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TRk 25 T & it DR 7T o0, E RS ML AR
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AR =2.0%).
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IO AL S5 58, W XY IME 0 S B, PRAIESME M S A
FEN A 4 ERONXX o ] IR SR A XX Py e £, HX
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HRhREE KR TR .
1.3 BEEREMINEE
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PCRIZ A 22510 pL: ER#F5I40%0.5 pL; Bt
DNA 1.0 pL; 2xTag PCR Master Mix 5.0 pL(5f A 1H:
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3min, 34 MEHM(94°C A 1H:30s, 59°CIR k30s, 72°C 4E
H140s), 72°C #EfH5min. ¥ H5E )G, BLPCR=Y)
3 uL, LADL2000 marker(5 A tH 20/ NS &, FIH
HE I BB R Gk B B ) HE XX (— 4k
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B 52 56 40 XX DR 2R AN 4R B3 2 19 (300 H i6%)
PERRZELZR, AR b X o e L o 5 A P (PR
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YL 53 T UK B O B0 45, Ta) 2 ek i 2H 2 H o
B OKHE5EE S BT IE IR 5 XX A
60 H & A1120 H & MM R, {47 T Bouin’sili
W E 52, 48hJE FENT0% LB IR AT . TR 2
AP RE T e B b AR S T A Ak B 7 i, R
BT CBER K. HRE A, 1%
Bl (V)R B EES—6 pm), H I3 AR - LGt
(HEZ ), R st b, BARIET o o 2 pl
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BT R AL MR S5, ARSI, %
EMRRIIER, FITER R RS FRENE
TR A B 2 D 5 ) 2 TR AR S B T BN B
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1.5 XXfhtE@E EXYES B FENLLRS

JRRIAE Ji At ) XX O I 11 55 50 B2 XY £, BUR
B K H B SRR R A4S, F Hank s P 70
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FEABATIRAARMEE R . W S B T
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K70 AT RED, HRE T shid iR, S
25, 4s. 6s. 8s. 10sH12sI 34N 5 FH IS 3% 1
B8 24, B 15) 428 5 (Average Path Velocity,

VAP). HZIZ 734 % (Velocity Straight Line, VSL)
1 #2812 538 & (Curvilinear Velocity, VCL), 3%
FRIZ B AN RS B R AR T 1 EL Al .
1.6 HuESH

S8 K5 K FHSPSS (IBM SPSS Statistics 26)
Guit A AT Gevt 2 o dr, FH R 3R 77 22 73 A1 (One-
way ANOVA) HEATARIE IR ARG T2 3 Z 81 2% 7+
B E VRS, FH R 30 R AT SRS R AR ) 22 7
VAT ER, J HT TR AT O TS TR AN Ty 2 S A
56, F Fi Duncan’s % B LR s 21 18] 22 5 110 55 35 1k,
P<0.050F Rox 2 5 HA G Lo SO R
Y ULSE B +hRHE 1R (mean=SE) RN .
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2.1 LZ. MT55REEIBIFXXAMREE M LAY
=AU

AR R TR RN S S5 A
S TRATT R S A T 2 XXe A B A ) R A T
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(MR 5E A B NG S, XX P lfEfn). 4G /b o
B (XX TE AN, K S =50%) 508 %2 oA
(XX PE AN, A S AR <50%). XXyt () P
RRFEH(GSD) B Z KT XY i (P<0.05), {H =F
XXPhHEf 2 (M GSIZE AR EGR 1), SLIAEEA
XY 5 XX A% B L 73 51l 948.0%4H52.0%, H 58
A B R XX H ) N 8.0%, XX Ja) P A 44 Bk 5]y
14.0%. XTI XY 5 XXG8 46 5 b 1] 53 51 46.0%
5554.0%, B WS B H R A SRR E R
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B0 2 I A), 0 R XY A A SR
BENVHE 1A), BER A0, BE0REH AR 8
B o BOIRGE M, o IR S M PR R e 2, BT
K S84 A ERSIR @ 20 B AT SR B K R
FE/ANRESE R, o FERER TARE 1ATH
1AL 58 4 P00 5 i XXy e £ 5 % 8 RS i
Ja, KRR D, REZIVI, AL AR HA
SR A E(E 1B), Ml A 240 W22 3k
B A7 KB RS T RIS TR R B I A RS TR 4
J, AN R RE (& IBIATE 1B1Y). P AP A
XX RJPEA AR A (2 45 20 B R/ K 22 B R, R 130
S ESBRG, BT EA B AR,
T8 2H 2R 2 V) W5 20 K 5345 1) vh A7 AE R &
K7 SRS KB IR, IR A] WL RS2 B, 5P )
2 B A O 21K 2 P TR (] 1CHIE] 1D).

22 XXfhi@HEFERENEE
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X XA 5 XY B R 3% 21T T R
Pr(& 2). giRER, BREUEMAXXHESS
XYREAEANFRE T80 . VAPCT A2 18
J&, Average Path Velocity). VSL(E£IZZ/35 ¥, Straight
Line Velocity) fIVCL(#1£kiz 23 &, Curvilinear
Velocity) 77 [ 3576 2 3 14 22 7 (P >0.05). XY/t
5 584 100 i RUXXCHE 8 1K 18 3 ARG 1 LU B 35 v T
b % R X XA (P<<0.05). R AR 71
(Progressive, #1128 ZH G VAP >50 pm/s, A

HARIASL/VAP>80%) H, 564 1 i BRI XXfl £81 1) 2%

BT RS £ O B XX, T 1 e 5 El ks
(Slow, 5§ T3 Z 8T H0<VAP<20 pm/sH{
0<VSL<30 um/s) WITEXY i 5 2 k5 /> BRI X XA
2 T AEAE B 25 R (P<<0.05). % EE AT
RS T HIVAP. VSLIIVCL, FoeAl 1k B A 2 ALk
Hi3MI2 2 W BOE S22 T iR R N Bt .
DA 45 R W, 58 430 i X XA RO 1 M,
FORS WA B A B RS 76 77
23 2HEFENELES

FI id BA S 68 ) XX e JL TR Jg T

x1 BERBMIFEEXXMEEX YIS FEIRLLR 7T
Tab. 1 Comparative analysis of body index of XX pseudo-male and XY male

AhHAH XX
$ebrIndex C;?L ﬁfﬁ;?ggg Treatment group XX genotype
SEA IR E2ii kY Wl 2k
4=K-Total length (cm) 18.23+1.06° 19.80+1.09" 21.20+0.10° 17.49+0.41°
4 EBody weight (g) 63.38+13.96" 71.50+10.94" 85.08+1.58™ 50.58+3.59"
YRR IS B GSI (%) 0.88+0.12° 0.4820.08" 0.4120.04° 0.1820.08"
5 ST AU/ R THT A Proportion of testis area (%) 100+0.00° 100+£0.00°" 70.08+14.38° 13.53+2.56°
T B4 /iF Gonadal characteristics AR, HARSH, KSR IAE, KB IEAT,
EA AR DB R EZ NSl ES EIE YRS

B S A R SRR 50, b B BT RE ) X8 A% AR B 3 i D S8 A T R B n=4, Z A /D IR B n=2, /K
% G n=5; FEATBAR A F)_EAR - RER R R 3 1 22 57:(P<0.05)

Note: Sampling numbers for control group (CR) and treatment group are both 50. In XX genotype of treatment group, the number of
fertile XX male, including completely sex-reversed XX male, mostly sex-reversed XX male, minorly sex-reversed XX male are n=4, n=2,
and n=5, respectively. Different superscript letters in each line indicate significant difference (P<0.05)

| o
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MM Gonad | I . Testis | | )5t Gonad K . Testis |
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T
Ne)
Z? <
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“;g e
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o o
& g
5 e
40 pum|

1 SR XX Py 5 XY 0 RIS R 2R 5 LR

Fig. 1 Gonadal morphology and histology of XX male and XY male in yellow catfish
AL IR XY R frURS S B XX P ol #1158 2B FE TR 555 C. XX RE D SR BURE I D. XXKG £ GNTURS 5L 2. TR S ya. R SRBORL st.
¥ 140, sg. K5 R AIAL; sc. K5 RELRAE; gonad. PEAR; testis. 4 #L; ovary. BF
A. XY gonad; B. completely sex-reversed XX male; C. mostly sex-reversed XX male; D. minorly sex-reversed XX male; zr. zona radiate;
yg. yolk granules; st. spermatozoa; sg. spermatogonia; sc. spermatocytes
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PR AN TR 4 E B S0 RBEAL BE T, SRR
571 R E AT 2). PAXX Dy N XA )
N T, H 2R S A RS2 453 R 58.8% 5
69.6%, 5 1L XYHEE XA N TEIEA L, %2
HREMACERESG % FHEEEEZER (B 3A
A 3B).

W5 7R H AR iR Ak AE T A ME B A R
PER AN R K B SO0, AT K 7 3 8
6—9 A 38 H s AR, K402 60 H s A
WARKE ImE K. B 4AER, TEFHFIH0—
60 H % B8], I -~F 357K 8 30.6 °C, 4 8N [H] 7K IR
HBiE33.5°C. 460 H W F120 H I, FATXBE
HURAEFT IR LT 1 72 B 40 kAT 1 8L A 1k i) %
B, T 4E FanE ABRR, BT 4 o 5 DR R 4 S 2
HXX(E 4B).

ot 4= ME B 591 1 4) .60 H RS A1 120 H #8433l 1047
THURENL SR, R IIAE60 HESET, 97. 2% ANV i &
HIEH, 2FEWHER, A8 F WEn kI KEY]
KON REAN Y, A% 5AZ A E(E 5). FIR2.8%
MIXXAMAR R AR T M i, F S5 20 23 b mT WK S 40
AT RS REAN B, B RE S RS N ELE R . &
120 H#41F, 10024111741 88.0% AN 4 1 8 % & 1E
W, BB AR T W SR B B Gk, g R TR,
B RRZH i 70 35 B S AORE, ARTE SRR B . IR
12.0% M XXAMAR R A T i i, i D3 ARG
BB R BOIR, 4 2S8R 31K B 1R /N e 2
A, R S AR 2 SRS R AP . RS BRI S AR D &
MBS T AM, WK B R, KRB MAR 3
BIEUR. T, HEE ML BRI LE ) 7
I HAFAE /D> SO0 REA . B it 4 60 H B I,
XXM 4K 5 R R E R T XXM, (HFRTE &
120 H BB, B3 22 A W3 (] 5).

< =XYd
<100 A * =XX A ] —xvd
s = XX E R B g
2 80 * e XX/l % 2L 160
g =
8 60 2
g 120
£ 40 q f
2 % 80
& 20 Lefl i s
o0 NAK Kl 40
L B BT M 2 4 6 8 10 12

ARk iz ah 2R

Different sperm movement types

Ft -1 2 A

- XX5E Ak
—~— XXZ DA
-a- XX K % B0

Sperm motility time (s)
B2 s XX P 5 XY R R 10 ) ELAR O A
Fig.2 Comparative analysis of sperm motility between XX pseudo-male and XY male in yellow catfish
AL FRALXY I #1115 40 BE A XX By s £ A [RDRG TI2 3D 8B LA By C DL ANIF) ARG SLATHEAURS VAP, VSL. VCLEI /a1 AZ 14 i
2 VAP, TR, VSL. BRIz 5his %, VCL. MZkizshili . * FoREENZRP<0.05)
A. Different sperm movement types between XY of control group and XX pseudo-male of treatment group; B, C, D. VAP, VSL and VCL of

3 g

MY iR p G ] T o M A S AR S B ) R, RAT
R P XX 815 XXM £ 338 47 4 Il 3% 591 £ A AR 4L 5
BT, K453 7 5775 B 3 N AL 4 3 o XX () 35 51 1
A 1, 30K I3 B RS 6, BIF 7045 R [
ISP M 250 e s AL B PR BLE B R B AR
3.1 EF&EXXIEERAMIEME

i1 IR ) EL AT AR R ) R SR, T ) oAk S
I} 3 5 2 BANR R, BB R . MR TR
A BN kS B A AR A P K H A 2
LI W R 1R S, A 5 52 B PR 55 N 4% 1,
FE LR (B IR SRR M. RS
FIFF Y S pm™ 2, ARSI, A
T BB A AT R, At o2 7R
WL 2 AE R I 10050 (2 b fii ), P fE 2 R0 &
Pt K E R I3RS T SR R )
Wi 77 3 BB AL R B thoE, TR e g 281y
TEPE AR S T, BIXX/XY ", (5] i B 5 52 3 e v
Moo PR 52 R 2= s ma . BRI, A 7 4 M 5 11
KBAE T I S XXAMRME AL, DL PR %
XXt L 2% IE 5 B AH RE

FLYE20134E, ShenZ ¥ aRiE 7 —Fh 5 &AL
R 1) 71 LZ(Letrozole, > il M) 7E % 551 81 14 731 4344
BRI HA(10—59 H %) BE & 18 M AR I vE 2, IF
FLAEER SLZIRE 2 IEM XK R, 5, Shen2!™
NARiE 7N A B HEBZMT(170-methyltestos-
terone, 17a-FF 25 52 FUHH) FFASBE I35 B8 1 24 90 £ B
PR ERE S T KR AR P, R
KETEEWN, AR L. 75X M DU 7T R
RERE A, B AR R TR DR R R, R
B 3 3o 1) B A9 R 4 4 2 A A ) e 3 A 1 2
B R, MRS SR T FIMTRILZ % # 8

- XYJ - XYJ

- XXGE 4] D - XXGEAniihEL]
— ~— XXZHoual . 160 = XXZ Al
é -+ XX HE 2 IRE E . XXHii % ia.

120 p===
2 -e 2 \h§
= — §
N o 80
> >
40

2 4 6 8 10 12
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Tab. 2 Breeding details of the all-female yellow catfish population
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Fig. 3 Comparison of fertilization rate and hatching rate between
XX pseudo-male and XY male as male parents in yellow catfish
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A. Comparison of fertilization rate between XX pseudo-male and
XY male as male parents; Comparison of hatching rate between
XX pseudo-male and XY male as male parents. XXJ and XYJ
represent sex-reversed XX males and normal XY males
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Fig. 4 Pond temperature records and genotypic sex identification
of the all-female yellow catfish population
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Fig. 5 Comparison of gonadal histology and growth performance of XX female and sex-reversed XX male of pond-raised yellow catfish
population during high temperature phase
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A, A1, A2. normal developed XX female at 60 DPH; B, B1, B2. sex reversed XX male at 60 DPH; C, C1, C2. normal developed XX female
at 120 DPH; D, D1, D2. XX male with dendroid testis at 120 DPH; E, E1, E2. XX male without dendroid testis at 120 DPH; F, G. total
length and body weight of XX female and XX male at 60 DPH; H, I. total length and body weight of XX female and XX male at 120 DPH;
n. nucleus; nu: nucleolus; zr. zona radiate; yg. yolk granules; sg. spermatogonia; sc. spermatocytes; st. spermatozoa. Asterisk (*) indicates

significant differences (P<<0.05). Data for sex reversal is first reported in Yu, et al®”
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INDUCTION OF XX PSEUDO-MALES, AND LARGE-SCALE REPRODUCTION
OF ALL-FEMALE POPULATION IN YELLOW CATFISH

LIU Ya', YU Yue', LU Zi-Yi', DING Yang', FAN Qi-Xue '~ and SHEN Zhi-Gang'

(1. Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture, Engineering Research Center of Green Development
for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education, Hubei Provincial
Engineering Laboratory for Pond Aquaculture, College of Fisheries, Huazhong Agricultural University, Wuhan
430070, China; 2. Hubei Huangyouyuan Fishery Development Limited Company, Wuhan 430070, China)

Abstract: The shortage of female has impeded the development of aquaculture industry of yellow catfish (Tachysurus
fulvidraco) in China in recent years. Therefore, large-scale production system of all-female is urgently needed. To pro-
duce an all-female population in large-scale of yellow catfish, 12—65 days post-hatching larvae were treated with the
combination of three male-promoting factors, 17 a-Methyltestosterone (MT, 5 mg/kg), Letrozole (LZ, 300 mg/kg), and
high temperature (33.5°C). XX pseudo-males were mated with normal XX females and large-scale production of all-fe-
male population was conducted. Results showed that the combination of MT, LZ, and high temperature-induced mas-
culinization of XX individuals, and the completely sex-reversed XX males displayed a similar percentage of motile
sperm with XY males. Histological observation found that there are a large number of spermatids in the testis of XX
males, indicating normal reproductive ability. Subsequently, we mate XX males and XX females, produced 570000
genotypic XX larvae, and successfully reared them to large fingerlings in a pond. The results indicated that 2.8% and
12.0% XX individuals reversed to XX males which is probably due to the high temperature during the critical time of
sex differentiation in the rearing pond. The ovary developed very well for the rest of XX females and can be used as fe-
male parents in the coming spawning season. The current work successfully conducted large-scale production of the all-
female population in yellow catfish, and the results will provide an important foundation for the large-scale production
system of the all-female population, and important safeguard for female selection in genetic breeding of new varieties.

Key words: XX pseudo-male; 17a-Methyltestosterone; Letrozole; Masculinization; All-female population; Sex control;
Environment-friendly; Tachysurus fulvidraco
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