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Generalized-ensemble simulation system
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Generalized Ensemble Simulation Systems
(GENESIS) scisaoss morsy o

Version 1.1.x: Kobayashi, Jung, et al. J. Comput.

o BIbFEMERTIZT2010ENSEF Chem. 38, 2193-2206 (2017)

o A—N\—a E1—3DOMEERKRRICEISHTCEEZBMICHBDERIE.
R e
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(https://www.hpci-office.jp/pages/hardware_software?tab=software)

e =Y TKLPGLv3)ELTARH
Please visit our website

https://www.r-ccs.riken.jp/labs/cbrt/
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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)
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Subdomain assigned by MPI

(Computation is assigned to one CPU)
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J.Jungetal. J. Chem. Theory Comput. 12, 4947 (2016)
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GENESISD Y =27 L&V (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/0 - O

15
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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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GENESISD{ELVA

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

G E N E S I S J + 0 Suitable for laptop or small desktop machine (atdyn, less than 4 CPU cores)

S ¢ CJ: Suitable for workstation or GPU machine (spdyn, ~16 CPU cores)
stem wes RCCS| « ©: Suitable for cluster machine or super-computer (spdyn, more than 64 CPU cores)

Generalized-ensemble simul

Lectures  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 2. Preparation of the input files for GENESIS

Tutorials
» 2.1 Preparation of the force field parameters
Search e 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 « 3.1 Ala-dipeptide in the gas-phase O€— | 7,_~= m
News linux commands Such as grep, cut, paste, tail, sed, and tee. If you do not know their basic u M\g >~ ﬁ‘l‘%}ﬂ iﬁ,

3.2 Ala-tripeptide in water G

https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/ |, e e 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

« VRATLDEYLTYT, VIal—ar, BITE—ED
E"’ﬁ@um’h%ﬁﬁaﬂf g—i—d_ 17
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_ Generalized-ensemble simulation system

MDDt YRT VT

Fa—krUTIL
https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/

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: 6 t “J I\ 7“} 70

2. Preparation of the input files for GENESIS =18 N 'l‘ ~ o ,E
e 2.1 Preparation of the force field parameters / (CHAR M M jj i’ﬂ_ . 7K ;ﬁ' EQ // \7 )
e 2.2 Building the initial structure of the target system

3. MD simulations of peptides and proteins with the all-atom CHARMM force field
e 3.1 Ala-dipeptide in the gas-phase &

: SR CHARMM-GUPIZ &K Bt YbTvT
: (CHARMM 115 : /KB &S > 78\ E ,DNA-protein, [R5 F)

4. Analysis of the MD trajectories

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

AmberTools3|Z kBt yhT7 v
(AMBER 115 7K ;A 2> 7\ B ,DNA-protein)

HUFOUIDSA R FIREHERET
SRR

1. https://www.ks.uiuc.edu/Research/vmd/
2. https://www.charmm-gui.org/
3. http://ambermd.org/AmberTools.php

Level 2: Standard MD tutorials

5. Preparation of the input files for various systems
* 5.1 Creating input files for the CHARMM force field
» 5.2 Creating input files for the AMBER force field
6. MD simulations of various biomolecules with the all-atom njodel
¢ 6.1 POPC lipid bilayers with the CHARMM force field
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GENESISETE DIl #1

|/7° IJ jj X"T *@M Dif ' - 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

Replica 2

Replica 1 B 5MBINSA—FEFEOIBEBDOLT VA (=Y

SaL—3avi RTLDIE—) ERIBICHET

O m N Vo o i L N ] “~ »= . >

T MEBNSA—Z(REFE) BLETRYNRD BN T T EEERK
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/

Accept
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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
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AGhinding 'Binding g,-nd;,,gt AGbin«:iing
Mutation
m— 4
ligand
AGmutation
— L9 _ L8 _ complex ligand
AAG = AGbinding AGbinding - AGmutation A‘Gmutaticm
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GENESISETE D 5 #3

Cryo-EM flexible fitting
* GGBP using a simulated density map
e  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 mapdY
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