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Introduction

e Overview of IMProv for IMP and PMI.

e Getting Started with the sample project ( PRC2 ) on github.

e Prepare IMP Topology and Config files using MassSpecStudio.
e Deployment of the IMProv project on AWS, Cedar or PC.
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Overview

e Create a new Integrative modeling project
= Add Proteins.

Add Protein Topology

Add Link Data

HX-XL Classification

Configure IMP

e Amendments
= Adjustments to existing IMP project.

e Deployment of the Project
= Perform a modeling run.

O

a

O

a



Create a new Integrative modeling project

e Familiarize yourself with the IMProv wizard steps.

e The goal here is to produce the Topology and Configlmp.yaml files.

e Pull together the various raw data files needed for the modeling run.
e Obtain the python driver script that reads the Configlmp.yaml file

e Understand the folder structure of the export bundle and where the
files reside.



Bl New Project - O X
TN

oJ1.] HX-DEAL Deuterium Exchange Analysis) Integrative Modelling
” Platform description - TODO:

“ HX-PIPE (Peptide Identification and Peptide Extractor)
HX statistical analysis (legacy)

CRIMP (Crosslink Identification)

-+ &

o
0
CLEAN (Covalent Label Estimation and Normalization) '6‘
o_» E IMProv ( Integrative Modeling Platform )
;.!('? Data Explorer ;
®, HADDOCK (Protein Docking) é’
L] iMPort (integrative Modeling Platform)
Name: IMPort Projectl
Location: CAdevimss_debug\ "

[ ok || cancel




B8 New IMPort Project - O X
L |
Add Proteins
To add reference sequences, drag/drop FASTA or PDE files, or use the acticn buttons Wiza rd Ste pS
Mame Sequence File Path Topalogy | Mew | .
— e Add Proteins.
| Select FASTA(s) | ®
| Select PDB(s) | .
| Fetch PDB(s) |
| Remove | ¢
o

Merge polymers - appearing as separate chains in a PDB file - into one representative
monomeric protein.

Mext




B8 New IMPort Project — O X
. — ]
Add Proteins
To add reference sequences, drag/drop FASTA or PDE files, or use the acticn buttons
Mame Sequence File Path Topology | Mew |
sp|P52732] | Edit |
EG5_HUMAN
Kinesin-like | Select FASTA(s) |
protein EG3 Catmp\mss_proj
v 05=I-.Ic-mu Hover ta view \eg5. hx orig.fasta | Browse | |Manage| | Select PDE(s) |
sapiens
OX=9606 | Fetch PDB(s) |
GMN=EG5 PE=1
SV=2 | Remove |

Merge polymers - appearing as separate chains in a PDB file - into one representative
monomeric protein.

Mext

Wizard Steps
e Add Proteins.



Bl rew IMPort Project — O X
Add Proteins
Wizard Steps
Bl Topology — O x
|
Protein Mame:  sp|P532732|EG5_HUMAN Kinesin-like protein EGS 05=Homeo sapiens OX=2606 Gl 1

Sequence:  Hover o view * Add Protein Topology

PDE File PDE Offset Chain Rigid Bedy ID Seq. Range Bead Size  EM Residue/Gaussian | Add | P
0 0 1-385 10 10 | Edit |
{
| Remowve |
| Select PDB(s) | °
| Fetch PDB(s) |
{ >

Cancel | | oK |

[ MNea |




Mew IMPort Project - O >
= j
Add Proteins
Wizard Steps
B Topology B8 Add Topology — O x O et P

Protein Name: PDE File: Browse., {

Sequence: PDB Offset: 0 [ ) Add Protein TOpOlOgy
. PDBFile | ChainID: Add °

Rigid Body: 0 Edit |
B o
move

Sequence Start: 1

Select PDB(s) )
Sequence End: 385

Fetch PDEB(s)
Bead Size: 10

EM Residues per Gaussian: 10

Colon - Black b

Cancel | | oK | oK |

[ MNea |




B8 New IMPort Project — O X
. — ]
Link Data
o Wizard Steps
Cross-Linking: Mame Distance Add
o
[
Hydrogen Exchange: Mame Add o
e Add Link Data
]
. o
Covalent Labeling: Narme Add
Electron Microscopy: Mame Add
Back Mext




B8 New IMPort Project — O X
|
Link Data
o Wizard Steps
Cross-Linking: MName Distance Add
Chtmpimss_proj\heod_histoslider_data 10 °

WBSA xlinks_d.cav

Hydrogen Exchange: MName Add ® Add Li n k Data

Chtmphmss_proj\heed_histoslider_data‘\datahhx
\EG5_hx_sample.csv

Covalent Labeling: Narme Add

Electron Microscopy: Mame Add

Back ||  Next




B8 New IMPort Project

Set HX-XL Classifier Bounds

— O ®
N=251
® Flexible - 3
@ Intermediate - 224
@ Rigid - 24
| 75E

Wizard Steps
[
(]

HX-XL Classification



B8 New IMPort Project — O X

|
Configure IMP

Wizard Steps

Rigid Body Assignment | Increment by Topology Seurce File (PDB) M |
Super Rigid Body Assignment | Increment by Protein Scurce File (FASTA/PDE) M | 1
States: |1 | ®
Sampling Frames: 1100 | °
Replicates: |1 |

{
Cores: | 1a |

e Configure IMP

Back | | Export |




IMProv Data File and Script Bundle - Export

e Generate the IMProv Export Bundle.
e Navigate the folders.
e Review the Topology and Configimp.yaml files.

IMPort Bundle successfully exported to
Cihdeviymss_debughIMPort Projectd3hecdIMPort
Experiment\Results




Root main content .
Folder Hierarchy

data

e ¢l =>crosslink

* em => electron density maps

“ e fasta => protein amino acid sequence
e x| =>cross linking

e xtal => xray-crystallography
D)

imp_model
- config and driver scripts

* hx=>hydrogen exchange
* topo =>topology file

Configlmp.yaml
Imp_job_run.py




Completion of IMProv wizard steps

e Review output generated.
e Prepare output for deployment.



Amendments

 Modifying the Topology and Configimp.yaml is an iterative process.
e Re-open an existing IMProv project and make the edits you require.

* In the final step you can perform the export again to capture the
updates.



IMProv export bundle

e Review Topology.txt and Configimp.yaml|
e Review python driver scripts



Solution Explorer - Folder View * 0
WE-l-¢cam| -
Search Solution Explorer - Folder View (Ctrl+;) P~

F |

imp_model (ChUsers\troy.pells\Documentsh GitHub\im

[ [

[ T "

Fl D m m i

|- I - EI - I - I - - IR - I - - I - N - FIN - I - I - I - I - IS - FINS - I - EI - FI - R - I - E - FI - F I - EE - I - ]

array_job.sh
aws_config_mpi_awsbatch. bt
aws_mpi_setup_readme.txt
aws_mss_prep_stepl.sh
aws_mss_prep_stepd.sh
aws_mss_prep_step3.sh
aws_run_onenode.sh
aws_submit_mpi.sh
Configlmp.yaml
ConfiglmpHx.yaml
create_grmm.py
imp_job_run.py

mjob_run.sh
mjob_run_cedar.sh

pararm.sh
prep_hyperp_imp_hx_v2_12_0ux.py
prep_hyperp_imp_v2.py
prep_hyperp_imp_v2_11_Tux.py
prep_hyperp_imp_v2_12_Oux.py
prep_hyperp_imp_vaux.py
readme_setup_aws.txt
readme_setup_cedar. bt
run_imp.slurm

run_py.bat
uoc_mss_prep_stepl.sh
uoc_mss_prep_steplb.sh
uoc_mss_prep_stepd.sh
uoc_mss_prep_step3.sh

Configlmp.yaml and driver scripts

* Sample PRC2 project contains the Configlmp.yaml and
driver scripts

* We also find setup scripts for Cedar and AWS. These
are discussed later, when we cover the deployment
steps.



Configlmp.yam|

2 61 x1_dbA:
= :
Configlmp.yaml 62 [El- refid: PRC2_DSS_unprotected.csv

5 | title: PRC2 with HX and EM 63 ' set_proteini_key: Protein 1
2  date: 2619-87-10T12:16:31.1913934-06:00 64 | GnER preteins kg Erote B
4 65 | set_site_pairs_key: Selected Sites
3 cores: 2 66 |, set unique id key: Peptide ID
4  replicates: 1 67 B- refid: PRC2_DSS_standard.csv
c states: 1 68 ' set_proteinl_key: Protein 1
. A 69 : set_protein2_key: Protein 2
6 53mpllﬂg_'Ff‘3mE: 28 78 ! set_site_pairs_key: Selected Sites
7 Qutput_dir: _ij_mp_quel 71 _: set_unique_id key: Peptide ID
- = 72 H- refid: PRC2_D5SS5_protected.csv
8 data_dlr*e-:For'y. <! 73 |1 set_proteinl_key: Protein 1
9 topology file: Topology.txt 74 || set_protein2_key: Protein 2
18 target gmm file: gmm file ouput.txt 75 . set_site pairs_key: Selected Sites
]_T kdE - - 76 || set_unique_id key: Peptide ID
1 LRSS kT B 77 E- refid: PRC2_BS3_standard.csv
12 - refid: PRC2_D5SS_unprotected.csv 78 || set_proteinl key: Protein 1
13 - refid: PRC2 D55 standard.csv el e
g = = 28 ! set_site_pairs_key: Selected Sites
14 - pefid: PRC2_DSS_protected.cswv 81 || set_unique_id key: Peptide ID
15 - refid: PRCE_BSE_standar‘d.csu 82 [- refid: PRC2_BS3_unprotected.csv
= . 83 ' set_proteinl_key: Protein 1
16 - refr:d. PRC2 BS3 unprotected.csv 84 || set protein2 key: Protein 2
7 - refid: PRC2_BS3 protected.cswv 85 |! set_site pairs_key: Selected Sites
18 xl_gr‘cruph: 86 | set_unique_id key: Peptide ID
S z 87 E- refid: PRC2_B53_protected.csv
19 |_—_|E— refid: PRCZ D55 unprotected.csv 88 || set_proteini_key: Protein 1
28 . length: 21.8 89 || set_protein2 key: Protein 2
21 ' slope: 6.61 gp || set site pairs key: Selected Sites
: PE: it a1 : set_unique_id_key: Peptide ID
22 i resolution: 1.8 92 Hdegree_of_freedom:
23 | label: PRC2_DS5 unprotected 93 || max_rb_trans: 4.
i : = = 94 | max_rb_rot: 8.3
24 E w91ght. 1.8 a5 imax_bead_tr‘ans: 4.8
25 i crosslink distance: 28.@ 96 |! max_srb_trans: 4.@
26 E- refid: PRC2_DSS_standard.csv S| et




imp_job_run.py and mjob_run.sh scripts

[ R R I N

B S
NO N R W N RS

21

run_imp.slurm

F!/usr/hin/python}

import os, subprocess, platform, argparse

# default paths to anaconda and data roots
ANACONDA_DIR = os.path.join("C:\\", "Apps", "Anaconda3") if platform.system() == "Windows" else os.path.join("~", "anaconda3")
DEFAULT_COUNT, DEFAULT_NAME, DEFAULT_CONFIG = 1, "DemoImpModel”, "ConfigImp.yaml"

# parse args for path replacements & args for the job start command execution

parser = argparse.ArgumentParser()

parser.add_argument(”--anaconda_dir", type=str, help="path to the root directory of your Anaconda installation™)
parser.add_argument(”--count”, type=int, help="count variable for IMP")

parser.add argument(”--name", type=str, help="Hame of job")

parser.add_argument(”--config”, type=str, help="config file name (within imp_model directory)")
parser.add_argument(”--output_file", type=str, help="file to redirect imp script execution into, rather than stdout")
args = parser.parse_args()

f args.anaconda_dir is not None:
|| ANACONDA_DIR = args.anaconda_dir

outfile = args.output_file if args.output_file is not None else "prep_hyperp_imp_v2_trace.txt"
Fwith open(outfile, 'w') as f:

subprocess.run(

"{@} prep_hyperp_imp v2.py --count={1} --name={2} --config={3}".format(

os.path. join(ANACONDA_DIR, "python.exe"),

args.count if args.count is not None else DEFAULT_COUNT,

args.name  if args.name is not None else DEFAULT_NAME,

args.config if args.config is not None else DEFAULT_CONFIG,

stdout=F,
stderr=(subprocess.STDOUT)

mjob_runsh £ >

[t !/bin/bash -x

# usage: mjob_run.sh &

# first param is the replicate number
num_repl=%1

repl_name=imp_model 31

echo "replicates number:"$repl name
#set defaults for cores and replicates
export cores="16"

#ed ../

#cp -R imp_model imp_model 2

#cp -R imp_model imp_model 3

#sed -e "s/i[":N\S]/="/g;s/%/"/g;s/ *=/=/g" ConfigImp.yaml > param.sh

cat ConfigImp.yaml | grep -e cores | sed -e 's/:[*:\/\/1/="/g;s/3/"/g;s/ *=/=/g' | sed -e 's/ //g" | sed -e 's/*/export /g' > para

chmod 755 param.sh

#source the env vars from param.sh as these are exported
. param.sh

echo "cores:"%cores

# construct slurm file

cat << EOF > param_prep.slurm

#!/bin/bash

# example slurm job script setup to run on for example UoC ARC
#SBATCH --job-name=SLURM_imp

#SBATCH --nodes=1

#SBATCH --ntasks-per-node=3cores

#SBATCH --cpus-per-task=1

#5SBATCH --mem=32G

#SBATCH --time=00:38:00

#SBATCH --partition=cpu2@l9

# mpiexec python prep_hyperp_imp_w2ux.py --count=1 --name=DemoImptodel --config=ConfigImp.yaml
srun python prep_hyperp_imp_v2ux.py --count=1 --name=DemoImptodel --config=ConfigImp.yaml

echo "Job Finished"

EOF

# nix line ending and not wnd

sed -e "s/\r//" param_prep.slurm > run_imp.slurm
#clean up intermedate files

rm -rf param_prep.slurm

rm -rf param.sh

# from imp_model folder we clone the driver scripts
cd ..f

cp -R imp_model $repl_name

cd $repl name

#sbatch run_imp.slurm

#squeue -u john.smith



prep_hyperp_imp_vZ.py
load_yaml_configiconfig_file)
load_config{config_file, title )
seed(config, title)

mkdir(adddirname)
model_pipeline(project)

_init__(=elf, infilg)

get_xldblkec(self)

parse_infile(self)

get_database(self)
prep_hyperparamicount, name, config)

prep_hyperp_impv2py © X

prep hyperp imp v2.py script content

DESH

REQU

ORGAI

R

FILE: prep_hyperp_imp_v2.py

USAGE: C:\apps\Anaconda3\python.exe prep_hyperp_imp_v2.py --count=1 --name=DemoImpModel --config="ConfigImp.yaml”

CRIPTION: IMP (integrative modeling platform) driver script configured with ConfigImp.yaml
Python Modeling Interface (PMI) ; https:

OPTIONS: ---
TREMENTS:
BUGS:

NOTES: ---
AUTHOR: MassSpecStudio Develoment Team,

NIZATION:

VERSION: 2.8

CREATED: ©6/16/2019 12:00:00

REVISION: ---

integrativemedeling.org,

import
import
import
import

import
import
import
import
import

import
import
import
import
import
import
import
import
import
import

import
import

s#impor
import
import
import
s#impor
#impor
s#impor
#impor

from IMP.pmi.restraints.crosslinking import CrossLinkingMassSpectrometryRestraint as XLRestraint

optparse
logging
tine
yaml

IMP

IMP.core
IMP.algebra
IMP.atom

IMP. container

IMP.pmi.restraints.crosslinking
IMP.pmi.restraints.stereochemistry
IMP.pmi.restraints.em
IMP.pmi.restraints.basic
IMP.pmi.representation
IMP.pmi.tools

IMP.pmi. samplers

IMP. pmi.output

IMP.pmi.macros

IMP. pmi.topology

os
sys

t IMP
IMP.pmi

IMP.pmi.io

IMP.pmi.io.crosslink

t IMP.pmi.topology

t IMP.pmi.macros

t IMP.pmi.restraints.stereochemistry
t IMP.pmi.restraints.em

> prep_hyperp_imp_v2_trace.txt 2>&1



load config

prep_hyperp_imp_vZ.py
----- w load_yaml_config(config_file)
----- ‘9 load_config{config_file, title )
..... ‘& seed(config, title)
..... ‘g mkdir{adddirname)
----- ‘w model_pipeline(project]
..... ‘i _init__(self, infile)
..... i get_xldblkc(self)
..... 4y parse_infile(self)
..... ‘p get_database(self)

----- ‘g prep_hyperparamicount, name, config)

Jdef load config(comfig file,
- title ):

logging.info('config filen zs1!
$obj = yaml_safe_load{config_file)
cfg = load _yaml_configiconfig_£ile)

for section in cfg:

% config_file)

logging.info(section + ' %s!' & cfglsection])

if section = "x1 grouph":
2
for i in cfglsection]:
logging.info (i}
for k, v in i.items():
logging.info(k +':

if section = "x1 dbA":
2
for i in cfglsection]:
logging.info (i}
for k, v in i.items{}:
logging.info(k +':

if section = "crosslinkdb":
2
for i in cfglsection]:
logging.info (i)
for k, v in i.items(}:
logging.info(k +':

if section = "
#logging. info{
for i in cfglsection]:

logging.info(i +': %s!'

#print (cfg( topology_file'])
gprint(cfgl title’])

CEIREE )

CETREE S )

CEIREE )

* %517 % cfglsection])

% cfglsection] [i1)

logging.info{'given topology file &s!' % cfgl'topology file'l}
logging.info('given title %s!' & cfgl'title’]}

# perform pipeline setup
model_pipeline(cfg)

Jdef seed(config, title):



Monte-Carlo Sampling

prep_hyperp_imp_vZ.py

w load_yaml_config(config_file)
load_config{config_file, title )
seed(config, title)

mkdir(adddirname)
model_pipeline(project)

_init__(=elf, infilg)

get_xldblkec(self)

parse_infile(self)

get_database(self)
prep_hyperparamicount, name, config)

S S S P e
# Monte-Carlo Sampling

e YA S
P

# Set MC Sampling Paramesters

O e e s

#num frames = 20000

num frames = 50

$if '--test' in sys.argv: num frames=100
num me_steps = 10

ts!' % project[’states
g frame 3s!' % projectl
mes &s!' % num frames)

logging.info('s=t
logging.info('set
logging.info{'set r

%s1' % project["cutp
s %= % num mc steps)

logging.info('s=t
logging.info('set r

#TODO: add config
logging.info('s=t
logging.info('s=t
logging.info('set
logging.info('s=t
logging.info('s=t
logging.info('set
logging.info (' s=t
logging.info('sst
logging.info('set

logging.info( s=t
logging.info('set

logging.info('s=t

mlated annealing ma

eplica_exchange_:

% num_frames)
tsl' & project["cutpuc_diz"])

# https://integrativemcdeling.oxrg/2.10.1/doc/ref/cl IMP 1 lpmi 1 lmacros 1 1 pli E. htmlga2 4009cc04cT7023€7230479£9£75744
# This object defines all components to be sampled as well as the sampling protocol
mel=IMP.pmi macros.ReplicaExchanged (mdl,

root_hier=root_hier,

monte_carlo_sample_objects=dof.get_movers (),

cutput_objects=outputobjects,

crosslink restraints=xl_rests, # allows XLs to be drawn in the BMF files

monte_carlo_temperature=l.d,
simulated_annealing=True,
simulated_annealing_minimum temperature=l.0,
simulated annealing maximum temperature=2.5,
simulated_annealing_minimum_temperature_nframes

simulated_annealing_: L 1
replica_ _minimm - .0,
replica exchange maximum temperature=2.5
nurber of best_scoring models=i,
monte_carlo_steps=num mc_steps, tkeep at 10
nurber_of_frames=num frames,

global output directory=project[”cut
test_mode=False}

# start sampling



ReplicaExchange

$TODD: add config setup for these fixed values
logging.info('s

=t monte
logging.info('set si:
et

rlo temperature=1.0'}
milated_anneali rue')

"

logging.info({'s
logging.info('s

imulated_snnea

logging.info('s
logging info('s

ilated_annealing minim
nealing_:

1lated_
logging.info('s
logging. info('s

a exchange minimum

a_exchange_m
logging.info('s
logging info('s

ing models=0'}
%51’ & num mc_steps)
logging.info('s %s!' & num frames)

prep_hyperp_imp_vZ.py logging info( = put_directory ss!’ & projectl’
load_yaml_configiconfig_file)

_dir1)

load_config{config_file, title )

§ https://integrativemcdeling.org/2.10.1/doc/ref/classIMP 1 lpmi 1 lmacros_l_lReplicaExchangel.html$al35c4009cc04c70236730473E5E75744

SEEdl:Cﬂﬂﬁg, tit|E:] # Thiz cbject defines all components to be sampled as well as the sampling protoecol
: - mel=IMP.pmi.macros.ReplicaZxchangel (mdl,
mkdir(adddirname) root_hier=root_hier,
A 2 monte_carlo_sample_objects=dof.get_movers (),
mﬂ.de|_p|pe||ne|:prgject:| output_cbjects=outputcbjects,
crosslink_restraints=xl_rests, £ allows ¥Ls to be drawn in the RMF files
init Ese”ﬂ |r|f||E:] monte_carlo_temperature=l.0,
simulated_snnesling=True,
gEt xldbkcl{selﬂ simulated_znnealing minimum temperature=l.0,
o simulated annealing maximum temperature=2.5,
parse infil El:SEl'F] simulated annealing minimum temperature_nframes=200,
s simulated_snnesling mawimum_temperature_nframes=20,
get database(self) replica_sxchange_minimum_temperature=l.(,
= replica_exchange_mawimum_temperature=2.3,
prep_hyperparamicount, name, config) fiumber of bect, Storing medele O,

monte_carlo_steps=num mc_steps, fkeep at 10
number_of_frames=num frames,
global_cutput_directory=project["outpuc_diz"],
test_mode=False)

¢ start sampling
mcl.execute_macro ()

#logging.info ("GEMI™, gemt.evaluate());
{"XL1", x1l.evaluate{), xl2_evaluate{));

$logging.inf
for i in range(len(xlList) ):
logging.info{xllist[i] .evaluate(})
logging.info ev.evaluate());
logging.info or.evaluate ()} 7




topology.txt data

dictionary

empty field

molecule _name

EZH2

m

ED

color

black

black

fasta_fn

prc2_pentamer.fasta

pre2_pentamer.fos

fasta_id

EZH2

EED

pdb_fn

Shyn ABC.pdb

Shyn ABC.pdb

chain

A

E

residue_range

LEND

LEND

pdb_offset

bead size

10 10

em_residues

10 10

rigid_body

super _rigid body

chain_of super rigid bodies

flags

EZHZ
EED

suzz
sunz
RBBPS
AEBPZ
AEBP2
AEBP2
AFRRZ
AFRR2

amgty_field molecula_nama color fasta_fn

+] E

black pec2_pentamerfasts EZHZ
black pec2_pentamer.fasts EED

black pre2_pentamer.fasta SUZ12
black pre2_pentamen.fasta SUZLZ
black pred_pentamer. fasts RODPS
black prcd_pentamer.fasta AZBP2
black prel pentamer.fasta ALEP2
black pre_pentamerfasta AP
black prc2_pentamer.fasta AERPI
black pred_pentamer.fasta AES2

fasta_id pdb_fn

Shyn_ABC.pdb

Shyn_ABC.pdb

REEALthresded2ybs SUZ12-fragment.pdl
Shyn_ABC.pdb
RBBP4-thresded2yb_SUZ12-fragment.pdb
ATDPI HMM_A_69-79.pdb
ATOPZ_HMM_A_L07-117.5408

ALDPZ MMM _A_136-146.pdb
AFRDI_HMM_A_166-175.pdb
AEBDI_HMM_A_329-243 padb

chain residus_range pdb_offset bead_size em_residuas rigid_body super_rigid_body chain_of_super_rigid_bodies flags

EPEREEREAOESD R

LEND
LEND
1,560
SHLEND
LEND
1m
80,117
118,146
147,175
176,END

ODooooNaN

10
n
1w
0
10
10
1o
10
10
10

&

10
1w
0
0
10
10
w0
w
0
10

L

1
1
2
1
2
3
a
5
3
ki

]

N

o



data folder content

Fl

Search Solution Exp

r - Folder View (Ctri+

data (C:\Users\troy. pells\Documents\ GitHub\imp_msst

data
em
@[] Cifern_CEM_PRC2.map.mrc
a[E gmm_file_ouput.txt
fasta
&[] prc2_pentamerfasta
hix
B HX_PRC2.cov
topo
+[ ~STopology.xlex
+ [ Topelogy.tab
B Topology.xt
+[ Topology.xlsx
xl
« [ PRC2_BS3_protected.csv
1 H PRC2_BS53_standard.csw
F ﬂ PRCZ_BS3_unprotected.csw
&[] PRC2_DSS_protected.csv
&[] PRC2_DSS_standard.csv
F ﬂ PRC2 D55 unprotected.csv
®l_w2
xtal
gl Shyn_ABC.pdb
ag AEBP2 HMM_A_107-117.pdb
agl AEBPZ_HMM_A_136-146.pdb
gl AEBP2_HMM_A_166-175.pdb
ag7 AEBP2_ HMM_A_229-243.pdb
fgs AEBPZ HMM_A_69-79.pdb
gy RBBP4-threaded2ybd_SUZ12-fragment.pdb

Fo

sv gmm_file_ouput.xt pre2_pentamer fasta i Topologyixt + X%

fmpty_field|molecule_name|color|fasta_fn|fasta_id|pdb_fn|chain|residue_range |pdb_offset|bead_size|em_residues|rigid_bedy|super_rigid_body|chain_of_super_rigid_bodies|flags
|EzH2 |black|prec2_pentamer.fasta|EzH2|Shyn_ABC.pdb|A|1,END|@|10|18|1[1]|

| EED| black|prc2_pentamer. fasta|EED|Shyn ABC.pdb|B|1,END|2|16]|18[1 (1] |
|sUz12|black|pre2_pentamer.fasta|SUZ12|RBEP4-threaded2yb8_SUZ12-fragment.pdb|B|1,56@|@|18]18]2|1]|
|suz12|black|prc2_pentamer.fasta|SUZ12|Shyn_ABC.pdb|C|561,END|1|1@|1e|1|1]]

|RBBP4 |black|prc2_pentamer.fasta|RBBP4|RBBPA-threaded2yb8_SUZ12-fragment.pdb|A|1,END|@|18]18]2]1]|
|AEBPZ |black|prc2_pentamer.fasta| AEBP2 |AEBP2_HMM_A_69-79.pdb|A|1,79|e|10]|1@|3|2] |

| AEBP2|black|prc2_pentamer.fasta| AEBP2|AEBP2_HMM_A_167-117.pdb|4|56,117|6[18|10]4]2] |
|AEBPZ2|black|prc2_pentamer.fasta| AEBP2|AEBP2_HMM_A_136-146.pdb|A|118,146|8|1a|18(5|2]|

| AEBPZ |black|prc2_pentamer.fasta|AEBP2 |AEBP2_HMM_A_166-175.pdb|A|147,175|8|18|18|6|2||
|AEBPZ|black|prc2_pentamer.fasta| AEBP2 | AEBP2_HMM_A_229-243.pdb|A|176,END|0|12|18|7|2||



Add Proteins

' §f Amend Inputs
and
Configuration

Protein

Topology IMProv Iifecycle

(w * Prepare Export bundle using MassSpecStudio wizard
= steps

§

* Prepare Deployment
*  Run Modeling job

Link Data
: e Review

HX-XL

Run Model :
Processing



Example 2: IMProv PRC2

e Present another IMProv project

Solution Explorer - Folder View
CORE-SCaBm| -
Search Solution Explorer - Folder View (Ctri+ P -

4 data (C:\Users\troy. pells\Documents\GitHub\imp_mssty
P data

em
a[) Ciferri_CEM_PRC2.map.mrc
[ gmm_file_ouput.txt

- fasta

a[) prc2_pentamer.fasta
4 hx

] HX_PRCZ.csv
4 topo

+[ ~STopology.xlex
+[) Topology.tab
i@ Topology.txt
+[ Topology.xlsx

xl
+ [ PRC2_BS3_protected.csv
F ﬂ PRC2_BS3_standard.csv
& ﬂ PRC2_BS3_unprotected.csv
a[] PRC2_D5SS_protected.csv
[ PRC2_DSS_standard.csv
ﬂ PRC2Z_D55_unprotected.csv

ag) Shyn_ABC.pdb

ag) AEBP2 HMM_A_107-117.pdb

ag AEBP2Z_HMM_A_136-146.pdb

ag) AEBP2_HMM_A_166-175,pdb

ag) AEBP2_ HMM_A_229-243.pdb

dg) AEBP2 HMM_A 89-T9.pdb

gy REBP4-threaded2yb8_SUZ12-fragment.pdb




B8 Mew IMP Project - m| e

Add Proteins
To add reference sequences, drag/drop FASTA or PDEB files, or use the action buttons Wizard Ste PS
Mame Sequence File Path Tepolegy | Mew | .
o
C\Users\MS Studio | Edit | Ad d P rOte I n S °
v EZH2 Hover to view  ‘\Documnents\FASTAS\PRC2 | Browse | | Manage |
pentamer (short name).fasta | Select FASTA(s) | ®
C:HUsersRMS Studio | SE'ECt PDE{S} |
'/ EED Haver to view  \Documents\FASTAsS\PRC2 | Browse | | Manage | Y
pentamer (short name).fasta | Fetch PDE(s) |
Chlsers\MS Studio ([ J
Re
\,/ SUZ12 Haver to view  \Documents\FASTAs\PRC2 | Browse | | IManage | | move |
pentamer (short name).fasta
o

ChUsersiyM5S Studio
\,/ REBP4 Hover to view \Documents\FASTAs\PRC2 | Browse | | IManage |
pentamer {(short name).fasta

ChlUsersih5 Studio
\,/ AEBF2 Haver to view  \Documents\FASTAs\PRC2 | Browse | | Manage |
pentamer (short name).fasta

Merge polymers - appearing as separate chains in a PDE file - into one representative
monomeric protein.

Mext




n Topology — O x
Protein Name:  EZH2
Sequence: Hover fo view
PDEB File PDB Offset Chain Rigid Body ID Seq. Range Bead Size EM Residue/Gaussian Add
3:’"-’!‘3("" 5 A 0 5-250 10 10
Select PDB(s)
Fetch PDB(s)
< >
Cancal | | oK

n Add Topology

PDB File;
PDB Offset:
Chain ID:
Rigid Body:
Sequence Start:
Sequence End:
Bead Size:
EM Residues per Gaussian:

Color:

| 2yb8.pdb

|?

|B

|0

|3oo

|745

E

|10

Il 1iediumBlue H

Cancel

-

Wizard Steps

* Add Protein Topology



Bl Mew IMP Project

Link Data

Cross-Linking:

Hydrogen Exchange:

Cavalent Labling:

Electren Microscopy:

Name Distance
Cih\Users\M5 Studic\Documents\IMSS IMPVPRC2 Demaot\XL IMP Export\IMP Demo_BS3.csv 10.0
ChUsers\M5 Studic\Docurments\IMSS IMPVPRCZ Demot\XL IMP Export\IMP Demo_DS5.csv 10.0

MName

Ch\Users\M5 Studic\Documents\IMSS IMPVPRCZ Demot\XL IMP Export\HX_data.csv.csv

MName

Add

MName

ChlUsers\M5 StudichDocuments\IMSS IMPYWPRCZ Demat\XL IMP Export\Cifern_PRC2.50.gmm.txt

Add

Wizard Steps

Add Link Data



Bl Mew IMP Project
Configure IMP

Rigid Body Assignment

Super Rigid Body Assignment | Increment by Protein Source File (FASTA/PDE)

States:

Sampling Frames:

Export Directony:

- x
| Increment by Topalogy Source File (PDB) M |
i |
(10000 |
ChUsers\M5 Studio\Documents\Mass Spec Studic Projectsiintegrative Modelling Platform Project\Integrative B

Meodelling Platform Experiment\Results

Wizard Steps

e Configure IMP



Final remarks on IMProv

* \We have seen two IMProv projects.



Deployment of the Project

e Deployment follows a 3 step setup process.
e Deployment to Cedar.
* Deployment to AWS.




IMProv PRC2 sample Project Deployment - Activity Diagram

o, ?\_-
\DO you have Ceda_r or ANS ECCESE."\

Yes

Deployment steps

[on Cedar (compute canada)) [on AWS (using preconfigured AMI )) [on AWS ( configure new AM| ))

X § 17 * Launch the modeling run on a multi-cpu machine

MPI is the message passing interface used to leverage
multi-cpu machine when performing the Monte-Carlo

[ssh login to user account on linux server)

[pull in setup scri:; from github gist) sampling.
¥ * The stepl through step3 scripts mentioned are
[ﬂm S el e Script) provided in the sample PRC2 project on github. The link
Y Y A is given in the reference section at the end.
[run step2 of setup script)
Y

(run step3 of setup script)

(on Cedar - run mjob_run_cedar.sh) [on AWS - run aws_run_onenode.sh)

_—_—m-sam m

(Review logs, archive and take a copy of the job output)

¥
(next steps, Prepare a full length job run)

L

v

[Review Getting Started Guide)

®




Deployment: Cedar

* The github repo for imp_msstudio_init contains the online tutorials * IMProv_on_Cedar_tut.md:
together with the PRC2 sample project. The bootstrap scripts are also https://github.com/pellst/imp msstudio init/blob/master/IMProv_on
available. Cedar tut.md
e https://github.com/pellst/imp msstudio init o H#t## get the setup script from github gist and review before running:
e curl-LOk

https://gist.githubusercontent.com/pellst/4853822ea5ca74785af61d0ad39cf84d/ra
w/uoc_mss_prep_stepl.sh

e chmod 755 uoc_mss_prep_stepl.sh

~AA
L]

e H{### run the script uoc_mss_prep_stepl.shin order to get the sample folders and
scripts setup

° ~ro~

e ./uoc_mss_prep_stepl.sh

° ~ro~

e #### in the folder /scratch/SUSER/imp/imp_msstudio_init-
master/mss_out/imp_model, the following shell scripts are now available

J uoc_mss_prep_stepl.sh

o uoc_mss_prep_step2.sh

J uoc_mss_prep_step3.sh

~AA
L]


https://github.com/pellst/imp_msstudio_init
https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_on_Cedar_tut.md

Deployment: AWS

e The github repo for imp_msstudio_init e IMProv_on_AWS tut.md:
contains the online tutorials together with the https://github.com/pellst/imp msstudio init/b
PRC2 sample project. The bootstrap scripts are lob/master/IMProv_on AWS tut.md
aISO ava||a ble . # make use of this gist to get the prep_step* shell scripts located here
’ # /shared/imp/imp_msstudio_init-master/mss_out/imp_model

e https://github.com/pellst/imp msstudio init * curl-LOk

https://gist.githubusercontent.com/pellst/9f7ad519133dae87f8f813b506b45aac/raw/aws_ms
s_prep_stepl.sh

chmod 755 aws_mss_prep_stepl.sh

.Jaws_mss_prep_stepl.sh

# prepare anaconda install
#/shared/imp/imp_msstudio_init-master/mss_out/imp_model/aws_mss_prep_step2.sh

#/shared/imp/imp_msstudio_init-master/mss_out/imp_model/aws_mss_prep_step3.sh


https://github.com/pellst/imp_msstudio_init
https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_on_AWS_tut.md

e A new folder is created with the run number (imp_model_nn) as a copy of
the imp_model folder content.

e The data folder is referenced and is not duplicated when performing
multiple run’s in parallel on a HPC platform ( replicate run’s ). Avoid
confusion with MPI which will be performed within a single run and hence
each instance thereof in a parallel run of for example 3 modeling jobs at the =~ Note that the modeling run generates several files in the

same time ( ie: 3 replicates each performing independent MC sampling ). imp_model_nn folder ( where nn is the run number given )
* included.*.db

e excluded.*.db

Modeling Run Review

e Asubfolder of imp_model nnis the output folder which has sub-folders

> pdbs * missing.*.db

= rmfs
e When run on 16 cpu. There will be one .rmf3 file per cpu ( 0 through 15) The trace files are created as
e stat.*.out and stat_replica.*.out files e prep_hyperp_imp_v2.log

® slurm-nnnnnnn.out



Deployment: Wrap-up

e Deployment can be to your local PC, AWS or on Compute Canada HPC
platform ( Cedar ).

e Performing a test run with the sample PRC2 project enables one to
validate the installation and confirm that IMP together with Anaconda
are correctly installed.

e Your own IMProv project can then be copied to the deployment folder
and launch a modeling run. Start with 100 frames for testing purposes.

e Check the output folder and log files to confirm that MPI is using the
cpu count you specified.



Summary

e IMProv lifecyle.
e Online guides and tutorials.
o [IMProv_msstudio_tut.md ( tiny url )
= uml_activity_diag_improv.svg
= IMProv_on_AWS_tut.md
= IMProv_on_Cedar_tut.md



Assessment and Evaluation

e How is the python driver script and IMPConfig.yaml| a convenience?
= what would you need to do if there are not available?

e IMProv comprises file preparation and deployment. How would you go
about performing each?

e Did you find this guided tutorial helpful?



e Abbreviations

e Cryo-EM: cryoelectron microscopy | https://www.sciencedirect.com/science/article/pii/S0304416517302374

* FDR: False Discovery Rate | https://www.bioinfor.com/fdr-tutorial/

* HPC: High Performance Computing | https://docs.computecanada.ca/wiki/Getting_started

e  HX-MS: Hydrogen eXchange Mass Spectrometry |
https://neu.hxms.com/research/tutorial_theory.htm#:~:text=Hydrogen%20exchange%20(HX)%20combined%20with,0f%20proteins%20and%20protein%20
structure.

* IMP: Integrative Modeling Platform | https://integrativemodeling.org/

e PMI: Python Modeling Interface | https://integrativemodeling.org/

e PRC2: Polycomb Repressive Complex 2 | https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5008062/

e SLURM: Simple Linux Utility for Resource Management | https://en.wikipedia.org/wiki/Slurm_Workload_Manager

e XL-MS: Crosslinking Mass Spectrometry | https://www.technologynetworks.com/proteomics/articles/cross-linking-mass-spectrometry-a-key-player-in-the-
structural-biologists-toolbox-322446

e FASTA: The FASTA format is sometimes also referred to as the "Pearson" format (after the author of the FASTA program and ditto format). |
https://www.bioinformatics.nl/tools/crab_fasta.html ; https://en.wikipedia.org/wiki/FASTA format

* PDB: The Protein Data Bank (pdb) file format is a textual file format describing the three-dimensional structures of molecules held in the Protein Data Bank
| https://pdb101.rcsb.org/learn/guide-to-understanding-pdb-data/introduction ; https://www.rcsb.org/

*  AWS: Amazon Web Services | https://aws.amazon.com/console/

e Cedar: Compute Canada HPC Cluster | https://status.computecanada.ca/

e Linux: Operating System, RedHat Enterprise Linux (or variants, such as CentOS or Scientific Linux) |

e MC: Monte Carlo Sampling



e References

e IMProv_msstudio_tut.md: https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_msstudio_tut.md

e uml_activity_diag_improv.svg: https://raw.githubusercontent.com/pellst/imp msstudio init/master/uml! activity diag improv.svg
e IMProv_uml_diag.png: https://github.com/pellst/imp msstudio init/blob/master/IMProv _uml diag.png

* IMProv_on_Cedar_tut.md: https://github.com/pellst/imp msstudio init/blob/master/IMProv on Cedar tut.md

* IMProv_on_AWS_tut.md: https://github.com/pellst/imp msstudio init/blob/master/IMProv on AWS tut.md



https://raw.githubusercontent.com/pellst/imp_msstudio_init/master/uml_activity_diag_improv.svg
https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_uml_diag.png
https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_on_Cedar_tut.md
https://github.com/pellst/imp_msstudio_init/blob/master/IMProv_on_AWS_tut.md
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