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Abstract: In order to rapidly select and breed all-male Channa maculata, this study developed a
breeding method for all-male Channa maculata by combining sex-specific molecular markers and the
three-lines breeding technology. Healthy seven-day-old Channa maculata juveniles were selected for
feminization, and the juveniles were randomly divided into three groups, and 100, 300 and 600 mg/kg
of estradiol hormone was added to the feed for 60 d. The sex-specific molecular markers M12 and P2
were used to identify and screen out Channa maculata with the determinant of XY type. Next, the
offspring obtained by mating XY-type normal males with XY-type pseudo-females were divided into
two groups, one was fed with normal feed, and the other was subjected to estradiol hormone treatment.
YY super males were screened using MX1 and MX3 primers, and finally, YY super males and normal
females were mated as parents to produce all-male Channa maculata offspring. The results showed that
the 600 mg/kg hormone concentration group had the highest sex reversal rate of 75%, and 235 Channa
maculata with the XY genotype were screened from 508 lines fed with estrogen E2. 22 YY hypermales
were detected at 2 months of age in the offspring obtained by mating XY pseudo-females with normal
males and 14 YY hypermales were detected at 7 months of age. All the screened Channa maculata
individuals were used to produce all-male offspring. The present method significantly improved the
breeding efficiency and shortened the breeding cycle of Channa maculata, and showed a great
economic potential and application value, which can be used as a reference for gender-specific
molecular marker-assisted breeding in other fish species.
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BE# (Channa maculata) J&&9E H | 658}
J&, FESTMACHF R AR R, PR PR o e 0
TR R SRR b, W HAK
P, e, SO ER T LAR AT SR a2
SRR HELTHRK 125 (Mao et al., 2017), 28
ViR TC 6 ME Sh W) e S HE sh ) 2 [) i A Aty
HAE Y AR R G AR % 24k (Lin et al., 2021;0u et
al., 2020) . P AR AR ML P EE A, Jf
WAV R VEZ T, AR SREIEA .
e AR, BUHH A LA M AR 4 3% (Leinonen et
al., 2011; Rosenthal et al., 1998; Yasuda et al.,
2005) . B il H g5 W 25 0 Pk 0 AR (B 55
2022) . BEAE ARG HL LG OP S NCAME, MRS,
R RE R e T IR S A F , A
TR, HEalHER, B2l TAK, &
b t0 A A PR T M £, R A [R] SR A S5 AF T e B
{8 A K SR v T O B A (X A, 2011) o PRI
I o P ) R 1 4 R R 8 4 R B A R A
PRSI A, W, BT, g A E
AR IEAIRE, HiX ) kAR
Wi, FETRIEAC, BORAEEON, ANREIE
PR 4 M AP AR AL B (Du et al., 2023) .
PEGNRE 5270 TARIC B TR S0, ] VRS

B AP a2 A T, AR R A
JE PR AU 6 £5 B9 MERG 7 (Varela et al., 2021) .,

g F brid @ B & ' MAS (marker-assisted
selection) /2 il & 25 F 43 br 1 A9t 307 4 A 1) —
PRV E A B, @ RE T B R AE SCER 1Y
S FAnic B L L R, AT oK F HE
ST AR B AR A A, DT 6 B A R PEAR
YA (Hasan et al., 2021;Song et al., 2023 ;&3 =~
85, 2019) 0 PEARR A An e o PR R E R AR
Yy 4e R g2 T E 2 o 7 LAl (Zhang et al.,
2022) . ZIERIR TG E AT BOEE R
ANHAEPE R 2 AR E 0, PO HERR T R Y
5 Fh (Hasan et al., 2021 ; Kushanov et al., 2021) .
ZHOKTEY R EE SRR, myuw . EK
B B AR ERR B o B s A AR, MELLE
BRI EMFBRSITIERES, > T E
AR B A AR D T 3X — ¥E A (Aquaculture
Genomics et al., 2017), M 1990 FF i, BlAFKATR
T Z2F0 50 Fhn i 5 AR R IR & 0 10 M 34 Sk
g3 F e C B A BRI o8 U g R B K 2 A
(RFLP) . FHLY 1 £ 51 DNASRIZ(RAPD) | 4
4R B K £ A (AFLP) DA K & 5 & &2y 5
(SSR) (Liu et al., 2022; XIPE%E, 2023), X465k
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7z W TR A A 2 e g g L S B R
SR, SCHLT ML SR E R R R AR 0 I A TR A
%5 (Kovéacs et al., 2000; Ninwichian et al., 2012;
Wang et al., 2009) . B /5 S b & 5 22 0 455
kK, NHARENAK SN, HEPEAEKEEH
WP MEME, ABEAR B o BOR T Bt AT
Fric i 2 74 B = RBCEF AR B 2 1L FR5H
X E A MR, G ERAER, SR A s
HAFERE.

1 MRS

1.1 SEIg#r#t

ARSI B0 BT B BE A Y Sk B T T AR B EROK
Pl A BR AR O AR L) o

V1 sh W R 21 DNA SR & (P 1 RAR ) |
Jo/K L. SOXTAE HUUKZZ /P . BiliE# . BRI
W, MEZRE(E2) . T &By N el B
4fi K & 48 M RephiLe RR400Q101 (RephiLe, H1[H ) ;
#5E 1 EI& 43 B 2 42 4 Tanon 1600 (Tanon, H [H ) ;
PCR ¥ 3{¢ "} Bio-rad T100(Bio-rad, £ [ ); 484Ny
Y6YGEE T4 Nanodrop 2000C (Thermo, 36 [H ) ; ¥k
2.0 LA Eppendorf 5804R (Eppendorf, &[] ) .
1.2 EWHE
1.2.1 #&EFFriEsE RAM E(E2)IFFK
M P 300 | R BRI U8 R A T 200 mL TS K £ B
a5 EEHE A, 0 0 R 5T R B Dl 100,
300 1 600 mg/kg BVRG ), HISIWHINTE 1 kg f) k)
T, IRA AT T KA o R E T
BB

6 B S 220 A 4 R A B 4 AT S
IF WA 2K U0 5 53 R R P W 2 Joxt B2 1
WER TR B, RIS 1 R R AR
H, B 7 R, LA SRR PR R
L, N R ZH B M TE DR, PR R B H R
AN LR, R 60 d, B SR IE R SR T
P B RE FE M 2 (Ou et al., 2018),
1.2.2 stBatkHEne MBRAR—FRIE
W BEAS, 7E 6 H I 30 mg/L T H 257
BREE S, ST IR X oy H e R A s, M
HEAPRBEHLIEE T 60 BT 24 | IR M=
AHCE R I o XA | AR B A SR e K
MG 15 (P<0.05) #H T 2 F K.
1.2.3 XY & med i oF52 EHEFHEE
ke, IFEN —/ N TR A 9=95% 1

K gs.o8 % GEFE Sl 3L 41 DNA $250L
A& Ul B 2 B R DNAL AR 3 & A
(CN202110073758.8) % it M12. P2 ¥ 514 Fhric
Sl LIS XY RUEE 6 HR 4% NCBI scaffold2711:
377-3719 J¥ 501 MX1 FMIMX3 5141, FRNE XY
RIBEAE I — 3 X 43 XX, XY FYY BIBE6E R4
FFHILZE L,

#1 T TARCHBIESEN G975
Table 1 Primer sequences of 4 genes used for

marker-assisted selection

AN 3149751
BL-MI12 F: GCAAGCCAGTTTGTATGGAGTA

M2 BL-M12 R: CCAGAGGTGGATGTTCTTTATC
P2Fx: CCTCTGTGTCCTCCCTGATAGCTC

" P2Rx: AAAGACCATAGCTGAGTACGGCAA
BL-MXI1F: ACAATTAAAAAAAAGCCAAA
vl BL-MXI1R: ACTGACCAGCACATAGCAAG
BL-MX3F: CTTGGCTTGAAAGCAGAGTA

A BL-MX3R: ACTTTACCTACCCTATAACACT

DIk DNA b, 456 ks 9k T PCR R
B, RRARZ A 10, ffEddH,03.5uL, 10 pmol/L
primer-F 0.5 pL., 10 pumol/L primer-R 0.5 pL., DNA
template 0.5 pL; PCR 4" #4414 . 95 °C 5 min;
95 °C7AEME30's, 60 °Cil k 30s , 72 °CHE{H 1 min,
30 MEER; 72 °CHEMH S min. PCR IV 4545,
7.5 pL i TR HERERC DL 150 VLR FL UK
20 min, HLUKSERUG, M FHEERS EG 0BT R G5
JEEE &, RSB, IF R 4
S| PIIEA T 45 o M RN e XY RUBE6E
1.2.4 XY & zeéd & 22 305 58 FEH R
LB XX TR P R R XY T e T AT A
AR AZ KGO AT AL B e, R 1.2, PR E Y
R TR TR, IR HE S M2, P1275]
Yy 1 XY B A, HUXY BUIE B MEf . XY T £
DL K XY 10 By A 1 i 2H 40T 0% PR T v 1 A o
W, BIEHR 2 0=70% MR AR . BAE IR
WET o NT0%. 80%. 90%. 95%. 100% Y iF K
L, BAAERIK LR R30mn /5, & F_H
B IAALAL B 15 min, T 2K, BEEKRESIR
PR A D, JFE T 55 cCRBLA
2.5~3 ho BHEEHE, KEREABCE KR HI 2.5 h,
YR AR S FYI R HLE, Y R RN
7~8 um HEATYI R ALRE, FEEEY A N o=3% kS
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HATRESE . Y R g o b I IR R R - e gy
e, BAOPIRIT . R any U T R
10 min, KK E T IK LI 0 7 95% . 80%.
70%. 50% kG S min, FFAKGE YL 30 s, bl
S VK IR W 5~10 min, FREE R RIKE T ol
50%. 70%. 80%. 95%PiAiH S min, HHL YL
et 10s, BfiJG BT 9=95% K MGk 2 B,
ToK ZEEH S min, " H IR 10 min, EJEEVI A
R R E A, Bk

1.2.5 AMgmey % F XA MR XY 55T 6l
s BRI, B kg RIS 1 500 IU
B 2 B B A2 P B #% 2 (Human chorionic gonado-
tropin, HCG), H:H1 iR IE 7™ O Y D) S M 396 2 1l 2y
M XY BUPhMERD R IR XY BIE R It 5 XY
PR £ 2% FOKS MR T E AT 2 K5 0T 85 5 2 01
XA AR R 1.2, D IR AT R P . T+
RAYY B, XXIER M, XY Dl XY
TEFIEA, R 60 dA5THR T, XM G A
S =8 BT T BEHL I S5 R AT B R B
DA YY BE B (09 £7 7 J5 TN F% 56 1 3% i 17 1%
H o MIRMGR LG E G5 -L H B, 57 b
— T I FL (A B B SR PR IR A T BRI B S

2 g R

2.1 MFEHERLER

8 3 AN (7)o A B P 9 R A B AT XY 7Y
PhMEfr 25 5 3% B f = U R 0T MR B 21 600 mg/kg
PR Rl R, RSB ILER 2. FIHIM12, P2
RS FARCEER i, A5 T LI T PCR ™
W) LK A PR X A DRSS A . 514 M2 AR
RSP, AR/ 902 bp, FEMENE R RREY”
R Akl s I P2 AEIEME P 3G i 3 AR Ak, )
M 1915, 100071657 bp, TEMEMEH HP 11 000
F1657 bp, AREP 4 HEE TP EAS 1 915 bp 554 (&l
1), a2 B W EE XY BYIE 4 M fr . XX R E
B MEA0RN XY T O e £ PR BRZH R, 25 SR AR 2 TR
PR e MR 2 2 B 2 kB R S A 4,

R MR

Table 2 Results of sex reversal

M12

w/(mg-kg™) XY(9) XY(8) PR 5 /%
100 24 13 62
300 27 11 71
600 44 14 75
8 2
bp
1915
1000
675

BT PRSI FARICTEME | MERESE b i B R R R Dk 4 2R

Fig. 1 Results of agarose gel electrophoresis of sex-specific molecular marker in female and male Channa maculata

2.2 MEEMEERKERMNER

Xof BB 2H [ — 58 2R 1B 3 5100 ME o 36 66 2% 60 2
I AERIER T4 R R, MR B K | R
FMA T AR e = TR (R13), a5 R S eni e
A ISR E AV & (CCRRRRESE, 2022),
2.3 XYBUBEEMETEER

PERGE T, IE B e R 2 AR B 58 i 3R A
R, FRMERET ZH# T MR, DLksE
WA . BG4 RR R AR XY XX =111,
ZeREMI12, P2 BEPRI IS e r iy, SEPRR 1.00: 1,16,
T PRIS(E, SEPRIE DL LR 3 in o Ik A5 2 1
XY B L& T XY B O £0 A XY B OE A

FREFE A0 A XY B — R PR 5 o8 B e P
& # % (HCG, human chorionic gonadotophin) , %
WA kg BRI, TEGHE 1500 1U, REIEH ™
B8 ) A i S e i O 1, R AR T2
K, AN YY BRI,
2.4 YYBIREBHOEESER

A 2 DR BRI SRR, e 45 XY AU IE 5 e £
R ME AR R EAR R LA = YY B, R T4 B
BRE, ZHCGHMENTIHE TG H AR50 6 Oh
AL DE, (HJRBE 0T LBk BF ok, st AT
FERG NG 320G o R A ) 43 A 10 2 X6 04 M £
FIVIE A £0 28 7™ A 1) AR T 6 R B 4B, 45
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Fig. 2 Gonad sections of normal male, female and physiological female of Channa maculata
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Fig. 3 Growth difference between male and female of Channa maculata

3 OXYRISELR
Table 3 Results of XY genotype identification

ek XY XX PER A (XY 1 XX)
1 93 135 1.00:1. 40
2 142 138 1.00:1.00
Mt 235 273 1.00:1.16

FoR, FEIEF AT URERGIN 2 2 PP IR, i
A Dy S 80 00 T A 0 A b RT RUAS I 31 3 i 2k (]

AU PR A FH w=1% B AR 58 s i Wk 2k A7 0 AT
A T A X 2 B A XX XY R YY
Al Bl MX17E XX P48 1 4cmkar, 34XY
W, 24 YY KA 51 MX3 HTEXX., XY ¥
BT, YY BUAY B (K4).

55 THEYR 102 44 bR v 22 43807 g 32k PR e
ERYY MMEM, YY:XY:XX=1.0:24:12, %
FSH 1:2: 1. 55 24K 7 H 5 I BRURE 55 08 1 45
B, YY:XY:XX=14:52:44, AP ERKES
FEPAL 3, HE— BB T O Y TR
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Fig.4 Agarose gel electrophoresis results of sex molecular markers in XX, XY and YY genotypes in Channa maculata

Fd YY HMELKE SR
Table 4 The results of identification of

Y'Y genotype super male fish

Ll |
Mk AR YYIR XYR XX o5 Lt
(YY:XY:XX)
1 2 22 53 27 1.0:2.4:1.2
2 7 14 52 44 14:52:44
3 3 B

EN RSB R IR & P KT o e T R 52 N B
B = RO E R S BE 6 e HEE R, XS
(2023) Y HFFERIT, P ARE Sk 4 FFRic R TE
K= aEFRBER TN, C&HE) B e
2 % 4k f (Oreochromis niloticus) (Chen et al.,
2019) . & 85 (Cynoglossus semilaevis ) (Liao et
al., 2014) Fil ¥ i th (Pelteobagrus fulvidraco) ( g
FH, 2022) %K=, e m TR RrEaE
RCRFERAE (X 7E45, 2023) . Liao et al.(2014)i#
o Wy T B S MR S o F Rl Ok H X
U SAMEE R SCAR B, e A —RELEH
AT T ML 5256 . A, Chen et al.
(2019) WA FEAE Y, 2> FAnicH B & M ovd ik 1 1%
GEEMBCORIK . BMAERKSES, EMINHE
NAESE Y AR E NS =l A AW =8 T
BETRIRE . F T B A A A R O T M
B B 2% e i A 45 i ve e BRI S, 85
B MRS EA BRI J1(Ouetal., 2020).

OHE B CE2) AR R P i il 9 R -, 3 e A 5
U5 B UE 1 H TR B 2 e s R rh ) AR S
o, Kb H S BE S 2 0 32l A3, ARDRE 43
U100, 300, 600 mg/kg MY M i L5 F,
600 mg/kg ¥ BE L A PET G R I w18 75%, X5
SERr oY e TR E L L oypl9ala FEH R IK
fie HE M P P B & B RS ML — 2 (Guiguen et al.,
2010) o R B4R 57 23 AR I BOR B 2 H XY O
Wi 5 Y'Y REMESD, E— 20 SRR T OME R

Ak Hh A i (Piferrer et al., 2005) . M i & 4k # 5
BRI 25 S R, TE 2 IR AT 7 A I 4y B A
YY M, UESE T OME T EE A R A B B
RHEVEERT, It dem 7YY Bk i i 0%
(Nakamura et al., 1998), iX4bLZ5 T, M —
TEIE 8 1 A b 7 A b B SN AN A, S HAh
MRR TR T S,

TEASZIG b, PRI R XY TR0 I £ R0 1 5 £
A TR A SR R A {EEC B A
T, R BE, MG 1:1.98, B
T, fEMErEA T, HA16.98% MK Z YY
£, AT PR T Y 33.3% (Mair et al.,
1997) . Zhang et al.(2019) (A58 R, 7R
b, T AT WW G £ A 0 68 0 £0 T R A IS
FELAG T4 MEPERPRE A9 S0 T . % T 3B Y XY B
PRI E YR, U0 268 (Channa argus) F 8 i,
Y'Y M £ A7 AR T RE ) 2 G 2 (Fjelldal et
al., 2020) . Dbl fr 5 T AR £ B MEREME 1 L
BN R 1:3, 2947 25% BT HE R AL H B0, Y'Y
ARG T FOUI %) S DR 5 S — 2D 9Y . BAAE 1964 4F
H AR 223800 XY BV T i (Oryzias latipes) 5 21
PR FW XY Dife M fa g il , - L il o ™
W B P E , JFHEN 6 Y g @k E AR T
(=), XYM A7 & B AT AT AT A A5 (),
WSR2 G 8 AR B A AE T PR R UK R B A B0
(Yamamoto, 1964 ). BEfE Y'Y &8 K i H 4: ] g
W5 F SRR L, 2Pk G AR IR A S 3 R Y
254 (Mukai et al., 2022) . Z5 b Tk, 7EHPE A
B, P A A Ok £ 0 DR e £ DL ROHT B A
TR i e £ 700 A £ 1) 2 R O LA TG R0 TR R
PER PRI OGN 2 . BUAR H ATAIESE oA 52 4
FRELP P E YL, (HYY BRI E R
N TR FARic B E AR E R 1. &
MR B E WYY HE 0 TF H R RS B il 4
RZ, — 7 e OF B0 4 T A FR A R A, R B A
P R BRI 3R e, o5 — 7 i HoAh (1 2
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SE
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Rz, EAOH, BAERE, 55, 2019.K™ s W 5 Fhric i B
BHIFEHERELT]. A2, 43(1) : 36-53.

W, A, B, A, 2022, SR E AR KN ST
JELT]. s EAOL AL 4, 24(2): 11-25

SCHRRRE, THREUH, TR, 2022, ARl iR 157 5 A il
FIAE A FERIESE [T ] DK™, (9): 73-74.

AEFH , 2022. XX Fhf o5 391 £ g 250w o ) ) B X/Y R ¥ 25 5+
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