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5th DLS-CCP4 Data Collection and 

Structure Solution Workshop
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Fire Alarm
If the fire alarm sounds, there will be an 
alarm which alternates with a voice 
message stating that "there is an 
emergency in the building".
You should leave the building by the 
closest fire exit and congregate in the car 
park in front of Diamond House.

Emergency Contacts 
In case of emergency, please call the RAL 
emergency line on 2222 from any internal 
phone or 01235 778888 from a mobile. 



How to get the most out of the workshop

● Ask questions! The tutors are experts and developers of the software you 
will use. They are not all available for the full week, please approach them if 
you need help.

● Talk to your neighbours. The attendees at the course have various levels 
of expertise and scientific backgrounds. You may learn from each other and 
not just the tutors.

● Take your time. You will get the most out of the tutorials if you work 
through each step carefully and think about what you are doing

● Course materials will be uploaded to the website 
http://www.ccp4.ac.uk/schools/DLS-2018, so don't feel you have to take notes 
for every slide. You will have them available at the end of the workshop. 

http://www.ccp4.ac.uk/schools/DLS-2018


If progress you make during the workshop leads to published results we ask that you 
please acknowledge this in your papers. We will link to them on our website. This helps us 
to keep delivering similar workshops in the future.

We wish you every success with your projects!
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Outline

● What is CCP4?

● The CCP4 Software Suite
○ ccp4i2: graphical user interface
○ what the Suite is used for
○ each step in the process

● Other useful information
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What is CCP4?
● CCP4 stands for “Collaborative Computational Project No. 4 in Protein 

Crystallography”
● One of several CCPs set up in the UK to advance and support scientific 

software developments 
● CCP4 is not a single group in RCaH-Rutherford but a world-wide 

collaboration of developers and users
● CCP4 was formally set up in 1979 to support collaboration between 

researchers working on MX software in the UK, and to assemble a 
comprehensive collection of software to satisfy the computational 
requirements of the relevant UK groups

● CCP4 was originally supported by the UK Science and Engineering 
Research Council (SERC), and is now supported by the Biotechnology and 
Biological Sciences Research Council (BBSRC).

● The project is coordinated at the Scientific Computing Department of 
STFC, part of UKRI
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Main CCP4 Groups

CCP4

Cambridge

York

● Core Group (Harwell)
○ maintain and support software suite
○ development software suite components
○ collaborate with Diamond on beam line deployment of 

CCP4 software and joint developments
○ educational outreach
○ maintain CCP4 resources such as the CCP4BB

● MRC/LMB (Cambridge)
○ data processing software (Mosflm, Pointless, Aimless)
○ refinement software (Refmac)
○ model building (Coot)

● Phaser group (University of Cambridge)
● University of York

○ Software developments (CCP4mg, Buccaneer, Privateer)
○ CCP4 GUI-2 developments

● Associated projects
○ Experimental Phasing from Leiden (CRANK2)
○ Ab-initio MR, University of Liverpool (AMPLE)
○ ARCIMBOLDO software (Barcelona)
○ ARP/wARP (EMBL-Hamburg)
○ PDB redo (NKI, the Netherlands)
○ SHELX (University of Göttingen)

Liverpool
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CCP4 Users Geography
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What is CCP4?

CCP4 Study Weekend
Annual CCP4 users meeting taking place in January in the UK
Each year tackles a different topic:
○ Data processing
○ Experimental phasing
○ Molecular replacement
○ Model building and refinement
○ Related topics: Complementary methods (EM, NMR, SAX etc.), 

Structure analysis, Complexes, Ligands, Databases
Proceedings published in special edition of Acta Cryst. D
○ 2016: “Ligands”
○ 2017: “From Crystal to Structure with CCP4” 
○ 2018: “Multi and Serial Crystal Data Collection and Processing”
○ 2019: “Molecular Replacement”



CCP4 Roadmap

CCP4 Schools and Workshops

What is CCP4?

● The main aim is to give education and expert help to researchers 
working with collected crystal data

● Some schools also provide expert help with collecting crystal data 
(APS, Diamond)

● Applicants with challenging crystals and/or data are given strong 
consideration but this is not mandatory

● Software developers from CCP4, Phenix (APS Workshop), SHELX, 
ARP/wARP, XDS, HKL, and others give lectures, tutorials and are 
also available to help with data processing and data solution 
throughout the meetings

http://www.ccp4.ac.uk – Courses & Events

http://www.ccp4.ac.uk/
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Other CCP4 Resources

● CCP4BB mailing list: ccp4bb@jiscmail.ac.uk
bulletin board, news, expert help and advice

● CCP4 help desk: ccp4@ccp4.ac.uk
bug reports, problems with software

● CCP4 wiki: http://ccp4wiki.org
program documentation and tutorials

● CCP4 user community wiki (thanks to Kay Diederichs): 
http://strucbio.biologie.uni-konstanz.de/ccp4wiki

repository of crystallographic knowledge
● CCP4 web site: http://www.ccp4.ac.uk

mailto:ccp4bb@jiscmail.ac.uk
mailto:ccp4@ccp4.ac.uk
http://ccp4wiki.org
http://strucbio.biologie.uni-konstanz.de/ccp4wiki/
http://www.ccp4.ac.uk


CCP4 Roadmap

The CCP4 Software Suite

● The CCP4 Suite is a comprehensive suite of software for 
macromolecular crystallography and it contains about 250 
program components

● Current release version — CCP4 7.0 from January 2016
● Revisions to the current release are made available through the 

CCP4 update manager (approx 1-2 updates per month)
● Updates contain bug fixes, software improvements and new 

programs. It is important to keep your installation up-to-date!
● Updates are listed at http://www.ccp4.ac.uk/updates/

http://www.ccp4.ac.uk/updates/
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Structure Solution in Essence

● The ultimate goal is to generate an atomic model to explain the 
results of X-ray diffraction experiments

● This could be achieved in principle by applying the inverse Fourier 
transform to measured structure factors

● In reality, the X-ray 
diffraction experiment gives 
only moduli, but not 
phases, of structure factors

● Therefore, the phases need 
to be elicited by other means
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Structure Solution Pathway
● As a first step, one need to derive structure factor amplitudes from 

the intensities of spots in X-ray images
● Next, phases need to be approximated by using methods such as
○ Experimental Phasing:  SAD, MAD, SIRAS etc.
○ Molecular Replacement
○ Combination of the above

● Then, structure factors are converted into electron density via the 
inverse Fourier transform

● The electron density map thus obtained needs to be interpreted via 
model building and refinement to produce a model for target 
structure

● The model need to be analysed to answer biochemical questions 
and then deposited in the PDB

sounds like we know what to do …
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CCP4 Scope

Density 
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CCP4 Software
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External
components
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Data Processing 
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XDS &
autoPROC

SHARP/
autoSHARP 

BUSTER

CCP4 Software
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The CCP4i2 Interface

Task menuJob list
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The CCP4i2 Interface

Job report

Job actions 
(right-click)



CCP4 Roadmap

The CCP4i2 Interface

Job input

Job output

Next job suggestions

Data actions (right-click)
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The Structure Solution Stages
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Data Processing 
and Reduction

Data Processing and Reduction

Deposition

Data Collection

Density 
Modification

Experimental 
Phasing

Molecular 
Replacement

Model Building

Structure Analysis

Refinement

Crystallisation

Data Processing
● Calculate intensities from images
● Initial estimation of space group and cell parameters 

(indexing)
● Look for problems in images

○ multiple lattices
○ poor reflection profiles
○ mosaicity
○ anisotropy

Data Reduction (scaling and merging)
● Scale and merge multiple observations of reflections
● Assignment of point group/space group
● Look for problems in images
● Calculate structure factor amplitudes
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Data Processing

xia2: Expert knowledge-based, decision-making system for automated data processing 
from images to merged MTZ file. Uses DIALS and XDS.
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Data Processing

DIALS: Integration of diffraction spots and indexing via DUI
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Data Processing

iMosflm: interactive integration of 
diffraction spots
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Pointless
● Determines point-group (and 

likely space group)
Aimless
● Scales symmetry-related 

intensities together
● Produce statistics on data 

quality
ctruncate
● Converts intensities to 

structure factor amplitudes 
● Checks for twinning, 

anisotropy, pseudo symmetry

Data Reduction
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Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Phasing

Deposition

Data Collection

Density 
Modification

Model Building

Structure Analysis

Refinement

Crystallisation

Phase information may be derived in two main ways
Experimental phasing:

○ Collect multiple data sets with anomalous or isomorphous 
differences or differences produced by radiation damage

○ Determine the differences in atomic structure which lead to 
the differences in observations — usually a heavy atom 
substructure

○ Refine the parameters of the substructure and use the 
observations and the substructure to estimate phases

Molecular Replacement:
○ Use the structure of an already solved, homologous 

macromolecule as a first approximation for the phases of 
the target

○ Requires correct repositioning of homologous structure in 
unit cell of target

○ Can also generate homologue from sequence using ab initio 
modelling
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Experimental Phasing

Crank2 & SHELX
Automated experimental 
phasing pipelines
○ Heavy atom location 

through to model building
○ SAD(-MR), MAD, SIRAS

Phaser EP
Automated experimental 
phasing
○ SAD phasing
○ Combined MR and SAD 

phasing
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Molecular Replacement

Phaser MR
Automated molecular replacement 
using maximum likelihood method
○ Sophisticated workflow and decision 

making
○ Accounts for experimental and 

model errors

Molrep
Molecular replacement based on 
Patterson search with more 
manual interaction through 
specialised functions
○ Phased Translation/Rotation 

functions
○ Multi-copy search
○ Spherical averaging search function
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Searching for MR Models and Model Preparation

Model search
● Online tools: 

HHpred, PSI-Blast
● Within CCP4: 

Phmmer, MAFFT, 
Clustalw

Model preparation
● Molrep
● Chainsaw
● Sculptor
● Ensembler
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Automatic Molecular Replacement

MrBUMP
● Online model search
● Uses Phaser and Molrep

MORDA
● Custom database with search 

models
● Uses Molrep and Refmac

From model search and 
preparation through to initial 
refinement and model building
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The Protein Data Bank (PDB)
● Currently over 145,000 structures (130,000 X-ray structures)
● For an X-ray crystallographer, a treasury of models for MR

Chothia C: One thousand 
families for the molecular 
biologist. Nature 1992, 357: 
543-544.

MR is the dominant 
phasing method in 
today’s protein 
crystallography
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Ab initio Modelling for Molecular Replacement

AMPLE
● Generate and prepare ab initio 

or de novo models using 
Rosetta or Quark software for 
use as search models in 
molecular replacement

● Works well for smaller, 
α-helical proteins (<120 
residues), but has been known 
to work for larger targets
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Density 
Modification

Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Density Modification

Deposition

Data Collection

Model Building

Structure Analysis

Refinement

Crystallisation

A tool for phase improvement

Traditional approaches:
○ NCS averaging
○ Histogram matching
○ Solvent flattening
○ Phase combination

■ Experimental phases
■ Phases from modified map

○ Iterative procedure
Statistical approaches:

○ Improved phase probability distributions
○ Removes bias
○ Slower than traditional approaches
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Density Modification

● DM can be perfect if noise is genuinely statistical (never the case)
● Otherwise, DM is equivalent to bringing in additional data
● Imperfectness can potentially lead to artefacts
● Existing programs are robust and DM is known to work
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Density Modification Tools

Parrot
● Traditional approach 

benefiting from 
maximum likelihood 
methods

● Fast and fully 
automated

Acorn
● Dynamic Density 

Modification procedure
● Particularly useful at 

resolution, better than 
1.8 Å
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Density Modification Tools
SHELXE
● Density modification 

combined with C-alpha 
tracing

● Works well starting from 
partial MR solution or 
from Experimental phases

● Requires resolution 
better than 2.5 Å



CCP4 Roadmap

Density 
Modification

Model Building

Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Model Building

Deposition

Data Collection

Structure Analysis

Refinement

Crystallisation

Interpret electron density map in terms of 
atomic coordinates
• X-ray experiment and phasing yield the electron 

density map
• Model atoms need to be put in the correct locations 

of the map
• The process is aided by the chemical knowledge of 

residue structure, as well as secondary structure 
assignments

• Validation tools are essential for choosing the right 
electron density interpretation:
○ Quality of density fit
○ Ramachandran restraints
○ Geometry analysis

Try to account for as much of the density as 
possible including solvent molecules
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Model Building Tools
Buccaneer
● Chain tracing by identifying 

connected C-alpha positions 
using a likelihood-based 
density target

● Low-resolution model 
building

Nautilus
● Automatic model building of 

nucleotide structures in 
electron density maps
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Model Building Tools
ARP/wARP 8.0
Automated building of
● proteins
● RNA/DNA
● secondary structure
● side chains
● loops
● solvent
● ligands
Integrated and 
co-distributed with CCP4
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Model Building Tools
Coot 0.8.9
● Manual and semi-automatic 

model building
● Interactive graphics
● Ligand building and fitting
● Real-space refinement
● Paired with Refmac and 

jLigand
● Wealth of validation tools
● Integrated with CCP4
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Model Building

Refinement

Density 
Modification

Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Refinement

Deposition

Data Collection

Structure Analysis

Crystallisation

● Refinement is one of most important procedures 
in the structure solution process

● Refinement is used mainly to
○ produce a structure which is properly balanced between 

chemistry restraints and experimental observations
○ improve density maps for further cycle of model building

● Refinement often uses additional information 
from various sources
○ Phases
○ Twinning (if detected)
○ External restraints
○ NCS restraints
○ TLS groups
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Refinement

Refmac 5.8
● CCP4’s main refinement 

program
● Implements several likelihood 

target functions for experimental 
data (amplitudes, twinned data, 
external phases, Lattman 
coefficients) 

● Restraints 
○ CCP4 monomer library
○ Custom library
○ External restraints

Several refinement protocols
● Rigid body
● Restrained
● Jelly-body

NCS refinement
● local
● global
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Structure 
Analysis

Refinement

Model Building

Density 
Modification

Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Structure Analysis & Visualisation

Deposition

Data Collection

Crystallisation

● To find out structural features which may shed 
light on chemical activity or structure function

● Identification of complexes (quaternary 
structures)

● Finding and comparing structure homologues

● Visualise and inspect the target structure

● Can also be used earlier on in structure 
solution process 
○ Provide information on complexes, domains, mobility 

of structure for use in molecular replacement or for 
construct design
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Structure AnalysisPISA
● Automatic inference on 

multimeric states from crystal 
packing

● Analysis of macromolecular 
interfaces and macromolecular 
interactions

● Analysis of protein 
oligomerisation versus 
concentration
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Structure AnalysisCCP4MG
2.10.10



CCP4 Roadmap

Structure Analysis
Gesamt
● 3D structure alignment and 

superposition
● Makes both pairwise and multiple 

alignments 
● Fast PDB scans for structural 

homologues
● Identification of structural 

domains
● Replacement for Superpose (SSM)
● Doesn’t rely on secondary 

structure
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Deposition

Structure Analysis

Refinement

Model Building

Density 
Modification

Experimental 
Phasing

Molecular 
Replacement

Data Processing 
and Reduction

Validation and Deposition
Data Collection

Crystallisation

Coot
● Comprehensive set of validation tools: 

Ramachandran plots, density fit analysis, 
geometry analysis, unmodelled blobs etc.

PDB_REDO
● Optimisation of refinement parameters: 

weighting of X-ray terms, B-factors
● Checking rotamers
● Comparison of refinement with rest of PDB 

statistics
Deposition
● Dedicated deposition preparation module in 

CCP4i2
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Utility Programs
Reflection Data Tools
● Reindexing
● Map calculations
● Phase conversions and analysis
● Structure factor calculation
● Free R set calculation
● Matthews coefficient calculation
Coordinate Data Tools
● Model matching and alignment
● Import coordinates
● Edit coordinate files manually
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Command Line Operation
Example:

refmac5 HKLIN my.mtz HKLOUT output.mtz XYZIN my.pdb XYZOUT 
output.pdb

Keywords:
● Most CCP4 programs take “keywords” as command options through standard input to 

the program
● Gives access to all options of the program and the most fine-grained control
● Can be provided through ccp4i using “Run & view com file”
Scripting:
● Repetitive tasks can be scripted
● Pipelines of programs can be created in a script

Command
line

Keywords
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Command Line Operation
Documentation for CCP4 program keywords provided by documentation pages 
online or in the suite ($CCP4/html/INDEX.html): 
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Downloading the Suite

● Download CCP4 for Windows, 
Mac or Linux

● Co-distribution of ARP/wARP
● Package Manager – easy 

installation
● Only 64-bit version for Mac 

OSX, both 32-bit and 64-bit 
versions for other systems

● Additional software 
dependencies also available

http://www.ccp4.ac.uk/download

http://www.ccp4.ac.uk/download
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CCP4 Setup Manager

● Easy installation mechanism for 
CCP4 and associated packages 
(Coot, ARP/wARP, CCP4mg)

● Available on Linux and Mac 
OSX platforms

● Sets up system variables 
automatically if you wish
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Update Manager

● Automatically install latest 
fixes and new features

● Allows for rolling back to 
previous versions

● Updates made available once 
every two weeks or as and 
when they are needed

● Available on Linux, Mac OSX 
and Windows
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CCP4 online 
services

http://www.ccp4.ac.uk/ccp4online
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