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fa & RIS ATRE T d 5, MR D[R] NG AR ZE 1 T
RAKIZE D, BRI LIZEDA Ry MERE S
AT miET DA X NEREN G RUX, FEfETH D
HODOEHENPE, NEST Tik, Wefilfiliz —E o
MEIZXEI 0 | Z ORIRAN TIE RN IS & fllfa
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> THMIROFES DEF 24T 9 & 5 RER] BEE)
BMOT7TFa—Fabbl LT, EORVEHEE
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(Plesser, et al., Neural Computation, 2009;
Hanuschkin, et al., Frontiers in Neuroinformatics,
2010), fRREES S 2L — a O L S,
JRELR AR 3 Bt LI5S 7o, ZEM Rt
MW EWFHETE D TR NN & THh
%, L L, ZHE TIZ NEST 13, 5{o T, 5%x10°
E O, 3x102HD > F T An b5, /IO
FFHFHO MR T 2EREE O I 2
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21544 T Ial— g TETWVD, £
T O 1 AR ST 0 OFFEEE T 5 &
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D HFTST = ZHEEDO RE L 2170, 5172
AEVFHAZFEBL L7 (Helias, et al., Frontiers in
Neuroinformatics, 2012), NEST 73 Hi5d4 D,
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& Z R L7z (Potjans, et al.,, PLoS Computational
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(Potjans and Diesmann, Cerebral Cortex, 2012)
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(Wagatsuma, et al., Frontiers in Computational
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\Z L7z(Honda, et al., Journal of Neuroscience,
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FRIE, IRERIAR OFEME, W FLR OFFM: 7R & D F
R B0 L CTHEEE 2 HE %) | 1000x1000 D g4 D
AR ZEAIRE L L72(400 7512 3281), (3) M,
BARAE, AR, BRI, 7 & ONZ AR RS
fa2> B STV D, A SV T, ) 3600
T E O D HRERR SV D T TV OREEEEZIT,
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(RICC @ 256 25| TEHME)DIEKEMRICEE S & |
2Ry b A AT DNREE R E L R AR B B &
FI1TT 5, VAT LAEEROENREIX 120ms T
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BE (LAL-VPC)IZI\\ T, AR E 7o 45 SR A m i
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Tod D T FEMEARRE DA EIFE O K7 E ORI /3
LTV Z &, MIEIEED AL O IGEE N—
W TH D Z & F 7 MIRIZE M O ik 4 1F ) %
METHZE, 6T, TERESEFORLN
JREMNBIRIBECAER I ND Z EFEEZH LML



ISLIMY 2 by 7HERRERES

(2013.1.10-11)
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Matsunaga et al., PLoS Comp. Biol. 8, 100255(2012)

Publications

¢ K. Moritsugu, T. Terada, A. Kidera. “Scalable free energy calculation of
proteins via multiscale essential sampling” J. Chem. Phys. 133, 224105
(2010).

* K. Moritsugu, T. Terada, A. Kidera. “Disorder-to-Order Transition of an
Intrinsically Disordered Region of Sortase Revealed by Multiscale
Enhanced Sampling” J. Am. Chem. Soc. 134, 7094-7101 (2012).

* Y. Matsunaga, H. Fujisaki, T. Terada, T. Furuta, K. Moritsugu, A. Kidera.
“Minimum Free Energy Path of Ligand-Induced Transition in Adenylate
Kinase” PLoS Comput. Biol. 8, 1002555 (2012).

i ARRA—DIED—ERIL., BIEZHAERMAERLTLS
REIVE2—AIRIOHBRFAICLEENDTT,
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M-2: Replica-exchange Interface program: REIN

Naoyuki Miyashita'?3, Suyong Re* and Yuji Sugita'S34
" @RIKEN QBiC, ? %RIKEN CSRP ISLiM, 4. RIKEN AICS, * @ RIKEN ASI

. . . Orange: REMD
-OdUCtIOﬂ Replica-exchange Molecular Dynamics (REMD) Red, Blue and Green: MD

Replica-exchange molecular dynamics (REMD) simulation [2] is one of popular enhanced
conformational sampling methods, and it has been widely used to predict the protein conformation,
configuration and so on. In the original REMD simulation, the dynamics of noninteracting replicas of the
system, each at a specified temperature, are performed by molecular dynamics (MD) simulation. Pairs
of replicas that have nearest neighbor temperatures are exchanged every few steps using the
Metropolis criterion to ensure detailed balance. 3 =,

\ ’ 1

Multi-dimensional replica-exchange method (MREM) [3] is one of the extentions. It exchanges not only N N
nearest neighbor temperatures but also the nearest neighbor parameter sets that relate to a potential
energy. Exchange probability can be written: Replica-exchange Molecular Dynamics

. Replica 4 —==———3p- —
min1, exp(-A)], A= By(Upn (A)-Upm (A)-Br(Unn ()-Uyn () MR Sy accepts Accept!

where, B,,= 1/(kg T), T,,: temperature, kg: Boltzmann constant, and , U, (g;) is the potential energy of Replica 3 WD) L —
m-th state at i-th replica. Replica 2 Mom;i

MREM needs huge computer resources, and is promising method for the future enhanced sampling. X Reject!
We have developed Replica-exchange Interface (REIN) program package to perform MREM simulation Replical = >

using conventional MD program packages, such as NAMD2, MARBLE and so on.

[1]K. Hukushima, and K. Nemoto, J. Phys. Soc. Jpn. 65, 1604, (1996)
[2]Y. Sugita, and Y. Okamoto, Chem. Phys. Lett. 314, 141-151, (1999)
[3]Y. Sugita, A. Kitao, and Y. Okamoto, J. Chem. Phys., 113, 6042-6051,(2000)

AREplicaexchange interface program (REIN)

+ Easy setup and execution of Multi-dimensional REMD for Bio-molecules.
+ Utilizing the conventional MD packages.
* Run on PC clusters and K computer.

Feature 1) REIN controls conventional MD program package, which is in a binary format.
— NAMD2 and MARBLE are available.

MARBLE
Fortran95/03, MPI 2 Binary format NAMD2
% Conventional MD packages
MPI_COMM_SPAWN i

Feature 2) Multi-dimensional REMD (MREM)

REPLICA REPLICA
CPU CPU

—lt can exchange not only nearest neighbor temperatures, but also
nearest neighbor distances etc... The parameters depend on the
function of “constraint” in the used MD package program.

Feature 3) Three supportive software are included
—Input builder, Batch builder, REMD converter

CPU CPU

Supportive software

input_builder batch_builder

NOW ava||a ble http://www.islim.org/islim-d|_j.htm,

Twitter: @rein_devel

E-mail: yukimya+rein@gmail.com ¢ ¢ \1'
. . Input - Submit job @ Output
ABhe of the applications

Structure prediction of N-glycans in solution
We performed REMD simulation to predict the structures of N-glycans with

and without bisecting GlcNAc using REIN [4]. These simulations show that the
N-glycan modification like the bisecting GIcCNAc can select a certain “key” in
the framework of “bunch of keys” mechanism.

REMD_converter

REIN/NAMD2 on RICC

260 hours/512 core

~10,000 atoms,  300K-500K
64 replica x 52 ns = 3.3 micro sec.

[4] S. Re, N. Miyashita, Y. Yamaguchi, Y. Sugita, Biophys. J.
101, L44-L46, (2011)

[5]wataru Nishima, Naoyuki Miyashita, Yoshiki Yamaguchi,
Yuiji Sugita, and Suyong Re, J. Phys. Chem. B, 116 (29), pp
8504-8512, (2012)
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M-3: MARBLE
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/\Mumm etal, Naturd, 419, 597-593 (2006)

AcrBOSHIGHDFAH=XLERET S,
& FRBOTOL BB Y FOTOR L RBER RS,

- ﬁﬁ%@ﬂi&’é?ﬁl-ﬁﬁ?éu&ﬂ)?ééjniv{l:
RBEF S

= s

= S
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System
Protein: (PDB ID: 2DHH)(Non drug containing structure)

Missing part region(499-512) were added from
another crystal structure (PDB ID: 2J8S) (47,724 atoms)

Lipid bilayer: POPE 809 molecules (101,125 atoms)
Water: TIP3P model 108,385 molecules (325,155 atoms)
lon:Na* (36 atoms)
Total: ~474,000atoms
Box size: 160AX160AX180A

Program : MARBLE (lkeguchi)
Force field: CHARMM 27
Electrostatic interaction:

Non cut-off (Particle-mesh Ewald)
Ensemble: NPT,
Temperature:300K,

Time step:2fs

/ MEELOFIoII<ALME ﬁ%ﬁﬂﬂm\
®eD BAR

Thro78 Thre78

Aspao? Aspao?

s

Aspaos Aspaos
(Lys940-Thro78 > Lys940-Aspd07 = Lys940-AspA0E

Lys940

408 > Lys940-Thr978 > LysQADrAsnADy

FOrVEB YOV THA— 3y

EER-DAR (Asp407, 408ZEBTOR1E)
Aspa07EB & UAspA0sE B TOARET, T BB 1 O MEEREISHE

407-408|_Binding

Distance (A)
Distance (A)

Time (ns) Time (ns)

407-408-1_Access

BB (Asp407, 408% AT O ALRBTEH )
Aspa08DHET ALz 22l —a (407-408") Tl B ORBEREICRIF

— / e \
AN
\ a07-a08"1
\ Pl '.:;. o
o o

074081 (100ns)

)

a0-a08-1

Aspa0sEF kAL

Asp40sERTar it

v

doraost - - Xeay 10008
sl - " Xy 00ms
Gl H Xeray 100na.
s L) " Xy 10008
wraen | - a0 10050 100ns
oo . e
Extrusion HUBOASPA0THEEYASp08OTTR
SERBORGDAAN 1L —2a
Thio7g potrii
& AP BosaL A b, BATIBR

! HOE/T—DAspA07, AspA0siEBe

(o FRERSEREBTAOR,
A\ J

R—E—F AL DEBEE

PN;

pc2 et

PN1| i
!
PN2 ~
|
£ PN2
e PNL

BRAR(2DHH)
1T (407-408 - -1)

AT O LR
(-ﬁl."{ ﬂ’—&—bi{meﬁ‘ RAVOMEA LR,

Bt

ARRERRT D= LY,
HRIRAFAPHERE T EHRH
#E B BRICHAENEEELE.
OIS, BEERLETET .

222 L—232(4077408"-1)

Lly .

Owaz
O i@ PCL
am

=z A man
5
]
3
13

@ 407408 -1 MM LnsOF

4074081 100ns DAL
PN2

mode1(A)

R—E—F A —EREF A D
Buried surface Aread:$

407-408"-| OBRHB L, 407-408" DEHBEAT
Buried surface Areat$MRDLI= (EFALMAREN 1)

407+408 - (E state)
407°408% (E state) MRBEAL>

Buried surface area (A2)

Time (ns)

)

R=E—FA2 D ERSRAT (RRER A2 TIVF)
RYFSZLWMERT, Hob kA aDERLE,
T

PC2

PN1

modelDEMIAT ML
(RYTFSXLEHOE)

HHE PNT
PNz N mam
PNt PCZ pgy
H—s—FAqY v
&WV)NJD
RRBEXT
TOrEBYA N
-1
*;m!manu«wumtm—m\t
i T A s
ARPYa—E—av O 12&D,
1)'4I~77XAI‘\ A, =
-1 PC2YTRAVORB(EY, DAY
Rt ‘@ BEY, AOAYOREREND,
Tl RIF5XLHnE
*Ths 3 T—
ThoTe qsvltotm-xuswnlammnn
EROTELTINBEHR D
AspaosttTOb 1|
R#:0 Lysoso  ASPAOT
wam  Aspaos | WAL
&0 KORAILYTOR A BBTIEELEND

AcrB3EARDIEEBEEIHFET 5. TOCEBY (O TORALREIZODVT, R FEAEIIaL—avI&YRART,
*HEEE BUARIDTORY—(E, Aspd07, 408N IR T AR AMELIZIREENRETHY . HFHE TIE. Aspa08HTARAMELIZRENRETH S,

* HEH B DR—

A—R AL OREE N BUA R SE DGRBS N (407-4081),

K] BHENSIARADR—F—F A DEE LA, BEEFAVISHL T RYTSXLRNBHTHRY)21—E—230THY, 20D
BEICED., PQYTRAL DOERBEOELICLY . EFORMYRAAO L, KDAYAABIEATENT, Ffz. COBBELILDER NI, T
OrVEBY /LD BROELICIIHBERNTHLEEZLND

A

179




ISLiM Y27 b2z 7HERFAFREHKSER (2013.1.10-11)

M-4: CafeMol
MHEEETILETE
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KIE., BRI OV TIXEMH,

Version 2.0 (only for | = ° g &e
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www.cafemol.org J. Chem Theo Comp Yao et al, J Comp Chem 2010
2011 Yao et al Nature Comm 2010
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M-5: ProteinDF
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F&8H SEH
= _ [1] T. Inaba, F. Sato, et al., Chem. Phys. Lett., 2007, 434, 331
DFEtEMIT D HETES IZDOUNT [2] A. D. Becke, J. Chem. Phys., 1988, 88, 2547
R . - . _ - [3] C. W. Murray, et al., Mol. Phys., 1993, 78, 997
SG- 1B DT VYR TIRAMTDREEL LD GEEN DI EERALMICLT [4] P. M. W. Gill, et al., Chem. Phys. Lett., 1993, 209, 506
[5] O. Treutler, et al., ). Chem. Phys., 1995, 102, 346
e __ RN g s IR 6] R. E. Stratmann, et al., Chem. Phys. Lett., 1996, 257, 213
BREYUIROEEISRY, 7 IF RYEECT LK, HEEHIT 5T % T e e o956, 104, 9608
FIREL, TOFRMENTREBINT [8] H. Ishikawa, et al., Int. J. Quantum. Chem, 1999, 72, 509

[9] V. I. Lebedev, Zh. Viychisl. Mat. Mat. Fiz., 1975, 15, 48
[10] V. I. Lebedev, Dokl. Mat., 1999, 59, 477
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M-6: Platypus-QM/MM-FE
NATY)yFQM/MMR IS B IR IILEX—EHE

FREEE: M EEGEHRZREFREFHRED FRT—ILHARRAETF—L)

mE BRI BEOEWNMEEEEEBRILE RIEDEE

1R QUMM BT )L F—ik (QWIMM-RWFE-SCF %) £BI%L1=, QUMM BHEIHRLF—AT
[F.MD YEab—iavic&YHrTLEhiz MM B3 OBESFICLYERINSBAIRLY—H
HLET.QM EITE>TRYHEONDEMEEML S FORBEAI R X —HENRESN D, HL1F,
ISR ELEHRETE reweighting D FiEZEMEAEHE. 512 QM-MM MO RIEM/—O B EERE
Ewald EICEYBENE@T BT LY. FBITREDB VN EMNGFEEMELIZ HIZ. AFED
ZF—LTIE, QMMM EES DEHHE MM #iEH2TYL T Df=6HD MD L 2al—aviinhizs
125 #END. T MD S2alb—aVICBFEOREESNIz MD OV SLEERTHI LM AR
7Y R EZRTEOKRELEMMEEEML TS, (Ref. Kosugi and Hayashi, JCTC, 8:322-334,
2012.)

B

QWMM NSLR=F>  H(r,R,X) = Ho(r,R) + H®™™™(r, R, X) + E™(X)

BEIRLE—RABE  F[¥,R]=—4"In [dXexp(-BE[¥ (R R, X])
Now

Fock or Kohn-Sham %2 £ Qv (r; R) =f° (r; R)+ ZQA (r; R)<VA(Rv X)>x R
= [a(dR)R,
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R R
X E[GRX]

Reweighting factor

L2 N—F ORELBENREDEFILBRIRLF—ERETFS

o(d,d;R,Ry: X) =

Ras-GAP GA> /398

# of basis functions: 888

EEEI FOE—(C KD RERREL

# of atoms: 78,050

Conventional Present method
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a-amylase D4 AV REEE MK R AG (DFETH)
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¢

22al—Y3v%: 68,533 RF. &
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HERI%, DFT/B3LYP

Product

TS &ERITHVEMRPREEE DK S FHERSh D
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Weak scaling

Acetone (DFT/B3LYP/6-31g**) in water
(1,300 atoms x 40k confs. x # of nodes)
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M-7: Platypus-QM
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FREEE: PHER (KRXEEOQEHAEH
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M-8: Platypus QM/MM

EFIbF /" DFENFEEMRGTE

FARBEEE: PHNER (KRXFEOQEHEH
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g (23,900F)
DNA/RNA hybrid®RNAEBS3 DMK 53 fED o
BRRITHE
(RDEHIRIVEF—FK) siriusDFEAIEIBDEZEA « siriusDREIGEE DR L

184




ISLiM Y7 b2z 7HEFAFREHRSES (2013.1.10-11)

C-1: RICS
RS SaL—a TSI+ —LA

(RICS:RIKEN Integrated Cell Simulator)
RREREE: HEFX BEKHFL BLERRAHERI T —ILARRARETFT—L)

Motivation: MRAIFIFHGIMERZIKONERIEER FHSIRPRIC & > TRERIGHIR
69, FZikeESEL THRARGESTRELIEH

Our Approach: Il X 2 L—3 3 ARBZXal—23a 299 b7 2a—0LORA
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RRRERNSIFRRLUE3IRTHIZ RN TOG R

-

S SRTEHEL AR

HESL—Y—BEMBEESR
(HepG2#lia : i #ERa)
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C-2: RICS-Pre

MR 2aL—2a TSR I4+—L(RICS)TYVRT LA
BEREEE BEEX BAR ELEHEFERRr —LHREEF—L)

Motivation: ERROMIAIF MG NERBER FHSIRPTIC & > CTRBRIGNIRG S
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Our Approach: RSS2 L—3a R 29 9 72a—0L213>RT0
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C-3: RICS-platelets
RICSIZ&AMM/Mr#ES 2 2L — a0 D&EET

tiEFT. BN BF RS AR E FE. 2B S8 REXKEEED EIR/MiEX
T—ILIRERFEF—L)

MRS ORBRE/TFIVIEERIZEB L. RO E/AILHRSD A
BlESREEEL-M/NMRERTORBLRERGICDOWLT, BFMIES 32
L—2avi & TS5 v 74— L (RICS) EAWTDFE#IC LD IaL— 7
DFE{TIEoT=, RICSEIE., Ml EH ORI EILIZREL, FIIZEHT—2&
YRohi-MiaNOYMEE/HBEELE DFEREMYAA. MIENOBEREX
WA REE T DM S L —2avii B TSV IA—LTH S,

ATEEETIZ, RICSERAWI/MRMEET LEEEL (1), s ns
DHBEBE~NDORIKIZEC Tz, M/NMRHERA LA RS THDELEH N LD
ADP,ATP, tAF=VHEDNEYEREZREECLZRICOEAERICEK

YR|\EEFREE LTz, T, BEHO M/MRIAZES R PISREL. HoHHMM Fig. 1. RISCIZ T, %% 5 L <
IZIXGP1lba~ERFIISVWFIZ R HRIFE S X . £ DEFALIEFHEMEIL D/ ML 7L DS
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) 2pm
A B C D
z
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Fig. 4 4pm
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C-4
H/MRSE ML ET L D=5 DMBMAIL S ™ LA 4> TR

ERAT) CEETD SEER
DEBAFELBNHERERBENH
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C-5
PDFEANFEICKDFEIKRREIZE (DT ANAEMRT IF U T4T A LD
I*)b#—ﬁﬂfr

BAER-H LRI -RERAY (RBKR-T-Y(IEIVOTFY O TER TR BEERER R - /A F ANV AHREE)

%’E&Eﬂﬁ
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AR TIE. ARPO—DTH BT (Cofilin) [CEE LTzo ATAVUIET IF U I4SAV DB ES - PIRICEEL. 7OF U MRABR OB EEEEEEET L. 7
IF-a74) R DEEBRMEILRAIIKTFT 2SENRESN TSI, ZODFLAILTOAN= X LEREZICHSHICSN TN, ChEEZBET 5120IC(E.
ERMFETIIRBOHLVIVORS— )LD AEEEED I L—2 30 TES D FE A% (Molecular Dynamics: MD)ENEATHD. T TAHE TIEMDI 22
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— ik w
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A FMAZFMD)E © TS Sal—S 3 DL HOIMMEET L ORE . T O .
______ \ /;_______-_--_|____\ 1 1

S OEFISHLZ A —F ForzAvLaE | [ 3T DREY 79’-/747%/tf\0):74 i/tblfng
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V. @ conm EFURT S 1
Newton's equation of motion ‘ 1 1
1 1
=2 "Vih(x,) FOFUI4TAE I T TS | I
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1 1
~ — ~ I I
FHOFUI45 AU DBRE : . .
(@ mmsFer+o0em )1 |
Minus end Plus end 1 |
1 1
[® TRILE—RME ] - !
KB FOAF AT ERISEELENLSBRE 1 |
1 1
1 1
. . X _ " @ THLSSaL—ay 1 Fig. 1 Bare AF#&UCofil AFORMSD DESRIZEIL |
Mo (S @ EXAT AR [ Sy | W45 AVMETEEE LB RENS |

\ ~ESEPHe e '~ m—mm e ——————— v,

g \
Rihf AU MEMT VF 2452 DI RIVE—FEHT

VAT AED

TREMARL
" hAOTY
I
:_1‘67.08 =+
2.68 deg.
£67.78 =+
1.66 deg.

Fig. 2 Bare AF§&UCofil AFD EAHRIEICH TN A

o EHHEICHEZEELEL ) \
qugli;gﬁ%hbftﬁ;(;g{bbm,\ . IHRLE A B EELTWAFie 3, Fie. 4)

FEREZORL-EBOEORD © AT —TIOFURBDIRILF—(2200E/MEN RSN = (Fig. 3)

—EE .

bbhﬁ 17AEHETTOF -4 VBT R
LE¥—DB/MENR SN T 1=y R11-1312
Ii ROFENRSNT=,
© 7OFURTOMEERIRILF—FoRiEIS RN
S#HLTLNS, (Fig. 4) il

« EDMEEREIEEALTLT, 12~17 nslZHLY
T D5 DDTIFoHT 1=y D BEEE
KYLELY, (Fig. 5)

o FELFHEDHOS nsTIE. mH T 1=y
ISR ENDKERFHEEOHIL, T THIMEL
DIZHL., 12~17 nsTIKIFEAEBBIES NI
Motz (Fig. 6)

Fig. 3 Cofil AFIZB(+5RLNALATI—TIF VBT LY —OBE  Fig 4 Cofil AFIZBIT2RLNALTIFo—TIF U RETHLX—OBER

BLEBE IR, AT AET I F L T4 T A A subunit it subunitiy
YTy BE TSN =CEERELTLY

\aA741) - fET 3 : . . - = Fig. 6 Cofil AFDHJ 1=k 1-13/IZHE LT, FIEREED S D5nsfI TKE
E/E’&”EEI:J:O'C?Ig‘;iléhf:ﬁfﬁﬁ’rib“ﬁéo Fig. 5 Cofil AFIZH (157 0F 47 1=y M ORI Z1L ﬁgﬁwﬂéﬁiﬁﬁfﬁﬁi%;J")T:7E/E§§§§(D/\°7 (a)%: ;ns e 177 nsj
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O-1: ZZ-EFS1 £&RItE)Lzal—ay
(R EBERAERBRHTOSSL)
HREEE: SAE BIEMEMR KERFERZMERAETOIIL)

e
RIHEH

- Whole body n-l-ﬁo) é'lﬂi 1$*§L/H E‘Z*& bo)%kl:
Fﬁﬁﬁkgégﬁ jF"VtT*fum’f’UPO)%éé'liﬁ‘*i? . ’H‘/ul’."ﬁun.q:'mﬂiﬁ )L
o EEEB(CTRFv, MRIZ) EHH Blood tube /85 A—RD DRI E L

@ Eggleton et al.(1998) Phys. Fluids, 10, 1834.
A Pozrikidis (1995) J. Fluid Mech.,297, 123.

muscle

D RV EEEREMTIZEY,
BABOZEICEILIARIEERE

Ca=00125

Iﬁ' Lf: l, \, Stress-strain o t;z
° ﬁmﬁ'm/h*ﬁﬁﬁi}m%f%ﬂ%t Muscle force '

Téﬁﬁfﬁ*ﬁﬁﬁgu E‘l‘%:é';éq‘% (:%Eﬁ velocity -- f;oagg lzregr;%&u{\/lgi‘ers - é’

L/ y Ifll']\ *ﬁ.mlﬁ [ :E 6*&*%% Hﬂ rD i)\ ' : SMAVC-.i— Lagpraﬁglgn.for solid

Lf: l' \, Whole body vorel xggie;l]hysics — Present (ACM + full Eulerian)

model

RSV T7 DO
RIFEIFN G E B R AEE/EE R AT E KR
Euler®! FE ik - *ﬁﬁlﬂiéﬁkﬁ@*ﬁ& How is the solid deformation

+ RSN A MR E R(ER
BaEMR/EREFOHESH (Mg 3I2L—7)
/MR (<2 3 ARRE B 5T

= 3 described?
I%g;%;;%tg—% fa—'c_@ﬂ M &Ligand-Receptorf& & DY ILF R4 —IL/
o ~EE 4D R EDBE

« voxelT—A2DOFAIZLY,
ALK BERETEIC

« BHUERBRERD/IZH
DoEAEEECEEDHRL
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BRI/ S AT R DB B E R

(Artificial Compressibility Method; ACM)

o ENBIEICERLT REX#ER/METINEEZZA.
« HREMICRETELGHGERES.

Rér—IVM
Vﬁﬂiﬁi

ILigand-‘Receptorf§&
(Ciazto)

M E iRk %

.—, = e ST MAEAER
EUVESERE, HIEREERIR. {;ig‘i S : )
E FEJ% =£F:J—,f472.J /R AT E DEF, FRMMIRDFE
° FF Samcr 7

FRIMERAL FrRINERHY

FORTRAN, C++, MPI, OpenMP, VSphere

o TRIOTZa7ILIZHEW, TAT7A45, PAY—ILE
FoTHEEFa—=2Y.

o [RIT, RTUVIVEELLTEBO TE UL EREEE
BHREERK.

MERIZHITSD EtreL it EH
ZE DD EUR (weak scaling) . MR

%ﬁ(:é:UE%ﬁb\%Eﬁ*%ﬁﬂ(:%El.

fHELIZLLN. [/
+ FRINEK:

ForILRATERICER.

BEEEAMORERDDEBEFIE.
- /MR

BEMICHEIA T AHENEX, (FELPTES.
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f3& Mo Mie D A EBEFEZ IR I THEAT

/—ksfys12x128x128#8F A, 454Piops ()

1/—F (837): 46.6%
82,944/—F (663,552 27): 42.7%

ANT—HEDRTUVILEEELT
BOTHEVEMNMEE & SRLRME

EiE
AR RERFERERAREARTOI S LIOBRZEZ T TITADONT-.
AR D EHERD—ERIE, RIKEN Integrated Cluster of Clusters (RICC) Y AT LEFALTE LTz
SE X
Sugiyama, K., li, S., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2010) Full Eulerian simulations of biconcave neo-Hookean particles in a Poiseuille flow, Comput. Mech., 46: 147-157.
Nagano, N., Sugiyama, K., Takeuchi, S., li, S., Takagi, S. and Matsumoto, Y. (2010) Full-Eulerian finite-difference simulation of fluid flow in hyperelastic wavy channel, J. Fluid Sci. Tech.,
5: 475-490.
Sugiyama, K., li, S., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2011) A full Eulerian finite difference approach for solving fluid-structure coupling problems, J. Comput. Phys., 230: 596-
627.
li, S., Sugiyama, K., Takeuchi, S., Takagi, S. and Matsumoto, Y. (2011) An implicit full Eulerian method for the fluid-structure interaction problem, Int. J. Numer. Meth. Fluids, 65: 150-
165.
li, S., Gong, X., Sugiyama, K., Wu, J., Huang, H., and Takagi, S. (2012) A full Eulerian fluid-membrane coupling method with a smoothed volume-of-fluid approach, Comm. Comput. Phys.,
12: 544-576.
Takagi, S., Sugiyama, K., li. S., and Matsumoto, Y. (2012) A review of full Eulerian methods for fluid-structure interaction problems, J. Appl. Mech., 79: 010911.
li, S., Sugiyama, K., Takagi, S. and Matsumoto, Y. (2012) A computational blood flow analysis in a capillary vessel including multiple red blood cells and platelets, J. Biomech. Sci. Engrg.,
7:72-83.
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«Calculation area
1500nm X 1500nm

4000 GPlba
3600 VWF

GPiba localizedarea Localization ratio
300nm X 300nm :1,2,10

2nm

EEHAH DI EGPIbas

RIEERE E O HIE

Platelet diameter : 2um
15000~20000 GPIba/platelet]
Localization : 5 places
Localization area : 0.09um
Density ratio : 2~10

GPIba-yWF bond

HEEFLOBE

AI=0 Al=10 nm Al'=30 nm

the number of bonds decreased bonds rarely existed

Al

ized number density

W s ted

g

10 20a0°
Number of trals

B, FRAELLDGPIbaFE

- EHETI/MRRE OS2 Y
I BEHH AR O th R IR
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D1 D3 Al A2 A3 D4 Bl B2 B C1 € VWFsubunit D?:( (cm?/s) o A Kusumi, 1993, /MR — BB D GPIba— VWD & S
(ratio = 10, #I& LV i#)
GPIba binding site  collagen binding site WE mulimer
o 00- 1
MEORHE i - s N\ R
k tissue = - Keg=10
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A 0-4: ZZ-HIFU

R RBEIRICKSHIEBREAEDI-HDHFULZ2L—4

FREAE BAF—B ERRXZIZZAREEBIFZELR

~

~ 1. Background and Objectives

High-Intensity Focused Ultrasound therapy

* Minimally-invasive treatment, which provides
the heat coagulation of tissue around the focal
point of ultrasound.

* Benefits

« Short hospital stay
* Radiation free
* Repeatable treatment

« Approved for tumors such as the prostate

hyperplasia and uterine fibroids.

Kenvedy U, Nat, Rev. Cancer, 532127, 2005

MRI-quided Focused Ultrasound Surgery has

been developed for various tumors.

« Pre and Post contrast imaging for treatment
validation

« Accurate targeting

« Real-time monitoring of temperature

Nep st com g insightecom

HIFU for tumor behind bones

Brain tumor Liver tumor

Displacement and diffusion of focal point due to the reflection

and refraction of ultrasound at the interface of bones Focus control by array transducer

Simulation assisted focusing methods

« A layered wavevector-frequency domain model using input from CT scans
(Clement & Hynynen, 2002)

« A time-reversal process based on prior CT scans using the wave propagation simulation
(Aubry et al., 2003)

« Digital human model is constructed based on CT images
« Control parameters of array transducer is obtained by a simulation

Objectives

*Realization of the appropriate focus control in the body using array transducer
«Prediction of the treatment region for the preoperative planning
« Support of the development of HIFU device from design to approval

\ /

/2. HIFU Simulator

~

The media of a volume model of
human body (voxel phantom) is
discretized into cubic elements
with the voxel data for a living
human body collected by
CT/MRI technologies. On the
other hand, the shape of the
transducer defined by CAD is
represented by the volume data
of the signed distance function.
Then, the ultrasound propagation
from the transducer through the
voxel phantom is performed by
large-scale parallel computing.

Okita etal, Int. 3. Numer. Meth. Fluids 2011; 65:43-65

Basic equations

WThe momentum equation for mixture:

WThe constitutive equation for shear elasticity:
do, 1 )
_“{efgir(e)l )

Vp+V ’V';Mtr(e)I+2;4W(efétr(e)l]“7\ o
The constitutive equation for bulk elasticity:

1 f,
gﬂwJV u  where p, =) fo and =y

Putn T PSS

DOThe heat equation for mixture:

) w1 a]
— |+ (e 2, €8, ——(e, +
1() o)

WThe equation of state of media: (Tait’s equation)
( -
_ . [p+A

’ "“L P+ L\J

P B
where A=2%e_p o and ,-B814
R

Norinea coecent
Numerical method

« Basic equations are discretized by the Finite Difference Method of 6-th order central difference
in space and are explicitly integrated in time based on FDTD method.

« Perfectly Matched Layer is employed for the non-reflecting boundary.

« Parallel computing is performed by the domain decomposition with MP1 + OpenMP.

3. Simulation Assisted Focus Control 4\

Experimental Apparatus

Stage controller _stage
=

56ch PZT 4
Transducer |

LabVIEW™

61ch Amplifier

Needle hydroph
Trigger \\ eedle hydrophofie

[ss

Oscilloscope

Geometrical Focus

Water * \

+56 elements
+Frequency 2 MHz
-Focal distance: 100 mm

\Acrylic plate (3 mm)
€=2660m/s

The acrylic plate as a phantom of bone is inserted between the transducer and target. The angle of the
acrylic plate can be changed. The transducer is driven by 61ch amplifier under the control of
LabVIEW. The acoustic field is measured by using needle hydrophone 3-dimensionally

Influence of elasticity on focusing

Pressure profiles (dot: experiment, line: si

Water Acryl  Water

Longitudinal wave
Y — Transverse wave

o
a
G
Axis
Geometrical focus + The results of i and sil are in relatively good
agreement.
Experiment Simulation

No control

Fluid control

Elastic control

{HIFU for breast cancer

hitp:ifus breastopia.or o/

[{ 12 OB
(BESME AOBER Henry Gray , “Anatomy of the Human Body™, 1918

® MRl image = Numerical model
Water Fat [mis] [kg/m?]
Fat 146504 985011

Parenchymal
(ELAR)
Connective 161501 10901

[1] ICU REPORT 61, [2] T. D. Mast, “Empirical relationships.
between acoustic parameters in human soft tissues”, 2000

15470 103221

+ 56 piezo elements
+ Focal distance 100 mm
+ Frequency 2 MH

AN
Parenchymal + 3D orthogonal mesh
- Size 120x110x110 mm
+ 1200x1100x1100 grid
- Bxdxd sub domains

wio focus control w/_focus control

XY plane g XZ plane
0 15

Pressure [MPa]

N

/

« Focus is converged at the target by phase contrcl/
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0-6: UT-Heart Cp BERT
UT-heartiZ&AHILaA7 hEMID B EF R TOAEIZLNV =5
TILF R — LERHT

BRETE: AHKRA ERERKF)

HTEMLI-YIaLb—a f
60BN ILFHERIZ2.35 BHEDHKETIL
B, 1.5/ 846037 £ E>TL7RERTRHEL
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O-7

MERNOMFSSaAL—arY Iz 7RHE- BRI

* BE (BILLEMEFERIESERT—IMEREF—L) . BE FE (EILERERBRESERT—ILAERETF—L) .
FH XEELEERERACCO.BA A EILEMEFEREFRT—ILHAEREF—L. ERRXEEBIE)

Introductions
» Many computational simulations of blood flow have been done by
using a body-fitted mesh and a fixed mesh to understand correlation
between hemodynamics and the development of vascular diseases.

Aim
» To introduce a supporting tool for hemodynamics analysis on voxel
system of Eulerian frame to reduce costs(especially man-based
time ) and to produce user-friendly tools for non-experts (i.e.
medical doctors).
*Long-term purpose is to study the blood flow in a very complicated
vessel, a compliant vessel and a deformable organ without the body-
fitted mesh and a re-mesh process.

Numerical Models
» Simplified s-shaped geometry for femoral artery (Model I)

* Realistic geometry for carotid artery (Model II & IIT)

Numerical M ethodology

* Volume integral over a control volumes in Navier-Stokes equations
is calculated on staggered grids in several spatial finite difference
discretizations and time discretization with FAVOR (fraction
area/volume obstacle representation) method and HSMAC ( Highly
Simplified MAC) Method.

*FAVOR method on fixed grid and voxel size play a role in the
definition of contour of vascular surface as well as results in
computational simulations in Figure 4.

* Boundary conditions (Parabolic steady inlet flow (Remem = 500),
no-slip wall and free velocity gradient outlet condition)

Results
* The comparisons of velocity of combination method of both
FVM and FDM in this study (Method I) and spectral/hp element
method (Method ID)[1].

Spatial Convergence test with the double bend model
Method I. Estimation of accuracy order by substituting the
equations as below.

Method II. Grid Convergence Index (GCI) method is based on
estimated fractional error. T e T

Erororder. ‘ 056 556 0

Method III. Estimation of accuracy order with an assumption that
the results on the finest voxel is very close to exact solution.

Conclusions

Our findings confirm the voxel based simulation software can be
applied to blood flow simulations for biomedical analysis without a
surface reconstruction procedure and a complicate mesh generation.

Reference

[1] K. E. Lee, K. H. Parker, C. G. Caro, S. J. Sherwin, The
spectral/hp element modelling of steady flow in nonplanar double
bends, International Journal for Numerical Methods in Fluids 57
(2008) 519-529

Acknowledgements
This research was supported by Research and Development of the
Next-Generation Integrated Simulation of Living Matter, a part of
the Development and Use of the Next-Generation Supercomputer
Project of the Ministry of Education, Culture, Sports, Science and
Technology.

195




ISLiM Y27 b2z 7HERFAFREHKSER (2013.1.10-11)

0-8 R

Hhe “, — N RIKEN
EBERRIRTERERVIAL—FDFH

3D FE Simulator for Mechanical Analysis of Human Musculo—skeletal System

HEE: WHEAN BLEERER BHREEFRT7T—ILAEREF—L)

We are developing a computational system that accounts for the combined behavior of cerebral nervous
system and musculo-skeletal system, aiming to provide a useful tool for investigating the mechanisms
underlying motor dysfunctions (e.g., Parkinson’s disease). The musculo-skeletal system was modeled based
on a finite element description of soft-tissues, in which the material behavior of the muscle is separated into an
active and a passive part. In the description of muscle activation, the motor-unit activity model was introduced
to take into account the effects of neural signals on the behavior of motoneurons. The simulation results by the
developed model showed the inhomogeneous distributions of the activated muscle fibers and motor-unit forces.

3D FE model of musculo-skeletal system Micro-mechanical model of muscle contraction

- 3D geometry and architecture of musculo- Motor unit
skeletal system reconstructed from CT/MR images Motor neuron pool Input
- Nonlinear FE method for incompressible in spinal cord

hyperelastic materials
- Phenomenological muscle contraction model,
Hill model and Motor neuron model

Gastrocnemius TEFE 50%ievemax 70%iemcmax

o Mmuscle _ (Kinugasa et al. 2006)
Soleus =
&~ muscle Muscle fibers
Achilles Motor neuron model
tendon

* Recruitment
* Rate coding

MR/CT data

Muscle contraction model (Hill model) 1::: PR
act _ isom . )% . f . f . f g 600 IR T
Jﬁber ] K t | \" g 400 o
g 200 [N
:“"‘ : Maximum isometric stress . .
where {A: A : Cross-sectional area of a muscle fiber 00 02 04 06 08 10
' before and after deformation Time /sec
L - r‘ Impulse response for each discharge
é o i;"'s" EO'B Pt T, : Twitch contraction time
= So25 Soa f (t) — i_elf([/Tl) g, { P, Maximum twitch force
ol oo s L] T L] : Discharge frequency
%8601 0z o3 04 10 05 00 05 10 0'?15 G0 5 e 1015 i 1 dependence factor
Time Is Fiber strain ¢, Fiber strain rate 4 /s i .
f.:Activation  f,: Lengh factor f, :Velocity factor Response of continuous discharges
k _30Hz
. . . Fmomr t) = f t—t >0 " 20Hz
Simulation results of a triceps surae muscle Y ]Z; o (6,20) 5
Displacement distributions  Nodal forces Joint movement g -
Simulation results of e
isometric contraction Time Jsec
Cauchy stress distributions Nodal forces

0% 60% 80%  100%
MvC
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Misawa et al. (2008)D A ikxERATEDMAICEAL T, &FETEEE
IHLELT= (Misawa and Kamatani 2009, 2010, 2011),
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W=N\T 0424 TREERFTZIT =R TY . KRl mhparaHaplolZ &> TR T2 R HE R ik LB E
NHLHEHBSN-FEIZRYET,

e o .;o :. . .g « .; .: o :; o ':.60 .. .‘:t.o
4,0 o o RS i enr LRI I
| @i 0 £ X TR RO - ity

T T T T T

T T

- * o ®

4 o o R c.®

T
1.5e+07 2.0e+07 2.5e+07 3.0e+07 3.5e+07 4.0e+07 4.5e+07 5.0e+C

Eq‘.jﬁ$ Position
c HTOHEIZEALTEREIE2—4TH I DORBHBETOBETY,
o Ff= PCHOSARATOMEEEHAICEAL TIZ B M ETIERER L 2—DRICCEFERLTLET,
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79: 481-92.

Misawa K, Fujii S, Yamazaki T, Takahashi A, Takasaki J, Yanagisawa M, Ohnishi Y, Nakamura Y, Kamatani N (2008) New correction algorithms for
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Misawa K, Kamatani N (2011) ParaHaplo 3.0: A program package for imputation and a haplotype-based whole-genome association study using hybrid
parallel computing. Source Code Biol Med 6:10
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lm]250/—K

[R1ZHF5LFE R
A=Y RI—LY

@ EMENOT—A%ALNGS analyzerz i H L1=15l

(MFDBERANYT / L—9 T Xf#EHT (Nat Genet 2010 42: 931-6)

- IEREGZRBREERERFEL,

-¥9300 5 D—IEE LR MERE LT,

- DEREDEEEIZ LY, PI/BESRIZIILT7HEEDNEZL,
BNOBEREBROEEEZEEZ T-CENTRESINT, n

- P4 XD XK 5 (300bp-10kbp) 1 H I 2 FEZERFE L=, S LT

-2 LERAICHFELLGVEHRE S EF£93.4Mbpi& H L T=, A RS TRy

(2) DAY/ LR (Nature 2010 464, 993-8, Nat Genet 2012 44:760-4)
-DNADKKMIBREAREREZSREICRE T 52FEZRAEL-, -
-HADKRHIBRRAETED /N Z— LT, = i —

-DASRRBICRERELTVND VA ILADT / LERH LT, =
- NAMB DB SRS ERITL. e
-FAATIE, 7O FUHEERFIASHEEICERL TV,
ErDEEH SR RADRARER
SNPODSERE R RIS L (IMbp & =Y DSNPDZE) (RBHREBLOFE—HER)
. st

¥ Radical nonsynonymous

® All nonsynonymous

® Conservative nonsynonymous
" Noncoding

¥ Synonymous

0.4

0.3

3,500 | 7,000

Fraction of each SNV class

— NA18943
—— NA18507(YRI)
—— WATSON
VENTER
KOREAN SJK
—— KOREAN AK1
CHINESE YH1

1 2 3 4 5 6 7
Number of rarer alleles

SEXM

1. * Fujimoto A, Nakagawa H, Hosono N, Nakano K, Abe T, Boroevich KA, Nagasaki M, Yamaguchi R, Shibuya T, Kubo M, Miyano S,
Nakamura Y, Tsunoda T (2010) Whole-genome sequencing and comprehensive variant analysis of a Japanese individual using massively parallel
sequencing. Nat Genet 42: 931-6

2. The International Cancer Genome Consortium (2010) International network of cancer genome projects. Nature 464, 993-8.

3. Fujimoto A, Totoki Y (equally contributed) et al. (2012) Whole-genome sequencing of liver cancers identifies etiological influences on mutatior
patterns and recurrent mutations in chromatin regulators. Nature Genetics 44: 760-764
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D-3: EXRAT

VhaRRATERIZKD2SNPHAEE D ES / LBEERETY I T

RREEE: AREE CRILEMRMYT/LEHNEHRAR L S—)
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B FREAEERANRE)RIVEZR LS EHREEEE R FOHEEGE
ZE27/LTRERYT 5. 2SNPRIDEME B EBAHNIITSHEL, SNP
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BIEFESLNHEEREZR
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ERIIBEREENLDER
FEFITREBESRRFE
LTRRTHENTES

IN—2aT—3arTRAh

HEER
77 LD A PRI ERAT DEBAEE — BT HRSNPIZ507
[} [} [ RU7zO——HEFRTFHTED
¥ HEER? Permutation Test

A RIS ABMDREEEHELLTRENLHIE

LOLBEDTUS LA—22T =230 T AMSPT) &
BOTHAEATHEL

'
RAT (rapid association test)

Kimmel and Shamir (2006)
Importance Samplingl=d&%3iz{El
SEIRER + CBRE  — [ EEEREISHRR

mﬁ1m\?<»./

BHOSNPOBAELE THRE/ ZEAISEICEEEZ LD

Bi—SNPO#ZHT THAE 15 F DT X H 4
Logistic[El1& &t 8 B LR TE

BHIEFZEDFELED
« B#: 2D DEEF(SNP) A RIFFICERALTERE
DIRELEDEDERRTS.
s TR &EIKEDS0TSNP x HF A
- 500000 x 500000/ 2 = 10" A&+

Importance Sampling

IN—2aT7 =23V (&> THLNAHEHED D

4
i

R AEL BSOS Ty VBT
(all_comb)

BT 53%2: Permutation test [ZEDRER D
MOETEL, KYBEGpEEHT
(RAT)

HErR DEERDELHH RO

[FuBROHEYL T TERLHESHIES |

|
FKITEENDHD AN/ A—I2T7—>a> D EBHER
YTV T BETHITESTRLOGDED — [ Fn =

Time / run (average)

Total time

— ExRAT ver. 1.0- r440, phase I11-0, 100%

- BL@a/813(RICC, FX1, TR, D20 RIGH, RIT
build%, "] #E.

— PCUZRAT8,192/—F D it 5| 14 #E% KL

- T—%:BET08A, —HREM3397 A, 8314SNP, 14100
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D27

— INAT )R 5 - Preprocess&)liitpermutatlon&_iiI-

OpenMPTD AL YR {EDRE.

—PreprocessLIEGDEI_Ll £BELLLEERIL: NEIRIFR
BTOHEMEDORELIZKY, ﬁ"']40%*z1§|—u§1|:(n+§
%?ﬂ%{ ?EHJ:H')'CL\H'%)A:OIJME’EEE
— MPIZ7O+EZADEMIZLZAE) FEREEMADX G 3EE
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#4ToTES-.

- WTCCCOET—2%MREITL, SHliLiEREH LI
Dataset WTCCC type 2 diabetes
Sample size 1,924 cases + 2,938 controls
#SNPs (MAF>0.05, after QC) 360,297
#combinations 6.49x1010
#runs 25
Cores used / run 24,576
Disk space (stage in) / run 1.5TB
Memory used / run 123GB

41 min. 17 sec.

~17h. (24,576 cores used)

227MTOTSLOBERA®

2T7v7 1 B A E OO RT 4y B all_comb . E%%
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C ’ THE UNIVERSITY OF TOKYO

NATT oI T =Y LB RRERGEFRYNT—VHETOT S L

FREEE BF 15 (RERXZFE ERFEHRF EN/ LEFTE5—)

SIGN Fi% A v/\—: T &2, B #F, 0 48,
1 B = )

SiGN (VA V) [FEEFRET—E2ANDLRA—/\—a 2 Ea1—
AERAVTEEBEFRY NI —0%FH - HEIT DV IO
THTHD. BEFry bIT—98BIFIZEY, BAT—4H
L EFIZMECFORTE, BMEAOTE-E#, BlELI—Fy
b BEUHBENRRD A IERLEENBRZRITHELZ I EAHEFS
3. SIGN TIXHRRLBRET— 2 DBETICHET 56
ATy bT—0, REEBMETIVL, I3 T1HILAD
CFTUETIL, XY MLEBEEBETILNERFRY FT—
JETIELTHAREETHS. SIGN-BN [FIh5D5BEAR
ATy NI—OFRVEEEFRY ND—O#EY D
Fox 7T, RA—R—avEBa—42ZA0HHEHEICLY
ErES/ LERBELEZBFEGFOEGFFRY NT—0 %
ERHECHERRETHD.

| Visit SIGN Web Site at http://sign.hgc.jp |
Tamada et al. (2011a),

= BEFEROKFRRERY FO—I TRELELETL

EEFRY ET—D

BEEF
250 <
&RFRR
HEGEETMONEE | TAYOTLABEL L BRETRRT—45
BEMEERRT—4h YD EYURBRBEY TN
% B i - BRIGERRIIT— 5
/ Y KRB ETREF— 50 b OKRMER
XD Y~ : Fry bO—s ORECEEASHEMY

EThD LEN->TEEFRY FT—2
BIFICER—/—a v Ea1—42I2kBRR
BWEEA RN AL

BEF XOERSEEF yORRICHEESZ5

JUNRZAR)YIREBIZEBRA ST Uy bT—5

@ Bayesian Network Model  imoo e: o1 2002)

The network structure is determined by maximizing
the posterior probability given the expression data

(G| X) = 7(G) ffmfm | pa,.0,)7(0, | Hdo,

G: gene network  X: gene expression data

P of the joint pi y
@ by the DAG (Directed Acyclic Graph) structure

Gene Expression = Random Variable
Node = Gene
Directed Edge = Dependency

& ®
® ©

Bayesian Network

The parent-child relationship is modeled by the B-spline
nonparametric regression

(X Xz, %)
= 00 F(Xa) Fa (X 1X0)-+- F5(Xe | Xa, X,)

Xy =P by, () +ey

£, ~N(0.07)

mup) = S v (o)

@ Parallel Algorithms for Estimating Gene Network Structures

B The NNSR (Neighbor Node Sampling & Repeat) Algorithm

~100,000
genes Tamada et al. (2011b),

Pendom ik upgenes v

~1,000 W Greedy Hill-Climb (HC) + Bootstrap Algorithm Imoto et al. (2002). Tamada et al. (2009)

genes
PN N @) 0
N estimation
Random 0 O
sampling with
replacement
Original expression Re-sampled O ©
dataset Estimated network
“‘QSEDHES B Parallel Optimal Search (Para-0S) Algorithm O et al (2004).  Tamada et al. (201 1c),

’ - Parallel version of the optimal search algorithm by
dynamic programming.

Reference

#HE ER, ik o0, REFIEH Hx B =HIE

VAN E S

¢ th
HAT—%  BEFRY FT—5 (TFRF/CSML)
HEShIRIERESOERRGE
Cell lllustrator T f##T Al &

@ it5IfEARE (HC+Bootstrap)

BABEI T : 196,608 17 (24576 / — F)
A FIE%hEE  0.72 (196,608 vs 98,304 I 7B )
(RrAVTRy—1)VY)

€ BE - 1
S/ VUNRFARNYYIEARIZKIRNA DT R Y b
=Y ERVTGERFRRT 40 bEEFRY b
D—VEHETHYIbILT
-TR) LISTRBAF THELERISEEF R Y bT—
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-NNSR 7T XRLERAVNSECNETREL S f2
DEETFER] 28T, 247/ AL P RREER
FhRy bT— OHELARE
-HC+Bootstrap ZZRAWAZ LICKYBEERY b
D— & EAE
SRAVAT LA THRSHERBETMEE R Y b
T—Y #ERISHIATRE
€@ AA
AAT—E : AU AT7 LA BEDEGFRRET—4

Bl Bt /v o FO VKRR BEERYUTL
B - FFICERRIT—4
YT (T LA) $:50~1000 7 LA
BRI T — 2 (SEBE DR YR LRI Z R
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3% 2012/12/14 ]
5] FRERERTHY,
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CHoDHFRIBEHEPOSRTLIZ

€ IR LA THE—7 Y FREE
HEKP EREHIRRM £ ~7/ LRt 52—
(HGC) A—/\—a Y Ea—8 VAT LA
(Xeon/Opteron PC 2 52 4)
€ V7 bz TEARE

MR A—HIZRIT/NA F ) EEBA
HGC TRV R T AISA YR b—)LFEH

B EAT—4 EBw
1 iEERER PC-0 Gefitinib %45 L f-fifE#lia#k PC-9O TOMETF
% : Gefitinib( A L w4 : ibtAHI) Y hD—ODBMELERSET, KAER
XA BT LA : Agilent 44K Whole Human Genome HEDOREE
Oligo Microarray PR:=ES

T8 26Bmx1EFH=267 L1 T4
EGF Gefitinib #5 - Ji 50 4 i

Node-Set Separation ;&= & Y BFRED R v k7 — 435 5 BRI & 5 ZALABRATATAE

BHASATST Ry b7 =9 HC) I2&D
Node-Set Separation %

B R

> P>

. >

@ b MESEIRN R M (HUVEC) 2k B3 7R b— S REEEIGFRITE aters ol 2007)
B #ERT—4 E 8w
#R £ SEHFHIRNEMR (HUVEC) TR =Y REFE L1 HUVEC ZERIIITERR L
B MEBRE & SIRNA / w2 59 Ry bI—ORBTETHEITKYT RV RH
<A 4~ 87 LA : Codelink UniSet Human 20K HI=BIH 2 EEREFORE
gene chip B HAT®

ERIT—% : 8 R x 3 EAHA BRIIT—4 SRNA / w9 8907 LA <&k ZFATNRERAL
8SiRNA / v &9V 7 LA HC+Bootstrap [S& 2BINA SF U ry hT—2
327 LIT—4
B R oy R T—=UHEE & URITOER GABARAP AN\ THEEF (FO
ZWAy b=V R0/ —F) &L THEShERRHMIZH HUVEC
EBENTTHR b=V RAADE5 EHR.
€ ToHDEH|

- HUVEC/Fenofibrate & AU \- SIS IERHTR S —4 v MERFORE ot etal (2005)
- HUVEC/Fenofibrate [ & % JFAEE B RAEM/ SR = 1 OFEE Arakiet ol (2009)

SA5/—TEBERVLFETART - FREEEETFORE  Wangeral 2012)
XEHFE HFMBEEBAR X TFLADNAY
SiGN is also used in the Systems Cancer Project that started

newly in 2010. Visit our web site at http://systemscancer.hgc.jp
and follow our tweets @SystemsCancer in Twitter for updates.
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LIEREERIC IS RREEEF RN —V#EETOT S 4
FREEE =% 18 RRAY ENPHER b/ LRI 24—

|
SIGN FAFEAV/N\— EH FE4L. BF BT, U0 . HHE F8. BS L. Fk HPT. #Hx FR. EH 15

B=

SiGN (VM) (LEEFRYNT—OFKBRET—4
MHR—/NN—aAVE1—2ZRWTEERFRY
bO—0%&FRI-HEET DV I T B (SIGN-
BN, SiGN-L1, SiGN-SSM) T 5, —D 535, SiGN-
L1 (& 11 IEAMERIC KB R/IN—RIGHHETRS
STLHAIWVET IV STAHANVHILTUET
L AROMNLEBERBETIL. BEFRLET
IV ERAW-EEFRYNTI—IHEY I
T7THY. R—/8\—arEa1—2% R =15
HEICKY. EFEERFERMRELIZKRE
BEFRAYNT—OFHETHENAIEETH
5, ESNZELRFRYNI—VEREHRT D
ZEITkY, BAlT -2 L ERIEREEFD
BIE. BIFESI—Tyb-BHEAE/ X IT1D
BRLGEDISALEHFINDS,

BEFRYNT— = BEFREREMOKEFERERLLISTEE

ARLER

Case 1. Sample A [H ¥ HRETFHERRRT —SHLRETF A I—VERE |

sample 1sample 2

genel | 15 5.2 14
gene2 | 5.2 6.3 0.4
gene 3 3.4 9.3 03
gened | 29 0.3 6.4

Case 2. Sample A (23T BERIARIEFRRT 2D SREFRYNT—I2HE

Sparse Vector Autoregressive Model

time1 timeZ

gene 1 1.5 5.2
gene 2 5.2 6.3
gene3 | 34 9.3
gene 4 2.9 0.3

Case 3. Sample A ICH T 2 RGDEBEH FTOBRIREFER
T—EMoERDEBREHL T TOERETFRYNI—VEHE

— NetComparator

Condition1  ‘ime2 time3
|8 Condition2 ime2 time3 _l Condition 2
éi | 8¢ Condition3  jme2 time3 Condition 3
;E genel | 15 5.2 14
18 gene2 | 52 6.3 0.4

| 8¢ gene 3 3.4 9.3 03
- gened | 2.9 0.3 6.4

+ Shimamura et al. (2007) Weighted lasso in graphical Gaussian modeling for large gene network estimation based on microarray data.

Genome Informatics, 19, 142-153.
ecursive regularization for inferring gene networks from time-course gene expressi

ion profiles.

networks iic network

Bioinformatics, 26(8), 1064-

« Shimamura et al. (2010) Collocation-based sparse estimation for inferring continuous-time dynamic gene networks.
Genome Informatics, 24, 164-178.

* Shimamura et al. (2011) A novel network profiling analysis reveals system changes in epithelial-mesenchymal transition.

PLoS ONE 6(6): 20804, doi:10.1371/journal.pone.0020804, 2011.

| Case 4. REBHL I ILIHT BRETRRT—50HL TN ELDRIRI—IERE |

NetworkProfiler

SIGN-L1D*%

« 3TEEOHEYT ST HAILETIL (TST4HALHILTUETIL AT
BOCERETIL. BEARBLETL) IT&Y. BEFRET—400EETF
FUNT—HETILEHE

o L1 EAHEZERVTRN—RGETILO/NSGA—REMEFRTHIEITK
1. 100,000 /—RETHORFIEGEETF R VST —IHEE I ATRE

s RERZ/AVTRI LT, A FIZ (27 H) 198,304, RA/—F3k:
12,288, EITHE 107 TLL98%EEM. BH . NA TV YR FHEIZ (TR
EHo

« R—BRRDINAF)ZENBABAIA http://sign.hgc.jp/signll/index.html

—hETOLRESH

F—% SEBEHTICEVN TS ATHAILEBRIEGEFERT —42
(Nagashima et al., 2007)

H#: EGF. HRGE R DHEAEREFICL-THFEIND 8 EEREHT TOEE
FrurT—o%#EEL. EGFHE. HRGIE T DY R T LDEWNELLE

T—%: 226fEBIDIHRNABEDBGFRET—4
(BN At 2—tEREE. AIFEELDOXRRR)
B BRYRIVEEDAL—F—ELIEED 226 fEHIZ R DEEFRUE
D—OEHEL. BRIRIDNBEVEBLENEEZEDV AT LDENELE

/O\ /O\

CTGF (Connective Tissue Growth Factor)
1858 - MEZE KT HTGF-BD FREF T, TGF-pDRE MM LITEERAE IR
HIERE. HEE. A EEREH. WEHEEREZETS
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KEEMETVICESBFRIEGTFRET — 250 5 OFHRIAH

REEZRETIL (State Space Model)

BRI R
BEFRRT—EH 0
SRT LR

p=~10° EEFH
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Ohue M, etal., Lecture Note in
Bioinformatics 7632,
178-187, Springer, 2012
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g FThreads IR EAERIEDRAE )
5 One docking of proteins, FFT size: 140
2 o °
: J—FRL3 B) MAEELHNRITIADIGH
2 B 376 Chey
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B-4: NeuroMorphoKit
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H-1: cppmd
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Molecular Dynamics Simulation

The cell is constructed by molecules such as water, protein
etc. Every molecules are constructed by atoms. These atoms
influence each other and move complexly. Molecular dynamics
(MD) simulation calculates the interaction and motion of atoms
and reveal the structure and functions of the bio—molecules. Table1 Performance of Massive MD Simulations

Molecular Dynamics Simulation on the K computer
Using the K computer, we achieved 4.39 PFLOPS,
42.9% efficiency with 522 million atoms (Table 1).

. Because coulom‘b force that is force between charged atoms Number of CPU 79,872 82944
is affect to long distance, we must calculate force between all
pair of atom. It takes very long time when the number of atom Number of atom 522 million 943 million
is large. Using parallel computer, it requires many Number of atom per CPU 6542 6542
communication. Therefore we use many techniques that reduce
. L L . Time (for 1000 step) 116.4 sec 112.1 sec
calculation and communication considering coulomb force is
small at long distance. Performance 4.39 PFLOPS 4.03 PFLOPS
Efficiency 429 % 38.0 %
Reduce CPU to Topology was not
fit simulation box adjusted

Table 2. Strong Scaling
time consumptions for 3,349,656 atoms

Number of CPU 64 512 4,096 | 32,768

Number of atom per CPU 52,338 6,542 817 102

Amount of communication* 2,232 936 504 342

Target of communication 26 26 124 342

Total 823.07 110.54 25.90 10.77

Time I eorce 731.66| 9153| 1250| 241

Figure1 Example of Protein (hide water) g:‘esp; Communication 50.28| 13.69| 11.48| 7.38

Parallel Performance Other 3213 531 1.92 0.98

We used spatial decomposition by rectangular for
parallelization. One CPU calculate atoms in one
rectangular box. When region that one CPU has is
small, the communication time is larger than that of
calculation. Total simulation time is decrease
proportional to reciprocal of the number of CPU Table 4 Force calculation at one GPU
(Ngpy) when Ngpy is small, but this decrease is 6,532 atom

* volume of data swap area

limited at large Ngp;. These decrease of simulation

. . . . Ti ti 77.45
time against to the number of CPU for simulation LD AT L sec

with fixed size is “strong scaling”. We obtained the Performance 80.949 GFLOPS

result that the limit was 100 atoms per CPU (Table

\ . Efficiency 63.2 %
2 and Figure 2). Full K computer will perform

simulation with over 10 million atoms. SIMD ratio 57.2 %

The performance increase when the size of
simulation per CPU is fixed is “weak scaling”. In
the case of the number of atom per CPU is 6500, Figure 2 Strong Scaling
the performance was completely scaled (Table 3).

SIMD ration include all instruction

Single CPU Performance
Atoms assigned to a CPU are

Table 3 Weak Scaling distributed to 8 cores. When the
Time consumption for 6,542 atom/CPU number of atom per CPU is
Number of Node 64 512 4,096 32,768 79,872 82,944 larger than several hundred, the
Number of Atom 4187071 3,349.656] 26,797,248] 214,377,984 522546,336] 542,644,272 load unbalance is small and 8
Time [Total 109.058]  110.535 111.186 111.672) 112.414 112.085 o
(ms/ cores well perform.
Loy [Force 91.622 91.528 91.601 92.329 91.262 91.641 SIMD instruction | lied t
P [communication | 12.124 __ 13.694 14,011 14.019) 15.820) 15.067 instruction Is applied to
Other 5.312 5.313 5574 5.332) 5.332) 5.376 force calculation because the
number of atom affect to an
?F?F'ffé”;,g';ce 0.003 0.025 0.204} 1.599 3.874] 4,03 ; o
atom is large even if ignore far
Efficiency (%) 39.0) 38.5) 38.3 38.1] 37.9 38.0) atoms.
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H-2: LSV
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H-3: SPHERE
Simulation Framework for Large scale Coupled Analysis
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SPHERE

Skelton for PHysics and Engineering REsearch
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Fig.1 SHPERE system

Fig.2 An example of coupled analysis on the middleware Fig.3 Scalability of SPHERE on RSCC

Phase | < 256 Phase Il <8192 Phase Il on K

I II-1 -2 1024nds 12288nds 82944nds

4.5PFLOPS, 42.7%

Fig.4 Performance of Software which based on SPHERE
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