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NCBO: Key activities

* We create and maintain a library of
biomedical ontologies.

 We build tools and Web services to enable
the use of ontologies and their derivatives.

 We collaborate with scientific communities
that develop and use ontologies.
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Transitive closures




Normalization of alternative IDs

normalized cui| original cui rela

C0000039 C0000039 SY permuted_term_of MSH
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Creating Lexicons
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Annotation service

Process textual metadata to automatically tag text
with as many ontology terms as possible.

Sample organism: MHomo sapens Platiorm organism
Feature count 2228 Valve type
Series Series published

Expresslon Expression of bladder hladder smonth
bladder. muscle, muscle, smooth muscle, cel s
Phechamcal l{necglarélgal stlnaultatlnn stlmulattmg
ronic, results, bladder overdistension, associate

>900 GB of data associated with, with, loss, genes, altered

>100 million calls,




Generic annotation analysis routine

Genome

Study Set

e Get annotations for each
gene in a set

e Count the occurrence of
each annotation term in
the study set

e Count the occurrence of
that term in some
reference set (whole genome?)

* P-value for how surprising
their overlap is. Reference set




Annotation Analytics Landscape
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Profiling a set of Aging genes

261 Age-related genes
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Coffin-Lowry syndrome

Emery-Dreifuss muscular dystrophy

Dwarfism o e

DNA Damage <.

~ 30% of
genome

Alzheimeér's disease
Burkitt's tumor or Iymphoma
Cockayne syndrome et

Amyotrophic Lateral Sclerosis
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Profiling a patient set
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De-ided version of Note_id: 1058133
PATIENT NAME: X

ADMISSION DIAGNOSIS: Cenvical spnndyk:sls at C5-C6 with disk hemiation on
the left side and left-sided C6 ra

DISCHARGE DIAGNOSIS: Cenvical spondylosis at C5-06 with disk hemiation
on the left side and left-sided C6 radiculopathy.

PROCEDURES PERFORMED: C5-C6 anterior cervical diskeciomy and fusion with
instrumentation, performed by Y

REASON FOR HOSPITALIZATION: X is a 48-year-old man with left-sided
neck pain and radiation down to the left side of his shoulder and upper arm
with numbness of the thumb, index and middle fingers at the tips, more on

Patients with abdominal
pain

the left. and engoing for the past three months. The patient had an MRI
scan of the cenvical spine done in eary MONTH, which revealed cervical
spondylosis at C5-C6 with disk herniation.

PAST MEDICAL HISTORY: Hyperension.
PAST SURGICAL HISTORY: None.

MEDICATIONS ON ADMISSION:
1. Diskus one puff b.id.
8 % 20 mg one tablet g.a.m.
. Flovent MDI two puffs p.o. bid.
uterl MDI two puffs g.4-6h. p.r.n.
5 Flo se two sprays per nostil q.d.
6. Nexium 40 mg one capsule g.d.

PHYSICAL EXAMINATION ON ADMISSION: GENERAL: The patient had clear
consciousness and no acute distress. NEUROLOGIC: The patient's range of
motion was 70% of normal, but there was na Lhermitte sign and no Spuriing
sign. There were no focal weaknesses present for both upper and lower
extremities. Brachioradialis was 1/4 on both sides. Triceps was 1/4 o

2/4 on both sides. Knee jerk and ankle jerk were 2/4 on both sides.

Posterior fibialis was 2/4 on both sides. LUNGS: Clear fo auscultation
bilaterally. CARDIOVASCULAR: Regularrate and rhythm. ABDOMEN: Benign.
EXTREMITIES: No cyanosis or edema.

HOSPITAL COURSE: The pallemms admitted to the hospital on 2003, and taken to the operating
room for a C5-C6 ACDF witt

instrumentation. The pabantmleraled the procedure well. There were no

complications. The patient recovered well in the PACU without any events,

and the patient was transferred to the floor. While on the floor there:

‘were no acute events ovemight. The patient was tolerating oral intake,

and the patient's pain was under control with oral pain medications. On

postoperative day #1 the patient was tolerating an oral diet, ambulating

and voiding on his own, and the patient was discharged home.
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Profiling Annotations of Grants, Publications

Human Disease
Ontology Hierarchy
Inference

ID1..Term A
ID2..Term C

BO Annotator
service

IDn... Term D

ID3 Term associations

: ; L Associations of
PubMed titles with abstracts, Inferred term associations grants with terms,

or grant titles with summaries or journal articles
with terms.

Based on Human
Disease Ontology
Annotation

Funding
Institution

Year

Recipient —
Join by Year
Fundin _
Amount Join by
Recipient/
Affiliation

Grants PubMed

Publication Type

Year

Affiliation

pact
Factor



Data

Grants from 1997 to 2007 Publications from Medline

33 funding agencies Only “Journal articles”

Funding Institution

Agency for Healthcare Research and Quality AHRQ

Center for Disease Control and Prevention CDC

Congressional Liaison Committee of the Coalition for Life Sciences CLC

Department of Defense DOD

US Food and Drug Administration FDA

Fogarty International Center FIC

Health Resource and Service Administration HRSA

National Aeronautics and Space Administration NASA

National Center for Complementary and Alternative Medicine NCCAM oy

National Cancer Institute NCI ® 327 bl”lOﬂ USD acCross 81,858 g I’antS
National Institute on Minority Health and Health Disparities NCMHD

National Center for Research Resources NCRR

National Eye Institute NEI I

National Human Genome Research Institute NHGRI o 137 b|”|0n USD for g rants th at are
National Heart, Lung, and Blood Institute NHLBI . .

National Instite on Aging NIA annotated with at least one disease
National Institute on Alcohol Abuse and Alcoholism NIAAA

National Institute of Allergy and Infectious Diseases NIAID te rm.

National Institute of Arthritis and Musculoskeletal and Skin Diseases NIAMS

National Institute of Biomedical Imaging and Bioengineering NIBIB

Eunice Kennedy Shiver National Institute of Child Health and Human NICHD

E:ice):)a‘l)lr?:sr:ittuteon Drug Abuse NIDA * 24 mI”IOﬂ Journal artICIeS

National Institute on Deafness and Other Communication Disorders ~ NIDCD

National Institute of Dental and Craniofacial Research NIDCR
National Institute of Diabetes and Digestive and Kidney Diseases NIDDK
National Institute of Environmental Health Sciences NIEHS
National Institute of General Medical Sciences NIGMS
National Institute of Mental Health NIMH
National Institute of Neurological Disorders and Stroke NINDS
National Institute of Nursing Research NINR
National Library of Medicine NLM
National Science Foundation NSF

The Substance Abuse and Mental Health Services Administration SAMHSA

Research Crossroads Scholarly Database



Results

e Sponsorship: USD funding amount divided
by the impact factor weighted publication
count for a topic.

e Allocation: Is funding proportional to the
size of the problem?

* Trends: For a topic over time, across
funding institutions



Sponsorship

Impact factor weighted publications per year
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Disease

Retroviridae
Infectious
Disease

Diseases of
behaviour

Lentivirus
Infectious
Disease

Pervasive
development
disorder

HIV Infectious
Disease

Funding per | Impact factor- Sponsorship DO term
Year Weighted (Thousands of
(Millions of Publications Per | USD per
uUsD) Year Impact factor-

(Thousands) weighted

Publication

$338.39 1.33 254 60 drug abuse
$71.22 0.34 212.22 drug dependence
$927.90 4.46 208.01 acquired immunodeficiency syndrome
$1,11048 8.52 130.27 HIV infectious disease
$1,113.93 8.60 129.53 Lentivirus infectious disease
$77.09 0.60 128.84 autistic disorder
$1,116.19 8.74 127.64 Retroviridae infectious disease
$66.62 0.56 119.72 alcohol abuse
$80.63 0.69 116.09 pervasive development disorder
$289.00 3.76 76.82 Alzheimers disease




Allocation
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Funding

Tre n d s : Institution Grants
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Trends
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Funding patterns
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Cancers
Infectious diseases
Endocrine system diseases
Vascular diseases

Ocular diseases

Skin, bone, and rheumatic diseases

Diseases of the brain

Reproductive system diseases

Mental diseases

Dental diseases

Auditory system diseases




Funding patterns
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Sanity checks



Summary

* Profiling using ontologies is widely used in
“omics” research.

* |tis possible to annotate grants and
publications using automated methods.

* Analysis of the annotations can reveal
patterns that help understand the
landscape of disease research.
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