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Generalized-ensemble simulation system
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Generalized Ensemble Simulation Systems

Version 1.0: Jung, Mori, et al. WIREs Comput. Mol.
(G E N ES I S) Sci. 5:310-323, (2015)
Version 1.1.x: Kobayashi, Jung, et al. J. Comput.

° EE1[:$E}|:%FE (:1201()&75\ 6 Fﬂ:ﬁ% Chem. 38, 2193-2206 (2017)
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lized-ensemble simulation system

Please visit our website

https://www.r-ccs.riken.jp/labs/cbrt/
“GENESIS riken”C
BRL T |
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ralized-ensemble simulat stem

RS FMDD N DETHE
ADFHBIGHEAE, A HREIERICEYHE

Etotal = Z kp, (b—bo)2 Bond (ex. 1-2, 2-3, ...)
bonds
¢ b Y k(06> (ex. 1-2-3,2-3-4,.) TaETE
g ... angles O(N)
+ Y Vll+cos(nw—y)] Dihedral (ex. 1-2-3-4, ..
dihedrals
K T N2 ] o
mf: iR K oy & (OUJ 2{0’]} ) JEfE S
B3R i i, j¢bonding Ty Ty hij 3
2R B O(N)
(ex. 1-5, ...) : (ex. 1-5, ...) :
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kA 4 2% El:Midpoint cell method (1)
Jung et al. J. Comput. Chem. 35, 1064 (2014)
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kA A4 25 El: Midpoint cell method (2)

| I Jung et al. J. Comput. Chem. 35, 1064 (2014)
o B B MEfEMEE
. , | 1. BLCEIL: ZILEED>DTOERAME
4 L]
b BN 2. BB wIEOSRREEILEE
K | DO ANEHE
: T 3, R EIMN—FIRESHUVEICE.
i G ENP HTF 40 S0 D BEIITRE
“ 4. EFNETNDOYT AL DEFRES
(RE) DEILDT—2DRIEDH

CEHE A

Subdomain assigned by MPI

(Computation is assigned to one CPU)

Cell Boundary cell
11




CPU

Initialization

Send coordinates, charge, and

GPU

Initializaiton

ber

atomic num|
.............>
v
'
.
'
.

Exclusion List

Pairlist

H
H _> Send coordinates
H 7
H

Reciprocal space Real space
non-bonded non-bonded
interaction interaction
Bonded
interaction
. Receive energy/force

Accumulation of
energy/force

Integration

GENES|S

ensemble simulation system

GPUT D EEIE(1)

J.Jungetal. J. Chem. Theory Comput. 12, 4947 (2016)

HEE 2 DOEDIZHI1F. CPUEGPUTHE
,,ﬁh\“t;‘&rfﬁ:\ . GPU
« RZEREDT (RXTURX )
ZTnLlst - cpu
« W ZEREERSY(FFT)
EEREER
 |/O
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Performance (ns/d

Cygnus COD T4 EE | "

0B RFTDARUFI—7 (NVT)
T T T -_ Dr. J. Jung

T

T

4 GPU #I) FH
1 Sk HE

. | A TEAOHETRGPUDMEE
/ £EMUEIN TOELES b8 5

Number of Nodes 13
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Generalized-ensemble simulation system

GENESISTTZ54_ & (MD#R)

ET)L-BEHE SPDYN ATDYN
GPU#|H O (ZRIRFETILDH) X
2RFETIL CHARMM, AMBER
HBREETIL MARTIN| MARTINI, Ca-Go, all-atom GO
QM/MM X O
gREST/REMD/string method @)
Free-energy Perturbation O X
Cryo-EM fitting O
r-RESPA O X
STERE BERE. BRE EEE

FYUEELULVERBAIXGENESISD T =7 )LE ZELFZELY (download site) .
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GENESISTTE4_ & (FRHTHR)
cS2 Y M)ERITAY—IL(CPUT S U THRIAR)D—E
BY—LDREREAERFTRY by T, 59T by TTHLFIARRE
« Distance/angle/dihedral angles§t & : trj_analysis
e RMSDETE: rmsd_analysis

« PCAEtE: avecrd_analysis, flccrd_analysis, eigmat_analysis, pricrd_analysis
(avecrd_analysis, flccrd_analysis CRMSFETE £)

« BHIRILIX—FHIT: mbar_analysis, wham_analysis, pmf_analysis ...
o  JRERETE: msd_analysis, diffusion_analysis
o [EHFDETE: lipidthink_analysis, tilt_analysis
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Generalized-ensemble simulation system

GENE5|50)1EL\7:‘

Fa—k)T7IL, Y2oTILA 2Ty FEBENN—Y 3 VIZEDETER)

G I N I ; | ; o 0: Suitable for laptop or small desktop machine (atdyn, less than 4 CPU cores)

ml C3: Suitable for workstation or GPU machine (spdyn, ~16 CPU cores)
stem wew RCCS| o @: Suitable for cluster machine or super-computer (spdyn, more than 64 CPU cores)

Generalized-ensemble simul

Lecures  Benchmark  Publications  Forum  About Level 1: Basic tutorials l/ )LE“ (Levell 3)

Home Download  Installation Usagel Tutorials & Samples

1. Getting started
» 1.1 Installation of GENESIS for Tutorials
« 1.2 Let's take a quick look at the source code of GENESIS

Search & . ;
Tutﬂrlals 2. Preparation of the input files for GENESIS
* 2.1 Preparation of the force field parameters
Search * 2.2 Building the initial structure of the target system
We show basic, intermediate, and advanced tutorials for GENESIS. Before starting t 3. MD simulations of peptides and proteins with the all-atom CHARMM force field
recommended to get VMD to visualize the obtained MD trajectories, and also gnuplot to plot +3:4 Aladipaptide in the gassphase D€— | 7‘_~= m
News linux commands SUCh as grep, cut, paste, tail, sed, and tee. If you do not know their basic u M\g p= S ﬁ‘l‘%}ﬂ iﬁ,

+ 3.2 Ala-tripeptide in water &

https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/ |, xaareenshre souen™

* 4.1 Analysis of DCD file by the user's own programming
= 4.2 Analysis of the statistics of the trajectory data

e PDB b\ 6 0) A jj 7 7 /r } l/ 0) 1’F E‘Z Level 2: Standard MD tutorials

5. Preparation of the input files for various systems

e VIal—iauh oY —ILETC—EDHEDRNE
BETEET 17
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GENESISETE DIl #1

|/7° IJ jj § *@M Diii (: J:é -|j-*/7° IJ */7“ Sugita & Okamoto, Chem. Phys. Lett. 314, 141-151 (1999),

Sugita et al., J. Chem. Phys. 113(15), 6042—-6051 (2000).

Time
. T, ]
Replica 4 —_— —
Replica 3 L —_
Reject
Replica 2
Replica 1 ot — ERLOMBINGA—RE=HFIDERDLTIH (=
° 22l —2arv L RTLAOIAE) EREFISHET
T PIEBNSA—F(CRES) BCETERYBERDBNS VT T EEER
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GENESISETE D5l #2

Free-energy perturbation [Z&A R /NI E- YA UREEIRILE—EE

https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/genesis-tutorial-15-1/
Kim et al. J. Chem. Theory Comput., 16, 7207-7218 (2020).

complex
FKBE AGmutation
— “ L9
Mutation
L8 L9
AGbincling 'Bfndfng g,-nd,-,,gt AGbinding
Mutation
‘ .
ligand
AGmutation
— L9 _ L8 _ complex ligand
AAG = AGbim:!ing AGbinding - AGmutation AGrnutation

19
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GENESISETE D 5 #3

Cryo-EM flexible fitting using a simulated map
https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/tutorial-17-1/

T. Mori et al., Structure, 27, 161-174.e3 (2019).
O. Miyashita et al., J. Comput. Chem., 38, 1447-1461 (2017).

EIRBIE (7 )& fitR DRBIE ( ) O L&
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SHDIN\NVXFY
1. GRUTOEEIt

+ GENESIS, spdyn/\ DR B AEE L), GPUE
EEERLT ZHEELVES

2. L) AXZH#EMD(REMD)ETE
e GENESISD4H 1 T&H AREMDETHE ZGPUTITLVNE T

22



CCETOFERED
« GENESISIZ

> A—/N\—a E1—3DMHRZHERAREICEIZEH T L%
BRIZHB D SR, 85 FEFHFHFDI)—YTK

> 2DMDMDIU I E30FBALBEITY—ILERED
TI)r—i32 X —hk
> FRAAE. HUTIIFARK AN AE

« S HIXGENESISOGPUETEZEEILT D AEIZDONT
INV AT TVET

23



g)) GENESIS

alized-ensemble simulation system

S EE
GENESISEI %

F&EIJODzI/MN)—F— H#H FHE #H GBILEHER)
FFEE: BERRE. $121.5x, 1.6.x)

Jaewoon Jung {8t (BIL=FAZTFT)

I\K & Ht (GEI=EHEA)

F BHA #X (ElFHER

EIB $h it (GEIEHEA)

FREE f#x EIEHZER

wma EF #t (EEEHERT. B9 FREFEWER)
Wik EBE Bt EIeEmEm.ER-BEXRF)

WE KE 1#tx (BIeEWHERT. I|/-RIST)

B A Bt EBIEHEH.RB-FEIEXE)
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