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Mapping the Brain with Neuroimaging

High-performance 

Computational

Infrastructure

Clinical 

Expertise

Basic

Neuroscience

Physical 

Sciences

Imaging

Technology



MEG

PET

MRI
Computing

Scanner Infrastructure 



fMRI Activation Studies

Motor

homunculus

Sensory

homunculus

Language PainVision



Stereotaxic Space

J Talairach & P Tournoux

“Co-planar stereotaxic atlas

of the human brain” 

ed: Georg Thieme, 1988



• Labs around the world repeat experiments, compare results directly

• Raw image data and processed maps readily shared among labs

• Results are reproducible

• Networks of laboratories sharing data and/or algorithms become feasible

• Data repositories for global scientific community can be placed on the Web

• New questions can be asked of mapped data, long after primary research completed

• New or improved algorithms can easily be applied to old questions

• Adaptable to any species, imaging modality or organ – N.B.

Brain mapping uses a universal coordinate space

“MNI Space” 



Pipeline Processing
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Phase III MS Trial – Myloral

14 sites ; 508 patients (RR) ; 1800 studies

T1, T2, PD volumes at each study

T1: 3D GE, 60 x 3mm, TR=35,TE=min, flip = 45

T2/PD: 2D multi-slice, double SE, TR=3000,TE=30,80



MS lesion map (425 patients)
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NIH MRI Study of 

Normal Brain Development (N=500)

Behavior/MRI for ages 0-18 yrs

Structure-behavior relationships

Disseminate results



Backup
System

Data Analysis
Pipeline

MRI

Study
Work

Station

BVL

DCC

MRI

BVLBVL

MRI

PSC

Behavioral
PC 

(laptop)

MRI Console

MRI
Scanner

Scientific
Community

Mass Storage System

Internet &
DBMS

Server(s)

Data Marts

Data
Warehouse

NIHPD Network Architecture



LORIS candidatefor each

PSCID

DCC-ID

identified by

bio

exclus

brief int

full int

figs

disc

dps4

cbcl

apib

carey

hand

nepsy

das

neuro

pls3

pregn

tanner

wasi

wj3

bayley

cantab

cvltc

cvlt2

jtci

psi

purdue

saliva

urine

wisc

waisr

behavioral battery of instruments

DICOM

MINC

header

T2W3D

MRS

MRSI

PDT1W3D

MRI procedures

are

identified

by

Objective ObjectiveID

Type Screening

contains
data on multiple 

visits

visit

stores data for a battery 
of administered MRI procedures

& behavioral instruments

ethnic

member of

EthnicID

SessionID

VisitNo

Objective

Age

Test ID ScoreID

CommentID

TestID

recruited by

psc

CenterID

DoB 

Gender

personal

Weight 

Height 



Clinical Neurobehavioral Battery 

Objective 1 (4.5-18.0 yrs)

1. Handedness: Performance Task

2.   IQ - Age dependent

Differential Ability Scales (DAS)

Wechsler Abbreviated Scale of Intelligence (WASI)

3.   Achievement: Woodcock –Johnson III (WJ-III)

4.   Physical/Neurological Examination

5.   Tanner Staging Questionnaire

6.   Saliva & Urine sample Collection 

7.   Verbal Fluency (NEPSY) -Semantic & Phonemic

8.   California Verbal Learning Test-Children’s Version (CVLT-C) or CVLT-II

9.  CANTAB: Motor Screening, Spatial Span, Spatial Working Memory

10.  Purdue Pegboard

11.  Junior Temperament and Character Inventory (JTCI)

12.   Behavior Rating Inventory of Executive Function (BRIEF)

13.   MRI Questionnaire – music, sports, leisure activities, medication exposure



MRI Study of normal brain development

Behavioral characterization (Objective 1)



NIH MRI Study of 

Normal Brain Development
Behavioral characterization (Objective 1)



Objective 2 Battery (0.0-4.5 yrs)



T1                             T2                            PD 

Normal brain growth from 0-48 months  (N=50)  
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MRI Study of Normal Brain Development

Objective 2 - annual tissue growth rate



NIH MRI Study of Normal Brain Development

www.bic.mni.mcgill.ca/nihpd/info



MRI Study of normal brain development

Evolution of hemispheric asymmetry from 0-54 months

Colours show hemispheric difference in surface position (L > R)

15mm

7.5mm

0mm

(N=90)



Dark colors        inappropriate quadratic model (peak age not calculable or outside age range).

Groups show similar sequence of regions attaining peak thickness, but ADHD is delayed.

Delay in attaining peak cortical thickness in ADHD

Age     7               8                9             10            11             12

ADHD

TD

Shaw P et al., PNAS, 2008



Early cortical maturation in ADHD
indicated by younger age of attaining peak cortical thickness

Shaw P et al., PNAS, 2008



Brain Networks



CANARIE
CANADA'S ADVANCED RESEARCH AND INNOVATION NETWORK



Research and Education Networks

North America



Distributed
Architecture

Data Computing

Users

CBRAIN
Canadian Distributed Neuroimaging Platform (5 Canadian Centers)

Prototype Collaborative 3D Visualization of a High Resolution Brain



CBRAIN HPC Roadmap
(20,000 – 30,000 CPUs)

SHARCNET Saw - UWO

(2704 cores)Westgrid Orcinus – UBC

(3072 cores)

ACENet _ Dalhousie

(~3000 cores)

CLUMEQ 1 & 2 - McGill

(10000 - 20000? cores)

RQCHP - U.Sherbrooke

(2112 cores)

~ 1 Petaflop

SciNet - U.Toronto

(~10,000 cores)

HPVLC- Queens

(~2000 cores)



International Links

• International Consortium for Brain Mapping (ICBM)

• NIHPD - extra-mural contract

• NIH – collaboration with intra-mural NIH scientists

• Korean Human Brain Project (KHBP) Network

• Latin American Brain Mapping Network (LABMAN)

• Croatian Human Brain Project

• Japanese Human Brain Project

• Indian Brain Imaging Research Network (IBIRN)

• Iranian National Neuroimaging Network

• Australian Neuroimaging of dementia Project (ANDI)

• U.S. Autism Centre of Excellence (ACE) Network

• U.S. Tourette’s Syndrome Association Neuroimaging Consortium (TSANIC)

• Réseau provincial de recherche en imagerie cérébrale (REPRIC) – Québec network

• Montreal Consortium for Brain Imaging Research (MCBIR) – McGill network

• Canadian Brain Mapping Nework (CBRAIN)

• High-bandwidth link with UCSD

• Singapore TCR brain development



Singapore Birth Cohort Study 

H1: Epigenetic changes in conceptual tissues obtained at birth reflect fetal environment.

H2: Pattern of epigenetic marks in gene promotors in DNA of birth tissues, along with genotype, 

phenotype, and early environmental exposures predict risk of obesity and metabolic disease.

1200 mothers (200 Indian, 200 Malay, 800 Chinese) through regnancy until the child 3yr of age.

Vanguard group of 100 mothers (60 Chinese, 20 Malay and 20 Indian) recruited from June 2009

Measure fetal/child growth and influences on epigenetic factors



Canada-Europe Brain Network Links

Innomed / AddNeuroMed

Alzheimer’s Disease

NeuGrid – Grid Computing

Distributed processing

Distributed databasing



Cortical atrophy in Alzheimer’s Disease

(Lerch J et al., Cerebral Cortex 2005)



Latin American Brain Mapping Network (LABMAN)



Random sampling from 

general population N=20,209

Age Range: 0-90

Both Genders

Cuban Brain Mapping Project

Screening for general pathologies

N = 1574 Age Range: 18-81

Causes of  Exclusion Quantity. % respecting to the 
screened sample

Pathologies 705 44.79

Arterial Hypertension 224 14.23

Neurological Diseases 209 13.28

Athma 69 4.39

Psychiatric disorders 64 4.07

Other systemic diseases 59 3.75

Diabetes Mellitus 37 2.35

Cardiovascular diseases 29 1.84

Malignant neoplasia 8 0.5

AIDS 6 0.38

Others 277 17.6



Playa Municipality, Havana & Santa Clara, Villa 

Clara Total Municipalities Population Studied Over 65 years old 

approximately 40 000 inhabitants

Diagnostic Problems of Alzheimer 

Disease (AD)

Depends on diagnosis

No biological markers

Cuban Dementia and Alzheimer Study



Indian National Brain Research Centre

Manesar, Haryana

Drs. Vijayalakshmi Ravindranath, Prasun Roy, Shobini Rao

Dr. Sumitra Purkayastha (Indian Statistical Institute)  
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• Well-defined global target community

• Spatial framework for combining results from brain mapping experiments

• Computational emphasis of the brain mapping field

• High profile neuroscience community

• Software infrastructure from for databasing and pipeline analysis

• High-bandwidth transfer capabilities from CANARIE

• CLUMEQ Supercomputing Facility

• Supercomputing resources across Canada (LRP)

• CBRAIN/GBRAIN

• High-bandwidth partners in US, Europe, Asia

•Commercial links already in place - Biospective

McGill Centre for Neuroinformatics and Genomics (MCNG)

Existing Strengths



• Database storage of brain mapping/genomic data (private or public)

• Creation/dissemination of gold-standard datasets for normal and disordered brain

• Processing of brain mapping data using BIC image-processing pipelines

• Statistical analysis of processed images, clinical/behavioural data

• Genomic analysis at every 3D voxel

• Training with brain image analysis methods for visiting scientists/students/HQP

Immense computation - Grid-computing, e.g. NeuGrid www.infoalzheimer.it/neugrid

Use CANARIE backbone and the HPC National Platforms  www.c3.ca

Staff: 2 database managers, 2 IP specialists, 1 facilities manager, 1 financial manager

N.B. not restricted to human brain MRI   

Species: human, primate, rodent

Organs: brain, heart, liver

Modalities: (PET, fMRI, histology, IHC, DNA/RNA)

McGill Centre for Neuroinformatics and Genomics (MCNG)

Functions

http://www.infoalzheimer.it/neugrid
http://www.c3.ca/



