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Generalized-ensemble simulation system
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Home  Downlead Installation

Search

Tutorials
Search
We show basic. intermediate. and advanced tutorials for GENESIS. Before starting the tutorials. the users are
recommended to get VMD to visualize the obtained MD trajectories, and also gnuplot to plot the data. We will use various
News linux commands such as grep. cut, paste, tail, sed, and tee. If you do not know their basic usage, leam them in advance.
The GENESIS beginners may first start the basic tutorial, which can be mainly performed on a few CPU cores. However,
GENESIS 1.6.0 released most tutorials at the intermediate and advanced levels require paraliel computation with many cores, because their
Dec 24ih, 2020 calculations are heavy. The tutorials are mainly composed of three levels according to the required computational resource.
. .
htt pS ://WWW. r—CCS . rl ke n _J p/I a bS/C b rt/ f[“f;'i;‘;““‘“ availdble » 0 Suitable for laptop or small desktop machine (atdyn, less than 4 CPU cores)
Nov 13th

» G Suitable for workstation or GPU machine (spdyn, ~16 CPU cores) 3

CENESIS A VGl « ©: Suitable for cluster machine or sUper-computer (spdyn, more than 64 CPU cores)
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alized-ensemble simulation system

INGAFTVEMOIRFAE
1. TA4LYUR)Dbtutorial GENESIS 2021.tar.bz277AIER IV
O—KL. cygnus® T —IfEEEANEWNTZE0D

2. cygnuslZAT AU LTV 1E, D—VfEBTRERRLEY

cd /work/EDU4/<d1—HZ>

tar xvhf tutorial GENESIS 2021.tar.bz2
cd tutorial GENESIS 2021

ls

1 MD/ 2 REMD/
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GENESIS

Generalized-ensemble simulation system

BRIZDLVT
5 [E] D E FHIEGENESIS websiteD Tutorial 3.3[ZEDLV\TULVET
https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/tutorial-3-3/

MDD ANT7AILDIERL A iE. MDETE D2 (CEfME) L EDFIEIL. £
DT HAMIELEEHINTWET

3.3 MD simulation of Protein G in NacCl
solution with the CHARMM force field

& KBOEUIROED
_ ok HERFEE(NPEHT
e SESER N - TOMDEE

Contents [hide]

+ 3. Equilibration
- 4. Production
+ Benchmark test
« File size estimation
« Production run Wl Y
- 5. Analysis : i{ﬁ? };
« 5.1 Make a trajectory file with PBC wrapping Ny l

._‘,(.,i'i.-l\,%gv--, .ll. <k, TR -f,rfge", 1
K& % D) Prot

» 5.2 Make a trajectory file including protein only




Step 1: ZEZRDMD

) GENESIS

ensemble simulation system
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1
_VVER 3 RESPA 2.5fs 5 Benchmark setup
_VVER 2.5fs 4 RESPA 2.5fs tbl0 scripts toppar
cd 1 VVER
ls

INP run.sh sample
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Genera lized-ensem ble simulation syste m

Step 1: GENESIS control file

GENESISDA U TyhEINTHREN-EI avIZHTonTHY.,. &I aVEBITRD
SNT=/INTGA—EINEFEELET

[INPUT] AR T71IL

[OUTPUT] H AT 74l

[ENERGY] 15, TRILF—ETED/\TA—4

[MINIMIZE] or [DYNAMICS] T JLF—Ex/NEDMDETEH (HEMhAY)

[REMD] or [GAMD] or [RPATH] or [ALCHEMY] &5t E FETD /T A—43 (HEfth )

[CONSTRAINT] 7 F R

[RESTRAINTS] restraintst &

[SELECTION] restraint’g & TOD R FDIEIR

[ENSEMBLE] ;R E . £ I DE#R

[BOUNDARY] B HAE R EH D EE. BoxH (1 XiGE



GENESIS

Generalized-ensemble simulation system

Step 1: Control file

[INPUT] [DYNAMICS] Velocity Verleti&
topfile = ../toppar/top all36 prot.rtf integrator = VVER
parfile = ../toppar/par all3ém prot.prm nsteps = 5000 ;(5hyjf§Q
strfile = ../toppar/toppar water ions.str timestep = 0.002 Zﬁ-‘yjﬂlg(iﬁlips)
psffile = ../setup/ionized.psf eneout period = 100
pdbfile = ../setup/ionized.pdb nbupdate period = 10
rstfile = ../setup/eqg3.rst
[CONSTRAINTS]
[ENERGY] rigid bond = YES
forcefield = CHARMM| Coulomb#¥B@HB{ERAT
electrostatic = PME \ [ENSEMBLE ]
switchdist = 10.0 PMEZ LS ensemble = NPT NPTETE
cutoffdist = 12.0 tpcontrol = BUSSI
pairlistdist = 13.5 temperature = 298.15
vdw force switch = YES pressure = 1.0
pme nspline = 4
pme max spacing = 1.2 [BOUNDARY ]
type - PBC BHEE R EHZ=F H




GENESIS

Step 1: EARDMDDEIM LA

VIEILT AR Trun.sh77A4ILERALTE S

Generalized-ensemble simulation system

#!/bin/bash -f

#

#PBS -A EDU4

#PBS -g genesis-Db
#PBS -1 elanstim req=00:10:00| ZERAFHE
#PBS -b 1 | /—F¥,
#PBS -1 cpunum Jjopb=24
#PBS -T openmpi >y
#PES —v OMP NUM THREADS=3| VM3
#PBS -v NQSV MPI VER=gdr/4.0.3/intell9.0.5-cudal0.2

module load openmpi/${NSQV_MPI VER}

GENESIS BIN=/work/EDU4/share/genesis-1.5.1/bin/cuda_single

cd ${PBS_O WORKDIR}

mpirun S${NQSII MPIOPTS} -np 8 —npernode 8 --map-by ppr:8:node -bind-to socket
${GENESTS_BIN}/spdyn INP > LOG| O+ %k

run.sh7 74 ILEEITLET (2032 E)

o

$ gsub run.sh

10



J GENESIS

ensemble simulation system

Step1: B AT7AILDR A
BREGCETEINE B EL0GELVSH AT7AMILBE A ET
GENESISDH A 774 JLIL7ERFE([STEP 0]-[STEP 6])) I MM TULVET

[STEP O] : ST HIRIE DR

[STEP 1] . )\jj/{E} go)ﬁﬁnm\ [STEP2] Setup MPI

[STEP 2] : M B (T OERE, ALy E) DHERE [ 3&%2“;;2;5555325 :
[STEP 3] : B F-ITRILX—BEEUEHR DR
[STEP 4] : {1 HAEEAZD T RI)LF— Jr%i%*%

[STEPS] Perform Mol cs Simulation

>, =~ > . = =+
[STE P 5] S/ l/—ya -/ E-l- ﬁﬁt % iNFo: STEP TINE TOTALENE  POTENTIALENE  KINETIC_ENE RUSG BOND AN

[NFO: 100 0. 2000 -68054. 9248 -82706. 9139 14651, 9891 13. 6665 155. 6753 405. 9

[STE P 6] %& L L IE t %x ‘lmj H# Fﬁ [NFO: 200 0. 4000 -68019. 2779 -82723. 5341 14704. 2562 13. 6456 163. 1162 403. 0
. k Bl 057 [R

Output_Time> Averaged timer profile (Min, Max)
total time 23.005

setup = 1.164
dynarﬁlcs = 21. 841
energy 13. 200
integrator = 1. 415

pairlist = 1191 ( 1. 118 1. 260) 11




Step 1: ET R D HEE

[STEP 6] : #Z 1B F R 2 FEZE<=3LY

GENESIS

Generalized-ensemble simulation system

Output Time> Averaged timer profile (Min, Max)
total time 23.005

Bfu=%

21.841) MDD A 2 JL—T DX 18 BF [

setup = 1.164
dynamics =
energy = 13.200
integrator = 7.475
pairlist = 1.191 ( 1.118,
energy
bond = 0.023 ( 0.017,
angle = 0.084 ( 0.049,
dihedral = 0.228 ( 0.119,
nonbond = 11.725 ( 11.193,
pme real = 11.724 ( 11.192,
pme recip = 8.354 ( 8.341,
solvation = 0.000 ( 0.000,
polar = 0.000 ( 0.000,
non-polar = 0.000 ( 0.000,
restraint = 0.000 ( 0.000,
gmmm = 0.000 ( 0.000,
integrator
constraint = 1.331 ( 1.298,
update = 0.594 ( 0.585,
comm coord = 0.796 ( 0.725,

(skip)

‘total time’[XsetupH EZHT=-2FD
BRI TY
FAFERERORBEYZITO-OIC
[E”dynamics” TR T=FFfE % F|

1.260) ﬁbf(fféb\
0.030) FBREFREIIERBMICRRELIEDH
| | NET
12:128) Performance (ns/day)=
5.310)| & 7oz | 24*3600%0.01/${dynamics}
0.000)
0.000)| TKAIE
0.000)
0.000) o
0.000) RANEEFR/IMEDE X T O+ X[H
1.397) 0)’{//{5/;(&7::}:%0)1 H#FEﬁtﬁ
0 o) BT (XEZENANETT

12




GENESIS

Generalized-ensemble simulation system

Step 2: BFfRITRDEE
$ cd ../2 VVER 2.5fs
5 1ls

run.sh sample
% Cp ../l_VVER/INP .

GENESISDIntegratorl(. 2.5fs CDFTEMNAIEETT
Jung et al. J. Chem. Phys. 148, 164109 (2018)
Jung et al. J. Chem. Theory Comput. 15, 84-94 (2018)

VIEILT A3 TINPI7AILZFHALT, SREL TS

[DYNAMICS]
integrator = VVER
nsteps = 4000 R T 7# (5000 - 4000)
timestep — 0.0025 | ATY71&(0.002 - 0.0025)

. _ T HILF—FKREH (100 - 80)
eneout period = 80 |
% gsub run.sh




_ Generalized-ensemble simulation system

Step 3: RESPAD FI F(1)

$ cd ../3 RESPA 2.5fs

5 1s

run.sh sample

$ cp ../2 VVER 2.5fs/INP .

G EN ESISO) I ntegrator‘i ~ RESPA(Tuckerman etal., ). Chem. Phys. 97, 1990 (1992)) 0) E"’ﬁb‘ﬁfﬁg—éj—
GENESIS'G@RESPAI:’DL\’CJung et al. J. Chem. Phys. 148, 164109 (2018)
: : : ; : Fast motion
LAY = Il (ilybt\" AT 4 ) (A£3), L

L.: Slow motion
» Fast motion »Slow motion » Others

Step=1 Step=2 Step=3 Step=4
VVER P“H“h hﬂ‘l
—Pp-Time
RESPA H‘m‘”

Step=1 Step=2 Step=3 Step=4 ~ opeed up

Fast motion : f5 &8 MM EEA. IERESHEMEE/ER 52 iERE)
Slow motion : IEFEEMHHE/ER (KIiERE) . EE-EHEHE

14



GENESIS

Generalized-ensemble simulation system

Step 3: RESPAD F|.
VIEITARTINPZ7ZAILEFRWNT, fREL TN

(2)

[DYNAMICS]

ntegrator = VRES | RESPADF|F (VVER - VRES)

nsteps = 4000

timestep = 0.0025

eneout period = 80

nbupdate period = 10

DEE LEEE PEEAGE = 2 | RISEIERE S IEARE (AR OB (2 steps, 5fs%E)
thermostat period = 2 | REETEDMEE(2 steps, 5fsH)

barostat period - 2 Eﬁ%‘f%il@iﬁfi&steps, 5fsfg)

% gsub run.sh




Step 4. ;m -

::i]E?fE%iCZ)ﬂggl

i % 7% & RESPA

J GENESIS

ensemble simulation system

o\®

% 1s
run.sh sample

Q

cd ../4 RESPA 2.5fs tbl0

$ cp ../3 RESPA 2.5fs/INP .

GENESISORE - [E NETE DHEE X 10(25fs)NEEFT CEMNFIRETT

VRES

10
10

AEETEDMEE(2 > 10)
ENEEDHEER2 > 10)

[DYNAMICS]
ntegrator

(skip)

elec long period
thermostat period
barostat period

% gsub run.sh

16



3 GENESIS

i ensemble simulation system

H R D L ER
cd ../

grep “ dynamics 7 */LOG | sort -g -r -k 4 > timer.log

timerloghb, A1V T YN E BT HLETHERBAERBL TSI LECHE
FAIEELY (sortaAvT U RICE > TEIERBMAENEDNRRIZEET)

o\°

o\°

1 VVER/LOG: dynamics = 21.841

2 VVER 2.5fs/LOG: dynamics = 17.445

3 RESPA 2.5fs/LOG: dynamics = 16.335

4 RESPA 2.5fs tbl0/LOG: dynamics = 15.404

Tutorial 3.3 THEHMNTLVB A F1/85A—H(Integrator, dt,...)[&4 RESPA_2.5fs tb10
ERICHDTY

17



Step 5: NUFIY—TJETE
MBEBIZHAEZITIE=OICIE RFI—0%FEHRILI RN T - 3 5
INGA—RERETEHCENRETTRUFI—IDFEICEI > THRELS
NH&ER= (BFfE. /—FER) 2545 2EELTEET
Cygnusld1l/—R24a7HD=. TOERERALYRDEAEDHEIE
(processes, threads)=(1,24), (2,12), (3, 8), (4, 6), (6, 4), (8, 3), (12, 2), (24, 1)
ANEREEZSNET
MFEEATHLTAHZELLS (BLEBRFDRI)TEERLTEELY)

#!/bin/bash -f

alized-ensemble simulation system

#

(skip)

#rBS -b 1 /—RE(EE)

#PBS -T openmpi

#PBS -v OMP_NUM THREADS=3 X R %f
(skip)

mpirun ${NQSII MPIOPTS} -np 8 -npernode 8 --map-by ppr:8:node -bind-to socket spdyn INP >

p8t3.log 5 e o
£70CX(MPNEE | /—FEzD

JO0tR# 18




GENESIS

Generalized-ensemble simulation system

Step 5: ETEMN KNI HIHE

LNOMDAEHLETIX. BT HAUTOIRA TLEFEYET

Define Molecule> Summary of molecules

num atoms = 24552 num bonds = 16628
num angles = 9438 num dihedrals = 2269
num impropers = 141 num cmap terms = 54
num residues = 7986 num molecules = 7931
num segments = 3 num deg freedom = 73656

total charge -0.000

Setup Restart Pre> Coordinates and velocities were replaced

ZFNDIEE [ (scriptfh).eXXXXX (X[FIOBID)EFZE (2> TLIEE0LY

19
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ized-ensemble simulation system

Step 5: &

o B RKT 5

Setup Processor Number> MPI Process number can notbe defined, please set them manualy
rank no = 2

Ragqs b GENESISD R A7 &(E, EFEDMPITAOERZEFR(X, Y, 2)[<HR
AL YRHFETH, BETIRYD T A EN TERLMGRIZCOIS—H

HET (FIADLZ0NTOR OB LEET)

¥

[BOUNDARY ]
i i type = PBC
b - | domain x = 2
. HE . = S 1 *
. e o -5 d%ﬁlfcﬂ’(@l;/lﬂjﬂtfj)zﬂ{ o
domain_z = 3 orr|1a|n_x omain_y * domain_z =# of MPlIs

f=f=L. domain_[x,y,z] = 1MZE (L
(domain_x, domain_y, domain_z)=(2,1,1) or (2,2, 1) or (1, 1, 1) LISV FEAF T A
DFEY ., 306DMPITAOLRIFFTETEEEA

20



GENESIS

Generalized-ensemble simulation system

Step 5: ETEMN KNI HIHE

Case 2:

Setup Processor Number> Cannot define domains and cells. Smaller or adjusted MPI
processors, or shorter pairlistdist, or larger boxsize should be used (see "Chapter:
Trouble shooting" in the user manual). rank no = 13

LDV AXERAMERTVACDRETREVET  BUGR AN REINTEGWNGEIZIEID
FOLGIF—HAHET . MPIDBZE RS T A, b7y TZ2 REL TS,

R7)ALR=13.5ADBE . REDEILRR ) ) EEDEILE(R,, )« BILE(N,, )IE

R ai;~,‘st+R uff 13.5+2.6
R ceu,mm=( e ”’%J %=8-05 Ryui= 2.6 (NPT & (const | | water_model))
N, =int(B,/ R, ..)~mod(int(B,/ R,,, .}, domain,) i=x,y,z Roue= 2.0 ((const | | water_model))
Rcell,i = Bi /Ncell,i

Neg, i>= 5. DD Ny ;> 2*domain, THABLENHYET
Reer,i >> Reetp min PBBRITIEAEVERENKREQGYTERLY, 2aLl—2aVNERYFET
[STEP3]MSetup_Boundary Cell>[CZDIaL—2arvTORAMVERILBAHE ASNET

Setup Boundary Cell> Set Variables for Boundary Condition
domains (x,YVy,z) 2 2 1
ncells (x,y,2z) o o 7

21
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nsemble simulation system

Step 5: NUFIX—VETE
FENTELLDIELUTDOSEYMNIGSIET TY
(processes, threads)=(1,24), (2,12), (4, 6), (8, 3), (12, 2)

7

grep Y dynamics p*log | sort —g -r -k 4 > timer.log

STERENTOER ALYFHDOBEAEDHOEICEOTRECEHLLTVST
E& THERRCTIZSLY

plt24.1og: dynamics = 39.609 |4

p2tl2.log: dynamics = 22.002 || _ .. e -
pl2t2.1log: dynamics = 17.313 ELS,::IO)T%;&—G:EZ{E
pdt6.log: dynamics = 15.892

p8t3.1log: dynamics = 15.404

TR, ALYREOHEAEOLEIE. AT LDYAX SHEEHET
RELERLET
F9 1£5000-10000R Ty 7 TG A & HEEIEL TZEL 22
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ralized-ensemble simulation system

Hands-on 2

REMDEHE D TEVAR—3Y
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GENESIS

Generalized-ensemble simulation system

SR [ZDLVT
45 [ E $}HEGENESIS website@DTutorial 10.1I1ZEDLNTULVET
https://www.r-ccs.riken.jp/labs/cbrt/tutorials2019/tutorial-10-1/

MEBEERGE L. EDDITHAMIFLLRREHINTLET

10.1 REMD simulation of alanine-tripeptide

in water

Contents [hide]

Jl.

o lavay
s E S g%ﬂ(NVT)%#Tm)

« Preparation p v LS

- 1. Setup & . ¢ 1o ‘ - REM D n-I-%

- 2. Minimization e

« 3. Heating

= 4, Equilibiration

+ 5. REMD Equilibiration

« 6. Production run

» 7. Analysis

« 7.1. Calculate the acceptance ratio of each replica

24



E S35
271I)L

o\°
@)

d ../../2 REMD

S

_REMD DEMO toppar setup
%5 cd 1 REMD DEMO

1ls

INP run.sh sample

= o©
|_l

o\°

VIEIZTA4ATINPZ7AILZERALNTLZELY

25



GENESIS

Generalized-ensemble simulation system

O rA—I)LT77AIL (BREE)

LOUTPUT] AHATFAILIE IBGLD| REMDD ZE# (RIT) D#

dcdfile = step6 rep{}.dcd header.N.suf D& dimension =1

rstfile = step6 rep{}.rst LFYHBEEMNAD exchange period = 2000 L) AN HSERE

remfile = step6 rep{}.rem ST IS —

logfile = step6 rep{}.log ET}'—G;}?E”BH typel = temperature bj')jj?)%iéﬁ

(skip) nreplical = 8 L7Uh#k

parametersl = 300.00 302.53 305.09 307.65

[DYNAMICS] 310.24 ¥

integrator = VRES — " — —x 312.85 315.47 318.12

nsteps - 4000 ZT‘yjot{i(il/jUjja)xm&‘EE@jﬂg %l/joujjb‘\?#oﬂ_g

oot ied - se0 - RIETIZ"Y TORC (L. YOOk
ut_pers - - , IEAREEVNRBNIE, KT

crdout_period - 500 | HAHEELIUNOZREEOHME AT A BN

rstout period = 2000 = =

stoptr period =10 Eféf:_‘\:E*l]FﬁO)T:&')\

elec long period = 2 0 — - o o (169

thermostat period = 10 10.10)/ \7)‘—9(step6)75\b|/7')73’§5l7§~&

barostat period = 10 a'riEL/-CL\i-d—

26



GENESIS

Generalized-ensemble simulation system

AT IT7AIL

VIE T T A4FTrunsh77 4 ILEFRALTLIEE0D
SEOTETIKILT)ALEY 4 T7A€R *3 ALYRTEHEZTLVET
SAEROTORRE =LT)A# BLT)AH)*4T70LRX =32T70€X

320X *3RALwK =967 > 4/—F FH

#!/bin/bash -f

#

#PBS -A EDU4

#PBS —-g genesis

#PBS -1 elapstim reqg=00:10:00

#PBS -b 4

#PBS -T openmpi

#PBS -v OMP NUM THREADS=3

#PBS -v NQSV MPI VER=gdr/4.0.3/intell9.0.5-cudal0.2

module load openmpi/${NSQV_MPI VER}
GENESIS_BIN=/work/EDU4/share/genesis-1.5.1/bin/cuda_single
cd ${PBS_O WORKDIR}

mpirun S${NQSII MPIOPTS} -np 32 -npernode 8 --map-by ppr:8:node -bind-to socket ¥
${GENESIS BIN}/spdyn INP > LOG

27
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alized-ensemble simulation system

t ANI771ILD R 7T (1)

BREGCEITIN=EEZL0GEWLSH AT7AIL, BIZELT)HED
IRILFE— ;SO IN)GERRNT7AILTHAEINET
REMDDIGFEELH AT 7AILIX7ERBE ([STEP O]-[STEP 6])IZH DN TLVET
it 5l E D IERIIMDERIFRIZ[STEP2] T A, LTUHBDEHRIHYET

Setup Mpi Remd> Summary of Setup MPI
number of MPI processes = 32
number of MPI processes in one replica = 4
number of OpenMP threads = 3
total number of CPU cores = 96

LT HDERDNERIZESFHNTLBMIL[STEP3] [TRIRESNET

Setup Remd> Replica information

ParmsetID

1 = 1
(skip)
Parameters
Dim 1 = 300.000 302.530 305.090 307.650 310.240 ..

28




GENESIS

Generalized-ensemble simulation system

t ANI77A1ILD R T (2)

BREGCEITIN=EEZL0GEWLSH AT7AIL, BIZELT)HED

IRILFE— ;SO IN)GERRNT7AILTHAEINET

REMDDIGFEELH AT 7AILIX7ERBE ([STEP O]-[STEP 6])IZH DN TLVET

it 5l E D IERIIMDERIFRIZ[STEP2] T A, LTUHBDEHRIHYET
302.530K 307.650K

. 300.000K...~.. , . 305.090K
REMD> Step: 4000 Dimension: 1 ExchangePattern: 1
Replica ExchangeTrial AcceptanceRatio Before After
1 1> 2 R 0/ 1 300.000 300.000
2 2 > 1 R 0/ 1 302.530 302.530
3 3 > 4 A 1/ 1 305.090 307.650
(skip) 3FLATE R: rejected KL TYAMNIE LT
DR A: accepted ZH(RE)DE
Parameter g 300.000 302.530 307.650 305.090 312.850 310.240 318.120 315.470
RepIDtoParmID: 1 2 4 3 6 5 8 7
ParmIDtoRepID: 1 2 4 3 6 5 8 ;g
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GENESISEHFEF —LA~ADERE. /T H|EFILGENESIS forumZF HHELFZELY
GENESIS

Generalized-ensemble simulation syszeFo ru m
Home Download Insiallaton  Usage  Tulorals Benchmark Publcations o

by genesis
Announcement (read only) X

Search " coplas
B Bug Reports 1 1 4 years ago
by genesis
Forum for bug reporting Y g
= questions 16 48 1 month ago
n
Questions about GENESIS by nursya

E K EEE ﬁ 0) 7 j— _5 -l_\ :E & L) E j_ Eoueslions (Japanese language only) 13 51 1 ;":;:::”

Questions about GENESIS

SHEHYNESITETNELE:!
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alized-ensemble simulation system

%ﬁ:ﬁ’\d) O

L H(1/29)ICAE TSI >-ERIZx T A REEZRHLET

1.FEP & gRESTZ EBFICHEAEHLETCTEEIT M ?
JAYSSLBAERTIEAIgEE G >TWWET N, ARIZIEHR—FLTULE
B A

2. Implicit solvent EREMDDHAEHEIETTEEITMN?
ATDYN TOHAEAZFT, £TIEEZEFTO REMD O cO—)LT 7
A4 IILERBHEL. [ENERGY]EZ 3 >® implicit_solvent = NONE %
GBSA IZZEZ T =&Y,

IpF
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