Biomed. Data Science:

Quick RNA-seq & Chip-seq
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Non-coding Annotations: Overview

Features are often present on multiple "scale” (eg elements and connected networks)

Functional Genomics
Chip-seq (Epigenome & seq. specific TF)
and ncRNA & un-annotated transcription

Sequence features, incl. Conservation

Large-scale sequence
similarity comparison

v

Identify large blocks of
repeated and deleted
| sequence:

Signal processing of raw
experimental data:

» Removing artefacts
» Normalization
» Window smoothing

» Within the human
reference genome

{

» Within the human
population

+ Between closely related
mammalian genomes

Segmentation of processed
data into active regions:

» Binding sites

» Transcriptionally active

v

regions
Y

dentify smaller-scale
repeated blocks using
statistical models

Group active regions into
larger annotation blocks
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[Nat. Rev. Genet. (2010) 11: 559]
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Low-Level Data for RNA-seq & Chip-seq

@ILMN-GAOO1 3 208HWAAXX 1 1 110 812
ATACAAGCAAGTATAAGTTCGTATGCCGICTT
+ILMN-GAOO1 3 208HWAAXX 1 1 110 812

hthhh]NYhhhhthThhaZT[hYHNSPKXR
GILMN-GAOO1 3 208HWAAXX 1 1 111 879

GGAGGCTGGAGTTGGGGACGTATGCGGCATAG
+ILMN-GAOO1 3 208HWAAXX 1 1 111 879

hSWhRNJ\ hFhLdhVOhAIBENFKDEPABR?N?

Reads (fasta)
+ quality scores (fastq)
+ mapping (BAM)

Reads => Signal (Intermediate file)

Accumulating @ >1 Pbp/yr (currently),
~20% of tot. HiSeq output

Overiap
identification

Overlap profile

[PLOS CB 4:e1000158]
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Information from

RNA-seq:

Avg. signal at exons &
TARs (RPKMs)

[PNAS 4:107: 5254 ; IJC 123:569]
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Activity Patterns
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* RNA Seq. gives rise to activity patterns
of genes & regions in the genome
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Information from Chip-seq
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Summarizing the Signal:
"Traditional” ChipSeq Peak Calling

Generate & threshold the signal
profile to identify candidate
target regions

—  Simulation (PeakSeq),

—  Local window based Poisson (MACS),

—  Fold change statistics (SPP)

Potential Targets

Score against the control

Significantly Enriched targets

ChlP

Threshold

Normalized Control
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Multiscale Analysis, Minima/Maxima based
Coarse Segmentation
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p36.31 p36.13 p353 p34.2 p323 p31.3 p31.1 p223 p21.3 p133 pl2 ql1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q321 q323 q42.11 q42.3 q44

27,140 kb 27,160 kb 27,180 kb 27,200 kb 27,220 kb 27,240 kb 27,260 kb 27,280 kb 27,300 kb 27,320 kb

204 kb e

Harmanci et al, Genome Biology 2014, MUSIC.gersteinlab.org
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Multiscale Decomposition

Increasing Scale
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Multiscale Decomposition

Increasing Scale
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