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CHAPTER 1

Introduction

pyMODE-TASK is a PyMOL plugin of MODE-TASK tool. MODE-TASK is a collection of open source tools to
perform Principle component analysis (PCA), Kernel PCA, Incremental PCA, Multi dimensional analysis (MDS),
t-distributed Stochastic Neighbor Embedding (t-SNE) on a protein MD trajectory and, Normal mode analysis (NMA)
on a protein/viral capsid with a novel coarse graining algorithm.

Kindly see the detailed documentation of MODE-TASK here

http://mode-task.readthedocs.io/en/latest/index.html

1.1 Cite this project

A publication is currently being prepared

1.2 License

The project is licensed under GNU GPL 3.0



http://mode-task.readthedocs.io/en/latest/index.html
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CHAPTER 2

Installation

MODE-TASK can be installed by following the instruction given at http://mode-task.readthedocs.io/en/latest/
installation.html

For installing the pyMODE-TASK - a pymol plugin.

Requirements:

python

Tkinter

Pmw

numpy==1.13.1
cython==0.26
scikit-learn==0.19.0
scipy==0.19.1
sklearn==0.0
matplotlib==2.0.2
mdtraj==1.8.0

1. Download the project:

git clone https://github.com/RUBi-ZA/pyMODE-TASK.git

OR
Download zip from github page and extract to a directory.
2. Install dependencies:

Run the following command from within pyMODE-TASK directory

sudo pip install -r requirements.txt

pyMODE-TASK requires Tkinter and Pmw.1.3. Tkinter comes prepackaged with most standard python. Pmw could
be installed by following the instruction from: http://pmw.sourceforge.net/doc/starting.html

3. Install pyMODE-TASK plugin in pymol:



http://mode-task.readthedocs.io/en/latest/installation.html
http://mode-task.readthedocs.io/en/latest/installation.html
http://pmw.sourceforge.net/doc/starting.html
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3.1. Start pymol

3.2. Go to Plugin -> Plugin Manager, and clcik on install new plugin tab. Under install from local file click on ‘choose
file...’ button. Browse the pyMODE-TASK.py and follow the on screen installation instructions.

3.3. If everything goes well, you can start the plugin from pymol plugin menu.
Usage

For more detailed documentation on installation and usage of the tool suite please see our [ReadTheDocs](http://
pymode-task.readthedocs.io/en/latest/index.html) site

4 Chapter 2. Installation


http://pymode-task.readthedocs.io/en/latest/index.html
http://pymode-task.readthedocs.io/en/latest/index.html

CHAPTER 3

Theory

Please see the following MODE-TASK documentation page for theory.

http://mode-task.readthedocs.io/en/latest/theory.html



http://mode-task.readthedocs.io/en/latest/theory.html
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CHAPTER 4

pyMODE-TASK usage

pyMODE-TASK is a pymol plugin and GUI for command line based MODE-TASK tool. It include all the functionality
of the MODE-TASK.

4.1 PCA of a MD trajectory

1. Preparation of trajectory

Prepare the MD trajectory as described in the tutorial section of MODE-TASK. It involves removing waters and
periodicity if any.

2. PCA
1. Start the plugin from pymol, plugin —> pyMODE-TASK.

2. Locate the pyMODE-TASK directory in the configuration tab by clicking on button “pyMODE-TASK directory”.
Browse to the directory and click ok.

3. It should look something like this

4. Next go to the PCA tab. Read the trajectory, topology and reference PDB by clicking on the respective buttons.
Next select the appropriate options and click on Run PCA. The results file will be saved in a folder within the output
directory.

5. If the run is successful you will see something like following

4.2 MDS and t-SNE

1. Read the trajectory, topology files by clicking on the respective buttons. Select the appropriate options under MDS
options widget and click on Run MDS.

2. Similarly, run the t-SNE.
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File Help

pyMODE-TASK: A MODE-TASK Plugin for pymol -- Copyright (C) 2017, Bilal Nizami, RUBI, Rhodes University

Configuration I PCA | Internal PCA MDS/t-SNE | NMA | About | Citation | Help and Credit

— Configuration instructions

|—L0cate MODE-TASK directory:

I pyMODE-TASK directory *: ||/jome/bilal

Please choose a directo

directories
.git
build |
dist
docs
out_MT-PyMOL
out_pyMODE-TASK
output
pyMODE_TASK.egg-info
src i
Directory: fhomeybilal/work/MT-PyMOL ﬂ
OK Cancel

Fig. 4.1: Fig 1: Set pyMODE-TASK directory

Locate MODE-TASK directory:

pyMODE-TASK directory *: | /home/bilal/work/pyMODE-TASK

Fig. 4.2: Fig 2: Set pyMODE-TASK directory

8 Chapter 4. pyMODE-TASK usage



pyMODE-TASK Documentation, Release 1.0.0

File Help

Coenfiguration | Internal PCA MDS/t-SNE | NMA | About | Citation | Help and Credit
— MODE-TASK Input/Output
Trajectod Eile 3 |fhome,.fbwlaIfworkJ'MT-PyMDL."pca_test_tr].xtc
Read MD Trajectory file

Topology File *: |fh ome/bilal/work/MT-PyMOL/complex.pdb

Ref Structure/Frame: |,fhome,.fbwlal,fwork,.l'MT-PyMDL.l'complex,pdb
Qutput Directory: |fh0mefb\|alfworkaT-PyMDL

— PCA Options
PCA Method: @ SVD " EVD 7 KernelPCA 7 Incremental PCA
Atom group: o All « C-Alpha " Backbone " Protein

PCA component: |AII

Kernel Type (kPCA):| = Linear " Poly " RBF " Sigmoid " Precomputed " Cosine

SVD solver: * Auto " Full " Arpack " Randomized

Run PCA |

Fig. 4.3: Fig 3: PCA

PYMODE-TASK! )

PCA (SVD) run successful!
Results are written in
/home/bilal/work/MT-PyMO

Fig. 4.4: Fig 4: PCA successful

4.2. MDS and t-SNE 9



pyMODE-TASK Documentation, Release 1.0.0

pyMODE-TASK

File Help

pyMODE-TASK: A MODE-TASK Plugin for pymol -- Copyright (C) 2017, Bilal Nizami, RUBIi, Rhodes University

Configuration | PCA | Internal PCA | MDS/t-SNE NMA | About | Citation | Help and Credit i

—MDS, t-SNE Input/Output
Trajectory File *: |
Topology File *: |
[ |
‘ Output Directory: |jhome}bi|a|fworkaT—PyM'L
—MDS Options —t-SNE Options
5 o~ i I i -
PIE Lt hosas EORSLC Atom group: Al + CA " Backbone " Protein |
Atom group: o All  CA " Backbone " Protein
}l" imilarity type:|  Euclidean distance * RSMD
Dissimilarity type:| ¢ Euclidean distance * RMSD
Cordinate Type: « distance " phi " psi " angle
Cordinate Type: « distance " phi " psi " angle
indi T indices: - g r - i I
Atom indices: Al « CA 7 Backbone " Minimal RomplRs 2l A Eratiane Frotein
Run MDS Run t-SNE F

Fig. 4.5: Fig 5: MDS and t-SNE
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pyMODE-TASK Documentation, Release 1.0.0

4.3

1.

Normal mode analysis (NMA)

Set the configuration page to locate the pyMODE-TASK directory.

File Help

PCA] Internal PCA | MDS/t-SNE | le Ahoutl Citation | Help and Credit

Configuration instructions

Give the location of pyMODE-TASK directory. For example- If the pyMODE-TASK
directory is s home, then | ODE (d ory field should read like /home /user/ pyMODE-

Normally the core scripts should be within pyMOD SK/src directory.

2.

Locate MODE-TASK directory:

—— <l: 1. Specify the location of the
py = irectory *: omefolivier/git/project/MT-Pyl py'MODE-TASK directory

Fig. 4.6: Fig 6: NMA set configuration

Perform the coarse graining for large protein molecules.

3. Perform the coarse graining for second conformation of the protein. This is useful in case if you want to perform
“Conformation/ Combination tool analysis” and “Mean square fluctuation”.

4,
5.

Run NMA on each coarse grained PDB using a suitable cutoff.
Run conformation / combination mode analysis. This require two PDB of different conformation.

Run MSEFE. This requires decomposed ANM matrices for comparing the mean square fluctuation between 2
proteins.

Get an assembly covariance for a specified chain of an asymmetric unit

Generate mode animation for visualization. Afterward use the following command in VMD for visualization

vmd

VISUALISE/VISUAL_1l.pdb -e VISUALISE/VISUAL_ARROWS_1.txt

4.3.

Normal mode analysis (NMA) 11
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Coarse Graining (1) — NMA (2 facenasion/Combination mode (3)

PDB File *: soaf 2. Coarse-grain large protein ||
€6 Level: complexes by setting changel*: |
Starting atom: CG level, starting atom
Atom Type: c8 —|| azom 1] and atom type

Output Directory: | rojec /M.mjgy
Output PDB: [ComplexCdpdb | _Output Directory: |/homejolivier/git/project/MT- output directory: |/homeJolivier/git/project/MT-pyh

Run Coarse Graining | Run NMA I Get conf. modes | Get comb. modes
Mean square fluctuation (4) Assembly Covariance (5) i Get Eigenvectors (6)
PDB file *: | PDB file =: | VT Matrix file *: ||
W Matrix File *: || W Matrix File *: | Mode index *: |
VT Matrix File *: || VT Matrix File *: | Direction: 1
Comparison PDB: | des: [all Get eigenvectors
Assymetric Unit: |
— Mod vﬂm 7
Zoom:|1.2 € L
- CG PDB file *: |
Vmin: -0.5
Vmax:|0.5 LU
: Mode index value *:
Vector file *: |

—|

ffile *: ||

Get mndes Vs |

Fig. 4.7: Fig 7: Coarse graining

12 Chapter 4. pyMODE-TASK usage
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Py

Configuration | PCA

E-TASK: A pym

Internal PCA

'_/

PYMOCE-TASKI

Coarse graining run
successfull
Results are written in

017, Bilal Nizami, RUBI, R

‘ Ip and Credit |

Coarse Graining (1) /home/olivier/git/project/Mm — Conformation/Combination mode (3) ————————
PDB File *: L/NMA/4jgy_pentame T-PYMOL/NMA/4jgy PDB File *: |
CG Level: 3 : A PDB(Conf. change)*: |
Starting atom: 1
Atom Type: cB —|
Atom Type: cB |
cxnput seaciny: [y . | vt |
| Output Directory: [rojectMTAMOUNMAY 3 Syjccess is denoted by | output dictory: |Fromaaa R
. - [ ul 4 om IVIer; roj
Output PDE: ComplexCG.pdb the pop-up window | IR
Run Coarse Graining | messages Get conf. modes | Get comb. modes
~—Mean square fluctuation (4) ASSEMDIy COVAariance 157 — Get Eigenvectors (6) |
PDB file *: || PDB file *: | VT Matrix file *: ||
W Matrix File *: || W Matrix File *: | Mode index *:|
VT Matrix File *: || VT Matrix File *: | Direction: I = =
Comparison PDB: | Modes: all Get eigenvectors
Assymetric Unit:
W Matrix File: e —Mode visualization (7) '
| Zoom:|1,2 caroBme®: |
VT Matrix File: | Vmin:|-0.5 | coroe fle: |
Atom Type: 8 = || Vmase:[o.5 :::::Whe"l & -
Modes: 7:27 Atom Type: cs - | :
Vector file *:
fun M5E ﬂ Got madec Vie |

Fig. 4.8: Fig 8: Coarse graining results

4.3. Normal mode analysis (NMA)
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7, Bilal Nizami, RUBI, R

ion/Combination mode (3)

Coarse Graining (1)

PDB File *: MA/Scaw_pentamer.pdb

CG Level:
Starting atom:

3
1

Atom Type: CB ‘l

Atom T

4. A second conformation
of the protein can be
coarse-grained if tool sets
(3) and (4) are to be used

l
change)*: |

file *: |

<
Output Directory: |mjectﬁ|f-wneuﬁ"ﬁnl-

Output PDB: |ComplexCG.pdH

Run Coarse Graining |

Output Directory: |[;‘homefolivier,fgit,|l'project,MT—
Run NMA I

Output directory: |/homej/olivier/git/project/MT-Pyh

Get comb. modes

Get conf. modes |

Mean square fluctuation (4)

Assembly Covariance (5)

—Get Eigenvectors (6)

PDB file *: |

PDB file *: |

VT Matrix file *: ||

W Matrix File *: |

W Matrix File *: |

Mode index *:|

VT Matrix File *: |

VT Matrix File *: |

Direction: 1

N

A3

Comparison PDB: |

Get eigenvectors

ymetric Unit: |

W Matrix File: |

—Mode visualization (7)

Zoom:|1,2

CG PDB file *: |

Vmin:|-0.5

Vmax:|0.5

Atom Type:

Atom Type:
Mode index value *: |

Fig. 4.9: Fig 9: Coarse graining 2

Vector file *: |

Get mades \ic |

14

Chapter 4. pyMODE-TASK usage



pyMODE-TASK Documentation, Release 1.0.0

pyMODE-TASK: A pymol plugin of MODE-TAS Bilal Nizami, RUBI, R

| st | caston |_ oty msco
R

Coarse Graining (1) NMA (2) fi ion/Combination mode (3)

PDB File *: /NMAScaw_pentamer.pdb | ppg File = | [NMA/ajgy/ComplexcG3.pd *: | T-PyMOL/NMA/4jgy/ComplexCG3.pdb
CG Level: 3

)*: | MA/Sc4w/ComplexCG3.pdb

Cutoff (Angstrom]: |30

Starting atom: 1
Atom B —|
Atom Type: = - Atom Type: cB -
Output Directory: | roject/MT-PyMOL/NMA/SCaw S/ 5. Run ANM on each
OUpUEPDE:  (ComplexcG.pdb  Output Directory. [roleMIMOUNMRGY | coarse-grained if tool sets
]| Run v | (3) and (4) are to be used.
The cut-off should be set to
—Mean square fluctuation (4) Assembly Covariance (5) an appropriate value
PDB file *: | PDB file *: | .
W Matrix File *: || W Matrix File *: | Mode index *:|
VT Matrix File *: | VT Matrix File *: | Direction: ! =l
Comparison PDB: || = Gelt& eigenvectors
W Matrix File: | Zm:n:|1.2 Unk| —Mode visualization (7)
VT Matrix File: | Vmin:|-0.5 _Corpefie®: |
Atom Type: cB =|| Ym==0.5 | Acom Type: & —
Modes: 7:27 Atom Type: c8 - Modeindex value *|
Vector file *: |
flun MSE ﬂl et mndec \ie |

Fig. 4.10: Fig 10: NMA for first PDB

4.3. Normal mode analysis (NMA) 15
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Coarse Graining (1)

PDB File *:

NMA (2)

PDB File *: |

CG Level:

Starting atom:

Atom Type: CB

Output Directory: |/homejolivier/git/project/MT-

Output PDB: \ComplexCG.pdb

Run Coarse Graining I

Cutoff (Angstrom): (30|

Atom Type:

Output Directory: |[rojecthT—PyMOLfNMN5cdw

IlunllMAI

6. Run ANM on each
coarse-grained
model if tool sets
(3) and (4) are to be used

—Mean square fluctuation (4)

Assembly Covariance (5)

PDB file *: |

PDB file *:

W Matrix File *: |

wm@-: |

VT Matrix File *: |

VT Matrix File *: |

Comparison PDB: |

ymetric Unit: |

W Matrix File: |

VT Matrix File: |

Atom Type:

— Get Eigenvectors (6)

VT Matrix file *: ||

Mode index *:|

Direction: N 1

by

Get eigenvectors |

Zoom:|1.2

Vmin:|-0.5

Vmax:|0.5

Modes: 7:27

Atom Type:

—Mode visualization (7)
G PDB file *: |

Atom Type:

Mode index value *: |

Vector file *: |

Get mndes \ic |

Fig. 4.11: Fig 11: NMA for second PDB

16
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pyMODE-TASK: A pymol plugin of MODE-TASK -- Cop

ight (C) 2017,

, Bilal Nizami, RUBI

Configuration PCA Internal PCA MDS/t-SNE NMA About Citation Help and Credit
Coarse Graining (1) MMA (D) bination mode (3)
POB File *: mmwscaw pentamerpl 7 - Provide the PDB file used PyMOL/NMAV4jgy/ComplexCG3.p
CG Level: 3 for the ANM model and
Starting atom: 1 specify the conformation @ -
Atom Type: ——< | tobe compared against. - [P O Ray T walnes
output Directory: |ojecumMT-PymoLNMAsd  The VT file should be that -
Output PDE: ComplexCG.pdb of the first PDB file provided. | ©Gutputdirectog fiectMTpyMOLNMA confrodes]
Run Coarse Graining I H Run NMA | Get conf. modes | Get comb. modes |
Mean square fluctuation (4) Assembly Covariance (5) —Get Eigenvectors (6)
PDB file *: | PDB file *: | VT Matrix file *: ||
W Matrix File *: || W Matrix File *: | Mode index *:
VT Matrix File *: | VT Matrix File *: | Direction: N 1 =
Comparison PDB: | Modes: all Get eigenvectors
Assymetric Unit: |
W Matrix File: P— |1.2 —Mode visualization (7)
VT Matrix Flle: Vmin: -0.5 e Ll
Atom Type: B = Vmax: (0.5 || Atom Type: cB =
Modes:|7:27 Atom Type: c8 = "':::;d;:""le‘: |
fun M52 ﬂl Get mndec vie |

Fig. 4.12: Fig 12: conformation/combination mode analysis

4.3. Normal mode analysis (NMA)
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pyMODE-TASK
pyMODE-TASK: A pymol plugin of MODE-TASK - 17, Bilal Nizami, RUBi, Rhodes Uniy
Configuration | PCA | Internal PCA | MDSMt-SNE | NMA | About | Citation | Help and Credit

Coarse Graining (1) NMA (2) f

PDB File *: /NMA/Scaw_pentamer.pdb | ppg File = |
CG Level: 3 _ PDB(Conf. change)*: |MA/Scaw/ComplexCG3.pdb
SeErrEn 1 Cutoff (Angstrom): 30

Atom Type: cB =
Atom Type: CB — | Atom Type: cB .

VT Matrix file *: |- 4j lues.txt
Output Directory: | roject/MT-PyMOL/NMA/Scdw VT Matrix file *: | T-PyMOL/NMA/4jgy/VT_values.
Output PDB: ComplexCG.pdb  Output Directory: |roject/MT-PYMOL/NMA/4igy | Output directory: [ject/MT-PyMOL/NMA/confmodes

Run Coarse Graining I Run NMA I Get conf. modes | Get comb. modes

ionfCombination mode (3)
[NMA/4jgy/ComplexCG3.pdb PDB File *: | T-PyMOL/NMA/4jgy/ComplexCG3.pdb

Mean sqare fluctuation {4)% — Assembly Covariance (5)
PRE file *: |;hornefolivierfgit!projchMT-PyN\ll PDB file *: |

Get Eigenvectors (6)
‘ VT Matrix file *: |
W Matrix File *: [/home/oivier/gitproject/mrpyl | Watrix| 8. Provi de decomposed ANM

T Wakrx File % [ homefoivier/gR/project/MT Py Iim matrices for comparing the

- mean square fluctuation
| Comparison PDB: |//home/olivier/git/project/MT-Py

, between 2 proteins. Specify
W Matrix File: | /homejfolivier/git/project/MT-PyMOI me:’ﬁ modes to be USEd rhn mn
VT Matrix File: |/home/olivier/git/project/MT-PyM Vmin: -0.5 e |

Atdm Type: cB | Vmax:(0.5 || Atem Type:
7 Mode index value *: |
Modes:[1:20] d | Atom Type:

Vector file *: |

et mades Vic |

Fig. 4.13: Fig 13: MSF

18 Chapter 4. pyMODE-TASK usage
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Configuration | PCA | Intemal Pca | MDSt-SNE

pyMODE-TASK: A pymaol plugin of

PYMODE-TASK!

Bilal N
getEigenVectors run
successfull

Results are written in

izami, RUBIi, Rhodes University

— Coarse Graining (1)

output directory

PDB file *: | /homeyolivier/git/project/MT-PyMOL/N!

W Matrix File *:
VT Matrix File *: |fhomejolivier/git/project/MT-PyM
Comparison PDB: ||fhome/olivier/git/project/MT-Py
W Matrix File: |//homejolivier/git/project/MT-PyMOI

/home/olivier/git/project/MT-PyM

VT Matrix File: | /homejolivier/git/project/MT-PyMO
Atom Type: cB |
Modes: 1:20

Run M5F

PDB File *: |NMA/Sc4w_pentamer.pdb .pdb
CG Level: 13 PDB(Conf. change)*: |MA/Sc4w/ComplexCG3.pdb
Starting atom: 1 A = |
om e: —
T = “l Atom Type: CcB ~| — I
Output Directory: | roject/MT-PyMOL/NMA/Scaw .
J output Directory: |rojecmmaymounmavagy | 9- EXtract eigen vector before
e mode visualization
Run Coarse Graining Run NMA . P
~Mean square fluctuation (4) Assembly Covariance (5)

PDB file *: ||/home/olivier/git/project/MT-PyMOL/M
W Matrix File *: | fhomejolivier/git/project/MT-Pyl
VT Matrix File *: | /fhomejolivier/git/project/MT-Py

Modes: [all
Assymetric Unit: |

Zoom:|1,2
Vmin:|-0.5
Vmax: 0.5

Atom Type:

_Fun |

Get eigenvectors

—Mode visualization (7)
CG PDB file *:

Atom Type: ce

Mode index value *:

Vector file *:

Get marec Vie |

Fig. 4.14: Fig 14: Get Eigenvectors

4.3. Normal mode analysis (NMA)
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Directory:  fhome/olivier/git/project/MT-PyMOLjoutput

| EVectorsl.txt

pyMODE-T

Coarse Graining (1) Conformation/Combination mode (3)
PDB File *: PDB File * | T-PyMOL/NMA/4jgy/ComplexCG3.pdb
CG Level: PDBIConf. change)*: ||MNS:4waomplexC63,pdb

Starting atom:
cB -
Atom Type:

File name: EVectorsl.txt
Files of type:  TXT (*.txt) VT Matrix file *: |[T-PyM0L.-‘NMN4igYNT_\raIu5_ut

Output directory: ||ject/MT-PyMOL/NMA/confmodes
Run Coarse Graining I Get conf. modes | Get comb. modes |

— Mean square fluctuation (4) Assembly Covariance (5) —“r Get Eigenvectors (6)
PDB file *: |/home/olivier/git/project/MT-PyMOL/Nt | PDB file *: |/homejolivier/git/project/MT-PyMOL= SEE A L

W Matrix File *: |[/home/olivier/git/project/MT-PyM | W Matrix File * |/home/olivier/git/project/MT-F 10. Generate mode animation

for visualization in VMD

VT Matrix File *: |[/home/olivier/git/project/MT-Pyn | VT Matrix File * |/homejolivier/git/project/MT-

Comparison PDB: [/home/olivier/git/project/MT-Py Modes: all
A tric Unit: |

'Y

W Matrix File: |/home/olivier/git/project/MT-PyMOI Zoom:[12
VT Matrix File: [/home/olier/git/project/MT-PyMO  yimin: 0.5 T °"""“t°"%
Atom Type: A| Vmax: 0.5 c8 _
Atom Type:

Mode index value *: 1
Vector file *:

Fig. 4.15: Fig 15: Mode animation

20 Chapter 4. pyMODE-TASK usage
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