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Visualization Tools in Genomics

* there are over 40 different genome browsers, which to
use?

* depends on
— task at hand
— kind and size of data
— data privacy

RNA sequencing and analysis



HT-seq Genome Browsers

st 2

Integrative UCSC Trackster Savant
Genome Genome Browser (part of Galaxy) Genome
Viewer Cancer Genome Browser Browser

* task at hand : visualizing HT-seq reads, especially good for inspecting variants
* kind and size of data : large BAM files, stored locally or remotely

* data privacy : run on the desktop, can keep all data private

 UCSC Genome Browser has been retro-fitted to display BAM files

* Trackster is a genome browser that can perform visual analytics on small
windows of the genome, deploy full analysis with Galaxy

RNA sequencing and analysis



Integrative Genomics Viewer (IGV)

Desktop application for the interactive
visual exploration of integrated genomic datasets

YA NRIRL

LT

Microarrays

NGS alignments

http://www.broadinstitute.org/igv “RNA-Seq

4 l||,, lv” ‘Jl I:ll,lr
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>85,000 registrations (2014) “mRNA, CNV, Seq
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Features

With IGV you can...

» Explore large genomic datasets with an intuitive, easy-to-
use interface.

* Integrate multiple data types with clinical and other sample
information.

* View data from multiple sources:
- local, remote, and “cloud-based”.

« Automation of specific tasks using command-line interface

RNA sequencing and analysis
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IGV data sources

Local files

amazon
webservices™

TCGA

gre & GenomeSpace

HTTP server

FTP server

- View local files without uploading.
- View remote files without downloading the whole dataset.

RNA sequencing and analysis
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Using IGV: the basics

e Launch IGV
e Select a reference genome
 Load data

* Navigate through the data

e WGS data
* SNVs

e structural variations

RNA sequencing and analysis



Launch IGV

8006 Home | Integrative Genomics Viewer

Integrative :
Genomics e
Viewer ™

b

oot

What's New

NEWS  July 3, 2012. Soybean (Glycine max) and Rat
it () genomes have been updated.

BT 20,2012 16 2.1 h boen roloses
See the lcsce note for mor detas

ESRROAR
2012 ottt

April 19, 2012. See our new |GV paper in Briefings in
ioinformatics.

Overview

semsss  The Integrative Genomics Viewer (IGV) is a
—_ high-performance visualization tool for
s interactive exploration oflarge, inograted
8= genomic datases. It supports a wide varety of
data types, inclucing armay-based and next-generation
sequence deta, and genomic annotations.

Downloads

Pleass egsterto dounload 1GV. Aftr regstern,
H youcanlogin atary o usingyouromal

emission o use 10V is rante un
B4 the GNU LGPL license.

Todit

M

e Hosted Genomes

Citing IGV.

o) 4 Home IGV can either be downloaded on to the local machine, or launched via Java Webstart.

¢ J(@- Google

Registration | Integrative Genomics Viewer

gistration

Home > Registration
Integrative
g’\/ Genomics Registration
Viewer

IGV Registration

IGV is an open-source application, released under the terms of the GNU Lesser General Public License (LGPL). To
IGV fill in the form below and click "Agree" to indicate you have reviewed and agreed to the licensing terms. This information
is only used to help us track usage for reports to our funding agencies and will not be used for other purposes.

=l Do
® o 8 Downloads | Integrative Genomics Viewer =

; [E] |+ | B www.broadinstitute.org  software/ iov/download [ Reader

Home > Downloads

ntegrative
Genomics
Viewer

Downloads

Integrative Genomics Viewer (Version 2.3)

¥ Downloads
=] Downloads

%) N Mac users: Download and unzip the Mac App archive, then double-click the IGV application to run Download

IGV User Guide it. The application can be moved to the "Applications" folder, or anywhere else. Note: This Mac App

File Formats requires Java 7. Mac users with Java 6 (JRE 1.6) should use the binary distribution archive ————
Release Notes. or the Webstart buttons below.

Credits.

Search website

Binary distribution archive for all platforms: Download and unzip the binary distribution archive Download
in a folder of your choosing. IGV is launched from a prompt -- follow i ions in the Binary Distribution
"readme" file. To start up IGV use "igv.bat" for Windows, "igv.sh" for Linux, or "igv.command" for

MacOS.

| search
Broad Home
Cancer Program

Java Webstart

INSTITUTE
©2013 Broad Institute

The buttons below use Java Webstart (JWS) to install and launch IGV directly from our web site.

Mac Users: The Java Webstart option is not recommended for Mac OSX Mountain Lion or hlghar Using it requires that you
set Gatekeeper security to its lowest level, and it is possible that even this will not be enough.

Chrome: Chrome does not automatically launch the Java Webstart files by default. Instead, the launch buttons below will
download a "jnlp" file. This should appear in the lower left corner of the browser. Double-click the downloaded file to run.

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 1.2 GB Launch with 2 GB

Maximum usable memory Maximum usable memory
for Windows OS with 32-bit | for 32-bit MacO;
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Launch IGV

e OO0 IGV
| Human hg18 s [ A s | Go #F « » @ H = 0 =
1 13 15 17 19 21 X

N 1. Select genome from

the drop-down menu A

2. Load data

}""i' ODPT SPUP YU 1 WU WVUUT S0P BAVTW DRY PR T IV PV | Y R

115M of 183M
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Load data

Select File > Load e
from Server...

Available Datasets

™ Available Datasets

|| Annotations (hgl18)

[ | Breast Cancer (METABRIC) (D

[ | The Cancer Genome Atlas (3)

| | Copy Number Alterations Across Human Cancers (1)
[ | ENCODE (hg18)

|| Epigenetics (D)

[ ] Wilms Tumor Chromatin Profiles (I)
[] 29 Mammals (@)

| | Body Map 2.0 (IlluminadliSeq) Open the
(™ Tutorials ?

Genomes View Tracks

Load from File... E——

Load from URL...
Load from Server...
Load from DAS...

—

4 ¥y Y Y Y VYYVYYY

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

Save Image ...

Exit

A & Ul Basics (Encode)

™ CM12878 H3K27ac

M GM12878 H3K27me3

™ CGM12878 H3K36me3

[V CM12878 H3K4mel
> | | SNP Validation

Tutorials
menu, select
Ul Basics

| Cancel | [ OK

J
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Screen layout

8 00 ICV

[Human hg18 :] [an : | (co B « » @ W

GM12878 H3K27ac

LL‘—‘_IL———IM. —— anih. el Bl e e B B e e BB et o Bl B el i o B B o B o

GM12878 H3K2Tme3

GM12878 H3K36me3

GM12878 H3K4me1

e L - o B - . N RS o . Bl e b ol

RefSeq genee Lu..x | IPTPIPTRPTY PV SRR 7Y VU WORUUN U GOF TRPPE o VR DRI T g IR SR PA I | RTIT S TR

ﬁ tracks i 140M of 304M
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Screen layout

@ IGV File Genomes View Tracks Regions Tools GenomeSpace Helpe menus

8 00 IGV

[Humanhgl& [ AN || |Co| B < » @ B = 2 ﬁ tOOIbar

genome
ruler

33333333333333

track tracks
names
LLMHM.AH“_.MMMMMM__M% genome
| features
6 track o
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File formats and track types

* The file format defines the track type.
* The track type determines the display options

= BAM = IGV

= BED = LOH

= BedGraph s MAF

= bigBed = Merged BAM File (.bam.list)
= bigWig s MUT

= Birdsuite Files = PSL

= CBS = RES

= CN = SAM

s Cufflinks Files s Sample Information
s Custom File Formats = SEG

= Cytoband = SNP

s FASTA s TAB

= GCT = TDF

= genePred m Track Line

= GFF = Type Line

s GISTIC = VCF

= Goby = WIG

s GWAS

* For current list see: www.broadinstitute.org/igv/FileFormats

RNA sequencing and analysis
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Viewing alignments

Whole chromosome view

e no IGV

Human hg18 BREE %] chn1 Go Ft « » @ [0 = 2 = e
(T T T I o o o -
p36.23 p36.12 p343 p33 p321 p3l.1  p22.2 p21.1  pl31 ql2 q21.1 q23.2 q243 q253 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

NA19240 SLX (YRI daughter) Co| j©0~%

age

NA19240 SLX (YRI daughter) Zoom in to see ahqr@

RefSeq genes T T T T I T T T T L T T
pB269 KAZN SYF2 SFPQ STIL CBA AK4 CRYZ UOX DR1 RNPC3 NRAS NR_033189 IFI16 XCL2 ABL2 FAMSC PKP1 RD3 HHIPL2Z REM34 NLR
4 tracks loaded |{chr1:95,509,957 i |[185M of 266M

RNA sequencing and analysis




-

Viewing alignments — Zoom in

800 GV
(Human hg18 13 [chr1 [4])  chr1:95,625,439-95,649,303 Co Ft « » @ = 2 Sl =

q423 q44

95,640 kb 95,642 kb 95,644 kb 95,646 kb 95,648 kb

30 kb | or set a different threshold
in Preferences

NA19240 SLX (YRI daughter)

e ——

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

Y
i
| eeeeeeeee H H
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Viewing alignments — Zoom in

enoO IGV - Session: /Users/helga/igv_session.xml
(Human hg18 5 [chr1 4] chr1:95,638,013-95,638,360 Go £t « » @[ & 2 Sl =

T DU [ 0 Ty W W [ | NENT( (o B
iz q2l1 q22 q241  q25.2 q3L1 321 q323 q4211  q423 o4

' o ' " | Bases that do not match the
reference sequence are
e — highlighted by color

1 i I F
1 [ | 1 i
LT T e P e BT D T o E o O T GEERE gy

eeeeee ce e 23 I LT T RRAT TR A

l4 tracks loaded ||chr1:95,638,054 Il |[238M of 397M
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SNVs and Structural variations

* Important metrics for evaluating the validity of SNVs:
— Coverage
— Amount of support
— Strand bias / PCR artifacts
— Mapping qualities
— Base qualities

* Important metrics for evaluating SVs:

— Coverage
— |Insert size

— Read pair orientation

RNA sequencing and analysis



Viewing SNPs and SNVs

® O O IGV
 Human hg18 s | chr1 4| chr1:9,718,605-9,718,645 Go Ft « » @ [ = 2 RN AR RANANAN] N
p36.23 p36.12 p34.3 p33 p321 p31.1 p22.2 p21.1 pl3.1 ql2 q21.1 q23.1 (g24.2 q25.3 q313 q32.2 g4l q42.2 q44
- 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
iTi
iTi
iTi
i
i
i
iTi
i A
A iTi
i
WGS Alignments [
i A
T iTi
i
i
iTi
iTi
iTi c
i
i
i
i
iTi
i
|
Sequence =(I[C T T €C T T A TZCC G G AGTTTU CCCGGAACGGAGA T T A A GCZCAG
RefSeq genes K K D A L K G S R L T L G A
CLSTN1
|
SNP Calls
snp1

5 tracks loaded chr1:9,718,618
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Viewing SNPs and SNVs

IGV
Human hg18 | | chrl % | Isnp2 Go 1 « » @ = 2 =] e g
p36.23 p36.12 p34.3 p33 p32.1 p31l.1 p22.2 p21.1 pl3.1 ql2 g21.1 g23. q24.2 q25.3 q313 g32.2 g4l q42.2 q44
- 41 bp =
159,464,340 bp 159,464,350 bp 159,464,360 bp 159,464,370 bp 1
| | | | | | |
[0- 58]
WGS Alignments Coverage
G G A c C G Ic!
[ A A A A A A
G A A A A c cc (o] Icl
T G cc icli
T G CHC Icl
A A AlTIG
icl
G P
G G A i
G G [
i
i
i
P
WGS Alignments | | A (c:
G P
G AT G T [
[ (o] c
i
i
G i G
i
i
A i
c c i
i
A i
[
P
Sequence =»///[A G T AT CGGGGAGATGACTACACAGCT CACTT CTSGACCTCTAGSGA
RefSeq genes E Y R G D D Y T A T L T L G
TOMM40L
|
SNP Calls
snp2
5 tracks loaded |fehr1:159,464,376 i |[236M of 376M

RNA sequencing and analysis




TTTTTTTTT

Viewing Structural Events

« Paired reads can yield evidence for genomic “structural
events”, such as deletions, translocations, and inversions.

« Alignment coloring options help highlight these events
based on:

 Inferred insert size (template length)

« Pair orientation (relative strand of pair)

RNA sequencing and analysis
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Paired-end sequencing

DNA or
cDNA

Fragment and — /\ b

size select

Fragment
number

Fragment size

RNA sequencing and analysis




Paired-end sequencing
DNAGE o N S ——T T ———

cDNA
Fragment and — /\ S
size select _ .
Insert size
1
Read from J \
each end — - — — — -

RNA sequencing and analysis



Paired-end sequencing
DNAGE o N S ——T T ———

cDNA
Fragment and — /\ S
size select _ .
Insert size
|
Read from J !
each end — - — — — -

AN o

Reference

inferred insert size

RNA sequencing and analysis
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Interpreting inferred insert size

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

« Deletions
 |nsertions

* Inter-chromosomal rearrangements: (Undefined
insert size)

RNA sequencing and analysis
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Deletion

What is the effect of a deletion on inferred
Insert size?

RNA sequencing and analysis
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O R F—
Genome

Subject +
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Deletion

O —
Genome

Subject -
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Deletion

O R F—
Genome

q h
R A
\
\ /4
\ ]
\ 4
\ 4
\ ]
\ /4
N 4
Subject *
q. ............. h
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Deletion

Inferred insert size is > expected value

Reference
Genome [ S
— ——
\ J
|

Inferred insert size

Subject —o b

expected insert size
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Color by insert size

NA12878.bwa.sort.rmdup.realign -1

am Coverage : I

NA12878.bwa.sort.rmdup.realign.bam |

NA12878.bwa. | L0
am Rename Track... '

Copy read details to clipboard | '

] |
———  Group alignments by > :
NA12891.bwasa  Sort alignments by 3 eI P
am Coverage Color alignments by (N no color
) v insert size
v Shade base by quality pair orientation

NA12891.bwa.sa v Show mismatched bases insert size and pair orientation
am Show all bases resdistr=nil

View as pairs first-of-pair strand

Go to mate read FIJ"OUP
_— View : . — sample
e | \16.'j, mate [E‘QIOH .m split screen tag
e Setinsert size options ...

bisulfite mode =

RNA sequencing and analysis
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Deletion

-

File View Tracks

fuman hgl

Help

Note drop in coverage

DATAFILE
DATATYPE

108,154-164,110,132

NA12878 SLX (CEU daugh
ter) Coverage

NA12878 SLX (CEU daugh
ter)

S NAME

Il

I

|
|- | I
! [T
! Il
a [
! I \
| [
I
! \ \
I Il |
[ R I \
! |
! Lo I
! \ \
! [ \
; - | [ 4 |
(] I I
[ || \
Il - |
J -
- |
£ | |
| | 1
Fi W

RefSeq genes

NAL12878.deletions. 10kby]

Pairs with larger than
expected insert size
are colored red.

chr3:164,109,473

i 301M of §05M
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Insert size color scheme

« Smaller than expected insert Size. g
» Larger than expected insert size: I
 Pairs on different chromosomes

Each end colored by chromosome of its mate

B BT . ENEE I I EEE =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X ¥
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Rearrangement

ANon IGV - Session: jUsers/jrobinso/ICV/Starr/gbm 1 88_sesswon. xml
¢hr1:19,306,846- 19,307,935 <-> che6:123986.589-123 987,678 @ X

el e b
AN B B R TEREIRIl L W B el e | B & 8 B | dida e

: CHR 1 CHR 6

T

TUMOR || = = - B
NORMAL || =

:

: B

L] v

RafSeq genes m
- 1 UEr4 U TETN _'

6 tracks loaded b | 128M of 231M
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Rearrangement

IGV - Session: jUsers/jrobinso/ICV/Starr/gbm 188 _sesswon xml

chr1:19,306,846- 19,307,935 <-> che6:123,986,589- 123,987,678 @ X

el u b
U0 U0« 1N < N RO WOWOW w

;; CHR 1 CHR 6

TUMOR

NORMAL

br

u.- = '{w
’” Color indicates mateis |- = m
’_ On ChrOmOsome 6 3 b | 128M of 231M =
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Interpreting Read-Pair Orientations

Orientation of paired reads can reveal structural events:
* [nversions
* Duplications
* Translocations
 Complex rearrangements

Orientation is defined in terms of
* read strand, left vs right, and
e read order, first vs second

RNA sequencing and analysis
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Inversion

Reference T

genome
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Inversion

Reference — .
genome
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Inversion

Reference . T

Genome A B

Subject L .,
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Inversion

Reference — -

Genome A B

Subject I
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Inversion

Reference — -

Genome A B
q
A
|
i
|
|
|
|
Subject B T
| B A
q. ....... h
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Inversion

Reference — -

Genome A B

q q

/’7
’/
,I
’/
’/
,I
’/
Subject _
B s A
q. ....... h
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Inversion

Reference — -

Genome A B

Subject I
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Inversion

Reference — -

Genome A B
) —

A

A

|

|

i

i

i

Subject L

B A

—- .- — |

— .-
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Inversion

Reference — -

Genome A B
q q
<I_V S
\\
N
S
S
S
N
\\
N
Subject (G S
B S, A
q. ....... h \\
q ....... h
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Inversion

Reference — -

Genome A B
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Inversion

Reference —

Genome

Anomaly: expected orientation of pair is
inward facing (=—p <=

RNA sequencing and analysis
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Inversion

Reference — .

Genome

“Left” side pair
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Inversion

Reference — -

Genome A B

“Right” side pair
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Color by pair orientation

NA12878.bwa.sort.rmdup.realign [0-61

am Coverage |

NA12878.bwa.sort.rmdup.realign.bam

NA12878.bwa.sort.rmdup. } | Il
= Rename Track... '
L ] e I
Copy read details to clipboard | !
. l
Group alignments by 3
am Coverage Color alignments by 8 no color

insert size

v Shade base by quality

v Show mismatched bases insert size and pair orientation

NA12891.bwa.sort.rmdup.
Show all bases

= read strand
View as pairs first-of-pair strand
Go to mate read gl;roup
[iew o r S SCr sample
\A12892.bwa.sort.mdup| \'IQ.’? mate r'e(110n 'm split screen tag
am Coverage Set insert size options ... g
bisulfite mode 3
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Inversion

000 IGV
File View Tracks Help
['H Go £t «|» @ O = EIereeerrrereer =]

Note drop in coverage
at breakpoints

| — | —
Q2211 q2212 q222 q223

26,296,500 bp 26,296,600 bp 26,296,700 bp

=TT
=
ek
= o o

NA12878 SLX (CEU daugh (0 - &0} m
ter) Coverage "
[ | L ]
- - 4 \
Il Il s | I |
o A
H .| I | a4 |
D \ [ | 4
I | s U
1 |- | — 4 4 |} -
AT
L . 1 2 |
! | I -
\ L |
NA12878 SLX (CEU daugh D I ||
|

|
|
|
|
|
|
|
|
|
|
|
|
!
. - amu Nl
ter) i
i
|
|
|
|
|
|
|
|
|
|

Sequence - L IR TRRR R TL RN T DR TR TR AR U DU TR L AR TRUNT(ITRRR T ARTATI DT TINAT SUNTRRATC 1T T TTRNR IO T AL AT R TR TTRATER LICTTOR TURTTR RN TR Tk i L
RefSeq genes

APP

chr21:26,296,750 i 330M of450M\
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Interpretation of read pair orientations

Category lllumina SOLID
[ 1 1 1 1 '2 2' '1
LR c—= — —b '4— e r—b OR 4—1 4—
[ ' 1 1 2 2 1 .
L = == —>  —p - = " 4= —»
[ [ 1 1 '1 '2 '2 '1
RR em = - - = OF = e
[ ' 1 1 '1 2' '2 1 '
RL o= = - —> = R = —p

LR Normal reads.
The reads are left and right (respectively) of the unsequenced part of the
sequenced DNA fragment when aligned back to the reference genome.

LL.RR Implies inversion in sequenced DNA with respect to reference.
RL Implies duplication or translocation with respect to reference.

These categories only apply to reads where both mates map to the same chromosome.

Figure courtesy of Bob Handsaker
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|GV hands-on tutorial

https://github.com/griffithlab/
rnaseq tutorial/wiki/IGV-Tutorial

RNA sequencing and analysis



We are on a Coffee Break &
Networking Session
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