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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.

()

A — — Proteln

-

s 5 e Y

Ut never

DA &~ RA <

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

| |

Millinns-l-onears

| ) »|  Benign o| Malignant
Normall i | neoplasia ‘ necplasia

Heritable
predisposing
genes

<— Exposure(s) —

© 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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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

agar’

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

,

~oet

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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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. -

1 G,-“"G Wit i ASMIE A&t 7 timaees mmore likely

ol the papalaticsn Sl childeen 1
T T D o ocowr in BOY'S than in GIRLS

2014 1 : 68 2006 1 : 110
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(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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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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