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IL DESTINO SCRITTO NEI GENI

International Human Genome Sequencing Consortium, 2001 Nature 

DIO…hanno 
svelato il 
codice genetico

Maledetti 
hacker! E 
Ora mi tocca 
cambiare la 
password

Oggi stiamo imparando il linguaggio con cui Dio ha creato la vita - Bill Clinton, Presidente USA

La mappatura del genoma umano è stata paragonata alla conquista della Luna da parte 
dell´uomo, ma io credo che sia più di questo. È un risultato straordinario per la storia dell´umanità 
- Michael Dexter, Presidente della Welcome Trust)



IL DESTINO SCRITTO NEI GENI

Purugganan and Jackson 2021, Nature Genetics
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QUELLO CHE I GENI NON DICONO



QUELLO CHE I GENI NON DICONO

EPIGENETICA: L’insieme dei meccanismi molecolari che modificano l’attività dei geni senza alterare la
sequenza del DNA, sono influenzati dall’ambiente e sono ereditabili.
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I TRE LIVELLI DELL’EPIGENETICA

La metilazione del DNA

Il rimodellamento della cromatina

Gli RNA non codificanti



LA METILAZIONE DEL DNA
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LA METILAZIONE DEL DNA
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Lyko et al., 2010 Plos Biology

REGINA O OPERAIA: DIPENDE DA COSA MANGI



LA MEMORIA EPIGENETICA

NATURE NEUROSCIENCE VOLUME 17 | NUMBER 1 | JANUARY 2014 89

A R T I C L E S

Responding to environmental stimuli is crucial to the survival of organ-
isms and often manifests as alterations in the structure and function of 
the nervous system. When and how information from the environment 
results in experience-dependent alteration of nervous system structure 
and function are fundamental questions in behavioral neuroscience.

An important, but often ignored, factor that influences adult nerv-
ous systems is exposure of parents to salient environmental stimuli 
before the conception of their offspring. Such information transfer 
would be an efficient way for parents to ‘inform’ their offspring about 
the importance of specific environmental features that they are likely 
to encounter in their future environments. However, this would neces-
sitate the transgenerational inheritance of environmental information 
via the germ line by offspring not even conceived at the time. Although 
our understanding of such non-Mendelian modes of inheritance is 
continually being revised in terms of the epigenetic inheritance of 
traits1, empirical data to support transgenerational epigenetic inher-
itance of behavioral traits in mammals are beginning to accumulate at 
the level of morphological, behavioral and metabolic traits2–15.

We used olfactory fear conditioning to address when and how 
the olfactory experience of a parent might influence their offspring. 
Specifically, we focused on the olfactory system, given its well-
understood molecular biology and neuroanatomy16–18, the ability 
to differentially target odorant-receptor pairs in the same modality 
for differential and well-controlled behavioral studies, and previous 
findings that experience-dependent alterations occur in olfactory 
neuroanatomy and behavior following olfactory conditioning19.

We examined how specific features of the parental sensory envi-
ronment before conception can influence sensory nervous system 
structure and function in a cue-specific manner in subsequently 
conceived F1 and F2 generations. Bisulfite sequencing of olfactory 
receptor genes in the sperm of the F0 and F1 generations revealed  

differences in methylation that may mark the specific olfactory recep-
tor gene for enhanced transcription in the subsequent generation. 
Finally, using in vitro fertilization (IVF), F2 and cross-fostering stud-
ies, we found that the behavior and structural alterations were inher-
ited and were not socially transmitted from the F0 generation.

RESULTS
Olfactory fear conditioning to study descendant generations
We examined whether olfactory fear conditioning of the F0 gen-
eration leads subsequently conceived adult F1, F2 and IVF-derived 
generations to exhibit F0-like behavioral sensitivity toward the F0 
conditioned odor, and whether there were neuroanatomical changes 
at the level of the main olfactory epithelium (MOE) and olfactory 
bulb in these generations (Supplementary Fig. 1). The odors that 
we used were chosen on the basis of prior work demonstrating that 
the M71 odorant receptors (encoded by the Olfr151 gene) expressed 
by olfactory sensory neurons (OSNs) in the MOE are activated by 
acetophenone20. The use of a chemical mixture that contained com-
pounds very similar to propanol did not elicit any responses from 
M71 cells, suggesting that propanol does not activate M71 receptors. 
In addition, glomerular activity patterns elicited by acetophenone or 
propanol (http://gara.bio.uci.edu) are different and non-overlapping, 
suggesting that a different population of OSNs primarily responds 
to each odor.

In this procedure, 2-month-old sexually inexperienced and odor 
naive C57Bl/6J male mice or homozygous M71-LacZ transgenic male 
mice were left in their home cage (F0-Home) or conditioned with 
acetophenone (F0-Ace) or propanol (F0-Prop). Subsequently con-
ceived adult male offspring (F1) belonged to three groups: F1-Home, 
F1-Ace and F1-Prop (Online Methods). It is important to note that 
no F0 males were excluded from the study after training and that 
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Parental olfactory experience influences behavior and 
neural structure in subsequent generations
Brian G Dias1,2 & Kerry J Ressler1–3

Using olfactory molecular specificity, we examined the inheritance of parental traumatic exposure, a phenomenon that has been 
frequently observed, but not understood. We subjected F0 mice to odor fear conditioning before conception and found that 
subsequently conceived F1 and F2 generations had an increased behavioral sensitivity to the F0-conditioned odor, but not to 
other odors. When an odor (acetophenone) that activates a known odorant receptor (Olfr151) was used to condition F0 mice, 
the behavioral sensitivity of the F1 and F2 generations to acetophenone was complemented by an enhanced neuroanatomical 
representation of the Olfr151 pathway. Bisulfite sequencing of sperm DNA from conditioned F0 males and F1 naive offspring 
revealed CpG hypomethylation in the Olfr151 gene. In addition, in vitro fertilization, F2 inheritance and cross-fostering revealed 
that these transgenerational effects are inherited via parental gametes. Our findings provide a framework for addressing how 
environmental information may be inherited transgenerationally at behavioral, neuroanatomical and epigenetic levels.
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EPIGENETICA TRANSGENERAZIONALE



@UNINA: METILAZIONE E MEIOSI

- Epigenetic diversity, as well as genetic 
diversity, contributes to plant phenotypic 
variation

- Important for refining breeding strategies
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UNA SCIENZA IN CONTINUA CRESCITA

(from Scopus, keyword: «epigenetics»)
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