OpenCGA: a scalable and high-performance platform for big data analysis
and visualisation in genomics
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ABSTRACT

Currently, typical large-scale clinical genomics studies consist of ten of thousands of whole
genome sequences. Managing these projects requires a platform with the ability to analyze billions
of unique variants over hundreds of terabytes of data. OpenCB is an open-source project that
implements a high-performance, scalable and secure platform for genomic data analysis
(OpenCGA) and interactive visualisation (IVA).

ARCHITECTURE

OpenCGA relies on current big data

technologies such as Hadoop, Spark,

MongoDB and Solr to implement an
Catalog advanced analytical variant storage
: engine that can index and aggregate
thousands of whole genomes a day
and allows performing real-time
queries, genotype aggregations,
quality control and genomic analysis
such as GWAS and knockout analysis.
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PERFORMANCE

Number of loaded genomes per hour

300 \ /,/‘\

< = 2
N SN,

/ .~ ——e_ PRREE S .
200 \ g/ 2-Ji N O i S

Loaded files

0 00 00 00 1o 1O o o® . o® L o® o® 0O oo 00 o O o o ® o® o® OO 0O o 0O 0O o (o O O ®
20 AN, 4 0, 6D D S04SR, &S, o o 3 w0 6 0, O O, g 80, O 80 O 8 (8 S S S R G, (%4
00T 0 S0 10T 0¥ 10 M08 1101011102 10T G A G\ g\ G AT g AN 15 61810 110 2,0V 0 0 Thio Tia B 0 S 100 V0 F 110 3110 K10 S 10 6 o 1o
B ] T N N I e B Y S i I S g R T N O A A AR AR R AT N
S e Yoo el e e e e S e P e T e ep S P Shei e Sl e 8 1% 00 ol ool el TS ool Tp i oo Sopi o o

o W o
N &S, 008
DAY

In a Hadoop cluster consisting of 30 nodes and a LSF queue, the loading performance was about 240
genomes per hour or 6,000 samples a day (Concurrent files loaded: 60, Load time per file: 15
min). CellBase was then used to annotate each variant in the database, this annotation include
consequence types, population frequencies, conservation scores clinical info... Variant annotation of the
585 million unique variants took about 3 days, about 200 million variants were annotated per day.

DATA MODEL

A genomic data analysis platform need to keep track of different
resources such as metadata of files, sample annotations or jobs.
OpenCGA-Catalog aims to collect and integrate all the information
needed for executing genomic analysis. This information is
organized in nine main entities:

- User: data related to the user account.

- Project: information of a project, covering as many related studies as
necessary.

- Study: main space set environment. Contain files, samples, individuals, jobs...
- File: information of a submitted or generated file.

- Sample: information of the sample. Closely related to file entity.

- Individual: information of the patient.

- Cohort: sets of samples with some common features.

- Disease panel: set of variants, genes and/or regions of interest.

- Job: job analysis launched using any of the files or samples.
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INTERACTIVE VARIANT ANALYSIS

The Interactive Variant Analysis (IVA) tool is an OpenCB project implemented to facilitate the filtering,
analysis and interpretation of whole genome variant data. IVA is an interactive visualization client for
OpenCGA, making it easy to work with clinical interpretation and variant information stored in a Catalog
and Variant storage instance.
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CONCLUSION

OpenCGA has proven to scale and perform very well to nearly 100,000 whole genomes
accounting for 584 million aggregated variants or 40TB of data. OpenCGA is used as a data
platform at GEL and other big genomics institutions, and it is available at Microsoft Azure. In
addition, it implements a rich RESTful web service APIl, a command line interface and multiple
client libraries. An Interactive Variant Analysis (IVA) browser is provided to analyse and visualise
biological information from various data sources. OpenCGA is open-source and part of
OpenCB suite. http://docs.opencb.org/
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