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How can genome changes other than mutations be inherited?
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How can epigenetic information beinherited to the next
generation?

XU Peng & YU WenQiang

Institute of Biomedical Sciences, Department of Biochemistry and Molecular Biology of Shanghai Medical College, Key Laboratory of Metabolism
and Molecular Medicine of Ministry of Education, Fudan University, Shanghai 200032, China

Epigenetics refers to the study of stably heritable phenotype resulting from changes in chromatin without alterations in
the DNA sequence. Epigenetics regulates specific gene expression in a spatial-temporal manner, and is able to transmit
the acquired trait to the next generation. Epigenetics mainly consists of DNA methylation, histone modification and
non-coding RNAS, though yet only the former 2 proved to be reversible and all hereditable, implying that epigenetics
functions as an adaptive approach to sensing environmental factors.

Evidences of transgenerational epigenetic inheritance, in which the effects that parental diet, life experience and habits
have on the progeny’s metabolism and their responses to stress have been highly emphasized and extensively studied,
have been emerging annually. Epigenetic information is mainly transmitted through 6 carriers, i.e. DNA methylation,
smal RNASs, histone modifications, chromatin remodelling, transcription factor abundance and prions. Here, we
primarily focus on the transgenerational epigenetic inheritance mediated by DNA methylation and small RNAS,
discussion on which is divided into two sections. (1) DNA-methylation-mediated transgenerational epigenetic inheritance.
Both DNA methylation alteration of imprinted genes (such as IGF2) and non-imprinted genes could modulate their
expression, further transforming the phenotype. (2) ncRNAs-mediated transgenerational epigenetic inheritance. It's
transparent that mammalian sperm contains various ncRNAS, including rRNAs, piRNAs, miRNAs, tRNAs and their
fragments. Here, the latter 3 have been confirmed to be involved in transmission of epigenetic information generally
triggered by environmental factors. It’s highlighted here that DNA methylation and ncRNAs are capable of coordinating
each other to collectively contribute to the transgenerational epigenetic inheritance.

Owing to the complexity of the environment and dynamic plasticity of epigenetic modifications, studies on
transgenerational epigenetic inheritance face many barriers. Firstly, a substantial amount of results are achieved by
epidemiological anaysis, the raw data of which could date back to few decades ago. The canonical cases are the
1944-1945 Dutch Hunger Winter and Chinese Famine of 1959-1961. It severely weakens their reliability. Secondly,
even a single environmental factor is powerful enough to generate diverse epigenetic alternations in downstream genes.
When multiple factors involved in a single study are taken into consideration, it becomes extremely difficult to
distinguish the pivotal factors and genes in the regulatory network.

Despite what appears to be a grim situation at hand, the advent of novel methods and technologies continues to shed
light on the molecular mechanism of epigenetic inheritance. Lastly, it is essential to concurrently rethink and reevaluate
the potential impacts of certain social issues linked to epigenetics, such as in vitro fertilization, genetics-based drug
design. Understanding these impacts will offer a new angle to be considered in the policy making of related disease
prevention.

epigenetic information, transgenerational inheritance, DNA methylation, histone modifications, non-coding RNAS,
gametes
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