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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.

° EE’“S iﬁ}%ﬁﬁ [Z7C20 10&75‘ 15 ﬁﬁ% Chem. 38, 2193-2206 (2017)

Generalized-ensemble simulation system
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Generalized-ensemble simulation system
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2l - Midpoint cell method

Jung et al. J. Comput. Chem. 35, 1064 (2014)
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15t in TOP500, HPCG, HPL-Al and Graph500 (Jun. & Nov. in 2020 & 2021)

158,976 nodes (1 CPU/node)

CPU: A64FX
— Armv3.2-A SVE

— 48 cores (12cores/CMG)

§) GENESIS

Generalized-ensemble simulation system

512 bit SIMD

— Normal 2.0 GHz (boost 2.2GHz)
XE!): 32 GiB/node

ARL—: 3B
1/O: PCle Gen3 x

= (LLIO, FEFS, cloud)
16 lane

Interconnect: Tofu Interconnect D (28 Gbps x 2 lane x 10 port)
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256 912 1024 2048 4096 8192 16384

Number of Nodes
Jung et al. J. Comput. Chem. 42,231-241 (2021).

14



GENESIS

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e GENESISTTZEACE

15



GENESIS

GENESISTTC=E 4 & (MDFR)

GENESISD Y =7 )L &Y (chapter 3)
Table 3.1: Available functions in atdyn and spdyn

Function atdyn spdyn
Energy minimization (O (SD and LBFGS) (O (SD)
All-atom molecular dynamics O O
Coarse-grained molecular dynamics O (O (All-atom Go-model)
Implicit solvent model O —
Replica-exchange method O O
Gaussian accelerated MD O O
Reaction path search (O (MEP and MFEP) (O (MFEP)
QM/MM calculation O -
Vibrational analysis O =
Cryo-EM flexible fitting O O
Precision double double/mixed
GPGPU calculation — (O (All-atom MD)
Parallel I/0O — O
Version 1.7.1 Version 1.7.1 & 2.0b

Generalized-ensemble simulation system
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semble simulation system

Ver5|on 1.7.1

Distance/angle/dihedral anglesit & : trj_analysis
RMSDETE : rmsd_analysis

PCAET 5 : avecrd_analysis, flccrd_analysis, eigmat_analysis, prjcrd_analysis
(avecrd_analysis, flccrd_analysisCRMSFETE 4)

BB I RJLX—EH: mbar_analysis, wham_analysis, pmf_analysis ...
YLEXET & : msd_analysis, diffusion_analysis
f2 5 FDETE: lipidthink_analysis, tilt_analysis
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Generalized-ensemble simulation system

GENESIS 2.0B[ZDLVT

¢« EEIESINhtzspdyn (R OMPIEIC &Y REL A i%F B EIMIZER)
o KYRUVEREIMRDETE. FTLL multiple time step(MTS)F ;& A VAT &E

(Jung & Sugita J. Chem. Phys. 153 234115 (2020), Jung et al. J. Chem. Theory Comput. 17, pp5312-5321 (2021))
« TJEEZETE SPDYN & all atom FF (CHARMM/AMBER FF)

— MD, Minimization
— Simulations with replicas: REMD, REUS, gREST, GaMD, String method

*  2.0BOSPDYNTH AL i RE
— Leapfrog integrator (HIER)
— Langevin thermostat (HIIFR)
— FEP (1.7.1ZF|FALEELY)

o 2002FHWEIZ20ELTEXLNBEFTE
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Generalized-ensemble simulation system

Version 1.7.1
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Download

Home Installation Usage [ Tutorials & Samples | Lectures Benchmark Publications Forum Links Ab

Home

SR Tutorials

Search
We show basic, intermediate, and advanced tutorials for GENESIY

recommended to get VMD to visualize the obtained MD trajectories, and

https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/
PDBMEDANT 74 IILDVERL

DARATLDEYNTYT, UZal—
vayv, BE—EDHEDRNEE

« OJ: Suitable for laptop or small desktop machine (atdyn, less than 4 CPU cores)
o CJ: Suitable for workstation or GPU machine (spdyn, ~16 CPU cores)
« @@ Suitable for cluster machine or super-computer (spdyn, more than 64 CPU cores)

Level 1: Basic tutorials L'"NJLJI (Levell-3)

1. Getting started
e 1.1 Installation of GENESIS for Tutorials
« 1.2 Let’s take a quick look at the source code of GENESIS
2. Preparation of the input files for GENESIS
« 2.1 3D structure of biological molecules
e 2.2 Preparation of the force field parameters
» 2.3 Building the initial structure of the target system
3. MD simulations of peptides and proteins with the all-atom CHARMM force field
« 3.1 Ala-dipeptide in the gas-phase &1 N ~= oan
3.2 (Ala); in water &J i M\%fd" E-l-%iiiﬁ
» 3.3 Protein G in NaCl solution &J
4. Analysis of the MD trajectories

* 4.1 Analysis of DCD file by the user’s Fortran programming

e 4.2 Analysis of the statistics of the trajectory data

ATEET

19
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Generalized-ensemble simulation system

MDDt YRy T Version 1.7.1

N2 OFZE1ER
Fa—Fp )7 )JL f=zL. EDIN—D3>

3 3@
https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/ THEARILHE

Level 1: Basic tutorials

1. Getting started
« 1.1 Installation of GENESIS for Tutorials

« 1.2 Let's take a quick look at the source code of GENESIS vm d 1 ' - J: é t‘y I\7“J 70

2. Preparation of the input files for GENESIS

« 2.1 3D structure of biological molecules (CHAR M M jj i,z'_ . 7k 5@' 'l‘igyl \07 E)

e 2.2 Preparation of the force field parameters

» 2.3 Building the initial structure of the target system vm d 1 ' : J: é t ‘y '\7 ‘y 7
3. MD simulations of peptides and proteins with the all-atom CHARMM force field (CHAR M M jj i% : 7k %-;é;-. ,rig ‘s// \09 E’ D NA- prote | n)

« 3.1 Ala-dipeptide in the gas-phase &3
g . s AmberTools2IZ&kBtEyk7vT

(AMBER 1355 7K B8 £ 42> 7\ & ,DNA-protein)
Charmm-guidlZ &bt vbk7vT

4. Analysis of the MD trajectories
* 4.1 Analysis of DCD file by the user’s Fortran programming
(CHARMM 115 : IR 73 F)
LUTDVINDZAEU X -FIAFHEEET

« 4.2 Analysis of the statistics of the trajectory data

Level 2: Standard MD tutorials

* Preparation of the input files for various systems

Y P
o 5.1 Creating input files for the CHARMM force field 1‘— E%t“'c‘g/f}*él’\ k . d /R h/ d/
o 5.2 Creating input files for the AMBER force field ) Ps://WWW.KS.UlUC.edu/Research/vm
« MD simulations of various biomolecules with the all-atom model 2. http://ambermd.org/AmberTools.php

20

> 6.1 POPC lipid bilayers with the CHARMM force field CJ 3. https://www.cha rm m-gui.org/
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Generalized-ensemble simulation system

GEN ES'SE'I'EO){&IJ #1 Version 1.7.1 & 2.03
|/7° I )jjx"t;@M fo( & %4}>7° y )7“ Sugita & Okamoto, Chem. Phys. Lett. 314, 141-151 (1999),

Sugita et al., J. Chem. Phys. 113(15), 6042—6051 (2000).
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Replica-exchange molecular dynamics simulation (REMD) : https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/tutorial-10-1/

Replica-exchange umbrella sampling (REUS) : https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/tutorial-11-1/
Replica-exchange solute tempering (gREST) : https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/genesis-tutorial-12-1/

2D REMD https://www.r-ccs.riken.jp/labs/cbrt/samples/sample-of-2d-remd/
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Generalized-ensemble simulation system

GENES|SE—|—§0)1§“ #2 Version 1.7.1
Free-energy perturbation [C&KB AV /INIBE-YAUREEIRILX—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).

FKBP AGcomplex
mutation L 8 \71‘
m—> ¢ L9 \ N~
Mutation \ ( [ .
L8 L9
AGbinding t Binding Binding ' AGbinding
Mutation
‘ .
ligand
AGmutation
= L9 L8 _ complex ligand
AAG = AGbindiﬂg - AGbinding = AGyyeation — AOmutation
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GENES|SE—|—§0)1§“ #3 Version 1.7.1
Cryo-EM flexible fitting

e GGBP using a simulated density map
Multi-scale cryo-EM flexible fitting
Flexible fitting refinement for de novo models

T. Mori et al., Structure, 27, 161-174.e3 (2019).

O. Miyashita et al., J. Comput. Chem., 38, 1447-1461 (2017).
M. Kulik et al., Front. Mol. Biosci., 8, 631854 (2021).

T. Mori et al., J. Chem. Inf. Model., DOI: 10.1021/acs.jcim.1c00230.

GGBP using a simulated density map&kl)

FEARESE (L7 )& fitik DRSS ( ) O LE8 Version 1.7.1 23
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