1 7/10/25
2 14/10/25
3 2110125
4 411725
5 1111725
6 18/11/25
7 25/11/25
8 2/12/25
9 9/12/25
10 16/12/25
11 13/1/26
12 20/1/26
13 27/1/26

Syllabus and grading

introduction MR Overview of Bioinformatics, sequence alignment

Linux/shell/ssh AD Introduction to Linux and the command line, bash scripting and ssh

QC+RNASeq MR Next generation sequencing: introduction, quality control and gene expression analysis for RNAseq

R(1) AD Introduction to the R programming language and Rstudio usage

R(2) AD Advances R subjects, introduction to Bioconductor

bedtools/vcftools/samtools fli AD Command line tool usage: bedtools, vcftools, samtools etc.

Denovo MR NGS for denovo genome and transciptome assembly

Exome/SNP calling AD Pipelines for SNP calling, especially for exome sequencing using the GATK pipeline

ChipSeq/chirp Q MR NGS analysis for molecular interactions (ChipSeq, (Par-)Clip, structural sequencing, chromosome conformation capture (3C))
metabolomics MR Pipelines for SNP calling, especially for exome sequencing using the GATK pipeline

presentations MR+AD  Paper presentations by students

presentations MR+AD  Genome-scale models of metabolism and macromolecular expression, Biological applications of Transformers

final projects support MR+AD  Support for the final project

Grade 100%
Presentation 30%
Exercises 20%

Final Project 50%



Functional Elements in the Genome

Hypersensitive

Sites

Computation
5C DNase-seq CLIP-seq
ChIA-PET | | FAIRE-seq |G"F"““" I MHWSQ “‘“““"““a (‘W‘ j RIP- ,,qj [Oseg

Long-range regulatory elements Promoters Transcripts
(enhancers, repressors/
silencers, insulators)

www.encodeproject.org

Check also 2020 NGS review at nhttps:/www.nature.com/immersive/d42859-020-00099-0/pdf/d42859-020-00099-0.pdf

Bmmformatms Core
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https://www.nature.com/immersive/d42859-020-00099-0/pdf/d42859-020-00099-0.pdf

From: Next-Generation Sequencing Technology: Current Trends and Advancements
https://www.mdpi.com/2079-7737/12/7/997

Figure 3. Various approaches used for genome analysis and applications of NGS,
iIncluding technological platforms, data analysis, and applications. WGS, whole-genome

sequencing; WES, whole-exome sequencing; Seq, sequencing; ITS, internal transcribed

spacer; ChIP, chromatin immunoprecipitation; ATAC, assay for transposase-accessible

chromatin: AMR, anti-microbial resistance.

Human

-

Microbiome
griE —

b W,
py B e
=

Technologies

GENOMICS
WGS, WES

TRANSCRIPTOMICS
RNA-seq

EPIGENOMICS
Methyl-seq
ChiIP-Seq
ATAC-seq

METAGENOMICS
16S rRNA
ITS
Shotgun
Targeted panels

-------

Data analysis

Point mutations

Small Indels

Copy number variation
Structural variation
Lineage identification

Differential expression
Gene fusion
Alternative splicing
RNA editing

Methylation

Histone modifications
Transcription factor
binding

Bacterial profiling
Fungal profiling
Microbiome profiling
AMR gene profiling
Targeted gene analysis

Applications

Functional
effects
of mutations

Network &
pathway
analysis

Integrative
analysis

[amaqueaH B sonsoubelq ‘yoseasay J


https://www.mdpi.com/2079-7737/12/7/997

Gene Regulation

Binding-site

mRNA Conc.

Time

TATABOX Coding Region

Sequence Function



Chromatin Structure Determines Gene Status

R

Closed Chromatin
Open chromatin

4
!
|
: o
_.m. —_— > M‘\
&

gene B

Promoter and enhancer binding sites accessible

gene A

| N I || S T S -t [ R, 1

Bioinformatics Core
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DNA and Histone Modifications Create an Epigenome

protein that modifies and/or meC

binds to a modified histone _
protein that creates

and/or binds to meC
modified

histone

Methyl-CpG s—c—prosprare—s—3-binding domain (MBD)

1] Bmmformatms Core

—4—T—. RAVIE Carerrmes M httrv M MRiairnformatice 11edavie ad



Coordinated Efforts to Decipher Epigenomes

* There is a wealth of publicly available data.
Don’t be afraid to dig!

* NIH Roadmap Epigenomics Mapping Consortium
http://www.roadmapepigenomics.org/ -
= = - PROJECT

* Encyclopedia of DNA Elements Consortium
(ENCODE)

T
g
WAl 4
==Bioinformatics Core

== Part of the UCDAVIS Genome Center http://bicinformatics.ucdavis.edu

« ENCODE data limited to cell-types at
http://genome.ucsc.edu/index.html




Key Steps in a ChIP Assay

Cross-linking ’
WU

W0

Immunoprecipitation -@
o P

Fragmentation

DNA purification

ChiIP DNA Input DNA

L EL?:!EI?!EW%ELE&EE?:EE htto/Mbioinformatice ucdaviz eds



From Binding Site to Sequence to Peak

Short sequences are generated from each

Frotein DNA molecule.
. }) ) ) \ When mapped, a tag distribution is seen
. around a stable binding site.
=
] = - Cross-correlation is calculated for the
- o distance between positive- and negative-
i
strand peaks
~~ Crosslink
Fragmentation
- Positive-strand tag " 604 0.14
B— Negative-strand tag -0
e E 0,12
- E 0.10
g " £ S,
::g} o illﬂlﬂlmﬂ ——la % %D.DB_
Kharchenko et al., 2008 20 [ . 5 oo
Nat. Biotech. 26:1351 . E oo
- 10 ,
111}.5150,1%[110.560.200111|:I.5'I1JD.3§)U-1 DW—HIJU —f;ﬂ El' 5:0 1';10 130 2'502‘30 B*EI!O

Position en chromosome 1 Relative strand shift

== Bioinformatics Core

—— Dact of the | 1 BAVIE Genore Cantar htte:/MBicinformatice 11edavie ad



Library Complexity and Cross-Correlation

Highly enriched ChIP

A

i
===
laa——— |
| — ——
e ] | ree—ni | i}
e
Typical ChiP-seq peak

B ——
k

Low-complexity ChiP-seq peak = = =3 = o=
= ) 1] =a =] i)
e
! ! k
=] = ] = - .

Landt, et al., 2012 Genome Res. 22:1813

== Bioinformatics Core
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Called Peaks Increase With Sequencing Depth

1.0 s ) : 4 L ——t ~—d wﬂ == HepG2 MafK
4 ._ S ~+~ K562 CHD2
S 0.9- P - <o~ K562 CTCF
ﬁ e K562 BHLHB40
O 0.8- == K562 MXI1
" -o= K562 SIN3JA
x 0.7° " o K562 TFIIF
QD 0.6 L hES NRF1
E 5 == HelLa Pol2(pS2)
8 o.5- L === HepG2 RFX5
(o] ~»~ HepG2 CEBPZ
o gy
[P 0.4+ :ﬂf F 1.-‘:&1' - ~
(] fEr v y n_? u-.u] L
i 03 |
§" J# 54 MAFK HepG2
E 0.2- ;’y Eum e
m ! [y BT
1. - i
L. 0.1+ g " 10 20 30 40 S0 eo 70 s o0 100 [
P Humber mapped reads (millions)
0-0 : L] L L] L L] L L | L] L] L]
0 5 10 15 20 25 30 35 40 45 S50 55

Number mapped reads (millions)

Landt, et al., 2012 Genome Res. 22:1813

== Bioinformatics Core
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Comparison of Experimental Protocols

a DNA-binding protein ChiP-seq b Histone modification ChiP-seq ¢ DNase-seq d FAIRE-seq

Crosslink proteins and DNA Crosslink proteins and DNA Crosslink proteins and DNA

' + '

Exonuclease

Sample fragmentation Sample fragmentation = i
= Sonication * MNase digestion : amp_e r_agmentanon
= Endonuclease (ChIP-exo) Sample fragmentation * Sonication

' l * DNasel digestion

Phenol-chloroform extraction of DNA

Immunoprecipitate and Immunoprecipitate and —
then purify DNA then purify DNA —_—
Add biotinylated linkers
" " and extract
pTT'M.M — -k
T1..0T AAAAPTT ammmzm

Amplify, if few cells Amplify, if few cells
* LinDA * Nano-ChlP-seq

* LinDA

| }

DMA library creation and sequencing DMA library creation and sequencing DNA library creation and sequencing DMA library creation and sequencing

Furey, 2012 Nat. Rev. Gen. 13:840
== Bioinformatics Core

== Part of the UCDAVIS Genome Center http://bicinformatics.ucdavis.edu



Chemical reactions during formaldehyde crosslinking of biomolecules

Step 1
Protein  Formaldehyde Methylol Schiff Base
0 -H,0
Ry——NH, + J\ <—=- R;—NH = R;—N
L B
CH,~-OH CH,
Step 2
Schiff Base DNA or Protein Crosslinked Product
R, ——N Nuc—R —_— ——NH R
1 N * uc 2 T\, Ry \ / 2
CHE CHQ_NUG
Example Protein-DNA Crosslink
0
0
Lysine Residue
of a Protein Guanine Base
. )\ > of DNA
H

'CH.g

J Biol Chem. 2015 Sep 9;290(44):26404—-26411. doi: 10.1074/jbc.R115.651679



Pa rCI | p PhotoActivatable Ribonucleoside-enhanced CrossLinking ImmunoPrecipitation

3" genomic DNA
5 RNA
RBP binds EMNA after transcription
UV cross-linking at 365nm
-.::/.::>
- .
2 ??g} ® 4-thiouridine

In one variation on this technique, known as
PAR-CLIP, cells are incubated with

a light-reactive nucleoside analog,
4-thiouridine (U), that becomes
incorporated into RNA. Irradiation

with UV light crosslinks RNA-protein
complexes, which are then isolated

from cell lysates using antibodies.

RNA located outside the protein binding
pocket is degraded, and the remaining

cell lysis

RNase T1treatment followed by immunoprecipitation of
crosslinked RNA-protein complex and proteinase K treatment

1 adapter ligation

Adapter Adapter sequence is transcribed to DNA, a process
& B} RNA that leads to a characteristic T to C
reverse transcription mutation wherever the nucleoside
l introduces mutation analog incorporates.
5' RNA
¥ %‘?G' G cDNA
l PCR amplification
followed by sequencing
3 G G cDMNA
5 * Sequence



ENCODE Guidelines For Controls and Replicates

* Controls are Important!

Necessary to avoid non-uniform background (sonication, etc.)
Many cell lines have aneuploidy (genome size, copy number)
“Input” controls — similar prep, but no ChlP.

“1gG” — IP without the specific antibody

If amplification is done, must be done on all samples, including controls
(and complexity needs to be evaluated after sequencing to ensure peaks
aren’t due to PCR artifacts)

* Replicates

Minimum of two biological replicates.

The number of mapped reads and identified targets should be within 2
fold between replicates

80% of the top 40% of targets from one replicate should overlap the list
of targets from the other replicate. OR

More than 75% of targets should be in common between each replicate

== Bioinformati r
== hngfthegﬂmwageegmeccgntg http://bicinformatics.ucdavis.edu



ENCODE Guidelines for Sequencing Depth

* The number of targets that can be identified varies substantially
between cell types and experiments

* Depends on the TF, antibody, and peak-calling algorithm.
* Mammalian cells:

— 10M uniquely mapped reads per replicate for point-source peaks
(increased from previous requirement of 3M reads)

— 20M uniquely mapped reads per replicate for broad-source peaks
* Other organisms need fewer reads (insects, yeast, etc.)

* Each replicate should be sequenced to similar depth. Controls
to similar or greater depth.

* Complexity is important — low complexity libraries indicate PCR
over-amplification, resulting in high false-positive rate (and
failed experiment).

* FRIiP (Fraction of Reads in Peaks) should be >1% of reads

==Bioinformati r
== Partouf thegﬁnﬂﬂgtﬁe?usmeccgntg http://bicinformatics.ucdavis.edu



Motif Finding Motivation

Clustering genes based on
their expressions groups
co-expressed genes

[ |

Assuming co-expressed genes are co-
regulated, we look 1n their promoter regions
to find conserved motifs. confirming that
the same TF binds to them




Motifs vs Transcription Factor
Binding Sites
* Motifs:
— statistical or computational entities
— predicted
* Transcription Factor Binding Sites (or more
generally cis-regulatory elements)
— biological entities
— Real
* The hope 1s that TEFBS are conserved, or otherwise
significant computationally, so motifs can be used
to find them



Finding Motifs 1n a Set of
Sequences

GTGGCTGCACCACGTGTATGC. . .ACG
ACATCGCATCACGTGACCAGT. . .GAC
CCTCGCACGTGGTGGTACAGT. . .AAC
CTCGTTAGGACCATCACGTGA. . .ACA
GCTAGCCCACGTGGATCTTGT. . .AGA

Can you see the motif?



Finding Motifs 1n a Set of
Sequences

GGCTGCACCACGTGTATGC. . .AC
ATCGCATCACGTGACCAGT.. .GA
TCGCACGTGGTGGTACAGT. . .AA
CGTTAGGACCATCACGTGA. . .AC
TAGCCCACGTGGATCTTGT. . .AG




Finding Motifs 1in a Set of
Sequences

Protein binding



Motif Finding Problem

Given n sequences, find a motif (or
subsequence) present in many

This 1s essentially multiple alignment. The
difference 1s that multiple alignment 1s global
— longer overlaps

— constant site sizes and gaps

— NP-complete!




Definition and

. Single-Letter Codes for Nucleotides
Representation symbol | Meaning
G G
. A A
* Motifs: Short sequences |t TorU
\ : C C
* JUPAC notation " I R
* Regular Expressions R Gora
- . Y T.Uor C
— consensus motif M AorC
ACGGGTA = G.TorU
. S GorC
— degenerate motif W A.TorU
RCGGGTM i AC Torl
B G.T.Uor C
(GIAJCGGGT{A|IC) v G.CorA
D G.A . TorU
N G.AT.UorC




Position Specific Information

Seqs.

ACGGG
ATCGT
AAACC
TTAGC
ATGCC

—

Alignment Matrix (Profile)

Pos A C &
1 4 0 0
2 1 1 0
3 2 1 i
4 0 2 3
5 0 3 1

el S T e SR S S §

L

Position (Frequency) Weight Matrix

Po: iy C =
1 0.8 0 l
2 0.2 0.2 l
3 0.4 0.2 0.4
4 ( 0.4 0.6
5 ( 0.6 0.2

0.
0.

0
0

0.

[

[

_____




Gibbs sampling

Find location AND description of commonly occuring substrings

“co-regulated genes”:

APPLEPEACHBANANAPEA#LEMQNARANGEMELONKIWIGRAPELEMON

GAUDAADAMPFARDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAﬂIATREﬂAULTBAMANAFERRARI

Start with random positions for substrings



Gibbs sampling

Find location AND description of commonly occuring substrings

Step 1a:

APPLEPEACHBANANAPEA§LEMQNQRANGEMELONKIWIGRAPELEMON

GAUDAADAMPFARDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAﬂIATREﬂAULTBAMANAFERRARI

Pick one sequence



Gibbs sampling

Find location AND description of commonly occuring substrings

Step 1b:

APPLEPEACHBANANAPEA§LEMQNQRANGEMELONKIWIGRAPELEMON

GAUDAADAMPFARDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAﬂIATREﬂAULTBAMANAFERRARI

l

2 &

Get statistics of all other substrings



Gibbs sampling

Find location AND description of commonly occuring substrings

Step 2a:

............. 2 2]
APPLEPEACHBANANAPEARLEMQNQRANGEMELONKIWIGRAPELEMON

GAUDAADAMPFARDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAﬂIATREﬂAULTBAMANAFERRARI

2 &

match description to all locations in sequence



Gibbs sampling

Find location AND description of commonly occuring substrings

T%N\/‘L\ /\/\ N——

1 >
APPLEPEACHBANANAAEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAADAMPFARDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAﬂIATREﬂAULTBAMANAFERRARI

2 &

Pick new location in sequence (probabilistic)



Gibbs sampling

Find location AND description of commonly occuring substrings

Repeat steps 1 and 2 until convergence:

APPLEPEACdBANANAPEARLEMONORANGEMELONKIWIGRAPELEMON

GAUDAEDAMLEERDAMPANAMATILSITBRIECHAMANBERTROQEFORT

OPELBWMTOYOTAHYUNDAIMAZDAFIATRENAULﬂBAMANAFERRARI

b2-a-A




Multi-site Motif

Table 3 + Dimer alignment

° TWO-Site: Djmer? dyad for MCM1 binding site

* Gapped Motif ace. [ e

| e | \ACCT. . AAGG. .
* In general, a motif 1s an oer ! oas
ordered set of binding T hass
. ACCT. AGGA
S1tes TACC. .. ... GGA
TACC. . ... AGGhH



Dependence of Simple Motif Pairs on
Distance and Order Between Them

PTK Construots Falative Lusifernss Antivity (%)
wo_ 200 3w
pTK-81 e ur
B whiy
: B T
PTHY «H2 [
pTK-Bt SAE
pTK-81 SBE + «B
PTH-81 GP25 s+ STR 1
ETK-51 SP30 vB+SRE
ETR-61 SP4Z LB4SHE
PTK-E1 SPE2 KBSHE 17 R T ]
7 S T | B
ATK-81 SP100 xB+SBE ' "L

Ohmori et al.. 1997



RNA SECONDARY STRUCTURE

Sequence = Secondary Structure - Tertiary Structure

g »

e



Transfer RNA (tRNA)




Ribosomal RNA (rRNA)
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rRNA+tRNA in Ribosome

By Bensaccount at en.wikipedia, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=8287100



Parallel Analysis of RNA Structure (PARS)

NJ/ In vitro folded RNA %\r
*H Wy Vs

RNase V1 digestion S1 nuclease digestion

\ \/

e

aa

“o

B —

Random fragmentation, deep sequencing

PARS score [Iogz(g)}
averaged over all transcripts

More
M structured

Mur Aok 3w
WP\

Less
structured

Average PARS score
o

> O

Start Stop
L IL I I J
5"UTR Protein-coding region 3" UTR

Global view of mRNA structure



PARS SCORE

Less Structure = more unpaired = score < 0

More structure = more paired = score > 0O

ﬂm-n)
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] - - 050
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Unpaired I Paired



. NGS Methods for RNA Secondary Structure

Method

PARS

SHAPE-seq

DMS-seq/
Structure-seq

icSHAPE

DMS-MaP-seq

RING-seq

Hi-LIP

Probing Type

Enzymatic
(RNases V1/S1)

Chemical
(Flexibility)

Chemical
(Accessibility)

Chemical (In vivo)

Chemical
(Mapping)

Enzymatic
(Double-strand)

Chemical (In vivo)

Year

2010

2011

2014

2015

2017

2019

2021

Key Feature

First method for genome-wide structural mapping
(Structurome).

Measures nucleotide flexibility using an electrophile that
acylates the 2" — O H of unstructured bases.

Uses Dimethyl Sulfate (DMS) to probe accessible A and
C bases in vivo.

An improvement on SHAPE that uses a different
chemical probe to provide higher signal-to-noise ratio in
Vivo.

Combines DMS probing with techniques that map
reverse transcriptase stops/misincorporations for high
accuracy.

Specialized method using a recombinant RNase to
selectively cleave dsRNA regions, focusing on identifying
regulatory structures.

Uses a cleavable chemical probe and specialized ligation
to map RNA structures inside cells with high fidelity.



3D

Chromosome Structure

arra nge_ from single-cell Hi-C
Active domains tend to locate toward the surface
Nagano et al., Nature 2013
/

of the chromosome territory and are enriched

m e nt { , in inter-chromosomal contacts
of
Chromo-

S O m es Higher-order folding ___p & / [\ : / ) Lamin-associated domains
brings together distal = ——ay . (LADs) tend to locate

domains located tens VY o S — ; ¢ toward the surface of
of megabases apart Y y A\ LA S T2 chromosomes, often
5 located on one side

of the territory. LADs
are devoid of
inter-chromosomal
contacts and enriched
in long-range
intra-chromosomal
contacts

Interphase cell nucleus
showing a single
chromosome in green

Silent domains tend to locate to internal positions
in the chromosome territory, and are enriched in
intra-chromosomal contacts

ey Vuclear Dynamics Programme
The Babraham Institute, Cambridge, UK




Overview of Hi-C technology

A crosslink and isolate B digest and biotin fill in C ligation and DNA isolation

TR

E Pulldown, adaptor ligation

D biotin removal and size fractionation and deep sequencing

\ 8!
| W + / — _CP_ -
\ o/
II- \ —(_P— ------- -/ — _ﬁ:\_.?.ﬂ
.0
. r 1%

A) Hi-C detects chromatin interaction both within and between chromosomes by covalently crosslinking protein/DNA
complexes with formaldehyde. B) The chromatin is digested with a restriction enzyme and the ends are marked with a
biotinylated nucleotide. C) The DNA in the crosslinked complexes are ligated to form chimeric DNA molecules. D) Biotin is
removed from the ends of linear fragments and the molecules are fragmented to reduce their overall size. E) Molecules with
internal biotin incorporation are pulled down with streptavidin coated magnetic beads and modified for deep sequencing.

Quantitation of chromatin interactions is achieved through massively parallel deep sequencing.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3874846/



Crosslink DNA

Hindll

AAGCTT
TTCGAA

Cut with
restriction
enzyme

Fill ends
and mark
with biotin

Ligate

Purify and shear DNA;
pull down biotin

Sequence using
paired-ends



Gene Density
DI B ime L] 1

Compartments
1 N e m

L

Hi-C data visualization and analysis

chet {Mhi: 501 oo 1 1501 |

A HiL Profie for Interactions with Selected Bin |
o s N aa

ENCODE GM12878 CTCF Chif-seq
| I S
ENCODE GM1 2878 H3K4me 3 ChiP-seq Signal

— Median
—— 5%/95% Confint

log10{Hi-C Score)
0.0
|

m
2| el

A) A heatmap of interactions between all 1 Mb bins along chrl
for GM06990 cells. The intensity of red color corresponds to the
number of Hi-C interactions. B) A “4C profile” derived from one
row of the Hi-C heatmap (blue box in A) showing all interactions
between a fixed 1 Mb location at 190 Mb on chrl and the rest of
chrl. CTCF and H3K4me3 tracks from a similar cell line are
displayed below as examples of other genomic datasets that can
be compared with such an interaction profile. C) The log10 of
the Hi-C interaction counts of each pair of bins along chrl is
plotted versus the log of the genomic distance between each
pair of bins. The median value of datapoints in the graph is
indicated by a blue line while the 5% and 95% confidence
intervals are shown as thin black lines. The slope of the median
line from 500 kb to 10 Mb is -1, following the relationship
expected for a fractal globule polymer structure of the
chromatin. D) Red and blue “plaid” patterns show the
compartmentalization of chrl in two types of chromosomal
domains. The data from A were transformed by first finding the
observed interactions over the expected average pattern of
decay away from the diagonal and then calculating a Pearson
correlation coefficient between each pair of rows and columns.
Regions highly correlated with one another in interaction are
colored red and are likely to be classified by principle
components analysis into the same compartment as shown
above (black bands = open chromatin compartment; light grey
bands = closed chromatin compartment). The compartment
assignments correlate with the gene density profile, shown
above the compartment profile (high gene density = black; low
gene density = white). E) Whole chromosome interaction
patterns show that longer chromosomes (chr1-10, chrX) are
more likely to interact with one another and not with shorter
chromosomes (chr14-22).



%, Methods for DNA Structure Assessment

Method

Hi-C

DNase-
seq

ATAC-
seq

MNase-
seq

ChiP-
seq

Full Name

High-throughput
Chromosome Conformation
Capture

DNase | Hypersensitive Sites
sequencing

Assay for Transposase-
Accessible Chromatin using
sequencing

Micrococcal Nuclease
sequencing

Chromatin
Immunoprecipitation
sequencing

Primary Function

Maps long-range, genome-wide physical
interactions to determine 3D folding and
organization of chromatin.

Uses DNase | enzyme to identify regions of
open chromatin (active regulatory
elements).

Uses a transposase enzyme to rapidly map
accessible chromatin regions. (Modern
standard, faster than DNase-seq).

Maps the precise location and occupancy of
nucleosomes (the basic units of chromatin
structure).

While broad, it indirectly assesses structure
by mapping binding sites of proteins (like
histone modifications) that define active
vs. repressed chromatin states.

Appearance
Year

2009

2008

2013

~2009

2007



A (Non-Exhaustive) List of Useful References

ENCODE and modENCODE Guidelines For Experiments Generating ChIP, DNase,
FAIRE, and DNA Methylation Genome Wide Location Data Version 2.0, July 20,
2011 (www.encodeproject.org)

ChlP-seq guidelines and practices of the ENCODE and modENCODE consortia.
Landt et al., Genome Research, 2012, 22:1813.

ChIP—seq and beyond: new and improved methodologies to detect and
characterize protein—DNA interactions. Furey, Nat. Rev. Genetics 2012, 13:840

Using ChIP-Seq Technology to Generate High-Resolution Profiles of Histone
Modifications. O’Geen et al., 2011, Methods in Molecular Biology, 791:265

Design and analysis of ChIP-seq experiments for DNA-binding proteins.
Kharchenko et al., 2008 Nature Biotechnology 26:1351

== Bioinformati r
== Partouf thegﬂbﬂﬂa!‘ptﬁe??meccgntg http://bicinformatics.ucdavis.edu



ChipSeq Exercise: tool installation

# install MEME

cd ~/tools

wget https://meme-suite.org/meme/meme-software/5.5.9/meme-5.5.9.tar.gz

tar xzf meme-5.5.9.tar.gz

cd meme-5.5.9

.Jconfigure --prefix=SHOME/meme --with-url=http://meme-suite.org --enable-build-libxml2 --enable-build-libxslt
make -j 4 install

# add line below to ~/.bashrc
export PATH=SHOME/meme/bin:SPATH

# add bedGraphToBigWig tool

cd ~/meme/bin

wget http://hgdownload.cse.ucsc.edu/admin/exe/linux.x86_64/bedGraphToBigWig
chmod u+x bedG*

# get and start Exercise

cd ~/tools

wget https://genomics-lab.fleming.gr/fleming/uoa/vm/ChlP-seq.zip
unzip ChIP-seq.zip

cd ChlP-seq/

google-chrome 20121016_ChIP-seq_Practical.pdf &

#build bowtie index (~¥15min)
bowtie-build bowtie_index/mm10.fa bowtie_index/mm10


https://genomics-lab.fleming.gr/fleming/uoa/vm/ChIP-seq.zip

ChipSeq Exercise

# alignment, direct output to sorted bam

bowtie -p 4 -m 1 -S bowtie_index/mm10 gfp.fastq | samtools view -bS - | samtools sort - > gfp.bam
samtools index gfp.bam

bowtie -p 4 -m 1 -S bowtie_index/mm10 Oct4.fastq | samtools view -bS - | samtools sort - > Oct4.bam
samtools index Oct4.bam

# start igv , switch the current genome to “Mouse (GRCM38/mm10)”, load Oct4.bam , jump to gene “Lemd1”, zoom in

# peak finding
macs -t Oct4.bam -c gfp.bam --format=BAM --name=0ct4 --gsize=138000000 --tsize=26 --diag —wig

# motif finding, New instructions replacing page 12 to 15:

slopBed -i Oct4_summits.bed -g bowtie_index/mouse.mm10.genome -b 20 > Oct4_summits-b20.bed
fastaFromBed -fi bowtie_index/mm10.fa -bed Oct4_summits-b20.bed > Oct4_summits-b20.fa
~/meme/bin/meme Oct4_summits-b20.fa -0 meme -dna -nmotifs 3

goolge-chrome meme/meme.html|
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