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Integration story

 Many individual tools and data resources from
previous years

— Progress continued this year
* Improvements to previously reported resources
* Brand new resources

e Putting these together for seamless use

— Our own NCIBI resources
— Other NCBC resources
— Other national resources
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Individual tools and data resources

 Improvements to previously reported
resources

— Natural Language Processing Pipeline (NLP)
— MiMI
— GIN

* New resources

— ConceptGen
— ConSig-Score
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NLP Progress

e Structured queriable information extracted
from all abstracts in PubMed and full text in
PMCOA.

 Foundational resource for many downstream
tools.

e Started work on a public API for access to this
resource. Expected to be ready later this year.

NAT/o
@ -
“ A
N
S

1:]
Nc g Fourth Annual National Center for Integrative Biomedical Informatics Meeting 2009



PubMed09

e Document Count: 18,075,637 (12 months of 2008) ->
18,334,510 (4 months of 2009)

e Number of Tables: 66 -> 72

e Contains word-level NLP data including part-of-speech, stem,
and lemma

e Parsed with a more accurate parser using geneR2 symbols
* Includes SciMiner gene and metabolite tags

e Uses a full MeSH representation including supplemental
concepts andmapped ICD9 codes

e Maps between Substances and KEGG IDs

* Includes GIN-IE derived protein interactions and interaction
words
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GIN

e GIN has been divided into two modules:
— GIN-IE for Information Extraction
— GIN-NA for Network Analysis

 The GIN-IE processing pipeline has been
improved and added to the PubMed
processing pipeline and extracted interactions

and interaction types are being added to the
PubMed database.
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GIN-IE:
Interaction Extraction from the Literature

e Dependency Tree Rules: Predicate-argument structures,
non-local dependencies among the entities in the sentences.

Determine:

monstrate . .
= Type of relationship:
nsubj ccomp . - ’
e.g. “inhibition

results = Directionality: “Duplin->Tcf-4”

High precision (94%) at the
det nsub dobj compim expense of recall (18%)
Can handle negation and

These Duplin Tcf-4 that speculation:
conj_and = The lack of cooperative interaction
between E5 and the epidermal
STAT3 growth factor receptor...

“These results demonstrate that Duplin = Like RAD9, RAD9B associates with
inhibits not only Tcf-4 but also HUS1, suggesting that it is a RAD9
STAT3.” paralog (Speculative)
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RSS Feed: Daily Processing of Pubmed
Updates

o= - GIN Interactions Extracted from the Literature (PubMed Update: 11/12/2008)
PENS I[E]E] |— __|feed:/ jgin.ncibi.arg- BOBO/gin /gin.xml © Rss B Q- Google

:E Ontology Loo._rvice (OLS)  BioMLP Share . Extraction Semisupervi. Approaches Now - The _¥Times.com Optimizing 5...mteractions MIST 2008 Au...

GIN Interactluns Extracted from the Literature (PubMed Update: 11/12/2008) 165 Total

Agent: aurora-c Target: borealin Interaction Type: interacts (PMID: 18239465) Search Articies: (]
Wi have found that Aurora-C interacts with Borealin in addition 1o the other known members of the Aurora-8 chromosomal passengar complax [CPC). Bead mors., Q

Article Length:
Agent: aurora-c Target: borealin Interaction Type: phosphorylates (PMID: 18239465) / 13 AN - e—
Wa hava also found that Aurora-C, like Aurora-B, phosphorylates the centromane histone Cantromeare Protain-A (CENP-A) and Barealin in vitro. Baad mara... Sort B?:

Date
Agent: nsp3 Target: eifdg Interaction Type: interacts (PMID: 18798579) ;;'Sm
Rotavirus nonstructural protain NSP3 interacts specifically with tha 3' and of viral mRNAs, with the aukaryolic franslation initiation factor alF4G, and with RoXaN, a callular protein of yal-unknown function. MNew
Read more...

Recent Articles:
Agent: nsp3 Target: roxan Interaction Type: interacts (PMID: 18799579) © a:1 ?“ﬂ

ooay

Raotavirus nonstructural prolain NSP3J interacts specifically with the 3'and of viral mRNAS, with the aukaryotic ranslation initiation factor alF2G, and with RoXaN, a callular protein of yat-unknown function. Yesterday
Read more. .. Last Seven Days

This Manth

Last Manth

Agent: c-abl Target: yap1 Interaction Type: phosphorylated (PMID: 187014489)
In rasponss o DNA damage, Yap is phosphorylated by c-Abl at the position Tyr-357. Read mare... Bource:

GIN Interactions Exi...
Agent: fhod1 Target: rac1 Interaction Type: interacts (PMID: 18694941)

Tha DRF FHOD1 interacts with the Rho-GTPase Rac1 and madiates formation of actin stress fibers in its deregulated form; the physiologically relevant activities and malecular machanisms of endogenous Aﬂhlikl:
FHOD1, however, are giill unknown. Read more... Mail Link to This Page
Add Bookmark. ..
Agent: mbd1 Target: fgf-2 promoter Interaction Type: bound (PMID: 186689796)
Mbd1 bound to the Fgl-2 promotar and regulates its expression in adult NSPCs. Read mora...
Agent: nes Target: crm1 Interaction Type: interacts (PMID: 18687685)
Localization, reporter gene, and co-immunopredipitation assays demonstrate that the identified NES interacts with CRM1 in a phosphorylation-sensitive manner. Read more.... r
¥
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PubOnto: Open Biomedical Ontologies-
Based Medline Exploration

File Ontology Tools Help

FMA Ontology * Gene On... Phenotype Ontology Environment Ontology Search Panel

Exploring literature search result with Foundational Model of Anatomy (FMA) ontology Hapoere) B

v B eody [188] N phylagenetic Search

[—ralimentary systern[S51] Abstract limit: | 500 Ij]
b | Gastrointestinal systermm[S0] . i iy,
FMa ID: 71132 - Search zervice link
> ] Mouth[2] Map F’-E"": t" Other Ontologies k Limk:  http:ffeutilz. nebi.nlm. nib, gow/entrezs eutilz/
b9 Oropharyne ot Wikipedia
) izoto Pubrmed Mode: 1d
¥ | Cardiovascular systerm[16]
b ] Hear[14] Show Redraw Regions
Debugger Inter-Cntalogy Filker: |
b ] Lyrnphatic systern[1]
B ] Portal venous systerm Settings...
About Adobe Flash Playver 9... -
P ] Pulmonary vascular system[1] - User Profile
~ | [« | [+
Citations Me5%H Profiling Authors
Filter: | Export Citation |
PMID Year | Joumal Titde Abstract
|| 1710743 2005 Mol Eceol Cormprehensive genetic analyses reveal evolutionary distincti Zapus hudsonius preblei, listed 2| *
|| 17107472 2006 | Mol Ecol Phylageagraphy of the Western Lyresnake (Trirmarphodon bi: The Western Lyresnake (Trimorp
|| 1710755 2006  Enwiron Microbicl Study of bacterial communities in Antarctic coastal waters by . An ecolagical study on distribution
4 |_| 17107559 2006  Enwiran Microbiol A new alpha-proteabacterial clade of Bdellovibrio-like predatc Bdellovibrio-and-like organismes [ o
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PubAnatomy: Integrated Data and Literature
Exploration for Neurobiology

| File Anatomy Tools Help |
([\' Brain Map ':- Gene Expression Correlation l@ Image Section | J.) Search Panel L |
000 ik & |kagwords:
bipolar disorder
n rl Gene ar Symbao
Andlor) G IC = bal
l Search
179 Search Engine Options:
SUE =1 . \
l Pub Anatomy search engine - J
Abstrack search range: - |
oP &) _ g=: 500 Ij
Gl DG I\“ﬁT LT PEBE G : (Large limit may take minutes)
Lp || ol APH Lp Mapping Cpltions: =
LGd HPC Hee ! L | i
CA l Brain Structure Term Mapping -
P e me I MB ot ! 7
1GL baa I PAG LAT I Image Resolution(riicran): | 25 v
o] HIB
LG L
SEMy e LI GE Current image section 312
o Hippocampal regian | itz Current structure Amrmon's H
S —————————— 1
IB
21 21
BS PH ' PH ES
¥
WTA B
CTHpl Tpl
* -
LZ SUMEZ e |l<[\ Map Options
HY Hy
PIR User Input
MBI 1, MBD e B E
LM o e e n Disan L
PYE PYER hd m i *
Citation Gena Me5H Profiling Author Disease In Situ Image MiMI Interac... Expression C... Gene Express... Significant G... Import
Filter |® MESH:Hippocampus Reset |130/130 citation
PMID Yearvy Journal Titde Abstract
|_| 15191545 2008  Schizophr Res Dysregulation of glutamate carboxzypeptidase II in psychiatric Experimental evidence iz beginning to converge on an important role | &
|_| 19022630 2008  Psychiatry Res The volurmes of the fornixz in schizophrenia and affective diso Structural and functional pathology of limbic structures induding the hi)
|_| 18920734 2008  Curr Psychiatry Rep  Limbic changes identified by imaging in bipalar patients, The hippocampus and amygdala are key limbic regions for memory fo
|_| 15590792 2008  Prog Meuropsychopk Doze-dependent effect of intracerebroventricular injection of + Intracerebroventricular (ICW) injection of cuabain, a specific Ma-K ATPa |«
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MiMI (Michigan Molecular
Interactions)

e Started out with integration of public molecular
interaction databases.

 Added gene level data

 Added pathway information from KEGG and
Reactome

e Added metabolic reactions

* Created a vertically integrated data resource that
goes across levels.

 Can be accessed programmatically, via the web, or
from Cytoscape.
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MimiWeb

A new version of MimiWeb was released, changes
include:
— Usability updates from User Studies
— Reactome Pathway mapping
— Metabolomic data including:

e Compounds
* Reactions

— Integration with Application Data Sharing Service

* Links to new tool and service offerings from NCIBI
(Metscape, GIN-IE, GIN-NA, and others)
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MimiWeb Gene Details Extensions

Added to Gene Details
*Reactome Pathways
Compounds

Reactions

Fourth Annual National Center for Integrative Biomedical Informatics Meeting 2009 N

& Pathways (3 pathways found) - show/hide

3 pathways found, displaying all pathways,

KEGGhsa00565 Image Ether lipid metabalism Wiew Related
Beactome:REACT 652 Mitatic Prometaphase Yiew Related
Reactome:REACT 210 M Phase Wiew Related

Q.0
JJ\ Compounds associated with Gene show fhide

U

£00001 water Hzo 18 7732-18-5

C00033 acerate C2ZH40Z &0 £4-19-7 co(=010
£04317 1-alkyl-sn-glycersl-3-phasphachaline CEHZOMOEPR 257

£o4592 1-alkyl-2-acetyl-sn-glycaro-3-phasphachaline C10HZZNOTPR 299

L o

bkad Enzyme Reactions show fhide

Enzyme Name: l-alkyl-2-acetylglycerophosphocholine esterase,

EC Mumber: 3.1.1.47

RO4452 Glycerophospholipid metabolism false 1-alkyl-2-acetyl-sn-glycero-3-phosphocholine + water = 1-alkyl-sn-glycerol-3-phosphocholine + acetate
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Web Compound Deta

1S

:‘\_';ne'-' \ H
S NCiBI

Query Interactions

)Compound Details
Compound:
Smile
acetate Wiew MeSH Terms
CC{=0)0

CompoundID:

CO0033 View in KEGS View in Metscape
CZH402

Molecular Weight:

&0
CASNUM:

64-13-7

O

.é.:‘_‘ National Institutes of Health grant #1J54 DAO21519.
Copyright 2008 by The University of Michigan

wewew hicibi.org - For support and questions email: mimi-help@urmich.edu
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MimiWeb Reaction Details

NC:BI

About MiMI

“)Reaction Details

Reaction Description:
Subcellular Locations:
Glycalysis f Gluconeogenesis

2.0

ReactionID: mitachondrial matriz
ROD2325 View Reaction in KEGS
Reversible: 1.5 cytoplazm
falze
Reaction Text:
1.0
CO000Z+C00033+C00010=C000204+C00012+C00024
Equation:
0.3
ATP+hcetate+Coi=AMP+Pyrophosphate+acetyl-CoA 0.0 0.5 1.0 1.5 2.0

Enzymes for Reaction:
£.2.1.1
Genes for Reaction:

ACESE ACES]

[
J’L Compounds show/hide

~
¥ ] i:vl’_l /é National Institutes of Healthi grant #54DA021519.
Nc ! B I Waivarsitr ol ifichigas Copyright 2008 by The University of Michigan

wiwewy ncibi.org - For support and questions email: mimi-help@umich.edu
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MiMI Cytoscape Plugin

Cytoscape Core

Cytoscape MiMI
Plugin

| @——Get Path Between Genes—P>|

| @——Get All Gene Neighbors——»|

mox ==

Attributes Annotation Graph Literature | _ | Sorted Link Back to
Editor Match Link Literature MiMI Web
5 = T
v v 3
:-M @ §
A
‘, i
o @ 6
Server Server
NC:BI
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| Cytoscape Plugin Features
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Current Status

* Beginning with Cytoscape version 2.5.1, the
MiMI Plugin is bundled in the default
installation and is installed using the
Cytoscape plugin manger.

* |In addition, since Aug 2008, there have been
1017 downloads from 742 unique IP
addresses.
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Bioinformatics Framework for the Analysis and
Interpretation of Metabolomic Data

=

9 o) ® & o) o)
/J./J./J ../J ./" .»./J a./J

)
~100,000 Transcripts

S
:...:

~2,800 Compounds

MiMI Metabolomics

web interface

NCiBI

Cytoscape

@ Metscape

http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp

)

http://www.cytoscape.org/ (A beta version of Metscape can be downloaded via

_ Cytoscape plug-in manager under Network and Attribute 1/O category)

NCEBI
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http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://www.cytoscape.org/�

Extending MiIMI-Web to Include Metabolites

d Lt Search page - Windows Intermet Exgl

KEGG (Kanehisa et al., 2008) and EHMN (Ma et al., 2007) databases were used to trace the
connections between metabolites and genes, and provide the framework for data analysis
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http://www.genome.jp/kegg/�
http://www.ehmn.bioinformatics.ed.ac.uk/�

Visualizing Metabolomic data Iin
MetScape

B Welcome to MetScape 1.0

Metscape is a new plug-in for Cytoscape (http://www.cytoscape.org/ ) that allows users
to explore and visualize the networks of metabolites, reactions and pathways

i BI
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http://www.cytoscape.org/�

e Cytoscape Desktop (Mew: Session)

File Edit Miew Select Layout Plugins Help

Cantrol Panel
) NEtWDrk|VizMapper‘" Editor | Fiters

Metwork

Edges

Main compound
number

Birds eye view of the
whole compound network

rs-ch2-g 0-3h6n02rs
thiaminitriph psprate

ciba .A e merca@top ate

Results Panel
MetScape Legend |

CEX

Initial seed compound

Compound

Expansion seed compound

Expansion compound

Reaction

Expansion reaction

Reaction with single enzyme

Reaction with multiple enzymes

Substrate compound

J@DDDD.‘Q.

‘Welcome to Cytoscape 2.6.2

NCiBI

Right-click + drag ta

Fourth Annual National Center for Integrative Biomedical Informatics Meeting 2009

Data Panel £ d Path
nzyme and Pathway =
= (] b EN=
o] Description Enzyme Pathuway C
C00149 (RD0342) CO0036 (2)-Malate+MNAD+=0Oxaloacetate+NADH+H+ 1.1.1.37 [Malate dehydrogenase) TCA eyele o148 A~
C00311 (RDO709) CO0011 |zacitrate +NAD +=2-Oxoglutarate+ CO2+NADH+H+ 1.1.1.41 [lzacitrate dehydrogenase (MAD(+)) ] TCA eyele Con3
C00037 (RO0366) C00014 Glyeine+H20+0wygen=Glyoxylate+NH3+H2 02 1.4.3.19 [Glycine oxidase.]; 1.4.3.3 [D-amino-acid 0... | Glycine, seringe, alanine and threonine metabolism | CO0037
C00197 (RO1512) C00236 ATP+3-Phospho-D-glycerate=ADP+3-Phospho-D-g... | 2.7.2.3 [Phosphoglycerate kinase)] Glycalysis and Gluconeogenesis co01497
C05951 (RED596) CO0037 Hi, 230 +leukatriens D{ 4) = glycine+leukatriene E{4) | 3.4.13.19 [Membrane dipeptidase] Leukatriene metabolism 05851
C00311 (RDO709) CO0026 |zacitrate +NAD +=2-Oxoglutarate+ CO2+NADH+H+ 1.1.1.41 [lzacitrate dehydrogenase (MAD(+)) ] TCA eyele Con3
C00003 (R00112) CO0006 NADPH+MNAD +=NADF ++MNADH 1.6.1.1 [NAD{F)(+) transhydragenase (B-specific)]; .. | Vitamin B3 (nicotinate and nicatinamide) metabalis.. | C00003
C00647 (R00277) C00014 Pyridoxamine phosphate+H20+0xygen=Pyridoxal ... | 1.4.3.5 [Pyridoxal 5-phosphate synthase)] Witamin BB {pyridoxine) metabolism CONB4T &
( il LY
- - Pathway
Mode Attribute Browser | Edge Attribute Browser | Network Attribute Browser
Z00M Middle-click + drag ta PAN Vikarmin B (pyridoxing) metabalism
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GIN-NA:
Gene Interaction Network Analysis
* A system for analyzing molecule interaction networks
(Interactions retrieved from the MiMI database)

— Molecule-Specific Networks:

* Network of interactions in the neighborhood of a molecule

— Disease-Specific Networks:

* Network of interactions “near” known disease genes
* General network statistics:

— Degree statistics (e.g. average degree)

— Clustering (e.g. shortest path statistics)

 Ranking Molecules

«~ — Centrality Measures and Second Neighbors e

N
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GIN-NA: Ranking Molecules

e Centrality: Importance of anode ® Second Neighbors:
in the graph Rank based on the
number of common

— Degree: The more neighbors a . . .
immediate neighbors

node has, the more important it is.

(most central node: x)

— Betweenness: The more shortest
paths pass through the node, the
more important it is. Control of a y
node over the information flow of
the network. (most central node: y)

— Closeness: The closer a node to
the other nodes, the more important

it is. (most central node: y)
Ny rfv@,%
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Molecule-Specific Network: CSFIR Links
MNetwork Parameters —
Katgernalicn skt CSFIR o bk
¥ ey HOmd Sapesns
» Mickacule Type: A1 Molscide Types Cyloscape
* Diadn Sourcer Al Dabs Sources
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NG

Seed Disease Genes

Disease-Specific Network: Prostate

Cancer . AR
« BRCAZ
e CHEKZ
General Statistics « CDB2
« FTEN
» Nodes, 613 » MXI1
= Edges 6034 o KLFG
o Diamgter 5  ELACI
o Average degres 1969 * HIPY
e Dagres statistics: « HPCA
o Power law exponent: 2.36 r-squared; 0.85 * PCAP
o Newmnan powsr law exponent 153, Eror 002 * MSR1
» Chrstenng » EMASEL
= Walts Strogatz clustering coefficient. 0.2520 * MADILY
o hewman clustering coefficient 01864 « EPHE2
o Clairfib averags undiracted shomest path;, 248
o Fefmer average undirected shonast path 247 Links
o Hamponic mean geodesic distance: 2.31
MM

Most Central 10 Nodes (Inferred Disease Genes)

Informaiion ahowt the sead Prociste Cancer

Degree Centrality Betweenness Centrality Closeness Centrality aenes on bl
Molecule [Score Molecule Score  |Molecule  Score

[TaF1  [0284 [TAF1 0158 [TaF1 (0564 Cytoscape
HHE4A (D255 |AR (0037 [HNE4A (0545 Yisualize the Prostate Cancer specific netwiork
AR 0245 |HF4A D080 |Mrc 0535 A AnELAne
[hdYiT 0229 |PTEN D074 AR 0534

FTEN (0217 MYC 0035 [TPS3 |0.524

E2F4  [D181 |BRCAZ 0035 [PTEN (0514

MAX  [0178 |E2F4 o031 |[E2F4 [0512

[EZF1 [0150 MADILI  [0024  |RBL2 (0507

P53  [0145 [IBS3 0020 |[EP300 [0.506

RELA  [0.142 |MAX oo1e  [ESR1 0,504
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Univ. of Wisconsin

 Madison (Jignesh Patel)

— SAGA: Query biological graph database (e.g.
KEGG) to retrieve approximate matches with
given subgraphs of molecular interactions.

— TALE: Align graphs, e.g. of protein interactions
across species.

e Milwaukee (Hong Yu)

— Natural Language Processing of full text from
PubMed Central.
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ConceptGen

 What biologically related sets of genes are
enriched with the differentially expressed
genes from my microarray experiment?

 What pathways or biological processes were
affected in my experiment?

e |s there a significant relationship between
— disease A and any other biological condition?

— The protein interactions of gene A and a drug or
transcription factor target?
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Enrichment testing

In Gene Set Not In Gene Set
® Changed ® Changed
® Not Changed ® Not Changed

Modified Fisher’s Exact Test

Not In Gene Set

Changed A-1 (9) B (200)
) Not Changed C (40) D (9800)
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NCiBI

Concept mapping

A step beyond enrichment testing
Gene sets = concepts

Gene set database/ontology = concept type
Molecular Concept

o an aspect of biology represented by a molecular
signature

o Diseases, pathways, mechanisms, drugs
Test enrichment AMONG all concepts
Visualize results in a graphical network map

® Can identify interesting relationships among concepts in
diverse concept types (e.g. significant overlap between an

miRNA target list and a KEGG disease pathway.)
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CO nce pt Ty p es * biological process (1043)
‘ pFAM \ * molecular function (660)
(770) (# concepts) e cellular component (292)

pathways /
Gene

Ontology

I
FRITIIILES mMiRNA target
(86) (245) (587) Transcription
factor targets
(119)

Derived -
from NCIBI MeSH terms

/\(

tools
(4028) Gene Expression Drug2t5a6rgets
(603) (256)
S~—
A
Metabolites W Cytoband
(960) n. eractions (1178)
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ConceptGen Explorer Window

8 Concept Explores
Bipolar-Smoking-MiM|

Concept Name:  Blpolar-Smoking-...

ConceptType:  Experimental
Gene ListSize: 87

Gene Symbol Gene Name

;EIDHIEI llda}lﬂc;nhydmpnun 1 hn!lg;, rmml';u B-lu -
aldehyde dehydrogenase 1 family, member A3
aldehyde dehydmogenase 3 family, member B1
Erltar takly o e

Eariched Concepls |

™  Draw complete intreactions Selected 0of 500 Concepts | 7] E3
Concept Name Category GenelistSlze Overlap Pvalue
 Receptor, trkC Loncept™ Utersture derived 10 j 362890389

Serotonin Plasma Membrane Transp in 1 058 Litersture derived 8 4.429032E-T 8.553347E-4
Aldehyde Dehydrogenase Literature derived 14 B.979317E-25 5.20225TE-20

" Alcolol Dehydrogenase Ltemture derived 12 1.049744E-16 3.040898E-12
Brain-Derived Nearotrophic Factor LHerature dertved B 4.429032E-T B.55334TE-4
Aldehyde Oddoreductases Litemture deried 13 2.514599E-16 4.856193E-12

Sex Charmactaristics Lierature dertved = 16 5.6T9469E-6 T7.312127E-3 ﬂ
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Concept Signature (ConSig) Analysis —
moving beyond concept mapping

Applications include:

 Nomination of potential phenotype or disease associated
genes

e Filtering MiMI interactions by functional importance
e |dentification of interacting hubs in a gene list
e Finding common hubs across expression signatures

e Comparing the functional similarity between different
gene groups
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The ConSig—Score Algorithm

Repeat for all
human genes
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Fusion Genes Share Functional Signature

RANSCRIPTION ZINC_ION_BINDING

RECULATION_OF_TRANSCRIFTION, DNA-DRPENDENT TRANSCRIPTION_ACTIVATOR

50 . nfp
SITIVE_REGULAZION_OF_TRANSCRIPTION METAL_ION_BINDING

RER PROTEIN. HETFRODMERIZATION_ACTIVITY
INFLUENCE.OF .RAS_AND_RHO_PROTEINS_ON_G1_TO_S_TRANSITION 2OSITIVEN QF_TRANSGRIPTION, .ONR-DEPEAIDE TRANSCRIFTION_REPRESSOR
1.

ROLE_OFZBRCAL,__BRCA2_AND_ATR_IN_CANCER_SUSCEPTIBILITY TICELLULAR=G
IL-2_RECEPTOR_BETA_CHAIN_IN_T_CELL_ACTIVATION ANSGRIP /" ZFROM_RNA_POLYMERASE_Il_PROMOTER

DNA_DAMAGE_RESPONSE, SIGNAL_TRANSRUCTION_RESWLTING_IN_INDUCTION_OF _APOPTOSIS TRANSCRIPTION_FACTOR

ey vy

NECIATIVE_REGULATION_OF _CELL_PROLIFERATION oy - SMAD3

JKATZB
PROTEINMAMINO_ACIOL PHOSPHARYLATION

“ RUNX1
IRS-RELATED_EVENTS

g RAT DNA_BINDING
INHIBITION_OF JLELLULAR_PROLIFE fnginG \DYWHAG J

_bNa_sINDING ’ RO TRANSERIPTION_COACTIVATOR

NUCLEOTIDE-EXCISION_REF POSINIVE_RECULATION_¢ _TRANSCRIPTION_FROM_RNA_POLYMERASE_Il_FROMOTER

UCLEUS
SEQUENCE-SPECIFIC_DNA_BINDING

i YTOPLASM
: M ; 3 ATM
/ Sy PROTEIN_N-TERMINUS_BINDING
/
EREGULATION.@P-CIL_CYOLE -~ SE 1 D_GAMMMRADIATION  SMARCAE=5 ATM_SIGNALING_PATHWAY @ Gene Ontology
AUAL INCISION_REAGTION _GG_NE / '> TUMOR_SUPPRESSOR_ARF_INHIBITS_RIBOSOMAL_BIDGENESIS . Molecular Interaction
BINDING _OF_ERCC1#PF_TO/PREINGISION_COMALEX_ . Pathway
5 MTOR_SIGNALING_PATHWAY oo °
5 .
2 5\'=INCISION_OF__DNA_BY_ERCC1-XPF_IN_GG-NER Domal n

PIK3R SINGLE-STRANDED_DNR_BINDING

FORMATION_OF_INCISION_COMPLEX_IN_GG-NER
DNA_REPAIR

Q) TRANSFERASE_ACTMITY
CYTOSOL

Novel fusion genes predicted from ConSig analysis have been confirmed
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NC:BI s
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Other Tools

 MiSearch — personalized PubMed

e Gene2MeSH, Metab2MeSH — relate MeSH
terms to genes/matabolites and back

 BioSearch2D - relate publications to biological
concepts

 Markit — biomarker prediction using
topologically constrained bayesian networks.
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Levels of Integration

User Interface:

 Pencil and paper

« Copy, paste

o/ URL passing IDs, single authentication

o| History of searches, persistence, memory
Stored private datasets, workspace

v

Core Databases:

* Federated with common linkage of data
e GenelD, ProteinID (Uniprot), PMID, ConceptID,

MoleculelD
NC:BI O
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NCIBI Integration Needs

* Integration of toolset into single framework
— Tools need access to each others functionality

— Tool interface separation and isolation (e.g. to embed one
tool GUI in the GUI of another)

e Unified identification (via web service)
— Use identification for user-tuned profiles
— Authentication/authorization

* Protected but shared resource repository
— Shared repository with user and web interface
— Input/output to/from tools
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NCIBI| Data Challenges

* NCIBI has large amounts of data

— Protein, Gene, Interaction, Metabolites, Pathways, SNPs,
Literature and more!

e Users need many separate entry points to get at the
data through specialized tool offerings.

 Goal: Integrate services together to allow users to
easily make use of NCIBI tools and data.
— Move data easily across specialized tools

— Locate information quickly
— Allow users to contrast and compare multiple views of

data
\ 'P\\‘ W\S‘)
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g Fourth Annual National Center for Integrative Biomedical Informatics Meeting 2009 = Q?’

o)
A e pd



Biolets — Solving the user/data divide

* Pluggable architecture that allows new biological
services to be added.

* Allows users to move their findings easily across
tools.

 Enhanced search and filtering capabilities brings
disparate data together allowing the user to focus
and drill in on items of interest.

 Three plugins in the works, more on the way.

* Integrates with outside services (NCIBI Hive
TagMapper service, GenePattern)
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Application Data Sharing Services

* Allows users to save data in one tool and easily use it
in another.

e Users can choose their entry point into NCIBI
services moving their findings to more specialized
tools as needed.

* Pre-existing data sets can be uploaded and used as
the starting point.

e Secure architecture means users can reliably and
safely store and access their data.

1:]
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Application Data Sharing Services
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Integration Architecture: Example

Internal |i serviceIl| -'i_ _;', ------------ :i ______________
services i

PubAnatomy' i
B —p i| | web i
@Y= |
Nl :

__________

View componerts

User Search

e
¢ ¢ Scaffolding tools:
\: |C|tat|on I|MeSH analysis]] ~[mporvExport I




Implementation

Principles: Components:
v' Agreement on data sharing approach +* Database schema
v" Loose Coupling among apps s Syntactic/semantic interoperability
v’ Encapsulation of core function among NCIBI web applications
v’ Interoperability: app pipeline ¢ Centralized database repository
v Composability: built larger system ** Application-independent dataset
v" Abstraction of underlying services - gﬁ:rrzgzgie dataset operating web
o . . *
7 Uenbitty: simpre somice et services, e.g, read/write/operate
v Flexibility;' adaptive to various NCIBI data % Dataset sharl_ng guthorlzatlon and
: user authentication
sharing requirements
[ e ”\%
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* |Incremental, data tracing, format variations, complex
requirement

NCiBI

Data Integration Schema

e Consideration, scenarios, limitations=>adaptations

InterApp_Data_1

SETID

V1

» InterApp_Data 2

SETID

V1
V2

InterApp_Data_N

USER . SHARE
USERID SETID
GROUPS GROUPTYPE
GROUPID
InterApp_Set_Field |,
SETID
Colmun_ID SET
Field_ID SETID
Field_Name >
Field_Version SETNAME
Field_Origin FIELDS(optional)
Field_Desc MEMO
Data_Table
InterApp_Field_Define 4&-
Field_ID HISTORY
_ SETID
Field_Name USERID
Field_Version SETTIME
Field_Type
Field_Source APP
Field_Subtype 1 ACTION
Field_Subtype_2 PARAMETERS
Field_Note MEMO
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Saarch by: ¥ Gan

xamples

-
history = 1 bipolar diserdar

Demo of Example Pipeline

File  Anatormy

745 genes found matching MeSH heading "bipolar disorder™
B = lovkup yene or MedH heading: M = view intesadions in MK

TaxID

sakpapretsin F

Juaus kinaze 2 [}

show #ll Golurmns [ | duwalos

kinsse) |

Fio Tt Vem ek Lk Pugne teb

eReaa @@L |
Control Parml

T Pmitekhe bt T0CM  Paddeckhs dug 10 PAN

Citation

1) Retrieve Data Sets | 2) Select dsta set to import  3) Select action

Toals Help
4, Gene Expression Correlation | (3 Image Section
SUB
K] P wpr
T
AR
Lad NRC I
Ca
161 LEEREM MEmopaAG A
HI
DORzm
Low =y
SEM: - yp e
Brain
e
21
BS EH " _pH
MeSH Profiling Author Disease In Situ Image

z5E

(_Import PMID as citationset | v |

| - search Panel 2

Keywords:

(And/or) Gene ID or Syrabal

Search Engine Options: g

L PubAnatomy search engine | v J

search

||| #Estract s=arch range: so0 5
(Large limit may take minutes)
Mapping Options:

{ Brain Structure Term Mapping | v J

Image Resolution(micron]: | sg vl

Current image section 156

1

Current structure

(o]

L[

[ ] v

Expression C. Gene Expres...

 Irnport PMID as citation set

Set ID Set Name n Time Import and sxecusa,. =t Description
] 143 literature rezult zet 21 apR-gg IMPort Genss as targats 1o T Rast data update
] 51 litarsture result sat 12-FER-03 PMID tast data updata
52 my search 12-FEB-0% PMID set: seach brain, filter 240

Significant G.

La]

Asbinrs Te Tal

/Y thoass Actian % Upload Dataset (] Operate Dataser

L Btk b Lagut |

2, tiglnad Dataset ‘

| oowrate releited datarats

&l apavere oats !& Salact far furthe

£ Durmilvad Bataset |

File  Help

Choose Calculstion Method: lMiMI Interaction

{4 Source Genes: Edit

4=} Direct | 13 One Step

GenelD 4 Symbol | Description
[} 11816 APOE apolipoprotein E
O 11829 AQPa aguaporin 4
[} 12326 CAMES calciurn/calmodulin-depandent prote
O 12359 caT catalase
[1 12753 CLOCK | circadian locomoter autout cycles ks

Relations among given genes @  Click on a gene to see its details

Source Gen Target Gene | Source Symbol

[ Target Genes: [ Edit

GenelD Symbol ¥

L 21955 THNTL

I 20977 =P

2 Ll z8za0 TREMZ
2= 0| 216343 TPHZ

1 20655 SO01

(Found total direct path record: 18; Mapped source gene:10; Mapped target gene| 4 |

Source Gene Description
spolipopratein E
spalipoprotein

catalaze

cAMP responsive element binding protei

o L + hindi ai

Description

tranzient receptor potential cation cf
tryptophan hydroxylase 2

troponin T1, skelstal, slow
synaptophysin

superoxide dismutase 1, soluble

3

Target Gene Description

rmicrotubule-sssocisted protein 2

prion protein
superoxide dismutase 1, soluble

ribosomal protein 56 kinase pD\ypE

L th L bat

| 11816 17756 APOE
O 11816 19132 APOE
| 12359 20655 AT
O 12913 20111 CREB1
: ll 1301 RER1

| il

Gene2Mesh=PubAnatomy = PubPath = PublO = MiMi-Cytoscape




IBIS — Integrated Searching And Filter
across data sources

(&)

7

L[?Ne\w Save As

Integrated Bioinformation Search

Search Results  Filters  Clipboard  Preview

i Help

/

4

Search Filter

H Search I

Search Choices:

O Free Text
Cukpuk:

O Genes

O Cancepts
[ Interactions
[0 Metabolites
O Literature
O Pathways

® Genes (example: brcaz)
O Concepts {example: disbetes)

GO | MESH || Gene

.J*”ES | Interactions " Literature " Pathways l

S

i
S

NCiBI

Geneld |Gene |Organlsm |Type Other Mames Description Cellular Compon... | Biological Proce... | Molecular Functi... | Int Doc fra!
[ ]
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IBIS Demo

Problem: Queries to the NCIBI Databases results in
long and indigestible lists of information.

IBIS - Integrated Search and Filter Service at NCIBI.
Currently in development...
— Search services across multiple data sources.

— Filtering of results based on search context.

— Allows for searching and filtering associations between
data.

Search across 4 different repositories: Gene DB,
MiMI for interactions, Gene to Mesh mapping, and
Tagging of PubMed Abstracts.

Demo: search ‘Prostate Cancer’ and filter



MiSearch
(before authentication)

SQarch Adaptive PubMed Search Tool NC

LOGIN for Personalized Result Ranking
Quey D)

'ummbl'as: gab2 or prosiate cancer AND androgen receptor

] ] *' | Mational Institutes of Health grant #UI54 DAD21519,
Nc ; BI —— ,_.'.,_ ' @ Copyright 2008 by The University of Michigan
Wz - INg
= Qﬁh )}é
NC:BI )
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Federated Login leveraging
Shibboleth

NC:BI

Please login with your email address and password (you only need to login once for all NCIBI Applications):

Email Address: demol@mail.com

Password:

(XL TTY ]

f Login k'

Registration is easy and allows the NCIBI tools to provide features such as search history and preferences.

= :/'. Q %
NC:BI s
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MiSearch
(after authentication)

&
231 ]
[ el

Adaptive PubMed Search Tool NCBI

Profile for Beth K

Query
examples: gab2 or prostate cancer AND androgen receptor

=V
E ] t;:j I'I é‘i: National Institutes of Health grant #U54 DAO21519,
N c E BI siveraiy i iickigas Copyright 2008 by The University of Michigan
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Integration with Others’ Tools

* GenePattern
— Have worked with them for many years
— Jill Mesirov keynote coming up

e Cytoscape
— Have been working with them

e |2B2/Hive

— Current effort is on-going

1:]
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HIVE - 12B2 Framework

e https://www.i2b2.org/ (Informatics for Integrating

Biology and the Bedside)
e HIVE = Framework

+ Workbench

e Community
Contributions

e Build on open-source

technologies

B
g

Ntml

Prm: essmg

Project
Management
Re p rt ory
Ontology
Management

Data
Repository
(CRC)

De
Id entific ation
nf Drata
Identity PFT
Management Proc essmg

Wnrkflm
Framework
A.nnntatmg @ Annotating

GEenomic A.nalyrsu Imaging
Data #1 Data
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https://www.i2b2.org/�

TagMapper Service for Hive

e TagMapper plugin for Hive integrates the NCIBI Biolet
web services with 12B2 Hive.

* Pluggable nature of Hive and Biolet’s allows for easy
integration of services.

 NCIBI TagMapper provides mapping services
between ICD9 codes, MeSH terms and genes.

 Additional mapping services are planned.
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TagMapper: Client and Demo

User drag/drop from
diagnostic category to
plugin

Plugin/Server converts
ICD9 code to Mesh Terms
and retrieves related
Genes (additional gene
information can be
displayed)

Adding support to
navigate through gene
information

Adding support to view
additional mappings

B I

J Diagnostic ]\
Categories in 12B2

J \ Deme User  Status: ‘
=0

®_. i2b2 Workbench for 0914 Eroup\
e ¥

1
Timeline view |} Export Data Zz\h & \Neork =2 .lmp.ﬂ @Heuﬂ =g
* 1 SHNRED -
ilin _ HMC Shared
. o) "
In other M
ST . »
gl --- 1N patient
contexis...
e data
Wl Histogram of PatientDemographics L
_A Histograms of PatientDemographics J
3= Table of PatientDemographics stuff
@8 Histogram3D of PatientDemograp hics i demo s
A 5] Autoimmune hemolytic anemias Cardiac Tests
Al Histogram of Autoimmune hemolytic anemias
_A Histograms of Autoimmune hemolytic anemias (’_ PFT E3 & Correlation Amq =g
¥ Table of Autoimune Lemalitic anemis
@ Histog \
¥ [£] Events 3]
Gene List: - : a
+== TagMapper plugin
Ighgl & Histogral [
Fegrl & Table of
Iz )| Histogra g . £
e Integratea into Hive
Aemz
Fegr3
Slcdal
e maps ICD9 to Genes
ICDS Code: 283.@ k /
r \
t plugin J
L NG,
= 5
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Biositemaps

* Biositemaps are a collaborative venture between all NCBC
centers. NCIBI has actively worked with NCBO and CCB to
develop and deploy the following tools:

 The Biositemap Search and Browse tools provide a web
interface for simple or complex queries against all resources
defined in all published biositemaps across the internet.

 The Biositemaps Editor provides an authoring web interface to
fill in the information about the resources on your site and
generate a biositemap.rdf file.

e The BioPortal supports queries based on the Biomedical
Resource Ontology (BRO).

 The iTools application and iTools services provide the functions
of (i) authoring, (ii) locating and (iii) querying biositemaps.

* Additional information is available at
http //www.biositemaps.org
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Biositemap Basic Search

jl
I - P g,
] -*J Q@ %
s
[ BIOSITEMAPS SEARCH 2 =I5
O RS
|
Use the form below to search biositemap resources. |
o Text will be searched in all properties unless a specific property is selected.
« Search is case-insensitive (see Advanced Search for more options).
Search in Property Enter Search Text
[ - ANY — Bl [proteomics (" Submit Search )
National Center for Integrative Biomedical Informatics
Supported by NIH Grant # U54-DA021519
Copyright 2009 The University of Michigan
Version 1.0
O“:‘P\L rN\S‘)}/\
[~ C
NC:BI . N - A
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Biositemap Advanced Search

Y ph g
< 7
- S =
! = ﬁ-lJ'
[ BIO SITEMAPS SEARCH 25
o P HERS
Your last search found 92 resources. You may search within these results or start a New Advanced Search.
Use the form below to search biositemap resources or return to the Basic Search.
Select Organization (Optional): [ - ANY -- ™|
Select Center (Optional): | NCIBI &+
Select Resource Type (Optional): | proteomics Y|
Search in Property Enter Search Text
[ - ANY —- H peptide Exact Match? [J
(" Submit Search )
National Center for Integrative Biomedical Informatics
Supported by NIH Grant # U54-DA021519
Copyright 2009 The University of Michigan
Version 1.0
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Integrated Biositemap Browser

\k.bl' |.I'\JL5>.:’

o

AT
S0

2
</ BIO SITEMAPS BROWSER
O

Resource Descriptions

Name
Peptidefilas
X_Tandem

ProteinldDatabase

NCiBI

Resource Properties

Rescurce Name:

Description:

Resource Type:

URL:
Keywords:
Organization:
Center:

Contact Person:

Contact Person Email:

Peptide Atlas

Multi-organism, publicly accessible compendium of peptides identified in a large set of tandem mass spectrometry
proteomics experiments, some published, many still unpublished. All results of sequence searching are processed
through PeptideProphet to derive a probability of correct identification for all results in @ uniform manner ensuring a2
high quality database. All peptides are mapped to Ensembl and can be viewed as custom tracks on the Ensembl
genome browser,

=2 BRO (1 Item)

BRO:Proteomics

hittp:fiwww. peptideatias.org

Proteomics, mass spectrometry, peptides, Ensembl, PeptideProphet, unifarm re-analysis of raw data
Institute for Systems Biology

NCIBI

Eric Deutsch

edeutsch@systemsbiology.org

Contact Person Fhone:

Language:
License Model:

Platforms:

The National Center for Biomedical Ontology is one of the National Centers for Biomedica

free, but registration required

for Biomedical Ontology
Computing supported by the NIH Roadmap.

The Biositemap Browser is a component of The Mational Center
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