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NEI

NCI

NHLBI

NLM

NINDS
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National Institutes of Health 

27 Institutes & Centers

$39US billion annually 
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BIOMEDICAL CHALLENGES
-Cardiovascular Health
- Gene Therapy
- Alzheimer’s Disease
- Lifespan 

Development
- BRAIN



and many others

Open Science 
Open Data at NIH
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The Information Tsunami
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North 

America

40%

Asia 

25%

Oceania

4%

Africa

4%

Europe

23%

Daily Usage
29+ million articles

2.5 million users

~ 3 million searches

9 million page views

South 

America

4%



Data Resources at NCBI

Interactive

Web

Data

Downloads

550 Terabytes/day       200 Petabytes/year

10-15 Terabytes (TB)day

20 TB/day

95 TB/day

Data

Submissions

1 Petabyte = 1,000 TB = 1,000,000 GB = 1,500,000 CD-ROMs

PubMed

/PMC

Sequences

Whole

Genomes

Gene 
Expression

PubChem
Clinical

Trials.gov

dbGaP
Clinical 

Genetic



Digital Objects       

Acquire

Collect 
or 

Connect

CurateDeposit

Share
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Protocols

Funding
Code

Models

Clinical Data
Literature

Study Data

People

Pathways

Instruments

Lifecycle



THE
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Engine of Curation

National Library of Medicine



Why curate data? 

Maximize 

reuse

Mitigate

obsolescence

Maintain

value

Facilitate

reproducibility

Explicate

gene-phenotype relations

Integrate

across repositories
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g/dL

What gets curated?
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Leveraging Curation 
for Discovery
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Leveraging Curation 
for Discovery
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Who curates at NLM?
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NLM staff



How does curation happen?
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Human effort Machine onlyMachine-aided

Representation Encoding Metathesauri

< actors

tools >



Data Sharing

20

in PubMed

& PUBMED CENTRAL
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PubMed Secondary Source

Data Sources
• Publishers

• NLM indexers

• PubMed Central (PMC)

Search
• has suppdata[filter]

• genbank[si]

• figshare[si] 
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PubMed Linked Data

Supporting Materials
• data sets

• graphics

• images

• sound

• multimedia

Search
• loprovfigshare[filter]

• loprovdryaddb[filter]
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PubMed Central
Supplementary Data

What you might find
• Computer code

• Mathematical or computational models

• Audio or video clips

• Oversized tables

• Intervention protocols

• Primary or supplementary data sets

• Expanded methodology sections
• Additional figures

Source: Publication Manual of APA (6th ed.)

Search: has suppdata[filter] 



Creating a

Library of Models
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Why care about models?

25

RRR
3
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Characterizing Models
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• Data elements
•Model type

•Purpose

•Assumptions

•Use

•Scale

• Model verification

• Model validation



Starting Point: Unique IDs
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• Machine readable

• Free to generate & access

• Persistent

• Consistent across journals &

publishers

• Public registration authorities
•RRID: scicrunch.org

•DOI: doi.org



RRID and DOI’s
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RRIDs > > Methods

• model organisms

• cell lines

• antibodies

• software

• databases

• algorithms

• blogs

DOIs >> Objects

• articles

• books

• datasets

• objects
RRID DOI
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DOI

RRIDs
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Curation AT NLM

Now … into the future
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Who curates at NLM?
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Data stewards
PartnersSpecialists Generalists

NLM staff
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GenBank
viral nucleotide sequences

GenBank Virus Sequences

The high volume of submissions offers
great potential for scientific discoveries
& public health interventions.

Nucleotide sequences need up-to-date, 
standardized annotations to be useful.

• Validate sequence assembly
• Translate protein sequences
• Detect important mutations



Annotation Tool
for Sequence Submissions

Annotation
Tool

Test case: Influenza viruses

Goals: Better data, happy data submitters

Web Wizard and programmatic interface: 

• Validate taxonomy
• Identify sequence errors
• Annotate proteins
• Validate host, strain, and other metadata
• Generate isolate name from metadata

678 submissions processed
44,351 sequences published

since January 2018

Outcomes: Cut turn-around time
from days to minutes
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Foster the distinctiveness of NLM as a

reliable, trustable source
of health information & biomedical data



patti.brennan@nih.gov@NLMdirector

nlmdirector.nlm.nih.gov
37



nlm.nih.gov

CREDITS The Noun Project

Artificial Intelligence | ProSymbols
Checkmark | Arif Fajar Yulianto
Coding | Gregor Cresnar
Coding | Iconstock
Coin | Kirill Tomilov
Dinosaur | Rayhan Maulana Rikzan
Due Diligence | Gregor Cresnar
Fingerprint | Elves Sousa
Heartbeat | Deemak Daksina
Heart Monitor Watch| Sergey Demushkin
Inner Join | David Christensen
Integration | Theresa Stoodley

Laboratory | Alone Forever 
Lungs | Mahmure Alp 
Microscope | Ricardo Rojas Parametric 
Design | Lluisa Iborra
Partner | Lipi
Regression Analysis | Vectors Market
Sensor | Carolina Cani
Specialist | Tuong Tam
Team | Luis Prado
Tuxedo | Micah Lawrence
Water Pipeline | ProSymbols
Work | BGBOXXX Design
X-Ray | Rawisoot Narksrisook
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