Introduction to the
Integrative Genomics Viewer (IGV)

Did you follow the instructions in the pre-workshop fact sheet?
If not, go to www.igv.org/workshops/ASHG2016
1. Download the workshop data: Exercises.zip
2. If you do not have IGV installed, see: DownloadAndLaunch.pdf

3. If you have not used IGV before, see: BasicsExercise.pdf
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IGV data sources: File formats

|GV supports many different file formats.

BAM

BED
BedGraph
bigBed
bigWig
Birdsuite Files
broadPeak
CBS

CN

Custom File Formats
Cytoband
FASTA

GCT

For more info see:

= genePred = SAM

= GFF/GTF = Sample Info (Attributes) file
= GISTIC = SEG

= Goby = SNP

= GWAS = TAB

= IGV = TDF

= LOH = Track Line
= MAF (Multiple Alignment Format) = Type Line
= MAF (Mutation Annotation Format) = VCF

= Merged BAM File = WIG

= MUT = chrom.sizes
= narrowPeak

= PSL

www.broadinstitute.org/igv/FileFormats
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IGV data sources

9 Google Cloud

amazon
webservices™ ¢

\ Local files

HTTP server E &
0
ETP server ] E GenomeSpace

* View local files without uploading.
* View remote files without downloading whole dataset.
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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 Thorvaldsdoéttir, 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

Integrative
Genomics
Viewer

4t Home
¥ Downloads
[E] Documents

Hosted Genomes
FAQ
#IGV User Guide

Search website

search

ESBROAR

© 2013-2016 Broad Institute

Integrative
Genomics
Viewer

Overview

Downloads

The Integrative Genomics Viewer (IGV) is a
%1« high-performance visualization tool for
e e T i loration of large, ir d
- 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

R 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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Using IGV: The Basics

Review of pre-workshop exercise




Download and launch IGV

T Integrative
Genomics
Viewer

* HAama
4 ¥ Downloads

E] Documents

Hosted Genomes
FAQ
IGV User Guide
File Formats
Release Notes
IGV for iPad
Credits

@ Contact

1 | Go to www.igv.org and click on

IGV

Desktop application

Install IGV

Options for installing and running IGV:

only) Download and run the Mac applcation; or

JWindows) Download and run the self-extracting archive; or

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

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
s not possible you will need to run a 2.2.x version available in the archive.

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

Windows
1. Download the Windows package and execute the self-extracting archive. o
2. It will prompt you for a location to extract the folder, choose anywhere you like (e.g. your
home folder). 8
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 "jnlp" 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, o 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 with 750 MB Launch with 1.2 GB Launch with 2 GB Launch with 10 GB

Download

Mac App

or

Download
Windows Package

or

I % Launch




Select the reference genome

4 The genome drop-down menu is

in the upper |eft corner File Genomes View Tracks Regions
[ NON
Select Human hg18 — T R :]

p36.23 p36l2 p3




Select the reference genome

4 The genome drop-down menu is

in the upper |eft corner File Genomes View Tracks Regions
[ NON
Select Human hg18 —) | [Humanhgl8 +] [ chr1 :]

p36.23 p36l2 p3

‘ | THERE’S MORE TO REFERENCE GENOMES

The genome menu is short when you first install IGV.

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

More about that later ....



Load data

5 18 Genomes View
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Load data
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From whole genome view
to base pair resolution

Zoom in / out

Scroll / pan View neighboring regions

Jump to locus Enter coordinates or name




Navigate
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Navigate
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View whole select or | click
genome ‘1’
| Human hg19 + € Al =

View whole

select or | enter or | click

chromosome \1’ / /
| Human hgl8 B chrl i O 5 :




Zoom in to click & drag
area swept out | mr—mr r— -
. 2 p343 p33 p32.1 p31.1 p222
in ruler
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Zoom out

alt-click
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Zoom in or out using the

“railroad track” TR (N




Navigate
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More options for reference genomes

1. Click on More in the
genome dropdown menu
to see complete list of
hosted genomes

® O O Genomes to add to list

ymes

® 0O O

Human hg18

Selected genomes will be added to the

genome dropdown list.
Filter:

G. lamblia (2.0)

Glycine max (v8.0)

Guinea Pig (cavPor3)

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 hgl9

L. major Friedlin

L. major Friedlin (v4.0)

M. oryzae (mg8)

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

| Download Sequence

oK |

Cancel




More options for reference genomes

1. Click on More in the
genome dropdown menu
to see complete list of
hosted genomes

ymes

2. Select entry from the list
to load genome and add to
the dropdown menu

® 0O O

Human hg18

—

G. lamblia (2.0)

Glycine max (v8.0)

Guinea Pig (cavPor3)

HIV-1

HIV-2

Horse (equCab?2)

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

’ . '
Human (b37) ® IGV File Genome
Human Adenovirus C e O O

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

c Human hgl9 ’
. j lin

L. major Friedlin (v4.0)
M. oryzae (mg8)
Macaca fascicularis (CE_1.0)
Maize (B73 4a.53)

Human hgl8

| Download Sequence

| OK | | cancel |




More options for reference genomes

Genomes menu

File MeEhlIuEM View Tracks Regic

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

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

Manage Genome List...

I

Load From File or
Load From URL

Load genome from
indexed FASTA file




Reference sequence

Click anywhere on the sequence to see a 3 frame translation.
l ||| =

AGGTCAGGAGTCT

Sequence —)

By default the sequence for the forward strand is shown.
I ]

|Sequenoe #HIGAGGTCAGGAGTCT

Click the arrow on the left to reverse the strand.

Sequence e TCCAGTCCTC_A_GA




Viewing multiple regions

(NN IGV
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Viewing Next Generation
Sequencing (NGS) Data



Viewing alignments

Whole chromosome view

(s NeNG) IGV

("Human hg18 4] [ chn 18] o1 Go Ft « » @[ = 2 SR =]
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NA19240 SLX (YRI daughter) < Zoom in to see alignments. >

Zoom in to see alignments

RefSeq genes PR RO DU U S R GO | L RO R AR O A LA O O

8269 KAZN SYF2 SFPQ STIL CBA AK4 CRYZ UOX DR1 RNPC3 NRAS NR_033189 IFI16 XCL2 ABL2 FAMSC PKP1 RD3 HHIPL2 RBM34 NLR

4 tracks loaded |{chr1:95,509,957 Il |[185M of 266M




Viewing alignments

Zoom in to view alignments

eno IV
[Human hg18 %) [chr1 3] chr1:95,625,439-95,649,303 G Fft « » @O x RQ =TT [
p36.23 p36.12 p35.1 P34l p322 p31.2 p223 p2l3 pI33  p12 ql2  q211 q22 q241 q25.2 q31.1 q321 q323 q4211 q423 CEx
23 kb

ez ko sk 630k sseszke ek 6%k ssesnke 60k sseazko ek ss.c4e k0 etk
1 1 1 1 | 1 1 1 | I 1 1 | I 1 1 1 1 1 | 1 1 1

0-95)

Overage | [ bbb w I N}
ga—

Aligned
reads

g

hter)

RefSeq genes.

l4 tracks loaded

[enri:95 634,860

|[244m of 397m



Zoom in to see more detail

800

Viewing alignments

IGV - Session: /Users/helga/igv_session.xml

Go Bt « » @O & Q1

Bases that do not match
the reference sequence
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Viewing alignments

800 IV
[‘Human hg18 1) [chr1 1) chr1:95,625,439-95,649,303 G Fft « » @O & 1 Elonnf &
e . N Emmese  mmen
3623 p3612 p35d  p3al  p322  p3L2 p223 p2l3  pi33 pl2 qi2  q2l1 q22 q241  q25.2 q3L.1 Q321 q323 q4211  q423 qdd
23 kb
e 10 ek 563210 sseu ek sk sea0k sseazke ek sseae ko sseank

Coverage track indicates
loci with large number of
mismatches

J’m

ls tracks loaded [lenr1:95,634,860 Il |fo44m of 397m

RefSeq genes.




iewing alignments

Zoom in to see more detail

[YeXe) IGV - Session: /Users/helga/igv_session.xml
[‘Human hg18 %) (chr1 %) chr1:95,638,013-95,638,360 Go Bt « » @O & 1 Sl

ql; q;u a22 q;4.l a25.2 q3Ll Q;Z.l 323 qa211 q23 a4

348 bp
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| 1 | | | |

NA19240 SLX (YR daughter) | | ] i
age

Sequence -

RefSeq genes

Js tracks loaded [fenr:95,638,054 | |[238m of 397M




Viewing alignments

Read mapping quality = 0




iewing alignments

Zoom in to see more detail

[YeNe) IGV - Session: /Users/helga/igv_session.xml
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Viewing alignments

Zoom in to view alignments

800 IGV.
[ Human hg18 ) [chr1 4] chr1:95,625,439-95,649,303 G Fft « » @O x Q1 i Z=

How far do you need to e N e e e
zoom in to see the alignments?

4

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



Viewing alighments

8eno GV
(Human hg18 %) (chn %) chr1:95,625,439-95,649,303 Go ft « » @O = 1 AT [ ==
P36.23  p3612 p351  p3al  p322  p3l2 p223 p213  pI33  pl2 Qi2  q211 q22 q241  q25.2 q3L1 321 q323 q4211  qd423 qad
23 kb
ssezs k0 sk sk sseszie s s sse k0 [P sse0k0 sseaz ko ek sseao ko a0

1 ] 1 1 ] I} 1 ] I} 1 1 I} I} 1 I} ] ] I ] I}

NA19240 SLX (YRI daughter) Co| | %

00 I [ sy I | | ]

ry deep coverage files: use low visibility threshold val

ue

NA19240 SLX (YRI daughter)

or limit the depth

Downsampling

=

M Downsample reads

Max read count:

100 per window size (bases):

50

RefSaq genes.

J¢ tracks loaded [[enri:95,634,860

|[244m of 397m
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| daughter) Cof

down-
sampled

NA19240 SLX (YRI daughter)

("Human hg18 B [ chn1 4] chr1:95,625,439-95,649,303 Go £t « » @O & Q1 RN [N
.
p36.23 p36.12 p351 p3al  p322 p3l.2 p223 p2l.3 pi33  pl2 qi2  q21.1 q22 q241 q25.2 q3l1 q321 q323 q4211 qd423
- 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
| | | | | | | | | | | | | | | | | | | | | |
[0-99)




Viewing SNPs: Exercise

Hands-on

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

Data for today’s exercises:
www.igv.org/workshops/ASHG2016/Exercises.zip

Instructions for downloading and launching IGV:
www.igv.org/workshops/ASHG2016/DownloadAndLaunch.pdf




Viewing SNPs: Exercise

To modify the info popup behavior:

Click yellow balloon icon in toolbar

For a larger data panel:

Click & drag the window divider

N

ql2 ¢g21.1 ¢g23.1

@?[El]:n:@

S mple = NA12878
‘R ad group = ERR001757

‘R ad name = 1L10_385:6:180:155:338
‘L cation = chr1:9,718,629
| Alignme t start = 9,718,628 (-)

CLSTN1
|

Cigar = 36M
Mapped = yes
Mapping quality = 70

Base = A

Base phred quality = 6
P

P

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

Insert size = -184

Pair orientation = F2R1




SNPsS: www.igv.orgiworkshops/ASHG2016/ExInstr.pdf

Click File > Open Session. Go to the folder where you downloaded

Initialize exercise: the workshop data and select snps / snp_session.xml.

1
2 Go to first putative SNP locus: Type snp1| in the search box and click Go.
3

- Click & drag on alignments to put the column of red T’s between the centerlines. — :
- Right-click on alignments, and select Sort alignments by > base. T

4 Does this look like a true SNP? For more info, mouse over the red & blue l
" barin the coverage track. =

1

5 Go to next putative SNP locus: Type | snp2| in the search box and click Go.

- Click & drag on alignments to position the 5 blue C’s between the centerlines. =—>»
6 - Right-click on alignments, and deselect Shade base by > quality.
+ select Color alignments by > read strand.
+ select Sort alignments by > read strand.

7] Does this look like a true SNP?  Note this was not from a strand preserving library.



Viewing SNPs: Initialize the exercise

* Click File > Open Session

* Navigate to the folder where you downloaded the workshop data —

and select snps / snp_session.xml

& IGvV_ 2382
[ JON )
Human hgl9

Genomes View Tracks Regions Toc Open Session
Load from File... L
|- 3w
Load from URL... ’ Sl snps
—  Load from Server... = — B ma
Load from DAS... | | snps
Load from ENCODE... ¥ svs
Load from Ga4gh... b I vef
New Sessinon 3
!
ave Session... |
Save Image ...
Exit

<

Q

B chri.fasta

B chri.fasta.fai
hg18_chri.genome

B NA12878.SLX.sample.bam

B NA12878.S...ple.bam.bai

M snp_calls.bed

@ snp_session.xml

enc
ste
<5E
ger

WET

pat




Viewing SNPs

IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/snps/snp_session.xml|

Human (hg18 chrl) chrl chrl Go £t « » @M = 2 | SR =
[0 N W
p36.23 p36.12 p35.1 p34.1 p322  p3l.z p223 p213 p133 pl2 ql2z q21.1 q22 q24.1 q25.2 q3l1.1 q321 q323 q4211 q423 q44
246 mb
inb 20 mb 40 mb 60 mb 80 mb 100 mb 120 mb 140 mb 160 mb 180 mb 200 mb 220 mb 240 mb

MA12878.5LX.sample bam Cove

NA12878.SLX.sampla.bam

Zoom in to see coverage.

Zoom in to see El‘\f]f‘”‘ﬂ&ﬂti_

o O O A O M 0 TR ) S 1 (SUMSENT | 0 WO RO OO0 O U
1L1 PGD PAX7 SFN GJBS TIE1 GPX7 NFIA NEGR1 TTLL? EVIS OLFM3 WNT2B ANKRD20A12P CD1D MAEL TNR NPL RGS18 NAV1 NEK2 HHIPL2Z KCNK1 AKT3
SNP Calls I ! !
snp1 snp3 snp2
5 tracks loaded |[ehr1:144,403,123 Il |[138M of 602M




Viewing SNPs

 Navigate to first putative SNP locus

Type “snp1” in the Search Box and click Go
® OO0 IGV

' Human hg18 | | chrz7 s @ @ =




Viewing SNPs

e 00 IGV
[ Human hg18 s [ chrl 4| chrl:9,718,605-9,718,645 Go ft « » @ O = 1 Ry |
< T T I T T N T[T DT
41bp
9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
I | I I |
[0- 50]
WGS Alignments Coverage l
| |
i
i
fo
IeEl
I
Il
I
15Tl
I
Il
] A
A I
I |
WGS Alignments i i
I A
T iTi
!
I
el
!
iTi c
L1
| |
i
P
iri
Il
ATl
Sequence =[[[C T TCTTATCCGC CGATGTTTC CCCGEGAATCGGATGATGTTAATGCTCAG
s — K K D A L K G S R L T L G A
CLSTN1
-
SNP Calls
snp1
5 tracks loaded hr1:9,718,618 02M of 266M
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[SXGNS)

| Human hg18

3 | chrl 3

chr1:9,718,605-9,718,645

T «

@ O ® O

S v

p36.£3 p36.12 p343 p33 p321 p311  p222 p21.1  pl3.1

ql2 q21.1 q23.1 q24.2 q253 q313 q322 q41

q42.2 q44

9,718,610 bp
|

41bp

9,718,630 bp 9,718,640 bp

WGS Alignments Coverage

WGS Alignments

(0-50)

4 4 4 4=+

== -

|
I
|
I
|
I
|
|
i
I
I
I
I
I
I
I
I
|
I
|
I
|
I
|
I
i
iT
i

i

Sample = NA12878
‘Read group = ERR001757
‘Read name = IL10_385:6:180:155:338
‘Location =chr1:9,718,629
‘Alignment start = 9,718,628 (-)

Cigar = 36M

Mapped = yes

Mapping quality = 70

RG = ERR001757

NM=1

Sequence

RefSeq genes

SNP Calls

CTTCTTATC CT CGC CGAGTTTT CCTCGGAATC

CLSTN1

snp1

5 tracks loaded

hr1:9,718,618

02M of 266M




Viewing SNPs

[SXGNS)

IGV

| Human hg18

chrl 4| chr1:9,718,605-9,718,645 Go ft « » @ O = 1

g =

p36.£3 p36.12 p343 p33 p321 p311  p222 p21.1  pl3.1 ql2 q21.1 q23.1 q24.2

q25.3 q313 322 q41 q42.2 q44
41bp
9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | |
[0- 50]
WGS Alignments Coverage
iy
i
c il
I |
Click & drag to B
g . iTi
position mismatched N .
5ol
WGS Alignments i
bases between the i3
. . i
center guidelines 7!
B B
P
P
I I
i
iTi
Sequence =(/C T T CTTAT CC CGT CGAGTTTSC G A ACGGAGA T A A GCCAG
RefSeq genes K K D A L K S R L T L G A
CLSTN1
|
SNP Calls
snp1

5 tracks loaded

hr1:9,718,618

02M of 266M
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[SXGNS)

IGV

| Human hg18

2] [ chn 4] chr1:9,718,605-9,718,645 Go ft « » @ O = 1

p36.23 p36.12 p343  p33

WGS Alignments

Rename Track...

|

|

9,718,610 bp ‘
' |

|

WGS Alignments Coverage

|
'V Shade base by quality

“/ Show mismatched bases
. Show all bases

Copy read details to clipboard

o7 | Group alignments by
Sort alignments by
. Color alignments by

2
w

Right-click on alignments and select

Sk

g = |

start location
read strand
first-of-pair strand

mapping quality
sample

read group
insert size

chromosome of mate

Sort alignments by > base e

11 | I - T T
On MaC: lack alianments , !
Right-click = Control-click

1] I

RefSeq genes

SNP Calls

CLSTN1
|

snp1

5 tracks loaded

hr1:9,718,618

02M of 266M




Viewing SNPs

IGV
Human hg18 s [ chrl 4| chrl:9,718,605-9,718,645 Go ft « » @[ & 0 Sl =l

<« T W T BT W T T T T
m ql2 q21.1 q23.1 q242 q253 q313 322 q4l q42.2 q44
41bp
9,718,610 bp 9,718,620 bp 9,718,630 bp 9,718,640 bp
| | | | |
10-50]
WGS Alignments Coverage .
STl c
T ITl
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STl
ISTl
ISTH
A Tl
WGS Alignments it
iTi
ISTl
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ST A
ISl
Tl
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i
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i
|
Sequence =[[[Cc T TCTTATCCGC CGAGTTTT CCCGGAACGGAGAGTTAAGTC CTCAG
RefSeq genes K K D A L K G S R L T L G A
CLSTN1
|
SNP Calls
snp1
5 tracks loaded |[chr1:9,718,607 Il |[237M of 266M
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g
Human hg18 :) [ chrl s chrio,7h ! S o &
=

e

p33 3.1 q24.2 q253 q313 322 q4l q42.2 q44

p36.23 p36.12 p34.3

otal count: 43
I'TIA:1(2% 0+,1-) \
I'TIC:17 (40%, 10+, 7-) |
T G:0 \
LT 125 (58%, 13+,12-)}
\
|

9,718,610 bp

bp 9,718,640 bp
| |

[0-50]
WGS Alignments Coverage

I'TIN:O

T
WGS Alignments it
fri

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

Sequence =|I[[C T TCTTA AT CC CGCGAGTTTU CCTC CGG GAACGGAGAGTTAAGTCTCAG
RO K K D A L K G S R L T L G A
CLSTN1
-

SNP Calls

snp1
5 tracks loaded |[chr1:9,718,607 Il |[237M of 266M




Viewing SNPs

IGV
Human hg18 s [ chrl 4| chrl:9,718,605-9,718,645 Go ft « » @[ & 0 Sl =l

<« T W T BT W T T T T
m ql2 q21.1 q23.1 q242 q253 q313 322 q4l q42.2 q44
41bp
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Sequence =[[[Cc T TCTTATCCGC CGAGTTTT CCCGGAACGGAGAGTTAAGTC CTCAG
RefSeq genes K K D A L K G S R L T L G A
CLSTN1
|
SNP Calls
snp1
5 tracks loaded |[chr1:9,718,607 Il |[237M of 266M
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e 00
| Human hg18 2

chrl v

» @ [ = Eloreeeereol [+

Type “snp2” in the Search Box

13.1 ql2 q21.1 q23.! q24.2 q253 q313 q322 q41 q42.2 q44

I' k — 41bp
and C IC O 159,464,360 bp 159,464,370 bp 1
| |
T
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P A
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Sequence =|I//[A G T AT CGGGGAGATG GACTACACAGCT CACTT CTSGACCT CTAGSGA
RefSeq genes E Y R G D D Y T A T L T L G
TOMM40L
|
SNP Calls
snp2
5 tracks loaded 33M of 376M
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® O 0 IGV
|
| Human hg18 s [ chrl 4 |snp2| lco £ « » @ [ = 2 Sl v =/
CITT I T T T W T o — T W > < T I IO T Do W [ ST o
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SNP Calls
snp2
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e 00 IGV

[ Human hg18 s [ chrl ™ [snpz| ]co ff « » @O = 2 Sl &
EISCEEEEIIEEE ESEe N IS S E—m—— O E N S EmE
p36.23 p36.12 p34.3 p33 p321 p31.1 p22.2 p21.1 pl3.1 ql2 211 q23. q24.2 q25.3 q313 322 q41 q42.2 q44

41bp
159,464,340 bp 159,464,350 bp 159,464,360 bp 159,464,370 bp 1
| | | |
[0- 56]

WGS Alignments Coverage

Click & drag to : -
position locus with | *

"™ | 5 blue C’s between .
center guidelines




Viewing SNPs

e 00 IGV

| Human hg18 3 | chrl 3 [snp2| lGo BT <« » @ I

WGS Alignments

EIIE SN B E N S———
p36.23 p36.12 p34.3 p33 p321 p31l.1 p22.2 p21l.1 pl3.1 ql2 q2l.
Rename Track...
4bp Copy read details to clipboard

159,464,340 bp 159,464,350 bp 159,464,360 bp
|

' ' Group alignments by

Sort alignments by
Color alignments by

- I v Shade base by quality

[0-56)
WGS Alignments Coverage

v Show mismatched bases
Show all bases

View as pairs

Go to mate

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

WGS Alignments (&

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

5 tracks loaded hr1:159,464,343 '33M of 376M
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e 00 IGV
[ Human hg18 s [ chrl 4| chr1:159,464,338-159,464,378 | Go T < » @ [ = [ Ry |
N Imm
p36.23 p36.12 p34.3 p33 p321 p31.1 p22.2 p21.1 pl3.1 ql2 211 q23. q24.2 q25.3 q313 322 q41 q42.2 q44
41bp
159,464,340 bp 159,464,350 bp 159,464,360 bp 159,464,370 bp 1
I I I I
[0- 56]
WGS Alignments Coverage
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TOMM40L
-
SNP Calls
snp2
5 tracks loaded hr1:159,464,348 67M of 376M
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[SXGNS)

| Human hg18

3 | chrl 3

WGS Alignments

1 5 [ [ ]
p36.23 p36.12 p343 p33 p321

Rename Track... \
Copy read details to clipboard

159,464,340 bp
|

Group alignments by

WGS Alignments Coverage

start location
read strand
first-of-pair strand

Sort alignments by >
Color alignments by

[0-56)

v Shade base by quality

- ) base
v Show mismatched bases T
| 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

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

c

Sequence

RefSeq genes

SNP Calls

=|I//[A G T AT CGGGGAGATG GACTACACAGCT CACTT CTSGACCT CTAGSGA

E Y [ G [3) D Y T A T L T L G
TOMM40L

snp2

5 tracks loaded

hr1:159,464,343 '33M of 376M
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[SXGNS)

| Human hg18

3 | chrl =

TTIT I T 1 TTT1T
p36.23 p36.12 p343

i WGS Alignments

[ T ]
p33 p321

| Rename Track...
Copy read details to clipboard

159,464,340 bp 159,46
|

Group alignments by

| Sort alignments by

WGS Alignments Coverage

[0-56)

Color alignments by no color

| . insert size

| v Shade base by quality pair orientation
I‘/ S:°W rr:;sbmatched bases v insert size and pair orientation

| Showall bases
~ View as pairs first-of-pair strand

| Go to mate read group

tag

WGS Alignments

\

\

View mate region in split screen sample }
. R |

J

pisulfite mode >

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

c

Sequence =|I//[A G T AT CGGGGAGATG GACTACACAGCT CACTT CTSGACCT CTAGSGA
RefSeq genes E Y R G D D Y T A T L T L G
TOMM40L
|
SNP Calls
snp2
5 tracks loaded hr1:159,464,343 '33M of 376M




Viewing SNPs

IGV
[ Human hg18 s [ chrl +| snp2 Go Ft « » @ & 0 I =l
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SNP Calls
snp2
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IGV
Human hg18 s [ chrl +| snp2 Go Ft « » @ [ & 2 I =l
I :Iqm
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'WGS Alignments

Reset the color option:

Right-click on alignments and select
Color alignments by >

insert size and pair orientation
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RefSeq genes

SNP Calls
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Viewing RNA-seq Data



RNA-seq

pre-mRNA

MRNA

Short read is split by
intron when aligning

to reference Genome T http://en.wikipedia.org/wiki/RNA-Seq#Gene_expression



RNA-seq

pre-mRNA

MRNA

Short read is split by
intron when aligning

to reference Genome T http://en.wikipedia.org/wiki/RNA-Seq#Gene_expression



RNA-seq alignments

000 IGV
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RNA-seq alignments

« Splice junction track

e .



RNA-seq alignments

« Splice junction track

Arcs represent reads that
span exon junctions




RNA-seq alignments

« Splice junction track

Height is proportional
to # of reads




RNA-seq alignments

« Splice junction track

Many reads connecting
these exons




RNA-seq alignments

« Splice junction track

e .

i

Relatively few
spanning to this exon




RNA-seq alignments

Sashimi plot
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RNA-seq alignments

Sashimi plot
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RNA-seq alignments

Sashimi plot
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RNA-seq alignments
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Sashimi plot

Viewing RNA splicing with Sashimi Plots

Reference:

Katz et al.

Quantitative visualization of alternative exon expression
from RNA-seq data

Bioinformatics (2015)



RNA-seq: Exercise

Hands-on

* Examine tissue-specific alternative splicing.

e Data: lllumina BodyMap 2.0

http://portals.broadinstitute.org/genome_bio/human_lincrnas/



RNA-seq: Exercise

Steps

1.

2.

3.

4.

Enable Splice Junction track in IGV Preferences
Load BodyMap alignments
View splice junction track

View Sashimi plot



RNA-seq: www.igv.org/workshops/ASHG2016/ExInstr.pdf

- Click View > Preferences, select the Alignments tab,
check Splice Junction Track, and click OK.

- Click File > Open Session. Go to the folder where you downloaded
the workshop data and select rna / rna_session.xml.

1 Initialize exercise:

2 Observe the two samples: Heart and Liver.
Each sample has a coverage track, splice junction track, and the RNA-seq reads.

- Right click on the Genes track, and select Squished to display the isoforms.
- Zoom in to get a closer view of the first 4 exons of the gene.

4 Observe evidence of Note differences in the heart vs. liver samples and
alternative splicing: how they compare to the gene isoforms.

5 - Right click on the data (reads or junction track) and select Sashimi Plot.
- In the track selection window that pops up, make sure both tracks are selected.

6 Sashimi Plot: The Sashimi Plot pops up in a separate window.
Note it is interactive: Zoom in and out. Pan. Right-click to set options.



Select View > Preferences...

N

® IGV23 File Genomes BT Tracks Regions Tools GenomeSpace Help

©00 oV

| Human hg19 ) [ Al Color Legends ...

v Show Name Panel
Set Name Panel Width...
v Show Attribute Display
Select Attributes to Show...
1 v Show Header Panel 7 a

Reorder Panels... | | | | |

Go to =




Click Alignments tab

prooT

Gene

On initial load show: Alignment Track

N !! Alignments !g

Coverage Track Splice Junction Track

es  Proxy lon Torrent  Advanced

rAlignment Track Options

Visibility range threshold (kb): 30
Downsample reads Max read count: 100

Shade mismatched bases by quality: 5

Mapping quality threshold: 0

Hidden SAM tags: MD,SA

Filter duplicate reads
Filter vendor failed reads
| Filter secondary alignments

Filter supplementary alignments

| Flag insertions larger than: 1 bases

Range at which alignments become visible
per window size (bases): 50

to 20

| Flag unmapped pairs
Show soft-clipped bases

Show center line

 Coverage Track Options

Coverage allele-fraction threshold: 0.2

Quality weight allele fraction

rSplice Junction Track Options

Show flanking regions Min flanking width: 0

Min junction coverage: 1

rInsert Size Options

Defaults Minimum (bp): 50

Maximum (bp): 1000

Compute Minimum (percentile): 0.5

Maximum (percentile): 99.5

0K

Cancel

‘ ELvverreerr o =+

3 azai2  q2423  q2432
98,996 kb
I
_—
|[184m of 597M

|2 tracks loaded hr12:98,986,192




Proxy lon Torrent  Advanced

Charts Probes

Human (hg19) (d
General  Tracks  Variants
T Track Display Options
p13.32
= On initial load show: Alignment Track
9898 -~ Alignment Track Options

Gene

Coverage Tritk Splice Junction Track

‘ ELvverreerr o =+

3 q2412

q24.23 q24.32

Shade mismatched bases by quality: 5
| Flag insertions larger than: 1
Mapping quality threshold: 0

Hidden SAM tags: MD,SA

Filter duplicate reads
Filter vendor failed reads
| Filter secondary alignments

Filter supplementary alignments

Visibility range threshold (kb): 30

Downsample reads Max read count: 100

bases

Range at which alignments become visibl,
per window size (bases): 50

to 20

98,996 kb

Select Splice Junction Track

| Flag unmapped pairs
Show soft-clipped bases

Show center line

 Coverage Track Options

Coverage allele-fraction threshold: 0.2

Splice Junction Track Options

Show flanking regions Min flanking width: 0

Quality weight allele fraction

Min junction coverage: 1

rInsert Size Options

Defaults Minimum (bp): 50

Maximum (bp): 1000

Compute Minimum (percentile): 0.5

Maximum (percentile): 99.5

0K

Cancel

|2 tracks loaded hr12:98,986,192

|[184m of 597M




Human (hgl9) < ch
Ceneral  Tracks  Variants  Charts Probes  Proxy lon Torrent  Advanced
T Track Display Options
p13.32
= On initial load show: Alignment Track Coverage Track Splice Junction Track
‘NMT rAlignment Track Options
Visibility range threshold (kb): 30 Range at which alignments become visible
Downsample reads Max read count: 100 per window size (bases): 50
Shade mismatched bases by quality: 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

‘ ELvverreerr o =+

3 q2412 q24.23

q24.32

98,996 kb

 Coverage Track Options

Coverage allele-fraction threshold: 0.2 Quality weight allele fraction

rSplice Junction Track Options

Show flanking regions Min flanking width: 0 Min junction coverage: 1

Click

OK to save changes N eee o

Gene

|2 tracks loaded hr12:98,986,192

‘ Maximum (bp): 1000 Maxi! (percentile): 99.5

0K

Cancel

|[184m of 597M




* Click File > Open Session

&€ IGV 2.3.82

S Genomes View Tre

00 e
Human hgl9

Load from File...
Load from URL...
Load from Server...
Load from DAS...
Load from ENCODE...
Load from Ga4gh...

E

™

ave oession...

Il

Save Image ...

Exit
I

* Navigate to the folder where you
downloaded the workshop data, and
select rna / rna_session.xml

[ NON ) = Exercises
< g8 D ol g8 v v a
Back %w Arrange A?t.ion SrEre Edit Tags .
Name ~  Date Modified S
v [ ma Sep 26, 2016, 6:47 PM
chri2.fa Mar 20, 2009, 12:01 PM 136.5 M
chri2.fa.fai Aug 31, 2016, 7:25 PM 24 byt
heart_slc25a3.bam Aug 31, 2016, 6:57 PM 318 K
heart_slc....bam.bai Aug 31, 2016, 6:57 PM 49 K
hg19_chr12.genome Aug 31, 2016, 7:25 PM 177 K
liver_slc25a3.bam Aug 31, 2016, 6:58 PM 257 H
liver_slc...3.bam.bai Aug 31, 2016, 6:58 PM 49 H
ﬁ B rna_session.xml Sep 26, 2016, 6:23 PM 314 byt
b [Z] snps Sep 26, 2016, 6:47 PM
> [ svs Sep 26, 2016, 6:47 PM
> B vcf Sep 26, 2016, 6:47 PM




' Human (hg19) B

chrl2

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

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

Go

fft « » 0O = 42 | Evcenenmern =
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[ JoX ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

| Human (hg19) B o2 chr12:98,985,403-98,997,778  Go T < » @ [1 x 2 | Sl =

p1332 p132  pl23 pl21 pIL21 ql1 ql2 ql13.11 q13.2 qid2  qi5 q21.2 q21.31 q21.33 q23.] q233 q24.12 q24.23 q2432

98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
1
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1
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1
heart_sk25a3.bam
1
H
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B tracks loaded ihr12:98.985,608 [198M of 537M



' Human (hg19) B

chrl2

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

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

BT «

» @O E Q|

Evcenenmern =

p1332

pl3.2

p123 pl21 pil21 ql1 ql2 ql3.11

Junction Coverage ' .

q13.2

98,988 kb

98,990 kb

T

fiver_skc25a3.bam Covarage

fiver_sic25a3.bam Junct]
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[ JoX ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml

| Human (hg19) B o2 B chr12:98,985,403-98,997,778  Go Ft <« » @ [ ® 2 | Sl =

p1332 p132  pl23 pl21 pIL21 ql1 ql2 ql13.11 q13.2 qid2  qi5 q21.2 q21.31 q21.33 q23.] q233 q24.12 q24.23 q2432

98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
1

[0-319)
liver_skc25a3.bam Coverage

fiver_skc25a3.bam Junctions M ll ﬂ ! 41 dl JE J I

Right-click over L i | — ||| || o -
RefSeq Genes — e -
track :

-z — e
SLC25A3 SNORAS3

IB tracks loaded hr12:98,985,608 [198M of 537M




Rename Track...

Human (hg19) chr12 chr12:98,985,403-98,997,778 Go & @ O = Erveeeeiee e
p13.32 p123 pl2l pll21 ql1 ql2 ql3.11 ql3.2 ql4.2 ql5 q21.2 q21.31 q21.33 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
r | | | | | | |
13.ba g
1
25a3.bam Ju ! =

|

i

i

|

!

|

13.ba i
Gene i

|

i

i

i

|

Select Squished

Change Track Color... o
Change Track Height...
Change Font Size...

+ Collapsed
Expanded

Set Feature Visibility Window...

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

Remove Track

&

|[198M of 537




[ XN ] IGV - Session: /Users/jrobinson/Google Drive/ASHG/Exercises/rna/rna_session.xml
Human (hg19) B o B chr12:98,985,403-98,997,778 Col Bt « » @ O = 2 | S &

p1332 p13.2  pl23 p12l1 pl121 ql1 ql2 ql3.11 ql3.2 ql42 ql5 q21.2 q21.31 q21.33 q23. q233 q2412 q24.23 q24.32

98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
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0- 19 |
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liver_sic25a3.bam Junctions h l‘ ﬂ ! @l llk l l
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E |
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heart_sk25a3.bam Coverage -
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Isoforms now :
displayed
|

Gene
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Human (hg19)

chrl2

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

chr12:98,987,187-98,990,000 Go

T «

» @ O = 2

Evcenrgen =

p1332

pl13.2
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q13.2
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Human (hg19)

chrl2

p13.32

pl13.2

p123

chr12:98,985,403

pl2l

pll.21 ql1

98,997,778

liver_slc25a3.bam

Rename Track...

‘ Copy read details to clipboard

98,986 kb
|

98,088 kb

Right-click an

select Sashimi Plot

d

Re-pack alignments

;\/ Shade base by quality
v Show mismatched bases
Show all bases

| View as pairs

| Co to mate

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

~ Collapsed
v Expanded
- Squished
Select by name...
Clear selections

Copy read sequence
Blat read sequence
Copy consensus sequence

. v Show Coverage Track
+ Show Splice Junction Track
Hide Track

Save image...
Export Alignments...

Export track names...

Remove Track

Sl &

q21.33 q23.1

q233 q24.12

q24.23 q24.32

Group alignments by >
Sort alignments by >
Color alignments by L

98,994 kb
| |

98,996 kb
|

|15m of 537M




Human (hg19) chrl2

chr12:98,985,403-98,997,778 Go 1 » @ [ =

= AT [y

Leave both tracks

selected and click OK

p13.32 pl13.2 pl123 pl21 plL21 ql1 ql2 ql3.11 ql13.2 ql42 ql5 q21.2 q21.33 q233 q24.12 q24.23 q24.32
12kb
98,986 kb 98,988 kb 98,990 kb 98,992 kb 98,994 kb 98,996 kb
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1
® @ Select Alignment Tracks
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Viewing Structural Events



Structural events

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

* Paired reads can yield evidence of structural events.
e Alignment coloring options help highlight these events based on:
* Inferred insert size (template length)

e Pair orientation (relative strand of pair)



Paired-end sequencing

DNA or MN

cDNA
e — /\ —
Fragment
Insert size

each end — - — - — -




Paired-end sequencing

DNA or
cDNA

Fragment

Read from
each end

Align to
Reference
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Paired-end sequencing

DNA or
cDNA

Fragment

Read from
each end

Align to
Reference

/\_W

— e — e

Insert size (template length)

H Inferred insert size



Interpreting Insert Size



Interpreting inferred insert size

The “inferred insert size” can be used to detect
evidence of structural variants, including

e Deletions
* |nsertions

* Inter-chromosomal rearrangements



What is the effect of a deletion
on inferred insert size?
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Inferred insert size is greater than expected value

Genome — e

|—'—l

Inferred insert size

Subject *

Expected insert size



Deletion

— Pairs with larger than expected

File View Tracks Help
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Deletion

— Note drop in coverage

File View Tracks Help

Human hgl8 =

E
DATAFILE
DATATYPE

NA12878 SLX (CEU daugh
ter) Coverage
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NA12878 SLX (CEU daugh
ter)

RefSeq genes
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Insert size color scheme

* Smaller than expected insert size: —
* Larger than expected insert size: L

* Pairs on different chromosomes:

Each end colored by chromosome of its mate

.

BN BN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

X

Y



Rearrangement

Split-screen view
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Interpreting Pair Orientations



Interpreting pair orientations

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

* |nversions
* Duplications

 Translocations



Inversion
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Color by pair orientation

NA12878 WGS

Rename Track...
Copy read details to clipboard

Group alignments by >
Sort alignments by >
Color alignments by »

no color l

insert size |
/ pair orientation

insert size and pair orientation

read strand

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

l

|

View as pairs first-of-pair strand {
Go to mate read group ,
View mate region in split screen sample }
Set insert size options ... tag l
bisulfite mode > |

Re-pack alignments e —————



Inversion
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Inversion

DATAFILE
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I L
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DATATYPE

Note drop in coverage at breakpoints
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96,700 bp
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Use color and viewing options to examine an inversion

Data from 1000 Genomes
http://www.internationalgenome.org/



Structural events: igv.org/workshops/ASHG2016/ExInstr.pdf

- Click File > Open Session. Go to the folder where you downloaded

Initialize exercise: !
1 the workshop data and select svs / svs_session.xml.

2 Observe colorful alignments. By default color mode = By insert size and pair orientation

- Right-click over alignments and select Color alignments by > insert size.
Observe: changes in color.

- Right-click over alignments and select Color alignments by > pair orientation.
Observe: most of the initial colorful alignments are now lit up again.

- Right-click over alignments and select View as pairs.

4 Observe evidence  High % of forward-forward pairs and
of inversion: reverse-reverse pairs at the same locus



Click File > Open Session

& IGV 2.3.82 BilCW Genomes View Tr:

ey _ Load from File...
Load from URL...

—  Load from Server...
Load from DAS...
Load from ENCODE...
Load from Ga4gh...

Save Image ...

Human hgl9

-~

Il

Exit
I'T1

Navigate to the folder where you

downloaded the workshop data, and

select svs / svs_session.xml

Open Session

B svs v Q,
B rna > hga8_chr21.genome
[ snps > hg38.chr21.fa
| | svs > hg38.chr21.fa.fal
P B vof 2 NA19240_highcov.bam
NA19240_highcov.bam.bai
o NA19240.bam

NA19240.bam.bai

) A svs_session.xml
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4 tracks loaded hhr21 126,000,828 ESSM of 1,047M



NA19240.bam

Rename Track...
Copy read details to clipboard

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

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

View as pairs

Co to mate

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

Collapsed
v Expanded
Squished

Select by name...
Clear selections

Copy read sequence
Blat read sequence
Copy consensus sequence

Sashimi Plot

v Show Coverage Track
Show Splice Junction Track
Hide Track

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

Remove Track

>
>
»>

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
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[0-14]
NA19240.bam Coverage |
| ! | | |
| | | [ | | I
| - | | 1
| L I |
| | | | | |
| 1 I [
| |
| J :- »
NA19240.bam i |
i
i
!
i
i
Gene -

APP

4 tracks loaded hhr21 126,000,653 ESBM of 1,047M




NA19240.bam

Rename Track... ‘
Copy read details to clipboard |
|

Group alignments by >

Sort alignments by > —

Color alignments by »> no color

Re-pack alignments v insert size

.

v Shade base by quality insert size and pair orientation
v Show mismatched bases read strand

Show all bases first-of-pair strand

View as pairs read group

sample

Co to mate R

p i i library

View mate region in split screen tag

Setinsert size options ... bisulfite mode >

Collapsed \
v Expanded

Squished

Select by name...

Clear selections

Copy read sequence

Blat read sequence

Copy consensus sequence

Sashimi Plot
v Show Coverage Track

Show Splice Junction Track

Hide Track

Save image...

Sy Export Alignments.. e

Export track names...

Remove Track




| chr21 | chr21:26,000,000-26,004,000 | Go Tr « » o= 2 | S =

| Human (hg38 chr21) *

I I Jom==—e=a][ | s | || |
pl13 pl12 pll.2 pll.l qll.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 |
| ! | | |
| | | DGR | e | I
I | @& | . l
| o | |
| | | ] | | |
| - &= I au
| } | [
| |
i
NA19240.bam = I |
i
!
i
i
Gene -
APP

4 tracks loaded hhr21 126,000,036 E76M of 1,047M



NA19240.bam

Rename Track...
Copy read details to clipboard

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

Re-pack alignments

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

Co to mate !

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

Collapsed
v Expanded
Squished

Select by name...
Clear selections

Copy read sequence
Blat read sequence
Copy consensus sequence

Sashimi Plot

v Show Coverage Track
Show Splice Junction Track
Hide Track

Save image...
Export Alignments...

Export track names...
Remove Track



| Human (hg38 chr21)

chr21:26,000,000-26,004,000 | Go T < » m o= = |

(e RANARNARARRRAN! (AN

| |

T
q21.1 q21.2 q21.3 Q2211 q2212

3,993 bp

26,002,000 bp 26,003,000 bp
| | | |

NA19240.bam Coverage

NA19240.bam

Gene

APP

4 tracks loaded hhr21 126,001,019 EBSM of 1,047M




Viewing Structural Events > rew



Third Gen Sequencing

* Applications
— structural variants, long-range haplotype phasing,
de novo assembly, ...

* 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, 10X, lllumina Tru-Seq, ...



IGV Enhancements

* Filtering raw errors to reveal consensus variants

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

e Support for barcoded alignments (10X, lllumina Tru-seq)

* Improved performance for wide range views (100kb - 500kb)



Filtering raw errors — small indels

chr10

pl15.1 pl13 p12.2 pl1.23 plll q11.22 q21.1

q21.3

q22.2 q23.1

q2332 q24.2

q25.1

q253 q26.13

q26.3

000bp 128,032,000 bp 128,033,000 bp 128,034,000 bp 128,035,000 bp
| | | | | | | | |

128,036,000 bp
|

10 kb
128,037,000 bp
|

128,038,000 bp
|

128,039,000 bp
|

128,040,000 bp
|

128,04

PacBio

PACBIO

{0-137)

|
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Aaron Wenger, PacBio
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Filtering raw errors - indels

chr10

pisd pi3 pI2.2 pli23  plll  qll22  q21.1 a21.3  q222  q231  q2332 q242 q251 253 q2613  q263

- 10 kb -

000bp 128,032,000 bp 128,033,000 bp 128,034,000 bp  128,035000bp 128,036,000 bp 128,037,000 bp 128,038,000 bp 128,039,000 bp 128,040,000 bp 128,04
| | | | | | | | | | | | | | | | | | |

[0-137)

RERRNIN | ]
PACBIO
- RIRNIRY el ' L1

Aaron Wenger, PacBio




Filtering raw errors - nucleotides

2 p123 plll  ql1.22  q21.1 q21.3 q22.2 q23.1  q23.32 q242 q251 q253 Q2613 263
. .
Nucleotide mismatches .
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shown at low zoom (new)
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Filtering raw errors - nucleotides

chr10

p15.1 p13 p12.2 pl1.23 plll ql1.22 q21.1 q21.3 q22.2 q23.1 q2332 q24.2 q25.1 q25.3 q26.13 263

= 10 kb -

128,033,000 bp 128,034,000 bp 128,035,000 bp 128,036,000 bp 128,037,000 bp 128,038,000 bp 128,039,000 bp 128,040,000 bp 128,04

“Quick consensus” mode e
! RENNINI |

| [

PACBIO - \ |

{0- 108)
Ibumina ! ,

Aaron Wenger, PacBio

| I
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3rd gen support enabled in preferences

View > Preferences
Alignments tab

Purple insertion labels

Hide small indels

mismatches

Only show consistent

Downsample reads Max read count: 2000

Shade mismatched bases by quality: 5

\ Mapping quality threshold: 20

Label indels > § bases

Hide indels < 50 bases

| Hide indels < 1 pixels

| Filter duplicate reads
Filter vendor failed reads
Filter secondary alignments

| Show center line

Range at which alignments become visible
per window size (bases): 50

to 20

| Flag unmapped pairs
| Show soft-clipped bases
> Quick consensus mode

n SAM tags: MD,SA XA

Filter supplementary alignments

eCe
ﬁ General  Tracks  Variants  Chart @ pbes  Proxy lonTorrent  Advanced
b r Track Display Options
On initial load show: Alignment Track Coverage Track | | Splice Junction Track
Alignment Track Options
Visibility range threshold (kb): 500

overage Track Options

Coverage allele-fraction threshold: 0.25

~Snlice lunction Track Options

| Quality weight allele fraction




View linked reads

NA12878_WGS_phased_possor{
ed_bambam

NA12878_WGS_phased_possorted_bam.bam

Rename Track...
{ Copy read details to clipboard

m View linked reads

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

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

| View as pairs

l Go to mate

| View mate region in split screen
‘\ Setinsert size options ...

Collapsed
v Expanded
Squished

| Select by name...
Clear selections

Copy read sequence

RefSeq Genes

Blat read sequence
CODY consensus sequence

Sashimi Plot

4 tracks loaded hr2:34,681,113 v Show Coverage Track
Show Splice Junction Track

Hide Track

Save image...
Export Alignments...
.

p252 p243  p233  p22.2 p16.3 pls  pl32 pll2 qll2 ql23  qld2 q211  q22.2 q233 q242  q3L1 q32.1 q323 q332 q34 9361  q37.1
122kb
34,660 kb 34,680 kb 34,700 kb 34,720 kb 34,740 kb 34,760 kb 34,71
| | | | I I I ! I I I I
NA12878_WGS_phased_possor | [
Dam Covoe POPITE PR T TGRS 11 NS AT VO et dos catin b e, RNt . bl wihiconibiid il

>
»
»

2M of 1,023M



p252 p24.3  p233  p222 p16.3 pl5  pl32 pii2 qll2 ql23  qla2 q211  q222 q233 q242  q3L1 q32.1 q32.3 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/
| | | | | | | | I
NA12878_WGS_phased_possor{ | | "

Sl COVeragg pitndfcobibbe B iandimmumadv om0l s i b .. n et oM Bttt s osthon s st o [[EPRTEN S Y e TR R TR

P —

Haplotype “1”
I

Haplotype “2”

ed_bam.bam

RefSeq Genes

ld tracks loaded Ikehr2-34 681 113 || l863M of 1 023M



Availability

* Features available now in development version of IGV
broadinstitute.org/igv/download_snapshot



Viewing Variants



Viewing variants (VCF files)

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

http://www.internationalgenome.org/wiki/Analysis/variant-call-format



Viewing variants (VCF files)

[ Human (ho19 chr22) ) I

chr22 chr22:36,647,117-36,665,577 Go

| Sl =+

I
pl12 pl11.2 pll.l qll.1 ql1.21 qll.22 ql2.1 q

1232 q123 q131 q13.2 qI331 ql1332

36,660 kb 36,664 kb
| | | | | | |

ALL.apolt.sample.phass3_shap

_mvncall_integrated_v5a.201305

.genotypes.vcf

g 36,648 kb 36,650 kb 36,652 kb 36,654 kb 36,656 kb 36,658 kb
| | | | | | | | | | |

HG0009E | [
HGO0100 |
HG00103
HGO0107
HGO0110
HGO0113
HGO0116
HG0011a
HGO0122
HGO0126
HG00129
HG00132
HG00137
HGO0140
HGO0143
HGO0148 |
HGO0151
HGO0157
HGO0160
HGO0174
HG00178
HGO0181 |
HGOO185

ol
L

Gene
APOL1

rs136154

21097 rs8000218

rs9610467

rs9610468

LI TH

rs34071340

rs136151

rs77920979

apoll_snp131.bed
rs7284919

(MR NI I TR B 1T A ]
52012928

rs79503

rs713753

rs136165 rs136167 rs138176 rs1136309

{4 tracks loaded ﬁhr22:36.661,537 150M of 403M




Viewing variants (VCF files)

Human (hg19 chr22) [ = chr22 B ch22:36,647,117-36,665577 (Go Ft « » @ [ = 2 | Sl =
1 —
pi3 piz pii2 plll  qild qil2l  qil.22 ql2l qi22 ql23 qi3d ql13.2 qi3.31 ql3.32
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

| | | | |

ALL.apolt.sample.phass3_shap
_mvncall_integrated_v5a.201305

IR i
T

Variant sites

.genotypes.vcf I I
HGO0095 'l I [ I 1 [ T T T I 1 TTOITT T 1 [
HGO0100 [ | | |1 | I B 1 ] | |1 TINEL L | 1 |
HGO0103 INIEN! RN 1 | B 1] | 1 FINEET 0 1 |
HGO0107
HGO0110 | | | | |
HGO0113 | I N | | I | I
HGOO116 (NI | |
I | 1 = Lt | | 1 LINELL | [ |
NI 1 1 I
Sample ] | ' { Genotypes
P TR I I Yp I I
- T 1
g f tl | | i | (|
INntformation i I T | |
1 | |
FG00T4E I | | |1 | I | 1 FIOEEL o | |
HG00151
HGO0157 [N | | | T T | |1 FINELL | (| |
HGO0160 n Il | 11 1 T I 11 FINELT | 1 |
HGOO174 [NIMEN | | ] | | |
HGO0178 | I I | | | I
HGOO181 | |
HGO0185 11 | 11 I | 1 | 1 | 11 || | 1 | 1
o o} i H e
e - 1 T
APOL1
[ A A O e B | L L LT I I O I T 1 T 1 O TN VT S 1 i AN} i
apoll_snp131.bed
21097 rs6000218 rs9610467 rs9610468 rs7284919 rs34071340 rs136151 rs136154 rs77920979 rs713753 rs136165 rs136167 rs136176 rs1136309 rs2012928 rs79503

{4 tracks loaded ﬁhr22:36.661 537 150M of 403M
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Viewing variants (VCF files)

ALL.apol1.sample phase3_shap
_mvncall_integrated_v5a.201305
Zoom in here

[ IT




Viewing variants (VCF files)




Viewing variants (VCF files)

Red = alternate allele [ [ ]
Blue = reference allele [




Viewing variants (VCF files)

ALL .apol1.sample.phase3_shapq
_muncall_integrated_v5a.201305
.genotypes.vcf

Chr:chr22
Position: 36653743
ID:rs136149
Reference: G*
Alternate: A

Qual: 100

Type: SNP

Is 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

Number of Samples with Data: 2504
AFR_AF: 0.4561

Depth: 12917

Total Alleles: 5008

VT:5SNP




Viewing variants (VCF files)

Cyan = homozygous
Blue = heterozygous
Grey = reference




Viewing variants (VCF files)

Chr:chr22
[ | Position: 36653743
] ID:rs136149
| .
Genotype Information
@ @Sammei HGOD110
Genotype: G|A
Quality: -1
|| Type: HET
| [ | Is Filtered Out: No
- S mm
| [ | |
| |
|| |
] |
|
|
|| |




Viewing variants (VCF files)

Sample information

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

HGOO

HGO0100 I h' .
g n this example:
HGO00107

HGOO

e * sample
HGO00116

HGO00119

HG00122 [ O

HG00126 B p p

HGO00129

HG00132 ) Su er O
HGO0137 p _p p
HGO00140

HG00143 o d

o gender
HGO00151

HGO0157

HGO00160

HGOO

HG00178

HGO00181

HGO




Sample information

Sample information is defined in an auxiliary tab-delimited file.
* First row defines column names

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

Exarnpﬂe: sample pop super_pop gender
HGOBB96 GBR EUR male
HGOVA9S7 GBR EUR female

HGOVO99 GBR EUR female
HGO0100 GBR EUR female
HGOV101 GBR EUR male
HG00102 GBR EUR female
HGOV103 GBR EUR male

HLAMAT AR RD FliR mala



Hands on: Viewing variants (VCF file)

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



Viewing variants: www.igv.org/workshops/ASHG2016/ExInstr.pdf

- Click File > Open Session. Go to the folder where you downloaded

1 Initialize exercise: the workshop data and select vcf / vef_session.xml.

2 Observe the two data panels: Variant sites (upper panel) and Genotypes (lower panel).

3 - Type APOL1:S342G | in the search box and click Go.
- Right-click over genotypes and select Display Mode > Squished.

- Right-click over genotypes and select Group By, and select attribute super_pop.
— Scroll down to see all the groups

4 Observe differences Variants not present in some population groups
between groups: and prevalent in others.



Hands on: Viewing variants (VCF file)

Click File > Open Session

& IGV 2.3.82 BilCW Genomes View Tr:

ey _ Load from File...
Load from URL...

—  Load from Server...
Load from DAS...
Load from ENCODE...
Load from Ga4gh...

Human hgl9

Save Image ...

Exit
I'T1

-~

Il

Navigate to the folder where you
downloaded the workshop data,
and select vcf / vef_session.xml

Open Session

B vcf S Q

LI rna > 1o AlLL.apoll....notypes.vcf

[ snps > apol1_snp131.bed

B svs > chr22.fa
> B9 vef > chr22.fa.fal

hg19_chr22.genome
> 7 integrated_...2.ALL.panel
h




Hands on: Viewing variants (VCF file)

| Human (hg19 chr22) [ | chr22 chr22:36,647,117-36,665,577 Go Fr < » @ [ = 2 | Sl =
1 —
pi3 piz pii2 plll  qild qil2l  qil.22 ql2l qi22 ql23 qi3d ql13.2 qi3.31 ql3.32
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

| | | | |

ALL.apolt.sample.phass3_shap
_mvncall_integrated_v5a.201305

.genotypes.vcf

HG00096
HG00100
HG00103
HGO0107
HG00110
HG00113
HG00118
HG00119
HG00122
HG001286
HGO00129
HG00132
HG00137
HG00140
HG00143
HG00148
HG00151
HGO0157
HGO00180
HG00174
HG00178
HG00181
HEAN185

'R

Gene

apoll_snp131.bed

ol
L

21097 rs8000218

rs9610467

rs9610468

rs7284919

[N

rs34071340

rs136151

APOL1
I e

rs136154

(MR NI I TR B 1T A ]
52012928

rs79503

rs77920979

rs713753

rs136165 rs136167 rs138176 rs1136309

{4 tracks loaded ﬁhr22:36.661,537 150M of 403M




Hands on: Viewing variants (VCF file)

Human (hg1och22) [ 22 B | APOL1: S342G [co £ « » @ O = 0 | e WU RAARAAT (AR ==
7
pi3 piiz plll  qlll i1zl q|11.2|2 ql2.1 122 q123 qi3d q13.2 qi331 ql332
18 kb
In the Sea rch bOX enter 50 kb 36,652 kb 36,654 kb 36,656 kb 36,658 kb 36,660 kb 36,662 kb 36,664 kb

Go

APOL1:S342G and click

HG00096
HG00100
HG00103
HGO0107
HG00110
HG00113
HG00118
HG00119
HG00122
HG001286
HGO00129
HG00132
HG00137
HG00140
HG00143
HG00148
HG00151
HG00157
HGO00180
HG00174
HG00178
HG00181
HEAN185

||

Gene

apoll_snp131.bed

21097

(NI
rs6000218

ol
L

rs9610467

rs9610468

APOL1
(Al

rs136154

(1 LT 1 N I N VAR

rs34071340

rs7284919 rs136151

rs77920979

rs713753

rs136165

rs136167 rs138176 rs1136309

rs2012928

rs79503

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




Hands on: Viewing variants (VCF file)

Human (hg19 chr22) [ | chr22 ‘chr22:36,661,837—36,661,927 G Ft « » @& [MO x 2 | e =

T I J—— 1 | E——
pi3 piz piL.Z plll  qill Qil21  qil.22 q12.1 122 123 Q131 q13.2 1331 q13.32

41bp
% 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
I

sample
pop
super_pop

ALL apal1.sample.phase3_shap .
_mvncall_integrated_v5a.201305
_genotypes.vcf

HG00098
HG00100
HG00103
HG00107
HG00110
HG00113
HG00118
HG00119
HG00122
HG00128
HGO0129
HG00132
HG00137
HG00140
HG00143
HG00148
HG00151
HG00157
HGO0180
HG00174
HG00178
HG00181
HEO0185
Sequence =d C ACGGATGTGGT CTCCTCTGTAAGCTTCTTTZ CTTGTGO CTGOGATG

Gene

apol_snp131.bed

rs16096616 rs73885319

|4 tracks loaded ﬁhrﬂ:ﬁ&&m 907 197M of 498M



Hands on: Viewing varia

nts (VCF file)

Human (hg19 chr22) [ | chr22 chr22:36,661,887-36,661,927 G Ft « » @& [MO x 2 | = RN |
T I = 1 | E——
pi3 piz piiz plll  qlll qil.21  qil.22 ql2l qi22 q123 qi3.1 q13.2 qi331 ql3.32
41bp
g 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
§§§§ I I I I I I
= = S—

ALL apal1.sample.phase3_shap
_mvncall_integrated_v5a.201305

Right-click over genotypes and select
Display Mode > Squished

.genatypes.vef
HGO0096 il
ﬁgg:gg ALL.apoll.sample.phase3_shapeit2_mvncall_integrated_v5a.20130502.genotypes.vcf
HGO0107 Rename Track...
HG00110 Change Font Size...
Color By

V Allele Frequency
Allele Fraction

Sort By Cenotype
Sort By Sample Name

x;:;é Sort By Depth
HG00143 Sort By Quality
HEO0148
Croup By...
HG00151 it
HGO0157 Display Mode
HGO0160 Collapsed
ﬁgg:;: Squished
Ho00181 v Expanded
HOA01E5 Change Squished Row Height...
Sequence =d C ACGGATGTGGT CTCTCC T Suppress Filtered Sites G G A TG
Gene Set Feature Visibility Window...
Save image...
[ |
apoll_snp131.bed Export Features...
=i EQUEE1E Export track names...
Remove Track
|4 tracks loaded hr22:36,661,907 197M of 498M




Hands on: Viewing variants (VCF file)

Human (hg19 chr22) chr22 B chr22:36,661,887-36,661,927 Go FY <« » @@ [ = 2 | RNy |
||
pi3 piz piiz pllil  qlll qil.21  qil.22 ql2l qi2.2 ql23 qi3i q13.2 qi331 ql3.32
41bp
E 2 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
| | | | |
Fal
— —
ALL .apol1.sample.phase3_shapq — — —
_mvncall_integrated_v5a.201305
.genotypes.vcf
Saquenca L
Gene
apoll_snpi31.bed
rs16096616 rs73885319
14 tracks loaded hr22:36,661,903 12M of 438M




Hands on: Viewing variants (VCF file)

Right-click over genotypes
and select Group By

Color By
V Allele Frequency
Allele Fraction

Sort By Genotype
Sort By Sample Name
Sort By Depth

Sort By Quality

Display Mode
Collapsed
v Squished
Expanded

Change Squished Row Height...
Suppress Filtered Sites
Set Feature Visibility Window...

Group By...

Human (hg19 chr22) chr22 B chr22:36,661,887-36,661,927 Go FY <« » @@ [ = 2 | RNy |
I I T—— e 1 |
pi3 piz piiz pllil  qlll qil.21  qil.22 ql2l qi2.2 ql23 qi3i q13.2 qi331 ql3.32
41bp
g 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
E§§§ I I I I I
= = S— S—
ALL .apol1.sample.phase3_shapq — — —
_mvncall_integrated_v5a.201304
.genotypes.vcf
I ALL.apoll.sample.phase3_shapeit2_mvncall_integrated_v5a.20130502.genotypes.vcf
| Rename Track...
— Change Font Size...

A T G

hr22:36,661,903

Sequence C ACGGATTGTTGGTCTCCGCTCTLG )
Save image...
Gene Export Features...
Export track names...
[ |
apol_snp131.bed
S Remove Track
|4 tracks loaded 12M of 498M




Hands on: Viewing variants (VCF file)

Human (hg19 chr22) chr22 B chr22:36,661,887-36,661,927 Go FY <« » @@ [ = 2 | Sl =
I 1
pi3 piz piiz pill  qild qil21  qil.22 qi21 q12.2 q12.3 Q131 q13.2 Q1331 q13.32
41bp
g 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
E§§§ I I I I I
= = S— S—
ALL .apol1.sample.phase3_shapq — — —
_mvncall_integrated_v5a.201305
.genotypes.vcf
® Group By Attribute
v
Group tracks by: None I
sample
g B
super_pop
Select attribut = =
| |
Sequance - TACGGATGTGGEGCCGCCGCCTGTAATGC CTTCTTTCTTGT GCTGGATG
Gene
apol_snp131.bed
516996616 rs73885319
14 tracks loaded hr22:36,661,903

12M of 498M




Hands on: Viewing variants (VCF file)

Human (hg19 chr22) B chr22:36,661.887-36,661,927 » @ [ o= 2| Sl [+
I
p12 ql2.2 ql2.3 ql3.1 q13.2
36,661,890 bp 36,661,910 bp 36,661,020 bp
| |
— —

ALL.apol1.sample.phase3_shap
_mvncall_integrated_v5a.201305

n Scroll down to
see all groups

Gene

apol_snp131.bed

rs16096616

AAGCTTOCTTTOCTTGTG G CTGOGAT G

3 L V

{4 tracks loaded hhr22:36.661 901 ﬁM of 498M




Hands on: Viewing variants (VCF file)

Human (hg19 chr22) chr22 B chr22:36,661,887-36,661,927 Go FY <« » @ [0 = 2 | =R |
I I J—— e || | —
pi3 piz piiz pildl  qild qil.21 qil.22 ql21 qi2.2 q12.3 qi3d q13.2 qi3.31 ql3.32
41bp
z 36,661,890 bp 36,661,900 bp 36,661,910 bp 36,661,920 bp
§§§ I I I I
g2
AMR i
SAS |
||
AFR .
Sequence g
Gene
apol_snp131.bed L L
516996616 573885319

{4 tracks loaded hhr22:36.661 916 [139M of 523M



Tools



Tools

* Pre-processing data with igvtools
« Combining numeric data tracks

 BLAT



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

- Computes alignment coverage from BAM files

count | _ b duces TDF or WIG files

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

- Sorts file by genomic start position.
sort

- Supported file formats: BED, GFF, GTF, PSL, VCF

- Creates index for large genomic annotation files.
Index | _ g nnorted file formats: BED, GFF, GTF, PSL, VCF




igvtools: count

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

Alignments
(BAM format)

-

igvtools

~

VS
) .. a Lhdida A
L | lLLl... ALA.I

Read coverage
(TDF format)




(A) Launch from the IGV menu

Tools > Run igvtools...

or

(B) Run from the command line

[GM31D-695:~] jrobinso%

ol
Window Functions ] Min M. ™M Medi
) 2% 10% | 90% 98%
e to L
Window Size 25
Sort Options
np Directo
rds
| Clo: | Ri
Messages

[GM31D-693:~] jrobinso% 1gvtools count NALZ2875.bam NALl2573.bam. tdf hgls



Combining numeric data tracks

GM12878 HIK27me3

GM12878 HIK3E6me3

GM12878 H3K4me1

p15.31 pl5l pldl pl32 pl2 ql1.2 ql2.2 ql13.3 qld43 ql5 q21.2 q22.2 q23.2 q31.1 q31.3 q33.1 q333 q351 q35/
121 kb
67,400 kb 67,420 kb 67,440 kb 67,460 kb 67,480 kb 67,500 kb
| | | | | | | | | | | |
10-25]
GM12878 H3K2Tac

R Y PR S A YT Y [ TP W ST S Y PR B T TP | -LI PR SIS e T l—-‘l‘J—l--J-—l P Sy S | h.l T N Y P S TR O N Tt i

[0-25)

T TRPITS ¥ P ARG PR T W N TIURP PR W T T B AT T FUWT MU RTT PRt F Y1 1117 VU DY [T TR SRV TEReT U | W YT 1 U o
[0-25)

(PRRPTRR T NPT O TR RIS O TR | P h.lla.l...l ST Y hhu.l. -l JLI.‘.II.H.IHL“. h.mﬂhﬂﬂ [T TR T T [ PP P
10-25)

PP T hh.ﬂ;djﬂhhui T T AT [TH I SRy S TR | .h‘_.‘ btk et o dlimos m.hh_u PRy T e |




Combining numeric data tracks

Tools

_;‘ Select Tools > Combine Data Tracks e

Run Batch Script... a331 q333  q351  q35)
Run igvtools...
Find Motif... 121 kb

5400 kb 67,420 kb 67,440 kb 67,460 kb 67,480 kb 67,500 kb
BLAT ... | | | | | | | | | | |

r Combine Data Tracks

Gitools Heatmaps
BEDTools

>

> .

II-LI. [ TP TS SEPAY SR N PN R T TR | -LI PR SIS e T .-.dJ—l..J._l A b e _..h_.ﬂmhA‘.ﬂ.l Y VTSP T I N e A

[-25

GM12878 HIK3E6me3

0-25)

T TRPITS ¥ P ARG PR T W N TIURP PR W T T B AT T FUWT MU RTT PRt F Y1 1117 VU DY [T TR SRV TEReT U | W YT 1 U o

(PRRPTRR T NPT O TR RIS O TR | P h.lla.l...l ST Y L..Ll.u.l. -l JLI.‘.II.H.IHL“. h.mﬂmﬂ [T TR T T [ PP P

GM12878 H3K4me1
aaab. ol hh.ﬂ;djﬂhhui T Y TS TR Y SPOr ey Sy I T IR | .h‘_.‘ btk et o dlimos m.hh_u PRy T e |




Combining numeric data tracks

1. Select two tracks from
the dropdown menus

e tracks

2. Select operation:

\ Track A: | GM12878 H3K27ac

+ e Add

Operation:| Add

. = - Subtract

* Multiply

Track B: | GM12878 H3K27me3

d . Divide

Result Track Name

Sum|

L

)

| OK |

3. Name the new combined track

| Cancel |




Combining numeric data tracks

|
p1531  pl5d pldl pl32 pl2 qll.2 ql22 ql3.3 ql43 ql5 q21.2 q22.2 q23.2 q31.1 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
| | | | | | | | | | | |

TeckA | W
A de e kA PP N S U PO VK T 1P YO TR e (B YO W [PV W hl I W S Y YR S | R W SR

Track B

TR T T S PR R T A RN IR PR TR T P O R TW FTTI P17 PRRPoi R 1T s DUy PR TR IR TIRre o o | O WP e

GM12878 HIK3 3

TR 1 P TR PO T YT TR T T TP h.lla.l..nhllll—l—l caad & Ll.l-l.l. -l .udl.l.l.ll-u.ldl.n. -L.“.h.lldﬁ“.lﬂ (TR TR T T [ FRPE T P
10-25)

NeW traCk = A + B .ﬂ;ﬂm;ui. I TIPTITUAT [ON ey Sy i TR I.h‘_.‘. okt o sty didamuss m-ﬁ.‘u_um; Y Y I W




BLAT

GenomeSpace Gol

Run Batch Script...
Run igvtools...

—Eind Mo 1  Use a BLAT server to do search for

—Combing Data Tracks alternative alignments for
] o any feature or sequence read, or
o user-entered sequence.

i

—

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



BLAT example

p35.1 p34.1 p32.2 p31.2 p223 p213 p133  pl2 ql1 ql2 q21.1 q32.1
3,008 bp
114,175,000 bp 114,176,000 bp 114,177,000 bp

| m = I o U
\ 1 : "= b
1 i ‘IE L , —I| -IEI ; I—
: ‘ 0, | — —
' T . -— .. i
i e |1,
' i .: . :
' L — ]
. o
o : ;|
- =
II|I f
{
I




BLAT example

p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p213 p133  pl2 qll1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q32.1 q323 q4211 q423 q44
. . 3,008 bp
Investigate this peak | S
| | | |
|
{0,107
| |
1 1 1 1 1 1
: 0 . ' Mt m ol L , L . : ot :
' | ' | I L — — y rre—— : il S i
. : | — (g 2 , — —m . 0 . i It «
1 ' 1 J 1 1 | II 1 1 1 1
| : U | ] 'y ! ' iy J : | oo yo | o
' 0 H ' il 1 I 1 1
! . ! Sy 1 . " A " bl -
[ — ol HER ) : ! o i . . !
| : | — - (R |
L 1 | 1 iU J n U ' I J I ' i
! ' | ) q° D - | | D :
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\ ' | g | | > i
1 L 1 1 1
L 1 . fl | 1 , . ' 0 ;
1 0 | = \
o 3 |
1 I — 1
| . r
!
1
|




BLAT example

p36.23 p36.12 p35.1 p34.1 p32.2 p31.2 p223 p213 p133  pl2 ql1 ql2 q21.1 q22 q24.1 q25.2 q31.1 q321 q323 q4211 q423 q44
. ] 3,008 bp
Investigate this peak | S
| | | |
-
04,103
| |
| : 0 . - ——— i 5 !
| | ) ! e I': ! : T iy " : !
oo e | |
! | ' | , ‘I . L II' ﬁl e
! ' : " — ! |
: ! : L . 1 ! T I 'l ! | |I . ! |I 1
| l ' ' | [
. , | . » W . ey o
| !
| : U | ] . £ ! ' | oo v o
' |I U ! : d { U L} 1 L
! | ' A= ' l | |
| 1 L —l 1 L 1 : | ] l| ! 1 L 1 1 '
| o | . |
. , o — N I - :
' | B— ) ! L | ‘s ! ' ' | et " \
) | ) I = J ! | B 0 i ' |
| ' | U q J — | I 0
l - Lty : =1 ' | h . ST . o
\ ' | g | i > i
1 L 1 1 1
L 1 . fl | 1 , . ' 0 ;
. , " = |
p— [ |
" — ' ' |
| e
: f
!
1
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BLAT example

q323 q4211 423  qdd

4252 q31.0 321

241

p36.23 p31.2

Right-click on a read and S — — . —
select BLAT read sequence , — . =

i
| NA12878 WGS

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

|

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

| Group alignments by

Sort alignments by
Color alignments by

vvyy

| v Shade base by quality
co | | ' v Show mismatched bases |
Show all bases

View as pairs

. = Go to mate
. F . View mate region in split screen
I | - Setinsert size options ... I
| Re-pack alignments
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.. Tagapba..
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
chrl5s 956086... 956088... - 428 129 20 0 0 0 0 2 4
chrs 166236... 166238... + 424 126 18 0 0 0 0 2 &
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 &
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
ohel TAT10A TAT10A - 269 1NE 19 n n n n - =




BLAT example

[2HaNa!

Many alternative alignments

VY, I t h S I m I | a r S C O re S i TTGAAAAGGGGGGTTAACTTGGCCTAAATAGAAAATGTCTTCTCATCATTTTTT

—
chr start end strand score match mis-match rep. match N's Q gap co... Qgap ba.. Tgapco.. Tagapba..
chré 1552157 1552307 536 142 8 0 0 0

chrl 401076... 401078... 492 147 19 16

chr2 715213... 715215... 456 137 22
chrl3 525933... 525935... 444 135 23
chrl7 5468054 5468211 440 128 16
chrl0 933987... 933989... 436 132 22
chrl5s 956086... 956088... 428 129 20
chrs 166236... 166238... 424 126 18
chr3 102995... 102996... 424 124 15
chrl7 708930... 708932... 420 130 24
chrl2 571299... 571301... 420 135 27
chrs 665088... 665089... 420 136 31
chr9 915725 915886 416 127 21
chr2 223622... 223622... 400 120 17
chrl9 583386... 583388... 396 124 24
chrl6 574045... 574047... 392 118 16
chrl 171497... 171497... 388 114 16
chrl0 101042... 101042... 384 111 13
chr2 228547... 228547... 384 116 19
chrl 202874... 202875... 384 120 23
chrl 549438... 549439... 384 119 22
chrl2 570020... 570021... 380 113 17
chr4 878470... 878471... 376 119 22
chr2 145618... 145619... 376 110 11
chrl 7404808 7404937 372 109 15

ohel “TAT10A TATI10A | | 260 | | 1NE 17

o

b+ o+
w

w w

o

o

PO 00 0000000000000 000000000
PO 00 0000000000000 00O00O0O00O00O0O
DO WO O OO0 O0OONOOO~OOOOOONO
DOWOOOOOOONO:OOHOV‘IOOOHOO
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igVv.js



WWW.igv.org

o ® < > ] & igv.org ¢ [+] i) a

igv.js is for developers Integrative Genomics Viewer

who wish to embed
IGV in their web Q
a p p | i Cati O n S Deskto:)GaQ:ﬂication

& <>

IGV.JS
Embed IGV in your web app

JavaScript
version

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

James T. Robinson, Helga Thorvaldsdoéttir, 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.

RIS % {é} $3 st e, 5 GENOMESPACE




® © ® /| § 1GVjs Example - GA4GH x \\A

& & [G)igv.orglweb/examples/ga4gh.html Y oL A BN Ry o d0 T e o6s)
Apps H (7' Tracfone 5 Plan [ http://www.broadin... ] pancan 5 History API - Dive I... [[]20 Things | Learne... 5 Canvas - Dive Into... » [ Other Bookmarks
Embedded GA4GH browser
IGV  chr1:155,157,300-155,163,706 Q  s407bp hide labels (-Y+)

155,157,500 155,158,000 155,158,500 155,159,000 155,159,500 155,160,000 155,160,500 155,161,000 155,161,500 155,162,000 155,162,500 155,163,000 155,163,500
1 1 1 1 1 1 1 1 1 1 1 1 1

Ga4gh variants | [ I L | 1 1 Lrrr marmnrnn ni 1 e | LI A | 1 1

Ei 4
'Ii
IF

g
prrsntivty
woisl
attyly
i
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00 /5 oncommm = Example of web application that uses igv.js:

(] [@ exac.broadinstitute.org/variant/22-36649964-T-G

i aoms e oomans - acns vomesase - pin oo EXAC rowser from the Exome Aggregation Consortium

(exac.broadinstitute.org)

Read Data
This interactive IGV.js visualization shows reads that went into calling this variant.
[[Z5 These are reassembled reads produced by GATK HaplotypeCaller --bamOutput so they D what Hapl aller was seeing when it called this variant.
[ chr22:36,649,926-36,650,006 | Q + 81bp hide labels S]

25 36,649,930 36649935 36649940 36649945 36649950 36649955 36649960 36,649,965 36649970 36649975 36649980 36,649,985 36649990 36,649,995 36,650.0(!! 36.650.00
| | | | | | | | | | | | | |
‘TAATGGGAAACGTGOGTGAGAGAGGGGAGTGAGAAGGGTOOOTTGGAGAATGGTGCOTGTGGQATGATGGOAGG'I’TTGCAA.

gencode v19 [




Example of web application that uses igv.js:

® © ® /R arExPortal x \

¢ 5 ¢ oo Data portal of the Genotype-Tissue Expression (GTEX) project

i Apps W ks () H 5 Plan

ey (See gtexportal.org)
O TXN A Login @A Register

[ Click Here To Select Tissue Tracks ]

IGV | chr12:100,988,946-108,296,465 | Q. 7,307 kb I:hide 'ﬂbels] 2@

CH W S dllEN " "IN D I I B B  ww e >

300 kb 101,500 kb 102,000 kb 102,500 kb 103,000 kb 103,500 kb 104,000 kb 104,500 kb 105,000 kb 105,500 kb 106,000 kb 106,500 kb 107,000 ko 107,500 kb 108,000 kb
| | | | | | | | | | | | | | |

[Genes HHHHHI INHIL HEREHI-H I HI IHH 1 HHHHT THER IRHREHE A O Ho I HE O e g

ANO4 C120rf42 STAB2 CHST11 SLC41A2 POLR3BRFX4 BTBD1L

[ I i1 H (IR [RURT (IEO O N = 1 [

C120rf75 RP11-144F15.1

| 1}

_ gg:[ Brain - Cerebellar Hemisphere]

@
T
P ® oo

. %3 Brain - Nucleus accumbens (basal ﬁ'
15 anglia)

-log10{pvalue!
aaan

2

g

GWAS Catalog] | 1 i 11 1 11 o
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For further information and help
Workshop slides and data: www.igv.org/workshops/ASHG2016
IGV web site: www.igv.org

User forum: groups.google.com/group/igv-help
Source code: github.com/igvteam

Please cite your use of IGV

Robinson et al.
Integrative Genomics Viewer. Nature Biotechnology (2011).

Thorvaldsdottir, Robinson, and Mesirov.
Integrative Genomics Viewer (IGV): high-performance genomics
data visualization and exploration. Briefings in Bioinformatics (2012).



