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Integrative Genomics Viewer
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Outline

* Overview

e User Interface Basics
* Browsing the Data

* Data Formats

e |GV Tools

* Demo

Based on ISMB 2010 Tutorial by Robinson and Thorvaldsdottir
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Why IGV?
e |GV is an integrated visualization tool of large data
types
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Why IGV?

Integrate different data types simultaneously
View large datasets easily

Faster navigation or browsing

Run it locally on your desktop

Easy to use interface
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Large-Scale Projects using IGV

e The Cancer Genome Atlas (TCGA)
e Multiple Myeloma Research Consortium
e 1000 Genomes Project
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Getting IGV

http://www.broadinstitute.org/igv

Integrative
Genomics
Viewer

| o |

# oo Integrative

F— Genomics

FAQ
IGV Quick Start Lo ik
IGV User Gulde |
Flle Formats
Release Notes
Acknowledgments

Search website

What's New Downloads

mram NEWS  December 16, 2009. |GV version 1.4.1 has been Please reqgister o download IGV. After registering,
Lancer Trogram xiemuie  released. See the release notes for details. you can log in at any time using your email

& address.
gﬁ&gﬁg UE October 29, 2009. IGV version 1.4 has been Bl
; released. Highlights of this release include new alignment
©2009 Broad Institute track features and a command line utilities package,
igvtools.

Funding

Development of IGV is made possible by funding from the
. National Cancer Institute and the National Institute of
Overview General Medical Sciences of the National Institutes of
Health.
=———  The Integrative Genomics Viewer (IGY) isa
'-H high-performance visualization tool for ;Ql L @
4 e interactive exploration of large, integrated ml_“, gt J
MERUE datasets. |t supports a wide variety of data types
and provides easy access to genomes and datasets hosted e
by the Broad Insiute. Citation

To cite your use of GV, please reference
hitp:/fwww.broadinstitute.orgfigv.




History and Usage

First release was in Aug 2008
Current version: 1.5

More than 5500 registered users (registration is
free)

Open source and freely available
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IGV Interface

B icv
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Tool Bar
Chromosome
Ideogram
Ruler

Track Data
Features
Track Names
Attributes
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Tool Bar

Genome drop-down box
[ Human hgl8 )%i

Loads a genome.

Chromosome drop-down box

chrl I-:--!

Zooms to a chromosome.

Search box

chrl4:51,263,791-104,979,925 | Go

Displays the chromosome location
being shown. To scroll to a different
location, enter the gene name,
locus, or track name and click Go.

Whole genome view 3

Zooms to whole genome view.

Refresh %

Refreshes the display.

Define a region ID]

Defines a region of interest on the
chromosome.

Zoom slider

B e

Zooms in and out on a chromosome.
Sometimes referred to as the
"railroad track."
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Available Genomes

P

Human hgl8 x| chr7 3] che7 Go T @ il
mHuman hg18 : -
b36 (1kg ref) ] H BN ]
FFH! 141 pla3 112 Il

Human
Human hgl9
Human hgl7
Human hglﬁ I 158 mb ——
Mouse m m3 20 mb 40 mb B0 mb 80 mb
Mouse m m& | |
Mouse m m7 Y

e Human, Mouse, S.cerevisiae, C.elegans,
D.melanogaster, and many others...

* Import your favorite genome, if sequence is
available



Loading the Data

* General Characteristics
» Any data related to genome coordinates
» Sample annotation/attributes
» Genome annotations

e |GV supports multiple file formats
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Browsing the Data

Specify range or term in the search
box

Fie ew Tras Helo

e gt v [t w| (LTI T80, 34 wlfd 0

E @ =

T T I o —— - S e LB E o E e .

| Click on cytoband

.o 36 kb
- [TERTTI™ LI ks LS
EEE 1 \ 1 / 1 1
m Click on =
Wiy = B B .
B M2
'l ruler L e e e -
-
5 HIE4med
R —AE T b - pu— P - pa— = T
—
b Coveray I 1 i
] il )
bréast

Click and drag — up/down or left/right

-
adipeie Coverage l‘ j

Use scroll
bar

- ‘ |

Brachs baded

Use keyboard
(1) arrow keys
(2) Page Up, Page Down, Home, End

12
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Tracks

e Two generic types: data and annotation
* Defined by file format

e Set track display
» Fit Data to Window, and other options
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e Right click on track

=N B=- ] '
= H' L e kU e e R

Click here

i

DATA TYPE = GENE_EXPRESSION (43 tracks)
Type of Graph

Heatmap

Bar Chart
Scatterplat
Line Plak
I-
- Windowing Function
-

10th Percentile

Mean
:” 90th Percentile

Mazinum

Track Settings
Rename Track

Set Data Range
Change Track Height
Change Track Color (Positive Yalues)

Change Track Color (Megative Yalues)

Remaove Tracks I

a3

14
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Tracks: Graph Type and Data Range

Heatmap T"'“H | ‘ ||H “ | |" || |

Bar chart

Scatter plot

Line plot

Min, Baseline, Max Result

0,0,3 LR A T
-1.5,0,1.5 e e e

'5,0,5 = T AP S




Bioinformatics

& Research Computing
5GCGCGC 01101010001110101010100000001101010100

Tracks: Expanding

T | - I -
\ T MNEL,EI T
5 UTR Intron Exons 3'UTR

RefSeq genes

EGFR

Track Settings
Rename Track
Expand Track
L Change Track Color
H-#HHH = :
EGFR Change Track Height
b . H-HHH Remove Tracks
I H-#HHHH
EGFR
I H-HHHHH
EGFR
I H-HH

EGFR
16
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Attributes

e Associated with tracks

e Used for filtering, sorting,
and grouping data (Tracks

- (Sort/Group/Filter...)

e File format example:

TRACE ID

EX-01-001
CN-01-002

NU-01-003

EX-01-004
CN-01-005
EX-01-006
ME-01-007
EX-01-003
EX-01-009
EX-01-0010

Data Type
Expreszion
Copylumber
Hutation
Expression
CopyNunber
Expreszion
Hethvlation
Expreszion
Expression
Expreszion

PARTICIPANT ID SAMPLE ID

P-01-FOO1
P-01-FOO1
P-01-FOO1
P-01-FOOZ
P-01-FO0Z
P-01-FO0Z
P-01-FO0Z
P-01-F0O03
P-01-FO0O4
P-01-FO05

P-01-3001
P-01-3001
P-01-3002
P-01-3003
P-01-3004
P-01-3004
P-01-3004
P-01-3006
P-01-3009
P-01-30011

GENDER T/N

i
i
i
i
i
i
i
F
F
i

Tumor
Tumor
Tumor
Normal
Tumor
Tumor
Tumor
Tumor
Tumor
Control

800

{ Human hg18

DATA FILE

DATA TYPE

LINKII:JG_ID

DATA_TYPE
MAME

FARTICIFANT_IO
SAMPLE_ID

TiN

Whole genome view. To

550001402, .07011.A05
550001402..07011.A07
5500014026...607011.805
5500014026... 607011 807
550001402...07011.C05
550001402...07011.C07

FEAART AT ATAYY MAF

Tuwor_type

BN ¥ Primary ¥
GEN T Primary Y
GEN T Primary Y
GEN T Secondary
BN ¥ Secondary
BN ¥ Secondary
BN ¥ Secondary
BN I Primary ¥
GEM N Primarvy Y

===

[ (1 MOk T PE

MIIII‘

| PARTICIPANT ID = TCGA-02-0071 | ||

R

4l |

Treated Primary/Secondary

Hypermutated

17



Viewing NGS Data

| 43|mh I
e BAM format recommended
e At low resolution only i )
coverage is shown |
e At higher resolution, reads =—
are shown including where
bases differ
|
I I :

vt
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File Formats

File Format Data Type

GCT Gene expression

RES Gene expression
SAM, BAM Sequence alignments

BED, GFF, GFF3

Genome annotations

IGV, WIG, HDF5 file not created with
alignment processor

Other

Cytoband, FASTA

Not applicable. Cytoband and
sequence files for an imported
genome.

19
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File Formats

e SAM/BAM
»http://samtools.sourceforge.net

»BAM files need to be indexed (use samtools). SAM
files needs to be sorted by start position and indexed
(use igvtools)

>Examp|e Of SAM f||e: @8Q  SN:chr20 LN:62435964

ERG ID:L1 PU:SC_1_10 LB:8C_1 SM:NAlZ28391
BRG ID:LZ PU:8C_2_12 LB:8C_2 SM:NAl1Z8391
read_ 2B8833_29006_6945 %% chr20 28833 20 10MID25M = 28993 195 A

BGCTTAGCTAGCTACCTATATCTTAATOTTOGOCE << <0/ &, 22, €<< Y

NM:1i:1 RG:Z:L1
read 28701_28881_323b 147 chr20 28834 30 35M = 28701 -168 \

ACCTATATCTTGECCTTRGCCGATGCGRCCTTRCA <<<<<; <<<<T; 1 <<<f ; << T

MF:i:18 RG:Z:L2

e BED/GFF/WIG
»http://genome.ucsc.edu/FAQ/FAQformat.html
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ile Formats: Expression Data

e GCT

> http://www.broadinstitute.org/cancer/software/gsea/wiki/index.php/Data_formats

» http://www.broadinstitute.org/igv/GCT
» |If probe ids are used, specify

# of samples

Third column onwards
are sample names.
These must be UNIQUE

where they map to in the
[ e Examiplefu; LGl 554
second column, or IGV will try to W) e E vew feet Rt Tk Qa Wedm i
. Always“#1.2” HIR e ™ | Jl?‘}.-b 2l F| 9~ -&z'il ’Al M:N"o i !‘-'ﬁ
map based on known ids § ana -0 -8 7 g EEBHP % BAFEL-0-A]
\ E15 = £ 10239
. . ol B C D E F
(Affy, Agilent or Illumina) [ WV —— i
T.he B ot: Tows ___o—% om0 130
. 1 H 1 H proope 3 |NAME Description DLBCL 205 [DLBCL 206 [DLBCL 232 |OLBCL 239 |[OWBCL 240
http.//www.broad|nstltute.org/lgv/Expre55|onDa!;ﬁsl 4 1007 s at [U48705 /FEATURE=mRNA /DEFINITION=HS! 280.53 271.48] 113.57] 12491 12481
5 [1053 &t ___|MB7338 [FEATURE= (DEFINTION=HUMA1S 3213 916 11743 4129 3366
6 (117 at XG1757 [FEATURE =cds /DEFINTION=HSPT 5127 5112 241 1144 4356,
7 121 at ¥69699 [FEATURE= /DEFINTION=HSPAXBA| _ 738.32]  33059]  24989] 39465 32955
8 (1255 g at_|LI6861 FEATURE=expanded cds [DEFINITH 86.45 2.4 1646 2996 39
9 11294 at L13852 /FEATURE= /DEFINITION=HUNME 1UH 85.57 86.06| 5224 96.59/ B1.01
101316 at___ [X55005 FEATURE=mRNA /DEFINTION=HS] __ 106.67 4511 3005] 4665 365
111320 at___|X79510 FEATURE =cds [DEFINTION=HSPTR 5849 77 95, 176] 2787 76 62
12 1405_i_al__|M21121 FEATURE= [DEFINTION=HUMTCS 1083 13524 1343 20316 8574
13[1431 at___|J02643 /FEATURE=cds /[DEFINTION=HUMC 4138 24.09) 1607] 2668 254
18 (1436 at__ [X75208 FEATURE=cds /DEFINMIONSHSPTH 8067 977 1533 1118 459
15[1487 at___|L38487 /FEATURE =mRNA /DEFINTION=HUI 64.26 8061 1029] 5477 10572
161434 { at__|M33318 /FEATURE=mRNA DEFINTION=HY __ 21337 9683 606 96.14 7807
17 1598 g at_|L13720 FEATURE= [DEFINITION=HUMGAS| __ 458.68] 21659  186.72]  187.35] 23769
18 [160020_at__|246481 FEATURE=cds /DEFINTION=HSMK___ 41184 17118 130] __23476] 266 96
19[1729 st |L41690 FEATURE= /DEFINTION=HUMTRA] 8159 3394 74.75 1109 12698
20 (1773 at LOD635 (FEATURE= /DEFINITION=HUMFPTH 62 82 45 95 41,15 231 2841
21177 at /38545 FEATURE= /DEFINMON=HSU3854 57.04 28.05, 16.74 29,66, 5329
2179 at 1U38980 [FEATURE= /DEFINMON=U38980 H| __ 333.96]  254.15]  24124]  35056]  1%353
3 4084 an 1EEDTN EEATIHINE = MECIMMAL =L S0 o4 2 40l A% & 20 Ad e

Column 1: Row

identifiers. Typically

probe set ids or
ids. These must
UNIQUE

Column 2: Row

clone
be

descriptions. lgnored by
the program - can be
dummy values (e.g. “na”

|

Data starts on
line 4

Each column contains
expression values from 1
sample. Missing values are
allowed (leave empty).

21
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Choosing a File Format

Source Data

Recommended File
Formats

ChIP-Seq, RNA-Seq

TDF format. Use the igvtools
package (count command) to
generate a binary read count
density file in TDF format. Load
the resulting TDF file into IGV.

Gene expression data

GCT format, RES format

Genome annotations

GFF or GFF3 format, BED format

Seqguence alignment data

SAM format (must be
sorted/indexed), BAM format
(must be indexed)

Any numeric data

IGV format, TAB format, WIG
format

22
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Default Display Options by
Data Types

autoscaled

Data Type Default Graph Type Default Data Range Default Colors
Copy number Heatmap -1.5t0 1.5 Blue to red
Gene expression Heatmap -1.5t0 1.5 Blue to red
Chip Bar chart None, data is Blue
autoscaled

. Oto1l
DNA methylation Heatmap (methylation score) Green
Other Bar chart None, data is Blue

23
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Sessi

 Your current session can be saved
> Restore
»Share . IR

Load from File...
load from URL...
Load from Server... F

New Session...
Open Session...
Save Session...

o

Save Image ...

Export Regions ...
Import Regions ...
Clear Regions ...

Run Batch Script...
Exit

JUsers/jrobinso/IGV/IGVPaper sessions/figure2_session.xml
JUsers/jrobinso/IGV/IGVPaper [sessions/figurel_session.xml

[Users/jrobinso/session.xml
i

24
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tile
Converts a sorted data input file to a binary tiled data (.tdf) file.
Supported input file formats: .wig, .cn, .snp, .igv, and .gct

count

Computes average alignment or feature density for over a specified
window size across the genome.

Supported input file formats: .sam, .bam, .aligned, .psl, .pslx, and .bed

index

Creates an index file for an ASCII alignment or feature file.

Index files are required for loading alignment files into IGV, and can
significantly improve performance for large feature files.
Supported input file formats: .sam, .aligned, .vcf, .psl, and .bed

sort
Sorts the input file by start position.
Supported input file formats: .cn, .igv, .sam, .aligned, .psl, .bed, and .vcf



|GV Tools: Count

e The count command is used to transform alignment
files to read density TDF files.

BT P EPTE A P Y

' I:> igvtools

| :> I WP N W P

\_ Y okl obl, o ]

Read density

Tiled Data File or .tdf format

Alignments

Alignments in bam/sam,
.aligned, or bed format.

26
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|GV Tools

* |nterface
» File 2 Run igvtools...

e Command line
»Download scripts/utilities from the Downloads page
»Run the command

(eg. igvtools sort [options] [inputFile] [outputFile])
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More Information...

e |GV Help
»http://www.broadinstitute.org/igv/UserGuide

»From IGV Menu Bar: Help =2 Help or Tutorial
* Neilsen, C.B., et al. Visualizing Genomes:

techniques and challenges Nature Methods 7:S5-
S15 (2010)



