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FE: R LI ASE S 5 B PCR Jrvdk, AG 4l A [a] 5510 42 55 7 1k i 30 i) 790 i 4 (letrozole, 50. 100 Al 200
ug/g)X A Fifi(Clarias fuscus)PERRA L2 FET LR A, DL 200 pg/g St flme Xt 434k i J5 ik 50 55 & fb g 5L
[ (Cyp19alb)FFEIRIERE/ UL 5 N T 2(FoxI2) LRI R M E M, Z5 55328, 50 pg/g 7 A4 o8 iy nae X 7 6 4 AR
A3 AL TE 2 R {H 100 pg/g 1200 wg/g 7512 1 55 il v T 08 5 5 5004k, A1 IR a1k, B 5L fc iR B
[E1) 140 2% BB 240 1 B [E) 25 40 43R 3 d R 6 d, TR0 Ok # 40 ff fe 7t BN ) 000 3 T 4 15 2 d A0 S d, FLAEME R
I3 155 65.8%F1 71.3%, W@ T 50 ug/L 4LFIXS IR (P<0.05). 5 T @bk IR AL BT (1 IS 12 d), Cyp19alb Fl FoxI2
FEH B AR R, YRR LRTIS Cypl9alb IR IR TC B 3 25 57 (P>0.05), {H FoxI2 AHXT 3 1 12 W] Bt 434 1 128 ¥
REAR, LSk it e 58 2540 P B 43 Ak 3t B vh Cyp19alb 1 FoxI2 B 323K (P<0.05)., 45931, 100 pg/g LA EHI 41k th
W T A RS A T oA R Y Cyp19alb FTREAS HEE S S5 FalPERR 3k, A Foxi2 55 il e,
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SR ERBE X o3 M AT — E ISR, AR
BE L AMBEREGR . pHL KR, 2 R A R
JE Ly g ta 2 vk N KRBT EER, 35
AL A il 351 (Aromatase Inhibitor, AT)RJ 43 &7
PRI . BEDN L MEVE i) MEAE S ARt 2R
JR £ P, U SR 2 vk AR A ]
AR RO S 2R, 75 3 A A0 A AEKE SR DR/ N
LG 5 0 e OB B 22 5 T B S gy
b B e e ) A £ 26140 AT )R AT A i i L
AR JRARAS AT T B B A

WHIE R B, PRI AL B e i 7, D5 AR
LI (Cyp19al) . DM-H K5 SR F  1(DM-
related transcription factorl, DM-Dmrtl), FARBEE/
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Nk FE SR F 2(winged helix/forkhead transcrip-
tion factor2, FoxI2)%5 3 K ) 2 kA0 N & A= 284K

QT 85 (Oncorhynchus mykiss) e 040 Z 1/, ik
t Cyp19alb(ibi B 75 T A0 I ) 5 PR Ko 5 7 A g 0% e
BIHA B 5 A o 1 22 S e kBT IR,
i A 1 BB 8 (Acanthopagrus  schlegeli) F L4y
SEE AN E] T 5 AL mRNA £i5, H Cypl9al
TEor AL B S rp R 2 3R 0k, TEXS B LT A
B T Foxl2 ik iy e U 5140 A3 s b i) 5 %
BN, TEVERIE oA Z R, FoxI2 S 7ERE &
0 S M P TR A AT i P 22 e AT, B 5k
BRI b, &2 AL LRI, @ (Oryzias latipes)
i AR AN i 55 A AL B G A 2K cyp 19a] mRNA
FIEARFRERE AL, I AR SR AL X
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Cyp19ala(P 571 55 7 ARG EE ) (8 40 o 25 SR 22 e
Xt Cyp19alb WL R,

T b A L it s b, BRTZ R
FHZS REAY ATD(MERS ) . 4-OHA(4-F2 1k —
filid) LA A AR 2 [E 7R Fadrozole 124 Hh S A Ay 4101 il
RN o Forr, Sk ph e o 29 45 P AR 400 o B R 1Y
SR A Hh ik (Fadrozole) A IR K&, HAS
SO L BRI A, R 2 . AR
TR F ] Ry R TR B R R A A A K R A A
25 S (M A R T e 1) IR OK R B 2 ——
HH 5 (Clarias fuscus) NG R 4, 7S KB H
P o S U 4R Cypl19alb S 4K
() FE At b, 0L DAAS [ 551 £ > iy nae &b 2R A0 F- 1 534k
AT TR R 0 R i s o S i 4 4
22 MR K Cypl9alb Fl Foxi2 FER R iK%
e, EPEHE N AL SR rE LS, 35 A
563 MR RS, b -l R AR A
e K.

1 #R57FE

1.1 Rt

B -l A AR R TP AR i BCA BR 2 ] [
—dtt Rt EH AR
1.2 RF

I7 AL RS RR e B Sigma 23], Trizol
Reagent Il H Invitrogen, M-MLV Reverse Transcrip-
tase W[l Promega, Tag'™. DL2000 DNA Marker
W H Takara, SYBR %&GEHE RT-PCR il i 12
&4 A Bio-Rad, HAYI N F ™ /3 Hrafinln, 1A
A A TAREOR IR 55 A FRA ]
1.3 SRRt

B R e UG K 2B va i), S s N AR
A BIEL R 50, 100 1 200 pg/g I 251H, 4°C
URADRAT 75 FH

SLE IR E T 320 cmx200 cmx100 cm
KB IR SR . KR (26£1)°C, pH 7.2, HIRJGHR,
FEEE 24 h ARIWTFER, PAFKIARA A 45>6 mg/L.

WS 2 d A7, o3 4R AN [ 2 g g it
W2, S A2 AR 2 B A

PRLAIIUE 1 AT, B2 250 B.30d 5, FrfAb
FRZ AR 3%y PR = 5 X IR AR ], I 4k 2 1]
FERINUA] o3 BEMERE, STt L o 7R AL T ],
1~2 d BEMLER 6 FBAT-1f Bouin [k [4 & I T MR &
BRI ML, MBES 12 X, 18 K, 24 K
30K, M 200 png/g bk 4% ML BEHLE 4 R AT
h, WAL LA I M B Ak s FR v Cypl19alb
il FoxI2 FEH A .
1.4 Fik
1.4.1 ALAZRA  Bouin IR E EJG AN 2k
BB, WA, Y R, VI RRE N
6~8 um, HE {7, Leica DM 60008 ‘{55 W 2¢ -
E{SJiiH
1.4.2 HSLEHEA Cypl9alb B FoxI2 EE R EH
W REALIE CIRG Cypl9alb IR LT
GIVL K FoxI2 ¥4 ¥ 4N, &1t P1. P2 Fl P3. P4
Sl%E, 23 ST Cypl9alb F Foxi2 3R HY
#%ik . p-actinF Fl B-actinR 1EHNZ5|¥H T
B-actin FEH Y HE (R 1o Fra 59 ik TR
YT RREAR R S A BR A EA B

MR AGRAFEE 1 A0 Bl 52 IBUE RNA,
B2 pg 5 RNA HEAT R 55 JRUSUG S7 1 0.5 L,
LA PL AT P2, P3 il P4 g5 Wk il 45 24 Wy 4k
FRIG cypl9alb FI foxI2 Wik, LIRS R
Bio-Rad SYBR %3] i 8 PCR I i ) £ 1
YEULIIHEAT . PCR W ARJF N AR 95°C 30 s,
1 MEH; PCR U 95°C 5 s, 55.9°C/54.9°C 5 s,
72°C 10's, 39 MG, HfEMZRE R 65~95TC,

=1 HWNEFEE Cypl9alb F1 FoxI2 RiLFFFASI4

Tab.1 Primers for decting expression of Cyp19alb and
FoxlI2 gene in Clarias fuscus

514 JF41(5'-3" A7 5/t

primer sequence (5'-3") position
P1 ACGCTGTCCATCAGTCTGTTCT 90-111
P2 CAGGATGGAAACGCAGAGATT 247-267

P3 CGGAAATCTCTCTTCGGTG 89—-108
P4 GCTCCCGCTCGTCATTTG 216-233
p-actinF~ ACCGCCGCCTCTTCCTC 145-261
p-actinR ~ TTCCACAGGACTCCATACCCAG 259-280

#H: Y=C+T, V=A+C+G, B=G+C+T, M=A+C, R=A+G, W=A+T,
H=A+C+T.
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1.5 HELE

PG9S ESLm & 5 PCR M4 C 14, &M
A A TFE Cypl9alb B Foxi2 M4kt Fi
thi ik, LIWAF6G p-actin L NS, KIE
AL DR £ A R ek i, 45 R DLOF 3 (8 45 iR
(X£SE)FIR . M B #6k H SPSS 17.0 4
PTG, RO, P<0.05 FRBA R
EE2ES

2 HBRESH

2.1 SRS EAFER 1SS LRI R I

Ok iy e g E 1 5l SR 23 A {EL 0 ] B SR 23
fbo XFRE4L . (50 pg/g). (100 pg/g)FfE (200
ng/g) ) AL H2H 5P L R A 5L B a] ) Sk
MG 16(F 1a), 16, 19 A1 22 d(I& 1b); #IZEHEE

L1 55 7 AR B 5 SR s A ot 7] s P A ) B2 )

a. XFIRZE IS 16 d B EE; b. 200 pg/g SErTMAZH 1 IR 22 d
B GL; e X REZE IS 30 d K8 d. 200pg/g KL 25 H
R OC: BRI SG: 154l
Fig. 1 Effects of letrozole on sex differentiation of Clarias fuscus
a. Control ovary on day 16 after hatching; b. Ovary on day 22
treated by 200 ng/g letrozole; c. Control testis on day 30 after
hatching; d. Testis on day 25 treated by 200 pg/g letrozole; OC:
ovarian cavity; SG: spermatogonia.

2 it e T B[R] 4300 Sy i B FE 220 220 25 M
28 do X AR A I A I A0 i e R BRI Ry 30
d(& 1c), WK EEAN L i L ERE [R] Ok 40 d; 4%
TR 5L R i e b 3 R R i 240 B R L S BT [
Wk 30, 28 F1 25 d(E 1d), W20k Bk 40 i i -
BLESF[E] 4350 Ry 40, 37 1 34 d,
2.2 SRl M EA T R TR R AN R P AR

25 b B 25 R e A T G S H R (R 2), &
50, 100 F1200 pg/g KAHmRAbHLE, 454185 T
HEPEZRAF 90 65% . 66%F 71%, Horb vk 4
(50 pg/g) 5 X BEEH (51%)#H EL TG i 3 2% 5+ (P>0.05),
H 100 pg/g F1200 pg/g e Hhms b B b PE R 2%
T TN B 2H (P<0.05),  HLHE 1 26 5 4b 30 ) 5 22 [A]
FEE—E R EAR R
2.3 FEALERHDSIF Sk i WXt F Y Cypl9alb K
FoxI2 EERIZHE M

TE R AN M RR 4 A B B, X IR A T
Cypl9alb FKikii— HARFHEE, M FoxI2 FRKikiw
IS 12 d e, R REYE IR L R RS
¥ B AR (P<0.05) . 200 pglg Kl me 2 30 i
Cypl19alb 1 Foxi2 i) mPNA 2ik(P<0.05); kil
WA BRI, Cypl9alb FIXTFik mfEVERR L AT IS

TR EZEST, H FoxI12 ARk & I B A (8] 1M i
Wk (A 2),

3 itig

3.1 FEH LB I Sk b X B F b o4k R
AL A 201G

VRT3 A 27 b A B S ARAIE w408 £
LI ) 0 B, L DS f R kS A TR
JI 53 ) 2 B SN 50 P A Y T AR, ik
BRI 0 B S A S R T iR . X T

R 2 AEREIRENR WA E X4 F 85 1% 5] tL R B2

Tab. 2 Effects of letrozole with different concentrations on the sex ratio of Clarias fuscus

b PR A% T 1 5 HEVE /% 2 P
traetment group sample size number of males male ratio
XFHE - control 94 48 51 0.0000 1
50 pgl/g 85 30 65 3.4002 0.065
100 pg/g 82 28 66 3.9314 0.047
200 pg/g 80 23 71 7.3593 0.007
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0.007 1 o %tEE4 control = JEHiMEZ letrozole
0006 b n=4; x+SE

—=

0.005 |
0.004 |
0.003 | a a
0.002 | %
0.001 |
0 .
18

HF1E]/d days post hatchlng

Cyp19alb HiXtFEE

Cyp19alb relative expression

0004 - 4

c
0.003 ?

0.002 |
0.001 - r%
0

H‘JLIETJ/d days post hatchmg

P2 5 A A ol 750 Sk ol e xof 5] - 1 2 A P 30
Cypl19alb Fl FoxI2 &3k B2
AN ) BRI 4 2H R 22 57 . 35 (P<0.05).
Fig. 2 Effects of aromatase inhibitor Letrozole on Cypl9alb
expression in the sex differentiation of Clarias fuscus

Different letter indicates significant difference among
groups (P<0.05)

n=4; x+SE

FoxI2 Xt FRiEHE

FoxI2 relative expression

BT, MR O AL SO A0 B ], )b
F5E FLOP B3 A e FOT IR T RS 16 H g, Tk
HOME IR I IR T R B 30 Hig!Y o@%’xﬂm%ﬂﬂ
WA Xof #5H Ml 4 0 R 53RN ) 5L 53 AR B 7 A T AN
S o 5% BRATAR EE, 100 pg/g F1 200 pg/g
Sk iy g R - OR SE AE I R AT 2 2~5 d,
GRS AL HEIR 24 3~6 d, 1H 50 pg/g Rl xy i+
fily 20y €61 PR B o0 A IS () JCBH SR 52 0 AR H I
R LA i e Ak P S S5CHC A #1124 B 51 ORS00 1k
I B] i J5 B AT A HE, (HE MM R M5, &
i (Pelteobagrus fulvidraco)VP H4- L HERT 7 d,
K bR 14 d ) 2355 85 (Cynoglossus
semilaevis)JN LI FTL 5 d, MR EHER 20
dU KR, i 2 A B ) T A Ak A T A )

i fif (Monopterus albus) P HEM AN A T,

2 A A 2 gt 2 SR AR T, I b A R
SEAMRIT TR, of e v R S A 0 3 R Y
FEMIE R, BB B R RS B T R

B 98/, DA AR A ) B 543 AL E R TR
ELA3 Ak R AR A B AT BE T Tk it s 2R Y
WA, FEOEMR RN E N TS, HiE
T A A B A M o AL R 7

AIEH, 100~200 pg/g 555 Ak fh e T 2
W Bl L V2R 66%~T1%, 5% B e B35 2%
S, FUREPE 2R 5 40 R B A7 A — o 14 59 B O O
Z o X SR 5 il (Takifugu obscurus)WHF5E & B,
WIWHT 45 25~3 125 pg/L e ab PR S, 125
pg/L DA b 550 o B AT S 3 fa 28 00 B Al MR AR, 625
ug/L FI R FEAS 7R 2R BUMEPE R PEAAR, R DL

Uil_ll_ 3 125 pg/L B i FEAR R RS B 7R N
HEPEDS S [ R Y B G E 22 bt 2 vp 45 BI5IE 52,
e R A Ak 19 K 8% KRR B A (Onchorhynchus
tshawytsha) LT E T 4 10 mg/L 1Y Fadrozole
PR 2 h, R H A MER a8t 15 R R A A A
B % T A 7R A £ 2 R DR R Sy e A A A4
1 Je B % 4k fh (Oreochromis niloticus) . T F
Fadrozole MEF% 30 d J&, MEPEZRIE 90%L) I, FLfE
P 23 5 0 1 0 ok A7 A B B A ) R AR A e R P
16 MR 5§ f8 (Coryphopeterus nicholsii)'™ | 41 B 4
(Epinephelus akaara)®V5 a2 vt gL F AT 115
EHEPEROR . FIABFSEIUESE, AL FEA R RRE E
B AR T MG . AR M IR D5 A AL G NS 1 Bk
Cypl9al mRNA ik, FHAFAE B R B9 E R
s, (HBERCER A iR b, DT RE i 5 AfE
SR Y AL AR R, R RIS, 5
el EVE Sh W 5 A8 OBV . ASBESE T, R S
PFAPEPE RS AR IR E] 100%, 7T GE S AL FR AT [R] 4
SCA PR EEAR Y S R, (HE - AU e
A B R R R R AR OC R
3.2 FHEUBRMNGIFISK th Xt BT84 Cypl9alb K
FoxI2 BEEFIXEHIF M0

TERPH A1 Bt (Epinephelus coioides ' J& %
% E 41 U8R B 3 L 5E B AR #.(Oreochromis mos-
sambicus)!" Z LR, © R Cypl9alb 1ETE
S ARTF IR T B IF I ik, H R ZEAE G s 3Rk,
N Cyp19alb WIHRE LS5 A VE A UM
RSP MEM R G L. XA I R IR,
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WIS 12 d BRI REIN R Cypl9alb 33k, {H4r1k
it FE AR X ik m AR FEAN S, WK Cypl9alb
AT RE S 38 1 PR 1 T o — 2 AR i A3 gl i [a)
S 5T a0 b R . [RIRE, 788 Tk
AR AT IN R Fox12 ik, MBI 12 d fiws,
IS Bl P B A0 A R RS 2 B B RRAIK, WK Foxi2
HES 5 e Rt i, AR R,
FoxI2 TEX Rtk B o340 RN JF b ik, JFH
Z AR EO  ELA T PR R B0 BRE A AR
W 1 R S W DL R 58 B B Foxl2 Rk B I T %,
A2 feff 10 65 400 i B AR 21 Xt R 8l (Silurus me-
ridionnalis){WTFE R, FoxI2 8 i 52 e M B 11
B B4 A ik R B PR A T2 R X M B 3 Ak e
SRR AR R SR A R A5, %
] FoxI2 X}t fifi 5 S8 3 Ab AT EE R /R .

28 75 A AL A ) R0 ke it e Ak B /S A T
Cyp19alb Fl FoxI2 FX} ik 35 2 FEAK . e
Jr 2 Fadrozole Ab¥H 5t g & 400 il P Jig 7 AL B
1 FoxI2 Fl Cyp19alb 33522 45 75 i (g BF 55 2 11,
R FH s Yt Y T 0 A 1 A £ B A2 RS DR R, AT 4
CypI19alb W33k, I3 0w B8 2 1 ) 78 DR Rk 2 i
il G R AL B e 1 kP B
(Danio rerio) 1 # FH letrazole Ab ¥ 1 n] 5 £
Cyp19alb WK FFALPY, TR Z 8 AL X}
Cypl9ala WHNHIBCRIET Cypl9alb™, [HiMtHE
W0 H wi kb PR IS B F 65 Cypl9ala T AR
F., MR, FoxI2 5 Cypl9al FiRTEM 25 b
B OC, B 7 M ARG MRS B 218, H FoxI2
FiR Cypl9al #3360, Unde B Ak ta bk iR A3 Ak
W, FoxI2 W] #255 Cypl9al #3554, H I &
7£ mRNA i85 (Kb, Foxl2 F155 B Ak B 3t
[7i) 2 35 T M1 R R 4 i ) DR e, % A Wl
51300 5 i S 3 R AR Fox2 T3] Cypl9al %% 5
KA, SET RS MECR B W AV A SRR, 1
il P S Ak o A 880 R R B8 -l B S Ak 4k
IRTORS S B SR FT e B UE T LA B4

ZE TR, AT 5 HE M AR AE IE A, 100
ng/g LA b5 ok il e Ry A S50 5 5 G Ak R
HEME; Cyp19alb W HEA R 5| R HH 5 P IR 4 iy

HAENZE, H Foxl2 H#EZ 514,
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Effects of aromatase inhibitor letrozole on sex differentiation and
related gene expression in Clarias fuscus

LI Guangli'?, DENG Siping', SUN Jing'?, WANG Wenda'*, SHI Shangli'*, ZHU Chunhua'?

1. Fisheries College, Guangdong Ocean University, Zhanjiang, 524025, China;
2. Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of Higher Education Institutes, 524025,
China

Abstract: In this study, Clarias fuscus, a common freshwater fish in China, were selected to determine the effects
of an aromatase inhibitor on sex differentiation and related gene expression. Two-day-old juvenile C. fuscus were
fed different doses of the aromatase inhibitor, letrozole (50, 100, and 200 pg/g diets) for 30 days. The effects of
letrozoleon sex ratio, gonad histology, and FoxI2 and Cypl9alb expression were examined by morphological ob-
servation, histology, and real-time fluorescent quantitative PCR during the period of sex differentiation (12—30 d
after hatching). The results showed that letrozole doses of 100 pg/g and 200 nug/g produced more males (65.9%
and 71.3%, respectively) than did a dose of 50 pg/g (64.7%) (P<0.05). However, no significant difference in sex
ratio was observed between the 50 ug/L 17a-MT treated group and the control group (51.1%). In addition, letro-
zole accelerated the occurrence of primary spermatocytes for 2 and 5 days, but deferred that of ovarian cavity and
primary oocytes for 3 and 6 days, respectively. Both Cyp/9alb and FoxI2 were expressed prior to sex differentia-
tion in C. fuscus. No difference was observed in the level of Cypl/9alb expression prior to and post sex differen-
tiation (12—30 d after hatching). However, Fox/2 expression decreased with gonadal differentiation. In addition,
letrozole at dose of 200 pg/g inhibited the expression of both Cyp/9alb and FoxI2 (P<0.05). Our results suggest
that letrozole doses above 100 pg/g could induce C. fuscus masculinization, and that Cyp9alb is not directly in-
volved in the process of gonadal differentiation but Fox!/2 is.

Key words: Clarias fuscus; sex differentiation; aromatase inhibitor; Fox/2; Cypl9alb
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