
ATGCCCCCAGAAGTGGTTACAGATGATGGAGATATGACGAGACTGGTTTTGCAACATTGT
M P P E V VT D D G DM T R L V L Q H C
GTGATGCCTGCATACCAGTTTATCATCCAAGTGGCACCTGATCAGACTTCGATGTCTCAA
v M P A Y Q F I I Q V A P D Q T S M S Q
CCCTGTTAAGTGGTGTGGAAAACAGATGGTTGAACCAAAACTGGAAACATGCCAGGGCCC

p C *
TGTTGCTTTGATGGAAGAATTTTCTTTGACAAGAATCCTCTTTTATTTGTCTTATTTACG
TTGACTTTTGAAATTTAAATTTTGTTTGAGTAAATATAAATGTGTTTTTATTTTCATTTT
ACAAACTGTATCCTTGGAAGCCTTCAAATAAAGTTACGAGAAAGCTCCAAAAAAAAAAAA
AAAAAAAAAAAAAAAAA

K1 KRZEHY figla

H ) cDNA J HZ R 551 Mt

Fig.1 The cDNA nucleotide sequence and putative amino acid sequence of figla gene in turbot

BAEZ 4043 5l R m A LR 2 15 1 ATG I

2T TAA; *FRLIEHET,

The shaded areas represent the start codon (ATG) and the end codon (TAA), * indicates termination codon.

22 FigaZEBREHMIH

45 ProtParam 434775 % Figla 141X N
Cio01Hi1613N2750307816, S EFECH 3212, 4rF A
23 kDa, BIEZ5EH S (pI) K 5.18, AFaE &M 53.90,
oF K M OF #) & U (grand  average of hydrophilicity,
GRAVY)}-0.325, it J& Tk MEAREEAE 2),
2.5
2.0 i
15} il i |
101 |
0.5}

50 100 150 200
{31 Position
Bl 2 KEE6F Figla 2 1R K P43
Fig.2 Analysis of the hydrophilicity and hydrophobicity of
Figla protein in turbot

EEIRIHERECK 13200, WA & 1 6 far iR 2
(Asp+Glu)FlIE HE fif 7R R (Arg+Lys) 3518 30 1 26 4>,
Figla & [1 R &5 T o-8205E L TCRLE: Ih 23] 26.73%
72.28% (Kl 3a); &5 5 S8 (Channa argus) Figla
FEHSWTL ID: A0A6GIQOWT.1.A)AY AL 45 ,
4 88.06% (&1 3b), PSORT II FiM4s R BoR, ZEH
FEAAAE T MR . Figla 85 A JCHS IR IX A5 5 ik
YIRINI s, & 18 ABERAA S, FHhfadE 10 1~
RO . 5 DIRARBEFRRIL AL 3 AR
MR, [FIBTAELE 2 A NN A5

23 SEBFIILEN R RAGHL ST

FIH] DNAMAN % K22 6F Figla 24508551
5 mHi(XP 016898215.1), FBE(XP_019949545.1).
Bt I f4 (Danio rerio) (NP_944601.2) . F§ J5 K I fif;
(XP_046697496.1) . ¥E il (Channa maculata)
(WRQ20287.1) . K P4 ¥ fif (XP_014017212.1) . fii fir
(Carassius auratus) (XP_026097726.1) . fL 4 1£ i
(Poecilia reticulata) (XP_008415890.1). E.ff(Pagrus
major) (BAH08687.1). Fify & (AID21698.1). A%
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(Homo sapiens) (NP_001004311.2) 11 ¥y a9 24 FER
FPAN AT Z B P A LA o 25 R B, 5 HARYRAHLE
RZE6F Figla AR FFHVBONIRSY, 5 IR A B 1
R E PR E (D HLH) /7 1 R AE , 5 1) B #1 2 11Y
Figla ZHEM 7 A RSP PEAR SR o Horp, R0 5 28 60
IR YERRS , 2 91.09% , HCh FLHHIKERE(86.63%)

5 m EEEE R 77.72% (] 4),

a

Scophthalmus_maximus Figla
Cynoglossus_semilaevis_Figla_tv1
Paralichthys_olivaceus_Figla

b
50 100 150 200
Helix
— Sheet
m Turn
AV N ) h Coil
AW UAAMN
A N/ ) o \’:‘/\J
Mooy ek At | V A
AW /\/ :‘\/&f \ \/ \/( AN
y P T
[/ 4 '&”-.‘uff'.\rﬁyg
50 100 150 200
K3 KZZ6F Figla 2 11 — 20454 (a) I = 245 4 (b) T 25 2
Fig.3 Predicted secondary structure (a) and tertiary structure (b) of Figla protein in turbot
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Fig.4

F 81 T A ) 2 AR R 5 A P 2R (7 5

MGGLM

M
NMATHVKYI TNKSFEVNAAVNS
VS ADLTGRKFRALVGLM

NMSGEMPGRKFRALVGLN
MDPAPGVLDPRAAPPALLG

CDT. DSODGCGTDELKNA. I TYGOTEGLGSBLVRV
CDT. BDCHDSSGSDFENSA. I TYGOTEGLGNBDLVRL
CDT. BSHDGSGTDELKNA. I TYGOTEGLSNDLVRM
HISEKGNENANVELETG. I NYPST NPDCSBLVNM
SDTS AHSDEASSELLESNS YSYSPSDDRCADLVNV
CDA. BSDDGSGTDELKNA. I TYGOTDGLGNBLVRV
CDS. BSNNGSKTDELKNA. I NYATSDGMVCGBLEVRV
HTSS TSNGNADVENETG. I NYSSLETDCS BLVNM
RDT. ENNDGVGTDELKNA. I TYSCTEGLGSBLVRM
CDT. BSNDG. . TDELKNA. I TYGOTEGLGSBLVRG
HESETENGNANLELDTG. I NYSSVENDCSBLEVSM
EGAKDSKKQDPDEQS YSNNSSESHTSSARQLSRNI

DELENMSD. . . . ECNEDGFTVPPEWTD. . . . .. EGEVTRLVLOHCVMEAYOFT T OVAPRAQTSNSQPC
DRI ENTSD. . . . ECI DDGFMLSPGPVPE. . . . .. EGENMTRLMLEGHCVMEAYCVI T OVAPROTTV
DRLENMSD. ECMVEDGFTLPPEPVIE. . . . .. EGENTRLVLOHCAM¥AYQFI I QVAPEOTSNVSCHC

EDALDSNMNS. . SPFLS. ETVSLTAPLVTNTS GADEBLBLNNNVTVQ. €
LTSOSLSVTSPSAAVAAEAD. EMOMVSNVAVA. €
DBLENMSD. . . . EHNEDGFAMPPEPVAE. . . . . .
DELLDS VSGVSGSELSDGVNVTVPLVTTGF GAG. BGBVSGLVLEH

1¥MY. . I VGVGSDOTNVVPSSLPS
1gVY. . I T GVGSBHTLVCCTR
{YAYCFI I GLAPDOSSNMNSCPC
i TYQYI I GNVAPDOTMVFOPS

EDVLESTS. . NPFLS. EGVSVAAPLVTNATGADDBI BLNNVTVO. CVMgMY. . I VOVGSEGTVVASTLSSSV
DBLENILD. . . .. HLEDGFTLPPEPAPE. . . . .. EGEVMPRLVLOHCMMEAYOLT T OVAPRCAPNSOP
DELENMS. . .. .. EMEDEFTLPPEPVTE. . . . . . EGENMTRLVLOHCLMZAYQFI T OVAPROTS VSCPF

EDALG. . M. . NPFLSESGVSVAAPLVTNVATGADDBVBELNNNVTVA. CVVEMY. . T VOVGSEQTVVKSTLPS
TQHI SCAFG. . LKNEEEGPWADGGSGEP. . . . AHACRHSVNSTTEII SITR. . SLERFPEVELLSHRLPQV

K4 RZE6F Figla @AM 5 HALY P2 IR P 51 LA

Alignment of Figla amino acid sequences between turbot and other species

Helix-Loop-Helix {32 it 18 5 —FF 15 HE X 1l F 8 4 7 REAR 12 -

The completely conserved positions are shaded in black, and position with > 75% similarity are shaded in pink.
The basic region (basic) is underlined with red line and the Helix-Loop-Helix (HLH) region is black boxed.

BT LR A Ry 5, 1 H MEGA 6.0
P, DASRAT AR R AT RIS W A R LR
SRR, MAEMEHAER N —InE, Hp5KEE
BESEGE R R AGE RE A0, —F SEE . BRSBTS
fi)  FLAEAEBE | KPR IR b 2 — R 2 (B 5),

N, [REER T 75% M 3 SRR, basic AR MBIME XBUH L0 6 N R Zebnit:,
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2.4 KZE4F figla mRNA HLA R IAHEE

SR B RT-PCR J k08T figla mRNA 7EK
SR HENREL PR RIEZESR, LU B-actin 1EN
PRPEXT R, 25 R IR, figla FETEO S p Rk, 78
KBRS, e, iR, B8 B WM. .
JEFRE LB O E L LIRS A 2L AR SRIA (8] 6)

25 XEHMREZERHRENAR

Wit qRT-PCR AT T figla 5& R 7F 4 Mt 1 Fh
15~90 dph [FIEB(E 7). L5 B/R, figla mRNA
1E 15~20 dph Ak, 25 dph K255 £k,
30~35 dph FKik i W F G, Bl MR /O0 8% & i
17, figla LR A BFFLETHE, 90 dph ik (E .
26 ROIFER

AR AL R R A=A AR T figla
F AR RS2 GO0 5 rh (I AN 37 . 4] 48 HE
Yefr(F 8A, 8a)Jm nl WLELH 1.5 WA KZZ B DN S AL T

ANAERIT, ST AT DR 2 B SR HE S TE 7 AR
(ovarian lamella, OL) 1=,  EFAHAHAE N 9AZA 5040 T4%
BN, TR 238 45 9 (%] 8B, 8C) iR, figla mRNA
G F AT P BN B AR BT, T SCERET ARG I 3

B B2 3855
3 g

AWF5EiE L RT-PCR Fil RACE $ AR vafe kg K2
¥ figla F£[H, cDNA J¥5144K 0 1006 bp, HH Il
BEHE N 609 bp, FL4iA% 202 NEIERR, figla mRNA Y
FEVERRA 21365, HOP AR WA TR, RO
REFRAd 2, figla mRNA 7T 25 dph FF
Rk, MR, FEEBFEHIN, 90 dph Wik {H.

XK ZE 6T Figla MR 751 5 HALY Fh k1T
ZEWXT T, HEF6E . B BERE . 2 E
FLAE AL | RPUVEEE G RO B — K3, S
#JE H (Cypriniformes) ¥ iR L 0 R . Hhoh, A

Scophthalmus maximus Figla

51
43 L Paralichthys olivaceus Figla
64 Pagrusmajor Figla
3 Channa maculata Figla
100| |

Cynoglossus semilaevis Figla tvl

Poecilia reticulata Figla
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Fig.5 Phylogenetic tree of Figla amino sequences from turbot and other species based on neighbor-joining analysis with MEGA 6.0
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Fig.6 Expression of figla gene in different tissues of turbot

M: DNA 4 Fiprif DL2000; O: BPi; T: Ki#i; B: fi; P: Efk; G: #8; St: H;
Sp: MEME; 1. s L. FFAE; K: ;5 H: O; Mu: LN
M: DL2000 DNA Marker; O: Ovary; T: Testis; B: Brain; P: Pituitary; G: Gill; St: Stomach; Sp: Spleen;
I: Intestine; L: Liver; K: Kidney; H: Heart; Mu: Muscle.
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Fig.7 Expression of figla gene in different
developmental stages of turbot
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Fig.8 In situ hybridization results of figla gene in the ovaries of turbot

Afla: 15 BICGEEFINEHAL I s B: IR SO0RAIMIES &5 C: IE IR R R RS .
L. %5 DPAHOR R0, 1. 25 AP ARBRBEAAMY; OL: ™ BRAR; NU: #A7; LG kI8RN figla 58155
A and a: Section of ovary tissue at 1.5-year-old; B: Binding of antisense probe to oocytes; C: Hybridization of sense probe
showed no hybridization signal. I : Oocyte at Stage 1; II: Oocyte at Stage II ; OL: Ovarian lamella; NU: Nucleolus;
The red arrow indicates fig/a hybridization signal.
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Cloning and Expression Analysis of figla During Ovarian
Differentiation in Turbot (Scophthalmus maximus)
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Abstract The transcription factor gene figla (factor in the germ line, alpha), a member of the basic
helix-loop-helix (bHLH) family, has been extensively documented for its pivotal role in mammalian
ovarian development and primordial follicle formation. However, studies of figla in teleosts are less
detailed than those in mammals. Turbot (Scophthalmus maximus), an important aquaculture species in
Europe and China, exhibits sexual dimorphism in growth and body size and possesses a female
heterogametic sex determination system (ZW female and ZZ male). Therefore, it is crucial to understand
the mechanisms underlying sex determination and differentiation. This study exclusively used female
individuals as experimental subjects to elucidate the complete cDNA sequence of figla in turbot and its
role during early ovarian development. The full-length cDNA sequence of figla was cloned using RT-PCR
and rapid amplification of ¢cDNA ends techniques. Tissue expression distribution and spatiotemporal
expression patterns during early ovarian development were investigated using semi-quantitative RT-PCR,
real-time fluorescence quantitative PCR, and in situ hybridization. The full length of the figla gene cDNA
had 1,006 base pairs (bp), with an open reading frame ranging from 150 bp to 758 bp, encoding 202
amino acids with a conserved bHLH domain. In the turbot gonads, figla exhibited specific expression,
showing higher levels in the ovaries than in the testes. The expression pattern of figla mRNA was detected
throughout various stages of ovarian development, commencing at 25 dph and progressively increasing
until reaching its peak at 90 dph. In situ hybridization experiments revealed the predominant localization
of figla mRNA within the cytoplasmic region of oocytes. In conclusion, the distinct expression pattern of
figla in male and female turbot, its localization within primary oocytes, and its expression patterns during
early ovarian development suggest a crucial role for this gene in the normal development of oocytes and
ovaries. Further research is required to investigate the regulatory mechanisms underlying oocyte
development and gonadal differentiation. The study of fig/la function not only enhances our understanding
of sex determination and differentiation mechanisms in turbot but also provides novel insights and
methodologies for sex control and breeding applications in this species.
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