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TEONF Rt B, Figlan] REM il 1 1 A 75 41
JHLAH G HE PR By 3k > ¢, N K Figlafif 2k 5 5 45
AT RE 23 5 AN [ 72 B2 1) O B 0 & S B O B 4
M RS B A, B 4] S 2 0P L L 5 (premature
ovarian failure, POF) IR ZE A F HE 19 & AT, A5
G 15 10044 H R 0 2 R Y S B000 S R

RARFEIN , 45 K B Figlads IR ) 380 AS ] 1) 58 A8
S Up R B OIAHOCT . I, Figladk AT
i L2859 S 4 A 1 R 3 B ke AR P
CAMR LI, 8ty 5N R, 7R
AT I P S R GA Figla 5 8UME AR R FE AT
WL JRE o A AZ R AE A P T, JF AR RE AR
WBAEHATY, B2, FigladkRHHIA N RER M
il P A B A0 MR S R DR R R, DN MM AR
B A LR S R DR Y 3R GA R T M M ) e S R T
%) 8 35 7S 31 A T R T

T Figlafe i 71,28 OF 58 oAb i B v ) AR
M, Z%EHTEH 8 (Oryzias latipes) . 2
(Acanthopagrus schlegeli)5 ¥) F A& Py i £ 9% 70
B, HCAEORME IR & & o B SO M e AR
M FIRBE W . A I e 9R KB, Figla
FEKTE o A0 P S b R i 3Rk, SRIMTTE I A0 A
B K B FiglaBAPEAR 51 76 SRBR A5
e I Figlade P 305 5% vhn] B A # SCHBEAE I, T
T FH A2 30 3 4 o) e SR 2 B ) P DR
S B ) e Ak SR S BT, B A E ST IR B AE I )2
% % 4k i (Oreochromis niloticus) ™ 13 32 3k Figlan]
TEVR F R EMCER RS, BEERERT
ZBH, ASBEHEAT IEH A UE o SRR - A A1

1E5 M1k, Figlate ARV BE S AL g
AP IIREC A ERANI . RECARER
R 1 #1 26 FiglafE UP S h 2 B m oK P-4k, (HIF
BEA B A% W UE B E B Figlafe 25 5 5 434k A1 4
Ferb g ERT . t, A T2 T g K Figlafr
PRI R RTREVEHT, SR T AR TALENS
FERFTHAT 55, FBl 58 Figladv fi - PR 00 AL Ak
oAb i A i S RE T I T — RIIBFE

1 MRS T

1.1 LA

A SIS BT A Je % % AE £ T2007 4E N H A<
] 37 SE Ak A= W 2E WF ST I 5 aE L 7E VY g R 2 (FE R
e FER, RGP, P o
S (XX) A2 43 338 2o 55 A Al 400 1 700 U AL J5 3~35
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diab Hfa A B . 4 Q (XX) T i AR ME 4
Q(XX) Y B -5 P 00 2 A e £ 8 (XX) R HG 7 ok
N TR, ZHEWET AL, 1526°C
T KL R G WAk . AL S 0y e B B ki
T T 26 °CIE KRG, LR H 5 B 4O
PP DR — 3K

1.2 FiglaZ FE B R F 5T

SLE N e B AR AR N RS T Figlad& ] 1)
2K JF31(KP096546), HRIETALENIE K ff b £ AR
() 3 8] 5 T R Y R 9 R s AR K 2R T I
TALEN# I ™ 3 (http: //bolglabx.plp. iastate.edu/
TALENT/TALENT/)%t Figlat B #6478 1 18 51 5
SR, 4% A IE BRI 81 IR 8

1.3 TALENGFRE A R4 32 X F 5T A mRNA
& K

K FH 22 U Tt V1R o B2 b i A Ui
145 CTALERE S 204K R H Hind TITFI Nhe Lt
W), BAICR ] Hind I Spe 1(Nhe 11 5] B il )
HEATHEY], 4T, DNA % 2 B B 1) 5 09 254k
AT [ ) 3% 2 . 3 3 pMD-19T 284438
A5 (M13-F:CGCCAGGGTTTTCCCAGTCA
CGAC; MI13-R: AGCGGATAACAATTTCACA
CAGGA)#EATPCREGUE, i 1k H BHYE 7e %, 21
F) SR 3% 38 1 A ) TR B R IR 45 A PR & (P
] LV ) A T D0 B E o AE 43 R R A2 R R
FE M TALENR IR HS , Sk H Spe IFINhe TXL
g DI UL, [F B, ik A&pCS2-PEASHI
pCS2-PERRH Nhe VL V) I L iafl, fe)o Bl
IR IR AR % . RS, FIH Not IRk
AR pCS2-PEAS-FiglaflpCS2-PERR-Figlait 174k
PEALAb 3L, hn A2 2 5% SDSHIS0 pg/pLa 1
fiti K, 1£50 °CFALFH30 min, Qiagen PCRJK 1]
W & e T gk, I B AKOR B AR #2500
ng/uL. ¥ HmRNAZ B Ambionid 7 £ AL B ik
76 o TR BS) X o 4y R 00 7 5 A 328 3k 2 A4 i
fTmRNAM G R, T XTS5,

1.4 ERHUES

B A R B9 mRNAH B #5 B 2200 ng/ul,
pCS2-PEAS-FiglafllpCS2-PERR-Figlati &1 : 1 1
R G, MA 1% a/ERNTERAl. EF %
A 5% A M Q(XX)AZ A BF & T I rh
FH 5 800 S 2R G0 76 2 K5 UF 04 L2030 2R A7 v
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50 8 B 32K 5P 400~600 pg mRNA, 4t
Jei B9 320G U0 BT ARSI % A i A926 °ClHE IR G
KIEAL R B AT .

1.5 EFEHDNAMIER, BHHWREHNITER
Big 7] 46

RS R Z R IG5 7 d, BR20 4 fa ik
fTTALEN {f I 500E . &8, #20RB 4Gt
JEA13, R A 2 A5 E SR EUE 41 DNA .
i 3 FE FiglaZe A7 VR0 5 51 04 10 F0 T T 53 310
RN S ES I (F: CTCCCAGCTCGCTTTT
ACAT, R: TTGCTAACAGCGTCCCTC)#47PCR
oo, (A E, BRI R ZE AR A R AN A Y JE I
HDNA, P 3 BT o 8 1.2%50 I8 b 5
WL UK A B B R 45, SRR HEAT I RNk, R
#U R 3 2Z [] F) BV A5 FrudH DN 10507 8 964
BT, H VKR I 2 A5 A AE R DT A9 45 1 LA
I LA R A8 ) TALENZE AR & 705 B 6 1

1.6 HEAHK

B B Figla,  # bR RME BR 0138 1 O 8L I
WA T 2, AWEME, EEU R, BENS
um, ORI OB RS K B T5% LG,
1xPBSWES ¥R, K5 min, 3% H,0,(80 mL
HEE+10 mL 1xPBSZE ## + 10 mL 30% H,0,)=
T EEGAL FE 10 min DAE A N MR R ALY, 4R
J5 FHIxPBSPESIK ,  1E 1L £ 115 min, 4351
M %diCypl9ala, Cypllb2 Hii437 °CIFEE 30 min,
[ I PBSYESIK o i N =Bt S SRR & S AL B i
) 1= I F 30 min, PBSYESYK ., DAB(3,
3N-diaminobenzidine tertrahydrochloride) & {4, 7
RKEE YL, VK VLS mindR W5 o A6 B A
K, ZHIREY, hYEREE A, AT
BXS5 1 %A%

1.7 BEKENE

i R ER KU R 72, 3 B I Figlakk ]
o ok 0 RN G B AR B A il RO A I T
TR AR o R FH M 3% 3% (estradiol ) Fl A 34
# (11-ketotestosterone)EIA Kit(Cayman, USA)z 5
A DL B RN TR R 1Ko

2 4

2.1 FigladT$E 3 R0&H R RT R F &N
i 1 Xt Figladk Pk A7 58 18] 150 5 51 16 % 11

PEBEE — AN BT AR S (+22~+78) (Kl 1-2), £
B RIS ¥ 51K 14 bp, ¥4 N CCATGAGTGAC
ATT, HERRNFESIK 14bp, 31 NGCAGTAGAC
AGGGA, Hra][a][728 bpi FT 4851 4 TTGAAGC
GGCTGACGGGCG AGTCTGCGC, H A m§y)
7 15 FnudH I(GCNGC, Kl 1-a). FnudH 1§V 45
R, X B4 RN AR A S R DN A7 (366 bp)
SEA PV IF (2361130 bp), 111 52 56 41 77 78 [FRE )
C YT 254 AR D) IT 254 (366 bp) (Kl 1-b), A 1Y)
TF 451 W 5 B 0 A5 2 19 77 51 43 Br R 30, 4T HE
FEhAETE B g 4. 8. 20/ 2 L 1y 5 A48 s (1&]
1-¢)o

2.2 FiglaZ BRI IVEIEE % BRI

WAL IR 3, A2 A (HLEY: ()45 R
R, Figladk N R XXAMA ) B SR E IE &
B, OPRE A M S U v 4 i B R A, DLk
PERR P e B — AN KA i, IR O BLK = K
M A, DR R A S A L e, (SR
BB (IR 1 -1), AHBz, 7E3 7 I op
55 gE % ) 43k 20 AS [ B A 1 B B 41 ik 2 (&
BT -2), 25 FMW Figlafe i 20N E IR T
ARG b i E AR

2.3 FiglhafRFAmBRMINERXERRIENE
1)

FIFH S H LU HOR K Cyp19alaFi Cypl 162
1E3H W % Al 0 Figla$t PR Bk BHAE A R P R A
FIREN . SRR, TEFigladk g b B A
PP R FP ARSI 2 T Cyp 1 16215 5 1Y 3k (AR
-1, 2), ki, HEER I D1 Cypl9alal
PEAS 5 (B 1L -4, 5). Cypl9alajeJ7 # (L4 it
FEH 7R IEH I XX AR 1) B9 S ) 5 40 b 4y
BB L-6); Cypl1b2 A & & ML
FENG 5157 40 M AR 5 1 RS (B TT-3)

2.4 Figlatik 5 X W = TR E & BB S22 00

W3 H I Figla i PR R 5 B A RN BEXX
XYM, 4 85003 IF R R, SR FH il B B 92 1k
(BIA) K MR (BE2) FUERL R (11-KT) 7K, LU
GINTFiglafi R ATHE . HEER & UK T-152m . 4528
WoR, FiglaBE R EEERBHEX XM 1 1-K T/K - 5%}
HRZAXXAMAAR L i 2 T, AEABSMIE TIEH XY 4
R (F2-a); ME2AY/K-FLIE R XY MR, (H 53
T IEH XXAMAAKF(#2-b)

http://www.scxuebao.cn



668 Ko % 4R 40 %

3 W 1) W 2R S B B B A e S7, SCEB TR PE T
TheE O BE R oA DT 1 U FEm RS, AEAE A

CATRODRIERIT, WHFLIRVEMIAE R CRT o 24 4t 1 40 P 3 2 A2 0 S50 10 4 5

J T BRSO B UM PR B X BRI R Ay, o .40 Figla e i Flteross-
TEMEME T, Sry(sex-determining region on Y talksd B b % 30 AR U, 70/ BRI A
chromosome,, i FLASHEPEPE R GE I ST RIAEIN)  py . Figlatis J& —A> B RE 240 A5 i B9 A i1 16
TEACHC IS 12.5 dIF AR RGL , JFBOE T Ui b Pk R FiglaJE N 264 R (Figla™) /M, RV IR i 0 1k
B SoxOF FgORy ik, #Emis 545 k. R & E IR R, AH LR A i BT 28 R
TEMEPE S, Rspol/Wnt/b-cateninif 1% Fl1Fox1284 1 WO, JF BB & B kT B 3K & B0 B4

F Primer R Primer
— —

E3 E4 ES

Figla: ‘ H':Iﬁhlj - N

TAA
F"i“‘"' fant NG
Left

5 [T|CCATGAGTGACATTITGAAGCGGCTGACGGGCGAGTCTGCG CCTGTCTACTGC » IS JEN
3 AGGTACTCACTGTAPRACTTC 'JC((uACTGCCCGCTCAGACGCG GGACAGATGACGT 5

< — N Righ

(@)
bp M WT  Fokl  Mutant
bp
500
— 366
250
— 263
100 - 130
(b)
wT AGGAGGAATCCATGAGTGACATTTTGAAGCGGCTGACGGGCGAGTCTGCGCTCCCTGTCTACTGCAACATCGAGAAG

FOKI AGGAGGAATCCATGAGTGACATTTTGAAGCGGCTGACGGGCGAGTCTGCGCTCCCTGTCTACTGCAACATCGAGAAG
AGGAGGAATCCATGACTGTTT TTTTGAAGCGGCGGGCGGGTGAGTCTTCGCTCCCTGT=T==T=CAACCTACAGAAG A4

Mutant AGGAGGAATCCATGAGTGACATTTTGAAGC === GGCGAGTCTGCGCTCCCTGTCTACTGCAACATCGAGAAG A8
AGGAGGAATCCATGAGTGACATTTTGA GCGCTCCCTGTCTACTGCAACATCGAGAAG A 20
AGGAGGAATCCATGAGTGACATTTTGAAGCGGC === GAGTCTGCGCTCCCTGTCTACTGCAACATCGAGAAG A8

(©)

1 FighZkFITHFEIIMNR T BYRETFIEN
(a)¥f FiglaZ IR {37 $0 AL 25 BEVHE S 1N AN 5o B VI 0L 55 FrudH TH T 5 82 5848 53 #7 4&%i‘i)ﬁﬁnh%ﬂ%ﬁlﬂ, JREUE N 4IDNA, 714
A B BR ) 1k o DD B 0 0 A, ik — Bl M R IR R AR R . FRIRGIMA TP B BE. FIEMSIY; RORABIW. (b
45 R BR X BRI WT. FokId 58 4 V) FF 2% 4 Fﬂili%éﬂ(Mutant)li%tﬂﬁﬁﬁz%%‘ﬁ% AW B RV M. M. 5 Fhrid; WT.
BpAE R Fokl BB MRS 4L. ()R UIIF 4 7 45 o M o 5 58748 )5 SR IE 5 15 5 33047 Eloot 43 A, M0 53 R 25 46 6 4 031 3 o 2 4%
LT RN o A7 T B 2R 7 ) B SRR N B 1 £ H A.ﬂﬂﬂl@%: M. 4 Fhric; WT. BFAERS; Fokl. #8441

Fig.1 Gene structure of tilapia Figla, design of Figla-TALENs and mutant sequences

(a) Figla-TALENSs were designed to target on the first exon. A cleavage site with Fnu4H I in the targeting sequence was used for mutation analysis. At
72 hours after injection, 20 embryos were randomly selected and pooled to extract their genomic DNA for PCR amplification. F and R primers were
designed to amplify the fragment for digestion. F. forward primer; R. reverse primer. (b) Two bands were detected in control group of both wild type and
single Tale arm injection, while an intact DNA fragment was observed in embryos injected with both pCS2-PEAS-Figla and pCS2-PERR-Figla. M.
molecular Markers; WT. wild type; FoklI. single Tale arm injection. (c) Sanger sequencing results from the uncleaved bands were listed. Numbers to the
right of the sequences indicate the substitution (red) or deletions (space) of bases for each allele, with the number of indels; A. parentheses; M. DNA

marker; WT. wide type; FoklI. single TALE arm injection group
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0.45 a
3 040 .
% 7;2 0.35
= 2030
s+ 2025
< X020
% —
& £ 0I5
3%: 5 0.10 . b
5l O]
1 2 3
(a)

s 7
—
E 6 a
23,
= o
=24
g
<] :
< a2
1 ¢
g <
1 2 3
(b)

&l 2 Figlatk s 3 M 75 11-KT(a)FE2(b)7K S B4 £ 1
KR FOR3CO B 1P B bR 72 1 MEVEXT IR 2 VXTI 3. Figlafii Bk 1R 222k BRI FRER R GLit 4047 J5 4 2 2 7% 5-(P< 0.05)
Fig. 2 Impact of Figla deficiency on tilapia serum 11-KT(a) and E2(b) levels

Results were presented as the mean + SD; 1. XX control; 2. XY control; 3. Figla KO; Bars bearing different letters differ (P< 0.05) by One-Way

ANOVA

Mo, DS IR S g FMErE AR T, il
L8 Figla ik PR Al 5 1) DR B2 R Figla it [N i 12 3R 36
MRS SRR AR, EMF AR L4
R, Figlate 80 0] 300 AH G 09 BF 41 i R 5
FLIR 2k, [ mT DL RS 7 & A i A 5%
KRN X SERFE R I , Figlate M AR BE AN i
R S SR AL 199 R 2k v A 8 A AR 4 ) S B R
W g AR KB, B W ARt Figlafl 1
B 5 BT Ji 200 A 00 1 DR 40 oK Rk
Ut Je % B Ak 1 FiglaWf P 5 5 5 3 38 46 28 4
S BP B 20 B 1) R A IS R 1% 3 T AT BEAE e B B AR
PR IEE K hlEEEEE.

KWK R TR AR, e Y
Fr BH f0 25 5L X 1 B 5% LT 0 45 BR E i B L3R Gk
WS, B OCTRE T RE MM iE, K
I, AR R i BRI 8 2 5 4 b G I TR I RE
5% TALENA S (1) 3 PR 24§01 48 1 £ R G 1 30
SR G HE I T REAF 5T AR (A48 02 AR 5T
HIRAE e S B AR AR N F FHTALEN #8 J] 2 A
Bk R XS Figladk RUHEAT i o 8 0T i 5% 8 )5 371
PEATAG I B, 47 S5 4 R U 9 2 e
i, [ I BE AL B 2E BHAE B, 25 2R R 1R [E]
B 0 B L B 2, X U] T A O b BT A Y
TALENGE B 2 Gt 5 A i 18 31 1) e o B3 2% %6
X3 1 W Figladk IR @i B XXA R BE 47 41 412243 #r
58 W R Figla PR B8 XX 1) B SR Btk A7
EH KT, UIREAN M K g a0 i e sk, I
P BE K B A AR AN LG A . 3% B Figlaxit B9 5 240 i 4>
g A i & 7 s R /Dy, S gk —

FE, SCOOHHE I Figla il B8 o 35 06 o 4 30 0, W)
000 e 3 B — RN SE R B R, B A i O
B, [RIE, e 20 4k 50 56 A ETARS ) iF —
HAIESE T Figlafe Je % %5 AR 44 50 3 fb i B vf &
ViR ZAE . FiglaBk B 5 SO 43 6 LG
FH(Cyp19ala) ) 2R FEAR, #EM- T B R K
I R R . K BRI R SR R W], IR
BT £ 2 R P ) e N A o R v K 4 R
VEFE DAl ot o 2% 02 B 85 00 4k 1 R AR5 = 51
— B MR A B, Toie AR e ey,
MR & T NN, FL M R XY e B B
Ik o AR T B S e R O XY MR . M
B, TEPERR S AR T 2R A LA A2 2
Fb e 9 2% A2 MRS B R0 R O A A i 4 A R Ak
FIXXJE B Wk, 5 EoME 0 i S XX 222,
R, 7E Figlad& R BRI XXAE T, MR
T RSB EZ I, R Figlalfs 138
AT fiE 3 O A R G KO, T A B B
srAbat . AR, MEVR R A LR SE I Rk
W, PR R K B LT, R Figladk
DAL i I ) B S v o BT A A B ) A AR B 4
I B 1 R L A 8 D7 A B AR b BIORG SE E Y
IR, HEW Figlan] i 38 i<k $00 ) K LA
HET AR 50 51k .

i LTid, TEMEbEJe B B AR AR N R BR Figla
FEAT RECR ORISR, IR T AZRH,
[ B, i 08 960 40 R 5% 4k ol Sertolifl Leydig 4
M, PR, B R 2K Figla e UP 554310 F0 4E 5 1+t
PR RE R FEE AR
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Functional studies of Figla in the ovarian differentiation and
maintenance in Nile tilapia (Orechromis niloticus)

ZHOU Linyan', QIU Yongxiu"*"

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Southwest University, Chongging 400715, China;
2. Bureau of Rural Development of Chongzhou, Chengdu 611200, China)

Abstract: Figla (factor in the germ line, alpha), encoding a germ cell-specific transcription factor, is a central
regulator of oocyte-specific genes. In order to explore the potential role of Figla in fish gonadal differentiation,
tilapia Figla gene was successfully targeted by TALENS (transcription activator-like effector nucleases) in XX
individual and confirmed by genomic PCR and subsequent enzyme cleavage and sequencing. Consequently, the
morphological and molecular changes in XX gonads were observed by H.E, IHC. Meanwhile, the alterations of E2
and 11-KT were also determined. From screening of different mutant genotypes with bases deletions (4, 8, 20,
etc.), it was revealed that the efficiency of Figla gene targeting by TALEN was about 56.76%. Furthermore,
deficiency of Figla gene in XX fish led to development of abnormal ovaries with severe degeneration or complete
loss of oocytes and ectopic proliferations of somatic cells. Amazingly, IHC in Figla-deficient XX gonads revealed
that male specific marker gene (Cypl1b2) for 11-KT production in leydig cells was expressed in the cells
surrounding oocytes, however, Cyp19ala was barely detectable which is strongly expressed in follicular cells of
normal ovary. Notably, Figla deficiency led to dramatic decrease of E2 serum level along with augmentation in
serum 11-KT level. Taken together, our data indicated that Figla might play an essential role in the ovarian

differentiation and maintenance in tilapia fish.
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Plate I Histological observations of the 3-month-old control and Figla knock-out tilapia gonad
1. Figla KO, ovary of Figla gene knock-out female fish; 2. control, normal ovary of 3 months after hatching female
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Plate I Immunohistochemistry analysis of Cyp11b2 and Cyp19ala expression in
3-month-old control and Figla knock-out XX tilapia gonad
Cypl1b2 signal was found in Leydig cells (1, 2), and Cyp19ala was also expressed at the same place (4, 5). Cyp11b2 (11B-hydroxylase, the key enzyme
responsible for the production of androgen, 11-KT) was found to be highly expressed in Leydig cells of the control testis (3); Cyp19ala (the key enzyme
responsible for estrogen production) was found to be expressed in the control ovary interstitial cells(6). Panel 2 and 5 are the magnified images of the

areas in the dotted square of panel 1 and 4, respectively; the arrows in panel 2, 3 and panel 5, 6 indicate the positive signals of Cyp11b2 and Cyp19ala,
respectively; control, the control group
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