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Buccaneer ARP/wARP RESOLVE

Cα (Di-) Peptides Fragments

Methods for automated model building
Most current methods search for different patterns that are then used to build and extend a 
main chain:
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ARP/wARP workflow

Even after a successful automated model-building run, some regions of known start, end, length 
and amino-acid sequence remain to be built, and ARP/wARP builds these loops by:
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ARP/wARP workflow

ARP/wARP iterates between main chain tracing, refinement and model update to build models 
that converge to the final model:
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3 Å 4 Å 5 Å

6 Å 8 Å

Low resolution limit
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Secondary structure modelling

Tim 
Wiegels

30.03.12Joana Pereira 07.04.2014

• Short helix/strand fragments
(3 to 5 Cα candidates) are built

• Traces are clustered, averaged, 
and extended

• Default below 2.7A resolution

At low resolution, one can try to find secondary structure elements on the map:

Tim 
Wiegels

30.03.12Joana Pereira 08.12.2015Grzegorz Chojnowski 18.02.2016
Tim 

Wiegels
30.03.12Joana Pereira 09.04.2014

Tim 
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We can use this information to extended fragmented models!

NCS Detection and Extension

Non-Crystallographic Symmetry occurs if there are multiple subunits in the asymmetric unit of 
a crystal and some of them adopt almost the same tertiary structure:
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Pereira, J., & Lamzin, V.
under review

DipCheck: main-chain geometry validation
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DipCheck: main-chain geometry validation Pereira, J., & Lamzin, V.
under review
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How to get better models at lower resolution?
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New side-chain building module 

Grzegorz Chojnowski 6 December 2017

Side-chain electron-density volume changes correlate with residue type.
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New side-chain building module

Grzegorz Chojnowski

Resolution: 2.5Å 
Mean phase error: 20deg

Docked residues: 99%

old algorithm: 70%

Resolution: 3.2Å
Mean phase error: 40 deg

Docked residues: 69%

old algorithm: 40%

6 December 2017



New loop building algorithm
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RNA/DNA Model Building
with ARP/wARP
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Tracing RNA/DNA chains with ARP/wARP

1

2

3

Phosphate-ribose-phosphate units placement

Backbone phosphates detection

Bases building
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Tracing RNA/DNA chains with ARP/wARP

1

2

3

Phosphate-ribose-phosphate units placement

Backbone phosphates detection

Bases building

Machine learning algorithm

Updated geometry restrains

Iterative chain tracing (like for proteins)
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Fitting recurrent RNA/DNA fragments with Brickworx
Brickworx builds recurrent RNA and DNA structural 
motifs into medium-and low-resolution electron-density 
maps.

RNA motifs taken from 
http://iimcb.genesilico.pl/rnabricks

A web-server and standalone version available at 
http://iimcb.genesilico.pl/brickworx
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Building ligands 
with ARP/wARP



• electron density map (good 
resolution)

• protein model (refined)

• difference density map
• shows excess density not 

explained by the protein model
• to fit the appropriate ligand into
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Challenges:

• different resolutions and data 
quality

• different ligand complexity / 
topology

• partial disorder of a ligand
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Organised as a pipeline of core modules for specific sub-tasks following an 
intuitive approach

Prepare

Fit

• Prepare Sparse density map 
• Generate ligand topology

• Construct ensemble of ligand models 
• fit sparse density

• Refine ligand coordinates 
• Choose best model

Refine
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Ligand fitting with ARP/wARP
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• Uses the full density and topology information
• Employs a gradient method to optimise fit to density and ligand 

geometry simultaneously
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• The difference density map from low to high contour threshold
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Find the matching cluster for this ligand!

1 2 3 4 5 6 
7

1 2 3 4 5 6 
7

1 2 3 4 5 6 
7

Decision is based on feature vectors

1) Surface to volume ratio 
2) Bounding box limits
3) Moments of inertia
4) Rotation match score
5) Eigenvalues
6) Distance histogram
7) Geodesic distance 

histogram
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An electron density map calculated from the ligand to be fit is compared to 
each potential density cluster:
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1 ligand density

N ligand candidates
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Density map (or 
otherwise surface of 
protein pocket)

Segmentatio
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84 of the most 
common ligands 
in crystallography
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C. Carolan & V. Lamzin, 
Acta D (July 2014)

Or your own 
cocktail…
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• 84 of the most common ligands in crystallography

C. Carolan & V. Lamzin, 
Acta D (July 2014)

HEPES

Biotin
F3-S4 clusterGlycerol Tris buffer

Uridine 5’-diphosphate-glucose
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Ligand guessing without (yellow skeleton) and with (blue 
skeleton) the use of the estimated energy as an additional 
parameter.
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ARP/wARP for cryo-EM
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67

ARP/wARP for cryo-EM

6 December 2017

β-galactosidase @ 2.2 Å resolution (EMD-2984, 5a1a)
ARP/wARP model
deposited coordinates

After ARP/wARP (4 hours of CPU time)  
~ 93% (3800 out of 4088) of the 
residues traced and docked

6 December 2017



ARP/wARP
tips and tricks
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ARP/wARP tips and tricks
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ARP/wARP Iterations

R
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ARP/wARP Iterations

R
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Resolution
best results above 2.6Å,
but phases can be poor 

Space group
double check if model
building fails

Data completeness
as high as possible. 

Data quality (outliers, ice rings)
always check Wilson plot

Check intermediate models 
use keepjunk option

Use secondary structure modeling
auto_albe.sh or quickfold in CCP4i
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How to use ARP/wARP? 

Grzegorz Chojnowski 6 December 2017



Joint release - one installer, no worries!

Where can I find ARP/wARP?

Grzegorz Chojnowski 6 December 2017



How do I use ARP/wARP?

ArpNavigator CCP4 Suite Terminal

There are 4 main ways to use ARP/wARP:

Web Service

Intuitive interaction with 
automated model 

building

Real time visualisation of 
model building

Displays the 
intermediate steps

Model building job saved 
in your project 

directory

Extra options for 
automated model 

building

Job submission to 
Hamburg cluster

Possibility to share data 
with developers

Good for expert users

Complete control of the 
parameters to use

Check user guide for the 
commands

Complete 
ARP/wARP

interface

Convenient for 
parallel computing
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Where can I find ARP/wARP? http://www.embl-hamburg.de/ARP/
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ARP/wARP web service

Grzegorz Chojnowski 6 December 2017

https://arpwarp.embl-hamburg.de/
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