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b, PR B L 7E 1001 24

ZH5 5 20 min N & FE 3 min BURE—¥k,20 ~
60 min %} 5 min BUAE—K ,60 ~ 120 min %3 10
min JORE— K, 45 CHBCHR B2 AE 1 000 K L) B 4

a1 4% Z R W [ 0.1 mol/L PBS
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FEAE, 5 BOK AL 2 FOA0 B AL 5 R B il 2R 22
J& MR HORE A T 0 K2 Hh i AN BE AL A% 2 R
g e, R R B B W Ak
(Tilapia nilotica) it R W B G A5 4% C 1n) N 1T #
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91 FLAR DGR Al , (7] e i A% o BT ety 022 0 5
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FEC 1 2R BT K P PR IR MG ( Spisula
solidissima ) ¥g UP U9 K F 500: 1 e ift ( Tegillarca
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Cytological observation on fertilization and early cleavage in

Sinonovaula constricta

DONG Ying-hui', YAO Han-han', ZHANG Pei-yun', SHEN Pang-you®’, LIU Hao-ming”, LIN Zhi-hua'"
(1. College of Biological and Environmental Sciences,Zhejiang Wanli University , Ningbo 315100, China;
2. College of Fisheries,Ocean University of China,Qingdao 266003, China;
3. The Ocean and Fishery Institute of Ningbo,Ningbo 315012, China)

Abstract. The artificially-induced spawning and fertilization experiment of the razor clam ( Sinonovaula
constricta) was carried out at Ningbo Yongsheng Aquatic Seed Corporation Limited in October 2010. More than 1
000 fertilized eggs and early embryos of all developmental stages were collected and more than 100 were carefully
observed to investigate a series of cytological events,including sperm penetration, maturation division,formation
and chromosome association of the female and male pronuclei,early cleavage and polyspermy. Three techniques,
including light microscopy ,fluorescence microscopy by Hoechst 33 258 staining, paraffin section and hematoxylin-
eosin staining,,were used in the experiment to clarify the mechanisms of fertilization and embryonic development,
which provided an important reference for research into its artificial reproduction and chromosome engineering
breeding. The results of cytological observation indicated that most of unfertilized mature eggs of S. constricta
were globular or oval (82 — 88 pum in diameter) and a few were pear-shaped and the nuclear phase of them
remained at the metaphase of the first maturation division. The sperms were the type of flagellum(55 —58 pm in
total length) ,with the bowling-shaped head and particularly slender acrosome rod like filament of flower. At water
temperature 21 —22 C and salinity 10, after mix of sperms and eggs,sperms quickly attached to the surface of the
eggs and activated the process of egg development. From 4 min to 6 min after insemination,sperm has penetrated
into cytoplasm of egg and significantly expanded,while the shape of eggs become more round and the number of
sperms outside the egg was significantly reduced. The fertilized eggs released PB1 at 12 — 15 min and PB2 at 20 -
25 min in the process of maturation division. After completion of the second maturation division,the sperm nucleus
and the female nucleus expanded immediately ,nuclear membrane reconstructed and developed into the male and
female pronuclei 30 min after fertilization. Expansion of the sperm nucleus was earlier than that of the female
nucleus. At formation of the female and male pronuclei,they approached gradually and all moved to the center of
egg. At that time, the spermaster beside the male pronucleus was visible obviously. And then,the two pronuclei
matched into an association nucleus after their chromosomes formed respectively. Subsequently ,the chromosomes
of association nucleus arranged on the metaphase plate of first mitosis. About 40 min, fertilized eggs carried out
the first cleavage and the chromosomes were separated equally into two daughter cells which are different
evidently in size.45 —50 min after fertilization,embryos underwent the second cleavage which was fundamentally
similar to the first cleavage, but the cleavage direction was almost vertical to the first cleavage furrow, and
ultimately formed four daughter cells,three small and one big. 60 —70 min,embryos completed the third cleavage.
Though the cleavage is also unequal division,embryos began spiral cleavage from the third cleavage. Additionally ,
the abnormal phenomena, such as polysperm and polyspindles, in the experiment were analyzed and the
mechanisms of polyspermy prevention in marine mollusks were discussed and studied.

Key words: Sinonovaula constricta; fertilization; early cleavage; polyspermy
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Plate I Microscopic observation on the process of fertilization and

early cleavage in S. constricta
1. unfertilized mature egg; 2. sperm; 3. sperm attaching to the egg; 4. release of the first polar body; 5. release of the second polar body;
6 - 8. the first cleavage; 9 — 11. the second cleavage; 12.8 — cell stage.

SP:sperm; PBI :polar body 1; PB2:polar body 2; CF:cleavage furrow.

B AR 1 15 AR
LS 75 2. RZH AN 75 3. K5 T MO0 ; 4. K5 T A5 5. 5 —UORB UG 6. 8 —WdAHEd 5 7 ~ 8. 58 Ul 25 115 9. 50
TR AR 10 ~ 120 HEIRUOE R 13 ~ 15, MEJSURCRET 5 16 ~ 20. M HEBURER 5 21, S — KON ALR R 5 22 ~ 24 S — RO ARUR
W5 25 ~26.2 M 5 27 ~28. 55 KGR ARRTI 5 29. 55 UL B 5 30 ~ 32, 55 TR BN RUR Y5 33. 4 05 34 ~ 35, 55 = WO LT
W 36, T2 AN HEVE ISR 5 37 TR I A MEVE SR 5 38. 2R A DN B B (U IR BESE 5 39 ~40. Je (O IR SR 0
CHS: e i ; SPoKi 73 SN A% ; PBL: 5K —M ik s PB2. 55 — M fA; FPN.MEMEIRU ; MPNHEVE SR CHT B ()i,

Explanation of Plate II

1. unfertilized mature egg; 2. sperm; 3. sperm attaching to the egg; 4. Sperm penetrated into egg; 5. anaphase of the first meiosis; 6. release of
the first polar body; 7 — 8. anaphase of the second meiosis; 9. release of the second polar body; 10 - 12. formation of the female and male
pronuclei; 13 —15. approach of the female and male pronuclei; 16 —20. association of the female and male pronuclei; 21. metaphase of the first
cleavage; 22 —24. anaphase of the first cleavage; 25 —26.2 — cell stage; 27 - 28. prophase of the second cleavage; 29. metaphase of the second
cleavage; 30 —32. anaphase of the second cleavage; 33.4 — cell stage; 34 —35. prophase and metaphase of the third cleavage; 36. formation of
the two male pronuclei; 37. formation of more than two male pronuclei; 38. chromosome condensation of the polyspermic egg;39 - 40.
disordered chromosome separation.

CHS : Chromosome. SP:Sperm. SN : Sperm nucleus. PB1 : Polar body 1; PB2:Polar body 2; FPN:Female pronucleus. MPN: Male pronucleus.
CHT : Chromatin.
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Plate I Nuclear behavior of fertilization and early cleavage in

S. constricta with fluorescent microscope
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Plate Il Nuclear behavior of fertilization and early cleavage in

S. constricta by paraffin section method

1. unfertilized mature egg; 2. sperm; 3. Sperm attaching to the egg; 4. sperm penetrated in egg; 5 — 6. anaphase of the first maturation
division; 7. release of the first polar body; 8. metaphase of the second maturation division; 9 - 10. anaphase of the second maturation
division; 11. release of the second polar body; 12 —13. formation of the female and male pronuclei; 14 - 15. female and male pronuclei
approaching and moving to the center of egg; 16 — 18. chromosome association of the female and male pronuclei; 19 —20. Metaphase of
the first cleavage; 21 —22. anaphase of the first cleavage; 23.2 — cell stage; 24 —25. metaphase of the second cleavage; 26. anaphase of
the second cleavage; 27.4 - cell stage; 28. polysperm; 29. formation of more than two male pronuclei; 30. polyspindles formed.

CHS : chromosome; SD:spindle; SP:Sperm; SN:sperm nucleus; PBI ;polar body 1; PB2:polar body 2; FPN:female pronucleus; MPN:

male pronucleus; SA :spermaster; CF:cleavage furrow; CHT :chromatin; PN :pronucleus; PSD:polyspindle.
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