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Outline

* Introduction to NGS data analysis pipeline
« Quality check
« Alignment
* Higher level analysis (peak calling)
* File formats
« Visualization of NGS data using IGV
* RNA-seq, ChlP-seq, ...
* |GV tools
* Practice
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Bioinformatics Analysis In R

Next Generation Sequencing



Sequencing

* Read the bases of a DNA/RNA sequence
* Applications
« Sequence DNA of known or unknown organism
* Detect variants on patients
« Sequence the RNA of a cell
» Detect location of proteins interacting with DNA
* Problem
* Only short DNA sequences ( < 1000 bps) can be read
* Solution
« Bioinformatics

Institute for Rm

Computational Genomics



Information Level vs. NGS

DNA Sequencing
-> detection of genetic variants
-> de-novo reconstructions of genomes

DNA

RNA Sequencing
-> quantification of RNA in a cell
-> de-novo identification of RNAs

RNA

Proteins Detection of Interactions:

« ChIP Sequencing -> a protein with DNA
« CLIP Sequencing -> a protein with RNA
* ChIRP Sequencing -> a RNA with DNA

See here for a comprehensive list of Seq essays (>50)
https://liorpachter.wordpress.com/seq/

genetic information
level
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Next Generation Sequencing

» NGS take advantage of parallelization
» reads millions/billions of reads for a time
» shorter reads (50-100 bps)
» higher error rates (0.1-1%)
» commercial products:
454
SOLID
Solexa (lllumina)
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Next Generation Sequencing
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Next Generation Sequencing
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Read Types

Fragment DNA: —— — — _—_— — —
Paired end

Single end Ins: 200-800 bp
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Read Types

Fragment DNA: ——

v

Single end

Advantages:

- cheaper

-compatible with protocols
producing small fragments
(Ribo-seq, mirRNA-seq)

Paired end
Ins: 200-800 bp

Advantages:

- easier to align

-helps detection of variants
(DNA), exon pairs (RNA)
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FASTA files

>dnaA chromosomal replication initiator protein DnaA
MSLSLWQQCLARLQDELPATEFSMWIRPLQAELSDNTLALYAPNRFVLDW
VRDKYLEALRDLLALQEKLVTIDNIQKTVAEYYKIKVADLLSKRRSRSVARP
RQMAMALAKELLHAVGNGIMARKPNAKVVYMHSERFVQDMVKALQNNAI
EEFKRYYRSVDALLIDDFSLPEIGDAFGGRDHTTVLHACRKIEQLREESHD
KEDFSNLIRTLSS

Institute for Rm
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FASTA files

Start symbol

T~

>dnaA chromosomal repllcatlon Initiator protein DnaA
MSLSLWQQCLARLQDELPATEFSMWIRPLQAELSDNTLALYAPNRFVLDW
VRDKYLEALRDLLALQEKLVTIDNIQKTVAEYYKIKVADLLSKRRSRSVARP
RQMAMALAKELLHAVGNGIMARKPNAKVVYMHSERFVQDMVKALQNNAI
EEFKRYYRSVDALLIDDFSLPEIGDAFGGRDHTTVLHACRKIEQLREESHD
KEDFSNLIRTLSS I

The sequence

Sequence ID

Sequence description
no spaces)

(spaces allowed)

Institute for Rm
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FASTQ files

Header

N
@ILLUMINA-C90280 0030 FC:5:1:2675: 109 0#NNNNNN/1

Sequence —— ATTCCCGGCCTTTTTCCAGGCCTGCCTGCTCGAGC
+

/BAAAGECEE<EEDFEDF3DBDBB=A+==> 9>>887?

Qualities

(prob. that base call is wrong)

One character encodes a number Phred-scale
using ascii table (0-255)
Q=-10 *logl0O P
This number (Q) can be
converted to P P=107A(-Q/10)
Institute for Rwrl.l
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FASTQ files

Uses letters/symbols to represent numbers:

"#$%8&'()*+,-./0123456789:;<=>?@ABCDEF GHIJ

L |

Q0 Q10 Q20 Q30 Q40
bad excellent
e Genomice RWTH



Bioinformatics Analysis In R

Next Generation Sequencing
Data Analysis



Pre-processing

Question

[0)
N
(7]
S
<
A
Raw ‘/ Pre-
reads rocessin

Assembly:
Alignment /
de novo

Application
specific:
Variant calling,
count matrix, ...

Compare

samples /|| Answer?

methods
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Pre-processing

 Sequencing and sample preparation introduce
errors
e Errors in start/end of reads
 Bases bias on read positions
 Presence of adapter sequences
 Fragment duplication from PCR

e Tools: FastQC (for checking), Trimmomatic (for
trimming), ...



Quality Control

* FastQC (usually provided by NGS core facilities)
* tool to analyse quality of reads from sequencing.

* Indicate problems in library preparation or sequencing
steps.

* Example of good sequences:

* http://www.bioinformatics.babraham.ac.uk/projects/
fastgc/good_sequence_short_fastgc.html

* Or bad sequences:

 http://www.bioinformatics.babraham.ac.uk/projects/
fastgc/bad _sequence fastqgc.html

Institute for Rm
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http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc.html
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc.html

Quality Control

Sequencing quality decreases with size.

Quality scores across all bases (lllumina 1.5 encoding) Quality scores across all bases (lllumina 1.5 encoding)
38
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Position in read (bp} Position in read (bp}

Solution: trim end of reads with low quality

Institute for
Computational Genomics

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/ 01011¢ Lw

1010010010

RWTH




Read position sequence bias

Sequence centent across all bases
100
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Fosition in read (bp)

* Trim read starts
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Quality Control

Sequence duplication levels

Percent of seqs remaining if deduplicated 94.81%
100

% Total sequences
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% Deduplicated sequences
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Sequence Duplication Level
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Percent of seqs remaining if deduplicated 69.11%

% Deduplicated sequences

% Total sequences

5 6 7 8 9 >10 =50 =100 =500
Sequence Duplication Level

e Solution: remove duplicates

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
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(Short reads) Alignment

Data size

Application Compare

Assembly: o~
Question Raw Pre- “Alignment /) specific: samples /|| Answer?

N
==

reads | | processing — Variant calling, methods
count matrix, ...

Institute for Rm
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Short Read Alignment

*  Query
* sequenced reads in FASTQ format
* huge number of them, 1M ~ 100M
* short read length, ~100 bp
* Reference
* human genome in FASTQ format
» total size ~3 billion bps
* Lots of short vs. a few longs
« BLAST would take several years to run.

100 bp

short reads

ong genome I
3.4 bn bp (human)

Institute for
Computational Genomics
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Pitfals

- (Unknown) divergence of sample and reference
genome

- Poor genome reference quality

- Repeats in the genome (larger than read size)

- Recombinations

- Sequencing/read errors

Institute for Rm

Computational Genomics
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Algorithms - Alighment

Short read alignment is a special problem

* reference sequence (genome) is large and fixed
e query sequence (reads) are short and many
Solution:

1. Pre-process the genome finding all exact alignments for
small sequences (>14bps) (index)

* k-mer hash table (>10GB)

 compressed suffix trees (> 4GB)
2. Break your read in small pieces (>14bps) and extend
your alignment on all candidate positions using dynamic
programming.

Institute for
Computational Genomics
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Alignment Tools

T rHAT «
-Aligner e
pgmé%T .
JAGuaR e
BWA-PSSM «
MOSAIK «
Hobbes2 e
CUSHAWS
NextGenMap e
Subread/SulHunc .
SH CRAC
mapper e
GENL e
STAR
ERNE e
BatMeth
BLASR «
YAHA o
SegAlto
Batmis e
OSA
ContextMap o -ContextMap 2
b Nfasmon .
nMap e
yRU R .
drFAST
Bismark e
i L
apSplice ~ e
REAL.
SToRM
BS-Seeker o BS-Seeker2—-
Supersplat
Sgllce ap e
RAT e o -BRAT-BW
BFA%L .
segemehl o
GﬁbMAP .
GenomeMangr .
mrEAST e s -mrsFAST o mrsFAST-Ultra
PerM o
RNE':ASM?\IS : X-Mate - o SplazerS
RazerS e e MicroRazerS . o RazerS3
SHRIMP « o~ SHRIMP.
WA o o BWA-SW
CloudBurst e
ProbeMatch +« -WHAM
TopHat e - « -TopHat2
Bﬁwt!e . « Bowtie2
PASS o —-PASS-bis
Slider « o Slider It
QPALMA
SOCS
= %ﬁo .
egMap e
Z%Op .
PatMaN
AP
SOAP + SOAP2 » ~SOAPSplice
BWT-SW
ELAND e
GMAP o s+ -GSNAP
Exonerate e
Mummer 3 e
Blat «
SSAHA
[ [ I I I [ [ I I I I [ I I I 1

Institute for Rm

Computational Genomics

https://www.ecseq.com/support/ngs/what-is-the-best-ngs-alignment-software Somputatl

10100100



Reference based aligners - Overview

Time
Precision

+

BOWTIE

NOVOALIGN +

+

STAR

BISMARK +

+ -

+

+

Memory | Application (Comments)

5GB

8GB

8GB

32GB

10GB

General
(max. 3 missmatches)

General
(max of 200bps reads)

General
(commercial license)

RNA-Seq
(allow split-maps)

Bisulfite/reduced
sequencing

non comprehensive list

Institute for Rm
Computational Genomics

0101101 10W

101001001



Alignment Tools

User time [s]
DNA-Seq

Bowtie2 87.91

STAR 0.99
0 50 100 150 200 250 300 350
time
Memory consumption [GB]
DNA-Seq
Bowtie2 .3.77
pwa [ 3.85
BWA-ME - 5.75
0 10 20 30 40 50 60 70 80
memory

https://www.ecseq.com/support/benchmark

User time [s] (MRNA-Seq)

mRNA-Seq

40 60 80 100 120 140 160
time

Memory consumption [GB]

mRNA-Seq

pwa [ 373

20 30 40 50 60 70 80
memory

RWTHAACHEN
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SAM Files

« Store alignment results as text-based file
« Consists of a header and an alignment section

Header

Alignment

Institute for RWAACHEN
Computational Genomics
aoonmmagagg|  UNIVERSITY
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SAM Files- alignment section

Coordinates 123456789‘ -
R ef erence AAATGAATAATCTCTATCATCAACATTGTGTTCCTTTGCG AACCTTTCCT

, . TIGIGTTCCTTTGCGTIT
Reads :zﬁijf:: ___ CICTATCATCAACATTGTG
Header Format Coordinate
version system
Alti»gnmezt @HD VN(’] 1 SO:coordinate P— RNEXT: Ref. name of TLEN: observed QUAL:ASCII of Phred-
R YR ™~ @5q SNitest  LN:97 ————  length themate/nexk template length scaled base quality
/ fragment /
- rl 0 chr10 27 30 75M * / 0 0 TGTGTTCCTTTGCGTT 8M214M1D3MCEC@=DE?CF
Sequence r2 16 chrl0 12 20 75M * 0 0 CTCTATCATCAACATTGTG GGGGFGGCEEEE,@C@C
e ‘ \ \
QNAME:Read Bitwise RNAME: Pos:starting\ MAPQ: CIGAR PNEXT: Position of SEQ:
ozg:zry FLAG Reference position of the Mapping String the mate/next fragment
seq name read quality fragment sequence B

« SAM files will have large size (1-10 Gbs)
» Usually a experiment has dozens of such files
« BAM files (zipped version of SAM) is more common and reduces
the size by 30-50%. This file can be opened in genome browsers if

a index file is also given.
Institute for Rm

Computational Genomics
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Applications - Variant Calling

Question

A
0]
N
(%]
c
o
Raw Pre-
reads | | processing

Assembly:
Alignment /
de novo

Application

cou

ariant calling,

Compare
samples /
methods

Answer?

http://en.wikipedia.org/wiki/RNA-Seq

Interdisziplindres
Zentrum fiir
Klinische Forschung
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Example Application

SNP Detection - Individual DNA Sequencing

-—-=-TCGTCGTGGTTGAACTGACGTACCGTTCCCTGAGGCTTAT---

TCCTCGTGGTTGAACGGA
CGTCGTGGTTGAACGGAC
CGTGGTTGAACGGACGTA
GTGGTTGAACGGACGTACAG
GTTGAACGGACGTACCGTTCCCTG
TGAACGGACGTACCGTTCC
GAACGGACGTACCGTTCCCTGAGGC
ACGGACGTACAGTTCCCT

GGACGTACCGTTCC

GTACCCTGAG--TTA

TCCCTGAG--TTA

CCTGAGGCTTAT

Alignment of short reads on DNA

Kiinische Forschung



SNP Calling Example - Genome Browser

B2 Bl cCc B forward reads
B G BT B backward reads

|GV only show miss-matches!




Simple SNP Calling Method

¢ Aims

€ Variant calling: Identify .Total count: 155
polymorphic sites => sitesthat € T ¢ T T é’é‘fgg (64%, 39+, 00-)1a A A
differs from the reference. G.: 56 (36%, 22+, 34-)

. . G[(T: O

€ Genotyping: Determine the GIN: O
genotype for a certain individual '
at such sites. Location: 224,919

I
G \ T C } C
I 1 G
i c Total count: 12
i ¢ A0
i C C: 12 (100%, 4+, 8-)
i C G:0
i c |T:0
I ¢ |N:O
I c
| ion:
i C Llocatlon. 888,659 ’ Early methOdS
i i
; ; € Works by simply counting the
i ¢ i alleles at each site, and then
E - : identifying a variant by use of
¢ | simple cutoff rules.
i i
i i

Interdisziplindres Rm

Zentrum fiir
Klinische Forschung



Applications - Peak Calling

A
0]
N
(%]
8
&
Application
Assembly: PP Compare
: Raw Pre- :
Question : Alignment / . samples /|| Answer?
reads | | processing Peak Calling
de novo methods
ety .|RANTHAACHEN
http://en.wikipedia.org/wiki/RNA-Se Computational Genomics
S ’ aooommagegg  UNIVERSITY




DNA - Protein interactions with ChlIP-Seq

Chromatin gene A gene B

AHHHCS AR A AN AR A ARSI AU AH A

' Nucleosome

P H3K4me3 (active region)
Y H3K4me3 antibody

0 Transcription factor 1

0 Transcription factor 2

Institute for Rm
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DNA - Protein interactions with ChlIP-Seq

Chromatin gene A gene B

AHHHCS AR A AN AR A ARSI AU AH A

A ' Nucleosome

Shearing & — @A T | p . .

Immunoprecipitation }@{ ~ @ — &@ . Egijzgg ((?le:](iitgloedreglon)
y

0 Transcription factor 1

0 Transcription factor 2
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DNA - Protein interactions with ChlIP-Seq

Chromatin gene A gene B

AHHHCS AR A AN AR A ARSI AU AH A

A ' Nucleosome
Shearing & — @A T | p . .
Immunoprecipitation @ ~ @;, 4&@ \ Egijzgg S:]iitg/oedreglon)
y
Sequencing o Q Transcription factor 1
- - =7 0 Transcription factor 2

Institute for Rm
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DNA - Protein interactions with ChlIP-Seq

Chromatin

gene A

gene B

AHHHCS AR A AN AR A ARSI AU AH A

Shearing &
Immunoprecipitation

Sequencing

Alignment

e by g

@ Nucleosome

P H3K4me3 (active region)
Y H3K4me3 antibody

| @ Transcription factor 1

0 Transcription factor 2

=="--_Aligned Reads
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DNA - Protein interactions with ChlIP-Seq

Chromatin

gene A

gene B

AHHHCS AR A AN AR A ARSI AU AH A

Shearing &
Immunoprecipitation

Sequencing

Alignment

ChIP-Seq Signal

e by g

@ Nucleosome

P H3K4me3 (active region)
Y H3K4me3 antibody

| @ Transcription factor 1

0 Transcription factor 2

=="--_Aligned Reads
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DNA - Protein interactions with ChlIP-Seq

Chromatin gene A

gene B

AHHHCS AR A AN AR A ARSI AU AH A

Shearing &
Immunoprecipitation

e by g

Sequencing -

Alignment

ChIP-Seq Signal

Peak Calling

@ Nucleosome

P H3K4me3 (active region)
Y H3K4me3 antibody

0 Transcription factor 1

0 Transcription factor 2

== —_Aligned Reads

Institute for Rm
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ChIP-Seq - Data Files

T sam/bam

= === _ === files

Signals

bw/tdf files

] I ] bed files

Peaks

Institute for Rm
Computational Genomics
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Peaks - Bed files

» Peaks / genomic regions are stored in bed files

Chromosome

\

chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7

Start

127471196
127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532

End

127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532
127481699

Strand

Name Score /

Peak1
Peak2
Peak3
Peak4
Peak$5
Peak6
Peak7
Peak8
Peak9

Institute for
Computational Genomics
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Genomic Signals - WIG/TDF Files

* Files containing smoothed counts of reads for ChIP-seq,
RNA-seq, or similar protocols.

Header Chromosome

f /

vaéiableStep chéom:chrl
140000 30.5

140100 25.1

« Example of WIG file 141200 14

142000 -32.8

RN

Genomic :
Signal
Coordinate '

* |In practice, we use binary version of WIG
(BIGWIG) or TDF files

Institute for Rm
Computational Genomics
1010010010



Bioinformatics Analysis In R

Next Generation Sequencing
Data Visualization



IGV (Integrative Genome Viewer)

» Desktop application for the visual interactive exploration
of integrated genomic datasets

: —l "L_ = L — — o S—_—
. S =S 4
! PR A-.u““i‘L‘L-. A ' o i
? | Uios e i : T
= '{ j._. DRSNS I L e WY | :
Microarrays ' sy i |
Epigenomics - — : |
- ——
RNA-Seq

NGS alignments o
Comparative genomics

Institute for
Computational Genomics
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Advantages

* A high-performance visualization tool
* Allows us interactively explore large, integrated dataset
* Supports a wide variety of data types, including

microarray and next-generation sequencing data
* FREE



Launch IGV

http://software.broadinstitute.org/software/igv/home

E Home | Integrative Genomics | X +

& > C  ©® NotSecure | software.broadinstitute.org/software/igv/home * O 0 H

p I T Integrative

g\/ Genomics
] Viewer

e

Integrative e | [T
Genomics « =
Viewer

«1 Home

& Downloads

[E] Documents

@GV User Guide

» Tutorna
@File Formats
» Hosted Genomes
*FAQ
#Release Notes
» Credits
@ Contact

Overview Citing IGV

Search website

The Integrative Genomics Viewer (IGV) is a
high-performance visualization tool for

. m interactive exploration of large, integrated
genomic datasets. It supports a wide variety of James T. Robinson, Helga Thorvaldsdéttir, Wendy Winckler,
data types, including array-based and next-generation Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P.
sequence data, and genomic annotations. Mesirov. Integrative Genomics Viewer. Nature
Biotechnology 29, 24-26 (2011). (Free PMC article here).

To cite your use of IGV in your publication, please reference
one or more of:

search

©2013-2018
Broad Institute

and the Regents of the
University of California IGV is available in multiple forms, including:

Helga Thorvaldsdéttir, James T. Robinson, Jill P. Mesirov.
the original IGV - a Java desktop application, Integrative Genomics Viewer (IGV): high-performance
IGV-Web - a web application, genomics data visualization and exploration. Briefings in
igv.js - a JavaScript component that can be embedded Bioinformatics 14, 178-192 (2013).
in web pages (for developers)

James T. Robinson, Helga Thorvaldsdéttir, Aaron M. Wenger,
This site is focused on the IGV desktop application. See Ahmet Zehir, Jill P. Mesirov. Variant Review with the
https://igv.org for links to all forms of IGV. Integrative Genomics Viewer (IGV). Cancer Research
77(21)31-34 (2017).

Download IGV

Funding

RWTHAACHEN
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http://software.broadinstitute.org/software/igv/home

Launch IGV

E Downloads | Integrative Genor X +

& > C ©® NotSecure | software.broadinstitute.org/software/igv/download * © 0 :

. Home > Downloads
ST Integrative
]g\/ Genomics Downloads
Viewer
Did you know that there is also an IGV web application that runs only in a web browser, does not use Java, and requires no
downloads? See https://igv.org/app. Click on the Help link in the app for more information about using IGV-Web.

FITRSICIC— Install IGV 2.7.x

& Downloads
@ Documents See the Release Notes for what's new in each release.

®IGV User Guide
» Tutorial Videos IGV Mac App
@File Formats ‘
“» Hosted Genomes ]
“ FAQ
@ Release Notes MacOS Catalina users: We sign our Mac App as a trusted Apple developer, but it is not yet
; Credits notarized by Apple (a new requirement in Catalina). To run it, right-click on the downloaded IGV]
@ Contact app; select "Open" from the menu; and click the "Open" button in the window that pops up.

Download and unzip the Mac App Archive, then double-click the IGV application to run it.
You can move the app to the Applications folder, or anywhere else.

Search website IGV for Windows

Download and run the installer.
search An IGV shortcut will be created on the Desktop; double-click it to run the apg

©2013-2018 .
Broad Institute IGV for Linux
and the Regents of the

University of California Download and unzip the Archive.

See the downloaded readme.txt for further instructions.

IGV and igvtools to run on the command line (all platforms)

See the downloaded readme.txt and igvtools_readme.txt for further instructions.

)
& Download and unzip the Archive. Requires Java 11.
[ .|
—

Other IGV Versions

RWTHAACHEN
Computational Genomics
01011011 UN“’ERS"’Y



Launch IGV

Human hg19 a All Go ﬁ' 4 > @ [D] = A | E]

.

N

. Select genome from the
drop_down menu | 8 ° 10 " 12 B P e T e PP Xy

RefSeq Genes

WY RURTTPY WS 0 TSR PN TN WIPTT R NP RU BTV [ TYVIT PAPTE AN

@]

Il | [147M of 222m

Institute for Rm
Computational Genomics
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Launch IGV

Genome navigation

Sample information

eeeeeeeeeee ik e ;...I............._; El'._..l..ux..uu‘_,uu.l.luu.. wi |
f 222M

Genome locations and sequence

Institute for Rm
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Viewing NGS Data

& IGv Genomes View Tracks Regions Tools GenomeSpace Help L @ = o 100% B

Mon12:08 Q @ =

Load from File... IGV
Load from URL...
Load from Server...

Load from ENCODE (2012)...

2204 =

New Session... 4 6 8
Open Session...

Save Session...

Reload Session

Load data from the
ENCODE project

Save Image ...

Exit

RefSeq Genes

WY RUR TP WU 70 TSR PN TN WAL TR NN BTV [FTYVIT PAPTE A

3] I

|[142Mm of 338M

Institute for
Computational Genomics
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Viewing NGS Data

Human hg19 ¢ All o Go ﬁ' 4 » @9 < s | =
[ JOX ) Encode Production Data
1 15 17 19 21 X
Filter: ctcf gm12878 50 rows i 1’ 20 2 v
| | I A | L
cell dataType tibody view replicate type lab hub
GM12878 ChipSeq Peaks narrowPeak Broad Data
GM12878 ChipSeq  CTCF_(
GM12878 ChipSeq CTCF
awzee amses ac Se€a@rch CTCF and GM12878
GM12878 ChipSeq  CTCF ]
GM12878 ChipSeq CTCF Alignments 2 bam Broad Data
GM12878 ChipSeq CTCF Peaks broadPeak Broad Data
GM12878 ChipSeq CTCF Signal bigWig Broad Data
GM12878 ChipSeq CTCF Alignments 1 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 2 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 3 bam UT-A Data
GM12878 ChipSeq CTCF Base_Ove... bigWig UT-A Data
GM12878 ChipSeq CTCF Peaks narrowPeak UT-A Data
GM12878 ChipSeq CTCF Signal bigWig UT-A Data
GM12878 ChipSeq CTCF_(SC... Alignments 1 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Alignments 2 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Peaks narrowPeak Stanford Data
GM12878 ChipSeq CTCF_(SC... Signal bigWig Stanford Data
GM12878 ChipSeq CTCF Alignments 1 bam uw Data
GM12878 ChipSeq CTCF Alignments 2 bam uw Data
GM12878 ChipSeq CTCF Hotspots 1 broadPeak UW Data
GM12878 ChipSeq CTCF Hotspots 2 broadPeak UW Data
GM12878 ChipSeq CTCF Peaks 1 narrowPeak UW Data
GM12878 ChipSeq CTCF Peaks 2 narrowPeak UW Data
GM12878 ChipSeq CTCF RawSignal 1 bigWig uw Data
GM12878 ChipSeq CTCF RawsSignal 2 bigWig uw Data
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Peaks bigBed UT-A analysis
GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
GM12878 ChinSea CTCF Peaks biaRed uw analvsis

WG cance

refsen Senes TR WTIPRIIOY SRR U W0 TNRAY TN LUV SHVE W G R T IRTYRIRT TN

@I I[ |l205M of 338M
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Viewing NGS Data

Human hg19 ¢ All o Go ﬁ' 4 » @ < s | =
[ JOX ) Encode Production Data
Filter: ctcf gm12878 50 rows 43 15 17 19 21 X
2 14 16 18 20 22 Y
'§= g 3 cell dataType antibody view replicate type lab hub | | | | | Ll |0l
3858 i GM12878 ChipSeq CTCF Peaks narrowPeak Broad ata
o GM12878 ChipSeq CTCF Alignments 1 bam Broad
GM12878 CTCF ChipSeq Alignme GM12878 ChipSeq  CTCF Alignments 2 bam Broad Data
Epplicoverage GM12878 ChipSeq  CTCF Peaks broadPeak Broad Data
GM12878 CTCF ChipSeq Allgnme . GM12878 ChipSeq CTCF Signal bigWig Broad =
GM12878 ChipSeq CTCF Peaks bigBed Broad
S ‘ GM12878 Chipseq  CTCF Peaks biged  Broad SO rt by I a b
GM12878 ChipSeq CTCF Signal bigWig Broad
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Signal bigWig Broad analysis
GM12878 ChipSeq CTCF_(SC... Peaks narrowPeak Stanford Data
GM12878 ChipSeq CTCF_(SC... Alignments 1 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Alignments 2 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Peaks narrowPeak Stanford Data
GM12878 ChipSeq CTCF_(SC... Signal bigWig Stanford Data
GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
GM12878 ChipSeq CTCF_(C-... Signal bigWig Stanford analysis
GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
GM12878 ChipSeq CTCF_(C-... Signal bigWig Stanford analysis
GM12878 ChipSeq CTCF Peaks narrowPeak UT-A Data
GM12878 ChipSeq CTCF Alignments 1 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 2 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 3 bam UT-A Data
GM12878 ChipSeq CTCF Base_Ove... bigWig UT-A Data
GM12878 ChipSeq CTCF Peaks narrowPeak UT-A Data
GM12878 ChipSeq CTCF Signal bigWig UT-A Data
GM12878 ChinSea CICF Peaks hiaRed UT-A analvsis
ﬁ Cancel
RefSeq Genes
bkt Lhumdmuuwim.‘.l.l U W T L..nil.hhlﬂl...lh.lh.hﬂd.. i
lLoading ... @I I[ |l205M of 209m

Institute for Rm
Computational Genomics

0101101 10(1”

101001001



Viewing NGS Data

Human hg19 C . . g =
select alignments, signal and peaks
[ JOX ) Encode Production Data
Filter: ctcf gm12878 50 rows 43 15 17 19 21 X
g _ . _ 14 16 18 20 22 Y
's 3 cell ataType antibody view replicate type lab hub | | | | | Ll |0l
S = I GM128784 ChipSeq CTCF Peaks narrowPeak Broad Data
. GM128 ChipSeq CTCF Alignments 1 bam Broad Data
CMI12878/CTCRICHIPEeqlRoaks l GM1 ChipSeq  CTCF Alignments 2 bam Broad Data m ﬂm.‘h "
1 GM1 ChipSeq CTCF Peaks broadPeak Broad Data Chary
GM12878 CTCF ChipSeq Signal I GM12878 ChipSeq CTCF Signal bigWig Broad Data
L} GM12878 ChipSeq CTCF Peaks bigBed Broad analysis ~ | Jl Loy | R
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Signal bigWig Broad analysis
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Peaks bigBed Broad analysis
GM12878 ChipSeq CTCF Signal bigWig Broad analysis
GM12878 ChipSeq CTCF_(SC... Peaks narrowPeak Stanford Data
GM12878 ChipSeq CTCF_(SC... Alignments 1 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Alignments 2 bam Stanford Data
GM12878 ChipSeq CTCF_(SC... Peaks narrowPeak Stanford Data
GM12878 ChipSeq CTCF_(SC... Signal bigWig Stanford Data
GM12878 CTCF ChipSeq Alignme GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
rep 1 Coverage GM12878 ChipSeq CTCF_(C-... Peaks bigBed Stanford analysis
. ) i | GM12878 ChipSeq CTCF_(C-... Signal bigWig Stanford analysis
GM12878 CTCF ChipSeq Alignme GM12878 ChipSeq  CTCF_(C-... Peaks bigBed Stanford  analysis I oa d d ata
Eell GM12878 ChipSeq  CTCF_(C-... Peaks bigBed Stanford  analysis
E GM12878 ChipSeq CTCF_(C-... Signal bigWig Stanford analysis
GM12878 ChipSeq CTCF Peaks narrowPeak UT-A Data
GM12878 ChipSeq CTCF Alignments 1 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 2 bam UT-A Data
GM12878 ChipSeq CTCF Alignments 3 bam UT-A
GM12878 ChipSeq CTCF Base_Ove... bigWig UT-A
GM12878 ChipSeq CTCF Peaks narrowPeak UT-A
GM12878 ChipSeq CTCF Signal bigWig UT-A
GM12878 ChinSea CTCF Peaks hiaRed UT-A analvsis
ﬁ Cancel
RefSeq Genes
e R, . . I...nil.hhlﬂl...lh.lh.hﬂd.. i
6 tracks @I I[ |l202m of 299m
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Viewing NGS Data

Human hg19 All Go| % « » @ < s | =]

SR CTEr chpSeqFesks B Db cnolithe it i s et bitinnib] bbbt b i o Lokl e il M o, 1

GM12878 CTCF ChipSeq Signal I J

n . I \ | ! .ILL JD R T

Signal / wig/tdf file Peaks / bed file

Zoom in to see coverage.

GM12878 CTCF ChipSeq Alignme
rep 1 Coverage

GM12878 CTCF ChipSeq Alignme ) )
rep 1 Zoom in to see alignments.

Alignmetns / BAM file

YN R ORI TN SHPTS WY IPRRN YT I NTTRIRPT PR

6 tracks @I I[ |l209Mm of 209m
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File Formats

* The file format defines the track type
* The track type determines the display options
* |GV supports many file formats

- BAM GCT « PSL
« BED * genePred « RES
» BedGraph - GFF « SAM
* bigBed « GISTIC « SEG
* bigWig « Goby « SNP
» Birdsuite Files « GWAS - TAB
* broadPeaks  IGV « TDF
- CBS « LOH * TrackLine
« CN  MAF « TypeLine
» Cufflinks Files « MUT - VCF
« FASTA * narrowPeaks « WIG
http://software.broadinstitute.org/software/igv/FileFormats gsm;ﬁ;z:"a' Genomics Rwrl.l

1010010010



File Formats

Note: for large files use indexed formats

Institute for Rm

Computational Genomics

10100100%



Hands on

* Lunch IGV on your computer

* Choose human genome hg19

» Load data from ENCODE project
« ChlP-seq of factor CTCF for GM12878 cell type
» Alignments, peaks and signal



Navigation

©
)
&
8
b
U

Human hg19 B All

w
o

lab

dataType
cell

antibody

GM12878 CTCF ChipSeq Peaks

GM12878 CTCF ChipSeq Signal IW

w

GM12878 CTCF ChipSeq Alignme
coverage.

rop 1 Coverage Chromosomes

GM12878 CTCF ChipSeq Alignme )
rep 1 o seedlignments.

YN R ORI TN SHPTS WY IPRRN YT I NTTRIRPT PR

|[210M of 200m

6 tracks || ”
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Navigation

Human hg19

GM12878 CTCF ChipSeq Peaks

GM12878 CTCF ChipSeq Signal

GM12878 CTCF ChipSeq Alignme
rep 1 Coverage

GM12878 CTCF ChipSeq Alignme
rep 1

Select chromosome

Zoom in to see alignments.

RefSeq Genes

TIRY RUTISY I TN 70 TUNRTIPRUINE TIIY WPT () PSRN BT [ TYRRI] PPN

6 tracks

|[215M of 200m
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Navigation

chrl Go £t « » @& [ = 2 | ST =]

Human hg19 chrl

q24.1 q252 q31.1 q32.1 q323 q42.11 q423 q4

pl133 pl2 qll ql2 q21.1 q22

p3l2 p22.3 p213

p36.23 p36.12 p35.1 p34.1 p32.2

120 mb 140 mb 160 mb 180 mb 200 mb 220 mb 240 mb
| | | | | | | | | | |

dataType
cell

antibody

lab

GM12878 CTCF ChipSeq Peaks

chromosome 1 o

GM12878 CTCF ChipSeq Signal IW

GM12878 CTCF ChipSeq Alignme )
Zoom in to see coverage.

1 1 Coverage Iﬂ roopc JENES

GM12878 CTCF ChipSeq Alignme
rep 1

IO O N A M |G O ) VOB O 0N DA 1 00 0 O
ANKRD20A12P NES RXRG TNR RGL1 RGS2 IPO9 HHAT MARK1 AGT FMN2

1L1 DISP3 ECE1 SDC3 PPT1 FAF1 JUN IL23R PIGK LMO4 DPYD VAV3 TTF2

RefSeq Genes

| [226M of 200m

6 tracks |[@fert:76,344,895 I[
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Navigation

Human hg19 chrl chr1:42,557,438-89,202,910 Go £t « » @& [ = 2 | SR [+

q32.1 q323 q42.11 q423 q4

q24.1 q252 q31.1

p21.3 pl133 pl2 qll ql2 q21.1 q22

p341 ~ p327  p3l. .
L 46 mb

50 mb \nh 70 mb 80 mb
| | | | | | |

TR T (R TRV T AT 1 VA 10 EEI FET I (LT RTAAT I NI

p35.1

p36.23 p36.12

dataType

cell
antibody

lab

I
GM12878 CTCF ChipSeq Peaks R I 0 T [RUHTTIT T

[0-31]

GM12878 CTCF ChipSeq Signal I

double click a specific region to zoom in

GM12878 CTCF ChipSeq Alignme
rep 1 Coverage

GM12878 CTCF ChipSeq Alignme ) )
Zoom in to see alignments.

rep 1

|1 R T

LRRIQ3 ST6GALNAC5 LINCO1781 LINC01712 ODF2L

U T 0 RO | B (0T OO AN - (O 1

PODN LEXM FYB2 OMA1 NFIA-AS2  ALG6 AK4 INSL5 LINC01707 NEGR1

RefSeq Genes
A2B ERI3 IPP TAL1 AGBL4 RNF11

| [198M of 200m

6 tracks |[®@lehrt:95.133,825 Il
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Navigation

£« » PO =2 | = (NN Y

Human hg19 chrl chrl:42,557,438-89,202,910 Go
3623  p36.12 p351  p p213  pi33 pl2 qll qi2 211 q22 q241 q252 a3l 9321 q323 qd211
46 mb
T -
> 3 50 mb 60 mb 70 mb 80
S5 _ 2 I I ] I I I / / I
5358
GM12878 CTCF ChipSeq Peaks AJ RN 0T LT 10V Y T TN W T T I IR o
R
GM12878 CTCF ChipSeq Signal
oo ak waall oalyay L L PO TR R (W PR
Click + to zoom in, - to zoom out
=
GM12878 CTCF ChipSeq Alignme )
Zoom in to see coverage.
rep 1 Coverage
GM12878 CTCF ChipSeq Alignme ) )
. II] Zoom in to see alignments.
R W RN - SN | (0 [ AR SR H) - R | S | - i
A28 ERI3 IPP TAL1 AGBL4 RNF11 PODN LEXM FYB2 OMA1 NFIAAS2 ALG6 AK4 INSL5 LINCO1707 NEGR1 LRRIQ3 ST6GALNACS  LINCO1781 LINCO1712  ODF2L
6 tracks |[®@lehrt:95.133,825 Il | [198M of 200m

Institute for Rm
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Navigation

Go £t « » & 0O = 2 | = e

Human hg19 chrl ?

q252 q31.1 q32.1 q323 q42.11 q423 q4

[ [0 )
p22. p21. pl133 pl2 qll ql2 q21.1 q22 q24.1

p35.1 p34. p32.. p31.
N\ 46 mb

50 mb \nh 70 mb 80 mb
| | | | | | |

(R TN (N RN I LR A | AN AT I (LT RTAAT I NI

p36.23 p36.12

dataType

cell
antibody

lab

|
R I 0 T (TR IR A

GM12878 CTCF ChipSeq Peaks

[0-31]

GM12878 CTCF ChipSeq Signal I

Type gene name or other annotation
into RefSeq Genes and click Go

Zoom in to see alignments.

GM12878 CTCF ChipSeq Alignme
rep 1 Coverage

GM12878 CTCF ChipSeq Alignme
rep 1

|1 R T

LRRIQ3 ST6GALNAC5 LINCO1781 LINC01712 ODF2L

U T 0 RO | B (0T OO AN - (O 1

PODN LEXM FYB2 OMA1 NFIA-AS2  ALG6 AK4 INSL5 LINC01707 NEGR1

RefSeq Genes
A2B ERI3 IPP TAL1 AGBL4 RNF11

|[205M of 200m

6 tracks |@lEnrt:58.491,674 Il
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Navigation

Human hg19 chrl

Go £t « » & 0O = 2 | = e

p36.23 p36.12 p35.1 p.

p31. p22. p21.3 pl133 pl2 qll ql2 q21.1 q22 q24.1 q252 q31.1 q32.1 q323 q42.11 q423 q4

50 mb
| |

46 mb

60 mb 70 mb 80 mb
| | | | | | |

I | |
GM12878 CTCF ChipSeq Peaks R I 0 T

- [0-31]
GM12878 CTCF ChipSeq Signal ™ ’ .
| GM12878 CTCF ChipSeq Signal

Rename Track...

Change Track Color (Positive Values)...
Change Track Color (Negative Values)...
Change Track Height...

Change Font Size...

Type of Graph

Heatmap

GM12878 CTCF chipst v/ Bar Chart
rep 1 Coverage Points

GM12878 CTCF ChipS¢ Line Plot

rep 1 Windowing Function
Minimum
v Mean
Maximum
None

Set Data Range...
Set Heatmap Scale...
Log scale
Autoscale

Vv Show Data Range

RefSeq Genes .
Save image...

Export track names...

Remove Track

|vv\||

L M AR 0 1 A B AL 1 A

I (LT RTAAT I NI

/ Customize your track

Zoom in to see coverage.

Zoom in to see alignments.

INVRRIREN [ (W O - N H - (| R Tl

ODN LEXM FYB2 OMA1 NFIA-AS2 ALG6 AK4 INSL5 LINCO1707 NEGR1 LRRIQ3 ST6GALNACS LINCO1781 LINC01712 ODF2L

6 tracks |®lEnrt:44.426817 Il

|[212M of 200m
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Viewing multiple regions

/ Input multiple regions
=

« » @O = 2 |

Human hg19 < chrl O ctcf egrl spl Go| 1
chr1é chr5 chr12
(T I D < T TI T I W B [

g CTCF EGR1 SP1

=

s

S

. | 1 1
GM12878 CTCF ChipSeq Peaks
19-31 0-3; [0-31]
GM12878 CTCF ChipSeq Signal i I
GM128 i I 0-1911,
78 CTCF ChipSeq Alignme . .
Zoom in to see coverage. Zoom in to see coverage.
rep 1 Coverage [HY
n . L . ddas o : o
GM12878 CTCF ChipSeq Alignme - . T
rep 1 oom in to see alignments.
Zoom in to see alignments.
H—Hi—H—t = — HE ——
SP1

RefSeq Genes

CTCF

EGR1

|[207M of 200m

|@lfenrs:1

6 tracks loaded

37,799,314 Il

RWTH

Institute for
Computational Genomics
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Viewing multiple regions

@ IGV File Genomes View Trafks Tools GenomeSpace
® 0

Region Navigator ...
Gene Lists...

pl13.3 p! _ 2 [
Export Regions ...

Import Regions ...

Navigate regi®

67,600 kb 67,610 kb 67,620 kk
| | | |

Click Regions >Region Navigator

C  chr16:67,594,310-67,675088 Go Tf <« » @& [ = 2 |

| | I [
p13.12  pl23 pl22 pliz plll ql12 ql21  ql22 az

° m i
67 67,6
Shoy All Chrs Add Remove } — ‘ CI ICk add

Chr Start ption
chrl6 67594311 67675088

View v Zoom to Region
Search Clear Search
‘@0 ® Regions of Interest |
] Show All Chrs Add Remove i
Chr Start End Description
chrl6 67594311 67675088
chr5 137799182 137807004

- +  Repeat above step to add more regions

View v| Zoom to Region

Search Clear Search
Institute for Rm

Computational Genomics
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Viewing multiple regions

[ BON ) Regions of Interest
,00

TT

— Show All Chrs Add Remove
|

End Description

T T 7 — :
ehrs 1577001820 137807002l | Select two or more regions

B " click View

I

View v Zoom to Region

Clear Search

Search

Institute for Rm

Computational Genomics

10100100%



Hands on

Change the color of CTCF track
Find more than two interesting regions
View the multiple regions
Load more dataset from ENCODE project
« H3K4me1 of GM12878
« H3K4me3 of GM12878
Use different color for these three tracks



IGV Tools

A set of utilities for preparing files for efficient display

* toTDF
» Converts sorted data file to binary file (TDF).
* counts
« Computes average alignment or feature over a
window size across the genome
* sort
» Sorts file by genomic position
* index
» Creates an index file for alignment or feature file



IGV Tools

Can be lunched from
the IGV user interface
Tools > Run igvtoaols...

& I6v.2.4.14

Q%

(]
Command | Count
Input File
Output File

Genome hg19

TDF and Count options

Zoom Levels 7 M
Window Functions Min
2% 10%
Probe to Loci Mapping

Window Size 25

Extension Factor

Count as Pairs

Sort Options

Temp Directory

Max Records 500000

Close

Messages

igvtools

Mean
90%

Median
98%

8

Browse
Browse

Browse

Browse

Browse

Institute for
Computational Genomics

10100100%
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toTDF

The toTDF utility converts large data files into tiled data
format (.tdf) files

TDF files have the following advantages:
« Data is indexed for efficient retrieval
« Data is preprocessed for zoomed out views

« TDF files are web friendly - large data can be shared
over the web.



count

The count command is used to transform alignment files

to read density TDF files, e.g. for ChlP-seq, RNA-seq and
similar alignment counting experiments

count

Alighment Read Density

Institute for Rm
Computational Genomics



Find Motif

@ IGV File Genomes View Tracks Regions GenomeSpace Help L @ = o 100%E E Monl14:51 Q @ =
® 0 4 Run Batch Script... k IGV
[ T ] Run igvtools N . E NN S . -
p15.32 pl5.1 pl4.2 Find Motif.. ql22 ql3.2 ql4.l ql4.3 qls q21.2 q22.2 q23.2 q31.1 q31.3 q33.1 q34 q35.1 q35
BLAT ...
Combine Data Tracks 40bp
:i g 138,051,510 bp 138,051,520 bp 138,051,530 bp 138,051,540 bp
- I I I I | I
58E8
GM12878 CTCF ChipSeq Peaks I
[0-1.00]
GM12878 CTCF ChipSeq Signal
Sequence - T T T C A ATGAGAA ATGCTAA AATAA AT ATATTAAAATA ATTC CATLTC CLGGC
RefSeq Genes
7 tracks ||chr5:138,051 520 Il |[213M of 279Mm

Institute for Rm
Computational Genomics
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Find Motif

chr5:138,051,506-138,051,545 Go T <« » @ [ = 2 | Sl =

Human hg19 C chr5 c
|
p15.32 pl5.1 pl42 pl33 pl13.1 pll qll2 ql22 ql32 ql41l ql43 ql5 q21.2 q22.2 q23.2 q31.1 q313 q33.1 q34 q35.1 q35
40 bp

@

g 138,051,510 bp 138,051,520 bp 138,051,530 bp 138,051,540 bp

2 | | | | | |

S

GM12878 CTCF ChipSeq Peaks

[ ] [0-1.00]
GM12878 CTCF ChipSeq Signal
e ———ETT s

[ JON ) Find motif
Search Pattern:
TATAAA
Enter nucleotide sequence (e.g. ACCGCT), or nucleotide sequence with
IUPAC ambiguity codes (e.g. AAARNR), or regular expression of
nucleotides (e.g. TATAAA(A){3,}).
Positive Strand Track Name: TATAAA
Sequence - T T T € A A T G Negative Strand Track Name:  TATAAA Negative T AA A A TATUCATZCGGC
RefSeq Genes
OK Cancel
7 tracks |@I[enrs:138,051,508 Il |[212M of 279Mm

Institute for Rm

Computational Genomics
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Find Motif

Human hg19 chrs chr5:138,052,658-138,052,697 Go T <« » @ [ = 2 | S =l

q34 q35.1 q35

q22.2 q23.2 q31.1 q313 q33.1

I |
p15.32 pl5.1 pl42 pl33 pl13.1 pll qll2 ql22 ql13.2 ql41l ql43 ql5 q21.2

40 bp

138,052,660 bp 138,052,670 bp 138,052,680 bp 138,052,690 bp
| | | |

GM12878 CTCF ChipSeq Peaks
[0-472)

dataType

lab

T AT A A A G A CTAATGAAAT G A

Sequence - cC T GA CATCTTCCAGAGATCTT

RefSeq Genes

TATAAA

TATAAA Negative \

N
Track name

|[239M of 279M

7 tracks |@I[enrs:138,051,508 Il

Institute for Rm
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Viewing SNPs

 Download data:

 https://costalab.ukaachen.de/open_data/

Bioinformatics Analysis in R 2019/BIAR D5/

igvData.tar.qgz
 Create a new session

& 16V NGM Genomes View Tracks

4 Load from File... k
Load from URL...
Load from.Sacue

New Session... |KatEla U

Reload S&310 —71\
e Click New Session
J

P4
=
N
@
~
£
(2]
C
@
o

Institute for
Computational Genomics

101001001
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https://costalab.ukaachen.de/open_data/Bioinformatics_Analysis_in_R_2019/BIAR_D5/igvData.tar.gz
https://costalab.ukaachen.de/open_data/Bioinformatics_Analysis_in_R_2019/BIAR_D5/igvData.tar.gz
https://costalab.ukaachen.de/open_data/Bioinformatics_Analysis_in_R_2019/BIAR_D5/igvData.tar.gz

Viewing SNPs

» Load reference genome:
& 16V megions

®0 Load Genome from File... Load a

e ; Click Genomes > Load Genome from File
reate .genome rile...

< =v | = | igvData S Q

Favorites Name v~  Date Modified
© Downloads Aug 31, 2016 at 7:11 PM
@ R . refSeq_chr1.bed Apr 10, 2017 at 6:45 PM

NA12878.SLX.sample.bam.bal

NA12878.SLX.sample.bam

chr1.fasta.fai
N chri.fasta

Aug 31, 2016 at 8:34 PM
Aug 31, 2016 at 8:15 PM
Mar 14, 2017 at 12:43 Al
Mar 14, 2017 at 12:43 A

/2 Applications

iCloud
& iCloud Drive

=] Desktop
@ Documents

Select chr1.fasta and refSeq_chr1.bed
En;r:ijian’s MacB...

Remote Disc
Media

ﬂ Music

@) Photos Institute for Rm

Computational Genomics
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Viewing SNPs

* Load sequencing data:

[ Genomes  View \Jrac

@ C\® Load from File... Logh t
Load from URL...
eTver...
New Session...
Open Session...
Save Session... 20 Imb
Reload Session
—_— —
Save Image ...
Exit
1
=v B= igvData
Favorites
0 Downloads [~ snp_calls.bed
@ RS @ refSeq_chr1.bed

@ NA12878.SLX.sample.bam.bai
["1NA12878.SLX.sample.bam
M chr1 fasta.fai
M chri.fasta

I'-\, Applicatiol

iCloud
& iCloud Drive

=) Desktop

@ Documents
Locations

[ Zhijian’s MacB...

Remote Disc

Media

n Music

{31 Photos

New Folder

<>

Click File > Load Genome from File

~  Date Modified

Aug 31, 2016 at 7:11 P
Apr 10, 2017 at 6:45 PM
Aug 31, 2016 at 8:34 PM
Aug 31, 2016 at 8:15 P
Mar 14, 2017 at 12:43 Al
Mar 14, 2017 at 12:43 Al

Select snp_call,bed andNA12878.SLX.sample.bam

Cancel
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Viewing SNPs

chrl ‘chr1:9,718,605—9,718,645 Go £t « » @O = 2 | = e

chrl.fasta
245mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb 200 mb 220 mb 240 mb
| | | | | | | | | | | | | | | | |

NA12878.SLX.sample.bam Cover Zoom in to see coverage.

NA12878.SLX.sample.bam Zoom in to see alignments.

| | |
SNP Calls
snp1 snp3 snp2
b tracks [[®@[enrt:57.510.466 I |leam of sam
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Viewing SNPs

/\‘

y 4
~ chrl.fasta chrl ( |snp1 Go
H snplj
| chrl.fasta chrl ‘chr1:9.718,605-9,718,645\ ‘m‘ B« > P m ® @ | Sy =
7\

NA12878.5LX sample.bam Cover

NA12878.SLX sample.bam

Sequence -

SNP Calls

Input snp1 and Click Go

withC -=>T

[ tracks loaded |@lknto718616

Tltmof sam
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Viewing SNPs

P

NA12878.SLX.sample.bam Cover

NA12878.SLX.sample.bam

7/ N
~ chrl.fasta chrl ( |snp1 Go
H snplj
chrlfasta S chnl ¢ chrl:9,718,605-9,718,645 ‘Go T o« » lb O =« I Sy =
T @® © @ NA12878...
chr] 18,625
~ |Total count: 43 E
B 0+, 1-
arispiote G o7 0%, 10+, 7-) a0t arissa0bp
| : I I

12.

Sequence =[[c T TCTTATCGCCGCGACGTTTCCCGGAATCEGGALTZGATGTTAATGLCLCA G
SNP Calls

st
tracks loaded | Il |lszm of 9am

Input snp1 and Click Go

Click here to see statistics
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Viewing RNA-seq data

* Create a new session

& 16V WY Genomes View Tracks

[ NON ) * Load from File...
Load fro| R
Gad from Server...

New Session... reate a ng
Qpen Session...
Save SESSIOMTT 9,718,

| Reload Session B

NA12878.5Lxsa  Save Image ... \ CI |Ck New SeSS|On
Exit |

* Choose hg19 as reference genome

& IGV File Genomes

chrl.fasta E

\ Click drop-down list and select hg19
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Viewing RNA-seq data

« Set preference for viewing RNA-seq data

@ IGV File Genompés Tracks Regions ols G
[ JON )

Preferences...
glor Legends ...

v/ Show Name Panel
Set Name Panel Width...
v Show Attribute Display
Select Attributes to Show...
[ v Show Header Panel

Click View > Preference

Reorder Panels...

RefSeq Genes Go to >

Preferences

Charts RNA  Third

General Tracks Variants  Mutati

S

Select Alignments tab
Check junction track

Track Display Options

Show alignment track

Show coverage track

Show junction track
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Viewing RNA-seq data

 Load data
‘ Im&

[ J J Load from File...
Load from URL...

Load from Server...

Load from ENCODE (2012)...

OpenSes.sion... CIiCk File > Load from Server

Save Session...

. —
Reload Session
Save Image ...
RefSeq Genes
Exit i
[l
| JON Available Datasets

Available Datasets

Annotations

TCGA Broad Firehose Standard Data Run: 2016_01_28 (i)

ENCODE

1000 Genomes (1)
Tutorials
Ol Basics (Encode
Heart
Liver

4 vVvVVvVvVYVvYYy

< Open Tutorial
Click on RNA-seq > OK
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Viewing RNA-seq data

« Jump to your favorite gene

Human hg19

~
v

chrl

SLC25A3

11T

[ |

p36.23

p36.12 p35.1

p34.1

SLC25A30
SLC25A31
SLC25A32
SLC25A33

102,600 kb
|

102,800
|

SLC25A34
SLC25A35
SLC25A36

p22.3 p2IT

13,000 kb
|

103,200 kb

I iver Coverane

700m i
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Viewing RNA-seq data

Human hg19 chr12 ‘chr12:98,985,403-98,997,778 Go £ « » @& [0 x® 2 | S g =]
pl3.32 pl3.2 pl2.3 pl2.1 pll22 qll ql2 ql13.11 ql3.2 ql4.2 ql5 q212 q21.31 q21.33 q2!.1 q23.3 q24.12 q24.23 q24.32
12 kb
98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
| | | | | |
Coverage P = U e . ™
. [ A B [ | (] T
N A AN A&
I T MW LOnnn i T Il
———I T | (TR R T T
— \ | — i [T
I— [ ST I
I T
Heart | | | ‘
I THITAL T{0] [T
L I I il |
I i TILT | |

Junction T

Liver Junctions
|I — == }‘l Il ,_" TF 1iF AT I” I| I [IRARI
}H h i | | | I||
[l | | R H I
. Liver — : : :”| J wl
Alignment =—» = | i) B
—H I | IHIlI
— 11 | I H
T I 1L 101
il i L =i

RefSeq Genes

SLC25A3

SNORA53

8 tracks loaded

|@lEnr1298.986.513

|[314M of 525M
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Split Read Mapping (RNA-Seq)

[ — T
S Py —— — I——1]
. — —_— e
STILY

Mapping to genome

 Reads spanning distinct exons indicate junctions
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Viewing RNA-seq data

 Example of alternative splicing

Human hg19 chr12 chr12:98,985,403-98,997,778  Go Tr <« » @& [ = 2 | = AR ARNANARN] TR
N Temra SRR M B R R m—
p13.32 pl32 pl23  pl21 pll22 qll  ql2 ql13.11 q13.2 qla2 qi5 q212 q2131 2133 q23.1 q233 q24.12 q24.23 q24.32
12 kb
98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
| | | | | |

Coverage - =

[

| 1

GECId i | CLRIRLINTE I }
I

[0- 5313]
Liver Coverage

Junction e A, A A —

Liver | | [l I
I I I I 1
I I I 1 1 | [
: I I I I
|gn”|en \ e | |
I I | ml Ll |1
el ==l =
RefSeq Genes H -
SLC25A3 SNORAS3
B tracks |[@l[enrt2:98,985.493 i | |308M of 455m
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Viewing RNA-seq data

« Example of alternative splicing

Human hg19 chr12 chr12:98,985,403-98,997,778  Go T <« » @ [ = (2 | Sl [+

mm
p1332  pl32 pl23  pl2l pll22 qll ql2 q13.11 q132 qla2 qi5 q212 q2131 q2133 q23.1 4233 q2412 2423 q24.32

12 kb

98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb

Coverage =

i i | | .
Heart Junctions £ | ‘ l =)

>~ — -

[ | | LT | Il LT

| | [ | W] [T
I Il I [ILLL | 10
Heart

[0-5313]
Liver Coverage

J u n Ctl O n RefSeq Genes % A m
Liver Junctions

Rename Track...

Change Track Color... — =

Change Track Height...

Change Font Size...

I M= 13 I 1] 1] Ml I III Il

e v Collapsed
Expanded

|
Squished | 1 I LI

Alignment

RefSeq Ganes Set Feature

Save image...
Export F

SLC25A3 SNORA53

rackne:r;'.l\
bracks  Remove Track [lesem o as5m
Right click and select Squished
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Viewing RNA-seq data

« Example of alternative splicing

Human hg19 chr12 chr12:98,985,403-98,997,778  Go Tr <« » @& [ = 2 | = AR ARNANARN] TR
N Temra SRR M B R R m—
p13.32 pl32 pl23  pl21 pll22 qll  ql2 ql13.11 q13.2 qla2 qi5 q212 q2131 2133 q23.1 q233 q24.12 q24.23 q24.32
12 kb
98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
| | | | | |

Coverage =

'T' _|- : | |__ T T‘ TT '|'| ||\‘\ I
- | | ‘II | Il ‘ \” I \I} I I\ i
| Wi III ‘ I INN It I} H : | H‘ | |
‘ | | lI” I‘ | | | I} | I I

Junction °’ P |

| {0l M - F TN E ] | 1

| | Il t HINTAIN WInm |

” {I : } [ Tun | IIII I
. l l | 111 | } ‘I‘lll :
Alignment =— TITITYIT e ‘ | | |

B tracks |[®@l[enrt2:98.986,219 Il ) | [B41M of 455m
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Viewing RNA-seq data

« Example of alternative splicing

Human hg19 chr12

p1332  pl32 pl23

98,986 kb
|

[[AyTOSCALE GROUP

[0- 11850]
Heart Coverage

Heart Junctionr " —
Heart Junctions

Rename Track...
Change Track Color...

T ] Chmeerontsime Right click Junction > Sashimi plot
] v Collapsed F
Liver Coverage Expanded

Squished

Liver Junctions Use as |ogisk

et Feature Visibility Window...
Autoscale

Sashimi Plot

how Alignment Track
i overage Track

Liver

RefSeq Genes

Save image...
Export Features...
Export track names...

Remove Track

L
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Viewing RNA-seq data

« Example of alternative splicing

Human hg19 S chri2 C  chr12:98,985218-98,997,961 Go Fr <« » @ [ ® 2 | =R [
-
[ ) ( ) q24.32
= EARARIR [
[0- 11850] 5844 Heart B
i89, 9 2890. 115 I—"
Heart Ci fe] -l‘ =t \ }_ .
137’2_&5149-)%&-2&305——/_ 53 _\2749/ 7012
Heart Junctions 5—
T
[0-5313] Liver |[
(LT
Heart 1495
819 40 “ II [
13 =4 11 [
i P N
Liver C 1 | /
iver Coverage \1/ 726 693 et _Aﬁ— _\943/ 2603
Liver Junctions 5—
L 1 1 1 |
98985854 98989677 98993500 98997323 IE{H “} il
Liver - L -— - - N 1] |
— - - - - - —— I I
1] 1111
- - - - -
— L i iy = - p——
RefSeq Genes O — — — = o=
|
8 tracks loaded [[@]enr12:98.985,300 Il |I574M of 1,140m
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