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Why?  Judicious Use of Public Data Can Become a 
Competitive Advantage

4

Internal, Open Source
& Commercial Tools & 

Platform support

Public Domain & 
Collaboration Data

Client Data

Availability of ever-increasing amounts 
public datasets can serve to augment 
the private experiments of pharma 
companies many fold.

Difficult and time consuming for pharma 
companies to exploit this valuable 
source of research data.

Effort spent by Scientists: 
80% wrangling/curating/integrating 
versus 20% on analysis



Background and Introduction
– Study Background

– Objectives and Related Data Collection
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Public Data Sources, Challenges

• What types of metadata to collect?
• What reference source to use?
• Why repeatedly enter the same 

metadata into non-aligned tools?

• Metadata is sparse
• Wasting time finding/preparing data
• Want to use specific ontologies
• Differing accuracy/recall thresholds

Metadata is inconsistent



Enabling Better and Faster Scientific Decisions
– By creating an integrated, interoperable ‘omics’ data environment

Metadata Experimental results data

Experimental data

proteomics genomics metabolomics

high value 
‘omics 

datasets

from 
collaborations

from external 
publications

easy querying of internal and external data via underlying tables

Internal

Universal 
metadata 
model



Common Platform

Harmonising Metadata from External Sources

Public 
omics
data

vendor

fact

metadata

internal

internal

internal

• Main metadata Curation:
• Core metadata entities identified in source 
• Values mapped to preferred ontology terms
• Additional useful entities and values collected

Public Internal

‘omics data 
model

.

internal

Standards
• Universal data model

• Core metadata entities to collect 
• Entity definitions

• Preferred:
• ontologies
• entity naming (=column naming)

• Legend:
• Vendor – much of the 

metadata curation is 
outsourced to Rancho 
Biosciences

• Internal – GSK FTE focused 
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Importance of Metadata Harmonization

Ensure the 
quality and 
consistency

Standard 
vocabularies 
and model 

schema 
allow for a 

more reliable 
organization

Enable data 
integration 

across 
multiple 

omics data 
resources

Allow for 
comparative 
analysis and 
data re-use

Improve 
collaboration 

and 
communication

FAIR principles 
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Objectives of OMICs Metadata Harmonization Initiative

� Facilitates data harmonization for pooling data from disparate public 
sources, that cover a range of omics data types to be integrated with 
internally generated datasets at GSK.

� To maintain a standard, extensible multi-domain data model (version 1 
created by Rancho early in 2019). 

� To reduce the time and effort investigators are spending harmonizing 
the data and to support use and re-use of the data assets more easily.
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Landscape of Data Collection

� Are the raw metadata files already specified and 
easy to be downloaded? 

� How many raw metadata files are involved? Is 
data integration needed?

� How many data types are involved? 
� How many metadata variables need to be 

aligned to the data model?
� Are the raw data in a standard or well-organized 

format? What does the data structure look like? 
� Is a metadata pre-cleaning step required prior to 

model alignment?

Number Name Complexity
1 Blueprint Med

2 CCLE Low

3 Depmap Low

4 ENCODE High

5 GEO (324 I/O studies)* High

6 GTEx Med

7 L1000/LINCS High

8 Roadmap Low

9 TCGA Med

10 Achilles Med

11 Cancerrxgene Low

12 CGCI High

13 HCA High

14 HPA High

15 PRISM Low

16 DICE Med

17 Cytoimmunogenomics Med

18 SRA(2)/Array Express (3) Med

Considerations for metadata 
complexity assessment

* Immunology/Oncology
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Summary of Data Types



Metadata Harmonization: Innovative Solutions 

– Overview of Data Harmonization Workflow

– Project Deliverables and Reusable Resources
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…

Source1

Source2

Source n

1. Source data nominating 
and assessment

2. Alignment with respect to a 
common data model

3. Clean and quality control 
accepted data with 
domain-relevant standard 
terms

4. Delivery harmonized 
metadata in a uniform 
format

An Overview of Data Harmonization Process

Uniform metadata 
harmonization

Process with common 
bioinformatic pipelines

Reproducible data 
processing

Aggregation 
across multiple 
data sources

Post-process and 
share

1. Quality control, i.e., 
filtering of poor-
quality data,  
removing outliers

2. Integrative 
visualization and 
analysis platform

Optimization Feedback
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Raw MD 
download & 
evaluation

MD summary 
across 

multiple 
datasets

MD 
precleaning 
& integration

MD model 
alignment

MD value 
normalizations

Model 
alignment QC

Upload to 
customer 

server

Metadata (MD) Harmonization Workflow 

Data download 
QC

Intermediate 
file QC

Value 
normalization 

QC
Predelivery QC

Summary of 
final 

deliverables

Low-level

High-level

Model Update

Semi-automation
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Metadata Summary Examples

Attribute_per_row
(R script Summary)
1 file

Value_per_row
(Python script Summary)
15+1 files
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Data Model Overview

• Project
• Sample
• Process
• Product

Combination of complex 
structures across 
multiple domains:
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Model Alignment and Precleaning

Annotations 
from data 

source

Additional 
metadata added 

by Rancho
TBD: Updated 

attributes to data 
model

Normalized 
metadata aligned to 

data model
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Model Alignment Overview
57 Main Metadata Attributes Across Multiple Datasets

1=Data Available
0=No Data
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Value Harmonization Overview
Step I: Metadata summary 
based on raw/pre-cleaned 

metadata

Step II: Map to 
Preferred Ontologies 

(Low-level)

Step III: Map to Preferred ontologies 
(High-level) for selected entities 

(Disease, Tissue, Cell Type)

ü Combine robust Fuzzy matching tool with multiple rounds of manual review

ü Domain-relevant standard terms, linking terminology sources and codes

ü Map to standard terms (e.g. , DOID, UBERON, CL) at different levels of granularity 

to facilitate classification
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Quality Assurance Procedures
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Project Deliverables & FTP Data Transfer
• ReadMe 

Raw data download and storage summary, Summary of 
deliverables

• Harmonized Metadata

• Metadata_Summary_By_Script

Summary of metadata by Python or R

• Metadata_Model_Alignment_Mapping

metadata unique columns/values, model fields/code, 
metadata annotations

• Metadata_Value_Normalization_Revision_Mapping

metadata values mappings to preferred ontologies and 
additional high-level mappings

• Metadata_Quality_Control_Report

• Updated Data Model
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Example of Metadata Summary Report
“ReadMe” 

Folder
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Harmonized Metadata Layout
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57 Main Metadata Entities Aligned to 
Data Model and Harmonized
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Metadata Harmonization: Roadmap

• Developed a standard, extensible data model to accommodate the data & metadata from 
various public data sources

• Collection of 18 datasets harmonized using standard ontologies

• Data refresh when there is a new data release for on-going project



Reusable Resources and Lessons 
Learned
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Reusable Templates

Metadata 
Download and 

Storage Summary
Model Alignment 

Mapping file
Value 

Normalization 
Mapping file

Metadata Quality 
Control Template

• Project name
• File directory
• Download 

source, date, 
version

• File type
• File name
• File description
• File size

• Project Name 
• Unique Column 

Name (CN)
• Model Field Name 

(MFN)
• Model Code
• Unique Values 

(UV)
• Source 

Description

• Project ID
• Raw values
• Standard values
• Ontology Link
• Ontology Name
• Curator 

Comments

• QC check list
• QC Findings
• QC Results
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Valuable Ontology Mapping Resource

Semi-automatic curation has been an essential component of this effort to produce 

the “Gold Standard” in standard term mappings

• Standard format “Cell line name” mappings (~4,000)

• Low-level standard term mappings for “Disease” (~1,800), “Tissue name” 

(~1,400), and “Cell Type” (~700)

• “Chemical Substance Name” mappings (~20,000 from LINCS, >6,000 from 

other datasets ), “Biological Substance Name” mappings (~400)
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Lessons Learned
1. A successful data alignment and normalization requires teamwork – active 

collaboration and frequent communication

2. Document early and often, good design and specifications at early phase to avoid 

unnecessary iterations

3. Developing a conceptual data model early in the process is a key underpinning to 

everything else

4. Don’t underestimate the amount of data quality checking that is required at all levels

5. The data normalization/documentation/implementation is a living process



Significance and Application
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Metadata Summary Across All Datasets

Total Rows of data: 98,680,039

Total Subject: 16,198
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• ~60 metadata entities 
• ~130 Technology types
• 7 Organisms
• 27 Countries

Metadata Summary Across All Datasets
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Classification of “Tissue name” Across All Datasets

>300 Low-level Tissue terms are mapped to 18 high-level terms (UBERON)

Metadata Summary Across All Datasets
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Project Significance to GSK

� This effort, focused on Oncology & Immunology, has become a key 
part of GSK’s R&D ecosystem

� For first time allowing integration of internal and external data 
together and going from raw to controlled data.
– Integrated and harmonized data advances our collective understanding 

of the captured observations and measurements which brings new 
insights from advanced analytics to create impact.

� The OMICs metadata harmonization initiative has helped to drive 
internal discovery decisions and efforts



Harmonising Metadata from External Sources

NGS Schema
(on Hadoop)

Python and R 
notebooks

Gap analysis –
omics landscape

Gene expression
(e.g., RNA-Seq 

Visualizer)

(Epi)genomic 
analysis

(e.g., epigenome 
browser)

Direct SQL
(HIVE/Impala)

DataNav



High Quality, Curated Datasets 
Now Available



www.RanchoBioSciences.com

Pre-curated Datasets – One Time Fee

* Immunology/Oncology

Number Name 1st Delivered Update Fee

1 Depmap 4Q 19 1Q 21 $35K

2 Roadmap 4Q 19 $20K

3 Blueprint 4Q 19 $30K

4 L1000/LINCS 4Q 19 $35K

5 GEO (316 I/O* datasets) 4Q 19 (87)
4Q 20 (229)

$30K
$90K

6 GTEx v8 1Q 20 $30K

7 CCLE 1Q 20 $20K

8 TCGA 1Q 20 $30K

9 ENCODE 1Q 20 $35K

10 Cancerrxgene 1Q 20 2Q 21 $30K

11 PRISM 1Q 20 1Q 21 $40K

12 Achilles 1Q 20 1Q 21 $50K

13 Human Protein Atlas 1Q 20 $35K

14 Human Cell Atlas 2Q 20 $35K

15 CGCI 2Q 20 2Q 21 $65K

16 DICE 2Q 20 $30K

17 Cytoimmunogenomics 3Q 20 $30K

18 SRA(2)/ArrayExpress (3) 1Q 21 $25K

Welcome suggestions of 
other datasets where a 
cost-sharing model can 
be leveraged, including 
in other therapeutic 
areas.                                                  
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Next steps

� All datasets curated in this effort are now available for purchase and 
delivered “as-is”
– Any work to align with client’s specific infrastructure will be scoped as a 

separate effort, in addition to the pre-curated fee.
� Maintenance?

– For a fee of $5K, client can subscribe to an alert service for 12 months.
– Once a quarter, Rancho will provide a roster indicating where there have 

been updates to all data sources.
– If there are updates in datasets, then a “refresh project” for those interested 

in receiving updated versions can be discussed under a cost share model.
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Thank you!

Questions and Discussions 
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Additional Questions 1 
� Q: Was single cell data included?

• We curated a couple of single-cell datasets, such as included in “Cytoimmunogenomics” and 
“HCA” sources. Some metadata attributes that are essential for single-cell studies, such as 
“Number of cells”, “Cell Sorter”, “Gated Cell Marker”, “Library selection”, “Technology type”, “Read 
Type”, “Read Strand”, “Experiment Platform” and “Instrument Details” are captured if related 
information is available.

• Metadata is annotated at the sample level.  Predicted cell types are down to the downstream 
users.

� Q: Is the data model proprietary?  Are there plans to publish this, or are you licensing 
the model to potential other customers?

• The metadata delivery data models are no longer proprietary. The conceptual data model is 
proprietary.  

• Rancho can help clients develop data models tailored to their needs.
� Q: Can you speak to automated approaches to labeling or filter data of questionable 

or unverified accuracy?
• Using Python or R-based scripts, we generate a metadata summary for controlled metadata 

entities. This provides information on unique value of each entity. The script will also check 
whether all values for controlled columns exist in our value normalization mapping files.  All 
standard terms in value normalization files are validated using v-lookups and scripts against 
standard ontology term/code pairs maintained in Rancho’s ontology database. Using scripta, we 
also extract unique value pairs from related metadata entities. These automated approaches help 
us to identify data that are questionable or inconsistent. Meanwhile, statistical analysis is applied to 
quantitative data, to identify “impossible” values, missing values, outliers, etc.
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Additional Questions 2
� Q: dbGaP has the metadata template for NGS data submission to SRA. Does your universal 

metadata model harmonize and integrate all NCBI's data elements for NGS data?
• The current effort has focused on open-access datasets. Controlled studies that are deposited in dbGaP are 

not included in this initiative.  There are a couple of SRA studies in our 2021 delivery, where almost all 
metadata entities (sample level and project level) pulled from SRA have been successfully aligned to the 
current data model.

� Q: What were some of the key points you used within GSK and “metadata-positive” folks to 
inspire other areas of the organization to curate their metadata?

• A mix of carrot and stick!
• If users use the internal requests submission tools and fill out the minimum metadata, their sequencing and 

mass spec. etc. requests and data processing is much smoother for them. The tools have mandatory and 
expected fields, with controlled vocabulary lookup/pull-downs. Also, many metadata values are 
automatically added by context. GSK’s goal is for the data to be already annotated with metadata rather 
than getting people to annotate after the event and to automatically pass metadata along with the data 
where appropriate.

• For others with different data types from different processes, that ultimately want to put theirs into the same 
end schema, they need to provide minimal metadata using appropriate vocabulary terms. etc. Their data 
can then be pipelined and made visible in the same tools as with the other data.

• From the “carrot” side of things, if the key end scientific users get the metadata they need to answer 
questions, they will continue to commission more wet experiments.

• There have also been several talks within the R&D org. about the power of metadata.


