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Outline

¢ Issues and Challenges

¢ SemNav (UMLS Semantic Navigator)
Visualizing terminological knowledge

¢ GenNav
Visualizing gene annotations

¢ RxNav
Visualizing drug information



Issues and Challenges




BES

¢ Size
e Large number of concepts (>1 million)

¢ Complexity
e Polyhierarchical structures
e Multiple information sources
e Multiple properties

¢ Lack of formality
e Redundant relations
e Hierarchies vs. hierarchical relations




Challenges

¢ Restrict information space
e To selected information sources (SemNav)
e To selected organisms (GenNav)
¢ Reduce complexity (SemNav)
e Group concepts by semantic groups
e Transitive reduction on hierarchical relations
e Select co-occurring concepts
¢ Reduce the cognitive burden on the user
e Use graph-based rather than tree-based representations




UMLS Semantic Navigator
SemNav

http://umlsks.nlm.nih.gov”
» SN Resources P Semantic Navigator
(* free UMLS registration required)




Unified Medical Language System®

¢ Developed at NLM since 1990

¢ 139 source vocabularies
e 17 languages

¢ Broad coverage of biomedicine
e 5.1M names
e 1.3M concepts
e 16M relations

¢ Integration
e Synonymous terms are clustered in a concept
e Hierarchies (trees) are combined in a graph structure




Terminology Integration Terms

MeSH, SNOMED

: : CTV3, Jablonski,
: Duchenne muscular dystrophy : CRISP. DxPlain

MedDRA, LOINC

Duchenne’s muscular dystrophy COSTAR

Duchenne de Boulogne muscular dystrophy Jablonski

Duchenne type progressive muscular dystrophyé SNOMED

: pseudohypertrophic muscular dystrophy f— gAmT(S)TAé:JVB

X-liked recessive muscular dystrophy Jablonski

severe generalized familial muscular dystrophy SNOMED




Terminology integration Relationships

¢ Inter-concept
relationships: hierarchies
from the source
vocabularies

¢ Redundancy: multiple
paths

¢ One graph instead of
multiple trees
(multiple inheritance)
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UMLS A two-level structure

& Two-level structure Semantic Network

e Semantic Network
= 135 Semantic Types (STs)

= 54 types of relationships
among STs

e Metathesaurus categorization
= >1M concepts
= ~12 M Inter-concept

/
relationships '
i .. Concept
e Link = categorization

Metathesaurus

Semantic
Type




Semantic Types Anatomical

Structure

Fully Formed _
Anatomical Embryonic

Structure
Structure Disease or

Syndrome
~._|Body Part, Organor| .~ :
Organ Component : [Pharmacologic} E— S

Substance Group Network

Metathesaurus
Saccular

Viscus ) :
/ Angina
/o7 Pectoris
ardiotonic/

Donors

Left Phrem
Nerve

9 Valves

Concepts
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Metathesaurus Semantic Network SPECIALIST Lexicon
Home Advanced Search

Metathezaurus Search for: dystrophan in TRLS Eelease 2006 AR

R
Concept: Dvstrophin

Concept
CUL 200792559

Drefinition -

Synonyms Semantic Type: Amine Acid, Peptide, or Protem

L] Other Languages

Cd Suppressible Synonyms

Logout

Biologically Active Substance

E ni;mces Definition:

PN & muscle protemn localized m surface membranes which 15 the product of the Duchenne/Becker muscular dystrophy gene. Indinduals
[ Parents with Duchenne muscular dystrophy usually lack dystrophin completely while those with Becker muscular dystrophy have dystrophin of
[ siblings af altered size. It shares features with other cytoskeletal protetns such as SPECTEIN and alpha-actinn but the precise fiunction of
[ Children dystrophin 15 not clear. COne possible role might be to preserve the mtegnty and alignment of the plasma membrane to the myofibnls
Relations during muscle contraction and relazation. WO 400 kDa, (MeS5H)

L] Marrower

[ Broader large, stuctural, spectrin-like protein expressed in skeletal muscle; genetic defect is linked to Duchenne and Becker muscular

[ Similar dystrophy. (CEISP Thezauns)

[ Other

[ Related and possibly Synonyms:

STIONINOS

[ source asserted STHOLITY Eistcpn

[] atlowable Subhe adings

[ &ssaciated Expressions Ancestors:

Co-occurring Concepis MeSH

[ Co-ocouring MesH IeZH Descnptors []

[ Co-occusting AVRHEUM Index Medicus Descriptor []

Chermicals and Drags (WMe=2H Catesory) [D]
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©3 UMLS Knowledge Source Server {UMLSKS) - Mozilla Firefox
File Edit ‘wiew @o Bookmarks Tools Help
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Armino Acids, Peptides, and Protemns []
Proteins |
Contractle Proteins []
Muscle Proteins []

Drystrophin

CRISP Thesammus
chermical

organic chemical []
armide
peptide
protemn []
cytoskeletal protein []
actin binding protem []

dvstrophin

Digital Anatomist
Anatormcal entity []
Physical anatormical entity []
Matenal physical anatormical entity []
Anatormical structure [
Biological macromoelecule []
Frotein
Actin-bmding protem []
Diystrophin




Armine Acids, Peptides, and Protems [D12]
Protems [D127776]
Contractile Protems [D12.776.210]
Wuscle Proteins [D12.776.210.500]

Actinin [D12.776.210.500.055]
Acting [D12 776 210.500. 1007

Actormnyesin [D12.776.210.500.1547 IVI eS I I

Calsequestrin [D12.776.210.500.220]
CapZ Actin Capping Protein [D12.776.210.500.227] B rOwse I
Caveoln 3 [D12.776.210.500.235]
Cofiin 2 [D12.776.210.500.242]
¥ Dystrophin [D12.776.210.500.250]
Diystrophin- Associated Protems [D12. 776.210.500.4107 +
Myvosenic Eeoulatory Factors [D12.776. 210,500 5707 +
Myoglobin [D12.776.210.500.588]
Myosing [D12.776.210.500.600] +
Parvalbuming [D12.776.210.500.750]
Profiling [D12.776.210.500.775]
Evanodine Feceptor Calcium Felease Channel [D12.776.210.500.800]
Tropomodulin [D12.776.210.500.347]

Tropomyosin [D12.776.210.500.895] s deids Doidoe and Boteins D13
Troponin [D12.776.210.500.910] + OIS EptcEstandl ot DIz
Protens [D12.776]
Arnine Acids, Peptides, and Proteins [D12] Cytoskelztal Proteins [D12.776.220]
Froteins [D12.776] Ldenomatous Polyposis Coli Protein [D12 776.220.040]

Wembrane Proteins [D12.776.543] Catening [D12.776.220.1451 +
Arleyring [D12.776.543.080] P Dystrophin [D12.776.220.250]
Arresting [D12.776.545.0907 + Dystrophin-Associated Protems [D12.776.220.362] +
Bacterial Outer Membrane Proteins [D12.776.543.100] + Intermediate Filament Proteins [D12.776.220475] +
Calnesin [D12.776.543.162] Microfilament Protems [D12.776.220.525] +
Connexming [D12.776.543 2251 + Microtubule Protems [D12.776.220.600] +

W Dystrophin [D12.776.543.250] Plakins [D12 776,220 790] +

Drystrophin-Associated Proteins [D12 776 543 268] + Plakophiling [D12.776.220.885]
Ephnns [D12.776 543 2871 + specinn [D12.776.220 980]

Talin [D12.776.220.985
Utrophin [D12.776.220.587]
Vinculin [D12776.220.850]




) [UMLS_2006AA} UMLS® Semantic Navigator o [2.12] - Mozilla Firefox

File Edit Wiew Go Bookmarks Tools  Help
<}] - I_Il - %I @ 'H' hktpe g imar  nlm, i, gow fperlfsemnay, plCUI=dystrophin&HREL=ALLEREM_TRAMNS=120DE_CODE=UMLS_Z0068820TSPLE IEI @l @,
.S
&lhlmgs -ofilament Proteins Binding Protein Contr actile Protein s Protein, Organized by Location proteins Other Related
Concepts
Chemicals &
Drugs § Disorders
* 120-kDa ¢ Muscular
hemocyte-spectfic Actin-Binding Protein Muscle Proteins Membrane Proteins Dystrophies
membrane o Titrsail
protemn, flesh Diystrophy,
fly o 5 Duchenne o
+ 15a protem,
bedes apgypti O Living Bemgs
e 22 6-kDa Dystrophin
antigen * Mfice, Inbred
Schistosoma mdz O
japonicum O § 5 § 5 5 § §
¢ 22kDa . .

" fu-occm‘rmg
polypeptide, . . . _ -
Micotiana 9 140-kDa dystrophin apo-dystrophin 1 @ Concepts
tabacum o

+ D5 Iyric Anatomy
protein, human O
e 3D3-lyric * bAstrocytes [4] O
protein, mouse O £ »| & Bram [24] O
. Fas
+ 4. 1B protein, [ Be1 | Dystrophin *+ Cel
monuse O membrane [7] O
' - - Cytoskeleton [3]
¢ 5-lipozyeenase-ac - * Lyt
protein 0 | Stan_ R ) FRIVDET e S = Similar Concepts Closest MeSH + Diaphragm
o 7 kDa protein, Restiett  [Showal 3 Terms (Anatomy) [6] o
eriei @ poca Y (none) + Heatt [9] O
1F iF o
+ 514 3L protein, ) ghligh . Mothing v (none) + Hippocampus
- vocabulary: Allegedly % et DG
< > \r - * L £ >

TNLS data;

LIMLS 2006AA

ar

Daone




2 [UMLS_2006AA} UMLS® Semantic Mavigator 2 [2.12] - Mozilla Firefox

File  Edit

.
. v

Siblings

View Go

Chemicals &
Diugs

+ 120-kDa

hemocyte-specific

membtrane
protem, flesh
fly o

15a proteimn,
bedes aegyph O
22 6-kDa
antigen,
Schistosoma
japomcum O
Z22kDa
polypeptide,
Hicotiana
tabacum O
D3 Tyric

protem, human Z

3D3-lync

protem, mouse O

4 1B protemn,
rnouse O

2-lipoxygenase-aci

protemn O

7 kDa protem,
carlavirus i
ol pt":}tﬁtiﬁ,

v

.

Done

Bookmarks  Tools

o

‘ofilament Proteins

e _

—

.
o

e

[ Start again I |
Restrict to
vocabulary:
Highheht

» vocabulary:

LAl s d

Help

'\-\.,‘% .
<Dp26r:1 protein, rat 3
.-"'" -

Binding Protein

o

et

Show all

Blothing

UMLE 200644 ~

.

i ——

140-kDa dystrophin )

Contr actile Proteins

e

o

Dystrophin

o~

o .
{ DMD protein, rat
"‘-\..

o, o
e

‘Q””HT[ 4 hitp:/fmor .nlm.nib.govipersemnay, plrCUT=dystrophindHREL=ALL&REM_TRANS=18DE_CODE=UML5_Z006AARDISPLE ¥

Moell, ioenized by Locaion

e e
o -,
o .

™

.

Similar Concepts

{none)

Allegedly

Ml e o e o

"

.

s

" - “—y
——— —

o

e

Closest MeSH
Terms

{none)

a0 toohin | :‘; @

proteins

Ly ICL

Other Related
Concepts

Disorders

* Nhuscular
Drystrophies 0

+ Muzcular
Drpstrophy,
Dchenne i

Living Bemngs

e i lnhied
o

Co-occmring
Concepts

Anatomy

¢ Bstrocytes [4] O
* Bran [24] O
Cell
membrane [7] O
* Cytoskeleton [5]
¢ Diaphragm

-

(Anatomy) [6] o

* Heart [9] O
+ Hippocampus

(Brmmy PR
’




2 [UMLS_2006AA} UMLS® Semantic Mavigator 2 [2.12] - Mozilla Firefox

Fil=  Edit YWiew o
Siblings

Chemicals &
Diugs

120 kDa
hemocyte-specific
membtrane
protem, flesh
fiy o
15a protem,
bedes aegyph O
22 6-kDa
antigen,
Schistosoma
japomcum O
Z22kDa
polypeptide,
Hicotiana
tabacum O
D3 Tyric
protem, human Z
3D3-lync
protem, mouse O
4 1B protemn,
touse O
2-lipoxygenase-aci
protemn O
7 kDia protem,
carlavirus i

414 51 protein,

. -

Dione

Bookmarks  Tools

o

“ofilament Proteins

e

4 =
se ) { Dp260 protein, rat
- :

.

e

[ Start again I |

Restrict to
vocabulary:
Highheht

» vocabulary:

LAl s d

Help

e ————— e

‘Q””HT[ 4 hitp:/fmor .nlm.nib.govipersemnay, plrCUT=dystrophindHREL=ALL&REM_TRANS=18DE_CODE=UML5_Z006AARDISPLE ¥

Binding Protein Contr actile Proteins

o & o . ™,
{% 140 kDadyiioph f} { DMD protein, rat }
’ s ™ s ™

o
T, "
-
- - -

- e —— T
n :
= - e e e

Dystrophin
Ea
Similar Concepts

Show all

{none)
Blothing

Allegedly

Ml e o e o

UMLE 200644 ~ il

Froten, Lndenizec by Location

- —
T ~

- .
a0 ot
\:q:c itionnin l)

£33 -
q'\-_ —--'-

Closest MeSH
Terms

{none)

proteins

Ly ICL

Other Related
Concepts

Disorders

+ Muzcular
Drzstroplies O

* Muscular
Drstrophy,
Duchenne O

Living Bemngs

* Wce, Inbred

o

_— Co-occmrring
LD Concepts

Anatomy

¢ Bstrocytes [4] O
* Bram [24] o
iZell
membrane [7] o
* Cytoskeleton [5]
* Diaphragm
(Anatomy) [6] o
# Heart [9] O
+ Hippocampus
Rrami PR o
.




-ofilament Proteins

Binding Protein

Contr actile Protein s

Protein, Organized by Location

proteins

Actin-Binding Protein

Muscle Proteins

Membrane Proteins

Dystrophin

apo-dystrophin 1

@




Siblings

Chemicals &
Dirugs

¢ 120-kDa
hemocyte-specific
tnetrbrate
protemn, flesh
flyr

+ 15a protem,
bedes apgypti O

¢ 22 6-kDa
antigern,
mchistozoma
{apondcum O

¢ 22kDa
polypeptide,
Micotiana
tabacum O

¢ SD3E-lyric
protein, human O

¢ SD3E-lyric
protein, mouse O

+ 4 1B protein,
mouge

+ S-lipoxyzenase-act
protein O

+ 7 kDa protem,
carlavins O

+ 514 3L protein,

-

£ *

Daone




Other Related
Concepts

Disorders

* Mluscular
Diystrophies O

* Mluscular
Diwstrophy,
Duchenne o

Living Bemgs

+ hiice, Inbred
tricse 1




Co-occmring
Concepts

Anatomy

* bAstrocytes [4] O
* Brain [24] O
+ Cell
membrane [7] O
* Cytoskeleton [5]
* Diaphragm
{Anatomy) [6] O
* Heart [9] O
+ Hippocampus

(Foraint 191 b
< »




[ tart again ][ Apply new parameters

Restrict to
vocabulary:
Highlight

vocabulary:
TTNVLS data; LIMLS 200645 w

Showe all

Mathing




SemNav Visualization options

Start again Apply new parameters

Restrict to vocabulary: | Show all

Highlight vocahulary: M athing

UMLS data: UMLS_2002 = |

Type of hierarchical reL: @ 411 " ParentiChild only " BroaderMarrowrer only
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Technical detalls

¢ Simple web/cgi technology (apache, Perl)
¢ dot (GraphViz)

e PNG file (-Tpng)

e Client-side map (-Tcmap)

¢ Precompute the transitive closure on hierarchical
relations to perform the transitive closure fast

¢ Remove cycles (UMLS)




Gene Ontology browser

e Nav

http://mor.nlm.nih.gov/perl/gennav.pl




Gene Ontology ™

¢ Developed by the GO Consortium

¢ Several components (GO database)
e Ontology (~17,000 concepts)

= Molecular functions
= Cellular components
= Biological processes

e Gene products (~1.6M)

e Associations between Gene products and GO concepts
(~6.8M)




) AmiGO! Your friend in the Gene Ontology. - Mozilla Firefox K E
File Edit Wiew Go Bookmarks Tools  Help ‘:}

@ - |:> - ﬁl @ @ |W" https i v, godatabase, argfogi-bindamigof/go, cgivaction=replace_treefsearch_constraint=termsfquery=50: 00053568 V| l% @ |GL |

|
Elall:all{ 179339 ) & Graphical View
@ GO O008150  biological _process (127417 )
B @ GO 0005575 cellular_component { 116421 )
Hao GO0005623  cell ( 85785 )
F @ GO0005622 - intracellular | 69449
: @ G0:0005856 : cytoskeleton ( 2376 )
H@ GO0043229 intracellular organelle { 62775 )
@ 00043232 intracellular non-membrane-bound organelle { 7453 )
@ 0O:0005856 : cytoskeleton (2376)
B O 0043226 organelle { 62799 )
H@ GO O043229 | intracellular organelle { 62775 )
@ GO0043232 intracellular non-membrane-bound organelle | 7453 ) =
T _ ® G0:0005856 : cytoskeleton (2376
B. anthracis str. &m | @ GO0043228 - non-membrane-bound organelle { 7453 )
@ GO0043232 intracellular non-membrane-bound organelle | 7453 )

D A @ GQ:0005856 : cytoskeleton (2376)
dictyBase 3| @ GO0003674 - molecular_function { 121203 )

@ obsolete_biological_process : obsolete biological_process (0
All Curator Approved @ obsoletecellular_component: obsolete cellular_component { 0}

@ obsolete. molecular_function : obsolete molecular_function { 0)
Biological Process
Cellular Componert
Maolecular Function |

|

Daone




Hall:all { 179339 ) &
FH@ GO0:0008150 0 biological_process { 127417 )
H@ GO0:0005575  cellular_component { 116421 )

Gra W
@ GOO00S623 - cell { 85785)

o GO:0005622 : intracellular { 63449 ) cellul ar_ compon ent
@ GO:0005856 ; cytoskeleton ( 2376)

® GO0043229  intracellular organelle [ 62778 )
@ 00043232 intracellular non-membrane-bound organelle { 7453 )
@ GO:0005856 : cytoskeleton (2376 )
@ GO0043226 - organelle ( 62799 )
cell

@ GOO043229 intracellular organelle ( 62778 )
@ GO 0043232 intracellular non-membrane-bound organelle { 7453 )
@ GO:0005856 : cytoskeleton ( 2376)
@ GO0043228 - non-membrane-bound organelle | 7453 )
@ GOO043232 intracellular non-membrane-bound organelle | 7453 )
#H @ GO:0005856 : cytoskeleton ( 2376 )
H@ GO:0003674  molecular_function { 121803 )

Hao intracellular organell e
@
F@ \ / \
intracellular organelle non-membrane-bound organelle
intracellular

non -membrane-bound organelle

cytoskeleton

intermediate fil ament

cytoskeleton pellicle ciliary rootlet cornified envelope




2 GenNav [GO: April 2006] - Mozilla Firefox

File Edit Yiew Go EBookmarks Tools  Help

<E| - [_L} - |§] I:I @[ |-H- http: ffmar . nlm. ik o fperlfgennay . pl Y| @ @ |@7

cellular_component

— N

biological_process protein complex extracellular matrix extracellular region cell

— /N v

cellul ar process physiological process development eﬂrace”lﬂ':;;;:;r)'x (sensu membrane intracellular organelle molecular_function
cellular physiological process metabolism Grganlsma] phvsmlogl cd organ development

basement membrane cytoplasm intracellular organelle non -membrane-bound organelle binding

intracellular
cellul ar metabolism bi osynthesis basal lamina plasma membrane contractile fiber non-membrane—bound organelle protein binding
peptide metabolism cellular biosynthesis %T:E?ﬁ:}'tr;"nasc?rﬁﬁt:s myofibril cytoskeleton structural molecule activity cytoskeletal protein binding
eptide biosynthesis muscle contraction musde development costamere structurdl constituent of structural con stltu ent of actin bindin
p V P cytoskeleton musd g

enzyme cytoplasm glycolysis Pfk

Molecular Cellular Biological Gene/ . £ .
Function Component Process Gene Product e Liialsl el

oZmome




actin binding [TAS]

S structural constituent of cytoskeleton [TAS
Molecular functions ! _ _ ' _1 "' 1 CY eleton [ ]
protein bindmng [TPT]

fh A

structural constituent of muscle [IDA, TAS]

muscle contraction [INE]
Biological processes
nosynthests [IDA]

TR
o
J.ul.l-_-']
o

Cellular components dystrophin-associated glycoprotein complex [TAS]
costamere [IDA ]




PEOSITE  |PE51016 WIYTH4
ShWART SH0013% MWy TH4
SMART SW00295 B41

=P EGW Cytoskeleton

¢ [restrict] Arabidopsis thaliana (thale cress)

* [restrict] Bos taurus (cow)

¢ [restrict] Caenorhabditis elegans

+ [restrict] Danio reno (zebrafish)

¢ [restrict] Dictyostelum discoideum

+ [restrict] Drosophila melanogaster (fut fly)

* [restrict] Gallus gallus (chicken)

¢ [restrict] Homeo sapiens (human)

* [restrict] Human smmunedeficiency virus 1

¢ [restrict] Human smmunodeficiency wirus type 1 (BETT ISOLATE)
Orgamisms + [restrict] Human immunedeficiency virus type 1 (CLONE 12)

¢ [restrict] Human smmunodeficiency wirus type 1 (PV22 ISOLATE)

¢ [restrict] Human smmunodeficiency virus type 1 lwl2 2 1solate

* [restrict] Macaca fasciculans (crab-eating macacdue)

¢ [restrict] Mus musculus thouse mouse)

+ [restrict] Plasmodium falcipatum (malatia parasite P falcipanim)

¢ [restrict] Eattus notvegicus (MNorway rat)

+ [restrict] Saccharomyces cerewvisiae (baker's yveast)

¢ [restrict] Schizosaccharomyces pombe (fission yeast)

¢ [restrict] Trypanosoma bruces

* [restrict] Trypanosoma brucel TEETTSZ2Y

Full name Symbol Orgamsm DE Evidence

tcleoside diphosphate kinase, NDTP kinase il C Dictyostelium discoideum DDE IIEFN %_
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Normalized form

Strength Ingredient

Amg/ml Fluoxetine Oral Solution

Strength Ingredient

Semantic clinical drug component

Ingredient Dose form

Semantic clinical drug form

Strength Ingredient

Semantic clinical drug
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e Clinical drug component «——— o Branded drug component
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e Clinical drug < e Branded drug
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Cotirizine 5 MG Oral Tablet [Zyriec]
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Cetirizine Oral Tablet

_. RXCUI3T1364
TTY=5CDF

has_dose_form TTY=DF Ilhas dose_form | # Y

Cetirizine Oral Tablet [Zyrtec]

RXCUI=36T323

TTY=580F




RxNorm database

& Data sources

Master Drug Data Base
Multum MediSource Lex.
Micromedex DRUGDEX

FDA National Drug Code
Directory

National Drug Data File
Plus Source Vocabulary

VA National Drug File
SNOMED Clinical Terms

¢ Content

5,570 ingredients

10,788 brand names
22,724 clinical drug comp.
29,734 clinical drugs
17,149 branded drugs
16,447 branded drug comp.
13,516 clinical drug forms
13,035 branded drug forms
140 dose forms

(as of February 28, 2006)
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