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P8} (Acipenser sinensis Gray) A= IRimis £ %, RIVAE 27 Fhiig
REaXTAMEEHNME, FEMMTRERE. 8. BIAKITR. £
KA, ERKPEE EERBFKEER. ARKFIBEERENZH,
HETEREREREZR TR, BiFEFEBATEBERRTLRER, X5t
AIWEBARNERAEEEER. HERETEFLATEEZAT 2009 £
BUPHR, BN PEEEBRREMEUARZNEFEEHERTIRBIEFE
REEMIPRRELSEMR NIHE. £R0EIT* 57T EEHBOHSAENE
MIPERELSBRIEHENE, HRADFEWET BN KT RENE 4463 R 15
HERSNEAE SRR IFE 12, MR ERARPREY R — R ERBANE-REE
HESREA#ET T 28, FERUUTER.

1. X BAIKILK=R R FEP LIS THEREEEN, ATRRIIMHL
HERERMEHR 1999 EATEREMF—R, 810 E. HHEPFAREAER
AEE) 500um, KEZAT 200-400um 2 (3], XL RS HR—BEHEE,
BRE. AAENERAFEP LA MU BREENLTIH, 1R EE
WREAE T AR MR AChE . Ei, SBRMARERE R R DL
PSR

2, BEAEMET BEN PR ERPRRELEFITNE, RAPLEFHE
EABHMINEEPRRRETE. £RRH: PEENRERERETLRPSA
L, JB7ESRE A MR R M B BN T R EREY—XR %A%, TH, LR
BREGABERRF IR ERRBHXREENRIARY P AFARREH . £
VIRPFARKE RN, BZAEEHER, SREEE, AHRIEERERLES
AR, DEPRFARER, FHEHEK, BiTEERBEALHIE. AFEN. B
BEHSARRS 5T R EGNIRLRLE, AT R T 50 & TR EE,
RS SN B BN LR B TE R K SR B kL. B vt 0P B 0 LSRR O PO 2, R B4
M RY) R Bl R R R AR AR R RSN AR, HE
5op R EF SR B A T K IR B Bk

3. XA PRAE R SMIRAE IR 3R IR 1) AT A F A ENE, AR 1-10
RRHERE PR 6 MERBEE KRR, EREALENERTHETRA.
BMPESGARERBRERAFAPRIUE RNA, B RT-PCR 7 EH 5514 T AR
FERBPRFNENTRFIEELR mRNA MRIE, RTREFCHEEQE
B ERMIhRE. EREM: FHEMEREEMEYRFIHEEREELSE mRNA
HFIRiE. X 1-10 WP EaanRUERN, EMREAAHREANEEAR
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mRNA KIKiE, HARIEEMEFRENHEMPGES. 18, 2 BNREERS,
EHIBHF/ET, 10 RPEFERIPEAELIR mRNA REERR, HRERE
EHERTRIMERE, BHERTHREKIVHARMNE £ LGRS E
HIE mRNA REE. LREREH, 10 RPEFHEAHERNENRTCHNPE
BARSHMEEN. BTREFEERE, "X 17 8P ERFRFREEAR
mRNA RIEEHT T LR, FRETER 1B LIS 2-7 B o A6 48 1T A h 4077
EEEAER mRNA HIRIE, HERZBZAAFLHEESR: FLRER 18,
38, AW, SR, 9R, 12 BPERENMEAMEIRET T SIRESR mRNA K&
BHEDHT, RER 1 RUSER T EGEENMEERTREFENEELR
mRNA HIRiE, HFEREEZANFEREER, HRUEP TEPELFEMEAN P
EXBATHELEREELR, ZHIELTHET VIC BABFRERMERY
FUE—W o

4. ABRERIEE T PRGN FKFEFESNEERNARERNF S8R, HE
ALEMERR B EATRUAESSRERAE. BEMALFERN 10 B ei3H
BRREERR, TR, PEFHT-RATIFRRGHEETXBET NS
MIRERFRME. Hit, PEEEREAFNEFRYRRAIERTERLEATERE
BARRBHIKE, FLROTFENTF—-RPEBHALIFEESENL

XK. P, HIRRE: PERRE; WEEAR; S4MLIA; mRNA R
iE
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ABSTRACT

Chinese sturgeon (Acipenser sinensis Gray) is one of the largest anadromous species.
It was mainly distributed in East China Sea , Yellow Sea, Pearl River and the trunk
stream of Yangtz River. It spends most of its life in the sea, but spawns in the rivers,
mainly in the Yangtze River. In the recent years, dramatic decline in the wild sturgeon’s
population was attributed to the dam construction, overfishing and water poliution.
Artificial propagation of the wild Chinese sturgeon has achieved success, which was very
important for the implementation of artificial enhancement. Besides, according to a news
report, the close-cycle captive breeding of Chinese sturgeon was completed in 2009.
However, the gonadal development rule of Chinese sturgeon and the vitellogenesis which
is critical for the juvenile developing to mature have not been reported yet. This thesis
analyzed the site of vitellogenin synthesis by histological observation of gonad and
electron microscope observation of the process of vitellogenesis, and corroborating
endogenous and exogenous vitellogenesis by molecular techniques. Conclusions from
the studies are as follows:

1. The gonadal development of cultured Chinese sturgeon (age:1-10 years) was
observed 10 years old female has the maximal oocyte diameter, which was about
500um. However, most of oocyte diameter were from 200 to 400 um. There were one or
two follicle velums around the oocytes. Most of them were in the gonadal development
stage I, some were in the process from late stage I[to III. The vitellogenesis and
deposition of the yolk are critical for Chinese Sturgeon developing to mature

2. Early Oogenesis in Chinese Sturgeon (Acipenser sinensis) was observed by light
microscope and transmission electron microscope. The results indicated that the
vitellogenesis started in the primary oocyte phase, and the characteristic substance of
oogenesis (Nucleoli-like body) occurred in the oogonia phase. Moreover, according to
the relationship between the distribution of Nucleoli-like body in cytoplast and
mitochondria, early oocyte can be divided into different development stages. In early
oocyte development stage, Nucleoli-like body disappeared gradually, mitochondria
increased, and extracellular plasma membrane and connective tissue appeared. In late
primary oocyte phase, yolk nucleus had disappeared, and the observation by electron
microscopy found that mitochondria, endoplasmic reticulum, Golgi body and other
organelle were involved in the formation of Chinese sturgeon yolk, yolk granules and

lipid droplets appeared in the cytoplasm, and finally yolk granules merged into large yolk
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granules. The oocyte ingest extracellular material via micropinocytotic pits and vesicles.
These structures apparently fuse to form tubules which then coalesce into large yolk
droplets.

3. Endogenous and exogenous vitellogenesis was corroborated by molecular
techniques. Cultured female Chinese sturgeon from 1 to 10 years old and 6 age-group
male individuals were used to confirmed the gonadal development stage by histology. In
the present study, total RNAs were isolated from ovary and hepatic of cultured Chinese
sturgeon at different ages. Expression of vitellogenin mRNA was identified by RT-PCR
amplification method. Successful amplification was accomplished by using both ovary
and hepatic. It could be concluded that both female and male individuals were the
specific site of vitellogenin synthesis. The expression of vitellogenin mRNA increased in
the ovary with age increasing from 1 to 10 years old. The expression of vitellogenin
mRNA of the land 2 years old juveniles was the lowest, but the expression of
vitellogenin mRNA was the highest in 10 years old sturgeon, and was obviously higher
than the expression of the wild Chinese sturgeon vitellogenin mRNA in the ovary. The
expression of vitellogenin mRNA in the female Chinese sturgeon hepatic was tested.
Excepted the 1 year-old juveniles, the expression of vitellogenin mRNA was identified in
all 2 -7 years’ juveniles, and there were no significant differences in the expression.
The expression of vitellogenin mRNA in the male Chinese sturgeon gonad was also
tested in 1, 3, 4, 5, 9, 12years old sturgeons, and it was found that excepted 1 year-old
juveniles, the expression of vitellogenin in mRNA was identified in all of the other
juveniles, and no significant differences exist in the expression. Under normal condition,
a little VTG existed in male sturgeon. This also confirmed that vitellogenin in testis
supplied nutrition to the sperm of the male sturgeon.

4. Experimental results had verified that there were two synthetic modes of Chinese
sturgeon vitelline, including endogenous and exogenous vitellogenesis. And endogenous
vitellogenesis was the main source of vitelline -in the late gonadal development. The
gonad of Chinese sturgeon which was cultured 10 years had not matured yet. This
suggested that the key factor which was related to domestication of First Filial
Generation and Brood stock Culture of Chinese sturgeon was how to speed up the
gonada development and deposition of the yolk. So the deposition of the nutrition for
gonadal development in Chinese sturgeon was critical for the close-cycle captive
breeding. This experiment was instructional for the artificial domestication of First Filial

Generation of Chinese sturgeon.

Key words: Acipenser sinensis; gonadal development; vitellogenin; synthesis site
mRNA expression
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1.1.1 S5&FEMGIEDH

BHaX, NEEARK, B—MEFRFNHHESY (Bemis et al,1997; Bemis
et al,1997b) BB RIAFEF AN —MRBKEERER, Bida oy
B3 HERHIEN 2 LERPERKT LR (Bemis et al.,1997b) , MIEER
WELHLRE, FACAUAEFRILERYRET2ILX (Holarctic) (Bemis et
al,19970) , BT FEKIL LGS TIEAZUS, LhHAERISHT
b EKIEEIF% UL (Bemis et al,, 1997) . RRABHEYHBENSH T EER
B, HERRFETEHM, TARELFTASFIEHN (Bemis et al., 1997; Choudhury et
al,1998) .

1.1.2 93 43 4L

3% B (Acipenseriformes) RE TH#ZY T, F3kE T[] (Craniata) « &
FEHN (Gnathastomata) « BEF 4 (Osteichthyes) + BTSN (Actinopterygii) -
KEWHETH (Chondrostei) , RAKEFWHTHNFHM—NEH, RFaMLmNY
ENEENEEBESTHIETYE, SFEHRGERE (Palacopterygii) (FK
F5%, 1995; FR4E4E, 2007) .

1.1.3 t5&@ 3

HBREEAXIE M (ASHE. 82D 6 B 2748, HbAEGRE2E 2/,
AHRIRNRYENERERKIMEEHE: GRE4R25H, HPEBRROMAER
£, & 17 % (Billardetal.,, 2001; BR4A%E, 2007) . AHES, BOFTHTEA
HINEM, KAAEHRE 2 /MNEF.

11488 L5 FL

BRIFTE 27 3 B AR BRI KPR EE, A idafRAE 4t
LRAKP, MAH—LEFEMENTEEBZTO., SRKRBKKEFHEEEEK,
B EHEFHHERZEK DA (Bemis etal., 1997) . £% Bemis Z A 1997 &4
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S BERMERESAT=MER: (1 FWRF=HEHE (Anadromous /
Anadromy) : FERKSRBUKZ B, 450N FENBREREPED, e
EMBRAKFR TR, EHERAHREEE, SaBTRmEd, #Am0R
BKERSEHAEEERK. BANKEZEHRBETIMEF LRE, wEEEEH
XER T o, e, Wke: () MRFAOEFEE (BRKIEBE Freshwater
amphidromous / Freshwater amphidromy) , 24& McDowall (2007) X}Bi%KiEH
(Amphidromy) $#RKFIERE X R: RAREDRERKTER, FFEaEE
EREIAG, EEEPEREAR, $8FRIRKTRERTERKANERE. B
AR TREEFLAUMBERHELE, HIIRHAEEVERR T XEEHEE
B (3) Aik/KEFER GR)IHEE Potamodromous / Potamodromy) , X 26634
REBKPIEGE, BERKPERRAMFN, WPEEREYE. B5E%, Bt
THELY—LHARAFIHARNEEE, WA ANTEE—HEERELIRN
. T REHMALBKXE, WERAKENED, BATLGENEE, RE
Baikal iR AR W R B T AR KERE. 5o 7t R e A4 L mi B gl
BOKEFRHHMREY., QY EARETEMENF L, FEHLSAXAE 24
X e, Hit, —SEMETREESREFLELRENAE (EEMS, 2003; B
M, 2007) .

LIS SSaMRAFHEREEEEFMRHER

NTREEERRKY, EARERAERASE 10FUL, WAERRERS
MNMEERBE. EN—E2K™0, BHESEFN, SAATEERANRK
BRE T AR FERK. 1958 FF Dettlaff H Ginsburg 1 5 775k 3 MEELZFEG M
NS MEST, BEPHERIERFHT T AR (Dettlaffer al., 1958) .
Conte % (1988 ) MWEE#F (Acipenser transmontanus) HITEIRR B #1T TR,
FHEEEERAE AN/, 1991 & Le Menn % A\ X 5778 P90 F T2 63 57 41
KRB M EHABHES EM T BFBREARIHA (Le Menn et al., 1991) .
Doroshov % 1997 E#MFER ERARZE LRI RS RE 18 Bilé
(Doroshov et al.,1997) . Bfif& Van Eenennaam #1 Doroshov (1998 &) N ¥ kP i¥63
MENE R B EREHITIIHR. 1999 £ Hochleithner Fl Gessner 7E 5 45 B =iz
PERM L, BITH—ERHRS R, Bruch %7 2001 SEXH#E3 (Acipenser
Sulvescenus) R RRMMEREHTTHH, M TFFRELG THAMBRREHIR
AZRENHR THEN AT R EORTE. MeE 5RMENATHAERN S
B (Doroshov,1997;Van Eenennaam et al.,2001;Williot,1991) . E P33 &4 T4
BRUREKFHHARRERD, 2002 FERBEAMNFEERE (Acipenser
schrenckii) AT TR R EARFENLE, HR T FREMEREE 5-6 BRTLUE
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B, FHA N TR HE G M P R LU BT AR AR B 34 SR (E B, 2002) .
2004 E K ER A THRBERXETHIRERE (Acipenser schrenckii) #1TiT AL %M
8, MIFHE 18 REREMERETHIT T M, HEHT HKEI0EE RN
BA 34 (MIFKEE, 2004) . W TFBEFERERRENTR, 2004 EFHE
ENCERARD A TERR T ALFEPEGHERKE ARSI ML, BRI P&
HREZ 9 AN UMM (BRAEE, 2004) . X FHREEERETFHIEM
ZEHe2utmiR. (G, 2007) .

12 PESENFREEENFTR

1.2.1 RAEES A $F454E

FEEFRBE TEE AL (Osteichthyes) « BT AN (Actinopterygii)  #7H
B (Acipenseriformes) , 8%l (Acipenseridae) , REER K SHESMRBZ —,
A5 LSRR PAMERK ., S HGE BRI ()18 KIDK=RREEA,
1988; Bemisetal., 1997; fEiefh, 2003) . AREBEF—RESFFY, BFE
ROEPEHE (JUCN) BE% (EN) Ui, EErsEsiiEym®E 5 A4 (CITES)
Bsx LRI P

FEAIERA A FREGERKIL, FIL, BT, &BL. BAZKIA. B
AR ML, BB CHET, KIMBEETET CRRHE, 1998 %) . FEiEE
AR, HARWAEEAE, ERREHANLA, EKISEKE10-11 Bf
FEIRETE., BEM 78 AEHRHAKILO, WL, AiiE, FEerEy,
BRANBEEOEFNREREERNERRT, TEZEMN 10-11 ABEFHG
FEINEE, X—ABRRAN 1 E. EREFRGE, REALRESAREZEVE,
ZRPETLRMELE, SEMLER E2EMH4 A5 10 BHLHRAEKIT
[, REEAKE. =90ERFG B EMEERE KT, TRENEHEEL
12, PERTFEKE ISNMAULNEE (EEMH, 2003) . —KPEEERR
¥, 1998-2004 F (B 2002 FE451) FIF AT EHEM T 4EGFMEGTERZE 15-30 #2
8], K 223 &, HEFFERET 12-26 BZIA], FHKH 20.6 # (XERZ, 2007) .
BT EMIMEREKFIRANE, SEME. KEEH, KBEH. BUEAN
HEHMEW, EHEPEERERESRTRE, =HmRgENh.

122 PESHRAEREELENFHRR

RAEEIRIRE M MAE RS — T 14~26 8, TFIER N 18 8, HHEA
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RER—RTEI~I8 &, FHERN 128 (WF#5, 1985) . BMINER T LIE,
MKIL EBRSUITTHHRM B AP LS R B, HE b Aeg op St iR
KERMBHE, HEEKNE, MAFFARSEFEE —K ()EKITK=R
VREH, 1988) . BMIMBILIEARA, 1986 EREESANTHITPEGERLE
B, HEMZEDERE 5~7 FEPEEFAELT0N. MHRAEE 2001 ENERT 1 B
EEIMAER AR AAERE (FRA%, 2007) .

X THEFUERRERIREOHR, LFENE KK RERESA 1988
FEHEN (KILBEREVERANTEERAR) , BEFIXTREGHEEMAR
fifE—— AL E. BWNBHEAA, 1985 EFEERZEARMEE & M FE4EH
SIS TIH%M 1999 SExNE HIT KRB IIRAN B
AT TE SR, MHERREBRET TREARR. 2005 ELEHFZEAN
BMIEE 24 FUE, PHEF=NEESEITT N, KRB 4E S G
R TN, HHIKE.

XTSI IR R E U R B AN E S5 T RHUE, 2004 BRI £5 A 555
AR AT T HREMR, KIAFEFEELEE] 9 AR, EALEKES
WIS, FBET 1822 Fl, WET 2.53.0 FRHFAMBREE MY, 5-56
FRRE, ERERARITUSR, EXEREENLT Y. XIEEZA 2007
X 1998 4-2004 ENEMI TR 57 REFAEFEEHRTT 04, KHERT
AT ETHBE B R KT H KR T M. 2007 SEXSBE A LR R RRENEFR
BN EEFTFRENRT TR, hRFPERATEENTIKERENRE
M Bi. T (2007) XAREFERBTAGRE, RMERKBENTHEE, KT
BHLIIRE. 7 2009 EHIFITZEANENREFEBE A BN FA P EEF 502
BEH#TTER, RARFEZNE FREEEE N BEREN R e %
BEREEHRE. RAHNTEB(TEENT. BFRETHHEE, WERad
RENRERBAANEE.

1.3 B E R E R R

1.3.1 BPEREHER

SEAENNBARNER. BERAFRBFTENEER. & HARES
BFRAREYRE, NBHYHEREXREE. PERED N NEERSNG T RS
B NIEMRKE, RIFI0RY R B 5 50540 040 O b & P 9 3 BRI AR
TR, SRR RLRE,. BREE. ARM. ERGSARES %R 5
BUNRERE, RIEMPBARSIMNIAR, WIFH, SREPEBECQHA-FEED
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RLMBBIAEMIERAN, REERFZRAHFMI R ETR. 59 E TN
EEFREVR, NERRELEMEER (EERE, 1999) , 3#ERREHIE,
HIPRERITRA R, A
ARHERSMNER IR RIBERIES DI BAR. FRARRE _-EWE 54
B EERFAN T KBETAREREREHRTTIE, RATARE, HHEN,
BrEE, BRE. S, MLBEARLDRRARIBTNER. NARELES
771 Maitre B A (1985 ) XU (Salmo gairdneri) 40 LT 4% & HE R 2 1k
ERATEER, WEETRTINERAMIIN S MRALE, BIAFAE P & AL % I &

132 BRMERERNRRIER

1955 % Yamamoto R HXT R K AR FHRH N FREXSZE R AU EH#ITT
WA, FHBEEEMEARERFT=ENASYERIREYR, BEXHAHE
IR U R SRR, 25RAMER. BRAEER, XEXAUE 1961
5 Raven FER M MBKILE MO E. MBS AR 5 KSR H A% . Droller 1 Roth
(1966 &) R FENEILHRKINETL MR, I I ERED A AEEIIE. SME
HERRMMAY, AEMNERHINBAREZARN, TEFRDENEE, 4
FHNRARHSBHEMBEARERBIMNEAMAN, LENEAYRMEEAR
F5}. 1988 & Selman FAFIRRE. HLARBE /%, ESE T 726 50540 -2 3
HIK IR RAEDRTIRRS, H BRI EFHREKY TR £,
BB, RRTUAUE. RBMRBRIPT. ZEAO TS RS2 FNMER,
KEXIME R ARNTARS, HUNREARARENE, BXSHEE 2
2 R BARRHESR IR TR A BRAR 1 2 i, (BIX T BARAERE & R HR 32
NA, REREETHEMEHWHR. x50 89 REEME TR,
ARELTEEZRAHR, MTF 1994 F7EXTE R L 77 60 59 £ 40 fa ) e 52 0,
KORBARRE S AN PRAREKEN, PERERE: NEREHA
SRRMBTAN, ZRHS PN L TFRANSAIBEN/MEKRS IHE, X4
KPR EIIN R, IR, HIVEAE, Rt M Selman Z AWK
SRR R TR IS, HERTENER RSB RERNEEER.
AKIREA (2001 ) wffifa RIAGR FRAEMAT THRMWE, M THEH. WEH.
POR 3 58 R 4 AR AR R B A R 45 K045 . T 2004 EE 5 KRZEARALIAH
T, iR EARENRFRELES N T AN, 0T B
EVFRR, SR THRARESENSARNEEARBOEEER. 2006 F3kE
FENHESEENEOFERHRSHRETTRMEHNE, NEPROSE
BFRERFERTTHIR: WEMZA (2007 ) X#ANEAREE HAREH
BMEHTTINE, MERaRTIRES N TAMIY, 90T Haihigs

9



Herh R A% 2010 mHI LB

KERES BRI R R BRFFARPEDREEFE=FEE: HF. o
HE. JIAR.

133 B&XMELERNARAR

BEMATEERBRKFRETIWRRKMERINNIE, B - HHLE+F
A Dettlaff 1 Ginsburg X$ I 7 EXHI 3 FERL G E-WIH. BT HEMRKHME
KRR B T BARBHFR, SRR (GERMRRRETRIFHEDE) (P
A, 1958) —B, M/MEEHERAEIEET MAMHE (FRA%, 2004). &£
1991 %, Le Menn AN A TFRHE & T HIFAF WS 50 RFA AR R B #E1T T B
B EMEMRE, HEPERRAKED AN SRRAMRL. k8.
VIR I, eI, vV IVRARIIEN V . Doroshov #3% % A7E 1997 ¥ 411
RTRERBERE R RAMNAREURE FEWFELE,

1.4 YN EEQREHNARERE

1.4.1 PEERFEHIHHE

BREEHIR (Vitellogenin VIG) B AEMIFFHNE S TERKER, £LT
FIE A FIRRER (Yolk protein) HIHI{A (Utarabhand etal., 1996). BRE4E
AR ATEEEERATESFRAERMREAR, L LRBEHEHEERY
fil, BELPBARTKNTEEEPEES. BELI—MEEiTmE A BEER
HE#4T THR, Uhlenhuth A1 Kodamal 1914 SE454 5 & B A2 A M 4 68 4 o fr) —
MRERMEERRA “ovumin” (FIEAK, 2009); Roepke FI Hughes. Laskowski
Koo g m AR AN “vitellin” (ZEIKA, 2009). 1969 F , Pan ZEAF—IK
FH “Vitellogenin” KR XFMFERA (Pan, 1969). ERETZNH. HEE
HRE—FMESFEL, EARNENYP, WHTK (Pateraki et al,1997). EH
(Venugopal etal., 1999). B zI#. PiWiK (Yoshizakiet al,, 1998), 52§, f%
(Johnsen etal, 1999) EF# 2L HIAALB/E TR RERAR. Norberg 7 1995 3
B aRPEELE S, 0. B 1988 4 Baker 2 AL LB YLD
Caenorhabditis elegans R HEZN Y Xenopus laevis PH R HE I HEHRKEH 4
FB. WEEABTAIRAAEBRREREESR, TATRERANEY¥IhEE. 59
BEARMMUGAEALE, CAFRANERE. NESHEDRISEDY, Xk
K. BERERERSHENIEBILMNEDY, HNREARELEHRIIG

10



SRR A SRR

MR, WA T WARAREBRFET RN EN AR ETERLED D)
B TRERBWARARM LA ELRE LA REEER. BALEY. 0.
BER M BEAMBECRFEFRNRUIT. B2 5 TEMEASMEETRE,
BHREMEMEDRE, REEFPRIHMRBARGEKFNME, TELFRE
R GEE. KPP MEURNERENEEED, HRELABET. 88T, 8%
T RETHERETIHFBHESEINGARE, TREIEETPETHRERMLE
¢ (FkLHEE, 2002).

142 B LMEEQRMIFR

NTERTWREAROARAN LT, BRPRFERAREEFE
TREMEEEEFAKNLRED, BEEEFRTHEARNSEPLPERAREERAE
ERE, BMRESNFHBEREBEELUDORNHEERT, EHEEaMME
BEORERGBHEHRE. —BSNEHENBREEARBFBF AR, RED W
M+, 2NEEMIPRE, #FSFARETZENFHREERRE BETRE
RRGEISR AN (Chen, 1997), MTTREFERIH R R T RLEEFA
&,

Uhlenhuth # Kodamal (1914 ) ZE MMM A MK R T REEAR (F
KA, 2009). EEMBRARFT R, —REIHEFERFZEFFOREPRERS
#F=4 (Bailey 1957;Ho etal., 1961;Uristetal., 1961; Utteretal., 1967), B¥iX
MECERONATHEFEOERFRER (FKEX, 2009). EEEFEPELE
Sk, BERTURGRLETENPEREARRTTRENERTR, B4
RENEHRFONEREARCEEANNLE. Hara A Hirai 1976 EXHT &
(O.mykiss) FIKEM#E (Oncorhynchus keta) HIBEPEIL P, BRI T X4 R4kl
{& & 5. Emmersen I Petersen (1976 &) 7EtL B4 (Platichtys flesus) SPEE B8,
MEMFEFHIELTXHER. FERACHEP, AUBINHRERAR, #8
B—RNGRFEMT ST (Hara et al., 1978). Hiramatsu Z AN TR
(Oreochromis mossambicus) F, 4} B tH 5P EZ AR U KX EH (Hiramatsu et al.,
1996), Campbell EARIEFH p ASRF—HIEEAR, FE5NEELREY
X, ER—HM/INSFEHA (Campbell et al., 1980). BERIE{R%EHE, NA
R B Bt i, 1985 EAARMBEARMESIAN, So B ARMBIHRY
ERWRAEAR (Soetal, 1985), FIAREMTHTTE, Copeland MHEHELT b8
AARNZINARAR, FRFEL T SHMENMRE, H3T T4k, BREE
LT RRETHEALR (Copeland, 1986). FIERI NI, Bid SR ARMEMILE
MERETETUALMETIHEEZEAR (Wallace,1985; Mommsen et al., 1988;
Specker et al., 1994).
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MTERPRREARSNEEAZRNXAMANE S, EACLLGLNE
T i, FIEAFFELFARZ MEEFXER (Wallace, 1985; Tyler et al.,
1988; Naglar et al., 1992, Kishida et al., 1992;7k %%, 2008). De Vlaming i Hréti
WREIT &8 (Carassius auratus) PIIFHED (Shigeuraetal., 1984), 20084 Yoon
ZAXHADBEE (Sillago japonica) FHIVgHIT THR, HuBEHEAREEA
JREIcDNA2F5] (Yoon etal., 2008). HE LB T —LEHLFHKNIH
BAE. (RS, 2002; JHEeds, 2003; REZF, 2006; REE, 2006; ARERE,
2007; BEEE, 2008), P E A FREA LUMEAFEREETRY), 2006EFEAREEA
ERATE RS R RN R D AN EER RIS R T EMEIHE, &
BREP# E A R R %P I B A R B BURIER.

143 BEXMEEE RN

AN FREXNPEERROAARS, wEEtd. WE. wmHATE.
BT RIAE. 1991FBidwell Sl —RRiAS T HEENEEARENK
4, MEmRNABTTEE, BT HEmRNAZFF. Pelissero AFE19914ER
ORI EERFRN, KIERHPRMAEE, AIOFATEHPREEANSEEEM.
NgFA (19945F) W EHHNIPRERLH#IT T 247, BidwellFEA (1995%) N3FE
BRI EERRFERITTEE, KB UL RN F SRS &y
mRNAKIRIE, H BFEHARR . £19965F Amiridf A TR &4 7~ 33T THR,
PE T HME/MAME P VTGH) S & . HiramatsuE (2002) XL RS 4 AR 2478 63

(Huso huso x Acipencer ruthenus) SPEBEHMITT HBEERT . Ceapa®s (20024 ) Xt
FESNBH AR L ERHAT TR, HAXMEmEFVeE BT TRE. Latonnelle
(20024) ZEXTHTEEAPEAR WM T, RIMLHHFE T USTE XL AL AN
VIGHIE &, HRARFRBEBMENRS T UL P 88 R R 2%,
Linares-Casenave (2003) IR KRR EEFP, PREARNSESHERAEH .
AR M Ca? & ERRIEAR KL, 2009).

FRGAPNEREORREAXMNEEANHR, BRNEEEPLMEEFRIKEK
8, wPeedEEa R ARER/D. (20084 5K He 2w o 483 ifl 7 - 59 3
BEREMEEH#T T MER2005FERKIGREAA17p-4E —BH4-TERESFE
3576350 L E H JRmRNA (zhangetal, 2005; 3k#t¥ %, 2008). BN FHAE
BN ERRNAAL007EUGHARMERL S, WKER. EERZA, 2007
FRFEFANBREGHT THR, FEAEPFAUERHT—HEREL. ANE
ERE (20074F) MMM B FRAHT T Hrdi, ABRRBEEANINTE.
RBFAL2008EXM RGN EFEARRIMXEARTINR, HPBEHTHE
HEREARMIFHEXEA. FHFA2009EXAELISAT . 4 HERA

12
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REIE, RERR T ARER/MEEF(Acipenser ruthenus) 1iF I H B E R, MiFEH
BFERESMERTRUNRR. GFii%, 2009). KL Z2009E 5 R EER B
PG OFFHIREERRET TR, KR PEFVIGEERIK, BIKEES
&, RENm, BREREEKR. BENMEL~VHVIGHEERM, 1T ~II
SARMERE R, VRIRBIREAKE, VISR, Mt METE I ~IVIVTGH
MERD, VIERIREKE. EEMEAFHVIGEBRH, FRIETF. s,
EAFERRENEBTERRTROFPEE, BR THAFRALEHKFGK
#BE, 2009).

144 MRPEBZQREHNEN

FREARE—METHED, BILEFHENENYRERANIE. BWE
Pan % 1969 Fxf #E 1 B UM B 5 AVARERR, BRI ZRA . JERITHEEANME
XMERERERNNEERR, HREM. ¥, BHOXSTFEA. RENWEK
KE, URRHIFFARERKRENEFREYR, WBKLEY. BER. £4F.
FeRi. Wi B, THE—LHMELE. EREEH#—THA, VIGERAERE &4
YiEThee, MBHSPBARDI U, REHE. BEEFRRS, VIG ETHEHIFRAR
SMIERET, WE. &, 6. B%, IREESRZARAN KEB%, 2007).
WREARSEXREENEX, ENMUHRKRN RN ARRUERYR, WMak
HRBEEXEE, —BERT, aEHd VIG FERBMEANMEF, BEaH4HE
REBROEARIE. BWRELINEHERE, wiMNFHREE, RE5HEET
MR ED R, W ESE VIG AT SRs. —REXPREEARRERN
&, RELTNE, SREREP, PRARETHARIERNETSARED
W, EREHAMEAMIAIRRERD, RETTHRIEEHR (Chenetal.,, 1997),
ARKREZREEHNERAEREFRNRRERES. PREIRAMUBE IR —FEAR
HEBEMRMHEREY, EERYE ZNATHENAI B TR FERIFE
BHE., SLETSHRY (AKRES, 2003). FEREEAREHUTET YD
HXRTF, FURAMEBRARZSYREEAREHHNEEFS, TG —SHE
AR AERE PRI RKEHNL

1.5 KRR BHFEX

Havttf ERFNEY B ARI27M, HPeMLT HERE, 17HLFH/ER
WERE, MRULARLTERSLRE. REKILRESAOERE, P44, A6
RFHRESBFERE, WAFRMRPXEBRHLAXCRENELHRTERHA

13
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#HERTTZRE. EFERATRIDKEFEFREURKR TRAZREAKES)
KM R R AR T #E— P M. BTN ERXERS, HIRNA
BRI, ExEEFHEREUR BN R T RESBRERERAAA. BEFHET
EHEF KR, EANMARIEETERMATN, HRA%L004FEHELE
SR BN PN IR T APRE, B REARR G RMEs-6 & 8 1 it
BRBYBr. MEBTFINGE, PEE MBI RLF=NEEPARARE, FHE
AMEREHETRKIAISMAZA, XA AR T 4 2 0 B4 B 5k
BREHR P FAREETERA. VW THNRERAFEN MR EFREYD
FRGENR, WENEM. KR, 2H. 2HURAFENHBERALGBREERE
%, WHEAMBRRHRILTOERYRNEERE, MEEIYNRETEEE
BHER, WROEEAMGS KRSARNTHIINERRL, METESRE
MEFMSE. BAEARFANRERIEAR. BREFRRETEEFLATERD
T20095E AR, BRI IR KA T F LT REG BMHINLEI KRR, FHAE
B P EFIR-10RBMANRIEHTHA, BERRELTIH, EFLE
AR ESIRES, EHALFEFTRBIH TEEL AN T EAERRMEER
Eifl. FRXFEFPRRZNIERTTEENE, HHAEHAREREK,
AAAR, ARANHFEFVIGERRIEENEZL, hT#HEEIHTRAIEU
RALPTEREANTEHFARBERYIE. A PEEENREZNEEDY
Z—, ENRFEREEMA, HRANERARTERARURESSHYHT
P, HET0AE KT R P A BR O AL A




TR AR ISR AR BT IT

FZE FEPLEGMRMELF
21815

TERERREFEH, REANLROREREZ —, ERKPERETEKF
£k, KHLCR, BREGRZAEUMATRETEERE, TEERREERK,
HERIAERRERE 14~26 F. BMHNBEE, HEBEANBIM T h4E
PR AIRE MRS, (KILREREVERATEERR) —Hh8x s
HRABRETRERT T HHMR, ERRETARNE, FALSYHEMFH
PEGHRRESHMARFRTIFRR, RIA 9 BRIl HAARE LHBK S
W, EXFERURREIERZ RENRNT#.

FLRETAEUET R HTEN & FRBRPEGERR FRERTTHER,
LT BRIFEAN THERUREERE, HEEEThhEGaENRMPER
ERRENFERBRESRE A AT RSB,

228 ERE
2.2.1 #EIFKIR

FERIR: 2008 & 6 AZE 2009 £ 12 BKIDKFHA A PAegsrmEs. 1k
REBEE., EIIPERETFRPEDFENPEEA,

B 77 BEEMIEFRABERERIERALES (BRA%L%, 2004),
VIBUMREBRALR, FARGEAEBRRBERE. BTFPEEHERH, ARER
HEEZEEM, BHEERBEPEERRRERELR.

Boh, BB T —BHEEPEGEAEENERASR. BAEFEEEE 2005
F 11 AF0E, 2009 FALREEEERRMMIETEE, HRALNIVIIHEHE
AR, BN TEA RSB IENR, FAKRRE. HWEER-E (B8R
) BEREF, UBATERFEBIREER. RENYMURBTFRES.

222 RBYR A%

KARERRY AT B FARRERE 2% B EKERE, 24 MJE
ZEBELEBUK, EZRETEYR 2 N, 60CIEBATEE 3 Mo, 0E, 4]
Fla, RAAKE-BAREEREE, Euparal WKItH, A2EMENERR. A%

15
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PRUOF:

Bt S E: BidsrRFARRIMER G 25 B KEEE

HiAKERR: BEKE R RREEE KR, ZHREERARFEAE. #
BUEBRARBAKEARN B EPEH, —FEMNBENSERUERARNTE
¥,

FigtE. BEAEMERASBACHELRRES, B 0CEEHT. FF
AETERNERALSTEHTEOE, BBEUTHABERACHEH &IFHAE
W, BERBEAEHOERREBAL S . FREASHEERRBA R LR E
Fo

VRS R: BEEFNEREETIRILE, VIBER, —8&h 5-8 HKkE.
PITHE A HBE AR P R, BUEIEES L, MASCHBFFRT.

BikEgeta: WA HE $f. RE5, ARAZREREZAFYHAE, H4hE
WEBMERRE NN, BREANERK, HTLEE,

HE RAEER: BEABRBKERNTAFBABKEKBRTREE 5. B
KEEKF 6, S FKMLE 1 DEEANERKRZ. 70% 8 90% EE+
fiK& 10 240, WEREELREREE 23 4.

BiKER: Bt )5 M) EARRERKEHE ZREEH,

BE: K2 EAMYA L Euparal BEH F .

AWEEY) RS, & Leica BB TWE, HEH, WhEGRENMERE
T, EEEEETENRE,

2348

23.1 FEAPEFEREBR

MR 2.1 PATLLEH, PEEBAK. BERKEERREMKX. BiiRAN/ME
A—R 1997 FH AR A, BN HER K 128, Kak Ak AESH 4 183cm,
144.5cm K 40.4kg.

KBS R AR AR ATE 9-17 8, TPESEENMEMIRERBESRTE
14~26 . BT X 2.1 MEMPEFEEEYERFETULRR, EHIFELRS
T, &P EMREKN PESNEMEYEHRE LR R B B 5T 5RE b 635
EMRBECRE —TEE.

16
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R 21 AAERTERENHEHRRRERR

Tab. 2.1Chinese Sturgeon of different ages in the experiment

H Y235 FR(X£SD) Biological indexes

BIANIA K & 17 Knowable

developmental condition

T8 — ’
o) AN woimmeg oA
age (@Num.  FHLK(em) FHEK(Em) FHEEKke) " Development
Average TL Average BL Average BW stage/specimen
Num.
69.75 59.38
1 4 1.58£0.22 32,92 112
+2.75 +2.39
2 2 90+11.31 7249.9 3.08+1.17 31, Q1 In
3 4 120£12.3 98.75+10.81 10.44+7.74 32,92 112
4 4 149+17.03 124.25+14.24 23.79+12.93 82, 92 12
5 6 152.5¢10.19 128+48.05 22.5+£5.99 82, 24 11/4
6 2 152.5+7.78 127+9.9 21.15+4.6 L2 1r
7 2 1744141 1431+4.24 36.5+£12.3 31, Q1 1n
8 2 210.5+2.12 170.5+6.36 56.85+6.86 Q2 12
9 5 190.4+13.85 159.6+10.74 42.2+6.77 32,93 1I2; n%N
10 94 199+13.58 166.42+12.1 57.6£7.4 351, Q43 I-1x
12 1 183 144.5 40.4 d1 e
B4
1 360 310 327 1 N
R ¥
232 FEFPERURELE

MEBRARYFERKRE, BAFREPERNAEFERM. 10 BiEEME
KB TFHERKE IHR, RE-RAELTKESEEFEBREE RN £t
FEEREENVHET, HRFEPEFHREIMERR. BTART R REM B
BEEZINBFEPEE. ETFEEHRDH, FRERRSTHEELE (U
1997 ) MSRIFER, BEEEC RERBRPEFERRERL, FENKEH
FER BRI R SR F AT IS AR M

B MBS EROPEEERALZ S (B1) BRI, KESE QBE2E)
AR, FARESEARMNARS, ARNERTREARNELSH. 3BPE
HOBARY, PRAREREZNBAMR, ARTARZSEARHG—EUEL,
JR424E 50-100um Z 8. 4 #4-7 IR BAMT, BRE5IMBLLN 1/4-1/3 Z 18], 5§
BFAMIIIZZ0 K 80-240um. BERE (10 8) FHREBHEANMENNBARERE
B EBIEFIZ 500um, FH H4 KIS 200-400um, HHZIHE. BIWELN
XL A AR — B ERE, FERBHWHENE, TR ENE

17
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ARSMEHAH R, FEREREWFEEFATAFROPERREFERE HACKE
FIMAY, MEGKAERNTERAT-RENH. BIARY A ERITH
MERTURI, 2 W RET 2 BEPLEMERAEN 18, BMEBRAN, EH
R EARRLER, ARESFEARKES, HTRARIREH, BATNE
BRIZREAN. 2 8-5 RATERUREE N HRY, ARTHAMEE, 2
BRBRIEEEATRMAS, AR RBEARAET R MR BFAR, 58
PG4 RAMEEL — RIS A, B 10 RN EoREARERYEHMK, TUAHE
EFAHIRY, 2B RRREETRAGNIN, HILNABRNER, Eit
FRBRFEE R IR A D E.

2.4 1R

PERRRE-ZRIEY), HESRREREWFRXN T4 ERELRETH
REHH. ™ RPFLERAERER. KEEEFALURARE 35K,
KER o ROt M MR RAAE 9-17 88 (AR Z%, 2004) o BIRF=00/5, TEB&
FSREKE RN | &, BREXMWERT RN 3-6 F. BRKEPH P L
HERBER A 1426 F(RAEE, 2004), GHFENPEEHREFTHLSTES
T nthiig (FREEE, 2004) o ASCZHER G EXFRE 447 1-10 RiFAT
THAG R, BIARYIANEER 28R 2RUTHEEHREEN I H: 2-10
WRPEENREELTIN, AL 10 REATHERRETRE IR, ALR+
EREKKEE 9 AR A X MRS, 5 2004 FERRAELZ A MBI R L+ 4%
RS R -, BRART A RAPEEERREE 10 BrF LM R
EABFZINHRY, FE#—PREZENY. ZLRMFEE KRN EEPEER
HREMNREL R AR ARG R FTREKIE.

18
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Plate I the ovaries of different ages
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FZE PEBPEREBHEHNE

v

3.1 By

][

443 (Acipenser sinensis) & —F i R MTTEIEE K, 1988 I AR
HEFR—RESRFY, 1994 E38 IUCN BT ABRERDM. S TFHEEEARL
HIRE R AEILE, RIFREX Dettlaff A1 Ginsburg %X/ MEEFHHTITZHIE (Dettlaf et
al,1958), Omoto % 2001 EXIEHHRHIERKFHT THAZEWE (Omoto et al.,
2001), 2004 SEPRA4EERNFFE T EGH MR R ERTTHRENERAESE,
2004), {HHEEHIFRAERMBUMEMHR R LRE. 5 FRFRESEFRED
BRIERHIERT, BB TERPEGUERBRERENE. BEYRRIVERRE
FEEERKE, BRI FENETELVANSARREIEFHRERE. &
WM. RIRAEH RSB KERA, FEFRITTHRFARTRERELERH
ThEe A 1EF (Ravagli et al,2002; Z2RI%,2003; 757K #%,1995; Miranda et al,1999). &
MANFEFEHNFREIEHTT EMAEUEHINE, HRPEFIERE
Kt #E, BBT TR EARUIAMRA L0 TR E 2 HiRitR
i, FEPEREREVZENE, BIPEELATEHEER.

3.2 MRIEAHE

3.2.1 BER PELSKIE

FHEFEFHRAZRIET 2007 F 6 AZE 2009 F 12 B KIIKF=HRHHE
YRR O LR FERES. LEEEE. BINPERETRIPES, 6% 12
MNMERA, HRALH M EEEI I FAREERE RA%E%E, 2004) BE,
BRI R, 7B 2.5% R _BHEE., FEFEEE R, ADRERDBZIE
W, HoESARETFEARRERALS,

BeAh, BATRE THSTFEPEGRAMNERASR, BEPEERE 2005 E 11 A
FEERE, 2009 TAb IR B IR AR B B AR R 424, RREA L A IV St AR 63
Rk, BUMTTENRZREEE, ROE GBaER) BERE.

322 BEIRAE

EFEFEEEY . SHTFARRERE, £ 25%R_BPEE 4 FET 1%HK

20
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B EEE, 0.lmol/L MEMREMIMTYE 3 K, RIIZEHNEIEERK, ZBEKK
i/ Epon812 1:1 %1% 2-3h, 4i Epon812 {U3#, Leica Ultracut BBHE Y K HLYI K 5
BEROE . FERRENSE, JEM-1230 e FEMENE, BM.
RS RIMTF:

RIEE: #2.5% MIR_EEEE 4 /e

e BRRRMBITYE 3 1K, [B1R% 10 244

BEIE: 1% RKEE 2 D

k. MRS MBIRYE 3 1K, [EIRR 15

BE7K: 50%. 70%. 80%- 90% 100% ZBEERAEIREE /K, ARG 10-15 404,

T00%ME KB IX, ()R 20 244

Ri%E: ZHENE/Epon812 1:1 &% 2—3 /M, 45 Epon8l12 if7y;

. BETRETR, 60CEA 48 /N;

1R : Ultracut EHEI A HLI A

Rfs: BRXEH. IFRREWER.

NE: BRLERTIEM- 1230 EHBFEMBENE, HEEETENEM.

334&R

BEFEEPAARTFERER, FBCPEEIERE -1, B50EA A
SR KR

3.3.1 6P [RZM AR B0 45 A 43HAE

AEMEPEEFE | RAAMREAR, KN EEHATE KRB RIS
“LFAEBMMLN (pachytene stage), AMEMBEAFLRIPEE, BRIB/N, H—
BEREEE, ARARERE GARBREARYEE (BRI-1). E5EEN
RERGHRBENELR -, PEINRARERLEE, ARAIHER, SRR
N, BEEBNMBRNAES, RARRAR, ZA5EE RO RBEG AN
ARATFHARB[BEERE, BAEEHEARE, WAOT>BEENR/RERR
W WK ARE BERS, ERETFEERE (BKRI-2). BMEQLNS
R, BELHEEHHEER, NWEAREANE KBRS B RHNL (diplotene
stage) JRERE A EHVIRPIAMR.,

3.3.2 RHANRE0 B4 B kY S A

EMRBARENE — KBRS RN ENZ EERHRERH MEK

21
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), NHERHENENPELEGE MK, RN RER,

MR R T, 0B P RT L P B P R R B, A RNSE R R A A A
BERE, BETL 10 ML, BFRERK, ARETERE, BATLEKNE
B (ERIT-3). i A B R TR 4 H 4 m R U F 24 (nucleolus-like bodies)
ERRE A RSARINER (yolk nucleus), 2 o 83T B3 £ 4 RUBURI ) IR T 4B % »

HENEZINEEEENALERRP RN EARHRIANRADH, LTHERE
M, HEWAY, 5LNEMAEEREEL (BRI-4), BERWEGARHE—F
ERKE, BEPREZERED, HFREEE R, LRdHEm (ERI-5.
B TR MEE B FRARNKBRYRERRENEFTANNERE, LRiEH
BRMERE, AANZETEREZRAE (BRI-5). B2ERARRTAN,
M—FFEEFA 44N, BEREFTERBK, FAHRALR, LB EE T
REZ s (BRI-5). MIRNGHRARBEIEFARKE, B BFREBEN
Wy A R

333 RHYMRMBARNSHSINELEMIE

AR T AR FAREBEM, BHRCHEK, LEBFERM, BZAESH
(B I1-6). EAT G T MER RN A BRI, BLHI9PERA 14
REFEA, AR, dTREERBERBRER, e85 008K ERTHT
B4R, KTARM. ZRASARBZEERSETNEYFROER (BRI-D.
BEHFERIR R R AR N EF A R E

333.1 AEMEAFRENELENEEME

AR B ARARA, HERRERNEREZE2ERENEHETE
EHSNEBRLIE ARFMARE R, R, ERIFEMRENER (BRIT-7). A
BRSO RO A M B, KR A SRR B A SRR & TE BRI G0 2%
K, HEERFENBRRAEARM (BRI-8). HEAFEMN S —ZLR2ERA
B, e, BAFRAEARN. HREEARMEAE R, TERFTRE
W, MEARNERRBSE TIRHOEAR, R L RETTRY PR BT
DA B BEAUR 3 BN P3N R (RIRRIT-9) . T8 PO 5 PO 5 3 T PR i £k
T3 22 R T P9 BP0 R 5 ¥ T A B A LR A X R T B S TR SR B I TR A

3332 ZREERSSIEAEMA

SRR T ZAE R RGP AP RAH, HABHERSMNE R R ER
fratE (ARI-10). ZhATEEIHHTXEERSSABEHREER (1) 2
LR SNREBERER AR ARETHEL, ERYATRTRAZHEE

2



SR PR BN ER ERTIL
HIREH BRI BT S 5 ARV RIRAE (B I-1D) (2) A LRIERRE.
USRI R, TR IR, ZRATTRE R T H R R B R TR (BlR
II-12; 13,

3333 #%EFESS5RIEMHINENIA

MR PEERNERREE, FUBEERUFEREELHN, XMEELEE
LU ERETFRERERRMATN, XEFRNMERERNAEEAERL 5%
WS, BAEX (BRIL-1D), ENREABRSREEGKSS5IAESIELRE,
HABMMREAYFILE —ERENAARRFERRETHR (BIRI-14).

BRASENERRERN S —EEFARRENSHERRNEE S 53
W RE (ERI-15).

3334 SREGASHELRE
FERPERENSARMARGPEREFARBHEAKRE, LA HB R

REE/REAAREE, TR—EERERMSHTRARNEEL KERBE253

SIEBRMER (BIRI-16, 8).

3335 ‘AR SS5MEMEINEMK

AR A 5P 3 0 R R O R R T R A B AP R R AR N SR R A
M, REHEME. 7K. ERNRRRSARACERERNRERASTS 535
BRE. DREREENF ARSI ATEFREE I ERY RS S55MNEH R E L
i (BRI-17, 18,

341k

3.4.1 SRRYBARFIOPEAMAX S

EXRBETREX S PEFRREARAERRNFAR, —HHSMAL, WEF—
Mz ENRART RENBELRE, TERBTHRPRERES, TTUR
PSEREARMEEARE, WHNFENARREGRS, X—2R5R%EE, Grier
S NXT 5N B0 A B B AE O MR — BL(R B8 %, 2007;  Grier, 2000). A3 R
REMERC B EHNE R BARPABRENRRENTER, X REP LT
BHRSARREARS, SMBEMRARERBRERAEE. RERER(HREE
%, 2007) A EENENER—B. Azevede HHBER AL SHS B ERH A,
MEF| B ATFEARENE —KBBARA SN R ERARAF 25

KREHIRER, XHXATEAS EHRBARTRARE N P S FEKE

23
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(Azevedo,1984). A ICIRYE K% A AR SRR ZAEA BT UK 58K H%£ R
KX 5, ERHVEZPHART T RBELEETARRT, FERABEE LA %M
%, BERNNGARE—PEKRE, REPREEBAEAD, HFHEEHHEE,
TI7EJG AIFI % SO B A0 OB A, SR BRI R 2%, FE TR A B 5 & RAR
MR, XE5HKE (OFKRE, 2001) % AN M e s B,

342 RiEMIELEIMNEEINELSE

R4 Droller Al Roth Xt 4T 8 68 55 2 s B M BRI, At 145 BR B AR 15 2 A
PRI SNEYE R SR, TN ARSI R IR DR 4 5 5 &= 1,
SR A 59 3T R 15 7 59 £F 40 P 41 3L 1 40 B 28 B ARG s B 6 B 40 B N T R ARG
(Droller et al,1966). PIEYE S8 & 5E7E A MM L& UG 76 B /R BEAR#AT In TR
i, PR RN AR T RSN R NEVRNABEERE, XERININFE
HHMREARERAASNPEBATENE (BH%, MARR). AWFET
HENETERINTFRETRE, KABRERAPEL SRR LE R,
HIZ AN — S FFIRFASBAE AR, BEREE R, BAREILR, H B THH
NEREH, TEEAEER—UREERR LR, R SEAERE R
R, XEEZHANER TR, RIS KEEH DR 2% %% 0 H 04
BEEETUEEMNERNERHELERR, 1994; BRIZ, 2004; HFEEZ,
2006). SVEBEREZMAMIE (LRE. BREE, RANS) B, MEAREN
Tl TERMEHIBAR. LENBKEREERIMNEE IR FFARER, P
BB BB AT F . Plannesitic 25k K 50 BH BB E P S SR B R 28
WAFTHEANRFHAMAER (Pfanestiel et al., 1982). Landim Zi\ G5 NETEIRE
ZMBEATEEPEE, SETERARAR, REETHHARERNERE
fE B (Cruz-Landim et al., 2001). Amor Z5iA g ShE % 59 2 505 T 16 0 40 i 3148
REP B BRIR Amor et al.,2004). FEEFSNEH I ERET HMET B L,
RAEEAA-NEEORENBEPERE, LMBRETZHENE, XATHFLR
it AT SH B A R A AL A TR R BIEDE, 7E BRI R 280 T 5 b R Bk
YR, FBEERRR B EA I AN, BEEERRIRIE AR AR R .
HANERRAERREACERLBLELGE, HE. HEaBR N HRTER, &
REFRLZEBREBKEER, EMETE, BEL2IRER R0 &S5,
BEABEEERE KK PEN, NS AERSRRET, BERHB NN,

24
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BRI %80

OG: SPIR4ME: N: 4ME: M: £2RE; 00C: FRE4M; Nu: Bi{=; NLB: JBR{k(M
WB): G B/RESR; np: Bfl: ne: BK: YG: SI¥K, LD: J&i:; RER: BEHEMN;
R: BW&; FR: WHEHRE; Gve: W/REM/INE; ZR: BT Foo EEAM; ER: B
JER: Ers REM/ME; fn: RTPAKRE; fe: BMER; mv: HAE; th: BAR.

OG: Oogonium; N: Nucleus; M: Mitochondrion; OOC: Oocyte; Nu: Nucleoli; NLB;
Nucleoli-like body; G: Golgi; np: nuclear pore; ne: nuclear envelope; YG: Yolk granule;
LD: Lipid droplets; RER: Rough endoplasmic reticulum; R: Ribosome; FR: Free Ribosome;
Gve: Golgi vesicle; ZR: Zona radiata: Fe: Follicle cell; ER: Endoplasmic reticulum; Er:
Endoplasmic reticulum vesicle; fn: flattened nucleus; fe: follicular epithelium; mv: microvilli;
th: thecal tissue

L5 TP HISRRAM X 100; 2. TR RAMM, " RAMBALRIIKX8000; 3. RIS T
S X20; 4.FIFIRER B M B T R X 40 000; S.EHHIEPBART L. KR
BURERFHERBA, JBREENRENX8000; 6.5 5L BAMT B Bl= X 20
TERHFGARSERRRENARS, BAEASHENRNRERE, S53NEHREH
FERLX50 000; 8.2 5HRRENEEARM, FHERENSSHKAR, TLHHBRG&
B 5HRARX50 000; 9.FEHEAFTMS 5MEM AR X50000; 10 KBRERKEES S5hHEN
SPRRE AL X 30000; 11.L0R 118103 E R 2 W34 G0 BRI A Wi & (3L 72 X 50 000; 124845
RRRAS SR AR X50 000; 13MENERE, BHK, ZRENSESHRERMHRX
80 000; 14. B EIBMBHANNGEE RIAHLRLE, B5/FFRMARX50000; 15. B
BE 0k 5 P9 B PR 456 T OB Y SR X 80 000; 16.85 59 S IURL T BB 6 /K 2 LA J& MG /R 2/ L X
80 000; 17. @M RWKEARESMFHERENE, TAMAE. BRAK. BHHFUARRES
AR X10000; 18 E—HHAT HBEAM, BAEX40000

1.00gonium in phase I X100; 2. nucleus and mitochondrion were observed in Oogonium by
electron microscope X8000; 3. Early primary oocyte X20; 4. Nucleoli-like body appeared in
early primary oocyte X40 000; 5. Nucleus, mitochondrion and nuclear pore connected with the
cytoplasmic were observed in early primary oocyte, Nucleoli-like body became smaller and
smaller X 8000; 6. Nucleus, nucleoli were observed in late primary oocyte X20; 7. In the
organelle of late primary oocyte which involved in vitellogenesis, Golgi and rough endoplasmic
reticulum approach each other and involved in the formation of yolk granule X 50 000; 8. Rough
endoplasmic reticulum which involved in vitellogenesis continuously generated vesicles to
participate yolk synthesis, free ribosomes involved in yolk synthesis were observed X 50 000; 9.
Vesicle-like endoplasmic reticulum involved in synthesis of lipid droplets X 50000; 10. A large
number of mitochondria directly involved in the synthesis of endogenous yolk X 30000;
11.Mitochondria senesced slowly into vacuole, then turned into yolk granule, and kept merging
X50000; 12.Disintegrated mitochondria involved in yolk synthesis X 50 000; 13.Disintegrated
Mitochondria, where cristae disappeared, turned into vacuole to participate the formation of
yolk granules X80 000; 14. Free ribosome entered into the vesicles disintegrated from
mitochondria, and participated in the synthesis of yolk granules X 50 000; 15. Ribosomes and
endoplasmic reticulum combined to form rough endoplasmic reticulum X80 000; 16. Golgi
and Golgi vesicle involved in the formation of yolk granules X80 000; 17. Exogenesis yolk were
absorbed via microendocytosis, microvilli, follicular cells, radiation belts, and connective tissue
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EME hESNEE AR AR
41 I

WREARR —FEEAETREFRANYLETHER, BRILEFREHRE
Y S E R A RIRTR. BT Pan 1969 S B o i bk B2 2K 5 945 #R (Pan
etal, 1969), JEXR/ ZHICRXMENENYMNELBIEF, B MEmE b
BREENEHE. %, B2 FEAHRINEESR. £HEENERT, GIF
RSN BB AEER, #ONEHA MRS, M AMERA. — BN ITFERMN
feli AR BB R RN &AL, BERTHWH R, RSt THEELR
K& (TRAUESE, 2006). SHAENRIENERNNZ—, EXEPANEEAR
MR RMEE D, Bidwell 1991 45 %t 5 o 6338 13 A HURE R A\ 7= 4 i — RE i
FRRRE, B EIER R RN FE TS B 5% E AR mRNA
A 5.7Kb A/ (Bidwell etal, 1991). Bidwell #1 Carlson (Bidwell et al., 1995) Jlif%
HEHH PR EAR cDNA 75, HHAXMAREEERRE. Fuji £
Hiramatsu %7} 51F 1991 . 2002 FExT 4343 Vg K H YPs #4775 2008 4
KAE AR B ET . RABERRBXEE RGN EERRREH 3 F4
KEAMITTHA. MG 2009 EREMA T ARES/ MEMEREELR.
mMESEFEESRERTRUNKR. N THEGHPREARBTRIUL 2008
FRHEDEIHAREHEOLEEMENTE TARER P EENFETIEEAE
FIZRWIHR. TIXPEEERBAHRNEAS R, MHEFIRESEEREE
YiFr, WHNEBEARERBUMARAS EERIEE. FAAFRRBEAHELS
YEM. AJCKH RT-PCR JTiEHI S RN AR ER B R R AR S B EAL, A
PR ROK SRS SR A KR, R #E—5 W FKF ik ch a3 i 58
BRETHE.

42 R 5H%

42.1 BERPEGRE

SERIRTE TP AL AP IRA LURIET 2007 4E 6 B E 2009 4F 12 A KILKFH BT
BRI OPEEFEED, LREEE. BIPEEEERER, Ha
12 MERA, HRACKERFEBLEIBIBFEREERE (A%, 2004)
BB, BAPEGERRUA. .
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422 RWHE

(1) BETIAREIE: RS#ITHASTIR RARENNRILE &,
(2) RT-PCR 4H#7:

ERNAMIRE: EUHEMR. FFAE. ALAYIR/NR290.2~0.4g, L EIBALRH Iml
Trizol( Invitrogen)1 )% 3, 53K EHMATLRNABKIW HEPHAE-20CEE RE
WRILRZFRNARELBMER. HREEMSFRERNA, NRAHRAFHERNAE
AXT G, F1%EREER RN BRNATEEYE, SRNABRSRET-70CHE
KB,

cDNA F—#MEM: F Promega A7 M-MLV R REHITREFRY 14, #
Ff cDNA B£—5, HERT PCR ¥ HHREFETF-20CEH.

IR R B M GenBank FEHKZ|FEBINEEDIRMN B cDNA F

5, LARR4EE (AJ745099) SREEE RN cDNA MRS hE. FSIWTF:
AACATGCTGCAACTAACCATCAAGACCACACAGAATGTGTACGGTCTGCAGG
AGAATGGCATTGCAGGTATCTGTGAGGCAAGCTATGTCATCCAGGAAGACAGG
AAAGCTAATAAAATCATTGTCACAAAATCCAAAGATCTGAATAACTGCAACGAG
AAAATCAAGATGGATATTGGCATGGCTTATTCACATACATGCTCAAACTGCAGAA
AGATTAGAAAGAACACCAGGGGTACTGCTGCCTACACTTACATCCTGAAGCCCA
CAGACGCTGGCACTCTGATCACTCAAGCTACTTCACAGGAGGTGCACCAGCTCA
CTCCATTCAATGAAATGACTGGCGCTGCCATCACTGAAGCAAGGCAGAAGCTTG
TTTTGGAGGATGCTAAAGTAGTCCACGTAACTGTTCCAGAGCAAGAGTTAAAGA
ACCGAGGGTCTATTCAGTACCAGTTTGCCTCT

NF Primer v5 RGP ER R EQBEERFF# TSR, 5107
B (FUAF=4 207bp) WTF:
L3148 (20nt, Tm=57.8C): 5’-CTGCCTACACTTACATCCTG-3’

T34 (20nt, Tm=57.8C): 5’-ACTGAATAGACCCTCGGTTC-3’

B, PAPAT B-actin fE A ERY X B, 1RHE 44T f-actin i) cDNA 5%t
ST
E#3514 (20nt, Tm=57.8C): 5’-GGTATTGTGATGGACTCTGG-3’
Fi#714 (20nt, Tm=59.85°C): 5’-TTTCTCTCTCGGCTGTGGTG-3’

519h LBEENIRIARREER LS.

RT-PCR §##: RT-PCR ¥ F# S Lietal (inpress, available online). &
5 RT-PCR R HITEFE: #1T 10 NFAT PCR RN, EH¥ 17-35 MF%,
43 BIEX 5 uL PCR =4t AT sk 747, TE&RAED S HA ML RN 33 IMEFFE R RT-PCR
RMEITEFEL B, LA 3 ERB K —5 cDNA AHR, BEER7 8175 18, PCR
SR FR( 25uL) : 2.5uL 10 xTaq Buffer, 2uL25mM MgCly, 0.5uL2. 5SmM dNTP, t
W39 (20uM) 0.5uL. T#ETII(10uM) 0.5uL, 1uL cDNA #i#%, 0.5 uL Taqg DNA
Polymerase ( 1U /uL, Fermentas). PCR X4 {4 K244 94 ‘CZH 4min, BH 33
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AMEH: 94°CEEE 30 s, 55°CIB K 35 5,72°CZEMH 30 s BJ5HT 72°CLEF Tmin. B 5
ul PCR F=H)F 1.5%IE ekt _Esidk, Ll TaKaRa 2% f) DL2000 A SR,

43 #£R

431 EE B R HRYE

SRR BARKE P AERNAZAIE, BRETRENHEE
MERAEI, FEERIREFEXNERE S HIRRMERM EXHTLRE
FERMERT T oM, FABRAE_E,

432RT-PCR &R

PARAEE] 5 R IRRY RT-PCR P=HI AR, ¥ 181 PCR =4I, &8, W&
WFEBEIM F BS Genbank AJ745099 Y34, AALUE 100%. #REUEE RNA A
T RT-PCR ##8 34 MBI, LB T AR EH BRI LANHERERLRRERNTL
B . ARERSBIREFATAEZE 200bp £ £ #5H PCR =W, ERAE M7
HH, NEARFIM_RE, BELW.

Mg IR AR RE, |82 RIPEEHREENTH, 2-10
BRI, B2 10RPEEHREEZENNKR. BIPFEERITARERD B
WEEARREEEZUATUBEUMTLER:

4321 FERFRERPEQENEMIPREOREMBRPRESENT

it

MR RERBFERERIPRERRT BER (B4 TJUEH, FEFEHER
BRY G HR. £ ACTIN RE—BHE R T LR R E#® By Hr= T
BAER: 1. 2RBERFHHHABRFZ LN, - 10 R ELENEEARREE
EREEmMES, 10 8RTHERREERR, FIVHFEPEGRERHHEE.
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M @ B Woo® M o o a8 W b He

VTG

1 o o WS G G G G G G G0 ww TS
4.1 ARERBEPHEFERERPIFEEAR mRNA REROTL

Fig 4.1 the expression of vitellogenin mRNA in different age of female Chinese sturgeon gonad

4322 FRIEREPEBEMMMPREAREFRPRIZENTL

BT FERNER—ZRFHY, HAZEENSEW, BAERGTE. Fb
TREMHERE . A% 17 BE LB FERNT I, FERKH L
BhTHERD, FADR, BERAERRFE. B4 17 RaFRFHEES
Ry WERTUE N (B 4.2), 7 ACTIN RE—SHERT, | BpLadsii i
AEENREORNRIE, W2 83 7 RPEGFEPHFENEEAE mRNA
HRiE, BEFRBZARERREHEER.

4.2 AEERBPEREA T ETREEQR mRNA RS RHEL
Fig 4.2 the expression of vitellogenin mRNA in different age of female Chinese sturgeon hepatic

4323 FRIFH PEBESMIMEBRPINEEARRIEENTH

HTZMERE, R 18, 38, 48, 58, o8, 12 BoeamuMog
TTHRHEBR mRNA REHFASH, BE 43, B E 4.3 dtpeadmgi Mg
PRGN B AR RT-PCR & RFT7R, BT 1 6483 it/ A7r 40 200bp 4L H
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AN BT, 38, 488, 5, 9, RREMNLERHAT &%, HRAX
il BHTE T A A IR RN EE DR M mRNA HiFRE. JFH
AR ACTIN RET, MNKNEEMMREEORREEAFEEEER.

M 1§ 3§ 4% SEY SR 128y BB

VTG

B-actin

43 FRAFRBPLEEA R IFHEHIR mRNA RIERNZL

Fig 4.3 the expression of vitellogenin mRNA in different age of male Chinese sturgeon gonad

4.4 1ig

MNEH MBI FHEY, BEER. BHE, A5 EXRANSREHREHRE
HERENYHI AR REELR (Vitellogenin, VIG), ENIEARKSIMMAERARE
S, THEECNED %I, BEEQRIBREEANGE, MUAEE
KTHRRRRAETER. B, BRKUEY. BRRSEFNIGESEYR, TR
B FR ISP R M £ KA1k (Deuchar, 1963; Mancuso, 1964: William,
1967: KEEF, 2007). X THREPREEANAR, ESNEHE 0 FERHKFF
AR, N TERERNHALES, SEORES. NASH— LA EHRE
—EMHAR, BEREZHERNPEEANIMECURNERAREBEKTEEFEM
B3 (Ngetal., 1994; Pelissero et al.,1991; Amiri et al.,1996; Hiramatsu et al., 2002;
Ceapaetal., 2002; Latonnelle et al., 2002; Linares-Casenave et al.,.2003), X134 5B
REARE B ARER D, (UL Bidwell(1991)3 5 & 63 5935 5 5 15 A mRNA
AT T BRI AT HIS A . Bidwell (1995) MEHENHEERLE
FEHEITIIA, 4B cDNA 287 T VTG B& A2 4.
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B AWK, EPEGHEE MR, R PHEEREEARNE
&, LRI ACTIN RERAHREIF AT 447 1-10 ¥ CDNA 8, KH P4
WERBEORMERT 1-10 RRESE2BHES, T 10 BAXTFENVHTEER
KRR TTAARYTI AT R 18502 BEP B RERE R 1, 2-10 B A 11,
B 10 @A UBRY, HAIARPEREREERETHRERARREER
THRRRBRZAY, BIVE, X57%ME 2006 F5t EXIFFINEREES KT
RIIGEFARLL. BTFHRERE, U -7 BhEEEanEEaRTRTRER
BUHATT 27, KM 1 RE 7 BRPEEFREFHENERAENRE, ERE
ERFUEER. HTREMERE, ALRAFIMERI, 38, 4%, 58, 9,
12 P ERRaMPEEERREARNRIE, X5 Bidwell 2 A& H — /%
FHRN Y EREATFERNEEAR mRNA HRIEERE—3; 35 Copeland
%, (1986). Goodwin % (1992 £ ) WA K FA1R % i fa K BB ME 2 70 IE %15 1
THREEDE VIG; 35 Shyu (1986) ZEMEtEiEIEH IR b R AL VIG mRNA
HIRIE, JaXK Unuma 1998 F B IEIESE T MR IRPHE VIG &8, R4
BEP VIGHED, BRIRETRES VIC hETFRARBERY K. MNALR
ot NME R VIG RiZ LRI TiX— M A.
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&k
FHEGRRENEW, AAAMTLBEFETESHE, —, TRKPEBEERKT
EK, KPLR, RESSHEUOANTFRETELGEE, TEEBRREK,
FEHEAIR P BRI IE 14-26 5F . BIEME N AL BRBREULRAYTF
BN L 6R 35 & A R & BUAL = B9 2 ST R B ST P A3 R A RSN SRR IR E R E
B AN ELHENE S TAMFFEARAT LI AR ELE, WEKE
HIP R VR GRS R AR ASNE ISR R A H B 2 TENE. L EERWT:

(1) M TFREHFFRFENEHE, BTREUERALHAREZS ST W HEHEGR
HBHHEMR, E—RBRRNRALIELELN) T FREINESE, RI+LEiHE
HAMEN 1 EERTTHRAEEN AR A-FREL R mRNA B85,

(2) X FAMNRIESR R RIRAIENE, @i e G 5 21 P SRR AR AR R AR A A e o
BRE RSB AT AR & RO L AR R AR R R AR, ORI R S
I (EERFEEAL) HASRERER, B0 FRRIET LG &+
SHANHAELIRN mRNA BIRIE. SRR R LE M MAE R &t 77 7E 51
HEARKN mRNA FRE, ZHIELREEHRLM VIG AR FRERUERY
.
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10.

11.

12.
13.

14,

15.

16.

17.

18.

BratE. 83 HAREMESTHERR. L. BERKRME, 2007

B e R B MR R EMA. (L2603, 1M FIK
FHEMFFER.2004

BraE, faiefh, BERE FEPEEERRESHMUMARERA. K%
#, 2004,28(6):633-639.

e, REE, FEFS PEREFERENNEEBBEHMOTR. KEED
F1H, 1985,9(2):99-110

FKE, REE, $HTE. BRFENRERENRFRELE KFER,
2004,28(4):353-359

J77K 3R, Welsch U. X EAPEPEAARBUEHNRIIEHTHR. PEREB
$£), 1995,25(10):1 079-1 085.

K&, BntT, AWE. e BN FRENBHEMRR KEEDE
##,2001,25(6):583-589.

B, HiE BREZ Na® . K Mg?* . Ca?* FIEEEEMIE R 8R- 8%
xS T R .S, 2009, 44(1):106~111.

R, EEY. BRANEENES. PEALRREREE. KEEWER,
2002, 26: 109-115

EER, %KH, HAILE. MRS ER B RULENFE. FE
KR, 2007, 14(4): 532-539

HREE, HES, ERE BMIT PEGEEERELNNE. KKE
A, 1985, 15(4):38-42.

SR, BRER.PEAEHMLEH-AEIH: BEEHRLE1998:13.

ZEE. ARPEAFARNERINEHAA (L EZUR ) FS: PEFERE
8V HE A Bt 2009

FEE FDE RS 7-« REBENRDANBREAREMEBRREHER.
BEEIE, 2006,20(1): 9-12; 13

. PHREBFEMFTERIBEEREAGREEAAR. MLEMR
X). Rl EPRIVKZEKFTER, 2007.

RE, RE, BES SBAAXGHERARARNES. g RBEkELE.
KA EYIFR, 2006, 22: 317- 320.

WEH, TRE BEFSARKETFHNARENENEHNNE. LHITXE
FWM(BREIER), 2007,(1): 99-103

XIER, TEh RAEE BN TPEREEEMFRERRAATIESES
BN SR, 2007,18(6):1397-1402.
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28.

29.
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36.
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KEAEYFR,2007,31(6): 849-854.

BRI, MR, HEES PESERNEY AR RNEERR S KA
J¥,1998,28(6):18-20.

TIRE, 7, B SRR Z T HERY R, 1995,117-120.
i, WAKZ, KB, Bh, BRI MFILFEREEL RN Ca2+kE 5508
REHIXZR.FEKRIZ, 2009,16(6): 967-974

K IV KL, E R RS0 8 R & A R ME K %47,2004,
28(5):487-492..

Vs R LR B R AN R B EANAUNGE XL E. F: &
EH#EFRE, 2003

MNERIIAK-REHEH. KILGEaREWNZERANT EHERA. BSEH: 1)
BEEH BB R, 1988,92-93

FEH. RREUTIFMPEEAERENE, KEEYFR 1994, 18 (1) 26-31
EXR, #EHL, Biff. PRETHSARARBSHERENRRAKELEY
£11,1999,23(1):24-28

BRI, BKIG, BRE. KEVEANRSARNBUEN. BHRYKESE
#,2003 ,25 (4) :339 -341.

BN, SRR, HEKE KEEZHNFRENBMEN AEMEREER
(B R IHEIR),2004,29(2):273-277.

felefs. PHREEEITAES¥FSRFIME. BEEaex]. R $E
RIEBKEEWHRR. 2003

fEES, GaE, BEES. BNIER 24 ERPLEF=RREABLHMEL. $
EKF=RI2£, 2005, 12: 452 - 457

RE, R, ABR. )7 JE# Odontobutispotamophila (Glnther)5i ¥ &5
FR(Vig) P B R ALV)EWIFEN LR, LRTKAESRERAREL
&, 2006, 21: 160- 162

R, PRI, BRE. MBARINERE T EKZFRI,2007,14(3):377-382.
okEF, TRR, BN EAWNREARNES. a5 5 e A5FEER,
2008,3(2):155-161

54N, WOk, BARE KILPEGEREBEREIRNIETHR. KEE
YFR, 1999,23(6):554-559
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