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Structure solution in macromolecular crystallography is not always a straightforward process and it may be rather difficult for 

structural biologists without advanced training. A trained crystallographer exploits an extended set of approaches and tricks, based on 

the analysis of several indicators, general assessment of the case, and developed strategies for dealing with a particular class of 

problems. If such an approach, used by an expert, can be formalised in terms of an algorithm, then it can be implemented as a 

computer program or automated user advice system to help users solving structures quicker and with a higher success rate. It is not 

surprising then, that programs for macromolecular crystallography are moving towards full automation, taking off burden from 

researchers and lowering the entry barriers for novice users.  

During the last few years, substantial progress has been made towards automation of the whole macromolecular structure 

determination process. There are a number of examples of successful automatic solutions for various stages of structure determination, 

such as molecular replacement, experimental phasing, and refinement [1-5].  

In this communication, we report two novel automation features implemented in CCP4 Cloud [6], the new system for solving 

macromolecular structures online, released with CCP4 Software Suite 7.1 in 2020. Automated user advice framework, named 

Verdicts, provides simple graphical representation of results quality with detailed analysis of points for improvement as part of every 

task (e.g., refinement) report. The analysis includes suggestions on what could be done in order to improve the result (i.e., which 

parameters could be optimised). Then, the task can be re-run with the suggested parameters, which can be further adjusted by the user 

as appropriate.  

Another automation feature, Workflows, was designed for unfolding structure solution Projects, or their parts, automatically using 

user-supplied data. Such automatically initiated and unfolded Projects may include a number of tasks, arranged in branching Project 

Trees as if this were done by the user themselves. In common cases without complications, this may result in structure solved, and if 

not, then a starting Project is offered to the user for analysis and further manipulations, where simple, first-order structure solution 

attempts are already performed. Any task or branch of the starting Project may be cloned and re-run with optimized parameters, and 

new tasks may be added as needed. Workflows combine automation and human expert skills, and, therefore, represent an excellent 

starting point for users with different level of expertise, ranging from novices to experienced crystallographers. Workflows are 

particularly useful in a common case of processing large sets of isomorphous crystals, because, once structure is solved in one crystal, 

the process is well-repeatable in systems with moderate modifications. 
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