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Among its many roles in the cell, m6A methylation helps regulate the expression of RNA transcripts that
mediate the transition from pluripotency to differentiation. The presence of m6A appears to decrease the
stability of transcripts important for maintaining pluripotency, priming the cells for future differentiation.
The loss of METTLS3, an m6A methlyase component, in mouse embryonic stem cells leads to the cells’
inability to exit the pluripotent state, a lethal outcome in the early embryos



Il problema e se queste epimutazioni sono stabili, sono
direzionate, sono ereditabili e quindi evolutivamente
rilevanti.

A livello delle cellule somatiche?
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Fraga A. et al. Proc. Nat. Acad. Sci. 2005,
302, 10604
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A livello cellule germinali

LINNEO E LA LINARIAVULGARIS

“E come se da una mucca nascesse

un vitello con la testa di lupo”.

simmetria bilaterale

simmetria radiale

oto: Arme Andetberg



LLa bocca di leone

Now | crossed the peloric snapdragon (Antirrhinum majus) with pollen of the common form and the latter
reciprocally with peloric pollen. | thus raised two great beds of seedlings, and not one was peloric. X dTde crossed
plants, which perfectly resembled the common snapdragon, were allowed to sow themselves, and out of a hundred
and twenty-seven seedlings, eighty-eight proved to be common snapdragon, two were in an intermediate condition
between the peloric and normal state, and thirty-seven were perfectly peloric, having reverted to the structure of
their 3 NJ Y’ R LYDa&rny/THeévdriation of animal and plants under domestication, Vol 11, 1868).
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An epigenetic mutation
responsible for natural
variation in floral symmetry
Pilar Cubas”, Coral Vincent & Enrico Coen

Johrn I'nnes Centre, Colney Lane, Norwich NR4 7UH, UK

logical mutants generated in the laboratory, it is unclear how
these are related to mutants in natural populations, where the
constraints of natural selection and breeding structure are quite
different. Here we characterize a naturally occurring mutant of
Linaria vulgaris, originally described more than 250 years ago by
Linnaeus' ™, in which the fundamental symmetry of the flower is
changed from bilateral to radial. We show that the mutant carries
a defect in Leye, a homologue of the cycloidea gene which controls
dorsoventral asymmetry in Antirrhinum®. The Loye gene is exten-
sively methylated and transcriptionally silent in the mutant. This
modificaton is heritable and co-segregates with the mutant
phenotype. Occasionally the mutant reverts phenotypically
during somatic development, correlating with demethylation of
Leye and restoration of gene expression. It is surprising that the
first natural morphological mutant to be characterized should
trace to methylation, given the rarity of this mutational mechan-
ism in the laboratory. This indicates that epigenetic mutations
may play a more significant role in evolution than has hitherto
been suspected.

La forma pelorica di Linaria vulgaris e un
mutante epigenetico: il gene Lcyc i omologo
del gene cycloidea di Antirrhinum che controlla
I’asimmetria dorsoventrale — nella forma
pelorica & estensivamente metilato e silente
trascrizionalmente. Questa modificazione €
ereditabile, e co-segrega col fenotipo mutante.

Cubas et alii, Nature, 1999.

Epimutations appear to be less stable than DNA-sequence altera-
tions, as illustrated by the various degrees of somatic reversion in
Linaria. Nevertheless, they may have longer-term consequences,
depending on how the variation they cause interacts with variation
generated by DNA-sequence changes. Furthermore, methylated
DNA is more prone to mutation'' and may influence the local
frequency of recombination”™. Epimutations may therefore have
both a short- and long-term significance for plant evolution'*". ]



In these last 15 years a plethora of papers have been published documenting cross-
generation epigenetic inheritance (see for example the more than one hundred cases of
inherited epigenetic variations in bacteria, protists, fungi, plants and animal described in the
literature in the last 15 years brought together by Yablonka and Raz (Transgenerational
epigenetic inheritance: prevalence, mechanisms and implications for the study of heredity
and evolution. Quarterly Review of Biology, 84,131-176, 2009).

Transgeneration memory of stress in plants

Nature, 442; 1046, 2006 Jean Molinier'{, Gerhard Ries'+, Cyril Zipfel'+ & Barbara Hohn

Owing to their sessile nature, plants are constantly exposed to a stress, We used A thaliana plants harboaring 8- glucuronidase

multitude of environmental stresses to which they react with a wised constructs in which truncated but overlapping parts

battery of responses. The result is plant tolerance to conditions of the

such as excessive or inadeguate light, water, salt and temperature, ton.,
and resistance to pathogens. Not only is plant physiology known background following histochemical staining of plants (Fig. 1a, b)
Previoy

to change under abiotic or biotic stress, but changes in the genome 1s molecular analyses of the plant DNA confinmed that the

v
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Epigenetic Transgenerational
Science, 308, 1466, 2005 Actions of Endocrine Disruptors
and Male Fertility

Matthew D. Anway, Andrea S. Cupp,* Mehmet Uzumcu,
Michael K. Skinner;

PNAS, 100, 2538, 2003 Transgenerational inheritance of epigenetic states at
the murine Axin®™ allele occurs after maternal and

paternal transmission
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WHAT IS A GENE?

Theidea of genes as beads on a DNA string is fast fading. Protein-coding sequences have no
clear beginning orend and RNA is a key part of the information package, reports Helen Pearson.



Mendel 1865: i geni sono entita astratte, elementi discreti
che determinano i caratteri degli organismi.

Galton 1900: non sempre elementi discreti: i caratteri Al | —
quantitativi. Nilsson-Ehle 1908: caratteri poligenici. o ST
Johanssen 1909: gene, genotipo, fenotipo K i §



Morgan 1910: i geni stanno sui cromosomi come perle
su un filo

Beadle e Tatum 1941: un gene, un enzima (e una proteina)

Avery, McLeod e McCarthy 1944: i geni sono fatti di DNA




alle proteine

Central
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Watson e Crick 1953: struttura del DNA e il dogma
centrale: I’informazione fluisce dal DNA al RNA,

Dal modello di struttura del DNA
( Watson biologo e Crick fisico)
discende la piu forte metafora
della Genetica del 900,
formulata da F.Crick e diventata
Il paradigma della “Biologia
meccanica’” moderna



Robert e Sharp 1977: i geni sono discontinui e un gene puo
codificare per molte proteine

V.Ambros 1993: microRNA ¢ I’abbandono del dogma

&

Epigenetica 2000: genie
ambiente




System biology 2000......: dimmi con chi vai e tidiro
che gene sei. | geni non sono piu entita indipendenti.

Geni e genoma, 2006: il genoma non e un contenitore di geni ma sono i geni che
fanno parte del genoma che, a sua volta, € un continuum che comprende tutto il
DNA e le modificazioni epigenetiche. | geni sono una espressione fisiologica del
genoma.

Cosa si deve intendere oggi per gene? E un processo, una serie di eventi che si
susseguono, che legano insieme il DNA e tutte le altre entita (non DNA) coinvolte nella
produzione di una particolare proteina. Questi processi sono specificati dalle interazioni
delle varie entita coinvolte (DNA compreso) con 1’ambiente interno ed esterno ¢ nella
dimensione temporale (sviluppo ontogenetico).



Sistemi informativi non basati su acidi nucleicl

Figure 4. Dynamic Organization in the Large,
Single-Celled Ciliate, Stentor

The left panel shows a normal Stentor coeru-
lus, typically 0.5-1 mm in length. Note the
circumferential gradient in stripe spacing and
the Locus of Stripe Contrast where the wide
and narrow stripes abut. The LSC functions
as an organizer during regeneration and nor-
mal cell division. The right panel diagrams
a typical regeneration experiment performed
by Tartar (1961). In this case a segment from
the middle of the animal was excised. Within
a day it reorganized to form a normal, smaller
animal.




PROMISCUOUS PRIONS

Prion proteins recruit other proteins of the same sequence as they grow into a neatly
organized lattice @) . When a new monomer arrives, it links to the fibril, or amyloid,
through non-covalent interactions between the polypeptide backbones and side-chains,
and assumes the exact shape of its neighbor @. Either end of the growing fibril can act
as a template for additional prion proteins. Fibrils can ultimately cluster together to form
large deposits, or plaques 9 though the relevance of these clusters is not clear.

In yeast, prions are readily inherited through cell division 0 . The hexameric protein
disaggregase Hsp104, along with other chaperones, breaks prion fibrils into pieces. Some
of those pieces are passed on to daughter cells, where they can recruit new monomers
and perpetuate the cycle.

 ——

) Growth

Fibril
long axis

New monomer
assumes a structure
templated by the end
of the fibril




Altri sistemi di trasmissioneR St t QAY F2NX I T A2y S

Apprendimenti socialmente mediati : attraverso sostanze

Apprendimenti socialmente mediati: attraverso comportamenti non imitativi

Apprendimenti socialmente mediati: attraverso comportamenti imitativi

Apprendimenti socialmente mediati: attraverso la comunicazione simbolicaef QS @2 f d&z
culturale

Si tratta di un nuovo tipo di trasmissione ereditaria, eredita sociale e
culturale, basata sulla trasmissione di informazione
comportamentalmente acquisita, in grado di influenzare
profondamente il “fenotipo”. Questo tipo di trasmissione
dell’informazione diviene piu e piu importante, man mano che si sale
nella scala evolutiva, diventando di gran lunga il piu rilevante nella
specie umana.



COMPORTAMENTALE

13

Ratto nero israeliano

Macaco giapponese




NICHE CONSTRUCTION

Visione “esternalista” della SM:
dO/dt = f(O,E)
dE/dt = g(E)

Teoria della costruzione di nicchia:

dO/dt = £(O,E)
dE/dt = g(O,E)

O=organism
E=environment

Richard Lewontin
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Per i darwinisti e ’ambiente: I’ambiente pone all’organismo dei problemi,
1’organismo propone delle soluzioni, I’ambiente dispone. Ambiente soggetto-

organismo oggetto.

Per i neodarwinisti sono i fattori interni, i geni. | geni sono il soggettoe
I’organismo € 1’oggetto.

Per la biologia attuale, e 1’organismo stesso il portatore di informazione: riceve segnali
dall’ambiente intracellulare, dalle cellule vicine, dall’ambiente ecc., li integra e mette
all’opera gli strumenti di cui dispone (geni, epigeni, microRNA, proteine, membrane,
circuiti metabolicl, cultura ecc. ) per vivere.
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INHERITANCE
PATHWAY'S Jablonka and Lamb, Evolution in 4 dimensions




The picture 1n FIG.1 represents the genocentric view of mherxance FIG.2
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This prcrure 15 also known as Wessmann Diagram (Maynard-Snuth [1975/1993] Some (even though not all) parental phenotypes and some (but not all) aspects of the (extra-
[1988/1998]). In this version, G stands for genenic rars and P for phenonpic maits. The horizonsal parental) environment are channels of intergenerational similarity.” This picture represents these
arrows represent the cansation of sumilarity from one generation to the next, while the oblique arrows channels with the horizontal arrows that connect parental phenotypes and environments with the
represent the genetic contribution to the development of phenotypes. In this picture, only genetic phenotypes and the environments of the offspring :‘

factors are connected by honzontal arrows. ™ The genocentne view of mhertance s wrong. Genetic
transmission is not the only channel of intergenerational similarity, One way of representing the

Consider a piece of music that is transmitted from generation to generation as a written score.
If the score represents hereditary information in the DNA, the phenotype is a specific
interpretation of this score at a certain time by certain artists. The interpretation does not affect
the score. However if there is another transmission system - recordings - through which a
particular interpretation can be transmitted from generation to generation along with the
written score, the situation is rather different. There can be evolution of interpretations of this
score, based on the influence that one interpretation has on a subsequent interpretation, and that
this have on still later ones, and so on. Both the phenotype (the present interpretation) and the
genotype (the written score) influence subsequent interpretations. Jablonka and Lamb Gen.
Mol.Biol 2008, 31, 389.



Does evolutionary
theory need a rethink?

Researchers are divided over what processes should be considered fundamental.

POINT COUNTERPOINT
Yes, urgently No, all is well

Theory accommodates evidence through relentless synthesis, say

Without an extended evolutionary framework, the theory neglects
Gregory A. Wray, Hopi E. Hoekstra and colleagues.

key processes, say Kevin Laland and colleagues.

Nature 9 OCTOBER2014

Il solo accenare alla necessita di una revisione della teoria evolutiva
classica provoca una reazione ostile: perche?

Lo spettro di Lamarck
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Pigliucci, Ann. N.Y. Acad. Sci. 1168: 218i 228 (2009).



Are the genes the only things organisms inherit from their ancestors? If yes, the biological
nature of organisms must be in the genes. But there are a wide range of resources that are
G LI & & S R are2thl€avaitabfeRo reconstruct the 2 NH | Y{éh@nYosbénes, nutrients,
ambient temperatures, childcare, chromatin marks that regulate gene expression,
cytoplasmic chemical gradients , niche construction, etc.)

La forma/funzione di ogni organismo (il fenotipo) ¢ il risultato del suo genotipo (I’insieme dei
suoi geni -il genoma- contenuti nel DNA dell’individuo) e dell’interazione tra il genotipo e
I’ambiente. Le differenze fenotipiche tra gli individui sono quindi dovute a differenze nei geni
e a differenze negli ambienti in cui gli individui vivono. Tuttavia le modificazioni indotte
dall’ambiente non sono trasmesse alla progenie, cioe i caratteri acquisiti non sono ereditabili.

These are the metaphors of development, which carries the implication of an unfolding or
unrolling of an internal program that determines the 2 NH | Ylife &istaydrom its origin
as a fertilized zygote to its death, and the metaphor of adaptation, which asserts that
evolution consists in the shaping of species to fit the requirements of an autonomous
external environment. That is, both in developmental and in evolutionary biology, the inside
and the outside of organisms are regarded as separate spheres of causation with no mutual
dependence.



The changes that occur in an organism during its life from conception to death depend
uniquely on both the cell constituents that are present in the fertilized egg and on the
seqguence of environments through which the organism passes in its lifetime. But the nature
of these environments is not independent of the organism because at every instant the life
activities of the organism determine what constitutes the relevant combinations of external
physical states and they simultaneously cause changes in those states.

post-Darwinian, post-Mendelian biology has settled on two metaphors through which the
processes are seen. The first, ontogenetic, process is seen as an unfolding of a form, already
latent in the genes, requiring only an original triggering at fertilization and an environment
adequatetol f £t 26 Ay 2 NXY I foéontiRuB.@St 2 LIYSY i

The second, phylogenetic, process is seen as problem and solution. The environment

G LJ2 & SLANPOOKISBE dfganfsms posit & & 2 £ daf whiklytlie best is finallya OK 2 & S
The organism proposes; the environment disposes.

What is left out of this adaptive description of organism and environment is the fact, clear

to all natural historians, that the environments of organisms are made by the organisms
themselves as a consequence of their own life activities.



The phenotype is the result of ontogenetic development. This holds true also at the
molecular level, because molecular biological processes take place within the organism. In
ontogenesis, genetic and non genetic factors interact in producing successive states, each of
which is the prerequisite, and determines the conditions, for the next one to follow. In this
interplay, genes are a necessary, but not sufficient, component. The structures already
present, gradients, threshold values, positional relationships, and conditions of the internal
milieu, are equally essential. Thus, even mono factorial traits can be considered to be of
multifactorial causation, and the varying borderline conditions that arise during development
add to the complexity. From this standpoint, it is not to be expected that a mutation has a
consistent phenotypic outcome, and the genotype-phenotype relationship may be irregular.
In the present review, genotypic heterogeneity versus phenotypic heterogeneity is discussed
with the help of some selected examples of hereditary diseases. Conditions and mechanisms
contributing to this heterogeneity are addressed. It is concluded that the genotype-
phenotype relationship is neither unidimensional, programmatical nor hierarchical in a
strict sense. Nevertheless, in particular cases, ontogenetic modification appears to be of
minor significance, so that the phenotype of a mutation can be predicted with considerable
accuracy (Scriver and Waters Monogenic traits are not so simple TIG 17,267, 1999.



[ Q2 NA Iquinglia pfiteche i soli geni, anzi, salendo la montagna evolutiva, nuovi tipi di
trasmissioneRSt f QA Y 2 N | T ka2 DBNS, Hivertaidsamipis pluRn$grianti e-
parte delle differenze ereditabili tra individui non sono originate da differenze nei geni e
non dipendono da accidenti casuali perche gli organismi hanno evoluto sistemi che guidano
guando, dove e quale tipo di variazione occorre: hanno cioe istruzioni che apprendono
durante la loro vita per dare risposte educate.

Il punto quindi € che i geni, qualunque sia la definizione che vogliamo darne, non hanno
significato se presi isolatamente. Essi acquistano significato solo nel contesto in cui operano,
cioe dentro una cellula, dentro un organismo: sono strumenti per operare, non progetto.
Sono quindi le differenti esperienze di vita che fanno gli organismi diversi, non le differenze
nei geni (phenotype first, genotype follows).



Mainby SOMme non-  [ransmission
vertical Vertical transmission only vertical in any direction
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