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Coming from PPI networks “Assembly in time”

From Lichtenberg et al, MfG*l
Science 307 (2005) 724. .
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The wheel represents the
4 stages of a cell cycle In
S. cerevisiae.

Colored proteins are
components of protein
complexes that are (only)
expressed at certain stages.

Other parts of these
complexes have constant
expression rates (white).

— “assembly in time”
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Classic: External triggers affect transcriptome

Re-routing of metabolic fluxes during the “diauxic shift” in S. cerevisiae
— changes in mMRNA levels (leads to changes of protein abundance)
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anaerobic fermentation: 5 aerobic respiration:

ethanol as carbon source,

cytochrome c as electron carrier in respiration and
enzymes of TCA cycle (in mitochondrial matrix)
and glyoxalate cycles upregulated

fast growth on glucose — ethanol . . .
J J — Diauxic shift

DeRisi et al., Science 278 (1997) 680
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Diauxic shift affects hundreds of genes

Cy3/Cy5 labels (these are 2 dye molecules for the 2-color microarray), comparison of 2
probes at 9.5 hours distance; w and w/o glucose

Red: genes induced by diauxic shift (710 genes > 2-fold)
Green: genes repressed by diauxic shift (1030 genes change > 2-fold)
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Flux Re-Routing during diauxic shift
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Gene Expression

Sequence of processes: from DNA to functional proteins

degraded
nucleus : cytosol MRNA
transcription MICroRNAS
: transport degradation
transcribed
DNA — —> mMRNA =—> mRNA
RNA _ -\translation
In eukaryotes:
TFs RNA processing: ; protein
capping, splicing
post-
translational
— regulation at every step!!! modifications i/
protein

most prominent:
- activation or repression of the transcription initiation by TFs
- regulation of degradation by microRNAS

/

degraded
protein
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Transcription Initiation

In eukaryotes:

Start der Transkription

TATA-Box [

» several general transcription factors @ I

have to bind to gene promoter -

JENEP D

* specific enhancers or repressors RO— I

may bind —— Gl
- then the RNA polymerase binds = >

(C)

 and starts transcription & TR gndere Fakoren

TFIIE

TFIIH

RNA-Polymerase Il

(D) ! ;

UTP, ATP
CTP, GTP

Shown here: many RNA polymerases read central DNA at
different positions and produce ribosomal rRNAs

(perpendicular arms). The large particles at their ends are
likely ribosomes being assembled.

Alberts et al.
Bioinformatics 3 — WS 16/17 "Molekularbiologie der Zelle", 4. Aufl. TRANSKRIPTION



p53: example of a Protein-DNA-complex
PDB-Structure 1TUP: tumor suppressor p53

Determined by X-ray crystallography
Purple (left): p53-protein

Blue/red DNA double strand (right)

The protective action of
the wild-type p53 gene
helps to suppress tumors
In humans. The p53 gene
IS the most commonly
mutated gene in human
cancer, and these
mutations may actively
promote tumor growth.

www.sciencemag.org (1993)
www.rcsb.org
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Contacts establish specific binding mode

Fig. 3. Schematic ribbon
drawing of the asymmetric
unit, which contains three
p53 core domain mole-
cules and one DNA du-
plex. Two of the core do-
mains bind DNA (blue);
one (yellow) interacts ex-
tensively with a consensus
binding site, and the other
(red) binds at a noncon-
sensus site at the interface

Nikola Pavletich, of DNA fragments related
) by crystallographic sym-
Sloan Kettering metry (a portion of the sym-
metry-related DNA fragment
Cancer Center is shown in green). The third
core domain molecule (pur-
ple) does not bind DNA, but
makes protein-protein con-
tacts stabilizing crystal
packing. The zinc atoms are
shown as white spheres.

Bl RESEARCH ARTICLE

Crystal Structure of a p53 Tumor
Suppressor-DNA Complex:
Understanding Tumorigenic Mutations

Yunje Cho, Svetiana Gorina, Philip D. Jeffrey, Nikola P. Pavletich
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Left: Protein — DNA contacts involve many arginine (R) and lysine (K) residues

Right: the 6 most frequently mutated amino acids (yellow) in cancer.
5 of them are Arginines.

In p53 all 6 residues are located at the binding interface for DNA!
Science 265, 346-355 (1994)
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What iIs a GRN?

Gene regulatory networks (GRN) are model representations
of how genes regulate the expression levels of each other.

In transcriptional regulation, proteins called transcription factors (TFs)
regulate the transcription of their target genes to produce
messenger RNA (MRNA).

In post-transcriptional regulation microRNAs (mIRNAS)
cause degradation and repression of target mRNAs.

These Iinteractions are represented in a GRN by adding
edges linking TF or mIRNA genes to their target mRNAs.

Narang et al. (2015). PLoS Comput Biol 11(9): e1004504
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Structural organization of
transcription/regulatory networks

(d) Transcriptional regulatory network

(a) Basic unit (b) Motifs (e) Modules
A
Transcription factor “ ™. ?
SIM Sgo—ol
/\ 2 /\j\h
*_ 9 IR
WX / °
e o J N
MIM oy 7 ﬂ:ﬂ
h
2 Jéf":éﬂaa J*“VQZ;G
Target gene and l \ J{,ﬁj ‘M‘Jpj i
binding site 3 1
o—0
FL Current Opinion in Structural Biology

Regulatory networks are highly interconnected,
very few modules can be entirely separated from the rest of the network.

We will discuss motifs in GRNs in a subsequent lecture.
Babu et al. Curr Opin Struct Biol. 14, 283 (2004)
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Layers upon Layers

Biological regulation
via proteins and metabolites

<=> Projected regulatory network

GedT N o

<=> / gene 4
C}

gene 1
gene 3 )

Note that genes do not interact directly
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Conventions for GRN Graphs

Nodes: genes that code for proteins which catalyze products ...
— everything Is projected onto respective gene

Gene regulation networks have "cause and action”
— directed networks

A gene can enhance or suppress the expression of another gene
— two types of arrows

activation

(}E-HE Ed 0 self-
4

repression gene repression

Qene 1 gene_%-)
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Which TF binds where?

N
215
Human embryonic Promoter Arrays Scatter plot Promoters bound by
stem cells 400,000 features (ChlP/reference) Oct4

Chromatin immuno precipitation: use e.g. antibody against Oct4
=>» "fish" all DNA fragments that bind Oct4

=» sequence DNA fragments bound to Oct4

=» align them + extract characteristic sequence features

= Oct4 binding motif

Boyer et al. Cell 122, 947 (2005)

Bioinformatics 3 — WS 16/17
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Seqguence logos represent binding motifs

A logo represents each column of the alignment by a stack of letters.

The height of each letter is proportional to the observed frequency of
the corresponding amino acid or nucleotide.

The overall height of each stack is proportional to the sequence
conservation at that position.

Sequence conservation Is defined as difference between the maximum
possible entropy and the entropy of the observed symbol distribution:

N
Rsc’q = Srmix - Sf}.-!:-s = IDgZ N — (_ 21 Pn IDgZ pn)

P, : observed frequency of symbol n at a particular sequence position

N : number of distinct symbols for the given sequence type, either 4 for
DNA/RNA or 20 for protein.

Crooks et al., Genome Research
Bioinformatics 3 — WS 16/17 14:1188-1190 (2004) V7 —
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Construct preferred binding motifs
oo ol ik, ever  tholiite.
soz I oot e ocaClzil
veres (ol [l . owe cclAQ0TOEC
smatt gl ot 5770 TTOC GHAL e e

i o matching DNA fragment ; www.wikipedia.de
kit (als il
I IT QQ TCpr2|1 CQA IICQAACQAﬁ

Chen et al., Cell 133,
1106-1117 (2008)
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Position specific weight matrix
Build list of genes that share a TF binding motif.

Generate multiple sequence alignment of their sequences.

Alignment matrix: how often does each letter occur
at each position in the alignment?

a) Alignment Matrix
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b) Weight Matrix

1 2 3 4 5 6

iy +pi) [(N+ 1) fiy A 0 -1.6 0 -16 0
pi pi C |-16-16-16 0 0 [0]

> G |-1.6[96][:96]-1.6[59] ©

T [|-16-16 0 0 0

test sequence: A G G T G C

Fig. 1. Examples of the simple matrix model for summarizing a DNA alignment. (a) An alignment matrix describing the alignment of the four
6-mers on top. The matrix confains the number of times. #; ;. that letter 7 is observed at position j of this alignment. Below the matrix is the
consensus sequence corresponding to the alignment (N indicates that there is no nucleotide preference). (b) A weight matrix derived from the
alignment in (a). The formula used for transforming the alignment matrix to a weight matrix is shown above the arrow. In this formula. Vis the
total number of sequences (four in this example), p; is the a priori probability of letter 7 (0.25 for all the bases in this example) and f; ; = n; /N
is the frequency of letter 7 at position j. The numbers enclosed in blocks are summed to give the overall score of the test sequence. The overall

score is 4.3, which is also the maximum possible score with this weight matrix. Hertz. Stormo ( 1999) Bioinformatics 15. 563
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What do TFs recognize?

(1) Amino acids of TFs make specific contacts (e.g. hydrogen bonds) with
DNA base pairs

(2) DNA conformation depends on its sequence

— Some TFs ,measure” different aspects of the DNA conformation

correspondences

[[ 27 pairs of TF-structuro]

Bioinformatics 3 — WS 16/17 Dai et al. BMC Genomics 2015, 16(Suppl 3):S8 V7 - 19
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E. coli Regulatory Network

BMC Bioinformatics o

Research article

Hierarchical structure and modaules in the Escherichia coli
transcriptional regulatory network revealed by a new top-down

approach
Hong-Wu Mal, Jan Buer23 and An-Ping Zeng*!
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Global Reqgulators in E. coli

Table |: Global regulators and their regulated operons and functions in the regulatory network of E. coli.

Global directly regulated Total regulated Modules Function
regulator Operons Operons regulated
IHF 21 39 |5 integration host factor
CspA 2 24 5 Cold shock protein
CRFP 72 |12 21 cAMP receptor protein
FNR 22 38 |6 anaerobic regulator, regulatory gene for nitrite and nitrate
reductases, fumarate reductase
HNS 7 22 5 DMA-binding global regulator; involved in chromosome
organization; preferentially binds bent DNA
OmpR 6 20 3 Response regulator for osmoregulation; regulates production of

membrane proteins

RpoN |12 17 4 RMNA polymerase sigma 54 subunit
Rpos | 4 24 8 stationary phase sigma factor
ArcA 20 21 6 Response regulator protein represses aercbic genes under

anaercbic growth conditions and activates some anaerobic genes
Narl |3 15 5 Two-component regulator protein for nitrate/nitrite response

Bioinformatics 3 — WS 16/17 Ma et al., BMC Bioinformatics 5 (2004) 199 V7 - o1



Simple organisms have hierarchical GRNSs

Lowest level: operons that code for TFs with only auto-
Largest weakly connected requlation, or no TFs

component (WCC)
Next layer: delete nodes of lower layer, identify TFs that do

(|gn0re directions of regulatlon): not regulate other operons in this layer (only lower layers)
Continue ...

325 operons
IHF * CspA
(3/4 of the complete network) B K
RpoN ‘,‘?..‘PR CRP f;.lk's NR
AF llln-\ Ek N &
, : \_.\ ",.I:_ ;. I q
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Network from standard _)

layout algorithm edges pointing downwards

— a few global regulators (¢) control all the detalls
Ma et al., BMC Bioinformatics 5 (2004) 199 V7 = 29
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E.coli GRN modules

Remove top 3 layers and determine WCCs
— Just a few modules

l|‘| ’
3 llﬂ gA«LLl.éuuLl

Preliminary modules Small WCCs

Bioinformatics 3 — WS 16/17 Ma et al., BMC Bioinformatics 5 (2004) 199 V7 - 23



The 10 global
regulators are at the
core of the network,

some hierarchies
exist between the
modules

Bioinformatics 3 — WS 16/17 Ma et al., BMC Bioinformatics 5 (2004) 199 V7 - o4



Modules have specific functions

Table 2: Functional investigation of modules identified.

index
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Operons included

aceBAK, dcs, adhE, fruBKA, fruR, icdA, iclMR, mlc, ppsA, pisG, pisHI crr, pykF

aend, for, fumC, marRAB, nfo, sodd, soxR, soxl, 2wl

ada_alkB, aidB, alkd, alpCF, dps, pord, katl, oyl

ala WX, aldB, argll, argW, arpX_hisR_feuT proM, aspV, dnad, lecQPY, lewX,
bysT_valT_iysW, metT_leuW ginUW metU glnVX, metY yhbC_nusd_infB, nrdAB,
bdhR_oceEF_ipdA, phell, pheV, prok, prol, proF, sdhCDAB bO725 sucABCD, serT,
serX, thrld tyel) pheT theT, thet, TV, valllXY sV, yhaG_fis

araBAD, araC, orok, aroFGH, argf

argCBH, argD), argE, argf, argl, argR, carAB

caif, carTABCDE, fixABCX

cipP, dnakj, prpk, hfid, tpG, hepY, ibpAB, lfon, mepA, mapl, rpoH

codBA, evbA_purf_ubiX, ginB, phed, juaBA, metA, metH, metR, prsd, purC, purEk,
burtD, purl, purMMN, purR, pyrC, pyrD, sped, vefC_purB, metC, metF, met|

cpwAR, chP, dsbA, ecfl, hitrA, motABcheAW, pbid, skp lxDA_fabZ, ter, xprB dshC regf

deth, dewB fumB, frdABCD, yjdHG

edd_eda, gatkl, ptR, gntT

esgBA, cspDEFG, envY_ompT, evpA, gevA, g, povTHE, gliBDF, iviH, Kb tdh, i),
ik HMGF, Irp, frsld, ompC, ompF, opbABCDF, osmC, sdod, serd, sthA

fdhf, fhia, hycABCDEFGH, hypABCDE

ApAMN, AzBCDEFGHI, figKL, figMN, FWBAE, IDC, AZY, fiC, AIDST, fiE, HIFGHIK,

FILMNOPQR, torTopcheRBYE
fsQAL, resAB, wza_wzb b2060 wraA weoB
gdhA, pinALG, pinHPQ, noc, putAP
iU, monXYE, nopBACD, nogk
BIACE, gloD, gibFK, plpR, pipTQ
lysd, lysR, tdcABCDEFG, tdch
CE gl 1o <albd malPQ) malS malT, malZ

Biclogical functian description

Hexose FTS transport system, PEP generation,
Acetate usage, glyoxylate shunt

Oxidative stress response
Oxidative stress response, Alkylation
rRMNA, tRMA genes, DMNA synthesis system, pyruvate

dehydrogenase and ketoglutarate dehydrogenase
systerm

Arabinose uptake and usage

Arginine usage, urea cycle

Carmitine usage

Heat shock response

Purine synthesis, purine and pyrimidine salvage
pathway, methionine synthesis

stress response, Conjugative plasmid expression, cell
matility and Chemotaxis

C4 dicarboxylate uptake

Gluconate usage, ED pathway

Amino acid uptake and usage

Formate hydrogenlyase system
Flagella motility system

Capsule syrthesis, cell division
Glutamine and proline utilization
Glucosamine, mannose utilization
Glycerol phosphate utilization
serine, threonine usage

Malto

r |I': "—‘l'-:a-\.l‘-

Ma et al., BMC Bioinformatics 5 (2004) 199
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works together with a more specific local regulator.

Table 1

Frequency of co-regulation

Half of all target genes are regulated by multiple TFs.
In most cases, a ,gobal” regulator (with > 10 interactions)

Martinez-Antonio,
Collado-Vides,
Curr Opin Microbiol
6, 482 (2003)

Summary of transcriptional interactions of major TFs, in the transcriptional regulatory network of E. coli.

Transcription
factor

CHP
IHF
FMR
FIS
ArchA
Lrp
Hns
Narl"
OmpR
Fur®
PhoB
CpxR
Sox RS
Mic"
CspA”
Rob"*
PurR""

Genes
regulated”

197
101
111

R AR

Co-regulators!

47
28
20
15
18
14
14
10
2]

g8

~] 00 P 2 = P =

—LI‘J—L—LM—LMMM—LEHMI‘JJ&[DLBFE

9499 94949 9949 4a4949a4d

70,38,32.24
70,544,358
70,544,358
fo,38,32
38

7,38
38,32
70,38,
7,38

o148

-
=

70,38,24
fo,38

©
S

a

)
o

-
=

7,38
7o

Functional classes
of genes regulated”

48
26
22
20
17
15
17

Family
(members)?

CRHP (2)
HI-HMNS (2)
CRP (2)

EBP (14)
OmpR (14)
AsnC (3)
Histone-like (1)
LuxR/UJhpA (17)
OmpR (14)
Fur (2)

OmpR (14)
OmpR (14)
AraC/xXyls (24)
MagC/XyIR (7)
Cold (9)
AraC/xXyls 27)
GalR/Lacl (13)

‘Total number of genes regulated directly. "Number of different TFs with which at least a gene or TU is jointly co-regulated. ‘Mumber of regulated
genes that codify for TFs. 9List of o factors of the regulated promoters. *Number of functional classes of the gene products regulated [44].

ITF family and in parenthesis the number of members of the family. In addition to the seven global TFs considered here there are TFs suggested by
¥Babu and Teichmann, 2003, [42°%] and **Shen-Orr et al., 2002, [50™].
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TF regulatory network in E.coll

Regulation of transcription factors in E. coli

When more than one TF
regulates a gene, the order
of their binding sites is as
given in the figure.

Arrowheads and
horizontal bars indicate
positive / negative
regulation when the
position of the binding site
IS known.

In cases where only the
nature of regulation is
known, without binding site
Information, + and — are
used to indicate positive
and negative regulation.

Bioinformatics 3 — WS 16/17
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winged helix DNA bi
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o C-terminal effector domain of the

Bipartite response regulator

(@)

Lambda repressor-like DNA binding
domain

The names of global regulators are in bold.

Babu, Teichmann, Nucl. Acid Res. 31, 1234 (2003)

V7 -

Lo w4




Response to changes in environmental

conditions

TFs also sense changes in environmental conditions or other internal
signals encoding changes.

18
16 |
14 1
12 4
10
g

Conditions

G -
4
2
0

| | [ |

CRP IHF Lrp Hns FIS FNR ArcA MarA SoxS Nark Rob FruR Ml OmpR CpxR 27
(2) (1) (®\) () (3) TFs

Regulatory proteins
Current Opinion in Microbiology

GIMrowth conditions in which TFs are regulating.

# In brackets indicates how many additional TFs participate in the same
number of conditions.

Martinez-Antonio, Collado-Vides, Curr Opin Microbiol 6, 482 (2003)
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Structural view at E. coli TFs

Determine homology between the domains and
protein families of TFs and regulated genes
and proteins of known 3D structure.

— Determine uncharacterized E.coli proteins with /
DNA-binding domains (DBD)

Sarah Teichmann
EBI

— Identify large majority of E.coli TFs.

Madan Babu,
MRC

Babu, Teichmann, Nucl. Acid Res. 31, 1234 (2003)
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Flow chart of method to identify TFs in E.coli

SUPERFAMILY database

(C. Chothia) contains a
library of HMM models
based on the seguences
of proteins in SCOP for
predicted proteins of
completely sequenced
genomes.

Remove all DNA-binding

proteins involved In
replication/repair etc.

Bioinformatics 3 — WS 16/17

SUPERFAMILY

416 proteins with DBD assignment

Remove 145 proteins
Transposases,
Replication/Repair
and other Enzymes

Pfam assignments —»

v

271 Transcription Factors

113 with regulated gene information + 158 with DBD only
69 with binding site information + 44 with indirect information

Babu, Teichmann, Nucl. Acid Res. 31, 1234 (2003)
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3D structures of putative (and real) TFs In

3D structures of the 11 E.coli
DBD families seen inthe A
271 identified TFs In
E.coli.

C-terminal effector domain of

Winged helix Lambda repressor-like the bipartite response regulator

Homeodomain-like

The helix—turn—helix
motif is typical for DNA- i”—”” o
binding proteins.

|t OCCurs | N al | fam | | | es IHF-like DNA-binding proteins Met repressor-like Putative DNA binding protein
except the nucleic acid ' "
binding family.

V4 AN o
‘:"I;\
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Domain archltectures of TFs

The 74 unique domain architectures of the 271 TFs.

Winged Helix C-terminal effector domain of the bipartite response
regulator
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Evolution of TFs

10% 1-domain proteins
/5% 2-domalin proteins
12% 3-domain proteins
3% 4-domain proteins

TFs have evolved by apparently extensive recombination of domains.

Proteins with the same sequential arrangement of domains
are likely to be direct duplicates of each other.

74 distinct domain architectures have duplicated to give rise to 271 TFs.

Babu, Teichmann, Nucl. Acid Res. 31, 1234 (2003)
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Evolution of the gene regulatory network

Table 1

Numbers of DNA-binding transcription factors in five organisms®.

Organism Mumber of Number of proteins with Percentage of transcripts
transcripts DNA-binding domains containing DNA-binding domains

E. coli 4280 267 6.2

S. cerevisiae 6357 245 3.9

C. elegans 31 677 1463 4.6

H. sapiens 32 036" 2604 8.1

A. thaliana 28 787 1667 5.7

"DNA-binding domain assignments from Pfam and SUPERFAMILY are used to establish the repertoire of DNA-binding transcription factors
in five model organisms. An expectation value threshold of 0.002 was used in making the assignmentis. Co-regulators that do not bind DNA
directly are excluded. ®Predicted by Ensembl v19.34a [42].

Larger genomes tend to have more TFs per gene.

Babu et al. Curr Opin Struct Biol. 14, 283 (2004)
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Transcription factors in yeast S. cereviseae

Q: How can one define transcription factors?

Hughes & de Boer consider as TFs proteins that

(a) bind DNA directly and in a sequence-specific manner and

(b) function to regulate transcription nearby sequences they bind

Q: Is this a good definition?

Yes. Only 8 of 545 human proteins that bind specific DNA sequences and
regulate transcription lack a known DNA-binding domain (DBD).

Hughes, de Boer (2013) Genetics 195, 9-36
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Transcription factors in yeast

Hughes and de Boer list 209 known and putative yeast TFs.
The vast majority of them contains a canonical DNA-binding domain.

Most abundant:
- GAL4/zinc cluster domain (57 proteins),
largely specific to fungi (e.g. yeast)

= 1D66.pdb
=) GAL4 family

- zinc finger C2H2 domain (41 proteins),
most common among all eukaryotes.

Other classes :

- bZIP (15),

- Homeodomain (12),

- GATA (10), and

- basic helix-loop-helix (bHLH) (8).

Hughes, de Boer (2013) Genetics 195, 9-36
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TFs of S. cereviseae

(A) Most TFs tend to bind relatively few targets.
57 out of 155 unique proteins bind to < 5 promoters in at least one condition.
17 did not significantly bind to any promoters under any condition tested.

In contrast, several TFs have hundreds of promoter targets.
These TFs include the general regulatory factors (GRFs), which play a global
role in transcription under diverse conditions.
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Hughes, de Boer
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Number of Targets Number of TFs 195, 9-36
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Co-expression of TFs and target genes?

Overexpression of a TF often leads to induction or repression of target genes.

This suggests that many TFs can be regulated simply by the abundance
(expression levels) of the TF.

However, across 1000 microarray expression experiments for yeast,
the correlation between a TF's expression and that of its ChIP-based
targets was typically very low (only between 0 and 0.25)!

At least some of this (small) correlation can be accounted for by
the fact that a subset of TFs autoregulate.

— TF expression accounts for only a minority
of the regulation of TF activity in yeast.

Hughes, de Boer (2013) Genetics 195, 9-36
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Using regression to predict gene expression

(A) Example where the relationship

A 81 Learn: Eyy= Fox+ FiByr between expression level (E,,) and TF
g binding to promoters (B) Is found for a
= single experiment (x) and a single TF (f).
s Here, the model learns 2 parameters: the
gé, background expression level for all genes
i Gene(g) In the experiment (F,,) and the activity of
-0 56 0 60 %0 700 the transcription factor in the given
TF Binding (B, experiment (F.).
B . . .
ngz F ot Z ,_-fngf (B) The generall_zed equat_lon for multiple
f factors and multiple experiments.
C Expression Baseline TF - (C) Matrix representation of the
level expression activities & tzgd)mg generalized equation
(Egy (Fox (Fs) o _ .
Baseline expression is the same for all
o genes E’E’ @ factors dsoi q nal
“ = genes S o genes genes and so is represented as a single
g = % X[cc...d+E ™ X %- vector multiplied by a row vector of
) O .
% - % % £, constants where ¢ = 1/(no. genes).

Hughes, de Boer (2013) Genetics 195, 9-36
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Transcription factors in human: ENCODE

Some TFs can either activate or repress target genes.

The TF YY1 shows largest mixed group of target genes.

TF Ubiquitously activated Ubiquitously repressed
YY1 COQ5* AC091153.1
CPNET ATP50
CPSF2 BIRC6”
CR613718 CAPZA2
IPEK2” CXorf26
NARS DKFZp434H247
PAK4“ EFHAT
PSMB4™ MRPS10°
UBRS MRPS18B%
NUP160
OXCT1
PSMD8
1UBD.pdb SNA27
human YY1 SNX3%
SRP68™
TNKS

Whitfield et al. Genome Biology 2012, 13:R50
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YY1 binding motifs
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Figure 2 Characterization of functional YY1 binding sites. Sequence logo [102] for YY1 binding sites from (a) PWM and sites that are
functionally (b) ubiquitously activating (9 BS) or (c) ubiquitously repressive (16 BS) in four human cell lines. In (d), we plot the mean vertebrate

phyloP conservation score [90] around functional YY1 binding sites. The mean score, §phygopm
binding event ubiquitously activated (black line) or repressed (red line) transcription in all four cell lines. The position weight matrix that was

used to predict YY1 binding sites is shown (scale on the right axis).

, was computed at each base for sites where the

Bioinformatics 3 — WS 16/17

No
noticeable
difference In
binding
motifs of
activated or
repressed
target
genes.

Whitfield et al. Genome Biology 2012, 13:R50
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Where are TF binding sites wrt TSS?

1 —— e Inset: probability to find binding site
- at position N from transcriptional
start site (TSS)
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Whitfield et al. Genome Biology 2012, 13:R50
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Summary transcription

» Gene transcription (MRNA levels) is controlled by transcription
factors (activating / repressing) and by microRNAs (degrading)

» Binding regions of TFs are ca. 5 — 10 bp stretches of DNA
» Global TFs regulate hundreds of target genes
» Global TFs often act together with more specific TFs

» TF expression only weakly correlated with expression of target
genes (yeast)

» Some TFs can activate or repress target genes. Use similar binding
motifs for this.
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