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/data/acourse/Lecture 0113/tutorial_data.tar

% tar xvf /data/acourse/Lecture 0113/tutorial data.tar

Compile: (GENESISDA /A )L) « 5 production
genesis-1.1.1 (&R T D GENESIS code) e 6_analysis

tests-1.1.1 (A /NAIILTRF)
Tutorial_2: (Tutorial 3: 3 /NJE DL TYHZEK
env: (SEIDF1—KJILADEKZRETI7AIL) H#MD)

* 1 setup
Tutorial_1: (Tutorial 1 : 227\ EMD) * 2 minimize_pre-equi
* 1 setup * 3 equilibrate
* 2 _minimization * 4 production
* 3 heating * 5 analysis

4 equilibration

SHOF1—rIT7ILORABIIUTIEA D AO—FTEXT

Tutorial_1
http://www.aics.riken.jp/labs/cbrt/tutorial/basic_md_tutorials/tutorial-1-1/

Tutorial_2

http://www.aics.riken.jp/labs/cbrt/tutorial/remd-tutorials/tutorial-2-2/
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GENESISDsrcT4

GENESISDa /1)L (1)

LOR)IZEBEL Tz

o

$ cd Compile/genesis-1.1.1/src

GENESISDY—RA ! )—

COPYING
README
src/
bin/

./src:

Makefile.am
Makefile.in
aclocal.m4
analysis/
atdyn/
bootstrap
cleanup
config.h.in
configure
configure.ac

iGE: AL
J—RXO—K
INAF) (@A ILig)

GENESIS VERSION

fZHry—ILOa—FK
atdyn®3ad—Fk

depcomp

install-sh

lib/ HEI—F

Missing

spdyn/ spdyn®3I—F

./src/analysis:
Makefile.am
Makefile.in

libana/ analysis#t@3I—F

pcaana/ PCARRAT

rpath generator/ rpath#&pga—F

rstcnv/ rst convert®d—F

trjana/ trj analysis®a—F

trjcnv/ crd/pcrd/remd convert®
O—k




GENESISDa /N1 )L (2)

WRINDEO/85

Intel , Fujitsu compiler
gfortran 4.4.7&KYEFLLVED

GENESISD /N1 )LIZ[Xlapack, blash’
WETY

1. A /31 )LlFautoconféEmakeZ{ELVET

o\°

./configure --host=£fx10
make

make install

o\°

o\°

2. HEEMSF=/\1F1)[Igenesis-1.1.

1/binlZ4ERSNFET

GENESISIZMD, b5z H/MN)ERT OIS LA BT S LEHETIDODT

TVr—2a & ERLET

SEIF. BEDOEE T, I TITAVNNAIVEAHDT TV r—avzENET




GENESISD /N1 )L (3)

ZDMDIIREBEBTODIAVNLILDIEA
0. configurelINILI THERARIRELA T3y —EFZRRTEET

$ ./configure --help

1. (2R3N I)L TG BEDI /L)L

$ ./configure
% make install

2. Mixed precision(EEfE) COFTEDIEA

$ ./configure --enable-single
% make install

3.GPUREERBETOSTEDIEA

(e]

$ ./configure --enable-gpu --enable-single
% make install

4. TINVTE—RTOaAVINIL
% ./configure --enable-debug=3
% make install




GENESISODT Ak

GENESISANIELLAV NS ILEN TS EFIEZRIT H=-0IZ. ARENREHT LA
HAOIT7AIVIZEBTANETSICLEHERLET
ZHE6E . Y—RAO—RERBRICGENESISO T T H A LA O A—KNA[EETY

% cd Compile/tests-1.1.1/regression test

GENESIS-1.1.0T7 A2y kD) —

.Jregression_test: test_remd.py

build/ HTEROYETFAIL test_rpath.py

charmm.py test_rpath_atdyn/ rpath(atdyn)DT Ak
genesis.py test_rpath_spdyn/ rpath(spdyn) DT Ak
param/ INDA—=BT7AIL test_spdyn/ spdynDT Ak

run.sh INYFUITHDRY) TR

test.py

test_atdyn/ atdynDT A~

test_ common/  FHBETRF
test_nonstrict.py

test_parallel 10/ /\ZLIJLIODT AR
test_remd/ LTYHARBEDTRAE
test_remd.csh




GENESISDT A (2)

AV I(IIVTAMD A
FX10IRIETIE. SRICELTHE L zrunsh&EWVS RV TREENET (HER)
BEDT—YARAT—3avTOPYHFLUTTY
cd regression tests

export OMP NUM THREADS=1

./test.py “mpirun -np 8 ${PATH GENESIS}/atdyn”
./test.py “mpirun -np 8 ${PATH GENESIS}/spdyn”

TJOERFIIAT8ICLTL S, ALYREIFITORBMUTNERE L, #ETT
GPUZ FALV=[&(--enable-gpu) DT AR A i%

$ export OMP_NUM THREADS=1
% ./test.py “mpirun -np 8 ${PATH GENESIS}/spdyn” gpu

REMD, R-PATHD T A LA %

export OMP_NUM THREADS=1

./test _remd.py “mpirun -np 8 ${PATH GENESIS}/spdyn”
./test _remd.py “mpirun -np 8 ${PATH GENESIS}/atdyn”
./test _rpath.py “mpirun -np 8 ${PATH GENESIS}/spdyn”
./test _rpath.py “mpirun -np 8 ${PATH GENESIS}/atdyn”

o\® o\°

o\°

o\°

o® o\° o\

o\°

o\°

FEEBE-RAREXBHTHRIINET



Tutorial 1: X2 /\2E DOMD

GENESIS ¥=a 7 JLMTutorial 1 Tutorial_1/

GENESIS KB DBPTI(HFRERER) TS
PHEEER) DMDETE

- —— @ O BRI
Generalized-ensemble simulation system 52 AICS amx e i

e Download Installation Usage Tulonals Benchmark  Publications  Developers  Contactus  Forum

Tutorials of basic MD simulations

Search Tutorials 1.1 All-atom MD simulation of BPTI in NaCl solution
Seal
We show tutorials for basic and advanced MD simulations with GENESIS. These In this tutorial, we introduce MD simulations of a small protein BPTI in NaCl solution with the CHARMM force
useful for not only GENESIS beginners but also experts who want to know newly  go4  \\jg explain how to build the initial structure and how to carry out energy minimization, equilibration, and
News functions. Before starting the tutorials, the users are r mended to get VMD and g

of which are free software, to visualize MD trajec and plot data. GENESIS should production run by using GENESIS.

in your computer with OpenMPI. Note that in the ial we will use various linux com

d, tee, and awk, and also utilize a pipe (|) to combine the cq

as grep, cut, paste, tail, sed,
you do not know their basic usage, learn them in advance
* Basic molecular dynamics simulations

* Replica-exchange molecular dynamics simulations U
0 will be * Advanced molecular dynamics simulations
n Jul. 20, 20161 » Trajectory analysis tools

http://www.aics.riken.jp/labs/cbrt/tutorial/basic_md_tutorials/tutorial-1-1/
1. Simulation systemD{ERL (1_setup/)
GENESISIE. REAVTYNRAD D FI7AIVEER T HE R IEFEET .
CHARMMXSVMD TYERENT=3F I 71 JL(top/par)Z e H AL CEMTEERT

SEIIFBOEMEIZELY. FOERLI-2FI7/ILERBWNET
(DFI77A4IVDIERRAERIZEALTIL, EELL T Tutorialz Z&ELT=&LY)



Tutorial 1: & & & ®1E(2_minimization/)

NHBETIE. FRFHEDERENETE Y. FEARAGRFREEZRHE DL ILGIEN
BYFET  FREGYIAL—23 @518 KT EZATORIC"FEHL" &M
NA5FiwAEZT2ICTVET,

BEmxEtE, ZOFE1BRBETCIRILE—ENTIALIARICHFEEINLET
GENESISTIXIRTE . Sx 2% T % (Steepest Decent)Z{FESTEMTEET

Tutorial_1/2_minimization/
run.inp : GENESISA 771U
run.sh :fX1I0FD 3T HITIVRRHYTH
output/ : ST EHER



EBEEBEIEDAADTFPAIL

[INPUT] rstout_period = 1000 # restart output period
topfile = ../1_setup/top_all27_prot_lipid.rtf # topology file
parfile = ../1_setup/par_all27_prot_lipid.prm # parameter file [BOUNDARY]
psffile = ../1_setup/ionize.psf # protein structure file type =PBC # [PBC,NOBC(]
pdbfile = ../1_setup/ionize.pdb # PDB file box_size_x =70.8250 # box size (x) in [PBC]
reffile = ../1_setup/ionize.pdb # reference for restraints box_size_y =83.2579 # box size (y) in [PBC]
box_size_z =69.0930 # box size (z) in [PBC]
[OUTPUT]
dcdfile = run.dcd # DCD trajectory file [SELECTION]
rstfile = run.rst # restart file Coulomb M EE AT groupl =an:CA | an:C | an:0 | an:N # index of restraint group 1
[ENERGY] / PMEZALYS [RESTRAINTS]
electrostatic = PME # [CUTOFF,PME] nfunctions =1 # number of function
switchdist =10.0 # switch distance functionl =POSI W ‘fﬁﬁ*ﬁlgﬁ
cutoffdist =12.0 # cutoff distance constantl =10.0 # force co . L —
pairlistdist =13.5 # pair-list distance select_index1 = 1W EDRFIZHEREFH
contact_check =YES <— (TN

pme_ngrid x =72  #gridsize_ xin [PME] | R FEIEEREZHEEELBad contact | A B ARG [SELECTION] T:E A
pme_ngrid_y =80 #gridsize_yin [PME] | FEEEZLR—FL. SHIZHDEIZHIRZEH TS || ([SELECTION]IZEHLT

pme_ngrid_z =72 # grid size_z in [PME] (B FE DA THERALTEL) (XManual 11. £ (%
=

[MINIMIZE] \ EXRESHR)

nsteps =1000 # number of steps RIEEMEEERATRWLAFFTOS )y

eneout_period =100 # energy output period (2’3’50)1%&75\9\ jﬁﬁ'ﬁiﬂl(:&’)f%ﬁﬁﬁﬁwﬁbés
crdout_period =100  # coordinates output period —AREY(T (251w RH A ZXH1LA R (=1 B L S(C
[ M I K 52 | — ~

T3, FLLEZT=aT7ILD5.3.155 )

RATITH




BERE{EDET

EATEDEST
% cd ~/Lecture_0113/Tutorial _1/2_minimization
% pjsub run.sh

JobDIRRZEFR DI

% pjstat

Job A& o= U T DTFA LB HERTNBIEFTT

run.dcd : dedfeKXDRSO ORI T7AIL (binary)
err.o: ROYTRDIZ—T74IL

run.out : GENESISH 73771 JL (ascii)

run.rst:  GENESIS!) XA—KkT 74 )L (binary)

H 774 )L (run.out)

3k 3k 3k 3k 3k 3k 3k 3k >k 3k ok 3k 3k 3k %k >k 3k 3k >k 3k >k 3k 3k >k 5k 3k 3%k %k >k 3k %k >k 3k >k 3k 3k >k 3k 3k 3%k 3k %k 3k %k %k 3k %k %k %k kk k

*
GENESIS SPDYN *
*

A Molecular Dynamics Simulator with

*
*
*
*
& Spatial Decomposition Scheme
*
*
*
*

*

*

*

Developed by RIKEN AICS e
*

*

3k 3k 3k 3k sk 3k 3k 3k >k sk >k 3k 3k 3k 3k >k 3k 3k >k 5k 3k 3k 3k %k 3k 3k 3%k 3k >k 3%k 3k >k 3k %k %k 3k 3k 3%k 3k %k 3k %k %k %k %k %k %k *k k k




HAT74ILDRA

GENESISDH 177 A ILIZ7ERBE ([STEP O]-[STEP 6])[ZH M TLVS

[STEP 0] : ST HIRIEDFEER
[STEP 1] : AN /NSA—LDHEER
sle O sle NRY7] =
[STEP 2] : MiFE (T RERE, AL YRED) DHEER
[STEP 3] : B F - THRILF—EAIBER D FERR
. =+
[STEP 4] : EAEIZD I RIILX—EHERKE
~ ~ —3
[STEP5]: Sal— 3 itERE
INFO:  STEP POTENTIAL_ENE RMSG BOND ANGLE UREY-BRADLEY  DIHEDRAL  IMPROPER CMAP  VDWAALS ELECT RESTRAINT_TOTAL
INFO: 0 -101597.1585 30.2479 11247.1385 2939.9532 74.9561 260.8373 62.6065 -72.0093 11798.1692 -127908.8099 0.0000
INFO: 100 -114456.2091 5.4597 3977.1511 2353.8183 51.5709 256.4578 22.6346 -74.3462 9730.9841 -130775.5114 1.0317
ALl =
[STEP 6] : #%im L3 & 51 R B fi]
Output_Time> Averaged timer profile (Min, Max) nonbond = 109.986( 109.658, 110.141)
totaltime = 137.159 pmereal = 83.219( 81.500, 84.919)
setup = 53843 pmerecip = 26.077( 24.516, 27.847)
dynamics = 131.316 restraint = 0.221( 0.178, 0.251)
energy = 122.896 integrator
integrator =  0.838 constraint = 0.000( 0.000, 0.000)
pairlist = 5.774( 5.629, 5.963) update = 0.000( 0.000, 0.000)
energy comm_coord = 0.000( 0.000, 0.000)
bond = 0.657( 0.587, 0.708) comm_force = 0.000( 0.000, 0.000)
angle = 0.717( 0.696, 0.751) comm_migrate = 0.000( 0.000, 0.000)
dihedral = 1.275( 1.236, 1.295)




Tutorial 1;2EFE EF S 2aL—332 (3_heating/)
BERBEILT. HAREEDRZEEBEIZLE-R. VATLDEREZD > KYEILIHE.
ATETHWOREFEFTLERSES,

GENESISTIXAnnealing’ 7723 &> T oKYREZELIESLLS5GIIal—
AVMTEEY
Tutorial_1/3_heating/
run.inp : GENESISAAT7AIL

run.sh :fX1I0AAD3ITHITIVRRITH
output/ : ETEHER

|
ANT7A IV
[INPUT] [CONSTRAINTS]
topfile = ../1_setup/top_all27_prot_lipid.rtf # topology file rigid_bond =YES # constraints all bonds
(skip) # involving hydrogen
rstfile = ../2_minimization/run.rst # restart file

[ENSEMBLE]

[DYNAMICS] . ensemble = NVT # [NVE,NVT,NPT]
integrator = LEAP 7 R] LEAP: Leapfr.og tpcontrol = LANGEVIN # thermostat
nsteps -5000 # number of MD steps| YVER: Velocity Verlet || temperature =0.1  # initial temperature (K)
timestep  =0.002 # timestep (ps)
(skip) . _ _ 50 Step(:1|E|\ 3K9° D ?J_I“IJTJL—C“M:E%FE%G)%%—G'—G)
annealing = YES # S|mulate<.:| anne?hng EEA 2 ZT‘yjﬁi(:LTL\i'd'i)\
anneal_period =50 # annealing period ﬁ'@li% B L\E_I_%;&,_L\i_d_
dtemperature =3 # temperature change at annealing (K) KPR 2 E A 1T




BELERISAL—aVNDETT
-
% cd ~/Tutorial_1/3 heating
% pjsub run.sh

FTEN RO UTDI7Z7A LA AEINTLNSIET T

run.dcd : dedie DS TOR )T 74 )L (binary)
run.err : A7) ThDT5—T74AI)L

run.out : GENESISHH 71774 JL (ascii)

run.rst : GENESISUU RA—KTJ7A )L (binary)

|
HHT774 ViR
[STEP 5]
INFO: STEP TIME TOTAL ENE POTENTIAL ENE KINETIC_ENE RMSG BOND ANGLE UREY-
BRADLEY DIHEDRAL IMPROPER CMAP VDWAALS ELECT RESTRAINT _TOTAL TEMPERATURE
VOLUME
(..skip..)

Simulated_Annealing_Leapfrog> Anneal temperature from 213.100to 216.100
INFO: 3650 7.3000 -121015.8486 -134668.2442 13652.3956 14.8398 129.1861 316.5600
34.9546 301.9510 20.3742 -76.0000 17444.0571 -152886.2023 46.8752 184.8766 407423.5098

Simulated_Annealing_Leapfrog> Anneal temperature from 216.100to 219.100
INFO: 3700 7.4000 -120524.6696 -134365.7978 13841.1281 14.8065 135.7281 319.1936
42.6740 291.7295 14.9113 -82.0820 17460.5756 -152587.8837 39.3559 187.4323 407423.5098




ATEEROHEEE
B EEDETbEHERLET
* GENESISHAT77AILHBERTYITOREEZHMHBL. gnuplotTY
OvkLET (SEITHER)

% sh temp.sh
% gnuplot
gnuplot> plot "temp.dat" w Ip

= 4= 44
HITHER
300 : . | _
"temp.dat” +++***#
V++\‘
"
>0 f*’ T S cat temp.sh
2 #!/bin/bash
— 200 A il
X +H*+
[ ;“‘+ .
2 150 o grep "“INFO" output/run.out | tail -n
© - o i :
& e +2 | awk '{print $3, $17}' >temp.dat
2 100 o i
s0 [I mf .
H‘ﬁ A
O H
0 20 40 60 80 100

time [ps]



Tutorial 1: ¥ #74E(4_equilibration/)
URF LEHEEREVVREICE T, AHELRALEROHEEFL, VAT A
ETWILS S (RS L TR FREELRTVT)

Tutorial_1/4 equilibration/
run.inp : GENESISA 774U
run.sh :fX1I0FD 3T HITIVRRHYTH

. +
output/: n‘|'%:?'f?:--¥_w —— (3)&RHFRIZrun.shZx
OO EZHLEFITL. BE- e <7L_~_‘é \
ANT7A IR IRLF—FEH T, FOH TS SITLTKI=SL
EHITZELTLNSEBIERET S
[OUTPUT]
dcdfile = run.dcd # DCD trajectory file
[ENERGY] [ENSEMBLE]
[CONSTRAINTS] ensemble =NPT  # [NVE,NVT.NPT]
[RESTRAINS (S5 EE750Y) ] tpcontrol = LANGEVIN # thermostat and barostat
[ENSEMBLE] temperature =300.0 # initial temperature (K)
CNEDNTA—REERBICARFTHELERELCLLDZERFES pressure =1.0  # target pressure (atm)

Fa—r)7ITIEREREOBRTIORTYTHRICLTOET A,

KR FEERVHEZITVLET

(RE-IRILF—DRERET T S FOBRALEWVEENRETH LD
BEELEY)




ATEGR O
B AEOELZHERLET
« GENESISEAT77AIMERATYIT TORIEZHEL . gnuplot T
AykLFET (S EITHER)

S sh vol.sh

S gnuplot
gnuplot> plot "vol.dat" w Ip

EXBECES

400000 T T T T T

T T T T
"volume.dat" —+—

S cat vol.sh
#!/bin/bash

395000 H
390000 | |

385000 |- | . grep "“INFO" output/run.out | tail -n
+2 | awk '{print $3, $17}' > vol.dat

380000

375000 lw;

volume [Angs”~3]

370000

T *

e [\ I\ A /%

A T A A\ xRk

L A N . € R

¥ Mi *‘*1-4.‘ ¥, +;+#; Faa Y
¥

365000 |- A e

360000

I 1 1 1 ! 1 1 L 1
0 10 20 30 40 50 60 70 80 90 100

time [ps]



Tutorial 1: X5+ &.(5_production/)
ERICT—2ZFW5-ODFHE

Tutorial_1/5_production/

run.inp : GENESISA 774l (3)&RFRIZrun.shZ
run.sh : fx1I0BDO3THITIYRRHY) TR ETL TS

output/ : ST EHER

FSOTHOM)EZTHLEFITOIZET, RIS
ANT7AILIRFE AWSHALHEXHETS

[outPuT] L —

dcdfile = run.dcd # DCD trajectory file

Fa—kr) 7L TIXEROBBRTIORTYTRICLTLET A,
HREEERVEHEZITVLET . (BEODEHDIPSER)




Tutorial 1:f##T(6_analysis/)

B kKOS

DR)DERR G ZITVET

e GENESISIX. o=tz VM) —2HEIZIGCTMIL, ERL

BRI 2MB DY —IILERELET

(f5)
./6_analysis:
1_RMSD

2 DIST

3 _RMSF

4 PCA

# RMSDODETHE
# IEBREDETE
# RMSFODETHE
# PCAfEM

GENESIS

eeeeee lized-ensemble simulation system

Tutorials

 Basic imulations

in advance.

dynamics simulations
olecular dyn: simulations
alysis tools

BLTERF AR EaaR
@ Cm SRR
52 AICS S

llllllll

will use various linux commands such

o SMEIE—HIELT, Mtrjana/rmsd_analysis 1YV —ILZRAWT, VAT LA
DM SCaRFDHIREHLZDRMSD(IR Z T F I E AL R ED E
EMhoENFZIFTI N0 RE)5ELET

./1_RMSD:
run.inp
run.sh

# GENESISDAADI7AIL
# INYFRI) Tk




BETDOANTFAIL

B Trajectory, selection, fitting CAEMT X REANBTEHRTELET

[INPUT]
reffile = ../../1_setup/ionize.pdb # PDB file

mdout_periodl =500
ana_periodl =500

# MD output period
# analysis period

trj_natom =0

# (0:uses reference PDB atom count)

[SELECTION]

/

CadD H#EIR

[OUTPUT] groupl = an:CA # selection group 1
rmsfile =run.rms # RMSD file

[FITTING]
[TRAJECTORY] fitting_method = TR+ROT # method
trifilel  =../../5_production/output/run.dcd # trajectory| fitting_atom =1 atom group
file mass_weight =YES #m
md_stepl  =500000 # number of MD steps

[OPTION]
check_only =NO
analysis_atom =1

# (YES/NO)
# atom group

repeatl =1
trj_format =DCD # (PDB/DCD
trj_type  =COOR # (COOR/COOR+BOX)

B #rifileZ RS

-weight is applied

EEREICNITEIE
REHEEITS
(TR+ROT: ilfi £ & [El &5

BIZIEEEIRE YES: RETE LAY

CEREHET D)

B runsh®NEEEARMZanalysis Y —)LERTTHHDTY

rmsd_analysis run.inp > run.out

‘tri_analysisZ AN E T, Bft-AE - —HAGEZHEIT S ELAIRE



GENESISD ST IV a—T425
* GENESIShY'EER T I 5

1. “contact_check” optionZYES, nstep=20T&st&
MDARTYZIZASRIDERE TREDFTVIEITLVET

04 [Z”too short di

stance”’ L E D A yvt—UNRRESNT=15

BlF BENTZTETI D THEREL - FEIEZITOTS

f=Ly

I B #[Zcontact_check#gEZ 1= & T-versionD 2 FHF E
2. ./configure --enable-debug=3Z AL\ THIV /ML
TILRD T LBGEZHEZELGEN O EEZITUVET

BL5I5Y 7 IR DM
HOEKEZEE

EE-RICIEITS—ZRLEI DT, I
I AHHEELTLIESLY

3. GENESISOForum|[Z#&faL TLF=&0Ly



Tutorial 2: 32 /N\JE DL 7)) H3ZHEMD

Tutorial_2/

GENESIS

= 2 - @ om
Generalized-ensemble simulation system L2 AICS

Home Download Installation

Search

Search
News
GENESIS 1.1.1 released!
Sep 7th, 2016

GENESIS 1.1.0 released!

Jul 20th, 2016

GENESIS 1.1.0 will be
released on Jul. 29, 2016!

Usage  Tulorials  Benchmark  Publications  Developers  Contactus  Forum

B RS E AR
FREBIDPHARTF —L

Fm

7UILIYLTILG

Tutorials

We show tutorials for basic and advanced MD simulations with GENESIS. Th)
useful for not only GENESIS beginners but also experts who want to know
functions. Before starting the tutorials, the users are recommended to get VMD 4
of which are free software, to visualize MD trajectories and plot data. GENESIS sH
in your computer with OpenMPI. Note that in the tutorial we will use various linux
as grep, cut, paste, tail, sed, tee, and awk, and also utilize a pipe (|) to combine t
you do not know their basic usage, learn them in advance.

* Basic molecular dynamics simulations

* Replica-exchange molecular dynamics simulations
« Advanced molecular dynamics simulations

« Trajectory analysis tools

L) AREMDETE |

2.2 Replica-exchange umbrella sampling

Umbrella sampling method has been widely used to calculate free energy profile. In this tutorial, we demonstrate a
replica-exchange umbrella sampling simulation (REUS) of the alanine tripeptide in water. We analyze the free

energy profile of the end-to-end distance of the peptide.

~10 [
= !
£ ‘ ¢ e
© Is e % |
ER & o et |
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g 4 | ¢ /
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©

b=

3

o

a
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o
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ok
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N
B

Distance (A)

http://www.aics.riken.jp/labs/cbrt/tutorial/remd-tutorials/tutorial-2-2/



L7 EAMD

Sugita and Okamoto, Chem. Phys. Lett., 314:141-151 (1999)
Sugita et al., J. Chem. Phys., 113:6042-6051 (2000)

AU I)LOal—(=LTFYH)
MD {T4)

ZEHERLRE. /NS
MD (T3)

Replica 4

TUoEOMBEREEZ . BE | recs
WFHHEBEERSE A &Y
)5

BEDIANZIVT THELTAH
0)¢%IE%1¢§E$%EH$(]U%*)@‘: Replica 1
RELNEZ R
MIIBEHDRRIZELY ., LY
DRWNY T %A HE
RBOALZIT LS TIRLDL
JV)AEMEBEERLGL:=O. &
HHIEHEICEWNTEEETER
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1. Simulation system M {ERK (1_setup/) 1 LR
AN AN—
2. iBEmiE ik &1k (2_minimize_pre-equil/) o TEISER QS (=&Y,
FOERLI=T—5%E
CHLIFLTIVATHGKERMDELTELEFY _J vF9

3. ZL T HDFEHE (3_equilibrate/)
BLITVA LDV AT LEHESE VIR (CEL S B F &L ) hD R HAL)

4. KX5TE (4_production/)
LT hRBEITS

5. #2477 (5_analysis/)
LA EITS



Tutorial 2: 1k (3_equilibrate/)

[INPUT]

topfile = ../1_setup/top_all36_prot.rtf  # topology file
parfile = ../1_setup/par_all36_prot.prm  # parameter file
strfile = ../1_setup/toppar_water_ions.str # stream file
psffile = ../1_setup/wbox.psf # protein structure file
pdbfile = ../1_setup/wbox.pdb # PDB file

rstfile = ../2_minimize_pre-equi/step2.4.rst # restart file

[OUTPUT]

logfile = step3_rep{}.log
dcdfile = step3_rep{}.dcd
rstfile = step3_rep{}.rst

# log file of each replica
# DCD trajectory file
# restart file

= 5000 # number of MD steps in REMD
= 0.002 # timestep (ps)
eneout_period = 500 # energy output period
crdout_period = 500 # coordinates output period
#rstout_period = 50000 # restart output period
rstout_period = 5000 # restart output period
stoptr_period = 500 # remove translational and rotational motions period
nbupdate nerind= 10 # nonbhand indate neriad

— BEYD)RI—RIT7AILHDRE—

rigid_| I‘ bgen

LIVAEICHAT7AIVEER

nsteps
timestep

[E
[REMD] nsen . o — g
dimension = l&—— bjoljjjﬁmMij:EEtg:/ay tpcon (X){}W[il/j IJh%mTR&%—GE
i = it
e ey eamr| PSS Vi
typel ST L7YHOEHHEE (e.g. step3_repl.dcd)
#nreplical =14 (R E LAY [BOUNDARY]
nreplical =8 type =PBC # Periodic boundary condition
cyclic_params1 =N
rest_functionl =1 3 ?ﬁ'c"?h,érestra i ntF;EI ;jlé&o) ?E- [SELECTION] .
—_ groupl =an:0Y and resno:1 # restraint group 1
[ENERGY] X group2 =an:HNT and resno:3 # restraint group 2
fTrcfﬁeltd ti ) CEICEEMM# |f‘E th|le|: (5 B ISE5E CFIH/—F 5 [RESTRAINTS]
electrostatic = article —gR 3
3 JIs \
switchdist  =10.0 # switch dist @ Ea{’%-cgl‘xlfl' i-d_) nfunctions =1
cutoffdist =12.0 # cutoff distance functionl =DIST
pairlistdist =13.5 # pair-list distance #constantl =1.212121212 12121212 12 12 1.2 1.2 1.2
vdw_force_switch = YES  # force switch option for van der Waals #referencel =1.802.72 3.644.565.48 6.407.328.249.16 10.08 11.00 11.92
pme_nspline =4 # order of B-spline in [PME] 12.84 13.76
pme_max_spacing =1.0  # max grid spacing constantl =1.212 121212121212
referencel =1.802.723.64 4.565.48 6.407.32 8.24

[DYNAMICS]
integrator
#nsteps

=LEAP  # [LEAP,VVER]
= 50000 # number of MD steps in REMD

select_index1 =12




Tutorial 2: A&EtH (4_production/)

[INPUT]

topfile = ../1_setup/top_all36_prot.rtf  # topology file
parfile = ../1_setup/par_all36_prot.prm # parameter file
strfile =../1_setup/toppar_water_ions.str # stream file
psffile = ../1_setup/wbox.psf # protein structure file
pdbfile = ../1_setup/wbox.pdb # PDB file

rstfile = ../3_equilibrate/step3_rep{}.rst # restart file

timestep
#eneout_period

#crdout_period

0.002 # timestep (ps)

50 # energy output period

50 # coordinates output period
eneout_period 500 # energy output period
crdout_period 500 # coordinates output period
#rstout_period =2000000 # restart output period
rstout_period =5000 # restart output period
nbupdate_period= 10 # nonbond update period

[OUTPUT]

logfile = step4_rep{}.log
dcdfile = step4_rep{}.dcd
rstfile = step4_rep{}.rst

# log file of each replica
# DCD trajectory file
# restart file

LTUHBED)AZ—rI7AILHBRA—K
LTUADEETHAT7AIVEER

remfile = step4_rep{}.rem # parameter index file [ENSEMBLE]

ensemble  =NVT # NVT ensemble
[REMD] pcontrol =LANGEVIN # Langevin thermostat
dimension =1<—— L TYAZHMDDIETE 7,3, |temperature =300.0 # target temperature (K)
exchange_period = 1000\ gamma_t =1.0 # thermostat friction (ps-1) in [LANGEVIN]
typel = RESTRAINT bjl}ﬁ@%%ﬁ}fﬁf;‘
#nreplical =14 JBOUNDARY]
nreplical =8 type =PBC # Periodic boundary condition
cyclic_paramsl =N
rest_functionl =1 X—': ;ﬁéhé restrai ntF';EI ;jléia) *EI'}:HE CTION] .

1 =an:0Y and resno:1 # restraint group 1

[ENERGY]

forcefield = CHARMM # CHARMM force field
electrostatic =PME  # Particle Mesh Ewald method
switchdist =10.0 # switch distance

cutoffdist =12.0 # cutoff distance

pairlistdist =13.5 # pair-list distance

vdw_force_switch = YES  # force switch option for van der Waals
pme_nspline =4 # order of B-spline in [PME]
pme_max_spacing =1.0  # max grid spacing

[DYNAMICS]
integrator =LEAP  # [LEAP,VVER]
#nsteps = 2000000 # number of MD steps in REMD

nsteps =5000 # number of MD steps in REMD

group2 = an:HNT and resno:3 # restraint group 2

[RESTRAINTS]

nfunctions =1

functionl =DIST

#constantl =121212121212121212 12 1.2 1.2 1.2 1.2
ttreferencel =1.802.72 3.644.565.486.407.32 8.249.16 10.08 11.00 11.92
12.84 13.76

onstantl =12 121212 1212 12 1.2

referencel =1.802.723.64 4.565.48 6.407.32 8.24

select_index1 =12




L7 AZEMDDELT

STENROSELUTDI7AMILAE AENTWNVSIET TT
remd_run[1-8].ded FBL TV HDdcdERDEZDIR)TF7A )L (binary)
remd_run.out  EERDTIONTIRTTFAIL
remd_run[1-8l.log &L TVHDIRILXT—T7AIL
remd_run[1-8].dcd : LT HIK#H HT7A )L (ascii)
remd_run[1-8].rst  : GENESIS'JRZ—KTJ 74 JL (binary)
remd_run[1-8].rem :LFTUAHIERI7AIL

ZLT)ANEDIEEE (INSA—A)EHELTLEDIEE A
NSO HN)DERITIZER !

LIUAREE D I7/L LIUAEBRI7AIL
REMD> Step: 13000 Dimension: 1 ExchangePattern: 2 O 1
Replica  ExchangeTrial AcceptanceRatio Before  After 1000 1
1 1> 0O N 0/ 0 1 1
2 3> 2A 2/ 7 3 2 2000 2
3 2> 3 7 2 3 - 3000 3
soresn T T A: 3 Y (Accepted)
6 4> 5R 3/ 71 4 R: R #15k B (Rejected) Step%k EERE (/N
7 5> a(® W A—RZ)D
8 8> 0O N 0/ 0 8 8 %%
Parameter : 1 2 3 6 7 4 5 8
RepIDtoParmiD: 1 2 3 6 7 4 5 8

ParmIDtoRepID: 1 2 3 6 7 4 5 8



Tutorial 2: #&4T (5_analysis/)

5_anaylsisTIEZWLW OO DEIFTDT-6HDHIMNHYET A, 5 BHI(Lremd_convertz
WT.ROEELTVHDR DT IRDLINTA—EZBBDR IO IR ) T7AILAE
L., A RO-RICWHAMEZRAWTCTEHERHIRIILF—EEZROET

1 _convert_dcd
2 sort_dcd

5 calc_dist
6_calc_wham

SEIFEEDOEBEICEY. FTOERL-T—2ZEL, BNZEHBALET,
HLLEFa—RITILDOAR—UFZELZEL

http://www.aics.riken.jp/labs/cbrt/tutorial/remd-tutorials/tutorial-2-2/



247 (5_analysis/)

1. Coordinate 77 JLMD Z R (1_convert_dcd) : crd_convert

[INPUT]

reffile =../../1_setup/wbox.pdb

psffile =../../1_setup/wbox.psf

[OUTPUT]

pdbfile = step4_repl.pdb

trifile = step4_repl.dcd

[TRAJECTORY]

#trifilel  =../../4_production/step4_repl.dcd
#md_stepl  =2000000 # number of MD steps
#mdout_periodl = 50 # MD output period
#ana_periodl = 50 # analysis period

trifilel  =../../4_production/saved_data/step4_repl.dcd
md_stepl  =40000 # number of MD steps
mdout_periodl = 500 # MD output period
ana_periodl = 500 # analysis period

repeatl =1

trj_format =DCD # (PDB/DCD)

trj_type = COOR+BOX # (COOR/COOR+BOX)

trji_natom =0 # (0:uses reference PDB atom count)

[SELECTION]

groupl =an:N or an:CA or an:Cor an:0

group2 = sid:PROA

[FITTING]

fitting_method = TR+ROT # method - L. B oo
fitting_atom =2 # atom group E*ﬂ_z wﬁttmg*ﬁ X
mass_weight =YES # mass-weight is applied tg:/a‘/

[OPTION]

check_only =NO # (YES/NO)

trjout_format = DCD # (PDB/DCD)

trjout_type = COOR+BOX # (COOR/COOR+BOX)

trjout_atom =2
pbc_correct =NO

# atom groupe—————— HAOZELHEFE

# (NO/MOLECULE)

RS

2. Coordinate 77 ALK /INTA—3EIZEEELIE Y (2_sort_dcd) : remd_convert

[INPUT]

reffile =../1_convert_dcd/step4_repl.pdb # PDB file

dcdfile =../1_convert_dcd/step4_rep{}.dcd # DCD file

#remfile =../../4_production/step4_rep{}.rem # REMD parameter ID file

remfile =../../4_production/saved_data/step4_rep{}.rem # REMD parameter ID

file SN
ded/rem2I7 74 ILHNWAE

[OUTPUT]

pdbfile = step4_par.pdb # PDB file

trjfile = step4_par{}.dcd # trajectory file

[SELECTION]

groupl =all # selection group 1

[FITTING]

fitting_method = NO # method

[OPTION] B ==
check_only = NO # (YES/NO) EEDILAZEREE
convert_type =PARAMETER # (REPLICA/PARAMETER)

convert_ids =
#dcd_md_period =50
dcd_md_period =500

# (empty = all)(example: 1 2 5-10)

# input dcdfile MD period

# input dcdfile MD period

trjout_format = DCD # (PDB/DCD)
trjout_type =COOR+BOX  # (COOR/COOR+BOX)
trjout_atom =1

pbc_correct =NO # (NO/MOLECULE)



fZHT (5_analysis/)

5. DistanceM &t & (5_calc_dist) : trj_analysis

[INPUT] ana_periodl = 500 # analysis period
reffile =../../2_sort_dcd/step4_par.pdb # PDB file repeatl =1
trj_format =DCD # (PDB/DCD)
[OUTPUT] trj_type = COOR+BOX # (COOR/COOR+BOX)
disfile = parameterl.dis # distance file trj_natom =0 # (O:uses reference PDB atom count)
[TRAJECTORY] [OPTION]
trifilel =../../2_sort_dcd/step4_parl.dcd # trajectory file check_only =NO
#md_stepl =2000000 # number of MD steps distancel =PROA:1:ALA:OY PROA:3:ALA:HNT
#mdout_periodl = 50 # MD output period
#ana_periodl = 50 # analysis period

md_stepl =40000 # number of MD steps
mdout_periodl = 500 # MD output period

TNENDNTGA—Z2EIZHEZFTS
6. BHIRILF—NDETE (6 _calc_wham) : wham_analysis

[INPUT] grids1 =0.08.0 201
cvfile =../5_calc_dist/parameter/parameter{}.dis

[RESTRAINTS]
[OUTPUT] functionl =DIST
pmffile  =output.pmf # potential of mean force file #constantl =12 1.2 12 1212 1212 %

# 12 121212121212
[WHAM] #referencel = 1.802.723.64 4.565.486.407.32 ¥
dimension =1 # 8.24 9.16 10.08 11.00 11.92 12.84 13.76
nblocks =1 select_index1 =12
temperature =300.0 constantl =1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
rest_functionl1=1 referencel = 1.802.723.64 4.565.48 6.407.32 8.24
tolerance = 1E-08 is_periodicl = NO

#gridsl =0.015.0301



Appendix



GENESISD |& F * 1 F1E IR "selection”

Table. Available keywords and operators in group.

expression meaning example other available expression
an:name atom name an:CA atomname, atom_name
ai:number[-[number]] atom index ! ai:1-5 atomindex, atomidx
atno:number[-[number]] | atom number | | atno:6 atomno

rnam:name residue name rmam:GLY residuename, resname
rno:number[-[number]] | residue number | rno:1-5 residueno, resno
mname:name molecule name | mname:molA | moleculename, molname
segid:ID segment index segid:PROA | segmentid, sid

hydrogen hydrogen atoms hydrogenatom

heavy heavy atoms heavyatom

all all atoms *

and conjunction &

or logical add I

not negation !

0 assemble

(GENESIS User Guide 1.1.0)




