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Abstract 

Organisms that reproduce sexually arise from the gametes, the highly specialized cells that together initiate the 

development of a genetically new organism.  The gametes develop from their precursor, the primordial germ cells, 

through a complex process, the gametogenesis.  Failure of gametogenesis will result in infertile individual which lead 

to failure of reproduction.  When gametogenesis fails in a commercial species, it will result in a decrease of 

production.  When gametogenesis fails in a rare species, however, it might leads to the species extinction.  In this 

sense, understanding gametogenesis including the stages and factor controlling the process is very crucial in 

biological conservation.  In relation to this, a study on gametogenesis in a teleost, the hard-lipped barb (Osteochilus 

hasselti) had been conducted as a model for other teleost species. 
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Introduction 

Organisms that reproduce sexually arise from the gametes, the highly specialized cells that together initiate 

the development of a genetically new organism.  The gametes develop from their precursor, the primordial 

germ cells, through a complex process, the gametogenesis.   The morphological details and timing of 

gametogenesis greatly varied among animal species but it basic principles is relatively conserved.  The 

gametogenesis begins after primordial germ cells reside in the gonads and determine their developmental 

path either as spermatogonia or oogonia.  Following a series of mitotic division the spermatogonia 

committed to became primary spermatocytes.  The spermatocytes enter the first followed by second meiotic 

division to form secondary spermatocytes and spermatids respectively.   This event is referring as 

spermatocytogenesis.  The spermatids then undergo morphological changes through spermiogenesis to 

produce spermatozoa.  Homological processes as that in spermatogenesis also occur during oogenesis.  As 

the oogonia initiate the first meiotic division they are refer as primary oocyte.  The completion of first 

meiotic division produces secondary oocyte.  In most vertebrate, the second meiotic division arrested at 

metaphase until ovulation [1] and will be resumed when the oocyte are fertilized.  Thus, in such species, 

ootid and ovum will only be achieved after fertilization.   

The unique aspect of gametogenesis is the meiosis division since this type of division only occurs in 

gametogenesis but not in somatic cells.  There are two significances of  the meiosis: 1) the reduction of the 

number of chromosomes from the diploid (2n) to haploid (1n) number so that the species number of 

chromosomes can be maintained from generation to generation; 2) the mixing of genetic characteristics 

(crossing over and independent assortment of maternal and paternal chromosomes).  This paper briefly 

reviews significance of gametogenesis, some aspects of gametogenesis in the hard-lipped barb and the 

prospect of developing a model for conservation.  

 

 



Significance of Gametogenesis 

A normal gametogenesis has been a great concern in human health.  The abnormal chromosomes that appear 

to result in abnormal development were generated during the formation of the female and male gametes 

[2].  The severe abnormal chromosome could abort up to 50% of all zygotes formed.   Zygotes with less 

severe chromosomal anomalies that do not abort will result in an abnormal type of development [3]. The 

abnormal chromosome could be numerical (polyploidy and aneuploidy) or structural. Numerical 

chromosome abnormalities could be related to autosomal chromosome such as Down syndrome and 

Edward syndrome or  sex chromosome such asTurner syndrome.   

Failure of gametogenesis will result in infertile individual which lead to failure of reproduction.  When 

gametogenesis fails in a commercial species, it will result in a decrease of production.  When gametogenesis 

fails in a rare species, however, it might leads to the species extinction.  In this sense, understanding 

gametogenesis including the stages and factors controlling the process is very crucial in biological 

conservation.   

Gametogenesis and Conservation model 

Studies on gametogenesis in fish were initially conducted to promote fish production for food supply.  As 

knowledge of fish biology improved, studies on gametogenesis in fish has been re-orientated to other 

purposes such as, understanding gene function in development and health [4], providing method for 

monitoring environmental disturbance [5) and conservation.   In relation to this, studies on gametogenesis 

in a teleost, the (Osteochilus hasselti) had been conducted and developed as a model for other teleost 

species. This species was used as a model since this fish is an indigenous tropical fish and widely cultured 

in Java [6]. 

Since 1995 researches on reproductive aspects of the hard-lipped barb including  gonadal development 

[7,8,9,10],  the dynamic of gametogenesis [11,12,13] and fluctuation of reproductive hormones [14,15] 

were studied.  The compiling data indicated that gonadal differentiation was detected around day 130 post 

hatching [8]; gametogenesis was initiated earlier in the males than females.  In 4-5 month post hatching, 

the testis has shown spermatogenesis as indicated by the present of spermatogenic cells at various stages of 

development; while ovary of the same age consisted of oogonia and previtelogenic oocyte [7].  The timing 

of gonadal differentiation in this species was altered by environmental factor such as photoperiod [10].  

Histological features of the ovary showed that hard-lipped barb is a synchronous batch spawner. This was 

indicated by the present of oocyte at various stages of development (Figure 1a).  The diameter of oocyte 

increased as the oogenesis progressed and reach their maximum size of 0.9-1.2 mm prior to ovulation  [11].  

This increased in diameter was mainly due to the accumulation of vitelogenin protein in the ooplasm [16].  

The proportion of late vitelogenic oocytes increased toward the following spawning period (Figure 1a).  

This leads to the increased of gonado-somatic index (Figure 1b).    

Oocytes development in this species, as in other teleost, was controlled by reproductive hormones under 

hypothalamus-hypophysis-gonad axis.  In aquaria, the level of gonadotropin (GtH) in the female was 

increased from week 2 to week 6 post spawning then declined up to week 8 (Figure 1c).  The increased of 

GtH level stimulate the production of eatradiol-17 in the ovary in a similar pattern to those of GtH level 

(Figure 1d).  The decreased of eatradiol-17 level could be due to the decreased of aromatase activity as 



evidence in other teleost [17].  This decreased was suggested to give opportunity for progesterone synthesis 

needed for oocyte maturation.  Studies in many teleost suggested that progesterone is the ovarian steroid 

responsible for oocyte maturation [18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  The gonado-somatic index the proportion of oocyte at various developmental stages, fluctuation 

of serum GtH and estradiol-17 in female hard-lipped barb in one spawning cycle. 

Histological features of cycling testes showed that hard-lipped barb testes consisted of many spermatogenic 

units, the spermatocysts or lobules.  Each lobule contained a particular stage of spermatogenic cells.   The 

testis of a newly spawned fish was dominated by lobules containing early spermatogenic cells while the 

testis of a ready to spawn fish was dominated by lobules containing spermatozoa [11,13].  The increased of 

lobules number containing spermatozoa and hydration in the testis resulted in an increased of gonado-

somatic index (Figure 2a).  Spermatogenesis is also controlled by reproductive hormone under 

hypothalamus-hypophysis-gonad axis.  Measurement of GtH using ELISA showed that serum GtH level 

steadily increased from the day of spawning to the next spawning period (Figure 2b).   

Based on the available information on gametogenesis and reproductive hormone profile, a series of 

experiments are currently in progress to answer some critical questions such as: How do estradiol-17, 

progesterone, GtH and gonadotropin releasing hormone analog exert their role on oocyte growth, 

development and maturation? What oogenic or spermatogenic stages are responding to hormonal 

induction? What sort of culture condition require for in vitro  development oocyte or spermatocyte?  The 

outcome of these experiments will provide a proper protocol for culturing oocyte or spermatocyte.   
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Figure 1. Fluctuation of serum GtH level and gonad somatic index                                                                      

in male hard-lipped barb in one spawning cycle. 

Future studies 

The finding in the hard-lipped barb will be used to design a model to preserve gamete precursor including 

primordial germ cells, oogonia, oocyte, spermatogonia and spermatocytes.  This model will be tested in 

other Cyprinid fish for conservation purposes. 
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