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b Omic space: coordinate-based integration and

omics nmgi analysis of genomic phenomic interactions
1

Tetsuro Toyoda'<* and Akiyoshi Wadar

a '5';,..-.-:;-;-'\--& Enrudeetua Qees Deeasred Tasas Svundaesasd
Sownces Centar [R50), RIKEN Yokohama hshiute, Suatwe-cha, T
T’ Yokohama, Kanagawa 230-IN45, Japan

| /| ... Inorder to facilitate a coordinate-based

/7 | integration and analysis of omic interactions, we
e /| Introduce the concept of an omic space comprising a
' comprehensive set of omic planes.

: pe— /| Genomic, transcriptomic, proteomic, metabolomic,
| e : phenomic and other omic planes are defined by two
orthogonal genomic-coordinate axes.

Toyoda & Wada (2004) Bioinformatics, 20, 1759-1765.
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Molecular M echanics Calculations by
prestoX-basic (

Quantum Mechanics Calculations by
AMOSS & DFT (NEC




Multiscale simulation
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BioPfuga:

Biosmulation Platform United
on Grid Architecture

= About A

=i Libwrapper

http://www.biogrid.jp/

== Development of BioPfuga (Biosimulation Platform United on Grid Archite cture)

The usual usage of the grid architecture is running one computation on
fmany distributed CPUs through a rapid network. However, in order to
analyze much moaore complicated biological systems, composed of
simulations at different Tevels, along the new paradigm for biological
science, more integrated computational approaches are required. The
individual programs should be driven on their own corresponding
machines on the grid system. For this purpose, we have designed and
developed a new platform, ioFrugas (Biosimulation Platform U
nited on Grid Architecture) where individual applications,
corresponding to the different Tevels of bio-simulations, are united
and executed as a hybrid application.




BioPfuga

-~ BMSML (BioMolecular Simulation Markup
Language)

— Web service OGSA (Open Grid
Service Architecture)



BioPfuga

-~ BMSML (BioMolecular Simulation Markup
Language)



1)

2)
3)

BMSM L

API



XML description for exchanging data
ltems described with XML (BMSML)

1) Content (atomic coordinates, charges, MO, etc)

2) Unit (AU, kcal/mol, angstrom, etc)

3) Description Form (Text, hexadecimal form, Base64 form)
4) Data Type (Character, Integer, Floating, Double Precision, etc)
5) Data Form (scalar, Vector, Tensor, etc)

6) Data Size

/) Data




BMSM L

Shallow structure
<bms.bmsmi>; root of BMSML
<bms.data> ; logical description
<bms.value> ; physical description

Usage of XML schema
(bmsM L -v1.000.xsd)

Available from
http://www.biogrid.jp/BMSM L/



<bms.data> tag: containesthe data description

attribute data-type default value contents

name character -(mand) name of thedata

Id Integer 1 Identifier

dataType character - (mand) data-type (float|int|char)
byte Integer - number of bytes
numDims Integer 1 number of dimensions
Size list of integer 1 size of the data

unit character - unit of the data

InitValue character 0 default value (zer o|unit)
numValElems integer 1 number of value contents

createdTime integer year [month|day

programName character - program name produced
Title char acter - title of the data
comment character - comment for the data



<bms.value>tag. containesthe data value

attribute  data-type default value contents

subld character 1 value identifier

subStart list of integer 1 start location of the value
subSize list of integer (Size)  size of the sub-block

format character base64 dataformat (base64|hex|text)

arrayOrder character fortran typeof array-order (fortran|c)

delimiter character space  delimiter symbol
endian character big endian of the data (big|little)
extRef character - external reference




Example of BMSML (1)

<?xml version="1.0" encoding="UTF-8" 7>
<bms:bmsml xmiIns:bms="http://www.biogrid.jp/BM SM L /data/1.00">

<bms.value subld="1" format="text" >O H H</bms:vaue>
</bms.data>
</bms.bmsml>



Example of BMSM L (2)
(format = Base64: 1.3 times of binary description)

<?xml version="1.0" encoding="UTF-8" 7>
<bms:bmsml
xmIns:bms="http://www._brogrid. jp/BMSML/data/1.00">
<bms:data 1d=""1" name="'SampleData' dataType=""float*
byte=""8" numDims=""1"" size=""15" unit="AU" >
<bms:value subld="1" format=*“base64'" size="1">
pLWkg6Ti1pMikOgSl1lpLekzrrupMOkveXQpaSlygXgpcehvkKW/pPKIgKXzpb
OhvKXJpx6G8LekxqgS9pM6 I pb+k8gPY082 ) zLBVLCkx6XVpaGl pKXrpM
VvK3cK4pLmk66XXpe2lskKXppeCkzgXGpbmlyKTHLMho6XXp
</bms:value>
</bms:data>
</bms:bmsml>



Example of BMSM L (3)

<?xml version="1.0" encoding="UTF-8" ?>

<bms:bmsml
xmIns:bms=""http://www._brogrid. jp/BMSML/data/1.00">

<bms:data 1d="1" name=""AtomicCoordinates"
dataType="float"
byte=""8" numDims="2" size="'3 3*
unit="Angstrom" >
<bms:value subld="1" format="text" arrayOrder="fortran
delimiter=" " >0.000000 0.000000 0.000000 1.431530
0.000000 1.109410 -1.431530 0.000000 1.109410
</bms:value>
<I-- 0.000000 0.000000 0.000000
1.431530 0.000000 1.109410
-1.431530 0.000000 1.109410 -->

</bms:data>
</bms:bmsml>



Example of BMSM L (4)

<?xml version="1.0" encoding="UTF-8" ?>
<bms:bmsml xmins:bms=" http://www.biogrid.jp/BM SM L /data/1.00" >
<bms.data id="1" name="bmsSampleMtrx" dataType="float"
byte=" 8" numDims=" 3" size="4 32" unit="kcal/mol" >
<bms.value subld="1" format="text" arrayOrder="c">
0.1110.1120.121 0.122 0.131 0.132 0.211 0.212 0.221 0.222 0.231
0.232 0.311 0.312 0.321 0.3220.331 0.332 0.411 0.412 0.421 0.422

0.4310.432
</bms.value>

</bms.data>
<!--(0.111, 0.112), (0.121, 0.122), (0,131, 0.132)

(0.211, 0.212), (0.221, 0.222), (0.231, 0.232)
(0.311, 0.312), (0.321, 0.322), (0.331, 0.332)
(0.411, 0.412), (0.421, 0.422), (0.431, 0.432) -->

</bms:bmsml>



Example of BMSML (5)

<?xml version="1.0" encoding="UTF-8" ?>
<bms:data name="‘bmsBlockMtrx" dataType="float" byte="8" numDims="2" size="9 9"
initvalue=""zero">
<bms:value subID="1" subStart="1 3" subSize="1 1" format=""text''>1.3</bms:value>
<bms:value sublID="2" subStart="2 6" subSize="1 1" format=""text''>2.6</bms:value>
<bms:value sublID="3" subStart="3 7" subSize="1 1" format=""text'>3.7</bms:value>
<bms:value sublID="4" subStart="4 1" subSize="1 1" format=""text''>4.1</bms:value>
<bms:value sublID="5" subStart="6 3" subSize="1 1" format=""text''>6.3</bms:value>
<bms:value subID="6" subStart="7 7" subSize="1 1" format=""text''>7.7</bms:value>
<bms:value subID="7" subStart="8 5" subSize="1 1" format=""text''>8.5</bms:value>
<bms:value sublID="8" subStart="9 9" subSize="1 1" format=""text''>9.9</bms:value>
</bms:data>

<I-- 9x9 to 3x3 block data type = double / picking up only non-zero terms

001.3 J] 00O ] 00O

00O ] 002.6 J] 00O

00O ] 00O |] 3.700
++++++++++++ R

4.1 00 J] 00O ] 00O

00O ] 00O ] 00O
006.3 J] 00O ] 00O
++++++++++++H R
00O ] 00O | 7.7 00
00O ] 08.50 J] 00O

00O ] 00O ] 009.9 --—>

</bms:bmsml>



Example of BM SM L (6)

<?xml version="1.0" encoding=""UTF-8" 7>
<bms:data name="'bmsBlockMtrx2" dataType=""float" byte="8" numDims="2" size="9
9" 1nitvValue="zero'>
<bms:value sublID=""1" subStart=""2 6" subSize="2 2" format=""text'>
2.6 3.6 2.7 3.7</bms:value>
<bms:value sublID="2" subStart="8 5" subSize="1 3" format=""text''>
8.5 8.6 8.7</bms:value>
</bms:data>

<l-- 9Ox9 -> 3x3 block data type = double / picking up only non-zero terms
00O |OOQ_ 10QO0
00O | O 0,2 6 | 2. :O o)
00O ] 0013.6 | 3.7,00
O o o S S R
00O | 00O ] 00O
00O ] 00O ] 00O
00O ] 00O ] 00O
+++++++++++++ R
00O 000 JOOO
000 |] 0'8.5 8.6] 8.7'0 0
00O ] OO0 1000

->

</bms:bmsml>



APlsfor BMSML

(Librariesused in C, C++, and FORTRAN)
Get property information about the data and values.

getDataProperties
getValueProperties
Get BMSML data.
getNumDims
getSize
getData
Set BMSML data with the property information.
setDataProperties
setData
setBlockValue

Schema and API are available from BioGrid Osaka
(http://www.biogrid.jp/BMSML/).
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BioPfuga

— Web service OGSA (Open Grid
Service Architecture)



OGSA Web service

Portal/
Client Program

User —

Communicate using SOAP

Per sonal user

site-A steC
Distributed GT3 GT3 GT3 o>
computing Service > Serl\s"ce Service
System A (Bf/losAlvFI’L) =

(GT3: Globus Toolkit version 3.2 of OGSA-Open Grid Service Architecture)



I Grid

Vvl area & Molecular mechanics (M M)
Ctives 'ﬂf : _
ﬁ‘l}ﬁrfzymﬂ - Quantum mechanics (QM
', ‘& f"f ’ )
o A0 e _—
ey O Hamiltonian of total system
Htotal HQM(X X) | calculate

In QM area

T HQM/MM(X’y) D Calculate
IN MM areg
+ Hyu(lyy) —




‘ Hybrid-QM/MM Simulation

MM
MM
~ QM)
QM
Hybrid-QM/MM MM

QM

QM
MM



PKCo-C1B

Simulation of Electronic structure (1)

atoms,
A M OSS Ab initio Molecular Orbital Simulation for Supercomputer 8672
developed by NEC Quantum Chemistry Group AO’s

Rapid computation for huge molecular systems (20,000 basis for RHF,
1,000 basis for CASSCF and MP2), with high parallel performance

Simulation of Electronic structure (2)

GSO-X generalized spin density function theory (DFT)
developed by Shusuke Yamanaka & Kizashi Yamaguchi, at Osaka
Univ.

Simulation of Protein-solvent structure

pr eStOX-baSI C protein Engineering Simulator eXtended —basic versin-

developed by Yoshifumi Fukunishi at JBIRC-AIST and Har uki
Nakamura at | nstitute for Protein Research, Osaka Univ.



Workflow of BioPfuga for prestoX-basic(MM) and AMOSSGSO-X(QM)

MD Input File MO Input File

o Invoke Invoke o
Initialization < Initialization

Start reading MO Energy

QM'MM _ BMSML files are set completely BMSML fil
decompOSItlon %} Ca|Cu|ati0n

l l l Coordinate and electrostatic
Charge associated with

MD Force field Bond VDW PM!E Atoms in X and Y domain
calculation Angle Coulomb Fourier
Dihe%ral (Real space) Transform
¢ =afion Invoke
< MD_Grapez V. InV0ke ..... MO Force

BMSML files are Calculation

Coupled Force Start readina BMSML files set complately
MO and MD ‘#—ﬁ (HF/CASSCF

QM force and potential /DFT)
Incr.er.nent of Energy at atoms in X
Position and domain
velocity of End > End

atoms

MD Output File MO Output File



|  Grid Service

Client controller

AN

SiteA .

Create Service for

| the individual client

and maintain it.

SOAP

1. CreateService()

3. Accessto Service \

FactoryService

2. Create Service

Servicel nstance

Adapter separates from
GT3to LAM/MPI

» | Adapter

4. Create Process

\ 4

MPI-Application
:AMOSS/GSO-X/
prestoX

l 5. Communicate using M Pl




‘ BioPfuga

Instance
Description

Dataflow
Description

Site-A
_______ »
S |
ST~ Service
Initializer ~~<_ TT-<__
R BMSML wMSML
~~~~~ Site-C
RN
Controller Service Service
N RHF DFT
Workflow >
Engine
BMSML
BMSML
Site-D
Web Application
Server 1 Service
Service




| |
Instance Description  Dataflow Description

<services>
<instances>
<instance name="Cosgene" ™
factory="http://mdex02.protein.osaka-u.ac.jp:8080/ogsa/services/gqmmm/service/CosgeneFactoryService" />
<instance name="Rhf"
factory="http://cafe01.ais.cmc.osaka-u.ac.jp:8080/ogsa/services/gmmm/service/AmossFactoryService" />
<instance name="Dft"
factory="http://133.1.33.20:8080/0gsa/services/gmmm/service/AmossFactoryService" />
<instance name="Sum"
factory="http://cafe01.ais.cmc.osaka-u.ac.jp:8080/ogsa/services/gmmm/service/SumRhfDftFactoryService" />_~
</instances>

<dataflow>
<element instanceName="Cosgene"> N
<partner name="QMEnergyProvider" instanceName="Rhf" />
<partner name="QMQEnergyProvider" instanceName="Rhf" />
<partner name="QMQGradientProvider" instanceName="Rhf" />
<partner name="MMGradientProvider" instanceName="Rhf" />

<partner name="QMGradientProvider" inctanceName="Sum" />
</element>
<element instanceName="Rhf">
<partner name="MMChargeProvider" instanceName="Cosgene" /> W,
<partner name="QMChargeProvider" instanceName="Cosgene" />

</dataflow>
</services>






oM

QM/MM

Client controller ‘@UCSD‘
4+—>
‘@CMC ‘ BMSML Files ‘@CMC‘
Site-A Site-B
GT3 GT3 prestoX
AMOSS prestoX [T (MPI)
Service Service
A
MM
\ 4
AMOSS(MPI)




QM/MM

oM

1 ! @CMC or
Client controller anywhere
| @K obe-BT | | @IPR |
BMSML Files
Site-A Site-B
GT3 GT3 prestoX
AMOSS prestoX [T (MPI)
Service Service I
A
MD-Grape2 MM
Y M D-Grape2
AMOSS(MPI) (Special purpose
computing board:

max 50GFL OPS)



HF/DFT/MM

Client controller User@
BM SM L I
Site-A ‘ @ Viewer
MM (M D) “ portal BMSML BMSML
GT
prestoX
Service |@CMC | sites stec| @CMC
i QM(HF) QM (DFT)
prestoX GT3| AMOsS GT3| Gso-x
(MPI) Service Service
socey Y MPI 156CPU_§_ MPI
MB-Grape2 AMOSS(HF) GSO-X(DFT)




OGSA

SOAP(XML)
NBM SML BMSML

SOAP(XML)
BMSML —
soappevmy)  —  LfTH- | L [H
<« > =] =i
jV (Viewer) === E—
PC oC
AMOSS Service (QM-HF) GSO-X Service (QM-DFT)

MD
prestoX Service(MM)



Demonstration of BioPfuga
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QM/MM Calculation for Benzen+H,O

QM Benzen 1

Water 1
Bass MINI4
DFT(BLYP)+RHF Hybrid

MM  TIP4P 224

Time Step 0.25 fsec
Temperature 293K




Canonical molecular Orbital of the QM -part




| Hybrid-QM/MM Simulation

QM/MM
M acr omolecule

QM/MM Boundary
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QM/MM

a) Link Atom Method

Hydrogen Atom etc...

\/Ql\/l
/ /
k \/
4 Link Atom MM
v
Etot = EQM + EMM + EQM /MM

b) Effective Core Potential,
Generalized Hybrid Orbital etc.



QM/MM
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Formulation of the new hybrid-QM/MM Algorism

E(QM + PQM)=§:2HF+§:§:(ZJU ZQ: +ZZ(2JU i)
Q P
! 2)) RAABB QM-Hamiltonian in QM
+51—a){isz’+ii(23” —Kij)+ZP:ZAZB} QM-Hamiltonian in PQM
+£{EMM (0)+Z:la§;; _;;anan AQAG, +L L } MM -Hamiltonian in PQM

& |
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MM -PQM -QM
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MM M
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CH3-CO-N-CaH -+ CO —NH - CaH-CO-NH-CH3
CH3 ) PQM J  CH3
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“l@ QMSMM Portal - Microzoft Internet Explorer E]E
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