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Scope of Biomedical Informatics and Cyberinfrastructure
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NCIBI: National Center for Integrative
Biomedical Informatics
An NIH NCBC Resource to Enhance
Basic and Translational Research

http://NCIBl.org, Brian Athey, PI

Center for Computational Medicine and Biology
University of Michigan

NIGMS/NIDA U54-DA-021519
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http://ncibi.org/�

Integrative Informatics Enables Synthesis
of Knowledge at Multiple Levels

Public Health
Informatics

Physiological =
Modeling

Imaging/
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Systems
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Multiscale Science

Participants/ i Epiderriiology

A :
| J!odel Organlsmﬁ Phenotypic Stratification

Genomic Understanding

Organs, Tissues

Mesoscale Science

e.g. Transcriptomics,
NanoMedicine

olecules, Gene
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Integrating High-Throughput Measurements with the

Phenotype is Key

“Phenome to Genome”

Health Disease @_

* NCIBI Concept Plan

™+ Phenome
o J * Organs
* Tissues

J * Cells

Clinical Phenome

* Chemical & Physical
Exposure(s)

* Smoking

* Metabolome ¢

— %« Proteome
) .. e 1+ miRNA
.. + Epigenome <
* Transcriptome !
* SNPs/Copy Number A

Variants (CNVs)
* Genome
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Y Molecular Phenome

* Body Composition

* Blood Pressure -
* Mood

* Sleep Patterns

* Post-Translational
Modification

* Transcript Variant

* Methylation

* Diet 1

”Genome to Phenome”
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Integrated Tools that Track the Levels

alttial
R e
T Seaes Vot Ao ARSD and its
s -4;s~:'i¢:.-- e i Sov 8l S - | S \ direct interactors

File Help 1 =i |
/4 thoose Action 2, Upload Dataset - Operate Datasat ; Ei_& If:
| | eragen 12 rsvoge memaener g
ey L2 LO# ghaurinovpliarin g J lamy prier s n ::-nu e ol

F ageN oty s gy B Wl LN g

"E T
——— w4 - —— v

[y

- salectad datasets e
o -
& @ ;“J p!ocau
>
P o )
o« 34 g
- @ @
_ - =
L -i_. F §
. 0 &
= e _‘.J/‘:‘
—— ] it e —
e | 4 aa W e ;
. — i i o= .
- - -
I ) l.
5 | -

I NCIBI-Grid (National)

4@-

4

L L 'NS)~
5 P,

= d/“;w

S %
NCiBI 543

NaTionAL CENTER FOR INTEGRATIVE
BiomEDICAL INFORMATICS

RS



Overview of the NIH National Center for
Integrative Biomedical Informatics (NCIBI)

Education & Training Diseases & Health Dissemination & QOutreach

\,ﬁ NIH Biomedical Researchers ?\/

Gata&lnformation e — %8 Knowledge Creation
Omics
Integration
Natural Language —  Modeling®& ~  Concepts& e ———

Processing Pathways Ontologies

Data
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NCIBI Computational Science Core

Abstract View

Knowledge Generation and Validation

NCIBI Tools

N
Discovery || 7~ Computational Interactive Navigation
Analysis Visualization //
A
H-T Molecular || Ex perimental Publiz NCIBI Literature & EHR
Databases || Databases Databases || Databases |[| Image [ Databases
] 1 1 Databases [
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Theme: From Data to Knowledge

/ Transcriptomic Gene
Expression
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Intensity
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NCIBI Senior Leadership Team
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H.V. “Jag” Jagadish, Ph.D. Brian D. Athey, Ph.D. Barbara Mirel. PhD.

Senior Scientific Director Pl and Core 2. Core 7 Chair :
. ! Cores 5 & 6 Co-Director
Core 1 Director Senior Scientific Director

James D. Cavalcoli, Ph.D.
~NCIBI Project Manager

L Senior Scientific Director
N C ; B I Core 3 Director
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NCIBI Collaborative National Partners
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Concept or
Keyword
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http://mimi.ncibi.org
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About MiMI

@Gene Details

‘Eq ..................................

%’Q[ Protein Interactions {64 gene interactions found) - show/hide

"V Literature on gene TGFB1 (1203 publications found) - show /hide

C& Pathways ({8 pathways found) - show/hide

Gene2MeSH Cytoscape | GIN | | MiSearch |
View TGFB1 With Other NCIBI Tools @ @ @ )]

e P

K gé’-‘1 National Institutes of Health grant #U54 DA021519.
NC BI byt o oo Copyright 2008 by The University of Michigan

whwew nciblorg - For support and questions email: mimi-help@umich.edu
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NCIBI ConceptGen NetBrowser

Gene Annotation Remove | Expand X

L Em 1 i " ..E': '_'-1: _I AO21518

lefi-right determination factor 1

Symbaol
GenelID: 10637
Gene Type: protein-coding
Organism:  Homo sapiens
Chromosome: 1
Map Location:  1g42.1
Locus Tag:

ACVRIB

ACYRL1

Alias:  LEFTY1, LEFTB, LEFTYB
AllasType:  symonym
Kegg Pathway:  hsa:10637

Gene Complex: KEGG:path:hsa04350:69
|

GO Term Category
extracellular region Component
extracellular space Component

cyltokine activity Function
growth factor activity Function

Path Name Description

path:hsal43560 TGF-beta signaling pathway
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SAGA and TALE: Effective
and Efficient Graph Matching'./”

Tian and Patel

Graph databases are large and growing rapidly in size.'-e.g.
KEGG has grown by ~1000x since 1999.

Data is noisy or incomplete (or both)

Need “approximate” graph matching

— SAGA: when the query graph is small (< 100 nodes)
— TALE: when the query graph is large (1000s of nodes)
Shown to be:

— More effective - able to find results other tools miss
— Orders of magnitude faster than existing tools

Publications:
«_* SAGA: Tian et al. Bioinformatics’07 S N,
ALE: Tian and Patel, IEEE Data Engineering’08 N T
NC B[r J J g(é)@
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SAGA Example: Integrating
Different Pathways Databases

KEGG Database vs. Reactome Database

o Smurf1/2
1 Smad6/7 B SAGA B NetworkBlast
[} <
L o Q LTBP1 TGFB ' 10000
8(_% i ; Smad2/3 w
O c ! TGFB RIRII S > 20 hr
02 = ! Complex A
v’ 9 | 8 1000
w SARA | S
X ! : i ~
: ' )
: ! S
Smurf ' 3
> E E o £ 100
&) @ Large Latent! Dimeric o S
L S| Complecol| TGRLRI TGFBLRILR p
= g — TGFRL ! Complex | Complex g
v= T =
ES o imeric TGFBLRII: 5§ 10
g > £ Phospho-RI 5
g 8 Complex 1 R-$fhad2/3 o
T & ' @
& c RI Dimer SARA 1 4
omplex
Potential: Integrate graphs from Orders of magnitude faster
. different sources. than existing tools WL INg,
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http://saga.ncibi.org

Match Neo. Match Graph Name (#Nodes, ZEdges) Graph Disi
MIatch #1 pathchsal4330 (17, 16) [MNotch signaling pathway] 29.00
Iatch #2 pathchsald210 (39, 70) [Wrt sighaling pathway] 36.00

Details of the Matches:

[Go Back to Matches Overview]

NIatch #1: path:lisa04330 (17 nodes, 16 edges) [Notch signaling pathway]
Graph Distance 29.00 (4 out of 11 nodes match)

[Link to KEGG Picture] (with the matching nodes highlighted)

query: MiMIPlugin2 SAGA
sox17 ruvbll1 rac | dut jag2 Ifhg
“\—\..___\_\_ N
\ \ DB graph: pnth:hsnﬂ)&?
smad4 ppard notch2 JAG1, AGS, JAGL]1... LFENG...
tat psenl NOTCH1,_TANI...

“ \

[NCSTNIAPHI1AIPSENI...IPSENENI]
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Gene2Mesh: Automated Literature-Based
Genome Annotation Using MeSH

. GO_ « Statistical association
— Linked to genes and _ All of PubMed

genomes
. — All MeSH terms
— Only describes normal _
physiology — Agnpeipers referring to
. OMIM v

* Fisher’s exact test
— Significant associations
— Informative ranking

— Heritable disorders
— Hard to search

e MeSH

— Broad coverage of o
biomedical concepts  * http://gene2mesh.ncibi

— Need links to genes .0rg Saa
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Mesh and the OMIM MorbidMap

Genes associated with “prostatic neoplasms”

Symbol Description OMIM
AR androgen receptor Prostate Cancer
RNASEL ribonuclease L Prostate Cancer, Hpcl ;Prcal
ELAC2 elaC homolog 2 (E. coli) Prostate Cancer
PTEN phosphatase and tensin homolog Prostate Cancer
CD82 CD82 molecule Prostate Cancer
PCA3 prostate cancer antigen 3 Prostate Cancer Antigen 3; Pca3
MSR1 macrophage scavenger receptor 1 Prostate Cancer
KLF6 Kruppel-like factor 6 Prostate Cancer
TMEM16G transmembrane protein 16G Prostate Cancer-Associated Protein
S}

74 Additional prostate cancer associated genes identified using MeSH analysis
KLK3 (PSA), NKX3, FOLH1 (PSMA1l), AMACR, ACPP, SRD5A2, TMPRSS2...

11 Genes in OMIM, not found by MeSH analysys
BRCA2 and CHEK2 missed threshold, 9 genes with minimal literature or not enriched

NI\LC ' Bl http://gene2mesh.ncibi.org S
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New NCIBI Tool--Metscape

\i;l E Search: |

MEN

() B C00051 C00293/C01496 C00?91 C001 59 C0021 2 ('.00245 C00137 CO0294 CO0099 CO036..
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Data Panel

MO

Time Series

Expression_1[0. 1881 ko 2,9366] Contral Mode Color
Expression_2[0.8054 ko 296,1351] Control Mode Size

—|

Metastatic_vs_localized_Fold_change

SElEd

. = 5
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i R
......,,x e, “‘;:?r
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g
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- E = ay i" o i
* a 58+

MetScape Legend |

Results Panel il

Initial seed compound

Compound

Expansion seed compound

Expansion compound

Reaction

SRR UM

Expansion reaction

5]

=Y

Flay

[ Play | [ Pause ]

[ Skap ]

Dismiss

Mode Attribute Browser

Nick+draq o Z00M
< Z DI
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Edge Attribute Browser | Mebwork, £ e
Middle-click + drag ta PAR
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Urea Cycle, 2/ Steroid metabolism
Amino Acid i Glycine, serine and

Metabolism threonine metabolism

TCA cycle,
Glycolysis

Protein
Catabolism

\J** Glycolysis,
MAPK signaling « Sugar Metabolism

MetScape visualization of liver mRNA levels (nodes) whose expression
pattern correlates positively (red) or negatively (green) with liver
glutamine levels

1
L

iy iy Burant, Karnovsky, and Attie
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Visualization tools: MiMI Plugin for Cytoscape
Integrated with BIoNLP and SAGA

| mapx siowALING PATHWAY |

Result for the Qu I

Phoaphati
signaling

Hetem rimexic
G-prote in

@ Cytoscape Desktop {(New Session)
File Edit VYiew Select Layout Plugins Help

Total Execution Ti

Number of Matche

Caontrol Panel

sEQanal®

] NEtWD"kl V\zMapper‘"l Editurl Filtersl

Metwork

Edges
115(115)

=
Eearch:| [

B tcf712 | Homo sapiens| all Mole

Matches Overviev

Match No.

Classical MAF kinase
pathway
HGF

—cacn }—» © -~

[RasarE]

[ e |

I

*

Match #1
Maich #2
Match #3

OsL

—
€
Data Panel
1D
J728 J
2033 E
4286 h
5663 R
1457 5
8607 R
4
Mode Attribute
welcome to Cytoscape 2.6.0 Right-click + drag ko Z00M i
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PubmedID Section

0BEOS34

Da1a015

10485457

10597289

SORT (SINGLE CLICE) §

Match #4
Match #5
Maich #6
Match #7
Match #8

Match #9
ARSTRAC

Rafl

h

Cal+
i
|
|
|
|
|
|
GRBZ HH 808 [ Res
|
| Mog

| \=m
i |—|[*| Gaptm | ploncar

pathmmu04010 (123.166) [MAPK signaling pathway] /
pathrno04010 (112,149) [MAPK signaling pathway]
pathmo04010 (112,149 [MAPK signaling pathway]
pathptr04010 (99.120) [MAPK signaling pathway]

ABSTEACT TCF7LZ HMF44

ABETRACT TCF7LZ HMNF4A

ABSTRACT TCFTLZ HMNF4A

ABETRACT TCF7LZ HWF4A

. Inhibition of beta-catenindT of transcrintion b expression of the dorminant-nesative mutant of Tof-4

Tef-4 iz a member of the Tcf/Lef family of transcription factors that interact functionally with
beta-catenin to mediate Wit signaling in vertebrates,

To gain further insight into the role of Tof-4 in developtment and carcinogenesis we have generated
several mouse monoclonal antibodies, one of which is specific for Tef-4 and another of which
recognizes both Tof-3 and Tof-4.

TCF-4 codes for a transcription factor that is a crucial member of the adenomatous polyposis coi
(APC)beta-catenin/T-cell factor (TCF) pathway.

We recently showed in a large series of MSI-H colorectal turners that approximately 40% of them
exhibited frameshift routations in an (A)9 tract within the coding region of the TCF-4 gene, a crucial
member of the APC/beta-catenindTCF pathweay.
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The demise of expert-based
practice is inevitable

1000

>_ Proteomics and other
effector molecules

J\

100
Functional Genetics:
> Gene expression
profiles

Facts per Decision

J\.

10 |— Structural Genetics:

Human B e.g. SNPs, haplotypes
Cognitive 5 |l LA A R
Capacity } Decisions by Clinical
g Phenotype

| | I
I I I
1990 2000 2010 2020




NCIBI Driving Biological Problems (DBPs)
Y1-Y5

Gil Omenn MD, PhD, Senior Scientific Director




Prostate Cancer Progression DBP
Integration Strategy

E ; :
xpression  Methylation Histone

Maodification

Alternative
splicing

Targeted
Therapies

NC g BI Xiaosong Wang, Chris Maher, Jim Cavalcoli, and Gil Omenn %é
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Cancer gens expression profilimg with DMNA microanrays
T eSS = LS,

————
CNCOMINE Microarray Database
S0 independent datasets, 15 cancer typ-es
TL,292 microarrany eperirmenis
TE EE S654 qeres Sxpineasioe T MTsesE s arerreer s
N B B B B B B B I B B B B
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Differantal Expression Analysis (380 to date) l
Correlation Anabysis
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Fusions of TMPRSS2 to the ETS Family
of Transcription Factors

~TMPRS52 ETV1

142 363 3194 132 220 268

14

31z G154

2

TMPRSS2:ETV1a

MET26-LN

HGEGEGGEHG

R

Science (2005) TMPRSSZ ERG

142 363 3194 37 129 223 443 3087

TMPRSS2:ERGa MET28-LN

[
' ARG C GC GGCAGG ARARAGCLC CTTAHT
L
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Exclusive Outlier Expression of ETV1 and ERG
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The Molecular Concept Map Project

Onoomine
Signatures

Literature-
defined
signatures

Transfac

Odds Ratio=(a*d}/{b*c)

:T' BT g N e EE gl
e = & B i i
= = - I
- ] S
G=ne
KEGG —
IriberPro Ontclagy | !r'_;__
||
Unigene HPRD Biocarta GenBank x .;'
T
pirD8 Carcer G=ne | Ertrez Gare T s |

Regulatgry Networks
Gene Annotation
Microarray Data Pipeline jl Data Warehouse
Community Upload
e L
conceps | s
- P =T et iy T
- Association Analysis g | '-1'-_*:_.
\L e = el ]
0 @ "=
Random Slgnificant I.-
Corcept 2 :
+ - T —
S b ==
= lc|d :

Molecular Concept Map Application
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Downregulated genes by
IFN-alpha in basal cell carcinoma

. M GO Biological Process

M GO Cellular Component

B KEGG Pathway

M Literature-defined Concepts
P PCA vs Benign [ Transfac Matrix

M HPRD Interaction Sets

B Gene Expression Signature

GO Molecular Function
Downregulated genes in U337 cells

(=1 ing the PLZF/RAR fusion protein

P
protein biggyniKesi . qunr&gulated genes in_rmnugytes
in response to IL-10 stimulation
for 24 to 35 hours

T PIN vs Benign

uwnr&gulalged genes (time
Upregulated genes in CDE dependent) in prostate cancer

compared to other blo I-' d o

c-Ets-1(p54) l‘x_

_ egulated genes (time
N‘ . Elk-1 . _ dépendent) in prostate cancer
Ml mitechondrion Upregulated genes in prostate cells in response to androgen
* Biowes cancer cellz in response to

synthetic androgen R1881
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Metabolomic and Bioinformatic

Analysis of Prostate Cancers
Sreekumar et al, Nature 2009

Figure 1
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Benign ~ PCA Mets

o O

o

— N W B~ O O
S S o

o O

Concentration sarcosine
(pmoles per mg tissue)

Figure Sarcosine concentration is greatly
Increased Iin metastatic prostate cancers,
compared with localized tumors or benign tissue.
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4.

NC BIumor tissue.
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Biomarker Discovery from Tumor
Tissues and Plasma: Strategies

Start with microarray or next-gen sequencing
evidence for carcinogenic pathway mechanisms in
tumor and track corresponding protein biomarker
candidates to the plasma; e.g., TMPRSS2/ETS
fusion and sarcosine in prostate cancers.

|dentify alternative splice isoforms of biologically
meaningful proteins in cancers and in plasma of
humans and mouse models.

Perform targeted proteomics with SRM/MRM to
identify and quantitate these candidates.

Detect auto-antibodies in plasma as a biological
amplification of tumor protein signals, confirm in = - s,

Q
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A New Class of Biomarker Candidates,
from Alternative Splicing

Generates protein diversity without increasing genome
size
Most genes produce alternative transcript isoforms

Alternative Splice Isoforms
— Contribute to diseases, especially cancers
— Potentially useful as biomarkers for cancer

Greatly improved MS/MS instrumentation enables
confident identification of peptides from proteins
coded by mRNA transcript sequences expressed at
qguite low levels.
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Summary of Total Number of
Alternative Splice Variants Identified

Breast Colon Pancreatic

Distinct Known | Novel | Known | Novel | Known | Novel

proteins | 540 68 | 461 | 28 | 328 | 92
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ype 2 Diabetes: Genetic and Phenotypic
Heterogeneity

 Exploit ongoing FUSION study datasets

* Implement SNP analysis workflow for whole genome
association study (GWAS)

—For each SNP (and then haplotype), screen
databases to identify: coding/noncoding, effect on
protein, evolutionary conservation, splice variant,
transcriptional regulation, microRNA binding, CpG
Island, DNAse hypersensitivity, disease
associations (adding epigenomic marks)

—Devise algorithms with much higher throughput



NCIBI Innovations in SNP Analysis and Genome

Concent Annotation

Genomic
SNP
Neighbors

Find all related SNPs based on
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Global Molecular Network View of
Kidney Diseases
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Defining Cross-species Conserved
Networks of Early Diabetic Glomerulopathy

» 24 early DN glomerular biopsies
L (NIDDK trial “Renoprotection in Early
=2 ol Diabetic Nephropathy in Pima Indians,
~ NN\ RF-IH OH95-DK-N037) versus 24 living donor
- SRR ~ transplants.

& . — Nodes: differentially regulated
et mRNA
\ « Blue nodes are repressed,;
AW/ . RS * Orange nodes induced genes;
R « White: non-regulated
transcription factors

— Black edges: co-citation of mMRNAsS

— Green edges: respective
transcription factor binding sites in
promoter regions of regulated
MRNAS

Nl — Statl dependent genes are induced

< M LR e S and form a key node in the netwotk!\s,,
Sy B [ > L\ = consistent with JAK/STAT pat@/
£ = } ¥ activation in human DN. Zo
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Epigenetics
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New NCIBI NIDA Genetics
Consortium Pilot Project

“Genetic
Predisposition to Co- N o
MOrbldlty of BipOIar Dr. Sharon Lewilé Dr ;I'drllya C.S-erald
Disorder and Langston University NC_Cent_raI
Substance Abuse in o
African-American

I
1
i
|r1
!

Women”
Dr. Raphael D. Isokpehi Dr. Wellington K. Ayensu
ey Jackson State Jackson State Univeusit{’sy,
- Universit N z
NC iBI v :D;
NaTionaL CENTER F:R| TTTTTTTTTT z Z
BiomeDICAL INFORMATICS O/Q «\2\



The Scope of Biomedical Informatics
Striving Toward Desired Future P4 Medicine
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Honest Broker: Critical Component to
Implement into our Production IT Fabric

Key Honest Broker
Functions

- Identity Managament across

Pl Firewall domains
Data Warehouse - HIFAA Limited Dataset and
Safe Harbor

REasaarch

Data g

- Message Standardization &
Routing

- Data Security & Compliance

Internal Interface HIE Interface

/ HIE Interface T~
* State, Regional and

University of Michigan Mational Participants and
Research Centers Practice-based Partners
Research Matwork
(i.e.. GRIN) I;]
Ll

N'“ litpl Brian Athey, Ph.D. UMMS MSA ‘éé
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Necessary Detalls

Patient Clinical
Cohort | Chart Data
Search | Review | Extraction

End user Applications

Middleware Service - Transport
Access and Security Layer

Middleware Service - Security
Middleware Service - Transport

SOA API

Server

Biospecimen . .
Database Application data

Master Person Index Middleware Service - data

Knowledge Model

Knowledge Model

Oracle 11G Database

Server

Stanford STRIDE Architecture Stack

/3;"’ Japted from H. J. Lowe, AMIA 2009 Symposium Proceedings, p 391. éN' WS;})‘
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Our “Next-Gen” 12b2 Hive Vision

In cooperation with Harvard University
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The i2b2 Hive Is
centered around two
concepts —

Services applications
are “wrapped” into
functional units, with
functionality exposed
as messages that
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User-Generated
Natural Language
Query Terms

Metscape

GenesZ2MeSH Tranche

12b2

12b2 Data & Applications

UCSF/ Recombinant
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National NCIBI/CTSA Partner Network Emerging

@ NCIBI (University of Michigan, Ann Arbor, MI)

Collaborator Site

@ Albert Einstein Medical School, Yeshiva University, NYC
@ Duke University, Durham, NC

@ Institute of Systems Biology (ISB), Seattle, WA

@ Jackson State University, RTRN DTCC

@ Johns Hopkins University Medical School, Baltimore, MD
@ Mt. Sinai School of Medicine, NYC

@ National Center for Supercomputing Applications (NCSA
@ Oak Ridge National Laboratory (ORNL)

@ Ohio State University Medical Center, Columbus, OH

@ Ohio Supercomputing Center (OSC)

Subcontracting Site @ Rockefeller University, NYC

@ Boston University, Boston, MA @ University of California, San Diego

@ Emory University, Atlanta, GA @ University of Utah

@ University of lllinois, Urbana-Champaign, IL @® University of Wisconsin, Madison, Wi
@ Institute of Systems Biology (ISB), Seattle, WA @ Washington University in St. Louis, MO

@ Princeton University, Princeton, NJ
@ Jackson State University, Jackson, MS
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NCIBI Training the Next
Generation of Informaticians




Junior Faculty Actively Engaged in NCIBI
Enhanced Paths to Promotion and Tenure

| James D. Cavalcoli, Ph.D.
Steve an, Ph.D. Fan Meng, Ph.D. Computationa| Medicine

Biostatistics Psychiatry & Bioinformatics

Ve e

Nc Blglgnesh Patel, Ph.D. Peter Woolf Ph.D. Drago Radev, Ph. éo
Computer Science Chemical Engineering Information Smenc%mﬁ\
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First Annual RCMI/NCIBI Translational Bioinformatics Summer Institute
July 29 - 30t", 2009
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NCIBI/RCMI
Workshop July 29-30, 2009
ity of Michigan, Ann Arbor, MI
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_ @NCIBI Puerto Rico
® JSUDTCC

@ RTRN Participants
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