Kobe Recommendation

The symposium on peta-flops supercomputing system for biology has been held at
Kobe in 28-29 March 2008 with 16 Researchers and over 60 audiences to identify the
utility of peta-flops order supercomputing facilities to be build in Japan and discussed
how scientific community, life science in particular, to make best use of such resources.
While the immediate issue for Japanese government and research community is to
make the best use of Peta-flops supercomputer project in progress, it was widely
recognized that such computing power will be made available for broad range of
scientific community in the next decade. Thus, the real question is that how to make use
of such extensive computing resources for biology and medicine in general.
Concurrently, there are global efforts to create integrated models of cells and organs as
signified by Osaka Accord (Dec 2007) and Tokyo Declaration (Feb 2008). Participants
reaffirmed importance of Osaka Accord and Tokyo Declaration, and agreed that there
should be a consolidated effort globally to move forward the integrated science of
biological systems for physiology and medicine.

In order to achieve the long term objectives to create highly accurate virtual human
model, a series of milestones shall be defined. Proposals have been made to define
intermediate benchmark at both cellular and organ models.

The milestone goal for cellular models shall be:

“To create cellular models that can predict cellular responses against over 1,000
physiologically and pharmacologically relevant stimuli involving more than 100
representative drugs at more than 90% accuracy within the next 10 years. Such models
should be able to provide computational predictions on robustness trade-offs,
particularly the point of fragility of cellular systems against perturbations.”

A similar milestone shall be defined for organ models that is:
“To create interlinked multiple organ models that can make clinically relevant
predictions for physiological functions and pharmacological responses. Such models
shall be able to provide predictions of organ failures and means for their prevention or

remediation in some selected cases”.

Definition of “cellular responses” and “organ’s reactions” and how to define accuracy is a



subject of discussions at the special working group. Two milestones are interrelated as

improvement of organ models partly depends upon accuracies of cellular models. It was

agreed that such a new project shall be initiated by Japanese government with a

possible global alliance formation as an adjacent to the peta-flops computing project.

Participants agreed in the following points and decide to issue recommendations as

outlined in this document.

Recommendations

(1)

()

®3)

(4)

Availability of extensive computing power as signified by peta-flops computing shall
contribute to life science in a significant way by enabling computations that has not
been possible before.

There should be a master strategic plan to make the best use of extensive computing
power made available that has significant social impacts such as in medicine. The
plan shall incorporate central pillars that integrate different scales of models and
data (from molecules to organs/whole body) to deliver clinically and
pharmacologically relevant computational models that can explain and predicts
diseases states, progression, and drugs effects. At the same time, diversity of
research shall be encouraged without undermining consolidated efforts.

Protein structure, function, and interaction predictions may enjoy benefit of
increased computing resources as their time scale is likely to correlate with
computing power available. Extensive computing power may be utilized to build
extremely accurate models and to investigate dynamical properties for
milliseconds-order for numbers of molecules with particular interests. At the same
time, it can be used to make predictions of protein structures, and protein-protein
and protein-ligand interactions genome-wide.

Research on cell-level model shall be incorporated into the project as it represents
the most challenging aspects of multi-scale multi-level simulation that bridge
molecules and organs. At the same time choice of cells to be studied shall be
consistent with organ models and relevant diseases models. Heart muscle cells and
liver cells shall be used because heart and liver will be main targets for organ
models. Immortalized cells and primary cells shall be used for cellular level model
studies due to availability of quantitative data, existing models, and their disease
relevance. A part of efforts on this part may eventually leads to development of

tumor models.
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Precision models of cellular signaling systems may represent extremely challenging
theme as it illustrates needs for multi-scale multi-level modeling involving
membrane, extra-cellular environment, intra-cellular complex dynamics and
microstructures, yet being significant foundation for organ level models. Receptor
Tyrosine kinase and GPCR systems are representatives of such systems.

To create cellular models that can predict cellular responses against over 1,000
physiologically and pharmacologically relevant stimuli involving more than 100
representative drugs at more than 90% accuracy within the next 10 years. Such
models should be able to provide computational predictions on robustness trade-offs,
particularly the point of fragility of cellular systems against perturbations.

To create interlinked multiple organ models that can make clinically relevant
predictions for physiological functions and pharmacological responses. Such models
shall be able to provide predictions of organ failures and means for their prevention
or remediation in some selected cases. Such a project shall start from organ models
that are already well established. At the same time, initiation of organ modeling for
less well investigated organs such as ovary and pancreas shall be encouraged.
Organ models shall have well defined benchmark criteria to measure the progress.
High precision measurement methods shall be developed to meet the need of
modeling and their validation including sub-cellular and organ level imaging and
guantitative measurements.

Further investigation shall be made on modeling of development. iPS cell may
be used for a part of this research.

Information infrastructure for integrating global efforts shall be promoted to
meet the need for global model and data sharing.

Education of a new generation of researchers who understand both
computational, engineering, physics, and biological areas is of prime importance,
and shall be promoted with substantial emphasis in high performance computing. A
new national training program shall be initiated at all levels to offer a nation wide
education program for generating “multilingual” students and researchers for
computation, engineering, physics, and biology. Specifically, two weeks

summer/winter school shall be established to materialize such an idea.
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