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I 2 30 BSEIR AR BB Y YABLERIXY 24 B 35 B ) 2

wam wEA o# % ' 2 om W oF W
E3 AN A

(1. AR R ZoK P2 220, WA 1L 5256 %, NI 430070; 2. ECI T R ABFE B K =01 50T, BRI 430270; 3. H B RF2EBE K AE

AR FT BT K d R ) L v R R A A T s s, N 430072; 4. HERHERT K2, JEET 100049)

FHE: WFFCIRE T 17B-ME — W7 (17B-estradiol, E,) A 7] 4 B Ak 52 FH A [7] &b BRI [H] 5% 5 75 HL 400 84 (Pseudobagrus
ussuriensis) £ AFIERAME LR . &5 FLE IR, 7E10—70dphii[A], f£ 410, 5081100 mg/kg B, 4% M & 75
AU 14 1 28 11K 100%, (H A= K T8 FSE A7 28 Bl ¥4 FE o 17 PG, 4% M 150 mg/kg Eo2H &% 75 HL AU 62 40
ST FIAH 10 mg/kg Eof M5 5 1 75 HLAUU 8 10096 M V46 (1) 5 £E 5] (3] 9 10—40dph.  qRT-PCR&S 5L 7R i 14
PR b B SE Rl dmrt ] amhFlleypl 7a I{EXY A= B MEPE (1) 305 & 0 3 IC T XY RfEVE, 1 M 1 40 A B R TR
cypl9ala. zarlFgdfOTEXY A BLMEVE 204 8 5 XXHEME — 8, 3 @ XY EME . thah, I 4> 5 5 20 = )
AR AE 15 58 1 1S 2 A 1 T L U085 v 77 32 337776454 SNPAIT1287509 1 Indel, F 1145 996014 14 5l
A SNPAN276144 1 51 3% BiIndel . 4 71 3% B 1 SNP 2 ZE4E Hp 7F 1 75 HL DL 6 85 YL 1.4 6.84—23.82 MbIHI{L
B FFAMEREB I Indel & T 15 75 BB XCORTY Yo 0 ARy 7 10 20 ARG, 38 T B ORIT B AR B pk . oI AN
WG TR . A PRS2 T ARICAEX Y HENE 5 XY MEPE S 7 — b %2 1 7 Y YR A A, {3 Y Y A
1 AL A BT 1) 5 O B T 0 100%, VA 8 /S 14 1) 44 B R T PE SR B BE AR 1 15445 . 48 BTRR, 1E
10—40dph 8] 18 F1 10 mg/kg B, 1755 % o ELDLEE E P 1 1) 280 S de A, R0 ) 4 366 TR 4 68 00 7 AR T R 1) 1 ) o2
By FHRICREA R 8 1 5 BB IR 8 A Ik ) SRS Y YR ME . BT 9T B A XY 4 E 12 75 L U002 5 o A e A

FHEG, B RS 8 5 A0 A A AR AR A5

RHEIR: MERNEB D TRRIT; 17p-ME
hEDES: S965.1 XHEEFRIAMG: A

W P K 7N 5% 72 (Sexual Size Dimorphism, SSD)
E A0 S A7 LE, 51 UK 2 Hise Rl i S8 I e AR
T S 2 PR T M, T K 22 SR SIS PR 1 A
o B e T IR RV AR T £ 2K
P ) 428 i g AR B ] 17— 8 A R R PR ) B TR
12, AN 44F 2 [ 5K 77 JE R R R A e 5E 28 R
2 S [T Bl B A A ] 15, R e
15 A W < Fh 1 5 S Gk 150
BT filg e A 15 B R A k2 5 A o g A
15 7% . 575 B {2 (Pseudobagrus ussuriensis)>

Yrts HER:
HEEMB:

2024-09-20; f&7T HEA: 2024-12-06
WALE A EIH

(ESUESRNETPNG RN =
EHE: 1000-3207(2025)05-052507-13

JE T 85 H, B8, R, AR AR R S
PR B LS, AL PR o 4 4, e AL T ], oo i 5
HELITG 7 45 B o S o, TR K B B 2.
FERH [ FRIEFAGE T, R MM & I BLADL 2 ) A K Tl
S 2 AN 13,0065 DRItk R #8845
HBOR B AT LR . 22 5RO E e K 2 1E 5 5
H L E A B A L, TS 25 S kI
R ANVE R 3 5 bR A0 T A A 0 ] e 421 11 O Bt
7

W2 3 1 SEVET e (RCR,, 5 fa SRsA%

VT 0 RO v A T R ) a8 A% 2 FE R (2021 CFA057) % B [Supported by Excellent Youth Founda-
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EEEN:
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GBS L /L E SN G = N 2L 7 b 3L R (S
AT A mal-ih I8 Oncorhynchus
mykiss )W L 51 5 R AR PR RS 0 v 11
Feox il WAL ) AR 8 AL 25 A, A PR
TR G R AR, % 2R
FHRMERE, Horh i 3 SR ) 250 17B-
M — B3 (17B-estradiol, E,)"\  Z %t 5 — % (Ethin-
ylestradiol, EE,)" #l [ i #ff — ¥ (Estradiol valerate,
EV)"%% . By Bk p it AR R I R AR 2 2
—, B IE . 25 R AL A 3R
XA RME . AL . RIBVERT 2
IR TR, 15 QeI B, T HREAR VS b BE A AE Lk A
i, H =2 SHEVE (L 0 2R AR k™. 4
K 2 5 2505 3 Ml I 2l I B P, T HMRE, 1)
TN JE A S5y 2= Sz e AL 3 A8 R AR KO . fETE R
FUMEPE AR, BRI, R R B AR KB, A R
R FE AR I ) B A S )48 T 5 .

ZMEF R 5 SRS XY FME 5 R
XXt 05 F R IR BE AT #0075 A B PRI B 7
PRic AT B A% %558 o TR MEEB 73 1 Fric 32 24
Xof i S ) 22 S o DR R LR AT R ) 22 e R e
T W%, i L7V AL B IR 2 A5 1 (Single Nuc-
leotide Polymorphism, SNP). 4 A il 25 #x i (Inser-
tion/Deletion, Indel)~ f# T2 & #x it (Simple Sequence
Repeats, SSR). [ ALY 14 £ & PEDNAARIC (Random
Amplified Polymorphic DNA, RAPD)FI4 1 1 B{ K
P 2 &5 YE(Amplified Fragment Length Polymorphism,
AFLP)" L, 25 0 AR 1 2 8 A P AS B ARG, T
FUN D1 T K B ok vyl B e gk AT 4 B R 4
R 77 GRS 7 TR IC, HETfEL )R
1 (Mystus wyckioides)" . 5 (Siniperca chuatsi)"”
BE 55 SR M (Tctalurus punctatus)' 5 2 5 fa 25 b 3k
13 TSRS R T hRiC .

AL IR B A TN R, IR E, A [H]
Ak 3 A 5 R AN (7] Ak 3 IS T %o 15 7 B AL 2 A K
AE UG Z AV L B 52, 5 FH QRT-PCRA Ml 4
) 3 A DR B e RV 1 I ) 3 /KT, Al M A 1
RO o P A B DR 2H B 7 R R T K 5 5 B e
PR I B 2y b, O I8 XY A B E fB R Y YR A
1o X5 T B AU B A AR VR A A AT 1 L
FAE KA BEPEAL

1 #R5ERE

1.1 K& KR
1595 RS AR[Q: (77.28+8.73) g, &1 (154.47+
17.62) g)tal 7845 sl T 7K 7= Bt 22 it 7t B S B ik

N LSS % s Fm s, 85— 10 ngkg
LHRH-A,; % —4t: 10 pg/kg LHRH-A, + 1500 TU/kg
HCG, W& RIB&E 120, N TH2K 5 W 31T 4k .
AW FERAT T S ol oK 22 5256 2 ) 4 B AN S A
W F 2 01 24 E(HZAUFI-2020-0033), S2i6 i f4 rh
ERAEN A A A BN, 4% R AR koK 2
M B 23 53 2 ) 2 (PR o B AT
1.2 HEZFFE SN

AR & #10. 50, 100471150 mgftIE,
(Selleck, & [F)%> 51 ¥ 400 mL 95%Z B i W+,
FH W% A 351 I 75 1 kg PRk b, R K BH B 28 0+
Je TRCT 30 R e R T DR A o X B 2 PR DR P
AR R AR 1195% £ BE R, W15 4

FEVREEABLW&IT  wE T4,
10, 50 1001150 mg/kgft] E,Ab BE4H, 3544
BEANAH B 3 AT H1.(0.60 mx0.50 mx0.35 m),
AL A FE AL 8O i 1 o % I HLAOUE 7 7 R AL
J& 4dph(days-post hatching) | 3= 5= HL JF [, 7£ 7dph
15 FH LU 2R TR BIOORL L A VR S23EAT 9K, S e
TRl PR 7S F4F B, B & 9dphye &R 7E
10—70dph % ZH $ MR B & FR B bl ), 71—90dph
P AN E R 1 R TRDRL, 7 1 B 1) 7K I 4 i 7
26—28°C, ¥R %.5.9—7.5 mg/L, pH 7.8—8.0. i
BRI (i E Mg — 4. 5K7:30F118:30
I3 B BEAT U FE, 0.5h 5 1 78 4% 1Rl RE AN 2B I
T HE /3K B

TEIREE BT WE T RA
FISANF A BEAH, AF510—20. 10—30. 10—40.
10—50F110—60dph. X HEZH 5 A S I TR,
5 IS TR) Ak P 2 7E Kb B 3 1A 45 MR 10 mg/kg I E, IR},
FLA I (R B M IR ARl . FREEM B . IR
B &Y 5 PR R B
1.3 £K. FERMMELEST

1E90dph4t v % 2H & 75 B U652 (1) A7 3 2, F >
SEAT L AL Pk E 30 2 5 HL AL T A R 44 B
MEL90R), HAEI0RN A TN E. FHIF,
W& f5 MR TG, BRD T
100 mg/kg 3-Z 3k 7K H iR £ 15 FF L A /iR £k (MS-222)
¥ 1 I BLAOUEE BRIE S, BY SR, 85 ) AT 1R 46
TR A 000 )0 2 B 2 i fg 35, R BRI IE . B A B
LT . TR B ALE R 0 VR i B G (Bouin’s)
B my 0 g i, BT ARSI R, R A R A A
(CCD)MH A% 42 FL i J 40 HE AR AT, BY UV B A
B PERRIE Fr —— X B, fRAEFE TG /K ZBE 1 H T DNA
R, M R AR AELEPEAL 5E Wi, N4 °C UK
R e, 2k FR A% E fa, SR IES XY
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A

FE DA Y ARG L. XY DR Y G B R AT XX R 2
YU L, AT A YD K. 3 WA e
IR, T FH 95 A 25 % 0 41 B i S B A1 % £ 48 i )5
(HE staining), Mii.7K 5 3 7 2k 47 2 5ol 58 I 8¢ 7 R 4R
PR R E G .
1.4 2ERBENFSFRE

Z:2% IR T E B 05 B R A ), B
o LU 4y DRy E £ RO R 220 R A A I SRR ALY
P F 2R — A4 i A FE I ZHEDNA . NanoDrop
20004366 £ 7 (NanoDrop Technologies, Wilming-
ton, DE, USA)M I Jlig Bl e 112 HL Pk A 11 3 A H DNA
JiT o R A B AT 4 ik DR 2H B S A
SEFIIN A5 B8 ) WL W 1) 77 325 GER 75 3% )4
DNA v BeAb, SR 3T Fr B il . R R . 3'%m
TRAL ERE 78k, PCRY™HE Bl Fy> SC 2, 34T
SCEE UKL, BUAS & A% 1 SC R 38 i lumina Hiseq
PELSOM f7> ¥ & #EAT I 7 o I 3 &5 2R i 1 Fastp
v0.23.2 (https:/github.com/OpenGene/fastp)id JiE 75
Fl|clean reads.
1.5 MREHISNPHIndel 547

JH 13 BWA v0.7.17 (https://github.com/lh3/bwa)
AR FE T MENSL I LG 21 5 75 B AU £ (XX) 1Y)
%2 FL K 41, i@ i SAMtools v1.16.1 (https:/github.
com/samtools/samtools) % A 5 225 HL K] 21 7 [8] )
bt 2 I o5 IR SR T 481t TFIGATK v4.6.0.0
(https://github.com/broadinstitute/gatk) f*/Haplotype
Calleri#t 47 varinats calling?3#l|gVCF A, 14 FHGlne-
xus v1.4.1 (https://github.com/dnanexus-rnd/GLnexus)
£ I gVCFIC A, HBeftools v1.16 (http://github.com/
samtools/bcftools) % SNPAI Indelidt 17 1 Ji€ F1 i 32k -
I J5 18 SNP-Indel 555 #E AT b ic 5 4 il 22 8] (1) 5%
BRI A, 075308 1 ) JE B SNP Ml Indel o
1.6 MRIFFR S FHRCS IR & R IGIE

T 4 51 32 B 1) Indel 7 31) [X 38045 FH primer 5.0%%
LR 51, EEL 705 5] 143 QU EE R AE W)
BHECA R A F G R BRI B 75 B DL 6 2 £ A
WE 1 %4 8, X705 5 WD HEAT R0, Phade th P90 £ A
BOR B G 3G 5196 44 AMIFIM2, 5 5 75 5L
0248 2 1 AN A (T R 28 AN b A8 R R R S
VLB AR AR 0 5 Oy LM L A AR 8 )ik
FTRBEAY BEIGAIE . PCRY 44K £2(10.0 pL): 2xPCR
Mix Buffer 5.0 uL. b FU#514)%0.5 uL. DNARE
$1.0 uL. ddH,0 3.0 uL. MI1[JPCRJZ M FE 5 N
94°C T3 A% 1 3min, 34 1E #4 (94°C 30s. 54°C 30s.
72°C 24s), 72°C Smin. M2{JPCRJ M 2 /7 1B K I
FEN51°C, REAHES (8] 9 19s, HARFE 7 [F 5] #M 1, i

T B i R P HE KA I PCR =W« R F 51 W i 34k
13 T B DL M P A (K XY A TR £, 5 XY A £
AT N B, I AR e Y Y B A £
1.7 qRT-PCR#&M MR 5 B EEEMRAIR
1BIKFE

F| H TRIzolik 7] (TaKaRa, H 7)$2 B 90dph*f
HEZH 1) 5 5 BLADLE XY R PR A B L XXM 1 B9 5 %
10—40dphZH (1) 5 75 BLFE XY il 14 B 5L IS RNA
] i NanoDrop 2000 73 % ) B 1 I RN A & Al
afi 7, A8 1%3 T B 48 T R VKR I RNA S B 1
W45 B I RNAME I PrimeScript’ . RT reagent Kit
(TaKaRa, H &) & BicDNA, #8565 G 4% F . MR 4E
XOCMEE: 12 0 B 0L 8 B DR 2045 2 40 Sl it 7 ek
oA I Kl dmrt] . amhFleypl7al 5| ¥, B
PR A Bk B K eypl9alas zar Kl gdf95| W), LA
B-actin2EKIE AN Z LR, 51 4FR. FHI5E B
WL 1F7~. qRT-PCRX A4 %: SYBR Green#e £}
(TaKaRa, HA) 10 uL. _EFi#5147%1 uL. cDNA
2 pL. ddH,0 6 uL. qRT-PCRJ M2 /F: 95°C

#1 SHEEMEEEETEES MFEEPCRS|H
Tab. 1 Primer of genotype identification and qRT-PCR in P.

ussuriensis

514K 51957 31 AR g g
Primer name Sequence (5'—3') Amplicon Purpose
q size (bp) P

MI1-F TCCCTCCAAGATTACG YHIX455H FERAI% e
C =&l

MI1-R CTCGCAGGCAGACAG  Jy3497ll
AA 424 bp

M2-F ACCATCTGCTGAAACC YHRIXEr5 FERAI%
C J Bl

M2-R CAGGACCAAATCAAA  Jy212
TAAG 308 bp

dmrtl-F AACCACGGCTTCGTCT 217 qRT-PCR
CG

dmrtl-R ~ CAGGCTCATTCTTCAC
CACA

amh-F TTGCTTCTGCCACTAA 285 qRT-PCR
CG

amh-R TTCGGCTCACCGTCCT
TA

cypl7al-F GAGTTGAGCCTTACAC 269 qRT-PCR
cC

eypl7al-R CAGACTGGTCCTGTCA
CTTA

zarl-F TGTGAAGGAAGGACC 281 qRT-PCR
GAAGA

zarl-R CTCCCAGCGAAGGTTG
CA

cypl9ala-F AACATCACGCTGTGGA 199 qRT-PCR
AG

cypl9ala-R GAACAGACGGTTGGA
AAT

gdf9-F TAGACCCGATTCCAGA 255 qRT-PCR
TA

gdf9-R AAGTGATACCGCGTA
GTT

B-actinF  ATTGCCGCACTGGTTG 270 qRT-PCR
TT

B-actinR  CAGCTCGTTGTAGAAG
GTATGA
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T4 P Smin, 40 MG ¥R (95°C 15s. 58°C 30s. 72°C
15s). BEAT3RAEM SR A, K2 Ul I
RITERE A H (PR R IA B
1.8 S EBEIEE SRR S A MRS KT RIE
390 DA 575 B O 1 3105 ) s T O A 1)
Y'Y e FNXY HE O SOA, AT N LB RAS S
I FL UM 4 e AR S B PEEAR IR UK AR . IKAE I 97
FAMEE . OGRS IR FEIN2FTER . SRR S
P AR S W B3NP AT L, L FRAE 1002 . 1E
90dph#% #% £ H.12 1.5 mx /KR 1 mff) [B 4§ o 3047 15
WKFFFE B VFRE . 1R VFR, TEIFEALIE 302
BAKARE, 551 30807 LS T e HERER
5 AL

1.9 HIESHR

14 FHExcel 2010F1SPSS 19.0%% 4%} it A R 46 %5
PEHEAT 20 b, B (0 SRS 500 LLF- 35 (bR i 22(SD)
B . KRBT %571 (One-way ANOVA)KE
56 By AN [ 34 55 R0 AN [] B[] Ak B8 155 775 L 00 66 1)
Ko AEE, FEIEEMEL . # R AR TR
PRRRN T E R, AR EARR S AAAE
EHER.,

2 #£R

2.1 £ERFEENFEFEST
1SAN PR A FIT LS BHE 14 B A 1 0 e 2 0 4
a2 201K, 3:3515430.33 Gbifclean reads, “F-13

x2 2ERESENFHEEGITRSSEERHLEI S0

Tab. 2  Statistics on genome re-sequencing data and results of mapping to reference genome of P. ussuriensis

EATE TR B EEx B RS ES IR RS

Sample Clean reads (Gb) Q20 (%) GC (%) Mapped reads Mapping rate (%) Depth (%) Coverage (%)
I 14.50 98.15 39.23 96749092 98.48 19.81 95.94
2 11.57 98.19 39.17 76718966 98.31 15.86 95.79
3 13.86 98.32 39.35 91846572 98.33 18.88 95.96
4 13.14 98.40 39.24 87469694 98.50 17.98 95.94
1S 14.29 98.35 39.39 94780100 98.38 19.45 96.12
6 16.50 98.45 39.56 111238674 98.66 22.43 96.23
7 14.22 98.28 39.21 94303612 98.40 19.48 95.75
IS 14.99 98.25 39.40 99265184 98.36 20.40 96.26
9 16.40 97.89 39.27 109939318 98.61 22.32 96.11
HE10 15.48 98.26 39.32 103286516 98.45 21.15 96.09
ML 14.51 98.16 39.40 96758464 98.45 19.77 96.24
12 15.55 97.89 39.34 103774566 98.53 21.19 96.02
W13 13.80 98.18 39.29 92052298 98.46 18.93 95.76
14 16.34 98.51 39.88 111871132 98.73 22.25 96.22
1S 15.31 97.82 39.24 102373812 98.58 20.89 96.10
T 14.72 97.90 39.25 98008536 98.33 20.11 96.04
2 12.86 97.53 39.33 85642362 98.40 17.70 95.63
3 14.50 98.08 39.44 96807852 98.34 19.78 96.03
4 16.03 98.41 39.19 107289926 98.58 21.89 95.98
S 14.39 98.20 39.31 95864434 98.41 19.67 95.98
6 16.13 97.51 39.31 107485372 98.49 22.09 95.77
7 13.37 98.25 39.41 88689152 98.38 18.26 95.98
S 15.14 97.99 39.26 100476860 98.33 20.70 95.96
9 14.72 98.16 39.28 98048248 98.33 20.07 96.11
10 11.52 94.47 39.17 77728982 98.80 15.95 95.15
HE11 14.58 97.58 39.18 97830558 98.53 19.95 95.85
12 15.19 98.31 39.27 101311888 98.44 20.75 96.13
13 13.13 98.15 39.27 87638776 98.42 17.98 95.87
14 14.43 97.97 39.40 96155192 98.37 19.68 96.04
15 9.16 94.62 39.50 61381790 98.60 12.75 94.93
)& Average 14.34 97.87 39.33 95759597 98.47 19.60 95.93
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A

FEANFEA14.34 Gb clean reads, “F34Q201H N97.87%,
FBIGCH 1 439.33%, ut PR RiF. 55
I HADL 2 2 FE DR 2 3R AT LU X, P35 e X reads B
N95759597, “F- ¥4 Lh Xk Z A 98.47%, ~F- 4100 P I
919.60x, V#4175 75 % 495.93%.
2.2 MH4ER M SNPHIndelSit 24

DAXOXHE P4 5 775 B0 5 Dy 2 28 R DR A, MfE e
I LD A 4% 158 4 ik DR 4L B 0y =9 5 3 45 O SNIP
Flndel Zeit-45 Bk 3fw: MM S 75 BB ISNP
SHUN1682511—17583744, Ho v itk 7)) 7% 43 SNP%L
H N14—7611", Indel.2 59 549668—5797744,
rb 5 A Indel B H N9—1944 . HE1E 1 75 B

3 SNPHlIndel4tit 547
Tab. 3 Statistics on SNP and Indel

sNpp gy VERIEBISNP |y m b snisse B 1ndel

gﬁfpﬁ Number of iirﬁ?lggg Number of N}lmber of sex
SNP SNP Indel linkage Indel
W1 1740567 170 565254 56
i3] 1740223 761 557201 194
3 1687628 157 550540 68
W4 1748462 62 568832 30
WES 1717626 349 560197 97
6 1758374 45 579774 26
17 1687038 488 549668 140
HES 1749949 92 579301 33
IE9 1756990 14 574583 9
10 1687241 156 553102 67
W11 1682511 605 552340 130
HE12 1752807 40 571522 23
W13 1746836 275 563831 74
W14 1725321 159 552191 60
W15 1739789 368 568588 108
1 1883954 99233 609847 27476
i) 1773911 98768 566891 27317
3 1888591 99052 608598 27371
T4 1891707 99323 612275 27494
i 1900439 99098 611746 27424
16 1894298 99310 610198 27484
iyl 1864146 98944 601139 27317
iz 1808798 99250 584040 27478
19 1863312 99233 602056 27459
10 1673463 97382 519145 26630
HE11 1833216 99183 585992 27437
HE12 1830696 99236 595590 27471
HE13 1889415 98928 601542 27303
k14 1815201 99130 585570 27457
HE15 1589405 94634 485372 25674

18 J5Filter 3777645 99601 1287509 27614

i ¥ SNP s 5 9 1589405—1900439, e r 1 1) i 41
SNP#{ H N94634—993234~, Indel &L H ~485372—
6122754, H v 14 B iE B4 Indel$t H N 25674 —
274944~ . i Y8 J5 SNPE E N 37776454, Ho AP
T B SNPE £ N 996011 o i € )5 Indel/is £ Ky
12875094, H H E il 7 i Indelis B N 276144 &
SNP: E R4S FI85 e tafk Lo Ai(K 1A), Hdk
B SNPE 243 A 7E 85 e i (] 1BFI1C), £
7 85 YL {4 6.84—23.82 Mbfi & (&l 1D), &
85 Lt AR ] BB 2 2 75 HLHOLE P PR e
23 MHEFEMS FRRIEH A SHIIE

WHL 2 % JL R 41 8 5 YL (444 6.84—23.82 MbJF
HfeE IS, BT 3 A SRS (1 Indel b B A5 B %1t
PEREB 7 T AR ic 3R T 51 P3G AIE, PRk B % 7F
HESR B S5 51 Y6 4 AMIAIM2. M1
FIMAE S v T BF AL AR L V0] g AL b % i A 11
555 AT I R REA IR AE, A A 5 M1 IE
WEPEANAR IS BB 16 424 bp— 4%, T HEPE A&
P14 tH424F1349 bp# 2% 717 (K] 2A), 18 H 51 #IM25
UEMEPE AR AN BE 1 H1308 bp— 25717, T AEMEAS
PRy 18 tH 212F1308 bpth 2571 (K] 2B). K4 3724
BEAT DI (R0 A, 5 ) SangeriZ& kAT 0 5 o k12 0
745 R XXS % 5L R H R FF— 2, TTIE B 2%
FERH A et . HEYE A B P &5 R 5 ==
() Inde M — 250, ATTE B T 200 77 0 7 45 SR
IR EEE(E 3).
24 TRIKEBEAENSHBEMEEK, FER
R4 R RN

£ 10—70dph A [8], $5 W5 A AN [F] W B E, 1
TRNE S S 0y B EEME L . 45 AR 4R Xt
HEZH ) 2 I B DL AR Ak B 43 1) R9(7.7941.20) em
F1(7.191.86) g, 1M $5 PREAS [F) 94 B B, 20 19 55 75 EL i
fig A K 0 R B 34 AR T T R Bl AR R EL TR
JE P38 T, A4 K R A4 B 320 BRI 1 T L L6
17355 2 b A 1L MR B, 0 5 (1) 3 o . 3 BRI, i 4%
M 150 mg/kg B 2H 1) 5 75 BL 4005 7 73 0 A% v 42
AT, RIMAMNEM K, BAKERR . 7
90dphX % H B AT K EMH . BB EE, KIS
75 BB PR S S AR 43 3, MR R ) HE L B m]
LR BIHE S . A7) G0ORS B 200 M A0 I RS 140
(BIRR T )o X I 2H 1y B B w0 452 3] K 8 47) 2% B B
Y1 Ff, 20 A% RIS B R . d I RS
i LA )y T bR e S, AN TRIR B B4
XYM KB RO, HEE 5 IEH XX
i R NI W SR VRN AN OF 3/ T ~ %2 N |
N BEA M (R T ).
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25 TEIFREEAEBNSHBMEEEK, FEF
AR 5L B SN

R 5 % W10 mg/kg B, e 584315 5 5 05
L HE PR AL, BRI AR KA T R R i .
— 5, AW AR % 10 mg/kg E, AN [F] B 8] &b 2 X 1
TR AR AN A R . 25 R
W SHTR, B F HLAUE I fA K A 8 o 5 B, #5 R
B[] 38 0 1 8k /S, A % R E, 1041 5 75 B 1) 2
(10—20dph4H )& Al 44 5 43 531 24(7.30+0.80) cm Al
(6.46+1.23) g, 150 F AL T X4 L 4H (P<0.05). KB, A
(] BF 1) Ak BE 2 ) A7 0% 22 5 0 B 2H O B 3 T 22
(P>0.05). 10—20dphfl 10—30dph4d & 75 B il i
F) B 5 EE A5 2 ) (64.4445.09)%F1(95.56+1.93)%,
M 10—40. 10—50F110—60dphZ 12 75 B i) 6 o
HLLIE N 100% . By A [7] B 1) 4 22 % 25 1 59 L L
1 35 55 3w T 0 R 4 (48.89+3.85)%. 45 I TR,
10 mg/kg E,i75 T 5 75 HL 400 6 s 48 A, d A2 Ak 2 1) (1)
JN10—40dph.
2.6 MRIDURBEERIESH

I8 1 qRT-PCRXF90dphstef B 41 () k£ . fE £ 11
XY FEEAXXOIHELH L, DL 10 mg/kg EoAbFE 10—

40dphZH {1 XY A2 3HAE £ 1) O 53 20 23 e 1 2 ) 4y
Ao S e Tk DAL AR A4 128 ) A G B 5 R ) Sk Rk
AT o 25 S S P S A S B S DR dmrt
amhMcypl 7aIFEXY K $ b (1) Rk & B3 5 T XY
FIXX P 8(P<0.05; K 4A—C), T M 1 591 704k 5%
B PHeypl9alas zarl M gdfrEXY FXX G 4 41
W R R 3 XY RS S0 21(P<0.05; K 4D—
F), LR FERAEXY B0 S AXX I S ) RIE R TR
FNEZER(P>0.05; E 4).
2.7 SHBHELERASRE MR AE KT
FIH 51 M2 16 XY HE 1 -5 XY A 2 20
PRAGHTAR, YYRAE AU 212 bpip 25717 (K] 5A),
E8324 TR X Bt T 21246 Y Y B £1, |5 L4
N25.48%. 43 LYY HBHfE N A A B 3R AR 1
AL A MEREAR, DLXY £ 9 A2 A B 3R 15 15 75
F O PR AR, BEATAE KT LG . 2 05 AL
A Tl T A RN R R A 2R 4 S A (100.00+
0.00)%7F1(52.22+6.94)% (K& 5B). FFF5H & 14F 5 i
1 5 B L6 A I A AR B DR (76.36£19.33) g, 2
i L O 1 P B AR K EEL[(49.68+22.11) ] 1.541%
(Kl 5CHI5D).

fE1 M HK/NISNPAL H 11 Mbi HK/NISNPE H
A The number of SNPs within 1 Mb window size B The number of SNPs within 1 Mb window size
0 49 98 147 196 245 294 343 392 441 0 45 90 135 18 225 27 315 36 405
Chr] - m. e Chrl 1 I |
Chr2 = Chr2 | I [ I
Chr3 “m— L] Chr3 | I il I ([T —
e —" = [ -] Chr I I I
Chrs o HE B IS S e Chrs | ]
Chro M I = mem Chro | | |
el e — R ] Chr7 1
S e —— e w | s m—— W -
Chrl( Mol S E—— ] Chrig 11 L
Chrl] I u Chrl1 LI | I
Chrl2 = m Chrl2 [ I
Chrl3 [ e = ] Chrl3 1
Chrl4m e T I Chrld™ I 11 |
Chrl5 I N DE—— T B 0 Chrl5 I i} | 0
Chr] 6 I -] 1626 Chrle I I 1 830
o — 1 3252 Chrl7 I -] 1660
Chr] S I — 4878 Chrl8 | 2490
Chr19 i 6504 Chrl9 ] 3320
Chr20 s E T = 8130  Chr20 I ] 4150
Chr2] DN 9756  Chr2l 4980
Chr22 B ] 11380 Chi22 | — 5310
Chr23 m e cmmmew N 13003 Chr23 !
Chr24 e —— -1 Chi2d I 6640
Chr25 E—— 14634 Cpyp2s (- 7470
Chr26 I — 16260 Chr26 I 8300
300 D s
E 200 E 200
= =
<] o
&} &}
D]I 100 [~ DI[ 100
TS 4 5 6 7 8 0 10112131915 161718 192021222300526 0 s m 5 20 > 30
uft (A Chromosome % HJ/[NWindow size (Mb)
Bl Yetafk SNP & Aifhin
Fig. 1 Distribution of SNP in chromosome

A. Bt AR SNPE FE 43 A 5 B, GtV S ZE B SNP B 43 A1 |8 C. VERBEBISNPEE QL Bk B 153415 D. MEAIESISNPEES S Jetifk
153 A

A. density profile of SNP in chromosome; B. density profile of sex linkage SNP in chromosome; C. distribution of sex linkage SNP in chro-
mosome; D. distribution of sex linkage SNP in chromosome 8
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&
f
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4
>
H
[

NP B G Y Y MEFIXY 4 5 75 FE DL 7

3 g
3.1 B8XBEIENBEZESEFTSHEEUNAR

BHESIYIVE 7 TR E 2 R S PR B (AR B T AL
TV, & SRR P8 48 = S5 M B ) 1 G A
SRR R, FOME I 3 A 32 52 1 1) e 5 R DR o
MBI PR FICAT RSB Ve G
PR3 AR FEAR, FLPE 5 504k 5 2R BT P 5 L
FEHRA A IR B S FR RN T s 4K %
Kot 2K BAAPIYE R, MR AN TR R TR
SOV 0 73 A 1o R SR AT 4 B OB e ) Sk TR B
RIEERAE Y, B S R R R 3
7, EFE 2 Mt SOt R MEPEAL I AT

ANTA] 8 2R ) A I TR A AE 22 7, R R 2R A
SO R A S BT O T R EAE Ak e B A R R
R4 T e W FE RIS 75 BN 62 52 K 5 9dpf
(Days post fertilization)J¥ 4= 5 FF, 17dpfA: 4 41 i
FFUGHEAH, 25dpfIE i OR S, 36dpfIE MudiAs &, &
W T3 1 5 BP0 e 7 2 1 7dp e AT

4 Female

AR FH AN [ B B X 5 % R 400 6% 33 A 7 M A Ak
H, HA% S (R 4 1] 4 10dph (Z112dpf), FT 1275
B R R As . ASBE TR0, 50F1100 mg/
kg B, Ab FH {1 12 75 B 400 2 e 1 Ak 3R 08 100%, {H A4
KT8 R AT I 26 B4 BE 1 3G i Pk . I H
R G F AL, B3 AR KAE R IR 7K 7K
W5|(Limnodrilus spp.)8Ei%; 3 5 . (Pelteobagrus ful-
vidraco) TG 77 5 (Silurus meridionalis)Mi AL,
BE s X R B30 mg/kg B, I HIMENELL R H81.4%,
FEWE60 mg/kg By M 1Ak 2 9 100% . it
P20 mg/kg B, i FRIENE EL 51 483.6%, $EME50 mg/
kg E, 17 H Bl 9100% . I IR it (P. vachelli)
FLIE20140 mg/kg B, B MEYE H 51 24 9 100% 7
K Wy fifi (Leiocassis longirostris)FEME10. 50, 10071
150 mg/kg B, F 7 EL 451 241 9 100%% . 3% 2 1
TE 3B 4 i 7 H 25 7110 mg/kg B A0 3 AT DL 5
100%ME AL, J5 22 BT 70 T DLZE ISl |, PR
— W B AR E MR BE X S 75 B AL VA sz . R
B 78 &K I 10 mg/kg B, 755 5 75 HL UL 52 100 %6 P 44,

A Marker
1000 bp

HePEMale
4

1 2 3 5 6 7 8

Al R

750 bp
R~ o o e e e s gy S5 NS B S e RO
- el «— 349 bp
250 bp
1000 bp — T
750 bp — WAL SR IR
500 bp = el «— 424 bD
250 bp — «—349 bp
1000 bp = =
750 bp BT BT A A
500 bp " — N 404 bp
—349b
250 bp p
fE4:Female HEEMale
B Matker 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8

— ) @ous GNEES GERNS GENND Y RN o

{iT P SR BHAE

. o . SN wggn

S da— s BRI cetn

WAL FRFEREA

Bl2 PSR 5 5 M) PCREG IR I
Fig.2 PCR validation picture of sex linkage primer
FIPIML(A)N 5 PIM2(B)FE T B AT AL TR IR RE A J B R T AR % o B U rh 00
Primer M1 (A) and M2 (B) validation in Henan and Hubei Province culture populations, and Heilongjiang River wild population
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()45 R AL TR 1] 9 10—40dph, H. 5 75 B 3L ) 44
4 H o o E, #5386 0 st/ o PR 2 T
HLANEEAEAEPIE RN e T, LEAN [ ) 18] B b B ) ik
Mt o g m AR KRR . A, A
SCEABITARE HE GT FE E E  SP 2 R RAAR E Dhy(7.54+
1.01) emAI(7.11£1.67) g, & 35 & T AN [F] i B B, Ak 3
H AR N4 B (P<0.05). 10—40. 10—5041110—
60dphZH 11 P4 EE 451 35 2 100%, I H 10—40dph#H.
) AR A4 B 2 s T AR R 2H.(P<0.05). AL,
TEA [F] B 5] B Ah 3 e 72 A 5 75 B 6832 2 K 1 g
(PRI 3 22 HE A FRIE R . 2% BFTIR, 10 mg/kg
E, 175 5 5 75 HLAUL 2 1006 HE 14 A4, 1) 5 £ 4k 2R B[] Dy
10—40dph. % i fi L " 50 mg/kg E,i% 5 100%f
WAL (1 52 A Ab BN ) 94— 34dph™, FL IK 3 3t 4%
M$20 mg/kg E, 175 3 100%MEPE AL 145 24 18] 22—

AX AGAAACAAAAACTATATTCAG

'

CCCTCCARGATTACGOAATTTTCCAGAAATACCACTAARTCAACCARACTCT=T=ATC
it E AV E BVl A e b
MIF ——
+ TTCARAGGACCTTCTGTTCTCCARATTTTCCAAAAACGAGACATCTCOTATTGTCTTTGTCCCARATGAGEACACCTATC |
+ R & R S < T N AN < A 2 S < YO A o <A o |

ATAGAAAGCAATCACATAGTTATCTTTACAGGTTTAAAAGAAGATTTATAGAACATTTAAGGAGATTTCAGAAGTCAAGT
A O AT AT TR T A A AT A Bl S

=TT TTTT s T ATAGAAAACA AT AT O e o

<

arroanearasacreroasaarreranscoaacro-AIATTTCATO TG TGGOGTARTGTTTCATGTGAAACTGGGCC
= e . N < N O o <l 133 )

+ CAGAAACCACTAATACATANA=

< TCATTAATTCTGTCTGCCTCCGAGAGTAAAGGATGTCCAG 462
g SIS B T S ST 537 o)

o

MI-R

B
mrrmrrrncnrwccnmcnm TATAGTCTGO0006CACGCACORGTACSACTCCTGTGOTGTGoA
§S-SISISSSEISISISESISI_SISSISISSI fbp

M2-F —
TTTCATGTTECE TTTTTATCCTOTTATAAAACTACAGAAGAGAAACTGOTTATAAGCCTTTGTATGACACTTTTART... |
PRassi ifank Bastaet Hapiioon b B s e b Mt =180

Y
%{(iz;;e;as—e-es

Y
CATAMATAAT
%ﬁh 3688

K3 MRS v S 1 5% 7
Fig. 3 Sequence of band amplified by sex linkage primer
FIIMI (A)RIFI M2 (BYY 17 A2 f 5 7t 1 2% 7 41
Sequence of band amplified by primer M1 (A) and M2 (B)

40dph™, T K W i #1210 mg/kg E,i%5 5 100% M 1
WA T 1] 925—75dph™. BA_E Sk H 121
B 5343 A I [B] BT SL, B9 S ) R R HR A 15—
40dph3] 18], E 4k PRI 7] 75 5 O 58 J5 T8 i F) A 1] I
7 FMEE AL ROR B . BeAh, IR H 2R
A R R A% 2 R B A 45 MR E K 2 1) 39 Jm T 9k
N o W ST R BHE, AL ER 2H 0 1R R M IS [R] B 25 R, 7E
A T S ST o A R B R T R,
S AR SIS R B M ST AR R E L
TG i M R, (HE B M 1 A K 32 2 ], IX Fh
K2 R IR B 0 T 22 3 S ™,

N T kB2 10 mg/kg E, 4L FE 10—40dphif
T I BLADL P A A O, AN T VRAL T 1
I3 A O B R DRI FE XY A 2 ME £ 5 8 30 A e iR 2 21
RIE . dmrtlie — DAV P 2, T2
PRS0 A 26 R R, amhJB T TGF-pK
TR, A TR 1 A L 4 3 B A0 23 A0 T A B B A
FABP, cypl7al 2 B 7-$3 5L 700 i 5 B g, 11 17-
S ik 7 R 2 S R R — W R TR opl9alatd
BT A BRI S BERL DR, 1T 07 A A B e A R
e e g MR I S e zar 1 L 00 o) B YR
mRNAFH P FI00 7 R AE 2™ gdpyifE
P 1 (Danio rerio) 5 MMM 1) v 5@ FOHC A2 B
5, e Ko i P 1 g B e B R E, IR
dmrtl~ amhH cypl7al s I P 53 1h 5% 5 5 R 78
XYOP R E TR, Mepl9alas zarl Fgdf955 i
PE A B RE RIAEX Y OP S b 235 B, 5 A 7T
SRR E BB B H— P UHE DI B
P 91 53 A0 S 18] 45 M E , R 8% 417 1) 1 0 A O B ke [R)
(R I5, FEAREEPE A OGN R 0K, 3k T S
XY 5 [R5 5y A0 652 PR g A 50 A 1 A B A
L2
32 8XMIFRESFIREHL

S ALY 5 AR, 4K 2 B S I 1t G

R4 TRIREHEERIREETHI0Mph S BRI K, FERMIGEELHIG T

Tab. 4 Statistics on growth, survival rate, and sex reversal ratio of P. ussuriensis treated with different concentrations of E, at 90dph

W — R i N e B S L 451 PR
E, concentration (mg/kg)  Body length (cm)  Body weight (g)  Survival rate (%)  Ovarian ratio (%)  Sex reversal ratio (%)
SR 2 7.79+1.20° 7.19+1.86° 90.00+2.50" 54.45+3 .85 0.00+0.00"
10 6.48+0.93 4.43+1.06° 89.08+3.26° 100+0.00" 100+0.00"
50 5.81+0.96° 3.62+0.99° 41.4243.50° 1000.00" 100:0.00°
100 5.13+0.74° 3.07+0.63° 21.17+2.50° 1000.00°" 1000.00"
150 — — — — —

T XA FR BEE OB 3 Ve 72 e i “a, b, ¢, 4730, IRV AN R 7 B _EFR IR AT 35 72 53 (P<0.05), B 5L EL 511 (%)=( 51 S 4
R P TR BB ) < 100, P 2 (%)=(XY B SEACR AR XY PR i B 808 < 100; TR

Note: The significant differences in data for different concentrations of E, are represented in “a, b, ¢ d”. In the same line, different
superscript letters indicate significant differences (P<0.05). Ovarian ratio (%)=(number of ovaries / total number of dissected gonads)x100,
sex reversal ratio (%)=(number of XY ovaries/total number of dissected XY gonads)x100; the same applies below
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A 5 P A S A BOR QU Y YR MEAIXY 4 5 L A0 9

AR LR FEAK, (A7 76 SNPFlIndel £ 5 . K1,
T f 2 I R 1 R S 1 2 T A e A S K. 7R
— b 2K b F FJAFLP.  SSRAFISNPZE A% 4t 5 1 i
IFF R T PR SRR, SR IX B4 4y 25 ik
SV AR B, H 4K 2 Hbsad 7 A AN B, B
FIbRICAGE T 5 — e Bk e 210 . B
HM P E AN IE R, NDNASTTFric T K 5
BT HIRE . AFE KA E NP @ XA AR 2
() EAT B LA e, 55 228 FE DRk AT LB o0 i, 7T
DL HY KB I SNP. Indel. 45 #4978 5 A% U1 %

Ap etz B RRT R EMFEARGL T 2
75 BLALLEEE P T RE S 20 AR AE, R 1S R A 1S R ME
PEAMAR S B AT SE R 2 I e, L0k $137776454
SNPH1 1287509/ Indel, F 71 H 996014 14: 7] 2% i
SNPA1276144 V£ 5] 3& i Indel . 1E 4 BT M) £ (Esox
Tucius) A 30 I TR b R 00 3 7 O AR 1 o Sl 3RS
T 2076647F120769424 SNPA A5, L 2 10581041
647466 Indelfor 5. 76 5 77 i o 43 )50k 47 0 A
VR M R U 35 752421301 F12468613 4 SNPA7 £,
AR L, 5 95 B EESNPAL 55 Al Indel 7 1

5 10 mg/kg E3ZIRAERTE]2090dph S5 B HIBRAEC, FFIRR MM HEE LGSt

Tab. 5 Statistics on growth, survival rate, and sex reversal ratio of P. ussuriensis treated with different sustained times of 10 mg/kg E, at

90dph
RRELIT [ (SIS R FETE R R ELLL A1 EBUEEES
Sustained time (dph) Body length (cm) Body weight (g) Survival rate (%) Ovarian ratio (%) Sex reversal ratio (%)
X ZH 7.69+1.09° 7.18+1.76" 88.75+1.25" 48.89+3.85° 0.00+0.00"
10—20 7.30+0.80° 6.46+1.23" 89.58+5.64° 64.44+5.09° 34.78+1.27°
10—30 7.26+1.10° 6.36£1.30 88.75+2.50" 95.56+1.93" 92.33+3.60°
10—40 7.1240.96° 5.46+1.54° 89.17+1.91° 100.00+0.00" 100.00:£0.00"
10—50 6.44+0.75° 4.55+1.13 88.75+5.00" 100.00+0.00" 100.00+0.00"
10—60 6.44+0.76° 4.94+1.07° 88.33+3.82" 100.00+0.00" 100.00:£0.00"
sk
A % B Hox c - e
- 1 I
140 ok S 4 ok <200 T 1
w S0t o - B Suso b
<% 2 ° S« 160 F
D 100 % c 3t ) 5
He ol K).S W o2 140 1
RE 80 s &2 A= L
& 820f — Ne 2r ns 220 ns
= S5t Loy = 215t 1
=5l Eo T I e -IT-
S o 10t L = Seir S 510t
£E2o0sf S S 205¢
% 0.0 . . . E 0 ) L ) SE 0 L L L
~ XYFRSHE  XYBRHL XX XYHRHE  XYOREL XXFPEE & XYH5HL XYUPHL XXOPEL
XY Testis XY Ovary XX Ovary XY Testis XY Ovary XX Ovary XY Testis XY Ovary XX Ovary
®% * *
 EE— e 1
D *k E o F wx
3 ns ns 600 - ns
}—‘}—§ 25 1 — EMOO' — %500_ [ —
% 50| B 51200 T 2 a00f
X o £ 21000 X g
s - 300
® S 15t ) .8 % .S
= 8 K2 800 R g 2000 2
£ 3207 = £ 20 -
S S5} =S 15t m 5 L5
S 810 — T2 0F = g 2 LOF —=
2205+ SE 05} g 05F
‘3\ .5 1 1 1 3 1 1 1 T) 0 L L L
2 0 M 0 m < 1 1
& XYH5E XYOIE XXy XYHEH XYOIE XX XYRHE  XYOREE  XXOpHL

XY Testis XY Ovary XX Ovary
Kl 4

XY Testis XY Ovary XX Ovary
P Al SR L R FE PR R AR I A0

XY Testis XY Ovary XX Ovary

Fig. 4 Relative expression of key sex differentiation-related genes
T 0 43 Ak DS B Rl dmrt ] (A)~ amh (BYMcypl7al (CTEXYAE S XY U S A XX O 5 4H 2R v (R 5 ol 44 42 ) 4 A oG i
cypl9ala (D)~ zarl (B)Flgdf9 (F)YTEXYHEH. XY UPHAXXYNHE AL A KI5 ns TR B AR T Z M ERANEAEEEER,

* R BEMEZRP<0.05), *+F R A B M2 R (P<0.01)

Relative expression of male differentiation genes dmrtl (A), amh (B), and cypl7al (C) in XY testis, XY ovary, and XX ovary; Relative

expression of female differentiation genes cypl9ala (D), zar!l (E), and gdf9 (F) in XY testis, XY ovary, and XX ovary; ns means no signifi-

cant differences in each tissue, *means significant differences (P<0.05) and ** means significant differences (P<0.01) by One-way ANOVA
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A Marker |

500 bp

250 bp
100 bp
sk

B 100 C 300
— T 25h
Sl g20
Ev = [~
58 %0r - - BT
3 & % 5 B
&2 A0r T %10
ESN - I
= 20} 8 sk
0 0

12 13 14 15 16 17

308 bp
212 bp

ok

100

o

#k

T

oo
S
T

(=N
(=}
T

T

R

Body weight (g)
SRS

S oS

T T

(=)

1 1
SUERER PRI
All-male  Mixed-sex

RUERER PPERE
All-male

AR PRI

Mixed-sex All-male  Mixed-sex

K5 1ERES 5 05 Bt A MR S PR VR R (AR L

Fig. 5 Comparative analysis of growth performance in one-year-old P. ussuriensis between all-male and mixed-sex population

5l PIM24E 58 XY HEPE 5 XY A= 3ME 1 B RS 1 AR R B (A), 1.

2. 4. 6. 7. 12, 14, 16, 17 NXYHfEfE, 8. 9. 10, 15K

XXM, 3. 5. 11y 1I3BNYYREMER; 1FEE S 75 B I A HERE R 5 P M BRI B 1 LU AR (B) s A4 (C) R A4 . (D)X B A AT
Genotype identification of offspring mating by XY male and XY female with primer M2 (A), 1, 2,4, 6,7, 12, 14, 16, 17 are XY males, 8, 9,
10, 15 are XX females, and 3, 5, 11, 13 are YY supermales; Comparative analysis of male ratio (B), body length (C) and body weight (D) in

one-year-old P. ussuriensis between all-male and mixed-sex population

HARHR % . Pans "R F AFLPH: AR % 57 — /N
RS IIDNA B, FI R P R HR % 2 110569 bp
HEVERE 5 BEAN 10365 bplfVEdE 5 F B . Zhu™!
) F i 40 35 DX 4H.2b-RADFE A 5 & 75 BL 481 5% S 1 A1
SHEAMARBEAT DN, 3R45349 4 HMEVESS 5 (i tags, 15
464 Indelf12611~SNP., X $tagstE 1 7F 1 5 HL§il
2285 YLt 4K 6.84 —23.82 Mbfy B, 5 AW 5145
— 3, A E T AL E (K IndelS BT R T 15 5
PESIPIMIAIM2, FE7E BRI A= A4 L VAT e 08
R FRE AR P AT T IRE . 5T B A R
FRIKREA 340, B R EE PR VLRI, H
A EAE 10N TR 7N L3R5, J5 83545
FoAthtth X IREA S5, FRATT2 X 2 b id 13 FH 4 33
AT AN FRIIE
33 @EBMATAIRIRERA

G0t 77 B SR A S ) vk R B B
FEAR MR FBR A 28 SR o T Ab B ] 53, (BLAF
EWERRE BT A EIRE. Fiaasc ey
At g SRS YR AR, H 7 A5 B 7 4 e e A
JEDR A K, At DR M i
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PRODUCTION OF YY SUPER-MALE AND XY ALL-MALE PSEUDOBAGRUS
USSURIENSIS BY SEX CONTROL TECHNOLOGY

JIANG You-Bo', SUN Rui-Dong', XIE Yan', CHENG Yi', CHEN Jian’, LI Pei’, WANG Zhong-Wei,
XIONG Yang' and MEI Jie"’

(1. College of Fisheries, Huazhong Agricultural University, Hubei Hongshan Laboratory, Wuhan 430070, China; 2. Fisheries
Research Institute, Wuhan Academy of Agricultural Sciences, Wuhan 430207, China; 3. State Key Laboratory of
Breeding Biotechnology and Sustainable Aquaculture, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan 430072, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, we investigated the effects of various doses and treatment durations of 17p-estradiol (E,) on the
growth, survival rate, and sex ratio of P. ussuriensis. From 10 to 70dph (days post-hatching), feeding P. ussuriensis
diets containing 10, 50, and 100 mg/kg E, resulted in a 100% feminization rate. However, the growth and survival rates
decreased with increasing E, concentration, and all fish in the group fed with 150 mg/kg E, died. Overall, 10 mg/kg E,
treatment from 10 to 40dph was found to be the optimal approach for the feminization of P. ussuriensis. The expres-
sion levels of male key sex differentiation-related genes, such as dmrti, amh, and cypl7al, were significantly lower in
XY females than that of XY males. The expression levels of female key sex differentiation-related genes including
cypl9ala, zarl, and gdf9 in XY females were consistent with those in XX females and were significantly higher than
that in XY males. Additionally, whole-genome resequencing revealed 3777645 single nucleotide polymorphisms
(SNPs) and 1287509 insertions/deletions (Indels) in 15 female and 15 male P. ussuriensis. Among these, 99601 were
identified as sex-linked SNPs and 27614 as sex-linked Indels. The sex-linked SNPs were enriched in the 6.84 and 23.82 Mb
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regions of chromosome 8. X and Y chromosome specific molecular marker were developed based on sex-linked Indels,
which proved effective for the sex identification in P. ussuriensis. These markers were well applied to wild populations
from the Heilongjiang River as well as farmed populations in Henan and Hubei Province. YY super-male were identi-
fied from the offsprings of XY male mating with XY female. Subsequently, using YY super-male P. ussuriensis as the
male parent, an all-male population was bred with a 100% male ratio. The all-male population at one-year old was 1.54
times heavier than the mixed-sex population. In summary, 10 mg/kg E, treatment from 10 to 40dph is the optimal
approach for the feminization of P. ussuriensis. The sex-linked molecular markers developed by whole-genome rese-
quencing can effectively identify the genotype of P. ussuriensis and help produce YY super-male fish. XY all-male P.
ussuriensis had the characteristics of uniform size and fast growth performance which will be more popular among
farmers.

Key words: Sex-specific molecular markers; 17p-estradiol; Sex reversal; Pseudobagrus ussuriensis
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Plate I  Gonadal phenotypes of P. ussuriensis treated with different concentrations of E2 at 90dph
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1. Testis of XY genotype; 2. Ovary of XY genotype; 3. Ovary of XX genotype, fixed by bouin’s solution; 4. Testis of XY genotype; 5. Ovary

of XY genotype; 6. Ovary of XX genotype, stained by hematoxylin-eosin; 7—9. the corresponding magnified picture of 4—6; SPG. sper-
matogonia; PSP. primary spermatocytes; SSP. secondary spermatocytes; PO. primary oocyte, N. nucleus
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