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Che cosa e il Genoma?

* Insieme di tutte le informazioni genetiche contenute nel DNA di una cellula di organismo vivente

* Il manuale di istruzioni che indica alla cellula e all’organismo COME realizzare i processi alla base

della vita

Nucleo

Paia di basi

Cellula

Proteine
istoniche 9*

Nucleosomi
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Il Progetto Genoma Umano, un’esplorazione di noi stessi

Credit & Copyright: Conselice et al., Hubble Heritage Team (STScl/AURA), NASA
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Obiettivi del progetto

« Sequenziare il genoma umano, cioe scoprire I'esatta successione dei nucleotidi presenti nel DNA
rappresentativo di un essere umano (diversi volontari) in 15 anni

» Definire una mappa fisica e genetica del genoma umano

 Sequenziare e mappare 5 organismi modello (incluso topo)

Stabiliti nel 1988 da un US Academy of Sciences e poi ripresi dall’'ente americano che lancio il progetto

(Dipartimento dell’Energia)
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Timeline

1990 1991 1992 1993 1994 1995 1996

nacure
genencs

api dota release w

gufe[wl;s &‘L":%Eed 7/ Sanger Centre founded US. Equal Employment
el ‘ (later renamed Wellcome Opportunity Commission
Trust Sanger Institute) ssues policy

= on genefic discrimination
The Wellcome Trust in the workplace

HGP's mouse genefic
ing goal achieved

First gene for

breast cancer
(BRCAT) mapped “",

Credit: https://www.mun.ca/biology/scarr/Human_Genome_Project_timeline.html

Bermuda principles for
rapid and open data release established
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Timeline

1998 1999 2000 2001

2003
|
Finished
o version of
peignce human
: genome
= sequence

completed

10,000 full-lengih
human ¢DNAs sequenced

g i - Draft version of rice genome
Genostope (French . .

: sequence complefed and published
National Genome :

fo be
Sequencing Center) founded

' = confinued..
SHP initiative begins 1 =
GTECT
GTCCT

(hinese National Human Genome Centers
(in Beijing and Shanghai) established

Execulive order bans genefic
discrimination in U.S. federal workplace

Credit: https://www.mun.ca/biology/scarr/Human_Genome_Project_timeline.html
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L’ annuncio nel 2001

15 February 2001

Pages, 11451414 49

“Nuclearfis :
Five-dimiensional
energylandscapes ~

Seafloor spreadirig
Theyiewftomunder
the s i

Career prospects

Sequence creates et
opportunities
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Due approcci diversi

Whole-genome shotgun
(CELERA Genomics)

3 z Genome

Random fragmentation

Sequencing and
assembly

Anchoring

2 = Genome assembly

Modified from Human Molecular Genetics, Garland Science 2004

Hierarchical shotgun
(Consorzio Pubblico)

3 =

Contig of large insert clones
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| numeri del progetto

o  Costo del progetto: 3 miliardi di dollari

« Completato in 13 anni (2 anni in anticipo)

o 20 Istituzioni di 6 Paesi diversi: UK, Francia, Germania, Giappone e Cina
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Come si sequenzia il DNA?




La struttura del DNA

THE SUGAR PHOSPHATE ‘BACKBONE’

BASE BASE BASE
8] O o
o] o] o]
1 |l R | ",
~—P—0 0—P-0 o—P—0 0—----
(o} (e o
Legami

Legami
Fosfo-di-esterici

=
k N) /\/(
ORIIID GEZII

HN \J’

Modified from www.compoundchem.com and from bioknowledgy.weebly.com
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| legami fosfo-di-esterici

CH: [base

3 end
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Metodo Sanger

« Metodo enzimatico (poiché sfrutta gli enzimi della replicazione del DNA)

Sviluppato da Frederick Sanger nel 1977

« Basato sulla capacita di mimare in vitro la replicazione del DNA e sulla possibilita di interrompere la

sintesi e identificare I'ultimo nucleotide inserito
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Una scoperta da Nobel

Nature Vol. 265 February 24 [977

articles

Nucleotide sequence of bacteriophage

® X174 DNA

F. Sanger, ;. M. Air", B. G. Barrell, N. L. Brown®, A. R. Coulson, J. C. Fiddes,
C. A. Hutchison IIT¥, P. M. Slocombe® & M. Smith*

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK

A DNA sequence jor the genome of bacteriophage X174
of approximately 3,373 nucleotides has been determined
using the rapid and simple “plus and minus® mechod. The
sequence identifies many of the features responsible for the
production of the proveins of the nine known genes of the
arganisnt, including initiation and termination sites for the
proteins and RNAs. Two pairs of genes aré coded by the
same region of DNA wsing different reading  frames.

Tue genome of bacteriophage ©X174 s a single-stranded,
circular DNA of approximately 5400 nucleotides coding for
nine known proteins. The order of these genes, as determined by
genetic technigues® ', is A-B-C-D-E-J-F G-H. Genes F, &
and M code for structural proteing of the virus capsid, and gene

fns daflond b nameaman winebt andan Fre m oessll haeis messain

strand DNA of ©X hasthe same sequence as the mRNA and, in
certain conditions, will bind ribosomes so that & profected
fragment can be molated and sequenced. Only one major site
was found. By comparison with the amine acid sequence data it
was found that this ribosome binding site sequence coded for the
initiation of the gene & protein'® (positions 2,362-2.413).

At this stage sequencing techniques using primed synthesis
with DMNA polymerase were being developed' and Schon'”
synthesised a decanucleotide with & sequence complementary to
part of the ribosome binding sitc. This was used 1o prime into
the intercistronic region between the Fand 7 genes, using DMNA
polymerase and **P-labelled triphosphates'®. The ribo-substitu-
tion technigue™ facilitated the sequence determination of the
labelled DNA produced. This decanucleotide-primed system
was also used to develop the plus and minus method', Suitable
synthetic primers are, however, difficult to prepare and as

The Nobel Prize in Chemistry 1980

fram the Nobel Foundation Photo from the Mobel Foundation Photo from the Nobel Foundation

archive archive

Walter Gilbert -I.:;'ed-eri::k Sanger
Prize share: 1/4

arch
Paul Berg

Prize share: 1/2 Prize share: 1/4

The Nobel Prize in Chemistry 1980 was divided, one
half awarded to Paul Berg "for his fundamental
studies of the biochemistry of nucleic acids, with
particular regard to recombinant-DNA", the other
half jointly to Walter Gilbert and Frederick Sanger
"for their contributions concerning the
determination of base sequences in nucleic acids."
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Step 1 - Allestimento reazione

57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

ddNTPs dNTPs

@-®-®-ocH, o Base B-BB-ocH, Lo Base
w HZ\H  HSW
H H

dideoxynucleotide (ddNTP)

deoxynucleotide (dNTP)

57 -CCTACG-3~
57 -CCTACG-3~
57 -CCTACG-3~
57 -CCTACG-3~

primer

DNA
polimerasi
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Step 2 - Amplificazione

57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

Denaturazione

57-CCTACGATGTTACGACTATACATGGCAT-3”

37 -GGATGCTACAATGCTGATATGTACCGTA-5"
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Step 2 - Amplificazione

57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

57-CCTACGATGTTACGACTATACATGGCAT-3”

37 -GGATGCTACAATGCTGATATGTACCGTA-5"

57 -CCTACG-3~
57 -CCTACG-3~

primer
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Step 2 - Amplificazione

57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

57-CCTACGATGTTACGACTATACATGGCAT-3”

37 -GGATGCTACAATGCTGATATGTACCGTA-5"
57 -CCTACG

DNA
polimerasi
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| ddNTPs interrompono la reazione

57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

57-CCTACGATGTTACGACTATACATGGCAT-3”

37 -GGATGCTACAATGCTGATATGTACCGTA-5"

6 CoT 57 -CCTACGATGTT
A G
P56 1
T C
G A C DNA

polimerasi
ddNTPs dNTPs
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Quattro reazioni per quattro provette

Provetta 1 57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

C T
G~ cC - 5° _CCTACG-3"
T A 6 T 57 -CCTACG-3"
TG C 57 -CCTACG-3~

A C
ddNTPs dNTPs primer

DNA
polimerasi
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Quattro reazioni per quattro provette

Provetta 1 57 -CCTACGATGTTACGACTATACATGGCAT-3”
37 -GGATGCTACAATGCTGATATGTACCGTA-5"

37 -GGATGCTACAATGCTGATATGTACCGTA-5"
57 -CCTACGATGTTA
57 -CCTACGATGTTACGA

. 5” -CCTACGA

G C ¢ 57 ~CCTACGATGTTACGACTA
TA ©

T >t
G .\ ¢

ddNTPs dNTPs
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Quattro reazioni per quattro provette

Provetta 1 Provetta 2 Provetta 3 Provetta 4
ddATPs ddTTPs ddCTPs ddGTPs
e_A e__T e_C e—G
e ___A o_____T o C —0G
e ______A e T - C [ I G
Q A [ ] T Q ([ ] G
\
A T C G
0:. —
ov e —_ —

Primer marcati -
con radioisotopi (32P) —

23
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Quattro reazioni per quattro provette

Provetta 1 Provetta 2 Provetta 3 Provetta 4
ddATPs ddTTPs ddCTPs ddGTPs
— A . —C N C
—_ A —_T —_C I C
A T I ¢ I C
A T C G
\
A T C G
— . A
— _ CCTACGATGTTACGACTA
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Sequenziamento automatico

1 PCR with fluorescent,

chain-terminating ddNTPs

3!
A
C
T
N :E\G:QGC C
PO T GO G
A + p-?E;%rAg
RO
C GT CG
T Mixture of dNTPs &
fluorescently- labelled
T ddNTPs
T
5!’
Original

DNA sequence,
PCR amplified &
denatured

Credit: Sigma Aldrich

Fluorescently-labelled
oligonucleotides

[ ]
o
o
]
]
o
o
o
]
o
o
o

L o

Large fragments

v

Small fragments

- - - 00>r>D0-0>r06

Laser beam

by sequencing machine

— —

Photomultiplier

I

il

lI--IIIII...IWI..IIII....
- a0-A000rr>0-40>0

Output chromatogram

2 Size separation by capillary 3 Laser excitation & detection

gel electrophoresis
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Elettroferogramma

Credit: S. Volorio, Sequencing Unit Cogentech

I‘BGD IIEI‘I-D

| 1 1

L 1I3|5EI

| II5ZD

!

CTTCTGTTTTGCAGACTTATTTACCAAACATTGGAGGAATATCGTAGGTAAAAATGCCTATTGI(
I . | || R | | I V. I ¥

1560
1300
1040_|

a0

520

|
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Limpatto del Progetto
Genoma Umano




Che cosa e stato scoperto?

. Il genoma umano é lungo circa 3.2 miliardi di basi

. Possediamo tanto DNA da andare e tornare dal Sole per 41 volte!

Protein coding

genes; 1,50%

Retrotrasposon
&DNA trasposon;
44%

. Possediamo «solo» 21.000 geni

Miscellaneus
unique sequences;
12%

Simple sequence
repeats; 3%

Segmental
duplications; 5%

Adapted from T. R. Gregory Nat Rev Genet. 9:699-708, 2005
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Sviluppo di piattaforme tecnologiche

1.  Strutture informatiche per «depositare» le sequenze
2. Sviluppo di algoritmi/software per analizzare i dati

3. Nascita di nuove discipline (genomica comparativa, farmacogenomica, bioinformatica)

29 F ) FONDAZIONE
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& NCBI Resources ™ How To ¥

Sign in to NCBI

=NCBI

Mational Center for
Biotechnology Information

All Databases v | |m

Welcome to NCEI

The National Center for Biotechnology Information advances science and health by providing access to PubMed

NCBI Home
Resource List (A-Z)

Popular Resources

All Resources biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMsad Central
Data & Software BLAST

DNA & RNA Submit Download Learn Mucleotide
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a Genome

Genes & Expression into NCBI databases computer class or watch a tutorial SHNP

Genetics & Medicine H Gene

Genomes & Maps ' ‘ ri Protein
Homology hd PubChem
Literature

Proteins NCBI News & Blog

Sequence Analysis

Taxonomy

Training & Tutorials

Develop
Use NCEBI APls and code

libraries to build applications

Analyze

Identify an NCBI tool for your
data analysis task

Research

Explore NCBI research and
collaborative projects

Find SRA datasets in the cloud using
BigQuery Taxonomy Analysis tables!

27 Apr 2020

MNow that the Sequence Read Archive
(SR AY is nothliche availahla an the cland

Variation
B New feature added to Primer-BLAST to
| ?%;g "I better design primers for expression
T | 22 assays

https://www.ncbi.nlm.nih.gov

24 Apr 2020
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Cosi lontani, cosi vic

ini

Sequenziato genoma di scimpanzé
nel 2005

Genoma dello scimpanzé e dell’luomo
IDENTICI per il 96%

29% delle proteine sono identiche

31

F ) biasorin




Nello 0.3% del nostro genoma €
racchiusa la diversita umana

R Credit: https://www.facebook.com/ManifestodellaDiversitaUmana/

32

FOMNDAZIONE
DiaSorin




Variazioni nel genoma

—

Cl |T| A ||A}| |G| |[T| [A

CTAﬁﬂGTA

go ﬂo go

Single Nucleotide Polymorphism (SNP)

33 F ) FONDA ZIONE
DiaSorin



Variazioni nel genoma

Cl |T| A ||A}| |G| |[T| [A

(- )
1 SNP ogni 300 paia di basi

e (Circa 10 milioni SNPs
\_ _J

CTA_GﬂGTA

go ﬂo so

Single Nucleotide Polymorphism (SNP)
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Che significato biologico hanno?

Sequenze regolatrici ‘

Alterazione livelli di espressione del gene e di Proteina con alterazione Proteina non piu
produzione della proteina amminoacidica funzionante

FOMDA ZIOMNE
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Genome wide association studies

Analisi su larga scala di genomi di individui diversi alla ricerca
di varianti geniche associate allo sviluppo di una certa
patologia (GWAS)

= Consorzio HapMap identifica una variante genica che

predispone a un tipo di degenerazione maculare (2005)

Complement Factor H

Polymorphism and Age-Related
Macular Degeneration

Albert 0. Edwards, '™t Robert Ritter lll," Kenneth ). Abel ®
Alisa Manning,? Carolien Panhuysen,®® Lindsay A. Farrer®*557
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Genome wide association studies (2005)

CINDE D OaEs-
’ %m i
£2iiifd
L R-Reg-F X I X ]
I EBE  THNNNL 1D+ (LI D TR T T~ i
iz 2
L Rele} B 4 Jof )
me
B o ) g f1g::
@ | 81 DN ) -G THHE
B55335i8
oe0e@00e
NI D= QM ETEDR §
wmm i
fijinsl
000 QCO®D
— m i
i m H
H
mmrmi
forssid
(I NEMT NN NI Do PN e mo e
2
i
. n— . I
COMT B TR N KT ) (@8 W D ] ifggdit
[+RaR-Ref -0 X
1o,k
IO N D - (I TN THD ¢ mm m
20086060
(im0 IS NI PR W | ; i
£l

I TT AN A T =3I NIITTlD:

@ igere ]
© alzhaimer dnsass APOE't camers @ Dhacepanopes @ Coomersd e
-1
[a]
@
@
@

A

DiaSorin

FOMNDAZIONE

FD

37

Credit: genome.gov



Genome wide association studies (2012)

Credit: https://www.ebi.ac.uk/gwas/diagram
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Un catalogo sempre aggiornato

o emeiesi i [

GWAS Catalog

The NHGRI-EBI Catalog of published genome-wide association
studies

breast carcinoma Q
Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

https://www.ebi.ac.uk/gwas/
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Un catalogo sempre aggiornato

EMBL-EBI )

GWAS Catalog

The NHGRI-EBI Catalog of published genome-wide association
studies

breast carcinoma

Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

GWAS / Search / breast carcinoma

Refine search results Lad

Search results for breast carcinoma

Traits [11]
0O cenes

~)

Catalog stats

Last data release on 2020-
03-08

4493 pubiications

120219 SNPs

179364 associations
Genome assembly
GRCh38p13

« dbSNP Buiid 152

Ensembl Build 98

https://www.ebi.ac.uk/gwas/search?query=breast%20carcinoma/

breast carcinoma

A carcinoma arising from the breast, most commonly the terminal ductal-lobular
unit. It is the most common malignant tumor in females. Risk factors include
country of birth, family history, menstrua... Show more =

Associations L) Studies @By

HER?2 positive breast carcinoma

A biologic subset of breast carcinoma defined by high expression of HER2, GRB7,
and TRAP100, and by lack of expression of estrogen receptor (ER)

Associations ) Studies )

40
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917 1,324 La maggior parte degli

studies studies

(37.3%) (53.9%)

studi Genome-wide

in 3 categorie

B Disease [ Traits
B Pharmacogenomics

From: Giacomini et al., Nat Rev Drug Discov. 2016 16(1): 1
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Medicina Personalizzata




Un cambio di paradigma

» Passaggio dal “one size fits all” (lo stesso trattamento per tutti) a “personalized medicine”

» La genomica consente di operare classificazioni molecolari e di scegliere il trattamento piu efficace alla
dose terapeutica piu indicata per quello specifico paziente, per una specifica malattia caratterizzata dal

punto di vista molecolare

* F D bissorin




Lo stesso farmaco per tutti

/=.0 =@e =8¢ -0

Farmaco A

)

C.. =8¢ =Ee =../

C.. =8¢ =@ =..\

Farmaco A efficace nel 20% della popolazione
80% dei pazienti non avra beneficio dal trattamento

\=.0 =8¢ =EDe =.0/
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Scoprire il profilo molecolare dei pazienti

\=.0 =@ =@ =-0/

/=.0 =De =8¢ =8¢

Somministrare il Farmaco A solo ai pazienti che hanno il profilo molecolare
adeguato e che risponderanno alla terapia
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Un farmaco per ognuno

Trattamento sulla base del profilo molecolare del paziente

ONDAZIOME
DiaSorin

F D biasori

46



Un esempio: HER-2 e tumore al seno

1987

2006

ARTICLES \

Human breast cancer: correlation of relapse and
survival with amplification of the HER-2/neu oncogene

DJ Slamon, GM Clark, SG Wong, WJ Levin, A Ullrich, WL McGuire
+ See all authors and affiliations

Science 09 Jan 1987:

Vol 235, lssue 4785, pp. 177-182
@n}. 1126/science.3798106 J

Food and Drug Administration approva il primo
farmaco molecolare
anticorpo monoclonale contro HER-2

47
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L impatto

48

Miglioramento dei tassi di sopravvivenza di oltre il 30% (tumori stadio 1-3)
Test per positivita a HER-2 entrato di routine nella diagnosi molecolare dei tumori alla mammella

[l farmaco molecolare utilizzato anche in altri tipi di cancro (quelli con over-espressione di HER-2)

F D bissorin




La sfida che ci attende

Genomics
Epigenetics Y
Allelic variants Transcriptomics I
Mutations 1i_
1 - : ‘-.
N Proteomics 3 >

Conformation
Activation
Posttranslational
modifications Transport
Secretion Enzyme kinetics
Intercomiersion
Accumulation
Degradation

Alternative splicing
RMA structure
) Metabolomics
Integrare le informazioni raccolte
dalle scienze -omiche
per identificare le funzioni dei geni
System Biology
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consulta tutte le risorse didattiche su
www.fondazionediasorin.it
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