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S2. S3IFASAMMTCRL RN H 1L AR T+ R TR R A
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ARk, 780 iR TR 60 C LT, B 4E
TRAF 5 H o A5 07 P 28 J 3 2R T LR M g L 3d
X 4% 4 B FF I AT £ 0 SR B R A 6
17B-E, 7 R i Rl 230 H e, IFARIE A7t id K
VA B BORL AR RL A%, ok LR B O R AN 1PT
TNe I FRIE 230 H il 5 85 2 S AM KRS mx
5 mx 1 m) 4k 2 IR, B R SRR T R4 AR
MR A RAR) . FREKAEFERE>S mg/L, &
A& #<0.02 mg/L. & HT E48:00H1F17:00
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1.2 REHEEE

EARIG A BEALEL 0260 H 356 f, 3-5 3k
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Tab. 1 Particulate feed adjustment scheme

TAPRPREAR R frffk PR EL
Feed size (mm) Body length (mm) Feeding days (d)
S1(<0.1) 6—10 6
S2 (0.1—0.4) 9—14 6
S3(0.4—0.7) 13—18 6
S4 (0.7—1.0) 18—28 6

Je 43 A g LK 9P S 2, 8 FH95% L BER
7615 mL 208 MR 2 58 B I AR
1.5 mL EPEH, FEEAFCT4 CRIvKAE R /A7, AT
WAL R %8 MR Fr o R, 7260 Hididsk &4
RIGAAFIE IO, FEFR RS IR0 A R A K S
AR, 1E270 HiEg, MCE-RE0 2H A O £ )
O FPIE. B, SREFAIIAS, A TS
WRMRAT, T 17B-E, & 2 Al [, A 2
HEAIEE L, RS ZY DURDAXX MM 5XY
BE LA L R 5 T80 CUKFE TR AT
1.3 BEEMAEE

20 mg)etE2H 4,8 5 & T 1.5 mL EP#
th . f#FHDNA Isolation Mini Kitia i) & (Fg 5 i 4
BAEMBEA R A A IREUE R HDNA, #1EdfE
P ME UL B EAT, DNAFEAR T 20 CIRIE. LB
P2 358 A e ) 4 v e e 8 A M )
TS
1.4 FEEFEXIER

ARG L FEHLEL 10060 H 5456 1, BRI
JEEATTTHF I 1—2 mmAbiR g 26 i N & E M
), P10 KZ83—4 emZE A, §) DR HE 56 fa
KM TR R, FI BT 2% 5, TE s J T 7 &b
MEEVENR R BTG AR B AL R 45 e 45 L, X %
ZH10060 H #3356 011 B HLAZ Bk U 1) A 10 5 2R
BTG, (ER BT g AR T, B S R IR G 5
EAT R 2%, B ok I K o, AT S SO K
IR, AN -6k 515 FR A0 52
1.5 (AR

HIRFEZ ER BRI EHANERK. &
B IS, WD) A 5—6 um, &R 7
gLgefn, HAPEWRE . b BB RE RS
(Nikon, H A) M %2, F-4A4 R0 3%, FRHFEAL 151 4
gE R BRI AYLIE MM B . C4. DAXYMEM
SHEEAM T F, SRR LR N R B 2 R .
1.6 17p-E,SEE

R i 15 A% P ) 4 e 45 SR, HERR AR DGR EURA7 1
B Ab HE A XY ME £ ORD X TR ZEDME R B L R AT
FEL EME. ORSE. R BRFNULIAIZLEN, 4 R (g) 1Ak
1 (mL)=1: 10/ EL B I 1045 T7A PBS, & S Aiff B |
B0 B EIES0 pLin AT 5 # # (G-250) (Mer-
ck, 8 [®) {F F25minJ5 (55 FiBE), 7595 nmi K,
1 emyG42, Z81M/KIAZE, M &5 8 WO B I 31T %
HEAH1TB-B, S m A E . AL AT H17B-E,
ELISAR &0 H f st @ BHE AR AR . 450 nm
AT WU 85 i A B2 (ODAEL), Wl 52 B2 AE
I E 10min N 34T . iR 3E WK EFMODIE R
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HARTE M2 B3 7 FE, IR R AR S I 17B-E,
T,
1.7 qRT-PCR&MBELEM R LB X E R

ff FHRNA$EEURF £ (Qiagen, 72 [E)$HEH270 H
WEAHMERERION S, K AL, DLADAXX S
XY MEfa G EH LA MRNA . $%8Prime Script' " RT
Master Mixififll &(TaKaRa, HA)EAERIFE A AlcDNA .
43 AR HE BT A S S e ) o A L TR fo e 12 AN
dmrt 19mi5 X 3 K 7 51 B R QR T-PCR UM 5
M, Lha-tubulin: AN Z LR, qQRT-PCR V5]
YnZ 2fi7x. qPCR KR4 25 L, f4512.5 uL
TB Green%4£}(TaKaRa, HA), 2 uL ¢cDNA, I F 5]
&1 uL, ¥MH,0%25 pL. qRT-PCRFEF A 95°C
30s, 95°C 15s, 57°C 30s, 95°C 15s, 60°C 15s, 79°C
5s,95°C 15s, AR NEL . K2 MEEHH
JoxI2Hdmrt I FERFE S FEAFP AN RIS &
1.8 HIESHH

K FHExcel#x -3 #1548, B 25 K IR 4.0.5
WA AT B K K T5 22 50 HT(One-way ANOVA), 3%
PEAKE I PRIR, B3 17K 9 P<0.05, 152 MK
“FAP<0.01,

2 4R

2.1 17B-E, A IBxE K iERI52 00

X260 H i 156 £ 1) AR AR DL AT VEA, 40
A 7 AR AR AR, T S A
HIRFER (R 3). SRRV, &HRK B A
R0 G B 35 v 22 e, CAHL B 0 1 4 B RN 44
KB 2 M T BALAI N I8 41 (P<0.05), A &5 2 1 &
TDZ(P<0.01), LI IE M 42 =ikl 178-E & A
BT e f 2R, (RN 1 7B-Ey & vy 2 4
HAKGER 3).
22 DREZEHITE

R 10 A 1 ) 2 5 46 R (I 1), Phae AZH 1R 8 M

%2 qRT-PCRER3|¥%
Tab. 2 The primers for g-PCR in this study

S BA . C4. DAXY M UN 3T HL) Fr
(B 2)o S 8 2 25 Ak F 2 0 5 1 B9 -RE 40 filg 24 DA
1T 1 90 BE4E R 3, K/N55), SRR IR T8 B TE .
MW DA 1SN AEA . fEB4H. C4H. DA
Hh XY M £ B9 R 20 i £ R A% A R B o 17 B-
E A T i 2, K% LBl 2 8

T X 2160 H W06 1 1 UY ST R K R B
75 0 1) 51 WL 82, B9 S5 () /2 ) B 5517 B-E, 71 2 2
IEAH DG X R Aok S5 O LA LU a1 01, Bl
5 ARE 17 B-Bo 7 B 1 B M 0 R R 2 T
IR 4). DAY 2L F]100%, XY HE AT
SR B BT, SRR 2 R Bk B AR BALR P
BRI, N61.4%, EXY MmN E L R ZE, 5

[ B 3001 0F FEE R FC Al 4 P 2H R BL DR SR A AN . R
ERCLI(SE

23 17B-E, 2 ENE
ot HEL 2 O A R 5% A B 2H XOY ME AR A L 0 I
FERE B AT R SAILP FR17B-B, & B il 47 I 52
(£ 5), 8. O FAE. BAEMUIASEHA S
17B-E, & & ¥ Jo A B 3 1 22 % (P>0.01); 1 IR & rh
%3 SERWEEKNGERE

Tab. 3 Growth and Survival data of channel catfish in each ex-
perimental group

ikl PERCES GSS ,
Group Survival rate (%) Body length (cm) Body weight (g)

A 94.1742.33 8.65+0.57" 5.68+1.02°
B 94.00+1.00 8.58+0.77" 5.55+1.18"
C 94.33+1.17 9.09+0.60" 6.71+1.15"
D 93.83+0.83 8.02+0.48° 4.58+0.76°

. B 18/
BH o 5m 1 KE - BX
Gene Primer  Sequence (5—3') Length %
1 ®p)  Tw(C)

dmrtl dmrtl-F GTGATTACGGCT 20 57.39
TTGCGGTG

dmrtl-R TAGCGGGAAGGC 20 56.71
TGACAAAA

fox12 foxI2-F  TGATGCACTGCC 20 57.78
CTTACTGG

foxI2-R CACAAGTCTCGG 20 58.05
GTAGTGGG

o-tubulin a-tubulinF AGCCATACAATT 23 56.98

CCATCCTGACC

a-tubulinR GCGGCAGATGTC 20 58.90

GTAGATGG

e RPN EERFIIE; FATHEA LAEh
HAFSESC EFR A BEEE EFRRR TR E Z 57 (P=0.05); TR

Note: Data are means of triplicates. Means in each bar
sharing the same superscript letter or absence of superscripts are
not significantly different determined by Tukey’s test (P=0.05),
the same applies below
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Fig. 1 Genetic sex identification of channel catfish
a. WP 5 SR S5 A 2 1) 462 5 [ . R AT S 8 A 1
il 265 7 ]
a. the genetic sex identification of female channel catfish; b. the
genetic sex identification of male channel catfish
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17B-E, /& 5 5 s i) & 5 1B AH G, DAL B E M
E T B A CYL(P<0.05), thEEM S TBA
(P<0.01).
2.4 qRT-PCRAGMBEHENE Bl 53 4L HH X E

I qRT-PCRXS270 H RS AZLIE H M, HfEfR
FR 5P B AR S A1 2, DA R DALXY I £ T XX OME £a B9
SO SRR ) 58 BE DR dmre TR EPE 4 31 R
BE[R| foxI2(P AN B AT R (B 3). 45 R R,
dmrt] FE R 7E A ZHHE ()RS 55 P i) I8 2 (P<0.01)
M S5k 35 1 e T AZHLOE M £ O S DL R DA XY £

Bl 2 60 H B BT 55 X R il 5P 5120 211

Fig. 2 Histological sections and anatomy of the ovaries of cha-
nnel catfish at 60 dahs

as ¢y oev g AZIXXMEf KB, C. DZIXY M o §L40 2]
FE; by d £ h AP ARASAXXEEMAIB, C. DAXYHERMK
GRS . NMLAZIE; N. 4RfAZ; NU. B4~ YG. B30
hi; CT. 545 4

a. the histological section figure of channel catfish (XX) ovary, c,
e, g. the histological section figures of sexual reversal channel
catfish (XY) ovaries in group A, B, C and D; b. the anatomy figure
of channel catfish (XX) ovary, d, f, h. the anatomy figures of
sexual reversal channel catfish (XY) ovaries in group A, B, C and
D respectively. NM. Nuclear membrane; N. Nucleus; Nu. Nu-
cleolus; YG. Yolk granules; CT. Connective tissue

FIXXOME £ 5 820 21, HLDZH XY M £ i1 B 55 20 41
HZRIE Z BN, fox 122 RIAE DAL XY HfE i XXM
£ 1 BN HLH 21 rp R0k 52 B0, HAEXY ME f BN L
AR A B 20 B I 3 M v T XXM £ 1 B B2 2
AZH TEH M f R R £ 1) B9 SRR 40 2(P<0.05)

3 ifie
e R AR R FE RS, e =y
HEREW AR, B9 E KB SV 5 7

4 HRAAMS BT R

Tab. 4 Statistical table of proportion of female fish in each
experimental group

5] 17B-E, 7l G HL A L A3 PR
érou 17B-E, concentration ~ Ovarian ratio  Sex reversal rate
i (ng/g) (%) (%)
A 0 51.7+1.7° 0o
B 6 81.3£2.7° 61.445.5°
C 30 91.0+2.0° 81.4+4.1°
D 60 100° 100°

x5 HFWMBNARSXEHNAEHLAS17B-E,2 8
Tab. 5 17 B-E, content in different tissues of channel catfish from
each experimental group

A W 17B-Ey & it AR B v A 22
Tissue  Group 17B-E, content (ng/g prot) RSD (%)

filg A 33.18+0.85 2.56
Gill B 32.05+2.53 7.89
C 29.82+2.06 6.89
D 30.99+2.12 6.84
LofE A 56.22+2.04 3.62
Heart B 47.63+6.59 13.83
C 61.95+5.38 11.12
D 48.36+2.96 477
JH- U A 54.3242.73 5.02
Liver B 38.28+2.67 6.97
C 47.39+5.36 11.31
D 49.92+6.26 12.54
B A 21.13+0.56 2.66
Kidney B 27.68+1.88 6.78
C 22.56+0.53 2.33
D 23.20+2.96 12.77
[ A 40.41£5.35° 13.24
Ovary B 28.86=1.00° 3.47
C 42.15+4.62° 10.96
D 52.9243.20° 12.12
LA A 46.89+6.03 12.86
Muscle B 40.59+2.32 5.72
C 37.68+4.27 11.34
D 40.49+3.30 8.16
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Fig. 3 mRNA expression levels of sex differentiation genes in
channel catfish
a. DR SCR M HEAE A 50 73 A JE BKl dmre 1 3R TK L5 b B 5 R il
S P ) ke v B DK fox 12 TA I o B AN 2 UK RO D2 XX
fRXY ME 0 D S22, DA S AZH XXOME £ B9 SRXY A £ G S
EE
a. mRNA expression levels of dmrtl gene; b. mRNA expression
levels of foxI2 gene. The four tissues in the figure were XX female
and XY female ovaries in group D, as well as XX female ovary
and XY male testis in group A

b B R PR et R v ) ke SE R T Ve s, IR
PRl 2% BT A AR A 30N, T R 55 M 3 490 (e
1T PISE . IS5 Mk A BE AR A, H
FUHME R A 5 2 28 . pH. A Y6
WAL AN AR SR R ™
A A TR 22 S A2 T A G A ] e 4 15 il 7 I
A 22 R RAR, M- 200 A Y S (] B 53 3 7K~
(R AR o BT R 0T £ SIS (R P 1 ) e L PR R
W Ede B 22 0 EHEH, 7EAME T ME R 15
SR, A B R R T, 2k
SR TR IRIN, T B 55t il s Ak 11 Y,
17B-E, /& .28 R AR IME P PE I 016 155 577, 722 Fh
fis 2t £ IF J& 17-E, 18 S e v Ak s 9 1)

AN TR] #8288 1 14 JBR A BN TR A7 AE — 38 1Y 22 7, 1
BE A5 XA O S AT AR T 19 H S, 1k S 44k
T-90—102 H #%; # 4k . (Nibea albiflora)” 136 H
WS B B SR 46 40 4, 46 H S H I 0N B 0 o i
(Cynoglossus semilaevis)' "1£62 F % 51 S IF 44 704k,
KA F120 HE AT LA % 30 B 5 1) 90 S . A
I8 BRE A SR T J2 17 B-E, 5 T L 4 T H T i
B, BZR 30 H b, 8 i 75 URL A R A 5] 71 & 1)
17B-E,, 32 1 2 il Fo Ak Y M 2R AKF, AR 70T 5
X XY T £ AT 5 E 1 7B-EL 7T

PR E T ARV 0 L — R 3RV
RIVEFI T . BEMGE— S B A N 2 4R
Rl gk DL B I 7 SO R TR AAR I 1R
SETEFRB KA I — 2 R P R, ALt £ 2k
RAEVEY IR . B FRY, BEREREAAE
AT RGET T, ARG UL s - N DRSS R

YERNVTB-E, B8, £E 58 i SR ATt TF B B i i
WAL PR o e, FEAE LSS AR K B B B RS
ERAR I ORL R o JE e g IS R I, {60 ng/g
17B-E, 4b BHZH 120565 £ 1 14 JIR 4= 5 S O S5, (H HAR K
FA S A 235 N T AR AL BRZH A X HE4H, 30 pe/g
Aib B ZH (1 1 3 O 2R B 98 1.4%, (R AR B AR
KX, £/ ® B AEw . WNLYS (Trachidermus
fasciatus)™? . Wi(Perca fluviatilis)” HIRF 5L %
B, FE— 7€ B TE N, 258 B o0 AR A B A e
YRR, AR Ined v B R B A S f i g A

FEE R oA I B A T 17B-E,, — A i
J A R R H IR A AR R
1935 A% CEamalas &2 S A & 10
) R R E RSN ZIE B O
R I TB-E, A B 5 [ 6F (A cipenser schrenckii) ),
FEH LA & BEUR, 525 — B a5, 17B-E,fE
LA e i 2 B B IR H 7K o AR & Ab BEAH
60 H g . JOE. JHIE. Bk, GPEA
MRS LA 17B-Ey & S AT A I, & 4L A 5P L
AL F1TB-Ey 5 BAFEZE S, DA 17p-
E, i85 5 s 35 Ve v T A A BRZH A0 B4 CAL R
GRE A A1 7B-B, e E R E S T 5BA, (H5X)
WAL R ENEZER, /£ ERE LUV IZ A0 B2 50
SR 17B-Ey B B INRE T IE W I B 2.

55 HAb A SR —HE, B SR il fox 1225 K Rl dm-
r 13 R T2 N M 4 f b R S R T
SoxI2FE TR B B 434k K D Re 4+l R HEAE A,
dmyt P IR B PRV 1 S MRS T i
FEPER G TT I, L0 F98 0 (Trachemys scripta)™
Y24 (Acanthopagrus schlegelii)” 'F1 J& B % 4 )
SN TP-E M FE R, dmrt] 3£ R 55 B 25 FEAK, T
SoxI2B: R FRIA M B2 iR, EAR R, XY
[ fox 2B R Rk & B 3w T H A3 4,
dmrt 15 DR () 204 5 ) S B IS T FoAh 3 4., i 45 A it
— 5 U W AE B A SR 12 ) 23 A i394 T 17 -
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FEMINIZATION OF CHANNEL CATFISH INDUCED BY 17B-ESTRADIOL

XU Si-Qi', ZHANG Shi-Yong”’, DUAN Yong- -Qiang’, ZHANG Wen- ng WANG Ming-Hua™”,
BIAN Wen-Ji" >’ and CHEN Xiao-Hui" >’

(1. School of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005, China; 2. Freshwater Fisheries
Research Institute of Jiangsu Province, Nanjing 210017, China; 3. The Jiangsu Provincial Platform for Conservation and
Utilization of Agricultural Germplasm, Nanjing 210014, China; 4. College of Fisheries and Life Science,

Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to explore the appropriate method of feminization and 17f3-estradiol doses for male channel catfish,
artificial compound feed was used as 173-E, vector to feed catfish larvae continuously for 27d. The growth data and
survival rate of catfish in each group were measured and counted at 60 dahs, the sex reversal rate was also calculated in
combination with the genetic sex identification results. Furthermore, the ovarian development of XX and XY females in
each group was compared and analyzed based on the H & E staining of ovary tissue paraffin sections. Finally, 178-E,
contents in gill, heart, liver, kidney, ovary and muscle tissues of XY females in each group were detected and com-
pared with control XX females at 270 dahs. In addition, QRT-PCR was used to detect the expression levels of fox/2 and
dmrtl in XX and XY female ovaries at 270 dahs. The results showed that the proportion of XY females and the num-
ber of oocytes in each group were increasing with 17B3-E, doses. The weight and body length of female fish in each
group first increased and then decreased with the increase of 17B-E, doses. The survival rate was no significant in each
group. The content of 17B-E, in ovary was positively correlated with 17B-E, doses, while no differences were observed
in gill, heart, liver, kidney and muscle of female fish. The expression levels of fox/2 gene increased in XY females,
while dmrtl gene decreased in XY females. This study established 17B-E, induced feminization of XY male channel
catfish, and laid a solid foundation for the subsequent cultivation of new male channel catfish varieties.

Key words: Sexual reversal; 17B-estradiol; Feminization; Ictalurus punctatus
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