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AR —TUEMERE Davison WEE, H—TiE
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ODag LUAH, 1.0%Z AW FL UK K DNA F) 58 81 .
R 21 858 2 fi ) it A% 4 ) 2 Oy vk B, 8t
Py pE g 2% SR N amhell B 1 PCR 514
F1(5'-TAGACACGATGCACACAAACCAC-3") i
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TGGAG-3"), FLAFE B FEF 41 DNA WA T
PCR ¥4, 1% PCR ¥ 1y /=Wy ik BRI (F )
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Fig. 1 Sequence traces of the sex-specific SNP in an genetic

male and genetic female Takifugu rubripes
Genetic males were heterozygous as His/Asp 384
(C/G, indicated by a vertical bar), while XY males were

homozygous as His/His (C/C).
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i/ & (TaKaRa)#E L RNAstore R A1 ) FE
i S RNA, 1.0%350 i BHEE AL HE Uk ke I 5 RNA
AY5EEME, NanoDrop2000 #8 fif i 43 6 6 B ) &
RNA #9¥ & . ] PrimeScript RT reagent Kit with
gDNA Eraser i & (TaKaRa)¥ 1 ug RNA [ %%
KA cDNA 25—, FF¥HAAE 20 CokAR# .

MR H AL fshr(MK359809). [h(BK005585).
pgr(XM_011608628) .  era(XM_003971746) .
erf1(LOC101076140) . erf2(LOC101075495) .
vig(XM_011614957)F1 vidir(XM_003977293) % N
ZIHE B-actin(XM_003964421)1) cDNA 551, H|
FH Oligo 6 3120 & PCR 514, Frf sl
YR B ABR ARG . DL 330 H Xt
2 Wi 71 (1% S R0 T 55 cDNA SRS HR AT 10 F55 46
i BE, EHCH AT 5 AN B AR o it A b v 1 2k
I IE RBONY R GR 1),

DéYE = PCR W AE StepOnePlusTM Real
Time PCR System {X#5#47. %M SYBR"
PrimeScriptTM RT-PCR Kit(TaKaRa)fdi Ui, %
FH SYBR Green 1 itk & 28 A #7300 2 5 PCR
Porg ., SCEAEA T 3 AT, BRI ER 3K,
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Tab. 1

Primers and related information of target genes and reference gene for qQRT-PCR

FL[H gene 5|#) %1 primer sequence

YEE 2B coefficients of determination I &R efficiencies

KN bpsize

ero 5'-CCCTACACCGAAGTCACCAT-3'
5'-CTGATCGTGGAGGGACAGTT-3'

erfl 5'-TCTGTCCTGCAACCAATCAG-3'
5'-CTGCGCTCTTTCCTCATACC-3'

erf2 5'-AAGAGGAGCATCCAAGGTCA-3’
5'-TCCCACTTCGTAGCACTTCC-3'

fshr 5'-GTTCTCCTGGTGCTGCTAGG-3'
5'-GTCCACGGTTGCTATGACG-3'

Lhr 5'-ACCTGGTCGTTCTCGTCATC-3'
AGGCGATGAGCATCAGGTAG-3’

pr 5'-CAGCTATCTCTGCGCTGGAA-3'
5'-TTCCTTCCTCCGAGCATCAT-3’

Ipl 5'-CGCTCCATCCACCTGTTCATCG-3'
5'-CGGACCTGGTTGACGTTGTAGC-3'

vidlr 5'-AGGTGCTCCAGTCCTCGGAATAC-3’
5'-GGTCATTCAGGTTGCTCGCTAGTG-3’

actb 5'-CAGGGAGAAGATGACCCAGA-3’
5'-CATCACCAGAGTCCATGACG-3'

0.998 0.934 120
0.999 0.907 121
0.999 0.952 120
0.997 0.928 120
0.999 0.941 120
0.996 0.913 117
1.000 0.924 155
1.000 0.914 155
0.997 0.909 128
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90 H k4l 21410 0 13 S 180 A1 330 H %
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Bk &3 1 s EEEE A AT R F
1.8 FEHT

K H1 SPSS16.0 #AF 47 B K 26 77 25 (ANOVA)
ZrMrel Duncan 2 L5, P {EEL 0.05, dE
FHF B {EEAR IR (X £SEM) £ R .

2 HRE5SH
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BOMONEL, WAL e oM R S DM fa, [HLER £
PRBLIA /N T B2 M fr B, B N(E D
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B 101 L85 (] 2B), 180 H A, ef B 21 i £ B
5PN A B A0 M LA O B A B A Sk S, [RIA T D
Kt JE A IR R AN (& 2C); T B2 A R4 Bk
W £ O BEAR SRAR /DN, 3R H B0 7 O A T B B s
A B A0 DR S A A B R 2, /D OB
0 % B 200 AR ET I (8 2D). 330 H iR,
Xf HE A fa OP SRAH 22AE 38 S 180 H iR IPIES T
3% 22 % (B 2E); B2 A4b B Pk i 0 5P £ PN 7= O
M WA Sk, A B 2 I L B A B B B9 R A Dy
(Kl 2F),

1 [z

|

2 E2 1245 o5 0T R 4 i R0 4k B O E £ 64 B B ZU R 28

A, C, E: X RRAIMEMALE 90, 180 F1 330 H M AYON A L2=IEA; B, D, F: 10 pg/L B2 AL 341 Ph i 4E 90, 180 F1 330 H #A 1)
BENRALV SRS, BY: L GCM: BZINAFANM; OG: BIRANAE; PNO: JElIAZ A WIGR RN, PVO: B8 A i1 51 REA
Fig.2 Ovarian photomicrographs of control females and pseudo females after E2 immersion
A, C, E: the ovaries in control females at 90, 180, 330 dph, respectively. B, D, F: the ovaries in pseudo females
at 90, 180, 330 dph, respectively. BV: blood vessel; GCM: germ cells undergoing meiosis at zygotene stage;

OG: oogonium; PNO: perinucleolar oocyte; PVO: previtellogenic oocyte.
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HEZE MfE A0 RN B2 Kb FHLZE DAy 00 % BT 240 B 1 AR TS
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Fig. 3 The changes of body weight (A), goand weight (B), gonadosomatic index (C) and oocyte area
(D) in control females and pseudo females after E2 immersion
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K 6C); 7F 180 1330 H# AT, — & 7E X M4 M fa
B S AN AL 3 O M £1 B L 0 R B W
Z5(P>0.05),
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El 4 B2 =25 55 X R 2 £ R A B 2H Oh M €0 1 P9 3 R UK
A, E, 1: 90, 180 il 330 H # i} Y42 5 3 K 3 /K F-; B, F, J: 90 180 il 330 H # i} 412 8 4A 4 Bt /K F; C, G, K: 90,
180 11 330 H ¥y 17p-ME —-B/KF; D, H, L: 90, 180 1 330 H MY 170, 20B SUFRZEME K. #0322 5 i 1 (P<0.05).
Fig. 4 The levels of hormones in control females and pseudo females after E2 immersion
A, E, I: the levels of FSH at 90, 180 and 330 dph, respectively; B, F, J: the levels of LH at 90, 180 and 330 dph,

respectively; C, G, K: the levels of E2 at 90, 180 and 330 dph, respectively; D, H, L: the levels of 17a, 20BOH-PROG
at 90, 180 and 330 dph, respectively. * represent significant difference (P<0.05).
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TEXof REZH fE 8 OF S b, Ipl 7 90 H & I i K38,
{AILAE 180H 31 330H HH Y 235 S H AR (] TA);
Ipl 75 180 H & B 7 A B3 ZH O M £ 5P B2 rp (1 08
3 v LA ] R M £ BT L P 1 65K 1 (P<0.05),

1E 90 F1 330 H 34 B35 22 7 (P>0.05), vidlr
FEXT HEZH e £ O S P g SRk L S Ipl (I FRGE
HUEEAH I, I ELAE 180 H W& vidir 76 Ab FEZH £f M
0 B1) 55 b A 3Rk it I 30 T H A 0T TR 2 £ B B
) 2635 B (P<0.05)(JF 7B).
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Fig. 5 The mRNA levels of era, erffl and erf2 in ovary of
control females and pseudo females after E2 immersion
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Abstract: The tiger puffer (Takifugu rubripes), the most valuable teraodontiformes fish, is widely cultured in
northern China. Because the testes of male tiger puffers are regarded as a delicacy, males usually have a much
higher value than females. Therefore, the production of an all-male population holds considerable potential to im-
prove the economic benefit of tiger puffers. The first step to product an all-male tiger puffer population is to in-
duce sex reversal of males by exogenous estrogens and obtain pseudo-females. However, previous studies have
indicated that the ovarian development of pseudo-females is delayed after the exposure, with small number and
sizes of oocytes. To explore the regulation mechanisms underlying delayed ovarian development in
pseudo-females, in this study, tiger puffers were exposed to 10 pg/L E2 for 2 h once a day from 20 to 90 days
posting hatching (dph), and genetic male fish from the treatment group (10 pg/L E2) and genetic female fish from
the control group (0 png/L E2) were collected at 90, 180 and 330 dph, respectively. Then, changes in the histologi-
cal and morphological features of gonads, hormones (FSH, LH, E2, and 170, 20BOH-PROG), and genes (fshr, lhr,
era, erfil, er2, and pgr) on the hypothalamus-pituitary-gonad axis, and genes (/p/ and vidir) involved in lipid
accumulation were monitored. The results showed that 10 pg/L E2 was able to induce sex reversal in genetic males
and obtain pseudo-females, and those pseudo-females were not reconverted into males or intersex at 330 dph.
However, the gonadosomatic index, the oocyte number, and the area of previtellogenic oocyte in pseudo-females
was significantly smaller than that of the control. Moreover, compared with control females at 90 dph, lower ex-
pression levels of fshr and lower levels of 17a, 20BOH-PROG, as well as higher expression levels of /hr and pgr,
were detected in pseudo-females. At 180 dph, only the expression levels of vidir were significantly lower in
pseudo-females than in the control. At 330 dph, there was no significant difference between pseudo-females and
control females among the hormones and genes. The results indicated that concentrations that are high enough of
E2 were able to induce and maintain ovarian development in pseudo-females. However, the high concentrations of
E2 might affect lipid accumulation in previtellogenic oocytes by suppressing fishr and vidir expression, resulting
in delayed oocyte growth in pseudo-females. Furthermore, the high concentrations of E2 might also suppress
meiosis initiation, leading to a decreased number of oocytes in pseudo-females.

Key words: Takifugu rubripes; exogenous E2 treatment; pseudo female; ovarian development; hypothala-
mus-pituitary-gonad axis
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