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• Importance of data integration
• Data integration in practice
• Challenges and solutions for 

– Data integration
– Literature integration– Literature integration
– Usability

• Design principles learned



Data Integration is a Core RequirementData Integration is a Core Requirement

Atkins report identified macro-
level cyberinfrastructure 
needs, including data 
management

Source: Daniel E. Atkins, et. al. http://www.communitytechnology.org/nsf_ci_report 
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… but data management 
alone is not enough. Need to 
integrate that data.



Data Integration for 
Vaccines, Diagnostics and Therapeutics Research

Integration in PathoSystems Resource Integration 
Center (PATRIC) and Resource Center for 
Biodefense Proteomics Research (RCPBR)
– Multiple types of data

• Bacteria and virus genomics
• Mass spectrometry data
• Microarray data• Microarray data
• Protein structures
• Metabolic pathways

– Multiple databases
– Literature integration
– Usability engineering

PATRIC (http://patric.vbi.vt.edu) and BPRC (http://proteomicsresource.org) 
projects are funded through NIAID contract numbers HHSN266200400035C 
and HHSN266200400061C, respectively.
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Microarray Data: Display



Microarray Data: Query Tool
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Mass Spectrometry: Display



Protein Structures: Display
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• Design principles learned



Similarity as Proxy for Identification
• Challenges

– What is the tolerance for identification of gene or proteins?
– Example

• Brucella melitensis  biovar Abortus 2308 used in mass 
spectrometry experiment

• Database search software identified proteins/peptides from:
– Brucella abortus bv. 1 str. 9-941
– Brucella melitensis
– Brucella suis
– Brucella ovis

• Possible cause, Brucella abortus str. 2308 not available in 
database of protein sequencesdatabase of protein sequences

– Issues
• Can not change database search results without 

compromising integrity of experiment, but
• Database search results inconsistent with publication, 

experiment metadata and communications with 
experimenters. 

• Solutions
• Proteomics database maintains original protein 

identifications; links to genomic data in PATRIC reference 
genes of the strain used in experiment.



Data Quality Control
• Challenges

– How to ensure completeness, validity, 
accuracy and currency of data

– Data quality control is first tier 
requirement, on par with storage and 
analysis requirements

• Solutions
– Formalized process of data staging – Formalized process of data staging 

and review
– Multiple forms of data quality checks

• Future Work
– Assessing data quality in context of 

use, not just structural features
– Tolerance for error a function of use 

cases of data
– Audit during full lifecycle of data



Identifier Mapping
• Challenges

– Multiple identifier schemes
– Need to map genomic features to 

experiment results
– Potential problems

• Genome annotations not available 
yet (one of the reasons to integrate 
experiment data)experiment data)

• Potential to map to incorrect strain
• How to determine similarity cutoff?

• Solutions
– Short term, shared mapping service, 

such as EBI’s Protein Identifier Cross 
Reference Service 
(http://www.ebi.ac.uk/Tools/picr/)

– Long term, fewer ID schemes with 
equivalence mappings in Semantic Web



Data Synchronization
• Challenges

– Bulk load data vs. access on demand
• Storage/maintenance vs. performance
• Reliability and functionality of access services
• Versioning
• Time 

– Internal vs. external data sources
• Greater control with in-house databases, e.g. PATRIC and RCBPR• Greater control with in-house databases, e.g. PATRIC and RCBPR
• Detailed implementation knowledge with internal data source
• Frequency and reliability of updates with external sources
• Scalability of external data access APIs
• Limitations on amount of data extracted from data source

• Solutions
– Greater use of data access APIs
– Use of canonical data structures design pattern
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Literature Integration
• Challenges

– A top 3 requirement for infectious 
disease researchers

– Data management and synchronization
– Integrating unstructured data

• Solutions
– Use of APIs

• No local storage, fewer • No local storage, fewer 
synchronization issues, minimal 
maintenance

– Smart queries
• Dynamic on the fly queries
• Use of ontologies and taxonomies
• Faceted searches



Literature Integration
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Why Usability Engineering is 
Critical to Bioinformatics Systems
• Complex interactive bioinformatics systems and 

websites are built and released all the time

• Usability engineering
– Ensures that users’ goals and needs are – Ensures that users’ goals and needs are 

supported
– Improves user effectiveness, efficiency, and safety
– Can lead to increased productivity & satisfaction

• Usability engineering ensures release of usable
complex, interactive bioinformatics systems



Conceptual Design Philosophies
for PATRIC

• Integrated approach
– Providing seamless access to organisms, data, and 

tools without having to go to different areas of the site
• Progressive filtering

– Supporting different levels of filtering/drill down – Supporting different levels of filtering/drill down 
depending upon context

– Supporting consistent access to data at three levels: 
organism, genome, and feature

• Context sensitivity
– Offering options (e.g., controls, filters, links) 

appropriate to users’ current scope/location in PATRIC



Conceptual Design: Wireframes
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Lessons Learned: 
Data and Literature Integration 

• Quality Control
– Need to define data quality requirements in terms of use 

cases
– Preserve the integrity of source data
– Isolate inconsistencies when mapping between data 

sources; minimize propagation of errors

• Data synchronization
– Standardize data loading workflows
– Implement quality assessment and control procedures
– Minimize data duplication; use APIs for data access



Design Principles: Usability

• Integrating and applying UE process 
takes a while

– There are no instant results
– Patience with UE process pays off 

long term

• Overtime, design/evaluate cycles 

Understand Design

• Overtime, design/evaluate cycles 
become more efficient, as team’s 
understanding of user needs solidifies

• Decouple design from implementation
– Benefits software developers to off-

load usability engineering tasks

*

BuildEvaluate
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