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The DOE Climate Change Prediction
Program Links Climate Research to

TERASCALE Computing
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Higher resolution, more accurate climate models will replace uncertain
global trends with accurate regional forecasts



Industry Meeting the Computational
Challenges in Biology




DOE Provides Technology
for Tomorrow’s Biology

High throughput
DNA sequencing

Structural biology Y.
Tomorrow's Biology

Computation




Computing — a key component of
BER’s biology program

- Structural biology
e Genomics

« Genomes to Life —the next step In
biology




Needed - A new relationship
between biology and mathematics/
computer science

e Traditional relationship - service
— what tools can the mathematicians/
computer scientists give me to solve my
problems?

e New (for biologists) paradigm - partnership
— what are the fundamental underlying
mathematical/computational principles
of living systems?



High Performance Computers Will be Needed for
Each Component of Cell-level Simulations

Genome assembly:
>10 TeraFlops sustained speed required to keep up with expected sequencing rates

Protein structure prediction (using threading):
>100 TeraFlops speeds required to model all proteins in a microbial genome in a day

Classical Molecular Dynamics (molecular mechanics force field):
100 TeraFlops for 1 day to simulate DNA-protein interaction (20000 atoms for 2 ms)

First Principles Molecular Dynamics (Quantum mechanical force field):
1 PetaFlops for 1 day to simulate reaction in enzyme active site (200 atoms for 1 ns)

Simulations of biological networks:
>10 TeraFlops speeds required to perform simple correlation analysis for
small biological network (100 genes, 500 molecular components,10 compartments)

Computational biology is characterized by its need for continuous high
performance computing, rather than periodic large scale simulations







Genomes to Life accelerating the discovery

DNA Sequen e o
J Informatics and
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Goal 1: Map the machines of - ?(;)orgrz)tatlon Too
life; proteins and protein

Goal 2: Map regulatory networks; how do
cells control proteins and protein

Viicrobial Cell Project:
UEINES

functional pathways and entire cells

Goal 3: Characterize Natural Microbial Genetic
and Metabolic Diversity

Experimental GOAL - use microbes to help solve energy / cleanup
Data problems
Acquisition







Bringing the Genome to Life Requires
Many Areas of Computational Biology

Assembly and
analysis of genome
sequences

Prediction of
protein structure

Molecular modeling of

Process simulation

biochemical reactions of biological systems
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Consensus DNA sequence
from shotgun sequencing

Predicted structure for
DNA clamping protein

Enzymatic activation of

environmental mutagen

synthetic pathways

Each of these types of modeling requires advances
In simulation techniques and computer hardware




