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Per alcune lezioni che tratteranno argomenti particolarmente innovativi e non
sufficientemente descritti nei libri di testo, sara’ fornito agli studenti opportuno materiale
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ESEMPI DOMANDE CHIUSE

Quali delle seguenti proprieta’ caratterizzano gli mRNA degli istoni:
1. sono trascritti durante la fase S del ciclo cellulare

2. sono trascritti dalla RNA polimerasi Il

3. non sono poliadenilati

4. sono presenti solo nelle cellule eucariotiche

La proteina Dicer:

1. sta nel nucleo

2. € una ribonucleasi

3. e una endonucleasi che taglia RNA a doppio filamento

4. riconosce preferenzialmente gli mRNA dei geni housekeeping



ESEMPI DOMANDE APERTE

v'Cosa sono 1 frammenti di Okazaki?

v [llustrare schematicamente I meccanismi di
controllo della fedelta' di dulicazione del

DNA

v [llustrare brevemente come viene stabilito
1l corretto 1nizio della traduzione



Che cosa studieremo?

Dove e’ scritta I’informazione genica:

Replicazione In
__ PROCARIOTI
Come si esprime 1’informazione genica: ed

Trascrizione e Traduzione EUCARIOTI
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Dove e’ scritta I'informazione genica®?

DNA the molecule of life ..
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Trillions of cells % 2 a0

Each cell:
® 46 human

chromosomes
* 2 meters of
DNA
* 3 billion DNA ﬂ

subunits (the
bases: A, T C, G

“ Approximately
30,000 genes
code for proteins
that perform most
life functions
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Cosa e’ I'informazione genica?

L'informazione genica consiste in una sequenza
lineare di nucleotidi (=DNA) che viene decodificata

allo stesso modo in tutte le cellule di tutti gli
organismi.

Il genoma:

- i complesso dell'informazione genica di una cellula
- la massa totale del DNA cellulare
- Il patrimonio ereditario dell'organismo a cui appartiene



COMPLESSITA DEL GENOMA

Servono informazioni proporzionali alla complessita
dell'organismo ?
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Figura 16-11 Correlazione fra dimensione del genoma e tipo di orga-
nismo. Per ogni gruppo di organismi la barra rappresenta la variabilita
approssimativa della dimensione del genoma, misurata come quantita di
coppie di nucleotidi per genoma aploide.



Technical advancement that made
human genome sequencing feasible

1977  DNA sequencing by chain-termination nucleotide
analogs (di-deoxy sequencing method) - Sanger

1986  DNA sequencing using the Sanger method with
fluorescent dyes attached to nucleotides - Hood

1987  First automated DNA sequencer (Applied Biosystems,
California)

1998  PE Biosystems (now Applied Biosystems) develops ABI
PRIMS 3700 DNA analyzer, an automated high
throughput capillary DNA sequencer



Human Genome Sequencing
Projects

® Human genome sequencing project first
proposed in 1985

® HGP started in 1990 (NIH & DOE) plus
International sequencing labs

® By early 1998, only less than 5% of the

genome had been sequenced; uncertainty to
finish before 2005

® Celera shot gun sequencing intitated Sept
1999 and completed June 2000 (1)



s bl larerriaonarerkly et e The Sequence of the Human Genome
J Cradg Yerder,'™ Mark D Aderns,’ Dugere W, Myers,” Peter 'W. U Bahard L Marel’
Cranger G Setton " Hamilien O St " Mark Yaedeld " Changd & Fvane” Rabart A Hal'
Joswiine D Gacayr,' Peter Amunasices, ' Rchard M Ballew " Danied M Mouon '
Joownller Russe Wortman ' Qlag Dhang " Ovevapps D, Kadiva ' Mangees 1 2haeg.' Uin Ovn
Marten Shapetd, ' Congs haren Stvarmnion,' Pad D Thomm,' Jrghed Dhang '
Goorge L Gabbor MBlon " Cotharion Nebion." Semvard Beoder.’ Andeow € Clark ® Joe Nadoan*
Viitar A Pasidd ™ Neeten Livder.” Avonldd | Levion” Baihard | Rabartn® Mol Shvan”

Cavnlyn Sapwan ™ Mol Mankapilior, " Randall Rolanoe,' Arsvar Delcher " Lan Dew,' Dardel Faesda, |
Michael Pacigen " Ulars Neoree. ' Asron Halpem, " S0char Massendhalll * Seul Keavits " Sarwsl Lawy '
Clark Mabarry,' Kot Reloert,' Kavin Remmington.’ Jane Abw Theoldeh.' Ehen Bassley.” Kendes Blddich.’
Vivien Bonaisl " Ihands Brandon ' Muhele Carghl " hibsar Ohandearoutiowarsn ' Soaswe Ohartob. '
Kabds Chatanved " Tuoming Derg.' Velontine Bl Francanin.' Patrbdh B ™ Karon Blbhedk.'
Carttm Svangeiiona” dnden | Gabralan' Warmie Gan" Wanpgwis Co ' Fanprihang Gong " Ihpimg G’
Plag Conn.' Thamas | Mol " Maresn £ Wiggio ' Rab b 5" Dhacad ge' K A Ketchom '
Dhorgwu Led.' Yideg Lol " Therye U Sayin UL" Yoog Ueng,' Neayhyg Un.' v L'
Canrady V. Markaiow,” Natalls Mlshing, ' Melan M Maare,' Astrainibamer K Mot '

Vabbas A NMarayen.” Boens Neelar ' Oeborah Nesshorn ' Doogles & Dindh " Stewe Saelthery '
Wl Shen.' Baiwrg B’ Jogtan S’ Do Youn Werg' Albhel W' e Werg.' Jon Wang'
Mg Mol We " Ran Wided " Ohundin 20" Owwduss Yan ' Miten Yoo " |one Yo" Mg D'
Welging Thang " Meogyw Thang." OF Dhae.' Lisnabheng Dhng, " Tl Dhong” Wanpsn Dhong '
Shisoping € Dva " Shaying Do, ' Denels Glert’ Sunsrvs Bosnharter.' Cone Spier,’
Chrtsting Carter,” Anihal Cornebin,' Trewnr Wonduge ™ Parnoe AL Maiin 20" Aderarite Ane,’
Dardte Balderin, " Holly Baden "™ Mary Barrmtead " b Barrom ' Kae Beeson " Dess Sasam *

Arwy Carver,” Angels Convtar,” Mg Lo Ohang.” Ui Conry,” Seve Dasatver, " Lurwl Duvenpont’
Axpmond Dedliste,' Saanes Diatz " Krieting Dodeen,' Liea Daup ' Steven Ferriara ' Neba Gag *
Andres Claschamern, ' Belt Mart” Jesca Mayrwa” Charles Hupoes,' Charyl Meloer,” Sussne Maden’
Darnen Hestin, ' Javrett Hewdk " Tinothy Moviaend ' Olapere Bagwam ' Jollery Johason '
Pranscit Kabarh ' Lodley Kline,' Shaahl Kodaru ' Amy Love ' Telacis Mane ' David My’

Steven McCanlny ' Tine Mortosh " by McMalon ™ Mee Moy " Unde Moy, Brlan Maphy '

Koty Nebson " Comihie Manchoan” ek Pratin” Vierte A’ M Ouensds, ' Matthew Bosrden,”
Rabart Bodiguee,’ Yubad Rages ' Dosere Rornbiand ' Bab Rabiol " thihard Soonn,’ Cymaida Vinee '
Michelle Sonllwecd ' Trin Stewart " Reces Swoag " Dles Sab " Reghasdd Thomas ' M N T '
Suboyes Tae,' Clawe Vach ' Cary Wang " Jerenry Wetter " Sharits Wiklame,' Monics Willlara, '
Sendes Windior," trelly Winn-Deen " Kertelen Walte " Jagstwee Zoverl " Karers Zovert '

Jonep B, Abel " Rudderie Codph ™ Mihael | Comphall " Kimeven V. Salarsder.” Belan Kadad'

l l * ' g Anish Cajarinal,” Muaipe MUT Batry Larasrenn,” Thamus Mamas ' Aparvae Narathanin " Laren Dierser’

TTnonEINe ngeer , Avashye Murugarad e ' Nan Gee," Saf Sane " Viees Bafra,' Sovin sl " Bose Uppeet,*
: 105 s000mecsenssemasepmmers - X Rusaell Schwerts,’ Drien Walens,' Shide Yocoeph ' David Allen, " Acend Deau ' erses Basendele.’

' - . Lowi Bick,' Marcele Coarmirtia,' Jote Corrvn-Stine,” Parris Couti,' Yon el Ovang,' My Coyre,’
el Dublin Rewse Desluties Mays.' Marks Doesbroskl " Machael Dosnelly.’ Oule x " Shive Bspurtum |
Corl Favler,” Moo Cre” Maphen Ularmwrsh " Bometh Clamer,’ Arrw Cladeh,' Mark Gornbien '’
Kon Coabum, ' Rarvy Coopwan ' Michasl Marvie" ey Hall " Soatt Headaran " Jetirey Hassw '

Derald bewings. ' Cathurins Jorden " James Jocdan " Jobn Kaha " Loanid Kagen ' .
" X e\ _ . Alccander Lavitaboy, " Mark Lovin " Xanghnm Uk’ Johwa Loper.’ Darvel Mo " WS
.\L}"P‘{k'l‘,]g‘ﬂ( ‘.\']!h [}‘;{ Sssue - Joe MeDaniel." Sean Mgy ' Matthew Newrsen " Trung Npwee, ' Ngose Ngeye
. ' Sar Pan ' By Pk ' Marshell Poterson ' Williaes Bowe.' Bobart Sanders '
Phahuinl Sonprin’ Thamas Saith " Atae Spragun,’ Timethy Stechnel,’ Rassell Tarrar, Vorlar,'
Ml Wang ' Mahuan Wen ' David Wa," Miachel W' Aoviey 00" Al Zandieh ' Xuchong Dw'
|

| n '
U ISMRELY 2001 WA 1 W AR LT BRag g

wos reiere L om

Cood vibrations

R Al L e







g;\(l): c:ggibolg (I:]:alix ZANUNUNININZ L

“beads-on-a-string” _@ »
form of chromatin nr

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in
extended form

condensed section
of chromosome

!

700 nm

\\ U
%tr(/)mere

e nti re 3 : ',“-"J'-“_" e e I _\ i “ ’ *
mitotic . o oSyt 1400 nr
chromosome o il
NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH
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LIVELLI DI COMPATTAZIONE DEL DNA

NEI PROCARIOTI

citoplasma

1 singolo cromosoma circolare
organizzato in una struttura
ovoidale condensata chiamata
NUCLEOIDE

celular ¥,

membrana _1
plasmat

ribosom ‘ y

DNA batterico

Resistenza agli antibiotici
Tecnologia del DNA ricombinante



Anatomy of the human genome
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jJunk DNA or useful RNA?

1972 ST

SO MUCH "JUNK" DNA IN OUR GENCME

Susumu Chno
City of Hope National Medical Center

The mammalian genome (haploid chromosome complement)
contains roughly 3.0 X 107° mg of DNA which represents a
3.0 X 10* base pairs. This is at least 750 times the ge

size of F. coli. If we take the simplistic assumption t

the mumher of acanes rrantrainad ic nranar+innal +A #ha ~an

Coding UTR
0.9m 0.5m
(2%) (1%)

Unknown Near
33.5m gene
(62%) 0.7m

(1%)

from massgenomics.org

Intron



Small RNAs and Gene Silencing

Name Organism Length (nt) Proteins Source of trigger Function
miRNA Plants, algae, animals,  20-25 Drosha (animals only) Pol Il transcription Regulation of mMRNA
viruses, protists and Dicer (pri-miRNAs) stability, translation
casiRNA Plants 24 DCL3 Transposons, repeats Chromatin
modification
tasiRNA Plants 21 DCL4 miRNA-cleaved RNAs from  Post-transcriptional
the TAS loci regulation
natsiRNA Plants 22 DCL1 Bidirectional transcripts Regulation of
24 DCL2 induced by stress stress-response genes
21 DCL1 and DCL2
Exo-siRNA  Animals, fungi, protists ~21 Dicer Transgenic, viral or other Post-transcriptional
exogenous dsRNA regulation, antiviral
Plants 21 and 24 defense
Endo-siRNA Plants, algae, animals, ~21 Dicer (except secondary Structured loci, convergent Post-transcriptional
fungi, protists siRNAs in C. elegans, and bidirectional regulation of
which are products of transcription, mMRNAs transcripts
RdRP transcription, paired to antisense and transposons;
and are therefore not pseudogene transcripts transcriptional gene
technically siRNAs) silencing
piRNA Metazoans excluding  24-30 Dicer-independent Long, primary transcripts?  Transposon regulation,
Trichoplax adhaerens unknown functions
piRNA-like  Drosophila 24-30 Dicer-independent In ago2 mutantsin Unknown
(soma) melanogaster Drosophila
21U-RNA Caenorhabditis elegans 21 Dicer-independent Individual transcription of ~ Transposon regulation,
piRNAs each piRNA? unknown functions
26G RNA Caenorhabditis elegans 26 RdARP? Enriched in sperm Unknown

adapted from Ghildiyal & Zamore. 2009. Nat Rev Genet. 10:94

miRNA: microRNAs; casiRNA: siRNA: short interfering RNA; cis-acting siRNA: short interfering RNAs; tasiRNA:
trans-acting siRNA; natsiRNAs: natural antisense transcript-derived siRNA; exo-siRNA: endogenous siRNA; endo-

siRNA: endogenous siRNA ; piRNA: PIWI-interacting RNA;



VWhat are Inc RNAs?

Non coding RNAs
>200 nt in length
cell-specific function

poorly conserved
among species

the amount of Inc
RNAs in DNA
correlates with
organism complexity

Other or Uncategorized

miscRNAs transcripts, 1865
(miscallaneous RNAS),
1187

snoRNAs
{small

IncRNAs [longnon-
coding RNAs), S089

nucleolar
RNAs|, 1521

miRNAs [microRNAs),
1756

Antisense RNAs, 3230

snRNAs (small nudear
RNAs), 1944

from Baker M., Long noncoding RNAs: the search for
function, Nature Methods 8, 379-383 (2011)



Many different classifications -

LncdRNAs

Gen
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adapted from Gomes
Q.A. etal., Non-
Coding RNAs: Multi-
Tasking Molecules in
the Cell, Int. J. Mol.
Sci. 2013, 14(8)




Epigenetic Regulation by Long
Noncoding RNAs

Jeannie T. Lee

www.sciencemag.org SCIENCE VOL 338 14 DECEMBER 2012

LncRNASs in X-chromosome inactivation.

(A) The IncRNA Xist is transcribed from the Xic
of the inactive X chromosome (Xi). Xist
RNA covers the entire chromosome and
silences gene expression through
epigenetic modification of histones and
DNA.

(B) The core region of the Xic and its INncCRNAs.

(C)LncRNA-protein interactions at the initiation
of XCI.
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ESPRESSIONE/"DECODIFICA”
DELL'INFORMAZIONE

Il DNA contiene i “"GENI", cioe tratti specifici di nucleotidi
responsabili della produzione di un prodotto funzionale
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replicazione o duplicazione
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trascrizione traduzione
della della

informazione informazione

Reintrepetazione
del dogma della biologia molecolare alla
luce delle nuove conoscenze sul genoma




