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Tecniche di identificazione-Analisi del cariotipo
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CELLEBIOLOGY

Chromosome territories

Karen J. Meaburn and Torm Mistel

The natural habitat of eukaryotic genomes is the cell nucleus, where each chromosome is confined
toadiscrete region, referred to as a chromosome territory. This spatial organization is emergingas a
crucial aspect of gene regulation and genome stability in health and disease.

Vol 445,25 January 2007 namre






The Human Genome Project
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+ TABELLA 201
Oblettivi fondamentall della genomlca

1

. Stabilire banche dati e interfacce di ricerca integrate

e disponibili in Internat.

. Generare e ordinare sequenze genomiche e se-

quenze di geni espressi.

. Identificare e annotare tutti | geni codificati da un de-

terminato genoma.

. Costruire atlanti di espressione genica.

. Incrementare i dati funzionali, tra cui quelli sulle ca-

ratteristiche biochimiche e fenotipiche dei geni.

. Carafterizzare la diversita di sequenza del DNA.

. Fornire risorse per eseguire comparazioni fra | geno-

mi.
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Sequenziamento ABI 377/310

PE Navigator ™
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Figura 3
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The Human Genome Project

 Genl identificatl: ~ 25.000
e SNPs: O x 10°



The Human Genome Project




Single nucleotide
polymorphisms
(SNPs)
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ChAS: Intuitive Graphical Interface
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Unique combination of read length & reads per run ensure the broadest applications

portfolio

De Novo Sequencing
" Microorganisms (genome plasticity)
® Plants, Animals

® BACs, YACs, Fosmids, Viruses etc.

22 December 2006 | $10

Resequencing
® Whole Genomes

® Disease associated regions

® Somatic mutations (cancer research via amplicon sequencing)

Breakthrough

® Structural variations of the human genome ek
of the Year

Transcriptome Analysis
® Expression profiling (e.g. SAGE-like, CAGE-like, GIS-PET)
® EST-sequencing
® Full length cDNA sequencing

Gene Regulation Studies

¥ Identification of transcription factor binding sites (ChIP-Sequencing)

R T -
Poincaré
Conjecture

PROVED

® Identification and quantification of sncRNAs sequences
Epigenetic Changes

® DNA-Methylation patterns
Metagenomes & Microbial Diversity

® Shotgun sequencing of the metagenome

® 16S amplicon sequencing

Ancient DNA

® Neanderthals, Mammoths and many more



Structural Variation of the
Human Genome

Andrew J. Sharp, Ze Cheng, and Evan E. Eichler

Deparement of Genome Sciences, Universiey of Washingeon, How ard Hughes
Medical Insticnte, Searele, Washingeon 98 195; email: ees@gawashingeonsdu

Anmi. Bev. Genomics Home Genese 2006,
70742
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Figure 2. Structural variation map.

The schematic summarizes the distribution of insertions, deletions and inversions on each human
chromosome. A total of 297 clusters were identified: 139 insertions, 102 deletions and 56 inversions
breakpoints (Supplementary Table 1 online). Across the genome, 163 of the structural variants map to

regions of segmental duplication.
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The Diploid Genome Sequence
of an Individual Human

Samuel Leuy"*, Granger Sutton', Pauline C. Ng1, Lars Feuk?, Aaron L. Hﬂ|pEH‘I1, Brian P. Walenz', Nelson Axelrod’,
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Karen Y. Beeson', Tina C. McIntosh', Karin A. Fh.amingtc:nn1r Josep F. Abril*, John Gill', Jon Borman', Yu-Hui Flnger51,
Marvin E. Frazier', Stephen W. Scherer?, Robert L. 5trau5herg1, J. Craig Venter'

1 ). Craig Venter Institute, Rockville, Marland, United States of Amernca, 2 Program in Genetics and Genomic Biology, The Hospital for Sick Children, and Molecular and
Medical Genetics, University of Toronto, Toronto, Ontario, Canada, 3 Department of Computer Scence and Engineering, University of California San Diego, La Jolla,
Califomia, United States of Amenca, 4 Genetics Departrment, Facultat de Biologia, Universitat de Barcelona, Barcelona, Catalonia, Spain
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Initial sequence of the chimpanzee
genome and comparison with the human

genome

The Chrpatsed Sajuacng and Arais ©orker Tus®

Here we present a draft genom e sequence of the common dhimp Fzee (Pon togladyies). Through comparison with the
hiuman genome, we hawe generated 3 lrgely complete catsogue of ihe genetic dHerences that have accumulated sinoe
o i an and chimpanzee spedes dverged trom our Common anoes or, Congtituiing approdmately thirty-thie million
sngle-nudestide dhanges, thie million insesion/d detion evenis, and varous chromos omal rerrangements. We use 1his
atasogue o eiplore the magritude and regional variation of mutaton 2 toroes sraping these two genomes, and 1he
dmngth of positive and negative seedion actng on e geres |n particular, we tind that the patiems of ewnlution in
hiurnan and chimparzes profeinecoding genes are highly corelated and dominated by the fixation of newtml and Sightly

deietericus alleles. We also use e Gimp Inzee fenome 35 I culgroup to irmestigate human population genedics and
idently Spratures of seledtive swems in recent human e luflon



La rivoluzione “omica”

Human Genome Project (2003)

Viene pubblicata la sequenza eucromatica del genoma umano.
Nature 2004; 431 (7011): 931-945.

Phase | HapMap project (2005)

Viene prodotta la prima mappa degli aplotipi.
Nature 2005: 437(7063):1299-1320

Encyclopedia of DNA Elements (ENCODE) project (2007)

|dentificazione e analisi degli elementi funzionali (in fase pilota) nell’ 1% del genoma umano.
Nature 2007; 447(7146):799-816

1000 Genomes Project in 2008

Un piano per catturare le diversita umane in 1000 genomi.
Science 2008; 319(5863):395



TABELLA 1.2 Il contenuto in DNA

delle cellule
Contenuto
in DNA aploide
Organismo (in milioni di bp)
Batteri
Mycoplasma 0,6
E. coli 4.6
Eucarioti unicellulari
Saccharomyces 12
cerevisiae (lievito)
Dictyostelium 70
discoideum
Euglena 3000
Piante

Arabidopsis thaliana 125
Zea mays (granoturco) 5000
Animali

Caenorhabditis a7
elegans (nematode)

Drosophila melanogaster 150
(mosca della frutta)

Pollo 1200
Pesce zebra 1700
Topo 3000

Ulomo 3000
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+ FIGURA 3317

Organizzazione generale del genoma umano. Lo schema rappresenta |'estensione proporzionale complessiva del-
|z diverse classi di sequenze nal genoma umano. Larea occupata sul genoma dai geni codificant per proteine ed RMA
& disegnata in modo da nchiamare simbolicamente la particolare suddivisions in esoni ed introni tipica di queste se-
quenze (gh esoni sono simbolegoiati da barre onzzontali), Le percentuali sono indicative, perché non tengono conto
delle sovrapposizioni parziali di alcuni tipi di sequenza nella stessa regione. La percentuale complessiva di codoni co-
dificanti & stimata intomo all'1,2%, tuttavia qui sono stati considerati solo | geni la cul espressione sia stata conferma-
ta sperimentalmente all Ottobre 2006, secondo i dati della Tabele 33.4 & 33.5. Alre spiegazioni sono date nel testo.
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Animals Flants

Fungi
Ciliates

Euglena
Microsporidia

EUKARYA
Slime molds
Diplomonads
{Lamblia)
_ BACTERIA
E. coli Sulfolobus
ARCHAEA
B, subtilus Thermoeoeous
Thermotoga Meathanobacterium

Halococcus
Flavobacteria

Green sulfur Halobacterium
bactena

Borrelia
burgdorfert

Merthanocoeous
jannaschil

N Presumed common proganitar
of all extant organisms

Presumed common progenitar
of archasbacteria and eukaryotes

Figure 1-5. The three kingdoms of organisms are related through common sequences of their

ribosomal RNAs. Their lineage depicts a view of how all life on earth, from simple bacteria to complex
mammals, evolved from a common, single-celled progenitor.



Figura 1.18 Drosophila melanogaster
(Darwin Dale/Photo Researchers,
Inc.).



Figura 1.19 Arabidopsis thaliana
(Jeremy Burgess/Photo Researchers,

Inc.).




Figura 1.21 Pesce zebra

(A) Un embrione dopo 24 ore di cre-
scita. (B) Un pesce adulto. (A, cortese-
mente fornita da Charles Kimmel,
University of Oregon; B, cortesemente
tornita da 5. Kondo)

(B)

(A)




Membrana
plasmatica

Parete
cellulare

Figura 1.6 Immagine di E. coli al
microscopio elettronico

La cellula & circondata dalla parete cel-
lulare, all'interno della quale si trova
la membrana plasmatica. Il DNA e
compattato nel nuclecide. (Menge e
Wurtz/Biozentrum, University of
Basel/5cience Photo Library / Photo
Fesearchers, Inc.).

Nucleoide
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Applicazioni delle Biotecnologie

Semplici batteri in grado di:

v'Produrre carburanti puliti fino a sostituire il petrolio
come fonte di-energia

v'Sintetizzare antibiotici per combattere “le nuove
Infezioni del pianeta

v Eliminare la CO2 in eccesso nell’atmosfera

v'Frenare Il riscaldamento globale
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+ FIGURA 331
Le ricadute del sequenziamento del genoma umano in biologia e medicina. Spiegazione nel testo. | concstto ba-
se del'illustrazione & ripreso da Vezzoni et al., 1998
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D-loop 579...16029

e 1
tANA-Pro 16024...15956 )
tANA-Thr 15880, 15054 ! tANA-Fhe 575.. 649
CYTB 14748...15882
tANA-Glu 14743...14675 . 7 HiAval 1804...1672
PH s

ND6& 14674...14150

tAMA-Leu 3231...3205

ND5 12338...14149 MD1 3308...4264

miDMA
H. sapiens
16.571 bp

tRMA-lle 4264.. 4332
tAMA-GlIn 44014330
tRMNA-Met 4403...4470

tAMA-Leu 1226712337

tRMNA-Ser 12208. .. 12266
tAMA-His 12139...12207

ND2 4471...5514

tAMA-Trp 5513...5580

MA-Ala SE5E.. 5588
A-Asn 5730, 5658

3 AR Bl
COX1 5905...7446

tAMA-Ser T517.. 7445
tRAMA-Asp 7519... 7586
tRAMNA-Lys'8206.. 8365

/ COX2 7587...8270

ATPB 8367...8573
ATP6 8528...9208

ND4 10761...12128

ND4L 10471...10767
tANA-Arg 10406...10470

ND3 10060...10405
tANA-Gly 9992...10059 /

COX3 9208...9988

+ FIGURA 33.34
Mappa del DNA mitocondriale umana. In verde | geni codificanti per proteing, in arancione | geni per ali rRMNA, in

viola la regione a tnpla elica. E indicata |a direzione di trascrizione per ciascun gene e sono evidenziati in colore ros-
s0 i geni la cui sequenza codificante si trova sul filamento "L (in antisenso rispetto al flamento “H'). PH & PL: awio &
direzione della trascnzione per | filamento, nspettivamente, “H” & “L7 OH & OL arigine e direzione della replicazione
del filamento, rispettivamente, “H” & *". Sono indicats le coordinate esatte per ogni gene, riferite alla sequenza

GenBank n. NC 001807 .4 (filamento “HT).



Analisi del trascrittoma

Analisi del DNA

Cellula eucariote Analisi de’RNA

3
A s

iE
e al
R ﬂ!.;l"

oL N

o
=

Accademia Nazionale UNIVERSITA DEGLI STUDI DI MODENA E REGGIO EMILIA
di Scienze Lettere e Arti di Modena DIPARTIMENTO DI SCIENZE BIOMEDICHE { { &+



X LAB

Affymetrix GeneChip platform 450: GeneChip Scanner 3000 and GeneChip Fluidics Station 450




BIOLOGIA CELLULARE
E GENETICA

GENETICA

+ TABELLA 33.3

Principali tipi di RMA non codificanti per proteine (neRNA)

Le stime si riferiscomn a queli meglic camttenzzat, ma | rumero efietlive totale pud esssme molto pil grande (wedi tasba). | geni milocon-
driali non sono stati considerali. | simboli indicati per ciascun tipo possono eersire a rinfraccare inkrmazioni mi.g iari per ciascun ANA o
prekina nelle banche dati. nt: unghezza in nudeotidi dellRNA; Pol: BNA polimemsi impicata nella trascizione dell’ ncHMA; GenBark: ru-
menx di acceszso alla sequenza nella banca dali GenBank (Enfrez Nucleodde); BP: prateine ribosomal; L e S5: subunita ribozomae mag-
gi'?arjﬂ :nlz- minare, nspetivamerie; TF: ftton implicati nella fraduzione; SRP: signal recogrition paricle (paricella d riconosciments del sa-
gnale).

Interazione Lunah Murmero
o Ti Processo molecolare Localizzazione -19 Ie-zu?,a di geni Fal GenBank
assarlipo biolagico {principal moacolke  cellulare Ei" nucleal- [par genama ol lsenban
riconnsciuts] aploid)
rANA {RNA ribosomali)
285 Trackizicne rHMA 5,85, AP, TF  Fibosoma (L) E2Gnt  -400 I Mi11&7
185 Tracizions AP TF Fiboaoma () 188Nt -400 I Miooas
5,85 Tracuizions rAMA 285 AP Fibosoma (L) Ba Nt -400 | Joises
65 Tracuizions rAMA 285 AP Fibosoma (L) 121nt 1000 1 Woosas
tANA (RNA transfor)
tRMA Tracizions mARA, rRla, AP, TF Citcplasma Gogant 460 (48 diwersi 1l es tRAMA{GER):
antizodoni) XEE184
smANA (piccof ANA nucleari)
Uiy fAnLH) Splicing pre-mAMA; LA Splceozoma 163-173nt 30 (cluster in | 98 ANl A
Inizio della fmecrizione TFIIH huclen 1paE.3) Jo03a
Ciclo callulare? CONH (ciclina H) huclen
Lz (AN Splicing pre-mAMA&; Lig Splicsozoma 186 nt 630 (clustarin I X¥Eeaso
17921-g22)
Uls fAnLigl Splicing pre-mAMA; L2 Splceozoma aEnt 44 ez ANUGA:
M14486
FEK (ANFSK] Trascrizione COKECCNT1 huclen mint  1(Bp121) 1 XoE490
{regala la Pol 1)
smoRANA {piccoli ANA nucleolari) (| geni per questi ANA sono speeso localizzati negliintroni o alti geni)
C/D boa Metilazione dellAMA  rANA (snAMa, hucledla ~Tont =150 loci Il e= SNOADE:
(famiglia) mA k) AdaradEs
HiaCA box Pseudouridiazions  rHMA (JmHNA. hucleda; =13ont =80 loci 1 ez SNODAT:
(Farmiglia) dellAMA mA kA corpi di Cajal AJBOR2E
TEAC Sintesi dei telmeri DA telamerico huckeo (telomerasi) 451 nt 1 (326} I NR_0MEEE
mAMA di HTRzC
HBEW-5 Splicing {recettors perla ss-  Splcsosoma Tant  1{119112) I AC124303
rotoning)
Altri neRNA
XiST Inattivazions dell’  Cromosoma X hucleo 18.271nt 1 (¥g13.2) I MR_oo1664
ANA Regalazione dela RAMA
antizansa BSprEssiang genica
es THX Inativazions dell  FRA di 15T huclen =30.000nt 1 (Xgi3.2) I AL3E3504
es, NUDTE Regalazione di FGF2 mAMA di FGA2 Citopleama 1186 nt 1 (4oRE) I NW_oo7oes
FEL (ANTEL1) Tmsporo delle proteine Proteine della SAP - SAP mant  1{14922.1) Il Xodz24s
mifNA Regalazione dela AMA Citopleama 2z2nt =450 loci cigper- 1l es MiANZ0A:
{microfN4)  espressions genica &i [3 cluster pam- AldziTs
loghi rei crome-
somi: 13, Xe7)

Regioni mon codificanti di pre-mANA e mANA: 5 UTH; 3 UTH: infroni
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MAS 5.0: Microarray Suite 5.0 ="

|
«Controllo
strumentazione
*Rilevazione intensita’
di segnale
*Analisi assolute
*Analisi comparative

MicroDB: Microarray Data Base

*Database di gestione dei dati

DMT: Data Mining Tool

*Elaborazione dati contenuti nei database generati da MicroDB
*Opzioni di “filtering”, “sorting”, “querying”, ecc...
*Analisi statistica (medie, deviazioni standard, t-test, ecc...)
*Clustering: SOM (Self Organizing Maps)

Pearson’s Correlation Coefficient Clustering

Gene Spring™ 5.0

P — *Visualizzazione dei dati mediante “scatter plots”, dendrogrammi, mappe
Q cromosomiche, “pathways”,ecc...
GeneSpring

*Opzioni di “filtering”, “sorting”, “querying”, ecc...
*Analisi statistica (ANOVA, normalizzazione, ecc..)
*Clustering: “gene tree”, “experiment tree”, SOM, “k-means”,ecc...

GO Mining Tool

*Go mapping:
identificazione dei processi biologici principalmente attivati
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Gene Ontology: tool for the
unification of biology

The Gene Ontology Consortium*

Genomic sequencing has made it clear that a large fraction of the genes specifying the core biclogical
functions are shared by all eukaryotes. Knowledge of the biological role of such shared proteins in one
organism can often be transferred to other organisms. The goal of the Gene Ontolegy Consortium is to
produce a dynamic, controlled vocabulary that can be applied to all eukaryotes even as knowledge of
gene and protein roles in cells is accumulating and changing. To this end, three independent ontologies
accessible on the World-Wide Web (http:/Aiwvww.geneontology.org) are being constructed: biological
process, molecular function and cellular component.

nature genetics * volume 25 * may 2000



The goal of the Gene Ontology™ Consortium is to produce a dynamic
controlled vocabulary for specific biological domains that can be used
to describe gene products in any organism, even as knowledge of
gene and protein roles in cells is accumulating and changing.

The GO work includes 3 extensive ontologies describing:

» Molecular Function

the tasks performed by individual gene products; examples are
transcription factor and DNA helicase

> Biological Process
broad biological goals, such as mitosis or purine metabolism, that
are accomplished by ordered assemblies of molecular functions

» Cellular Component

subcellular structures, locations, and macromolecular complexes;
examples include nucleus, telomere, and origin recognition complex

' The Gene Ontology™ Consortium



http://www.geneontology.org/

GO
| | GO categories

Molecular function

Biological process

Cellular component

enzyme.F

transcription factor.F
nucleic acid binding.F
DNA binding.F

RNA binding.F

ligand binding or carrier.F
calcium binding.F
transporter.F

protein kinase.F

protein phosphatase.F
cell cycle regulator.F

cell adhesion molecule.F
defense/immunity protein.F
enzyme inhibitor.F
chaperone.F

structural protein.F

cell surface antigen.F
signal transducer.F
receptor.F

ligand.F

enzyme activator.F

metabolism.P

lcell growth and maintenance.P|
cell cycle.P

cell organization and biogenesis.P
transport.P

cell motility.P

cell communication.P

signal transduction.P

stress response.P
developmental processes.P
death.P

apoptosis.P

biological _process unknown.P

extracellular.C

plasma membrane.C

integral plasma membrane protein.C
membrane.C

nucleus.C

nuclear membrane.C
nucleolus.C

chromosome.C

cytoplasm.C

cytosol.C

cytoskeleton.C
mitochondrion.C

Imitochondrial membrane.C]|
Golgi apparatus.C

cytoplasmic vesicle.C
endoplasmic reticulum.C
lysosome.C

peroxisome.C
cellular_component unknown.C

' The Gene Ontology™ Consortium
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MAPPFinder: using Gene Ontology and GenMAPP to create a

global gene-expression profile from microarray data
Scott W Doniger*, Nathan Salomonis*, Kam D Dahlquist*’, Karen

Vranizan**, Steven C Lawlor* and Bruce R Conklin*™8

Addresses: *Gladstone Institute of Cardiovascular Disease, University of California, San Francisco, CAg4141-0100, USA. "Cardiovascular
Research Institute, and *Departments of Medicine and Cellular and Molecular Pharmacology, University of California, San Francisco,
CA 94143, USA. *Functional Genomics Lab, University of California, Berkeley, CA 94720, USA.

Correspondence: Bruce R Conklin. E-mail: beonklin@gladstone.uesfedu

Published: & January 2003 Received: || September 2002
) Revised: 8 Ocrtober 2002
Genome Biology 2003, 4:R7 Accepted: 8 November 2002



a http:/ /www.genmapp.org/genes.swf - Microsoft Internet Explorer

=]
J File  Modifica “isualizza  Preferiti  Strumenti 2 i

J = Indigkro = = - @ ‘ﬁ' | Ialierca (el Preferiti @Crnnnlugia |I%* 5 H

JInu:_Iirizzu:u @ http: /v, genmapp. orggenes , syf j ﬁ'u'ai JCDIIegamenti =

DNA-arrays randomly list thousands of genes

F
[__TrAFi | ' AS | [ Gapma ]
I Thiolase |
[ Gapnaii ] [ Glycerol Phos Dh ] L TRAF2 J
I y I [_Gaphait | [ 1AF3 |
IAF | KK |
| G alpha o 1 | | TR | | Perforin | Long Chain |
l IAP2 ] _
| — ! | arnitine AT | [ G alphai2 |
[ VerylongChain | [ _Gaphaiz | [caspases |
| Medium Chain
I Galphas | | p53 | [ MEKK1 ]
[ JNK ]
[Adenylyl Cyclase 3 | | G alpha 14 |
Enoyl Hydratase l PARP I
I exfun I l Short Chain
[ 3-HACoADh |

ranrymes [ Adenylyl Cyclase ’i..ﬂm
[ Adenylyl Cyclase B I Aderniylyl lase 5

Ade | Cyclase T

[ JNKK I

L__Acyi-Csyn | [Lipoprotein Lipase | I =0

I Adenylyl Cyclase 9 I

PLAY

|@ Dperazione completata l_ l_ |ﬂ Internet v



a http:/ /www.genmapp.org/genes.swk - Microsoft Internet Explorer

J File Modifica Ysualizza  Preferiti  Strumenti 2

=10l x|
&

J = Indietra » = - @ ﬁ' | @Cerca (] Preferiti @Crunnlugia |I%v 5 H

JIninrizzﬂ @ htkp: /s, genmapp.orgfgenes, sk

j o Vai JCn:nIIegamenti 2

G alpha g

G alpha 11

G alpha 14

G alpha o 1

Galphao2

G alphaii

G alphai 2

L__Gaphai3 |

G alpha s

[ Adenylyl Cyelase 1 |

Ade | Cyclase 3

LAdenylyl Cyclase 5 |

Ade | Cyclase 7

| Adenylyl Cyclase 8 |

| Adenyly| Cyclase 9 |

| Medium Chain |
[_short Chain__]
| Glycerol Phos Dh |
I Long Chain I

[_camitine AT _]

| Isomerase ]

Gl rol Kinase

L Thiolage |

Enoyl-Cof Hydratase

[ 3HACoADh |

[ AcylCsyn |

I Lipoprotein Lipase

Genes can be grouped by biological function

Gran eB

Perforin

BID

Caspase-§

PLAY

|@ Operazione completata

I_ I_ @ Internet 4




a http:/ f'www.genmapp.org,/genes.swi - Microsoft Internet Explorer

J File  Modifica “isualizza  Preferiti  Strumenti 2

={aix]
=

J = Indietro = =F - @ ﬁ' | @Cerca (e Preferiti @Crnnnlugia |I%' é H

JInu:_IirizzD @ hkkp e, genmapp. orgfgenes, swk

| pva

J Collegamenti **

G protein Signaling Fatty Acid

Degradation
| G alpha g | |_Medium Chain__|
| G alpha 11 ] [_short Chain |
| G alpha 14 | |_Glycerol Phos Dh_|
[_Galphaot ] [_Long Chain__]
[ Galphaoz ] [_camitine AT ]
| G alphaii | | Isomerase |
| _Galphaiz | Glycerol Kinase
L_Galphai3 | | Thiolase |
| G alpha s | [Enoyl-CoA Hydratase |
[ Adenylyl Cyclase 1 | [ 3HACoADh |

Adenylyl Cyclase 3 [ Acylcsyn |
LAdenylyl Cyclase 5 | [ Very Long Chain |

Adenylyl Cyclase T | Lipoprotein Lipase |
| Adenylyl Cyclase 8 |

Ade | Cyclase 9

Apoptosis

Gran cB

Perforin

|@ Cperazione completaka

GenMAPP is a tool that allows for organization of these groupings

l_ l_ 4 Internet




a http:/ /www.genmapp.org/genes.swl - Microsoft Internet Explorer - |I:I|£|

J Eile  Modifica  Misualizza  Preferiti  Strumenti 7 |-
J A Indietrn + =F - @ ‘ﬁ' | Ialierca (el Preferiti @Crnnnlngia | I%* 5‘ H
JIninrizzu:u @ hikkps f v, genmapp.orgfgenes, swk j .f#'u'ai J':'I'"E';Iﬂl'ﬂﬂl'lti #

Fatty Acid Degradation

Triacylglycerol

|

[ Lipoprotein Lipase |
Glycerol ¥ ™ Fatty Acid
L_Glycerol Kinase | L__Acyl-CSyn |
+ }
Lipoprotein Lipase A::yrlic-ml
Glycerol Phos Oh_] [_camitine AT _]

i

|
Dihydrnwa:erm Phosphate Acyl-Cod TCA Cycle
|
lspmerase | Acyl-CoA Dehydrogenase T

= 1
l |____Short Chain_| Acyl-CoA (n-2) + Acetyl CoA
Medium Chain
Glyceraldehyde 3-Phosphate

Long Chain
Very Long Chain [ Thiglase |
Glycolysis *
Trans-\-Enoyl-CoA 1
L Dlhrdmxyanﬂ;ne Phosphate
LEnoyl-CoA Hydratase |
* [ _3-HACoADh |

L-3-Hydroxyacy| CoA

PLAY

|@ Dperazione completata l_ l_ |ﬂ Internet L



a http:/ /www.genmapp.org/genes.swi - Microsoft Internet Explorer

J File Modifica Wisualizza  Preferiti  Strumenti 2

=10/ x|
=

J A Indietro + =F - @ ﬁ' | @Cerca [ Preferiti @Crnnnlugia |I%v 5 H

JIndirizz-:l @ http: f v, genmapp. orggenes, swi j v

J Collegamenti **

GenMAPP can be used to visualize DNA-array data

Fatty Acid Degradation

Trincylalysere! Legend
i [B Increase
aycerol ¥ ™ ety Aok [ Decrease
(Givcerol Kinase ] i [] No Criteria Met
Lipoprotein Lipass m,fm [] Not Found
(Sivcerol Phos Dh ] :

+
Dilydroxyacetons Phosphate Acyl-Col TCA Cycle
+ 4 s
Acy\Con Dehyirogansse 5
Aryl-Cah (n-2) + Acetyl Col
Glyeeraldehyde 3-Phosphate 4
[ Thiclase 1
Glycolysis Jr T
Trans-2-Enoyi-Cok
Jr Dihydroxyacetone Phosphate
[ Enoyl-CoA Hydratass | T
} [ 3HACoADR ]

L-B-Hydruub
PLAY»

@ Dperazione completata l_ l_ |ﬂ Inkernet




3 http:/ /www.genmapp.org, 3.5wf - Microsoft Internet Explorer

J File  Modifica Wsualizza  Preferiti Strumenti 7

=10/ x|
=

J 2 Indigtra + = - @ ‘ﬁ' | @Cerca (] Preferiti @Crunnlugia

EEL E

@ hktps v, genmapp.org) 3, swk

J Indirizzo

| Puai

J Collegamenti **

How GenMAPP works

Fatty Acid Degradat

Carnitine Acelyliransferase

Blag! Definition; Mmusculus miRMA for camitine acelyitransferase

|@ Cperazione completata

Tﬂmﬂ;'mm' L Genbank Accession #.—x&lmsa
[
[Lipoprotein Lipase | SWISS-PROT ID: P47034 jnote: funclion: camiline acelylsse is spaaific
Gtyceral 4 *y Fatty Acld for shart chain fatty acids. Camiline acetylase seems Io affect the fux
l l through the pyruvale dehpdmgenase compler, IF may be nvalved as wall
[ Glecerol Hinase | [ acicEm | fr the franspart of acetylcoa into mitachandria.
]. Calalylic activily: Acefyf-cof + camiling = cod + O-acelyfcamiting,)
Lipopratein Lipase Beyl-Coh
4 Expreszion Profle [See sbove descripbon):
[ Camitine AT | - -
! mrhﬂ £ ' Con Avg|Con 5D [8wks Avg|8wks SD |p-valuelfold  |lower cilupper ci
Eihydranyacetone Phosphate AeyiCon 2764  [259  [1611  |2a8 0.0000 [0.58 [o.5050 [0.6725
4 * Hofopaneag 1.7
ET—— Acy!-CaA Dehydrogeass : -
+ Acyl-Cod in-2) + Acstyl Coh
Glyceraldehyde 3-Phosphate =
Y - Hyperlinks to
Glycolysis * -
Tramse-EncylCoR t Swiss-Prot,
* Dihypdronryacetone Phosphate
[ EnouiTon fydatass] t GenBANK EN TREZ,
} [ sHAcaanh |

and PubMED references

PLAY

l_ l_ /4 Internet



Analisi del trascrittoma

s
fevta Ty A
s A e
’{} \ R
R4S

P
‘l
Sladied
el
\

X
P}
i

A

.
9,'{"
A“r

o
-
A

E%!

\j

o Pl
> 1

%

h Ll
My "1{'(‘ 5

XL

.,
A

5000 |
-4

vy ! \
4
5

1=

- .

Y
2 5)
S IBOWV o, 4..‘."'
,'.". 4 "“'~ '_'- Ly Le
AN

4

W
>
AL M
!
P
“r
-‘ ﬂ'

Pyt -
oAy V8 SXE HOR L)
PR - L) » - 4

profs ¥ RO
!

)

p

-—tr s

»
2
-

T
it

é 4 ]
.
.

fresh

v,
=

ALY R

R

doar?

Accademia Nazionale UNIVERSITA DEGLI STUDI DI MODENA E REGGIO EMILLA 4
+ di Scienze Lettere e Arti di Modena DIPARTIMENTO DI SCIENZE BIOMEDICHE




Prognostically useful gene-expression profiles in acute myeloid
leukemia.

Valk P., Verhaak G.W., Beijen A., Erpenlinck C.A.J., etal.
New Engl. J. Med. 350: 1617-1628, 2004
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ORIGINAL ARTICLE

Gene expression signature of primary imatinib-resistant chronic myeloid leukemia
patients
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Figure 1 Outcome-specific gene expression signature in CML. Hierarchical cluster analysis of CML samples of 36 patients with different
cytogenetic responses to imatinib treatment within the first 12 months of therapy. The heatmap combines training set {(n=41) and test set samples
{(n=4), the latter being marked by asterisks. Using SVM-RFE, 128 genes that were required to discriminate between both diagnostic patient groups
according to their cytogenetic response profile were identified. Heatmaps were constructed using z-transformed gene expression values, that is,
measurements were scaled to have gene-wise zero mean and gene-wise unit variance. Columns (samples) and rows (probe sets) of the gene
expression matrix were reordered by hierarchical clustering using an Euclidean distance metric and the complete linkage algorithm. Colored bars
above the heatmap illustrate (i) gender distribution (pink =female, light blue =male), (i) sample type (green=PB; orange=BM) and (iii)
cytogenetic response (blue = MCR, red = lack of MCR).



Clinical accuracy of the microarray test as compared to standard leukemia
laboratory methods (“gold standard”)

n = 4000 patients

— 1

Gold standard

Diagnostic Information Microarray-based gene
Morphology expression profile
Cytogenetics

Immunophenotyping
Cytochemistry
Fish
PCR




Classification Scheme (Proposal)

21-class
scheme

v’ ALL with t(8;14)
v’ ALL with t(11g23)/MLL
v’ ALL with t(9;22)
v  ALL with t(12;21)
v  ALL with t(1;19)

v ALL hyperdiploid
v" ALL other/normal
v T-ALL immature
v' T-ALL cortical

v' AML with t(8;21)
v’ AML with t(15;17)
v" AML with inv(16)
v’ AML (11g23)/MLL
v' AML with complex aberrant karyotype
v AML other/normal
v CML

v' CLL with del(13q)
v' CLL with del(17p)
v' CLL other/normal
v MDS

v Non-leukemia



Analisi del trascrittoma
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Into the Mines: extracting meaning from
microarrays

DATA are not
KNOWLDGE, and

knowledge 1s not
UNDERSTANDING

John Quackenbush



Laboratorio di proteomica (DSB)
Spettrometro di massa (CIGS)



Figura 12 Proteomica

1. Estrazione delle 2. Separazione su 3. Prelievo degli spot e
proteine cellulari gel bidimensionale digestione enzimatica

\

6. Identificazione 5. Confronto dello spettro 4. Analisi con lo
della proteina con i database disponibili spettrometro di massa
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Mass spectrometer as a molecular microscope
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IMS images from a diseased brain section from an Alzheimer's patient.

AB-(1-42) AB-(1-40)

AB-(1-39) AB-(1-38) AB-(1-37)

(a) Optical image of the sagittal diseased brain section. (b) AB-(1-42)

molecular image (m/z 4515.1). (c) AB-(1-40) (m/z 4330.9). (d) AB-(1-39)
(m/z 4231.7). (e) AB-(1-38) (m/z 4132.6). (f) AB-(1-37) (m/z 4075.5).




1. Incubazione del campione solubile sulla superficie dell’array sulla cui superfcie sono immobilizzati
gli anticorpi
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Node Name: MAF
{Meighborhood Explorer)

LL Description

v-maf musculoaponeurotic
fibrosarcoma oncogene
homolog (avian)
Synonyms
2810401AZ0Rk, C-MAF, Mafz
Source Id

209347 _s_at, 209345 _s_at,
2063635 _at

Protein Family, Domain
basic domain, bZIP domain,
DMA binding, leucine zipper
domain, protein binding, RMA
polymerase I transcription
factor, transcription regulator
Subcellular L ocation

1]

Edge Summary:

MAFfEP300

Physical Interactions [3]
Binding Events [3]

Binding of human p300
[EP300] protein and
C-MAF [MAF] protein

occurs in nuclei of Cos-1
cells,

Binding of mouse P300
[Ep300] protein and
mouse C-maf [Maf
protein occurs in lysate of
mouse lens,

Binding of human p300
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Figura 1.22 Il topo come modello
dello sviluppo dell'uomo

Un bambino e un topo mostrano gli
stessi difetti di pigmentazione (pie-
baldismo) come risultato delle muta-
Zioni avvenute a carico di un gene
necessario per la normale migrazione
dei melanociti (le cellule responsabili
della pigmentazione della pelle)
durante lo sviluppo embrionale.
(Cortesemente fornite da R.A.
Fleischman, Markey Cancer Center,
University of Kentucky).
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One-cell embryo Holding pi e Pl
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Transgenic

Figure 1 The generation of transgenic animals by gene microinjection. The embryos obtained by superovulation or by in vitro fertilization receive the
foreign genes and are developed in foster mothers. Transgenes are detected and transmitted to progeny by normal reproduction. PCR, polymerase chain
reaction.
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Fenotipizzazione di diverse cellule staminali

Hematopoietic

Neural stem cells
stem cells

Mesenchymal stem cells
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PRECURSORS TERMINAL DIFFERENTIATION
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Mature haemopoietic cells
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Figure 1 The cellular components of the haemopoietic niche.
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The Promises of Stem Cell Research
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Epiteli stratificati
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A) Stratificazione dell’epidermide B) Differenziamento delle cellule epidermiche.

Alonso 2003




Cheratinocitl dello strato basale

Holoclone Meroclone Paraclone



Colture di cheratinociti su colla di fibrina (2)

La manipolazione dei lembi di pelle, il loro trasporto e il loro impianto sono
agevolati dalla colla di fibrina, utilizzata come substrato, che viene poi
facilmente rimossa dai meccanismi fisiologici dell'organismo deputati a

guesta funzione.

Adapted from M. De Luca



Medicina rigenerativa (trapianto di cute)




Produzione di cornee su colla di fibrina
‘ |

« Biopsia di 1-2 mm? dal limbus
dell'occhio controlaterale sano di ogni
paziente.

» Cellule cresciute per 14-16 giorni in
condizioni idonee su gel di fibrina fino
ad ottenere un lembo di 3 cm di
diametro.

« Trapianti effettuati con questa tecnica
di coltura sono stati eseqguiti su 116
pazienti affetti da assenza totale o
molto severa di cellule del limbus.

Adapted from M. De Luca, Rama 2001



Medicina rigenerativa (trapianto corneale)




Corneal regeneration by cultures of limbal stem cells (up to 10 years follow-
up)

BEFORE: SEVERE SYMPTOMS AND LOSS OF VISION

2 yrs follow-up 2 yrs follow-up 2 yrs follow-up 4 yrs follow-up 4 yrs follow-up

full recovery of visual acuity
Rama et al. N. Engl. J. Med. In Press
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Graft of autologous transduced cultured epidermis

Mavilio et al., Nature Medicine, 2006, 12:1397-
1402
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Terapia genica

Produzione di vettori Trasduzione ex vivo Trapianto su paziente delle
retro/lentivirali di colture di cheratinociti cellule trasdotte

,
i ‘
% -

Ferrari 2005, Mohan 2005
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EPITHELIAL STEM CELLS AND REGENERATIVE MEDICINE
Michele De Luca

Centre for Regenerative Medicine “Stefano Ferrari”
Department of Biomedical Sciences
University of Modena and Reggio Emilia, Modena, Italy



OBSTACLES TOWARDS STEM CELL-MEDIATED REGENERATIVE MEDICINE

ONSTRUCTION OF A GMP FACILITY (opening: October 2008): 13.5 Millions €

CENTER FOR REGENERATIVE MEDICINE “Stefano Ferrari” CRM, UNIVERSITY OF MODENA AND REGGIO EMILIA (4,000 m?)
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