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Abstract 

The origin and migration of primordial germ cells (PGCs) were studied in six 
embryonic stages of mosquitofish, Gambusia affinis (Cyprinidontiformes, Teleostei). In 
the earliest stage studied here (having 1pair of somites), the PGCs are observed in 
splanchnic layer of the lateral plate mesoderm. Depending on their morphology alone, 
this may be one of the earliest stages at which PGCs could be observed. No worth 
mentioning change was observed at six pairs of somites. PGCs aggregate in the proximal 
part of the lateral plate in embryos having 9 and 12 pairs of somites and are found in the 
splanchnic mesoderm coating the gut in embryos with 14-16  pairs of somites. In 
embryos having white-grey eyes, PGCs are found on either side of the dorsal mesentery 
and start gathering underneath the pronephric duct. Finally, the PGCs reach the germinal 
ridge and reside there in embryos with black eyes and reduced yolk sac. The present 
study clearly indicates that PGCs in G. affinis are of mesodermal origin. It also indicates 
that their migration from the lateral plate to the germinal ridges is composed of at least 
three steps; two of which are active and one is passive. The results are in general 
agreement with those observed for other teleosts, particularly zebrafish.
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Introduction 

It is well established that the primordial germ cells (PGCs) are the only source of 
sex cells in vertebrates [1]. Reports on the origin of PGCs are, however, conflicting even 
in related species [2, 3]. In nearly all species studied so far, these cells are first recorded 
in places other than the germinal ridge. Later on, they migrate to reside in the gonadal 
tissue [4, 5].

Among vertebrates, the origin, migration and characterization of PGCs are best 
studied in amphibians [6, 7]. PGCs are of mesodermal origin in anuran amphibians [8] 
and of endodermal origin in urodelian amphibians [3].  
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The origin of PGCs in teleosts is almost neglected, apart from a few early 
publications [9, 10]. Later studies are confined to the description and differentiation of 
PGCs at late embryonic stages, i.e. those having already migrated to the gonads [11, 12, 
13]. Recently, the origin, characterization and migration of PGCs in zebrafish has been 
the focus of intensive work [4, 14, 15, 16, 17]. 

This study is an attempt to throw light on the morphological description, site of 
origin and route and mode of migration of PGCs in the mosquitofish, Gambusia affinis,  
and comparing the results with similar observations on other teleost species.  

Materials and Methods 

Embryonic stages of the ovoviviparous, G. affinis (Cyprinidontidae, Teleostei) were 
used in this study. To obtain different embryonic stages, pregnant females kept in 
aquaria at 20-22oC were sacrificed by an overdose of MS222 and dissected at various 
intervals. The embryos were liberated from the ovarian follicles and placed in 
physiological saline using watchmaker forceps. They were then characterized according 
to Kunz [18] before fixation in alcoholic Bouin's fluid. 

To avoid yolk brittleness and obtain thin, serial sections (4 µm thick), Steedman's 
ester wax technique [19] was used for embedding. Dehydration and fixation were carried 
in changes of cellosolve (2-ethoxyethanol) as follows:  

70%: 8h; 90%: overnight; three changes of pure cellosolve: 3h each; cellosolve-
ester wax 50:50 overnight. The sections were stained with hematoxylin and eosin. 
Infiltration was made in three changes (one hour each) of pure wax. Stains used were 
Weigert's hematoxylin counterstained with van Gieson. This stain gives better 
differentiation of PGCs than the routine stains. 

Results

A few isolated, PGCs are observed in embryos having a single pair of somites. 
They are sporadically found in the proximal part of the presumptive lateral plate 
mesoderm at the level of, and posterior to, the differentiated somites (Fig. 1). A PGC can 
be easily distinguished from the neighboring mesodermal cells by its remarkably bigger 
size (Table 1) and weaker staining affinities. Its nucleus is large, round , vesicular, and 
often deeply notched. Many chromatin granules underlie the nuclear envelope. One or 
two nucleoli are also observed. 

In embryos with six pairs of somites, the PGCs are still confined to the proximal 
part of the lateral plate or its forerunner at the level of the differentiated somites and the 
undifferentiated mesoderm posterior to them. They are totally lacking in regions anterior 
to the first pair of somites. PGCs are still isolated  and a cross section rarely shows more 
than one cell on either side (Fig. 2).
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Table 1. Numbers and dimensions of PGCs at different developmental stages of G.
affinis (Average of Seven Samples Each).  

Number of PGCs Stage

(Number of 
somites) Left side Right side Total 

Diameter of PGCs (in µm) 

1 18 35 53 14.06 

6 24 27 51 14.10 

9 34 40 74 14.89 

12 38 32 70 14.68 

14-16 47 40 87 14.73 

white-grey eyes 190 180 370 14.54 

Embryos with 9 pairs of somites and eye lens placodes show a clear increase in 
numbers of PGCs (Table 1). Cross sections through the levels of posterior somites show 
up to seven PGCs on at least one side of the embryo. These are either linearly arranged 
or clustered into bunches (Figs. 3, 4). The increase of cells per section is not only due to 
the overall increment of their total number, but also due to their migration along the 
longitudinal axis towards the mid trunk region.  

The PGCs are found in the proximal splanchnic mesoderm of the lateral plate. This 
location, however, is almost confined to the posterior somites. PGCs at this stage seem 
to be absent at the level of the anterior few somites.  In rare observations, few PGCs may 
be seen in the core of a somite. No significant change in embryos with 12 pairs of 
somites is observed (Fig. 5). 

In embryos with 14-16 pairs of somites and a single pair of aortic arches, some 
PGCs are observed in the splanchnic mesoderm enclosing the gut at the levels where 
lateral body folds have formed (Fig. 6). Posterior to the body folds,  the PGCs are still 
seen in the proximal ends of the splanchnic mesoderm (Figs. 7, 8).  

At the stage when three aortic arches and white-grey eyes are developed, PGCs are 
found on either side of the dorsal mesentery of the gut or at the future site of the 
germinal ridge underneath the pronephric duct (Figs. 7, 8). This stage witnesses a sharp 
increase in the number of PGCs. At the stage with black eyes and reduced yolk sac, well 
defined early gonads are observed. PGCs are seen within these gonads. They are 
sheathed by flattened cells in some individuals (Figs. 9, 10). It is concluded that these 
gonads are ovaries. 

Discussion

The findings of the present work on the origin and migration of the PGCs in 
mosquitofish are in general accordance with results obtained in other teleosts, 
particularly in zebrafish [5, 6]. Yet, these findings raise a few, interesting points. These 
points are dealt with separately. 
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Origin: The results of this study are in favor of the widely accepted proposal that 
PGCs in chordates originate somewhere away from the gonads [1, 3, 20]. In G. affinis,
PGCs are first seen in embryos with a single pair of somites. This is one of the earliest 
stages involved in similar studies [9, 10, 14, 15]. The earliest stage of zebrafish at which 
Braat et al. [14] were able to identify PGCs depending on their morphology alone (light 
and electron microscopy) was the five somite stage. 

The site of origin of PGCs in G. affinis recorded in this study is the proximal part of 
the lateral plate mesoderm. This observation is in accordance with early observations on 
the teleosts Fundulus heteroclitus [21],Cottus bairdii [22], Platypoecilus maculatus [9] 
and Micropterus sal [10]. Nieuwkoop and Sutasurya [3], however, suggest that PGCs in 
teleosts originate in the extraembryonic endoderm of the yolk sac. Accordingly, they 
suggest a close phylogenetic relationship of teleosts with urodele amphibians in which 
the same site of PGCs origin as teleosts has been recorded. Recently, Braat et al. [14] 
proposed that PGCs formation might require a close contact with the mesoderm and/or 
endoderm. This proposal might explain the contradictory observations on the origin of 
PGCs in teleosts. 

Migration: The present work indicates a stepwise migration of PGCs from their site 
of origin to the germinal ridges. The process seems to involve a passive and an active 
modes of migration. PGCs migrate from their site of origin in the lateral plate along 
almost the entire embryo to aggregate in the mid-posterior trunk region at the level of the 
pronephroi. This step is most likely an active one [23]. From their new location, they 
passively migrate to the splanchnic mesoderm that coats the endodermal gut and to the 
dorsal mesentery of the gut. This seems to take place via the enfolding of the splanchnic 
mesoderm (formation of lateral body folds). 

Such a mechanism and route of PGCs migration has early been suggested by Wolf 
[9]. Most workers [6, 13, 24] overlook early developmental stages and begin their 
investigation with stages having PGCs in the dorsal mesenteries or in the primordial 
gonads. It is suggested here that the PGCs actively migrate from the dorsal mesenteries 
to the gonads. Stepwise migration of PGCs in zebrafish has been well studied and 
documented [4, 17]. During the active migration, PGCs possess filipodia and 
pseudopodia, but these were not observed during the present study because these 
structures are of very brief duration and persist for a minute or even shorter than that. 

Morphology and count: The morphological description (shape, staining affinities 
and measurements) given here for PGCs is in general accordance with that supplied by 
other workers [11, 13, 14]. At early stages of G. affinis studied here, the number of 
PGCs range from 30 to74 per individual embryo. The distribution of PGCs on either side 
of the embryo is likewise variable. This variation is also observed in other teleost species 
[9, 13] and in amphibians [25]. PGCs counts in the different embryonic stages studied 
here show a slow, but a continuous proliferation during migration. 

Finally, it is suggested here that the study of the origin and migration of PGCs in 
vertebrates can be very valuable in a number of aspects including the mechanism of 
differentiation of these cells and other types of cells, cellular migration and phylogenetic 
relationships between the different vertebrate taxa. 



Origin and Migration of Primordial Germ Cells in Mosquitofish, Gambusia affinis

43

Gambusia affinis

Gambusia 
affinis (Gyprinidontiforme, Teleostei) .

somites) (
 .

 . .
912

14-16
  .

  .
  .

)  (  .

(Danio rerio).



Qar and Al-Adhami

44

References 

[1]  Timmermans L. P. M., Origin and differentiation of primordial germ cells in 
vertebrates especially fishes. Netherlands J. Zool. 46 (1996) 147-162. 

[2]   Humphrey R. R., The primordial germ cells of Hemidactylium and other Amphibia. 
J. Morph. Physiol. 41 (1925) 1-43. 

[3]  Nieuwkoop P. D. and Sutasurya L. A., Embryological evidence for a possible 
polyphyletic origin of the recent amphibians. J. Embryol. exp. Morphol. 35(1)              
(1976) 159-167.     

[4]  Weidinger G., Wolke U., Koprünner M., Klinger M. and Raz E., Identification of            
tissue and patterning events required for distinct steps in early migration of 
zebrafish primordial germ cell. Devel. 126 (1999) 5295-5307.

[5]  Dumstrei K., Mennecke R. and Raz E., Signaling pathways controlling primordial 
germ cell migration in zebrafish. J. Cell Sci. 177 (2004)  4787-4795. 

[6]  Al-Mukhtar K. A. K. and Webb A. C., An ultrastructural study of primordial germ 
cells, oogonia and early oocytes in Xenopus laevis. J. Embryol. exp. Morph. 26(2) 
(1971) 195-216. 

[7]  Heasman J., Mohun T. and Wylie C. C., Studies on the locomotion of primordial 
germ cells from Xenopus laevis in vitro. J. Embryol. exp. Morph. 42 (1977) 149- 
161. 

[8]  Ljri K. and Egami N., Mitotic activity of germ cells during normal development of 
Xenopus laevis tadpoles. J. Embryol. exp Morph. 34(1975) 687-694. 

[9]  Wolf L. E., The history of the germ cells in the viviparous teleost Platypoecilus 
maculates. J. Morph. Physiol. 52(1)(1931) 115-153. 

[10]  Johnston P. M., The embryonic history of the germ cells of the large mouth black 
bass, Micropterus salmoides. J. Morph. 88(1951) 471-542. 

[11]  Satoh N., An ultrastructural study of sex differentiation in the teleost Oryzias             
latipes. J. Embryol. exp. Morphol. 32(1)(1974) 195-215. 

[12]  Hamaguchi S. A., Light microscopic and electron microscopic study on the 
migration of primordial germ cells in the teleost Oryzias latipes. Cell Tissue            
Res. 227(1982) 139-151. 

[13]  Parmentier H. K. and Timmermans L. P. M., The differentiation of germ cells and 
gonads during development of carp (Cyprinus carpio L.). A study with             
anti-carp sperm monoclonal antibodies. J. Embryol. exp Morph. 90(1985) 13-32. 

[14]  Braat A. K., Speksnijder J. E. and Zivkovic D., Germ line development in fishes. 
Int. J. Dev. Biol. 43(1999) 745-760. 



Origin and Migration of Primordial Germ Cells in Mosquitofish, Gambusia affinis

45

[15]  Weidinger G., Wolke U., Koprünner M., Thisse C., Thisse B. and Raz E., 
Regulation of zebrafish primordial germ cell migration by attraction towards an 
intermediate target. Devel. 129(2002) 25-36.. 

[16]  Raz E., Primordial germ-cell development: the zebrafish prospective. Nat. Rev. 
Genet. 4(2003) 690-700. 

[17]  Blaser H., Eisenbeiss S., Neumann M., Reichman-Freid M. Thisse B., Thisse C.   
and Raz E., Transition from non-motile behavior to direct migration during early 
PGC development in zebrafish. J. cell Sci. 118(2005) 4027-4038. 

[18]  Kunz Y. W., Histological study of greatly enlarged pericardial sac in the embryo of 
the viviparous teleost Lebistes reticulates. Rev. Suisse. Zool. 78(1)(1971) 187-
207. 

[19]  Steedman H. F.  Section Cutting in Microscopy. Oxford Co. London.(1960). 

[20]  Otani S., Maegawa S. Inoue K. Arai K. and Yamaha E., The germ cell lineage 
identified by vas-nRNA during the embryogenesis in goldfish. Zool. Sci. 19: 
(2005) 519-526. 

[21]  Richards A. and Thompson J., The migration of the primary sex cells of Fundulus 
heteroclitus. Biol. Bull. 40(1921) 325-348. 

[22]  Hann H. W., The history of germ cells of Cottus bairdii, Girard. J. Morph. Physiol.
43(1935) 427-449. 

[23]  Doitsidu M., Reichman-Fred M., Stebler J., Koprunner M., Dorries J., Meyer D., 
Esguerra C. V., Leung T. and Raz, E., Guidance of primordial germ cell migration 
by the chemokine SDF-1. Cell 111(2002) 647-659. 

[24]  Shibata N. and Hamaguchi S., Electron microscopic study of the blood-testis             
barrier in the teleost Oryzias latipes. Zool. Sci. 3(1986) 331-338. 

 [25]  Kita Y. and Wakahara M., Cytological analyses of factors which determine the 
number of primordial germ cells (PGCs) in Xenopus laevis. J. Embryol. exp. 
Morph. 90(1985) 251-265. 



Qar and Al-Adhami

46

Legends of Figures 

Figures 1 and 2. Cross section through the first somite level of embryos with one pair 
and six pairs of somites, respectively. A single PGC (arrow) is seen in the proximal 
part of the lateral plate (thick arrow). The endoderm (open arrow) is still stretched 
as a flattened layer. Abbreviations: N: neural tube; Nc: notochord; S: somite; 
E:ectoderm; Y:yolk. (X: 200) 

Figure 3. Embryo with 9 pairs of somites. A cross section through the level of the third 
somite (S). A cluster of primordial germ cells (arrows) are seen in the proximal part 
of the lateral mesoderm. Thick arrow: roling up endoderm. (X: 250) 

Figures 4 and 5. Embryo with 9 pairs of somites. Cross sections through the level of the 
posterior somites showing clusters of PGCs (arrows) in the proximal parts of the 
lateral plate. Thick arrows: endoderm; S: somite;  other abbreviations as in figure 3. 
(X: 150) 

Figure 6. Embryo with 14-16 pairs of somites. A cross section through the level of the 
pronephroi. A PGC (arrow) is seen in the splanchnic mesoderm of the intestine (I). 
The notochord (Nc) and dorsal aorta (DA) are indicated. (X: 250). 

Figures 7 and 8. Embryo with white to grey eyes. A cross section through the level of the 
pronephroi. PGCs (arrows) can be seen on either side of the dorsal mesentery or 
extending underneath the pronephric duct (asterisks). (X: 250). 

Figures 9 and 10. Embryo with black eyes reduced yolk sac. A cross section through the 
level of the early gonads (G). Abbreviations: BV: blood vessel; I: intestine; OC: 
ossifying cartilage; P: pancreas. (X: 250). 
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