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YIT AR N ER S ZARE, BRI E KT,
40 75 F AL B0 ) 7K the(LZ) % . R FIMTAREE
N L5 538 U f 1 100 55 O S0t 5 G i, (H L 45
RAFAE S Wil A 2 B 10d 0T G618 ek
Ab PR R B R TR 2 R20 ng/g) IR Hif, RF
BREEWEIAS A PR A A rbOME i L) sk
90.9%. ShenZs"* Uit FHMTAILZ i Filt 24 i % #
i AT RE AL TR, AL T 792910 H R 2259 H % 22 1A]
K ESEA YR F 4 b B . 25 5 R,
FAMT 4b B 1) 35 550 0 0% 5 2 35 U R B, (H
Fr A E AR S e B A T e e i T 3 b
WREERILZ DR AL 3 4 5 7= 2 T 75% 83.3 %Al
T5% M HEME o (I SE R 5T R A 5 A A B 1 e
RS F AR, ASBEX 2 XY RIX X, i
RERfE R RAEXX M P AT T, B’
AT FH A [R) 9% B 17 - HR 265 52 AL B (MU T ) AR S ity e
(LZ)Ab B3 50040 0 1, I R 1 Gt R B 0 1 b
0, Ay AR R XOOME P 35 30 % e D) SE AT AT
%, HPAF XX

1 #R5ERE

1.1 LR LI EhIFSLI IR

SIS £ 53 AR 35 DR T rA SR WSO 1) B A A
fh, SEIG A P ONEF AR SR ARG N TR A AL T 1S, H
B 3dFH AR O 1, 7 H B AT SR 25 b
SUBS . fET7—29 HWS HATA], AN [ BEIMT (2540
50 ug/L)FILZ (100 300F11000 pg/L)iZ =4 H
1h)5 B3 . 7E30—60 H W& 1 1a), FH X Bk & 1)
MT (2541150 mg/kg)FILZ (100, 300 F11000 mg/kg)
FENGORL TR R} P35 MR (TR B I8P AZ R R
FRAA, EER S FHE T =45.0%, FAE>5.0%,
HA4E<6.0%, K3 <15.0%, K53 <10.0%).
MTHILZEE T-95% 1) L1, FEARAA LS T40°C
HRHE T 4h, GRS % LB . S23 e N4
0 (XH4). MT,s5+ MTsg~ LZ g9~ LZ3go M
LZ o0 BFH3APAT, FATBEHLN300 2 f
o TE7—29HE HAR], 1R 7% T 60 LG K
IKAE Y, R IEEI R . TA30 H I N4 m’ (KR
AR, BRI . 7S50 A R], KR LR
26—28.5°C, IR%H5.5—6.8 mg/L. K ik FAkIH
5, B 3338 K o B 5 1 I A 1) DG BN 1 2
8—30 H %, AN IR L0 1L FE7—60 H & B E 4 H 2
PIAbFR, B 5e 40 7 6 HME AR B S5 e g

61 H W HURE 4 7, o 1Y) # 2 MR ks 1Dk
(WHIERWEAR AR, FEES: HEQ=

40.0%, M H7>5.0%, HA4E<10.0%, K7 <
16.0%, /K43 <12.0%). EA-PATREALHIE30E f,
FH 5 Kb R 5 U R K RS A 2100, 1 mm). A
(K5 210.01 g), HGIF S HAFAEE . FHMAP IS
1SRRAT RG], MR K EEN . fEHEH
Bouin’sii [ € MR IR S5 BAF. BRI
IR E TPFAH 4k 2[4 2, 24hJ5 IN APBSZZ P il
(PFA:PBS=1:4), %5 J54 C1#£4F. SRR, 87H
EEET TN 74w, MREK RS . FHEr
PR 5 B 5 a0 —— X .
1.2 EHFZEDNARYIREN

W65 2%0.2 g7 A7, {0 FH I 1 i v 1 B 0 [T 41
DNA, K DNAJ T 100 pLiJ#a gk, 4°CHR1F
%H.
1.3 PCR¥HERMHIEE

1 53 5 5 FIPCR 51 38V T Dan 43 155 45 5|
(1) 3 31 £ M e B AOE B bR iR (XY -F: 5'-GATTG
TAGAAGCCATCTCCTTAGCGTA-3"; XY-R: 5'-
CATGTAGATCACTGTACAATCCCTG-3").
PCR = W A& 2410 pL: 2xEs Tag Master Mix (Dye)
5uL, ERIEEIY450.5 uL (10 pmol/pL), B 1 uL
(50 ng/uL), iNddH,O%h %210 pL. PCRJMNFLFA:
94°C i ¥ 3min, 34 ME3A(94°C 30s, 59°C 30s,
72°C 40s), 72°C 5min. PCR/X M ET100 Thermal
Cycler (Bio-Rad, £ [H) L #17. 5 RIPCR=4it
AT B A A fs P, PR P A BB R G i s A B
KF SR XY RIXX. XY HN2457 (82641955 bp),
XX N—2717(955 bp).
14 MRRBLFIE

P 25 2H 5 e H XX P R AR IR AR A AR AR )
FORA IR A F S A Y], HEJ 6 )5 75 50
BE N ERPENR AR G ARG FH RIS 1 L
1.5 HEHHh

Bds 2 O ¥ bR R R s, RHAISPSS
18.0%F 19 24 134T 5 K 3. 5 %2 43 T (one-way AN-
OVA), # 7% ik B 8.2 7K F, WK F Duncan [KiZ:33F
T2 HEIE, B3 KT P<0.05.

2 £R

2.1 MTHLZAEX HmHE FERRE KN
FIFH SPSS X0 64 LA (R34 T 47 18
SYTE6T BRI FUFF IR 2, (KL % h 3 AT 2 57
BEWRIE 1), 1£7—61 I I, 549
B4R B (A R S IR R B 2 R fE61
I, L4 P K RIS N LZ AL B
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ZER MR FHE T2AMTA L ,; MT,y5. MTsq-
LZ g0 —H 4 -k B 55 A 2 7 B 3%, M
LZ300~ LZjgooMAH XA TR #2257, Pl RS
RULHH, MTHILZX 38 A7 15 C I B, 284
61 [ 1% 75 2H %)y 1 7 25 kK A 25 4 25080 vl 5
M 3 590 f1 £ 1 AR KA B 2 4 4, TLZxt
HAEKMEWAN L.
2.2 MTHLZAEXIXXEFE MR A F R
61 H 8, MTRILZ b B 1) 35 5 £ 71 3% Y I
PEAETE 5, HANRE B — AP UK e M5 . FRATTH
5 ¢ 38 it N R e 1 ) 23 bR e B AT I S A e
(B D)5 AT PERR I 2R 2 B2, 640 556 fa 1) P i
KBGO G e 25 R LA 2. 61 Hg x4 I
G0 EL (] 2A-B)RIIE # R HL(E] 2C-D) ISP 25
LA 2R 28 AN 20178 o FEMT,s FIMTs Ak
HEZH XX i, R B R A U 5 i 5

#1 61 R AEREMTHLZAIRAMEER, FKREE
4t
Tab. 1 Effects of various doses of MT and LZ on survival rate, total
length, and weight at 61 days post fertilization (n=30)

SegeaH TG 4K Total PR
Experimental group Survival (%) length (cm)  Weight (g)
0 (Control) 97.10£0.91  5.89+0.23"  3.71+£0.39"
MTys 0426+0.87  4.3240.09°  1.57+0.05°
MTs5 95.0542.41  4.34%0.12°  1.54+0.13°
LZ100 95.0642.40  5.08£0.17"  2.30+0.24™
LZ309 96.36£1.05  5.58£0.67°  3.14+1.10"
LZ 000 94.5040.91  5.21£0.03"  2.64+0.29"
VE: T FBEHE AR E A RERON A B E R

(P<0.05), #H [~ B a JC 7 BER s 22 F AN L35 (P>0.05); R IA

Note: In the same line, different letter superscripts mean
significant differences (P<0.05), and the same letter superscripts or
no letter superscripts mean no significant differences (P>0.05); the
same applies below
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1 A PCRI R % 1 8 J 150 A% PR3 (7 2
Fig. 1 The genetic sex of yellow catfish was identified by
polymerase chain reaction (PCR) method with the sex-linked
markers

%2 61 TRIREMTHLZAIRA RXXE F B it
MHRREE ST
Tab. 2 The effects of various doses of MT and LZ on the gonad
of XX yellow catfish at 61 days post fertilization (n=15)

Aepgae SEMR HARCE
e XXIXY Gl (RN BERE D
Experi- 43 L Dvsplastic  DYsplastic Normal
P tal Sex ratio 4 t}i] P ithout testis with testis with
mentat oy x fo oSS Withou part of full of
group XY semlmferous inif inifer
lobule (%) seminirerous Sseminiierous
lobule (%) lobule (%)
0 067£0.73 0.00£0.00° 0.00£0.00°  0.00£0.00"
(Control)
MT,s  0.84+0.32 100.00£0.00" 0.00+0.00°  0.000.00"
MTs,  1.05:0.51 100.00£0.00° 0.00£0.00°  0.00:0.00"
LZo 133+0.76 94.47+4.86" 557+532°  0.00£0.00"
LZy 0.79+0.62 25.00426.63°55.00+3.61°  20.00+18.02"
LZigp 0.724025 0.00£0.00° 64.30+8.28"  35.70+5.57"

2 61 [ ML TE W OR SEATRE S50
Fig. 2 The phenotype and histology of normal ovary and testis at

61 days post fertilization in the control group

A. Bouin’s¥ [ 7€ XX GF HTEZS; B. XX P HL U] HEGL 4 [
C. Bouin’sifi i € FIX YK LB D. XY A U1 T HER (18] 7
NO: IE# U0 8; RH: A5 1L; PO: HIZL P BFAIMG; NT: 1E % kS 8
MG: ZEFH5E; SG: K5 IANIE,; SC: K REAT

A. The XX ovary fixed by Bouin’s solution; B. Histological
analysis of XX ovary; C. The XY testis fixed by Bouin’s solution;
D. Histological analysis of XY testis; NO: normal ovary; RH:
reproduction hole; PO: primary oocyte; NT: normal testis; MG:
male genital swelling; SG: spermatogonium; SC: spermatocyte

XX G EL 1) T8 26 B 454 B B R [A], 5l XY RS 1
RBRMEE AR N g1 (B 3AFIE 30); 4 Z1Y)
Jr W82 55 7R MT 5 s FIMT oAb HE 28 () XX IR A 4 /N
BLEK, B E I NZ e (E 3BAIE 3D). SR ER
2ANMT A B2 (1) 0 3 1) R IR Th I 5, 4238 R BN
KEANRIIKEH.

FELZAH A T, i XX TR RN KR &
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B3 61 HESMTA I XX 1 fh ML IR 454
Fig. 3 Dysplastic testis after MT treatment at 61 days post
fertilization
A. Bouin’sif [l 2 M T, HX XA R AE HLTEAS; B. MTos A XXA
RS ) A HES & A5 C. Bouin’ s [ 2 FIMT 5o ZHXXAS B
HILA; D. MTso A XXA RAGE Y FHER B E Fr; DT: A R
H SV /N
A. Dysplastic testis of MT,5 group fixed by Bouin’s solution; B.
Histological analysis of dysplastic testis of MT,5 group; C.
Dysplastic testis of MTs, group fixed by Bouin’s solution; D.
Histological analysis of dysplastic testis of MTs, group; DT:
dysplastic testis; SV: seminal vesicle

AR HEHE T ERKE IR EER 2). ELZ 00k
HRAH R, 40K 2 40U BRI O A RS N R R R
H(E 4A-B), B8 A L EIEE RN R
¥ 5Kl 4C-E)o BLAL, 3NLZAFRH FAE LZ 005
LZ g0t B T 58 45 10 5 ) X XRS5 (K] 4F-G).
LZ300 5 LZ 00 H B 58 4238 5 A XOXRS 52 1) L4514
W N20.0%H135.7% (36 2). DL 45 B8 (R
FIMT (25 mg/kg. 50 mg/kg) FUEHK EEHILZ (100 mg/
k) IAS BE A XX 0 58 S PR BB LZIMIR
T, XX B0 TC RS /N A 35 20 K N A R
5 S5 A7) 20 34 B ARG, I 85 RS SR LB T 48 =, 1)
TR A 300 2 P s B4 R B
23 —FRXXEBEEMRABREED
FRATTNF BTy 00 A (XX A T e e P i A S AT
TIBEE, 1 MEIER, BRI 5 R E RUFM)
XOXORE S IE 8 XY I 00K ST Fr ATHE e 2 b A
IIHT. fREEOR, XX AR R E R, B
XY IF 5 HE 80k SEAH B mg B 48/ (B SAFIE] 5C).
YR B S, XX PR A e R R B IR, RS/
FEF RN TR T, 5XY IE R e R SO E A
7 5 (K SBAE 5D). FH 58 4100 5 XX A P
5 9 5 XXM FIY Y IE A2 R, it A&, IF

Bl 4 61 HESLZAbFIZH XX i £ P iR 45 1
Fig. 4 The phenotype and histology of XX gonad after LZ

treatment at 61 days post fertilization

A-B. XXA RAFE O /N 1 Bouin’ sif 8] & F1Y) T HEGL .18
Ji; C-E. XX A SE(HE 23 K5 /N ) I Bouin s W [ 5E A I A
HEZL 4 [ s D. Toks /N EAZ U s B. ARS8 s
F-G. XXH 5. (58585 /N I Bouin’ sV E 72 MY Fr HEZ% (4 [
Fis SG: A JRANML; SC: K EFANE,; SZ: K51 MG: ZEFA S, SV: K
NEE

A-B. The phenotype and histology of dysplastic testis without
seminiferous lobule; C-E. The phenotype and histology of
dysplastic testis with part of seminiferous lobule; F-G. The
phenotype and histology of XX normal testis; SG: spermatogo-
nium; SC: spermatocyte; SZ: spermatozoon; SV: seminal vesicle;
MG: male genital swelling

KI5 — W XX A BR A 1 iR 5 4
Fig. 5 Gonad structure of one-year-old XX physiological male
A RPRRAAXY RS SL B O BRZLXY RS D) A s C. XX B g
5 D XXAE B SEU P NT: IEHR L SZ: A 1
A. XY testis of the control group; B. Histological analysis of the

XY testis in the control group; C. Testis of XX physiological male;
D. Histological analysis of the XX physiological male testis; NT:

normal testis; SZ: spermatozoon
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XFHFARME R o 5 . S5 R, XX A
1 57 R WA T XY 1E 5 M £, (H AR A7 R IR R
UF(ER 3)o AT H TR E S 0 T %8 B
7N, XXX XX QI FARE NXX, XXIXYY QT4 4
RNXY (B 6). LA LgE R, HLZALH & Ih i 3%
(1 XOXCAE B e e 5 3R B A, RS IE R,
H BB S hERE

R3I XXEEifESAZFHEEGIT
Tab. 3 The fertilization rate of XX physiological male

o7, 0k %7 5570
N BT TR
By rﬁflgﬂl . Fertilization Fertilization
PENMENTAILIouP  rate (%) XXQ rate (%) YYQ
Ctr-XY3 0.91£0.02" 0.88+0.03"
LZ-XX3 0.80+0.05" 0.77+0.04°

6 TARMERSToE
Fig. 6 The sex genotype of offspring was identified by PCR

method with the sex-linked markers
3 it

1 R ) R T8 BT 29 9 38 A B il ke E A A
A S e s BT R T ARR AR E 5 esE B,
PEICER AE 1 0l 7 B AR T R h B A G
MIVER o 170- I ZE S (MT) /& — BN T4 B
K, L 5 2 D OME P e A 3 A (R ML A 2
s (DMTE#AE T 90 S E00 T i -2 4l AE
1E S A5 E AR A 2 i (2 M R R (G TH), 11 555
JE 63 A LR R R 1 S LM (MT
It ) O B A 5 A AL L (Rl (P450 aromatase) ik
S — R (B2) S B PR T B ke i

MT Oz N AR R e s e . 2%
)R A IS S R MUT 1 7 v b T 2 465 I 7 A
R AP H(Epinephelus akaara), %53 ) DUV IR A B
S BRLAR A, A i 200 R B, R IR SRS B 40 P R ORS 1
Y . FA ) JURR A B N e 2 A B L (Epinephe-
lus trimaculatus)™". W15 . (Epinephelus mar-
ginatus)” FI B0 BE . (Epinephelus aneus)™" 1,
MT IR B REA U g i . 1A, MTHRE 15
ST 68 (Oncorhynchus mykiss)”. 124 (Xipho-
phorus helleri)™ . FHth (Psedorasbora parva)™”

HIJB B B Ak 1 (Oreochromis niloticus)” 25 f 5 1t
[ e A . i Y TR T R R FIMTRE
(¢ TN Ra S CSUR N (SR TINE 2§ X 8 = = 8
Ut PRV RIE 9T A AR RS B PR B, BIEMT S 58
S0 PR A ) LSE U A R — P IR . T HL
ShenZ5!"* Ui FIMT (5071100 mg/kg) %} # 1 fa it 47
L AL FR, 45 &R I FIMT &b B 1) 35 4 % A 2
U A L, (B BT A A PRZE S5 3 H — € LAl
TP R . TS, AT AT R R B IMT (200 mg/
k) 7 AH [F] ) H A 34 v S 1 £ 7, O R SRS DhRetE
XXAH S, AR 5 EEa it
FEXXIEFEXY BRI SN HEIE A S SR, PO 5
IG5t . IXFREL G A A I HRIE, S A EMTEL
R ) b R £ G B e e R AL, X
IR G ULIE A AR IMT S5 HE P R 7R
AR PR T AL, TR s T OB R XY HETE AN AR
DA A T R 2R 32 BN T AR R R T R T
b R BT, AT BT A2 B
MTALHEZH (25F150 mg/kg)o

B VR SEBG &65 B 3% B FHMUT A 381 25 90 #0561 1 114
R )L EA W . ARIREE 17 a- 1 A5 2 B8
i ) i S £ ARG, EUAS BR R XX 9 £ 58
SR, X SMTAEK 1 25 (Micropterus
salmoides)” > F1 KA . (Esox masquinongy)” " 1145 F
AL R AE2 N MTALER A A, %5 5 R XY
PR H I TR Ak, K 8 AT 2 TR (S R R B
IR)e EZRTIIRIE S, 100 mg/kgIMTAb B4t
ARG S 1 MRS IE o e A 39 0 s 8174
VAL RN AT BE A BT MTH S A= AR MR
Fr3E. H200 pg/L MTALEE B 3L R i (Pimephales
promelas) 5 , W6 FHE 1137 59 95 B 1 iR 7K1 #1042
T,

75 B A A MEE R G R R R OB R, A2
TR A A 4 A PR T8 2 T B3 3R B A 1) D il A PR
TH, N 5 R A S RN SE LR 43 0l 1A A R
S R P I e R A M KT
FU A2 b 7 A g vl sE (L TR A A I
XEEN R 3 A 2 G B, SRR A SR,
TEMEE A BN R B 7EBE S 1 (Danio rerio)
¥ 5 TR K cypl9al afifi bR 5, FRAZAR 4 NI
Y, Letrozole (R i M, LZ), 5 —FhAE6% 4G 300
1) 5 7 1l v A ) = [T S o 7, e A A o T
RE K MHLZAC BTt . I SUR T 8l Taki-
fugu obscurus) A5 (Clarias fuscus)~ #(Cyp-
rinus carpio)~ Ui (albiflora croaker) 7
(Oryzias latipes)55 8 28 1] 4y 1 35 BB K K 42 /=
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Be A 28075 5 XOXOME £ 1) XX 0 e 3 0 . 4 LZ 70
IEF300 mg/kght, £920% X XME 4 15 4 A g s
W SRR A et . ALBESHLZA =R —5
SO, T () R D B A B 2 T v

EIEFIEOUR, S IR B R TR 5
o FE13 H BN OF LA T 46 H I 7 A3, 19 3%
HLRETE R B o R 5210 B TR KA FE 40 H 1%,
EFI55 F A T Bk N g Ffgks .ttt
1, PR SIS A, XOCME £ 1 IR LR AR K B
U BT R B0 98 2R A T s R TR M —
IF) B A1 2 R B 2% SCmT DA 4T 05 A AL B (R ) 3R A
RIS 75 A Tl £ 0% 1 A 0 3 0 52 2wk i — . 2
XX F IR T, SN Ta- 32T )G, 75 &5k
TR P 435 1 5 oA At 5 A ), AT TR Ak P 3 20 B 2R
AL MERER, MO ERRANRE LR IE RS . 3%
R 57 & 10K i (300811000 mg/kg) i, 0 1 44
PN 5 A A B AT T A R P, S U R Rk
S YA 2 1) I LT, Ak Py M 2 R T
SR KER R, EIRHT LASHRS 57 17 70k B
I AT DA i B e A R A O T 4 R
MR EReE 2 REEERM, RE57 F MBS
ANHEAG AN, 17 o H 228 52 TR g A 8 15 5 2 9 0
B o T B B B 1 DG BREAE T XX AR Y e gk AR
FRME IR 2% 1 5 B AL TS 1 A B . RS
R T A ROk XX A FHME P v 8 A XX
PR 015 5 5, N A A S R
E T it
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PRODUCTION OF XX MALE YELLOW CATFISH BY SEX-REVERSAL
TECHNOLOGY

YANG Tian-Yi', XIONG Yang', DAN Cheng', Guo Wen-Jie', LIU Han-Qin’, GUI Jian-Fang" and MEI Jie'

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Wuhan Bairui Biological Technology Co. Ltd,
Wuhan 430070, China; 3. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, China)

Abstract: One of the serious problems in aqua-cultural yellow catfish is that the background of female parents is con-
fused. It is particularly important to establish all-female families for the all-male and hybrid yellow catfish production,
in which sex-reversal of XX female to XX male is a key step. Development of sex chromosome-linked markers
provides a technical support for the identification of XX males in yellow catfish. In this study, different concentrations
of 17a-methyltestosterone (MT) and aromatase inhibitor letrozole (LZ) were used for 54 days to treat yellow catfish (7
to 60 days post fertilization). The survival rate, body length, and body weight of each group were measured at 61 days
after fertilization (61 days post fertilization). Gonadal structure was observed and histologically analyzed in XX indi-
viduals that were identified by sex-linked markers. As a result, MT and LZ treatments had no significant effects on the
survival rate when compared with the control group. In addition, the XX gonad treated by MT showed seminal vesicles
and could not be reversed into functional testis. However, appropriate dose of LZ could induce the sex-reversal of XX
female to normal XX male, and the induction effect was enhanced with the increase of dose as well. The XX male
could normally mate with XX female and YY female, which demonstrated appropriate reproductive ability. The present
study proposed a reliable method to create XX male using the aromatase inhibitor LZ, which lays the foundation for the
breed improvement of all-male yellow catfish and cultivation of new varieties of yellow catfish.

Key words: Yellow catfish; 17a-Methyltestosterone; Aromatase inhibitors; Sex-reversal; XX male



