Next Generation Sequencing Data Analysis:

From ChIP-Seq Read Islands to
Epigenomics Information



Outline

Brief intro to experimental techniques
Next generation sequencing raw results
Track quality measurements

Read densities, heatmaps & profiles
Peak calling & overlaps

Motif finding



Immune System & B cell development
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Questions: For each cell stage, ...

.. which chromatin marks are associated with each
gene?

.. is the gene’s DNA accessible to interacting proteins?

.. which gene is bound by a transcription factor?

.. Which gene is expressed?

.. how is the correlation between transcription factor
binding, transcription and chromatin state?

.. how does all this change between cell stages?



Gene expression
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Sequencing experiment protocols

a DNA-binding protein ChlP-seq b Histone modification ChiP-seq c DNase-seq
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Associated Next Generation Sequencing methods

RNA-Seq

ChlP-Seq
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sequencing reads (~10-100 million/sample)




Bioinformatics Pipeline

Image analysis & Base calling
Quality control (did the sequencing work?)
Sequence alignment (assembly) + QC

Read quantification (expressed? bound?
chromatin state? open chromatin? ...)

Genome wide summaries

Comparison between technical or biological
replicates

Comparison across cell/genotype boundaries



Raw data

~115000 images per flowcell (36 bases) Base calling
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Flowcell images: Whiteford et al., Bioinformatics 2009; lllumina;
contig.worldpress.com, flxex 2010



Alighed reads genome view
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Some important key ChIP-Seq quality check numbers

Alignment statistics Read duplication

Sequence counts unigue 1

frequency of counts of sequence (max 100)
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Spotfire webplayer & Integrated Genome B

rowser (IGB)

© summary.dip - TIBCO Spotfire

CIUPACHN 31108

COATOT srted covad | 1

PR PRI RN T [ TOTTT AP N WU DU SR [ Y PR 1T W ST O AU BT RPN 19 W I (L Y

[ I ST TSV VL DR PRI i A

File Edit View Inset Tools Help
E-E0E-EF2R2C¢H|(TENONIa0r| ) BEEEdrBS<PORENME ¥ W BHOBE
Table Cross correlation  Duplication  Read length  Page  Page (2}
Table
sid exptype genotype celltype antibody_simple rlen alig... is_merged igh_merged_b...
11887 ChiP-Seq Vavcre E2ZA(FIF)  E2A def Streptavidin NA 36M True T hitp 127 0.0.1:7.
Ik(Bio/Bic) R2E Progenitors version=mmgase...
(Bir&/Bir&) / 3A%2F%
2Fmammut?%2FY%
l TEjaritz%
2FProjects®
11688 ChiP-Segq Vavcre EZA(FIF)  E2A def Streptavidin NA 36M True I
Ik(Bio/Bio) R26 Progenitors
(BirAJBirA)
2Fmammut%2F%
TEjaritz%
2FProjects%
11889 ChiP-Seq Vavcre Ebf1(FiF)  Ebf1 def Streptavidin NA 36M True ' hitp 127 .0.0.1:7.
Ik(Bio/Bic) R2E Progenitors version=mmgase...
(BirA/+) 2A%2F%
2Fmammut?%2FY%
TEjaritz%
2FProjects®
11889 ChiP-Seg Vavcre Ebf1(F/F)  Ebf1 def Streptavidin HiSeq2000:5R50  36M False T
Ik(Bio/Bio) R26 Progenitors
(BirAl+)
11889 ChiP-Seq Vavcre Ebf1(FiF)  Ebf1 def Streptavidin HiSeq2000:SR50  38M False |
Ik(Bio/Biz) RZ6 Progenitors
(Bir/+)
11887 ChiP-Seg Vavcre E2A(F/F)  E2A def Streptavidin HiSeq2000:5R50  36M False R
Ik(Bio/Bio) R26 Progenitors
(BIrABIrA)
11887 ChiP-Seq Vavcre E2A(FIF)  E2A def Streptavidin HiSeq2000:5R50  36M False ey —
WL{Bin/Rint D28 Draccnitace
w e R ——T 782 = -y =]
Eée 6t Yiow Took Tabs Boskmads Help —
55 W) M ) H [ I T ETTTT—)
G [t : 41,983,308 - 4,000 980 Ik Lv) ) | 2 Lot Dota | IS Loaet Soquence | | £
11888 ChiP-Seg | - . 7 g
25 i
18 g
i o e o b i b ot oo i bRk k5
11388 ChiP-Seq o g

CLLEFACHN_4 L1858 COATGT sorted cov.ad | 1%

11897, sorted cov.al

CLIEFACHN_3_11857_&

CIUPACIN S,

ik Bk o i it LA 5,

it e+ ot et M e Dk e s ik st s sl A

JROOTTOPIY " TR RRTATIY. TR WY AP TPy Y PT: §

PPV U R TR TTTYN CF TR VRPN T T O N

[T TRY (P PR T F L PV T T w

Y PRPROET PR P TS VNI O PR TN POVATY 1

YRR WY TR T (T T PR [ PP

igh_all_bw_In

igh_best_bw._Ih

http:/i127.0.0.1.7.,

ver:
3A%2F%
2Fmammut%2F%
TEjaritz%
2FProjects%
hitp/1127.0.0.17.
VErsio m9&se..
34%2F%
2Fmammut32F%
TEjaritz%
2FProjects®
http:/i127.0.0.1.7.,
version-mmesse. .
3A%2F%
2Fmammut%2F%
TEjaritz%
2FProjects%
hitp/1127.0.0.17.
version=mm9ase.
34%2F%
2Fmammut32F%
TEjaritz%
2FProjects%
http:/i127.0.0.1.7.,
version-mmesse. .
3A%2F%
2Fmammut%2F%
TEjaritz%
2FProjects%
hitp:/1127.0.0.1°7.
version=mm9ase.
34%2F%
2Fmammut32F%
TEjaritz%
2FProjects%
http:/1127.0.0.1.7.,

VEr:
3A%2F%
2Fmammut%2F%
TEjaritz%
2FProjects%
hitp:#127.0.0.1:7.
version=mm9&se.
3A%2F%
2Fmammut¥%2FY%
TEjaritz%
2FProjects%

== =]

Filters X

(]

ChAP-Seq
ChiP-Seq
DNAseHS

genotype
Type fo search in list

(All) 2 values L
Vavere E2A(FF) Ik(Bio/Bi...
Vavere Ebf1(F/F) Ik(Bio/Bi

celitype
Type to search in list

E2A def Progenitors
Ebf1 def Progenitors

antibody

Type to search in list

(All) 1 values

Streptavidin

0 174921053
[]




~ 21000 TSS

TSS Read density across the genome
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How to find piles of read densities: "peak calling"
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Fold enrichment

Peak calling results
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20
m..‘ I lL [ S JEp .11 ....u.‘..L n.uL.A.n.. P ..‘..I.. R T TP

peaks ) D » M ) 4

S Y [T S ¥ R | . [ T [P

size = # Tags . size = # Tags
color = FDR © e color = log10(Fold enrichment)
? |
® F b
100 - 2375 i /
L » £
s . 1000 —£ ~ 3226 /
® | ' f
F | 8626
® L \
° 2.79 : \ \
. . 1.81 /
- \_/-
° Eo
! - 47
31.62 =15
@ i 2
1.87 ]
TH : \ 1.41 — - 28
0.9 19
10 -1
10 -1 1.02
k
0 0.6 10
1 0
! ' T T ! T
100 316 1000 3162 100 316 1000 3162

log10(p-value) log10(p-value)



Overlap of two track's peaks
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Peak calling & sample size
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- different sample sizes
- different numbers of peaks called
- saturation issue

peak number

random subsamples of million reads



Peak overlaps of multiple tracks
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Finding the most common sequence motif in a peak

chr1:166204716-166206716 (2000)

rmdup, shifts=137, r=16.19, m=extendMacs, max=166205716
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For each peak:

* get all reads, remove duplicates

* shift + extend reads (3 methods)

* get location and read count of summit (peak max)

* get ratio of reads around peaks over rest of peak (“peakiness”)
e recenter the peak

* extract associated peak sequences (masked/unmasked)

* select 300 “best” peaks, according to “peakiness” score (sort)
and min deviation of shift method results (max location) >= 100

* meme-chip (meme [de novo], dreme [de novo], mast [scan],
tomtom [motif compare], centrimo [centralenriched]

e search full peak sequence set with obtained motifs (mast)

¢ also for random(shuffled sequences)



Bioinformatics pipeline & outlook

Build a database of all our tracks (resource)
Compute quality values of ChIP-Seq tracks
Call peaks (TF/HS/Chromatin)

— calculate peak saturation
Assign peaks to genes

Find motifs (where applicable)
Compare (biological) replicates

Perform data analysis/mining

— |dentify hotspots
— Find interesting Heatmaps, densities, clusters ...



Data != Publications
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