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 IGV supports many different file formats

BAM

BED

BedGraph

bigBed

bigWig

Birdsuite Files
broadPeak

CBS

CN

Custom File Formats

Cytoband
FASTA
GCT

genePred

GFF/GTF

GISTIC

Goby

GWAS

1GV

LOH

MAF (Multiple Alignment Format)
MAF (Mutation Annotation Format)
Merged BAM File

MUT

narrowPeak

PSL

SAM
Sample Info (Attributes) file
SEG

SNP

TAB

TDFE

Track Line
Type Line
VCF

WIG
chrom.sizes

For more info see: www.broadinstitute.org/igv/FileFormats
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IGV data sources

’) Google Cloud

\ J Local files

HTTP server — E &
FTP server ] : GenomeSpace

amazon |
webservices™

i View local files without uploading }

i View remote files without downloading whole dataset ]
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Integrative Genomics Viewer

& <>

IGV IGV.JS

Desktop application Embed IGV in your web app

Citing IGV
To cite your use of IGV in your publication:

James T. Robinson, Helga Thorvaldsdéttir, Wendy Winckler, Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P. Mesirov. Integrative
Genomics Viewer. Nature Biotechnology 29, 24—26 (2011)

Helga Thorvaldsdéttir, James T. Robinson, Jill P. Mesirov. Integrative Genomics Viewer (IGV): high-performance genomics data
visualization and exploration. Briefings in Bioinformatics 14, 178-192 (2013).

Development of IGV is made possible by funding from the National Cancer Institute, the National Institute of General Medical
Sciences of the National Institutes of Health, and the Starr Cancer Consortium.

IGV participates in the GenomeSpace initiative, which is funded by the National Human Genome Research Institute.
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www.broadinstitute.org/igv

ﬁ Integrative

g\/ Genomics
] Viewer
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&, Downloads

[E] Documents

Hosted Genomes

» FAQ
@IGV User Guide
[ File Formats
[#Release Notes
®IGV for iPad
» Credits

@ Contact

Search website

search
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Overview

Downloads

The Integrative Genomics Viewer (IGV) is a
“~ 411« high-performance visualization tool for
. 4 . interactive exploration of large, integrated
Jsmw genomic datasets. It supports a wide variety of
data types, including array-based and next-generation
sequence data, and genomic annotations.

Citing IGV

To cite your use of IGV in your publication:

James T. Robinson, Helga Thorvaldsdéttir, Wendy Winckler,
Mitchell Guttman, Eric S. Lander, Gad Getz, Jill P.

Mesirov. Integrative Genomics Viewer. Nature
Biotechnology 29, 24-26 (2011)

Helga Thorvaldsdéttir, James T. Robinson, Jill P.
Mesirov. Integrative Genomics Viewer (IGV): high-
performance genomics data visualization and

exploration. Briefings in Bioinformatics 14, 178-192 (2013).

Download the IGV desktop application and

i igvtools.

Funding

Development of IGV is made possible by funding from the
National Cancer Institute, the National Institute of General
Medical Sciences of the National Institutes of Health, and the
Starr Cancer Consortium.

IGV participates in the GenomeSpace initiative, which is
funded by the National Human Genome Research Institute.
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Install IGV

Options for installing and running IGV:

1. (Mac only) Download and run the Mac applcation; or

2. (Windows) Download and run the self-extracting archive; or

3. (All systems) Use the Java Web Start buttons (Mac users: see below for limitations); or
4. (All systems) Download the binary distribution and run IGV from the command line.

Note: IGV 2.3.x requires Java 7. Users with Java 6 (JRE 1.6) should first try to upgrade Java to the latest version.
If this is not possible you will need to run a 2.2.x version available in the archive.

Mac

Download and unzip the Mac App archive, then double-click the IGV application to run it. The Download
application can be moved to the "Applications® folder, or anywhere else. Mac App

Windows
NOTE: for 64-bit windows only. For 32-bit windows use the 750MB launch button o
below. Lo
Windows Package

1. Download the Windows package and execute the self-extracting archive.

2. It will prompt you for a location to extract the folder, choose anywhere you like (e.g. your
home folder).

3. On completion, open the new folder.

4. Double-click the file "igv.bat", it might appear as just "igv" depending on your settings.

Java Web Start (All Platforms)
The buttons below use Java Web Start (JWS) to install and launch IGV directly from our web site.

*Mac Users: The Java Web Start option does not work for some users due to security settings. The recommended solution
is to use the bundled Mac App from the link above. Alternatively you can try to work around this by right-clicking on the
buttons and saving the "jnip" file, then right-clicking on the saved "jnip" file and select "Open With > Java Web Start".

Chrome: Chrome does not automatically launch the Java Web Start files by default. Instead, the launch buttons below will
download a "jnip" file. This should appear in the lower left corner of the browser. Double-click the downloaded file to run, or
if on a Mac right-click and select "Open With > Java Web Start"

Windows users: To run with more than 1.2 GB of memory you must install 64-bit Java. Most Windows installs do not

include 64-bit Java by default, even if the operating system is 64-bit. Attempting to use the 2GB or greater launch
options with 32-bit Java will result in the error "could not create virtual machine”.

& Launch & Launch & Launch & Launch

Launch with 750 MB Launch with 1.2 GB Launch with 2 GB Launch with 10 GB
Maximum usable memory Maximum usable memory For large memory
for Windows OS with 32- for 32-bit MacOS. machines with 64-bit Java.
bit Java.

Binary Distribution

Download and unzip the binary distribution archive in a folder of your choosing. IGV is launched Download
from a command prompt - follow instructions in the “readme” file. To launch igv on Mac or Linux Binary Distribution
platforms use the shell script "igv.sh®. On Windows use "igv.bat".

Download

Mac App

Download
Windows Package

or
Java Web Start

or

Download

Binary Distribution
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IGV user interface basics

Hands-on exercise

» Select reference genome

 Load data from IGV hosted data server

« Navigate

Zoom in / out

Scroll / pan

Jump to locus

From whole genome view
to base pair resolution

View neighboring regions

Enter coordinates or name




IGV user interface basics
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GV user interface basics

Hands-on exercise
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Hands-on exercise

{ See handout ]




More basics — loading data

Other common ways of loading data
* Files > Load from File
* Files > Load from URL



More basics — loading data

Other common ways of loading data
* Files > Load from File
* Files > Load from URL

 Try loading from URL:

-3 i cenomes view | 1) Select Files > Load from URL
, 2) Enter
= Londfombas. . = http://www.igv.org/workshops/March2017/signal.tdf
Load from Ga4gh... 3) CIle uOKu
New Sessic.m... '
soae | OR
—  Savelmage... = 1) In a web browser, navigate to
Exit http://www.igv.org/workshops/March2017

2) Drag the file signal.tdf and drop it onto the
|GV window




More basics — track options

E Right-click popup menu} = track specific options menu

Common options
« Change track name, color, height
« Remove track

For quantitative data tracks: Data Range
« Set to an explicit range
* Enable log scale
* Enable autoscale
« Select multiple tracks and enable “group” autoscale

For quantitative data tracks: Data Display:
« Change between bar chart, line plot, point plot, heatmap

« Select multiple tracks and enable “overlay tracks”
l

1 | NA N [ Al I | l “ | h | N1 .
_"‘. i I’ NN - ,.: l N I & IJ. o IJ ‘I,]Z -~ IIH . .’, | f ‘I ~ MR W, 'l”"’ _." n [ IN |, ) h ]' AIAPANE .Y Y LY |1 .
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More basics — track options
Right-click popup menu = track specific options menu

Common options
« Change track name, color, height.
« Remove track

For quantitative data tracks: Data Range
« Set to an explicit range

* Enable log scale
» Enable autoscale
» Select multiple tracks and enable “group” autoscale

For quantitative data tracks: Data Display:

« Change between bar chart, line plot, point plot, heatmap

« Select multiple tracks and enable “overlay tracks”
l
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More basics — data details popup

[ NON ] IGV

Human hg19 B o B chr1:143,273,252-183,218567 Go FF « » m o= = | =R I |

39 mb
150 mb 160 mb 170 mb 180 mb
| | | | | | | |
[0-25)
GM12878 H3K27ac
T YT 71 = .1 1
0-25) CM12878 H3K27ac
GM12878 H3K27me3 Data scale: 0.0 - 25.0
[ 1 . P Value: 6.44793 at position 156501258 — ~——, ~ Y
[0-25) Window function: mean
GM12878 H3K36me3
PR R S [P | - — o A ba
[0-25)
GM12878 H3K4me1
_.LJ‘JH—_.—_J...--. . ada " P N el T ke - “_L_‘L.

By default, a “data detail” window pops up as the
the cursor hovers over a data element in a track



More basics — data details popup

Change the popup behavior by clicking on the yellow balloon icon.
Options are (1) On hover (2) On click (3) Never

Human hgl9

IGV

B «n B chr143273252-183,218567 Go Y <« » @ [ R RN e

p36.31 p36.13 p35.3 p34.2 p323 p31.3 p311  p223 p21.3 pl133 pl12 ql1 ql2 qll. q q23.3 q q253 q31.2 q32.1 q32.3 q42.11 q42.3 q44

GM12878 H3K27ac

GM12878 H3K27me3

GM12878 H3K36me3

GM12878 H3Kd4me1

Value: 6.44793 at position 156501258
Window function: mean

By default, a “data detail” window pops up as the
the cursor hovers over a data element in a track



More basics — the igv folder

In your home folder, IGV creates a folder named igv to store:

igv.log file
* Logs IGV activity and error messages
* If you send us a bug report or help question, we may ask for a
copy of this file

« To start a fresh log, you can delete or rename this file
(but not while IGV is running)

prefs.properties file
« Stores all the preference you set in View > Preferences so
they are remembered across |GV sessions

* You can reset all preferences by deleting or renaming this file
(but not while IGV is running)

genomes folder

« Stores info about the genomes you've loaded — for the
genomes dropdown menul.



Viewing Multiple Regions



Viewing multiple regions

multi-locus or split-screen view

S OO IGV
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Viewing multiple regions

multi-locus or split-screen view

S OO IGV
Human hg18 s chrlé BN [ | Go ﬁ’<‘>‘@||ﬂ]‘:{‘v_}| = vl =
chr12 chr12 chr16
(M| IS 0 | U N1 B - |
g‘j chrl2:40739052-41147391 chrl2:52642358-52648797 chrl6:8121350-13070296
@z o
Z 3
©-25 ©-25 [0-25)
GM12878 H3K27me3
s ol ol e ettt e B — e
(- 25)

©-25

GM12878 H3K36me3
PSPy R TN SR 771 7 W Ny o SO - — [N ' W W W 1 O | | 1T N
©-25 0-25 [0-25)

GM12878 H3K4me1 I l " I I H Il I I I I“II “'I ll I
_MJ-L_M_ML S P N ———
0-25 ©-25 ©-25

GM12878 H3Kame2
- _...I .I.J_...;J..._..L..i - ..Ll-L ok anoe ke ] —_ e | ll“ b add LM.IM".L. ..uL il

| | 1

Locus 1 Locus 2 Locus 3

N — | r——— s - s {[HEE @ EEHHEERH]| F EEEHHHE
GXYLT1 YAF2 ZCRB1 PPHLN1 PRICH HOTAIR TMEM114 GRINZA TEKTS TNP2 GSPT1 CPPED1
i { 108M of 253M P,

6 track(s) currently loaded | chrl12:41,126,570




Multiple regions — search box

Enter multiple loci or features in the search box

800
' Human hg18 k CDKN2A TPS3 MDM2 MDM4

5000 5 N S|

J———
pl13.3 pl13.2 pl13.12 pl12.3 pl2.1 pll.2 pll.l




Multiple regions — search box

Enter multiple loci or features in the search box

8006
[Human hgl8

5000 5 N S|

J———
pl13.3 pl13.2 pl13.12 pl12.3 pl2.1 pll.2 pll.l

For a more persistent list of regions, use Regions of Interest



Multiple regions — “regions of interest” tools

For a more persistent list of regions, use Regions of Interest

Toregions:

(1) Use the[Region of Interest tooI}
- Click on the tool icon in the tool bar

- Click twice in the data panel to specify the region boundaries



Multiple regions — “regions of interest” tools

For a more persistent list of regions, use Regions of Interest

Toregions:

(1) Use the Region of Interest tool

- Click on the tool icon in the tool bar

- Click twice in the data panel to specify the boundaries
(2) Use the[Region Navigator}

- Navigate to the new region

- Select Regions > Region Navigator

- Click Add to create a region from the current view

| NON ) Regions of Interest
Show All Chrs Remove

Chr Start Ed Description

chr3 144545504 162173002

chr6 103217470 103518846

chr6 28840214 28855876

chr9 118984382 126275089

View v Zoom to Region

Search Clear Search




Multiple regions — “regions of interest” tools

For a more persistent list of regions, use Regions of Interest

Toregions:

(1) Use the Region of Interest tool

- Click on the tool icon in the tool bar

- Click twice in the data panel to specify the boundaries
(2) Use the Region Navigator

- Navigate to the new region

- Select Regions > Region Navigator

- Click Add to create a region from the current view
(3)[Import a fiIe] of pre-defined regions

- Prepare a .BED file containing the region definitions

- Select Regions > Import Regions




Multiple regions — “regions of interest” tools

For a more persistent list of regions, use Regions of Interest

Tomultiple regions of interest you defined:

Use the Region Navigator
- Select Regions > Region Navigator

- Select 2 or more regions
- Click View

Regions of Interest

| NON )
Show All Chrs

Add Remove

End Description

Chr Start
144545504/ 162173002 |

103217470 103518846

chré
28840214 28855876 |
118984382 126275089 |

v Zoom to Region

Clear Search

Search



Viewing multiple regions

To go back to the standard, single-region view:

800

« double-click on a region label — or —
* right-click and select Switch to standard view

2222222222222

10-25 | o
_..1_.1.1_...1.. i L._J..L.Lu-‘.._.l.__a._

IGV
Human hg18 chrl6 |l jco, | « | » @ | x| SO #l
chr12 chr12 chr16
(T T T W T T T T [ G o D -« [ D W [ B[
g‘j @40739052—41147391 chrl2:52642358-52648797 chr16:8121350-13070296
e
W<
223
0~ 25) 25) [0-25)
33333333333333
" a St Ll L ke M‘_M‘_ﬂh_._&*
[0-25) [0-25) [0-25)
33333333333333 || I I .I
E- — — B —— 4
4me1




more about loading

Reference Genomes



Genome menu

File Genomes View Tracks Regi
® 0

The genome drop-down menu
is in the upper left corner of
the IGV window.

The genome menu is short when you first install IGV.

But IGV hosts dozens of genomes and you can load other genomes too.



More hosted genomes o0 ommmimmiois

Selected genomes will be added to the
genome dropdown list.

Filter:

To get more genomes from the IGV server: e

HIV-2
Horse (equCab?2)
Human (1kg reference, b36)

(1) Select More from the genome menu aman 637)
Human Adenovirus C

to See the Com plete IiSt Human Herpesvirus 4, Type 1

Human Herpesvirus 4, Type 2

Human hgl6
. . . Human hgl7
File Genomes View Tracks Region Human hg18
Human hg38

. . Human Mito (NC_012920)

Human respiratory synctial virus
L. major Friedlin
Chr3 L. major Friedlin (v4.0)

M. oryzae (mg8)

Macaca fascicularis (CE_1.0)
Maize (B73 4a.53)
Maize (ZmB73 5a)
Mouse (129S1/Svim))
Mouse mm10
Mouse mm?7
Mouse mm8
Mouse mm9
Mycobacterium TB (CD1551)
N. Meningitidis (FAM18)
N. Meningitidis (MC58)
N. Meningitidis (Z2491)
N. crassa OR74A (NC10)
Neurospora crassa (v3)
0. Sativa (release 6)
0. Sativa (release 6.1)
0. Sativa (release 7)
Opossum (monDom5)
P. falciparum 3D7 (vV9.0)
P. patens (V 1.2)

Human hgl9

p26.1

p24.3

Download Sequence

OK Cancel




More hosted genomes o0 ommmimmiois

Selected genomes will be added to the
genome dropdown list.

Filter:

To get more genomes from the IGV server: e

HIV-2
Horse (equCab?2)
Human (1kg reference, b36)

(1) Select More from the genome menu aman 037
Human Adenovirus C

to See the Com plete IiSt Human Herpesvirus 4, Type 1

Human Herpesvirus 4, Type 2

Human hgl6
R . . Human hgl7
File Genomes View Tracks Region Human hg18
Human hg38

. . Human Mito (NC_012920)

Human respiratory synctial virus
L. major Friedlin

Chr3 L. major Friedlin (v4.0)

M. oryzae (mg8)

Macaca fascicularis (CE_1.0)
Maize (B73 4a.53)

Maize (ZmB73 5a)

vimJ)
Mouse mm10

Mouse mm8

Mouse mm9

(2) CI ick On entry i n the I ist Mycobacterium TB (CD1551)
b) N. Meningitidis (FAM18)

N. Meningitidis (MC58)

e.g. Mouse mm10 . Meningitdis (22491)

N. crassa OR74A (NC10)

Neurospora crassa (v3)

O. Sativa (release 6)

0. Sativa (release 6.1)

0. Sativa (release 7)

Opossum (monDom5)

P. falciparum 3D7 (vV9.0)

P. patens (V 1.2)

hg19

p26.1

p24.3

Download Sequence

OK Cancel



More hosted genomes

To get more genomes from the IGV server:

(1) Select More from the genome menu
to see the complete list

File Genomes View Tracks Region
® 0

hg19

chr3

(2) Click on entry in the list,
e.g. Mouse mm10

(3) [Optionally}select

Download Sequence \

Do not download the
sequence today!

[ NON ) Genomes to add to list

genome dropdown list.
Filter:

Selected genomes will be added to the

Helicobacter hepaticus

HIV-1

HIV-2

Horse (equCab?2)

Human (1kg reference, b36)
Human (1kg, b37+decoy)
Human (b37)

Human Adenovirus C

Human Herpesvirus 4, Type 1
Human Herpesvirus 4, Type 2
Human hgl6

Human hgl7

Human hgl8

Human hg38

Human Mito (NC_012920)
Human respiratory synctial virus
L. major Friedlin

L. major Friedlin (v4.0)

M. oryzae (mg8)

Macaca fascicularis (CE_1.0)
Maize (B73 4a.53)

Maize (ZmB73 5a)

p26.1 p24.3 ﬁmﬁ
< Mouse mm10

Mouse mm8

Mouse mm9
Mycobacterium TB (CD1551)
N. Meningitidis (FAM18)
N. Meningitidis (MC58)
N. Meningitidis (Z2491)
N. crassa OR74A (NC10)
Neurospora crassa (v3)
O. Sativa (release 6)

0. Sativa (release 6.1)

O. Sativa (release 7)
Opossum (monDomS5)

P. falciparum 3D7 (vV9.0)

OK

P. patens (V 1.2
( Download Sequenc

Cancel




More hosted genomes

To get more genomes from the IGV server:

(1) Select More from the genome menu
to see the complete list

File Genomes View Tracks Region
® 0
hg19 chr3

p26.1 p24.3

(2) Click on entry in the list,
e.g. Mouse mm10

(3) Optionally select
Download Sequence

(4) Click OK

genome dropdown list.
Filter:

Selected genomes will be added to the

Genomes to add to list

Helicobacter hepaticus

HIV-1

HIV-2

Horse (equCab?2)

Human (1kg reference, b36)
Human (1kg, b37+decoy)
Human (b37)

Human Adenovirus C

Human Herpesvirus 4, Type 1
Human Herpesvirus 4, Type 2
Human hgl6

Human hgl7

Human hgl8

Human hg38

Human Mito (NC_012920)
Human respiratory synctial virus

L. major Friedlin (v4

L. major Friedlin
M. oryzae (mg8) Flle

Genomes

View Tr

Macaca fascicularis
Maize (B73 4a.53)

Mouse mm8
Mouse mm9

Maize (ZmB73 5a) lHuman hg 19
V|

Im
Mouse mm10 > Mouse mmlo

More..

I

— |

Mycobacterium TB (G
N. Meningitidis (FAM18)
N. Meningitidis (MC58)
N. Meningitidis (Z2491)
N. crassa OR74A (NC10)
Neurospora crassa (v3)
O. Sativa (release 6)

0. Sativa (release 6.1)

0. Sativa (release 7)
Opossum (monDom5)

P. falciparum 3D7 (vV9.0)
P. patens (V 1.2)

Download Sequence

Cancel




Loading other genomes

File Bet=Zlul-M View Tracks

i Load Genome from File...
| Load Genome from URL...

Load Genome From Server...

Create .genome File...

Manage Genome List...

i

Regig

)

Use Genomes menu
to load genome from
an indexed FASTA file



Loading other genomes

el eJu--M View Tracks

Load Genome From Server...
Create .genome File...

Manage Genome List...

i

Regio

| Load Genome from File...
| Load Genome from URL...

)

Use Genomes menu
to load genome from
an indexed FASTA file

(1) Use samtools faidx command to create .fai index file
See github.com/samtools/samtools for info about samtools

(2) If no index file found, IGV will try to create the index upon load.




Load genome from file

Hands-on exercise

{ See handout ]




Load genome from file

Hands-on exercise

[ NON IGV
chrl.fasta B o B «n Gol it « » I = =2 | SR =+
~ 246 mb ~
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
| | | | | | | | | | | | | | | | | | | | | | | |
e — C T IO O T TR T T I T I TOREURER (0 W N i
11L1 PDPN SYF2 GRIK3 AGBL4 NFIA LRRIQ3 LMO4 SNX7 CSF1 ANKRD20A12P CD48 F5 ABL2 RGS18 LRRN2 RRP15 COG2 FH

This will be the starting point
for the next exercise.

24M of 1,007M

2 tracks hr1:175,796,819



Removing genome from list

Genomes > Manage Genome List

m View Tracks Regig

Load Genome from File...
Load Genome from URL...
Load Genome From Server...

Create .genome File...

Manage Genome List...

1 %




Removing genome from list

Genomes > Manage Genome List
O @® Manage Genome List

m View  Tracks Reglg Drag and drop genomes to change

Load Genome from File... their order in the genome list.
Load Genome from URL... == ?elect an'fj press delete, or click

Remove", to remove them.
Load Genome From Server...

| = Human hg19
) Mouse (mm10)
Create .genome File... Human hg18
chrl.fasta*
Manage Genome List... ﬁ
1 ]

« Remove genomes from list
 Rearrange list

*Sequence on local machine

Add From Server Remove
 Add to list
Save Cancel
Do not remove chrl.fasta now. B ———

We’re using it for the next exercise.




Removing genome from list

Genomes > Manage Genome List
O @® Manage Genome List

m View  Tracks Reglg Drag and drop genomes to change

Load Genome from File... their order in the genome list.
Load Genome from URL... == ?elect an'fj press delete, or click

Remove", to remove them.
Load Genome From Server...

| = Human hg19
) Mouse (mm10)
Create .genome File... Human hg18
chrl.fasta*
Manage Genome List... ﬁ
1 ]

« Remove genomes from list
 Rearrange list
« Add to list

*Sequence on local machine

Add From Server Remove

c

Note: IGV can get confused if you delete a local genome file
from the file system but not from the IGV menu

Cancel




Viewing Next Generation
Sequencing (NGS) Data



Viewing alignments

Whole chromosome view

e o IGV
Human hg18 BRET 2] chr1 Go Bt « » m = @ =] e
p36.23 p36.12 p343 p33 p321 p3l.1  p222 p21.1 pl31 ql2 q21.1 q23.2 q243 q25.3 q31.3 q32.2 q42.11 q43
- 246 mb -
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
Coverage ~, L (I [ O N (I (I I I
[0-8)

NA19240 SLX (YRI daughter) Co|
age

NA19240 SLX (YRI daughter)

‘ Zoom in to see alignments.

Zoom in to see alignments

RefSeq genes

28269

KAZN SYF2 SFPQ STIL

I O RO ORI A O O | O N R

C8A AK4 CRYZ UOX DR1 RNPC3 NRAS

NR_033189

LT T T I

IFI16 XCL2 ABL2 FAMSC PKP1

RD3 HHIPL2 RBM34 NLRI

|4 tracks loaded

[[chr1:95,509,957

|[185M of 266M




iewing alignments

Zoom in to view alignments

Coverage

Aligned
reads

8no IV
[ Human hg18 4] [chr1 %) chr1:95,625,439-95,649,303 Go ft « » @O & 12 E @ [+
p36.23  p3612 p350  p3al  p322  p3l2 p223 n!l.} pi33 p12 qi2  q21d q22 q241  q25.2 q3L1 Q321 q323 q4211  q423 qdd
23 kb
5626 k0 6280 5630k 95632k 5634 k0 95,636 k0 5638 k0 95,640k 95602k 95,644 k0 95,646 kb 5648 k0
1 I | | I 1 1 1 1 | | I I 1 1 1 I | I I
). 3
o M
\ l [ L'l I | I I L
e |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
gm'gm«m }
| s
|
|
|
|
|
|
|
|
|
|
5
RefSeq genes
fs tracks loaded [fenr1:95,634,860 I fo44m of 397M




Viewing alignments

Zoom in to see more detail

eno IGV - Session: /Users/helga/igv_session.xml
[ Human hg18 18 (chr [#] chr1:95,637,533-95,642,339 Go Bt « » @O x 2 S #
[REE S AR R R RN M——— W SR
P36.23  p3612 p351  p3al  p322  p3l2 p223 p2l3  pi33 pl2 qiZ  q2i1 q22 q241 q25.2 g3L1 Q321 q323 q4211  q423 q@d
4,799 bp
Bases that do not match -~ .~~~ . - . e
the reference sequence | : : ——
q I I WEs 1 1 1 e
RN i I ] | Il I I | I
. . | 1 I 1T I | | e |
(T 1] I} (NIRRT I | I
are highlighted by color | .. .. | e s e ‘ B
: I LT I I Il |‘ ; I : i I 1
T T I} I i " ] ISR I
I : [ Tt EiTE | I L
I Il |l T Il | [ i [EI]
I T L i e B et
11 |1 I T [ L I [T ‘\ I ! ‘j". |
1l [ I R I I I Il
Il (! I (IR | | Nl 1 T n]
I | I | Il I
A i | T 1 b
Y E | \ T \ T
[E | I Il I T |
Il I | | I I I 1 I
| | EIT 1 | Il I I I
Il i ] | am o il I LT H\uu
LI | I I | 1]
Il I I I | | 1o
|| | | | 1 I 110
[ I Il 1M | [T 1]
I I ‘ . e I Il R | i ]
| |01 | ] I Il
I ' | I TIRLY | I | | miE T IT
| 1 ! I : 1 i | ! 1
R | ! | et
T ! 10 o I I
| | T 1L 100
||| | | | | || I I I N Il | N
. Il I | )| !
| | I {
| 1] I 1 | i u
I |5 [l | ! ; | 5
| |
RefSeq genes
|4 tracks loaded [fene1:95,638,557 I |[231M of 397




Viewing alignments

800

(‘Human hg18

4] [chn1 %) chr1:95,625,439-95,649,303 G ft « » @[ & 1 Sl @ [+

P36.23 p36.12 p35.1 p3al p322 p3L2 p223 p213 pI33  p12

q12  q211 q22  q241 q25.2 q3l1 Q321 q323 q4211 q423  qd4

.

95,630 kb 95,632 kb 95,634 95,636 kb 95,638 kb 95,640 kb 95,642 kb 95,644 kb 95,646 kb 95,648 kb

Coverage track indicates | |, . . .
loci with large number of
mismatches

NA19240 SLX (YRI daughter)

RefSeq genes.

I tracks loaded

fenr1:95,634 860

[o44m of 397m




Viewing alignments

Zoom in to see more detail

[JeNe) IGV - Session: /Users/helga/igv_session.xml|
(' Human hg18 [ chrl 1] chr1:95,638,013-95,638,360 Go Bt « » @O x 2 E oo
[REE S AR R R RSN M——— W SR
P36.23 p3612 p351  p3al  p322  p3l2 p223 p2l3  pi33 pl2 qiZ  q2i1 q22 q241 q25.2 g3L1 Q321 q323 q4211  q423 q@8
348 bp
95,638,100 bp 95,638,200 bp 95,638,300 bp
| | | | | | |
NA19240 SLX (YRI daughter) Co| | %
age | |
1
LI n 1 1
1 1 1 1 1
1 [
1
1 1 [
1 1 1 1
1 1 (|
] 1
I 1
1 1
o 1
I
1
I i 1
I
1
N T | ' -
1
I
I i 1 1
1
1
1
1 1 1

Sequence -

RefSeq genes

l& tracks loaded [fene1:95,638,054 I |[238M of 397




Viewing alignments

Read mapping quality = 0




Viewing alignments

Zoom in to see more detail

eno IGV - Session: /Users/helga/igv_session.xml
["Human hg18 BREES %) chr1:95,638,056-95,638,095 Go Bt « » @O x 2 S =
mmmm
p36.23  p3612 p35d p3al  p322  p3l2 p223 paL3 pI33  p12 aI2 G201 22 Q241 q25.2 a3Ll @321 q323  qd211 q423  q@
40bp
95,638,060 bp 95,638,070 bp 95,638,080 bp 95,638,090 bp
| 1 1 1 1 | 1 |
NA19240 SLX (YRI daughter) Co| |1 N
m
c
G G G
Cc
. c
Low-quality base calls are |
c
G
. . c
A c
aing, semi-transparen :
- )
’ [
c
c
c
c
G
c
c
c c T 5 T T T
G
c
ERNC]
U
~ c ) G c A
=
c A
c
c
c
c
c
(]
c
c :
)
C
Cc .
c
c 5 4
c v
Sequence =[[C A G G T G T T C A T G T G G AGAGGGGATC CTCTGATGTT T GATCT T A
RefSeq genes
|4 tracks loaded [fene1:95,638,070 I |[230M of 397




Viewing alignments

Zoom in to view alignments

?H(:m(:nhgls 7 (chn %) chr1:95,625,430-95,649,303 | Go :CV. @O = » [N I =
[ | -
How far do you need to o e i e e e
zoom in to see the alignments? h | 2
— | . | I |
| 30 -or- Set a different |
| kb | threshold in Preferences |

 Higher value = requires more memory
* Low coverage files = ok to use higher value
* Very deep coverage files = use lower value



iewing alignments

Yoo IGV.
['Human hg18 ) [(chr1 1] chr1:95,625,439-95,649,303 G Fft « » @O & 1 Elonfonnnn [+
p36.23  p36.12 p35d p3al p322  p3l.2 p223 |l!l.] pi33  pl2 qi2  q2ld q22 q241 q252 q3L1 q321 q323 q4211 q423 qdad
23 kb
95626 k0 95628 k0 95630 kb 956320 95634 kb 95,636 kb 95638 ko 95,640 k0 95642 k0 95,644 k0 95,646 k> 95,648 k0
| | | | | | | | | | | | | | | |
NA19240 SLX (YRI daughter) Co| | "% n

a0 [ [

| L

For ve

ry deep coverage files: use low visibility threshold val

NA19240 SLX (YRI daughter)

or limit the depth

Downsampling

M Downsample reads

Max read count:

100

per window size (bases):

50

e

RefSeq genes.

l4 tracks loaded |fenr1:95,634,860 Il

|lo44m of 397M




Viewing alignments

( Human hg18 B [ chrl %] chr1:95,625,439-95,649,303 Go Bt « » @[ =® 2 I REAARARARARY] [N
p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p!l.3 p133 pl12 ql2 q21.1 q22 q24.1 q25.2 q31.1 q32.1 q323 q4211 q423
-+ 23 kb
95,626 kb 95,628 kb 95,630 kb 95,632 kb 95,634 kb 95,636 kb 95,638 kb 95,640 kb 95,642 kb 95,644 kb 95,646 kb 95,648 kb
| | | | | | | | | | | | | | | | | | | | | |

- 95

sampled

NA19240 SLX (YRI daughter)

d Own _ | daughter) Co l

I

|

|

| |




Viewing SNPs

Hands-on exercise

« Load alignments from whole genome sequencing
* View sites where SNPs were called
« Sort and color to highlight patterns

{ Follow along }




Viewing SNPs

Hands-on exercise

H1E Genomes View

Load from File...

1 Load from URL...
- Load from Server...

= Load from DAS...
Load from Ga4gh...

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

= Savelmage ...

Exit
I'rt

Click File > Load from File

Navigate to IGV folder that was
pre-installed on the computer,
and then to Data / snps

Open
NA12878.SLX.sample.bam not the .bai file
and
snp_calls.bed

Note: This assumes you successfully loaded
the genome in the previous exercise.



Viewing SNPs

Hands-on exercise

246 mb
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 Caove Zoom in to see coverage.
NA12878.5LX.sample.bam Zoom in to see alignments.

UL 1A OO B NI 0N | ORI (AN

W USRI | )N 1M ) A O

Gene
1L1 PGD PAXT SFN GJBS TIE1 GPX7 NFIA NEGR1 TTLLY EVIS OLFM3 WNT2B ANKRD20A12P CD1D MAEL TNR NPL RGS18 NAV1 NEK2 HHIPLZ KCNK1 AKT3
| | |
SNP Calls
snp1 snp3 snp2
5 tracks loaded hr1:144,403,123 136M of 602M




Viewing SNPs

Hands-on exercise

Navigate to first putative SNP locus

Type “snp1” in the Search Box and click Go

IGV

@ ﬁ?




Viewing SNPs

Hands-on exercise

41 bp
9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | |
[0-50)
WGS Alignments Coverage l
| |
i
i
i
iTi
iTi
iTi
i
iTi
i
iTi
i A
A iTi
i
WGS Alignments i
iTi A
T iTi
i
iTi
iTi
iTi
iTi c
i
i
i
i
iTi
i
P
Sequence =/[fC T TCTTATU CC CGC CGAGTTTU CCZC CGGAACGGAGAGTTAAGT CTCAG
RefSeq genes — K D A L K G S R L T L G A
CLSTN1
|
SNP Calls
snp1
5 tracks loaded chr1:9,718,618 202M of 266M



Viewing SNPs

Hands-on exercise

41 bp
9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | |
[0-50)
WGS Alignments Coverage .
Ll
I I
o
i Sample = NA12878
i I i ‘Read group = ERR001757
i Read name = IL10_385:6:180:155:338
iTi Location = chr1:9,718,629
i ‘Alignment start = 9,718,628 (-)
iTi Cigar = 36M
i Mapped = yes [
A ] T | Mapping quality = 70
I |
WGS Alignments i
i
T Tl
P :
Tl Pair is mapped = yes
Ll Insert size = -184
o Pair orientation = F2R1
Tl c £
i : Firstin pair
L =0
et H1l =
I I
i - i MF = 18
i RG = ERR001757
—— NM=1
Sequence -’CTTCTTATCCGCGAGTTTCCCGGAACUQ=4 G C C A G
RefSeq genes Aq =25
cLsTNG e
|
SNP Calls
snp1
5 tracks loaded chr1:9,718,618 202M of 266M



Viewing SNPs

Hands-on exercise

To modify the info popup behavior:

Click yellow balloon icon in toolbar

For a larger data panel.
Click & drag the window divider

CLSTN1
|

@ 0 =)

ql2 q21 1 g23.1

‘Sample = NA12878
‘Read group = ERR0O01757

‘Read name = IL10_385:6:180:155:338
‘Locatlon chr1:9,718,629
| Alignment start = 9,718,628 (-)

Cigar = 36M
Mapped = yes
Mapping quality = 70

‘Base A
‘Base phred quality = 6

Pair start = chr1:9718480 (+)
Pair is mapped = yes

Insert size = -184

‘Palr orientation = F2R1

Firstin pair

Hl=1
MF = 18
RG = ERR001757




Viewing SNPs

Hands-on exercise

W T l
Click & drag to
position mismatched A
" bases between the A
center guidelines




Viewing SNPs

Hands-on exercise

WGS Alignments ‘

|
718,610 bp } Rename Track... |
: } Copy read details to clipboard }

| |

[0- 50
WGS Alignments Coverage

Group alignments by >
Sort alignments by > start location
. Color alignments by > read strand |

‘ ) first-of-pair strand |
' Shade base by quality

‘s/ Show mismatched bases
' Show all bases

mapping quality

sample I
. ) _ ;
| Right-click on alignments and select Anahin i
Sort alignments by > base o | St O
. — " T -
On Mac: jack alianments B
Right-click = Control-click
I =

RefSeq genes

CLSTN1
|

SNP Calls
snp1

5 tracks loaded ichr1:9,718,618 02M of 266M




Viewing SNPs

Hands-on exercise

41bp

9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | | |

[0- 50)
WGS Alignments Coverage .

e I I e I e T e e e P I P

T
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
T
WGS Alignments I I
iTi
iTi
iTi
i
iTi
iTi
i
i
i
i
[
i
i
i

Sequence =(I|[C T TCTTA AT CC CG CGAGTTT T CCC CGGAACGGAGAGTTAAGT CTCASG
RefSeq genes K K D A L K G S R L T L C 7
CLSTN1

|
SNP Calls

snp1
5 tracks loaded |lchr1:9,718,607 i |[237M of 266M




Viewing SNPs

Hands-on exercise

Dotal count: 43

A:1(2%, 0+,1-) \
c 17(40% 10+, 7-) }

[0- 50)
WGS Alignments Coverage

25(58% 13+, 12- )}

Z—l

1L rrrr
I
I
I
I
I
I
|
I
I
I
I
I
I
I

WGS Alignments

Mouse over red & blue bar in coverage track. | -
Note allele counts and frequencies.

Sequence =|[[C T TCTTAT CUCGC CGAGTTTT CCC CGGAACGGAGAGTTAAGTCTCAG
K K D A L K G S [ L T L G A
CLSTN1

RefSeq genes

SNP Calls
snp1
5 tracks loaded |lchr1:9,718,607 i |[237M of 266M




Viewing SNPs

Hands-on exercise

41bp

9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | | |

[0- 50)
WGS Alignments Coverage .

e I I e I e T e e e P I

T
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
iTi
T
WGS Alignments I I
iTi
iTi
iTi
i
iTi
iTi
i
i
i
i
[
i
i
i

Sequence =(I|[C T TCTTAT CC CGCGAGTTT T CCC CGSGAACGGAGAGTTAAGT CTCAG
RefSeq genes K K D A L K G S R L T L C 7
CLSTN1

|
SNP Calls

snp1
5 tracks loaded |lchr1:9,718,607 i |[237M of 266M




Viewing SNPs

Hands-on exercise

Navigate to next putative SNP locus

Type “snp2” in the Search Box and click Go

IGV

[ sne2) () =




Viewing SNPs

Hands-on exercise

| B
o mume | NOTE: Large % of low quality base calls, and
i scatter of “C” mismatches

WGS Alignments Coverage

I |
i
c ici
i
i
i
i
N
c Cc Cc Icl
| | A
i
c ici
i
igi
WGS Alignments c i
i =
i
i
i
i
i
i G
i
i
ici
i
i
i
i

Sequence - A GTAT CGGGGAGATGACTACACAGCT CACTT CTTGACCTCTAGSGA
RefSeq genes E Y 3 G D D Y T A T L T L G
TOMM40L

|
SNP Calls

snp2

5 tracks loaded chr1:159,464,343 233M of 376M



Viewing SNPs

Hands-on exercise

Click & drag to = i
position locus with | “ | ©
5 blue C’s between ¢
center guidelines
eeeeee ce -DGTTCGGAGTGCTCAAGCATCGACCAGA




Viewing SNPs

Hands-on exercise

. WGS Alignments

Rename Track...
Copy read details to clipboard

|

|

|

41bp \

159,464,340 bp 159,464,350 bp 159,464,360 bp \
I I I ‘

|

|

|

Group alignments by
Sort alignments by
Color alignments by

- ! v Shade base by quality

v Show mismatched bases
| Show all bases

[0-56]
WGS Alignments Coverage

|

|

|

:

i View as pairs

i : Go to mate

i View mate region in split screen
i Set insert size options ...

|
|
|
|
|

WGS Alignments Cc

Right-click on alignments and deselect :
Shade base by quality

RefSeq genes

TOMMA40L
|

SNP Calls

snp2
5 tracks loaded chr1:159,464,343 '33M of 376M




Viewing SNPs

Hands-on exercise

41 bp
159,464,340 bp 159,464,350 bp 159,464,360 bp 159,464,370 bp 1
| | | |
[0-56]
WGS Alignments Coverage
G G [
i
G G A C CcC G :C:
i
[ A A A A A A
A | |
P
G A A A A c c¢C (o] Icl
i A G
G i
T Cc c C Icl
G AT G T [
i G cc lcl
WGS Alignments Cc C | I
i c c
i
P
A A AlTlG
A I |
i
G i G
i
i
ici
i
i
i
P
Sequence =»/[[AG T AT CGGGGAGAT GACTACACAGCT CACTT CTGACCT CTAGSGA
RefSeq genes — Y R G D D Y T A T L T L G
TOMM40L
|
SNP Calls
snp2
5 tracks loaded chr1:159,464,348 267M of 376M



Viewing SNPs

Hands-on exercise

WGS Alignments \

Rename Track... ‘
Copy read details to clipboard

159,464,340 bp
|

Group alignments by > |
— Sort alignments by > start location
- ~
GS Algnments Coverage Color alignments by read strand

. first-of-pair strand \

— v Shade base by quality base |

v S:ow rr;;st:natched bases mapping quality }

| Show all bases SamplE |

| View as pairs read group }

| Go to mate insert size ‘

. View mate region in split screen chromosome of mate }

WGS Alignments tag i

Right-click on alignments and select
Sort alignments by > read strand

[
i
ici
i
i
i
P

Sequence - A GTAT CGGGGAGATGACTACACAGCT CACTT CTTGACCTCTAGSGA
RefSeq genes E Y 3 G D D Y T A T L T L G
TOMM40L

|
SNP Calls

snp2
5 tracks loaded chr1:159,464,343 '33M of 376M




Viewing SNPs

Hands-on exercise

i WGS Alignments

Rename Track...
Copy read details to clipboard

159,464,340 bp 159,46
|

Group alignments by
| Sort alignments by
Color alignments by

| . tsi }
. insert size
'V Shade base by quality pair orientation }

[0- 56]

WGS Alignments Coverage no c0|0 r

: } M zngx ;r;llsbrgizzhed bases v insert size and pair orientation
|
- View as pairs first-of-pair strand
. Go to mate read group

tag
bisulfite mode >

\

\

\

View mate region in split screen sample }
o R |

\

WGS Alignments

Right-click on alignments and select
Color alignments by > read strand

I |
I |
ici
i
i
i
| |

Sequence - A GTAT CGGGGAGATGACTACACAGCT CACTT CTTGACCTCTAGSGA
RefSeq genes E Y 3 G ) D Y T A T L T L G
TOMM40L

|
SNP Calls

snp2
5 tracks loaded chr1:159,464,343 33M of 376M




Viewing SNPs

Hands-on exercise

41 bp
159,464,340 bp 159,464,350 bp 159,464,360 bp 159,464,370 bp 14
| | | |
0-56]
WGS Alignments Coverage
G G A c 6 ¢!
(| A A A A A A
G A A A A clicic C Icl
T e CECENNICH
T G c C Icl
A A AlTlG
ici
( i
G G A (I
G G i
i
i
i
P
WGS Alignments I I A (@
G o
G AT G T (.
i c c
i
i
G i G
i
i
A | i
c c [
i
A | i
[
P
Sequence =//[AG TATC CGGGGAGATG GATCTACACAGT CT CACTT CTGAT CC CT CTAGSG G A
RefSeq genes E Y R G ) ) Y T A T L T L [
TOMM4OL
|
SNP Calls
snp2
5 tracks loaded |[chr1:159,464,376 i |[236M of 376M




Viewing SNPs

Hands-on exercise

41 bp
464,340 bp ,464,350 bp 159,464, 64, bp
| | | |
[0-56]
WGS Alignments Coverage
G G A c 6 ¢!
(| A A A A A A
G A A A A CEICHIC C Ic!
T G CEIGEENICH|
T G cc lcl
A A AlTlG
ici
G Lo
G G A I

Reset the color option:
Right-click on alignments and select :

WGS Alignments

Color alignments by > =
insert size and pair orientation
:::::::nes -0GTTCGGAGTGCTCAAGCATCGACCAGA

5 tracks loaded |[chr1:159,464,376 i |[236M of 376M




Viewing SNPs

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

|
Exome Sequencing, ANGPTL3 Mutations, 1
and Familial Combined Hypolipidemia lc1a
i
Kiran Musunuru, M.D., Ph.D., M.P.H., James P. Pirruccello, B.S., Ron Do, M.S., lgla
Gina M. Peloso, M.S., Candace Guiducci, B.S., Carrie Sougnez, B.S., : G : A
Kiran V. Garimella, M.S., Sheila Fisher, M.L.A., Justin Abreu, M.S., o
Andrew J. Barry, B.S., Tim Fennell, B.S., Eric Banks, Ph.D., Lauren Ambrogio, B.S., I l
Kristian Cibulskis, B.S., Andrew Kernytsky, Ph.D., Elena Gonzalez, B.S., : :
Nicholas Rudzicz, M.S., James C. Engert, Ph.D., Mark A. DePristo, Ph.D., i — i -
Mark J. Daly, Ph.D., Jonathan C. Cohen, Ph.D., Helen H. Hobbs, M.D., iGgia
David Altshuler, M.D., Ph.D., Gustav Schonfeld, M.D., Stacey B. Gabriel, Ph.D., : :
Pin Yue, Ph.D., and Sekar Kathiresan, M.D. i
o
I la
o
lgla
o
lgla
o
o
lgla
.
I'cla
[
.
.
[
[
I
g la
I'cgla
[




Viewing SNPs

Human hg19

IGV

chrl chr1:9,718,452-9,718,614 Go £t <« » @ [ = 2 | Eunniiig

p3653 p36.12 p351 p3al p322 p3l2 p22.3 p2l3 pl33 pl2 qll ql2 q2L1 q22 q241 q252 q3L1

9321 q323 4211 q.3 qad

9,718,460 bp 9,718,480 bp 9,718,500 bp
| | | |

164 bp
9,718,520 bp 9,718,540 bp 9,718,560 bp 9,718,580 bp
| | | | | |

9,718,600 bp
|

NA12878.SLX.sample.bam Cove|

NA12878.SLX.sample.bam

Sequence =

RefSeq Genes

SNP Calls

PIK3CD

5 tracks loaded chr1:9,718,614

145M of 579M




BED file used to define “bookmarks” in SNP exercise

snp_calls.bed

track name=“SNP Calls”
1 9718624 9718625 snpl
1 159464357 159464358 snp2

1 63650225 63650226 snp3



igvtools



A set of utilities for preparing large files for efficient display.

count

Computes alignment coverage from BAM files
Produces TDF or WIG files

toTDF

Converts sorted data file to binary tiled data (TDF)
Supported file formats: WIG, bedGraph

sort

Sorts file by genomic start position.
Supported file formats: BED, GFF, GTF, PSL, SAM, BAM, VCF

index

Creates index for large genomic annotation files and alignments.
Supported file formats: BED, GFF, GTF, PSL, SAM, BAM, VCF




igvtools: count

count
transforms alignment files to
read coverage files in TDF or WIG format.

4 )

Alignments
(BEM format) ===) | jgvtools | === Read coverage

N J ..
o bl bl
n...__n.l-‘




Coverage track

Coverage track visible before alignments

(S NON&) IGV
'H hg18 | [ chrl b 74 CECECELEEEE L EREE T [+]
uman hg chr v chrl Go 4 » 627 H A
p3W23 p36.12 p343 p33 p321 p3l.1  p222 p21.1 pl31 ql2 q21.1 q23.2 q243 q25.3 q31.3 q32.2 q42.11 q43
- 246 mb -
nb mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb 200 mb 220 mb 240 mb
| | | | I | | | I | I | | | | | I | | | |
10-85)

NA19240 SLX (YRI daughter) Co
age

NA19240 SLX (YRI daughter)

‘ Zoom in to see alignments. ’

RefSeq genes

eB269 KAZN SYF2 SFPQ

STIL

I O OO DO OO 1 O L

CBA AK4 CRYZ UOX DR1

RNPC3 NRAS NR_033189

A OO OOV N I B O

IFI16 XCL2 ABL2 FAMSC PKP1

RD3 HHIPL2Z RBM34 NLRI

|4 tracks loaded

|{chr1:95,509,957

|[185M of 266M




Coverage track

In our hands-on exercise:
Coverage track was not visible before alignments

NA12878.5LX.sample.bam Cove

NA12878.5LX.sample.bam

1L1 PGD PAX7 SFN GJBS TIE1 GPX7 NFIA NEGR1 TTLLT EVI5 OLFM3 WNT2B ANKRD20A12P CD1D MAEL TNR NPL RGS18 NAV1 NEK2 HHIPLZ KCNK1 AKT3
| | |

snp1 snp3 snp2

Gene

SNP Calls

5 tracks loaded hr1:144,403,123 [136M of 602M




igvtools

(A) Launch from the IGV menu

Tools > Run igvtools...

or

(B) Run from the command line
[GM31D-693:~]
[GM31D-693:~]

Jrobinso%

[?] Mean

_J 90%

Close Run

| Median

1 98%

jrobinso% 1gvtools count NALlZ2878.bam NALZ28738.bam. tdf hglS




Pre-compute coverage track

Hands-on exercise

« Use igvtools to compute the coverage for a .bam file
» Associate the new file with the coverage track

[ Follow along }




Coverage track

Hands-on exercise

Click on the left-most tick on the — E.|||||||IIIIIIIIIIIIII| +

zoom ruler to zoom all the way out

- 246 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
l | | | | I | I | I | I | I | I
NA12878.SLX . sample bam Cove Zoom in to see coverage.

MA12878.5LX . sample bam Zoom in to see EIIIC‘II"IJ‘TIEI"I:S<




Pre-compute coverage track

Hands-on exercise

Click Tools > Run igvtools

GenomeSpace Hel

Run Batch Script... {
»

Find Motif...

BLAT ...

Combine Data Tracks |

Gitools Heatmaps > |
BEDTools > .




Pre-compute coverage track

Hands-on exercise

Click Tools > Run igvtools

GenomeSpace Hel

Run Batch Script...

Run igvtools...

Find Motif...
BLAT ...
Combine Data Tracks

Gitools Heatmaps
BEDTools

|

t
ﬁ

~al

Select the Count command
from the dropdown menu

[ ] igvtools
Input File

Output File
Genome /Users/helga/Documents/IGVMarch2017/Exercises/genome/chrl.fasta

TDF and Count options

Zoom Levels 7 E

Window Functions Min Max Mean Median

2% 10% 90% 98%

Probe to Loci Mapping

Window Size 25

Extension Factor

Count as Pairs

Sort Options

Temp Directory

Max Records 500000

Close Run

Messages

Browse
Browse

Browse

Browse

Browse




Pre-compute coverage track

Hands-on exercise

1. Input file: Browse to the Data / snps _morning folder and select the .bam file

Command  Count E
/Users/helga/IGVMarch2017/Exercises/snps/NA12878.SLX.sample.bam
eg)/Users/helga/IGVMarch2017/Exercises/snps/NA12878.SLX.sample.bam.tdf Browse
Browse
2. Output file: Defaults to same folder, and same name + .tdf suffix
Zoom Levels 7 E
Window Functions Min Max Mean Median
2% 10% 90% 98%
Probe to Loci Mapping Browse
Window Size 25
Extension Factor
Count as Pairs
O 3. Other values: Keep defaults
Temp Directory Browse

Max Records 500000

close 4. Click Run

Messages

5. Close window after you see “Done” in the Messages area




Coverage track

Hands-on exercise

1. Right-click any where

on the coverage track ... 246 mb
TG 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
'/ I | | I | I I I I I I I I I I I I
MA12878.5LX . saniple . bam Cove L 11N ee coverage.
NA12878.5LX sample.bam z 1 in to see alignments.

NA12878.SLX.sample.bam Coverage

2. ... and select Load pre-computed
coverage data from the popup menu

Set Data Range...
Log scale

v Autoscale

v Show Data Range

Set allele frequency threshold...

< Load pre-computed coverage data... >

Copy Details to Clipboard

v Show Alignment Track
Show Splice Junction Track
Hide Track

Save image...
Export track names...

3. Browse to the

Data / snps_morning folder
and select the file
NA12878.SLX.sample.bam.tdf




Coverage track

Hands-on exercise

4

nb

20 mb

40 mb

60 mb

80 mb

100 mb

246 mb
120 mb

140 mb

160 mb

180 mb

NA12878.SLX.sample.bam Cove




Coverage track

Hands-on exercise

-t 246 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb
I | I I I I | I I I I I I | I I I I |
[0 486]
NA1 N OW m Cove
.
- 246 mb
nb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb

NA Was hm Cove Zoom in to see coverage.




Viewing RNA-seq Data



RNA-seq

pre-mRNA
Exon

MRNA

Short read is split by
intron when aligning

to reference Genome -_‘:_‘:;J

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



RNA-seq

pre-mRNA

Exon

IGV

MRNA

Short read is split by
intron when aligning

to reference Genome -_‘:_‘:;J

T



RNA-seq alignments

600 IGV ‘
File View Tracks Help
(Human hg18 3 [chn [#] [chr1:153432,493-153,438226 | Go Y « | » (@ [ = Slonfein

EEEIE S RS B R SRS Sm————mmi mem m SR
p36.23 p36.12 p35.1 p34.1 p32.2  p31.2 p223 p213 pl133 pl2 ql2 q21.1 q22 q241 q25.2 q31.1

Read spanning
| 153,433|,Ooo bp | 153,434I,ooo bp | 153,435|,Doo bp | 153,436|,ooo bp | 153,437I,oo S p I i C e j u n Cti O n

accepted_hits.sorted.b 10 - 501 m
am Coverage

NAME
DATAFILE
DATATYPE

accepted_hits.sorted.b
am

1 < 44— —R——Ka—l——

THeS3

RefSeq genes

chr1:153,436,452 i 631M of 762M |
S ———



RNA-seq alignments

[ Splice junction track }

A .



RNA-seq alignments

[ Splice junction track }

Arcs represent reads that
span exon junctions




RNA-seq alignments

[ Splice junction track }

Height is proportional
to number of reads

A .



RNA-seq alignments

[ Splice junction track }

Many reads connecting
these exons




RNA-seq alignments

[ Splice junction track }

A .

!

Relatively few
spanning to this exon




RNA-seq alignments

~ Sashimi Plot |

e O O

=lrterrererrercifeerennnn =]

e
RPN S S

100 2749/7012

[0-5313)
13 B __._.-’—:4 -\
{ \.J . B

g}kan&-—c 4__4;‘2{ zeog

L 1 1 ]
98986020 98989732 98993445 98997158

- L L - L N
—- L - - - .
I L L L - .




RNA-seq alignments

~ Sashimi Plot |

e O O

=lrterrererrercifeerennnn =]

e —
BS  eS— g — 5

2749

Arcs represent

reads that span
exon junctions *’”’ﬂ \r \‘/—'-H‘\

L 1 1 J
98986020 98989732 98993445 98997158
- - -— -— - -

- - -— -— - -

I L - - - N

I




RNA-seq alignments

~ Sashimi Plot |

e O O

NN KNRRRNANES
5844

| Numbers are
read counts

(\a

§§§;§=-—-—720

L 1 1 J
98986020 98989732 98993445 98997158

- L L - L N
—- L - - - .
I L L L - .




RNA-seq alignments

~ Sashimi Plot |

e O O
(RN RARARRRANR] RRRRRNAN
0 - 11850 5844

A

Peaks represent

coverage within exon \rﬂ/—l—m\

‘\k ¢r&-—= _..___Z:‘T K945 2603

L 1 1 J
98986020 98989732 98993445 98997158

- L L - L N
—- L - - - .
I L L L - .




Sashimi plot

Viewing RNA splicing with Sashimi Plots

Reference:

Katz et al.

Quantitative visualization of alternative exon expression
from RNA-seq data

Bioinformatics (2015)



Viewing RNA-seq data

Hands-on exercise

Examine tissue-specific alternative splicing.

Data: lllumina BodyMap 2.0

{ See handout ]




00
Human (hg19) ch — Sl =+
—a General  Tracks Variants  Charts [alllagsas Probes  Proxy  lon Torrent  Advanced
T  Track Display Options
p1332 3 q2412 q24.23 q24.32
-4 On initial load show: Alignment Track Coverage Track Splice Junction Track =
98,996 kb
| |
Visibility range threshold (kb): 30 Range at which alignments become visible
ownsample reads Max read count: per window size (bases):
Shade mismatched bases by guality: 5 to 20
Flag insertions larger than: 1 bases

Mapping quality threshold: 0

Hidden SAM tags: MD,SA

Filter duplicate reads Flag unmapped pairs

Filter vendor failed reads | Show soft-clipped bases

| Filter secondary alignments Show center line

Filter supplementary alignments

Coverage Track Options

Coverage allele-fraction threshold: 0.2 Quality weight allele fraction
~Splice Junction Track Options

Show flanking regions Min flanking width: 0 Min junction coverage: 1
Insert Size Options
Defaults Minimum (bp): 50 Compute Minimum (percentile): 0.5
Maximum (bp): 1000 Maximum (percentile): 99.5 —
Gene
OK Cancel
e |EIEED




Viewing RNA-seq data

Hands-on exercise

[ ] [ ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

Human (hg19) B e B} chr12:08,985,403-98,997,778 Go Ff < » @ [0 ® 2 | S =]

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

[0- 319
liver_sk25a3.bam Coverage

Liver

liver_sk25a3.bam

[0- 554
heart_sk25a3.bam Coverage

' I g - . | . .
heart_skc25a3 bam Juncti Hh; % I ! dlf .Il‘ I‘l‘é EE ! ——

1
1
1 1
Heart :
" 1
H |
Gene gl i il 1l | 0
SLC25A3 SNORAS3

|8 tracks loaded hnmz:ga,gas.wa [198M of 537TM



Viewing RNA-seq data

Hands-on exercise

[ ] [ ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

Human (hg19) B e B chr12:08,085,403-98,997,778 Go FY « » @& [0 ® 2 | S =]

12 kb
98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
| | | | | |
—
Coverage [
| I
L — f - o N
fver_skc25a3 bam Juncti — ' | . & —
fver_skc25a3 bam 1
1 1
11

[0- 554
hear_sk25a3.bam Coverage

I : | | . .
heart_sk25a3.bam Junctions mﬂrfr mm M}m—\s

1
1
1 |
1
heart_skc25a3.bam
1
H 1
Gone gl - L i ] Hil—
SLC25A3 SNORAS3

8 tracks loaded Enmz:ga,gas.aua [198M of 537TM



Viewing RNA-seq data

Hands-on exercise

[ ] [ ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

Human (hg19) B e B} chr12:08,985,403-98,997,778 Go Ff < » @ [0 ® 2 | S =]

p1332  p132  pi23  pl2d pIT21 qll  q12 qI3d1 a13.2 ald2 qi5 G212 q21.31 q21.33 a23.1 a233 q2412 q2423  q24.32

12 kb
98,996 kb

Junction Coverage | i s .

=TT

liver_sk25a3.bam Coverage

liver_sk:25a3.bam Junct

iver_sk25a3.bam

[0- 554
heart_sk25a3.bam Coverage

heart_sk25a3.bam Junctions

heart_skc25a3.bam

L & i i g -Hilje—

SLC25A3 SNORAS3

|8 tracks loaded Enmz:ga,gas.aua [198M of 537TM

Gene




Viewing RNA-seq data

Hands-on exercise

[ JoN
Human (hg19)

a chrl2

IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

E chr12:98,985,403-98,997,778

Gol B « » @ O = 2 |

S =

pl13.32 pl3.2  pl23 p121

pll.21 ql1 ql2 ql311

ql13.2

ql42  ql5 q21.2 q21.31 q21.33 q23. q23.3 q24.12 q24.23 q24.32

12 kb

98,992 kb 98,994 kb 98,996 kb

iiver_sk25a3.bam Caverage

liver_sk25a3.bam Junctk

liver_sk25a3.bam

| heart_sk25a3.bam Coverage

‘ 3

Select Squished
from the popup
menu to display
isoforms in the
Gene annotation
track
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Viewing RNA-seq data

Hands-on exercise

Human (hg19) chrl2
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Viewing RNA-seq data

Hands-on exercise

Launch Sashimi Plot
from the popup menu
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Viewing RNA-seq data

Hands-on exercise

Filter and zoom in on
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Viewing Structural Events



Structural events

e Structural events include deletions, duplications, translocations,
and inversions.

e Paired reads can yield evidence of structural events.

* Alignment coloring options help highlight these events based on:

* Inferred insert size (template length)

* Pair orientation (relative strand of pair)



Paired-end sequencing

DNA or /\W

cDNA

fragment = -~ ~~ N —
read from ——> -> . AR
each end <+~ - <+

align to

reference



Paired-end sequencing
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Paired-end sequencing

DNA or /\W

cDNA

fragment ~ -~ ~~ N —
read from ——> -> . AR
each end <+~ - <+
align to

reference
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Paired-end sequencing

DNA or /\W

cDNA

fragm ent - /-\ N

e e

insert size (or template length)

align to
reference — @ = @ @— =

inferred insert size (or observed template length)




Interpreting inferred insert size

Differences between insert size and inferred insert size*
can be used to detect evidence of structural variants,
including

e Deletions
* |nsertions

* Inter-chromosomal rearra ngements

* or template length and observed template length



Interpreting inferred insert size

Differences between insert size and inferred insert size*
can be used to detect evidence of structural variants,
including

. [Deletions }

* |nsertions

° [Inter-chromosomal rearrangements }

* or template length and observed template length
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Inferred insert size
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Pairs with larger than expected insert size are colored red
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Deletion

Pairs with larger than expected insert size are colored red
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Deletion

800

Note drop in coverage
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Inter-chromosomal fusion
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Inter-chromosomal fusion
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Inter-chromosomal fusion
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Interpreting pair orientations

Orientation of paired reads can reveal
evidence of structural events, including:

* Inversions
* Duplications
 Translocations



Interpreting pair orientations

Orientation of paired reads can reveal
evidence of structural events, including:

~ +Inversions

* Duplications
* Translocations



Inversion
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Inversion
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Inversion
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Viewing structural events

Hands-on exercise

« Use color and viewing options to examine an inversion

 Data from 1000 Genomes

[Followalong }




Viewing structural events

Hands-on exercise

Click File > Open Session

& IGV 2.3.82 Mi'® Genomes View Tr:

| NN | Load from File...
* Load from URL...
Load from Server...
Load from DAS...
Load from ENCODE...
Load from Ga4gh...

Human hgl9

Save Image ...

Exit
Il

Navigate to the folder IGV workshop folder / Data / svs
and select file svs_session.xml




Viewing structural events

Hands-on exercise
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Viewing structural events

Hands-on exercise

Color alignments by > insert size

Right-click on the alignments and select

TCTTarTe TTacK..,

Copy read details to clipboard

v Shade base by quality
v Show mismatched bases
Show all bases

View as pairs
Go to mate
View mate region in split screen

Set insert size options ...

\
Group alignments by >

Sort alignments by >

Color alignments by >

Re-pack alignments

no color
insert size
pair orientation
V insert size and pair orientation
read strand
first-of-pair strand
read group
sample
library
tag
bisulfite mode

Collapsed [

v Expanded
Squished

Select by name...
Clear selections

Copy
Blat read sequence
Copy consensus sequence

read sequence

Sashimi Plot

v Show Coverage Track
Show Splice Junction Track
Hide Track

Save image...

Export Alignments...
Export track names...

Remove Track




Viewing structural events

Hands-on exercise
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Viewing structural events

Hands-on exercise
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Viewing structural events

Hands-on exercise

| Human (hg38 chr21) 3| | chr2l :| chr21:26,000,000-26,004,000 Go Tt « » @ [ = 3 | =R (s
I I o e | T
pl13 pl12 pll.2 pll.l ql1.2 q21.1 q21.2 q21.3 q22.11 q22.12 q22.2 q22.3
3,993 bp
000 bp 26,001,000 bp 26,002,000 bp 26,003,000 bp 26,004
| | | | | | |
[0-14)

NA19240.bam Coverage ‘

1 | [ 3 | | |
|1 | [l [ 4 \
| o TR [
[ | | \ [
[ \ : |
| |
| J }- »
NA19240.bam |
i
|
i
|
[
!
Gene - ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ e

APP

|4 tracks loaded ﬁhr21 126,000,653 | |E58M of 1,047TM




Viewing structural events

Hands-on exercise

Right-click on the alignments and select
Color alignments by > pair orientation

TCTTarTe TTacK..,

Copy read details to clipboard

Group alignments by
Sort alignments by

\
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>

Color alignments by > no color

Re-pack alignments

v Shade base by quality
v Show mismatched bases
Show all bases

View as pairs
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v Expanded
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Select by name...

Clear selections

Copy read sequence

Blat read sequence

Copy consensus sequence
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v Show Coverage Track
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Save image...
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Remove Track
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Viewing structural events

Hands-on exercise
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Viewing structural events

Hands-on exercise

Right-click on the alignments and select
View as pairs

Copy read details to clipboard

Croup alignments by >
Sort alignments by >
Color alignments by >

Re-pack alignments
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Show all bases
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Viewing structural events

Hands-on exercise
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Viewing Structural Events



Availability

Features available in IGV 3.0 Beta

See Other Versions on the IGV Downloads page



Third Gen Sequencing

* Long reads:
~10,000 bp up to ~100,00 bp

* High raw error rate in individual reads
(high consensus accuracy with sufficient coverage)

* Platforms:
— PacBio, Oxford Nanopore



IGV Enhancements

* Filtering raw errors to reveal consensus variants

* Extended support for split alignments
* Linking split reads
e Support for “SA” tag



Filtering raw errors — small indels
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Filtering raw errors - indels

chr10
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Filtering raw errors - nucleotides

PACBI
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Filtering raw errors - nucleotides
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SINE:AlY LINE:L1

SINE:MIR

T_rich

mplexity:A

Simple_repeat:(CA)n LINE:L1HS Low_co!

SINE:MIR3

DNA:MERSA1

:MER45A

LTR:THE1C

LINE:L1HS

Aaron Wenger, PacBio

Deletion clearly visible
in the long reads

ILLUMINA




View > Preferences
Alignments tab

Purple insertion labels

Hide small indels

Only show consistent

mismatches

Ceneral  Tracks  Variants

Alignments P

pbes  Proxy  lonTorrent

Advanced

Track Display Options

Alignment Track Options

Visibility range threshold (kb):

Mapping quality threshold: 20

Label indels > 5 bases

q Hide indels < 50 bases

Hide indels < 1 pixels

Filter duplicate reads
Filter vendor failed reads
Filter secondary alignments

Show center line

Downsample reads Max read count: 2000

Shade mismatched bases by quality: 5

On initial load show: Alignment Track Coverage Track | | Splice Junction Track

Range at which alignments become visible

per window size (bases): 50

to 20

Flag unmapped pairs
Show soft-clipped bases
—p Quick consensus mode

Filter supplementary alignments

—FMM tags: MD,SAXA

Wge Track Options

Coverage allele-fraction threshold: 0.25

Splice Junction Track Options

Quality weight allele fraction




1)

* Long molecules are separated into compartments.
All molecules in same compartment share a barcode.

 Barcodes can be used to reconstruct molecules from
short read alignments (lllumina)



IGV enhancements for 10X

p252 p24.3  p233  p222 p16.3 pls  pl32 pilz qll2 ql23  qla2 q2ll  q222 q233 q24.2 q311  q320 q323 q332 q34  q360 q37.1
122kb
34,660 kb 34,680 kb 34,700 kb 34,720 kb 34,740 kb 34,760 kb 34,7
I l I I I I I
[
NA12878_WGS_phased_possor | | ©~ "
bam Coverage i ool Mot i ol b s et D e nscntho s, SOt i b o b s bt i il

| NA12878_WGS_phased_possorted_bam.bam

| Rename Track...
Copy read details to clipboard

VieW ||nked reads b, gl Viewlinkedreads |

Group alignments by >
Sort alignments by >
Color alignments by >
Re-pack alignments

v Shade base by quality
v Show mismatched bases
Show all bases

NA12878_WGS_phased_possor{
ed_bam.bam

View as pairs

Go to mate

View mate region in split screen
Set insert size options ...

Collapsed
v Expanded
Squished

Select by name...
Clear selections

Copy read sequence
Blat read sequence
RefSeq Genes Copy consensus sequence

Sashimi Plot

4 tracks loaded hr2:34,681,113 v Show Coverage Track 2M of 1,023M
Show Splice Junction Track

Hide Track

Save image...
Export Alignments...
Export track names...

Remove Track



IGV enhancements for 10X

p25.2 p243 p23.3 p22.2 pl6.3 pl5 pl3.2 pll.2 ql1.2 ql23 ql4.2 q21.1 q22.2 q233 q24.2 q31.1 q32.1 q323 q332 q34 q36.1 q37.1
122 kb
34,660 kb 34,680 kb 34,700 kb 34,720 kb 34,740 kb 34,760 kb 34,7/
| | | | | | | | | | |

NA12878_WGS_phased_possor | | *~ ™%
bam Coverage

il

RN (PRI TN Rty PO T 11 L2171 B Y AP R 1 1

BRI || [T ST TN NS PR TR Ty pwe bl

& -

Haplotype “1”

Haplotype “2”

ed_bam.bam

RefSeq Genes

M tracks loaded hhr2:34,681 13 ES3M of 1,023M



Viewing Variants



Variant Call Format (VCF):
File format for encoding variant sites and genotypes

The VCF specification is now maintained by the
Global Alliance for Genomics and Health (GA4GH)
- Data Working Group -2 File Formats Task Team
(http://gadgh.org/#/fileformats-team)



Viewing variants (VCF file)

Human (hg19 chr22) [ | chr22 B chr22:36,647,117-36,665577 Go Ft < » @& [ ® 2 | S
-
pl13 p12 pl1.2 plil qlll ql1.21 ql1.22 ql2l ql12.2 q12.3 ql3.1 ql13.2 ql331 q13.32
18 kb
% | 36,648 kb 36,650 kb 36,652 kb 36,654 kb 36,656 kb 36,658 kb 36,660 kb 36,662 kb 36,664 kb
§§§§ I I I I I I I | I I | I | I I | I
HE
L) CETUMEREE Prreerrm | B et (e igm e e w11
_mvncall_integrated_v5a.201305 I I I I I I I I I I
.genotypes.vcf I I |
HG0009s Bl [ I I 1 I T T TINT [ [T TTITITT T [ | [
HGO0100 | | | 1 I 1 [l | |1 [T | |
HGO0103 (NI | | I I 1 [Inl | I 1 LT ] | |
HG00107
HGO0110 T | | |
HGO0113 | | T I | | | 1
HGO0116 (NI | |
HGO0119 Il | 11 | I 1 1 [l | [ 1 [T | |
HGO0122 N [ IO | | | Il [ | |
HGO0126 N I |
HGO0120 Il I | | | | |
HG00132 [ A | | |
HGO0137 | | i | 1
HGO0140 Il I | | | |
HG00143 | | I |
HGOO148 | | | | | I I V] | |1 I ] | |
HGO00151
HGOO157 (I | | | | I 1 [l | |1 [T | |
HGO0160 N Il | 11 (| I 1 1 [0l | 11 [RTIT I |
HGO0174 (NI | | | | | |
HGO0178 | | | I DV T | | 1
HGO0181 | |
HGON185 1 | 11 11 1 | | | N | (I | |1 0| 1 | 1
Gene ——u R e R I ——
APOL1
[ A (A B L T 0 T O (T 1 A 11 W MY {1 i R (1]
apoll_snp131.bed
21097 rs6000218 rs9610467 rs8610468 rs7284919 rs34071340 rs136151 rs136154 rs77020979 rs7T13753 rs136165 rs136167 rs136176 rs1136309 rs2012928 rs79503

|4 tracks loaded ﬁhr22:36.661 537 150M of 403M




Viewing variants (VCF file)

Human (hg19 chr22) [ | chr22 B chr22:36,647,117-36,665577 Go Ft < » @& [ ® 2 | Sl &
-
pl13 p12 pl1.2 plil qlll ql1.21 ql1.22 ql2l ql12.2 q12.3 ql3.1 ql331 q13.32
18 kb
@ % | 36,648 kb 36,650 kb 36,652 kb 36,654 kb 36,656 kb 36,658 kb 36,660 kb 36,662 kb 36,664 kb
| | ! | | ! | I ! ! I ! ! I I
i
L) FETUMEREE e o fen e nen e 1 i . .
e i 014 | Il LTI 1| Variant sites
.genotypes.vcf I I |
HGO0096 Pl [ [ [ [l I T T TIH [ [T TTIITT 1 I [
HE00100 | | | 1 I 1 1 [ I I FINDLT | | I
HG00103 i Il | I 1 1 [IHI | 1 FINETT | I
HGO0107
HG00110 Il | | |
HGO0113 | | T I | | 1
HGO0116 (NI | |
Il | 11 |1 I 1 [ | 1 FINELT | | |
| i | - | Il | |
Salllple C TN [ 1N IR I
il ! {mmin Genotypes
. 0 | | U
information LI ' - L '
| | | |
| | | 1 1 1 1 [ I 1 FINELT | | I
HGO0151
HE00157 il | | | I 1 1 [0 I [ 1 FINEL | I
HGO0160 Il | 11 |1 I 1 |1 | 11 TN | | |
HGOO174 (NI | | | | |
HGO0178 | | il | | (W
HG00181 | 1
HG0185 1l 1 Ll |1 I I [ 1N | LIl | 1 | 1
. o——rof | S | o S s MM S s
APOL1
O I T T 1 (1 O O T T A T A A T T U A A TR AT I TR TR TN ATRTHT I [ T VAT (]
apoll_snp131.bed
21097 rs6000218  rsO610467 rs0610468 rs7284019 rs34071340 5136151 rs136154 rs77020979 rs713753 rs136165 rs136167 rs136176 rs1136300 rs2012928 rs7A503
4 tracks loaded ﬁhr22136.561 537 150M of 403M




Viewing variants (VCF file)

LL.a I I I I II I I I IIIIII II III"II III I II"I II II II II IIII II II "II II I IIII IIIIIIII IIII II I"II I
eno I |




Viewing variants (VCF file)

L L H L+ L] ) O A Y N [ |
(] If i III IIIII IIIIIIIII LI |

i ted v5a2_013 Zoom in here
(LU




Viewing variants (VCF file)

Red = alternate allele ] ] u

Blue = reference allele O
| ]




Viewing variants (VCF file)

ALL.apoll.sample.phase3_shapq
_mvncall_integrated_v5a.201305 .

.genotypes.vcf .

Chr:chr2z
Position: 36653743
ID:rs136149
Reference: G*
Alternate: A

Qual: 100

Type: SMNP

Iz Filtered Out: No

Alleles:

Alternate Alleles: A

Allele Count: 3311
Total # Alleles: 5008

Allele Frequency: 0.661142

Variant Attributes

Allele Frequency: 0.661142
AMR_AF: 0.768

EUR_AF: 0.6282

Ancestral Allele: -||]

Allele Count: 3311
SAS_AF: 0.7832
EAS_AF:0.7708

Mumber of Samples with Data: 2504
AFR_AF: 04561

Depth: 12917

Total Alleles: 5008

VT: SMNP




Viewing variants (VCF file)

Cyan = homozygous
Blue = heterozygous
Grey = reference

W




Viewing variants (VCF file)

Chr:chr2z
= Position: 36653743
[ ID:rs136149

@ G | Genotype Information

Sample: HGOO110

-= Genqtype: GlA
Quality: -1
-= Typ'e: HET
Iz Filtered Out: No
| ||
] |
[ [ |
|
|




Viewing variants — sample information

Sample information

- Meta data on samples.
/ - Used for sorting & grouping

e In this example:
e sample

* pop

* super_pop

e gender

00000




Viewing variants — sample information

Sample information is defined in an auxiliary tab-delimited file.

e First row defines the meta data column names

* First column contains sample names
(must match VCF sample names)

Example:

VCF sample
names

sample pop super_pop gender";\

HGOB096 | GBR EUR male

HG@BO97 | GBR EUR female Meta data
HGOB099 | GBR EUR female |

HG0©100| GBR EUR female cofimn names
HGA0101 | GBR EUR male

HG0@102 | GBR EUR female

HG0@103 | GBR EUR male

HCARAT AR

r~RD

Flip

mala



Viewing variants (VCF file)

Hands-on exercise

Use sample information to examine a variant that
segregates by population.

Reference:

Giulio Genovese et al.

Association of Trypanolytic ApolL1 Variants with Kidney Disease
in African Americans,

Science 329, 841 (2010); DOI: 10.1126/science.1193032

[ See handout }




Viewing variants (VCF file)

Hands-on exercise

Human (hg19 chr22) o | chr22 B chr22:36,647,117-36,665,577 Col Bt « » @ [ = 2 | [ AR (AARARRANREE!
pl3 pl2 pll.2 plll qlll qll.21 qll1.22 ql2l q12.2 q12.3 ql3.1 q13.2 q13.31 ql13.32
18 kb
36,648 kb 36,650 kb 36,652 kb 36,654 kb 36,656 kb 36,658 kb 36,660 kb 36,662 kb 36,664 kb

super_pop

sample
gender

ALL.apall.sample.phase3_shap:
_mvncall_integrated_v5a.201304
.genotypes.vct

HG00096
HG00100
HG00103
HGO0107
HG00110
HG00113
HG00116
HG00118
HG00122
HG00126
HG00129
HG00132
HGO00137
HG00140
HGO00143
HG00148
HGO0151
HG00157
HGO0160
HGO01T74
HG00178
HGO0181
HGEON185

Gene

|
apoll_snp131.bed

[ U I A
21087 rs6000218

Il
rs9610467

[ 1 [N VTR

rs0610468 rs7284919

I
rs34071340

5136151

HIT

APOL1
(A

5136154 rs77920979

IEHEnE e

rs713753

5136165

rs136167 rs136176 rs1136309

[ TN O O T Y [ [ A [T
rs2012928

L1
1579503

{4 tracks loaded Ehr22:3ﬁ,661 537 150M of 403M
e




Viewing variants (VCF file)

Hands-on exercise

Human (hg19 chr22) g | chr22 B | APOL1:S342G |co # « » @& 0O = 0 | e RTIRARAT s
[ f | T—— ||
pl13 » pl1.2 plil qlll ql1.21 ql1.22 ql2l ql12.2 q12.3 ql3.1 ql13.2 ql331 q13.32
h h b 18 kb
In t e Sea rc OX enter 36,652 kb 36,654 kb 36,656 kb 36,658 kb 36,660 kb 36,662 kb 36,664 kb

APOL1:5342G and click Go | mETEITITEIMATENT AR R R R N 1]

A —rrre—rwntll  CDICTTCCTO W BT PR OEETET 0 CO w1 1l
e et o 2030 | || || 11 11
o I I I
HG00096 ] I I I [ I T T TINI [ [T TTITITT T II I [
: : . A R Wi § A0 I
Right-click over genotypes and select |
. . TR I A 1 [ N
Dlsplay Mode > SQUIShEd ! R T e A 1T !
e 5 TN o111 1 ! !
. . 0 | (|
Right-click over genotypes and select IR | !
. | I | Il | 1 I 1 |
Group By, and then attribute super_pop IR T N 18 R I
PR " i il || I ' "Wl ! ot
:222:2.1—, 1 | I 11 11 1 II | | N | (I | |1 0| 1 | 1
Gene = i H— - e—
T T ERRT [ A (A B LI L O T 1 e o T AIPIO:-;I LIt 1 I O 1 AT IR T T (111 W [ (1]

4 tracks loaded ||chr22:36 661,537 I

|[150M of 403m




Viewing variants (VCF file)

Hands-on exercise

Human (hg19 chr22) [BJ | chr22 B chr2236,661,887-36,661,927 Go FY <« » @ [ ® 2 | S g =
I I e LT
pl13 p12 pl1.2 plll qlll qll1.21  ql1.22 ql2.1 q12.2 q123 q13.1 q13.2 ql3.31 ql13.32
41 bp
3 §7; 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
2§§§ i | I i i
= = S— S—
ALL.apoll.sample.phase3_shapq — —
_mvncall_integrated_v5a.201305
.genotypes.vcf
Scroll down to
EAS
AMR
Sequence [ d Cc ACGGATGTS G GC CCCTCTGTAAGTCTTOGECTTTZ CTTGTG GO CTGGATG
W P D
Gene
apol_snp131.bed
1516996616 rs73885319
14 tracks loaded hr22:36,661,901 M of 488M




Viewing variants (VCF file)

Hands-on exercise

Human (hg19 chr22) [ | chr22 B chr22:36,661,887-36,661,927 Go FY <« » @& [ ® 2 | S =
pl3 pl2 pl1.2 plll qlll qll.21  qll.22 ql2.1 q12.2 q123 q13.1 q13.2 ql331 ql13.32
41 bp
g §13 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
i I I | I
3g3
AMR i
-
| |
SAS |
| |
AFR =
Sequence - C ACGGATUGTSGSGT ECCCTCTGTAAGCTTTCTTTOCTTGTGC CTGGAT G
T D W A P V S F E L W L D
Gene
APOL1
apol_snp131.bed = =
rs16996616 1573885319
|4 tracks loaded ﬁhrzz:ae.ﬁm 916 139M of 523M




Other Tools



Tools

« Combining numeric data tracks

 BLAT



Combining numeric data tracks

I | I T S D BN B [ e ) e
p15.31 pl5d pldl pl132 pl2 qll.2 ql2.2 ql13.3 ql43 ql5 q21.2 q22.2 q23.2 q311 q31.3 q331 q333 q351 q35

GM12878 HIK2T7me3

GM12878 H3K36me3

GM12878 H3Kd4me1

121 kb
67,400 kb 67,420 kb 67,440 kb 67,460 kb 67,480 kb 67,500 kb
| | | | | | | |
[0-25]
GM12878 H3K2Tac
[a-;:]. s m b PP SR PO AT PP PR 0| N S (P SO h.l. N T Y YR S R o S T W

PRI ¥ TR S PR T W NS TRE R PR AT T S U A T FTWT I R1r PYNPOl T IYT 1717 VU DOY PRT W PR SR PR T RRPr O § T YT T e T
1025

n.-ﬂ_h.h.ﬂ-l.-. PR TR T Y PR SR T T T TP Ll.ll..l.L..-l | WY I | L.l.luL - i .udl.lll-.ﬂ.ldl.u. I.L.“-.h.llmlﬂ [UREPP UV T [ PSP T PP
0- 25

aanib. oo l.uh.ﬂ;iljﬂhhul YW TUPUPIY TR NPy S iy TR | .hl-.‘. et s o et m.hh_u Py Y I |




Combining numeric data tracks

am Select Tools > Combine Data Tracks .

Run Batch Script... i G331 q333  q351  q35
Run igvtools...
Find Motif... 2D
5400 kb 67,420 kb 67,440 kb 67,460 kb 67,480 kb 67,500 kb
BLAT ... o | | | | | | |
r Combine Data Tracks |

GitOOIS Heatmaps » .Ill. LL [ Wy gy W S Ay T TR | -Li RS VP S . £ .l_--l.l.lll..J.-_l. T S R T —— Hmh‘.ﬂ.l Y WO ST U I N ARt
BEDTools >

PRI ¥ TR S PR T W NS TRE R PR AT T S U A T FTWT I R1r PYNPOl T IYT 1717 VU DOY PRT W PR SR PR T RRPr O § T YT T e T

[0-29)
GM12878 H3K36me3

n..ll._hh.u.l.l. PR TR T Y PR SR T T T TP Ll.ll..l.L..-l | WY I | LIL-LL - i .udl.lll-.ﬂ.ldl.ﬁ. I.L.“-.h.llﬂlhlﬂ [UREPP UV T [ PSP T PP
10-25)

GM12878 H3Kdme1 || ‘II | l
P ST W TR dmt.ul YW TUPUPIY TR NPy S iy TR | .hl-.‘. et s o et .J.I.LL._.I.A Py Y I |




Combining numeric data tracks

1. Select two tracks from
the dropdown menus | ;...

\ 2. Select the operation:
Track A: | GM12878 H3K27ac L] o Add
Operation:| Add ;K * Subtract
* Multiply
Track B: | GM12878 H3K27me3 2| . D|V|de

Result Track Name

Sum| & ‘ |

3. Name the new combined track

| OK | | Cancel |




Combining numeric data tracks

I - |
p15.31 pl1sd pldl pl32 pl2 qll.2 ql2.2 ql3.3 qld43 ql5 q21.2 q22.2 q23.2 q311 q313 q331 q333 q351 q35.

121 kb

67,400 kb 67,420 kb 67,440 kb 67,460 kb 67,480 kb 67,500 kb

|
]
TrackA = | ' W
P Y Ry R YN [T W APy nyny RS S N P R T TR | -Li PR PR R R T .l_--l.l.lj—l-.J.-_l. Y SRR Sy S | .h.l. = T N Y Y S LRI O S BT A
]

Track B

FETRPIE T P PR RN G AN TP W T P S AT IO NIUTPITIT PR I 1T W Y T URTRPT TP TP i | W71 ey

GM12878 H3K 3

..ﬂ..h.h.lul.. .““.“.LI.J. .-.._.I._Lu dah . dlis h.ll.a..i...l | YT ..u.a‘.‘ L.l.lu.l. - =l udl.l.l.hlﬂ.ldlu. nhu-mmlﬂ Al ek am l-l—‘ adma s ma

[0- 25

NeW traCk = A + B .ﬂkd.‘d&hhul. IET W T ALY [TO ey Sy TR l.h‘-.‘. [T PR lll.l.u. m.hh_u PRy F PRI N




BLAT

GenomeSpace Go

Run Batch Script...
Run igvtools...

__Find Motif., _ *» Use a BLAT server to do search for
BLAT ... | : .
alternative alignments for

~ Combine Data Tracks |
Cpooe neaimeps > | o any feature or sequence read, or
o user-entered sequence.

r—

« User-specified server or
UCSC (volume limits apply).



BLAT example

T B T 1 _TT1T T [ W 0 o N I D B DT oD [ [ D0 00 T N [ W B | [ BT o]
p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p21.3 p133  pl2 ql1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q321 q323 q4211 q423 q44

3,008 bp
114,175,000 bp 114,176,000 bp 114,177,000 bp
| | | | | |
10107
o |
: | oo { e E III ' ] |: { . L L v ' { T . | : ! ' ;
] ' : A | : : ; ———— (] :
i | , L '!_|_l': - e ol | : 1 — | Tt ' |
| II i) " | [ — h y ' | ' ﬁ' (i |
. . ' ) ——
! , 2 ) v | — S | ! e : N ! ! 1
, ' Il_u ’ ! | L , —— ' L (I ! 1 ! ! I R
" : \ i | | '
! 0 00 j | 1 | oy 1 1 L { L
' — | J o 'F' ' ' ok ' - wi |
| U [~ 1 1 ol J ! | | § |
1 ! U H L i 'I 1 ——— 1a Y Y
i : = 7° : ; | { i-n' ! ! Ll i np ST 1
| pu T —" ¢ |I i L : 1 / ' e ' L
i (R | . ! . |
! ' " |II ! ] Ly ; —, ! . -  — i | = ! o e — i Y !
| | — ml - |
i ' ' i L | - b )
' ' L ' — | ] ! LS J TR ' P N 1 |

dl L




BLAT example

T B T 1 _TT1T T [ W 0 o N I D B DT oD [ [ D0 00 T N [ W B | [ BT o]
p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p21.3 p133  pl2 ql1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q321 q323 q4211 q423 q44

3,008 bp

114,176,000 bp 114,177,000 bp
| | | |

Investigate this peak

10107
| |
. ' ! : ' | |
. aeE . ; e T —
’ : . | ' { ———— :
i | , L '!_|_l'| - e ' ' | : 1 | Tt ' |
0 ! ! ! L — (H i | i ! .
| | , (- . ' ) —— ﬁ' e
! i : : ' l: ' . ! (1] Py, '
| | 0oy . | — " T L : 0" U | 1
| | ' 1 { (R
. . I_I 0 U 1 "; ] ". ' ‘ I|I : L |I | ! LEECU 1 1
1 | 1 | 1 1 { {
b ' —I l| . 3 o 'F' ‘I ! ' ! ' |‘I wi | '
| U [~ 1 1 ol J ! | | § |
1 ! U H L s ——— 1a Y Y
' N , | 8 |d ﬂ-{u | ) . ] o —
i 1 : ' | B, { ! ! I| 10 ) 1 -
- T ! . 1 - L 1 1 e 1 1
i (R | . ! . |
! ' " ||' ! ] o ; —, ! . -  — i | = ! o e — i Y !
I oo
i ' ' ' =T L . "
I I— , | — | y 1 - ; - - o (b | |
| ' | ! I J — | || ) "
1 - - : = ' ! | , | | (- —
1
'xl o | II' .| f ; -
I' ) (N — = ' P ;
— (. ! .
1 . — ' !
1 L




BLAT example

T B T 1 _TT1T T [ W 0 o N I D B DT oD [ [ D0 00 T N [ W B | [ BT o]
p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p21.3 p133  pl2 ql1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q321 q323 q4211 q423 q44

Investigate this peak [ " | — |
0,103 3
. |
| | | i | | o . =
— II. 1
: " I :
| {f
o
1




BLAT example

[
| p36.23__ p36.12__p35d __ p3dl __p322  p3l2 B : 3 pl2 qll

Right-CIiCk On a read and 800 bp 1'504bp 114,176,000 bp 114,176,200 bp 114,176,400 bp 114,176,600 bp
select BLAT read sequence . — .

i
| NA12878 WGS

I

| Rename Track... | |
I . | Copy read details to clipboard }
|

' Group alignments by >
| Sortalignments by >
Color alignments by >

j‘/ Shade base by quality
I I | v Show mismatched bases I
| Show all bases

T | View s pairs

Co to mate
View mate region in split screen
Setinsert size options ...

—
i W[

J Re-packalignments
l I v Show coverage track
- Show junction track
Load coverage data...

| Collapsed
(v Expanded
| Squished

Select by name...
Clear selections

Copy consensus sequence
Blat read sequence

Sashimi Plot

1 Remove Track

Save image...




BLAT example

e O O
File
BLAT result for query sequence:
TAATGCACACGAACTCCATTAGGTATTCATATGGGTTGAAAAGGGGGGTTAACTTGGCCTAAATAGAAAATGTCTTCTCATCATTTTTT
Click on a row to go to alignment
chr start end strand score match mis-match rep. match N's Q gap co... Qgap ba... Tgapco... Tagap ba..
chré 1552157 1552307 - 536 142 8 0 0 0 0 0 0
chrl 401076... 401078... - 492 147 19 0 0 2 9 3 16
chr2 715213... 715215... + 456 137 22 0 0 0 0 1 1
chrl3 525933... 525935... + 444 135 23 0 0 0 0 1 1
chrl7 5468054 5468211 + 440 128 16 0 0 1 12 1 13
chrl0 933987... 933989... + 436 132 22 0 0 0 0 1 1
chrls 956086... 956088... - 428 129 20 0 0 0 0 2 4
chrs 166236... 166238... + 424 126 18 0 0 0 0 2 4
chr3 102995... 102996... + 424 124 15 0 0 1 5 2 9
chrl7 708930... 708932... - 420 130 24 0 0 0 0 1 1
chrl2 571299... 571301... - 420 135 27 0 0 1 1 2 4
chrs 665088... 665089... + 420 136 31 0 0 0 0 0 0
chr9 915725 915886 + 416 127 21 0 0 0 0 2 13
chr2 223622... 223622... + 400 120 17 0 0 1 11 2 13
chrl9 583386... 583388... - 396 124 24 0 0 0 0 1 1
chrl6 574045... 574047... + 392 118 16 0 0 2 29 2 8
chrl 171497... 171497... + 388 114 16 0 0 0 0 1 1
chrl0 101042... 101042... - 384 111 13 0 0 0 0 2 7
chr2 228547... 228547... + 384 116 19 0 0 0 0 1 1
chrl 202874... 202875... + 384 120 23 0 0 0 0 1 1
chrl 549438... 549439... + 384 119 22 0 0 0 0 1 1
chrl2 570020... 570021... - 380 113 17 0 0 0 0 1 1
chr4 878470... 878471... + 376 119 22 0 0 0 0 3 6
chr2 145618... 145619... + 376 110 11 0 0 3 38 2 40
chrl 7404808 7404937 + 372 109 15 0 0 0 0 1 5
chrl 247194... 247194... - 368 106 12 0 0 0 0 2 6
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Many alternative alignments

W | th S | m | I a r S CO re S L TTGAAAAGGGGGGTTAACTTGGCCTAAATAGAAAATGTCTTCTCATCATTTTTT
chr start end strand score match mis-match rep. match N's Q gap co... Qgap ba... Tgapco... Tagap ba..
chré 1552157 1552307 - 536 142 8 0 0 0 0 0 0
chrl 401076... 401078... - 492 147 19 0 0 2 9 3 16
chr2 715213... 715215... + 456 137 22 0 0 0 0 1 1
chrl3 525933... 525935... + 444 135 23 0 0 0 0 1 1
chrl7 5468054 5468211 + 440 128 16 0 0 1 12 1 13
chrl0 933987... 933989... + 436 132 22 0 0 0 0 1 1
chrls 956086... 956088... - 428 129 20 0 0 0 0 2 4
chrs 166236... 166238... + 424 126 18 0 0 0 0 2 4
chr3 102995... 102996... + 424 124 15 0 0 1 5 2 9
chrl7 708930... 708932... - 420 130 24 0 0 0 0 1 1
chrl2 571299... 571301... - 420 135 27 0 0 1 1 2 4
chrs 665088... 665089... + 420 136 31 0 0 0 0 0 0
chr9 915725 915886 + 416 127 21 0 0 0 0 2 13
chr2 223622... 223622... + 400 120 17 0 0 1 11 2 13
chrl9 583386... 583388... - 396 124 24 0 0 0 0 1 1
chrl6 574045... 574047... + 392 118 16 0 0 2 29 2 8
chrl 171497... 171497... + 388 114 16 0 0 0 0 1 1
chrl0 101042... 101042... - 384 111 13 0 0 0 0 2 7
chr2 228547... 228547... + 384 116 19 0 0 0 0 1 1
chrl 202874... 202875... + 384 120 23 0 0 0 0 1 1
chrl 549438... 549439... + 384 119 22 0 0 0 0 1 1
chrl2 570020... 570021... - 380 113 17 0 0 0 0 1 1
chr4 878470... 878471... + 376 119 22 0 0 0 0 3 6
chr2 145618... 145619... + 376 110 11 0 0 3 38 2 40
chrl 7404808 7404937 + 372 109 15 0 0 0 0 1 5
chrl 247194... 247194... - 368 106 12 0 0 0 0 2 6
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For further information and help
|GV web site: www.igv.org
User forum: groups.google.com/group/igv-help
Source code: github.com/igvteam
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