Two Coots and a Moorhen




Coot vs. Moorhen

Coot Moorhen



About This Presentation

- Part 1: Coot 0.9.x

- Part 2: Coot 1.x
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Part 1: Coot 0.9.x




Coot 0.9.8.93

. “Backrub Rotamers”

. “All-Chain”

. Geman-McClure Restraints




What is “Refinement”?

. The adjustment of model parameters (coordinates) so that the
calculated structure factors more closely match the observations

+ In Coot, we sometimes don’t recalculate the map, so this translates




“Minimising Geometry”
What Prior Knowledge do we have?

+ We know chemistry:

- Bond lengths and uncertainties

- Bond angles and uncertainties




Minimisation

APPENDIX A
Regularization and refinement derivatives

The function that we are trying to minimize 1s S, where

5 = Sbond T Sangle T Slorsion + Splane +
Snbc + Schiral
- Sdensity
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Minimisation
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Additional Restraints




Local Distance Restraints
Prior Structure




Local Distance Restraints
Today’s Structure




Local Distance Restraints

Today’s Structure




Local Distance Restraints




Modified Target Function

Penalty

Least Squares




Modified Target Function

Penalty

Least Squares




Modified Target Function

Penalty

Least Squares




Modified Target Function

Penalty

Least Squares

Large contribution

to the target function




Coot Local Distance Restraints




Updating Maps

. |n the Calculate menu

. Fobs needed (of course)
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Successfully read coordinates file /home/paule/autobuild/Linux-penelope-pre-release-gtk2-python/share/coot/data/tutorial-modern.pdb. Molecule number 0 created.
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Proportional Editing




Rotamers

S



Rotamers

- Rotamers are preferred configurations of side-chains

- “preferred” because they appear (more) frequently in (a selection of )
structures from the PDB




PHE

Rotamers example
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Current Low Resolution Rotamer Search

Rotamer Search

+ Rigid Body
Refinement
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(mol. no: 3) CA /1/A/85 HIS occ: 1.00 bf: 19.16 ele: C pos: (57.45,15.65,14.20)
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Davis et al. (2006) Structure
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Part 2: Coot 1




Coot 1

- What has changed?

. Technical:

+ Widgets (GTK4), 2—3 then 3—4




Coot 1 User Interface

. Modern “One Window” paradigm

+ Remove dialogs or make them transient

. Use revealers, panes, overlays & popovers




Coot 1 Graphics

+ Models and maps are now 3D objects and interact with the lighting

. Uses “instancing”

. Interactive validation
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Coot-1.1 = 0

COOt 1 .1 With File Edit Calculate Modelling Draw Measures Validate About
“User-defined”

Colours - in this case,
AlphaFold2 pLDDT

Successfully read coordinates file AF-Q06632-F1-model_v1_corrected_model.pdb. Molecule number 0 created.




Coot 1 Graphics: Fancy Mode

. “Frame-buffer effects”




Coot 1.1

“User-defined”

Colours
with SSAO
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Successfully read coordinates file pdb1x8b.ent-coot-0.pdb. Molecule number 0 created.
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Coot 1.0.06-pre (revision count 12269)
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Colour-by-B-factor
with SSAO







Coot 1.1
T4 bacteriophage

Colour-by-Chain
with SSAI

e

Figure by Lucrezia Catapano



| —

< N
W
)

..hﬂ@%ﬁ&u%

. .&VI‘

“»

J..l..r‘,»- __h.......”w,..m_.s_w

= ‘ dr
7 4 .._“\
N

&
i_

L~




Coot 1.1

Fresnel lighting
4zzn
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Coot 1 libcootapi

. An API for Coot functions that does not use the graphics

+ which increases the portability




What is Coot?

libcootapi
mtz parsing PDB and mmCIF SHELX data
(clipper) parsing (mmdb) parsing
Rotamer fittin
Map reading Add Hydrogen g
atoms
Density valiidation Rotamer validation
analysis Ramachandran
> Real Space validation
Refinement
Jiggle Fit
Environment _
distances Dictionary
calculation parsing Rigid-body ~ Water
Refinement ~ S€arch
: Restraint
JED Flip generation

SSM Superposition

Geman-McClure Ligand
non-harmonic

local distance Eleliies

Ligand-fitting ~ Fragment rotation

and translation
Generate
symmery

analysis

representation

(bond orders and Kekulization)

restraints

Map masking

Adq terminal and diffe
residue maps

Contact analysis

Backup edits

Add/Delete/Copy/Fra

Map Fragments

rence ,
Monomer library

Sharpen-blur

map Chemical features

Chickenwire and
Solid density surfaces
(generate)

gment/Merge

Missing | igand Superposition LSQ fitting
atoms
Protein lelgément Cootaneer
identification P
Loop fitting

Nucleic acid
helices

Coot libs

Phosphorylation
spin search

Keyboard and mouse

Interactive Recentering
Refinement View

Framebuffer
effects

Clipping planes Remarks
browser
Alignment
and mutation NCS model View Rocking

ghosts and spinning

LSQ Planes
Draw symmetry

Density valiidation
representation

Camera
orientation

Contact representation Draw Cell

Skeletonization

Chickenwire and
Solid density surfaces
(draw)

Window size
and position

Ligand-building

Glyco-builder

Environment
distances
display

Background
colour

Baton-building

Validation graphs

Fixed atoms PISA interface

Restraints editor
HOLE

Drag and drop

Script-based
molecular editing

Graphics and GUI



What is Coot?

libcootapi

Al selnG PDB and mmCIF SHELX data Python
(clipper) parsing (mmdb) parsing
Rotamer fittin
Map reading Add Hydrogen ing
atoms
Density valiidation Rotamer validation
analysis Ramachandran
Real Space validation
Refinement
iggle Fit
Environment o /o9 Blender
distances Dictionary
calculation parsing Rigid-body ~ \Water
Refinement ~ S€arch
. Restraint
JED Flip generation

Ligand-fitting ~ Fragment rotation

SSM Superposition and translation

________) WebCoot/
WebAssembly Moorhen
Y + JavaScript

Geman-McClure Ligand analysis Generate

non-harmoni : symmery
0 a. onic Bonds representation
local distance

(bond orders and Kekulization)

restraints
. Map masking Map Fragments
Add terminal 514 gifference .
residue Monomer library
maps
Sharpen-blur God t/U it
e Chemical features 0ao nity

Chickenwire and
Solid density surfaces
(generate)

Contact analysis

Backup edits

Add/Delete/Copy/Fragment/Merge




standard libraries

T BTG PDB and mmCIF SHELX data Python
(clipper) parsing (mmdb) parsing
, Add Hydrogen Rotamer fitting
Map reading atoms
Density valiidation Rotamer validation
analysis Ramachandran
Real Space validation
Refinement
iggle Fit
Environment - JEeiE Blender
distances Dictionary
calculation parsing Rigid-body  Water
Refinement ~ S€arch
. Restraint
JED Flip generation
L Liaand-fittin Fragment rotation
SSM Superposition 9 9 and translation _) WebCoot/
. ' WEbAssembly — Moorhen
Geman-McClure Ligand analysis Generate + JavaScript
- i symmer
non ha_rmonlc Bonds representation Y 4 \—j
local distance L
m e (bond orders and Kekulization)

Map masking Map Fragments

Add terminal = 5.4 difference

residue Monomer library
maps Sharpen-blur q _
nzls Chemical features Godot/Unity

Contact analvsis Chickenwire and
/ Solid density surfaces

(generate)

Backup edits
low-dependency

U consistent
documented

tested

Add/Delete/Copy/Fragment/Merge

molecules_container

< ] lightweight requests

heavyweight repsonses
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T
S

libcootapi/chapi in action

import coot_headless_api
chapi = coot_headless_api.molecules_container_t()

dist = 7.3
imol = chapi.read_pdb("tutorial-modern.pdb")
rnrl = chapi.get_residues_near_residue(imol, "//A/20", dist)

for r in rnrl:
print(r)
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BlendCoot

ARRR
W
LN

Lucrezia Catapano

» Libcootapi with python bindings and Blender conversion utils

v BlendCoot

Import PDB file: &N Fetch PDB file: Get Monomer/Ligand:
Open PDB PDB ID: 2sar FetchPDB MON... CFF Get Mono...

g !mport MTZ file Import CCP4/MRC Map file
Open MTZ Open Map

> Model representation

> Custom Properties



























Ligands: Acedrg

- Acedrg is a generator of stereochemical descriptions
- I.e. ligand (and polymer) dictionaries

- Derived from structures in the (Free) COD
- exquisitely detalls atom types




Acedrg: 2nd Order Neighbours

f\y

H1B: H(CHHO)
C9: C[5,5,6](C[5,5]CHH)(C[5,6]CHH)(C[5,6]CHO)(H)

J
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Links

- Modelling covalent interaction between compounds in macromolecular
structures requires specialist knowledge/considerations

- Previously used basic atom types and dictionary lookups
- Now Acedrg does this for us automatically using COD atom types




Acedrg Link Mode in Action o )

PLP-LYS \ Deposited
— !'AceDRG Link

Red: Bonds and Angles

Green: Torsion Angles
Blue:Planar Restraints Removed
Orange: Planar Restraints added

Nicholls et al.
Volume 77 | Part 6 | June 2021 | Pages 712-726 | 10.11107/52059798321001753
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Part 3: Moorhen/webCoot




Moorhen/webCoot

. Moorhen is “Coot in the web browser”

. CCP4 Cloud needed interactive modelling tools

° ° ° °
CIL-ITIOUSC 9 C W Jlc JI'l al'ld [ QI Y




Coot vs. Moorhen

Intricately interacting with

the graphics and the gui
Model-building, Refinentment &

. Validation Libraries:
Interactive Real-Space Designed from the outset
Refinement to work with any front-end

[mmdb ] [ clipper ]

Thanks Facebook

Thanks IBM
C, C++, Python
JavaScript, WebAssembly
Desktop Coot Moorhen

'

Native GTK4 application
on MacOS, Window and
Linux Desktops o

Web Browser & Electron



What can Moorhen do?

. Add, delete & mutate residue

- Real Space Refinement

- Rotamer fitting




O,

O 8 moorhen.org

Moorhen x . (L ( N\ P 7 ( (rortnmmeme,o )
on startup B e :

¢ Edit

3%l Calculate

\E274/
‘\
7

@© View

Validation

i
A

8., Ligand

{ > , o Ji
A A
T RN
fil}] Models Vi, . A Vi |
2 ;:% /> g\\

£9 History A | , 80

A

\/

& Preferences ‘ A
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Moorhen Transparent Maps

Display Objects N\
Ligands V
#1 Map
moorhen- @& D T & A
tutorial-1 - \

-

Activate lit lines
Draw as Chickenwire Us:
. | Rename map ’
Opacity: 0.580 )00
0_‘_1 ) Draw Settings =100

Delete map

moorhen- “% D L L -~
tutorial-1

Tools vV
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B/1(G2F)
v Contact dots

B/2(BGC)
v Contact dots

Tools V

Console %







- @ O 9 Moorhen X + v

& @, O B https://moorhen.org <y ® L o

A\
V Filev Edit~ Ligand~ View ™~ History~ Preferences™

B .

Clipper R-Factor 0.209 7ol 1 :
Clipper R-Free 0.217 A X e _ S/ Tools
Moorhen Points 5434 N/ AR -

Tool

Difference Map Peaks

Molecule Map

Difference Map Peaks

Console

>'"debug:: in get_map_contours_mesh() 2

Collecting “Moorhen Points” is fun

SF
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