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Abstract 
Fate mapping studies have revealed that bone morphogenetic protein 4 (BMP4) signaling has a key role in segregation of primordial germ 
cells from proximal epiblast. Adding BMP4 to the culture media of embryonic stem (ES) cells could induce expression of germ cell markers; 
however, to provide a desired number of germ cells has remained a challenge. In the current study, we intended to establish an in vitro 
system to obtain reliable germ cells derived from ES cells. Differentiation was induced in ES cells via embryoid body (EB) and monolayer 
culture system. Cells were cultured with BMP4 from the beginning (++BMP4) or after 48 hours (+BMP4) of culturing for five days. The 
cultures were assessed for alkaline phosphatase (ALP) activity, expression of Oct4, Mvh and c-kit. In EB culture protocol, the expression of 
Mvh, Oct4 and ALP activity significantly increased in +BMP4 culture condition, but a significant down-regulation in the expression of germ 
cell markers was shown in ++BMP4 condition compared with the control group. Parallel differentiation experiments using monolayer culture 
system indicated the number of putative germ cells did not change. In the current study, we compared two differentiation methods (EB and 
monolayer) to achieve an optimal germ cell production. The EBs with a short exposure time period to BMP4, showing typical characteristics 
of germ cells. Therefore, our approach provides a strategy for the production of germline cells from ES cells. 
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 Introduction 

Establishing an appropriate in vitro protocol to obtain 
germ cells and subsequently gametes provides an approach 
to study mechanisms of gamete differentiation, etiology 
of the gonad abnormalities, and also to generate a legal 
source of oocyte for reprogramming and regenerative 
medicine. Germ cell differentiation is regulated by a 
combination of growth factors produced by surrounding 
tissues and any interruption in the growth factor production 
can lead to germ cell and gamete apoptosis [1–3]. 

Bone morphogenetic protein 4 (BMP4), a member 
of transforming growth factor-β (TGF-β) family, is an 
important signaling molecule for initiating the differentiation 
and exerts multifunctional effects on embryos [4–7] and 
embryonic stem (ES) cells [8–10]. Diverse effects on 
the cell differentiation caused by BMP4 depend on the 
culturing method [11], its concentration [12] and exposure 
time [10]. Moreover, germ cell growth and survival can 
also be induced by BMP4 via SMAD signaling pathways 
[13–15]. 

Primordial Germ Cells (PGCs) can be recognized by 
the expression of some protein markers that play crucial 
roles in the different stages of the germ cell maturation. 
Mouse germ cells express Oct4 (octamer-binding trans-
cription factor 4) [16] and alkaline phosphatase (ALP) 
[17] at days 7.25 to 13.5 of gestation. During migratory 
stage and early colonization, 8 to 13.5 days post coitum, 
they also express c-kit receptor along with Oct4 and ALP. 
After colonizing in the genital ridge, the germ cells express 
Mvh (mouse VASA homologue), a member of DEAD 

box family and a specific marker that is limited to germ 
cells [18]. 

Several studies have reported the expression of germ 
cell markers in the cells differentiated from ES cells using 
various protocols [19–21]. In a spontaneous differentiation 
protocol, the expression of the germ cell markers was 
demonstrated; however, the level of the expressions was 
low and the differentiation occurred in a long period of 
time [22]. Diverse results were reported by adding different 
growth factors and morphogens to induce germ cell 
differentiation using EB and monolayer plantar field 
cultures [11, 23]. In addition, the duration of cell culturing 
in the presence of appropriate supplements is an important 
factor in the germ cell differentiation quality. The effects 
of different BMP4 concentrations on the quality of germ 
cell differentiation have been reported previously [23]; 
however, there are few investigations regarding the effects 
of appropriate time of BMP4 exposure on germ cell fate. 

It is important to consider that the duration and the 
exact time of exposure of the stem cells to growth factors 
may determine the cell fate toward various destinations 
[10]. 

In the present study, we intended to establish a proper 
protocol to induce germ cell differentiation from ES 
cells. We designed two approaches of ES cell culturing 
including EB and monolayer culture systems with two 
different exposure times of BMP4 (short and long period). 
Our objective was to find the appropriate time of treatment 
with BMP4 to acquire a higher frequency of PGCs in 
the stem cell population. 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Tahereh Talaei-Khozani et al. 

 

298 

 Materials and Methods 

Embryonic stem cell culture 

Undifferentiated male mouse ES cells, R1 line [24], 
were cultured on mitomycinized (Sigma, USA) mouse 
embryonic fibroblast (MEF) feeder cells in knockout-
Dulbecco’s Modified Eagle’s Medium (KO-DMEM; Gibco, 
Germany) supplemented with 15% ES-qualified FBS 
(Biowest, France), 1% Penicillin/Streptomycin (Gibco, 
Germany), 2 mM L-Glutamine (Gibco, UK), 0.1 mM non-
essential amino acids (Gibco, UK), 0.1 mM β-Mercapto-
ethanol (Sigma, USA) and 1000 U/mL leukemia inhibitory 
factor (LIF; Chemicon) at 370C and 5% CO2. After two 
days, ES cells were harvested and cultured on a fresh 
feeder layer. The culture media were exchanged every 
day. 

Embryonic stem cell differentiation 

Embryonic stem cells were isolated from feeder cells 
using different times of attachment of cells to the Gelatin-
coated plate. The cells were diluted at 1×105 cells/mL 
density on LIF-free ES cell media containing 12% ES–
FBS in the presence or absence of 100 ng/mL of BMP4 
(R&D Systems). As the Figure 1 indicated, the cells 
divided into two parts; one part was cultured in mono-
layer plantar field and the other as EBs for two days. 

 
Figure 1 – The diagram shows the time schedule of 
the ES cell differentiation procedures for both mono-
layer and EB protocols for five days. Based on the 
time period of BMP4 exposure, each part was divided 
into three subgroups. (A) The cells were cultured in 
the presence of BMP4 from the beginning of culture 
for five days. (B) The cells were cultured in the absence 
or presence of BMP4 after 48 hours from the beginning 
of the culture. +BMP4, supplemented with BMP4;  
-BMP4, without BMP4. 

In monolayer culture system, an aliquot of 300 μL of 
cell suspension containing 1×105 cells/mL was dispensed 
into each well of a non-coated 24-well plate. On day 2, 
the media were exchanged completely with fresh LIF-
free ES media containing 8% ES-FBS. A triplicated set 
of cultures was followed continue by exposing to the 
above media in the absence or presence of 100 ng/mL 
BMP4 from the beginning of the monolayer culture, and 
the other sets of cultures were exposed to the BMP4 
after two days. 

In EB formation protocol, ES cells were seeded in 
20 μL of differentiation medium at the density of 1×105 
cells/mL onto a lid of the 10-cm Petri dishes (Corning) 
filling with 10 mL sterile distilled water. At day 2, the cell 

aggregates were transferred into 60-mm low-attachment 
plates at the same culture media previously described 
for monolayer culture. A triplicated set of EBs was also 
continue by exposing to the above media in the absence 
or presence of 100 ng/mL BMP4, from the beginning of 
the experiment, and the other sets of EBs were exposed 
to the BMP4 after two days of EB formation. 

The morphological changes were recorded every day 
by an inverted microscope (OLYMPUS) equipped with 
a Nikon DXM-1200C digital camera in the same light 
intensity and magnification. 

At day 5, EB and monolayer cultures were dissociated 
into single cell suspension with Trypsin/EDTA for alkaline 
phosphatase assay and immunocytochemistry and with 
EDTA for flow cytometry. 

Alkaline phosphatase assay 

Alkaline phosphatase activity was detected by 
alkaline phosphatase kit (Sigma, USA) according to the 
manufacturer’s instruction. Briefly, the cells were fixed 
with Citric Acid/Formaldehyde/Acetone fixative, washed 
in PBS, and stained with ALP solution [Sodium Nitrite 
Solution, FRV-Alkaline Solution and Naphthol AS-BI 
Alkaline Solution (Sigma)] in the dark at room temperature 
for 15 minutes. The percentage of ALP-positive cells was 
calculated by counting both positive- and negative-reacted 
cells in 10 random fields. The reaction of ES colonies to 
ALP was considered as positive control. 

Immunocytochemistry 

A smear was prepared on cover glass slides (Roth) 
from single cells. The smears were air dried, and fixed 
with 4% paraformaldehyde. The cells were washed with 
PBS, then permeabilized and blocked with blocking 
solution contained 1% Triton-X-100, 1% BSA, and 10% 
goat serum in PBS for 30 minutes at room temperature. 
The smears were incubated overnight at 40C with primary 
antibodies at dilutions of 1:300, 1:200, and 1:50 for 
Oct4 (Santa Cruz Biotechnology), Mvh (Santa Cruz 
Biotechnology), and c-kit (Santa Cruz Biotechnology), 
respectively. The cells were washed with PBS, incubated 
with appropriate FITC conjugated-secondary antibodies in 
the dark for 45 minutes. Goat anti-mouse (1:500, Sigma), 
donkey anti-rabbit (1:100, Santa Cruz Biotechnology), and 
goat anti-rat (1:100, Santa Cruz Biotechnology) antibodies 
were used as the secondary antibodies, respectively. The 
cells were counterstained with 1 μg/mL Hoechst 33343 
(Sigma) for 5 minutes. For negative control, the cells 
were incubated with PBS only. The cells were observed 
by a fluorescent microscope (Zeiss, Germany). The colony 
of ES cells was also stained with the same primary 
antibody as positive control. 

Flow cytometry 

Dissociated cells were washed twice with cold PBS 
containing 2% FBS and 0.1% Sodium Azide, and then 
the cells were incubated with anti c-kit primary antibody 
(1 μg per 100 μL, Santa Cruz) for 30 minutes at 40C, the 
excess of antibody was washed off followed with staining 
and addition of FITC-conjugated secondary antibody (1 μg 
per 100 μL, Santa Cruz) for 30 minutes at 40C in the dark. 
The FITC-conjugated antibody was detected by FL1 channel 
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of FACSCaliburTM flow cytometer (BD Biosciences) 
and the percentage of positive cells was measured by 
FlowJo software. 

Quantitative real-time RT-PCR analysis 

Total RNA from ES cells and experimental groups 
were isolated using Biazole reagent (Bioflux). Genomic 
DNA contamination eliminated by DNase I and cDNA 
was prepared in a total volume of 20 μL by cDNA 
synthesis kit (Fermentase, Lithuania) according to the 
manufacturer’s instruction. The expression levels of gene 

transcripts were determined using Taq Man PCR Master 
Mix (Applied Biosystems, USA) containing 150 nmol 
of each forward (F) and reverse (R) primers and probe 
(Table 1) with annealing temperature at 570C and 40 
running cycles on Applied Biosystem 7500 System. Target 
gene expressions were normalized based on β-Actin as  
a housekeeping gene. Then, results showed relative to 
target gene expression in ES cells as calibrator. The 
relative quantification (RQ) was calculated using 2-∆∆Ct 
formula. 
 

Table 1 – The sequences of the specific primers and probes 

Gene Forward (F) and Reverse (R) primer (5’→3’) Probes 

Oct4 
F: GCCAGACCACCATCTGTCGCT 
R: AGGGTCTCCGATTTGCATATCTCCT 

GCGGCCCCTGCTGGAGAAGTGGGT 

Mvh 
F: CAAGCGAGGTGGCTGCCAAG 
R: CTGAATCACTTGCTGCTGGTTTCC 

CCACCACCACGCTGTGTCCCCTGA 

β-Actin 
F: CCCGCGAGCACAGCTTCTTTG 
R: CCATCACACCCTGGTGCCTAGG 

CGTTGCCGGTCCACACCCGCCACC 

 

Statistical analysis 

All experiments were performed at least in triplicate. 
All data are presented as mean ± SD. Statistical analyses 
were performed using the non-parametric Kruskal–Wallis 
H test. Further statistical analyses were performed to 
compare the differences of the mean values between the 
each two groups by Mann–Whitney test. All the data were 
analyzed in SPSS 16 software for Windows (SPSS, 
Chicago, IL, USA). The graphs were plotted with Prism 
v. 5 software (GraphPad Software, San Diego, CA, USA) 
and flow cytometry data were analyzed using FlowJo 7.6 
software. P-values <0.05 were regarded as significant. 

 Results 

To determine the effect of exposure time of BMP4 
in regulating PGC development, we cultured mouse ES 
cells in monolayer and EB culture system in two different 
time periods. The expression of germ cell markers, Oct4 
and Mvh, was determined at both gene and protein levels 
by quantitative real-time RT-PCR and immunocyto-
chemistry, respectively. 

The results of two parallel differentiation protocols on 
mouse ES cells revealed that germ cell differentiation 
significantly increased by BMP4 exposure after 48 hours 
(+BMP4) of culture in comparison with controls (-BMP4) 
in EBs (p=0.021). As shown in Figures 2C and 3C, the 
gene expression levels of Oct4 and Mvh significantly 
increased by 7- and 8.5-fold, respectively, in the EBs 
cultured in +BMP4 condition compared to the undiffer-
entiated ES cells (p=0.021). Also, elevation of Oct4 and 
Mvh expression (5- and 4.8-fold, respectively) was 
significantly demonstrated in -BMP4 condition after 
five days compared with ES cell culture (p=0.021 and 
p=0.034, respectively). In contrast, a significant reduction 
in mRNA levels of these markers was observed in  
the presence of BMP4 from the beginning of culture 
(++BMP4) compared to -BMP4 condition (p=0.021). 

On the other hand, in monolayer culture system, a non-
significant decrease in the gene expression level of Mvh 
was detected in the +BMP4 and ++BMP4 condition 
compared with those cultured in monolayer in -BMP4 

condition (all p>0.05; Figure 3C). In contrast, monolayer 
culture in the ++BMP4 condition caused a significant 
decrease in Oct4 expression compared with those cultured 
in monolayer in -BMP4 condition (p=0.021; Figure 2C). 
Also, compared with undifferentiated ES cell culture, only 
significant elevation of Mvh expression was demonstrated 
in monolayer culture in -BMP4 condition after five days 
(p=0.021; Figure 3C). In contrast, a significant reduction 
in mRNA levels of Oct4 was observed in the ++BMP4 
condition compared to the undifferentiated ES cells 
(p=0.021; Figure 2C). 

Immunocytochemistry showed that ES colonies 
produced Oct4 and Mvh proteins (Figures 2A and 3A). 
It also revealed that Mvh was largely located in the 
cytoplasm but Oct4 was limited to the nuclei of the cells. 
A more intense reaction to Oct4 and Mvh antibodies was 
found in +BMP4 compared to ++BMP4 culture condition 
in the EB cells. Adding BMP4 to the culture medium 
from the beginning of the experiment (++BMP), in the 
monolayer differentiation protocol, exhibited a decrease in 
intensity of the reaction and number of positive cells for 
Oct4 expression compared to control cultures. However, 
this difference was not detectable in +BMP4 condition 
(Figures 2B and 3B). 

In addition, cell morphology in all monolayer culture 
conditions was similar to the ES cell colony until day 2 
and the cell–cell adhesions were loose in the colonies at 
day 5 of the experiment. From morphological point of 
view, the cells were divided into two groups; one group 
showed a flat expanded morphology while the other one 
aggregated and formed round-shape colonies. The number 
of flat-expanded cells also was increased in ++BMP 
condition (Figure 4, A–E). 

Statistical analysis of the number of ALP-positive 
cells in ES cells indicated a significant increase in both 
+BMP4 and ++BMP4 conditions in EB culture system 
compared to the controls (p=0.0001 and p=0.002, 
respectively). In monolayer culture system, the number of 
ALP-positive cells significantly increased only in ++BMP 
condition compared to the controls (p=0.002; Figure 5, 
B and C). As shown in Figure 5C, a larger number of 
ALP-positive cells could be determined in EB protocol 
rather than monolayer system (p=0.0001). 
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Figure 2 – Detection of Oct4 in germ cell-like cells in 
mouse ES cell colonies, monolayer and embryoid body 
differentiation of ES cells treated with and without 
BMP4 for five days. Immunolocalization of nuclear Oct4 
displayed co-localization with Hoechst 33343 in (A) ES 
cell colonies and (B) differentiated cultures of cell line. 
Arrows point to nuclear staining of Oct4. (C) The graph 
showed quantitative real-time RT-PCR analyses of the 
expression of Oct4 in cell lines. Data are presented as 
mean ± SD (* and +, p<0.05). Mono, monolayer; EB, 
embryoid body; +BMP4, exposure after two days of 
culture; ++BMP4, exposure from the initiation of 
culture; -BMP4, control culture. Scale bar = 50 μm. 

Figure 3 – Expression of Mvh in mouse ES cell colonies 
and 5-day-differentiated cultures. Immunocytochemistry 
showing the cytoplasmic expression of Mvh in (A) ES 
cell colonies and (B) differentiated cultures of cell line. 
Hoechst 33343 was used as a counterstain to visualize 
the nucleus. Arrows point to cytoplasmic staining of 
Mvh compared to nuclear staining with Hoechst. (C) 
Quantitative real-time RT-PCR analysis was used to 
evaluate the expression levels of Mvh in R1 cell line. Data 
are represented as mean ± SD (* and +, p<0.05). Mono, 
monolayer; EB, embryoid body; +BMP4, exposure after 
two days of culture; ++BMP4, exposure from the initiation 
of culture; -BMP4, control culture. Scale bar = 50 μm. 

 

 

 

Figure 4 – Morphological evaluation of 
two different differentiation methods 
from mouse ES cells. (A) Phase contrast 
microscopy of ES cell colonies and (B) 
monolayer culture method in R1 cell 
line on day 2 and (C–E) day 5. Note the 
flat cells in ++BMP4 condition in mono-
layer group. Mono, monolayer; +BMP4,
exposure after two days of culture; 
++BMP4, exposure from the initiation 
of culture; -BMP4, control culture. Scale
bar = 100 μm. 
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Figure 5 – Alkaline phosphatase activity of 
germ cell-like cells differentiated from mouse 
ES cells. (A) Bright field illumination of ALP 
positive ES cell colonies. Scale bar = 50 μm. 
(B) Bright field illumination of ALP positive 
cells at day 5. EBs and monolayer cultures 
treated with BMP4 in R1 ES cells on upper 
and lower panels, respectively. Scale bar = 
20 μm. (C) The frequency of ALP positive 
cells in EB and monolayer differentiation 
methods. Data are expressed as mean ± SD. 
*P<0.05. Mono, monolayer; EB, embryoid 
body; +BMP4, exposure after two days of 
culture; ++BMP4, exposure from the initiation 
of culture; -BMP4, control culture. 

 

Since the exposure of BMP4 caused an enhancement 
of the expression of germ cell markers, we investigated 
the protein expression of c-kit by flow cytometry; however, 
no significant differences were observed in c-kit expression 
on the surface of EB and undifferentiated ES cells 
(Figure 6). The mean fluorescent intensity (MFI) of the 
cells for c-kit showed that the BMP4 had no significant 
effect on the intensity of the reaction and the percentage 
of c-kit-positive cells. Normalized MFI to isotype control 
were 1.38±0.22, 1.47±0.17, 1.41±0.28 and 1.4±0.31 for 
ES cells and three experimental cultures (EB cultures at 
control condition, BMP4 exposure from the initiation of 
the experiment and after 48 hours of culture), respectively 
(p=0.93). Immunocytochemistry also confirmed the results 
obtained from flow cytometry analysis (data not shown). 

 
Figure 6 – Flow cytometric analyses of the expression 
of c-kit in the both ES and EB cells at day 5 of culture. 
Mono, monolayer; EB, embryoid body; +BMP4, 
exposure after two days of culture; ++BMP4, exposure 
from the initiation of culture; -BMP4, control culture. 

 Discussion 

The current study showed that exposure to BMP4  
at a specific time and period affects the germ cell 
differentiation. Supplementation of the EB cultures with 
BMP4 48 hours after the beginning of the culture, 

efficiently promoted expression of germ cell markers. In 
the mouse embryo, BMP4 was produced by extraembryonic 
ectoderm and it was necessary for establishment of PGCs 
from proximal epiblast [15]. On the other hand, BMP4 
induced BMP2 production by visceral endoderm, which 
exerted an additional role for establishing normal numbers 
of PGCs [6, 13, 14]. Simple EB formed within 2–3 days 
also contained an outer layer of primitive endodermal 
cells, which surrounded ectodermal cells as solid core 
equivalent to the epiblast cells in the embryo. Ectodermal 
and endodermal cells produced BMP4 and BMP2, 
respectively, and they could promote primitive endoderm 
differentiation to visceral endoderm following 3–4 days 
of culturing [25, 26]. According to this model and also 
our data, visceral endoderm differentiation by BMP4 
and BMP2 production by visceral endoderm in EBs 
cultured in +BMP4 condition may involve enhancing germ 
cell markers. There is a controversy about the effect of 
BMP4 on germ cell differentiation. In accordance to our 
findings, the previous reports have shown a concentration 
of 100 ng/mL of BMP4 exerted the strongest impact on 
the germ cell induction of the mouse EB [23] and the 
embryonic epiblast [7] 48 hours after the beginning of 
the culture. A five days exposure of BMP4 was also a 
determining factor for improvement of the efficiency of 
germ cell formation compared to the other BMPs in 
human ES cell line [21]. In contrast, there are also some 
evidence that showed various concentrations of BMP4 
could not be considered as a potent inducer of germ cell 
formation in human and monkey EBs from the beginning 
to seven days of culturing [11, 23, 27]. In consistent 
with those result, in this paper, a decrease in germ cell 
markers was observed in the EBs cultured in ++BMP4 
condition. It can be assumed that culturing EB in the 
presence of BMP4 for a longer time period leads to early 
cell differentiation and functional visceral endoderm 
formation might fail [13]. However, a combination of 
BMP4 and WNT3A could increase the population of 
germ cells in human ES cells [28]. Therefore, the behavior 
of various ES cell lines to a growth factor will be in 
different ways [29]. 

In the present study, we observed that the frequency 
of the ALP-positive cells were enhanced whereas the 
gene expression levels of Oct4 and Mvh were reduced 
in ++BMP4 condition compared to control condition. It 
has been known that besides primordial germ cells, ALP 
is also expressed by trophoblasts [17] and endothelial 
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cells [30]. Therefore, supplementation of the EBs with 
BMP4 from the beginning of the culture may induce 
differentiation of the other cell types besides germ cells; 
whereas, Mvh, a known specific marker of germ cells 
[18], expressed at low level at the same condition. 

The results showed that germ-like cells expressed 
Mvh, Oct4 and ALP but not c-kit, in which it is the PGC 
migratory phase marker. Embryoid body culturing in the 
presence of testicular condition media for 10 days showed 
a rare expression of c-kit whereas the cells expressed 
both Oct4 and Mvh. The absence of c-kit in germ-like 
cells may be attributed to the formation of the post-
migratory PGC [19] because the cells expressed post-
migratory marker, Mvh, but not c-kit. Mvh protein was 
exclusively expressed in PGCs after colonization in the 
gonad [18]. On the other hand, BMP4 at a concentration 
of 100 ng/mL for two days induced PGC differentiation 
in mouse epiblast at 5.5–6 days embryos while c-kit 
expression was not detected.[7] Similarly, in vitro BMP4 
exposure of mouse c-kitlow+ spermatogonia for 24 hours 
increased c-kit expression level [31]. This evidence 
revealed that BMP4 led to an up-regulation in c-kit 
expression in c-kit-positive cells. Therefore, it may be 
suggested that administration of BMP4 could enhance 
the c-kit expression on the primary cell source, which 
expressed c-kit even at low level. 

The influence of BMP4 on germ cell marker expression 
was also studied in monolayer culture system and the 
data indicated a reduction in their expression compared 
to the control culture. An analysis on human ES cells 
showed that VASA expression had a similar peak with a 
week delay in monolayer culture system [11]. With regard 
to the literature, it can be suggested that continuing the 
ES cell culture in monolayer system for more than 10 
days would lead to an increase in the germ cell markers 
expressions [12]. Our results revealed that expressions 
of Mvh, Oct4, and ALP were lower in monolayer 
culture system compared to EB differentiation method. 
A comparison between the germ cell marker expression 
in ES cells, EB, and monolayer culture systems with 
their expressions in epiblast cells showed that their 
expression levels in EB culture system are more similar 
to those of epiblast [23]. In monolayer culture system, 
prolonged exposure of the cells with BMP4 for five 
days led to form more flat-shape cells compared to the 
other cell culture conditions. 

 Conclusions 

BMP4 can be considered as an important growth 
factor in differentiation of ES cells toward germ cells in 
a time- and dose-dependent manner. Timing and duration 
of BMP4 exposure as well as the methods of differentiation 
culture system (EB versus monolayer culture system) 
influence germ cell differentiation from ES cells. Improving 
in vitro germ cell differentiation with high quality may 
facilitate the generation of mature gametes for under-
standing of biology of gametogenesis. 
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