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Data Analysis

Abstract

Conclusion

The Data Analysis component of IRIDA will provide a set of standard data analysis pipelines that can be executed on data
stored within IRIDA. Galaxy will be used for performing data analysis and managing provenance information for each
analysis.

The continuing decrease in the cost of genomic sequencing and the development of new data analysis methods has led to the increasing usage
of whole genome sequencing as an epidemiological tool. Whole genome
sequencing can provide a high-resolution snapshot of the relationship
among pathogens and lead to a greater ability to identify and track infectious disease outbreaks. Initiatives, such as Global Microbial Identifier, have already started the discussion on developing a system and
standards for genomic epidemiology. In our project, IRIDA (Integrated
Rapid Infectious Disease Analysis), we propose a platform for genomic
epidemiology which provides secure storage of whole genome sequence
data, epidemiological metadata, data analysis pipelines, visualization of
results, a REST API, and a federated data sharing model. Galaxy has already proven to be a useful application for integration of common bioinformatics tools and data, execution of data analysis pipelines, collection
of results, and data sharing. In addition, Galaxy provides a REST API for
programmatic access to running instances of Galaxy. We intend to leverage Galaxy as much as possible by interacting with locally installed Galaxy instances via the API to execute pre-defined data analysis pipelines,
store data results and Galaxy histories, and manage installed bioinformatics tools. Direct export of whole genome sequencing data to instances
of Galaxy will be provided for more complicated analysis. IRIDA will
be released as free and open-source software and make use of common
data standards to facilitate sharing with other genomic epidemiology platforms. More information will be made available at http://irida.ca.
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Galaxy workflows will be maintained and distributed using a locally
installed Galaxy Tool Shed8.
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Output files from Galaxy workflows
will be uploaded back into IRIDA for
storage. Provenance information for
each analysis will be kept for later
access.

Input

y

10
Output

11. External
Tools

I
P
A

Introduction

Results can be further explored by
transferring data to external tools.
This can be accomplished either by
using the IRIDA API or by exporting the data from the IRIDA web
interface.

In silico Sequence
Typing

Modern epidemiology is making a greater use of genomic information as
a valuable resource during an investigation. The wealth of information
gained through whole genome sequencing of pathogens offers the potential to enhance the information from existing labratory-based techniques.
This has been demonstrated during investigations such as the 2008 Listeriosis outbreak in Canada1, and the 2010 Haiti Cholera2,3 outbreak. The
decreasing cost of whole genome sequencing has lowered the barrier of
entry for generating whole genome sequence data, but the complexity of
storage, management, analysis, and sharing of this data has limited the
use of whole genome sequencing during a real-time outbreak investigation.
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7. Galaxy Workflows
Workflows within Galaxy will be
used to implement the different analysis types. Input data will be gathered by IRIDA and sent to an instance
of Galaxy using the Galaxy API7. A
pre-installed workflow within Galaxy will be executed on this data to
perform the analysis.

During an epidemiological investigation, data is gathered from many different sources and stored in a variety of formats including paper forms,
spreadsheets, electronic databases, and files. This data may be dispersed
among many institutions, each of which has their own policies for data
sharing. Proper interpretation often requires access to this disperse set of
data and any of the analysis results being generated.
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Variant Annotation

Analysis of whole genome sequence data, in particular, often requires
the usage of complex bioinformatics tools running within a high-performance computing environment. Rapidly changing software and the lack
of analysis standards further limit the use of whole genome sequence data
to experts who spend a great deal of time on interpretation of the results.

11

C

Whole Genome
Phylogeny

Genome Assembly
and
Annotation

Input

Visualization of the results and
metadata will be provided both
within the web interface as well as
by external software.
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6. Analysis Types
Pre-defined analysis types will be
available within IRIDA. Some examples include:
A. Genome Assembly and Annotation
B. In silico Sequence Typing
C. Whole Genome Phylogeny
D. Variant Annotation

Galaxy4,5,6 has reduced some of this complexity by providing a storage
area for whole genome sequence data and access to the necessary tools
to perform analysis on this data. IRIDA is an in-development platform
attempting to further address some of these complexities by providing a
centralized repository for whole genome sequence and epidemiological
data, standardized analysis pipelines implemented using Galaxy, and a
method to securely share data among other epidemiological platforms.
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The use and availability of whole genome sequence data for epidemiological investigations will continue to increase as genomic
sequencing becomes cheaper. This will increase the demand for
methods to store, process, and manage this vast amount of information. IRIDA will attempt to meet this demand by providing a central storage area for genomic and epidemiological data, standard
data analysis pipelines implemented using Galaxy, and a mechanism for securely sharing data.
We foresee many genomic epidemiology platforms co-existing in
the future, with Global Microbial Identifier providing a common
ground for the sharing of data and analysis methods. By applying
Galaxy and the Galaxy Tool Shed as the mechanism for the definition, execution, and sharing of workflows, we will make use of
Galaxy as another common ground among researchers for the development of standards for whole genome sequence analysis. We
plan to share the data analysis methods and code we develop and to
make use of analysis methods developed by others. This will help
benefit the larger scientific community in moving towards standards for the integration of whole genome sequencing data with
epidemiological investigations.
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Data Access and Management

Data Sharing and Security

The Data Access and Management component of IRIDA will provide mechanisms for the storage and access
both of genomic sequence data as well as epidemiological data.

The Data Sharing and Security component of IRIDA provides mechanims for securely sharing data among
other data analysis platforms.

1. Web Interface

Epidemiological Data

A user’s main entry point to IRIDA will be a web
interface. This provides a standard look and feel
as well as the ability to manage the data uploaded
through a variety of mechanisms and the analyses
results generated from this data.
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5. Projects

12. Share with Galaxy

The genomic sequence data and epidemiological
data will be grouped together into projects. Each
project will have an associated set of users who have
permission to access data within that project. Projects will also contain the results of data analyses run
within the project.

For more advanced analyses, genomic data can be
directly shared with pre-configured external Galaxy instances by placing the data into a Galaxy
Data Library or History using the Galaxy API.

15. Share With Remote
IRIDA Instances
API
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Data within an IRIDA project can be linked with
remote IRIDA instances that have been pre-configured to allow sharing of data. Access control
on the data will be handled through a federated
authentication and authorization protocol.
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API

2. REST API
An alternative method to access the data within IRIDA is via the REST API. Many tools under development for IRIDA will make use of this API for access
to IRIDA.
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4. Epidemiological Data

3. Genomic Sequence Data
Genomic sequence data for a pathogen sample can be
uploaded to IRIDA with the help of small uploader
tools. These uploader tools, written to target specific
sequencing platforms, parse the information generated by a genomic sequencer and upload the sequencing data via the REST API. The sequencing data can
later be managed by users via IRIDA’s web interface
or accessed using the API.
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Green - PMS 361
Blue - PMS 2758
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IRIDA will provide support for storing and managing metadata about each of the samples being uploaded. This type of data will include the date of
collection, geographic information, organism name,
and microbial typing information for a sample. Access to this metadata will be provided via the REST
API and the web interface.

13. Data Security
Only certain types of data will be allowed to be
shared and access control to this data will be applied. For sharing more sensitive information,
data masking can be used to anonymize the data.
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Other Genomic
Epidemiology Platforms

14. Genomic Epidemiology Data Sharing
Sharing of data with other remote genomic epidemiology platforms will be supported. This will be
facilitated by a common API which will be implemented by IRIDA.

