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How to install

Quick steps:

1 - Download the latest stable copy of UCSF Chimera [http://www.cgl.ucsf.edu/chimera/download.html] and install it with:

chmod +x chimera-*.bin && sudo ./chimera-*.bin





2 - Install Miniconda Python 2.7 Distribution [http://conda.pydata.org/miniconda.html] for your platform and install it with:

bash Miniconda2*.sh





3 - Install gaudi with conda in a new environment called insilichem (or whatever name you prefer after the -n flag), using these custom channels (-c flags):

conda create -n insilichem -c omnia -c salilab -c insilichem -c conda-forge -c bioconda -c tpeulen gaudi





4 - Activate the new environment as proposed:

conda activate insilichem





or

source activate insilichem





5 - Run it!

gaudi






Check everything is OK

If everything went OK, you will get the usage screen:

Usage: gaudi [OPTIONS] COMMAND [ARGS]...

  GaudiMM: Genetic Algorithms with Unrestricted Descriptors for Intuitive
  Molecular Modeling

  (C) 2017, InsiliChem
  https://github.com/insilichem/gaudi

Options:
  --version   Show the version and exit.
  -h, --help  Show this message and exit.

Commands:
  prepare  Create or edit a GAUDI input file.
  run      Launch a GAUDI input file.
  view     Analyze the results in a GAUDI output file.









          

      

      

    

  

    
      
          
            
  
Quick usage

Running GAUDI jobs is quite easy with gaudi.cli.gaudi_run:

gaudi run /path/to/some_file.gaudi-input





To learn how to create input files, go to Input files, and make sure to check the tutorials!


	GaudiMM basics (start here!)


	Tutorial: Your first GaudiMM calculation




After the job is completed, you can check the results with gaudi.cli.gaudi_view:

gaudi view /path/to/some_file.gaudi-output





You can choose between two molecular visualization tools: Chimera itself (using GaudiView [https://github.com/insilichem/gaudiview] extension), or our in-house GUI, GAUDInspect [https://github.com/insilichem/gaudinspect].

[image: GAUDInspect GUI under Ubuntu 14.04]
[image: GAUDInspect GUI under Windows 10]
Both tools support lazy-load, filtering and sorting, so choose whichever you prefer. A quick tutorial on GaudiView is available here:


	Tutorial: Visualizing your first results







          

      

      

    

  

    
      
          
            
  
Input files

GaudiMM uses YAML-formatted files for both input and output files. YAML is a human-readable serialization format, already implemented in a broad range of languages. Input files must contain these five sections:


	output. Project options. Configure it to your liking


	ga. Genetic algorithm configuration. Normally, you don’t have to touch this, except maybe the number of generations and population size.


	similarity. The similarity function to compare potentially redundant solutions.


	genes. List of descriptors used to define an individual


	objectives. The list of functions that will evaluate your individuals.




You can check some sample input files in the examples directory.


How to create GaudiMM input files

If you don’t mind installing GAUDInspect [https://github.com/insilichem/gaudinspect], it provides a full GUI to create GAUDI input files, step by step. Add genes and objectives, configure the paths, number of generations and population size, and run it. Simple and easy.


Note

The development of GAUDInspect is currently stalled.
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Output files

GAUDI output files are also YAML-formatted, so you can just open the file and read it in your favourite editor. However, that’s not probably what you were expecting to do.

For the time being, your best bet to understand how to analyze the results is to read the visualization tutorial:


	Tutorial: Visualizing your first results





Todo


	Multi-objective solutions: Pareto front vs lexicographically sorted elite
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FAQ & Known issues


Known issues

Most problems we have faced have to do with the installation and Chimera-Conda incompatibilities. Those are covered in the pychimera documentation [https://pychimera.readthedocs.io/en/latest/faq.html], so please check that list before raising an issue in this repository!



How can I cite GaudiMM? What licenses apply?

GaudiMM is scientific software, funded by public research grants. If you make use of GaudiMM in scientific publications, please cite it. It will help measure the impact of our research and future funding!

@preamble{ " \newcommand{\noop}[1]{} " }
@article{GaudiMM2017,
   title = {GaudiMM: A Modular Multi-Objective Platform for Molecular Modeling},
   author = {Rodr{\'i}guez-Guerra Pedregal, Jaime and Sciortino, Giuseppe and Guasp, Jordi and Municoy, Mart{\'i} and Mar{\'e}chal, Jean-Didier},
   year = {\noop{2017}submitted},
}





GaudiMM itself is licensed under Apache License 2.0 [https://www.apache.org/licenses/LICENSE-2.0.html], but includes work from other developers, whose licenses apply. Please check the LICENSE file in the root directory for further details.



How many generations / Which population size should I pick?

This depends on the complexity of your search space (related to the number and type of genes in use), and the evaluation power of the chosen objectives. A simple job would work OK with 50 generations and populations of 100 individuals, while more complex ones would require 500 generations for populations of 1000 indivuals. This also depends on the values of mu and lambda parameters.



The output produces a lot of similar results and I want to focus on diversity

You should play with the cutoff value of the RMSD similarity section. If the RMSD of two potentially similar solutions is under the cutoff, one of them is discarded. However, this is only applied if the score of two solutions are the same; ie, if there is a draw.

To force draws, one can reduce the number of decimal positions returned by every objective, which is controlled by the precision parameter. It is setup globally in the output section, but can also be overriden by any objective. By default, precision is 3. Also, if you are using the gaudi.genes.search.Search gene, make sure its precision parameter is small enough so you don’t lose exploration efforts in too similar positions.



The output produces very different results and I am interested in clustered solutions

In this case, one should increase the precision value (both globally and in the gaudi.genes.search.Search gene, if it applies) and reduce the RMSD similarity cutoff.



What is the difference between atom_names and atom_types in some objectives or genes?

atom_names refers to the name attribute of chimera.Atom objects, while atom_types is applied with idatmType attributes. Normally, the name attribute is picked directly from the molecule file (PDB, mol2), while the idatmType is assigned algorithmically by UCSF Chimera.


Tip

Any further questions? Feel free to submit your inquiries to our issues page [https://github.com/insilichem/gaudi/issues]!
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GaudiMM basics (start here!)

The main strength of GaudiMM is, possibly, its flexible approach to solve molecular modeling problems. However, flexibility does not come without a price: the learning curve can be somewhat steep for beginners. In this tutorial we will try to smooth that curve out.

GaudiMM makes a big effort to clearly separate exploration from evaluation. As such, both stages are configured in different sections of the input file: genes and objectives.


Exploration and genes

Most molecular modeling problems can be explained using search space analogies. This is, given a problem, one can identify the dimensions it must explore to find adequate solutions for that problem. That n-dimensional space can be comprised of one or more (bio)chemical structures and their respective spatial variability. Modifying the topology and/or composition of such structures would be equivalent to moving along the (bio)chemical axes of such search space, while modifying their atomic positions would be equivalent to moving along the cartesian and/or internal coordinates axes. Thus, visiting different regions of the whole search space means creating new candidate solutions to the problem… We will call this stage exploration, and it is detailed in the genes section of the input file. If you want to know why they are called genes, check the Genetic Algorithms Primer in the Developers guide.

The more important gene is, almost always, the gaudi.genes.molecule.Molecule gene. This is used to load (bio)chemical structures, such as proteins, peptides and small cofactors. Normally they are straight PDB or Mol2 files, but can also be more complex constructs. As of now, it is the only one capable of providing topologies.
The other genes are responsible of applying changes to the coordinates of that initial structure. Some examples include torsion angles of rotatable bonds (gaudi.genes.torsion.Torsion gene), translating and rotating a Molecule in the 3D space (gaudi.genes.search.Search gene), or importing the atomic positions of a molecular dynamics trajectory frame (gaudi.genes.trajectory.Trajectory gene).



Evaluation and objectives

However, there is no guarantee that, given a new position on such search space, that hypothetical solution is actually good enough to solve the problem. To assess the quality of a random solution, it must be evaluated with some criteria or objectives.
All objectives have something in common: they take a candidate solution (ie, a point of the search space) and measure some property to return a numeric score. Some examples include the distance between two given atoms (gaudi.objectives.distance.Distance objective), the steric clashes of the molecules (gaudi.objectives.contacts.Contacts objective) or the forcefield energy of the system (gaudi.objectives.energy.Energy objective).



Examples of application

Now we got the basics covered, we can start to think of how we could solve some standard (and not so standard) molecular modeling problems with GaudiMM.


Docking

Docking problems devote to finding the correct orientation and position of a small molecule (the ligand) within the cavity of a bigger one (normally, a protein). For the exploration stage, at least three genes must be defined:


	A gaudi.genes.molecule.Molecule gene to load the file corresponding to the protein structure.


	Another gaudi.genes.molecule.Molecule gene to load the ligand itself.


	A gaudi.genes.search.Search gene to translate and rotate the ligand around the protein surroundings.




This is all you need to move a rigid ligand around a protein. However, most of the time you want to implement some kind of internal flexibility, such as torsions in the ligand or some residues sidechains. To do that, add these to your genes section:


	A gaudi.genes.torsion.Torsion gene with the ligand as target to implement dihedral angle torsions along the rotatable bonds of the ligand.


	A gaudi.genes.rotamers.Rotamers gene with some residues of the protein as target. This will randomly modify the dihedral torsions of the sidechains of the specified residues according to the angles provided by the rotamer library (defaults to Dunbrack’s).




There is also a gaudi.genes.mutamers.Mutamers gene that allows you to mutate residues in addition to rotameric exploration. This will provide some traversal along the biochemical axis of your protein, but careful, because the current implementation is RAM hungry!

The evaluation stage can be comprised of several objectives, but normally you’d want to:


	Minimize steric clashes with gaudi.objectives.contacts.Contacts.


	Maximize hydrophobic patches with another gaudi.objectives.contacts.Contacts entry.


	Use a proper docking scoring function, such as gaudi.objectives.ligscore.LigScore or gaudi.objectives.dsx.DSX. Depending on the one you choose, it should be minimized (the usual case) or maximized.






Covalent docking

Not all docking studies consider a free ligand. Sometimes the ligand is anchored to some part of the protein. While there’s no specific gene to implement a covalent bond (for now, at least), you can mimick it with a Search gene with radius=0 and rotate=True. The origin of this null search sphere should be set to the atom that is part of the covalent bond, so you would have add an extra atom in one of the molecules. Also, we recommend setting an gaudi.objectives.angle.Angle objective between the involved atoms in the covalent bond so that the resulting rotation matches the expected geometry of the new bond (109.5º for sp3, 120º for sp2, 180º for sp1).



Naked metal ions docking

If instead a small organic molecule you choose to load a naked metal ion… would it work? Well, in most docking programs probably not, but with GaudiMM the answer is… it depends!

It depends on the objectives you choose. Since we ship a gaudi.objectives.coordination.Coordination objective that can deal with coordination geometries, you can dock naked metal ions in any protein or peptide.



Competitive docking

Since you can instantiate as many gaudi.genes.molecule.Molecule genes as you want, nothing prevents you from adding more ligand molecules at the same time.  They will compete to find its place in the protein(s). Just remember to replicate any dependent genes (gaudi.genes.search.Search, gaudi.genes.torsion.Torsion and so on) accordingly.
Also, why not two proteins which the ligand should choose from (but it’s true there are finer ways to assess that)?



Hacking Molecule genes for complex studies

In addition to loading molecular structure files, the gaudi.genes.molecule.Molecule does a couple of extra things. The path parameter can be set to two different values:


	The path to a PDB or Mol2 file (or any format that Chimera can open). This is the standard behaviour. It will load the structure and that’s it.


	The path to a directory, whose contents determine the final behaviour:



	If the directory contains molecule files, GaudiMM will choose one of them randomly for each case.


	If the directory contains subdirectories which, in turn, contain molecules files, GaudiMM will sort those subdirectories by name and then pick one molecule from each, in that order. The chosen molecules will be chained linearly as specified in the accompanying *.attr files. Perfect for drug design, since you can fill a couple of directories with different alkanes to link a cofactor











Case A allows GaudiMM to test a library of compounds against certain criteria: ie, virtual screening!

Case B makes drug design studies possible. If you want to test different linker molecules to anchor a cofactor to a protein, you can use a two-directories scheme: one directory would contain the aforementioned linkers, and the other one just the cofactor (it’s fine it there’s only one molecule in one directory).




Peptide folding & Conformational analysis

Loading an unfolded peptide with gaudi.genes.molecule.Molecule is pretty easy. Just specify the path. Then, if you apply a gaudi.genes.torsion.Torsion gene on such peptide, but considering only the bonds involving an alpha-carbon, you can effectively explore the conformational space of its folding. Use gaudi.genes.rotamers.Rotamers to implement sidechain flexibility.

For the evaluation, you can use the gaudi.objectives.energy.Energy objective to assess the forcefield energy as provided by OpenMM GPU calculations. This type of study could be considered some sort of highly explosive metadynamics.


Homology modeling

In the same fashion, given an unfolded peptided or protein segment, you could apply the same Torsion scheme to explore different conformations. A hypothetical objective could be devised to calculate the RMS deviation of the new fragment and a reference one, which then the GA would minimize to obtain a similar structure.



Conformational analysis

Another possible variation of this scheme is to impose geometric guides as additional objectives, like gaudi.objectives.distance.Distance, gaudi.objectives.angle.Angle or gaudi.objectives.coordination.Coordination. The resulting calculation could be regarded as a restrained conformational analysis, very useful for finding initial structures of unparametrized small molecules you want to study with higher levels of theory, such as QM.



Trajectory analysis

GaudiMM features a gaudi.genes.trajectory.Trajectory gene capable of importing frames of MD movies and apply them to the corresponding gaudi.genes.molecule.Molecule instance. This way, all the objectives are available as trajectory analysis tools, maybe not present in other specific software. For example, finding coordination geometries of a given metal ion along a molecular mechanics simulation.
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Tutorial: Your first GaudiMM calculation

Running a GaudiMM calculation is easy. All you need is a simple command:

gaudi run input_file.yaml





The question is… how do I create that input_file.yaml.


How to create an input file from scratch

Input files in GaudiMM are formatted with YAML, which follows readable conventions that are still parseable by computers. To easily edit YAML files, we recommend using a text editor that supports syntax highlighting, such as Sublime Text 3 [https://www.sublimetext.com/3], Atom [https://atom.io/] or Visual Studio Code [https://code.visualstudio.com/]. If you use .yaml as the extension of the input filename, the editor will colorize the text automatically. Else, you can always configure it manually. Check the docs of your editor to do so. If you don’t want syntax highlighting it’s fine, GaudiMM will work the same.

Input files must contain the sections mentioned above: output, ga, similarity, genes, and objectives. Each of this sections it’s defined with a colon and a newline, and its contents will be inside an indented block. For readability, I usually insert a blank line between sections.

output:
    contents of output

ga:
    contents of ga

similarity:
    contents of similarity

genes:
    contents of genes

objectives:
    contents of objectives






Note

The API documentation of gaudi.parse.Settings contains the full list of parameters for output and ga sections. Programmatically defined default values are always defined in gaudi.parse.Settings.default_values. The appropriate types and whether they are required or not are defined in gaudi.parse.Settings.schema. GaudiMM will check if the submitted values conform to these rules and report any possible mistakes.
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Tutorial: Visualizing your first results

When a GaudiMM job finishes correctly, you will find the results in the directory specified at output.path. There you will find:


	*.gaudi-input. An (updated) copy of the input file used in this job, for reproducibility purposes.


	*.gaudi-log. A detailed log of the simulation, for debugging purposes.


	*.gaudi-output. A YAML file with the scores and paths of the solutions.


	(Potentially lots of) *.zip. As many as the elite population size. Each zip contains an Individual, which means that you will find molecule files (normally, mol2 files), as well as the allele metadata of the rest of the genes.




To analyze the results, currently the best tool is our own extension for UCSF Chimera, GaudiView [https://github.com/insilichem/gaudiview]. After installing it [https://github.com/insilichem/gaudiview/blob/master/README.md#installation], you can type the following:

gaudi view *.gaudi-output





, and hopefully it will open Chimera and GaudiView to load the output file. If it doesn’t work (please, if that’s the case, report it in the issues page!), you can always UCSF Chimera, fire up GaudiView from Tools> InsiliChem> GAUDIView and browse the file manually.

[image: Browsing GaudiView output files]
One way or another, you will end up seeing the following dialog:

[image: GaudiView results GUI]

Actions

The following actions are available:


	Depiction



	Click on a row to show that solution as is. Double-click may trigger additional post-processing as detailes in the genes metadata, depending on the chosen genes.


	Ctrl-click or Shift-click to select more than one solution at the same time.


	Use up and down arrows to move along the list.









	Sorting



	Click on the column headers to sort by that key.









	Filtering



	Press +Add to load a new filter. Select the filter key, specify the cutoff and press Filter. Repeat to add more filters with the selected boolean.


	Remove filters by pressing on -.


	Clear all the filters with Reset.









	Commands



	Every time you change the selected row, the command specified in the command input panel will be run. You can force it by pressing Enter key or click on Run.


	Combine the command line with the dynamic selection panel to run commands like show sel zr < 5 to depict the surrounding residues of docking poses.


	Multiple commands can be chained with ;.









	Clustering



	First, choose the column to use as energy criteria.


	Select the RMSD cutoff. If two solutions have RMSD bigger than this value, they won’t be considered similar and thus not clustered together.


	Press Cluster!. Since this method requires to load all solutions at once, it can take some time if you have a lot of solutions.


	When it’s done, a new column Cluster will be available at the end of the table. Sort by that column to group them together and Shift-click to depict the full cluster.











When you are done with the analysis, you can exit GaudiView in different ways:


	Click OK. The depicted solutions at that moment won’t be closed, and thus available for further post-processing in Chimera. Every other solution previously loaded will be removed from the canvas and closed.


	Click Close or upper-corner X. All solutions, visible or not, will be removed from canvas and closed.





Error

There’s a known bug in GaudiView that may trigger a non-critical exception if you filter the solutions and then try to sort them again without selecting a new row beforehand. You can dismiss the dialog and simply click in any row to avoid this bug. It will be fixed soon, promise!
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Developers guide


Introduction to Genetic Algorithms

The GA in GaudiMM stands for Genetic Algorithm, a search heuristic inspired by natural selection that is used for optimization processes.

Genetic Algorithms use a biologicist terminology. Each candidate solution to the problem is considered an individual, which is part of the so-called population (the set of all candidate solutions).

The initial population is generated from scratch, almost always randomly. These individuals also comprise the first generation of the evolution process. As in nature, only the fittest survive. The survival process is simulated with an evaluation function, that tests them against the optimization variable(s). This is called selection.


	How do we create an individual? With one or more genes, naturally. Genes describe how an individual should look like, of course!


	How do we evaluate that individual? With one or more objectives.




Also, as in nature, the fittest individuals are allowed to mate (exchange their defining values), and mutate (spontaneously modify their own defining values). This adds some more variability to the process, and that is key to survival.

After a number of generations repeating the process of selection, choosing the fittest over the weakest, we will obtain better and better solutions to our problem. Since it’s all heuristics, it’s up to us to stop at some point. We won’t probably get the solution, but we can live with pretty good ones, right?


The One Max Problem

Ok, that was a lot of biology and we are trying to code, I get it. Let’s explain a classical GA example, the trivial One Max Problem, adapted from the original deap documentation [https://deap.readthedocs.org/en/master/examples/ga_onemax.html].

In this problem, we have a list of integers that can be either 0 or 1, and we want to obtain a list full of 1s. So, in this example, we have individuals defined by a single gene and evaluated with a single objective.

We build individuals with the gene onemax:

import random.randint
def onemax(size=5):
    return [random.randint(0, 1) for i in range(size)]





adam = onemax(5) # returns [0, 0, 0, 1, 0]
eve = onemax(5)  # returns [0, 1, 1, 0, 0]





The objective is also trivial. We have to maximize the sum of the numbers inside a given individual:

def evaluate(individual):
    return sum(individual)





So… which is one is fittest, adam or eve? Obviously, eve:

evaluate(adam)  # returns 1
evaluate(eve)   # returns 2





Of course, an initial population is usually larger! At least, a hundred individuals. With such a trivial case, given a big enough population, we may obtain the solution in the first generation by pure change. However, we must not rely on the initial population as the only diversity source.

Additional diversity is achieved with the mutation and mating operations, implemented as additional functions:

def mate(a, b):
    """ Let a and b mate, in hope of fitter children """
    i = crossover_point = random.random() * min(len(a), len(b))
    c, d = a[:], b[:]
    c[:i], d[i:] = d[:i], c[i:]
    return c, d

def mutate(individual, probability):
    """ Spontaneous mutation at random places can result in a fitter individual """
    return [random.randint(0, 1) for i in individual if random.random() < probability]





Let’s see how this is useful:

cain, abel = mate(adam, eve)
# cain = [ 0, 1, 1, 1, 0 ]
# abel = [ 0, 0, 0, 0, 0 ]
evaluate(cain) # returns 3
evaluate(abel) # returns 0





See? adam and eve gave birth to cain and abel. cain had luck and inherited the good parts, while abel… Well, he was not that lucky. In the next selection process, cain will be selected over abel, and probably over its own father adam. Now, the population (cain and eve) as a whole is fitter, with an average fitness of 2.5. That’s higher than the average in the previous generation (1.5). Evolution!

Mutation works similarly:

enoch = mutate(cain)
# enoch = [ 1, 1, 1, 1, 0]
seth = mutate(eve)
# seth = [ 0, 0, 1, 0, 0]





Take into account that mutations can be beneficial, like in the case of enoch, but also detrimental, as in the case of seth. Some of them will contribute to evolution, and some of them not. Lucky ones will be selected, the others, discarded.

By the way, deap already defines some mutation and mating operators [https://deap.readthedocs.org/en/master/api/tools.html#operators] for you that will work in most cases. So, hopefully, this part will be trivial.

And that’s it! Deap does the rest! So, to sum up, you only need to worry about:


	How to define your individuals.


	How to evaluate them.


	How to implement mutation and mating (normally, with deap built-in operators).




If you want to know more about Deap and Genetic Algorithms, go check their documentation [https://deap.readthedocs.org/en/master/index.html]. It’s great!




Our implementation

GaudiMM is built as an extensible and highly modular Python platform. Although the main focus is Chemistry and molecular design, you can use your own genes and objectives. You can think of GaudiMM as a new API for deap [https://github.com/deap/deap] that provides an object-oriented interface to easily create new individuals and objectives.

In deap an individual can be any Python object (check their overview [https://deap.readthedocs.org/en/master/overview.html] and GA examples [https://deap.readthedocs.org/en/master/examples/ga_onemax.html]), which is a very versatile approach, but it tends to be very limited when your individual gets complex. For example, if an individual needs to be defined by several genes with different mutation strategies.

In GaudiMM, each individual is a gaudi.base.Individual, which is a very (bio)fancy name for a list of genes. To create a gene, you just subclass gaudi.genes.GeneProvider and define the needed methods: express, unexpress, mutate, and mate. The gaudi.base.Individual class then provides some wrapper methods that call the respective counterparts in each gene.

To evaluate the fitness of an individual, you must first define the set of evaluation functions. Each function is called objective, and you keep them inside a gaudi.base.Environment.

To create a new objective, you have to subclass gaudi.objectives.ObjectiveProvider, which provides a very simple interface: evaluate. Define your function there, and that’s it!


Todo


	Tutorial: How to create your own gene


	Tutorial: How to create your own objective
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API documentation

The GaudiMM package is comprised of several core modules that establish the base
architecture to build an extensible platform of molecular design.

The main module is gaudi.base, which defines the gaudi.base.Individual,
whose instances represent the potential solutions to the proposed problem. Two plugin
packages allow easy customization of how individuals are defined (gaudi.genes) and
how they are evaluated (gaudi.objectives). Additionally:


	gaudi.algorithms is the place to look for the actual GA implementation


	gaudi.box is a placeholder for several small functions that are used across GaudiMM.


	gaudi.exceptions defines custom exceptions.


	gaudi.parse contains parsing utilities to retrieve the configuration files.


	gaudi.parallel contains helpers to deal with parallel GaudiMM jobs.


	gaudi.plugin holds some magic to make the plugin system work.


	gaudi.similarity defines the diversity enhancers.






	gaudi.cli
	gaudi.cli.gaudi_cli

	gaudi.cli.gaudi_run











	gaudi.genes
	Molecule gene

	Mutamers gene

	NormalModes gene

	Rotamers gene

	Search gene

	Torsions gene

	Trajectory gene

	Base class for all genes











	gaudi.objectives
	Angle objective

	Contacts objective

	Coordination objective

	Distance objective

	DrugScoreX objective

	Energy (OpenMM) objective

	GOLD objective

	Hydrogen bonds objective

	Inertia objective

	LigScore objective

	NWChem objective

	Solvation objective

	Vina objective

	Volume objective

	Base class for all objectives










gaudi.algorithms

This module implements evolutionary algorithms as seen in DEAP,
and extends their functionality to make use of GAUDI goodies.


Todo


	Genealogy
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gaudi.cli

This package holds all the CLI scripts and wrappers provided by GAUDI.


gaudi.cli.gaudi_cli

gaudi.cli.gaudi_cli is the CLI entry point for all GaudiMM scripts.

Available commands:



	run


	view


	prepare








	
gaudi.cli.gaudi_cli.echo_banner()

	




	
gaudi.cli.gaudi_cli.load_chimera(nogui=True)

	




	
gaudi.cli.gaudi_cli.test_import(command, module)

	




	
gaudi.cli.gaudi_cli.timeit(func, *args, **kwargs)

	





gaudi.cli.gaudi_run

gaudi.cli.gaudi_run is the main hub for launching GAUDI jobs.

It sets up the configuration environment needed by DEAP (responsible for the GA)
and ties it up to the GAUDI custom classes that shape up the invididuals and
objectives. All in a loosely-coupled approach based on Python modules called on-demand.

Usage. Simply, type:

gaudi run /path/to/job.gaudi-input






	
gaudi.cli.gaudi_run.enable_logging(path=None, name=None, debug=False)

	Register loggers and handlers for both stdout and file






	
gaudi.cli.gaudi_run.launch(cfg)

	Runs a GAUDI job


	Parameters:

	cfg (gaudi.parse.Settings) – Parsed YAML dict with attribute-like access










	
gaudi.cli.gaudi_run.main(cfg, debug=False)

	Starts a GAUDI job


	Parameters:

	
	cfg (str or gaudi.parse.Settings) – Path to YAML input file or an already parsed YAML file
via gaudi.parse.Settings class


	debug (bool, optional, default=False) – Whether to enable verbose logging or not.













	
gaudi.cli.gaudi_run.unbuffer_stdout()
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gaudi.genes

These are the built-in genes in GAUDI. You can also build your own, but these are ready to use.


Molecule gene

This gene implements a wrapper around Chimera.molecule objects
to expand its original features, such as appending new molecules.

This allows to build new structures with a couple of building blocks as a starting
point, as well as keeping several ligands as different potential solutions to the
essay (think about multi-molecule alternative docking). The user can also request
more gaudi.genes.molecule instances for the genome of the individual,
resulting in a competitive multi-docking essay.

To handle all this diversity, each construction is cached the first time is built.

This class is a dependency of most of the other genes (and even objectives), so it
will be requested almost always.


	
class gaudi.genes.molecule.Compound(molecule=None, origin=None, seed=0.0, **kwargs)

	Bases: object

Wraps chimera.Molecule instances and allows to perform copies,
appending new fragments, free placement and extended attributes.


	Parameters:

	
	molecule (chimera.Molecule or str, optional) – The chimera.Molecule object to wrap, or

’dummy’ (for a empty molecule), or

The path to a mol2 file that will be parsed by Chimera to return
a valid chimera.Molecule object.




	origin (3-tuple of float, optional) – Coordinates to the place where the molecule should be placed


	seed (float, optional) – Random seed, used by the vertex chooser on appending.


	optional (kwargs,) – Additional parameters that should be injected as attributes









	
mol

	
	Type:

	chimera.Molecule










	
donor

	If self were to be bonded to another Compound, this atom would be
the one involved in the bond. By default, first element in
chimera.Molecule.atoms


	Type:

	chimera.Atom










	
acceptor

	If another Compound wanted to be bonded to self, this atom would
be the one involved in the bond. By default, last element in
chimera.Molecule.atoms


	Type:

	chimera.Atom










	
origin

	Default location of mol in the 3D canvas.


	Type:

	3-tuple of float










	
seed

	Randomness seed for vertex computation.


	Type:

	float










	
rotatable_bonds

	Bonds that can be torsioned


	Type:

	list of chimera.Bond










	
nonrotatable

	Bonds that, although possible, should not be torsiond. Ie, fixed bonds.


	Type:

	list of chimera.Bond










	
built_atoms

	Memo of already built_atoms


	Type:

	list of chimera.Atom









Notes


Todo

Instead of a molecule parameter overload, think of using
equivalent classmethods.
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gaudi.objectives

These are the built-in objectives in GaudiMM. You can also build your own, but these are ready to use.


Angle objective

This objective calculates the angle formed by three
given atoms (or the dihedral, if four atoms are given) and returns
the absolute difference of that angle and the target value.


	
class gaudi.objectives.angle.Angle(threshold=None, probes=None, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Angle class


	Parameters:

	
	threshold (float) – Optimum angle


	probes (list of str) – Atoms that make the angle, expressed as a series of
<molecule_name>/<serial_number> strings






	Returns:

	Deviation from threshold angle, in degrees



	Return type:

	float






	
evaluate(ind)

	Return the score of the individual under the current conditions.






	
probes(ind)

	








	
gaudi.objectives.angle.enable(**kwargs)

	





Contacts objective

This objective provides a wrapper around Chimera’s
DetectClash that detects clashes and contacts.
Clashes are understood as steric conflicts that increases the energy
of the system. They are evaluated as the sum of volumetric overlapping
of the Van der Waals’ spheres of the implied atoms.
Contacts are considered as stabilizing, and they are evaluated with a
Lennard-Jones 12-6 like function.


	
class gaudi.objectives.contacts.Contacts(probes=None, radius=5.0, which='hydrophobic', clash_threshold=0.6, hydrophobic_threshold=-0.4, cutoff=0.0, hydrophobic_elements=('C', 'S'), bond_separation=4, same_residue=True, only_internal=False, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Contacts class
:param probes: Name of molecule gene that is object of contacts analysis
:type probes: str
:param radius: Maximum distance from any point of probes that is searched


for possible interactions





	Parameters:

	
	which ({'hydrophobic', 'clashes'}) – Type of interactions to measure


	clash_threshold (float, optional) – Maximum overlap of van-der-Waals spheres that is considered as
a contact (attractive). If the overlap is greater, it’s
considered a clash (repulsive)


	hydrophobic_threshold (float, optional) – Maximum overlap for hydrophobic patches.


	hydrophobic_elements (list of str, optional, defaults to [C, S]) – Which elements are allowed to interact in hydrophobic patches


	cutoff (float, optional) – If the overlap volume is greater than this, a penalty is applied.
Useful to filter bad solutions.


	bond_separation (int, optional) – Ignore clashes or contacts between atoms within n bonds.


	only_internal (bool, optional) – If set to True, take into account only intramolecular
interactions, defaults to False






	Returns:

	Lennard-Jones-like energy when which`=`hydrophobic,
and volumetric overlap of VdW spheres in A³ if which`=`clashes.



	Return type:

	float






	
evaluate_clashes(ind)

	




	
evaluate_hydrophobic(ind)

	




	
find_interactions(ind)

	




	
molecules(ind)

	




	
probes(ind)

	








	
gaudi.objectives.contacts.enable(**kwargs)

	





Coordination objective

This objective performs rough estimations
of good orientations of ligating residues in a protein to
coordinate a given metal or small molecule. The geometry is approximated
by computing average distances from ligating atoms the metal centre (self.probe)
as well as the angles formed by the probe, the ligating atom and its immediate neighbor.
Good planarity is assured by a dihedral check.


	
class gaudi.objectives.coordination.Coordination(probe=None, radius=3.0, atom_types=(), atom_elements=(), atom_names=(), residues=(), geometry='tetrahedral', distance=0, min_atoms=1, prevent_intruders=True, enforce_all_residues=False, only_one_ligand_per_residue=False, center_of_mass_correction=False, distance_correction=False, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Coordination class


	Parameters:

	
	probe (tuple) – The atom that acts as the metal center, expressed as
<molecule_name>/<atom serial>. This will be parsed later on.


	residues (list of str) – Residues that must coordinate to probe, expressed as
<molecule_name>/<residue position>. Position can be *.


	radius (float, optional, default=3.0) – Distance from probe where ligating atoms must be found


	atom_types (list of str, optional) – Types of atoms that are considered ligands to probe


	atom_names (list of str, optional) – Names of atoms that are considered ligands to probe


	atom_elements (list of str, optional) – Elements of atoms that are considered ligands to probe


	distance (float, optional) – Perfect distance a ligand atom should be from target.


	geometry (str or list of 3-tuple floats, optional) – Which geometry should be fitted. Choose from GEOMETRIES dict or
specify a set of vectors.


	enforce_all_residues (bool, optional) – Whether to force or not if all specified residues should coordinate.


	only_one_ligand_per_residue (bool, optional) – Enforce that only one ligand for each residue should coordinate.


	prevent_intruders (bool, optional) – Don’t let non-ligand atoms to be closer to the target than the
selected ligand atoms.


	center_of_mass_correction (bool, optional) – If True, calculate the distance between the metal center
and the center of mass of the ligand atoms, and sum that
to the final score.


	distance_correction (bool, optional) – If True, report the deviation of the experimental coordination
bond length and the ideal one, as tabulated by chimera.Element,
and sum that to the final score.






	Returns:

	Sum of RMSD of vertices from ideal RMSD and average cosine of
angle deviation from ideal orientation of ligand neighbors.
A perfect match should report 0.0.



	Return type:

	float






	
coordination_sphere(ind)

	1. Get atoms and residues found within self.radius
angstroms from self.probe. Found residues MUST
include self.residues. Otherwise, apply penalty.

2. Sort atoms by absolute difference of self.distance
and distance to self.probe. That way, nearest atoms are computed first.
If found atoms do not include some of the requested types, apply penalty.






	
evaluate(ind)

	
	Get requested atoms sorted by distance


	If they meet the minimum quantity, return the rmsd for
that geometry


	If that’s not possible of they are not enough, return penalty









	
molecules(ind)

	




	
probe(ind)

	




	
residues(ind)

	








	
gaudi.objectives.coordination.enable(**kwargs)

	




	
gaudi.objectives.coordination.ideal_bond_deviation(metal, ligand, other_ligands=())

	Assess if the current bond vector is well oriented with
respect to the ideal bond vector.


	Parameters:

	
	metal (chimera.Atom) – The ion ligands are coordinating to


	ligand (chimera.Atom) – Potential ligand atoms to metal






	Returns:

	Absolute sine of the angle between the ideal vector and
the ligand-metal one.



	Return type:

	float










	
gaudi.objectives.coordination.ideal_bonded_positions(atom, element, geometry=None)

	





Distance objective

This objective calculates the distance between two
given atoms. It returns the absolute difference between the calculated
distance and the target value.


	
class gaudi.objectives.distance.Distance(threshold=None, tolerance=None, target=None, probes=None, center_of_mass=False, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Distance class


	Parameters:

	
	threshold (float) – Optimum distance to meet


	tolerance (float) – Maximum deviation from threshold that is not penalized


	target (str) – The atom to measure the distance to, expressed as
<molecule name>/<atom serial>


	probes (list of str) – The atoms whose distance to target is being measured,
expressed as <molecule name>/<atom serial>. If more than one
is provided, the average of all of them is returned


	center_of_mass (bool) – 






	Returns:

	(Mean of) absolute deviation from threshold distance, in A.



	Return type:

	float






	
atoms(ind, *targets)

	




	
evaluate_center_of_mass(ind)

	




	
evaluate_distances(ind)

	Measure the distance










	
gaudi.objectives.distance.enable(**kwargs)

	





DrugScoreX objective

This objective is a wrapper around the binaries provided by
Neudert and Klebe [http://pc1664.pharmazie.uni-marburg.de/drugscore/]
and calculates the score of the current pose.

The lower, the better, so usually you will use a -1.0 weight.


	
class gaudi.objectives.dsx.DSX(binary=None, potentials=None, proteins=('Protein', ), ligands=('Ligand', ), terms=None, sorting=1, cofactor_mode=0, with_covalent=False, with_metals=True, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

DSX class


	Parameters:

	
	protein (str) – The molecule name that is acting as a protein


	ligand (str) – The molecule name that is acting as a ligand


	binary (str, optional) – Path to the DSX binary. Only needed if drugscorex is not in PATH.


	potentials (str, optional) – Path to DSX potentials. Only needed if DSX_POTENTIALS env var has not
been set by the installation process (conda install -c insilichem drugscorex
normally takes care of that).


	terms (list of bool, optional) – Enable (True) or disable (False) certain terms in the score function in
this order: distance-dependent pair potentials, torsion potentials,
intramolecular clashes, sas potentials, hbond potentials


	sorting (int, defaults to 1) – Sorting mode. An int between 0-6, read binary help for -S:

-S int :  Here you can specify the mode that affects how the results
        will be sorted. The default mode is '-S 1', which sorts the
        ligands in the same order as they are found in the lig_file.
        The following modes are possible::

            0: Same order as in the ligand file
            1: Ordered by increasing total score
            2: Ordered by increasing per-atom-score
            3: Ordered by increasing per-contact-score
            4: Ordered by increasing rmsd
            5: Ordered by increasing torsion score
            6: Ordered by increasing per-torsion-score








	cofactor_mode (int, defaults to 0) – Cofactor handling mode. An int between 0-7, read binary help for -I:

-I int :  Here you can specify the mode that affects how cofactors,
        waters and metals will be handeled.
        The default mode is '-I 1', which means, that all molecules
        are treated as part of the protein. If a structure should
        not be treated as part of the protein you have supply a
        seperate file with seperate MOLECULE entries corresponding
        to each MOLECULE entry in the ligand_file (It is assumed
        that the structure, e.g. a cofactor, was kept flexible in
        docking, so that there should be a different geometry
        corresponding to each solution. Otherwise it won't make
        sense not to treat it as part of the protein.).
        The following modes are possible:
            0: cofactors, waters and metals interact with protein,
            ligand and each other
            1: cofactors, waters and metals are treated as part of
            the protein
            2: cofactors and metals are treated as part of the protein
            (waters as in mode 0)
            3: cofactors and waters are treated as part of the protein
            4: cofactors are treated as part of the protein
            5: metals and waters are treated as part of the protein
            6: metals are treated as part of the protein
            7: waters are treated as part of the protein
        Please note: Only those structures can be treated
        individually, which are supplied in seperate files.








	with_covalent (bool, defaults to False) – Whether to deal with covalently bonded atoms as normal atoms (False) or not (True)


	with_metals (bool, defaults to True) – Whether to deal with metal atoms as normal atoms (False) or not (True)






	Returns:

	Interaction energy as reported by DSX output logs.



	Return type:

	float






	
clean()

	




	
evaluate(ind)

	Run a subprocess calling DSX binary with provided options,
and parse the results. Clean tmp files at exit.






	
get_molecule_by_name(ind, *names)

	Get a molecule gene instance of individual by its name






	
parse_output(stream)

	




	
prepare_command()

	




	
prepare_ligands(ligands)

	




	
prepare_proteins(proteins)

	








	
gaudi.objectives.dsx.enable(**kwargs)

	





Energy (OpenMM) objective

This objective is a wrapper around OpenMM, providing a GPU-accelerated energy
calculation of the system with a simple forcefield evaluation.


	
class gaudi.objectives.energy.Energy(targets=None, forcefields=('amber99sbildn.xml', ), auto_parametrize=None, parameters=None, platform=None, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Calculate the energy of a system


	Parameters:

	
	targets (list of str, default=None) – If set, which molecules should be evaluated. Else, all will be evaluated.


	forcefields (list of str, default=('amber99sbildn.xml',)) – Which forcefields to use


	auto_parametrize (list of str, default=None) – List of Molecule instances GAUDI should try to auto parametrize with antechamber.


	parameters (list of 2-item list of str) – List of (gaff.mol2, .frcmod) files to use as parametrization source.


	platform (str) – Which platform to use for calculations. Choose between CPU, CUDA, OpenCL.






	Returns:

	The estimated potential energy, in kJ/mol



	Return type:

	float






	
calculate_energy(coordinates)

	Set up an OpenMM simulation with default parameters
and return the potential energy of the initial state


	Parameters:

	coordinates (simtk.unit.Quantity) – Positions of the atoms in the system



	Returns:

	potential_energy – Potential energy of the system, in kJ/mol



	Return type:

	float










	
static chimera_molecule_to_openmm_positions(*molecules)

	




	
static chimera_molecule_to_openmm_topology(*molecules)

	Convert a Chimera Molecule object to OpenMM structure,
providing topology and coordinates.


	Parameters:

	molecule (chimera.Molecule) – 



	Returns:

	
	topology (simtk.openmm.app.topology.Topology)


	coordinates (simtk.unit.Quantity)















	
evaluate(individual)

	Calculates the energy of current individual

Notes

For static calculations, where molecules are essentially always the same,
but with different coordinates, we only need to generate topologies once.
However, for dynamic jobs, with potentially different molecules involved
each time, we cannot guarantee having the same topology. As a result,
we generate it again for each evaluation.






	
molecules(individual)

	




	
simulation

	Build a new OpenMM simulation if not yet defined and return it

Notes

self.topology must be defined previously!
Use self.chimera_molecule_to_openmm_topology to set it.










	
gaudi.objectives.energy.calculate_energy(filename, forcefields=None)

	Calculate energy from PDB file with desired forcefields. If not specified,
amber99sbildn will be used. Returns potential energy in kJ/mol.






	
gaudi.objectives.energy.enable(**kwargs)

	





GOLD objective

This objective is a wrapper around the scoring functions provided by
CCDC’s GOLD [https://www.ccdc.cam.ac.uk/solutions/csd-discovery/components/gold/].

It will use the rescoring abilities in GOLD to extract the fitness corresponding to
any of the available scoring functions:


	GoldScore (goldscore)


	ChemScore (chemscore)


	Astex Statistical Potential (asp)


	CHEMPLP (chemplp)




Since GOLD is commercial software, you will need to install it separately
and provide a valid license! This is just a wrapper. Make sure to set
all the needed environment variables, such as CCDC_LICENSE_FILE, and
that ‘gold_auto’ is in $PATH. Check tests/test_objectives_gold.py for an
example; make sure to have GOLDXX/bin before GOLDXX/GOLD/bin!


	
class gaudi.objectives.gold.Gold(protein='Protein', ligand='Ligand', scoring='chemscore', score_component='Score', radius=10, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Gold class


	Parameters:

	
	protein (str) – The name of molecule acting as protein


	ligand (str) – The name of molecule acting as ligand


	scoring (str, optional, defaults to chemscore) – Fitness function to use. Choose between chemscore, chemplp,
goldscore and asp.


	score_component (str, optional, defaults to 'Score') – Scoring fields to parse out of the rescore.log file, such as
Score, DG, S(metal), etc.


	radius (float, optional, defaults to 10.0) – Radius (in A) of binding site sphere, the origin of which is
automatically centered at the ligand’s center of mass.






	Returns:

	Interaction energy as reported by GOLD’s chosen scoring function



	Return type:

	float






	
clean()

	




	
evaluate(ind)

	Run a subprocess calling LigScore binary with provided options,
and parse the results. Clean tmp files at exit.






	
get_molecule_by_name(ind, *names)

	Get a molecule gene instance of individual by its name






	
origin(molecule)

	




	
parse_output(filename)

	Get last word of first line (and unique) and parse it into float






	
prepare_command(protein_path, ligand_path, origin)

	




	
prepare_ligands(ligands)

	




	
prepare_proteins(proteins)

	








	
gaudi.objectives.gold.enable(**kwargs)

	





Hydrogen bonds objective

This objective is a wrapper around Chimera’s FindHBond.
It returns the number of hydrogen bonds that can be formed
between the target molecule and its environment.
.. todo:

Evaluate the possible HBonds with some kind of function that
gives a rough idea of the strength (energy) of each of them.






	
class gaudi.objectives.hbonds.Hbonds(probes=None, radius=5.0, distance_tolerance=0.4, angle_tolerance=20.0, only_intermolecular=True, only_probes=False, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Hbonds class
:param probes: Names of molecules being object of analysis
:type probes: list of str
:param radius: Maximum distance from any point of probe that is searched


for a possible interaction





	Parameters:

	
	distance_tolerance (float, optional) – Allowed deviation from ideal distance to consider a valid H bond.


	angle_tolerance (float, optional) – Allowed deviation from ideal angle to consider a valid H bond.


	only_intermolecular (boolean, optional) – Only intermolecular interactions are considered (defaults to True)


	only_probes (boolean, optional) – Only interactions between probe molecules are considered,
excluding other molecule genes. (defaults to False)






	Returns:

	Number of detected Hydrogen bonds.



	Return type:

	int






	
display(bonds)

	Mock method to show a graphical depiction of the found H Bonds.






	
evaluate(ind)

	Find H bonds within self.radius angstroms from self.probes, and return
only those that interact with probe. Ie, discard those hbonds in that search
space whose none of their atoms involved are not part of self.probe.






	
molecules(ind)

	




	
probes(ind)

	








	
gaudi.objectives.hbonds.enable(**kwargs)

	





Inertia objective

This objective calculates the alignment between the axes of inertia
of the given molecules.


	
class gaudi.objectives.inertia.AxesOfInertia(reference=None, targets=None, only_primaries=False, threshold=0.84, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Calculates the axes of inertia of given molecules and returns
their alignment deviation.


	Parameters:

	
	reference (str) – Molecule name targets should align to.


	targets (list of str) – Names of molecules to be aligned to reference


	threshold (float) – Target average of cosine of angle of alignment
between targets and reference.


	only_primaries (bool) – Consider only the largest inertia vectors.






	Returns:

	Mean absolute difference of threshold alignment and mean of all the
cosines involved for each axis.



	Return type:

	float






	
evaluate(individual)

	Return the score of the individual under the current conditions.






	
reference(individual)

	The reference molecule. Usually, the biggest in size






	
targets(individual)

	








	
gaudi.objectives.inertia.calculate_alignment(reference_axis, *probes_axes)

	




	
gaudi.objectives.inertia.calculate_axes_of_inertia(molecule)

	




	
gaudi.objectives.inertia.calculate_inertial_matrix(coordinates, masses)

	




	
gaudi.objectives.inertia.centroid(coordinates, masses)

	




	
gaudi.objectives.inertia.enable(**kwargs)

	





LigScore objective

This objective is a wrapper around the scoring fuction provided by
IMP’s ligand_score [https://github.com/salilab/imp].

The lower, the better, so usually you will use a -1.0 weight.


	
class gaudi.objectives.ligscore.LigScore(proteins=('Protein', ), ligands=('Ligand', ), method='pose', binary=None, library=None, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

LigScore class


	Parameters:

	
	proteins (list of str) – The name of molecules that are acting as proteins


	ligands (list of str) – The name of molecules that are acting as ligands


	binary (str, optional) – Path to ligand_score executable


	library (str, optional) – Path to LigScore lib file






	Returns:

	Interaction energy as reported by IMP’s ligand_score.



	Return type:

	float






	
clean()

	




	
evaluate(ind)

	Run a subprocess calling LigScore binary with provided options,
and parse the results. Clean tmp files at exit.






	
get_molecule_by_name(ind, *names)

	Get a molecule gene instance of individual by its name






	
parse_output(stream)

	Get last word of first line (and unique) and parse it into float






	
prepare_command(protein_path, ligand_path)

	




	
prepare_ligands(ligands)

	




	
prepare_proteins(proteins)

	








	
gaudi.objectives.ligscore.enable(**kwargs)

	





NWChem objective

This objective is a wrapper around NWChem.

It expects an additional input template with the keyword $MOLECULE,
which will be replaced by the currently expressed molecule(s). See TEMPLATE
for an example, which works as a default template if none is provided.

A ~/.nwchemrc file should be present. If you installed NWChem with our conda recipe,
you will find the file in $CONDA_PREFIX/etc/default.nwchemrc. Copy it to your $HOME.


	
class gaudi.objectives.nwchem.NWChem(template=None, targets=('Ligand', ), parser=None, title=None, executable=None, basis_library=None, processors=None, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

NWChem class


	Parameters:

	
	targets (list of str) – Molecule name(s) to be processed with NWChem. Small ones!


	template (str, optional) – NWChem input template (or path to a file with such contents) containing
a $MOLECULE placeholder to be replaced by the currently expressed
molecule(s) requested in targets, and optionally, a $TITLE
placeholder to be replaced by the job name. If not provided, it will
default to the TEMPLATE example (single-point dft energy).


	parser (str, optional) – Path to a Python script containing a top-level function called
parse_output which will parse the NWChem output and return a
float. This replaces the default parser, which looks for the last
‘Total <whatever> energy’ value.


	processors (int, optional=None) – Number of physical processors to use with openmpi






	Returns:

	Any numeric value as reported by the parser routines. By default,
last ‘Total <whatever> energy’ value.



	Return type:

	float






	
clean()

	




	
evaluate(ind)

	Run a subprocess calling DSX binary with provided options,
and parse the results. Clean tmp files at exit.






	
get_molecule_by_name(ind, *names)

	Get a molecule gene instance of individual by its name






	
get_xyz(*molecules)

	




	
parse_output(stream)

	




	
prepare_nwfile(*molecules)

	








	
gaudi.objectives.nwchem.enable(**kwargs)

	





Solvation objective

This objective calculates SASA for the given system (or region).


	
class gaudi.objectives.solvation.Solvation(targets=None, threshold=0.0, radius=5.0, method='area', *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Solvation class


	Parameters:

	
	targets ([str]) – Names of the molecule genes being analyzed


	threshold (float, optional, default=0) – Optimize the difference to this value


	radius (float, optional, default=5.0) – Max distance to search for neighbor atoms from targets.


	method (str, optional, default=area) – Which method should be used. Both methods compute the surface
of the solvated molecule. area returns the surface area of such
surface, while volume returns the volume occuppied by the model.






	Returns:

	Surface area of solvated shell, in A² (if method=area), or volume
of solvated shell, in A³ (if method=volume).



	Return type:

	float






	
evaluate_area(ind)

	




	
evaluate_volume(ind)

	




	
molecules(ind)

	




	
surface(ind)

	




	
targets(ind)

	




	
zone_atoms(probes, molecules)

	








	
gaudi.objectives.solvation.enable(**kwargs)

	




	
gaudi.objectives.solvation.grid_sas_surface(atoms, probe_radius=1.4, grid_spacing=0.5)

	Stripped from Chimera’s Surface.gridsurf







Vina objective

This objective is a wrapper around the scoring functions provided by
AutoDock Vina [http://vina.scripps.edu/].


	
class gaudi.objectives.vina.Vina(receptor='Protein', ligand='Ligand', prepare_each=False, *args, **kwargs)

	Bases: gaudi.objectives.ObjectiveProvider

Vina class


	Parameters:

	
	receptor (str) – Key of the gene containing the molecule acting as receptor (protein)


	ligand (str) – Key of the gene containing the molecule acting as ligand


	prepare_each (bool) – Whether to prepare receptors and ligands in every evaluation or try
to cache the results for faster performance.






	Returns:

	Interaction energy in kcal/mol, as reported by AutoDock Vina –score-only.



	Return type:

	float





Notes


	AutoDock scripts prepare_ligand4.py and prepare_receptor4.py are




used to prepare the corresponding .pdqt files that will be used as input for
AutoDock Vina scorer.
- No repairs nor cleanups will be performed on ligand/receptor molecules, so
the user has to take into account that provided .mol2 or .pdb files have
correct atom types and correct structure (including Hydrogen atoms that will
be taken into account in the docking evaluation). Otherwise, AutoDock
errors/warnings could appear (e.g. ValueError: Could not find atomic number
for Lp Lp)
- Gasteiger charges will be added during the preparation of the .pdbqt files.
- All torsions of the ligand will be marked as inactive for AutoDock,
because torsion changes are part of GaudiMM genes.


	
clean()

	




	
evaluate(ind)

	Run a subprocess calling Vina binary with provided options,
and parse the results. Clean tmp files at exit.






	
parse_output(stream)

	




	
prepare_ligand(molecule)

	




	
prepare_receptor(molecule)

	




	
tmpfile

	








	
gaudi.objectives.vina.enable(**kwargs)

	





Volume objective

This objective calculates the volume occupied by the
requested Molecule gene instance.


Note

Volume is calculated from the surfacePiece created by
a new experimental method found in Chimera’s Surface.gridsurf.
This could be used as an objective for SES, instead of Solvation.
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