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A genomic data viewer for iPad
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Abstract

The Integrative Genomics Viewer (IGV) for iPad, based on
the popular IGV application for desktop and laptop
computers, supports researchers who wish to take
advantage of the mobility of today’s tablet computers to
view genomic data and present findings to colleagues.
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The computing landscape has changed significantly in
the last few years. Mobile devices are now ubiquitous,
extending the online experience beyond desktop com-
puters. While mobile devices are not yet capable of per-
forming the compute-intensive analyses required for
most genomic research, they are capable of supporting
data visualization and the presentation of findings. For
this purpose, we developed the Integrative Genomics
Viewer (IGV) for iPad, an open-source lightweight
viewer for browsing genomic data on Apple iPad tablets.
IGV for iPad is based on our popular IGV application
for desktop and laptop computers [1,2] that is known
for efficient visualization of large heterogeneous datasets,
allowing the user to zoom and pan seamlessly across the
genome at all levels of resolution. IGV for iPad offers a
select subset of commonly used data types and features
from desktop IGV, keeping a similar visual appearance
of the data layout and representation, while making full
use of the iOS user interface features that iPad users
expect.

Loading data

IGV for iPad supports a variety of data types that can be
displayed in the context of genomic coordinates, for ex-
ample, DNA and RNA sequence alignments, copy num-
ber, mRNA abundance, ChIP-Seq data, and others. The
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Tracks > Public Tracks menu lists a number of sample
public datasets that are relevant for the currently se-
lected reference genome. These include DNA sequen-
cing data from the 1000 Genomes project [3], RNA
sequencing data from the Human lincRNA Catalog [4,5],
based on Illumina’s Human BodyMap 2.0 data [6], and
production data from The Encyclopedia of DNA Ele-
ments (ENCODE) Consortium [7] project website [8].
As the ENCODE data include more than 20,000 files,
IGV for iPad automatically filters the ENCODE track
menu (see Figure 1) to show only data types supported
by the app, including raw signals, processed peaks, splice
junctions sites, sequencing alignments, and more. Enter-
ing one or more terms into a search box will further fil-
ter the datasets, and at any point, the user can select
one or more of the datasets to load into IGV for iPad.

IGV for iPad is not limited to the datasets provided in
the Public Tracks menu. A user can load any dataset
through the Tracks > My Tracks menu, as long as the file
is accessible via a web address (URL) and is in one of
the supported file formats, which currently include
BAM [9], WIG [10], BIGWIG [11], TDF [12], SEG [13],
and BED [14]. The file can be hosted on the web or on a
local intranet, and the mechanism for making the file
accessible is independent of IGV. However, as a conveni-
ence for our users, on our website we provide step-by-
step instructions for some easy-to-use options for
sharing data on the web (see [15]). These options in-
clude: (i) Dropbox [16], a popular commercial web-
based data-hosting service; (ii) Simple Storage Service
(S3), a data-hosting service provided by Amazon Web
Services [17]; and (iii) GenomeSpace [18], a freely-
available environment for integrative genomics analysis,
which also allows its users to upload data files to cloud
storage and share them with collaborators or make them
publicly available.

Viewing data

Once the data are loaded into the app, familiar touch-
based gestures are used to interact with the view. For ex-
ample, swiping will pan across the genome, and tapping
on the chromosome ideogram will center the view on

© 2015 Thorvaldsdottir et al,; licensee BioMed Central. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public

Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated.


https://core.ac.uk/display/194298009?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:helga@broadinstitute.org
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/

Thorvaldsdottir et al. Genome Biology (2015) 16:46

Page 2 of 6

CELL

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

GM12878

gm12878 chipseq bigwig

DATATYPE
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq
ChipSeq

ChipSeq

ANTIBODY
Input

CTCF

EZH2_(398...

H2A.Z

H3K4me1

H3K4me3

H3K27ac

H3K27me3

H3K27me3

H3K36me3

H3K4me1

H3K4me2

H3K4me3

H3K79me2

H3K9ac

H3K9me3

H4K20me1

ATF2_(SC-...

ATF2_(SC-...

10:23 PM

VIEW
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
RawSignal

RawSignal

REPLICATE

TYPE
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig
bigWig

bigWig

100% (=)

© Cancel

LAB
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
Broad
HudsonAlpha

HudsonAlpha

or more to load.

Figure 1 Searchable menu for ENCODE tracks. A table lists the datasets available on the ENCODE project website, showing only those that
can be viewed in IGV for iPad. The user can also search and filter on dataset attributes to narrow down the dataset choices before selecting one

the selected region. Pinching in and out changes the
zoom level, but a slider also provides the convenience of
moving quickly through many levels of genome reso-
lution. Entering a locus or gene name in a search box
will zoom to the specified region.

Data tracks in IGV for iPad are very similar in appear-
ance to IGV on desktop computers. Aligned sequencing
reads are drawn as grey horizontal bars, with variant bases
highlighted in color. Color intensity indicates the quality
of the base call. Sorting the reads by base is a useful tool
when viewing the sequencing data supporting a putative

single-nucleotide polymorphism (SNP) (see Figure 2).
When RNA sequencing reads span exon junctions, they
are split into segments when aligned to the reference gen-
ome sequence. IGV connects these split read segments
with a thin line across introns (see Figure 3). IGV dynam-
ically computes the depth of read coverage in the viewed
region and displays a coverage bar chart in addition to the
individual reads. The coverage chart also highlights with
color any loci where a significant number of reads do not
match the reference genome. Segmented copy number
data are drawn as horizontal bars, with a red/blue
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can further highlight a putative SNP.

Figure 2 DNA sequencing data. Color is used to highlight variant bases in the grey bars representing aligned reads. Sorting the reads by base

heatmap coloring scheme where the hue and intensity
indicate the copy number level. Numeric data are pre-
sented as vertical bars, with the height representing the
data value.

Launching IGV for iPad from web links

In addition to starting the app from the icon on the iPad
Home screen, users can launch IGV for iPad from links
embedded in web pages, documents, and email mes-
sages. The same links will launch IGV on an iPad or a
desktop computer, depending on the user’s device. The
links can also specify the reference genome to use, one
or more datasets, and the initial viewing locus. Import-
antly, users can easily create these links to serve as
“bookmarks” to views of their datasets and then share
them privately with colleagues or publicly with the sci-
entific community. A number of genomic data web por-
tals take advantage of these links to allow their users to

launch IGV to view specific events of interest in the
data. For example, The Cancer Genome Atlas (TCGA)
[19] Copy Number Portal [20] presents somatic copy
number alterations across multiple cancer types from
data generated at the Broad Institute TCGA Genome
Characterization Center. The portal allows users to
query pre-defined analyses to see copy number alter-
ations affecting an individual gene across multiple can-
cer types, and significant regions of amplification and
deletion in individual cancer types. When viewing the
portal website on an iOS device, tapping on links in the
query results will launch IGV for iPad to display the
underlying segmented copy number data (see Figure 4).
A touch-and-hold gesture on any data track in the app
brings up a context sensitive menu. For segmented copy
number data, the menu includes an option to sort the
samples by the level of amplification and deletion. In the
figure, the samples have been sorted by deletion.
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Figure 3 RNA sequencing data. Thin lines connect RNA read segments across splice junctions.

Challenges

Development of a genomic viewer for a mobile platform
presents challenges due to limited memory and disk
space in comparison with desktop and laptop computers.
Also, the iPad device does not have a general-purpose
file system for storing and managing data files. Data are
loaded into IGV for iPad across the wireless network. To
minimize data transfer and memory usage, we drew on
lessons learned from our experience developing desktop
IGV:

(1)We implemented support for file formats that were
designed to allow reading relatively small portions of
the file at a time, so the app can load data only as
needed when regions come in to view. Examples of
data types that can take advantage of these formats
include large gene annotation files such as the
RefSeq gene track (indexed BED format), aligned
reads from next-generation sequencing (BAM

format), ChIP-Seq signal data (TDF and BIGWIG
formats), and whole-genome sequencing coverage
(TDF and BIGWIG formats). We note that IGV for
iPad also supports the simpler plain WIG and BED
formats for smaller datasets.

(2)For aligned sequence data we only retrieve data

from the source file when the view has been zoomed
in to a sufficiently small region so that individual
aligned reads (on the order of tens of bases in
length) can be distinguished. Also, the app reduces
the number of reads kept in memory by using a
reservoir sampling method to randomly choose
alignments to draw, and discards all others. The bar
chart showing the read coverage at each locus is
computed before any reads are discarded and always
shows the true coverage levels. Parameter settings
for both the zoom visibility threshold and the down
sampling can be adjusted in the IGV section of the
iPad System Preferences.



Thorvaldsdottir et al. Genome Biology (2015) 16:46

Page 5 of 6

10:13 PM

broadinstitute.org

TCGA Copy Number Portal

Browse GISTIC Data By Cancer Type

PAGE INFOA

(@ioe s TcoAPa G s K

Deletions

Cancer Type: Giobistoma mlorme. Avallable oat: 44 psks Page: [] 2 3

€hr9:21562757-22446297 0.0

chr1:7829433-8378954 1.196-56
¢he6:163769848-165686789
¢hr13:46839812.57660393 3.47€-20

5.766-27

€hr10:80617401-50033423 7.77€-18
chr14:33302882-34393377 1.04€-15
¢he1:51415116-51566271 3.86E-15
€hr19:52006505-52657049 524614
che15:33361642-39892032 435613
chr17:29327128-29711411 L13E-11
€hr3:190596748-195924172 3.626-9
€he22:47770013-49175009 39469
chrl:3535644-6468628 1466
¢hrd:178913816-183059542 2766
chr1:224350594-225115234 13765
¢hr1:92953478-93772285 45865
€hr2:233437917-233734185 81365
chr17:7540083-7583743 9.136-5
chr2:130658541-143627097 9.876-5

samples sorted by deletion.

Figure 4 Segmented copy number data. A. IGV can be launched directly from the TCGA Copy Number Portal. B. Copy number data, with
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Concluding remarks

We have found very few genomic data viewers for the
iPad, and none that are open source. The GeneWall app
from Wobblebase Inc. is designed for exploring public
gene annotations. Their premium for-fee version also al-
lows uploading personal genome information from com-
panies such as 23andMe and Complete Genomics, as
well as additional annotation tracks in simple BED for-
mat. The Genome Wowser app, from the Center for
Biomedical Informatics at The Children’s Hospital of
Philadelphia Research Institute, was available in the
Apple App Store until recently. It provided an iPad
interface to a number of tracks from the University of
California Santa Cruz (UCSC) Genome Browser, but it
did not support viewing data from any other sources.

To our knowledge, IGV is the only iPad app that sup-
ports loading and viewing a variety of types of user-
generated genomic data. IGV for iPad can load reference
genomes and datasets from any web-accessible source,
thereby allowing researchers to visualize and present
findings in their own data. Taking advantage of the flexi-
bility of web links to launch the app with pre-loaded
data at a specified locus, investigators can easily share

their findings by adding these links to their websites and
research documents.

IGV for iPad was developed using the iOS native lan-
guage, Objective C, and the app is freely available for
download from the Apple App Store. The software is re-
leased under a Massachusetts Institute of Technology
(MIT) open source license, and hosted on GitHub at
[21]. User documentation can be found on the IGV web-
site at [22].
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