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The importance of genetic imprinting in health and evolution.
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Description

Genetic imprinting is a fascinating phenomenon that occurs in
mammals, including humans, where certain genes are expressed
differently depending on whether they are inherited from the
mother or the father. This unique mode of gene regulation plays
an important role in development and has significant
implications for health and disease.

Genetic imprinting occurs during gametogenesis, the process of
producing sperm and eggs, when specific genes are marked
with chemical modifications that affect their activity. These
modifications, such as DNA methylation, histone modification,
and non-coding RNA molecules, can silence or activate genes
in a parent-of-origin-specific manner. As a result, the
expression of imprinted genes is tightly regulated, and their
activity is biased towards either the maternal or paternal allele
[1-3].

One of the key features of genetic imprinting is its sex-specific
pattern. Imprinted genes are often found in clusters or domains,
and their expression can vary depending on the sex of the
individual. For example, in mice, the Igf2/H19 imprinted
domain on chromosome 7 is paternally expressed, meaning that
the paternal allele of Igf2 is active, while the maternal allele of
HI19 is active. In contrast, the maternal allele of Igf2 is
silenced, and the paternal allele of H19 is silenced. This
differential expression pattern is critical for proper
development, as mutations or disruptions of imprinted genes
can lead to a variety of developmental disorders [4].

Implications of genetic imprinting

One of the best-known examples of genetic imprinting in
humans is seen in Prader-Willi Syndrome (PWS) and
Angelman Syndrome (AS), two neurodevelopmental disorders
caused by imbalances in imprinted genes on chromosome.
PWS is caused by the loss of paternal gene expression, while
AS is caused by the loss of maternal gene expression. PWS is
characterized by hyperphagia, intellectual disability, and other
behavioral and endocrine abnormalities, while AS is
characterized by severe developmental delays, ataxia, and a
unique happy demeanor. These disorders highlight the
importance of proper genetic imprinting for normal
development and function of the brain [5-7].

Fetal growth and placental development

Genetic imprinting also plays a role in fetal growth and
placental development. Imprinted genes are involved in

regulating the exchange of nutrients between the mother and
fetus through the placenta, influencing fetal growth rates. For
example, the imprinted gene IGF2, which is paternally
expressed, is a key regulator of fetal growth and is critical for
normal placental function. Imprinting defects in genes involved
in fetal growth and placental function can result in conditions
such as Intrauterine Growth Restriction (IUGR) and
preeclampsia, which are associated with adverse pregnancy
outcomes [8,9].

Interestingly, genetic imprinting is not fixed and can be
influenced by various environmental factors, such as diet,
stress, and exposure to toxins. Studies in animal models have
shown that changes in maternal nutrition during pregnancy,
such as a high-fat diet or low-protein diet, can alter DNA
methylation patterns in imprinted genes and affect offspring
phenotype, including growth, metabolism, and behavior. These
findings highlight the importance of environmental factors in
modulating the epigenetic marks on imprinted genes and their
potential impact on health and disease risk [10].

In addition to its role in development and reproduction, genetic
imprinting has also been implicated in diseases such as cancer.
Aberrant DNA methylation of imprinted genes has been
observed in various types of cancer, including colorectal,
ovarian, and breast cancer. Altered expression of imprinted
genes can disrupt the normal balance of growth and
proliferation, leading to uncontrolled cell growth and tumor
formation. Imprinted genes, such as /GF2 and H19, have
been shown to play critical roles in cancer progression
and metastasis, and their dysregulation can be used as
prognostic markers or therapeutic targets in cancer.

References

1. Tucci V, Isles AR, Kelsey G, et al. Genomic imprinting and
physiological processes in mammals. Cell 2019; 176(5):
952-65.

2. Nicholls RD, Knoll JH, Butler MG, et al. Genetic
imprinting suggested by maternal heterodisomy in
nondeletion  Prader-Willi  syndrome. Nature 1989;

342(6247): 281-5.

3. Meng L, Person RE, Beaudet AL. Ube3a-ATS is an atypical
RNA polymerase II transcript that represses the paternal
expression of Ube3a. Hum Mol Genet 2012; 21(13):
3001-12.

4. Zhao J, Ohsumi TK, Kung JT, et al. Genome-wide
identification of polycomb-associated RNAs by RIP-seq.
Mol Cell 2010; 40(6): 939-53.

J RNA Genomics 2023 Volume 19 Issue 1


https://www.cell.com/cell/fulltext/S0092-8674(19)30106-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867419301060%3Fshowall%3Dtrue
https://www.cell.com/cell/fulltext/S0092-8674(19)30106-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867419301060%3Fshowall%3Dtrue
https://www.nature.com/articles/342281a0
https://www.nature.com/articles/342281a0
https://www.nature.com/articles/342281a0
https://academic.oup.com/hmg/article/21/13/3001/2900766?login=false
https://academic.oup.com/hmg/article/21/13/3001/2900766?login=false
https://academic.oup.com/hmg/article/21/13/3001/2900766?login=false
https://www.cell.com/molecular-cell/fulltext/S1097-2765(10)00967-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276510009676%3Fshowall%3Dtrue
https://www.cell.com/molecular-cell/fulltext/S1097-2765(10)00967-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276510009676%3Fshowall%3Dtrue
italics h2


Citation:  Sadeghzadeh R. The importance of genetic imprinting in health and evolution. J RNA Genomics 2023;19(1):1-2.

5. Hark AT, Schoenherr CJ, Katz DJ, et al. CTCF mediates 10. Tauber M, Hoybye C. Endocrine disorders in Prader—Willi

methylation-sensitive enhancer-blocking activity at the syndrome: a model to understand and treat hypothalamic
H19/Igf2 locus. Nature 2000; 405(6785): 486-9. dysfunction. Lancet Diabetes Endocrinol 2021; 9(4):
6. Wiland E, Olszewska M, Wozniak T, et al. How much, if 235-46.

anything, do we know about sperm chromosomes of
Robertsonian translocation carriers? Cell Mol Life Sci *Correspondence to:
2020; 77(23): 4765-85. o o Raham Sadeghzadch
7. Sparago A, Cerrato F, Riccio A. Is ZFP57 binding to H19/
IGF2:1G-DMR affected in Silver—Russell syndrome? Clin Department of Medicine,
Epigenet 2018; 10: 23.
8. Hattori H, Hiura H, Kitamura A, et al. Association of four )
imprinting disorders and ART. Clin Epigenet 2019; 11(1): Cairo, Egypt
21.[ Email: rahamsadeghzadeh@gmail.com
9. Monk D, Mackay DJG, Eggermann T, et al. Genomic
imprinting disorders: lessons on how genome, epigenome
and environment interact. Nat Rev Genet 2019; 20(4):
235-48.

Ain-Shams University,

J RNA Genomics 2023 Volume 19 Issue 1 2


https://link.springer.com/article/10.1007/s00018-020-03560-5
https://link.springer.com/article/10.1007/s00018-020-03560-5
https://link.springer.com/article/10.1007/s00018-020-03560-5
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-018-0454-7
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-018-0454-7
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-019-0623-3
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-019-0623-3
https://www.nature.com/articles/s41576-018-0092-0
https://www.nature.com/articles/s41576-018-0092-0
https://www.nature.com/articles/s41576-018-0092-0
https://www.sciencedirect.com/science/article/abs/pii/S2213858721000024?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2213858721000024?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2213858721000024?via%3Dihub

	Contents
	The importance of genetic imprinting in health and evolution.
	Description
	Implications of genetic imprinting
	Fetal growth and placental development

	References
	*Correspondence to:




