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Presentation Topics 



 Data Volume 
 Hundreds of millions of results from thousands of high 

throughput assay runs 

 Data Variety 
 Clinical, Demographic, Assay & Specimen Data 
 Scientific data annotation 

 Collaboration 
 Investigators aren’t all in the same place 
 Need secure, selective data sharing 

 Broad Range of Analyses 
 Queries, Reports, Domain Specific Tools 
 Custom Novel Applications 
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Why Scientific Data Integration 



 Core team came from software industry, not 
bioinformatics 

 Moved to Hutchinson Center to work on proteomics 
for biomarker discovery 

 Expanded from there into 

 More assays 

 Study data management 

 Lab Data Management 

 Network Data Management 
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Evolution of LabKey Server 



 Problems Faced 
 Number of reads from MS2-based proteomics assay were 

exploding & difficult to handle on existing tools 
 Analysis Pipeline on cluster was difficult to optimize 

 Solution 
 The original LabKey Server (CPAS) 
 Pipeline to run MS2 analysis jobs via web browser and load 

results into Database 
 Web based analysis tools to view, combine & share results 
 Lots of Data 

 More than 90,000 MS2 Runs 
 More than 700,000,000 peptide identifications 

 Rauch et al, Journal of Proteome Research, 5/2006 
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Proteomics.fhcrc.org 
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Proteomics Examples 



 Problem 
 Lab using Flow Cytometry to measure intracellular cytokines in 

many samples 
 Per-run quantity of data increasing 
 Need consistent analysis within an experiment type 
 Cross-run analyses 
 Each experiment type may have different statistics 

 Solution: LabKey Flow 
 High-throughput flow analysis engine 
 Loading of flow statistics 
 Adaptable data model for varying analysis types 
 Query tools for analyzing data 

 Shulman et al, Cytometry A, Sep 8 2008 
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Flow Cytometry 
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Flow Results 
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View Graphs 
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Customize View 



 Problems faced 
 Combine many data types for HIV Vaccine studies 

 Clinical Response Forms (CRF), Specimens, Many Assays 

 Enable secure collaboration for scientists worldwide 
 Allocate & distribute valuable specimens 

 Solution 
 Secure web portal for HIV Vaccine Enterprise Data 
 Used by several networks to share data 

 CHAVI, CAVD, HVTN, HPTN (3000 Users Worldwide) 

 Core software was written by LabKey 
 SCHARP runs Atlas 

 Defines available data and relationships 
 Manages security and permissions 
 Manages data loading 
 Builds custom modules 

 Nelson et al, BMC Bioinformatics, March 2011 
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Atlas – SCHARP Data Portal 



Data Viewers 
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Atlas Data Flows 

LIMS 

Labs Assays 

Leadership 

Collaborators 

Labs 

Forms 

Sample Info 
labid uspeci txtpid parusp drawdm drawdd drawdy

262 4633 9.99E+08 4632 3 23 2005

308 13472 9.99E+08 13471 3 23 2005

262 4641 9.99E+08 4640 4 14 2005

262 4650 9.99E+08 4649 5 9 2005

262 4652 9.99E+08 4651 5 11 2005

308 13480 9.99E+08 13479 5 11 2005

262 4668 9.99E+08 4667 4 13 2005

308 13486 9.99E+08 13485 4 13 2005

262 4684 9.99E+08 4683 5 11 2005

262 4751 9.99E+08 4750 6 21 2005

308 13560 9.99E+08 13559 6 21 2005

262 4769 9.99E+08 4768 6 28 2005

308 13578 9.99E+08 13577 6 28 2005

262 4850 9.99E+08 4849 6 1 2005

262 4897 9.99E+08 4896 8 17 2005

262 4898 9.99E+08 4896 8 17 2005

262 4914 9.99E+08 4913 8 30 2005

308 13933 9.99E+08 13932 8 30 2005

262 4922 9.99E+08 4921 9 1 2005

308 13941 9.99E+08 13940 9 1 2005

262 4934 9.99E+08 4933 9 14 2005

308 13953 9.99E+08 13952 9 14 2005

262 4935 9.99E+08 4933 9 14 2005

308 13954 9.99E+08 13952 9 14 2005

262 4950 9.99E+08 4949 9 28 2005

308 13969 9.99E+08 13968 9 28 2005

262 4951 9.99E+08 4949 9 28 2005

308 13970 9.99E+08 13968 9 28 2005

307 773 9.99E+08 772 8 24 2005

307 774 9.99E+08 772 8 24 2005

307 800 9.99E+08 799 8 30 2005

307 801 9.99E+08 799 8 30 2005

Data Providers 

CRF 
DOB 

BP sys 

BP dia 

Notes 

 Atlas Web + Database 

Servers 
 



Participant Gender CD4+ Hemoglobin Specimen Available? 

249318596 Male 420 12.2 5390.204.36 Yes 

249320107 Female 344 13.2 2493.404.56 Yes 

249320127 Male 897 21.0 2493.323.33 Yes 

249320489 Male 234 16.4 2493.789.44 No 

249320897 Female 893 12.9 5266.440.61 Yes 

Combining Data 

Demographic Data Assay Data Specimen Data 
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Study Page 
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Dataset 



Participant View 
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Participant Specimen Summary 



Data Viewers 

 

Lab Data Flows 

Labs 

Assays 

Leadership 

Collaborators 

Labs 

Lab Data Process 
 Atlas Web + Database 

Servers 

1. Request Specimens 

2. Run Assay 

3. Upload Spreadsheet 

and Metadata 

4. Automated Transform 

and Analysis (optional) 

5. Review 

6. Copy to Study 
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Assays: upload example 

Piehler et al, BMC Immunology, May 2011 



 Dozens of small applications needed for different 
groups 

 Most used data already in LabKey System 

 But custom workflows, reports & analysis required 

 SCHARP has detailed knowledge of the requirements 

 LabKey provided an API and simple application 
building tools 
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Custom Applications 



 Internal Quality Control for Sample Processing 

 Cell Yield & Processing Time 

HVTN IQC 



 Tools for tracking information about studies 

RV144 Followup Study Tracking System 



 Problem 
 30 years of daily data on thousands of animals 
 Clinical staff & vets need health record 
 Researchers need scientific data 
 Colony Management is an ongoing problem 

 Solution 
 EHR is a a specialized, ongoing “study” 
 LabKey enhanced scalability of study solution 
 LabKey enhanced API 
 LabKey wrote tools to transfer data into new EHR within minutes of 

entry into old EHR 
 Now LabKey EHR is only one in use 

 Wisconsin Primate Center built custom views & reports to analyze the 
data 
 

 
23 

Primate Electronic Health Record 



Primate EHR 



 Problem 

 Sharing clinical trial amongst distributed teams 

 Publish data in support of studies 

 Solution 

 ITN TrialShare 

 Publish Study Capabilities 
 Support for point in time access to study data 

 Copy protected data 

 Interactive access to publication data 

 Improved Visualization 
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ITN Trial Share 
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ITN TrialShare 
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Visualization with Participant Groups 
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nPOD – Network for Pancreatic Organ Donors 
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Ancillary Studies 

Study Initiation 

 

1. Hypothesis generation 

2. Proposal review 

3. Creation of protocol or plan 

  

Study Execution 

 

4. Consent verification or acquisition 

5. Retrieval of existing data 

6. Delivery & analysis of specimens 

7. Data integration 

Results Sharing 

 

8. Data/specimen repatriation 

9. Publication 

Nelson et al, Ancillary study management systems  

a review of needs 

BMC Med Inform Decis Mak  Jan 2013 



Targeted Promeomics 
Repository 
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 Data integration is the unifying theme 
 Samples to Assays 
 Assays to Subjects 
 Subjects to Studies 
 Translational Medicine involves integrating data from “Molecules to 

Populations” (Kuhn et al 2008) 

 Data types to integrate are constantly evolving 
 Both file and “structured data types” 
 Can’t rebuild new systems for new data types 

 Tools grow as fast as data types 
 Scientists need to share data 

 Central lab doing work for distributed clients 
 Distributed group of labs contributing 
 Need to manage many users 
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User Requirements 



 

Basic Connectivity 

Labkey 

File System 
LabKey 

Database 

(PostgreSQL/MS SQL) 

LabKey Schemas 

LabKey Server 



 

LabKey Data Connectivity 

Labkey 

File System 
LabKey 

Database 
(PostgreSQL, MS SQL) 

LabKey 
Schemas 

More 
Schemas 

File System 2 SAS Share 

Data 1 

Data 3 

Oracle 
MS SQL  

Database 
My SQL 

LabKey Server 



 Data Model 

 Security 

 Extensibility 

 File Handling 

 Assays 

 Data pipelines to get data in 

 Reports & visualizations to get data out 

 Auditing 
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Major Feature Areas 



 Consistent 
 User interface 
 Reporting & Querying 

 Seamless data integration 
 Select columns across study, assay, specimen data 

 Extensible 
 Data types are dynamic & user defined 
 Existing data stored in external systems 

 Rich Column Types 
 Concepts, Lookups, Formatting, URL, Validation 
 Out of Range (e.g. < 30), SAS-style missing values 

 Secure: See security slide 
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Data Model Goals & Requirements 



 Data Exposed via Relational Model 

 Virtual Schema 
 Modules expose a “User Schema”  

 User Schema maps virtual tables/columns to queries on 
underlying database 

 User Schema depends on user’s permissions 

 Users typically query by editing grid views 
 Add columns from related tables 

 Filter, Sort 

 Full SQL Queries Available 
 SQL translated to underlying relational database 
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LabKey Data Model 
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Query Processing 

Relational 
DB 

LabKey 
Query 
Service 

Custom 
Application 

(Perl, R, 
JavaScript) 
Using API 

Tabular Data 

SQL Query or Table + 
Column List 

Tabular Data 
(including  additional 

metadata) 
API 

Layer 

Translated  
SQL 

LabKey Server 



 Data Model 

 Security 

 Extensibility 

 File Handling 

 Assays 

 Data pipelines to get data in 

 Reports & visualizations to get data out 

 Auditing 
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Major Feature Areas 



 Pervasive 

 Applies to data no matter how you get at it 

 Modules, Search, Reporting, Queries, API, Files 

 Easy Partitioning of Data by security context 

 Easy Administration 

 Uniform administration across applications 

 Integrates with existing authentication systems 

 Easy implementation by custom modules 

 Extensible where necessary 
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Security Model Requirements 



Files Proteomics Flow 

Fo
ld

er
 1
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er
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Data and files are visible in folders 
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Folders, Files and Data 



 Data Model 

 Security 

 Extensibility 

 File Handling 

 Assays 

 Data pipelines to get data in 

 Reports & visualizations to get data out 

 Auditing 
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Major Feature Areas 



 Users:   
 Create custom views of their data using graphical tools 

 Administrators 
 Configure LabKey Server  
 Set up projects and security. 
 Customize schema via data sets, assays, etc.  
 Create SQL queries and reports 

 Application Module Developers 
 Build Custom Modules solving particular problems 
 Modules may be private or shared, open source or not 
 File-based modules (HTML + Script + SQL + XML) 
 Java Modules (usually built by LabKey) 

 Platform Developers:  
 Build the core LabKey Server and key modules 
 Java code that is distributed in the LabKey Server distribution.  
 LabKey Software employees with few exceptions 
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Extensibility: Developers, Admins & Users 



 Needs to be available on all data in the system 

 Need flexible reporting infrastructure 

 LabKey cannot predict reports needed 

 Integrate R 

 Interactive reports are preferable 

 Grids are interactive now 

 R reports allow filtering/redisplaying data 

 Interactive graphs under development 
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Reporting 



 Files are the fundamental unit of data exchange 

 Contain structured & unstructured data 

 Sometimes huge 

 Sometimes many little files 

 Need to find the files 

 Full text search + properties 

 Need rapid & flexible file transfer 

 Need to analyze & load structured data within files 

 Extensible actions including “load data” 
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File Handling Requirements 



 Audit service available to all modules 

 Modules responsible for auditing actions 

 Easy implementation for basic data auditing 

 Would be nice if this were automatic 

 Many modules have custom audit events 
 (e.g. login, password reset etc) 

 Each audit event type can have custom associated 
data 

 E.g. list updates store old values in audit trail 
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Auditing 



 Data Integration Improvements 

 Data Loading 

 ID Management 

 Smart Union of related datasets 

 Lab Data Management 

 Data Integration for EMRs 
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Futures 



 Data Integration is a common need across scientific 
endeavors  

 LabKey Server is a platform for addressing these 
challenges 
 Secure 

 Built for specialized challenges of scientific data 

 Extensible 

 Open 

 We continue to work hard to advance the platform 
capabilities and usability 
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Key Messages 



 Partners & Funders 
 Martin McIntosh (FHCRC) 

 NCI 
 Canary Foundation 

 Steve Self (SCHARP) 
 CHAVI (NIH) 
 HVTN (NIH) 
 CAVD (Gates Foundation) 

 David O’Connor (Wisconsin) 
 Primate EHR (ARRA) 
 Genotyping Tools (NIAID) 

 Parag Mallick (USC) 
 Michael Katze (UW) 
 Immune Tolerance Network 
 nPOD 
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