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What is DNA?

“It's a history book - a narrative of the journey of our species through time.

It's a shop manual, with an incredibly detailed blueprint for building every human cell.
And it's a transformative textbook of medicine, with insights that will give health care
providers immense new powers to treat, prevent and cure disease.”

- Francis Collins
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Figure 3 Anthony Barrington Erown’s photagraph of Watson and Crick with their model of ONA at the Cavendish
Laboratoryin Cambridge, 21 May 1953
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic ecid (D.N.A.), This
structure has novel features which are of considerable
biologiesl interest,

A structure for nucleic acid has already been
proposed by Pauling and Corey'. They kindly made
their monuscript available to us in advance of
publication, Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. Tn our opinion,
this structure is unsatisfactory for two reasons :
(1) Wo believe that the material which gives the
X-ray diagrams is the salt, not tho free acid. Without
the acidic hydrogen atoms it i3 not olear what forces
would hold the structurs together, espeeially as the
negatively charged phosphates near the axis will
ropel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gusted by Fraser (in the press). Tn his model the
phosphates are on the outside and the bases on the
mside, linked together by hydrogen bonds. This
atructure as deacribed is rather ill-defined, and for
this reason we chall not comment
on it.

We wish {0 put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical ohains each eoiled round
the same axis (3ee diagram). We
have made the usual chemical
assumptions, namely, that each
chain consistz of phosphate di-
ester groups joining f-p-dooxy
ribofuranose residues with 3°,5°
linkages. The two chains (but
not their basss) are related by a

A S0 dyad perpendicular to the fibre

) axis, Both chains follow right-

] honded helices, but owing to

3 the dyad tho. sequences of the

- . atoms in the two chaing run

) in opposite directions.  Fach
/ chain loosely resembles Iar-
[ o e berg's* model No. 1: that ia,
— N the bases are on the inside of

the helix and the phosphates on
This Bgure 18 purely ide. T sonfig i
R ey the outside, The configuration
rlbboms ml..xnun» wme of the sugar and the atoms
two  plusphale—sugar i 3 i Myl 0
b e ey g g hear it is cloze to }m!mrgg
zontal rods ¢ ‘'standard configuration’, the
bana boldiny sugar being roughly perpendi-
together. The vertica 3 2 o o

1 matiks the tihre axis  cular to the attached base, There

NATURE 737

is & residue on each chain every 3-4 A, in the s-direc
tion, Wa have assumed an angle of 38° between
adjacent residues in the same chain, so that the
atructuro repeats after 10 residues on cach chain, thit
is, after 34 A. The distance of a phosphorus atom
from the fibre sxis is 10 A, Aa the phosphates are on
the outside, cations have easy aceess to tham.

The structurs is an open one, snd its water content
ia rather high. At lower water contents we would
expect the basea to tilt 8o that the structure could
become more compact.

The novel foature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibro axis. They are joined
togother in pairs, & single base from one chain being
hydrogen-bonded to a single base from the other
chain, so thet the two lie side by side with identical
z-co-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding to oceur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it ia assumed that the bases only occur in the
structure in the most plausible tautomoric forms
(that is, with the keto rather than the enol con
figurations) it is found thst only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine {pyrimidine).

In other words, if an adenine forms one member of
& pair, on either ohain, then on these sssumptions
the other member must be thymine ; similerly for
guanine end cytosine. The sequence of bases on a
single chain does not appear to be nestricted in any
way. However, if only specific pairg of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain s automatically determined.

It has boen found experimentally®* that the ratio
of the amounts of adening to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impeesible to build this structure
with & ribose sugar in place of the deoxyribose, #s
the extra oxygen atom would make too close a ven
der Waals contact.

The previously published X-ray data** on deoxy-
riboze nueleie acid are insufficient for & rigorous test
of our structure. So far a8 we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not awsre
of the details of the results presonted there when we
devised our strueture, which rests mainly though not
ontirely on publiched experimental date and stereo-
ohemical arguments.

It has not escaped our notice that the specifio
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
olsewhere,

We are much indebted to Dr. Jerry Donohue for
oonstant advice and criticism, cspecially on inter-
atomic distances, We have also been stimulated by
& knowledge of the general nature of the unpublished
experimentsal results and ideas of Dr. M. H. ¥.
Witkins, Dr. R. E. Franklin and their co-workers at

1953: immagini da diffrazione a raggi X realizzate da Rosalind Franklin, chimica-fisica inglese,
permettono a James Watson e Francis Crick di presentare, sulla rivista Nature, quello che e oggi
accertato come il primo modello accurato della struttura del DNA, ovvero il modello a doppia elica.
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The human genome contains about 3 billion
nucleotides

[ ...AGGTTCAGGCATCAGATTCGCAATCGCTTG )
AGCAATCGCTTGCAGATACGAAAGCTTATACC
TATGTCCTAGGTCAGTGTTTCAAAAAGTTTGT
TCCATAAAAAGTAACATTGTGCTGCAGGATTT
CTCAGACGGACCAGTTTGCTAAAGTACTCCGG
GTGTCTCCACAAAGCTTACATAGAATGTGAAG
CTTACAAAACTCATCAGACAAGAGAACATCTC
| CTGGACTGAGTTTAAAACACAATTTGGAAA. ..

3 billion nucleotides would fill
about 200 1,000-page phone books

- -

p %

)
“ National Human Genome Research Institute




Il DNA € organizzato in geni, i geni in esoni.

E’ come un libro, in cui i geni sono parole di senso compiuto che formano frasi di
senso compiuto, ma inframmezzate da un flusso di pensiero senza logica e
compiutezza (le regioni introniche, gli enhancers, elementi ripetuti -> junk DNA)

meantnfmcosarjthyuyif i ' .
kfmnsbzvcaxgswthyujuk DNA is organized into genes

bnpyoitjguryrtefdgvcbx

nservejkamnsbegdfvrtty
ghjukiolmmlabnvbcvxcs
dfergrtgenetica?gjyiuolj

pgkbidhgrtfydhs

meantnfmcosarjthyuyif | |
kfmnsbzvcaxgswthyujuk Vol T o
bnpyoitjguryrtefdgvcbx " g o

nserve | kam nSbegdfvrtty regioni tradotte

ghjukiolmmlabnvbcvxcs
dfergrtgenetica?gjyiuolj
pgkbld hgrtfyd hs i ¢ ;3" § _— regione tradotta

i i
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Ci sono circa 25,000 geni nel genoma umano

genetic code prot@i n

L'insieme dei geni umani corrisponde al ~1.5% del
genoma (regioni codificanti)

La sequenza di DNA in due persone e’ identica al 99.9%
—solo 10 0.1% e’ unical!


http://www.missouri.edu/~jesse105/ar2001/Images/protein.gif
http://www.iacr.bbsrc.ac.uk/notebook/courses/guide/images/dna.gif

Each individual has a unique DNA sequence

DNA sequence variant 1:

(...AGGTTCABGCATCAGATTCGCAATCGCTTG )
AGCAATCGCTTGCAGATACGAAAGCTTATACC
TATGTCCTAGGTCAGTGTTTCAAAAAGTTTGT
TCCATAAAAAGTAACATTGTGCTGCAGGATTT
CTCAGACGGACCAGTTTGCTAAAGTACTCCGG
GTGTCTCCACAAAGCTTACATAGAATGTGAAG
CTTACAAAACTCATCAGACAAGAGATCATCTC

_ CTGGACTGAGTTTAAAACACAATTTGGAAA...

Ogni “parola” (gene) puo avere “sinonimi”
(varianti, siano esse polimorfismi o mutazioni)
che e poi quello che ci differenzia gli uni dagli

: DNA sequence variant 2:
altri.

Coll (... AGGTTCAAGCATCAGATTCGCAATCGCTTG )
AGCAATCGCTTGCAGATACGAAAGCTTATACC
TATGTCCTAGGTCAGTGTTTCAAAAAGTTTGT
TCCATAAAAAGTAACATTGTGCTGCAGGATTT
CTCAGACGGACCAGTTTGCTAAAGTACTCCGG
GTGTCTCCACAAAGCTTACATAGAATGTGAAG
CTTACAAAACTCATCAGACAAGAGAACATCTC
| CTGGACTGAGTTTAAAACACAATTTGGAAA. .. |







How do we differ? — Let me count the ways

Single nucleotide polymorphisms
— 1 every few hundred bp, mutation rate* = 10-°

Short indels (=insertion/deletion)
— 1 every few kb, mutation rate v. variable

Microsatellite (STR) repeat number
— 1 every few kb, mutation rate <103

Minisatellites
— 1 every few kb, mutation rate < 101

Repeated genes
— rRNA, histones

Inversions, deletions...
— Rare, e.g. Y chromosome

TGCATTGCGTAGGC
TGCATTCCGTAGGC

TGCATT---TAGGC
TGCATTCCGTAGGC

TGCTCATCATCATCAGC
TGCTCATCA-—-——-—-- GC

*per generation



Quali sono le malattie genetiche?

1) Le malattie monogeniche o ereditarie
2) Le malattie cromosomiche |
3) Le malattie multifattoriali o complesse B e

Su che principi si basano le malattie genetiche?

ity * Augustinian monk who
J’L':%' cross-bred pea plants with
b different characteristics
“ Greg%}!\f}iendel * Observations led to laws

regarding the transmission
of hereditary

Mendel’s laws: characteristics from
generation to generation

1. Principle of segregation
. : « Many of the concepts from
2. Principle of independent his observations still hold

assortment true today!
3. Principle of dominance




1) Malattie ereditarie o monogeniche
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2) Malattie cromosomiche

Anomalie:

- di numero, direttamente correlate all’eta

materna dovute al fenomeno della non
CARIOTIPO

disgiunzione dei gameti (es trisomia 21, sindrome
di Down)
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3) Malattie multifattoriali o complesse

Most traits result from the interaction of many genes
and the environment

Multiple genes Environment factors
polymorphisms

Complex Diseases:
@ Cancer

@ Asthma

@ Diabetes

@ Heart Disease
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Human Genome Project (HGP)
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The Human Genome Project Goals

« To sequence (i.e. determine the exact order of
nucleotides (A, T,G,C) for ALL of the DNA in a
human cell

 To determine which sections of DNA represent
iIndividual genes (protein-coding units).

DN A the Molecule of Life ’4)
» cell

W
£

(S




 February 2001: Draft of the
sequence published in Nature
(public effort Jand Science
(Celera — private company).

« April, 2003 (50 years after
Watson and Crick structure of
DNA was published) : Full
sequence published and
researchers determined that
within this sequence there was
somewhere between 30,000
and 40,000 genes. We now
believe there are closer to
25,000 genes

Craig Venter vs Francis Collins



How Can We Use This Information?

.““J

&7 s

f.l Better understanding of human

disease

Personalized medicine &
Pharmacogenetics

Greater

insight into
cognitive Insight into
function human origins

Identifying genetic susceptibility to disease




Altre implicazioni?

Impacting
benome [Tigg?nlines
Project

U.S. Department of Energy
Human Genome Program
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Science

BREAKTHROUGH OF THE YEAR

Human Genetic

Variation

Equipped with fustec choaper tochnologies for sequencing
DNA and assessing variation i genomes on scales manging
from one to millions of bases, researchers ore finding out
bow truly different we are from one another

THE UNVEILING OF THE HUMAN GENOME ALMOST 7 YEARSAG0
cost the St far Dight v our complets genete makeup Secethen, auh
pew penote sequencad and cach sew individusl sudied hes dhumnaod
st genomik indscige in ever mcne dotsil. Is NO7, songtirchiors cane b
apprecias the exent 1o which our gonomes dffer Fromyposn © peson
and the enphications of this vanation fir deciphering the gmatics of comn
plox dscuses and penonal tren

Lexs than a year ago, the big news was triangulating varation
Betworn U d cur primate cousins 1o get & bemer landle on genetic
changes along the evolutionary tree th Jod to hunnas. Now, we have
moved from asking what m o DNA makes s it 10 sriving to
know wisat my DINA mekes me me

—

@I ATTHD

rtun

(o e (0 U oeee)

Oy mrtstmr vrmten

What makes ws wnbgen, Cunges in
the number and order of greses (-0
00 VEIEY 1 T duman QEfa e

2007

Refererce



Next Generation Sequencing

Il sequenziamento di nuova generazione (Next Generation Sequencing, NGS) & una tecnica
nuovissima, rapida ed efficace, che permette la lettura di tutte le basi nucleotidiche che
compongono i geni del nostro DNA. Questa metodologia di sequenziamento genico si
chiama Sequenziamento Esonico (Exome Sequencing) e sfrutta la capacita tecnologica dei
sequenziatori del DNA di nuova generazione.

Small ganomsa, amplicon Everyday genome, exome Production-scale genomse,  Popusation- and production-
and targetad gene transcriptomea sequencing, exome, transcriptome scalks human whole-genoms
panel saquencing. and more. sequencing and more, saquencing.

Figure 6: Sequencing Systems for Every Scale.
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C. Sequencing

w.',

Sequencing Oyciee ( )

_Dgna mage
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Chsbr 1 > Read 1: GAGT..
cu.hnu:m
Chatr 3> Read S
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i o

Sequancing reegents, Including fuorescantly labaled nuckeo-
tides, are addad and the firet base Is Incorporated, Tha flow

cell Is Imagad and the amisalon from each ciuster Is recorded.

The amission wavelength and Intarvity ars ussd to kiantity
tha bese. This cyeleiarepsemd ‘n* timas to create a read
length of " bases,

Figure 3: Next-Generation S ing Chemistry Overview.

D. Alignment & Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
Paads AGATGGTATTG
GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Raference
fefence  AGATGGTATTGCAATTTGACAT

Raads ame digned to a reference sequance with bialnformatics
software, Arter alignmant, differencee between the referance
penome and tha newly saquenced faads can ba idsntifisd.

NGS: Shotgun Sequencing Strategy



Cosa ha determinato la NGS e il progetto genoma?

Human Genomes Sequenced Annually

0.00 1.3
ABI 37300 Genoms Analyzer Genom Amalyzara  HiSed 2000 HiSieq X Ten
1928 9:1-13 2044

Figure 2: Human Genome Sequencing Owver the Decades—The capecity to sequence al 3.2 bilion bezes of the hurman gerome (st 30x
cowerags) has increszad exponantially since the 1980, In 2005, with the introduction of the llumina Gerome Analzer System, 1.3 hurmsan
genomes could be sequenced annually. Nearly 10 years latar, with the Numina HiSeq X Ten flest of ssguencing systems, the numbsr has climbad
to 18,000 human genomes a yesr.
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Figure 1: Saquencing Cost and Data Output Since 2000 — The dramatic res of dats cutput and concurrant faling cost of ssquencing since
2000, The “-awes on both sidea of tha graph are logarithmic.



Limiti dell’analisi del genoma

1- Necessita di potenza elaborativa e di
storaggio nella gestione di enormi quantita di
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nnnnnnnnnnn

[ ] A N [ ] [ ] [ ] iation 2 2
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Congenital Defects in Danforth’s Short Tail Mouse

2- Complessita dei sistemi biologici: == —""="""""""
- Networks di proteine B Cio iaddd
- Ruolo regioni enhancerSmmmmmm = I

- RUOIO INTIMON1 ey
- Ruolo polimorfismi e S o
- Modifiche postraduzionali EE

(proteomica, metabolomica)

_?7?







Conclusioni

Un requisito essenziale alla comprensione della biologia completa di un organismo e
la determinazione della sequenza del suo intero genoma

“A prerequisite to understanding the complete biology of an organism is the
determination of its entire genome sequence” Fleischmann et al. 1995

Ma la sola sequenza, anche se completa, del genoma sara SUFFICIENTE a
comprendere le funzioni (e disfunzioni) biologiche del nostro
organismo?

Ricostruzione della carta di Eratostene
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La genetica in questa nuova fase si occupera’ di cercare di comprendere la struttura e
funzione del genoma umano, le sue varianti (fisiologiche e patologiche) e il loro
significato.

Aver decodificato I'intero genoma non é chiaramente sufficiente a soddisfare la nostra
curiosita e a venire incontro alle nostre aspettative per quanto riguarda le applicazioni
alla nostra salute.

Questa fase sara molto piu lunga di quella appena conclusa. Il guadagno dovrebbe
essere pero straordinario soprattutto dal punto di vista conoscitivo. Sapremo meglio
cosa fanno i geni conosciuti, cosa fanno quelli che conosciamo appena e cosa fanno
anche quelle regioni geniche che non conosciamo e che non immaginiamo nemmeno
che possano esistere.
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La Nutrigenetica
Approfondisci su www.nutrigenetica.it

La Dieta
GENOMA

E' noto come anche le
diete piu famose
agiscano solo per alcune
persone, o come alcuni
individui soffrano di
ipertensione nonostante
seguano diete iposodiche mentre altri presentino
livelli di colesterolo altissimi pur mangiando cibi a
basso contenuto di grassi. La chiave & nella
variabilita genetica individuale; non esiste un'
alimentazione sana in assoluto ma un alimento piu
giusto e adatto per ognuno di noi, finora questi
erano concetti empirici, oggi le recenti scoperte
inerenti il genoma umano ci fomiscono gli strumenti
e le basi per comprendere i meccanismi molecolari
e sostituire alle diete standardizzate

un’ali tazi P lizzata tarata sul
corredo genetico di ciascuno e coadiuvata da
integratori scelti su misura proprio come un abito
da sarto; non solo quindi per perdere peso ma per
prevenire patologie e vivere piu a lungo e meglio...
[Continua)

Continua..,

Dieta e benessere dal nostro DNA

Ottre 30.000 geni compongono il nostro DNA, una sorta di "istruzioni per I'uso”
per il nostro organismo, sebbene il nostro genoma sia immodificabile, 'ambiente
circostante e | nutrienti possono, una volta decifrato il codice, influenzarne
l'espressione genica intervenendo sulla predisposizione a determinati stati

patologici, ... [Continua]

condividisu [ EIED & |

Il test
antiaging
Genoma

L'utilita e
l'importanza di
sottoporsi ad un
test genetico &
legata al fatto che,
qualora dovesse
emergere la
predisposizione per una o piu malattie, si ha la
possibilita di PREVENIRE lo sviluppo della
patologia con una serie di comportamenti e
azioni atti a migliorare la propria qualita e
aspettativa di vita (per esempio eliminando i fattori
di rischio, introducendo azioni protettive come
I'eliminazione della caffeina o dei prodotti latto-
caseari o attraverso |'assunzione di determinati
integratori) e controllando costantemente le aree
“predisposte” grazie a specifiche indagini mediche
preventive... [Continua]
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with relatives
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http://www.genepartner.com/index.php/?language=en

GenePartneriD: Password:

Partner =

» Eorgot your password?
» Order GenePartner-Test

Love is no coincidence!

Matching people by analyzing their DNA

{
—» Order a GenePartner Test

GenePartner has developed a formula to match men and women for a romantic relationship
based on their genes.

GenePartner's biological matching method is designed as a complementary service for
matchmakers and online dating sites. Based on the genetic profile of the client, the GenePartner
formula determines the level of genetic compatibility with the person they are interested in. The
probability for successful and long-lasting romantic relationships is greatest in couples with high

genetic compatibility.

Order a GenePartner Test
Apply for a partnership with GenePartner

Why is genetic compatibility important?

With genetically highly compatible people we feel that rare sensation of perfect chemistry. This is the
body's receptive and welcoming response when immune systems harmaonize and fit well together.

Genetic compatibility results in:

+ An increased likelihood of forming an enduring and successful relationship
+ A more satisfying sex life
+ Higher fertility rates
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U.O.C. Nefrologia, dialisi e trapianto
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MODY (Maturity Onset Diabetes of the Young)
Il MODY rappresenta un modello di ridotta secrezione insulinica ad ereditarieta
autosomica dominante monogenica, puo manifestarsi fin dalla prima infanzia anche se
la sua incidenza & maggiore durante I'adolescenza, € causato dalla mutazione a carico

di un singolo gene e questi sono i geni attualmente identificati:
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Attiya K, Sahar F 2012 Clin Pract

Il MODY puo
associarsi a patologia
malformativa anche
dei reni, che inoltre
sono sede di una
delle piu gravi
complicanze del
diabete (insieme alla
retinopatia), che e la
nefropatia diabetica
che puo condurre ad
insufficienza renale,
dialisi e necessita di
trapianto di rene.



NGS e Diabete giovanile:

Poiché questo tipo di diabete non-insulino dipendente e frequentemente erroneamente
diagnosticato come Diabete di tipo 1 o di tipo 2, una diagnosi molecolare puntuale ed
accurata e essenziale per decisioni terapeutiche, prognosi, screening familiare e gestione
ostetrica del diabete gestazionale. (Ellard et al. 2008).

L'NGS permette I'analisi simultanea di multipli geni in un unico test.
E’ possibile la creazione di un pannello che includa tutti i geni mody, i geni del diabete

neonatale e quelli della sindrome di Wolfran, una patologia a trasmissione genetica che
colpisce piu apparati ed € associata a diabete.
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Famiglie con malattie geniche su cui poter fare NGS allo scopo di:
-Dare una risposta diagnostica alla famiglia
-Identificare nuovi geni

- Identificare una eventuale risposta terapeutica personalizzata
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