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La transizione epidemiologica del XXI secolo: dalla Genetica all'Epigenetica

Ernesto Burgio (ECERI, Brusseils, Belgium
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18. CONCLUSIONI- L°10 IN FIERT

IMMUNOGENETICA -EPIGENETICA - METAGENOMICA -OLOGENOMICA

Emesto Burgio, Luigi Nespoli

La teoria dell’mformazione nell’ambito della biologia molecolare

COLLANA MONOGRAFICA

Direttore scientifico: Giovanni Corsello

'lo immunobiologico
(30 anni dopo%.
Genetica, epigenetica,
ologenomica
Giuseppe Roberto Burgio 1919-2019:

scritti per il centenario della nascita

{{F‘ =

ediatria

L’introduzione del vocabolario informazionale in biologia molecolare risale, in realta, all'inizio del
secolo scorso, agli studi di Morgan e Sturtevant sul materiale ereditario (1910-1915), che misero
in campo (sulla base degli esperimenti mutazionah) un modello ineare/mono-dimensionale delle
molecole portatrici di informazione®. Si trattava ovviamente di una semplificazione, visto che
nessuna molecola puod avere carattere mono-dimensionale, ma la wvalidita del modello venne
sostanzialmente confermato dagli esperimenti di Pontecorvo e Benzer negh anni 40°- 50 e ne
derivarono le teorizzazioni di Gamow™ e Schrédinger ¥ sulla natura del materiale genetico (&
interessante notare che furono i fisici e non 1 biologi i primi a riflettere sulla struttura del
programma e del codice genetico e questo non poteva che avere conseguenze significative).

_acura di
Ernesto Burgio - Luigi Nespoli

...il termine informazione e molti altri
strettamente connessi (si pensi a codice,
programma, messaggio, sequenza,
trascrizione, traduzione, edizione/editing..)
sono stati acquisiti in ambito biologico e
rivestono ormai un ruolo-chiave, soprattutto
nell’ambito della biologia molecolare..
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Seymour Benzer

Thomas Hunt Morgan

George Gamow

Erwin Schradinger {

Alfred Sturtevant

Cosi, quando nel 1953 si arrivo alla identificazione della doppia elica si continué a utilizzare il
modello lneare. La successiva decifrazione del codice genetico parti dalla corrispondenza
bmuniveca tra due sequenze: la sequenza delle basi sul DNA e quella degh aminoacidi sulle
proteine. Si trattava di semplificaziomi utih, ma pericolose, soprattutto in relazione al prodotto
finale del processo, essendo le proteine morfo-funzionalmente alquanto diverse tra loro in relazione
alla loro forma tridimensionale, oltre che alla loro sequenza amminoacidica.
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Ideas on Protein Synthesis (Oct. 1956)

|
Alcuni anni dopo, sempre su queste basi, Crick formulo il cosiddetto ﬂﬂgﬂ'm centrale della

R e e biologia™, secondo il quale I'informazione andrebbe esclusivamente dal DNA verso le proteine
The Cemirel Dogma: “Cnee informstion has ot inte a protetn it |LC10€ dal DNA verso il fenotipo), che continua a dominare la scena. anche se é ormai evidente che
can't set cut sgain®. Infermaticn here mesns the seqsence of 1 INformaziome  viene  dall’esterno e circola  all’intermo  deir  sistemi  biologic
the asine scid residaes, or other Sequences related to it. cenomi/cel ICarsl provocandao cloe
NS A W . S R ” reattivo/adattativo/predittive_nell’espressione. nella programmazione e, nel lungo periodo.
m”ﬂ,_ e Bisdaiine - persine  nella sequenza del DNA. E soprattutto, che la progressiva diversificazione e
specializzazione degli organismi, tanto nell’ambito della filogenesi, guanto dell’ontogenes
individuale avviene grazie a una diversa utilizzazione dell’informazione contenuta nel DNA,
piuttosto che a variazioni quali/quantitative del contenuto di informazione dei genomi
~protetn  |Essendo il prodotto di meccanismi epigenetici, piuttosto che genetici sensu stricto.
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wherc the arrows ahow the tranefer of ilnformation.
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Va pero detto che passare da_una rappresentazione lineare ad una sistemica comporta una

trasformazione del modello mfinitamente pi profonda. In un universoe In continua
movimento, in_cui ogni molecola e ogni atomo vibrano e comunicano tra loro, bisognerebbe
rappresentare non solo lintero orgamismo, ma ogni cellula e ogni molecola e in particolare il
DNA/genoma come un sistema aperto/fluido/complesso in srado di processare 'informazione

@ roveniente dall’esterno e di trasformarsi di conseguenza Aperto_nel senso che ricevendo
- continuamente informazioni chimico-fisiche (vibrazioni e segnali chimici) & in grado di elaborarli,
gﬂzﬁm processarli e di trasformarsi; plastico/fluido perché modificandosi continuamente puo trasmettere,
informazioni sempre diverse ihﬂme: n forma di vibrazioni {campi elettromagnetici endogeni) e
biochimichemolecolari (in forma mBENA/proteine e RNA minori)*® per comispondere alle
necessita dell’intero organismo; cnmglessn. in quanto appunto costituito da milioni di molecole in
continua interazione e di circuifi complessi in grado di attivarsiinattivarsi mediante
ew meccanismi di feedback positivo e negativo... all'interno di un organismo composto da milioni di
new technologies| | cellule integrate e comunicanti tra loro e in continua trasformazione| Natural Genetic Engineering

new
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Nothing in Biology Makes Sense
Except in the Light of Evolution

THEODOSITS DOBIRANSKY

!!'.l.s HECEMTLY a8 1056, sheik Abd ol Aziz hin Baz
asked the ki of Sandi Arskia lo supgiress a heresy
that was spresding m hia land. Wrols the shetk:
~Te Holy Koren, the Prophots teachings, the -
sarlty of Imlambe scientisla, and the u_:l.ua'_ facts all
e fhat the sun s ounring in its orbis . .. ard thaat
{lse: marth i flxed and siable, spread out by God for
his mamkind. . . - Anyone who professed otherwise
would uttes & charge af falsehood toward God, the
n, and the Pro "
Ho#x.m ghelk mcn‘.ly halde the Copernican
thenry 4 be o “mere theory,” ot @ *fact" In this
he & tochnically corvect, A theory man ba verified by
& mass of facts, but it becomes o peoven theory, not
a farl The sheik was perhops unaware that the
Space Age had began before he agked the king to
puppress the Copernbioan heress. The spherlelty of
the sarth had hn;n awn by a?-.m-u::_u,_np.d m
errth-bourd people on their televison -
E::E,p: tha sheik could Tetort that those whe ven-
ture bayend the conflnes of Ged's earth gaffar hal-
lucinaticns, and that the sarth is really flat.
Parta of the Copernican world model, much as the

[hse o the weelds lewding gumaticisis, Theo-
deaing Dobrharslty is profomor emesits,
Beckeleller University, and .I.a]u.l'*l.["‘cfm-
sor of gometles, Unbwrsty of Catwornis,
Davis #8E Bomn in Rllm:l., in 19K, ha = &
gradoate ol e Tnireesily _.g Kier asid
weght (with J. Phillpehanka) a5 dan Uni-
varaty of Lanisgrad tedore ceming 1o
e

fape jedning the
presens of G :
Enzity of Haroralists, tee See
it Ammacicun Sortaty of Tocleglsts
Sard des Chardin Asoc T 5
Ratonal Medic of 220 [Imity of Life
for Distirguished fel

16 henstiry doctorsie:

nienticn thak ik carth rolates sround the s,
i:ni ot wie versa, beva not baen werified by direct
ohesrvations sven Lo the extént the »{-huh:lw ull k=
wgrth has bes, Tet oestists acopt the modal a5 an
apourale represendation of raality. Why? Becauss it
sk sensn of & muttitude of facts which are other-
wies meanlngless oo extrmvagant. To nocspecilists
most of thise facts are unfamifier, Why then do we
aceept the “mere theory™ thet the earih is @ sphere
rovolving arosnd & :ph:rﬁu.. ::.m:rﬁ.'rt :-gml-l-u:rphg
subenitti to suthecity? Not guite: wa ghat
the w]?:.l::mk time to study the evidenos femd 1t

] 1
mﬁ.}::rﬂgﬁ sheik |s probably ignossnt of the el
dence, Even more likely, he @ #o hopelesly blased
{het 20 moume of avidenos would impress bim. Any-
way, it would be shéur waste al time to atbenpt o
eosvines him, The Koran and the Bille do not coa-
tendict Copsenlous, nar does Copernious vemtradiet
them. It is hedicrous to mistake the Bikle ard the
Horan for peimers of natural scisnce. They treat of
matiera even mess important: the mesniog of mim
snd his pelatlons to Gad, They ane written in poetic
symbols that were understandable to pesple of the
age when they were writlan, as well &5 1o peophes of
all aiber ages. The king of Arabla did eal mp!y
with the sheile's demand, He knew that some peopse
fear enlightenment, bocause enlightenment flreatens
{halr vasted inberests, Eduestion is not ta be aeed to

ik
W’}Tl:lt:mo"lrci:rﬁ: the geometric centir of the ual
verse, although it sy be fs spieitoal cesler. Ik i
a mevs speck of dust n cofmic spaced. Comtromy 1o
Bishop Tssher's caleulations, the world did eot ap-
pear in approximabely it present slate o WH LT
The esticnates of the age of the universe given b:.-
modern cosmologists are still only rough approy
mations, which are revised (usually upeasd)
the muthods of estisaation are refined, Scme o
ogists toke the univesse to be aboul 1} kdlon ¥
old: aihers supposs that it may have musud,
will combim 4o sxint, stereally. The artgin of kfe on
arth i dated fentatively belween 3 anid § hillinn
yaurs agn; manlike beings wpﬁml relatively q;lhb:
I ¥ TH
recently, betwesn 2 4l 4 T o e Suraticn of
{ il mntig-
mainly oo

siod Ameas 52 0 The unity of life is no less remarkable than its isotepen &

fﬁlﬁnlr?::ml » diversity. Most forms of life are similar in many re-

cenventian. spects, The universal biclopic similarities are par- -
ticularly giriking ip the biochemical dimension.

W%Wd in just two,
chemically related substances: and RNA. The

penetic code is as simple as it is universal There are

Natural Selection
+ Mutations

Somatic mutation theory

Initiating Promoting Progressing
genes genes genes
& & &
Epigenetics Epigenetics Epigenetics

| |
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Normall i | neoplasia ‘ necplasia

Heritable
predisposing
genes
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© s

potenzialmente adattative (potremmo anche dire che in questo caso é la distinzione stessa tra

Una delle frasi piu citate, non sempre in modo corretto, della storia della biologia & quella di
Dobzhansky secondo cui non si pud comprendere alcunché in campo biologico se non alla luce
dell’evoluzione. Ovwviamente, i possibili fraintendimenti, anche in questo caso, dipendono
essenzialmente dal modello adottato: in particolare dalla predilezione per un modello strettamente

i iniane), oggi dominante, o per uno anche/essenzialmente
costruttive/cooperativo  (neolamarckiano 1_ostracizzato dalla gran parte del
enza entrare in eccessivi ¢ utile sottolineare come nel primo caso si tenda a
privilegiare un modello in cui é Pinformazione contenuta nel DNA (e le sue minime variazioni
stocastiche) a determinare le variaziomi fenotipiche su cui opera la selezione naturale (come
detto, in questo caso la microevoluzione/molecolare. determina la macroevelizione). In un

I'informazio

ne proviene dall’ambiente

enotipiche reattive e

genotipo e fenotipo e non soltanto I'idea di un flusso informazionale essenzialmente diretto dal
primo verso il secondo a perdere molto del suo mgnﬂlcatu ) Infme e importante notare che in
questo_secondo caso le variazioni cosi_acquisite e di _conseguenza i “nuovi_caratteri” si

I'intero processo evolutivo.

INVERTIRE IL FLUSSO DELLE INFORMAZIONI - anche in
ambito evoluzionistico — permette di considerare
ORGANISMI (E GENOMI) prodotti di INGEGNERIA

([EPI)GENOMICA e COSTRUTTIVA (!]




INVERTIRE IL FLUSSO DELLE INFORMAZIONI - anche in ambito
evoluzionistico — permette di considerare ORGANISMI (E GENOMI)

prodotti di INGEGNERIA (EPI)GENOMICA e COSTRUTTIVA (!)

Somatosensory Map

i J g?
o i

Homunculus

O

HUMAN CHROMOSOME 6

Verso un MODELLO EVOLUZIONISTICO
ISTRUTTIVO E COSTRUTTIVO piuttosto che

(solo) SELETTIVO

E anche ragionevole presumere che
le 250 megabasi piu polimorfiche
e ricche di sequenze codificanti

Lateral funzionalmente interconnesse tra loro
"' " di tutto il genoma umano, siano il
/ prodotto di milioni di anni di
ingegneria genetica naturale
Dawkins R, et al. Genomics of the major histocompatibility complex: haplotypes, (evidenziata anche da una forte

duplication, retroviruses and disease Immunol Rev. (1999);167:275-304

presenza di sequenze mobili)




FOREWORD 1 | The XXI Century’s Epidemiological Transition

This is a graph taken from a famous article published 10 years ago on NEJM,
showing the rapid decrease of the infectious/acute diseases and the

simultaneous increase of the chronic/inflammatory diseases in the North of the World

OBESITY & DIABETES 2..

NEURODEGENERATIVE

Hepatitis A DISEASES

Tuberculosis rohn's
50- 2004 Eisehase
Rheumatic
Measles
Mlllltipl_ﬂ
u | | | 10“ | | | | |
55 65 5 85 95 55 65 75 85 95
Infectious disease Immune disorders

Bach, NEJM, 2003
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THE HUMAN GENOME - THE BLUEPRINT OF LIFE

The Human Genome project sequenced DNA, the molecules that make up chromosomes in cells. The information derived from this project presented scientists with a

valuable opportunity to not only uncover the secrets of DNA but also the manner
genomes of people who have a certain condition with those who d

1. cell

Each of the trillions of cells in the human
body contains 46 chromosomes packed
tightly into the region called the nucleus.

2. Chromosomes
Half of the chromosomes in the nucleus
come from your mother, and half from
o your father. Each chromosome is a
S=long, tightly coiled molecule called DNA,
ordeoxyribonucleic acid,

enes are associated with c"sease Scientists now are able to compare the
! Tanon plays a role in that condition.
This information will help them to premct and possnbly sreuent d|sease in the future.

in which

4. Genome

DNA is made up of chemical building blocks abbreviated A, C, T, and G.

The entire length of a DNA strand consists of these four blocks in different combinations.
Together, all the DNA in all the chromosomes - more than 3 billion letters - makes up
the human genome. When scientists say they have "sequenced® the
human genome, they mean that they have figured out the

order of all those A's, C's, T's, and G's in sequence. Y .

3. DNA
If unwound, the DNA from all the
chromosomes in a single cell

placed end to end would stretch
more than six feet.

4

6. Misspellings in the Sequence

c|Ta|ae[a[A]

\ The way the genes are "spelled” makes all the
V - difference - one letter out of place in a gene can
cause disease. Now hal we Know (he norma

sequence of the human genome, researchers
can compare the DNA sequence from people
who have a disease or condition to those who

\’ don't. If there are differences in the spelling of
certain genes between the two groups, it's
possible that the condition may be caused by
or related to that misspelling in that gene.

cleTjeTTe

e[ETT]6]T G IERIGIATATG

5. Genes: 30,000 DNA Segments

Much of the DNA in the genome is organized into units
called genes. There may be as many as 30,000 genes in the
genome; they are the instruction manual for making all the
proteins in the body. These proteins are the physical "stuff”
that makes up our hair, skin, heart, and blood, among other
things. They also control chemical reactions, regulate blood
sugar and heart rate, and control how food or medicine is
metabolized in the body.

7. Genes and Disease

Scientists have identified about 6000
diseases, such as Huntington disease
and cystic fibrosis, that are directly
caused by misspellings or physical
problems in single genes.

But the genetic contribution to many
common conditions — such as diabetes
and heart disease - is part of a larger
puzzle that could include diet, lifestyle,
environment, and even other genes.
For many of these commaon conditions,
genetic misspellings probably make
only a small contribution to disease
relative to other factors, or work in
concert with them to cause illness.




FOREWORD 3 We are quite stable (for

millions of years) both
The chimpanzee DNA is for 98.77% identical to the human . = genetically and
On average, a gene encoding a protein in a man differs from its = phenatypically

chimpanzee ortholog by only two aa substitutions

.. almost one third of
From the Tree of the Life Website,

fuman nenes Species phylogeny
University of Arizona

has exactly the same

protein translation as their
orthologs
in chimpanzee

Orangutan

Chimpanzee
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FOREWORD 4

Nothing in Biology Makes Sense

Except in the Light of Evolution

THEODOSITS DOBEZHANSEY

A s ppcewTiy a8 1066, sheik Al ol Ariz bin Bas
wakedd the king of Saudi Arsbia to sipgress o heresy
that was spresding i hia land. Wrols the shatk:

= Tihw Holy Eoran, the Prophet's teachings, b -
porlty of Islambe sriengigls, and the actual facts afl
o Ut the gun is cuning in its orbis. .. and that
e morih i fxed and slable, spread out by Giod for
hix mankind, . . . Anyooe wh peolessed othecwise
weonild utter @ charge of falsehond toward G, the
Forsn, and the Prophet”

The pood ahell evidendly bolde the Copernitan
thenry to be a “men theory,” not o “fact” In this
he B fpchnically correct, A theory mas b verified kv
& mo=s of facts, but i becomes 8 peoven theory, ot
& farh The sheik was perhaps unaware that the
Bpace Age had began before he asked the king io
gupgreas the Copernioan heress. The pharlelty af
{he carth had been awes by ostronsits, and even by
many esrthe-bourd peogle un their televison screens.
Perbaps the sheik could retort that these whe ven-
ture bayond the coflnes of Ged’s earth gaffar hal-
lucinaticas, apd that the sarth is really flat.

Paris of the Coperniean weorld model, such a5 the

e of the wacld's Lesding guestickis, Thaa-
degins Dabcharsky G5 proboco? smssii,
Bocketaller University, and adjunet pref-
por of peeetics, Universty ol Caldornia,
Dhavis §561E Bor In Pusds, in 19060, e =&
gradoate ol the Univessity of Hiew (et
tweghi (wite . Fafiprhanika) 8% chn Unis
varity of Lanirgrad Sedore coming 1o e
A, in 1921; dhereattar he taught ak Calum-
i Tmalyprobsge aindd the Cabdeenis Tneditubs of Testanlagy b=
fare jelning the Recksfaller leeulty, in 1531, Tle hex bedn
presidens af e Genetice Bocaty af Americs, Sumaeiar
Eosity of Havoralisie e Seciety dor the Boady of Brolulion,
e Apericin Soelaty of Toslogists, ard i fmarion Tell-
ard dn Chardin Aseclalive. &mang his many barars are e
Hatiaral Meds, of Science (VEH) and the Goid Madal Award
fior Diistirgrishod ki + tn Sel 2568 Ha holds
1K # jes I thin colindry u'\d_

eonfantion that ise carth rolades arourd the s,
amil pod wien wersa, hewv not been werified by direct
ohssrvatlons sven b the extent the sphariciey ul ik
aurth has besn, Tet soisstists aceapt the midil a8 an
apcrrale sepresentation of reslity. Why? Beeause it
mukes penss of & mubtibade of fasts which ans other-
wrime migenlngless oo extravagant. Tn noeospecilists
most of these facts are usfamilior, Why then do we
acoept the “mere thpory™ that the earth s @ sphers
rewolving arownd a spherical pm? Are we simply
gsubmitting to antheeily? Mot quite: wa ko that
{hese who took Ume to study the evidence feaomd 1t
eorvineitg

The good sheik |s probably ignesent of the avl-
demce, Even moore likely, he & 80 hopelesly blased
{hett o0 ot of avidenes would mpress bim. Asy-
way, it would be shewe waste al time to akbeapk o
gesvines him, Ths Koran and the Bilde do not coa-
Lemdict Copsenleus, mar does Copernioas pemtradict
thems. 1 is hedicrois o minlake the Bible and i
Horan for primers of nebaral science. They treat of
matiers cven mors important: the mesning of man
wnd iz rebatioss to God, They ane written in poctic
symbels that wers understandable to peegile of the
age when they were wrillat, as well i 1o peopls of
all aibssr ages. The king of Arable did wol eompdy
with the sheile's demaned, He knew that some peophe
faar snlightenment, batause enlighienment threatens
thils westnd inlevests. Eduestion is net to be wsed to
promoks ohscuramtism

T #arth iz not the geometric cenier of the wals
verse, although it may be bis pirttanl oeritar. I is
a mes speck of dust in onimic spaces. Cootrary 1
Bichep Uadher's caleulations, the world did et ap-
pear in approximately its prasent slase in @04 RO,
The estimabes of the age of ihe universe givin Ey
modern cosmelogists aze atill only rough approxi-
mations, which are mavised {usually upwand) as
the methods of setismation are refined, Scee eosmak
opists toke the unlverse fo be abstil 10 billinn years
old; oibwers supposs that it sy e sxdsted, and
will combioais 4o sxint, storeally. Tha arbgin of kife on
garth is dated tentabively hetween 3 anid § hillion
yuurs ago; manlie heings sppeared relotily quite
recently, betwesn 2 and 4 million years age. The
astimates of the oge of ke earth, of fhe duration of
the pealegic and palerntologis evas, and ef the wntig-

fram -
abemed Ameng bi well-known bosks are The Bislogl
Hexis of Mwmes Frolom (19880} and Mebind Fralring
(166E) . The prwseni paper wex presanted ot the 1672 KABRT
canyEniiEn.

ubty of man's sneestors asd mow mainly oo
& rhor sk thi progsertions of isstopes of
¥ = ity rocks miitobbe for wuch

r
certain chemdcad
stadins.

. Diversity of Living Beings

'Fh.e diversity and the unity of life are equally
striking and meaningful aspects of the living world.

‘ Unity of Life

The unity of life is no less remarkable than its
diversity. Most forms of life are similar in many re-
spects. The universal bioclogic similarities are par-
ticularly striking in the bicchemical dimension.
Erom wirnses to man, hevedity is coded in just two,
chemically related substances: DNA and RNA. The
genetic code is as simple as it is universal. There are

Minimal mutational di;tanéeé -B—e:tween
l?u_man c'__vtochrome C and the eytochrome C of other
living beings are as follows:

Mounkey 1

Chicken
g‘;fse 13 Penguin 18
Donkey },; Turtle 19
Pig - ?ﬁ?ti:lesnake 20
Rabbit 12 Fly (tuna) 5
Kangaroo 12 Moth a6
Duck 17 Mold 63
Pigeon 16 Yeast 56

.Compamtive Anatomy and Embryology

.The biochemiecal universals are the most impres-
sive and the most recently discovered, but certainly
they are .not the only vestiges of creation by means
of evo!utmn. Comparative anatomy and embryology
proclaim the ‘evolutionary origing of the present
Thabitants of the world. In 1555 Picrre Belon estab-
Ished the presence of homologous bones in the su-
perficially very different skeletons of man and bird-

Strengith and Acceptance of the Theory

Seen in the light of evolution, biclogy is, perhaps,
intellectually the most satisfying and inspiring sci-
ence. Without that light it becomes a pile of sundry
facts—some of them interesting or curious but mak-
ing no meaningful picture as a whole.
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- sia nella costituzione degli acidi nucleici (Informazione),
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FOREWORD 5

- -':_'—';!Tzf_e;:;"f Phylogeny

rvn..;-;:'__;t.\'-_' .

*?.-:—v“—-—-_"wfw} of 4 billion years of molecular
L Sl e coevolution * (in particular, our DNA is the
&4 18 e gl
' SR ‘ product of this long journey) ..

T A

g T NP L

<o ™n - ‘“"—13\"

- = \'Y
Van Mismatch

We should never
forget that we are
at the same time

Ontogeny
And of 9 months of an
individual development

the product

our epigenome being the product of nine
months of cellular and tissue

_ . 77 || Programming (adaptive to an
Devo-Evo E e e e e, e ~"= || environment that is rapidly changing)..
Ontogeny ©-®-0-5° - &
recapitulates - "o | & \@hi '
(anticipates) g 2=

A major risk: the EDCs and other xenobiotics (not being the product of
molecular coevolution) can interfere at this level, acting as pseudo-morphogens




Transposable elements can be seen as a natural genetic engineering system capable of acting not just on one location at a time
but on the genome as a whole ..This dynamic view of the genome has been illustrated most impressively by Shapiro who stated
that the genome is composed of modular units arranged in a “Lego-like” manner that can be altered under circumstances

FOREWORD 6

Available online at www.sciencedirect.com

e GENE

SECTTON
EVOLUTIONARY GENOMICS

ELSVIR Gene 345 (2005) 91-100

www.elsevier.comylocate/gene
Review
How Life sk A 21st century view of evolution: genome system architecture, | J_—_ ‘?
Changes Itself: gy repetitive DNA, and natural genetic engineering :
The Read-Write o
Genome b et James A. Shapiro

Department of Biochemistry and Molecular Biology, University of Chicago, 920 E. 58th Street, Chicago, IL 60637, United States

u:rm,epla zmd asN\mp

genome I:}I'!::,E'll'll.ﬁi'lll 1

L in our lhmkmg 1h::rul genomes zm:l emlulmn (Lluef *mmnb lheae Dbht‘:l“v'lllmh are lh
@hml:}mal ubiguity of mobile and r




.. unlike your genome, which is fixed from the moment of conception (...)

FOREWORD 7 your connectome* changes throughout your life.

Neurons adjust...their connections (to one another) by strengthening or weakening them.

Neurons reconnect by creating and eliminating synapses, and they rewire by growing and retracting branches.
You are more than your genes. You are your connectom (Sebastian Seung, MIT).

> 2 ~ TS

Seung S. Connectome: How the brain’s
wiring makes us who we are (2012)
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DIMORFISMO SESSUALE




And yet this is not new!
Genetics : XY vs. XX

Nettie Stevens

Mary F. Lyon

1861-1912

1961

1921-2014
12/11/2021
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A Symbiotic View Of Life: We Have Never Been

L)

Individuals

Scott E Gilbert
Swarthmore College, sgilberli@mswarthmore.edu

CHICAGO JOURNALS

J Sapp

Al Tauber

A Symbiotie View of Life: We Have Mever Been Individuals
Author(s): Seott F. Gilbert, Jan Sapp and Alfred I. Tauber
Source: The Quarterly Review of Biology., Vol 87, No. 4 (December 2012), pp. 325-341

Published by: Ihe University oOf L_Nicago Fress

Stable URL: http:./www.jstor.org/stable/10. l086/668 166

The notion of the "kbiclogical individual® iz crucial to studies of genetics, immunology,
evoluiion, development, anatomy, and phy=siclogy. Each of these biological
subdisciplines has a specific conception of individuality, which has historically provided
conceptual contexts for integrating newly acquired data. During the past decade, nucleic
acid analysis, especially genomic seqguencing and high-throughput ENA techniques, has
challenged each of these disciplinary definitions by finding significant interactions of
animals and plants with symbiotic microorganisms that disrupt the boundaries that
herstofore had characterized the biclogical individual. Animals canncot be considered
individuals by anatomical or physiclogical criteria because a diversity of symbionts are
both present and functional in completing metabolic pathways and serving other
physiclogical functicons. Similarly, these new studies have =hown that animal
development is incomplete without symbionts. Symbionts also constitute a second mode
of genetic inheritance, providing selectable genefic variation for natural selection. The
immune system also develops, in part, in dialogue with symbionts and thereby functions
as a mechanizm for integrating microbes into the animal-cell community. Recognizing
the "holobiont”-the multicellular eukaryote plus its colonies of persistent symbionts-az a
critically important unit of anatomy, development, physiology, immunoclogy, and ewvolution
opens up new investigative avenues and conceptually challenges the ways in which the
biological subdisciplines have heretofore characterized living entities.

|

Una visione simbiotica della vita: non siamo mai stati «in-dividui»
La nozione di "individuo biologico" & cruciale per gli studi di
genetica, immunologia, evoluzione, sviluppo, anatomia e
fisiologia... Durante l'ultimo decennio, il sequenziamento
genomico ha sfidato le varie definizioni trovando interazioni
significative in animali e piante con i microrganismi simbiotici che
rompono i confini che prima avevano caratterizzato |'individuo
biologico.. lo sviluppo animale & incompleto senza simbionti...

| simbionti costituiscono una seconda modalita di ereditarieta
genetica.. il sistema immunitario si sviluppa nel dialogo con i
simbionti. Riconoscere l'olobionte - I'eucariota multicellulare piu
le sue colonie di simbionti persistenti - come unita di anatomia,
sviluppo, fisiologia, immunologia ed evoluzione criticamente
importanti concettualmente sfida i modi in cui le varie discipline
biologiche hanno fino ad ora caratterizzato le entita viventi.




Environmental metagenome

o

*\

Hologenome

Host genome

© 00 ™o
ﬂOOOO

Mic;obiomeg’

*\

~

Host and symbiont genes
I."that alone and/or together

affect a holobiont phenotype

Coevolved host and
l. ’symbiont genes that affect
a holobiont phenotype

V4

Host genes and symbionts
that do not affect
a holobiont phenotype

Environmental microbes
that are not part of
the holobiont
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IEPIGENETICS > GENETICSI

Cosa e la “MALATTIA” ?

Gl;ﬁdo Fanconi

G. Fanconi “ Non vi sono malattie

nuove.. nuovo é il modo di

[

interpretarle”
(Burgio-Notarangelo <:::||]

Malattie Maestre, 2002
pag. 170)

Systemic (micro)vascular
phlogosis

Kawasaki Disease

(systemic endothelitis)

/4
Atherosclerosis \

(systemic endothelitis) ) .
Coeliac Disease

Autism (?)

“Neurodegenerative” diseases

I

=)

a o
<::| environment’

* M. Grmek: da Vesalio e Sydenham = malattia
come quadro sintomatologico ben definito =
nuova ontologia

Viruses &>
PATHOCENOSIS (cfr. biocenosis)

Microbes TLRs D)
= Natural Immunity

changing Gut Ecosystem

Immuno-systems

Biosphere

Adaptive Immunity
I l tolerance

< Hypersensitivity

Flud < — 7 typel

Genosphere / type ll
1 ypell * | 4

Genetic type0 — » typelV

background Microbioma.. Epigenetics




FOREWORD 1 | The XXI Century’s Epidemiological Transition

This is a graph taken from a famous article published 10 years ago on NEJM,
showing the rapid decrease of the infectious/acute diseases and the

simultaneous increase of the chronic/inflammatory diseases in the North of the World

OBESITY & DIABETES 2..

NEURODEGENERATIVE

Hepatitis A DISEASES

Tuberculosis rohn's
50- 2004 Eisehase
Rheumatic
Measles
Mlllltipl_ﬂ
u | | | 10“ | | | | |
55 65 5 85 95 55 65 75 85 95
Infectious disease Immune disorders

Bach, NEJM, 2003




Obesity Trends™ Among U.S. Adults 1985

{(*BMI >30, or ~ 30 |bs overweight for 5’4" woman)

- O In the next 6 slides (taken from JAMA)
we’ll follow, in quick succession, the
dramatic, TRULY EPIDEMIC SPREAD

agas’

Dmo Data D{m% E] 10%-14%

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.



Obesity Trends™ Among U.S. Adults 2001

{(*BMI >30, or ~ 30 |bs overweight for 5’4" woman)

FETAIL

AND

,

~aet

DNO Cata D{lﬂ% H 10%-14%0 . 15%-13% .2[]'3!0—24':'5:: D

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.




Yet the most dramatic increase
concerns children and adolescents

The Childhood Obesity Epidemic

&
g’l.
= g 10
R 5
= o
LN
(o))
A
S B—t
@ g L .ffﬂ
0
1963 1966~ 1971~
1963 1970 1974
® 6-11 Years of Age

® 12-19 Years of Age

1976
1880

1988~
1994

1289
2000

US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008

2001=-

2002

Matthew W. Gillman, MD, SM

200
200

in the 70s
childhood
obesity
virtually did
not exist

(it was
associated
with rare
genetic
syndromes):
since then
the increase
has been
rapid and
relentless

Prader Willi syndrome




The most serious consequence of the epidemic of obesity is the association with many
chronic diseases: first of all with diabetes 2 ( today affecting 180 million people)

—&— Diabetes
—i— Mean body weight

7.5 78
2 1.0 77
o0 o
g 55 <
g 50 7

4.5 13

4.0 72

1990 17992 1994 1996 1888 2000

... with a constant anticipation of the age of onset ...




Mol Biol Rep
DOI 10.1007/s11033-014-3751-z

Recent researches point out

the continuous increase of
“obesogens”’, in the environment
and food chains, above all
endocrine disruptors, that may
have an important role in the

Obesity and diabetes: from genetics to epigenetics

Ernesto Burgio * Angela Lopomo - Lucia Migliore obesity and diabesity pandemics.
Fig. 1 Infant and young child 20
overweight trends from 1990 to
2015, by World Bank income c 15
group (Adapted from WHO, 2 .
2010) 2w - g—
g - =t —
O I
a N $ i
5 5#:;—5‘—— i - |
=
0 J
1990 1995 2000 2005 2010 2015
Low-income Uppermiddleincome Lower-middledncome —_— Higl‘rinoome
: . 3 : ; The obesogen hypothesis Epigenetic biomarkers
Genetic lfactors in obesity and diabetes g Yp pig ‘

Beyvond genetics / Diabetogens and diabetes epidemic

From genetics to epigenetics: letal programming
alterations

Is there a role for gut microbiota?




Environmentally driven epigenetic effects

Genetic makeup

(mother and fetus)

Effects across multiple
generations (obesity, T2D)

Fetal plasticity
and programming

Main fetal targets

Hypothalamus
Neuroendocrine system
Adipocites

Gametes

Prenatal environment / Early life environment
¢ Nutrient deficiencies/excesses

* Obesogens
¢ Oxidative stress

| Life course

Periods of major epigenetic plasticity

OBESITY AND DIABETES: FROM GENETICS TO EPIGENETICS (Mol Rep 2015)
Ernesto Burgio'?, Angela Lopomo3# and Lucia Migliore3




Asthma
5

3.0
2.5
2.0
15
1.0
0.5

% of men

0.6
0.5
0.4
0.3
0.2

0.1

0
1960

% of men

1970 1980 1990

Trends in prevalence of asthma and

allergy in Finnish young men
http://www.bmj.com/content/330/7501/1186

Allergic rhinitis

=
L
=
N—
(=]
S

O = N W koo N 0w

5 Atopic eczema

1970 1980 1990 2000
Year

The prevalence o\f asthma increased 12-fold between 1966 (0.29%) and 2003 (3.45%), showing a
continuous rising trend ... The average annual increment in prevalence during this period was
0.1%. By contrast, the trends for indicators of disabling asthma turned downwards in 1989




WHAT IS Could Epigenetics Explain the Origins of
Allergic Disease?

Hypersensitivity begins in the womb

In a study examining umbilical cord blood, it was shown that babies born

to allergic mothers had a reduced number of Tregs...and were at high risk
to develop sensitivity to food allergens and atopic dermatitis (the start of

atopic march) during the first year of life

Hinz D, (2012). Cord blood tregs with stable foxp3 expression are influenced by prenatal

environment and associated with atopic dermatitis at the age of one year. Allergy. 67:380-389

Parental atopy history, particularly
maternal hay fever and paternal
asthma were related to lower Treq
numbers in cord blood

Maternal cytokines (IL-13, IL-17E and IFN-y)
and maternal smoking/exposure to tobacco
smoke during pregnancy were also associated
with decreased cord blood Treg numbers

Children with lower Treg numbers at birth had a

higher risk to develop atopic dermatitis

(adj. OR = 1.55, 95% CI = 1.00-2.41) and
sensitization to food allergens (adj. OR = 1.55,
95% CI = 1.06-2.25) during the first year of life.




‘ Persistent cough: major causes

Pertussis

Asthma

Lung infections

Postnasal drip

Airborne environmental irritants

Brainstem

Mechanoreceptor
“‘Cough Receplor”

Fetal Origins Hypothesis

Chronic obstructive pulmonary disease (COPD)

COPD is a major cause of morbidity and mortality worldwide and a significant
challenge for adult physicians. However, there is a misconception that COPD is a
disease of only adult smokers. There is a growing body of evidence that chronic
respiratory diseases such as COPD and ASTHMA have their origins in early life.

Nociceptor Cough
Lacal Anesthetics
TRPV1 Antagonists
TRPA1 Antagonists
Ma* Channel Blockers
Opicids

Local Anesthetics
CI Channel Blockers

Ma*/ K* ATPase inhibitors

Seminars in Fetal & Neonatal Medicine 17 (2012) 112e118

Anesthesia
Anti-depressants
Anti-convulsants
Pathways

Opioids
MNMDA Antagonists
GABA Agonists
Sigma Agonists

Psychological
disorders

Cough

. o m q C-Fiber
Heart failure Cystic fibrosis | .. cicenior
Inflarmmatory Medialors
Bradykinin, g i
Prostanoids .
Others "
&
Irritants
Capsaicin .
Acrolein
Citric Acid .'
Punctate Mechanical @
Citric Acid o
Low CF ’ 1
Gastroesophageal

reflux disease

Chronic bronchitis
Bronchiectasis

Tobacco smoke itself

Psychogenic cough

Lung cancer

Treatment with ACE inhibitors

Neurogenic cough




THE INSIDE STORY

Investigators do not know every detail of how the immune system wreaks havoc

The Leaky Gut Syndrome

cules and display the resulting
complexes to other immune cells:
helper T lymphocytes.

cells, modifies the gluten.  *=° .t

with the intestinal lining of celiac patients, but they have identified a number of Wi aram et ™ . ) =
likely processes (below). Colored arrows indicate events that might be blocked “‘Eﬂ_. L\ o Undigested  / Y
by interventions now being investigated [see table on opposite page). E 8 ‘ood ' i -.f_i: *
. Particles & o &
i Indigestible fragments of gluten . ] a_ .
induce enterocytes to release the Toxins _L,. i '
protein zonulin, which loosens M ! \ ., W |'
tight junctions. Intestinal il '| lH'.nJ I‘Il'b'} . '|{]l‘
Mucosal Tight Junctions ' Leaky |
Indigestible Calls picH T
gluten i
fragment ' . H .ﬂ !_"ﬂ[ .
Blood ’ .
i ' iﬁi‘ ' PSS

RESPONSE BY

IMMUNE SYSTEM

(T}:?G"}E ;’::53'"“‘1'::3“ _"’". }, Breach of Blood-Brain Food Intolerances & Autolmmunity Malabsarption
Jeased by me{'mged ey [—0 :l;.lkr]i:l.lle ﬁells Barrier Allargiss & Inflammation & Nutrient Deficiency

lining in abundance interleukin-15 (IL-15), .

and accumulate which arouses e -

under epithelial immune cells called

cells (enterocytes). intraepithelial Antigen-presenting cells (APCs) Helper T cells that recognize the 4 G UT P E RM EAB I LITY
lymphocytes (IEL) of the immune system join the complexes secrete molecules that
against enterocytes. modified gluten to HLA mole- attract other immune cells and

can directly damage enterocytes.

38 SCIENTIFIC AMERICAN

August 2009

3 GUT ECOSYSTEM
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NER e Bn R JT“/ Jricrocyies. Obesity, T2 Diabetes, Depression, Anxiety, Irritable bowel
: Hypercholesterolemia, ADD, ADHD, Autism, syndrome, Cronh's,
o ““*’* | i Hypertension Dementia, Epilepsy | Celiac, Allergies, Cancers
ymphocyte - . w
rd Gluten fra ts The gluten induc 1 )
cross I?he iﬁtn;:t':nal o enle?'ui;l:sia seeti'ete ﬁ_"ek’”r cell Mﬁﬂi‘d cell TH E H U MAN q




A first draft of the report, published on the Lancet in 2004, demonstrated an annual increase of 1-1,5% for
all cancers (with more marked increases in lymphomas, soft tissue sarcomas, tumours of the nervous
system...) . But the most troubling was the increase - almost the double - for all cancers in the very first
year of life (apparently due to transplacental or even trans-generational exposure)

CA incidence in childhood and adolescence IN EUROPE ( 1970

http://www-dep.iarc.fr/accis.htm

idence rate {per million)
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Steliarova-Foucher E, Stiller C, Kaatsch P, Berrino F, Coebergh
JW, Lacour B, Parkin M. Geographical patterns and time trends
of cancer incidence and survival among children and

‘ adolescents in Europe since the 1970s (the ACCISproject): an

epidemiological study. Lancet. 2004 Dec 11-17;364(9451):2097-
105




THE LANCET
Oncology ¢

Volume 19, Issue 9, September 2018, Pages 1159-1169

Articles

Changing geographical patterns and trends in cancer
incidence in children and adolescents in Europe,
1991-2010 (Automated Childhood Cancer Information
System): a population-based study

Eva Steliarova-Foucher PhD 2 2 & Miranda M Fidler PhD 2, Murielle Colombet MSc @, Brigitte Lacour MD &,

© Peter Kaatsch PhD ® Marion Pifieros MD 2, |sabelle Soerjomataram PhD 2, Freddie Bray PhD 2, Prof Jan
Willam Cneheraoh PhIN & Rafael Peris-RBonet PhN T Charles A Stiller MSe @

The combined age-
standardised incidence of leukaemia based on 48 458 cases in children was 46-9
(46-5—47-3) per million person-years and increased s.igniﬁcf_—;ntlyr by 0-66%
(0-48—0-84) per year. The average overall incidence of leukaemia in adolescents was
23-6 (22-9-24-3) per million person-years, based on 4702 cases, and the average
annual change was 0-93% (0-49-1-37). We also observed increasing incidence of
lymphoma in adolescents (average annual change 1-04% [0-65-1-44], malignaﬁi
CNS tumours in children (average annual change 0-49% [0-20-0-77]), and other
tumours in both children {(average annual change 0-56 [0-40-0-72]) and adolescents
(average annual change 1-17 [0-82—1-53]).

A fan B Narth
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.. incidence of leukaemia based on 48 458 cases in children was
46-9 (46-5-47-3) per million person-years and increased
significantly by 0-66% (0-48—0-84) per year. The average overall
incidence of leukaemia in adolescents was 23:6 (22:9-24-3) per
million person-years, based on 4702 cases, and the average
annual change was 0-:93% (0-49-1-37)... We also observed
increasing incidence of lymphoma in adolescents (average annual
change 1:04% [0-65—1-44], malignant CNS tumours in children
(average annual change 0-49% [0-20—0:-77]), and other tumours in
both children (average annual change 0-56 [0-40—-0-72]) and
adolescents (average annual change 1:17 [0-82-1-53]).
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: 3.01-! Sm the g:ea-!' modern health concern '

Autism spectnum dizorders (ASDs) ase a groanp of dewrlopmental disabalitees that can causa signifecant social, commrmunicatibon amd b hanviorald chadle nmpes.
People with ASDs handle mfcomnstion in their brain differently than other people. ASDs are “specinum discoders" That meeans ASDs affect each rsaoe i

different ways, and can rarsges from wery mild fo seserd. There are three differsnt fypes of ASDa: Autistic Dicsonder (also callbed “clasdic ™ sutismil,

Asparger Syndrama and Pervasive Developmantal Disorder - Mot Ofhonadise Spsecified (PPD-NOS; alvo called “atypdoal autism™) 1980 1 . 1500
Autistic Disorder Asperger Syndrome Pervasive Developmental Disorder

Wt et people Third of wivn heacing e Lisus Py Banse vonss mikder sypmpioms of sutislic The spmplorms mgE caase amly Social arsd Comeun bt o

wieed “autiemn Pecphe with sutisces deaonder disorder. They might haeesr social challsmges and chadiemgas, Pecple weth FOHD-MNOS waua ity haee fevwser s

wiaally huase significant angriasge deleys, vooial urarsasd brhaviors and infereati. Howrweds by sy bomes Than theose with surtistic disorder

anl comerencation challenges and el typically do nat R peodbems with langeisge 2002 1 . 150
brhaviors and inderesis or wbeiec bual disabdlity. -
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ol the papalaticsn Sl childeen 1
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2014 1 : 68 2006 1 : 110
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AUTISM
(ASD :Autism Spectrum Disorders)
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ASD is he astest-_qrowing developmental disorder in the world, the prevalence
of diagnosis having increased by 600% over the last 20 years. New diagnosed
cases (incidence) in US increased from 15,580 in 1992 to 163.773 in 2003
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Figure 1. Reported prevalence of autism and autistic spectrum disorders (ASDs), by midpoint year of birth,

United Kingdom and United States, 1954-1994
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MOTE: These graphs show prevalence estimates from 11 UK. and 8 U.5. studies. For studies with survey populations spanning a range of birth

years, the midpoint of the birth year range is used.
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Biological Psychiatry

Volume 49, Issue 12, 15 June 2001, Pages 1002-1014

The unmet needs in diagnosis and treatment of mood disorders in children and adolescents

Mood disorders in children and adolescents: an
epidemiologic perspective

Ronald C Kessler 8 &, Shelli Avenevoli P, Kathleen Ries Merikangas P

Adolescence is a time of increasing vulnerability for severe
mental health disorders such as depression.

Epidemiological studies show that the incidence of new
cases of depression drastically increases with puberty..
Importantly, there is growing evidence that sleep
disturbance in adolescence may predict the development of
depression.. In addition to the increase in the prevalence of
depression with the transition from childhood to
adolescence, there is also a secular trend of an increasing
incidence of depression during adolescence since the 1960s
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http://www.slideshare.net/CMoondog/depression-powerpoint-13945746 )

Prevalence Rates for
Common Mental Disorders

Data:MIMH & Others
Graph: Psych Central com
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Figure 2-3 Hospitalizations for major depressive disorder in
general hospitals per 100,000 by contribution to
length of stay and age group. Canada, 1999/2000
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PREVALENCE OF ALZHEIMER'S DISEASE
(BY DECADES IN U.S.A. FROM 1800-2050)

An equally dramatic
trend show
neurodegenerative

> O
o diseases and
in particular

Alzheimer's

disease
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F
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NUMBER OF VICTIMS

YEARS

 Ace®s.74 YEARS [JJJ] AcE 7584 vEARS [} AGE 85+ YEARS

Since 2000 there has been a 66% increase in Alzheimer's diagnoses.
e S e e e v ey 6th leading cause of death in the United States.

5.4 million Americans are living with the disease.

15-20 million more Americans will be diagnosed by 2040




FOREWORD 2

THE HUMAN :

GENOME PROJECT .

La BIO-MEDICINA OCCIDENTALE/DOMINANTE ha creduto di poter affrontare
questa immensa problematica utilizzando un modello semplice/semplicistico
secondo il quale queste malattie sarebbero dovute a errori del DNA *:
incidenti biologici prodotti/indotti/rivelati da stili di vita poco corretti.

* Uno degli obiettivi fondamentali di PROGETTO GENOMA,
il piu grande progetto di tutti i tempi in campo biomedico, era
SCOPRIRE QUESTI SUPPOSTI ERRORI/DIFETTI DEL DNA PREDISPONENTI O
DIRETTAMENTE PATOGENETICI (A FINI DIAGNOSTICI E TERAPEUTICI...)

MA....IL DNA HA (SUL PIANETA TERRA) 4 MILIARDI DI
ANNI: NON «SBAGLIA» ....

d
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THE HUMAN GENOME - THE BLUEPRINT OF LIFE

The Human Genome project sequenced DNA, the molecules that make up chromosomes in cells. The information derived from this project presented scientists with a

valuable opportunity to not only uncover the secrets of DNA but also the manner
genomes of people who have a certain condition with those who d

1. cell

Each of the trillions of cells in the human
body contains 46 chromosomes packed
tightly into the region called the nucleus.

2. Chromosomes
Half of the chromosomes in the nucleus
come from your mother, and half from
o your father. Each chromosome is a
S=long, tightly coiled molecule called DNA,
ordeoxyribonucleic acid,

enes are associated with c"sease Scientists now are able to compare the
! Tanon plays a role in that condition.
This information will help them to premct and possnbly sreuent d|sease in the future.

in which

4. Genome

DNA is made up of chemical building blocks abbreviated A, C, T, and G.

The entire length of a DNA strand consists of these four blocks in different combinations.
Together, all the DNA in all the chromosomes - more than 3 billion letters - makes up
the human genome. When scientists say they have "sequenced® the
human genome, they mean that they have figured out the

order of all those A's, C's, T's, and G's in sequence. Y .

3. DNA
If unwound, the DNA from all the
chromosomes in a single cell

placed end to end would stretch
more than six feet.

4

6. Misspellings in the Sequence

c|Ta|ae[a[A]

\ The way the genes are "spelled” makes all the
V - difference - one letter out of place in a gene can
cause disease. Now hal we Know (he norma

sequence of the human genome, researchers
can compare the DNA sequence from people
who have a disease or condition to those who

\’ don't. If there are differences in the spelling of
certain genes between the two groups, it's
possible that the condition may be caused by
or related to that misspelling in that gene.

cleTjeTTe

e[ETT]6]T G IERIGIATATG

5. Genes: 30,000 DNA Segments

Much of the DNA in the genome is organized into units
called genes. There may be as many as 30,000 genes in the
genome; they are the instruction manual for making all the
proteins in the body. These proteins are the physical "stuff”
that makes up our hair, skin, heart, and blood, among other
things. They also control chemical reactions, regulate blood
sugar and heart rate, and control how food or medicine is
metabolized in the body.

7. Genes and Disease

Scientists have identified about 6000
diseases, such as Huntington disease
and cystic fibrosis, that are directly
caused by misspellings or physical
problems in single genes.

But the genetic contribution to many
common conditions — such as diabetes
and heart disease - is part of a larger
puzzle that could include diet, lifestyle,
environment, and even other genes.
For many of these commaon conditions,
genetic misspellings probably make
only a small contribution to disease
relative to other factors, or work in
concert with them to cause illness.
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Schwartz-lampel syndrome
ﬁoﬂmmmm, Infantile, childhood

= Breast cancer, ductal
Cutaneous malignant melanomaidysplastic nevus
po3-related proten

Serotonin receptors

Schiyder crystalline comeal dystrophy

Kostmann neutropenia

Oncogense MYC, lung desived

Deafness, autosomal dominant

Porphyria
Epiphyseal dysplasia, multiple, type 2
Intervertebral disc disease
Lymphosma, non-Hodgkin
Breast cance, invasive intraductal
Colon adenacarcinoma
Maple syrup urine disease, type I
Amrioventricular canal defect
Fluorouracil toxicity, sensitivity to
Zelweger syndrome
Stickler syndrome, type I
Marshall syncicame
Stargardt desease
Retinitis pigmentosa
Cone-rod dystroply
Macular dystrophy, age-related
Fundus Navimaculatus
Hypothyroidism, nongoitrous
Exostoses, multiple
Pheachromocytoma
Psoriasis susceptibility
Limb-girdle muscular dystrophy, autosomal dominant
tosis
Violwinked syndrome with ichthyosis
¥ ma, progressive sy

Anemia, hemolytic
Eliptocytoss
Pyropoikilocytosis
Spherocylosis, recessive
Schizophrenia
Lupus nephritis, susceptibility to
Migraine, familial hemiplegic
Emery-Dreifuss muscular dystrophy
Cardiomyopathy, didated
Lipodystrophry. familial partial
Dejerine-Sottas disease, myelin P-related
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yopathy. | dominant
Lupus erythematosus, systemic, susceptibility
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Viral infections, requrment
Antitheombin Il deficiency
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Coagulation factor deficiency
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Factor H deficiency

P glom ‘-
Hemolytic-uremic syndrome
Nephropathy, chronic hypocomplementemic
Epidermolysis bullosa
Popliteala pterygium syndrome
Ectodermal dysplasialskin fragility syndrome
Usher syndrome, type 24
Kenny-Caffey syndrome
Diphenyltyydantoin toxicity

246 million base pairs

Homocystnuria
Neuroblastoma (neuroblastoma suppressor)
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Neuroblastoma, aberrant in some

Exostoses, multiple-like

Opioid receptor

Hyperprolinemia, type Il

Bartter syndrome, type 3
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Brain cancer
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Muscular dystrophy, congenital
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Sezary syndrome
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Waardenburg syndrome, type 28
Vesicoureteral reflux
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Hemochromatesis, type 2

Leukemia, acute

Gaucher disease

Medullary cystic kidney disease, autosomal dominant
Renal cell carcinoma, papillary

Insensitivity to pain, congenital, with anhidrosis
Medullary thyroid carcinoma
Hyperfipidemia, familial combined
Hyperparathyrosdism

Lymphoma, progression of

Porphyria variegata

Hemorhagic diathesis

Thromboembolam susceptibility

Systemic lupus erythematosus, susceptibility
Fish-odor syndrome

Prostate cancer, hereditary

Chronic granulomatous disease

Macular degensration, age-related
Epidermolysis bullosa

Chitotriosidase deficency
Fseudohypoaldasteronism, type Il
Hypokalemic periodic paralysis

Malignant hyperthermia susceptibility
Glomerulopathy with fibronectin deposits
Metastasis suppressor

Meashes, susceptibility to

wan der Woude syndrome (lip pit syndrome)
Rippling muscle disease

¥ h phism syndrome
Ventriculas tachycardia, stress-induced polymonphic
Fumarase deficency

Chediak-Higashi syndrome
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Zelbweger syndrome

Adrenoleukodystrophy, neonatal

Endometrial bleeding-associated factor

Left-right axis malformation

Prostate cances, hereditary
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g-arm
ASPM: a brain size determinant

E5: coagulation factor V (proaccelerin, labile factor)

EMQ3: flavin containing monooxygenase 3

GBA: glucosidase, beta; acid (includes glucosylceramidase)
GLC1A: gene for glaucoma

HFE2: hemochromatosis type 2 (juvenile)

HPC1: gene for prostate cancer

IRF6: gene for connective tissue formation

LMNA: lamin A/C

MPZ: myelin protein zero (Charcot-Marie-Tooth neuropathy 1B)
MTR: 5-methyltetrahydrofolate-homocysteine methyltransferase
PPOX: protoporphyrinogen oxidase

PSENZ2: presenilin 2 (Alzheimer disease 4)

SDHB: succinate dehydrogenase complex subunit B

TNNT2: cardiac troponin T2

USH2A: Usher syndrome 2A (autosomal recessive, mild)

-Arm
ACADM: acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain
*COL11A1: collagen, type X, alpha 1
*CPT2: carnitine palmitoyltransferase Il
*DBT: dihydrolipoamide branched chain transacylase E2
o: DIRAS family, GTP-binding RAS-like 3
o: espin (autosomal recessive deafness 36
*GALE: UDP-galactose-4-epimerase
*GJB3: gap junction protein, beta 3, 31kDa (connexin 31)
e: 3-hydroxymethyl-3-methylglutaryl-Coenzyme A lyase (hydroxymethylglutaricaciduria)
*KCNQA4: potassium voltage-gated channel, KQT-like subfamily, member 4

*KIF1B: kinesin family member 1B
*MFN2: mitofusin 2

*MTHFR: 5,10-methylenetetrahydrofolate reductase (NADPH)

¢MUTYH: mutY homolog (E. coli)

*NGF: Nerve Growth Factor

*PARK7: Parkinson disease (autosomal recessive, early onset) 7

*PINK1: PTEN induced putative kinase 1

*PLOD1: procollagen-lysine 1, 2-oxoglutarate 5-dioxygenase 1

*TSHB: thyroid stimulating hormone, beta

*UROD: uroporphyrinogen decarboxylase (the gene for porphyria cutanea tarda)




The C-value enigma or C-value paradox is a term used to describe the complex puzzle
surrounding the extensive variation in nuclear genome size among eukaryotc species.
At the center of the C-value enigma is the observation that genome size does not correlate
with organismal complexity; for example, some single-celled protists_have genomes
much larger than that of humans.
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Prior to the human genome sequence, the expected gene number most
commonly cited was 100,000, even though lower estimates were becoming
increasingly common ... As a result, the finding of 20,000-25,000 genes in the
human genome has inspired extensive commentary.

Some authors even characterized this as a new “G-value paradox”

or “N-value paradox”, in reference to the “C-value paradox”
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Percentage of non-coding DNA during evolution

... AS EUKARYOTIC COMPLEXITY GROWS SO DOES NON-CODING DNA

—> GREATER THAN 95% OF our DNA

—> LESS THAN 1.5% OF HUMAN GENOME ENCODES PROTEINS, BUT ALL DNA IS TRANSCRIBED
40% OF HUMAN GENOME IS TRANSPOSONS & REPEAT GENETIC ELEMENTS.
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20
10 -

Percent of ONA Not Coding for Protein

Prokaryotes One-celled Fungi/ Invertebrates Chordates Vertebrates Humans
eukaryotes Plants

NONPROTEIN-CODING SEQUENCES make up only a small fraction of the ONA of prokaryotes. Among

eukaryotes, as their complexity increases, generally so, too, does the proportion of their DNA thart

does not code for protein. The noncoding sequences have been considered junk, but perhaps it

actually helps to explain organisms’ complexity.




FOREWORD 3 We are quite stable (for

millions of years) both
The chimpanzee DNA is for 98.77% identical to the human . = genetically and
On average, a gene encoding a protein in a man differs from its = phenatypically

chimpanzee ortholog by only two aa substitutions

.. almost one third of
From the Tree of the Life Website,

fuman nenes Species phylogeny
University of Arizona

has exactly the same

protein translation as their
orthologs
in chimpanzee

Orangutan

Chimpanzee
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FOREWORD 4

Nothing in Biology Makes Sense

Except in the Light of Evolution

THEODOSITS DOBEZHANSEY

A s ppcewTiy a8 1066, sheik Al ol Ariz bin Bas
wakedd the king of Saudi Arsbia to sipgress o heresy
that was spresding i hia land. Wrols the shatk:

= Tihw Holy Eoran, the Prophet's teachings, b -
porlty of Islambe sriengigls, and the actual facts afl
o Ut the gun is cuning in its orbis. .. and that
e morih i fxed and slable, spread out by Giod for
hix mankind, . . . Anyooe wh peolessed othecwise
weonild utter @ charge of falsehond toward G, the
Forsn, and the Prophet”

The pood ahell evidendly bolde the Copernitan
thenry to be a “men theory,” not o “fact” In this
he B fpchnically correct, A theory mas b verified kv
& mo=s of facts, but i becomes 8 peoven theory, ot
& farh The sheik was perhaps unaware that the
Bpace Age had began before he asked the king io
gupgreas the Copernioan heress. The pharlelty af
{he carth had been awes by ostronsits, and even by
many esrthe-bourd peogle un their televison screens.
Perbaps the sheik could retort that these whe ven-
ture bayond the coflnes of Ged’s earth gaffar hal-
lucinaticas, apd that the sarth is really flat.

Paris of the Coperniean weorld model, such a5 the

e of the wacld's Lesding guestickis, Thaa-
degins Dabcharsky G5 proboco? smssii,
Bocketaller University, and adjunet pref-
por of peeetics, Universty ol Caldornia,
Dhavis §561E Bor In Pusds, in 19060, e =&
gradoate ol the Univessity of Hiew (et
tweghi (wite . Fafiprhanika) 8% chn Unis
varity of Lanirgrad Sedore coming 1o e
A, in 1921; dhereattar he taught ak Calum-
i Tmalyprobsge aindd the Cabdeenis Tneditubs of Testanlagy b=
fare jelning the Recksfaller leeulty, in 1531, Tle hex bedn
presidens af e Genetice Bocaty af Americs, Sumaeiar
Eosity of Havoralisie e Seciety dor the Boady of Brolulion,
e Apericin Soelaty of Toslogists, ard i fmarion Tell-
ard dn Chardin Aseclalive. &mang his many barars are e
Hatiaral Meds, of Science (VEH) and the Goid Madal Award
fior Diistirgrishod ki + tn Sel 2568 Ha holds
1K # jes I thin colindry u'\d_

eonfantion that ise carth rolades arourd the s,
amil pod wien wersa, hewv not been werified by direct
ohssrvatlons sven b the extent the sphariciey ul ik
aurth has besn, Tet soisstists aceapt the midil a8 an
apcrrale sepresentation of reslity. Why? Beeause it
mukes penss of & mubtibade of fasts which ans other-
wrime migenlngless oo extravagant. Tn noeospecilists
most of these facts are usfamilior, Why then do we
acoept the “mere thpory™ that the earth s @ sphers
rewolving arownd a spherical pm? Are we simply
gsubmitting to antheeily? Mot quite: wa ko that
{hese who took Ume to study the evidence feaomd 1t
eorvineitg

The good sheik |s probably ignesent of the avl-
demce, Even moore likely, he & 80 hopelesly blased
{hett o0 ot of avidenes would mpress bim. Asy-
way, it would be shewe waste al time to akbeapk o
gesvines him, Ths Koran and the Bilde do not coa-
Lemdict Copsenleus, mar does Copernioas pemtradict
thems. 1 is hedicrois o minlake the Bible and i
Horan for primers of nebaral science. They treat of
matiers cven mors important: the mesning of man
wnd iz rebatioss to God, They ane written in poctic
symbels that wers understandable to peegile of the
age when they were wrillat, as well i 1o peopls of
all aibssr ages. The king of Arable did wol eompdy
with the sheile's demaned, He knew that some peophe
faar snlightenment, batause enlighienment threatens
thils westnd inlevests. Eduestion is net to be wsed to
promoks ohscuramtism

T #arth iz not the geometric cenier of the wals
verse, although it may be bis pirttanl oeritar. I is
a mes speck of dust in onimic spaces. Cootrary 1
Bichep Uadher's caleulations, the world did et ap-
pear in approximately its prasent slase in @04 RO,
The estimabes of the age of ihe universe givin Ey
modern cosmelogists aze atill only rough approxi-
mations, which are mavised {usually upwand) as
the methods of setismation are refined, Scee eosmak
opists toke the unlverse fo be abstil 10 billinn years
old; oibwers supposs that it sy e sxdsted, and
will combioais 4o sxint, storeally. Tha arbgin of kife on
garth is dated tentabively hetween 3 anid § hillion
yuurs ago; manlie heings sppeared relotily quite
recently, betwesn 2 and 4 million years age. The
astimates of the oge of ke earth, of fhe duration of
the pealegic and palerntologis evas, and ef the wntig-

fram -
abemed Ameng bi well-known bosks are The Bislogl
Hexis of Mwmes Frolom (19880} and Mebind Fralring
(166E) . The prwseni paper wex presanted ot the 1672 KABRT
canyEniiEn.

ubty of man's sneestors asd mow mainly oo
& rhor sk thi progsertions of isstopes of
¥ = ity rocks miitobbe for wuch

r
certain chemdcad
stadins.

. Diversity of Living Beings

'Fh.e diversity and the unity of life are equally
striking and meaningful aspects of the living world.

‘ Unity of Life

The unity of life is no less remarkable than its
diversity. Most forms of life are similar in many re-
spects. The universal bioclogic similarities are par-
ticularly striking in the bicchemical dimension.
Erom wirnses to man, hevedity is coded in just two,
chemically related substances: DNA and RNA. The
genetic code is as simple as it is universal. There are

Minimal mutational di;tanéeé -B—e:tween
l?u_man c'__vtochrome C and the eytochrome C of other
living beings are as follows:

Mounkey 1

Chicken
g‘;fse 13 Penguin 18
Donkey },; Turtle 19
Pig - ?ﬁ?ti:lesnake 20
Rabbit 12 Fly (tuna) 5
Kangaroo 12 Moth a6
Duck 17 Mold 63
Pigeon 16 Yeast 56

.Compamtive Anatomy and Embryology

.The biochemiecal universals are the most impres-
sive and the most recently discovered, but certainly
they are .not the only vestiges of creation by means
of evo!utmn. Comparative anatomy and embryology
proclaim the ‘evolutionary origing of the present
Thabitants of the world. In 1555 Picrre Belon estab-
Ished the presence of homologous bones in the su-
perficially very different skeletons of man and bird-

Strengith and Acceptance of the Theory

Seen in the light of evolution, biclogy is, perhaps,
intellectually the most satisfying and inspiring sci-
ence. Without that light it becomes a pile of sundry
facts—some of them interesting or curious but mak-
ing no meaningful picture as a whole.
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Age

4 Byr ago 3 Byr ago 2 Byr ago 1 Byr ago Today
I 1 1 1 I I 1 I I
Hadean Archaean Froterozoic Phanerozoic
Bacteria Algae Flants Mammals
Biological Ego = -

(Philogeny) \

\

Eukaryota
LUICA

Archaea

DNA: molecular individuality ?

Mutants ?

ROS pathways (PRX, SO0

KaiABC oscillator

cAMP/Ca®* signalling, CK1/2, GSK3
TOCT-CCAT oscillator

FR{C oscillator

- ]
PER oscillator - |
1001 Atmospheric O, GOE . el ———
(%6 modern day) _I
.01
0000

Last Universal Common (Cellular) Ancestor (LUCA)



EUKARYOTES

REVISED “TREE™ OF LIFE retains a treclike structure at the top of the eukarvotic do-
main and acknowledges that eukaryotes obtained mitochondria and chloroplasts from
bhacteria. But it also includes an extensive network of untreelilce links between branch-
es. Those links have been inserted somewhar randomly to symbolize the rampant later-
al gene transfer of single or multiple genes that has alwavs occurred between unicellu-
lar organisms. This “tree™ also lacks a single cell at the root; the three major domains
of life probably arose from a population of primitive cells that differed in their genes.

Plants

BACTERIA ARCHAEA
Other bacteria Cyanobacteria Crenarchaeota Euryarchaeota

Jf¢

Y %y . Proteobacteria §

o N

- Other single-
cell eukaryotes

Hyperthermophilic
ba =1g a

The revised Tree of Life illustrated
in "Uprooting the Tree of Life"
by W. Ford Doolittle, Scientific

American, February 2000

JENA ERENNNG
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The incorporation of microbial symbionts, and the progressive formation of eukaryotic cells ..
and then the formation of multicellular organisms, etc.

The endosymbiotic theory was first articulated by the Russian botanist Konstantin Mereschkowski in 1905

and substantiated with microbiological evidence by Lynn Margulis in 1967.. According to Margulis and

Dorion Sagan "Life did not take over the globe by combat, but by networking" (i.e., by
cooperation).

G. Dubininas
Perfilievia
EL;'?'ACTEF"A ARA T ssensis mito-4 ¥, .
- VAN EUKARYOSIS chondria
Origin 4 NS ,ﬂ
of 1 ~ AR :
P! m P ) :;.
Vo R. Gupta’s ¢
“I‘ e 'f i i i ch ime?':.u KARYOMASTIGONT
L ’ ) e ,
ARCHKFEBACTERl ) “Thiodendron latens* pisla O
. Searcy
Thermoplasma consortium, : —
acidophila sulfur syntrophy LECA
Both mitochondria and plastids contain DNA
that is different from that of the cell nucleus
and that is similar to that of bacteria
N R - N2 S

ARCHEAN EON PROTERDZ20OIC EON

PROKARYOTES EUKARYOTES

|:> NOTE: In all the steps so far (1-4) there is no place for the hypothesized
stochastic genetic mutations as a key driver of the process



And Viruses?

RNA — @ Bacleria

DNA vuus

r—_. RNA virus '
Last Universal A ") — Archaea
Ancestor [\~ _,'_ A
(LUCA) SN ()
SR . Eukarya

Forterre proposes that all living organisms share a common ancestor that stored its genetic
information in RNA. Some of its genes evolved into viruses.

Later, some of those viruses evolved DNA as a way to defend their genes from attack, and
DNA-based viruses became incorporated into hosts.

DNA-infected
RNA cells

Host genes were then transferred onto viral chromosomes and shared. In the process, the three
major domains of DNA-based life emerged

Did DNA Come From Viruses? SCIENCE 12 May 2006: vol. 312 no. 5775 870-872



PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY VOL. 1458, NO. 3, SEPTEMBER 2004

Can Viruses Make Us Human?'

A hugely underrated role is played by the
(retro)viruses and by HGT (horizontal
transfer) of mobile sequences: in
particular in higher organisms major
acquisitions and transformations are
produced by gene insertions ..

LUIS P. VILLARREAL

Director, Center for Virus Research
University of California at Irvine

HIS QUESTION WILL SEEM preposterous to most. Viruses

are molecular genetic parasites and are mostly recognized for

their ability to induce disease in their host. Their effect on host
evolution has long been thought to be like that of a predator on its
prey, eliminating the host with weakened defenses. How can we pro-
pose any constructive role for viruses? Many viruses, however, can
infect their host in a stable and persisting manner, generally with no
disease, often for the life of the host. Such viruses can bring to bear
onto their host the viral seeds of genetic creation. For such persisting
viruses to successfulmm must superimpose a

complex viral molecular genetic identity onto their host.




A key-example: the placenta. Syncytiotrophoblast being
the product of a protein encoded by a retrovirus...
mammals are the "product” of the insertion of
retroviruses' in genomes of previous organisms...

<« Hotwiring the Human Genome: The Programming Language of
Life | Main | MIT Scientists Mimic Plants’ Energy Storage System
-Discovery to Unleash Solar Revolution »

August 01, 2008

Were Ancient Viruses a Key to Human
Evolution?

s} = - n | ¥ 4 ¥ / 4 ) F
- - ‘{f’ e 4 il

When the mapping of the human genome was completed in
2003, researchers discovered a shocking fact: our bodies are
littered with the shards of retroviruses, fragments of the chemica
code from which all genetic material is made. This discovery has
created a new discipline, paleovirology, which seeks to better
understand the impact of modern diseases by studying the
genetic history of ancient viruses.




4

... playing a reactive-adaptive role.. processing / engineering
the entire genome (> Shapiro’s Natural Genetic Engineering)

1. Deletion of 5 TR promcfenanhonce: releases suppression of 3'LTR,
places downstream cellular sequence under refroviral influence.

2. Hegalive regulnlony s=menl may be destroyed, leading to
increased production of HERY product.

3. Truncation of rv prale s may give It new propertias.

4. Deletion of iplice moceplar may lead to altemative splicing into
cellular gena, leading to chimeric proteins under rv promoter condrol.

5. Provision of polyadenylka®on by
trapping of non-rv host splices.

gag pol env N.STR 3

/ / enhancer
promoter

splice splice

LTR

enhancer
promoter

donor acceptor | activation of an HERV
through mutation

Retroviruses are our more intimate symbionts




FOREWORD 5

- -':_'—';!Tzf_e;:;"f Phylogeny

rvn..;-;:'__;t.\'-_' .

*?.-:—v“—-—-_"wfw} of 4 billion years of molecular
L Sl e coevolution * (in particular, our DNA is the
&4 18 e gl
' SR ‘ product of this long journey) ..

T A

g T NP L

<o ™n - ‘“"—13\"

- = \'Y
Van Mismatch

We should never
forget that we are
at the same time

Ontogeny
And of 9 months of an
individual development

the product

our epigenome being the product of nine
months of cellular and tissue

_ . 77 || Programming (adaptive to an
Devo-Evo E e e e e, e ~"= || environment that is rapidly changing)..
Ontogeny ©-®-0-5° - &
recapitulates - "o | & \@hi '
(anticipates) g 2=

A major risk: the EDCs and other xenobiotics (not being the product of
molecular coevolution) can interfere at this level, acting as pseudo-morphogens




‘ The 7 keywords: from genetics to epigenetics

: EviTenmAl

Fetal programming

@

Environment

The environment
should be considered
as a continuous flow
of information
coming from outside
and reaching the
epigenome, causing it
to activate and to
continuously change
its molecular three-
dimensional structure

(Chromatin)

From Genetics

to Epigenetics

Ontogeny*

Everitually, dunng the last years, fe ferl programming mismatch theory has been
from a th

- '
Maodification of chromatin structure by histone - .

madifying and nuclecsome remodelling proteins

{ HDACs}

Epi-genetic

- Mismatch

Developmental Plasticity |

Phylogeny*

Evolutionary

Medlcme/\

&)

Emiliana Ponzi

According to the Lamarckian paradigm,

the environment not only selects, but also
actively induces the main changes that shape
the evolution of living beings ..

Infectious disease

Incidence of prototype infectious disease
and immune disorders over 4 decades

75 85

Immune disorders

XXl Century
Epidemiological

Towards a paradigm shift in biomedicine.
Environmental interference with the human (epi)genome

Transition




. - e drugs for
The second keyword: Environment F e T ? -

{e.9. camptothecm) hor mone

. _irradiation {e.g. glucocorticoid)

We may represent the environment as a continuous . " (induces
stream of information (simple: photons: individual A Py | o ————— @
packages of E = M = Information) or complex (organic ol %y
molecules, viruses etc) interacting with our cells
[membrane /transmembrane receptors, signal
transduction proteins, nuclear receptors, genome
(DNA + Epigenome)] forcing them to adapt

activated tissue
fransglutaminase

topoisomera
inhibition

[omenciswr 1

Sow L] -‘!‘& %ie M) =
s A A S /
R L L e B L2

hnRNPs Gl/cz  PRD = altered gene mrﬂ?ﬂ

mkn Hml"r:-z lllll:lllllllllllllll ammnfl :
\ B =  pNA & »
mp DNA repair (£25, $ pec-Apopiniic | ani apopmtiR-y
:'l_@ b“ = ’ - By \:-‘:lk ] bax, bik, bak | bel-2 b \
“ - "‘t A DX Bel-X \
. | /8 ) activates :Eg n:-i II|
P ) [T 0 ) = Al l
nlll.':IEllS DNA repair P53 ek Eﬁ"' |




The first keyword: Epigenetics

Heterochromatin

Epigenetics
appears to be
the most
appropriate
and powerful
tool to build

up a new
systemic
model of

genome ..

w .
S

Euchromatin

Interphase chromosomes

(A)

10 um

(B)
Figure 4-21. Molecular Biology of the Cell, 4th Edition.

Mitotic chromosome

.. finally
understood
asa
dynamic
and fluid
molecular
network
which can
interact within
itself and with
the outside




The epigenome (the software) is the “meeting-point” between the
information coming from the environment and the information encoded in
the DNA (the hardware): mimetic molecules (EDCs) and other pollutants or

danger-signals may induce the epigenome to change |
— = -
Histone Acetyltransferases; P H DA CS .: Histone Deacetylases.

ATP-dependent Nucleosome

Histone Methyltra rases
srttmitees HATs H3-510 \

Many toxicants cause rapid
alterations in gene expression by
activating protein kinase signaling
cascades.

The resulting rapid, defensive
alterations in gene activity require
the transmission of a signal
directly to the histones present in
the chromatin of stress response

enes:

within minutes

of exposure

the phosphorylation of serine 10
of histone H3

and the

acetylation

of lysines 9 and/or 14
take place

\

-
-
L
-
-
-
-
Ld

SWI/SNF . Remodeling Complex

Nuclear Receptor
DNA Response Element

Chromatin itself is the direct target of many toxicants... toxicant-induced perturbations in
chromatin structure may precipitate adverse effects.. Forcing the genome to change
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| microRNA (miRNA) comprendono una specie di RNA corto
non codificante che regola I'espressione genica post-trascrizionale

DNA 1,5%  Typleal gene

Direct
protein

|I|“ | HEEEMH]F Protein

Messenger RNA

90% Natural Genetic Engineering



The third key word is fetal programming ... ‘ .. a technical term that refers to the

capability and, at the same time, the

Polycyclic Aromatic 5
(Ultra)-fine Ecosystem Hydrocarbons (PAH) (D requirement, for embryo-foetal cells
particles : : A . . A
\ QOC'EW 7 to define their epigenetic settingin a
Heavy Metals N / predictive and adaptive way , in
N

/ : n : :
/| Benzene relation to the information coming

. . S
Dioxin and SN

Dioxin-like o e from the mother and, through her,
molecules ~ ',’ from the outer world ..
S MATERNAL 0. 0 a .
) M STRESS A predictive adaptive response (PAR) is a

developmental trajectory taken by an
organism during a period of
developmental plasticity in response
to perceived environmental cues..

External
environment

Internal
environment

ONTOGENY Z

ysiology

(d[ga

F IG. 1. The fetus is particularly vulnerable to changes in the external

opment and have both nnmedlate and llfe-long consequences. Such

environmentally induced changes can occur at all levels of biological
orgamzatlon from the molecular tothe organism’s behavior and place
in _society, and tend to be 'unphﬁed in their comequenceb as they
ascend through these levela Ultlm 7 :

O




The fourth keyword is developmental plasticity

Stability and flexibility of epigenetic gene
regulation in mammalian development

_ Cellular Differentiation: an epigentic process

The actual genetic program of a single multicellular

organism is the product of nine months of epigenetic

adaptive-predictive “formatting” of trillions of cells)

H3IKZT met hylatn}n

Embryo and somatic cells

| H3K4 methylation

Pluripotency-associated genes

Developmental genes

Developmental
PLASTICITY

@ Sperm

This is the stage of life which is far more sensitive to
information coming from the environment (particularly to
maternal-fetal stress, to nutritional errors, to pollutants ..)

e

s cell mass *

&

ES cells

The brain** is by far the most plastic organ during all (human) life

leferentlatlon

Kf }_ - @

Germ cells

Blastec) Fetal Programming

Embrycnic
germ cells

-| k¥

DA methylati

H3IK2 T mathylation

Germ cells

i Fluripotency-

associated genes

Develepmental genes |

methylation. During the early development of PGCs, DNA methylation and

_—reeosery T () ||

Differentiation
is the process
through wich
the organism
changes from a
zyqote to a
complex
system of
tissues and 200

cell types

(genetically
identical.. each

with its own
epigenetic and
morpho-
functional
characteristics)




The fourth keyword is developmental plasticity
Same DNA, Different Look

* We are made up of over 200 cell types. — . cell
» Each cell has the same DNA! {f \

* How can they look so different:
Epigenetics!
- Genes turned on or off

@
"L

Wikimedia Commons, ORNL gov, Flickr: richdelux HARVARD. ... &

This image clearly shows the "power" of the epigenome and the predominant role of

the huge phenotypic (morpho- functional) difference between a lymphocyte and a
neuron is not due to DNA, which is virtually identical in the two cells , but to the
manner in which the same genome has been utilized by the two cells, on the basis of
the information (positional and environmental) received during the first months

of life (for neuron in the first 2 years) and processed by the epigenetic networks

environmental information in the phenotypic shaping of cells, tissues , organisms ..

ymphocyte




A Bee's Royal Diet

Kucharski R., Maleszka J., Foret S., Maleszka R. Nutritional Control of
Reproductive Status in Honeybees via DNA Methylation
Science (2008) 319: 1827-1830

Queen Bee Larvae: Queens are raised in specially-
constructed cells called "queen cups," which are filled with

royal jelly.
Y

L The larvae that develop into workers and queens are
genetically identical.

But as a result of the royal jelly diet, the queen will
develop functional ovaries and a larger abdomen for egg

laying




Epigenetic differences in homozygotic twins

.. although twins

are epigenetically
indistinguishable
during the early

years of life,

... older monozygous
twins exhibited
remarkable

differences in their
overall content

and genomic
distribution of
5-methylcytosine DNA
and histone acetylation,
affecting their
gene-expression portrait.

Z

Epigenetic differences arise during the lifetime

a— 0=

= | E2 S
g' Y= E
=

d tw in s

R
i
P

-
3 -year-ol -year-old tw in s

v ad

of monozygotic twins

Fraga et al., PNAS. Jul 26 (2005);102(30):10604-9..



Epigenetic modifications : a molecular environmentally induced effect

Nature

Genetics

Devo

Celiac Disease

Why this disease is concordant

in only 60% to 70% of identical twins.

And Alzheimer Disease ?

Critical determinants
of the epigenome

Acute enviroemental
events

} \ ““““““““““ |

Genetic Mutations etc.

Nurture

Environment

=5
0,
<

| (low intensity)
| enviromental events

o

ALTHOUGH TWINS ARE EPIGENETICALLY INDISTINGUISHABLE DURING THE EARLY YEARS OF LIFE...

JNON39Id3 DNIDNVH) | D D




Epigenetics and Gene Activation
for Improved Health and Longevity

©)— molecules \
e

)

Transcription
factors

¢ Calorie Restriction
*Mediterranean Diet
*Polyphenols
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™

e



Epigenetics and Gene Activation
for Improved Health and Longevity

Signaling &
‘ ©)— molecules \

)

Transcription
factors
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Epigenetics and Gene Activation
for Improved Health and Longevity

Signaling
(‘)—;, molecules

Environment
*Clean air, water

Q) and soil
*No smoking
Transcription
factors




Epigenetics and Gene Activation
for Improved Health and Longevity

© — molecules

)

Transcription
factors

Emotional Health
* Religion
» Meditation
e Spirituality



Transposable elements can be seen as a natural genetic engineering system capable of acting not just on one location at a time
but on the genome as a whole ..This dynamic view of the genome has been illustrated most impressively by Shapiro who stated
that the genome is composed of modular units arranged in a “Lego-like” manner that can be altered under circumstances

FOREWORD 6

Available online at www.sciencedirect.com

e GENE

SECTTON
EVOLUTIONARY GENOMICS

ELSVIR Gene 345 (2005) 91-100

www.elsevier.comylocate/gene
Review
How Life sk A 21st century view of evolution: genome system architecture, | J_—_ ‘?
Changes Itself: gy repetitive DNA, and natural genetic engineering :
The Read-Write o
Genome b et James A. Shapiro

Department of Biochemistry and Molecular Biology, University of Chicago, 920 E. 58th Street, Chicago, IL 60637, United States
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Covalent modification at N-terminal histone tails
-Methylation
-foetylation
& -Phosphorylation

-Ubiguitination
-Ribosylation
=

sﬂﬁﬁT?
CTCGAT#
Methylation at a cytosine nucleotide

@

(; H{C_‘%H CHj H;CRC{‘#,C#%H

Methyl Er?up PEIE J! Methyltransherase :—!{_ .
(CH3) St g NS
_ H'

Trends in Ecology & Evolution

Adaptation to Global Change:
A Transposable Element—
Epigenetics Perspective

Trends in Ecology & Evolution
Volume 31, Issue 7,

p514-526, July 2016
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Mt o (A) Under stress, the activation of the TE-EC
- .. ncRNAs control X - 3 - X
¥ _ engine in somatic cells induces plastic responses
. DNAmethyiaton- krdIng ol sl geneds through: (i) DNA methylation and/or
Histone tails modifications TE silencing *y e s . o R
) i /_‘ modifications of histone tails; (ii) transcription of
{A) Phenotypic XiMethyl groups ¢ TE mRNA .
Dlnstielty vl group " destruction| V| TE-encoded regulatory noncoding RNAs
Myge y[TMRAS - byneias | | | (ncRNASs); and (iii) lifting of epigenetic silencing
TE E TE ! f | and mobilization of TEs in somatic cells,
N I\ | leading to somatic mosaicism.
Mabiliration | il
s Somatic masaicism _eell signaling
& Germinal cells 7 (ncRNAs) (B)
] .
Self re-inforcing Epigenetic I\ The resulting phenotypes can be
"’p'gf""“‘ Sl GESEE] 1) stabilized over generations
I".-'Imh-.-i Eroups
(B) Transgenerational o l F
epigenetic inheritance “f“m--"r P Mge b1l ) through self-
. Tf- i reinforcing epigenetic pathways.
TE
E i
5 it sals |1 Stress pgrcelved in somatic cells
g g modifications Lo can also induce the
= E- o, -
@
E Trends in Ecology & Evolution
Volume 31, Issue 7, [dashed arrow from (A) to (B)].

p514-526, July 2016




Generation of neuronal variability
and complexity

Alysson R. Muotri' & Fred H. Gage'

Immune system

( +_,_.f‘-
Progenitor
cell

Substrate

DNA

Generation of
receptor diversity

Selective pressure based on

antigen-receptor match Cell amplification

2 :

gl
Expression of
T-cell receptors
107 -10° antibody types

Vi 0 Jn Cp Ca (y'<1 Cyl  Cybh CyPa Ce Cox

W(D)J recombination

: L H rewi\:fgi‘imm *

B Dol oNoDoToSoToD-
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Somatic
hypermutation

+ Somatic Hypermutation !

Peripheral

Kinoshita K., Honjo T. Linking class-switch recombination with somatic hypermutation  iymphoid

Nature Reviews Molecular Cell Biology (2001) 2, 493-503

tissLie
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Mutated
V gana

* Class-switch recombination

Intermediate
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MNeural system

@
Progenitor
cell

Substrate

Generation of
neuranal diversity =207 neuronal
j types and
subtypes

Cell maturation and

Dynamic diversity
mediated by activity

signal amplification
by changes in
synaptic activity
Diversity within committed
eell population
Aneuploidy
L1 retrotransposition
L £
Promoter usage
. 4 0 1}

Alternate RMA splicing

<
&

Alternate polyadenylation

RMA editing

EMA/ protein

Epigenatic rrlu:iu'iym_'.
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.. unlike your genome, which is fixed from the moment of conception (...)

FOREWORD 7 your connectome* changes throughout your life.

Neurons adjust...their connections (to one another) by strengthening or weakening them.

Neurons reconnect by creating and eliminating synapses, and they rewire by growing and retracting branches.
You are more than your genes. You are your connectom (Sebastian Seung, MIT).

> 2 ~ TS

Seung S. Connectome: How the brain’s
wiring makes us who we are (2012)
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Neurodegenerative diseases

Neurodevelopmental disorders

Neuropsychiatric diseases

EBrain Evolution and Neurodevelopmental Disorders
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. Ernesto Burgio (ECERI, Brussels, Belgium
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1-Uscita dal ciclo
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2-Proliferazione

4-Differenziamento
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Dove andare ?
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Secondo quale strategia ?




The Individual wiri
Brain plasticity and modulation of its structure and its functions

..

Motility of
neurons and in

particular the
formation of
new
connections
synapses) can
be modified

(perturbed) by

exposure to
environmental

stressors

Disturbing the CONNECTOME INSTRUCTION




SIGNALS

Nature. 2001 Oct 25,413(6858):797-803.

Morphogen gradient interpretation.
Gurdon JB, Bourillot PY

Dev Cell. 2002 Jun;2(6):785-96.
Do morphogen gradients arise
by diffusion?

Lander AD, Nie Q, Wan FY.
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Un milardo di miliardi

PSEUDOMORFOGENI




Timeline of Key Human
Neurodevelopmental
Processes and Functional
Milestones **

Post-conceptional days (pcd),
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Cfr slide 117 **

Functional milestones
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postnatal years (y).

.. Most of the
neuronogenesis
of the central
nervous system
(about 86.1 billion
neurons) occurs in
781 days, from
32nd to 813th day
from conception
[234 prenatal +
547 postnatal
days: up to the
18th post-natal
month] which
means about 4.6
million neurons
generated every
hour ..

Silbereis JC, Pochareddy S, Zhu Y, Li M, Sestan N. The Cellular and Molecular Landscapes of the Developing Human Central Nervous System. Neuron. 2016;89(2):248-268. doi:10.1016/j.neuron.2015.12.008




Leading Edge Cell 164, February 11, 2016 22016 Elsevier Inc. 593
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A Mechanism for Somatic Brain Mosaicism

Irving L. Weissman'" and Fred H. Gage®” EPI-GENOMICS
YInstitute of Stem Cell Biology and Regenerative Medicine, Stanford University School of Medicine, Stanford University, Palo Alto,
CA 84305, USA

“The Salk Institute for Biological Studies, Laboratory of Genetics, La Jolla, CA 92037, USA
*Correspondence: in@stanford.edu (LL.W.), gage@salk.edu (F.H.G)

nttpyyax.dol.org/ 1000700/ ).cell 2016.01 048

Double-strand break repeLir is required for neural development, and brain cells contain somatic
genomic variations. Now, Wei et al. demonstrate that neural stem and progenitor cells undergo
very frequent DNA breaks in a very restricted set of genes involved in neural cell adhesion and syn-
apse function.

Many of the identified genes are expressed in NSPCs located in the
brain regions responsible for higher functions such as short-term
learning, and mutations in these genes in humans are associated with
(and maybe predispose to) psychiatric and neurological disorders
manifested in mind functions—autism, manic depressive and
depressive disorders, schizophrenia, and others




SCIENCE sciencemag.org

2 OCTOBER 2015 « VOL 350 ISSUE 6256 |

NEURODEVELOPMENT

Somatic mutation in single human
neurons tracks developmental
and transcriptional history

Michael A. Lodato,"* Mollie B. Woodworth,'* Semin Lee,”* Gilad D. Evrony."
Bhaven K. Mehta,'! Amir l{ilrgur," Soohyun Lee,” Thomas W. [‘.h.iliunﬂun,”‘*‘f
Alissa M. D’Gama,' Xuvu Cai,'} Lovelace J. Luguette,” Eunjung Lee,””

Peter J. Park,””§ Christopher A. Walsh'§

Neurons live for decades in a postmitotic state, their genomes susceptible to DNA damage.
Here we survey the landscape of somatic single-nucleotide variants (SNVs) in the human
brain. We identified thousands of somatic SNVs by single-cell sequencing of 36 neurons from
the cerebral cortex of three normal individuals. Unlike germline and cancer SNVs, which are
often caused by errors in DNA replication, neuronal mutations appear to reflect damage
dunng active transcription. Somatic mutations create nested lineage trees, allowing them

to be dated relative to developmental landmarks and revealing a polyclonal architecture of the
human cerebral cortex. Thus, somatic mutations in the brain represent a durable and ongoing
record of neuronal life history, from development through postmitotic function.

EPI-GENOMICS
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Fig. 3. Somatic mutations are sharad between multiple neurons and dem-
onstrate lineage relationships. (8) Lineage map of 136 human cortical neu-
rons from brain B derived from 12 clonal somatic mutations, including SNVs,
long interspersed nuclear eement (LINE) insertions, and a TG-dinucleotide ex-
pansion. Neurons are placed into four distinct nested clades (pink, green, blue,
purple) defined by one or more independent mutzations. Cells are ordered within
clades according to the presence of multiple somatic mutations. A few cells in
each clade fail to manifest individual SNVs shared by other cells of the same
clade {indicated by open squares), likely representing incomplete amplification
(fig. 52). Dark gray boxes represent cells anayzed by WGS; light gray epre-
sents cells analyzed by Sanger-based genotyping. Genomic locations of somatic
mutations are given in fig. S11. (B) Uliradeep sequencing of mutated loci across
the cortex of brain B. Clonal SMVs from a single clade are progressively egion-
ally restricted to frontal cortex and become progressively rarer in bulk tissue,
reflecting their lzter origin during development and neurogenesis. Blue circle,

=T - - BN TR - - T o R - - R - B

mutztion present; empty circle, mutstion zbsent; blue shading, likely spatial dis-
fribution of mutation. Percentage range of heterozygous cells is indicated for each
SNV, (€) Uliradeep sequencing of mutated loci across the brain and body. Some
variants are bran-specific (top) and others are shared across germ layers (bot-
tom). Samples sequenced are prefrontal cortex [Brodmann area (BA) 10/BA4E],
cingulate cortex (BA3Z2/BAR), termporal corfex (BA3E), cerebellum (Ch), spinal cod
(SC), aorta (An), heart (He), liver (Li), lung (Lu), and pancreas (Fa). (D) Genotyp-
ing shared variznts in small sections of human cortex. Left: 47 6-diamidino-
2-phenylindole (DAFI) stain of segment of representative section; scale bar,
200 pm. Center: Three consecutive 300um coronal sections from BA40 (red,
upper left) were dissected into three axia eeions each (1 to 9). Right: Genotypireg
results for dissected sections. Solid circles denote presence of mutstion in indicated
sample open crcdes denote absence. Mutations with high aliele fractions are
present in all or vidually dl regions, whereas only the least prevalent somatic
variant (present in <0.5% of cells) is present in one region but not most regions.

EPI-GENOMICS



A Model of Quantum Epigenetics in Neuropsvchiatry

E. Burgio* T D. Lucangeli ** 7 P. Zizzi*** T
* ECERI, European Cancer and Environment Research Institute
Square de Meeus 38-40, 1000, Briceelles
** Department of Developmental Psychology and Socialization Processes (DPSS)
Padua University, Via Venezia 8, Padova, ltaly

*** Department of Braim and Behavioural Sciences, [m ( (v, D) ( Q. t
Pavia University, Piaz=a Botta, 11, 27100 Pavia, Iraly Tdt w, v) ) Qs Qmst)y
T Science of Consciousness Research Group - Department of General Psychology h
Padua University, Via Venecia 8, Padova, Iraly ! w Z 2my, Dy + ; ; Blay)
Quantum PS Che 2 We present a model of the quantum mind which recognizes both the Hameroff-Penrose model and the

maodel of Quantum Field Theory of the brain as complementary and integrates them, thanks to the role
of the hidden quantum information associated with the biophotons emitted by the genome (DNA plus
epigenome), which, interacting with tubulines in the cytoskeleton modulate their computational
activity. It tums out that our approach can define the computational and log,lcal borders between the
normal mind and the autistic and schizophrenic mind.

Quantum Psychoanalysis

DNA* - -
GEXOME (G Epigenome *
(Geneties) fl ) (Epigenetics)
i
! Blophatons;,  QFFr
i
Presentiamo un modello di mente quantistica che - Trace QR
riconosce sia il modello di Hameroff-Penrose che il CYTUSKELETON Qer
modello della Teoria Quantistica dei Campi del cervello
come complementari e li integra, grazie al ruolo delle w:,,w* Reduclivn ﬂ‘:}":;'l;:";ﬂm siwulativu I —
. . . . . - - TS . “Fo R - i
informazioni quantistiche nascoste associate ai plus Ancestral wiring wechanism {ndiriancl miring
. 3 ° >ee (specifictoa species®) (CONNECTOME)
biofotoni emessi dal genoma ( DNA piu epigenoma),
. . . Iy, " . — .
che interagendo con le tubuline nel citoscheletro [ Enosmnprodicr One ta one | Drtosenm predict *
ﬂ.lll't"S[IUI.IEl[‘lL't'

" The programning of neural vetwerks |
(Saffware”)* -
is under epigenetic control "

____ The building of the brain |
(Hardware)* !
is under genatie control H QN
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And yet this is not new!
Genetics : XY vs. XX

Nettie Stevens

Mary F. Lyon

1861-1912

1961

1921-2014
12/11/2021



Sex differences in the structural connectome of the
£ human brain

P4 Madhura Ingalhalikar®?, Alex Smith™", Drew Parker®, Theodore D. Satterthwaite®, Mark A. Elliott®, Kosha Ruparel®,
Hakon Hakonarson?, Raquel E. Gur®, Ruben C. Gur®, and Ragini Verma®? —_—

Sex differences in human behavior show adaptive complementar- | gex differences are of high scientific and societal intere d

ity: Males have better motor and spatial abilities, whereas females . . . .
: . = : . because of their prominence in behavior of humans ang
have superior memory and social cognition skills. Studies also

show sex differences in human brains but do not explain this | Nonhuman species. This work is highly significant because
complementarity. In this work, we modeled the structural con- it studies a very large population

nectome using diffusion tensor imaging in a 5am!ale of 949 y'n!_nh5 of 949 youths (822 vy, 428 males and 521 females) using
(aged 8-22 y, 428 males and 521 females) and discovered unique | yhe giffusion-based structural connectome of the brain,

sex differences in brain connectivity during the course of develop- - . - :
ment. Connection-wise statistical analysis, as well as analysis of identifying novel sex differences. The results establish

regional and global network measures, presented acomprehensive | that male brains are optimized for intrahemispheric

description of network characteristics. In all supratentorial regions, and female brains for interhemispheric communication.
males had greater within-hemispheric connectivity, as well as en-

hanced modularity and transitivity, whereas between-hemispheric . .
connectivity and cross-module partiapation predominated in females. The developmental trajectories of males and females

However, this effect was reversed in the cerebellar connections. | separate at a young age, demonstrating wide differences
Analysis of these changes developmentally demonstrated differ- during adolescence and adulthood. The observations
ences in trajectory between males and females mainly in adoles- suggest that male brains are structured to facilitate

cence and in adulthood. Overall, the results suggest that male brains .. X - .
are structured to facilitate connectivity between perception and co- connectivity between perception and coordinated action,

ordinated action, whereas female brains are designed to facilitate whereas female brains are designed to facilitate
communication between analytical and intuitive processing modes. communication between analytical and intuitive

processing modes. Q




http://www.humanconnectomeproject.org/

ommands

an

The Human Connectome - Eugen Ludwig, Josef Klingler, Patric Hagmann & Olaf Sporns - 1956, 2008

Male brains during development are structured to facilitate within-lobe and within-

hemisphere connectivity, with networks that are transitive, modular, and discrete
whereas female brains have greater interhemispheric connectivity and greater cross-
hemispheric participation.

Le connectome est un plan complet
des connexions neuronales dans un cerveau




Steven T. Piantadosi®' and Celeste Kidd®'

ADepartment of Brain and Cognitive Sdences, University of Rochester, Rochester, NY 14627
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We present evidence that pressures for early childcare may have
been one of the driving factors of human evolution. We show
through an evolutionary model that runaway selection for high
intelligence may occur when (i) altricial neonates require intelli-
gent parents, (if) intelligent parents must have large brains, and
(iff) large brains necessitate having even more altridial offspring.
We test a prediction of this account by showing across primate
genera that the helplessness of infants is a particularly strong pre-
dictor of the adults’ intelligence. We discuss related implications,
induding this account's ability to explain why human-level intelli-
gence evolved specifically in mammals. This theory complements
prior hypotheses that link human intelligence to sodal reasoning
and reproductive pressures and explains how human intelligence
may have become so distinctive compared with our closest evolu-

tionary relatives.

Extraordinary intelligence and the care of infants

N

Published online before print
May 23, 2016, doi:
10.1073/pnas. 1506752113

"Our theory is that there is a kind of self-
reinforcing cycle where big brains lead to
very premature offspring and premature
offspring lead to parents having to have big
brains. What our formal modeling work shows
is that those dynamics can result in runaway
pressure for extremely intelligent parents
and extremely premature offspring."”
"Humans have a unique kind of intelligence.
We are good at social reasoning and
something called ‘theory of mind'--the ability
to anticipate the needs of others, and to
recognize that those needs may not be the
same as our own.. This is especially helpful
when taking care of an infant who is not able
talk for a couple of years."

https://www.sciencedaily.com/releases/2016/05/160523160445.htm
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Sex differences in the brain:
a whole body perspective

Vision

Olfaction

Touch

‘u/ Ovaries \ ! :
/ Testes  |ri \\ Cells
L A ow S e
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Pelvic
Viscera

Environmey

de Vries and Forger Biology of Sex Differences (2015) 6:15

Qhavior




Sex differences in psychiatric diseases




Women and men
Are not equal in terms of health & diseases

& Mortality ?

Others 13% 41 % Cardiovascular Others 14% 51% Cardiovascular
———

Pulmonary 6%

! dissases dissases
Mot natural deaths 5%__“ Mot natural deaths 3%
o
Gastro-intestinal 5% Gastro-intestinal 5%
diseases i - diseases

Pulmonary 8% diseases
dissases
Cancer 28% T “ Cancer 21 %

Vera Regitz Zagrosek
Sex and Gender Differences in Health, Embo Reports 2012
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A Symbiotic View Of Life: We Have Never Been

L)

Individuals

Scott E Gilbert
Swarthmore College, sgilberli@mswarthmore.edu

CHICAGO JOURNALS

J Sapp

Al Tauber

A Symbiotie View of Life: We Have Mever Been Individuals
Author(s): Seott F. Gilbert, Jan Sapp and Alfred I. Tauber
Source: The Quarterly Review of Biology., Vol 87, No. 4 (December 2012), pp. 325-341

Published by: Ihe University oOf L_Nicago Fress

Stable URL: http:./www.jstor.org/stable/10. l086/668 166

The notion of the "kbiclogical individual® iz crucial to studies of genetics, immunology,
evoluiion, development, anatomy, and phy=siclogy. Each of these biological
subdisciplines has a specific conception of individuality, which has historically provided
conceptual contexts for integrating newly acquired data. During the past decade, nucleic
acid analysis, especially genomic seqguencing and high-throughput ENA techniques, has
challenged each of these disciplinary definitions by finding significant interactions of
animals and plants with symbiotic microorganisms that disrupt the boundaries that
herstofore had characterized the biclogical individual. Animals canncot be considered
individuals by anatomical or physiclogical criteria because a diversity of symbionts are
both present and functional in completing metabolic pathways and serving other
physiclogical functicons. Similarly, these new studies have =hown that animal
development is incomplete without symbionts. Symbionts also constitute a second mode
of genetic inheritance, providing selectable genefic variation for natural selection. The
immune system also develops, in part, in dialogue with symbionts and thereby functions
as a mechanizm for integrating microbes into the animal-cell community. Recognizing
the "holobiont”-the multicellular eukaryote plus its colonies of persistent symbionts-az a
critically important unit of anatomy, development, physiology, immunoclogy, and ewvolution
opens up new investigative avenues and conceptually challenges the ways in which the
biological subdisciplines have heretofore characterized living entities.

|

Una visione simbiotica della vita: non siamo mai stati «in-dividui»
La nozione di "individuo biologico" & cruciale per gli studi di
genetica, immunologia, evoluzione, sviluppo, anatomia e
fisiologia... Durante l'ultimo decennio, il sequenziamento
genomico ha sfidato le varie definizioni trovando interazioni
significative in animali e piante con i microrganismi simbiotici che
rompono i confini che prima avevano caratterizzato |'individuo
biologico.. lo sviluppo animale & incompleto senza simbionti...

| simbionti costituiscono una seconda modalita di ereditarieta
genetica.. il sistema immunitario si sviluppa nel dialogo con i
simbionti. Riconoscere l'olobionte - I'eucariota multicellulare piu
le sue colonie di simbionti persistenti - come unita di anatomia,
sviluppo, fisiologia, immunologia ed evoluzione criticamente
importanti concettualmente sfida i modi in cui le varie discipline
biologiche hanno fino ad ora caratterizzato le entita viventi.
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Host and symbiont genes
I."that alone and/or together

affect a holobiont phenotype

Coevolved host and
l. ’symbiont genes that affect
a holobiont phenotype

V4

Host genes and symbionts
that do not affect
a holobiont phenotype

Environmental microbes
that are not part of
the holobiont
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Mature Reviews Genetics 18, 128-142 (2017)

picking up speed

/

that every cell division is coupled with risk for new mutations.

k& i
Germline variation (GV) Pozt-zygotic variation (PZV) Cellular depletion (CD) b
= Constitutional and intergenerational; = Variants arising at the first division of the zygote = Reduction of mosaicism
the classic type of genetic variation or later in different somatic cell lineages by age-associated
inherited from germ line to zygote » Variants arise in one soma and typically cell death
s Together with DNVs the most disappear from the population with the death of
frequently studied type of genetic its carrier
1 variation in GWAS ) | *PZVisa possible driver in many disease processes
but is often an ignored source of variation

~

De novo variants (DNVz) Microchimerizm (MC) Revertant mozaicizm (RM)
* Arise in _‘39“5 of the germ li“? in parental ; = The presence of cells from » Reduction of total
generﬂtlcn and are prESEnt in the next geﬂerat on another Subjecﬂt inthe variation of the soma b‘y

= Also encompass variants arising by gonadal mosaicism soma of a host individual back mutations




- Microchimerism

i T
o

Maternal microchimerism: friend or foe e

In the womb, the fetus VWhen the mother suffers
receives blood proteins organ damage such as
from his mother through heart attack, the fetus

the placenta which sends stem cells through

protects him against
various diseases for the
rest of his life.

the placenta to repair the
damaged organ.




Maternal cells

Fetal cells
(46 XY)

Fetal cells

=y : % b
Qs =

First offspring, Second offspring,
male child female child

Classical chimerism is a rarely observed phenomenon that
occurs when an embryo is formed from two
independently conceived zygotes.

It results in a fetus with a mixture of cells with genotypes
derived from different germ cells

Microchimerism
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Cosa e la “MALATTIA” ?

Gl;ﬁdo Fanconi

G. Fanconi “ Non vi sono malattie

nuove.. nuovo é il modo di

[

interpretarle”
(Burgio-Notarangelo <:::||]

Malattie Maestre, 2002
pag. 170)

Systemic (micro)vascular
phlogosis

Kawasaki Disease

(systemic endothelitis)

/4
Atherosclerosis \

(systemic endothelitis) ) .
Coeliac Disease

Autism (?)

“Neurodegenerative” diseases

I

=)

a o
<::| environment’

* M. Grmek: da Vesalio e Sydenham = malattia
come quadro sintomatologico ben definito =
nuova ontologia

Viruses &>
PATHOCENOSIS (cfr. biocenosis)

Microbes TLRs D)
= Natural Immunity

changing Gut Ecosystem

Immuno-systems

Biosphere

Adaptive Immunity
I l tolerance

< Hypersensitivity

Flud < — 7 typel

Genosphere / type ll
1 ypell * | 4

Genetic type0 — » typelV

background Microbioma.. Epigenetics




Eventually, during the last years, the fetal programming mismatch theory has been —
transformed from a theory essentially useful to explain the pathogenic mechanisms E‘,Eﬂ;ﬁ;;hEm&L

causing certain diseases of adulthood, into the key-model theory of the embryo-fetal Eﬂgg‘;ﬁ EEN-TH
origins of adult diseases (DOHA-Developmental Origins of Health and Diseases

Obesogens Obesity/Metabolic Syndrome/Diabetes 2

Multiorgan Effects of

Endocrine Disruptors

Pesticides

Cardiovascular

Placenta: Prediction i . . IpertenSion
of Future Health . :
~ N Asthma and allergies
Developmental Time Windows of

Vulnerability

In Vitro Fertilization

Materno Fetal Stress

Lung Development |

Reproductive
Diseases/Dysfunctions Neurobehavioral Deficits
and Diseases
Semen Abnormalities CANCER

Psychiatric Diseases

DOHAD




Psychiatric and Neurological disorders Have Discrete Ages of Onset (but represent a continuum)..
the most interesting and mysterious aspect of the DOHaD model is that their origin is during the fetal-embryo period
(fetal programming) as for all other chronic diseases that are dramatically increasing in the world (Obesity & Diabetes 2..

Allergies & Autoimmune diseases.. Cancer..) ... which means: EPIGENETICS > GENETICS

....It’s almost like a time bomb

Adaolescence
Intellzciual disabilities

Autism spectrum disorder

Attention deficit hyperactivity disorder
Anxiety disorders

achizophrenia

Substance abuse

Mood disorders
OBESITY &..... DIABETES 2..

Huntington's disease ALLERGIES &........... AUTOIMMUNE DISEASES

Parkinson's disease CHILDREN/JUVENILE CANCER

Alrheimers disease

I I rr -
a 3 10 b 20 25 30 40 a0 60 Y]

Age of diagnosis (years)

Silbereis JC, Pochareddy S, Zhu Y, Li M, Sestan N. The Cellular and Molecular Landscapes of the Developing Human Central Nervous System. Neuron. 2016;89(2):248-268. doi:10.1016/j.neuron.2015.12.008



‘ Evolutionary Medicine

Ontogeny Phylogeny

Devo-Evo

Mismatch

The Obesity
pandemics is the
very first
phenotypical
transformation
of an entire

species

EPIGENETICS > GENETI

HI.
e

We can summarize all this by saying that the main phenotypic (in particular behavioural) differences between
Homo sapiens and the other primates (and between single individuals) have epigenetic rather than genetic

origins: in the actual, epigenomic programming and in its ongoing transformations.

Which also means that the main variations in our phenotype (both physiological and pathological) have their
origins in the fetal boroarammina. are induced bv the changing environment and modulated bv the enigenome




Relative frequency of articles with epigenetic or epigenetics in their title

David Haig Int. J. Epidemiol. 2012;41:13-16

International Jlournal of

Epidemiology
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Number of ASD Publications

3,000 -

2,500

2,000 -~

1,500

1,000

500

=Actual Number of ASD-Related Publications Since 1980

=Number of Publications from Related Journal Subject Categories
MNormalized to the Number of Autism Publications in 1980

1880

Please pay attention to
this date (1996-1997)

1985 1980 1985

MIH Budget Doubling (1999)
Children's Health Act (2000)
Formation of the Intemational

Socisty for Autism Research/
Inaugural Meeting (2001)

2000 2005 2010

Simons Foundation Autism Ressarch
Initiative launched [(2005)

Autiam Speaks (AS) founded (2005)
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The microbiome is the most powerful "epigenetic internal modulator" of early childhood
A quick search for “Microbiome” in scientific journals online demonstrates how significantly
this field of research has been growing over the past ten years

Incidence of "Microbiome" in Scientific Papers
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Published papers about Endocrine Disruptors
between 1993 and november 2006 (Gies)

EDCs are among the most powerful epigenetic perturbators of
development (cell differentiation) (pseudo-morphogens)
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We have to hope that this
famous quote by Max Planck
will be overcome

A new scientific truth does not
triumph by convincing its
opponents and making them
see the light,

but rather because its opponents

eventually die, and a new

generation grows up that is
familiar with it.

Max Planck (1858 - 1947)




