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Abstract

Primordial germ cells (PGCs) are the precursors of gametes in the developing embryo. These cells are specified early in embryonic development
and have the ability to differentiate into sperm or ova depending on the sex of the individual. In birds, PGCs are formed in the early blastoderm
stage, and migrate to the gonads where they differentiate into sperm or ova. The formation of PGCs in birds, particularly in chickens, has been
extensively studied due to its importance in understanding avian reproduction and its potential applications in the field of reproductive biology.
This essay will discuss the process of chicken PGC formation and the factors that influence this process. The early development of the chicken
embryo begins with the fertilization of the ovum by the sperm. The zygote undergoes several cell divisions to form a hollow ball of cells called the
blastoderm. At this stage, the embryo is still a single layer of cells, with a central area called the area pellucida and an outer area called the area
opaca. The area pellucida is a clear region that is surrounded by the thicker, opaque area opaca. The blastoderm consists of two regions: the
prospective embryo, which will give rise to the various organs and tissues of the body, and the extra-embryonic region, which will form the placenta

and other supporting tissues.
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Introduction

PGCs are specified early in development, during gastrulation. Gastrulation
is the process by which the single-layered blastoderm is transformed into a
three-layered embryo with distinct germ layers: the endoderm, mesoderm, and
ectoderm. In chickens, gastrulation occurs at around 12 hours of development.
The cells that will become PGCs are specified during this process and are
initially located in the central region of the blastoderm, in a region called the
germinal crescent. The specification of PGCs is regulated by a number of factors,
including the expression of specific genes and signaling pathways. One of the
key genes involved in PGC specification is nanos. Nanos is a conserved gene
that is expressed in the germ plasm of many species, including birds. In chickens,
nanos is expressed in the germinal crescent at around 4 hours of development.
The expression of nanos is regulated by a number of other genes, including vasa,
piwi, and tudor. These genes are also involved in the formation and maintenance
of germ cells in other species. In addition to genetic factors, the formation of PGCs
is influenced by signaling pathways that are activated during early development.
One of the key signaling pathways involved in PGC specification is the bone
morphogenetic protein (BMP) pathway [1-3].

Literature Review

Once PGCs reach the developing gonads, they differentiate into sperm
or ova depending on the sex of the individual. The differentiation of PGCs is
regulated by a number of factors, including the expression of sex-specific genes
and the presence of gonadal hormones.

Chicken primordial germ cells (PGCs) have important applications in various
fields of research and industries. Here are some of the applications of chicken PGCs:
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Conservation of rare chicken breeds: PGCs can be cryopreserved and
stored for long periods. This is useful for the conservation of rare chicken breeds
that may be at risk of extinction. The stored PGCs can be used to repopulate the
breed if it becomes extinct.

Study of germ cell development: PGCs are the precursors to the germ
cells that produce eggs and sperm. They are essential for the continuation of
the species. Studying the development of PGCs can provide insights into the
development of germ cells in general, and the underlying mechanisms that
regulate the process.

Understanding of epigenetic regulation: PGCs are epigenetically
reprogrammed during development. This means that the genes they express can
be turned on or off, which can have long-term effects on the development of the
organism. Studying PGCs can help us understand the epigenetic regulation of
gene expression, and how it affects development.

Biomedical research: PGCs can be used in biomedical research, for
example, to study the effects of toxins or drugs on germ cell development. PGCs
can also be used to develop in vitro models of germ cell development, which can
be useful for testing potential treatments for infertility [4,5].

Overall, chicken PGCs have a wide range of applications in research and
industry, from the production of transgenic chickens to the conservation of rare
breeds, and the study of germ cell development and epigenetic regulation.

Discussion

Chicken primordial germ cells (PGCs) are a crucial component in the
development and production of chickens. PGCs are specialized cells that are
responsible for creating the germ line, which gives rise to the sperm and egg cells
that are necessary for reproduction. The significance of chicken PGCs lies in their
ability to differentiate into the various cell types that make up the reproductive
system of chickens. This differentiation process is essential for the production of
fertile eggs, which is of great importance to the poultry industry.

In addition to their importance in the production of fertile eggs, chicken
PGCs have also been studied for their potential applications in biotechnology
and regenerative medicine. Researchers have investigated the possibility
of using PGCs to generate transgenic chickens that can produce therapeutic
proteins in their eggs, which could be used for the treatment of human diseases
[6,7]. Overall, the significance of chicken PGCs lies in their critical role in the
development and reproduction of chickens, as well as their potential applications
in biotechnology and regenerative medicine. Production of transgenic chickens:
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PGCs can be used to produce transgenic chickens that express a desired trait.
The PGCs are genetically modified and then introduced into the embryo of a host
chicken. The resulting transgenic chicken will then produce offspring that inherit
the modified genes.

Conclusion

BMPs are a family of growth factors that play important roles in cell
differentiation and tissue patterning. In chickens, BMP signaling is required for
the specification of PGCs, and inhibition of BMP signaling can lead to a loss
of PGCs. The migration of PGCs from the germinal crescent to the developing
gonads is also regulated by a number of factors. One of the key factors involved
in this process is the chemokine SDF-1. SDF-1 is expressed in the developing
gonads and attracts PGCs to this region. The migration of PGCs to the gonads
is also influenced by a number of other factors, including the extracellular matrix
and the expression of adhesion molecules.

Acknowledgement

None.

Conflict of Interest

Authors declare no conflict of interest.

Page 2 of 2

References

1. Ono, Takao, Yuda Fang, David L. Spector and Tatsuya Hirano. "Spatial and
temporal regulation of Condensins | and Il in mitotic chromosome assembly in
human cells." Mol Biol Cell 15 (2004): 3296-3308.

2. Cantd, Andrea V and Diana J. Laird. "A pilgrim's progress: Seeking meaning in
primordial germ cell migration." Stem Cell Res 24 (2017): 181-187.

3. Huang, Xiaochen, Lu Meng, Sheng Wang and Qiu Man, et al. "Transcriptional
dynamics of the circulating chicken primordial germ cells revealing key genes in
cell adhesion and proliferation prior to gonad colonization." Mol Reprod Dev 89
(2022): 214-226.

4, Risal, Sanjiv, Jingjing Zhang, Deepak Adhikari and Xiaoman Liu, et al. "MASTL
is essential for anaphase entry of proliferating primordial germ cells and
establishment of female germ cells in mice." Cell Discov 3 (2017): 1-14.

5. Lei, Ming and Bik K. Tye. "Initiating DNA synthesis: From recruiting to activating
the MCM complex." J Cell Sci 114 (2001): 1447-1454.

6. Duronio, Robert J and Yue Xiong. "Signaling pathways that control cell
proliferation." Cold Spring Harb Perspect Biol 5 (2013): a008904.

7. Yu, Minli, Ping Yu, Imdad H. Leghari and Chutian Ge, et al."RALDH2, the enzyme
for retinoic acid synthesis, mediates meiosis initiation in germ cells of the female
embryonic chickens." Amino acids 44 (2013): 405-412.

How to cite this article: Tortora, Marie. “Short Notes on Importance of Chicken
Primordial Germ Cells.” J Mol Genet Med 17 (2023): 593.



https://www.molbiolcell.org/doi/abs/10.1091/mbc.e04-03-0242
https://www.molbiolcell.org/doi/abs/10.1091/mbc.e04-03-0242
https://www.molbiolcell.org/doi/abs/10.1091/mbc.e04-03-0242
https://www.sciencedirect.com/science/article/pii/S187350611730140X
https://www.sciencedirect.com/science/article/pii/S187350611730140X
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.23558
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.23558
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.23558
https://www.nature.com/articles/celldisc201652
https://www.nature.com/articles/celldisc201652
https://www.nature.com/articles/celldisc201652
https://journals.biologists.com/jcs/article-abstract/114/8/1447/26618
https://journals.biologists.com/jcs/article-abstract/114/8/1447/26618
https://cshperspectives.cshlp.org/content/5/3/a008904.short
https://cshperspectives.cshlp.org/content/5/3/a008904.short
https://link.springer.com/article/10.1007/s00726-012-1343-6
https://link.springer.com/article/10.1007/s00726-012-1343-6
https://link.springer.com/article/10.1007/s00726-012-1343-6

	Title
	Abstract 

