Lecture 5 - Promoters and transcription

contatto per studentessa cagliari



Analysis of transcriptome
-all kind of organisms from S.cerevisiae to human cells
-an armamentary of methods, from EST to microarrays to RNA-Seq

have led to the concept that the genome is transcribed much more than
previously thought
This phenomenon was named “pervasive transcription”.

Most of “unusual” transcript are present at very low level and they are at least
in part questioned. However, there are many RNA that have been
characterized.

Conceptually, these RNA should be classified as:
a) Related to genes (promoters, intronic, antisense)
b) unrelated to genes (intergenic)

1) stable
2) unstable

|. coding
ll. noncoding



Common problem:
How to distinguish “transcripts” from RNA fragments or processed RNAs ?

in addition

RNA transcripts (even capped) may arise from unexpected phenomena, such as
cleavage of longer transcript, trans-splicing followed by processing,

editing, and even by RNA-dependent RNA polymerization (even though such a
polymerase, found in lower eukaryotes (e.g C. elegans), has never been observed
in Vertebrates).

Other functional annotations may help, such as:

»>the presence of RNA polymerase(s)

»>the presence of other proteins necessary for transcription (and RNA processing)
»histone modifications that detect the local functional status of the chromatin
»DNA covalent modifications (e.g. CpG methylation)

> ...



Il problema della corretta mappatura delle T.U.

Definizione del 5’ e 3' (CAGE, SAGE, RNA-Seq)
Definizione esatta degli esoni (Tiling arrays, RNA-Seq)

Definizione del promotore (CAGE, RNA-Seq + studies)




Promoters and transcription

- what we know from classical books

-How to define a TSS ?
- gene by gene methods
- genomic methods
- One study for the identification of promoters genome-wide

- Classification of non protein-coding RNAs (intragenic and intergenic transcripts)



Mammalian RNA polymerase Il
core promoters: insights from Review 1
genome-wide studies

Albin Sandelin**, Piero Carninci*s, Boris Lenhard", Jasmina Ponjavict,
Yoshihide Hayashizaki*sand David A. Hume#

Abstract | The identification and characterization of mammalian core proamoters

and transcription start sites is a prerequisite to understanding how RNA polymerase |
transcription is controlled. New experimental technologies have enabled genome-wide
discovery and characterization of core promoters, revealing that most mammalian genes
do not conform to the simple model inwhich a TATA box directs transcription from a single
defined nucleotide position. In fact, most genes have multiple promoters, withinwhich there
are multiple start sites, and alternative promoter usage generates diversity and complexity
in the mammalian transcriptome and proteome. Promoters can be described by their start
site usage distribution, which is coupled to the occurrence of cis-regulatory elements, gene
function and evolutionary constraints. A comprehensive survey of mammalian promoters

is a major step towards describing and understanding transcriptional control networks.

424 | JUNE 2007 | VOLUME &8 www.nature.com/reviews/genetics

© 2007 Nature Publishing Group



How many important concepts of eukaryotic
transcription are resumed in this figure ?
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n in EukaryOteS

Transcriptio

TFIF M polimerasi 1

| This is TFIID, a multisubunit protein
composed of the TATA-binding protein
t (TBP) and associated factors (TAFs).

The RNA Polymerase Il (RNAPolll) carboxy-
terminal domain (CTD) has multiple 7-aa repeats
pluriphoshorylated when active

_




tahle 26-1
Proteins Required for Transcription at the RNA Polymerase || Promoters of Eukaryotes

Number of
Transcription factor subunits Subunit M, Functions
Initiation
RNA polymerase || 12 10,000-220,000 Catalyzes RNA synthesis
TBP (TATA-binding protein) 1 38,000 Specifically recognizes the TATA box
TFIIA 3 12,000, 19,000, 35,000 Stabilizes binding of TFIIB and TBP to the promoter
TFIIB ] 32.000 ' A (] =
TFIID 12 15,000-250,000 Interacts with positive and negative regulatory proteins
TFIIE 2 34,000, 57,000 Recruits TFIIH; ATPase and helicase activities
TFIIF 2 30,000, 74,000 Binds tightly to RNA polymerase 1; binds to TFIIB
and prevents binding of RNA polymerase to
nonspecific DNA sequences
TFIIH 12 35,000-89,000 Unwinds DNA at promoter; phosphorylates RNA
polymerase; recruits nucleotide-excision repair
Elongation* Complex
ELL' 1 80,000
P-TEFb 2 43,000, 124,000
SIH(TFHS) | 38,000
Elongin (SI11) 3 15,000, 18,000, 110,000

"All elongation factors suppress the pausing or arrest of transcription by the RNA polymerase Il - TFIIF complex.

"The name is derived from the term eleven-nineteen Asine-rich leukemia. The gene for the factor ELL is the site of chromosomal
recombination events frequently associated with the cancerous condition known as acute myeloid leukemia.
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The “textbook” promoter



“consensus” sequences are found by computing the frequencies of bases at any position
in several genes. Example:

gene 1: a t t g t C t a

gene 2: a t a g t g a g

gene 3: a t t C t g g C

gene 4: a t t g t C C g

gene 5: a t t C t g a t

gene 6: a t a g g C t C

etc: - - - - - - - -

frequency a 100 0 35 0 0 0 25 20
t 0 100 65 0 90 0 25 20
c 0 0 0 35 0O 50 20 30
g 0 0 0 65 10 50 30 30

Consensus: A T W S T S N N
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CCAAT

47 690 CAATGGGEA 11.3
17 601 CRATCRGEC 13.1
16 T0E CRATCRGR 14.4
45 310 CORRTCOGE E.1
46 871 CCRATCOE E.Q
18 &20 CoRRTCRC 1LY
47 1061 CORATCARG 23,6
4T 308 CCAATCGE  13.3
47 770 CCARTGGG 31,1
47 898 GCCRRTCR 22.5
46 36l GCCRATARG 9.z
26 337 GLCARTLG 12.14
46 578 GCCARTGAR 17.0
47 775 GCCARTGE 26.8
46 533 GCCARATCC 3.7
47 537 TCCAARTCE 7.0
7 220 RCCARTCG 14.7
a7 46% BCCAATGE 17.8
46 GBI ACCAATCR 17.4
47  3B4 GRCCAATG 5.8
47 40D GACCRATC 19.2
47 HB93 AGCCRRTC 19.3
46 T4B BRGOCARTG 13.49
L1 ] GEOCARTG 11.7
4B 658 GGOCARTE 24.0
47 547 GAGCCRAT 10.2
47 324 GGACCART B.&
47 483 GGGLCART 1z.14
48 309 CGGECCART 10.9
47 10239 CAGCCAAT 1.4
47 774  TCAGCCAR 10.5
47 1036 GCAGCCAR 7.0
5P

48 L1332 GCOCACECC 15,7
48 Bl3E Goccoeoe  25.2
43 3078 CECCCCTC 1.3
a3 5248 CECOCOET 13.7
48 3141 CECOCCCCT 7.4
48 TOEE COGRCCCE 18.1
47 2106 CCGCCCAL B.1
48 G7B3 COGROTCD 7.0
47 5204 COGRLCCE 16.6
46  3GBE CLGEOCCT 12.8
4B 10767 COCGCCCC 28.13
4B 1170 ACGCCCCO 15.4
48 823 RCGCCOCG T3
48 1639 CRCGCCCD 13.9
48 2890 COCGCCCT B.2
47 2334 CCCGCCCAR 10:8
18 2462 TCCECCCO B.4
48 4767 CCCGECCTC 18.8
18 3366 CTCCGCCC 11.EB
48 11028 £oCCGCCS 31.3
48 3190 CCCCGROT 12.3
4% 218 TTCOGCOC IT.8
48 2673 GCTOCGCC 7.2
49 1213 CTTCCGCC T.9
48 4947 GGCCCOGE 7.1
47 5139 CCTCCCTC B.1l
48 7985 QCCCTCSC 7.4

CRE

B 484 TGRACGETCA
49 782 ATGRCGTC
50 503 CTGRCGTE
4B B35 GTEACGTC
50 313 GTERCGCA
49 345 AGTEROGT
43 294 CGTGEROGT
49  2BD CGTGROGT
48 379 GETGROGT
30 264 TETGRCGT
13 241 RCETGROG
a3 47z RCETGEROC

419 332 RAGTGRACG
B TE9 GRAGTGAC
TATA

49 48€ CCTATARA

49 571 GCTATARA,

49 458 CTATRERG
49 BO9 TTATRRAG
49 BAEL! TATARARG
49 417 TATATRAG
49 543! THTARMGSE
49 dad! ATARARAGS
49 &30 TAARRGED
NRF-1

50 1240 TGOGCCTG

50 2300 GOGCCTGC

50 1767 CGCCTGCG

50 4&3 CGCATGCG

50 2154 GOCTEOGE

48 1205 GUGTGEIGE
50 1041 COTHOGEA
B0 903 ACTROGED
50 572 TGCGCATG
49  3IBE CGOGCATS
50 1179 GCOGCRTGEC
ETS

49 1546 MGEEARGTE
49 1324 GEAAGTGER
49 523 GGRAGTED
50 1832 GGRAGTEE
1% 284 CGGRAGTA
5O 484 COGARGTR
50 426 CGGARGTC
51 402 CGEARGTT
50 9481 CEEARGTE
51 356 CEEARRTG
49 567 CGEARGET
G0 824 CGGARGEG
4% 1150 COGGERAGT
50 1030 COGGARAGT
51 459 COGGRARC
50 EOO0 RCCGGRAG

50 1096 GCOGGRAG

49 1224 COCEERAG

51 &03 ACCCGGRA

50 3IBZ  CACCGGRA

49 401  GRCCGGAR
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52 960! CCARARGATG TiE
52 &lT! GCARRGATG 13.7
51 543 GCGLRCATG 5.3
53 €BBE! GCACCATG 9.9
52 11532 CAGCCATG 11.1
53 10405 CACCATGG 8.6
52 428 CGCCATGC 9.0
52 %31 CGCCATEG 8.4
2 1Da1t CARGATEG 38,6
51 1018 CARRATEG 9.4
51 10438 ARRATEEC 15.8
52 12021 RAGRTEEC 5.5
52 BEL! AGATEGCG 4a0.3
51 654 ACATGGCG 135
31 436 AAARTGEECE 23.4
51 414 ARTGEOEGE 12.9
52 102s! GATGGOEE  27.2
52 %20 CATGGCEE  18.4
G54 291 CATGGEGT  11.1
51 583 ATGGCGCC 23.6
532 1125¢ RTGGCGEC 27.7
52 619 RTGECEEE  H.2
52 4€8! ATGGCGGR 16,0
52 966 ATGGCTGE 16,3
54 Tall CORGETAR 7.1
56 3071 COCAGGTA B.2
51 443 COGCRGTCT B.1
55 1638! GGTGAGTG 7.6
53 EBd48! TGETGAGT 1.9
52 1414 GRGARGCTE 7.4
53 38E7! CTGCTEET 2.1
53 3570! TGCTECTG 8.0

Highlight

CCAAT

“42-4% 10,0 RRECCAATSR 1170

sP1

*44=50 B.8 CCCCGOCC 3424

v44-50 8.3 GOOCCGRS 2687
14-50 8.7 COOGCCOT 2257

Clus1

*43=51 8.2 TCTCGCGR 211

USF

*46-50 7.3 CCRCGTGAR 123

*47-51 T.6 TCRCGTGA B3

CRE

“45-50 4.5 TGACGTCA 190

*45-51 5.1 TGATGTCA 123
46-50 7.1 TTGCGTCA 48

TATA

*4E=49! 7.7 TATRAAD 172
4B-4%1 2.4 “TATATAD 349

FitzGerald PC et al. Clustering of DNA
Sequences in Human Promoters.
Genome Res. 2004 August; 14(8): 1562—
1574.




s CRE
| *45=50 9.5 TGACGTCA 190
; *45-51 5.1 TGATGTCA 125
» 46=-50 7.1 TTGCGTCA 38
1 TATA
3 *4B8=-49! 7.7 TATAAAD 472
. 48-49%) 2.4 TATATAD 349 -
!  48-50! 5.5 TATAAGD 217
» NRF-1
E *J6-51 7.2 CGOVTGCG 906
5

ETS

*344-51 1:.1 VCCGGAARY 1011

One hundred fifty-six DNA sequences are grouped into related sequences and arranged by their
peak position relative to the TSS. From the left the table contains the most abundant bin, the
number of times the sequence occurs in the distribution, the 8-mer sequence, and finally the P
value (see text). The end of the table contains consensus sequences. Here the leftmost numbers
are the bins defining the peak, followed by the clustering factor (CF), the consensus sequence, and
finally the number of occurrences of the sequence in the bins that comprise the peak. Exclamation
point () denotes sequences that are at least threefold more abundant in the maximum bin on the
DNA strand presented in the table than on the opposite strand. The asterisk (*) denotes sequences
used in Tables 2 and 3. IUPAC letters used to represent degenerate bases are R (G,A), W (A,T), Y
(T,C), K(G,T), V (G, C,A), D (G,AT), and N (A, T,G,C).



The “Initiator” element (INR) is ill-defined and much less conserved than the
TATA-box

The INR was demonstrated by bioinformatics but also using direct interaction
studies using isolated recombinant subunits of the TFIID protein, the so-called
TAFs (TBP -associated factors).



In vitro transcripiton experiments using recombinant TBP, TFIIB and individual TAFs showed that
TAF150+TAF250 (drosophila) can correctly initiate transcription from TATA-less promoters.

Question: do TAF150/TAF250 recognize INR ? How is this element composed?

Da Chalklev e Tjian (1999), EMBO J., 18: 4835.
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INR consensus derived bioinformatically: Y ?A N ;I; Y X




The DPE (downstream promoter element) was demonstrated by bioinformatic and
functional analysis. TAFII40 and TAFII60 in reconstitution experiments were enough
to sustain transcription initiation in TATA-less, DPE-containing promoters.

Occurrence in Natural

Promoter Type Drosophila Promoters
—TATA e 59/205  29%

> DPE — 54205  26% Very frequent in Drosophila
—TATA > DPE |— 28205  14%

~ 64/205  31%

FIG. 4. The DPE appears to be present in many Drosophila promoters.

(A) The frequency of occurrence of the DPE appears to be comparable to that of the TATA box in Drosophila core
promoters. A Drosophila core promoter database was created by aligning sequences of 205 Drosophila core
promoters with accurately determined transcription start sites. The number of promoters that appear to possess a
TATA box only, a DPE only, both elements, or neither element is shown. TATA boxes were defined as sequences
with at least a 5 out of 6 match with the TATAAA sequence upstream of 220 relative to the transcription start
site. DPE motifs were defined as sequences with at least a 5 out of 6 match with the DPE functional range set
(Table 2) at exactly 128 to 133 relative to the start site. The Drosophila core promoter database is available at the
website http://www-biology.ucsd.edu/labs/Kadonaga/DCPD.html .

from: Kutach & Kadonaga 2000, Mol Cell Biol 20: 4754-64.




TATA-driven promoter DPE-driven promoter

Other TAFs TFID

;

—

Revised DPE Consensus

Inr DPE
G_.C A_AC
TEATTT G| GTTTGT

+1 +24 429

FIG. 7. A model of two distinct interactions of TFIID with TATA- versus
DPE-driven core promoters. The model 1s discussed in the text. TAFs, TBP-
associated factors.

from: Kutach & Kadonaga 2000, Mol Cell Biol 20: 4754-64.



A further promoter element, the BRE (TFIlIB-response element) was unraveled essentially

by structural analysis
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Architecture of the human
ternary TFIIBc-TBPc-MLP
(Major late promoter)
complex.

(A) Ribbons and space-filling
representation of one
asymmetric unit.

(B) An isolated ternary
complex as viewed down the
pseudo-2-fold axis of the
hTBPc-TATA-box interaction.
(C) Species-specific
differences in the TBP-TFIIB
interface. Residues of hTBPc
are colored in red, and those
of A.thaliana (aTBP2) in
yellow. Residues of hTFIIBc
are shown in light green,
those of the previously
determined structure in blue.

Tsai FTF & Siegler PB. EMBO J., 19: 25-36, 2000. Structural basis of preinitiation complex assembly on human

Pol Il promoters




Fig. 3. Protein-DNA contacts that specify the
orientation of the hTFIIBc-hTBPc-MLP complex.
Complete schematic illustrating all protein-DNA
interactions in the ternary complex.

Pink: TBP. Green: TFIIB.

Arrows indicate the location of the BRE.

An oval indicates an interaction between the
promoter and the protein side chain, and a
square an interaction with the protein main
chain.

Amino acid residues that are in contact with
the major groove are shown in upper-case
letters, and those in contact with the minor
groove in lower-case letters.

Hydrogen bonds are represented by dotted
lines.

Tsai FTF & Siegler PB. EMBO 1., 19: 25-36, 2000




Regulatory factors

The Human Genome contains genes encoding 1700-1900 transcription factors.

Regulatory elements (cis):
regulatory modules

Regulatory factors: regulatory
complexes (DNA-binding proteins
+ coactivators/corepressors

fattori generali
di RNA polimerasi ||
gena X ——
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regolatrice promotore
trascritto di RNA

la regione di controllo per il gene X




Transcription factors are composed
of DNA-binding domains (DBA)
plus trans-activating domains (TA)

These domains are independent
from each other

DBD is sequence-specific

The simple DNA binding per se
does not influence transcription

DBDs and TA act independently as
demonstrated by domain-switching
experiments

dominio —___
di attivazione

Gald | dominio
di IegamE\
—p
al DNA lacZ
O i acceso
lacZ
O spento
sito di Gald
b
dominio
di Iegamn\ -
al DNA € lacZ
\.L___/}\__ A
g P L
sito di LexA
regione
di attivazm -
di Gal 4
dominio
dilegame ~ M >
al DNA di LexA™ | \) \j} lacZ
\\__ _/’(\_h. o
q L ) acceso

sito di LexA



Transcription factors have multiple roles:

1. Protein-protein interaction with the basal complex (PIC) through Mediator
2. Recruitment of histone modifying enzymes
3. Recruitment of Chromatin Remodeling Complexes

Distant regulatory regions contact basal promoters by looping

cis-regulatory elements or modules
) )

) )

attivatore

TA TA

~
h A

RNA polimerasi Il



binding

site for activator

activator protein Gene activation events

1) Activator recruits _ _
co-activator complex The co-activator complex contains
enzymes that modify histones and

~ ATP-dep. remodelling complexes
\ 9 )

2) Activator recruits
Mediator complex to
help PIC formation

Remodelled chromatin
here

assembly of general
transcription factors

TATA @—»

Quindi, quando un gene deve essere attivato, la sequenza di eventi e:

il riconoscimento del gene da parte di uno o piu fattori di trascrizione regolatori,
seguito da associazione di enzimi che rimodellano la cromatina localmente (HAT+ATP-

remodeling complexes), che permette il legame di ulteriori fattori regolatori, del
Mediatore e del PIC, ed infine la trascrizione del gene



Let’s go back to the promoter story....



This kind of information (“textbook promoter”) was obtained historically by
studying a limited number of promoters with well-defined TSS, clear promoter
activity and defined regulatory elements.

Several promoters, less defined and more difficult to study, were left
apart, typical example the CpG — type promoters.

Genomic studies have partially changed our knowledge of promoters.

Studies oriented to define the TSS genome-wide, such as CAGE and 5’ -
SAGE, were especially instructive.

These studies demonstrated, first, that the “textbook promoter” is present at
no more that 10-20% of mammalian genes (17% in human and mouse),
which represent a group of inducible, tissue-specific genes.

Remaining transcription units have different structures, more often relying on
CpG islands.
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gene by gene

RACE= rapid amplification of cDNA ends

RACE
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Rermoval of cap, ligation of adapter
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First strand cDNA synthesis using a gene-specific prirmer
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Second strand cDMA synthesis

— —— —
PCR amplification of cDMNA *
—_—
— -
r—

v

sequencing



Tiling arrays
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Chromosome 22 (33 Mb)

113 kb

_ Clone ALD31587
-

130bp 100 bﬁl'""?"i"b'g-------.....__
e T

111'b 53 b 81b
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Sanger-predicted exon
Verified exon I

Consistent with prediction

102 bp extension of exon 3

d Splice junction location window derived from tiling data

5 GGGTCCTCCC ACCCCAACTC'ETCGTTCCCCE‘.GlGAGGAGAT GCTTTGCCCCTACAGTGCAG... I
'-v-_

Figure 3 Characterization of a novel testis transcript using filing arrays. a, An EVG
discovered in the analysis of chromosome 22 (Fig. 2e) was localized o a 10-kb region at
one end of the insert of BAC clone ALO31587. Both strands of this 11.3-kb genomic
interval were tiled with 60-mer probes at 10-bp steps. The tiling array was hybridized with
RMA from human testis. b, Hybridization signals corresponding to tiling probes from this
region were filtered and plotied as log;; values of the normalized signal strengths. Of the

NATURE|VOL 409] 15 FEBRUARY 2001 | www.nature.com

£2 @ 2001 Macmillan Maaazines Ltd

Splice site Sequence of exon 3

six Genscan predicted exons in this region, two (gxons 3 and 6) were at variance with the
hybridization data. ¢, Detailed views of tiling data showing one correctly predicted exon
and one incorrectly predicted exon. d, Typically, tiling data narrow the search window for
an intron/exon boundary to 20-30-bp. The exact splice junction is then identified using
consensus sequences (GT-AG rule) and ORF information. The exact splice junction can
also be determined by sequencing RT—PCR products.
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Methods

Direct isolation and identification of promoters
in the human genome

Tae Hoon Kim,' Leah O. Barrera,’ Chunxu Qu,' Sara Van Calcar,’
Nathan D. Trinklein,* Sara ). Cooper,* Rosa M. Luna,? Christopher K. Glass,?
Michael G. Rosenfeld,? Richard M. Myers,* and Bing Ren'-%?

"Ludwiq Institute for Cancer Research, 2Department of Cellular and Molecular Medicine, and *Howard Hughes Medical Instit
University of California, San Diego, La Jolla, California 92093, USA; *Department of Genetics, Stanford University School of
Medicine, Stanford, California 94305, USA

Transcriptional regulatory elements play essential roles in gene expression during animal development and cellular
response to environmental signals, but our knowledge of these regions in the human genome is limited despite the
availability of the complete genome sequence. Promoters mark the start of every transcript and are an important
class of regulatory elements. A large, complex protein structure known as the pre-initiation complex (PIC) is
assembled on all active promoters, and the presence of these proteins distinguishes promoters from other sequences
in the genome. Using components of the PIC as tags, we isolated promoters directly from human cells as
protein-DNA complexes and identified the resulting DNA sequences using genomic tiling microarrays. Qur
experiments in four human cell lines uncovered 252 PIC-binding sites in 44 semirandomly selected human genomic
regions comprising 1% (30 megabase pairs) of the human genome. Nearly 72% of the identified fragments overlap
or immediately flank 5" ends of known ¢DNA sequences, while the remainder is found in other genomic regions that
likely harbor putative promoters of unannotated transcripts. Indeed, molecular analysis of the RNA isolated from
one cell line uncovered transcripts initiated from over half of the putative promoter fragments, and transient
transfection assays revealed promoter activity for a significant proportion of fragments when they were fused to a
luciferase reporter gene. These results demonstrate the specificity of a genome-wide analysis method for mapping
transcriptional regulatory elements and also indicate that a small, yet significant number of human genes remains to
be discovered.

[Supplemental material is available online at www.genome.org.]

ST

830 Genome Research 15:830-839 ©2005 by Cold Spring Harbor Laboratory Press; [SSN 1088-9051/05; \Wufw.genome.urk%l'
WWwW. genome.org




Other methods to identify genome-wide
promoters have been used.

One strategy is to identify all the sequences that
are bound by RNA Polymerase Il and by basal
transcription factors, such as TAFs, by using
ChlP-on-chip.

As a part of the ENCODE project, for example,
1%-human genome coverage tiling arrays were
used to identify sequences bound by RNA Polll
and TAF1 (see TAF nomenclature).

ChIP—chip

Fixation of DNA-bound factors by crosslinking

@ o—~0—

\

Fragmentation of genomic DNA
/\'-'-"'O-—--—-""——O—\-O—_—

\

Immunoprecipitation of factor and DMNA

e

\

lsolation of bound DMNA. followed by
amplification and labelling
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Figure 1. Direct isolation and identification
of promoters in the human genome.

(A) A schematic of GWLA for mapping
RNAP and TAF1-binding sites.

Growing cells are cross-linked with
formaldehyde, and their nuclei are
isolated , the chromatin extracted and
sonicated.

The resulting chromatin (protein—DNA)
complexes are incubated with either anti-
RNAP (-RNAP) or anti-TAF1 (-TAF1)
antibody. The immunoprecipitated DNA is
subjected to ligation-mediated PCR,
labeled with Cy5 dye, and competitively
hybridized to the ENCODE array with the
Cy3-labeled unenriched chromatin

(Li et al. 2003).
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(B) A typical detailed view of the TAF1- and RNAP-binding data (within the ENCODE region, ENr231). Negative logarithmic P values of enrichment
by RNAP or TAF1 ChIP for each probe are plotted in green. Relative enrichment (R) values by RNAP or TAF1 ChlIP for each probe fragment are .
plotted in red on the inverted axis. (C) A representative view of an entire ENCODE locus (ENr231) with annotated RNAP- and TAF1-binding S‘{Es
that have P values <0.0001, noted in red blocks (detailed view in B is highlighted in gray).



This is a modern way to show information on a genome scheme, and is
used today by most genomic browsers

Genome annotation taken by multiple studies, is aligned to genome

maps, thus giving a representational picture of “what is known” on each
section of the genome in a continuous fashion.



Genome annotation

http://genome.ucsc.edu/cqi-bin/hgGateway
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Annotazione bioinformatica di un segmento di 15 kb del genoma umano, contenente un gene,
utilizzando il browser Genotator.

Tutto il genoma viene continuamente ri-annotato considerando le nuove evidenze sperimentali,
se liberamente disponibili.
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Figure 2. Summary of identified PIC-binding sites matched
to transcripts

in IMR90. Histograms plotting relative distance of the RNAP-
, TFIID-, or PIC-binding sites to the nearest 5 ends of full-
length GenBank RefSeq transcripts. (A) Distribution (number
of RNAP-binding sites, y-axis)

of relative distances (in Kbp, x-axis) of the RNAP-binding
sites to the nearest 5 ends of full length mRNA. The first and
last bars are counts for those RNAP-binding sites that are
>2.5 Kbp upstream (<) or downstream (>) from the nearest 5
end. (B) Distribution (number of TFIID-binding sites, y-axis)
of relative distances (in Kbp, x-axis) of the TFIID-binding sites
to the nearest 5 ends of full-length mRNA. The first and last
bars are counts for those TFIID-binding sites that are >2.5
Kbp upstream (<) or downstream (>) from the nearest 5 end.
(C) Distribution (number of PIC-binding sites, y-axis) of
relative distances (in Kbp, x-axis) of the PICbinding sites to
the nearest 5 ends of full-length mRNA. The first and last
bars are counts for those PIC-binding sites that are >2.5 Kbp
upstream (<) or downstream (>) from the nearest 5 end.



When a sequence is identified as a putative promoter, the functional validation consists
in the classical reporter assay

It this assay, a minigene is constructed fusing the putative promoter sequence to a
reporter gene, i.e. a gene whose product can be easily measured.

This construct is then transfected into cultured cells and the product measured after a
period of time necessary for transgnene import and expression.

Mammalian reporter genes are usually nonmammalian genes, such as
¢ CAT cloramphenicol acetyltransferase

eLuc firefly luciferase

*GFP Jellyfish green fluorescent protein

(3-gal beta-galactosidase



regulatory region

—

N

this region is cut,
cloned and joined

to a reporter gene

5[
N\ cDNA

( plasmid vector

genomic DNA

transcriptional start site(s) mapped based
on known cDNA sequence + PE or RPA

\ transfected into animal cells, expression of

Successive deletions identify regulatory
elements and minimal promoter

reporter protein measures promoter activity

reporter expression



L CE”S

CAT enzyme

| Add 14C-chloramphenicol,
-/ acetyl-CoA

1 Incubate at 37°C

Inactive  Acthive
Promoter Promoter

Analyze with
thin-layer

: ‘ —| Acetylated
chromatography |

chloramphenicol

—+ Chloramphenicol

'r-%'rm :
Auto

e

radiogram

The reporter gene assay
for promoter and
enhancers



A putative promoter fragment

[ b .

pGL3
reverse

ltransfect

[ a
pGL3
forward

ﬁ%

luciferase activity

750bp test fragment

LUCIFERASE
reporter

Figure 3. Experimental validation of the putative
promoters by reporter assays.

(A) A schematic of reporter assay used to
determine whether the identified putative
promoter fragment can support transcription.
Each putative promoter fragment was
segmented into 750-bp fragments by PCR and
cloned into the luciferase reporter construct,
pPGL3, in either forward or reverse orientations.
The resulting reporter constructs were
individually transfected into HT1080 cells and
the resulting luciferase

activity was measured.
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Figure 3. Experimental validation of the putative promoters by reporter assays.

(B) Reporter activities of 17 putative promoter fragments are shown (remaining five of 22
were not tested). Relative reporter activity was determined by comparing the luciferase
activity of the test fragment and the control genomic DNA fragments. Promoter fragments
with significant reporter activity (exceeding three times the standard deviation of all control
fragments) are highlighted in gray. §



CIP
RNA,tRNA,and . /_ P
degraded mRNA ° AL

full length mRNA mG-P-P-P="""~__~AAAAAAA

TAP ¢

full length mRNA 7'"G-P-P-¢’\/AAAAAAA

E— 5-PO, T~~~ AARAAAA
5'-RACE adapter

¢5 “RACE adapter ligation ¢Iab£’!, hybridize

T AAAAAAA

¢ reverse transcription

BT ___-AAAAAAA
g

¢!inear amplification ENCODE a rray

.,
-

¢label, hybridize




chri 148480643 148490643 148500643 148510643

ENr231 I bt |
PIK4CB

Probe I ENIIE I DN IEEE FEEEEEE ! N

Repeat

-logP = il
TAF1 0 | smejm s -*--- I--- -‘.l i =m
. 5
10 »
-logP
RNAP ; 0 | muinh wiheessns jsos sonlifie | ol
5
10
-logP =
5'CAP OFI -I||-|| -—-.-b-lq ==m -*p- : =g
5
10
-logP " o = ‘
AcH3 0 I-lllll -I—H-l- immm l!l' | o
5
10
-logP w__N _-
MeH3ka O | mvie o —oefi i =a- l." I =



C

chr7

ENmO10

Probe
Repeat

TAF1

-logP
9 0

R

-logP

RNAP

R

-logP

5'CAP

R

-logP

AcH3

R

-logP

MeH3K4

R

10

5
10

0
5

5

26809793

26819793

26829793

'

26839793

26849793



However, the most impressive data came from the FANTOM project
carried out using CAGEX

The most extensive core promoter identification
study undertaken so far used CAGE tags to identify
184,379 human and 177,349 mouse core promoters,
many of which might contain a cluster of individual
TSSs?, A previous analysis that involved full-length
cDNA sequencing identified 30,964 human and 19,023
mouse promoters*. But even the most recent figures are
likely to be a substantial underestimate. First, sequencing
50-100,000 tags in each library can reliably detect only
those transcripts that are expressed at a level of at least 10
copies in each cell (as there are at least 400,000 mRNAs in
an average mammalian cell**). Many transcripts are not
present at this level, either because they are of low abun-
dance in individual cells or are expressed in only a small
subset of cells in the tissues that have been studied.



I06 Nature Publishing Group http:wa.nature.commaturegenetlcs

¢ Genome-wide analysis of mammalian promoter
architecture and evolution

Piero Carnincil?21, Albin Sandelin’»3?!, Boris Lenhard">320-21  Shintaro Katayama!, Kazuro Shimokawa!,
Jasmina Ponjavic!?0, 20 Colin A M Scmplcl 4 Martin S Taylor!?, 3 Pir G ]:ngstrom , Martin C Frith!®,
Alistair R R l-orrcstf" Wynand B Alkema?, Sin Lam Tan’, (“harlcs Plessy?, Rimantas Kodzius!2,
Timothy Ravasi»®8, Takeya Kasukawa®?, Shiro Fukuda', Mutsumi Kanamori-Katayamal,

Yayoi Kitazume!, HldCVd Kawaul 9 Clukatmlu Kai!', Mari Nakamura!, Hideaki Konno!, Kenji Nakano"?,
Salim Mottagui-Tabar32%, Peter Arncrm, Alessandra Chesi!l, Stefano Gustincich!!, Francesca Persichettil?
Harukazu Suzukil, Sean M Grimmond®, Christine A Wells!?, Valerio Orlando!?, Claes Wahlestedt®2°,

Edison T Liu'4, Matthias Harbers!?, Jun Kawail*2, Vladimir B Bajic""1¢, David A Hume!6:21 &

Yoshihide Hayashizakil»»17>18

9

Mammalian promoters can be separated into two classes, conserved TATA box—enriched promoters, which initiate at a well-
defined site, and more plastic, broad and evolvable CpG-rich promoters. We have sequenced tags corresponding to several
hundred thousand transcription start sites (TSSs) in the mouse and human genomes, allowing precise analysis of the sequence
architecture and evolution of distinct promoter classes. Different tissues and families of genes differentially use distinct types of
promoters. Our tagging methods allow quantitative analysis of promoter usage in different tissues and show that differentially
regulated alternative TSSs are a common feature in protein-coding genes and commonly generate alternative N termini. Among
the TSSs, we identified new start sites associated with the majority of exons and with 3’ UTRs. These data permit genome-scale
identification of tissue-specific promoters and analysis of the cis-acting elements associated with them.

626 VOLUME 38 | NUMBER 6 | JUNE 2006 NATURE GENETICS

146 mouse cDNA libraries
41 human cDNA libraries - By CAGE analysis (see previous lectures)
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clusters are produced by grouping overlapping tags on the same strand.
Hence, tag clusters are defined by a start and end position, a count of
tags and a distribution of these counts. Unigue tag starts within the tag

cluster form CAGE tag starting sites (CTSSs).



Students you must go back to previous lectures to find out
how a CAGE library is generated and what a CAGE tag is.
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Figure 1. (c) Association of tag cluster width (minimal length of the
seqguence fragment containing >80% of all tags in the cluster) with
TATA boxes and CpG islands for tag clusters with >100 tags.
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Figure 1. (e) Arrays of
representative tag clusters for
different shape classes.
Histograms indicate the
fraction of tags in the tag
cluster mapping into each
position in a 120-bp window
centered on the tag cluster.
The single peak (SP) class is
characterized by a sharp
peak, indicative of a single,
well-defined TSS. The broad
(BR) shape indicate multiple,
weakly defined TSSs. The
bimodal/multimodal (MU)
shape class implies multiple
welldefined TSSs within one
cluster. Combination of a well-
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names or transcriptional unit
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shown above each tag cluster.
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promoter and initiation sites.



Bits

SP class promoters l

B R O PEL AT

"T50 —40 30 20 —10. ] 70 20 30

BR class promoters

B o e e T A

750 —40 -30 -20 —10 +1 10 20 30

PB class promoters

rrrrrr
et e e L e s o e T e ! 55 T o T e - W L,

“50 —40 -30 —20 —10 +1 10 20 30

MU class promoters

Distance from start site (+1)

< Figure legend



Legend to the previous slide

Figure 2. TATA-box and TSS spacing definition and consensus.

(b—e) Sequence logos for promoter sequences aligned at the TSSs
constructed by counting each tag and its flanking region as one sequence,
divided by promoter shape class. The y axis shows the information
content (measured in bits), reviewed in ref. 15. In all cases, there is a
clear preference for a pyrimidine-purine initiation site at —1,+1. A TATA-like
motif is visible around the —30 position in the SP class promoters (b). In
the BR class promoters, as most of those promoters are overlapped by
CpG islands, the entire region is GC-rich; there is anisotropy of nucleotide
content: there are more guanine than cytosine nucleotides in the plus
strand upstream of the TSS (c). The logos of PB (d) and MU (e) class
promoters look similar to this, indicating that these two ambiguous two
categories are more likely to share the common initiation mechanism with
BR promoters than with the SP ones. The PB class has a certain
proportion of mixed cases, with both a CpG island and a TATA-box.
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Figure 4 Pyrimidine-purine dinucleotides drive expression.

(a) A detailed view of the core promoter of the mouse Ptprn gene (TC 73140) and
corresponding human region illustrates the usage of pyrimidine-purine
dinucleotides as dominant start sites and the expression changes resulting from

mutations at these positions.
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What have we learnt from genome-wide expression analysis ?

-more protein-coding genes than known

-most of genes produce more RNA transcripts than expected (derived
both from nonclassical sense or antisense transcription and by alternative
RNA processing)

-unexpected variety of noncoding RNA transcripts of various size (from
very short to very long, from intergenic to intragenic), whose functions are
mostly unknown (with the exception of miRNA and few long ncRNA)
-tissue- , cell- and stage-specific expression of both protein-coding and

noncoding RNA widely confirmed

Most transcript use RNA Polymerase |l



