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What is BIRN?
The Official Mission Statement:

“To accelerate Discovery
Science by creating and

fostering a new biomedical
collaborative infrastructure
and culture.”

But really, what is BIRN ?.........




Biomedical Informatics Research Network

A shared biomedical IT
infrastructure to hasten
the derivation of new
understanding and
treatment of disease
through use of distributed
knowledge

*Collaboration between groups with

different expertise and resources
(technical, scientific, social and political)

» Shared infrastructure to support
collaboration (designed to be extensible
tfo other biomedical communities)

* Open access and dissemination of data
and tools (i.e. Open Source)

*Bringing transparent GRID Computing to
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4th Annual
BIRN All-Hands Meeting

October 2004
Boston, MA




Sth Annual
BIRN All-Hands Meeting

More than 200 BIRN members from across the nati
discussions at the BIRN All Hands Meeting.

October 2005
La Jolla, CA




Challenges of Large and Distributed Data

Each Brain is Big Data and

Compansons Must be Made The Human Brain Project was one of
the first to recognize the magnitude

Between Many! BE _®  of the challenge of brain data or
“neuroinformatics” as it became
known, and has allowed us to begin
to address it!

Volume Size by Resolution
(rat brain = 1.5 oms
human brain = 1500 cm3)

Modified from Toga




Optical Networks Are Becoming
the 213t Century Cyberinfrastructure Driver

Optical Fiber
(bits per second)
(Doubling time 9 Months)

Data Storage
(bits per square inch)
(Doubling time 12 Months)

Silicon Computer Chips
(Number of Transistors)

(Doubling time 18 Months)

Performance per Dollar Spent

0 1 2 3 4 5
__BIRN Number of Years

Scientific American, January 2001



Origins of IT Infrastructure used to build the BIRN:
Initiatives like the NSF - National Partnership for
Advanced Compufahonal Infrastructure (NPACT)

~50 partner sites ,
Shared compute b (NN
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High-speed networks

Computational science
efforts in ...

— Neuroscience _
— Molecular Science 8Leaumg-edge site
. Compute Resource Partners
- Earth SyStems SC|ence ° Data Resource Partners
— Eng ineeri ng @ Development and Education Partners

QAssociate Partners
Enabling Technologies:

— Resources (TeraFlops, High Performance Networks, Data Caches)
— Metacomputing (Grid Tools - Middleware)

— Interaction Environments (Visualization - Science Portals)

— Data-Intensive Computing (Databases - Data Integration)




S BIRN?

Testbed for a biomedical knowledge infrastructure

Creation and support federated bioscience
databases

Data integration

Interoperable analysis tools
Datamining software

v' Scalable and extensible

v' Driven by research needs pull, not technology push




BIRN Coordination and Test Beds

BIRN-Coordinating Center

Develops and supports overall information technology (IT)
infrastructure linking the testbeds

Morphometry BIRN

Studying brain structures related to unipolar depression, mild
Alzheimer's disease and mild cognitive impairment

Function BIRN

Studying regional brain dysfunctions related to the progression and
subtypes of schizophrenia

Mouse BIRN

Studying animal models of multiple sclerosis, schizophrenia,
Parkinson's disease, ADHD, Alzheimers, Tourette's disorder, brain
cancer.




We Began with Standard Hardware

= This jumpstarted BIRN for
functionality

= Software footprint is
managed from the BIRN
Coordinating Center

= |ntegration of domain tools,
middleware, OS, updates,
and more

= BIRN expansion/upgrade
of existing sites has a
more generic (and less
expensive) hardware
footprint

IOMEDISAL INFORMATIGSTRESEAR CH NETWORK



BIRN Cyberinfrastructure is Designed to
Accommodate Growth

BIRN Sites
At the beginning (Circa End of 2001) /° Harvard | |
. a Harvard I [
& ' |
) -
=
Caltech
vctA W .
ucsD | Fi
%”CSD j - /o Duke /| M |
ucsp/spsc
Mouse '

B Brain Morphology
I BIRN Co-ordinating Center

. »—" ) Abilene Backbone

10+ Distinct Installations, ~ 100 Individual Machines

BIRN
oo From the Expanding the BIRN Meeting @ NCRR: December. 6 & 7, 2001)



The BIRN Collaboratory Today

Edinburgh
. . 0
Enabling collaborative research at 28 research
institutions comprised of 37 research groups. Manchestery, (.
P 9
Uniwv. M"-Irlesota E Dartmouth CDEEEQE," BWH SPL | J |
? University of Toronto _K'tWE”e; Inc.',' Hgﬁ CFNT':
G.E. Global Research .'/g Isomics, Inc.
) 7 Yale Univ. ®
Univ. Utah Univ. Iowa = Drexel Univ. 9
UCSF = Ohio State Univ. -9
Qy Stanford = \ 9 Johns Hopkins Univ. m
UCLA L I i
B% A e Washington Univ., St. Louism SiE R —
University N, Carolina ™
QUCSD fMRT ~ mm Univ. New Mexico m - o
@ Univ. Tennesse ~— “.Georgia Tech
BIRN Central NOC OEmcrry Univ.
BIRN-CC
& BIRN Sites
Mouse NA-MIC sites
m I;Torppumetrv Abilene Network
H - . .
Bl N ol i It will no longer matter where data, instruments

and computational resources are located!



Removing Barriers to BIRN:

Decreasing Cost of Entry & Increasing Scalability

$120K
(2001)

= Prescribed
hardware
jumpstarted BIRN
for functionality

BIOMEDIEAL INFORMATGSRESEAR CH NETWORK

< $20K

Cisco 3750

Cisco 3002 VPN

KVM Switch
(reccommended)

Compaq DL380s
Sun v20
Dell 2650

or equivalent

Storage Trays -
(1-10TB) i

o IV

Managed UPS " i

=  Support for
multiple vendors

GridPOP

ED~-172.31.x.1/24

E2-10.021/24
BBBBBB

Groomp

ED - 172.31.x.3/24
E1 - Routed
E2-10.0.2.3/24

LO - 172.31.x.103/24

NASH

E0 - 17231 x.4/24
EZ - 10.0.2.4/24

LO - 172.31.x.104/24

L}
"I

Software solution
for researchers to
BIRN “enable”
local hardware



Evolution of the Computational Infrastructure

Investments in the US  Source: Dr. Deborah Crawford
Chair, NSF Cyberinfrastructure Working Group (CIWG)

Cyberinfrastructure

GRID Term Coined ~ Mefacompuﬁflg ETF

NPACI and
Telescience: Access to Remote Resources PACI Alliance

NSF Networking

Mosaic = Web Browser

Prior
: SDSC, NCSA,
Computing Supercomputer Centers PSC. CTC
| | |

Investments

1985 1990 (SS9 2000 2005 2010

A timeline from the Computational Infrastructure Division of the US National Science Foundation



The Grid is becoming the backbone for
ollaborative science and data sharing
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Grid Infrastructure in Action

* The Grid is already

having an impact...

Many projects in many
subjects:

= Life sciences
= Medicine
= Environment
= Engineering
= Materials
= Chemistry
= Physics
BIRN embodies the most

innovative use of data,
metadata & portals

| JACKS

n Middle-earth, s pec al effects, ' ¥
d emakin, gKig ong

20 .

mavericks and drea me
reinventing film, F

. business, politics,
medicine & more

STEVE JOBS

JEFF BEZOS

PUBLIC LIBRARY OF SCIENCE
ANTENNA DESIGN

'DAVID BYRNE....

N

BIRN cited as successful
model of grid computing.




Integrated Cyberinfrastructure System
meeting the needs of multiple communities

Source: Dr. Deborah Crawford, Chair, NSF CyberInfrastructure Working Group

Discovery & Innovation

Education and Training“

Applications
 Environmental Science
* High Energy Physics
 Biomedical Informatics
 Geoscience

Development
Tools & Libraries

Grid Services
& Middleware

Domain-
specific
Cybertools
(software)

;
i
S

B SRR A R R R e A
B S S S SRS SRR SRR

Shared
Cybertools
(software)

R R R R R R R R R R R S AR
B R A R R s

Distributed
Resources
(computation,
communication
storage, etc.)

o e R
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BIRN Core Cyberinfrastructure
Friendly Work Facilitating Portals

Authentication - Authorization - Auditing - Workflows - Visualization - Analysis

BIRN Toofiit
‘Collaboration‘ ‘ Pipelines ‘ E/iewing/VisuaIiza{}alﬁ ‘ Data Management‘ ‘Queries/ResuIts‘
Your Specific
Portlets
" Grid Services Tools
& User Apps.
Web Serve. PP_
Custom APlIs Statistir,s/Analysis Sbatial ntology ‘ ‘ mediator client
Shared
Authentication| | Inform: IGri
| [ nform Tools for |
Multiple
Science
Domains |
P SSUET . SR LRIl | |
ERREESER Ei:Grld:SQI':VIGeS.-.E% | | T
& gistry planner
Grid MiddIeWa %'
~ Distributed Resources 1 777777777777777777777777777 { 77777777

‘ Computation ‘ ‘ Data Sources ‘

‘ Applical\{x‘;ﬁhs ‘

Distributed Computing, Instruments and Data Resources

* BIRN builds
on evolving
community
standards for
middleware

* Adds new
capabilities
required by
projects

*Does System
Integration of
domain-specific
tools building a
distributed
infrastructure

 Utilizes
commodity
hardware and
stable networks
for baseline
connectivity




BIRN Core Cyberinfrastructure
Friendly Work Facilitating Portals

Authentication - Authorization - Auditing - Workflows - Visualization - Analysis
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Distributed Computing, Instruments and Data Resources

* BIRN builds
on evolving
community
standards for
middleware

* Adds new
capabilities
required by
projects

*Does System
Integration of
domain-specific
tools building a
distributed
infrastructure

 Utilizes
commodity
hardware and
stable networks
for baseline
connectivity




Software Problem in a Nutshell

= Enable Analysis of Distributed Biomedical
Data in a National-Scale Production Facility

= Easily Replicate Entire Software Stack
BN (Including Centralized Services) for other Groups



Major System Components

Complete Workflows N
Domain Data Integration
Application Tools Mechanisms

>
©
j=i
=
Q)
=
o
>
-
o
—~
L

suoneltadQ ||esanO

SS900Y Uoljeg/puewiwo))
uonnqulsig MS pajesbaul

|dentity/Login Authorization and
Management Role Definition J
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BIRN has the Advantage of having Developed an

“End-to-End” Infrastructure: Built around research
projects with geographically distributed data.

= Consists of all the components required to
effectively share and collaboratively explore data

- The BIRN Rack (BIRN site infrastructure)
- The BIRN Portal

- The BIRN Virtual Data Grid

* The BIRN Data Integration Infrastructure
 The BIRN Computational GRID

= The system integration, development, deployment and
management of this infrastructure is the main focus of
activities within the BIRN Coordinating Center



BIRN

BIOMEDICAL INMFORMATICS RESEARCH NETWORK

| &\ -Application environment
a BIRN ~i! T that provides transparent
BIOMEDICAL INFORMATIGSRESEARCH NETWORK ? eI .

Al i e and pervasive access to
Home_Accaunt Rees _ S ey the BIRN infrastructure

(i.e. tools, applications,
The Biomedical Informatics Research Network (BIRN) Portal provides BIRN | resou rCGS) Wlth a S i ng Ie

members with a single sign on web portal to access data grid files, computation

grid resources and a variety of collaboration tools to facilitate the scientific needs Log i n fro m a ny I nte rn et

Username: of BIRN researchers. Non-BIRM participants may access the portal through a

qest egtaion capable location

|

Password:

+ Reguest a BIRN account
{must b= a BIRN participant)
+ Email BIRN Fortal admins

Portal Requirements

You must have cookies enabled to
login to the BIRN Portal, in addition,
Javascript is highly recommended but
not required.

*Provides simple, intuitive
access to distributed
resources for data
storage, distributed
computation, and
visualization

The latest version of Java will be
required to access some of the
applications.

For optimal browsing please use
Mozilla, MNetscape or Internet Explorer.

There are known problems with Safari
that prevent proper authentication with
the portal, as a result, Safari users will

*Provides a scalable
e C':]UESS ;Hernlawe bscelg Currently the BIRN involves a consortium of 14 universities and 22 research .
N e groups that participate in one or more of three test bed projects centered around | nterface fOr users Of al I
brain imaging of human neurological disorders and associated animal models.
backgrounds and levels

g%?’% @ " 4| of expertise
N o T

&




The BIRN Portal Provides an Intuitive Interface to Software Tools,
Data and Computational Resources in the BIRN CoIIaboratory

e
o, N\ 1

The BIRN Portal
Launches from any
Internet Connected

Desktop, Laptop, PDA

BIRN
Compute
Cluster

BIRN VIEWERSs - eg., Data

Distributed
SLICER; ImageJ, MBAT Visualization

Computation :ﬁJ

BIRN RESOURCE
MANAGER

Data Management Browse Data
Grid Files

BIRN Portal Data Grid Browser
4 » || & ||+ | @ nhips:/portal.nbirn.net /EIRN fcgi-hin/Datatrid/browse.cgizhrowseloc = fhome JHIRN /Mouse [comman-sf.

BIRN

BIOMEDICAL INFORMALICS RESEARCH NEIWORK

35

mnmn

H

Data Management Analysis and Visualization Collaboratory Tools

J [P & I ] [in & [ EE_J i
O Aol Dy | [ COR-infe O] Ssgitts | Bg| COM-info | o | Coronsl Dy:| | CON-info

- Browser information [N
e T |t e tere__| Ty __tw:_| /home/BIRN/Mouse/common-specimen-study/UCLA-BFI/Niss! | You can download single-files
. 2 hack .. through this interface by simply
- T — clicking on the file name or icon.
251 020417-2_1_Nissl_001.tif meta<iata permissions | audit
Z;E 020417-2 1_Nissl_003.tif meta-data | permissions | audit Deia Manag
ey —= = T Browse Files
it | 020417-2_1_Nissl_00.tif | meta-data permissions | audit Upload Files
‘:‘.,,;2 020417-2 1 Nissl 007 tif metadata | permissions | audit Audit Files
—— i T : Access Control
ﬁ 020417-2_1_Nissl_009_tif | mela-data permissions | audit Meta




BIRN is a Leader in Portal Technology

= The BIRN-CC is supporting development of the leading
open-source standards-based grid portal

= Application environment that provides transparent and
pervasive access to the BIRN infrastructure (i.e. tools,
applications, resources) with a Single Login from any
Internet capable location e
collaborative projects e

' gridsphere portal framework

' .
open-source / portlet jsr168 compliant

[ I \ \f
fGridSphere l Download | Documentation | Dewvelopers | Projech

Mews Ewents Contact

Newa Welcome to the Gris
The GridSpher{| ...

7762005 Grid Portlets 1.1
open-source p

is now available for

developers to | Memberships

| ]

i portlet web ap
6/13/2005 Grid Portlets ' ooy [ E———
1.0.3 is now available for = the GridSpherd LL e i 8 A e s
download! f and documentbser—eroeee T ——

BIRN 2 —-l development of portlets using GridSphere.

210MEBIGAL INFORMATIGSFESEAR Ci NETHORK 5/27/2005 Grid Portal e =

Workshop, hosted by Get GridSphere 2.0 now!

Australian Partnership for



Benefits of a Data Grid

= Uniform interface for connecting to
heterogeneous distributed data resources

* Allows for any "grid enabled” tool to interact with data
no matter where it is located or what it is located on

= Allows for the seamless creation and
management of distributed data sets

- Distributed data appear as a single managed collection
both to users and tools

ssssssssss

through BIRN Portal %
FRRA

%
BIOMEDICAL INFORMATIESRESEAR CH NETWORK



Guide Community Database Development

BIRN

BIOMEDICAL INFORMATICS RESEARCH METWORK y LA o Welcome guest

¥ou are connected to
mibrn

About Us

Statistics

Welcurme guest Lo the Morphomelnic BIRN Public dldwim
» Logout
The site curently provides the follnwing features;

Left Right

building 2 fairly gencric assessment query and navi ] Demographics Diagnosis CYLT Hippocampus Hippocampus

multi site quenes
exporting the full set nf srarch results in comma =#

wiwwing wvisils (buth scan and clincal) of 2 selecloo A nder  Educ lurne

e

duwluading the = lruclural MRED image series fur Lhe
Univariate and Bivariate statistics via BIRN Portal ir m
e I - Visit: 2 Seqg: 1 SITEL 25 .66 i3
i) il e 4Ase D S cn .
u bl an assessment gquery please click Query assessn Visit: 1 SEg: 1 SITEL 75 = 14 Alzheimer 2377.0 2480.0
ou need to use Previous button instead of your brows: 002015726375
Subject: 009007669326 Show Detail Ermiiis 3760.0 3650.0
Clinical Visits .93 22
D Date
2 41 7
Segments slzheimer 3E65.0 3435.0
Segment ID Protocol Protocol Yersion
1 . AD_BATTERY 1 a3 19
UIRBSCalldisits Contral 4774.0 4495.0
Visit Date
8 t & 2
egments ;
Segment ID Protocol Protocol Yersion R 2elE 2L
1 SPGR 1
Scanner Info
Make:GENERAL ELECTRIC Model: St ) . T S5
You can export the image series for this scan as an AFNI brik. The image series
is retrieved from the SRB, converted to an AFNI brik from DICOM and tarred and
gziped for transfer efficiency. -39 i
slzheimer 2932.0 2907.0
This operation may take upto a minute {usually around 30 seconds or less),so
please be patient, If you hit a cached result either requested earlier or by i 14
another user, this operation may take significantly less time. slzheimer 2961.0 3335.0
After the download, the file needs to be saved to your local machine and needs
to be expanded using the tar utility 1 15
: Control 3754.0 4260.0
tar unzvE <filenams’>
After this, you should see the srix and nzan files, o3 22
Download as AFNI BRIK | Cantral 3990.0 4152.0
Browse Image Data I B4 G
s B S e e e slzheimer 3267.0 3386.0

Visit: 2 Seq: 1 SITEZ kil H5IE) 5



The BIRN Coordinating Center is Supporting and
Evolving the Deployed Infrastructure

HELP DESK
MONITORING Y
COMMUNICATIONS
INFRASTRUCTURE
s| SUDDENLY HE FINDS AN | o[ THE MONSTER I DISPATCHED |
8| OVER-PROMOTED COMPUTER || TO THE DARK (WORLD BY
#| GURL SPOUTING USELESS |4| THE SIGHT OF ITS MOST
2| DATADASE CONCEPTS. FEARED OBRJIECT.
: 'DBEF 7| (LooK! ACTUAL CODE D)
: ;EEIOREEngL% ggLEAN (LOOK! ACTUAL CODE ) ey ROCKS
: ANTI-BINARY LEAST- |3 .!’ p £
: /¥ SQUARE APPROACH | £ - 7 ™
n i) ) - . ¢ & -
Y e 4 XK
3 ;
ASSESSING TECHNICAL OPTIONS
TRAINING FOR BIRN TO BUILD WORKING SCALABLE
SYSTEMS SOFTWARE

i BIRN DISTRIBUTION



Anatomical Correlates of
Psychiatric llinesses

Unipolar Depression, Alzheimer’s
Disease (AD) and Mild Cognitive
Impairment (MCI)

Site and Platform Independent
Acquisition and Analysis for
Pooling Data

Multi-Site Clinical Studies

Increase Statistical Power for Rare
Populations or Subtle Effects

Advanced Image Analysis and
Visualization

, BWH, Duke, UCLA, UC San
Di , Johns Hopkins, uc Irvine,
ash U, MIT

Alzheimer’s Individual







De-identification and Upload Pipeline

*Robust automated methods for bulk MRI de-identification
and upload to database (diverse inputs, sharable outputs,
common package)

De-facing: automated de-facing without brain removal

*Pipeline: image formats, BIRN ID generation, defacing, QA,
upload

BIOMEDIEAL INFORMATESRESEAR CH NETWORK



MRI Distortions due to Gradient Non-

Linearities

S p—
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Siemens Head-Only
Allegra/AC-44
Max displ. 5.7/20.2mm

Max displ. 4.2/8.6mm

GE Whole-Body
CRM NVi/CVi

Siemens Whole-Body
Symphony/Sonata
Max displ. 2.5/3.2mm

BIOMEDICAL INFORMATIOSRESEAR CH NETWORK



Multi-site Structural MRI Data Acquisition &
Calibration

*Develop acquisition & calibration protocols that improve
reproducibility, within- and across-sites

Common acquisition protocol, distortion correction,
evaluation by scanning human phantoms multiple times at

all sites

Image |ntenS|ty varlablllty on
i J same subject scanned at 4 sites



Reproducibility Effects: Alignment of
Surfaces

Siemens

T

CORTICAL ESTIMATES: CORTICAL ESTIMATES:
NO DISTORTION CORRECTION DISTORTION CORRECTION

Same Subject
Co-registered




Cortical Thickness Estimation
with Sub-Voxel Accuracy

Pial surface

From Anders Dale / Mass General Hospital - Harvard




Automated Whole-Brain Segmentation

Part of Free Surfer

By Bruce Fishl
and
Anders Dale

(MGH)

@ Cerebellar cortex @® LH cerebral WM @ Cerebral cortex

@ CecrebellarwM @ Hippocampus @® Misc.
@ 4th ventricle LH pallidum » Lateral ventricle

® RH cerebral WM Thalamus @ Caudate




Morphometry BIRN: Semi-Automated
Shape Analysis Overview

Large Deformation Diffeomorphic
Metric Mapping using the TeraGrid

4 JHU

Shape Analysis
MGH of Segmented Structures

Segmentation BWH

Visualization

Large Scale
Distributed

Computing

BIRN Preliminary Study:
Data Grid 46 hippocampus data sets

De-identification *30,000 CPU hours, 4 TB
somBigal nror e FOARCH NETWORK And upload 2 data




SASHA: Shape Analysis Pipeline Results

54 . Shape-derived

L 6 semantic dementia subjects metrics can be
3
: | used to detect
7~ . class-specific
q & - 2 ; ;
W e .~ information
1y i 5 A g 2 °7
e 14 1 2 2 2 2
| | : ;
7 +21 control subjects 18 Alzheimer subjects
*-'5|'-" o
3 -2 -1 {] f 2 3



SASHA: Large Scale Distributed Computing

Wt

@

per Day

.......
.......
.
.
.
o,

A

g
..
.....
-----

AT
R
e
:
-]
'sfri

JHU

=|_arger follow-up study Datg g,
riq

*Processing upwards of 1250
comparisons per day (8986 cpu/hrs or
374 days of computing)

Beg et al, Pattern classification of hippocampal shape
analysis in a study of AD (to be submitted 2006)




Function BIRN Overview

Calibration Methods for Multi-Site fMRI

Study Regional Brain Dysfunction and
Correlated Morphological Differences

Progression and Treatment of Schizophrenia

Human Phantom Trials
Common Consortium Protocol
5 Subjects Scanned at All 11 Sites

Add’l 15 Controls, 15 Schizophrenics Per Site
Per Year

Statistical Techniques
Identify Cross-Site Differences
Develop Corrections to Allow Data Pooling

Develop Interoperable Post-Processing

, UCLA, UC San Diego, MGH, BWH,
Stanford, U. Minnesota, U. lowa, U. New Mexico,
Duke/U. North Carolina, MIT




Function BIRN Federated Data

.@ oA

nib @ Currently, each FBIRN site collecting 15

(¥ | schizophrenic subjects and 15 controls
¥ i . . .

PN *In a common imaging paradigm

= . s | J  +Using the same combination of calibration and
= Data Integration Environment & ’ o Cognitive tasks

(U= PostgreSQL test site =a

()= Phase 1/ Phase 2 data

"k,':.i_ i
s ]u *Includes the challenges of multi-site clinical
. ife% populations



Phase Il Study: Image Data Volume

21,038 raw image files per subject

51

o

2.4 GB of raw image data per
subject

o (¢}

Numper of Fileg (Milligns) o,

25 GB to 40 GB of processed |
image data per subject (depending °°
on hypotheses tested) >

5.0,

FBIRN Shared Data Files

July 05 Aug 05 Sept05 Oct05 Nov05 Dec 05 Jan06
10 million slices of functional imaging data in Phase Il

7 Terabytes of image data for all of the Phase Il analyses
(conservative estimate of 25 GB/subject)

BIOMEDIEAL INFORMATIESRESEAR CH NETWORK



Function BIRN Analysis Infrastructure

Result Images and XML
wrapper in Data Grid

FMRI Images P L
eAutomated image upload to

P Data Grid/HID for sharing FIPS: FSL Image
m g
! ol e o mm mm - Processing Scripts
- . DICOM, NIFTI

fMRI Scanner

HIDB(s)
(Local)

Results with standard descriptions
in HIDB (i.e. data provenance)

Clinical Data MUIt|'S|te User Query

eComputer aided scale input via
clinical data entry interface

BIOMEDIEAL INFORMATIGSRESEAR CH NETWORK




Studying animal models of
disease across dimensional
scales to test hypothesis with
human neurological disorders

Experimental Allergic Encephalomyelitis
(EAE) mouse models characteristic of
Multiple Sclerosis (MS)

Alzheimer’s mouse model with beta

amyloid over expression
Dopamine Transporter (DAT) KO mouse

model of schizophrenia, attention-deficit
hyperactivity disorder (ADHD),

Usmg an alpha-synucleln mouse to
aptams/pathology of
Parkmson s Dlsease
- ar models consortium with
astrocytoma mouse model: NCI
supported with Terry Van Dyke @ Duke

Cal Tech, Drexel, Duke, , UCSD,
Univ. Tenn. Memphis




Parkinson’s Disease and a-synuclein

Parkin
Ub
. Syn Swn
ruclein ; gy "
L A men:lber OT the . DMA Esj?prissi::un Gly:o-:.}rlq'ri-:rn a J
synuclein family of synaptic << = : 5 H‘J y
proteins without clearly o >
defined role(s) "
m3yn mParkin Degraded
\ Synuclein
* A major component of
Lewy bodies 4 Ty
Syn

« Mutation(s) of the
a-SYN gene are

associated with familial
Parkinson’s Disease
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If you drive expression in vivo will aggregates form?



Parkinson’s Disease Model:

Overexpression of alpha-synuclein in transgenic mice

MR Microscopy
Duke Univ - J.A. Johnson

* transgenic mice over-expressing human a-SYN:
— exhibit motor deficit.

— have a -SYN IR inclusions in neuronal cell bodies, neurites and glial cells in
cerebellum, hippocampus, and cortical regions.




Multimodal studies of PD animal models

Behavior

Assessment of
cognitive and motor
function

Chemistry &
Genetics

& Protein expression
Imaging Analyses using Web

Correlation of large-scale QTL
mapping of immunolabeling and Ligand binding studies
MRI studies

Ultrastructural studies using EM




Spatial Registration of Data

i LON |}_:iEIIe {,Edil il E!ecutiun :l] §enrer @Eelp
| Modules @ inire.loni.ug

User's Module List:
Bl System Module List:

Processing stream for spatial
| registration of brain volumes
using the LONI pipeline

IIIII

Volume and slice data brought
Into register in order to correlate
cellular and subcellular changes

with non-invasive imaging
BB



Google helps find answers to your questions
but it’s not a data integration environment
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What he did not expect

Carrot juice cures piles
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Drink a juice of turnip leaves,
spinach, water cress and
carrots (equal quantity)

piles. (0.23 seconds)

Sponsored Links

@ Home Remedy for Hemorrhoids. Piles Home Remedies - Hetscape

JTools indow Help

OQ O @ O |ﬂ http:/ Avea Fatfreekitchen. com/home -remedyhemorrhoids-piles. html
-

| (€

Metscape Tl Search | E3Bookmarks
ome Remedy of Hemorrhoids or Piles

[ Cliclk: here

Sponsor

Home | About Us | R

Home Remedy Topics

=Home Remedy of Hemorrhoids or Piles

Hemorrhoids or piles is inflammation of the weins
inside or just outside the recturm. The piles may be
internal or external. In the internal piles, there is
bleeding. In the external piles, there is no much
bleeding. If the veins burst, then piles bleed,

Symptoms of Hemorrhoids or Piles

The patient of hemorrhoids or piles may have one
or all of the following symptoms.

* Pain at passing stools,

+ Irritation after passing a stool.

+ Discomfort, itching, and pain in and around
recturm.

+ Bleeding at passing stool,

+ Large piece of flesh out the rectum.

Causes of Hemorrhoids or Piles

The main cause of hemorrhoids or  piles s
continued chronic constipation. The exerted force for
passing the stool out causes pressure on the
weins. It may be also due to prolonged standing or
ittino treniin ok nhesit and rmental
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13. Drink a juice of turnip leaves, spinach,
I watercress, and carrots {equal quantity).




BIRN Data Integration: an example of federation

of Multi-scale, Multi-modal data from Mouse BIRN
1. Create databases at

each site

4. Use integration
engine “Mediator” to

2. Create conceptual
links to a shared

“ ' . navigate and query
ONTOLOGY R = « across data sources
< / ek
it . N 3. Situate the data in a
g common spatial

framework




DATA MODELS Provide Frameworks to Integrate Databases:

We are using “Integrated Views™ based on “"Ontologies”

What is an Ontology?

- Way to communicate a shared understanding

of a field Sy 098

* representation of terminological knowledge
o e . Cerebellum
- explicit specification of a conceptualization

- concept hierarchy (“is-a”) W hasa

- further semantic relationships between
concepts (“is part of”, “causes” etc.) Purkinje Cell Layer

K has a

Examples:

¢ GO (Gene Ontology) o s

e NeuroNames

¢ Foundational model of anatomy
e Mouse Anatomy (Edinburgh)
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BIRN Data Integration Environment Bridges Data
Models When Users Explore Distributed Data
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Atlas-based Spatial Reference Systems: mutti-scale and
Multi-Modal Data are Connected through Ontologies
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The BIRN Smart Atlas: 4 Example of a

Data 6rid-based GIS-like tool for spatial integration of
multiscale distributed brain data. *Runs from BIRN Portal
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Cell Centered Database

ey Display record
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Record Summary

Searched: ProjectID is ALL .Project Description is ALL .Leader is ALL Title is ALL
ALXP Scientific MName is ALL .Strain is ALL .Experimenter is ALL .Species is ALL .Cell is ALL

Structure is ALL .Organ is ALL .Age Class is ALL .Instrument is ALL .Microscopy Type is
ALL .Record ID is ALL . [gE50 v z z .Reconstruction Type is ALL

Record: eicb4a5

Details | Protocol | SenseLab Neuron DB: Purkinje Neuron

New Search
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[Species | [mouse |
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[Organ | [brain |
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segmentation and
analysis.
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Smart Atlas

Web Forms

Know Me Ontology Browser

Knowledge

Genomic Data




Building Bridges: NIH Research and Infrastructure Projects & NSF
Advanced Network Research and Infrastructure Projects

NSF/NIH Optiputer / BIRN
10Gb Experimental Path -
CallT2, NLR and CaveWave
- Duke / Irvine / UCSD -
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National Lambda Rail 4 x 10Gb Lambdas Initially
Capable of 40 x 10Gb wavelengths at Buildout
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' ""-"'.?Stable & Rapidly Evolving

nal Research Infrastructure

Supporting collaborative activities of advanced biomedical research & clinical
research centers in the US - Serving as a model for programs everywhere.

Ensuring a stable, robust, shared network environment across > 35
institutions today - High Bandwidth Connectivity via Internet2.

Developing hardware and software infrastructure for managing distributed
data - creation of the BIRN Data GRID.

Providing secure and audited access to distributed data - deployment of a
Uniform BIRN Security Model.

Exploring data using “intelligent” query engines that can make inferences
upon locating “interesting” data - development of the BIRN Data
Integration Environment.

Integrating BIRN with middleware projects in academia & industry -
facilitating the use of Computational GRID infrastructure.

Providing simple and intuitive access to a shared processing, visualization
and analysis environment - BIRN is a leader in GRID Portal technology.

Changing the use pattern for research data from the individual
laboratory/project to shared use.
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Learned - Challenges

g

* Breaking down the barriers
* Mistrust
* Open sharing of information
* Who gets credit
 Commercial products
« Governance

e |Incorporating processes for multi-site studies and sharing of
human data
 HIPPA Compliance
« Patient confidentiality
» Institutional Review Board (IRB) approvals

e Developing guidelines - for sharing data & authorship
e |ntegrating new participants

e Providing an architecture to allow for technology
improvements with the existing infrastructure

e Guaranteeing security versus ease of use



http://www.nbirn.net

Biomedical Informatics Research Network - Home Page

fsXaks)

l Gl |E| |E] €3 http: / /www.nhirn.net/

BICMEDICAL IMFORMATICS RESEARCH METWORK

BIRN

BIRN is... |

The Biomedical Informatics Research Network (BIRN), a National Institutes of Health (NIH)-National Center
for Research Resources (NCRR)-sponsored initiative, is establishing a distributed information technology

infrastructure to improve biomedical research.

This evolving "cyberinfrastructure” will enable researchers throughout the United States to collaborate on
large-scale studies of human disease with unigue, multi-resolution tools.

More >

#Q-

BIRN Portal

Login

Search

This Site

Research Focus |

The BIRN currently consists of three "test bed”
projects that are conducting structural and
functional studies of neurological disease:

Function BIRN - studying regional brain
dysfunctions related to the progression and
treatment of schizophrenia.

Morphometry BIRN - examining unipolar
depression, mild Alzheimer's disease and mild
cognitive impairment.

Mouse BIRN - studying animal models of
multiple sclerosis, schiziphrenia, Parkinson's
disease, ADHD, Tourette's disorder, brain
cancer.

These projects and the overall information

R

3D Slicer

The Function, Morphometry,
and Mouse BIRNs are
working to develop images
like these: generated from
subject populations,
collected across different
imaging modalities and
sites, applying the strengths
of various analysis and
visualization packages. This
kind of detail will allow
researchers to better
understand aspects

of brain function and
dysfunction.

News |

October 6, 2003
The newest BIRNing Issues,
volume 2, issue 1, is online {(PDF).

July 17, 2003

The New York Times ran an
article in their science section
that included the BIRN Project
and the Morphometry BIRN
Test Bed. Read the text (PDF) .

July 17, 2003

An updated BIRN-CC Project
Schedule has been released.
View the document as a POF or
Microsoft Project file.

July 10, 2003

Minutes of the first BIRN Steering
Committee meeting are available
to BIRM participants via POF or

from the new Steering Committee
section of the Web site.

June 27, 2003
The June 2003 BIRNing Issues is
now posted on the Web. (PDF)

Events

2003 All Hands Meeting,
October 8-10 at UCSD.

The 2003 All Hands Meeting was
extremely productive.

Review details, take our
post-event survey, and view the
pictures: AHM 2003




