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Introduction

� Two ways that a fish farmer can increase 
fish production:

� 1) To increase the size of the fish farm

� 2) To increase yield
by environmental manipulations, such as the increased use of 
lime, fertilizers, feeds, and/or improved water quality 
management

by growing genetically improved fish



� Genetics: The science of heredity and
variation.

� Biotechnology: is the use of living 
systems and organisms to develop or 
make useful products, or "any 
technological application that uses 
biological systems, living organisms or 
derivatives thereof, to make or modify 
products or processes for specific use.



Application of Biotechnology in Aquaculture  

1) Genetic engineering and chromosome set 
manipulation

2) Control of reproduction

3) Control of diseases

4) Cryopreservation of gametes

5) Nutriation

1-1) Transgenesis
1-2) induction sterility
1-3) Sex reversal
1-3-1) Feminization
1-3-2) Masculinization

1-4) Hybridization
1-5) Gynogenesis
1-6) Androgenesis



Cell cycle



Mitosis





Meiosis I in males 
(Spermatogenesis)



� Prophase I
� The homologous chromosomes pair and exchange DNA to 
form recombinant chromosomes. Prophase I is divided into 
five phases:

� Leptotene: chromosomes start to condense.
� Zygotene: homologous chromosomes become closely 
associated (synapsis) to form pairs of chromosomes 
(bivalents) consisting of four chromatids (tetrads).

� Pachytene: crossing over between pairs of homologous 
chromosomes to form chiasmata (sing. chiasma).

� Diplotene: homologous chromosomes start to separate 
but remain attached by chiasmata.

� Diakinesis: homologous chromosomes continue to 
separate, and chiasmata move to the ends of the 
chromosomes



Meiosis II in males 
(Spermatogenesis)



Meiosis I in females 
(Oogenesis)



Meiosis II in females 
(Oogenesis)


