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30, %4 6~9 mg/L, RN T RS iR il A4
V) TR CGHED ) A BR 2 w JHEAT IR 8, A A K 4R
M2 YR, AR A A A R T DR R AR R i
i, DMRE M s R 1k, R
R 1 2%~3%.
1.2 BHEARER

B 10, 18, 24, 36 A& R AR 4% 10
45,10, 18, 24 JIBMIER S A BEMA 10 45, 36 ik
MIRR s A BEf 345, £ IR & 08 A B Rk s A
B £1 Ry [FIHE B 1) RIS 2 o ffFH MS-222 JFRI S
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R TR, AR (HE) e, P e
Ao FBEEUES . FriR, WEINERLEH .
1.4 EEBEHFRKFUE

R FH It K 0 928 W 2% (enzyme linked immuno-
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E2). 11-fiKE52M(11-keto testosterone, 11-KT),
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R R R 22 F R 83 (P>0.05) , FHREARRFER 2
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PR LG v T LS B SR AN AR, R AN i [
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a. 10 JWAERRY) A b 18 ARERRYIF 5 ¢ 24 A WPERRY) Jr; d. 36 ARYERRYI A . G: EIF4NH; GP: PhARIFIE;
BV: [ %; OG: BPJ4iML; OC: BREJE; PO: HIZLUNHFANNE; GR: AR N: i, NU: #1~.
Fig. 1 Histological observation of gonad development in Jinhu grouper (Epinephelus fuscoguttatus Q< Epinephelus tukula 3
a. Gonad sections at 10 months of age; b. Gonad sections at 18 months of age; c. Gonad sections at 24 months of age;
d. Gonad sections at 36 months of age. G: gonium; GP: gonadal primordium; BV: blood vessel,
OG: oogonium; OC: ovarian cavity; PO: primary oocyte; GR: growth ring; N: nucleus; NU: nucleolus.
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TR A IR 2 v T A 1R A B A (P<0.05)
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a. 10 HEPEIRDI A b, 18 ARYENRYI A ¢. 24 ARPEIRYI T d. 36 HITEIRYI A OG: BRIEANN; OC: P,
PO: WL EEANM; FM: JELBE; N: 4R NU: 2%
Fig. 2 Histological observation of gonad development in Epinephelus fuscoguttatus
a. Gonad sections at 10 months of age; b. Gonad sections at 18 months of age; c. Gonad sections at 24 months of age;
d. Gonad sections at 36 months of age. OC: ovarian cavity; OG: oogonium; PO: primary oocyte;
FM: follicular membrane; N: nucleus; NU: nucleolus.
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[f] — A f_b AR A ] 7 B 3R R AN [ F % [ 22 5 B 35 (P<0.05);
* IR R — H % 1 T £ 22 57 . 3 (P<0.05).

Fig. 3 Serum estradiol (E2) levels of Jinhu grouper
(Epinephelus fuscoguttatus Q*Epinephelus tukula &) and
Epinephelus fuscoguttatus at different ages
Different letters in the same fish indicate significant difference
among different ages (P<0.05); * means significant difference
between the two fish at the same age (P<0.05).
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Fig.4 Serum progesterone hormone levels of Jinhu grouper
(Epinephelus fuscoguttatus Q> Epinephelus tukula &) and
Epinephelus fuscoguttatus at different ages
Different letters in the same fish indicate significant difference

among different groups (P<0.05); * means significant
difference between the two fish at the same age (P<0.05).
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H b, 24 A IBET G T 11-KT /K 5 E(40.28 +
23.29) pg/mL], ZEET 10 A1 18 H it (P< 0.05), {H
536 AR 2 F(P>0.05), 5 A7 B I
HO1-KT KPF7E 24 H BRI A E TR [(53.06+
15.74) pg/mL], &3 & T H A4 B (P<0.05).
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[ii)—Fifrfts b bR AR TR AN ] A e R] 22 53 1 35 (P<0.05);

* 7 [F] — 1 R A e 11 2% S i 2 (P<<0.05).

Fig. 5  Serum 11-keto testosterone (11-KT) levels of Jinhu
grouper (Epinephelus fuscoguttatus @ xEpinephelus tukula 3)
and Epinephelus fuscoguttatus at different ages
Different letters in the same fish indicate significant difference
among different ages (P<0.05); * means significant difference
between the two fish at the same age (P<0.05).
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2 | w ME DN ELRTE, AR, BOHIW A4 sc i Fifa
3 150} RATE, e HAZR A AT BEfA T, Muzaki 25274
E 100 i s B 53 K A BE L (Epinephelus  polyphekadion)
g L. B3 2 T IRIEAT AL ST S, R B IR & 7 BLAT,
% i b,_é b b Horb— M B 1R, HE A AR an] g,
0 %lob e o ﬁ%— Li ZEP8%F 10~43 A W (10 RHHE 11 BE 18 (Epinephelus
Aik/A age coioides) 5 $iHy 1 AL AR 2932 A AR &
F6 A [) A 30046 08 A B A0 55 4 s A B AL I3 BIATIFSE, R AR Ze A A BE AL 43 H A
BT MR KT

] —F s _EARAS R RN AN A H i3 1] 25 55 48 35 (P<0.05);
* 87 [ — H W4 R 40 22 53 8 25 (P<0.05).

Fig. 6 Serum testosterone (T) levels of Jinhu grouper
(Epinephelus fuscoguttatus Q xEpinephelus tukula &) and
Epinephelus fuscoguttatus at different ages
Different letters in the same fish indicate significant difference
among different groups (P<0.05); * means significant
difference between the two fish at the same age (P<0.05).
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(Scatophagus argus), EATEHEME AP BT 1]
T MM, X 0T BE R A I 2 N T R
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R m A Ko P2 G B f i 0 52 % 7 18
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A AEREIE R HRZ —.

PR S [ P 22 ] o 2 g v S ok o 7R
R AR AR R E, X TR PR R & B A4
R I 1= o s (o5 LR P ey (187
oM R BB R B 0T DB O LA Y
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FNEAK1Y E2, RITENEINESE — N RF
B G AR ER, BE 5 24 4~ 7 % 5 e
FEAK SRR oA AK A9 B2 2 LA 1 i 40 it it A
225y SAVATE, B R A M E AR 2, TR AR
RN, ACHIF ST 25 SR A IR, A a5 A B A2 1M 3
I B2 e 7R O S T L0 ik 4 s = K OF, oK
W R T RS 5N B8 (Acipenser
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S AR 2 ST B R DR Y A I B2 JKSEAE 1T AR
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KA SERU (I~IV AT TV BB, R 2 B A
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SRS 11-KT 7EE B fa h g o R PR R,
R 4 1A B A0 RIBE AR A B £ 10035 gl A
B, TEMEVE IR 5 A BE A (Epinephelus akaara)™®!
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(Epinephelus merra) ™ g6 s 17 11-KT, /R4
XFF 11-KT 78 A 78 A 38 b A FH 8 A 1 D
1)1 i, AT RBP4 R T DA S
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J e (Anguilla japonica)fa A NP 11-KT 7E il
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TEUUREAN A 2 B e A R AR AT AT LB cyp19
At >h E2, E2 38330 U0 i AR R (VTG B

Z 5 MErE S BN kA JBR T E2 A U TSR,
T 38 AT DLAE ARSI i A1 P4 iR 38 38 (G THs) R A E
FH, 38 A R 38 12 7 5 24 P RE 20 A i 2t B v i 3
A K RS (GVBD) AL st B R ANy A, T
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1R U1 L 5 57 4 U DR A0 L R A B T ERS
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M, T TEONBEAIMUIE AN gE R i e B 2 2
FEER, FHEME T KEsT—2mEEs",
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W E, FE IR R 20 Y D P R 5 24 0 ]
T WA .
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AT T30 2 %o 4 B A BRE A7 R o5 B £ B L
(1) 4 22 I E2 ALY Hh i 2R B R i e, &
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Comparative analysis of ovarian development and sex steroid hormone
levels in hybrid Jinhu grouper (Epinephelus fuscoguttatus @ xEpinep-
helustukula &) and Epinephelus fuscoguttatus
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Abstract: Grouper is an important economic fish both in China and internationally. It is characterized by its
delicious meat, high nutritional value, ease of consumption, and high breeding efficiency. Currently, grouper
germplasm resources in natural marine areas are seriously degraded, and the number of seedlings has been
seriously insufficient. Hybridization is a widely used breeding method that not only enriches the genetic structure,
combines different types of superior traits of the parents, and increases the viability of the hybrid offspring, but
also produces superior traits not present in the parents to obtain heterosis. We obtained the Jinhu grouper
(Epinephelus fuscoguttatus @ x Epinephelus tukula &), which has a high fertilization rate, high hatching rate, low
malformation rate, and rapid growth through cross-breeding experiments using the frozen sperm of E. tukula and E.
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fuscoguttatus. In the present study, the hybrid Jinhu grouper and the maternal E. fuscoguttatus were used to study
ovarian development and serum steroid hormone levels. Jinhu groupers and E. fuscoguttatus aged 10, 18, 24, and
36 months were anesthetized with MS-222, and blood was collected through the caudal vein. The blood was
placed in a refrigerator at 4 ‘C overnight, centrifuged at 3500 g for 5 min, and the supernatant was snap-frozen in
liquid nitrogen and then stored in a refrigerator at —80 °C. Jinhu groupers and E. fuscoguttatus were dissected;
gonads were removed, fixed in Bouin's fixative solution, and transferred to 70% ethanol for preservation. Paraffin
sections of gonadal tissues were created to observe the ovarian development. Serum estradiol (E2), 11-keto
testosterone (11-KT), testosterone (T), and progesterone (P) levels were measured via enzyme-linked
immunosorbent assays. The results showed that the ovaries of Jinhu grouper developed normally without oocyte
atrophy or degeneration. The ovaries of 36-month-old Jinhu grouper developed to the early stage III, and the
volume of oocytes increased significantly, and the nucleoli were mostly located on the outside of the nuclear
membrane. The ovaries of E. fuscoguttatus developed rapidly, reaching the end of stage III at 36 months of age,
when the volume of oocytes increased further. Another layer of follicular membrane formed outside the egg
membrane to form a double-layer follicular membrane structure. The serum levels of E2, 11-KT, and P in Jinhu
groupers and E. fuscoguttatus were similar, showing a trend of first increasing and then decreasing, and reaching
the maximum at 24 months of age. The serum T level in Jinhu groupers was consistent with the changes in the
other sex steroid hormones: It reached a maximum at 24 months of age and significantly decreased at 36 months of
age, whereas the serum T level in E. fuscoguttatus remained at the same high level at both 36 and 24 months of age.
The serum levels of E2, T, and P in E. fuscoguttatus were significantly higher than those in Jinhu grouper at
24 months of age (P<0.05). The results showed that the ovaries of Jinhu groupers developed normally but slower
than those of the parent E. fuscoguttatus. The serum E2, 11-KT, P, and T levels of Jinhu groupers were lower or
significantly lower than those of E. fuscoguttatus at each development stage. These results indicated that the
sexual maturity level of Jinhu grouper was significantly lower than that of maternal E. fuscoguttatus, providing a
cellular and serological basis for the study of gonadal development and fertility of hybrid grouper.
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