4. improving predictions

Carl Herrmann
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Problem of sequence-only predictions

I 9,760, 898| 2,789, 808|
o Large number of false-positive/ oredictions o i
. real binding I i "
false-negative .
the sequence looks like a binding — —
site, but the TF is not binding! — —

* Cellular/tissue-context not why is QEBPEe f:?%;;:f:; ===
- I " 'l o [ VL LD IRRRNNRRE

ta ken i ntO accou nt b/nd/ng n ‘ T B

i ) ) i S O me ) ‘ KS62 CEBFE 19G-rabgChlF-seq SigRal from ENCODE/SYDH
a TF mlght blnd In One tlssue, but Ce//-/lneS and T ‘ Feid "cherd Toora Tnx?—seq S T3haT From ENCODE/SERTT

. ? aaaaaaaaaaaaaa  1oG-rap ChiP: “Seq 3 §enal from ENCODE/SYDH
not in another (but the sequence ~ Motinothers? . . deidiven

is the same...) —

Can we reduce/optimize the search
space for regulatory elements?

Carl Herrmann



Phylogenetic footprinting

® Tagle et al. (1988) : study of the
promoter of globin genes in
vertebrates identifies conserved
regulatory elements

Phylogenetic footprinting

The pattern of mutations that have occurred during
evolution is an excellent indicator of functional constraints.
Genomes continually undergo murtations, but the outcome
of each mutation depends on its phenotypic effect.
Mutations that are deleterious are gencerally eliminated by
natural selection, whereas mutacdions that have no pheno-
typic effect (ncutral mutations) or that are only shightly
deleterious can be randomly fixed in the population
(genetic drift). The consequence of this is that mutations
accumulate much faster at nonfunctional DNA bases than
at functionally constrained base positions. Hence, if one
detects a_sequence that has remained highly conserved
during evolution, then it probably means that this

sequence 1s functional (but the reverse proposal is not true:

a sequence can be functional albeit nonconserved). Tagle
et al. [31] proposed the term ‘phylogenetic footprinting’
to describe the phylogenetic comparisons that reveal
onal elements in homologous

0 1000 2000
f T INITONS; se—
protein-coding regions:
promoter enhancer regulatory elements: @

stopcodon 3'UTR  polyA site

transcription
altenuator
< 1997 Current Opinion n Structural Biology

mRNA zipcode

shylogenetic footprinting is
th shows the comparison of
. This comparison shows that
yrs) of divergence (450 Myrs

similarity scale: ete elements in noncoding
Eg\f"&fmi;mmw conserved. Indeed, these
- 70-80% identity gions correspond to essential

BENN 80-90% identity involved in transcription and

44000 bp i (Fig. 1). Thus, the simple

:quences can reveal essential

[Tagle et al., J.M.B. (1988)]

Carl Herrmann

[Duret & Bucher, Curr.Op.Str.Biol. (1997)]

51



52

Phylogenetic footprinting

® Starting point : alignment of 2
orthologous regions
(e.g. promoter of orthologous genes)

® Compute the conservation inside a
sliding window (number of conserved
positions divided by length)

® TFBS search using PWM (fixed
threshold)

® Only TFBS inside highly conserved
regions are retained !

@® Choice of organisms to be compared is
crucial !

Carl Herrmann

. TTGCAGAATGCATACC
conservation =6/ 16 || || | |

=37.5%
ATTCGATTCGAAGATC

human

mouse

ACGGATCGGATTAGCA
|| ||| | | ||||| conservation =12 /16

— 0,
ACCGATTGCAATAGCA = 75%

A\ 4



™ human/chicken /
::;:i i‘u \Nﬁ \ - AJ\A\““WW \,
= e EEEREEEE
i (©
human/mouse
— [m-a [h_
- W N av
[ NM \\/ '\ /\N
o '\
Fo%e 8§ ¢ § § &8 8 § ¢&
(d)
PN A
i A S —
B o=
P — ""”‘5 - o Ew-: = = = = = = = 3 l_
| — — — —
Human globin gene Alignment of human/macaque
promoter alone

globin promoter
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Deeply conserved non-coding elements

Ultra-conserved

elements

perfect conservation

over 200 bp

between human and

mouse/rat

Carl Herrmann

a 200+ bp

& [T

I AT T e

~450 million _ee 1 MINAMNY 0 R ||
vears cy/ IINMNININ

'&i: Deep conservation
. among other
vertebrates

GATGAACCACCATTCTGGTTTCCTGATGCAGCCAAGATAGTTTTACATT TTCTATGCCTTTGCCATTTGGTCTGTGTAGTGTCAGCTTCGAGTGCTACTGA
GATGAACCACCATTCTGGTTTCCTGATGCAGCCAAGATAGTTTTACATT TTCTATGCCTTTGCCATTTGGTCTGTGTAGTGTCAGCTTCGAGTGCTACTGA
GATGAACCACCATTCTGGTTTCCTGATGCAGCCAAGATAGTTTTACATT TTCTATGCCTTTGCCATTTGGTCTGTGTAGTGTCAGCTTCGAGTGCTACTGA
GATGAACCACCATTCTGGTTTCCTGATGCAGCCAAGATAGTTTTACATT TTCTATGCCTTTGCCATTTGGTCTGTGTAGTGTCAGCTTCGAGTGCTACTGA
GATGAACCACCATTCTGGTTeCCTGATGCAGCCAAGATAGTTTTACATTTTCTATGCCTTTGCCATTTGGTCTGTGTAGTGTCAGCTTCGAGTGCTACTGA
GATGAACCACCATTCTGGTTSCCTGATGCAGCCAAGATAGTTT GACATT TTCTATGCCTTTGCCATTTGGTCTGTG

AT GAACCACCA T TCT GG T T TCCT A TGCAGCCA L GATAG T T T TACA T T T TCTA T CTTTGCCAT T TGO TC TG TG TAGTGTCAGC Ty GAGTGC TACTGA |

Random integration ¢ Ectopic activity * Low reproducibility * Low transgenic rate (~12%)

Forebrain enhancer Limb enhancer
Enhancer @ LacZ reporter ~ ’ : .
- ‘
- K
, -
R i LY
ANdom genomic focus b1 "Emb2 mb3 Emb1 Emb2 Emb3

Enhancer

H11 locus

Cas9-assisted site-directed integration

5

* No ectopic activity * High reproducibility ¢ High transgenic rate (~50%)

Forebrain enhancer Limb enhancer
LacZ reporter 5 BEdD.

~ 0" C!

Emb1 Emb2 Emb3 Emb1 Emb2

D ———
' -
Cas9 +sgRNA 7 e % .

[Snetkova, Nature Rev.Gen. (2020)]



I Are TFBS really conserved ?

CEBPA ChIP-seq of animal livers

Study of TFBS for 2 liver specific TF :

CEBPa and HNF4a 5= B[ Heap u (
° . e j
. e Mmus —
5 species 3 ot
3 placental mammals (human, mouse ) ffi" — S
dog) Mdom
opossum + chicken Ggal . l
10 kb PCK1 Webibbililm
. . Conservation
ChlIP-seq against both factors in all B i
species
Take home message : a minority of S pedic Vopec loes”
binding events are shared by all Hsap @ @OOO® OCOOOOO® O
. . M
species ; most are species/clade o : 2:8: 828:2:8 8
specific Mdom @ OOO0 0000000 @

Ggal Q 0000 OOOOOOO o

<
©
~

840
516
344
381
398
240
185
1 18
172

[Schmidt, Wilson Ballester et al., Science (2010)]
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In-vivo regulatory features

® Particular in-vivo chromatin states seem to be correlated with gene activation

®

®

®

Carl Herrmann

p300/CBP binding (acethyl-transferase) isel et al., Nature (2010)]

methylation of histone 3 Lysine 4 (H3K4me1) [Heintzman et al., Nature (2007)]

acetylation of histone 3 Lysine (H3K9ac, H3K27ac,...)

presence of Pol Il binding at active enhancers

presence of modified form of H3 — H3.3

DNA accessibility (DNAse hypersensitive sites; ATAC-seq) [pique-Regi et al., Gen. Res

(2010); Buenrostro (2014)]

o Cell lines
Transcription

o, X Start Site Chromatin &
Histone Binding
Nucleosome Proteins ’
physical / ) Transcription ucleus
properties aps Factors

Developmental " @
Stages @ Embryo —> 401}) 10”7 Larva—> @ Pupae —> )é/ OR @3
©J Adult
< G~

Replication

A Pre-Replicative
-\ Complex

<\/ hromosomes
Histone

Histone

(e y::;“‘i
RNA ¢

Ny Modifications ' ;
igi i . & Variants 2
\Long RNA Short RNA Or'g'T"_ Mapping el Nucleosomes 5
mEia e Diﬂg]:g:gial oot Chromatin DYE < "‘cn ti
hnRNA  piRNA S Fractionation | Precipi L d’& ' romatin
Replication mmunoPrecipitation
ncRNA  siRN (ChiP)
ete ete Microarray or Generale Antibodies
i ewrﬁrwr or Tagged Lines
Transcrlptlon/Spllcing Replication Epigenetics Transcription Regulation
E———
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Motifs are not always binding events

® Compare in-silico TFBS to in-vivo binding event using ChIP data

® some bona fide motifs are not bound in-vivo : why ?

® example in Drosophila : heat-shock factor (HSF)

© 464 ChlP peaks containing a HSF-motif (p < 0.001)
© 708 unbound motifs (with p < 5e-6)

1 1 1 | 1 1 1 1 | 1 | 1 1 |

1
H3 H3.3 H3K4me3 H3K9ac H3K18ac HSF-bound
— 207 - —All Motifs
© 1.5 L —Within Promoters
S 104 | —Within RefGenes
9 0'5 —Intergenic
@0 ] s ki 3 | HSF-free
o 00 1 —
c 05 - | —All Motifs
© H3K27ac Tetra-Ac H4 GAF BEAF RNApolll H3K27me3
L s :
= I
O 10- .
N 05 . L N [
S 00 - ¢ -
- .05 =
I I I I I I I I I I I I I I I I I I
-5000 0 5000 -50000 5000 -50000 5000 -50000 5000 -50000 5000 -50000 5000
Position Relative to Motif Center
L ee— M

Carl Herrmann

O TTCa A,

Bound sites have:

* high levels of lysine
acetylation

* high levels of polll binding

* low levels of H3K27me3
(repressive mark related to
polycomb repression)

[Guertin et al., PLoS Gen. (2010)]
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Histone code

1 hg19

N 600,00¢ 68,700,0001 68,750,000 |

5 " " : = i S
IMR90 H3K4me3 : ' } 1 '
: ) - L a w

20 _
IMR90 H3K36me3

IMRO0 H3KSme3

20
IMR90 H3K27me3 o

at i
11l [N BeE |

active marks mostly strong activating marks repressive marks
mostly H3K4me3 H3K36me3 mostly H3K27ac H3K27me3

Histone modifications appear to occur in specific combinations
related to functional impact =& combinatorial chromatin states

How can we define/annotate these chromatin states ?
— Hidden Markov model

Carl Herrmann



I Chromatin states
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Scale 28 kb} | hai9
chr4: | 174,299, 848| 174,295, 8es| 174,308, 808| 174,305, 808| 174,318, 808| 174,315, 888| 174,328, 808| 174,325, 898| 174,330, 899| 174,335, 009, 174,348, 800| 174,345, 800| 174,350, 009
CpG Islands (Islands < 388 Bases are Light Green)
CpG Islands
30 _ Brain Inferior Temporal Lobe H3K27ac Histone Modification by Chip-seq Signal from REMC/Broad (HOTSPOT_SCORE=8,255 FPcnt=S8
BITL H3K27ac 149
] - iy, PN PN .
38 _ Brain Inferior Temporal Lobe H3K27me3 Histone Modif ication by Chip-seq Signal from REMC/Broad (HOTSPOT_SCORE=8.1156 Fcnt=S
BITL H3K27me3 149
8 . P A — P a PR e A i 0 il — i L~ Adde o S e,
38 _ Brain Inferior Temporal Lobe H3K36me3 Histone Modification by Chip-seq Sighal from REMC/Broad (HOTSPOT_SCORE=8.2186 Pont=4
BITL H3K36me3 149
0 e e, i R WV GPP TR Ow” VW W ey
38 _ Brain Inferior Temporal Lobe H3K4mel Histone Modification by Chip-seq Sighal from REMC/Broad (HOTSPOT_SCORE=8.282 Fcnt=28
SITL H3K4mel 149
8 _ a i
38 _ Brain Inferior Temporal Lobe H3K4me3 Histone Modification by Chip-seq Sighal from REMC/Broad (HOTSFOT_SCORE=8,3465 Fcnt=59)
BITL H3K4me3 149
8 _ b oy -
30 _ Brain Inferior Temporal Lobe H3K9me3 Signal from REMC/Broad (Hotspot_Score=8,8516 Fcnt=27)
BITL H3K9me3 12
LSO [, oy e - PP e o - PR SRy g San . o B oM onn. i, Bt i Bin e PP P ) el -
Brain_Inferior_Temporal_Loke Chromatin State Segmentation by HMM from Roadmap
22_guiest 3_TsEA I 4_0uiess3 S_TxWk || 4_Tsswk @ 14_Enh [l 15_Enhr [ 4_TssuWk |l s_Txuk I
12_Enhikz || Tsskk i 11_Enhik1 || 9_TXEnhG1 S_TssD1 | 13_Enhn I 2_TssF il 3_TssA |l 4_GUies3
22_Quiest 3_TssA 24_0Quies3 4_TssuWk |l 11_Enhik1 | 6_TssDz2 |l 4_Tssuk | S_TxWk D
4_Tssuk | s_Ts401 Wl B_TxMWK 2_TssF || 14_Enh [l 1_Enhiki
6_TssDz2 i 4_TEswk | 24_Quies3 9_TXEnhG1 _Quiesg
11_Enhiki Ji 3_TssA @ 14_Enh — s_Txlx I
6_TssD2 | 2_TssF i 28 0
11_EnhWki 11_Enhik1 i 13_EnhA |
24_0Quies3 2430ui 14_Enh Il
4_Tssuk I _EnhWk1 |l 24_Quies3
1HRRN Renas Raced An Raffan. [hiPrar. RenRank. ACNR and Camnarat ive Genomics
SAF38
e
4 Emissions
Mammal Cons 1 1k 1—Tss ‘k.‘
y . L 2 TssFln A = - bt
3_TssFink
— 4 _TssFink

Active Transcription

Start Site
= H3K4me3 + H3K27ac

Carl Herrmann

Weak Repressed PolyComb

QuiescentiLow

Active Enhancer

= H3K4me1 + H3K27ac

Transcribed region

=H3K36me3
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Chromatin states

Scale 28 kb} | heig
chré4: | 174,425, ooe| 174,438, 000| 174,435, oo0| 174,448, 008| ' 174,445, 88¢| 174,458, 808| 74,455, 808| 174,468, 808| ' 174,465, 008| 174,478, 808| 174,475, 008| 174,458, 008|
CpG Islands (Islands < 386 Bases are Light Green)
CpG Islands | | | | | | | | | D
368 _ Brain Inferior Temporal Loke H3K27ac Histone Modification by Chip-seq Signal from REMC/Broad (HOTSPOT_SCORE=8,258 Pcnt=S6)
BITL H3K27ac 149
8 _ e s Abhad o a2h ab AL AR R ey A a s g b - S — a Py P -

36 _ Brain Inferior Temporal Lobe H3K27me3 Histone Modification by Chip-seq Signal from REMC/Broad (HOTSPOT_SCORE=8,8957 Pcnt=22)

BITL H3K27me3 112

8 _
Brain Inferior Temporal L@he H3K36me3 Signal frof REMC/Broad (Hotspot_Score=8,1594 FPcont=31)

38 _
BITL H3K3Eme3 12
| [ e e it oot o o ol B Bathoh oo Do b ool il S ot —y
38 _ Brain Inferior Temporal Lobe H3K4mel Signal frof REMC/Broad (Hotspot_Score=6.234 Font=29)

BITL H3K4mel 12

a
30 _ Brain Inferior Temporal Lobe H3K4me3 Signal from REMC/Broad (Hotspot_Score=8.2384 Fcht=24)

BITL H3K4me3 12

a
38 _ Brain Inferior Temporal Lobe H3KZ9ac Signal from REMC/Broad (Hotspot_Score=8.232 FPcont=64)
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Roadmap chromatin segmentation in
different human adult tissues
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http://epigenomegateway.wustl.edu
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I 5. Motif discovery

Finding unknown motifs in sequences

Carl Herrmann
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Pattern matching vs. Motif discovery

Consider a set of regions of
interest (e.g. promoters of
co-expressed genes)

Consider a particular TF
of interest (Evil)

Where are TFBS ?
What are the potential
target genes ?

What is their potential
common regulator ?

Pattern Matching Motif discovery

Carl Herrmann



Motif discovery for co-expressed genes

time (h) 21 24 27 30 33 36 42 48

Cluster 12, size = 43 genes

i
........
05 ] W
-1 4

f2th t24n t27h 130h 133h t36h t42h 148h

Cluster 1, size = 67 genes

t21h t24h 127h t30h 33h 136h t42h 148h

[Zeitouni (2007)]
Carl Herrmann

clusters of co-expressed
genes during cardiac
remodelling in Drosophila

Are these cluster of genes
co-regulated ?

If so, what is their common
regulator ?
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ChiP-seq

ChlIP-seq for CTCF in MCF-7 cell line
1

ST TR | ST

—dmnieee deed o am - .....JA.....;_.‘_.._.LL‘L“._J-.-...._J.I:_. .-4-....4_...4._a.._.-..u_|_.|.._JM U PRI § [ .l.--.__ R 15 KN [P, 1.4_._ -
| | I 1 | | o1

chr4.1398 chr4. 1400 chr4.1401 chr4.1402 chr4.1404 chr4.1405 chr4.1406 chr4.1409

~ N

all these ChlP-seq peak sequences
should contain a common motif
(CTCF, but maybe other motifs too?)

:gggézziétaagcatggg;gggg;gggtttgatgtgggttgggtttttatgtaCTACAGGTGGTcaagtatttatggtaccgtacaatattcatggtggctggcagtaatgtacgaaatacatagcggttgttgatgggtgagtcaatacttgggtggtaccca
:!:gizzt;ttaagggggg;taggzttgttggtatcctagtgggtgaggggtggctttggagttgcagttgatgtgtgatagttgaaggttgattgctgtacttgcttgtaagcatggggggggggggtttgatgtgggttgggtttttatgtaCTACAGGTGGT
;zggézzccccctcaggtgggggticcttgaccaccatcctccgtgaaatcaatatccchACAAGAGTGCtactctcctcgctccgggcccataacacttgggggtagctaaagtgaactgtatccgacatctggttcctacttcagggccataaagcctaaat
nggiﬁZéiatgagchIS:agctécccaagctgggttcaccttccgtcgctacttcgccctttcttccaggttgtcctgggcactgatggtCACCAGGTGGCgatgttgcccaggaggacgctctgttgccatctcatggccaaaattcaacactacactcttc
;:ﬁgizzé;caccgagslggtcca;cagcgcctgagcctgctgcacttgcagtagcagggactggcCGGGAGATGGCagccctgtcccaggtcgggtggtgcctcagccgcagttcctgtcacggccatcgggaggcagtgcaggaacactcactgatgtgtagc
;:ﬁgﬁi:BﬁnnnnnnnﬁlggnnnnznaggagagaagacaagattctgggtgaacaggaacagtaagttggctcaggactagggtaagccggtaggaggcgccatttctccacaatccagcggcagcatggccctctgaagcCACTTGAGGGCgtgttacgtccga
22323329399actgagggiacchtgctgtgggctgcagcttgctctcttctcaacttcccagctcccacctgggggcgccagagggcacatatactgctgtactcgtttgtgcCACCAGAGGGCagcctccgcacatcgatctctactgcttccgagaactgt
;ZggziZaiccgctgggctzcccagaccggagcgcggcgcgagaggcgtgagtcgatgacctctagcgagggaggccacctagcggccaggccaagtctggaggatacttccgttgggcCGCCAGGGGGCagtaacgccagatcatctgtctcccggaagtaatg
Zr:g;§Za;ggggcgcgggicachgctggggtggatgaggagcgtgaagacagctcgctccagtggccgcggggggcgctcgcccactcagagcatggcCGCCAGATGGCgccggctcgcccgctctccacaaggctcttccaaccccttaccctgtcccacac
:zﬁgz:ZcittgtcccglgzagaaaccgtggtccctttgctgttccagatgctctggaccctgggtactggctccccctggcggtcatgataggaagcgcccttcccctctggctcCTGTAGAGGGCgtcgcggatgcattgatcctttagttccttcactgtcc
::Qgiﬁz;iacctctggzg;ccgc;:cactcggctccaccagtctgtgccgcctgcaagcgcccctagcggcctcgcagccatcgcgcctcagcagcgccgtggcgtcctgttcggcagtgtcCATTAGAGGGCgccagcgcgcctcagaagagggaccgtgacg
ZgggéiZiiagtgtctggggagctézgtgggttgcctcggatcggccaggcctggatatcagcgaacagatgcggatttcCACCAGGGGGCgctaggacgccacgacctttcactatgtgcaccagggggcgctgccgcccgccttggccatcccgggctgggaa
;:ggﬁi:HﬁnnnnnnnglgﬁnnnnﬁinnnnnnnnnnnnnnnnnnnnnnnnngcagcggaggtggcCGCCAGGGGACgctcgggagccccgtgggccgtcaggctgtggtgcagcagctcctcctcctggctggagccgaaactgcacaggccgcacttccagggc
:r:g332£iggcttacglggcggaéitggcctcatttctgcagtcggcgctccctgtagtttctcctctcgaaCGCCAGGTGGAgcaaccggccggataccgccacagccctggcaggcggcgctgtgatgcctgagctgatcctgtatgttgcaatcactctat
zrﬁg;iZéiccagcggglgicagc;ittgacaacctggaagttctgctgccccctcacggtgggagaaaagcggtgggtcctgcacaggccgaagaacCACTAGAGGGCagcagcacacgggctccataagacttgctgcgtgtcgaccctggctcatacagtgc
22221325;ccggcccgzgzaagcigcaggaagccgtccgctgaacctcaggttcttgggttttcctatgccccctggaggcatctgcgaacctctcggcatcgctccaccacacctcccacCAGCAGGTGGCactgttgccatctccataacatggactggcct

Carl Herrmann



Gene regulation

Follow their sight...

Carl Herrmann

... you’ll find their common
regulator!
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I Motif discovery using word counting

Idea:

motifs corresponding to binding sites are generally repeated
— capture this statistical signal

e Algorithm

» count observed number of occurrences of all k-mers in a set of related
sequences (promoters of co-expressed genes, in ChIP bound regions,...)
estimate the expected number of occurrences in background model
build a theoretical background model (MM)
empirical based on observed k-mer frequencies
statistical significance of the deviation observed (P-value/E-value)

®©® ® ® @
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Example

® Are they co-regulated ?

® Do they share common
regulatory motifs ?

® Principle
© Count occurrences of k=6 mers in the 800
bp upstream of the TSS (!! on both
strands !!)
© 9000 possible positions
© compare observed and expected number
of occurences

Carl Herrmann
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Methionine synthesis pathway in S. cerevisae
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19 genes from S. cerevisiae
involved in methionine
biosynthesis pathway



Observed occurences
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Motif discovery using word counting

40

30

20

18 observed

27 observed

16.9 expected -~

3.15 expected P
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BB - i
ey o L R R
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Expected occurences

How to evaluate expected
number of occurrences ?

Could these be
statistical fluctuations ?



Example

ea Lidencitie Lo fren L oce [ oce rvatus J5valueocc sis Lk

cacgtg cacgtglcacgtg 0.0001569968432 il S5e-13 .0e-09 8. 1
acgtga acgtgal|tcacgt 0.0003355962588 18 e ils 7.3e-09 1.5e-05 4.82 2
ccacag ccacag|ctgtgg 0.0002365577659 14 2.22 le-07 2.1e-04 3.68 3
gccaca gccaca | tgtggc 0.0002897084237 15 2.72 2e-07 4.1e-04 3.39 4
actgtg actgtglcacagt 0.0003762020409 16 B le-06 2.1e-03 2.68 5
cgtgca cgtgcaltgcacg 0.0002325962261 11 2.18 1.8e-05 3.8e-02 1.42 6

e P-value : what is the risk you take by rejecting the null hypothesis
for one particular event (i.e. consider it to be significant)

® Dbut you are testing 2080 possible hexanucleotides ("multiple
testing")

e if you are taking 2080 times a risk of p=1e-4, on average, in
2080"1e-4=0.208 of these cases, you will be wrong
— E-value

Carl Herrmann



From words to logo

R T T I T T T

cacgtg cacgtglcacgtg
acgtga acgtgaltcacgt
ccacag ccacaglctgtgg
gccaca | gccacaltgtgge
actgtg actgtglcacagt
cgtgca cgtgcaltgcacg
aactgt aactgt|acagtt
agtcat agtcat|atgact
tagtca tagtcaltgacta
agccac agccac|gtggct
cgtgac cgtgaclgtcacg
cgcgca | cgcgcaltgegeg
acgtgc acgtgclgcacgt
gactca gactcaltgagtc
L —

Carl Herrmann
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.0001569968432

.0003355962588
.0002365577659
.0002897084237
.00037620204009
.0002325962261
.0006168655788
.0005039616969
.0004613751449
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.0001695417189
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.0002276443015
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.00012
.00017
.00023
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.00038
.00043
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,assembly $1 seed:
rev
.Cg
.acg
.cacg
.tcacg
gtcacg
gtcacg

;assembly # 2 seed:
; alignt rev
agccac.... ...gt
.gccaca... .Egt
.ccacag.. .ctgt
.cacagt. .actgt
.acagtt aactgt
agccacagtt aactgty

;assembly # 3 seed:
; alignt rev
gtcacg.... .Cg
.tcacgt... .acqg
.cacgtg.. .cacg
.acgtgc. .gcacg
.cotoca tocaco
| — ———



6. chromatin networks
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I Current challenges
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I Current challenges
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Genomics application

DNA methylation ey WA

| Hakames | H3KS6mes
akomes
® Various neuroblastoma cell lines
® normal conditions / treated m
(inhibition)
® state at gene promoters represent

the observations of the random
variables

Gene expression

Carl Herrmann
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Learning Network Structures
oname Kz7ac [ oname K27ac [N

promoter 1 R s
e e 0.57 128.8 | mid 5

promoter 2 .
t¢ 20l 0.45 75.2 Imid 3

promoter 3 .
I 0.89 98.3 Lhigh 4

promoter 4 —
— PR i, 0.21 21.3 Jlow 2

promoter 5
ERTTINE 0.18 86.2 llow 4

romoter 6 S
i 2ore g 0.41 67.3 | mid 3
3 states (

5 states
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I Promoter BN

non-CGl Promoters

(n=5139)

Carl Herrmann

Correlation

B> o005
B> 0.25
_]> 0.10
_]>-0.10
:] <-0.10
I]<-0.25

B < -050

Direction Freq.

A>O.8
A >06
A >04
A >0.2
a <N?

Bootstrap Freq.
s > (). 05

> 0.85
> 0 ]N

DNMT1
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7. conclusion
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Conclusions

Transcription regulation is a complex process with an interplay of
multiple components

Transcription factors play a central role, usually in combination
with other TF inside enhancers

Tissue / context specificity of the activity of regulatory elements is
given by the cell-specific chromatin state: open/accessible or
closed/compact

Many data types available to build integrative models of
regulatory activity

Single-cell genomics is becoming the new challenge in regulatory
genomics

Carl Herrmann
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