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Calit2 Brings Computer Scientists and Engineers

Together with Biomedical Researchers

« Some Areas of Concentration:
— Metagenomics
— Genomic Analysis of Organisms
— Evolution of Genomes
— Cancer Genomics
— Human Genomic Variation and Disease
— Mitochondrial Evolution
— Proteomics
— Computational Biology
— Information Theory and Biological Syste
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CAMERA: Community Cyberinfrastructure
for Advanced Marine Microbial

Ecology Research and Analysis

National LambdaRail
) 1 Direct Connect
Computation and Storage Complex

B

.ﬁ' Funded by: Gordon and Betty Moore Foundation
MOORE
4

£ . |

P ol Joint Partnership of:

OptiPuter

e

Pl Larry Smarr



Building On Centers of Excellence and Achievement

WEEE] <o NCMIR - —

Powered by Rocks (f{I|H &9

The Scripps e A
CR B S S DSC Genome Center o

Suppurted o)'

At 1) A
= L
i g
- ] ' &5 ), Office of
2 e — S—::u:-nc&
=) A L PUFRAT S
Kational Cesler o e
Rinsarih Risouncos iy e

—

optibuter  ANnouncing Tuesday January 17, 2006 ‘ft")

e



The Sargasso Sea Experiment

The Power of Environmental Metagenomics

 Yielded a Total of Over 1 billion Base Pairs
A of Non-Redundant Sequence
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Marine Genome Sequencing Project
Measuring the Genetic Diversity of Ocean Microbes
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Evolution is the Principle of Biological Systems:

Most of Evolutionary Time Was in the Microbial World
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Major New Science Challenge: Understanding the

Transition from Collective to Species Evolution

“Bacteria naturally reside in communities, in ecosystems. It is
hard to find a bacterial niche that does not comprise hundreds or
thousands of different species, all interacting in intricate delicate
ways, to make a fascinatingly complex and stable whole.”

“In an era of rampant horizontal gene transfer, organismal
evolution would be basically collective. It is the community of
organisms that evolves, not the various individual organismal
types.”

“This shift from a primitive genetic free-for-all to modern
organisms must by all account have been one of the most
profound happenings in the whole of evolutionary history.”

--Carl Woese , Evolving Biological Organization in
Microbial Phylogeny and Evolution, ed. Jan Sapp (2005)
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Genomic Data Is Growing Rapidly,

But Metagenomics Will Vastly Increase The Scale...

100 Billion Bases! 35,000 Structures

A
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Metagenomics Will Couple to Earth Observations

WWhilch Add Several TBs/Day
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Optical Networks Are Becoming

the 21st 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
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Challenge: Average Throughput of NASA Data Products

to End User is < 50 Mbps
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Solution: Individual 1 or 10Gbps Lightpaths

-- “Lambdas on Demand”

WAVELENGTH DIVISION MULTIPLEXING (WDM)

®* EXPLOITS
— EMORMOUS BANDWIDTH OF SILICA FIBER
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Lambdas Give End Users Sustained

~ 10 Gbps Data Flow Rates
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Global Connections
Between University Research Centers at 1OGbps

Maxine Brown, Tom DeFanti, Co-Chairs

1Grid 2005

[HE GLOBAL LAMBDA INTEGRATED FACILITY
www.igrid2005.org

September 26-30, 2005
ThE ”I: Calit?2 @ University of California, San Diego
I]|5E|]UE“|’ G[ﬂm California Institute for Telecomr.unications and Information Technology

21 Countries Driving 50 Demonstratlons G
. 1 or 10Gbps to Caht2@UC§D Building s
F—— Sept 2005 /



The OptlPuter Project —

Creating a LambdaGrid “Web” for Gigabyte Data Objects

NSF Large Information Technology Research Proposal
— Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr PI
— Partnering Campuses: USC, SDSU, NW, TA&M, UvA, SARA, NASA

Industrial Partners
— IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent

$13.5 Million Over Five Years
Linking Global Scale Science Projects to User’s Linux Clusters
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What is the
OptiPuter?

- Applications Drivers - Interactive Analysis of Large Data Sets
* OptiPuter Nodes = Scalable PC Clusters with Graphics Cards
* |IP over Lambda Connectivity = Predictable Backplane

 Open Source LambdaGrid Middleware-> Network is Reservable
- Data Retrieval and Mining - Lambda Attached Data Servers

* High Defn. Vis., Collab. SW - High Performance Collaboratory

www.optiputer.net

—

OuiPoted See Nov 2003 Communications of the ACM
&— £ for Articles on OptlPuter Technologies
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End User Device: Tiled Wall Driven by
OptlIPuter Graphics Cluster
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Calit2 Intends to Jump Beyond

Traditional Web-Accessible Databases

Data
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Calit2’s Direct Access Core Architecture

Will Create Next Generation Metagenomics Server

Sargasso Sea Data
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First Implementation of
the CAMERA Complex
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Analysis Data Sets, Data Services,

Tools, and Workflows

« Assemblies of Metagenomic Data
- e.g, GOS, JGI CSP
 Annotations
— Genomic and Metagenomic Data
- “All-against-all” Alignments of ORFs
— Updated Periodically
* Gene Clusters and Associated Data
— Profiles, Multiple-Sequence Alignments,
— HMMs, Phylogenies, Peptide Sequences
- Data Services
— ‘Raw’ and Specialized Analysis Data
— Rich Query Facilities
 Tools and Workflows
— Navigate and Sift Raw and Analysis Data
— Publish Workflows and Develop New Ones
— Prioritize Features via Dialogue with Community

> Source: Saul Kravitz
OptiPuter Director of Software Engineering
&= J. Craig Venter Institute




CAMERA Timeline

 Release 1: Mid-2006
— Majority of GOS + Moore Microbe Genome Data
— 6 Gbp Has Been Assembled
— Initial Versions of Core Tools
— BLAST, Reference Alignment Viewer
* Release 2: Early-2007
— Additional Data
— Additional/lmproved Tools
— Improved Usability

* Subsequent
— Move Towards Semantic DB, Direct Access
— Additional Tools & Data Based on Community Feedback

P i

—
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The Bioinformatics Core of the Joint Center for Structural

Genomics will be Housed in the Calit2@UCSD Building

Extremely Thermostable -- Useful for Many 173 Structures (122 from JCSG)
Industrial Processes (e.g. Chemical and Food) :
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Providing Integrated Grid Software and Infrastructure

for Multi-Scale BioModeling

an NIH supported resource center

Grnia ana viuster vomputing Applications Infrastructure

b , e National Biomedical
AP CR compuston resource | gcated in Calit2@UCSD Building
\
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Metagenomics “Extreme Assembly”

Requires Large Amount of Pixel Real Estate
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Metagenomics Requires a Global View of Data

and the Ability to Zoom Into Detail Interactively

Overlay of Metagenomics Data onto Sequenced Reference Genomes
(This Image: Prochloroccocus marinus MED4)
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The OptlPuter — Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data

JINCMIR 2 A s |
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Scalable Displays Allow Both
Global Content and Fine Detalil

30 MPixel SunScreen Display Driven by a
20-node Sun Opteron Visualization Cluster

OptiPuter
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Allows for Interactive Zooming

from Cerebellum to Ind

dual Neurons
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The OptiPuter Enabled Collaboratory:
Remote Researchers Jomtly Exploring Complex Data
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Eliminating Distance
to Unify Remote Laboratories

E
o
=
- 5
§ visualization Q
network test E
= =
= storage
E StarLight (Chicago)
NLR POP
(McLean, VA)
storage
UCSD (San Diego) network test %Miles
SIO/UCSD SDSC San Diego Supercomputer Center compute
O JSOE  Jacobs School of Engi i
B sov Schoolor Medicne e Venter
- 8 SIO  Scripps Institytion of Oceanograph NASA/GSFC (Greenbelt, MD) Institute
— | i OptiPuter _
| ‘ ] i d .Zed 4 a 1
- FJ : r N
.--'E ey oddard
HDTV Over
—
Lambda A
. OptiPuter

&



roposai to yperintrastructure

of “On-amps” to National LambdaRail Resources

OptiPuter + CalREN-XD
+ TeraGrid = “OptiGrid”

National LambdaRail™ Infrastructure

! Creatlng a Critical Mass of End Users
on a Secure LambdaGrid
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Looking Back Nearly 4 Billion Years

In the Evolution of Microbe Genomics

The Open Ocean
a microbial world
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