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Purvesh Khatri, Ph.D.  A self-professed “data parasite”



Khatri has reused public data sets to 
identify genomic signatures …

• For incipient sepsis
• For active tuberculosis
• For distinguishing viral from bacterial 

respiratory infection
• For rejection of organ transplants

… and he has never touched a pipette!



Getting access to other people’s data is hard!

• Investigators view their work as publishing 
papers, not leaving a legacy of reusable data

• Sponsors may require data sharing, but they 
do not explicitly pay for it

• Creating the metadata to describe data sets is 
onerous

• Ensuring that metadata are standardized and 
searchable is just about impossible





age
Age
AGE
`Age

age (after birth)
age (in years)

age (y)
age (year)
age (years)
Age (years)
Age (Years)

age (yr)
age (yr-old)

age (yrs)
Age (yrs)

age [y]
age [year]
age [years]
age in years

age of patient
Age of patient

age of subjects
age(years)
Age(years)
Age(yrs.)
Age, year
age, years

age, yrs
age.year

age_years

Failure to use standard terms makes 
datasets often impossible to search



An Analysis of Metadata from BioSample

• 73% of “Boolean” metadata values are not 
actually true or false

• 26% of “integer” metadata values cannot be 
parsed into integers

• 68% of metadata entries that are supposed to 
represent terms from biomedical ontologies 
do not actually do so.





Requirement #1: Have standard 
terms to describe what exists in 
a dataset completely and 
consistently







http://bioportal.bioontology.org



Requirement #2: Describe 
properties of experiments 
completely and consistently



We need metadata to describe

• The digital context (properties of the file)
• The investigators and stakeholders
• The scientific context

– The motivation for the experiment
– The data that were collected
– The methods of the experiment
– The instruments that were used
– When and where the data were collected

• The parameters of the data

— DataOne Primer on Data Management



The microarray community took the lead in 
standardizing biological metadata

DNA Microarray

 What was the 
substrate of the 
experiment?

 What array 
platform was 
used?

 What were the 
experimental 
conditions?





But it didn’t stop with MIAME!

• Minimal Information About T Cell Assays 
(MIATA)

• Minimal Information Required in the 
Annotation of biochemical Models (MIRIAM)

• MINImal MEtagemome Sequence analysis 
Standard (MINIMESS)

• Minimal Information Specification For In Situ 
Hybridization and Immunohistochemistry 
Experiments (MISFISHIE)



Minimal Information Guidelines 
are not Models

• MIAME and its kin specify only the
“kinds of things” that investigators should 
include in their metadata

• They do not provide a detailed list of standard 
metadata elements

• They do not provide datatypes for valid 
metadata entries

• It takes work to convert a prose checklist into 
a computable model



Requirement #3: Make it 
palatable to describe 
experiments completely and 
consistently



http://metadatacenter.org



The CEDAR Approach to Metadata









The CEDAR Workbench









The CEDAR Workbench
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brain

Parkinson’s disease (DOID) (39%)

central nervous system lymphoma (DOID) (27%)

autistic disorder (DOID) (22%)

melanoma (DOID) (5%)

schizophrenia (DOID) (1%)

Edwards syndrome (DOID) (2%)



The CEDAR Workbench



Some key features of CEDAR

• All semantic components—template elements, 
templates, ontologies, and value sets—are managed as 
first-class entities

• User interfaces and drop-down menus are not 
hardcoded, but are generated on the fly from CEDAR’s 
semantic content

• All software components have well defined APIs, 
facilitating reuse of software by a variety of clients

• CEDAR generates all metadata in JSON-LD, a widely 
adopted Web standard that can be translated into 
other representations



AIRR is providing our first experience 
uploading CEDAR-authored 
metadata directly to NCBI
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Where is this ecosystem leading?

• Technology such as CEDAR will assist in the 
automated “publication” of scientific results 
online

• Computer-based, intelligent agents will
– Search and “read” the “literature” 
– Integrate information
– Track scientific advances
– Re-explore existing scientific datasets
– Suggest the next set of experiments to perform
– And maybe even do them!



http://metadatacenter.org
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