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o Lecture:

e Part I Introduction to the field and experimental procedures
e Part Il: Computational challenges and strategies

e Example data to browse (by Tuncay Baubec)

@ Questions: izaskun.mallona@mls.uzh.ch
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Objectives: questions to address

@ What is gene regulation? is the same as genome regulation?
@ Why does it matter?

@ How can we analyze it?

o Which kind of data do we get experimentally?
e How do process these data (computational biology)?
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Regulatory diversity: same DNA, different phenotypes
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Genome, transcriptome and proteome: a simplified model

mRNA

Protein

Function
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Regulome, genome, transcriptome and proteome
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What's the genome content? Are coding regions abundant?
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Genomic information encoding: ENCODE
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(we will come back to this slide at the end of the talk)
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The regulatory genome (segmentation by ChromHMM)
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@ 200 kbp human genome coordinates (X axis) chromatin states for different cell
types (Y axis). Green indicates trancription (Ernst 2017)
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Gene regulation

@ 20,000-25,000 genes (exons are only 1% of the genome)

@ some genes are required in all cell types, but some are relevant only for specific cells

Gene A = ON Gene A = OFF
Gene B = OFF Gene B = ON
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Genome regulation

e Genome wide language for activation (switching on) and repression (switching off)
genes

@ Flexibility: spatial and temporal regulation

development

One genome multiple cell types
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The Epigenetic Landscape (Waddingto

“The Epigenetic Landscape”
Conrad H. Waddington
The Strategy of the Genes, 1957
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Determining gene expression programs: transcription factors

“The Underpinnings” transcription
— factor
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Transcription factors

transcription transcription
“The Underpinnings” factor A factor B
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Conrad H. Waddington | G .
The Strategy of the Genes, 1957 ene expression program

Adopted from Davidson Nature 2010

izaskun.mallona@mls.uzh.ch Regulatory Genomics and Epigenomics



Transcription factor binding sites

@ Favourable binding sites are specific for each transcription factor
@ Consensus represented as sequence logos

@ Sequence logos stack letters (bases) whose relative sizes indicate their frequency in
the sequences

Gene Motif g-value (Benjamini)

-| ATTIGCATA% | -

-| GCCACACCCA | -

-| SECEATIAAS | -
-| SCCATTCTIS | -
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Transcription factors switches

transcription
factor

o

regulatory
element

Gene (defined start and end)
Transcription machinery (RNA Polymerase + complex)
Transcription factors (repressor/activator)
Regulatory DNA sequences

= switch

Chromatin & epigenetic modifications
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DNA folding levels
@ Genome has a 3D organization inside fom o ot B’@
: Ay

the nucleus: folding 1.8 m of DNA vs
nucleus diameter of 4-6 microns

o DNA folding (chromatin accessibility)
influences binding of transcription
factors to DNA

e With folding, what makes an enhacer
close to a gene is not (only) being next
in DNA sequence
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Nucleosomes 3D
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Short region of
DNA double helix
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Section of
chromosome in an
extended form
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Nucleosome: basic subunit of chromatin
- contains DNA and histones (proteins)
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Nucleosomes positioning

Positioned and Uniformly Spaced
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cell m

Valouev, 2008
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Chromatin modifications

o Chromatin compaction varies between cells

@ Chromatin suffers modifications in both histones (proteins) and DNA itself

histones
on histones:
. ’I“?difica”?f:S - majority on histone H3 and H4 N-terminal tail
- depending on the type of modification and

! (B I iy . . .
position: activating or repressing

Nucleus nucleosome

chromatin

L
N ) |

L
T——DNA
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Chromatin compaction and modifications: histones
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Chromatin compaction and modifications: histones

@ Naming: Histone name - aminoacid number - decoration

@ e.g. H3K4me3: histone 3, lysine 4, trimethyl (has 3 methyl groups)
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Chromatin compaction and modifications: histone tails
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Chromatin compaction and modifications: DNA

histones
modifications
Nucleus chromatin nucleosome
N Y 73 on DNA:
FT——pna - methylation of cytosines
- repressive mark
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Chromatin compaction impact in regulation

e Chromatin packaging and modifications influence the accessibility and
transcriptional output of the genome

o How?

ACTIVATING modifications: REPRESSIVE modifications:

JF
ONV \ = OFF {
22| . 022

Histone acetylation H3K27me3 (Polycomb)
H3K4me3 H3K9me3
no DNA methylation DNA methylation
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Principles of gene regulation

o 0 OFF

20 6% * which genes are active in cell type X ?

ON ¢ which factors regulate their activity ?

* what are their chromatin states ?
* which regulatory sequences are present 7
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Genome-wide localisation analysis
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Localising what?

Transcription?

Transcription factor binding?

Specific sequences recognized by transcription factors (i.e. transcription factor
binding motifs)?

Histone modifications?
DNA modifications?
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Informatics: genome-wide representations

@ We need data representations to integrate and visualize these regulatory layers on
top the entire genome

@ (as well as methods to detect the molecular fingerprints)
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Meeting data and biology: coordinate-based output

GENCODE v24 Comprehensive Transcript Set (only Basic displayed by default)
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How to store these data?

Quantitative, unbiased readouts for specific genomic coordinates
Data storage costs: each human genome is 3 billion basepairs

How to store the active and inactive marks of each cell type?

Does it make sense to have multiple copies of the same DNA tagged with different
labels?

Data standards get rid of sequences and, rather, use coordinates of reference
genomes
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Human reference genome (Nature 2001)

Hierarchical shotgun sequencing

Genomic DNA

BAC library

Organized
mapped large
clone contigs

BAC to be
sequenced

N A ~
Shotgun ~r )~ — A" ~_ >

" - ~ ) ~ ~,r

clones (o 22~ 72l ~
Shotgun ... ACCGTAAATGGGCTGATCATGCTTARA
sequence TGATCATGCTTAAACCCTGTGCATCCTACTG. . .

Assembly . ..ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .
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Genome coordinates: lingua franca of genomic annotations

e Components needed to stack information layers on top of a genome:

o Name of the assembly (hg38)

o Chromosome (or scaffold)

o Start, ends, scores and the name of whatever we are measuring (i.e. RNA levels and
H3K36me3, an histone modification linked to transcription).

Scale 100 Kb} | hg3s

chnaz: | 57,850,000| 57,900,000| 57,950,000| 58,000,000|
In(x+1) 7.66528 RNA

0 I-JJIIILIMWJAJMMMJMMWMM-- |

75 H3K36me3

H3K36me3
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Keep it simple: storing genomic coordinates

e BED (Browser Extensible Data) files define genomic loci as plain text files so they
don’t store sequences but, rather, were the features are

e BED3: 3 tab separated columns, chromosome (scaffold), start, end
o BED6: BED3 plus name, score, strand
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BED3: simplest coordinate-based file format

@ How to store two features of 1 kbp each (could be active regions in a given cell
type) located at chromosome 22 and starting at nt number 1000 and 8000,
respectively?

chr22 1000 2000
chr22 8000 9000
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BED6

@ How to store the strand, name of the feature and a score as well?

e BED6 format: 6 tab separated columns, chromosome (scaffold), start, end, name,
score, strand

chr22 900 1100 promoter 1000 +
chr22 1000 1200 enhancer 1000 +
chr22 1100 6000 gene_body 1000 +
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Molecular methods: ChIP

e Still, were do data come from?
@ ChIP (chromatin immunoprecipitation) analyze protein interactions with DNA

@ ChlIP-seq combines ChIP with parallel DNA sequencing to identify the binding sites
of DNA-associated proteins
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Localisation analysis by ChIP
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Localisation analysis by ChIP-Seq

Chromatin Immunoprecipitation - sequencing
method to identify genomic location of protein of
interest {e.g. TF, RNA Pol2) or histone modifications

1. proteins are fixed to chromatin by formaldehyde
(crosslinking)

2. chromatin is sheared to 100-300bp (ultrasound or
enzymes)

3. specific antibodies enrich pieces of DNA bound by
protein of interest

4. enriched DNA is purified and sequenced

5. usually 20-100 mio sequences are obtained from
one experiment = “reads”

6. sequences reads are “mapped” back to the
genome to identify their position along the
chromosome

7. signal intensity indicates localisation frequency
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il
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Kmo > Kl W64 =
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ChlP-Seq data flow

High-throughput short read sequencing
Read quality control
Mapping the sequences back to the reference genome

Mapping quality control

Summarization into coordinate-based files
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ChlP-Seq data flow

‘ ChlIP-seq experiment

Reads ——— =——= __ _ ——

Alignment

mﬂﬂ—f\

‘ Peak calling
Genomic regions <—IIEG_ L .

Genomic signal

regulatory-genomics.org
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regulatory-genomics.org
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T nucleotides are

next cycle. )
1/
® Universal adapter 4 § The four nucleotides (as

3 I CATAAAAGCCGTGTCS nucleoside triphosphates),

5 I 3 each labeled with a different
fluorescent dye, are added,
along with DNA polymerase
and a universal primer.

Unincorporated
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Read quality control

@ Reads have a Phred quality score (of a given base Q) as defined by
Q =-10 IOglo P

e Data stored as FASTQ files (each with dozens/hundreds million sequences)
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FASTQ records

starting sequence
symbol - identifier
@HWI-EAS3X_10102_2_120_19829_1823#0/2
TCTAACTCTTACTTAGCATAGCTGTTAAAATTTTTGAGTT-
~+(optionally the same identifier) sequence
sequence erid DEAEE:B:BESEEEED=:DEA:-AESDDBDFFEDEEDFAE |
start QS quality
score

Pavlopoulos et al 2013
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https://biodatamining.biomedcentral.com/articles/10.1186/1756-0381-6-13

Mapping the sequences to a reference

@ Assigning each read a location of a reference genome

o What if the sequences are not identical?
e How reliable is the reference genome?

contig 44 TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATAATTTCCTCTTGTCAGGCCGGAATAACTCCC
&

Coverage

OTATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTT GTCAGGCCGGAATAACTCCC
TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTT
FTATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC
TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGG
TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC
TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC
TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC

AGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC

TATATTTAAGATGTTTTGCCTGAAAAGTCAGCGAACGATAAAGTTTTTATATTTTT GGAATAACTCCC

TATATTTAAGATGTTTTGCCTGAAAAGTCAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCC

TATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTCGCTTGTCAGGCCGGAATAACTCCC

FTATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC

FTATATTTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC

TATATTTAAGATGTTTTGCC TGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTICGCTTGTCAGGACGGAATAACTCCC

TTAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTICGCTTGTCAGGCCGGAATAACTCCC
TAAGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
AGATGTTTTGCCTGAAAAGTGAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
AGTGAGCGAACGATAAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
GAGCGAACGATAAAGTTTTTATATTTTICGCTTGTCAGGCCGGAATAACTCCC
AAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
AAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
AAAGTTTTTATATTTTTICGCTTGTCAGGCCGGAATAACTCCC
AGTTTTTATATTTTICGCTTGTCAGGCCGGAATAACTCCC

ATATTTTTCGCTTGTCAGGCCGGAATAACTCCC

GCTTGTCAGGCCGGAATAACTCCC
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Mapping the sequences to the reference genome: SAM files

Coordinates  123456789...
Reference  AAATGAATAATCTCTATCATCAACATTGTGTTCCTTTGCGTTTTAACCTTTCCT

IGIGIIC TIT
Reads g CTCTATCATCAACATTGTG
Header Format Coordinate
version system
gment  @HD VN1 SO:coordinate Sequence RNDE Refamenf  TASN:ohsead QUALASE of Phred:
ke @sQ SN:test  LN:97 length theﬁ:;:@’:f“ template length scaled base quality
5% 0 chr10 27 30 75M + 0 0 TGTGTTCCTTTGCGTT 8M214M1D3MCEC@=DE?CF
Sequence r2 16 chr10 12 20 75M 4 o 0 CTCTATCATCAACATTGTG GGGGFGGCEEEE,@C@C
name
QNAME:Read Biinaiia RNAME: POS:starting MAPQ: CIGAR PNEXT: Position of SEQ:
or Query FLAG Reference position of the Mapping String the mate/next fragment
name
seq name read quality fragment sequence B

Pavlopoulos et al 2013
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https://biodatamining.biomedcentral.com/articles/10.1186/1756-0381-6-13

Mapping challenges: mappability and repeats

= Mapability
[T R co. 15 total=2.6e+03 B8 Indicates percentage of mmapped  @unmapped
2.chip 2 1fqbz2  [Lles total=4.11e+03 12.3% mapped reads to the
: : : . n . genome per sample.
o 20 40 60 80 100
Percent of sequences
Bunique Bnon-unique
Uniqueness
Indicates percentage of
1.chip_1_1fqbz2 uniquely mapped reads
2.chip.2_1.1qbz2 to the genome per
T T T T T 1 sample.
0 20 40 60 80 100
Percent of unique alignment positions
Human genome: > 40 % of the mammalian genome sequencing reads
contains repetitive sequences w— il
Son—— L iad
s
Non-LTR
retrotransposons

h genome

= ' - -
ion- \
transposable |
/  elements (-55%)

unigue sequences . .
q a identical repeat sequence

SVA
02%

Others
60%

reads mapping to multiple sites:

g;rwomrwpowﬂs D\'f\ transposons - randomly assigned to a site & weighted by the number of positive hits
° 28% - discarded, depending on the cutoff of multiple mapping possitions

48 /68
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‘ Mapping challenges: SNPs

@ Genetic variation brings mismatches into play

245916811 245916821 245916831 245916841 245916851 245916861 245916871 245916881 245916891 245916901 2459
GACATCTGGTCCTTGTCTTGAACATCACCTGGGCCT TGAGCTGGGGCAGACAGTCCTCARA(AATGTACGGAGAGGGCCCTGTETGGCCCTGGGCACAGCCCTT
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Summarization into coordinate-based files

@ Assigning a value (score) to each readout, i.e. gene expression, binding of a
transcription factor, amount of DNA methylation etc to specific genomic
coordinates

o BED files

@ And/or other optimized data storage options that provide a value along the
genome using a fixed interval: Wiggle files

GENCODE v24 Comprehensive Transcript Set (only Basic displayed by default)

MRPS23 il =k
7.87402 H3K27me3

H3K27me3 ||'|| I|| || || I I ||
0|

47 H3K36me3

o e e et e o e L. ,II|||||i||I|I||||H||||||I'||I.IIl_|II||||I|||||||||Il||||...||||||J||l|h|||i.. .l|||l|||||\

input

RP11-60A24.3 K

H3K36me3

Input

o_|

Rej eanrﬁElemems by RepeatMasker
Repeatmasker [ | I (T T 1 . . 1
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Wig vs BED files: continuous data

e BED format (note that
BED-like format is flexible to

e et

raads ' R not only 100 bp)

e | (] [ ] | chri 1 100
chrl  400bp 100bp 100bp 100bp 100bp 100bp

chri 101 200

coverage 3 0 05 25 0 1 chri 201 300

chri 301 400

chri 401 500

chril 501 600

specify any interval length,

H ON OO W
(20 ]

izaskun.mallona@mls.uzh.ch Regulatory Genomics and Epigenomics



Wig vs BED files: continuous data

Prm————— e
e e

reads

genome | INEEEEENN NN N IR N
chrl 100bp 100bp 100bp 100bp 100bp 100bp

coverage 3 0 0.5 2.5 0 1

e Wiggle format: getting rid of redundant information
variableStep chrom=chrl span=100

= O N OO W
[$20N )]

izaskun.mallona@mls.uzh.ch Regulatory Genomics and Epigenomics



Data visualization and interpretation

@ Once the data is mapped and stored in standard file formats analysis follows,
including:

Visual inspection

Regions of interest and regions clustering

Peak calling

Extracting sequence information (sequence logos)

Machine learning
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Visual inspection: peak association

visual inspection (seq. counts along chromosome)

H3K27ac _I | I
H3K4me3 ll S 1 VS
H3K4AMe ! Wi i il WY TP
H3K27me3 | el oo | NN ¥ TR
MRBNA .. i -‘J ' | LT ”li e
H3K36me3 W, LA -
H3K9me3 .
GC Percent | WY TRIIT VWP W7 b
Genes ~#—H—in b om— — = b
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How to interpret these data? Regions of interest

signal intensity (reads)

"
0 10
distance from fixed point (e.g. promoter)

each row = one gene promoter
k-means clustering based on signal distribution

plot average signal of each cluster

N elements (e.g. total promoters)

gene promoters
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How to interpret these data? Regions of interest

chromatin marks regulatory factors
\ m-CpG DNMT3A1 H3K27ac H3K36me3 H3K27me3 H2Aub Suzi2 Ring1B TET1 5hmC
z = ¥
= - 3 - 5
2 9 1 Z
= | 5 5
m! =

ey
Ikﬂ\-'nr.l.i
i)

|

e
{
“ﬂ
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Extracting patterns: getting transcription factor binding sites

@ Once the ChiP-Seq data is mapped and the coordinates called, we can extract the
sequence patterns that sustain the transcription factor binding
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after peak calling (Ma et al, 2011)

[chr4] 152400 8152500 8152600 8152700 8152500 8152900 8153000

Step 1. Map the reads
back to the
reference
genome

Step 2. Background

0
ChIP
A (L
| ot I m"m\\ll\lﬂM . ”l
4




Step 2. Background
estimation

Lh
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Step 3. Peak calling : \
——
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Step 4. Gene assignment
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Ma et al, 2011
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Is peak calling that simple?

@ How to get the exact locus to which a transcription factor binds?

@ Peak calling: detecting peaks while accounting for noise

PEAK! peak ? peak ?
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Peak calling: input samples

o Input/mock data: just chromatin without immunoprecipitation, or ChiP of IgG
(i.e. no treatment)

@ Account for noise during the mapping/peak calling process

GENCODE v24 Comprehensive Transcript Set (only Basic display'ed by default)

MSI2 [ RN7SKP941 RP11-343K8.3h1  SRSF1 OR4D1} Lro il RNF43 fH<4
RP11-426D19.1 | RP11-226M10.31 RP11-118E18.4H ccpeis2|  MRPs23md vezr1 DYNLL2H#  OR4D2| [Vze] [} HSF5k
AC015883.11 RN7SL449P1 RP11-60A24.3 k<4444 RP11-159D12.3 erxll  BzraP1illl
RP11-118E18.21 RNU7-134P | CUEDC1 Hf<<<<—  RP11-159D12.81 mks1Hil MIR1421
RP11-118E18.1 RP11-159D12.111 RP11-506H21.5|  BZRAPL-ASLH-
RP11-159D12.5 || RP5-1171110.51
RP11-159D12.2 8 MIR47361
RP11-159D12.61 SUPT4HL |
RP11-159D12.10 W
26 H3K27me3
H3K27me3
1.%2/67L bdadlid bl bt o bt s i)
75 _| H3K36me3
H3K36me3
0.944882 _| X 1‘1 i M“ doh
20 _| Input
Input
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Machine learning

@ Can we learn chromatin states and correlate with regulatory functions using
machine learning methods?

o Which data can we feed into them?
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Machine learning: genome segmentation using ChromHMM

nature methods

ChromHMM: automating chromatin-state
discovery and characterization
Jason Ernst & Manolis Kellis &

Nature Methods 9, 215-216 (2012) ~ Download Citation &

To the Editor: o ChromHMM: released in 2012

Chromatin-state annotation using combinations of chromatin ° Stl ” Wldely used : e.g. |atest 202 1
modification patterns has emerged as a powerful approach for ;
discovering regulatory regions and their cell type-specific activity E N CO D E S release (eXa m ple pa per) ’

patterns and for interpreting disease-association studies’>>*°, and resource
However, the computational challenge of learning chromatin-state

models from large numbers of chromatin modification datasets in

multiple cell types still requires extensive bioinformatics expertise. To

address this challenge, we developed ChromHMM, an automated

computational system for learning chromatin states, characterizing

their biological functions and correlations with large-scale functional

datasets and visualizing the resulting genome-wide maps of chromatin-

state annotations.
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https://www.nature.com/articles/s42003-021-01756-4
https://www.encodeproject.org/publications/a5dd0e24-8f2d-40fe-914b-4e16fa70d3ce/

Machine learning: genome segmentation using ChromHMM

o
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Cell types segmentation by ChromHMM

(o 100 kb hg19
| 68,500,000 68,550,000 55,600,0001 £5,650,0001 68,700,001 68,750,001

| | ~EEER - é |
I Ees

—r i W
g et

| I |
MLBE

= ——1nn
n -
—_— P
" N
- 1
= 1
" [
1 =
— -
-
: . =
= =
A —_—
L. -
= -

i -

@ Rows: cell. Darkgreen, transcription; red, TSS; blue, heterochromatin;
yellow-green, enhancer; gray, repressed.

izaskun.mallona@mls.uzh.ch Regulatory Genomics and Epigenomics



@ Regulatory genomics and epigenomics study non-coding regulatory regions in the
genome
@ Regulatory genomics characterizes regulatory diversity (i.e. during development
and/or cell diversity)
@ Regulatory genomics focus on computational problems including the identification
of regions that potentially control the regulation of specific genes, i.e.
o ldentification of regulatory regions
e Identification of over-represented sequence motifs in sets of regulatory regions
e Machine learning of complex signatures
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UCSC Genome Browser session

@ Regulatory data track (hg38 human assembly; by Tuncay Baubec)
http://genome.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_
otherUserName=helitron&hgS_otherUserSessionName=hg38_BI0390

I

lcmﬂ(qzz) FEED 13 2FTERN 17012 17012 EFTARISCE [24 2 PRl 0251 T 174253 ]
GENCODE v32 Comprehensive Transcript Set (only Basic displayed by default)
M2 ACOTS845.2 + ACO1SaI34 1 ACO (o R4 H (PO HHHL MiRI42 1
1o ACD07431.1 M ccoctsz ) MRPS23 B VEZFI H{ AC01S8133 M OR4D2 mro | RNF43 HHDD
ACD0743120  RN7SL449P RN7SKP34 | CUEDC1 DYNLL2 erx tspo4r1 fHH
AC007431.3 RNU7-134P ACD15845 SRSFI ) 2
AC015813.7
ACD15813.2 k)
ACC ' SUPTaH1 H
i 1 AC004657 2 #HHDD|
’ I XN R i i | \‘ |
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for move end
<20 [ > track options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or right to new <20 | >
position. Press "?" for keyboard shortcuts.
hide all | manage custom tracks | track hubs | configure = multi-region = reverse | resize | refresh
expand all

track search || default tracks | default order
Use drop-down controls below and press refresh to alter tracks displayed.

Tracks with lots of items will automatically be displayed in more compact modes.

collapse all
[ - | Custom Tracks
CTCF H3K27me3 H3K36me3 H3K4mel H3K4me3 Input
full v hide v hide v hide: v hide: v hide: v
RNA
hide v
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http://genome.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=helitron&hgS_otherUserSessionName=hg38_BIO390
http://genome.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=helitron&hgS_otherUserSessionName=hg38_BIO390

Extra resources

@ Introduction to Regulatory Genomics and Epigenomics

https://simons.berkeley.edu/talks/regulatory-genomics-epigenomics :
longer/in depth overview of to the field
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https://simons.berkeley.edu/talks/regulatory-genomics-epigenomics

Extra resources

@ Introduction to Regulatory Genomics and Epigenomics
https://simons.berkeley.edu/talks/regulatory-genomics-epigenomics :
longer/in depth overview of to the field

@ Contact izaskun.mallona@mls.uzh.ch
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