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Coot vs. Moorhen
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Coot Moorhen



About This Presentation

• Part 1: Coot 0.9.x 

• Part 2: Coot 1.x 

• Part 3: Moorhen 

• Part 4: Coot 1 demo
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Coot Feature Integration
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It is convenient & expeditious to use Model-building, 
Refinement and Validation together

Refmac Molprobity

ValidationRefinement

External
External

Real Space 
Refinement

e.g. AO, 
rotamers 
Ramas



Part 1: Coot 0.9.x
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Coot 0.9.8.93

• “Backrub Rotamers” 

• “All-Chain” 

• Geman-McClure Restraints 

• “Proportional Editing” 

• “Updating Maps”
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Thanks to Tristan Croll



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 
to : 

• Move the atoms into as high density as possible while 
minimising geometric distortions
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“Minimising Geometry” 
What Prior Knowledge do we have?

• We know chemistry: 

• Bond lengths and uncertainties 

• Bond angles and uncertainties 

• Chiral Centres 

• Delocalisation and aromaticity 

• Torsions 

• We combine the gradients from the minimisation of geometric 
deviations with the gradients derived from the map
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Minimisation
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Minimisation
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Minimisation
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Minimisation
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Minimisation
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Minimisation
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Additional Restraints
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Local Distance Restraints
Prior Structure
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Local Distance Restraints
Today’s Structure
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Local Distance Restraints
Today’s Structure
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Local Distance Restraints



Modified Target Function

•
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Modified Target Function

•
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Modified Target Function

•
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Modified Target Function

•
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Large contribution 
to the target function  

Small contribution 
to the target function  



Coot Local Distance Restraints

• Demo

24



Updating Maps

• In the Calculate menu 

• Fobs needed (of course)
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Proportional Editing
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Rotamers
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Rotamers

• Rotamers are preferred configurations of side-chains 

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

• Low energy conformations 

• Databases of these distributions 

• “Son of the Penultimate Rotamer Library” is used in Coot
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Rotamers example: PHE
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Part 2: Coot 1

51



Coot 1
• What has changed? 

• Technical: 

• Widgets (GTK4), 2→3 then 3→4 

• Python version (3.11), PyGObject 

• User Interface 

• Graphics 

• Libcootapi
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Coot 1 User Interface

• Modern “One Window” paradigm 

• Remove dialogs or make them transient 

• Use revealers, panes, overlays & popovers 

• “Dark Mode” 

• “Select First” - “Centering is selection” 

• Right mouse for view rotation 

• Left-mouse for clicking and picking
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Coot 1 Graphics

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

• Uses “instancing” 

• Interactive validation 

• vdW Contact texture, chiral centre texture 

• Double click blobs 

• Updating maps -> “Coot Points”
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Coot 1.1 with 
Ramachandran Plot,  
Validation Graphs, 
and Dynamic Validation 
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Coot 1.1 with 
“User-defined” 
Colours - in this case, 
AlphaFold2 pLDDT

MoleculesToTriangles 
Martin Noble



Coot 1 Graphics: Fancy Mode

• “Frame-buffer effects” 

• Screen-space Ambient Occlusion (SSAO) 

• Shadows 

• Outlines and Blur
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Coot 1.1 

“User-defined” 
Colours  
with SSAO
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Coot 1.1 

Goodsell-mode 
Colours 
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Coot 1.1 

Colour-by-B-factor 
with SSAO
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Coot 1.1 
T4 bacteriophage 

Colour-by-Chain 
with SSAI

Figure by Lucrezia Catapano
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Coot 1.1 

Fresnel lighting 
4zzn



Coot 1 libcootapi

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

• which increases the portability 

• Access via a molecules container outside the main/old container 

• Extended by use of nano-bind to provide a python module 

• BlendCoot
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libcootapi/chapi in action
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BlendCoot

• Libcootapi with python bindings and Blender conversion utils
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Lucrezia Catapano
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Ligands: Acedrg

• Acedrg is a generator of stereochemical descriptions
• i.e. ligand (and polymer) dictionaries

• Derived from structures in the (Free) COD
• exquisitely details atom types 

Long et al. (2017)
https://doi.org/10.1107/S2059798317000067
•
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Acedrg: 2nd Order Neighbours

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



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

• Modelling covalent linkages in CCP4
• Nicholls et al. (2021)
• https://doi.org/10.1107/S2059798321001753
•
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Acedrg Link Mode in Action

Red: Bonds and Angles 
Green: Torsion Angles 
Blue:Planar Restraints Removed 
Orange: Planar Restraints added



Part 3: Moorhen/webCoot
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Moorhen/webCoot

• Moorhen is “Coot in the web browser” 

• CCP4 Cloud needed interactive modelling tools 

• Left-mouse for view rotation and picking 

• Right-mouse for context menu 

• User-interface is written in React 

• So it has a “modern” feel 
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What can Moorhen do?

• Add, delete & mutate residue 

• Real Space Refinement 

• Rotamer fitting 

• Peptide flipping 

• Ligand fitting 

• Add waters, validate waters 

• Density and model validation
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Moorhen 
on startup
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Moorhen Transparent Maps



Moorhen with contact dots
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Moorhen with Ligand Chemical Features
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Collecting “Moorhen Points” is fun
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Moorhen Tutorials

• Part 1: Validation & Rebuilding 

• Part 2: Making figures for publication
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