

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	ELASPIC 1.0 documentation 
 
      

    


    
      
          
            
  
Table of Contents



	Introduction
	Database pipeline

	Local pipeline





	Installation Guide
	Installing Python and ELASPIC

	Downloading external datasets

	Updating the configuration file

	Importing precalculated data





	Command Line Interface
	elaspic run

	elaspic train

	elaspic database





	Benchmarks

	Statistics

	Database
	Database schema

	Database tables





	Modules
	elaspic package

	Indices and tables













          

      

      

    


    
         Copyright 2015, kimlab.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	ELASPIC 1.0 documentation 
 
      

    


    
      
          
            
  
Introduction


[image: _images/elaspic_flowchart.png]
Flowchart describing the ELASPIC pipeline.



ELASPIC can be run using two different pipelines: the Local pipeline and the Database pipeline.


Database pipeline


Database pipeline flowchart.

[image: _images/elaspic_flowchart_database.png]


The database pipeline allows mutations to be performed on a proteome-wide scale, without having to specify a structural template for each protein. This pipeline requires a local copy of ELASPIC domain definitions and templates, as well as a local copy of the BLAST and PDB databases.

The general overview of the database pipleine is presented in the figure to the right. A user runs the ELASPIC pipeline specifying the Uniprot ID of the protein being mutated, and one or more mutations affecting that protein. At each decision node, the pipeline queries the database to check whether or not the required information has been previously calculated. If the required data has not been calculated, the pipeline calculates it on the fly and stores the results in the database for later retrieval. The pipeline proceeds until homology models of all domains in the protein, and all domain-domain interactions involving the protein, have been calculated, and the \(\Delta \Delta G\) has been predicted for every specified mutation.




Local pipeline


Local pipeline flowchart.

[image: _images/elaspic_flowchart_local.png]


The local pipeline works without downloading and installing a local copy of the ELASPIC and PDB databases, but requires a PDB structure or template to be provided for every protein. Pipeline output is saves as JSON files inside the working directory, rather than being uploaded to the database as in the case of the database pipeline. The general overview of the local pipleine is presented in the figure to the right.

The local pipeline still requires a local copy of the Blast nr database.
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Installation Guide


	In order to use the ELASPIC Local pipeline of your computer:

	
	Install Python and ELASPIC (Installing Python and ELASPIC).

	Download the BLAST database and preferrably also the PDB database to a local folder (Downloading external datasets).





	In order to use the ELASPIC Database pipeline, in addition to the steps above:

	
	Create a local database and modify the configuration file to match your system and database setting (Updating the configuration file).

	Download Profs domain definitions for your organism of interest, and upload the data to a local database (Importing precalculated data).
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Installing Python and ELASPIC


	Download and install the Anaconda Python Distribution [https://store.continuum.io/cshop/anaconda/] (Python 3) for Linux.



	Add bioconda, salilab, and ostrokach channels to your ~/.condarc file:

conda config --add channels ostrokach
conda config --add channels salilab
conda config --add channels bioconda







	Obtain a Modeller license [https://salilab.org/modeller/registration.html], and export the license as KEY_MODELLER in your ~/.bashrc file:

# ~/.bashrc
export KEY_MODELLER=XXXXXXX







	Install ELASPIC and all its dependencies into a new conda environment:

conda create -n elaspic elaspic







	Activate the new environment and use elaspic:

source activate elaspic
elaspic --help
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Downloading external datasets


Blast

Download and extract the nr and pdbaa databases from ftp://ftp.ncbi.nlm.nih.gov/blast/db/, and change the blast_db_dir variable in your configuration file to point to the directory containing the uncompressed files.




PDB

Download the contents of the ftp://ftp.wwpdb.org/pub/pdb/data/structures/divided/pdb/ folder, and change the pdb_dir variable in your configuration file to point to the directory containing the downloaded data.
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Updating the configuration file


	Edit the ELASPIC configuration file ./config/config_file.ini [https://github.com/ostrokach/elaspic/blob/master/config/config_file.ini] to match your system:

	
	Settings in the [SEQUENCE] section should be modified to match the location of your local BLAST and PDB databases.

	Settings in the [DATABASE] section should be modified to match the local MySQL, PostgreSQL, or SQLite database.

	Settings in the [DEFAULT] and [MODEL] may be left unchanged, since the default values are good enough in most cases.










Configuration options


[DEFAULT]


	global_temp_dir

	Location for storing temporary files. It will be used only if the TMPDIR environmental variable is not set. Default = ‘/tmp/’.

	temp_dir string

	A folder in the global_temp_dir that will contain all the files that are relevant to ELASPIC. Inside this folder, every job will create its own unique subfolder. Default = ‘elaspic/’.

	debug

	Whether or not to show detailed debugging information. If True, the logging level will be set to logging.DEBUG. If False, the logging level will be set to logging.INFO. Default = True.

	look_for_interactions

	Whether or not to compute models of protein-protein interactions. Default = True.

	remake_provean_supset

	Whether or not to remake the Provean supporting set if one or more sequences cannot be found in the BLAST database. Default = False.

	n_cores

	Number of cores to use by programs that support multithreading. Default = 1.

	web_server

	Whether or not the ELASPIC pipeline is being run as part of a webserver. Default = False.

	provean_temp_dir

	Location to store provean temporary files if working on any note other than beagle or banting.
For internal use only. Default = ‘’.

	copy_data

	Whether or not to copy calculated data back to the archive. Set to ‘False’ if you are planning to copy the data yourself (e.g. from inside a PBS or SGE script). Default = True.






[SEQUENCE]


	blast_db_dir

	Location of the blast nr and pdbaa databases.

	blast_db_dir_fallback

	Place to look for blast nr and pdbaa databases if blast_db_dir does not exist.

	matrix_type

	Substitution matrix for calculating the mutation conservation score. Default = ‘blosum80’.

	gap_start

	Penalty for starting a gap when calculating the mutation conservation score. Default = -16.

	gap_extend

	Penalty for extending a gap when calculating the mutation conservation score. Default = -4.






[MODEL]


	modeller_runs

	Number of models that MODELLER should make before choosing the best one. Not implemented! Default = 1.

	foldx_water

	
	-CRYSTAL: use water molecules in the crystal structure to bridge two protein atoms.

	-PREDICT: predict water molecules that make 2 or more hydrogen bonds to the protein.

	-COMPARE: compare predicted water bridges with bridges observed in the crystal structure.

	-IGNORE: don’t predict water molecules. Default.



Source: http://foldx.crg.es/manual3.jsp.



	foldx_num_of_runs

	Number of times that FoldX should evaluate a given mutation. Default = 1.






[DATABASE]


	db_type

	The database that you are using. Supported databases are MySQL, PostgreSQL, and SQLite.

	sqlite_db_dir

	Location of the SQLite database. Required only if db_type is SQLite.

	db_schema

	The name of the schema that holds all elaspic data.

	db_schema_uniprot

	The name of the database schema that holds uniprot sequences. Defaults to db_schema.

	db_database

	The name of the database that contains db_schema and db_schema_uniprot.
Required only if db_type is PostgreSQL. Defaults to db_schema.

	db_username

	The username for the database. Required only if db_type is MySQL or PostgreSQL.

	db_password

	The password for the database. Required only if db_type is MySQL or PostgreSQL.

	db_url

	The IP address of the database. Required only if db_type is MySQL or PostgreSQL.

	db_port

	The listening port of the database. Required only if db_type is MySQL or PostgreSQL.

	db_socket

	Path to the socket file, if it is not in the default location.
Used only if db_url is localhost.
For example: /usr/local/mysql5/mysqld.sock for MySQL and /var/lib/postgresql for PostgreSQL.

	schema_version

	Database schema to use for storing and retreiving data. Default = ‘elaspic’.

	archive_type

	
	extracted: all archive files are contained in an extracted directory tree.

	7zip: archive is made of three compressed 7zip files (provean/provean.7z, uniprot_domain/uniprot_domain.7z, uniprot_domain_pair/uniprot_domain_pair.7z), provided on the elaspic downloads page [http://elaspic.kimlab.org/static/download/current_release/].





	archive_dir

	Location for storing and retrieving precalculated data.

	pdb_dir

	Location of all pdb structures, equivalent to the “data/data/structures/divided/pdb/” folder in the PDB ftp site. Optional.








Environmental variables


	
PATH

	A colon-separated list of paths where ELASPIC should look for required programs, such as BLAST, T-coffee, Modeller, and cd-hit.






	
TMPDIR

	Location to store all temporary files and folders.
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Importing precalculated data


ELASPIC downloads page

The ELASPIC downloads page [http://elaspic.kimlab.org/static/download/current_release/] contains all precalculated data that is required to run the ELASPIC pipeline on a local machine.

The *.tsv.gz files correspond to different tables of the ELASPIC database:


	The domain.tar.gz file in the root folder contains Profs domain definitions for files in the PDB, and corresponds to the domain table.

	The domain_contact.tar.gz file in the root folder contains a list of interactions between those domains, and corresponds to the domain_contact table.

	All other tables are split into separate folders according to the organism of origin. The files are named using the {table_name}.tsv.gz convention, where table_name is the name of the table in the database.



The *.7z files contain precalculated data:


	The provean, uniprot_domain, and uniprot_domain_pair subfolders contain precalculated provean supporting sets, and homology models of protein domains and domain-domain interactions, respectively.



Precalculated mutations:


	The Homo_sapiens folder contains an additional subfolder precalculated_mutations [http://elaspic.kimlab.org/static/download/current_release/Homo_sapiens/precalculated_mutations/], which contains \(\Delta \Delta G\) scores for mutations in various datasets.




Note

The configure_test.sh [https://github.com/ostrokach/elaspic/blob/master/scripts/configure_test.sh] and run_test.sh [https://github.com/ostrokach/elaspic/blob/master/scripts/run_test.sh] scripts in the ./scripts folder contain examples of how to download and set up a local copy of the database.






Downloading data

In order to run up ELASPIC on a local computer, you need to download precalculated data
for your organism of interest. If your goal is to only test the pipeline, you can download a test dataset from the folder current_release/Homo_sapiens_test [http://elaspic.kimlab.org/static/download/current_release/Homo_sapiens_test/].

To download all precalculated data for a given organism, use the wget command:

# Download external files
wget -P "${TEST_DIR}/elaspic.kimlab.org" \
    http://elaspic.kimlab.org/static/download/current_release/domain.tsv.gz
wget -P "${TEST_DIR}/elaspic.kimlab.org" \
    http://elaspic.kimlab.org/static/download/current_release/domain_contact.tsv.gz
wget -P "${TEST_DIR}" \
    -r --no-parent --reject "index.html*" --cut-dirs=4  \
    http://elaspic.kimlab.org/static/download/current_release/Homo_sapiens_test/





You need to extract the provean supporting sets and domain homology models into a folder
specified by the archive_dir variable in your configuration_file:

mkdir archive  # Set 'archive_dir' variable in the config file to this folder

7z x "${TEST_DIR}/elaspic.kimlab.org/provean/provean.7z" -o"archive"
7z x "${TEST_DIR}/elaspic.kimlab.org/uniprot_domain/uniprot_domain.7z" -o"archive"
7z x "${TEST_DIR}/elaspic.kimlab.org/uniprot_domain_pair/uniprot_domain_pair.7z" -o"archive"








Importing data into a database

You also need to create a local SQL database and fill it with precalculated data.

Modify the database variables in the ELASPIC configuration file to
match your local MySQL, PostgreSQL, or SQLite database, and use the elaspic database CLI to create a new database and fill it with precalculated data.

First, you need to create an empty database:

elaspic database -c {your_configuration_file}.ini create





Next, you need to load all precalculated data for the organism in question to your database:

elaspic database -c {your_configuration_file}.ini load_data





To delete the database that you just created, run:

elaspic database -c {your_configuration_file}.ini delete
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Command Line Interface

After following instructions in the Installation Guide, you should be able to run ELASPIC
from the command line using the elaspic command:

$ elaspic --help
usage: elaspic [-h] {run,database,train} ...

optional arguments:
  -h, --help            show this help message and exit

command:
  {run,database,train}
    run                 Run ELASPIC.
    database            Perform maintenance tasks on the ELASPIC database.
    train               Train the ELASPIC classifiers.





Type --help to see the options available for each subcommand:


	elaspic run --help

	elaspic database --help

	elaspic database load_data --help

	etc...




elaspic run

Run the ELASPIC pipeline.

If you wish to mutate an existing PDB, you should specify the name of the PDB file to be mutated, and the mutation(s):

elaspic run \
    --structure_file {structure_file} \
    --mutations {mutations}





If you wish to first create a homology model of a protein, you should provide a fasta file containing the sequence of the protein to be modelled, a PDB file containing the structural template, and the mutation(s):

elaspic run \
    --sequence_file {sequence_file} \
    --structure_file {structure_file} \
    --mutations {mutations}





If you wish to perform mutagenesis on a proteome-wide scale, you need to download protein domain definitions from the elaspic downloads page [http://elaspic.kimlab.org/static/download/], and optionally a local copy of the PDB database. After saving your database information to a configuration file, you can run specify the uniprot id and mutation(s):

elaspic run \
  --config_file {config_file} \
  --uniprot_id {uniprot_id} \
  --mutations {mutations}








elaspic train

Train the machine learning predictor for the ELASPIC pipeline.

This is automatically done at install time, and you do not need to do this again unless you update your scikit-learn version.




elaspic database

Perform maintenance tasks on the ELASPIC database.

You must provide a configuration file containing the details of your database installation for any of these commands to work. For more information about configuration files, see Updating the configuration file.


elaspic database create

Create a new database schema.




elaspic database load_data

Load data to the database.




elaspic database delete

Delete the database schema.
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Benchmarks

Work in progres...
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Statistics

Work in progres...
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Database


Database schema

[image: _images/elaspic_schema.png]
Download:
pdf
png
mwb




Database tables



	domain

	domain_contact

	uniprot_sequence

	provean

	uniprot_domain

	uniprot_domain_template

	uniprot_domain_model

	uniprot_domain_mutation

	uniprot_domain_pair

	uniprot_domain_pair_template

	uniprot_domain_pair_model

	uniprot_domain_pair_mutation
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domain

Profs domain definitions for all proteins in the PDB.


	Columns:

	
	cath_id

	Unique id identifying each domain in the PDB. Constructed by concatenating the pdb_id,
pdb_chain, and an index specifying the order of the domain in the chain.

	pdb_id

	The PDB id in which the domain is found.

	pdb_chain

	The PDB chain in which the domain is found.

	pdb_domain_def

	Domain definitions of the domain, in PDB RESNUM coordinates.

	pdb_pdbfam_name

	The Profs name of the domain.

	pdb_pdbfam_idx

	An integer specifying the number of times a domain with domain name pdb_pdbfam_name has
occurred in this chain up to this point. It is used to make every
(pdb_id, pdb_chain, pdb_pdbfam_name, pdb_pdbfam_idx) tuple unique.

	domain_errors

	List of errors that occurred when annotating this domain, or when using this domain
to make structural homology models.










domain_contact

Interactions between Profs domains in the PDB. Only interactions that were predicted to be
biologically relevant by NOXclass [http://noxclass.bioinf.mpi-inf.mpg.de/] are included in this table.


	Columns:

	
	domain_contact_id

	A unique integer identifying each domain pair.

	cath_id_1

	Unique id identifying the first interacting domain in the domain table.

	cath_id_2

	Unique id identifying the second interacting domain in the domain table.

	min_interchain_distance

	The closest that any residue in domain one comes to any residue in domain two.

	contact_volume

	The volume covered by contacting residues.

	contact_surface_area

	The surface area of the contacting regions of the first and second domains.

	atom_count_1

	The number of atoms in the first domain.

	atom_count_2

	The number of atoms in the second domain.

	number_of_contact_residues_1

	The number of residues in the first domain that come within 5 Å of the second domain.

	number_of_contact_residues_2

	The number of residues in the second domain that come withing 5 Å of the first domain.

	contact_residues_1

	A list of all residues in the first domain that come within 5 Å of the second domain.
The residue number corresponds to the position of the residue in the domain.

	contact_residues_2

	A list of all residues in the second domain that come within 5 Å of the first domain.
The residue number corresponds to the position of the residue in the domain.

	crystal_packing

	The probability that the interaction is a crystallization artifacts, as defined by
NOXclass [http://noxclass.bioinf.mpi-inf.mpg.de/].

	domain_contact_errors

	List of errors that occurred when annotating this domain pair, or when using this domain
as a template for making structural homology models.










uniprot_sequence

Protein sequences from the Uniprot KB, obtained by parsing uniprot_sprot_fasta.gz,
uniprot_trembl_fasta.gz, and homo_sapiens_variation.txt files from the
Uniprot ftp site [ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/].


	Columns:

	
	db

	The database to which the protein sequence belongs. Possible values are sp for SwissProt
and tr for TrEMBL.

	uniprot_id

	The uniprot id of the protein.

	uniprot_name

	The uniprot name of the protein.

	protein_name

	The protein name.

	organism_name

	Name of the organism in which this protein is found.

	gene_name

	Name of the gene that codes for this protein sequence.

	protein_existence

	Evidence for the existence of the protein:


	Experimental evidence at protein level

	Experimental evidence at transcript level

	Protein inferred from homology

	Protein predicted

	Protein uncertain





	sequence_version

	Version of the protein amino acid sequence.

	uniprot_sequence

	Amino acid sequence of the protein.










provean

Description of the Provean [http://provean.jcvi.org/downloads.php] supporting set calculated for a protein sequence.
The construction of a supporting set is the most lengthy step in running Provean.
Therefore, the supporting set is precalculated and stored for every protein sequence.


	Columns:

	
	uniprot_id

	The uniprot id of the protein.

	provean_supset_filename

	The filename of the Provean supporting set. The supporting set contains the ids
and sequences of all proteins in the NCBI nr database that are used by Provean
to construct a multiple sequence alignment for the given protein.

	provean_supset_length

	The number of sequences in Provean supporting set.

	provean_errors

	List of errors that occurred while the Provean supporting set was being calculated.

	provean_date_modified

	Date and time that this row was last modified.










uniprot_domain

Pfam domain definitions for proteins in the uniprot_sequence table. This table was
obtained by downloading Pfam domain definitions for all known proteins
from the SIMAP [http://liferay.csb.univie.ac.at/portal/web/simap] website, and mapping the protein sequence to uniprot
using the MD5 hash of each sequence.


	Columns:

	
	uniprot_domain_id

	Unique id identifying each domain.

	uniprot_id

	The uniprot id of the protein containing the domain.

	pdbfam_name

	The Profs name of the domain. In most cases this will be equivalent
to the Pfam name of the domain.

	pdbfam_idx

	The index of the Profs domain. pdbfam_idx ranges from 1 to the number of domains with
the name pdbfam_name in the given protein. The (pdbfam_name, pdbfam_idx) tuple
uniquely identifies each domain.

	pfam_clan

	The Pfam clan to which this Profs domain belongs.

	alignment_def

	Alignment domain definitions of the Profs domain. This field is obtained by removing gaps
in the alignment_subdefs column.

	pfam_names

	Pfam names of all Pfam domains that were combined to create the given Profs domain.

	alignment_subdefs

	Comma-separated list of domain definitions for all Pfam domains that were merged to create
the given Profs domain.

	path_to_data

	Location for storing homology models, mutation results, and all other data that
are relevant to this domain. This path is prefixed by archive_dir.










uniprot_domain_template

Structural templates for domains in the uniprot_domain table.
Lists PDB crystal structures that will be used for making homology models.


	Columns:

	
	uniprot_domain_id

	An integer which uniquely identifies each uniprot domain in the uniprot_domain table.

	template_errors

	List of errors that occurred during the process for finding the template.

	cath_id

	The unique id identifying the structural template of the domain.

	domain_start

	The Uniprot position of the first amino acid of the Profs domain.

	domain_end

	The Uniprot position of the last amino acid of the Profs domain.

	domain_def

	Profs domain definitions for domains with structural templates. Domain definitions in this
column are different from domain definitions in the alignment_def column of the
uniprot_domain table in that they have been expanded to match domain boundaries of the
Profs structural template, identified by the cath_id.

	alignment_identity

	Percent identity of the domain to its structural template.

	alignment_coverage

	Percent coverage of the domain to its structural template.

	alignment_score

	A score obtained by combining alignment_identity (\(SeqId\)) and alignment_coverage
(\(Cov\)) using the following equation, as described by Mosca et al. [http://doi.org/10.1038/nmeth.2289]:


(1)\[Score = 0.95 \cdot \frac{SeqId}{100} \cdot \frac{Cov}{100} + 0.05 \cdot \frac{Cov}{100}\]



	t_date_modified

	The date and time when this row was last modified.










uniprot_domain_model

Homology models for templates in the uniprot_domain_template table.


	Columns:

	
	uniprot_domain_id

	An integer which uniquely identifies each uniprot domain in the uniprot_domain table.

	model_errors

	List of errors that occurred when making the homology model.

	alignment_filename

	The name of the alignment that was given to Modeller when making the homology model.

	model_filename

	The name of the homology model that was produced by Modeller.

	chain

	The chain that contains the domain in question in the homology (this is now set to ‘A’
in all models).

	norm_dope

	Normalized DOPE score of the model (lower is better).

	sasa_score

	Comma-separated list of the percent solvent-accessible surface area for each residue.

	m_date_modified

	The date and time when this row was last modified.

	model_domain_def

	Domain definitions for the region of the domain that is covered by the structural template.

In most cases, this field is identical to the domain_def field in the
uniprot_domain_template table. However, it sometimes happens that the best
Profs structural template only covers a fraction of the Pfam domain. In that case, the
alignment_def column in the uniprot_domain table, and the domain_def column
in the uniprot_domain_template table, will contain the original Pfam domain definitions,
and the model_domain_def column will contain domain definitions for only the region that
is covered by the structural template.












uniprot_domain_mutation

Characterization of mutations introduced into structures in the uniprot_domain_model table.


	Columns:

	
	uniprot_id

	Uniprot ID of the protein that was mutated.

	uniprot_domain_id

	Unique id which identifies the Profs domain that was mutated in the uniprot_domain table.

	mutation

	Mutation that was introduced into the protein, in Uniprot coordinates.

	mutation_errors

	List of errors that occured while evaluating the mutation.

	model_filename_wt

	The name of the file which contains the homology model of the domain after the model was
relaxed with FoldX but before the mutation was introduced.

	model_filename_mut

	The name of the file which contains the homology model of the domain after the model was
relaxed with FoldX and after the mutation was introduced.

	chain_modeller

	The chain which contains the domain that was mutated in the model_filename_wt and the
model_filename_mut structures.

	mutation_modeller

	The mutation that was introduced into the protein, in PDB RESNUM coordinates.
This identifies the mutated residue in the model_filename_wt and the
model_filename_mut structures.

	stability_energy_wt

	Comma-separated list of scores returned by FoldX for the wildtype protein.
The comma-separated list can be converted into a DataFrame with each column clearly
labelled using the elaspic.predictor.format_mutation_features().
The FoldX energy terms are:



	dg

	backbone_hbond

	sidechain_hbond

	van_der_waals

	electrostatics

	solvation_polar

	solvation_hydrophobic

	van_der_waals_clashes

	entropy_sidechain

	entropy_mainchain

	sloop_entropy

	mloop_entropy

	cis_bond

	torsional_clash

	backbone_clash

	helix_dipole

	water_bridge

	disulfide

	electrostatic_kon

	partial_covalent_bonds

	energy_ionisation

	entropy_complex

	number_of_residues








	stability_energy_mut

	Comma-separated list of scores returned by FoldX for the mutant protein.
FoldX energy terms are the same as in stability_energy_wt, but for the mutated amino
acid rather than the wildtype.

	physchem_wt

	Physicochemical properties describing the interaction of the wildtype residue with residues
on the opposite chain. The terms are:



	number of atoms in interacting residues that have the same charge.

	number of atoms in interacting residues that have an opposite charge.

	number of hydrogen bonds (very rough calculation).

	number of carbons in interacting residues within 4 A of the mutated residue
(rough measure of the van der Waals force).








	physchem_wt_ownchain

	Physicochemical properties describing the interaction of the wildtype residue with residues
on the same chain. The terms are the same as in physchem_wt.

	physchem_mut

	Physicochemical properties describing the interaction of the mutant residue with residues
on the opposite chain. The terms are the same as in physchem_wt.

	physchem_mut_ownchain

	Physicochemical properties describing the interaction of the mutant residue with residues
on the same chain. The terms are the same as in physchem_wt.

	matrix_score

	Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

	secondary_structure_wt

	Secondary structure of the wildtype residue predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_wt

	Percent solvent accessible surface area of the wildtype residue, predicted by msms [http://mgltools.scripps.edu/].

	secondary_structure_mut

	Secondary structure of the mutated residue predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_mut

	Percent solvent accessible surface area of the mutated residue, predicted by msms [http://mgltools.scripps.edu/].

	provean_score

	Score produced by Provean [http://provean.jcvi.org/downloads.php] for this mutation.

	ddg

	Change in the Gibbs free energy of folding that our classifier predicts for this mutation.

	mut_date_modified

	Date and time that this row was last modified.










uniprot_domain_pair

Potentially-interacting pairs of domains for proteins that are known to interact, according to
Hippie [http://cbdm.mdc-berlin.de/tools/hippie/], IRefIndex [http://irefindex.org], and Rolland et al. 2014 [http://dx.doi.org/10.1016/j.cell.2014.10.050].


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	uniprot_domain_id_1

	Unique id of the first domain.

	uniprot_domain_id_2

	Unique id of the second domain.

	rigids

	Phased out.

	domain_contact_ids

	List of unique ids identifying all domain-domain pairs in the PDB, where one domain
belongs to the protein containing uniprot_domain_id_1 and the other domain
belongs to the protein containing uniprot_domain_id_2. This was used as
crystallographic evidence that the two proteins interact.

	path_to_data

	Location for storing homology models, mutation results, and all other data that is relevant
to this domain pair. This path is prefixed by archive_dir.










uniprot_domain_pair_template

Structural templates for pairs of domains in the uniprot_domain_pair table.


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	domain_contact_id

	Unique id of the domain pair in the domain_contact table
that was used as a template for the modelled domain pair.

	cath_id_1

	Unique id of the structural template for the first domain.

	cath_id_2

	Unique id of the structural template for the second domain.

	identical_1

	Fraction of residues in the Blast alignment of the first domain to its template that are
identical.

	conserved_1

	Fraction of residues in the Blast alignment of the first domain to its template
that are conserved.

	coverage_1

	Fraction of the first domain that is covered by the blast alignment.

	score_1

	Score obtained by multiplying identical_1 by coverage_1.

	identical_if_1

	Fraction of interface residues [1] that are identical in the Blast alignment
of the first domain.

	conserved_if_1

	Fraction of interface residues [1] that are conserved in the Blast alignment
of the first domain.

	coverage_if_1

	Fraction of interface residues [1] that are covered by the Blast alignment
of the first domain.

	score_if_1

	Score obtained by combining identical_if_1 and coverage_if_1 using
(1).

	identical_2

	Fraction of residues in the Blast alignment of the second domain to its template that are
identical.

	conserved_2

	Fraction of residues in the Blast alignment of the second domain to its template
that are conserved.

	coverage_2

	Fraction of the second domain that is covered by the blast alignment.

	score_2

	Score obtained by multiplying identical_2 by coverage_2.

	identical_if_2

	Fraction of interface residues [1] that are identical in the Blast alignment
of the second domain.

	conserved_if_2

	Fraction of interface residues [1] that are conserved in the Blast alignment
of the second domain.

	coverage_if_2

	Fraction of interface residues [1] that are covered by the Blast alignment
of the second domain.

	score_if_2

	Score obtained by combining identical_if_2 and coverage_if_2
using (1).

	score_total

	The product of score_1 and score_2.

	score_if_total

	The product of score_if_1 and score_if_2.

	score_overall

	The product of score_total and score_if_total. This is the score that was used to
select the best Profs domain pair to be used as a template.

	t_date_modified

	The date and time when this row was last updated.

	template_errors

	List of errors that occured while looking for the structural template.










	[1]	(1, 2, 3, 4, 5, 6) Interface residues are defined as residues that are within 5 Å
of the partner domain.







uniprot_domain_pair_model

Structural models of interactions between pairs of domains in the uniprot_domain_pair
table.


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	model_errors

	List of errors that occured while making the homology model.

	alignment_filename_1

	Name of the file containing the alignment of the first domain
with its structural template.

	alignment_filename_2

	Name of the file containing the alignment of the second domain
with its structural template.

	model_filename

	Name of the file containing the homology model of the domain-domain interaction
created by Modeller.

	chain_1

	Chain containing the first domain in the model specified by model_filename.

	chain_2

	Chain containing the second domain in the model specified by model_filename.

	norm_dope

	The normalized DOPE score of the model.

	interface_area_hydrophobic

	Hydrophobic surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_area_hydrophilic

	Hydrophilic surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_area_total

	Total surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_dg

	Gibbs free energy of binding for this domain-domain interaction, predicted using FoldX [http://foldx.crg.es/].
Not implemented yet!

	interacting_aa_1

	List of amino acid positions in the first domain that are within 5 Å
of the second domain. Positions are specified using uniprot coordinates.

	interacting_aa_2

	List of amino acids in the second domain that are within 5 Å of the first domain.
Position are specified using uniprot coordinates.

	m_date_modified

	Date and time that this row was last modified.

	model_domain_def_1

	Domain boundaries of the first domain that are covered by the Profs structural template.

	model_domain_def_2

	Domain boundaries of the second domain that are covered by the Profs structural template.










uniprot_domain_pair_mutation

Characterization of interface mutations introduced into structures
in the uniprot_domain_pair_model table.


	Columns:

	
	uniprot_id

	Uniprot ID of the protein that is being mutated.

	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	mutation

	Mutation for which the \(\Delta \Delta G\) score is being predicted, specified in
Uniprot coordinates.

	mutation_errors

	List of errors obtained when evaluating the impact of the mutation.

	model_filename_wt

	Filename of the homology model relaxed by FoldX but containing the wildtype residue.

	model_filename_mut

	Filename of the homology model relaxed by FoldX and containing the mutated residue.

	chain_modeller

	Chain containing the domain that was mutated, in homology models specified by
model_filename_wt and model_filename_mut.

	mutation_modeller

	Mutation for which the \(\Delta \Delta G\) score is being predicted,
specified in PDB RESNUM coordinates.

	analyse_complex_energy_wt

	Comma-separated list of FoldX scores describing the effect of the wildtype residue on
the stability of the protein domain.

	stability_energy_wt

	Comma-separated list of FoldX scores describing the effect of the wildtype residue on
protein-protein interaction interface.

	analyse_complex_energy_mut

	Comma-separated list of FoldX scores describing the effect of the mutated residue on
the stability of the protein domain.

	stability_energy_mut

	Comma-separated list of FoldX scores describing the effect of the mutated residue on
protein-protein interaction interface.

	physchem_wt

	Comma-separated list of physicochemical properties describing the interaction between
the wildtype residue and other residues on the opposite chain.

	physchem_wt_ownchain

	Comma-separated list of physicochemical properties describing the interaction between
the wildtype residue and other residues on the same chain.

	physchem_mut

	Comma-separated list of physicochemical properties describing the interaction between
the mutated residue and other residues on the opposite chain.

	physchem_mut_ownchain

	Comma-separated list of physicochemical properties describing the interaction between
the mutated residue and other residues on the same chain.

	matrix_score

	Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

	secondary_structure_wt

	Secondary structure of the wildtype residue, predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_wt

	Percent solvent accessible surface area of the wildtype residue, predicted by msms [http://mgltools.scripps.edu/].

	secondary_structure_mut

	Secondary structure of the mutated residue, predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_mut

	Percent solvent accessible surface area of the mutated residue, predicted by msms [http://mgltools.scripps.edu/].

	contact_distance_wt

	Shortest distance between the wildtype residue and a residue on the opposite chain.

	contact_distance_mut

	Shortest distance between the mutated reside and a residue on the opposite chain.

	provean_score

	Provean [http://provean.jcvi.org/downloads.php] score for this mutation.

	ddg

	Predicted change in Gibbs free energy of binding caused by this mutation.

	mut_date_modified

	Date and time when this row was last modified.
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elaspic.call_foldx module


	
class elaspic.call_foldx.FoldX(pdb_file, chain_id, foldx_dir=None)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
__call__(whatToRun, mutCodes=[])[source]

	Select which action should be performed by FoldX by setting whatToRun.

Possible values are:



	AnalyseComplex

	Stability

	RepairPDB

	BuildModel






See the FoldX manual [http://foldx.crg.es/manual3.jsp] for an explanation on what they do.












elaspic.call_modeller module




elaspic.call_tcoffee module


	
class elaspic.call_tcoffee.TCoffee(alignment_fasta_file, mode, pdb_file=None)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Alignes sequences using t_coffee in expresso mode.


	
align(GAPOPEN=-0.0, GAPEXTEND=-0.0)[source]

	Calls t_coffee (make sure BLAST is installed locally!).





	Parameters:	
	alignment_fasta_file (string [http://docs.python.org/library/string.html#module-string]) – A file containing the fasta sequences to be aligned

	alignment_template_file (string [http://docs.python.org/library/string.html#module-string]) – A file containing the structural templates for the fasta sequences
described above

	GAPOPEN (int or str) – See t_coffee manual

	GAPEXTEND (int or str) – See t_coffee manual

	Returns – 

	-------- – 

	alignment_output_file (str [http://docs.python.org/library/functions.html#str]) – Name of file which contains the alignment in fasta format.




















elaspic.conf module


	
class elaspic.conf.Configs[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

A singleton class that keeps track of ELASPIC configuration settings.


	
clear()[source]

	




	
copy()[source]

	




	
get(key, fallback=None)[source]

	




	
items()[source]

	




	
keys()[source]

	




	
update(**kwargs)[source]

	




	
values()[source]

	








	
class elaspic.conf.Singleton[source]

	Bases: type [http://docs.python.org/library/functions.html#type]


	
instance = None

	








	
elaspic.conf.get_temp_dir(global_temp_dir='/tmp', elaspic_foldername='')[source]

	If a TMPDIR is given as an environment variable, the tmp directory
is created relative to that. This is useful when running on banting
(the cluster in the ccbr) and also on Scinet. Make sure that it
points to ‘/dev/shm/’ on Scinet.






	
elaspic.conf.read_configuration_file(config_file, unique_temp_dir=None)[source]

	




	
elaspic.conf.read_database_configs(configParser)[source]

	[DATABASE]






	
elaspic.conf.read_model_configs(configParser)[source]

	[MODEL]






	
elaspic.conf.read_sequence_configs(configParser)[source]

	[SEQUENCE]








elaspic.database_pipeline module




elaspic.elaspic_database module


	
class elaspic.elaspic_database.MyDatabase(echo=False)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
add_domain(d)[source]

	




	
add_domain_errors(t, error_string)[source]

	




	
add_uniprot_sequence(uniprot_sequence)[source]

	Add new sequences to the database.
:param uniprot_sequence: UniprotSequence object
:rtype: None






	
configure_session()[source]

	Configure the Session class to use the current engine.

autocommit and autoflush are enabled for the sqlite database in order to improve
performance.






	
copy_table_to_db(table_name, table_folder)[source]

	Copy data from a .tsv file to a table in the database.






	
create_database_tables(clear_schema=False, keep_uniprot_sequence=True)[source]

	Create a new database in the schema specified by the schema_version global variable.
If clear_schema == True, remove all the tables in the schema first.


Warning

Using this function with an existing database can lead to loss of data.
Make sure that you know what you are doing!







	Parameters:	
	clear_schema (bool [http://docs.python.org/library/functions.html#bool]) – Whether or not to delete all tables in the database schema before creating new tables.

	keep_uniprot_sequence (bool [http://docs.python.org/library/functions.html#bool]) – Whether or not to keep the uniprot_sequence table.
Only relevant if clear_schema is True.














	
delete_database_tables(drop_schema=False, keep_uniprot_sequence=True)[source]

	



	Parameters:	
	drop_schema (bool [http://docs.python.org/library/functions.html#bool]) – Whether or not to drop the schema after dropping the tables.

	keep_uniprot_sequence (bool [http://docs.python.org/library/functions.html#bool]) – Wheter or not to keep the table (and schema) containing uniprot sequences.














	
get_alignment(model, path_to_data)[source]

	




	
get_domain(pfam_names, subdomains=False)[source]

	Returns pdbfam-based definitions of all pfam domains in the pdb.






	
get_domain_contact(pfam_names_1, pfam_names_2, subdomains=False)[source]

	Returns domain-domain interaction information from pdbfam.
Note that the produced dataframe may not have the same order as the keys.






	
get_engine(echo=False)[source]

	Get an SQLAlchemy engine that can be used to connect to the database.






	
get_rows_by_ids(row_object, row_object_identifiers, row_object_identifier_values)[source]

	Get the rows from the table row_object identified by keys
row_object_identifiers with values row_object_identifier_values






	
get_uniprot_domain(uniprot_id, copy_data=False)[source]

	




	
get_uniprot_domain_pair(uniprot_id, copy_data=False, uniprot_domain_pair_ids=[])[source]

	




	
get_uniprot_mutation(d, mutation, uniprot_id=None, copy_data=False)[source]

	




	
get_uniprot_sequence(uniprot_id, check_external=True)[source]

	



	Parameters:	
	uniprot_id (str [http://docs.python.org/library/functions.html#str]) – Uniprot ID of the protein

	check_external (bool [http://docs.python.org/library/functions.html#bool]) – Whether or not to look online if the protein sequence is not found in the local
database.






	Returns:	Contains the sequence of the specified uniprot




	Return type:	SeqRecord












	
load_db_from_archive()[source]

	TODO: In the future I should move back to using json...






	
merge_model(d, files_dict={})[source]

	Adds MODELLER models to the database.






	
merge_mutation(mut, path_to_data=False)[source]

	




	
merge_provean(provean, provean_supset_file, path_to_data)[source]

	Adds provean score to the database.






	
merge_row(row_instance)[source]

	Adds a list of rows (row_instances) to the database.






	
mysql_command_template = "load data local infile '{table_folder}/{table_name}.tsv' into table {table_db_schema}.{table_name} fields terminated by '\\t' escaped by '\\\\\\\\' lines terminated by '\\n'; "

	




	
mysql_load_table_template = 'mysql --local-infile --host={db_url} --user={db_username} --password={db_password} {table_db_schema} -e "{sql_command}" '

	




	
psql_command_template = "\\\\copy {table_db_schema}.{table_name} from '{table_folder}/{table_name}.tsv' with csv delimiter E'\\t' null '\\N' escape '\\\\'; "

	




	
psql_load_table_template = 'PGPASSWORD={db_password} psql -h {db_url} -p {db_port} -U {db_username} -d {db_database} -c "{sql_command}" '

	




	
remove_model(d)[source]

	Remove a model from the database.

Do this if you realized that the model you built is incorrect
or that some of the data is missing.





	Raises:	errors.ModelHasMutationsError –
The model you are trying to delete has precalculated mutations,
so it can’t be that bad. Delete those mutations and try again.










	
session_scope()[source]

	Provide a transactional scope around a series of operations.
Enables the following construct: with self.session_scope() as session:.






	
sqlite_table_filename = '{table_folder}/{table_name}.tsv'

	








	
elaspic.elaspic_database.check_exception(exc, valid_exc)[source]

	




	
elaspic.elaspic_database.decorate_all_methods(decorator)[source]

	Decorate all methods of a class with decorator.






	
elaspic.elaspic_database.enable_sqlite_foreign_key_checks(engine)[source]

	




	
elaspic.elaspic_database.get_uniprot_base_path(d)[source]

	The uniprot id is cut into several chunks to create folders that will
hold a manageable number of pdbs.






	
elaspic.elaspic_database.get_uniprot_domain_path(d)[source]

	Return the path to individual domains or domain pairs.






	
elaspic.elaspic_database.pickle_dump(obj, filename)[source]

	




	
elaspic.elaspic_database.retry_archive(fn)[source]

	Decorator to keep probing the database untill you succeed.






	
elaspic.elaspic_database.retry_database(fn)[source]

	Decorator to keep probing the database untill you succeed.






	
elaspic.elaspic_database.scinet_cleanup(folder, destination, name=None)[source]

	zip and copy the results from the ramdisk to /scratch








elaspic.elaspic_database_tables module

Created on Thu Jun 11 16:52:31 2015

@author: ostrokach


	
class elaspic.elaspic_database_tables.Domain(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Profs domain definitions for all proteins in the PDB.


	Columns:

	
	cath_id

	Unique id identifying each domain in the PDB. Constructed by concatenating the pdb_id,
pdb_chain, and an index specifying the order of the domain in the chain.

	pdb_id

	The PDB id in which the domain is found.

	pdb_chain

	The PDB chain in which the domain is found.

	pdb_domain_def

	Domain definitions of the domain, in PDB RESNUM coordinates.

	pdb_pdbfam_name

	The Profs name of the domain.

	pdb_pdbfam_idx

	An integer specifying the number of times a domain with domain name pdb_pdbfam_name has
occurred in this chain up to this point. It is used to make every
(pdb_id, pdb_chain, pdb_pdbfam_name, pdb_pdbfam_idx) tuple unique.

	domain_errors

	List of errors that occurred when annotating this domain, or when using this domain
to make structural homology models.
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class elaspic.elaspic_database_tables.DomainContact(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Interactions between Profs domains in the PDB. Only interactions that were predicted to be
biologically relevant by NOXclass [http://noxclass.bioinf.mpi-inf.mpg.de/] are included in this table.


	Columns:

	
	domain_contact_id

	A unique integer identifying each domain pair.

	cath_id_1

	Unique id identifying the first interacting domain in the domain table.

	cath_id_2

	Unique id identifying the second interacting domain in the domain table.

	min_interchain_distance

	The closest that any residue in domain one comes to any residue in domain two.

	contact_volume

	The volume covered by contacting residues.

	contact_surface_area

	The surface area of the contacting regions of the first and second domains.

	atom_count_1

	The number of atoms in the first domain.

	atom_count_2

	The number of atoms in the second domain.

	number_of_contact_residues_1

	The number of residues in the first domain that come within 5 Å of the second domain.

	number_of_contact_residues_2

	The number of residues in the second domain that come withing 5 Å of the first domain.

	contact_residues_1

	A list of all residues in the first domain that come within 5 Å of the second domain.
The residue number corresponds to the position of the residue in the domain.

	contact_residues_2

	A list of all residues in the second domain that come within 5 Å of the first domain.
The residue number corresponds to the position of the residue in the domain.

	crystal_packing

	The probability that the interaction is a crystallization artifacts, as defined by
NOXclass [http://noxclass.bioinf.mpi-inf.mpg.de/].

	domain_contact_errors

	List of errors that occurred when annotating this domain pair, or when using this domain
as a template for making structural homology models.
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class elaspic.elaspic_database_tables.Provean(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Description of the Provean [http://provean.jcvi.org/downloads.php] supporting set calculated for a protein sequence.
The construction of a supporting set is the most lengthy step in running Provean.
Therefore, the supporting set is precalculated and stored for every protein sequence.


	Columns:

	
	uniprot_id

	The uniprot id of the protein.

	provean_supset_filename

	The filename of the Provean supporting set. The supporting set contains the ids
and sequences of all proteins in the NCBI nr database that are used by Provean
to construct a multiple sequence alignment for the given protein.

	provean_supset_length

	The number of sequences in Provean supporting set.

	provean_errors

	List of errors that occurred while the Provean supporting set was being calculated.

	provean_date_modified

	Date and time that this row was last modified.
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class elaspic.elaspic_database_tables.UniprotDomain(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Pfam domain definitions for proteins in the uniprot_sequence table. This table was
obtained by downloading Pfam domain definitions for all known proteins
from the SIMAP [http://liferay.csb.univie.ac.at/portal/web/simap] website, and mapping the protein sequence to uniprot
using the MD5 hash of each sequence.


	Columns:

	
	uniprot_domain_id

	Unique id identifying each domain.

	uniprot_id

	The uniprot id of the protein containing the domain.

	pdbfam_name

	The Profs name of the domain. In most cases this will be equivalent
to the Pfam name of the domain.

	pdbfam_idx

	The index of the Profs domain. pdbfam_idx ranges from 1 to the number of domains with
the name pdbfam_name in the given protein. The (pdbfam_name, pdbfam_idx) tuple
uniquely identifies each domain.

	pfam_clan

	The Pfam clan to which this Profs domain belongs.

	alignment_def

	Alignment domain definitions of the Profs domain. This field is obtained by removing gaps
in the alignment_subdefs column.

	pfam_names

	Pfam names of all Pfam domains that were combined to create the given Profs domain.

	alignment_subdefs

	Comma-separated list of domain definitions for all Pfam domains that were merged to create
the given Profs domain.

	path_to_data

	Location for storing homology models, mutation results, and all other data that
are relevant to this domain. This path is prefixed by archive_dir.
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class elaspic.elaspic_database_tables.UniprotDomainModel(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Homology models for templates in the uniprot_domain_template table.


	Columns:

	
	uniprot_domain_id

	An integer which uniquely identifies each uniprot domain in the uniprot_domain table.

	model_errors

	List of errors that occurred when making the homology model.

	alignment_filename

	The name of the alignment that was given to Modeller when making the homology model.

	model_filename

	The name of the homology model that was produced by Modeller.

	chain

	The chain that contains the domain in question in the homology (this is now set to ‘A’
in all models).

	norm_dope

	Normalized DOPE score of the model (lower is better).

	sasa_score

	Comma-separated list of the percent solvent-accessible surface area for each residue.

	m_date_modified

	The date and time when this row was last modified.

	model_domain_def

	Domain definitions for the region of the domain that is covered by the structural template.

In most cases, this field is identical to the domain_def field in the
uniprot_domain_template table. However, it sometimes happens that the best
Profs structural template only covers a fraction of the Pfam domain. In that case, the
alignment_def column in the uniprot_domain table, and the domain_def column
in the uniprot_domain_template table, will contain the original Pfam domain definitions,
and the model_domain_def column will contain domain definitions for only the region that
is covered by the structural template.
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class elaspic.elaspic_database_tables.UniprotDomainMutation(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Characterization of mutations introduced into structures in the uniprot_domain_model table.


	Columns:

	
	uniprot_id

	Uniprot ID of the protein that was mutated.

	uniprot_domain_id

	Unique id which identifies the Profs domain that was mutated in the uniprot_domain table.

	mutation

	Mutation that was introduced into the protein, in Uniprot coordinates.

	mutation_errors

	List of errors that occured while evaluating the mutation.

	model_filename_wt

	The name of the file which contains the homology model of the domain after the model was
relaxed with FoldX but before the mutation was introduced.

	model_filename_mut

	The name of the file which contains the homology model of the domain after the model was
relaxed with FoldX and after the mutation was introduced.

	chain_modeller

	The chain which contains the domain that was mutated in the model_filename_wt and the
model_filename_mut structures.

	mutation_modeller

	The mutation that was introduced into the protein, in PDB RESNUM coordinates.
This identifies the mutated residue in the model_filename_wt and the
model_filename_mut structures.

	stability_energy_wt

	Comma-separated list of scores returned by FoldX for the wildtype protein.
The comma-separated list can be converted into a DataFrame with each column clearly
labelled using the elaspic.predictor.format_mutation_features().
The FoldX energy terms are:



	dg

	backbone_hbond

	sidechain_hbond

	van_der_waals

	electrostatics

	solvation_polar

	solvation_hydrophobic

	van_der_waals_clashes

	entropy_sidechain

	entropy_mainchain

	sloop_entropy

	mloop_entropy

	cis_bond

	torsional_clash

	backbone_clash

	helix_dipole

	water_bridge

	disulfide

	electrostatic_kon

	partial_covalent_bonds

	energy_ionisation

	entropy_complex

	number_of_residues








	stability_energy_mut

	Comma-separated list of scores returned by FoldX for the mutant protein.
FoldX energy terms are the same as in stability_energy_wt, but for the mutated amino
acid rather than the wildtype.

	physchem_wt

	Physicochemical properties describing the interaction of the wildtype residue with residues
on the opposite chain. The terms are:



	number of atoms in interacting residues that have the same charge.

	number of atoms in interacting residues that have an opposite charge.

	number of hydrogen bonds (very rough calculation).

	number of carbons in interacting residues within 4 A of the mutated residue
(rough measure of the van der Waals force).








	physchem_wt_ownchain

	Physicochemical properties describing the interaction of the wildtype residue with residues
on the same chain. The terms are the same as in physchem_wt.

	physchem_mut

	Physicochemical properties describing the interaction of the mutant residue with residues
on the opposite chain. The terms are the same as in physchem_wt.

	physchem_mut_ownchain

	Physicochemical properties describing the interaction of the mutant residue with residues
on the same chain. The terms are the same as in physchem_wt.

	matrix_score

	Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

	secondary_structure_wt

	Secondary structure of the wildtype residue predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_wt

	Percent solvent accessible surface area of the wildtype residue, predicted by msms [http://mgltools.scripps.edu/].

	secondary_structure_mut

	Secondary structure of the mutated residue predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_mut

	Percent solvent accessible surface area of the mutated residue, predicted by msms [http://mgltools.scripps.edu/].

	provean_score

	Score produced by Provean [http://provean.jcvi.org/downloads.php] for this mutation.

	ddg

	Change in the Gibbs free energy of folding that our classifier predicts for this mutation.

	mut_date_modified

	Date and time that this row was last modified.
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class elaspic.elaspic_database_tables.UniprotDomainPair(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Potentially-interacting pairs of domains for proteins that are known to interact, according to
Hippie [http://cbdm.mdc-berlin.de/tools/hippie/], IRefIndex [http://irefindex.org], and Rolland et al. 2014 [http://dx.doi.org/10.1016/j.cell.2014.10.050].


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	uniprot_domain_id_1

	Unique id of the first domain.

	uniprot_domain_id_2

	Unique id of the second domain.

	rigids

	Phased out.

	domain_contact_ids

	List of unique ids identifying all domain-domain pairs in the PDB, where one domain
belongs to the protein containing uniprot_domain_id_1 and the other domain
belongs to the protein containing uniprot_domain_id_2. This was used as
crystallographic evidence that the two proteins interact.

	path_to_data

	Location for storing homology models, mutation results, and all other data that is relevant
to this domain pair. This path is prefixed by archive_dir.
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class elaspic.elaspic_database_tables.UniprotDomainPairModel(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Structural models of interactions between pairs of domains in the uniprot_domain_pair
table.


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	model_errors

	List of errors that occured while making the homology model.

	alignment_filename_1

	Name of the file containing the alignment of the first domain
with its structural template.

	alignment_filename_2

	Name of the file containing the alignment of the second domain
with its structural template.

	model_filename

	Name of the file containing the homology model of the domain-domain interaction
created by Modeller.

	chain_1

	Chain containing the first domain in the model specified by model_filename.

	chain_2

	Chain containing the second domain in the model specified by model_filename.

	norm_dope

	The normalized DOPE score of the model.

	interface_area_hydrophobic

	Hydrophobic surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_area_hydrophilic

	Hydrophilic surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_area_total

	Total surface area of the interface, calculated using POPS [http://mathbio.nimr.mrc.ac.uk/wiki/POPS].

	interface_dg

	Gibbs free energy of binding for this domain-domain interaction, predicted using FoldX [http://foldx.crg.es/].
Not implemented yet!

	interacting_aa_1

	List of amino acid positions in the first domain that are within 5 Å
of the second domain. Positions are specified using uniprot coordinates.

	interacting_aa_2

	List of amino acids in the second domain that are within 5 Å of the first domain.
Position are specified using uniprot coordinates.

	m_date_modified

	Date and time that this row was last modified.

	model_domain_def_1

	Domain boundaries of the first domain that are covered by the Profs structural template.

	model_domain_def_2

	Domain boundaries of the second domain that are covered by the Profs structural template.
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class elaspic.elaspic_database_tables.UniprotDomainPairMutation(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Characterization of interface mutations introduced into structures
in the uniprot_domain_pair_model table.


	Columns:

	
	uniprot_id

	Uniprot ID of the protein that is being mutated.

	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	mutation

	Mutation for which the \(\Delta \Delta G\) score is being predicted, specified in
Uniprot coordinates.

	mutation_errors

	List of errors obtained when evaluating the impact of the mutation.

	model_filename_wt

	Filename of the homology model relaxed by FoldX but containing the wildtype residue.

	model_filename_mut

	Filename of the homology model relaxed by FoldX and containing the mutated residue.

	chain_modeller

	Chain containing the domain that was mutated, in homology models specified by
model_filename_wt and model_filename_mut.

	mutation_modeller

	Mutation for which the \(\Delta \Delta G\) score is being predicted,
specified in PDB RESNUM coordinates.

	analyse_complex_energy_wt

	Comma-separated list of FoldX scores describing the effect of the wildtype residue on
the stability of the protein domain.

	stability_energy_wt

	Comma-separated list of FoldX scores describing the effect of the wildtype residue on
protein-protein interaction interface.

	analyse_complex_energy_mut

	Comma-separated list of FoldX scores describing the effect of the mutated residue on
the stability of the protein domain.

	stability_energy_mut

	Comma-separated list of FoldX scores describing the effect of the mutated residue on
protein-protein interaction interface.

	physchem_wt

	Comma-separated list of physicochemical properties describing the interaction between
the wildtype residue and other residues on the opposite chain.

	physchem_wt_ownchain

	Comma-separated list of physicochemical properties describing the interaction between
the wildtype residue and other residues on the same chain.

	physchem_mut

	Comma-separated list of physicochemical properties describing the interaction between
the mutated residue and other residues on the opposite chain.

	physchem_mut_ownchain

	Comma-separated list of physicochemical properties describing the interaction between
the mutated residue and other residues on the same chain.

	matrix_score

	Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

	secondary_structure_wt

	Secondary structure of the wildtype residue, predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_wt

	Percent solvent accessible surface area of the wildtype residue, predicted by msms [http://mgltools.scripps.edu/].

	secondary_structure_mut

	Secondary structure of the mutated residue, predicted by stride [http://webclu.bio.wzw.tum.de/stride/].

	solvent_accessibility_mut

	Percent solvent accessible surface area of the mutated residue, predicted by msms [http://mgltools.scripps.edu/].

	contact_distance_wt

	Shortest distance between the wildtype residue and a residue on the opposite chain.

	contact_distance_mut

	Shortest distance between the mutated reside and a residue on the opposite chain.

	provean_score

	Provean [http://provean.jcvi.org/downloads.php] score for this mutation.

	ddg

	Predicted change in Gibbs free energy of binding caused by this mutation.

	mut_date_modified

	Date and time when this row was last modified.
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class elaspic.elaspic_database_tables.UniprotDomainPairTemplate(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Structural templates for pairs of domains in the uniprot_domain_pair table.


	Columns:

	
	uniprot_domain_pair_id

	Unique id identifying each domain-domain interaction.

	domain_contact_id

	Unique id of the domain pair in the domain_contact table
that was used as a template for the modelled domain pair.

	cath_id_1

	Unique id of the structural template for the first domain.

	cath_id_2

	Unique id of the structural template for the second domain.

	identical_1

	Fraction of residues in the Blast alignment of the first domain to its template that are
identical.

	conserved_1

	Fraction of residues in the Blast alignment of the first domain to its template
that are conserved.

	coverage_1

	Fraction of the first domain that is covered by the blast alignment.

	score_1

	Score obtained by multiplying identical_1 by coverage_1.

	identical_if_1

	Fraction of interface residues [1] that are identical in the Blast alignment
of the first domain.

	conserved_if_1

	Fraction of interface residues [1] that are conserved in the Blast alignment
of the first domain.

	coverage_if_1

	Fraction of interface residues [1] that are covered by the Blast alignment
of the first domain.

	score_if_1

	Score obtained by combining identical_if_1 and coverage_if_1 using
(1).

	identical_2

	Fraction of residues in the Blast alignment of the second domain to its template that are
identical.

	conserved_2

	Fraction of residues in the Blast alignment of the second domain to its template
that are conserved.

	coverage_2

	Fraction of the second domain that is covered by the blast alignment.

	score_2

	Score obtained by multiplying identical_2 by coverage_2.

	identical_if_2

	Fraction of interface residues [1] that are identical in the Blast alignment
of the second domain.

	conserved_if_2

	Fraction of interface residues [1] that are conserved in the Blast alignment
of the second domain.

	coverage_if_2

	Fraction of interface residues [1] that are covered by the Blast alignment
of the second domain.

	score_if_2

	Score obtained by combining identical_if_2 and coverage_if_2
using (1).

	score_total

	The product of score_1 and score_2.

	score_if_total

	The product of score_if_1 and score_if_2.

	score_overall

	The product of score_total and score_if_total. This is the score that was used to
select the best Profs domain pair to be used as a template.

	t_date_modified

	The date and time when this row was last updated.

	template_errors

	List of errors that occured while looking for the structural template.










	[1]	(1, 2, 3, 4, 5, 6) Interface residues are defined as residues that are within 5 Å
of the partner domain.
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class elaspic.elaspic_database_tables.UniprotDomainTemplate(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Structural templates for domains in the uniprot_domain table.
Lists PDB crystal structures that will be used for making homology models.


	Columns:

	
	uniprot_domain_id

	An integer which uniquely identifies each uniprot domain in the uniprot_domain table.

	template_errors

	List of errors that occurred during the process for finding the template.

	cath_id

	The unique id identifying the structural template of the domain.

	domain_start

	The Uniprot position of the first amino acid of the Profs domain.

	domain_end

	The Uniprot position of the last amino acid of the Profs domain.

	domain_def

	Profs domain definitions for domains with structural templates. Domain definitions in this
column are different from domain definitions in the alignment_def column of the
uniprot_domain table in that they have been expanded to match domain boundaries of the
Profs structural template, identified by the cath_id.

	alignment_identity

	Percent identity of the domain to its structural template.

	alignment_coverage

	Percent coverage of the domain to its structural template.

	alignment_score

	A score obtained by combining alignment_identity (\(SeqId\)) and alignment_coverage
(\(Cov\)) using the following equation, as described by Mosca et al. [http://doi.org/10.1038/nmeth.2289]:


(1)\[Score = 0.95 \cdot \frac{SeqId}{100} \cdot \frac{Cov}{100} + 0.05 \cdot \frac{Cov}{100}\]



	t_date_modified

	The date and time when this row was last modified.
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class elaspic.elaspic_database_tables.UniprotSequence(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base

Protein sequences from the Uniprot KB, obtained by parsing uniprot_sprot_fasta.gz,
uniprot_trembl_fasta.gz, and homo_sapiens_variation.txt files from the
Uniprot ftp site [ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/].


	Columns:

	
	db

	The database to which the protein sequence belongs. Possible values are sp for SwissProt
and tr for TrEMBL.

	uniprot_id

	The uniprot id of the protein.

	uniprot_name

	The uniprot name of the protein.

	protein_name

	The protein name.

	organism_name

	Name of the organism in which this protein is found.

	gene_name

	Name of the gene that codes for this protein sequence.

	protein_existence

	Evidence for the existence of the protein:


	Experimental evidence at protein level

	Experimental evidence at transcript level

	Protein inferred from homology

	Protein predicted

	Protein uncertain





	sequence_version

	Version of the protein amino acid sequence.

	uniprot_sequence

	Amino acid sequence of the protein.
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elaspic.elaspic_database_tables.get_db_specific_param(key)[source]

	




	
elaspic.elaspic_database_tables.get_table_args(table_name, index_columns=[], db_specific_params=[])[source]

	Returns a tuple of additional table arguments.








elaspic.elaspic_model module




elaspic.elaspic_predictor module

Created on Wed Sep 30 16:54:21 2015

@author: strokach


	
class elaspic.elaspic_predictor.Predictor[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
feature_name_conversion = {'normDOPE': 'norm_dope', 'seq_id_avg': 'alignment_identity'}

	




	
score(df, core_or_interface)[source]

	



	Parameters:	df (DataFrame) – One or more rows with all data required to predict $Delta Delta G$ score.
Like something that you would get when you join the appropriate rows in the database.


	Returns:	df –
Same as the input dataframe, except with one additional column: ddg.


	Return type:	Dataframe














	
elaspic.elaspic_predictor.convert_features_to_differences(df, keep_mut=False)[source]

	Creates a new set of features (ending in _change) that describe the difference between values
of the wildtype (features ending in _wt) and mutant (features ending in _mut) features.
If keep_mut is False, removes all mutant features (features ending in _mut).






	
elaspic.elaspic_predictor.format_mutation_features(feature_df, core_or_interface)[source]

	Converts columns containing comma-separated lists of FoldX features and physicochemical
features into a DataFrame where each feature has its own column.





	Parameters:	
	feature_df (DataFrame) – A pandas DataFrame containing a subset of rows from the uniprot_domain_mutation
or the uniprot_domain_pair_mutation tables.

	core_or_interface (int or str) – If 0 or ‘core’, the feature_df DataFrame contains columns from the
uniprot_domain_mutation table.
If 1 or ‘interface, the feature_df DataFrame contains columns from the
uniprot_domain_pair_mutation table.






	Returns:	Contains the same data as feature_df, but with columns containing comma-separated lists
of features converted to columns containing a single feature each.




	Return type:	DataFrame














elaspic.elaspic_sequence module


	
class elaspic.elaspic_sequence.Sequence(sequence_file, provean_supset_file=None)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Class for calculating sequence level features.


	
mutate(mutation)[source]
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score_pairwise(seq1, seq2, matrix=None, gap_s=None, gap_e=None)[source]

	Get the BLOSUM (or what ever matrix is given) score.










	
elaspic.elaspic_sequence.convert_basestring_to_seqrecord(sequence, sequence_id='id')[source]

	




	
elaspic.elaspic_sequence.download_uniport_sequence(uniprot_id, output_dir)[source]

	






elaspic.errors module


	
exception elaspic.errors.AlignmentNotFoundError(save_path, alignment_filename)[source]

	Bases: Exception






	
exception elaspic.errors.Archive7zipError(result, error_message, return_code)[source]

	Bases: Exception






	
exception elaspic.errors.Archive7zipFileNotFoundError(result, error_message, return_code)[source]

	Bases: elaspic.errors.Archive7zipError






	
exception elaspic.errors.ChainsNotInteractingError[source]

	Bases: Exception






	
exception elaspic.errors.DataError[source]

	Bases: Exception






	
exception elaspic.errors.FoldXAAMismatchError[source]

	Bases: Exception






	
exception elaspic.errors.FoldxError[source]

	Bases: Exception






	
exception elaspic.errors.InterfaceMismatchError[source]

	Bases: Exception






	
exception elaspic.errors.LowIdentity[source]

	Bases: Exception






	
exception elaspic.errors.MSMSError[source]

	Bases: Exception






	
exception elaspic.errors.ModelHasMutationsError[source]

	Bases: Exception

Don’t delete a model that has precalculated mutations!






	
exception elaspic.errors.ModellerError[source]

	Bases: Exception






	
exception elaspic.errors.MutationMismatchError[source]

	Bases: Exception






	
exception elaspic.errors.MutationOutsideDomainError[source]

	Bases: Exception






	
exception elaspic.errors.MutationOutsideInterfaceError[source]

	Bases: Exception






	
exception elaspic.errors.NoModelFoundError[source]

	Bases: Exception






	
exception elaspic.errors.NoSequenceFound[source]

	Bases: Exception






	
exception elaspic.errors.NoTemplatesFoundError[source]

	Bases: Exception






	
exception elaspic.errors.PDBChainError[source]

	Bases: Exception






	
exception elaspic.errors.PDBDomainDefsError[source]

	Bases: Exception

PDB domain definitions not found in the pdb file






	
exception elaspic.errors.PDBEmptySequenceError[source]

	Bases: Exception

One of the sequences is missing from the alignment. The most likely cause
is that the alignment domain definitions were incorrect.






	
exception elaspic.errors.PDBError[source]

	Bases: Exception






	
exception elaspic.errors.PDBNotFoundError[source]

	Bases: Exception






	
exception elaspic.errors.PopsError(message, pdb, chains)[source]

	Bases: Exception






	
exception elaspic.errors.ProteinDefinitionError[source]

	Bases: Exception






	
exception elaspic.errors.ProveanError[source]

	Bases: Exception






	
exception elaspic.errors.ProveanResourceError(message, child_process_group_id)[source]

	Bases: Exception






	
exception elaspic.errors.ResourceError[source]

	Bases: Exception






	
exception elaspic.errors.TcoffeeBlastError(result, error, alignInFile, system_command)[source]

	Bases: Exception






	
exception elaspic.errors.TcoffeeError(result, error, alignInFile, system_command)[source]

	Bases: Exception






	
exception elaspic.errors.TcoffeePDBidError(result, error, alignInFile, system_command)[source]

	Bases: Exception






	
exception elaspic.errors.TemplateCoreError[source]

	Bases: Exception






	
exception elaspic.errors.TemplateInterfaceError[source]

	Bases: Exception






	
exception elaspic.errors.WrongConfigKeyError[source]

	Bases: Exception








elaspic.helper module


	
class elaspic.helper.WritableObject(logger)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

A class for collecting all the print statements from modeller in order
to redirect them to the logger later on


	
write(string)[source]

	








	
class elaspic.helper.color[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
BLUE = '\x1b[94m'

	




	
BOLD = '\x1b[1m'

	




	
CYAN = '\x1b[96m'

	




	
DARKCYAN = '\x1b[36m'

	




	
END = '\x1b[0m'

	




	
FAIL = '\x1b[91m'

	




	
GREEN = '\x1b[92m'

	




	
HEADER = '\x1b[95m'

	




	
OKBLUE = '\x1b[94m'

	




	
OKGREEN = '\x1b[92m'

	




	
PURPLE = '\x1b[95m'

	




	
RED = '\x1b[91m'

	




	
UNDERLINE = '\x1b[4m'

	




	
WARNING = '\x1b[93m'

	




	
YELLOW = '\x1b[93m'

	








	
elaspic.helper.decode_aa_list(interface_aa)[source]

	




	
elaspic.helper.decode_domain_def(domains, merge=True, return_string=False)[source]

	Unlike split_domain(), this function returns a tuple of tuples of strings,
preserving letter numbering (e.g. 10B)






	
elaspic.helper.decode_text_as_list(list_string)[source]

	Uses the database convention to decode a string, describing domain boundaries of
multiple domains, as a list of lists.






	
elaspic.helper.encode_domain(domains, merged=True)[source]

	




	
elaspic.helper.encode_list_as_text(list_of_lists)[source]

	Uses the database convention to encode a list of lists, describing domain boundaries of
multiple domains, as a string.






	
elaspic.helper.get_echo(system_constant)[source]

	




	
elaspic.helper.get_hostname()[source]

	




	
elaspic.helper.get_lock(name)[source]

	




	
elaspic.helper.get_logger(do_debug=True, logger_filename=None)[source]

	




	
elaspic.helper.get_path_to_current_file()[source]

	Find the location of the file that is being executed






	
elaspic.helper.get_username()[source]

	




	
elaspic.helper.get_which(bin_name)[source]

	




	
elaspic.helper.kill_child_process(child_process)[source]

	




	
elaspic.helper.lock(fn)[source]

	Allow only a single instance of function fn,
and save results to a lock file.






	
elaspic.helper.log_print_statements(logger)[source]

	Channel print statements to the debug logger






	
elaspic.helper.make_tarfile(output_filename, source_dir)[source]

	




	
elaspic.helper.open_exclusively(filename, mode='a')[source]

	




	
elaspic.helper.print_heartbeets()[source]

	




	
elaspic.helper.row2dict(row)[source]

	




	
elaspic.helper.run_subprocess(system_command, **popen_argvars)[source]

	




	
elaspic.helper.run_subprocess_locally(working_path, system_command, **popen_argvars)[source]

	




	
elaspic.helper.slugify(filename_string)[source]

	




	
elaspic.helper.subprocess_check_output(system_command, **popen_argvars)[source]

	




	
elaspic.helper.subprocess_check_output_locally(working_path, system_command, **popen_argvars)[source]

	




	
elaspic.helper.subprocess_communicate(child_process)[source]

	




	
elaspic.helper.switch_paths(working_path)[source]

	




	
elaspic.helper.underline(print_string)[source]

	






elaspic.local_pipeline module




elaspic.machine_learning module


	
elaspic.machine_learning.cross_validate_predictor(data, features, clf_options, output_filename=None)[source]

	




	
elaspic.machine_learning.get_final_predictor(data, features, options)[source]

	Train a predictor using the entire dataset.






	
elaspic.machine_learning.write_row_to_file(results, output_filename)[source]

	TODO: Add a datetime column to each written row.








elaspic.pipeline module


	
class elaspic.pipeline.Foo[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
run()[source]

	








	
class elaspic.pipeline.Pipeline(configurations)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]






	
elaspic.pipeline.execute_and_remember(f)[source]

	Some basic memoizer.






	
elaspic.pipeline.lock(fn)[source]

	Allow only a single instance of function fn,
and save results to a lock file.








elaspic.structure_analysis module


	
class elaspic.structure_analysis.AnalyzeStructure(pdb_file, working_dir, vdw_distance=5.0, min_contact_distance=4.0)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Runs the program pops to calculate the interface size of the complexes
This is done by calculating the surface of the complex and the seperated parts.
The interface is then given by the substracting.


	
__call__(chain_id, mutation, chain_id_other=None)[source]

	Calculate all properties.






	
get_dssp()[source]

	Not used because crashes on server.






	
get_interchain_distances(pdb_chain=None, pdb_mutation=None, cutoff=None)[source]

	




	
get_interface_area(chain_ids)[source]

	




	
get_physi_chem(chain_id, mutation)[source]

	Return the atomic contact vector, that is, counting how many interactions
between charged, polar or “carbon” residues there are. The “carbon”
interactions give you information about the Van der Waals packing of
the residues. Comparing the wildtype vs. the mutant values is used in
the machine learning algorithm.

‘mutation’ is of the form: ‘A16’ where A is the chain identifier and 16
the residue number (in pdb numbering) of the mutation
chainIDs is a list of strings with the chain identifiers to be used
if more than two chains are given, the chains not containing the mutation
are considered as “opposing” chain






	
get_sasa(program_to_use='pops')[source]

	Get Solvent Accessible Surface Area scores.


Note

deprecated

Use python:fn:get_seasa instead.








	
get_seasa()[source]

	




	
get_secondary_structure()[source]

	




	
get_stride()[source]

	




	
get_structure_file(chains, ext='.pdb')[source]

	




	
working_dir = None

	Folder with all the binaries (i.e. ./analyze_structure)












elaspic.structure_tools module


	
class elaspic.structure_tools.MMCIFParserMod(temp_dir)[source]

	Bases: Bio.PDB.MMCIFParser.MMCIFParser


	
get_structure(structure_id, gzip_fh)[source]

	Altered get_structure method which accepts gzip file handles as input.










	
class elaspic.structure_tools.SelectChains(chain_letters, ns_chain_letters=None, ns=None, r_cutoff=None)[source]

	Bases: Bio.PDB.PDBIO.Select

Only accept the specified chains when saving.


	
accept_residue(residue)[source]

	








	
class elaspic.structure_tools.StructureParser(pdb_file, chain_ids=None, domain_defs=[])[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
pdb_id

	___






	
domain_boundaries

	list of lists of lists

Elements in the outer list correspond to domains in each chain of the
pdb. Elements of the inner list contain the start and end of each
fragment of each domain. For example, if there is only one chain
with pdb domain boundaries 1-10:20-45, this would correspond to
domain_boundaries [[[1,10],[20,45]]].






	
extract()[source]

	Extract the wanted chains out of the PDB file. Removes water atoms
and selects the domain regions (i.e. selects only those parts of the
domain that are within the domain boundaries specified).






	
get_chain_seqres_sequence(chain_id, *args, **varargs)[source]

	Call get_chain_seqres_sequence using chain with id chain_id






	
get_chain_sequence_and_numbering(chain_id, *args, **varargs)[source]

	Call get_chain_sequence_and_numbering using chain with id chain_id






	
save_sequences(output_dir='')[source]

	




	
save_structure(output_dir='', remove_disordered=False)[source]

	








	
elaspic.structure_tools.calculate_distance(atom_1, atom_2, cutoff=None)[source]

	Calculate the distance between two points in 3D space.





	Parameters:	cutoff (float, optional) – The maximum distance allowable between two points.










	
elaspic.structure_tools.chain_is_hetatm(chain)[source]

	Return True if the chain is made up entirely of HETATMs.






	
elaspic.structure_tools.convert_aa(aa, quiet=False)[source]

	Convert amino acids from three letter code to one letter code or vice versa


Note

Deprecated!

Use ''.join(AAA_DICT[aaa] for aaa in aa) and ''.join(A_DICT[a] for a in aa).








	
elaspic.structure_tools.convert_position_to_resid(chain, positions, domain_def_tuple=None)[source]

	Convert mutation_domain to mutation_modeller.
In mutation_modeller, the first amino acid in a chain may start
with something other than 1.






	
elaspic.structure_tools.convert_resnum_alphanumeric_to_numeric(resnum)[source]

	Convert residue numbering that has letters (i.e. 1A, 1B, 1C...) to
residue numbering without letters (i.e. 1, 2, 3...).


Note

Deprecated!

Use get_chain_sequence_and_numbering().








	
elaspic.structure_tools.download_pdb_file(pdb_id, output_dir)[source]

	Move PDB structure to the local working directory.






	
elaspic.structure_tools.euclidean_distance(a, b)[source]

	Calculate the Euclidean distance between two lists or tuples of arbitrary length.






	
elaspic.structure_tools.get_aa_residues(chain)[source]

	




	
elaspic.structure_tools.get_chain_seqres_sequence(chain, aa_only=False)[source]

	Get the amino acid sequence for the construct coding for the given chain.

Extracts a sequence from a PDB file. Usefull when interested in the
sequence that was used for crystallization and not the ATOM sequence.





	Parameters:	aa_only (bool [http://docs.python.org/library/functions.html#bool]) – If aa_only is set to False, selenomethionines will be included in the sequence.
See: http://biopython.org/DIST/docs/api/Bio.PDB.Polypeptide-module.html.










	
elaspic.structure_tools.get_chain_sequence_and_numbering(chain, domain_def_tuple=None, include_hetatms=False)[source]

	Get the amino acid sequence and a list of residue ids for the given chain.





	Parameters:	chain (Bio.PDB.Chain.Chain) – The chain for which to get the amino acid sequence and numbering.










	
elaspic.structure_tools.get_interacting_residues(model, r_cutoff=5, skip_hetatm_chains=True)[source]

	Returns all interactions between residues on different chains in model.





	Returns:	A dictionary of interactions between chains i (0..n-1) and j (i+1..n).
Keys are (chain_idx, chain_id, residue_idx, residue_resnum, residue_amino_acid) tuples.
(e.g. (0, ‘A’, 0, ‘0’, ‘M’), (0, 1, ‘2’, ‘K’), ...)
Values are a list of tuples having the same format as the keys.


	Return type:	dict [http://docs.python.org/library/stdtypes.html#dict]





You can reverse the order of keys and values like this:

complement = dict()
for key, values in get_interacting_chains(model):
    for value in values:
        complement.setdefault(value, set()).add(key)





You can get a list of all interacting chains using this command:

{(key[0], value[0])
 for (key, values) in get_interacting_chains(model).items()
 for value in values}










	
elaspic.structure_tools.get_interactions(model, chain_id, r_cutoff=6)[source]

	




	
elaspic.structure_tools.get_interactions_between_chains(model, chain_id_1, chain_id_2, r_cutoff=6)[source]

	Calculate interactions between residues in pdb_chain_1 and pdb_chain_2. An
interaction is defines as a pair of residues where at least one pair of atom
is closer than r_cutoff. The default value for r_cutoff is 5 Angstroms.


Deprecated since version 1.0: Use python:fn:get_interacting_residues instead.
It gives you both the residue index and the resnum.







	Returns:	Keys are (residue_number, residue_amino_acid) tuples
(e.g. (‘0’, ‘M’), (‘1’, ‘Q’), ...).
Values are lists of (residue_number, residue_amino_acid) tuples.
(e.g. [(‘0’, ‘M’), (‘1’, ‘Q’), ...]).


	Return type:	OrderedDict










	
elaspic.structure_tools.get_interactions_between_chains_slow(model, pdb_chain_1, pdb_chain_2, r_cutoff=5)[source]

	Calculate interactions between residues in pdb_chain_1 and pdb_chain_2. An
interaction is defines as a pair of residues where at least one pair of atom
is closer than r_cutoff. The default value for r_cutoff is 5 Angstroms.


Deprecated since version 1.0: Use get_interacting_residues() instead.
It gives you both the residue index and the resnum.








	
elaspic.structure_tools.get_pdb[source]

	Parse a pdb file with biopythons PDBParser() and return the structure.





	Parameters:	
	pdb_code (str [http://docs.python.org/library/functions.html#str]) – Four letter code of the PDB file

	pdb_path (str [http://docs.python.org/library/functions.html#str]) – Biopython pdb structure

	temp_dir (str, optional, default=’/tmp/’) – Path to the folder for storing temporary files

	pdb_type (‘ent’/’pdb’/’cif’, optional, default=’ent’) – The extension of the pdb to use






	Raises:	PDBNotFoundError –
If the pdb file could not be retrieved from the local (and remote) databases












	
elaspic.structure_tools.get_pdb_file(pdb_id, pdb_database_dir, pdb_type='ent')[source]

	Get PDB file from a local mirror of the PDB database.






	
elaspic.structure_tools.get_pdb_id(pdb_file)[source]

	




	
elaspic.structure_tools.get_pdb_parser(pdb_type, temp_dir='/tmp')[source]

	Get PDB parser that can work with structures of the specified type.






	
elaspic.structure_tools.get_pdb_structure(pdb_file, pdb_id=None)[source]

	Set QUIET to False to output warnings like incomplete chains etc.






	
elaspic.structure_tools.get_structure_sequences(file_or_structure, seqres_sequence=False)[source]

	Convenience function returining a dictionary of sequences for a given file
or a Biopython Structure, Model or Chain.






	
elaspic.structure_tools.suppress_logger(fn)[source]
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  Source code for elaspic.errors

# -*- coding: utf-8 -*-

# %% Configurations
[docs]class WrongConfigKeyError(Exception):
    pass


# %% Tcoffee


[docs]class TcoffeeError(Exception):
    def __init__(self, result, error, alignInFile, system_command):
        message = (
            'tcoffee blast error for file: {0}, with error message: {1}, '
            'when trying to run command: {2}'
            .format(alignInFile, error, system_command))
        Exception.__init__(self, message)
        self.result = result


[docs]class TcoffeeBlastError(Exception):
    def __init__(self, result, error, alignInFile, system_command):
        message = (
            'tcoffee blast error for file: {0}, with error message: {1}, '
            'when trying to run command: {2}'
            .format(alignInFile, error, system_command))
        Exception.__init__(self, message)
        self.result = result


[docs]class TcoffeePDBidError(Exception):
    def __init__(self, result, error, alignInFile, system_command):
        message = (
            'tcoffee blast error for file: {0}, with error message: {1}, '
            'when trying to run command: {2}'
            .format(alignInFile, error, system_command))
        Exception.__init__(self, message)
        self.result = result



# %% Provean


[docs]class ProveanError(Exception):
    pass


[docs]class ProveanResourceError(Exception):
    def __init__(self, message, child_process_group_id):
        Exception.__init__(self, message)
        self.child_process_group_id = child_process_group_id


[docs]class MutationMismatchError(Exception):
    pass


# %% Finding templates (PDB in uppercase to be consistent with Biopython)


[docs]class LowIdentity(Exception):
    pass


[docs]class PDBError(Exception):
    pass


[docs]class PDBNotFoundError(Exception):
    pass


[docs]class PDBEmptySequenceError(Exception):
    """ One of the sequences is missing from the alignment. The most likely cause
    is that the alignment domain definitions were incorrect.
    """
    pass


[docs]class PDBDomainDefsError(Exception):
    """ PDB domain definitions not found in the pdb file
    """
    pass


[docs]class PDBChainError(Exception):
    pass


# %% Making models


[docs]class MSMSError(Exception):
    pass


[docs]class ModellerError(Exception):
    pass


[docs]class FoldxError(Exception):
    pass


[docs]class FoldXAAMismatchError(Exception):
    pass


[docs]class DataError(Exception):
    pass


[docs]class TemplateCoreError(Exception):
    pass


[docs]class TemplateInterfaceError(Exception):
    pass


[docs]class ResourceError(Exception):
    pass


[docs]class InterfaceMismatchError(Exception):
    pass

# %% Computing mutations


[docs]class Archive7zipError(Exception):
    def __init__(self, result, error_message, return_code):
        super(Archive7zipError, self).__init__(result)
        self.error_message = error_message
        self.return_code = return_code


[docs]class Archive7zipFileNotFoundError(Archive7zipError):
    pass


[docs]class NoSequenceFound(Exception):
    pass


[docs]class ProteinDefinitionError(Exception):
    pass


[docs]class NoTemplatesFoundError(Exception):
    pass


[docs]class AlignmentNotFoundError(Exception):
    def __init__(self, save_path, alignment_filename):
        Exception.__init__(self)
        self.save_path = save_path
        self.alignment_filename = alignment_filename


[docs]class PopsError(Exception):
    def __init__(self, message, pdb, chains):
        Exception.__init__(self, message)
        self.pdb = pdb
        self.chains = chains


# %%


[docs]class ChainsNotInteractingError(Exception):
    pass


[docs]class MutationOutsideDomainError(Exception):
    pass


[docs]class MutationOutsideInterfaceError(Exception):
    pass


[docs]class NoModelFoundError(Exception):
    pass



# %% Database


[docs]class ModelHasMutationsError(Exception):
    """Don't delete a model that has precalculated mutations!
    """
    pass
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  Source code for elaspic.elaspic_database_tables

# -*- coding: utf-8 -*-
"""
Created on Thu Jun 11 16:52:31 2015

@author: ostrokach
"""
import datetime
import sqlalchemy as sa
import sqlalchemy.ext.declarative as sa_ext_declarative

from . import conf
configs = conf.Configs()


# %% Constants

# Default sizes for creating varchar fields
SHORT = 15
MEDIUM = 255
LONG = 5461

naming_convention = {
  "ix": 'ix_%(column_0_label)s',
  "uq": "uq_%(table_name)s_%(column_0_name)s",
  "ck": "ck_%(table_name)s_%(constraint_name)s",
  "fk": "fk_%(table_name)s_%(column_0_name)s_%(referred_table_name)s",
  "pk": "pk_%(table_name)s"
}


# Some database-specific parameters that SQLAlchemy can't figure out
DB_TYPE = configs.get('db_type', None)
DB_DATABASE = configs.get('db_database', 'elaspic')
DB_SCHEMA = configs.get('db_schema', 'elaspic')
DB_SCHEMA_UNIPROT = configs.get('db_schema_uniprot', 'elaspic')

db_specific_properties = {
    'mysql': {
        'BINARY_COLLATION': 'utf8_bin',
        'STRING_COLLATION': 'utf8_unicode_ci',
        'schema_version_tuple': {'schema': DB_SCHEMA},
        'uniprot_kb_schema_tuple': {'schema': DB_SCHEMA_UNIPROT},
    },
    'postgresql': {
        'BINARY_COLLATION': 'en_US.utf8',
        'STRING_COLLATION': 'en_US.utf8',
        'schema_version_tuple': {'schema': DB_SCHEMA},
        'uniprot_kb_schema_tuple': {'schema': DB_SCHEMA_UNIPROT},
    },
    'sqlite': {
        'BINARY_COLLATION': 'RTRIM',
        'STRING_COLLATION': 'NOCASE',
        'schema_version_tuple': {'sqlite_autoincrement': True},
        'uniprot_kb_schema_tuple': {'sqlite_autoincrement': True},
    },
}

if DB_TYPE is None:
    print('The `DB_TYPE` has not been set. Do not know what database is being used!')


# %% Functions
[docs]def get_db_specific_param(key):
    if DB_TYPE is None:
        return
    if (DB_TYPE in ['mysql', 'postgresql'] and
            (DB_DATABASE is None or DB_SCHEMA is None or DB_SCHEMA_UNIPROT is None)):
        error_message = (
            'Both the `DB_SCHEMA` and `DB_SCHEMA_UNIPROT` have to be specified when using '
            'a MySQL or PostgreSQL database!'
        )
        raise Exception(error_message)
    return db_specific_properties[DB_TYPE][key]



[docs]def get_table_args(table_name, index_columns=[], db_specific_params=[]):
    """
    Returns a tuple of additional table arguments.
    """
    table_args = []
    # Create indexes over several columns
    for columns in index_columns:
        if type(columns) == tuple:
            column_names, kwargs = columns
        elif type(columns) == list:
            column_names = columns
            kwargs = {}
            kwargs['unique'] = False
        if 'index_name' in kwargs:
            index_name = kwargs.pop('index_name')
        else:
            index_name = (
                'ix_{table_name}_{column_0_name}'
                .format(table_name=table_name, column_0_name=column_names[0])[:255]
            )
        table_args.append(sa.Index(index_name, *column_names, **kwargs))
    # Other table parameters, such as schemas, etc.
    for db_specific_param in db_specific_params:
        table_args.append(get_db_specific_param(db_specific_param))
    return tuple(table_args)


# %%

Base = sa_ext_declarative.declarative_base()
Base.metadata.naming_conventions = naming_convention


# %%
[docs]class Domain(Base):
    """
    Profs domain definitions for all proteins in the PDB.

    Columns:
      cath_id
        Unique id identifying each domain in the PDB. Constructed by concatenating the pdb_id,
        pdb_chain, and an index specifying the order of the domain in the chain.

      pdb_id
        The PDB id in which the domain is found.

      pdb_chain
        The PDB chain in which the domain is found.

      pdb_domain_def
        Domain definitions of the domain, in PDB RESNUM coordinates.

      pdb_pdbfam_name
        The Profs name of the domain.

      pdb_pdbfam_idx
        An integer specifying the number of times a domain with domain name ``pdb_pdbfam_name`` has
        occurred in this chain up to this point. It is used to make every
        ``(pdb_id, pdb_chain, pdb_pdbfam_name, pdb_pdbfam_idx)`` tuple unique.

      domain_errors
        List of errors that occurred when annotating this domain, or when using this domain
        to make structural homology models.
    """
    __tablename__ = 'domain'
    if DB_TYPE != 'mysql':
        # MySQL can't handle long indexes
        _indexes = [
            (['pdb_id', 'pdb_chain', 'pdb_pdbfam_name', 'pdb_pdbfam_idx'], {'unique': True}),
            (['pdb_pdbfam_name'], {'mysql_length': 255})
        ]
    else:
        _indexes = [
            ['pdb_id', 'pdb_chain'],
            (['pdb_pdbfam_name'], {'mysql_length': 255}),
        ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])
    cath_id = sa.Column(
        sa.String(SHORT, collation=get_db_specific_param('BINARY_COLLATION')),
        primary_key=True)
    pdb_id = sa.Column(sa.String(SHORT), nullable=False)
    pdb_chain = sa.Column(
        sa.String(SHORT, collation=get_db_specific_param('BINARY_COLLATION')),
        nullable=False)
    pdb_domain_def = sa.Column(sa.String(MEDIUM), nullable=False)
    pdb_pdbfam_name = sa.Column(sa.String(LONG), nullable=False)
    pdb_pdbfam_idx = sa.Column(sa.Integer)
    domain_errors = sa.Column(sa.Text)



[docs]class DomainContact(Base):
    u"""
    Interactions between Profs domains in the PDB. Only interactions that were predicted to be
    biologically relevant by `NOXclass`_ are included in this table.

    Columns:
      domain_contact_id
        A unique integer identifying each domain pair.

      cath_id_1
        Unique id identifying the first interacting domain in the :ref:`domain` table.

      cath_id_2
        Unique id identifying the second interacting domain in the :ref:`domain` table.

      min_interchain_distance
        The closest that any residue in domain one comes to any residue in domain two.

      contact_volume
        The volume covered by contacting residues.

      contact_surface_area
        The surface area of the contacting regions of the first and second domains.

      atom_count_1
        The number of atoms in the first domain.

      atom_count_2
        The number of atoms in the second domain.

      number_of_contact_residues_1
        The number of residues in the first domain that come within 5 \u212B of the second domain.

      number_of_contact_residues_2
        The number of residues in the second domain that come withing 5 \u212B of the first domain.

      contact_residues_1
        A list of all residues in the first domain that come within 5 \u212B of the second domain.
        The residue number corresponds to the position of the residue in the domain.

      contact_residues_2
        A list of all residues in the second domain that come within 5 \u212B of the first domain.
        The residue number corresponds to the position of the residue in the domain.

      crystal_packing
        The probability that the interaction is a crystallization artifacts, as defined by
        `NOXclass`_.

      domain_contact_errors
        List of errors that occurred when annotating this domain pair, or when using this domain
        as a template for making structural homology models.

    .. _NOXclass: http://noxclass.bioinf.mpi-inf.mpg.de/
    """
    __tablename__ = 'domain_contact'
    _indexes = [
        (['cath_id_1', 'cath_id_2'], {'unique': True}),
        (['cath_id_2', 'cath_id_1'], {'unique': True}),
    ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    domain_contact_id = sa.Column(sa.Integer, primary_key=True)
    cath_id_1 = sa.Column(
        None, sa.ForeignKey(Domain.cath_id, onupdate='cascade', ondelete='cascade'),
        nullable=False)
    cath_id_2 = sa.Column(
        None, sa.ForeignKey(Domain.cath_id, onupdate='cascade', ondelete='cascade'),
        nullable=False)
#    cath_id_2 = sa.Column(
#        sa.String(SHORT, collation=get_db_specific_param('BINARY_COLLATION')),
#        nullable=False)
    min_interchain_distance = sa.Column(sa.Float)
    contact_volume = sa.Column(sa.Float)
    contact_surface_area = sa.Column(sa.Float)
    atom_count_1 = sa.Column(sa.Integer)
    atom_count_2 = sa.Column(sa.Integer)
    number_of_contact_residues_1 = sa.Column(sa.Integer)
    number_of_contact_residues_2 = sa.Column(sa.Integer)
    contact_residues_1 = sa.Column(sa.Text)
    contact_residues_2 = sa.Column(sa.Text)
    crystal_packing = sa.Column(sa.Float)
    domain_contact_errors = sa.Column(sa.Text)

    # Relationships
    domain_1 = sa.orm.relationship(
        Domain, primaryjoin=cath_id_1 == Domain.cath_id, cascade='expunge', lazy='joined')
    # the second domain may be a ligand or a peptide, and so the foreign key constraint
    # does not work
    domain_2 = sa.orm.relationship(
        Domain, primaryjoin=cath_id_2 == Domain.cath_id, cascade='expunge', lazy='joined')



[docs]class UniprotSequence(Base):
    """
    Protein sequences from the Uniprot KB, obtained by parsing `uniprot_sprot_fasta.gz`,
    `uniprot_trembl_fasta.gz`, and `homo_sapiens_variation.txt` files from the
    `Uniprot ftp site`_.

    Columns:
      db
        The database to which the protein sequence belongs. Possible values are `sp` for SwissProt
        and `tr` for TrEMBL.

      uniprot_id
        The uniprot id of the protein.

      uniprot_name
        The uniprot name of the protein.

      protein_name
        The protein name.

      organism_name
        Name of the organism in which this protein is found.

      gene_name
        Name of the gene that codes for this protein sequence.

      protein_existence
        Evidence for the existence of the protein:

        1. Experimental evidence at protein level
        2. Experimental evidence at transcript level
        3. Protein inferred from homology
        4. Protein predicted
        5. Protein uncertain

      sequence_version
        Version of the protein amino acid sequence.

      uniprot_sequence
        Amino acid sequence of the protein.

    .. _Uniprot ftp site:
       ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/

    """
    __tablename__ = 'uniprot_sequence'
    __table_args__ = get_table_args(__tablename__, [], ['uniprot_kb_schema_tuple'])

    db = sa.Column(sa.String(SHORT), nullable=False)
    uniprot_id = sa.Column(sa.String(SHORT), primary_key=True)
    uniprot_name = sa.Column(sa.String(SHORT), nullable=False)
    protein_name = sa.Column(sa.String(MEDIUM))
    organism_name = sa.Column(sa.String(MEDIUM), index=True)
    gene_name = sa.Column(sa.String(MEDIUM), index=True)
    protein_existence = sa.Column(sa.Integer)
    sequence_version = sa.Column(sa.Integer)
    uniprot_sequence = sa.Column(sa.Text, nullable=False)



[docs]class Provean(Base):
    """
    Description of the `Provean`_ supporting set calculated for a protein sequence.
    The construction of a supporting set is the most lengthy step in running Provean.
    Therefore, the supporting set is precalculated and stored for every protein sequence.

    Columns:
      uniprot_id
        The uniprot id of the protein.

      provean_supset_filename
        The filename of the Provean supporting set. The supporting set contains the ids
        and sequences of all proteins in the NCBI nr database that are used by Provean
        to construct a multiple sequence alignment for the given protein.

      provean_supset_length
        The number of sequences in Provean supporting set.

      provean_errors
        List of errors that occurred while the Provean supporting set was being calculated.

      provean_date_modified
        Date and time that this row was last modified.

    .. _provean: http://provean.jcvi.org/downloads.php
    """
    __tablename__ = 'provean'
    __table_args__ = get_table_args(__tablename__, [], ['schema_version_tuple'])

    uniprot_id = sa.Column(
        None, sa.ForeignKey(
            UniprotSequence.uniprot_id,
            onupdate='cascade', ondelete='cascade'),
        primary_key=True)
    provean_supset_filename = sa.Column(sa.String(MEDIUM))
    provean_supset_length = sa.Column(sa.Integer)
    provean_errors = sa.Column(sa.Text)
    provean_date_modified = sa.Column(
        sa.DateTime, default=datetime.datetime.utcnow, onupdate=datetime.datetime.utcnow,
        nullable=False)

    # Relationships
    uniprot_sequence = sa.orm.relationship(
        UniprotSequence, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('provean', uselist=False, cascade='expunge', lazy='joined'))



[docs]class UniprotDomain(Base):
    """
    Pfam domain definitions for proteins in the :ref:`uniprot_sequence` table. This table was
    obtained by downloading Pfam domain definitions for all known proteins
    from the `SIMAP`_ website, and mapping the protein sequence to uniprot
    using the MD5 hash of each sequence.

    Columns:
      uniprot_domain_id
        Unique id identifying each domain.

      uniprot_id
        The uniprot id of the protein containing the domain.

      pdbfam_name
        The Profs name of the domain. In most cases this will be equivalent
        to the Pfam name of the domain.

      pdbfam_idx
        The index of the Profs domain. ``pdbfam_idx`` ranges from 1 to the number of domains with
        the name ``pdbfam_name`` in the given protein. The ``(pdbfam_name, pdbfam_idx)`` tuple
        uniquely identifies each domain.

      pfam_clan
        The Pfam clan to which this Profs domain belongs.

      alignment_def
        Alignment domain definitions of the Profs domain. This field is obtained by removing gaps
        in the ``alignment_subdefs`` column.

      pfam_names
        Pfam names of all Pfam domains that were combined to create the given Profs domain.

      alignment_subdefs
        Comma-separated list of domain definitions for all Pfam domains that were merged to create
        the given Profs domain.

      path_to_data
        Location for storing homology models, mutation results, and all other data that
        are relevant to this domain. This path is prefixed by :term:`archive_dir`.

    .. _SIMAP: http://liferay.csb.univie.ac.at/portal/web/simap
    """
    __tablename__ = 'uniprot_domain'

    IS_TRAINING_SCHEMA = 'training' in DB_SCHEMA

    uniprot_domain_id = sa.Column(sa.Integer, nullable=False, primary_key=True, autoincrement=True)
    uniprot_id = sa.Column(
        None, sa.ForeignKey(
            UniprotSequence.uniprot_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False)
    pdbfam_name = sa.Column(sa.String(LONG), nullable=False)
    pdbfam_idx = sa.Column(sa.Integer, nullable=False)
    pfam_clan = sa.Column(sa.Text)
    alignment_def = sa.Column(sa.String(MEDIUM))
    pfam_names = sa.Column(sa.String(LONG))
    alignment_subdefs = sa.Column(sa.Text)
    path_to_data = sa.Column(sa.Text)

    if IS_TRAINING_SCHEMA:
        # The database used for storing training data has an extra column `max_seq_identity`,
        # because we want to make homology models at different sequence identities.
        max_seq_identity = sa.Column(sa.Integer, index=True)
        _indexes = [
            (['uniprot_id', 'alignment_def', 'max_seq_identity'],
             {'unique': True, 'index_name': 'ix_uniprot_id_unique'}),
            (['pdbfam_name'], {'mysql_length': 255}),
            (['uniprot_id', 'uniprot_domain_id'],
             {'unique': True, 'index_name': 'ix_uniprot_id_uniprot_domain_id'}),
        ]
    else:
        _indexes = [
            (['pdbfam_name'], {'mysql_length': 255}),
            (['uniprot_id', 'uniprot_domain_id'],
             {'unique': True, 'index_name': 'ix_uniprot_id_uniprot_domain_id'}),
        ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    # Relationships
    uniprot_sequence = sa.orm.relationship(
        UniprotSequence, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('uniprot_domain', cascade='expunge'))  # many to one



[docs]class UniprotDomainPair(Base):
    """
    Potentially-interacting pairs of domains for proteins that are known to interact, according to
    `Hippie`_, `IRefIndex`_, and `Rolland et al. 2014`_.

    Columns:
      uniprot_domain_pair_id
        Unique id identifying each domain-domain interaction.

      uniprot_domain_id_1
        Unique id of the first domain.

      uniprot_domain_id_2
        Unique id of the second domain.

      rigids
        Phased out.

      domain_contact_ids
        List of unique ids identifying all domain-domain pairs in the PDB, where one domain
        belongs to the protein containing ``uniprot_domain_id_1`` and the other domain
        belongs to the protein containing ``uniprot_domain_id_2``. This was used as
        crystallographic evidence that the two proteins interact.

      path_to_data
        Location for storing homology models, mutation results, and all other data that is relevant
        to this domain pair. This path is prefixed by :term:`archive_dir`.

    .. _Hippie: http://cbdm.mdc-berlin.de/tools/hippie/
    .. _IRefIndex: http://irefindex.org
    .. _Rolland et al. 2014: http://dx.doi.org/10.1016/j.cell.2014.10.050
    """
    __tablename__ = 'uniprot_domain_pair'
    _indexes = [
            (['uniprot_id_1', 'uniprot_id_2']),
            (['uniprot_id_2', 'uniprot_id_1']),
            (['uniprot_domain_id_1', 'uniprot_domain_id_2'], {'unique': True}),
            (['uniprot_domain_id_2', 'uniprot_domain_id_1'], {'unique': True}),
    ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    uniprot_domain_pair_id = sa.Column(sa.Integer, primary_key=True, autoincrement=True)
    uniprot_domain_id_1 = sa.Column(
        None, sa.ForeignKey(
            UniprotDomain.uniprot_domain_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False)
    uniprot_domain_id_2 = sa.Column(
        None, sa.ForeignKey(
            UniprotDomain.uniprot_domain_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False)
    rigids = sa.Column(sa.Text)  # Interaction references from iRefsa.Index
    domain_contact_ids = sa.Column(sa.Text)  # interaction references from the PDB
    path_to_data = sa.Column(sa.Text)
    # TODO: Move these columns higher up the next time creating a database
    uniprot_id_1 = sa.Column(sa.String(MEDIUM))
    uniprot_id_2 = sa.Column(sa.String(MEDIUM))

    # Relationships
    uniprot_domain_1 = sa.orm.relationship(
        UniprotDomain,
        primaryjoin=uniprot_domain_id_1 == UniprotDomain.uniprot_domain_id,
        cascade='expunge', lazy='joined')  # many to one
    uniprot_domain_2 = sa.orm.relationship(
        UniprotDomain,
        primaryjoin=uniprot_domain_id_2 == UniprotDomain.uniprot_domain_id,
        cascade='expunge', lazy='joined')  # many to one



[docs]class UniprotDomainTemplate(Base):
    """
    Structural templates for domains in the :ref:`uniprot_domain` table.
    Lists PDB crystal structures that will be used for making homology models.

    Columns:
      uniprot_domain_id
        An integer which uniquely identifies each uniprot domain in the :ref:`uniprot_domain` table.

      template_errors
        List of errors that occurred during the process for finding the template.

      cath_id
        The unique id identifying the structural template of the domain.

      domain_start
        The Uniprot position of the first amino acid of the Profs domain.

      domain_end
        The Uniprot position of the last amino acid of the Profs domain.

      domain_def
        Profs domain definitions for domains with structural templates. Domain definitions in this
        column are different from domain definitions in the ``alignment_def`` column of the
        :ref:`uniprot_domain` table in that they have been expanded to match domain boundaries of the
        Profs structural template, identified by the ``cath_id``.

      alignment_identity
        Percent identity of the domain to its structural template.

      alignment_coverage
        Percent coverage of the domain to its structural template.

      alignment_score
        A score obtained by combining ``alignment_identity`` (:math:`SeqId`) and ``alignment_coverage``
        (:math:`Cov`) using the following equation, as described by `Mosca et al.`_:

        .. math::
           :label: score_function

           Score = 0.95 \\cdot \\frac{SeqId}{100} \\cdot \\frac{Cov}{100} + 0.05 \\cdot \\frac{Cov}{100}

      t_date_modified
        The date and time when this row was last modified.

    .. _Mosca et al.: http://doi.org/10.1038/nmeth.2289
    """
    __tablename__ = 'uniprot_domain_template'
    __table_args__ = get_table_args(__tablename__, [], ['schema_version_tuple'])

    uniprot_domain_id = sa.Column(
        None, sa.ForeignKey(
            UniprotDomain.uniprot_domain_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False, primary_key=True)
    template_errors = sa.Column(sa.Text)
    cath_id = sa.Column(
        None, sa.ForeignKey(
            Domain.cath_id,
            onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False)
    domain_start = sa.Column(sa.Integer, index=True)
    domain_end = sa.Column(sa.Integer, index=True)
    domain_def = sa.Column(sa.String(MEDIUM))
    alignment_identity = sa.Column(sa.Float)
    alignment_coverage = sa.Column(sa.Float)
    alignment_score = sa.Column(sa.Float)
    t_date_modified = sa.Column(
        sa.DateTime, default=datetime.datetime.utcnow, onupdate=datetime.datetime.utcnow,
        nullable=False)

    # Relationships
    uniprot_domain = sa.orm.relationship(
        UniprotDomain, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('template', uselist=False, cascade='expunge', lazy='joined')) # one to one
    domain = sa.orm.relationship(
        Domain, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('uniprot_domain', cascade='expunge')) # many to one




[docs]class UniprotDomainModel(Base):
    """
    Homology models for templates in the :ref:`uniprot_domain_template` table.

    Columns:
      uniprot_domain_id
        An integer which uniquely identifies each uniprot domain in the :ref:`uniprot_domain` table.

      model_errors
        List of errors that occurred when making the homology model.

      alignment_filename
        The name of the alignment that was given to Modeller when making the homology model.

      model_filename
        The name of the homology model that was produced by Modeller.

      chain
        The chain that contains the domain in question in the homology (this is now set to 'A'
        in all models).

      norm_dope
        Normalized DOPE score of the model (lower is better).

      sasa_score
        Comma-separated list of the percent solvent-accessible surface area for each residue.

      m_date_modified
        The date and time when this row was last modified.

      model_domain_def
        Domain definitions for the region of the domain that is covered by the structural template.

        In most cases, this field is identical to the ``domain_def`` field in the
        :ref:`uniprot_domain_template` table. However, it sometimes happens that the best
        Profs structural template only covers a fraction of the Pfam domain. In that case, the
        ``alignment_def`` column in the :ref:`uniprot_domain` table, and the ``domain_def`` column
        in the :ref:`uniprot_domain_template` table, will contain the original Pfam domain definitions,
        and the ``model_domain_def`` column will contain domain definitions for only the region that
        is covered by the structural template.

    """
    __tablename__ = 'uniprot_domain_model'
    __table_args__ = get_table_args(__tablename__, [], ['schema_version_tuple'])

    uniprot_domain_id = sa.Column(
        None, sa.ForeignKey(
            UniprotDomainTemplate.uniprot_domain_id,
            onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False, primary_key=True)
    model_errors = sa.Column(sa.Text)
    alignment_filename = sa.Column(sa.String(MEDIUM))
    model_filename = sa.Column(sa.String(MEDIUM))
    chain = sa.Column(sa.String(SHORT))
    norm_dope = sa.Column(sa.Float)
    sasa_score = sa.Column(sa.Text)
    m_date_modified = sa.Column(sa.DateTime, default=datetime.datetime.utcnow,
                             onupdate=datetime.datetime.utcnow, nullable=False)
    model_domain_def = sa.Column(sa.String(MEDIUM))

    # Relationships
    template = sa.orm.relationship(
        UniprotDomainTemplate, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('model', uselist=False, cascade='expunge', lazy='joined')) # one to one




[docs]class UniprotDomainMutation(Base):
    """
    Characterization of mutations introduced into structures in the :ref:`uniprot_domain_model` table.

    Columns:
      uniprot_id
        Uniprot ID of the protein that was mutated.

      uniprot_domain_id
        Unique id which identifies the Profs domain that was mutated in the :ref:`uniprot_domain` table.

      mutation
        Mutation that was introduced into the protein, in Uniprot coordinates.

      mutation_errors
        List of errors that occured while evaluating the mutation.

      model_filename_wt
        The name of the file which contains the homology model of the domain after the model was
        relaxed with FoldX but before the mutation was introduced.

      model_filename_mut
        The name of the file which contains the homology model of the domain after the model was
        relaxed with FoldX and after the mutation was introduced.

      chain_modeller
        The chain which contains the domain that was mutated in the ``model_filename_wt`` and the
        ``model_filename_mut`` structures.

      mutation_modeller
        The mutation that was introduced into the protein, in PDB RESNUM coordinates.
        This identifies the mutated residue in the ``model_filename_wt`` and the
        ``model_filename_mut`` structures.

      stability_energy_wt
        Comma-separated list of scores returned by FoldX for the wildtype protein.
        The comma-separated list can be converted into a DataFrame with each column clearly
        labelled using the :func:`elaspic.predictor.format_mutation_features`.
        The FoldX energy terms are:

            - dg
            - backbone_hbond
            - sidechain_hbond
            - van_der_waals
            - electrostatics
            - solvation_polar
            - solvation_hydrophobic
            - van_der_waals_clashes
            - entropy_sidechain
            - entropy_mainchain
            - sloop_entropy
            - mloop_entropy
            - cis_bond
            - torsional_clash
            - backbone_clash
            - helix_dipole
            - water_bridge
            - disulfide
            - electrostatic_kon
            - partial_covalent_bonds
            - energy_ionisation
            - entropy_complex
            - number_of_residues

      stability_energy_mut
        Comma-separated list of scores returned by FoldX for the mutant protein.
        FoldX energy terms are the same as in `stability_energy_wt`, but for the mutated amino
        acid rather than the wildtype.

      physchem_wt
        Physicochemical properties describing the interaction of the wildtype residue with residues
        on the opposite chain. The terms are:

            - number of atoms in interacting residues that have the same charge.
            - number of atoms in interacting residues that have an opposite charge.
            - number of hydrogen bonds (very rough calculation).
            - number of carbons in interacting residues within 4 A of the mutated residue
              (rough measure of the van der Waals force).

      physchem_wt_ownchain
        Physicochemical properties describing the interaction of the wildtype residue with residues
        on the same chain. The terms are the same as in `physchem_wt`.

      physchem_mut
        Physicochemical properties describing the interaction of the mutant residue with residues
        on the opposite chain. The terms are the same as in `physchem_wt`.

      physchem_mut_ownchain
        Physicochemical properties describing the interaction of the mutant residue with residues
        on the same chain. The terms are the same as in `physchem_wt`.

      matrix_score
        Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

      secondary_structure_wt
        Secondary structure of the wildtype residue predicted by `stride`_.

      solvent_accessibility_wt
        Percent solvent accessible surface area of the wildtype residue, predicted by `msms`_.

      secondary_structure_mut
        Secondary structure of the mutated residue predicted by `stride`_.

      solvent_accessibility_mut
        Percent solvent accessible surface area of the mutated residue, predicted by `msms`_.

      provean_score
        Score produced by `Provean`_ for this mutation.

      ddg
        Change in the Gibbs free energy of folding that our classifier predicts for this mutation.

      mut_date_modified
        Date and time that this row was last modified.

    .. _stride: http://webclu.bio.wzw.tum.de/stride/
    .. _msms: http://mgltools.scripps.edu/
    """
    __tablename__ = 'uniprot_domain_mutation'
    _indexes = [
        ['uniprot_id', 'mutation'],
    ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    uniprot_id = sa.Column(
        None, sa.ForeignKey(
            UniprotSequence.uniprot_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False, primary_key=True)
    uniprot_domain_id = sa.Column(
        None, sa.ForeignKey(
            UniprotDomainModel.uniprot_domain_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False, primary_key=True, index=True)
    mutation = sa.Column(sa.String(SHORT), index=True, nullable=False, primary_key=True)
    mutation_errors = sa.Column(sa.Text)
    model_filename_wt = sa.Column(sa.String(MEDIUM))
    model_filename_mut = sa.Column(sa.String(MEDIUM))
    chain_modeller = sa.Column(sa.String(SHORT))
    mutation_modeller = sa.Column(sa.String(SHORT))
    stability_energy_wt = sa.Column(sa.Text)
    stability_energy_mut = sa.Column(sa.Text)
    physchem_wt = sa.Column(sa.Text)
    physchem_wt_ownchain = sa.Column(sa.Text)
    physchem_mut = sa.Column(sa.Text)
    physchem_mut_ownchain = sa.Column(sa.Text)
    matrix_score = sa.Column(sa.Float)
    secondary_structure_wt = sa.Column(sa.Text)
    solvent_accessibility_wt = sa.Column(sa.Float)
    secondary_structure_mut = sa.Column(sa.Text)
    solvent_accessibility_mut = sa.Column(sa.Float)
    provean_score = sa.Column(sa.Float)
    ddg = sa.Column(sa.Float, index=True)
    mut_date_modified = sa.Column(
        sa.DateTime, default=datetime.datetime.utcnow, onupdate=datetime.datetime.utcnow,
        nullable=False)

    # Relationships
    model = sa.orm.relationship(
        UniprotDomainModel, cascade='expunge', uselist=False, lazy='joined',
        backref=sa.orm.backref('mutations', cascade='expunge'))  # many to one



[docs]class UniprotDomainPairTemplate(Base):
    """
    Structural templates for pairs of domains in the :ref:`uniprot_domain_pair` table.

    Columns:
      uniprot_domain_pair_id
        Unique id identifying each domain-domain interaction.

      domain_contact_id
          Unique id of the domain pair in the :ref:`domain_contact` table
          that was used as a template for the modelled domain pair.

      cath_id_1
        Unique id of the structural template for the first domain.

      cath_id_2
        Unique id of the structural template for the second domain.

      identical_1
        Fraction of residues in the Blast alignment of the first domain to its template that are
        *identical*.

      conserved_1
        Fraction of residues in the Blast alignment of the first domain to its template
        that are *conserved*.

      coverage_1
        Fraction of the first domain that is covered by the blast alignment.

      score_1
        Score obtained by multiplying ``identical_1`` by ``coverage_1``.

      identical_if_1
        Fraction of interface residues [#f1]_ that are *identical* in the Blast alignment
        of the first domain.

      conserved_if_1
        Fraction of interface residues [#f1]_ that are *conserved* in the Blast alignment
        of the first domain.

      coverage_if_1
        Fraction of interface residues [#f1]_ that are *covered* by the Blast alignment
        of the first domain.

      score_if_1
        Score obtained by combining ``identical_if_1`` and ``coverage_if_1`` using
        :eq:`score_function`.

      identical_2
        Fraction of residues in the Blast alignment of the second domain to its template that are
        *identical*.

      conserved_2
        Fraction of residues in the Blast alignment of the second domain to its template
        that are *conserved*.

      coverage_2
        Fraction of the second domain that is covered by the blast alignment.

      score_2
        Score obtained by multiplying ``identical_2`` by ``coverage_2``.

      identical_if_2
        Fraction of interface residues [#f1]_ that are *identical* in the Blast alignment
        of the second domain.

      conserved_if_2
        Fraction of interface residues [#f1]_ that are *conserved* in the Blast alignment
        of the second domain.

      coverage_if_2
        Fraction of interface residues [#f1]_ that are *covered* by the Blast alignment
        of the second domain.

      score_if_2
        Score obtained by combining ``identical_if_2`` and ``coverage_if_2``
        using :eq:`score_function`.

      score_total
        The product of ``score_1`` and ``score_2``.

      score_if_total
        The product of ``score_if_1`` and ``score_if_2``.

      score_overall
        The product of ``score_total`` and ``score_if_total``. This is the score that was used to
        select the best Profs domain pair to be used as a template.

      t_date_modified
        The date and time when this row was last updated.

      template_errors
        List of errors that occured while looking for the structural template.


    .. [#f1] Interface residues are defined as residues that are within 5 \u212B
              of the partner domain.
    """
    __tablename__ = 'uniprot_domain_pair_template'
    _indexes = [
        ['cath_id_1', 'cath_id_2'],
        ['cath_id_2', 'cath_id_1'],
    ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    uniprot_domain_pair_id = sa.Column(
        None, sa.ForeignKey(
            UniprotDomainPair.uniprot_domain_pair_id,
            onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False, primary_key=True)
    domain_contact_id = sa.Column(
        None, sa.ForeignKey(
            DomainContact.domain_contact_id,
            onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False)
    cath_id_1 = sa.Column(
        None, sa.ForeignKey(
            Domain.cath_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False)
    cath_id_2 = sa.Column(
        None, sa.ForeignKey(
            Domain.cath_id,
            onupdate='cascade', ondelete='cascade'),
        nullable=False)

    identical_1 = sa.Column(sa.Float)
    conserved_1 = sa.Column(sa.Float)
    coverage_1 = sa.Column(sa.Float)
    score_1 = sa.Column(sa.Float)

    identical_if_1 = sa.Column(sa.Float)
    conserved_if_1 = sa.Column(sa.Float)
    coverage_if_1 = sa.Column(sa.Float)
    score_if_1 = sa.Column(sa.Float)

    identical_2 = sa.Column(sa.Float)
    conserved_2 = sa.Column(sa.Float)
    coverage_2 = sa.Column(sa.Float)
    score_2 = sa.Column(sa.Float)

    identical_if_2 = sa.Column(sa.Float)
    conserved_if_2 = sa.Column(sa.Float)
    coverage_if_2 = sa.Column(sa.Float)
    score_if_2 = sa.Column(sa.Float)

    score_total = sa.Column(sa.Float)
    score_if_total = sa.Column(sa.Float)
    score_overall = sa.Column(sa.Float)

    t_date_modified = sa.Column(
        sa.DateTime, default=datetime.datetime.utcnow,
        onupdate=datetime.datetime.utcnow, nullable=False)
    template_errors = sa.Column(sa.Text)

    # Relationships
    # one to one
    domain_pair = sa.orm.relationship(
        UniprotDomainPair, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('template', uselist=False, cascade='expunge', lazy='joined'))
    domain_contact = sa.orm.relationship(
        DomainContact, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('uniprot', cascade='expunge'))  # one to one
    domain_1 = sa.orm.relationship(
        Domain, uselist=False, cascade='expunge', lazy='joined',
        primaryjoin=(cath_id_1 == Domain.cath_id))  # many to one
    domain_2 = sa.orm.relationship(
        Domain, uselist=False, cascade='expunge', lazy='joined',
        primaryjoin=(cath_id_2 == Domain.cath_id))  # many to one



[docs]class UniprotDomainPairModel(Base):
    """
    Structural models of interactions between pairs of domains in the :ref:`uniprot_domain_pair`
    table.

    Columns:
      uniprot_domain_pair_id
        Unique id identifying each domain-domain interaction.

      model_errors
        List of errors that occured while making the homology model.

      alignment_filename_1
        Name of the file containing the alignment of the first domain
        with its structural template.

      alignment_filename_2
        Name of the file containing the alignment of the second domain
        with its structural template.

      model_filename
        Name of the file containing the homology model of the domain-domain interaction
        created by Modeller.

      chain_1
        Chain containing the first domain in the model specified by ``model_filename``.

      chain_2
        Chain containing the second domain in the model specified by ``model_filename``.

      norm_dope
        The normalized DOPE score of the model.

      interface_area_hydrophobic
        Hydrophobic surface area of the interface, calculated using `POPS`_.

      interface_area_hydrophilic
        Hydrophilic surface area of the interface, calculated using `POPS`_.

      interface_area_total
        Total surface area of the interface, calculated using `POPS`_.

      interface_dg
        Gibbs free energy of binding for this domain-domain interaction, predicted using `FoldX`_.
        Not implemented yet!

      interacting_aa_1
        List of amino acid positions in the first domain that are within 5 \u212B
        of the second domain. Positions are specified using uniprot coordinates.

      interacting_aa_2
        List of amino acids in the second domain that are within 5 \u212B of the first domain.
        Position are specified using uniprot coordinates.

      m_date_modified
        Date and time that this row was last modified.

      model_domain_def_1
        Domain boundaries of the first domain that are covered by the Profs structural template.

      model_domain_def_2
        Domain boundaries of the second domain that are covered by the Profs structural template.


    .. _POPS: http://mathbio.nimr.mrc.ac.uk/wiki/POPS
    .. _FoldX: http://foldx.crg.es/
    """
    __tablename__ = 'uniprot_domain_pair_model'
    __table_args__ = get_table_args(__tablename__, [], ['schema_version_tuple'])

    uniprot_domain_pair_id = sa.Column(
        None, sa.ForeignKey(
            UniprotDomainPairTemplate.uniprot_domain_pair_id,
            onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False, primary_key=True)
    model_errors = sa.Column(sa.Text)
    alignment_filename_1 = sa.Column(sa.String(MEDIUM))
    alignment_filename_2 = sa.Column(sa.String(MEDIUM))
    model_filename = sa.Column(sa.String(MEDIUM))
    chain_1 = sa.Column(sa.String(SHORT))
    chain_2 = sa.Column(sa.String(SHORT))
    norm_dope = sa.Column(sa.Float)
    interface_area_hydrophobic = sa.Column(sa.Float)
    interface_area_hydrophilic = sa.Column(sa.Float)
    interface_area_total = sa.Column(sa.Float)
    interface_dg = sa.Column(sa.Float)
    interacting_aa_1 = sa.Column(sa.Text)
    interacting_aa_2 = sa.Column(sa.Text)
    m_date_modified = sa.Column(
        sa.DateTime, default=datetime.datetime.utcnow, onupdate=datetime.datetime.utcnow,
        nullable=False)
    model_domain_def_1 = sa.Column(sa.String(MEDIUM))
    model_domain_def_2 = sa.Column(sa.String(MEDIUM))

    # Relationships
    # one to one
    template = sa.orm.relationship(
        UniprotDomainPairTemplate, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('model', uselist=False, cascade='expunge', lazy='joined'))



[docs]class UniprotDomainPairMutation(Base):
    u"""
    Characterization of interface mutations introduced into structures
    in the :ref:`uniprot_domain_pair_model` table.

    Columns:
      uniprot_id
        Uniprot ID of the protein that is being mutated.

      uniprot_domain_pair_id
        Unique id identifying each domain-domain interaction.

      mutation
        Mutation for which the :math:`\Delta \Delta G` score is being predicted, specified in
        Uniprot coordinates.

      mutation_errors
        List of errors obtained when evaluating the impact of the mutation.

      model_filename_wt
        Filename of the homology model relaxed by FoldX but containing the wildtype residue.

      model_filename_mut
        Filename of the homology model relaxed by FoldX and containing the mutated residue.

      chain_modeller
        Chain containing the domain that was mutated, in homology models specified by
        ``model_filename_wt`` and ``model_filename_mut``.

      mutation_modeller
        Mutation for which the :math:`\Delta \Delta G` score is being predicted,
        specified in PDB RESNUM coordinates.

      analyse_complex_energy_wt
        Comma-separated list of FoldX scores describing the effect of the wildtype residue on
        the stability of the protein domain.

      stability_energy_wt
        Comma-separated list of FoldX scores describing the effect of the wildtype residue on
        protein-protein interaction interface.

      analyse_complex_energy_mut
        Comma-separated list of FoldX scores describing the effect of the mutated residue on
        the stability of the protein domain.

      stability_energy_mut
        Comma-separated list of FoldX scores describing the effect of the mutated residue on
        protein-protein interaction interface.

      physchem_wt
        Comma-separated list of physicochemical properties describing the interaction between
        the wildtype residue and other residues on the opposite chain.

      physchem_wt_ownchain
        Comma-separated list of physicochemical properties describing the interaction between
        the wildtype residue and other residues on the same chain.

      physchem_mut
        Comma-separated list of physicochemical properties describing the interaction between
        the mutated residue and other residues on the opposite chain.

      physchem_mut_ownchain
        Comma-separated list of physicochemical properties describing the interaction between
        the mutated residue and other residues on the same chain.

      matrix_score
        Score assigned to the wt -> mut transition by the BLOSUM substitution matrix.

      secondary_structure_wt
        Secondary structure of the wildtype residue, predicted by `stride`_.

      solvent_accessibility_wt
        Percent solvent accessible surface area of the wildtype residue, predicted by `msms`_.

      secondary_structure_mut
        Secondary structure of the mutated residue, predicted by `stride`_.

      solvent_accessibility_mut
        Percent solvent accessible surface area of the mutated residue, predicted by `msms`_.

      contact_distance_wt
        Shortest distance between the wildtype residue and a residue on the opposite chain.

      contact_distance_mut
        Shortest distance between the mutated reside and a residue on the opposite chain.

      provean_score
        `Provean`_ score for this mutation.

      ddg
        Predicted change in Gibbs free energy of binding caused by this mutation.

      mut_date_modified
        Date and time when this row was last modified.
    """
    __tablename__ = 'uniprot_domain_pair_mutation'
    _indexes = [
        ['uniprot_id', 'mutation'],
    ]
    __table_args__ = get_table_args(__tablename__, _indexes, ['schema_version_tuple'])

    uniprot_id = sa.Column(None, sa.ForeignKey(
        UniprotSequence.uniprot_id, onupdate='cascade', ondelete='cascade'),
        nullable=False, primary_key=True)
    uniprot_domain_pair_id = sa.Column(None, sa.ForeignKey(
        UniprotDomainPairModel.uniprot_domain_pair_id, onupdate='cascade', ondelete='cascade'),
        index=True, nullable=False, primary_key=True)
    mutation = sa.Column(sa.String(SHORT), nullable=False, primary_key=True)
    mutation_errors = sa.Column(sa.Text)
    model_filename_wt = sa.Column(sa.String(MEDIUM))
    model_filename_mut = sa.Column(sa.String(MEDIUM))
    chain_modeller = sa.Column(sa.String(SHORT))
    mutation_modeller = sa.Column(sa.String(SHORT))
    analyse_complex_energy_wt = sa.Column(sa.Text)
    stability_energy_wt = sa.Column(sa.Text)
    analyse_complex_energy_mut = sa.Column(sa.Text)
    stability_energy_mut = sa.Column(sa.Text)
    physchem_wt = sa.Column(sa.Text)
    physchem_wt_ownchain = sa.Column(sa.Text)
    physchem_mut = sa.Column(sa.Text)
    physchem_mut_ownchain = sa.Column(sa.Text)
    matrix_score = sa.Column(sa.Float)
    secondary_structure_wt = sa.Column(sa.Text)
    solvent_accessibility_wt = sa.Column(sa.Float)
    secondary_structure_mut = sa.Column(sa.Text)
    solvent_accessibility_mut = sa.Column(sa.Float)
    contact_distance_wt = sa.Column(sa.Float)
    contact_distance_mut = sa.Column(sa.Float)
    provean_score = sa.Column(sa.Float)
    ddg = sa.Column(sa.Float, index=False)
    mut_date_modified = sa.Column(sa.DateTime, default=datetime.datetime.utcnow,
                                  onupdate=datetime.datetime.utcnow, nullable=False)
    # Relationships
    model = sa.orm.relationship(
        UniprotDomainPairModel, uselist=False, cascade='expunge', lazy='joined',
        backref=sa.orm.backref('mutations', cascade='expunge'))  # many to one
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  Source code for elaspic.machine_learning

import os
import tempfile

import pandas as pd

from sklearn import ensemble
from sklearn import cross_validation
from sklearn import metrics

from . import helper


# %%
[docs]def write_row_to_file(results, output_filename):
    """
    TODO: Add a datetime column to each written row.
    """
    print('Saving results to "{}"...'.format(output_filename))
    results_df = pd.DataFrame(results, index=[1])
    results_df = results_df.reindex_axis(sorted(results_df.columns), axis=1)
    print('Results:\n{}'.format(results_df))
    try:
        with helper.open_exclusively(output_filename) as ofh:
            results_df.to_csv(ofh, sep='\t', mode='a', index=False, header=False)
    except Exception as e:
        print('Counld not append result to file: {}'.format(output_filename))
        fd, fd_name = tempfile.mkstemp(
            prefix=output_filename.split('/')[-1],
            suffix='.txt',
            dir='/'.join(output_filename.split('/')[:-1]))
        with os.fdopen(fd, 'w') as ofh:
            results_df.to_csv(ofh, sep='\t', mode='a', index=False, header=False)
        print('Saved it to a separate file instead: {}'.format(fd_name))
        print('The error was: {}\n results_df: {}\n\n'.format(e, results_df))



[docs]def cross_validate_predictor(data, features, clf_options, output_filename=None):
    print(clf_options)
    data_x = data[features].values
    data_y = data['ddg_exp'].values
    cv = cross_validation.LeaveOneLabelOut(data['label'].values)
    clf = ensemble.GradientBoostingRegressor(**clf_options)
    y_pred_all = []
    y_true_all = []
    for train, test in cv:
        x_train = data_x[train]
        y_train = data_y[train]
        x_test = data_x[test]
        y_test = data_y[test]
        clf.fit(x_train, y_train)
        probas_ = clf.predict(x_test)
        y_pred_all.extend(probas_)
        y_true_all.extend(y_test)
    results = clf_options.copy()
    results['n_features'] = len(features)
    results['features'] = ','.join(features)
    results['explained_variance_score'] = metrics.explained_variance_score(y_true_all, y_pred_all)
    results['mean_absolute_error'] = metrics.mean_absolute_error(y_true_all, y_pred_all)
    results['mean_squared_error'] = metrics.mean_squared_error(y_true_all, y_pred_all)
    results['r2_score'] = metrics.r2_score(y_true_all, y_pred_all)

    if output_filename is not None:
        write_row_to_file(results, output_filename)
    return results, y_true_all, y_pred_all



[docs]def get_final_predictor(data, features, options):
    """Train a predictor using the entire dataset.
    """
    # Keep only recognized options
    import inspect
    accepted_options = inspect.getargspec(ensemble.GradientBoostingRegressor)[0]
    clf_options = {k: v for (k, v) in options.items() if k in accepted_options}
    if clf_options != options:
        extra_options = {k: v for (k, v) in options.items() if k not in accepted_options}
        print("Warning, unknown options provided:\n{}".format(extra_options))

    # Remove rows with NULLs
    data_usable = data[features + ['ddg_exp']].dropna()
    if len(data) != len(data_usable):
        print('Warning, {} rows in the provided data contained null!'
              .format(len(data) - len(data_usable)))
    data = data_usable

    # Train predictor
    data_x = data[features].values
    data_y = data['ddg_exp'].values
    clf = ensemble.GradientBoostingRegressor(**clf_options)
    clf.fit(data_x, data_y)
    return clf
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  Source code for elaspic.elaspic_predictor

# -*- coding: utf-8 -*-
"""
Created on Wed Sep 30 16:54:21 2015

@author: strokach
"""
import os.path as op
import pickle
import logging
import json

import pandas as pd

from . import conf, call_foldx

logger = logging.getLogger(__name__)
configs = conf.Configs()


# %%
secondary_structure_to_int = {
    '-': 0,  # Coil (none of the below)
    'C': 0,  # Coil (none of the below)
    'B': 1,  # Isolated bridge
    'b': 1,  # Isolated bridge
    'E': 2,  # Extended conformation
    'G': 3,  # 3-10 helix
    'H': 4,  # Alpha helix
    'I': 5,
    'S': 6,
    'T': 7,  # Turn
}


[docs]def format_mutation_features(feature_df, core_or_interface):
    """
    Converts columns containing comma-separated lists of FoldX features and physicochemical
    features into a DataFrame where each feature has its own column.

    Parameters
    ----------
    feature_df : DataFrame
        A pandas DataFrame containing a subset of rows from the :ref:`uniprot_domain_mutation`
        or the :ref:`uniprot_domain_pair_mutation` tables.
    core_or_interface : int or str
        If 0 or 'core', the `feature_df` DataFrame contains columns from the
        :ref:`uniprot_domain_mutation` table.
        If 1 or 'interface, the feature_df DataFrame contains columns from the
        :ref:`uniprot_domain_pair_mutation` table.

    Returns
    -------
    DataFrame
        Contains the same data as `feature_df`, but with columns containing comma-separated lists
        of features converted to columns containing a single feature each.

    """
    if core_or_interface in [False, 0, 'core']:
        foldx_column_name = 'stability_energy'
        foldx_feature_names_wt = call_foldx.names_stability_wt
        foldx_feature_names_mut = call_foldx.names_stability_mut
    elif core_or_interface in [True, 1, 'interface']:
        foldx_column_name = 'analyse_complex_energy'
        foldx_feature_names_wt = call_foldx.names_stability_complex_wt
        foldx_feature_names_mut = call_foldx.names_stability_complex_mut

    # Drop rows that have missing FoldX information
    # (should not happen when callced from inside the pipeline because we have only one column)
    feature_df = feature_df.dropna(subset=[foldx_column_name + '_wt', foldx_column_name + '_mut'])

    # FoldX output
    for column_index, column_name in enumerate(foldx_feature_names_wt):
        feature_df[column_name] = feature_df[foldx_column_name + '_wt'].apply(
            lambda x: float(x.split(',')[column_index]))
    del feature_df[foldx_column_name + '_wt']

    for column_index, column_name in enumerate(foldx_feature_names_mut):
        feature_df[column_name] = feature_df[foldx_column_name + '_mut'].apply(
            lambda x: float(x.split(',')[column_index]))
    del feature_df[foldx_column_name + '_mut']

    # PhysicoChemical properties
    names_phys_chem = ['pcv_salt_equal', 'pcv_salt_opposite', 'pcv_hbond', 'pcv_vdw']
    for column_index, column_name in enumerate(names_phys_chem):
        feature_df[column_name + '_wt'] = feature_df['physchem_wt'].apply(
            lambda x: int(x.split(',')[column_index]))
        feature_df[column_name + '_self_wt'] = feature_df['physchem_wt_ownchain'].apply(
            lambda x: int(x.split(',')[column_index]))
        feature_df[column_name + '_mut'] = feature_df['physchem_mut'].apply(
            lambda x: int(x.split(',')[column_index]))
        feature_df[column_name + '_self_mut'] = feature_df['physchem_mut_ownchain'].apply(
            lambda x: int(x.split(',')[column_index]))
    del feature_df['physchem_wt']
    del feature_df['physchem_wt_ownchain']
    del feature_df['physchem_mut']
    del feature_df['physchem_mut_ownchain']

    for col in feature_df.columns:
        if 'secondary_structure' in col:
            feature_df[col] = feature_df[col].apply(lambda x: secondary_structure_to_int[x])
    return feature_df



[docs]def convert_features_to_differences(df, keep_mut=False):
    """
    Creates a new set of features (ending in `_change`) that describe the difference between values
    of the wildtype (features ending in `_wt`) and mutant (features ending in `_mut`) features.
    If `keep_mut` is `False`, removes all mutant features (features ending in `_mut`).
    """
    column_list = []
    for column_name, column in df.iteritems():
        if ('_mut' in column_name and
                column_name.replace('_mut', '_wt') in df.columns and
                df[column_name].dtype != object):
            if keep_mut:
                column_list.append(column)
            new_column = column - df[column_name.replace('_mut', '_wt')]
            if 'secondary_structure' in column_name:
                new_column = new_column.apply(lambda x: 1 if x else 0)
            new_column.name = column_name.replace('_mut', '_change')
            column_list.append(new_column)
        else:
            column_list.append(column)
#    new_df = pd.DataFrame(column_list).T
    new_df = pd.concat(column_list, axis=1)
    return new_df


# %%

[docs]class Predictor:

    feature_name_conversion = {
        'normDOPE': 'norm_dope',
        'seq_id_avg': 'alignment_identity'
    }

    def __init__(self):

        def _load_data(filename):
            if op.splitext(filename)[-1] in ['.pkl', '.pickle']:
                with open(op.join(configs['data_dir'], filename), 'rb') as ifh:
                    return pickle.load(ifh)
            elif op.splitext(filename)[-1] in ['.jsn', '.json']:
                with open(op.join(configs['data_dir'], filename), 'r') as ifh:
                    return json.load(ifh)

        self.clf_domain = _load_data('ml_clf_core_p1.pickle')
        self.clf_domain_features = _load_data('ml_features_core_p1.json')
        self.clf_interface = _load_data('ml_clf_interface_p1.pickle')
        self.clf_interface_features = _load_data('ml_features_interface_p1.json')

        self.clf_domain_p1 = _load_data('ml_clf_core_p1.pickle')
        self.clf_domain_features_p1 = _load_data('ml_features_core_p1.json')
        self.clf_interface_p1 = _load_data('ml_clf_interface_p1.pickle')
        self.clf_interface_features_p1 = _load_data('ml_features_interface_p1.json')

[docs]    def score(self, df, core_or_interface):
        """
        Parameters
        ----------
        df : DataFrame
            One or more rows with all data required to predict $\Delta \Delta G$ score.
            Like something that you would get when you join the appropriate rows in the database.

        Returns
        -------
        df : Dataframe
            Same as the input dataframe, except with one additional column: `ddg`.
        """
        if core_or_interface in ['core', 0]:
            clf = self.clf_domain
            clf_features = self.clf_domain_features
        elif core_or_interface in ['interface', 1]:
            clf = self.clf_interface
            clf_features = self.clf_interface_features

        feature_name_conversion = {
            'normDOPE': 'norm_dope',
            'seq_id_avg': 'alignment_identity'}
        clf_features = [feature_name_conversion.get(x, x) for x in clf_features]

        df_features = format_mutation_features(df, core_or_interface)
        # keep mut, remove it in next step
        df_features_asdifferences = convert_features_to_differences(df_features, True)
        df_features_asdifferences = df_features_asdifferences[clf_features]

        ddg = clf.predict(df_features_asdifferences)[0]

        return ddg
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  Source code for elaspic.structure_tools

# -*- coding: utf-8 -*-
import os.path as op
import gzip
import string
import logging
import urllib.request
import re

from functools import wraps
from tempfile import NamedTemporaryFile
from collections import defaultdict, OrderedDict

import six
from fastcache import clru_cache

import numpy as np

import Bio
from Bio.PDB import PDBIO, Select, NeighborSearch
from Bio.PDB.PDBParser import PDBParser
from Bio.PDB.MMCIFParser import MMCIFParser
from Bio.PDB.Polypeptide import PPBuilder
from Bio.Alphabet import IUPAC
from Bio.Seq import Seq

from . import errors, helper

logger = logging.getLogger(__name__)

A_DICT = {
    'A': 'ALA', 'R': 'ARG', 'N': 'ASN', 'D': 'ASP', 'C': 'CYS', 'E': 'GLU',
    'Q': 'GLN', 'G': 'GLY', 'H': 'HIS', 'I': 'ILE', 'L': 'LEU', 'K': 'LYS',
    'M': 'MET', 'F': 'PHE', 'P': 'PRO', 'S': 'SER', 'T': 'THR', 'W': 'TRP',
    'Y': 'TYR', 'V': 'VAL', 'U': 'SEC', 'O': 'PYL',
    'B': 'ASX', 'Z': 'GLX', 'J': 'XLE', 'X': 'XAA', '*': 'TER'
}
AAA_DICT = dict([(value, key) for key, value in list(A_DICT.items())])
AAA_DICT['UNK'] = 'X'
AAA_DICT['MSE'] = 'M'
AAA_DICT['CSD'] = 'C'
# Phosphorylated residues
# AAA_DICT['SEP'] = 'S' # PHOSPHOSERINE
# AAA_DICT['TPO'] = 'T' # PHOSPHOTHREONINE
# AAA_DICT['SEP'] = 'Y' # O-PHOSPHOTYROSINE

# Methylated lysines
AAA_DICT['MLZ'] = 'K'
AAA_DICT['MLY'] = 'K'
AAA_DICT['M3L'] = 'K'

AMINO_ACIDS = list(AAA_DICT.keys())

METHYLATED_LYSINES = ['MLZ', 'MLY', 'M3L']
LYSINE_ATOMS = ['N', 'CA', 'CB', 'CG', 'CD', 'CE', 'NZ', 'C', 'O']


# %% Functions for downloading and parsing pdb files
[docs]class MMCIFParserMod(MMCIFParser):
    def __init__(self, temp_dir):
        self.temp_dir = temp_dir

[docs]    def get_structure(self, structure_id, gzip_fh):
        """
        Altered `get_structure` method which accepts gzip file handles as input.
        """
        with NamedTemporaryFile(mode='w', dir=self.temp_dir) as temp_fh:
            temp_fh.writelines(gzip_fh.readlines())
            temp_fh.flush()
            temp_fh.seek(0)
            return super(MMCIFParserMod, self).get_structure(structure_id, temp_fh.name)




[docs]def get_pdb_id(pdb_file):
    pdb_id = op.basename(pdb_file)
    for ext in ['\.gz$', '\.pdb$', '\.ent$', '\.cif$', '^pdb']:
        pdb_id = re.sub(ext, '', pdb_id)
    pdb_id = pdb_id.upper()
    return pdb_id.upper()



[docs]def get_pdb_file(pdb_id, pdb_database_dir, pdb_type='ent'):
    """Get PDB file from a local mirror of the PDB database.
    """
    if pdb_type == 'ent':
        # Original PDB structure.
        prefix = 'pdb'
        suffix = '.ent.gz'
        relative_pdb_file = (
            pdb_id[1:3].lower() + '/' + prefix + pdb_id.lower() + suffix
        )
    elif pdb_type == 'cif':
        # mmCIF pdb structure.
        prefix = ''
        suffix = '.cif.gz'
        relative_pdb_file = (
            '../mmCIF/' +
            pdb_id[1:3].lower() + '/' + prefix + pdb_id.lower() + suffix
        )
    elif pdb_type == 'pdb':
        # The first biological unit.
        prefix = ''
        suffix = '.pdb1.gz'
        relative_pdb_file = (
            '../../../biounit/coordinates/divided/' +
            pdb_id[1:3].lower() + '/' + prefix + pdb_id.lower() + suffix
        )
    elif pdb_type == 'raw':
        # Just a PDB file in some folder.
        relative_pdb_file = ''
    else:
        raise Exception

    pdb_file = op.join(pdb_database_dir, relative_pdb_file)
    return pdb_file



[docs]def download_pdb_file(pdb_id, output_dir):
    """Move PDB structure to the local working directory.
    """
    PDB_URL = 'http://www.rcsb.org/pdb/files/{}.pdb'
    PDB_EURO_URL = 'http://www.ebi.ac.uk/pdbe/entry-files/download/pdb{}.ent'

    output_pdb_filename = op.join(output_dir, pdb_id + '.pdb')

    # If the PDB already exists, do nothing...
    if op.isfile(output_pdb_filename):
        logger.debug('PDB file {} already exists...'.format(output_pdb_filename))
        return output_pdb_filename

    # Download the PDB file from the internet...
    logger.info('Downloading PDB {}...'.format(pdb_id + '.pdb'))
    try:
        pdb_url = PDB_URL.format(pdb_id)
        logger.debug(pdb_url)
        response = urllib.request.urlopen(pdb_url)
    except urllib.error.URLError as e:
        logger.debug(e)
        pdb_url = PDB_EURO_URL.format(pdb_id.lower())
        logger.debug(pdb_url)
        response = urllib.request.urlopen(pdb_url)

    with open(output_pdb_filename, 'wb') as ofh:
        ofh.write(response.read())

    return output_pdb_filename



[docs]def get_pdb_parser(pdb_type, temp_dir='/tmp'):
    """Get PDB parser that can work with structures of the specified type.
    """
    if pdb_type in {'ent', 'pdb', 'raw'}:
        parser = PDBParser(QUIET=True)
    elif pdb_type in {'cif'}:
        parser = MMCIFParserMod(temp_dir=temp_dir)
    else:
        raise Exception('Unsupported ``pdb_type`` {}'.format(pdb_type))
    return parser



@clru_cache(maxsize=128, typed=False)
[docs]def get_pdb(pdb_id, pdb_path, temp_dir='/tmp', pdb_type='ent', use_external=True):
    """
    Parse a pdb file with biopythons PDBParser() and return the structure.

    Parameters
    ----------
    pdb_code : str
        Four letter code of the PDB file
    pdb_path : str
        Biopython pdb structure
    temp_dir : str, optional, default='/tmp/'
        Path to the folder for storing temporary files
    pdb_type : 'ent'/'pdb'/'cif', optional, default='ent'
        The extension of the pdb to use

    Raises
    ------
    PDBNotFoundError
        If the pdb file could not be retrieved from the local (and remote) databases
    """
    pdb_file = get_pdb_file(pdb_id, pdb_path, pdb_type)
    pdb_parser = get_pdb_parser(pdb_type, temp_dir)

    try:
        structure = pdb_parser.get_structure(pdb_id, gzip.open(pdb_file, 'rt'))
    except IOError:
        error_message = (
            'PDB not found! (pdb_id: {}, pdb_path: {}, pdb_type: {})'
            .format(pdb_id, pdb_path, pdb_type)
        )
        if not use_external:
            raise errors.PDBNotFoundError(error_message)
        print('Retrieving pdb from the wwpdb ftp server...')
        temp_filename = download_pdb_file(pdb_id, temp_dir)
        structure = pdb_parser.get_structure(pdb_id, gzip.open(temp_filename, 'rt'))

    return structure



[docs]def get_pdb_structure(pdb_file, pdb_id=None):
    """Set QUIET to False to output warnings like incomplete chains etc.
    """
    logger.debug('pdb_file: {}'.format(pdb_file))
    logger.debug('pdb_id: {}'.format(pdb_id))
    if pdb_id is None:
        pdb_id = get_pdb_id(pdb_file)
    parser = PDBParser(get_header=True, QUIET=True)
    if pdb_file.endswith('.gz'):
        with gzip.open(pdb_file, 'rt') as ifh:
            structure = parser.get_structure(pdb_id, ifh)
    else:
        structure = parser.get_structure(pdb_id, pdb_file)
    return structure


# %%

[docs]def euclidean_distance(a, b):
    """Calculate the Euclidean distance between two lists or tuples of arbitrary length.
    """
    return np.sqrt(sum((a - b)**2 for a, b in zip(a, b)))



[docs]def calculate_distance(atom_1, atom_2, cutoff=None):
    """Calculate the distance between two points in 3D space.

    Parameters
    ----------
    cutoff : float, optional
        The maximum distance allowable between two points.
    """

    if ((type(atom_1) == type(atom_2) == list) or
            (type(atom_1) == type(atom_2) == tuple)):
        a = atom_1
        b = atom_2
    elif hasattr(atom_1, 'coord') and hasattr(atom_2, 'coord'):
        a = atom_1.coord
        b = atom_2.coord
    else:
        raise Exception('Unsupported format {} {}'.format(type(atom_1), type(atom_2)))

    assert(len(a) == 3 and len(b) == 3)
    if cutoff is None or all(abs(p - q) <= cutoff for p, q in zip(a, b)):
        return euclidean_distance(a, b)


# %%

[docs]def get_chain_seqres_sequence(chain, aa_only=False):
    """Get the amino acid sequence for the construct coding for the given chain.

    Extracts a sequence from a PDB file. Usefull when interested in the
    sequence that was used for crystallization and not the ATOM sequence.

    Parameters
    ----------
    aa_only : bool
        If aa_only is set to `False`, selenomethionines will be included in the sequence.
        See: http://biopython.org/DIST/docs/api/Bio.PDB.Polypeptide-module.html.
    """
    sequence = Seq('', IUPAC.protein)
    for pb in PPBuilder().build_peptides(chain, aa_only=aa_only):
        sequence += sequence + pb.get_sequence()
    return sequence



[docs]def get_chain_sequence_and_numbering(chain, domain_def_tuple=None, include_hetatms=False):
    """Get the amino acid sequence and a list of residue ids for the given chain.

    Parameters
    ----------
    chain : Bio.PDB.Chain.Chain
        The chain for which to get the amino acid sequence and numbering.
    """
    if domain_def_tuple is not None:
        start_resid, end_resid = domain_def_tuple

    chain_numbering = []
    chain_numbering_extended = []
    chain_sequence = []
    inside_domain = False
    for res in chain:
        #
        resid = str(res.id[1]) + res.id[2].strip()

        if domain_def_tuple is None or resid == start_resid:
            inside_domain = True

        if inside_domain and (include_hetatms or res.resname in AMINO_ACIDS):
            chain_numbering.append(res.id[1])
            chain_numbering_extended.append(resid)
            chain_sequence.append(AAA_DICT.get(res.resname, '.'))

        if domain_def_tuple is not None and resid == end_resid:
            inside_domain = False

    chain_sequence = ''.join(chain_sequence)
    return chain_sequence, chain_numbering_extended



[docs]def convert_position_to_resid(chain, positions, domain_def_tuple=None):
    """Convert mutation_domain to mutation_modeller.
    In mutation_modeller, the first amino acid in a chain may start
    with something other than 1.
    """
    __, chain_numbering = get_chain_sequence_and_numbering(
        chain, domain_def_tuple)
    logger.debug('chain_numbering: {}'.format(chain_numbering))
    logger.debug('positions: {}'.format(positions))
    return [chain_numbering[p-1] for p in positions]



[docs]def get_structure_sequences(file_or_structure, seqres_sequence=False):
    """
    Convenience function returining a dictionary of sequences for a given file
    or a Biopython Structure, Model or Chain.
    """
    if isinstance(file_or_structure, six.string_types):
        structure = get_pdb_structure(file_or_structure)
        model = structure[0]
    elif isinstance(file_or_structure, Bio.PDB.Structure.Structure):
        model = file_or_structure[0]
    elif isinstance(file_or_structure, Bio.PDB.Model.Model):
        model = file_or_structure
    elif isinstance(file_or_structure, Bio.PDB.Chain.Chain):
        model = [file_or_structure]
    else:
        raise Exception(
            'Unexpected type {} for input ``file_or_structure`` {}!'
            .format(file_or_structure, type(file_or_structure)))

    chain_sequences = defaultdict(list)
    for chain in model:
        if seqres_sequence:
            chain_sequence = get_chain_seqres_sequence(chain)
        else:
            chain_sequence, __ = get_chain_sequence_and_numbering(chain)
        chain_sequences[chain.id] = chain_sequence
    return chain_sequences


# %%

[docs]def suppress_logger(fn):
    @wraps(fn)
    def fn_quiet(*args, **kwargs):
        level = logger.level
        logger.setLevel(logging.WARNING)
        try:
            return fn(*args, **kwargs)
        finally:
            logger.setLevel(level)
    return fn_quiet



[docs]def convert_aa(aa, quiet=False):
    """Convert amino acids from three letter code to one letter code or vice versa

    .. note:: Deprecated!

       Use ``''.join(AAA_DICT[aaa] for aaa in aa)`` and ``''.join(A_DICT[a] for a in aa)``.
    """
    if quiet:
        return suppress_logger(convert_aa)(aa)

    if len(aa) == 3:
        try:
            return AAA_DICT[aa.upper()]
        except KeyError:
            if not quiet:
                logger.debug('Not a valid amino acid: {}'.format(aa))
            return
    if len(aa) == 1:
        try:
            return A_DICT[aa.upper()]
        except KeyError:
            if not quiet:
                logger.debug('Not a valid amino acid: {}'.format(aa))
            return
    if not quiet:
        logger.debug('Not a valid amino acid: {}'.format(aa))



[docs]def convert_resnum_alphanumeric_to_numeric(resnum):
    """
    Convert residue numbering that has letters (i.e. 1A, 1B, 1C...) to
    residue numbering without letters (i.e. 1, 2, 3...).

    .. note:: Deprecated!

        Use ``get_chain_sequence_and_numbering()``.
    """
    idx_increment = 0
    while string.ascii_letters.find(resnum[-1]) != -1:
        idx_increment += string.ascii_letters.find(resnum[-1])
        resnum = resnum[:-1]
    resnum = int(resnum) + idx_increment
    return resnum


# %% STANDALONE FUNCTIONS

[docs]def get_interactions(model, chain_id, r_cutoff=6):
    """
    """
    interactions = {}
    for chain_id_2, chain_2 in model.child_dict.items():
        if chain_id == chain_id_2:
            continue
        interactions[chain_id_2] = (
            get_interactions_between_chains(model, chain_id, chain_id_2, r_cutoff)
        )
    return {k: v for (k, v) in interactions.items() if v}



[docs]def get_interactions_between_chains(model, chain_id_1, chain_id_2, r_cutoff=6):
    """
    Calculate interactions between residues in pdb_chain_1 and pdb_chain_2. An
    interaction is defines as a pair of residues where at least one pair of atom
    is closer than r_cutoff. The default value for r_cutoff is 5 Angstroms.

    .. deprecated:: 1.0
        Use python:fn:`get_interacting_residues` instead.
        It gives you both the residue index and the resnum.

    Returns
    -------
    OrderedDict
        Keys are (residue_number, residue_amino_acid) tuples
        (e.g. ('0', 'M'), ('1', 'Q'), ...).
        Values are lists of (residue_number, residue_amino_acid) tuples.
        (e.g. [('0', 'M'), ('1', 'Q'), ...]).
    """
    try:
        from Bio.PDB import NeighborSearch
    except ImportError as e:
        print('Importing Biopython NeighborSearch returned an error: {}'.format(e))
        print('Using the the slow version of the neighbour-finding algorithm...')
        return get_interactions_between_chains_slow(model, chain_id_1, chain_id_2, r_cutoff)

    # Extract the chains of interest from the model
    chain_1 = None
    chain_2 = None
    for child in model.get_list():
        if child.id == chain_id_1:
            chain_1 = child
        if child.id == chain_id_2:
            chain_2 = child
    if chain_1 is None or chain_2 is None:
        raise Exception('Chains %s and %s were not found in the model' % (chain_id_1, chain_id_2))

    ns = NeighborSearch(list(chain_2.get_atoms()))
    interactions_between_chains = OrderedDict()
    for idx, residue_1 in enumerate(chain_1):
        if residue_1.resname in AMINO_ACIDS and residue_1.id[0] == ' ':
            resnum_1 = str(residue_1.id[1]) + residue_1.id[2].strip()
            resaa_1 = convert_aa(residue_1.get_resname(), quiet=True)
            interacting_residues = set()
            for atom_1 in residue_1:
                interacting_residues.update(ns.search(atom_1.get_coord(), r_cutoff, 'R'))
            interacting_resids = []
            for residue_2 in interacting_residues:
                resnum_2 = str(residue_2.id[1]) + residue_2.id[2].strip()
                resaa_2 = convert_aa(residue_2.get_resname(), quiet=True)
                if residue_2.resname in AMINO_ACIDS and residue_2.id[0] == ' ':
                    interacting_resids.append((resnum_2, resaa_2,))
            if interacting_resids:
                interacting_resids.sort(
                    key=lambda x: int(''.join([c for c in x[0] if c.isdigit()])))
                interactions_between_chains[(resnum_1, resaa_1)] = interacting_resids
    return interactions_between_chains



[docs]def get_interactions_between_chains_slow(model, pdb_chain_1, pdb_chain_2, r_cutoff=5):
    """
    Calculate interactions between residues in pdb_chain_1 and pdb_chain_2. An
    interaction is defines as a pair of residues where at least one pair of atom
    is closer than r_cutoff. The default value for r_cutoff is 5 Angstroms.

    .. deprecated:: 1.0
        Use :func:`get_interacting_residues` instead.
        It gives you both the residue index and the resnum.

    """
    # Extract the chains of interest from the model
    chain_1 = None
    chain_2 = None
    for child in model.get_list():
        if child.id == pdb_chain_1:
            chain_1 = child
        if child.id == pdb_chain_2:
            chain_2 = child
    if chain_1 is None or chain_2 is None:
        raise Exception(
            'Chains %s and %s were not found in the model' % (pdb_chain_1, pdb_chain_2))

    interactions_between_chains = OrderedDict()
    for idx, residue_1 in enumerate(chain_1):
        if residue_1.resname in AMINO_ACIDS and residue_1.id[0] == ' ':
            resnum_1 = str(residue_1.id[1]) + residue_1.id[2].strip()
            resaa_1 = convert_aa(residue_1.get_resname())
            interacting_resids = []
            for residue_2 in chain_2:
                resnum_2 = str(residue_2.id[1]) + residue_2.id[2].strip()
                resaa_2 = convert_aa(residue_2.get_resname())
                r_min = None
                if residue_2.resname in AMINO_ACIDS and residue_2.id[0] == ' ':
                    for atom_1 in residue_1:
                        for atom_2 in residue_2:
                            r = calculate_distance(atom_1, atom_2, r_cutoff)
                            if r is not None:
                                if r_min and r < r_min:
                                    r_min = r
                                elif not r_min:
                                    r_min = r
                if r_min:
                    interacting_resids.append((resnum_2, resaa_2, r_min,))
            if interacting_resids:
                interactions_between_chains[(resnum_1, resaa_1)] = interacting_resids
    return interactions_between_chains


# %%

[docs]def chain_is_hetatm(chain):
    """Return True if the chain is made up entirely of HETATMs.
    """
    hetatms = [None] * len(chain)
    for i in range(len(chain.child_list)):
        res = chain.child_list[i]
        hetatms[i] = res.resname not in AAA_DICT
    if all(hetatms):
        return True
    elif not any(hetatms):
        return False
    else:
        # Something went wrong.
        sequence, numbering = get_chain_sequence_and_numbering(chain)
        message = (
            'Some but not all residues in chain {} are hetatms!\n'.format(chain.id) +
            'sequence: {}\n'.format(sequence) +
            'numbering: {}\n'.format(numbering)
        )
        logger.debug(message)
        False



[docs]def get_aa_residues(chain):
    aa_residues = [
        residue.id for residue in chain
        if residue.resname in AAA_DICT and not residue.id[0].split()
    ]
    return aa_residues



[docs]def get_interacting_residues(model, r_cutoff=5, skip_hetatm_chains=True):
    """Returns all interactions between residues on different chains in `model`.

    Returns
    -------
    dict
        A dictionary of interactions between chains i (0..n-1) and j (i+1..n).
        Keys are (chain_idx, chain_id, residue_idx, residue_resnum, residue_amino_acid) tuples.
        (e.g. (0, 'A', 0, '0', 'M'), (0, 1, '2', 'K'), ...)
        Values are a list of tuples having the same format as the keys.


    You can reverse the order of keys and values like this::

        complement = dict()
        for key, values in get_interacting_chains(model):
            for value in values:
                complement.setdefault(value, set()).add(key)


    You can get a list of all interacting chains using this command::

        {(key[0], value[0])
         for (key, values) in get_interacting_chains(model).items()
         for value in values}


    """
    from Bio.PDB import NeighborSearch

    interactions_between_chains = dict()

    # Chain 1
    for chain_1_idx, chain_1 in enumerate(model):
        if skip_hetatm_chains and chain_is_hetatm(chain_1):
            message = (
                "Skipping chain_1 with idx {} because it contains only hetatms."
                .format(chain_1_idx)
            )
            logger.debug(message)
            continue
        chain_1_residue_ids = get_aa_residues(chain_1)

        # Chain 2
        for j, chain_2 in enumerate(model.child_list[chain_1_idx + 1:]):
            chain_2_idx = chain_1_idx + 1 + j
            if skip_hetatm_chains and chain_is_hetatm(chain_2):
                message = (
                    "Skipping chain_2 with idx {} because it contains only hetatms."
                    .format(chain_2_idx)
                )
                logger.debug(message)
                continue
            chain_2_residue_ids = get_aa_residues(chain_2)
            ns = NeighborSearch(list(chain_2.get_atoms()))

            # Residue 1
            for residue_1 in chain_1:
                try:
                    residue_1_idx = chain_1_residue_ids.index(residue_1.id)
                except ValueError:
                    continue
                residue_1_resnum = str(residue_1.id[1]) + residue_1.id[2].strip()
                residue_1_aa = convert_aa(residue_1.resname, quiet=True)
                residue_1_key = (
                    chain_1_idx, chain_1.id, residue_1_idx, residue_1_resnum, residue_1_aa
                )
                interacting_residues = set()
                for atom_1 in residue_1:
                    interacting_residues.update(ns.search(atom_1.get_coord(), r_cutoff, 'R'))

                # Residue 2
                interacting_residue_ids = []
                for residue_2 in interacting_residues:
                    try:
                        residue_2_idx = chain_2_residue_ids.index(residue_2.id)
                    except ValueError:
                        continue
                    residue_2_resnum = str(residue_2.id[1]) + residue_2.id[2].strip()
                    residue_2_aa = convert_aa(residue_2.get_resname(), quiet=True)
                    residue_2_key = (
                        chain_2_idx, chain_2.id, residue_2_idx, residue_2_resnum, residue_2_aa
                    )
                    interacting_residue_ids.append(residue_2_key)
                if interacting_residue_ids:
                    interactions_between_chains\
                        .setdefault(residue_1_key, set())\
                        .update(interacting_residue_ids)

    return interactions_between_chains


# %% Additions for `pipeline_structure`

[docs]class SelectChains(Select):
    """Only accept the specified chains when saving.
    """
    def __init__(self, chain_letters, ns_chain_letters=None, ns=None, r_cutoff=None):
        self.chain_letters = chain_letters
        self.ns_chain_letters = ns_chain_letters
        self.ns = ns
        self.r_cutoff = r_cutoff

[docs]    def accept_residue(self, residue):
        chain_id = residue.parent.id
        if chain_id in self.chain_letters:
            return True
        elif (self.ns_chain_letters and self.ns) and (chain_id in self.ns_chain_letters):
            for atom in residue:
                if self.ns.search(atom.get_coord(), self.r_cutoff, 'C'):
                    return True
        return False




[docs]class StructureParser:
    """
    Attributes
    ----------
    pdb_id : ___

    domain_boundaries : list of lists of lists
        Elements in the outer list correspond to domains in each chain of the
        pdb. Elements of the inner list contain the start and end of each
        fragment of each domain. For example, if there is only one chain
        with pdb domain boundaries 1-10:20-45, this would correspond to
        domain_boundaries [[[1,10],[20,45]]].

    """
    def __init__(self, pdb_file, chain_ids=None, domain_defs=[]):
        """
        Parameters
        ----------
        pdb_file : str
            Full path and filename of the structure.
        output_dir : str
            Folder where to save extracted structures and sequences.
        chain_ids : list
            Chains of the structure that should be kept.
        """
        self.pdb_id = get_pdb_id(pdb_file)
        self.pdb_file = pdb_file
        self.input_structure = get_pdb_structure(self.pdb_file, self.pdb_id)

        if chain_ids is None:
            self.chain_ids = [chain.id for chain in self.input_structure[0].child_list]
        elif isinstance(chain_ids, str):
            self.chain_ids = chain_ids.split(',')
        elif isinstance(chain_ids, list) or isinstance(chain_ids, tuple):
            self.chain_ids = list(chain_ids)
        else:
            raise Exception

        self.r_cutoff = 6  # remove hetatms more than x A away from the main chain(s)

        self.domain_boundaries = []
        for domain_def in domain_defs:
            self.domain_boundaries.append(
                helper.decode_domain_def(domain_def, merge=False, return_string=True)
            )

        self.unique_id = ('pdb_id: {}, chain_ids: {}'.format(self.pdb_id, self.chain_ids))

[docs]    def extract(self):
        """Extract the wanted chains out of the PDB file. Removes water atoms
        and selects the domain regions (i.e. selects only those parts of the
        domain that are within the domain boundaries specified).
        """
        logger.debug('Extracting {}...'.format(self.unique_id))

        model = self.input_structure[0]  # assuming that model 0 is always the desired one
        new_structure = Bio.PDB.Structure.Structure(self.pdb_id)
        new_model = Bio.PDB.Model.Model(0)

        # Always assigning hetatms to chain 'Z' may lead to undesirable performance
        # when the PDB stucture actually has a chain 'Z'.
        # As of 2015, there are ~1300 structures with chain 'Z' in the elaspic.domain table.
        # TODO: Convert `pdb_chain` tables in the database to use binary collation.
        # I think the Bio.PDB module may have to be upgraded too as it currently does not support
        # lowercase chain ids.
        hetatm_chain_id = 'Z'
        hetatm_chain = Bio.PDB.Chain.Chain(hetatm_chain_id)

        # Loop over every chain and every residue and make sure that everything is ok
        chain_idx = 0
        while chain_idx < len(self.chain_ids):
            chain_id = self.chain_ids[chain_idx]
            chain = model[chain_id]

            chain_numbering, domain_start_idxs, domain_end_idxs = (
                self._get_domain_def_idxs_for_chain(chain, chain_idx)
            )
            logger.debug(
                'domain_def: {}, domain_start_idxs: {}, domain_end_idxs: {}'.format(
                    self.domain_boundaries, domain_start_idxs, domain_end_idxs)
            )

            res_idx = 0
            while res_idx < len(chain):
                res = chain.child_list[res_idx]
                original_res_id = res.id

                # Move water to the hetatm chain
                if res.id[0] == 'W':
                    self._move_hetatm_to_hetatm_chain(chain, hetatm_chain, res, echo=False)
                    continue

#                # Move heteroatoms to the hetatm chain
#                if res.id[0] != ' ':
#                    self._move_hetatm_to_hetatm_chain(chain, hetatm_chain, res, echo=True)
#                    continue

                # Now treating all unusual amino acids as hetatms
                # Convert methylated lysines to regular lysines
                if res.resname in METHYLATED_LYSINES:
                    self._correct_methylated_lysines(res)

                # Move hetatms to the hetatm chain
                if res.resname not in AMINO_ACIDS:
                    self._move_hetatm_to_hetatm_chain(chain, hetatm_chain, res)
                    continue

                # Cut each chain to domain boundaries
                residue_is_outside_domain = (
                    self._residue_outside_domain(
                        chain, chain_numbering, domain_start_idxs, domain_end_idxs, res)
                )
                if residue_is_outside_domain:
                    chain.detach_child(original_res_id)
                    continue

                res_idx += 1

            if len(chain):
                new_model.add(chain)
                chain_idx += 1
            else:
                logger.debug('Chain {} is empty! Removing...'.format(chain.id))
                self.chain_ids.remove(chain.id)

        # Make sure that the new model is not empty
        if not list(new_model.get_atoms()):
            raise errors.PDBEmptySequenceError(self.unique_id)

        # Remove hetatms if they are > 6A away from the chains of interest.
        self._remove_distant_hatatms(new_model, hetatm_chain)

        if hetatm_chain:
            logger.debug('Adding hetatm chain of length {}'.format(len(hetatm_chain)))
            new_model.add(hetatm_chain)
            self.hetatm_chain_id = hetatm_chain_id
        else:
            self.hetatm_chain_id = None

        # If the hetatm chain is not empty, add it to the model
        new_structure.add(new_model)
        self.structure = new_structure
        logger.debug('PDB {} extracted successfully.'.format(self.pdb_id))

        self.interactions_between_chains = (
            get_interacting_residues(self.structure[0], self.r_cutoff, True)
        )

        self.interacting_chain_ids = {
            (key[1], value[1])
            for (key, values) in self.interactions_between_chains.items()
            for value in values
        }
        self.interacting_chain_idxs = {
            (key[0], value[0])
            for (key, values) in self.interactions_between_chains.items()
            for value in values
        }


[docs]    def get_chain_sequence_and_numbering(self, chain_id, *args, **varargs):
        """Call ``get_chain_sequence_and_numbering`` using chain with id ``chain_id``
        """
        chain = self.structure[0][chain_id]
        return get_chain_sequence_and_numbering(chain, *args, **varargs)


[docs]    def get_chain_seqres_sequence(self, chain_id, *args, **varargs):
        """Call ``get_chain_seqres_sequence`` using chain with id ``chain_id``
        """
        chain = self.structure[0][chain_id]
        return get_chain_seqres_sequence(chain, *args, **varargs)


[docs]    def save_structure(self, output_dir='', remove_disordered=False):
        if remove_disordered:
            self._unset_disordered_flags()

        io = PDBIO()
        io.set_structure(self.structure)

        try:
            # Save all chains together
            outFile = op.join(output_dir, self.pdb_id + ''.join(self.chain_ids) + '.pdb')
            io.save(outFile)
            if len(self.chain_ids) > 1:
                # Save each chain individually
                for chain_id in self.chain_ids:
                    chain = self.structure[0][chain_id]
                    if chain_is_hetatm(chain):
                        continue
                    outFile = op.join(output_dir, self.pdb_id + chain_id + '.pdb')
                    atom_list = [atom for atom in self.structure[0][chain_id].get_atoms()]
                    hetatm_chain_ns = NeighborSearch(atom_list)
                    select = SelectChains(
                        chain_id, self.hetatm_chain_id, hetatm_chain_ns, self.r_cutoff)
                    io.save(outFile, select=select)
            if len(self.chain_ids) > 2:
                # Save each interacting chain pair.
                for chain_ids in self.interacting_chain_ids:
                    outFile = op.join(output_dir, self.pdb_id + ''.join(chain_ids) + '.pdb')
                    atom_list = [
                        atom for atom
                        in self.structure[0][chain_id].get_atoms()
                        for chain_id in chain_ids
                    ]
                    hetatm_chain_ns = NeighborSearch(atom_list)
                    select = SelectChains(
                        chain_ids, self.hetatm_chain_id, hetatm_chain_ns, self.r_cutoff)
                    io.save(outFile, select=select)

        except AttributeError as e:
            if remove_disordered:
                raise(e)
            self.save_structure(output_dir=output_dir, remove_disordered=True)


[docs]    def save_sequences(self, output_dir=''):
        self.chain_numbering_extended_dict = {}
        self.chain_sequence_dict = {}
        for chain_id in self.chain_ids:
            chain_sequence, chain_numbering_extended = (
                self.get_chain_sequence_and_numbering(chain_id)
            )
            self.chain_numbering_extended_dict[chain_id] = chain_numbering_extended
            self.chain_sequence_dict[chain_id] = chain_sequence
            with open(op.join(output_dir, self.pdb_id + chain_id + '.fasta'), 'w') as f:
                f.write('>' + self.pdb_id + chain_id + '\n')
                f.write(chain_sequence + '\n')
                f.write('\n')


    def _get_domain_def_idxs_for_chain(self, chain, chain_idx):
        if not self.domain_boundaries or not self.domain_boundaries[chain_idx]:
            return None, None, None

        __, chain_numbering = get_chain_sequence_and_numbering(chain)
        try:
            domain_start_idxs, domain_end_idxs = [
                tuple(chain_numbering.index(resid) for resid in resids)
                for resids in zip(*self.domain_boundaries[chain_idx])]
        except Exception as e:
            print(str(e))
            raise errors.PDBDomainDefsError(self.unique_id)

        return chain_numbering, domain_start_idxs, domain_end_idxs

    def _correct_methylated_lysines(self, res):
        new_resname = 'LYS'
        new_resid = (' ', res.id[1], res.id[2])
        logger.debug(
            'Renaming residue {} {} to {} {}'
            .format(res.resname, res.id, new_resname, new_resid))
        res.resname = new_resname
        res.id = new_resid
        atom_idx = 0
        while atom_idx < len(res):
            atom_id = res.child_list[atom_idx].id
            if atom_id not in LYSINE_ATOMS:
                logger.debug(
                    'Removing atom {} from residue {} {}.'.format(atom_id, res.resname, res.id)
                )
                res.detach_child(atom_id)
            else:
                atom_idx += 1

    def _move_hetatm_to_hetatm_chain(self, chain, hetatm_chain, res, echo=False):
        # logger.debug(
        #     'Moving hetatm residue {} {} to the hetatm chain'
        #     .format(res.resname, res.id))
        chain.detach_child(res.id)
        hetatm_res = res
        hetatm_res.id = (hetatm_res.id[0], len(hetatm_chain)+1, hetatm_res.id[2],)
        hetatm_chain.add(hetatm_res)

    def _residue_outside_domain(
            self, chain, chain_numbering, domain_start_idxs, domain_end_idxs, res):
        """Returns `True` if residue ``res`` is outside the domain.
        """
        if domain_start_idxs is None or domain_end_idxs is None:
            return False

        resid = str(res.id[1]) + res.id[2].strip()
        resid_idx = chain_numbering.index(resid)
        for domain_start_idx, domain_end_idx in zip(domain_start_idxs, domain_end_idxs):
            if resid_idx >= domain_start_idx and resid_idx <= domain_end_idx:
                # Residue is inside the domain
                return False

        # Residue is outside the domain
        return True

    def _remove_distant_hatatms(self, new_model, hetatm_chain):
        """Detach hetatms that are more than ``self.r_cutoff`` away from the main chain(s)
        """
        ns = NeighborSearch(list(new_model.get_atoms()))
        hetatm_chain.id = [c for c in reversed(helper.uppercase) if c not in self.chain_ids][0]
        res_idx = 0
        while res_idx < len(hetatm_chain):
            res_1 = hetatm_chain.child_list[res_idx]
            in_contact = False
            for atom_1 in res_1:
                interacting_residues = ns.search(atom_1.get_coord(), self.r_cutoff, 'R')
                if interacting_residues:
                    # logger.debug(res_1.id)
                    # logger.debug(interacting_residues)
                    in_contact = True
            if in_contact:
                res_idx += 1
                continue
            # logger.debug('Detaching child: {}'.format(res_1.id))
            hetatm_chain.detach_child(res_1.id)

    def _unset_disordered_flags(self):
        """Change atom and residue ``disordered`` flag to `False`.
        Otherwise, Biopython may crash when saving the PDB structure.
        """
        logger.debug('Setting all residues and atoms marked as disorded to non-disorded')
        for m in self.structure:
            for c in m:
                for r in c:
                    if r.is_disordered() or r.disordered:
                        logger.debug(
                            'Changing disordered_flag on residue {} from {} to 0'
                            .format(r, r.disordered))
                        r.disordered = 0
                    for a in r:
                        if a.is_disordered() or a.disordered_flag:
                            logger.debug(
                                'Changing disordered_flag on atom {} from {} to 0'
                                .format(a, a.disordered_flag))
                            a.disordered_flag = 0
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  Source code for elaspic.helper

# -*- coding: utf-8 -*-
from __future__ import print_function
from __future__ import unicode_literals
from __future__ import absolute_import
from builtins import range
from builtins import object

import os
import os.path as op
import sys
import shlex
import subprocess
import signal
import tarfile
import datetime
import logging
import time
import json
import string
import fcntl

from functools import wraps
from contextlib import contextmanager

logger = logging.getLogger(__name__)


# %%
canonical_amino_acids = 'ARNDCEQGHILKMFPSTWYV'
uppercase = 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'


# %%
[docs]def slugify(filename_string):
    valid_chars = "-_.()%s%s" % (string.ascii_letters, string.digits)
    return ''.join(c if c in valid_chars else '_' for c in filename_string)


# %%

[docs]class WritableObject(object):
    """ A class for collecting all the print statements from modeller in order
    to redirect them to the logger later on
    """
    def __init__(self, logger):
        self.logger = logger

[docs]    def write(self, string):
        self.logger.debug(string.strip())




@contextmanager
[docs]def log_print_statements(logger):
    """ Channel print statements to the debug logger
    """
    original_stdout = sys.stdout
    original_formatters = []
    for i in range(len(logger.handlers)):
        original_formatters.append(logger.handlers[0].formatter)
        logger.handlers[i].formatter = logging.Formatter('%(message)s')
    wo = WritableObject(logger)
    try:
        sys.stdout = wo
        yield
    except:
        raise
    finally:
        sys.stdout = original_stdout
        for i in range(len(logger.handlers)):
            logger.handlers[i].formatter = original_formatters[i]


# %%

[docs]def get_path_to_current_file():
    """ Find the location of the file that is being executed
    """
    encoding = sys.getfilesystemencoding()
    if hasattr(sys, "frozen"):
        # All of the modules are built-in to the interpreter, e.g., by py2exe
        return op.dirname(str(sys.executable, encoding))
    else:
        return op.dirname(str(__file__, encoding))



[docs]def get_logger(do_debug=True, logger_filename=None):
    global logger
    if logger is not None:
        return logger
    import logging
    # Initialize logger
    logger = logging.getLogger(__name__)
    if do_debug:
        logger.setLevel(logging.DEBUG)
    else:
        logger.setLevel(logging.INFO)
    logger.handlers = []
    # Initialize formatter
    formatter = logging.Formatter('%(asctime)s - %(levelname)s - %(message)s')
    # Initialize streamhandler
    sh = logging.StreamHandler()
    sh.setFormatter(formatter)
    logger.addHandler(sh)
    # Initialize filehandler
    if logger_filename is not None:
        fh = logging.FileHandler(logger_filename, mode='w')
        fh.setFormatter(formatter)
        logger.addHandler(fh)
    return logger



[docs]def make_tarfile(output_filename, source_dir):
    with tarfile.open(output_filename, "w:bz2") as tar:
        tar.add(source_dir, arcname=op.basename(source_dir))


# %% Helper functions for sql objects

[docs]def decode_domain_def(domains, merge=True, return_string=False):
    """ Unlike split_domain(), this function returns a tuple of tuples of strings,
    preserving letter numbering (e.g. 10B)
    """
    if not domains:
        return None, None

    if domains[-1] == ',':
        domains = domains[:-1]
    x = domains
    if return_string:
        domain_fragments = [[r.strip() for r in ro.split(':')] for ro in x.split(',')]
    else:
        domain_fragments = [[int(r.strip()) for r in ro.split(':')] for ro in x.split(',')]
    domain_merged = [domain_fragments[0][0], domain_fragments[-1][-1]]
    if merge:
        return domain_merged
    else:
        return domain_fragments



[docs]def encode_domain(domains, merged=True):
    x = domains
    if merged:
        return ':'.join([str(r) for r in x])
    else:
        return ','.join([':'.join([str(r) for r in ro]) for ro in x])



[docs]def decode_aa_list(interface_aa):
    """
    """
    if interface_aa and (interface_aa != '') and (interface_aa != 'NULL'):
        if interface_aa[-1] == ',':
            interface_aa = interface_aa[:-1]
        x = interface_aa
        return_tuple = tuple([int(r.strip()) for r in x.split(',')])
    else:
        return_tuple = []
    return return_tuple



[docs]def row2dict(row):
    d = {}
    for column in row.__table__.columns:
        d[column.name] = getattr(row, column.name)
        if type(d[column.name]) == datetime.datetime:
            d[column.name] = d[column.name].strftime('%Y-%m-%d %H-%M-%S-%f')
    return d


# %% Helper functions for different subprocess commands

[docs]def get_username():
    username, __, __ = subprocess_check_output('whoami')
    return username.strip()



[docs]def get_hostname():
    hostname, __, __ = subprocess_check_output('hostname | cut -d. -f1')
    return hostname.strip()



[docs]def get_echo(system_constant):
    system_constant_value, __, __ = subprocess_check_output('echo ' + system_constant)
    return system_constant_value.strip()



[docs]def get_which(bin_name):
    bin_filename, __, __ = subprocess_check_output('which ' + bin_name)
    return bin_filename.strip()


# %%

@contextmanager
[docs]def switch_paths(working_path):
    """
    """
    current_path = os.getcwd()
    try:
        os.chdir(working_path)
        yield
    except:
        raise
    finally:
        os.chdir(current_path)



[docs]def kill_child_process(child_process):
    if child_process.poll() is not None:
        print('Child process with pid {} already terminated with return code {}'
              .format(child_process.pid, child_process.returncode))
        return
    try:
        print('Trying to terminate gracefully child process with pid: {}'.child_process.pid)
        os.killpg(child_process.pid, signal.SIGTERM)
#        child_process.terminate()
    except Exception as e:
        print("Didn't work because of error: {}".format(e.__str__()))
        try:
            print('Trying to kill child process...')
            os.killpg(child_process.pid, signal.SIGKILL)
#            child_process.kill()
        except:
            print("Didn't work because of error: {}".format(e.__str__()))
            print("Letting it go...")
            pass
    print('OK')


# %%
# ##############################################################################
# The two functions below can be used to set the subproces group id to the same
# value as the parent process group id. This is a simple way of ensuring that
# all the child processes are terminated when the parent quits, but it makes
# it impossible to terminate the child process group while keeping the parent
# running....

def _set_process_group(parent_process_group_id):
    """This function is used to set the group id of the child process to be
    the same as the group id of the parent process. This way when you delete the
    parent process you also delete all the children.
    """
    child_process_id = os.getpid()
    os.setpgid(child_process_id, parent_process_group_id)


def _try_decoding_bytes_string(bytes_string):
    try:
        return bytes_string.decode('utf-8')
    except AttributeError:
        return bytes_string
    except UnicodeDecodeError:
        logger.debug("Could not decode bytes string using utf-8 encoding. Trying iso-8859-1...")
        return bytes_string.decode('iso-8859-1')


[docs]def run_subprocess(system_command, **popen_argvars):
    args = shlex.split(system_command)
    child_process = subprocess.Popen(
        args, stdout=subprocess.PIPE, stderr=subprocess.PIPE,
        preexec_fn=lambda: _set_process_group(os.getpgrp()),
        **popen_argvars)
    return child_process



[docs]def run_subprocess_locally(working_path, system_command, **popen_argvars):
    with switch_paths(working_path):
        child_process = run_subprocess(system_command, **popen_argvars)
    return child_process



[docs]def subprocess_communicate(child_process):
    with print_heartbeets():
        result, error_message = child_process.communicate()
    result = _try_decoding_bytes_string(result)
    error_message = _try_decoding_bytes_string(error_message)
    return_code = child_process.returncode
    return result, error_message, return_code



[docs]def subprocess_check_output(system_command, **popen_argvars):
    child_process = run_subprocess(system_command, **popen_argvars)
    return subprocess_communicate(child_process)



[docs]def subprocess_check_output_locally(working_path, system_command, **popen_argvars):
    child_process = run_subprocess_locally(working_path, system_command, **popen_argvars)
    return subprocess_communicate(child_process)



@contextmanager
[docs]def print_heartbeets():
    # Spawn a fork that prints a message every minute
    # (This is required for travis-ci)
    pid = os.fork()
    if pid == 0:
        while True:
            time.sleep(60)
            logger.debug("Subprocess is still running...")
        os._exit()
    try:
        yield
    finally:
        os.kill(pid, 15)
        os.waitpid(pid, 0)


# %% Function-level locking

@contextmanager
[docs]def get_lock(name):
    lock = None

    def close_lock(lock):
        if lock is not None:
            lock.close()
            os.remove(lock.name)

    while True:
        try:
            lock = open(name + '.lock', 'x')
            yield lock
            close_lock(lock)
            break
        except FileExistsError:
            time.sleep(60)
        except:
            close_lock(lock)
            raise



[docs]def lock(fn):
    """
    Allow only a single instance of function `fn`,
    and save results to a lock file.
    """
    @wraps(fn)
    def locked_fn(self, *args, **kwargs):
        """

        Returns
        -------
        lock_filename : str
            Lock file that contains function output in json format.

        """
        # Get the lock filename
        if fn.__name__ == 'calculate_provean':
            lock_filename = '{}{}_provean.json'.format(self.pdb_id, args[0])
        elif fn.__name__ == 'calculate_model':
            lock_filename = '{}_modeller.json'.format(self.pdb_id)
        elif fn.__name__ == 'calculate_mutation':
            lock_filename = '{}{}_mutation_{}.json'.format(self.pdb_id, args[0], args[1])
        else:
            raise Exception("Function {} is not supported!".format(fn))

        # Make sure that we can get exclusive rights on the lock
        try:
            lock = open(lock_filename, 'x')
        except FileExistsError:
            try:
                results = json.load(open(lock_filename, 'r'))
                info_message = (
                    "Results have already been calculated and are in file: '{}'.\n"
                    .format(lock_filename, results)
                )
                logger.info(info_message)
                return lock_filename, results
            except ValueError:
                info_message = (
                    "Another process is currently running this function.\n"
                    "If you believe this is an error, delete lock file '{}' and try again."
                    .format(lock_filename)
                )
                logger.info(info_message)
                return lock_filename, None

        # Run the function and write results
        try:
            results = fn(self, *args, **kwargs)
            json.dump(results, lock)
            lock.close()
            return lock_filename, results
        except:
            lock.close()
            os.remove(lock.name)
            raise

    return locked_fn



@contextmanager
[docs]def open_exclusively(filename, mode='a'):
    fd = os.open(filename, os.O_CREAT | os.O_RDWR)
    fcntl.lockf(fd, fcntl.LOCK_EX)
    try:
        f = os.fdopen(fd, mode)
        yield f
    except:
        raise
    finally:
        f.close()


# %% From Mutation

[docs]def encode_list_as_text(list_of_lists):
    """
    Uses the database convention to encode a list of lists, describing domain boundaries of
    multiple domains, as a string.
    """
    return ','.join([':'.join([str(x) for x in xx]) for xx in zip(*list_of_lists)])



[docs]def decode_text_as_list(list_string):
    """
    Uses the database convention to decode a string, describing domain boundaries of
    multiple domains, as a list of lists.
    """
    def str2num(x):
        return float(x) if '.' in x else int(x)

    decoded = list(
        zip(*[[str2num(x) for x in sublist.split(':')] for sublist in list_string.split(',')])
    )
    return decoded


# %% Text formatting

[docs]class color:
    PURPLE = '\033[95m'
    CYAN = '\033[96m'
    DARKCYAN = '\033[36m'
    BLUE = '\033[94m'
    GREEN = '\033[92m'
    YELLOW = '\033[93m'
    RED = '\033[91m'
    BOLD = '\033[1m'
    UNDERLINE = '\033[4m'
    END = '\033[0m'
    HEADER = '\033[95m'
    OKBLUE = '\033[94m'
    OKGREEN = '\033[92m'
    WARNING = '\033[93m'
    FAIL = '\033[91m'



[docs]def underline(print_string):
    return color.UNDERLINE + print_string + color.END
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  Source code for elaspic.structure_analysis

# -*- coding: utf-8 -*-
from __future__ import division
from __future__ import print_function
from __future__ import unicode_literals
from __future__ import absolute_import
from builtins import zip
from builtins import object

import os
import os.path as op
import time
import subprocess
import logging
from collections import OrderedDict

import six
import pandas as pd

from Bio.PDB import PDBIO
from Bio.PDB.PDBParser import PDBParser

from . import errors, helper, structure_tools

logger = logging.getLogger(__name__)


# %% CONSTANTS

# Standard accessibilities for a ALA-X-ALA tripeptide
# (obtained from NACCESS)
STANDARD_DATA = """
STANDARD ACCESSIBILITES FOR PROBE 1.40 AND RADII vdw.radii
ATOM S   2  ALA  107.95   0.0  69.41   0.0   0.00   0.0  69.41   0.0  38.54   0.0  71.38   0.0  36.58   0.0
ATOM S   2  CYS  134.28   0.0  96.75   0.0   0.00   0.0  96.75   0.0  37.53   0.0  97.93   0.0  36.35   0.0
ATOM S   2  ASP  140.39   0.0  48.00   0.0  54.69   0.0 102.69   0.0  37.70   0.0  49.24   0.0  91.15   0.0
ATOM S   2  GLU  172.25   0.0  59.10   0.0  75.64   0.0 134.74   0.0  37.51   0.0  60.29   0.0 111.96   0.0
ATOM S   2  PHE  199.48   0.0 164.11   0.0   0.00   0.0 164.11   0.0  35.37   0.0 165.25   0.0  34.23   0.0
ATOM S   2  GLY   80.10   0.0  32.33   0.0   0.00   0.0  32.33   0.0  47.77   0.0  37.55   0.0  42.55   0.0
ATOM S   2  HIS  182.88   0.0  96.01   0.0  51.07   0.0 147.08   0.0  35.80   0.0  97.15   0.0  85.73   0.0
ATOM S   2  ILE  175.12   0.0 137.96   0.0   0.00   0.0 137.96   0.0  37.16   0.0 139.14   0.0  35.98   0.0
ATOM S   2  LYS  200.81   0.0 115.38   0.0  47.92   0.0 163.30   0.0  37.51   0.0 116.57   0.0  84.24   0.0
ATOM S   2  LEU  178.63   0.0 141.12   0.0   0.00   0.0 141.12   0.0  37.51   0.0 142.31   0.0  36.32   0.0
ATOM S   2  MET  194.15   0.0 156.64   0.0   0.00   0.0 156.64   0.0  37.51   0.0 157.84   0.0  36.32   0.0
ATOM S   2  ASN  143.94   0.0  44.98   0.0  61.26   0.0 106.24   0.0  37.70   0.0  46.23   0.0  97.72   0.0
ATOM S   2  PRO  136.13   0.0 119.90   0.0   0.00   0.0 119.90   0.0  16.23   0.0 120.95   0.0  15.19   0.0
ATOM S   2  GLN  178.50   0.0  51.03   0.0  89.96   0.0 140.99   0.0  37.51   0.0  52.22   0.0 126.28   0.0
ATOM S   2  ARG  238.76   0.0  76.60   0.0 124.65   0.0 201.25   0.0  37.51   0.0  77.80   0.0 160.97   0.0
ATOM S   2  SER  116.50   0.0  46.89   0.0  31.22   0.0  78.11   0.0  38.40   0.0  48.55   0.0  67.95   0.0
ATOM S   2  THR  139.27   0.0  74.54   0.0  27.17   0.0 101.70   0.0  37.57   0.0  75.72   0.0  63.55   0.0
ATOM S   2  VAL  151.44   0.0 114.28   0.0   0.00   0.0 114.28   0.0  37.16   0.0 115.47   0.0  35.97   0.0
ATOM S   2  TRP  249.36   0.0 187.67   0.0  23.60   0.0 211.26   0.0  38.10   0.0 189.67   0.0  59.69   0.0
ATOM S   2  TYR  212.76   0.0 135.35   0.0  42.03   0.0 177.38   0.0  35.38   0.0 136.50   0.0  76.26   0.0
"""
STANDARD_SASA_ALL = [[l.strip() for l in line.split()] for line in STANDARD_DATA.strip().split('\n')[1:]]
STANDARD_SASA = {x[3]: float(x[4]) for x in STANDARD_SASA_ALL}


# %% Init
[docs]class AnalyzeStructure(object):
    """
    Runs the program pops to calculate the interface size of the complexes
    This is done by calculating the surface of the complex and the seperated parts.
    The interface is then given by the substracting.
    """

    def __init__(self, pdb_file, working_dir, vdw_distance=5.0, min_contact_distance=4.0):
        self.pdb_file = pdb_file
        #: Folder with all the binaries (i.e. ./analyze_structure)
        self.working_dir = working_dir
        self.vdw_distance = vdw_distance
        self.min_contact_distance = min_contact_distance

        self._prepare_temp_folder(self.working_dir)

        self.sp = structure_tools.StructureParser(pdb_file)
        self.sp.extract()
        self.sp.save_structure(output_dir=self.working_dir)

        self.chain_ids = self.sp.chain_ids


    def _prepare_temp_folder(self, temp_folder):
        # ./analyze_structure
        os.makedirs(temp_folder, exist_ok=True)



    #%%
[docs]    def __call__(self, chain_id, mutation, chain_id_other=None):
        """Calculate all properties.
        """
        # Solvent accessibility
        (seasa_by_chain_together, seasa_by_chain_separately,
         seasa_by_residue_together, seasa_by_residue_separately) = self.get_seasa()
        seasa_info = (
            seasa_by_residue_separately[
                (seasa_by_residue_separately['pdb_chain'] == chain_id) &
                (seasa_by_residue_separately['res_num'] == mutation[1:-1])
            ].iloc[0]
        )
        self._validate_mutation(seasa_info['res_name'], mutation)
        solvent_accessibility = seasa_info['rel_sasa']

        # Secondary structure
        secondary_structure_df = self.get_secondary_structure()
        secondary_structure_df = (
            secondary_structure_df[
                (secondary_structure_df.chain == chain_id) &
                (secondary_structure_df.resnum == mutation[1:-1])
            ]
        )
        assert len(secondary_structure_df) == 1
        secondary_structure_df = secondary_structure_df.iloc[0]
        self._validate_mutation(seasa_info['res_name'], mutation)
        secondary_structure = secondary_structure_df.ss_code

        # Contact distance
        contact_distance = None
        if chain_id_other is not None:
            try:
                contact_distance = self.get_interchain_distances(chain_id, mutation)
                contact_distance = contact_distance[chain_id][chain_id_other]
                logger.debug(
                    'The shortest interchain distance between chain {} and chain {} is {}'
                    .format(chain_id, chain_id_other, contact_distance))
                if not contact_distance:
                    raise ValueError()
            except (IndexError, KeyError, ValueError) as e:
                logger.error(
                    'Could not calculate the shortest contact distance between two chains!'
                )
                logger.error(e)
                logger.error(contact_distance)
                raise

        # PhysiChem
        physchem, physchem_ownchain = self.get_physi_chem(chain_id, mutation)

        # Compile results
        results = dict(
            solvent_accessibility = solvent_accessibility,
            secondary_structure = secondary_structure,
            contact_distance = contact_distance,
            physchem = physchem,
            physchem_ownchain = physchem_ownchain,
        )
        return results



[docs]    def get_structure_file(self, chains, ext='.pdb'):
        return op.join(self.working_dir, self.sp.pdb_id + chains + ext)



    #%%

[docs]    def get_physi_chem(self, chain_id, mutation):
        """
        Return the atomic contact vector, that is, counting how many interactions
        between charged, polar or "carbon" residues there are. The "carbon"
        interactions give you information about the Van der Waals packing of
        the residues. Comparing the wildtype vs. the mutant values is used in
        the machine learning algorithm.

        'mutation' is of the form: 'A16' where A is the chain identifier and 16
        the residue number (in pdb numbering) of the mutation
        chainIDs is a list of strings with the chain identifiers to be used
        if more than two chains are given, the chains not containing the mutation
        are considered as "opposing" chain
        """
        model = self.sp.structure[0]
        mutated_chain = model[chain_id]
        opposite_chains = [ chain for chain in model.child_list if chain.id != chain_id ]
        main_chain_atoms = ['CA', 'C', 'N', 'O']

        # Find the mutated residue (assuming mutation is in index coordinates)
#        mutation_pos = int(mutation[1:-1])
#        residue_counter = 0
#        for residue in mutated_chain:
#            if residue.resname in structure_tools.AMINO_ACIDS and not residue.id[0].strip():
#                residue_counter += 1
#                if residue_counter == mutation_pos:
#                    self._validate_mutation(residue.resname, mutation)
#                    mutated_residue = residue
#                    break
#        mutated_atoms = [atom for atom in mutated_residue if atom.name not in main_chain_atoms]

        # Find the mutated residue (assuming mutation is in resnum)
        for residue in mutated_chain:
            if residue.resname in structure_tools.AMINO_ACIDS and not residue.id[0].strip():
                if str(residue.id[1]) == mutation[1:-1]:
                    self._validate_mutation(residue.resname, mutation)
                    mutated_residue = residue
                    break
        mutated_atoms = [atom for atom in mutated_residue if atom.name not in main_chain_atoms]

        # Go through each atom in each residue in each partner chain...
        opposite_chain_contacts = {
            'equal_charge': [],
            'opposite_charge': [],
            'h_bond': [],
            'carbon_contact': []}
        for opposite_chain in opposite_chains:
            for partner_residue in opposite_chain:
                self._increment_vector(
                    mutated_residue, mutated_atoms, partner_residue, opposite_chain_contacts)

        # Go through each atom in each residue in the mutated chain...
        same_chain_contacts = {
            'equal_charge': [],
            'opposite_charge': [],
            'h_bond': [],
            'carbon_contact': []}
        for partner_residue in mutated_chain:
            # Skipping the mutated residue...
            if partner_residue == mutated_residue:
                continue
            self._increment_vector(
                mutated_residue, mutated_atoms, partner_residue, same_chain_contacts)

        opposite_chain_contact_vector = [
            len(opposite_chain_contacts['equal_charge']),
            len(opposite_chain_contacts['opposite_charge']),
            len(opposite_chain_contacts['h_bond']),
            len(set(opposite_chain_contacts['carbon_contact']))]

        same_chain_contact_vector = [
            len(same_chain_contacts['equal_charge']),
            len(same_chain_contacts['opposite_charge']),
            len(same_chain_contacts['h_bond']),
            len(set(same_chain_contacts['carbon_contact']))]

        return opposite_chain_contact_vector, same_chain_contact_vector



    def _validate_mutation(self, resname, mutation):
        valid_aa = [mutation[0].upper(), mutation[-1].upper()]
        if structure_tools.AAA_DICT.get(resname, resname) not in valid_aa:
            logger.error(resname)
            logger.error(mutation)
            logger.error(structure_tools.AAA_DICT[resname])
            raise errors.MutationMismatchError()


    def _increment_vector(
            self, mutated_residue, mutated_atoms, partner_residue, contact_features_dict):
        # For each residue each atom of the mutated residue has to be checked
        for mutated_atom in mutated_atoms:
            mutated_atom_type = self._get_atom_type(mutated_residue.resname, mutated_atom)
            # And each partner residue and partner atom
            for partner_atom in partner_residue:
                r = structure_tools.calculate_distance(
                        mutated_atom, partner_atom, self.vdw_distance)
                if r is not None:
                    partner_atom_type = self._get_atom_type(partner_residue.resname, partner_atom)
                    if partner_atom_type == 'ignore':
                        continue
                    if mutated_atom_type == 'carbon' and partner_atom_type == 'carbon':
                        # The Van der Waals packing should be determined
                        # nonredundant. Thus, the atomic coordinates are
                        # used to keep track of which interactions where
                        # already counted. Does not matter as much for others.
                        contact_features_dict['carbon_contact'].append(tuple(partner_atom.coord))
                    if r <= self.min_contact_distance:
                        if mutated_atom_type == 'charged_plus' and partner_atom_type == 'charged_plus':
                            contact_features_dict['equal_charge'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'charged_minus' and partner_atom_type == 'charged_plus':
                            contact_features_dict['opposite_charge'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'charged_plus' and partner_atom_type == 'charged_minus':
                            contact_features_dict['opposite_charge'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'charged_minus' and partner_atom_type == 'charged_minus':
                            contact_features_dict['equal_charge'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'charged' and partner_atom_type == 'polar':
                            contact_features_dict['h_bond'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'polar' and partner_atom_type == 'charged':
                            contact_features_dict['h_bond'].append(tuple(mutated_atom.coord))
                        if mutated_atom_type == 'polar' and partner_atom_type == 'polar':
                            contact_features_dict['h_bond'].append(tuple(mutated_atom.coord))


    def _get_atom_type(self, residue, atom):
        """
        Checks what type of atom it is (i.e. charged, polar, carbon)

        In order to see what "interaction" type two atoms are forming, check the
        individual label which every atom in every residue has (see pdb file
        convention for an explanation of the labels).
        With this label, one can determine which atom of the residue one is looking
        at, and hence, one can determine which "interaction" two atoms are forming.
        """
        # This is based on the naming convention for the atoms in crystalography
        charged_plus  = ['NH1', 'NH2', 'NZ']
        # Label of negatively charged atoms
        charged_minus = ['OD1', 'OD2', 'OE1', 'OE2']
        # Label of polar atoms
        polar = ['OG', 'OG1', 'OD1', 'OD2', 'ND1', 'OE1', 'NE', 'NE1', 'NE2', 'ND1', 'ND2', 'SG', 'OH', 'O', 'N']

        if residue.upper() in ['ARG', 'R', 'LYS', 'K']:
            if atom.name in charged_plus:
                return 'charged_plus'

        if residue.upper() in ['ASP', 'D', 'GLU', 'E']:
            if atom.name in charged_minus:
                return 'charged_minus'

        if atom.name in polar:
            return 'polar'

        if atom.name[0] == 'C' or atom.name == 'SD':
            return 'carbon'

        return 'ignore'


    #%% SASA New
[docs]    def get_seasa(self):
        structure_file = self.get_structure_file(''.join(self.chain_ids))
        seasa_by_chain, seasa_by_residue = self._run_msms(structure_file)
        if len(self.chain_ids) > 1:
            seasa_by_chain_separately = []
            seasa_by_residue_separately = []
            for chain_id in self.chain_ids:
                structure_file = self.get_structure_file(chain_id)
                seasa_by_chain, seasa_by_residue = self._run_msms(structure_file)
                seasa_by_chain_separately.append(seasa_by_chain)
                seasa_by_residue_separately.append(seasa_by_residue)
            seasa_by_chain_separately = pd.concat(seasa_by_chain_separately, ignore_index=True)
            seasa_by_residue_separately = pd.concat(seasa_by_residue_separately, ignore_index=True)
            return [seasa_by_chain, seasa_by_chain_separately, seasa_by_residue, seasa_by_residue_separately]
        else:
            return [None, seasa_by_chain, None, seasa_by_residue]



    def _run_msms(self, filename):
        """ In the future, could add an option to measure residue depth
        using Bio.PDB.ResidueDepth().residue_depth()...
        """
        base_filename = op.splitext(filename)[0]

        # Convert pdb to xyz coordiates
        assert(os.path.isfile(op.join(self.working_dir, filename)))

        system_command = 'pdb_to_xyzrn {0}.pdb'.format(op.join(self.working_dir, base_filename))
        logger.debug('msms system command 1: %s' % system_command)
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        if return_code != 0:
            logger.debug('msms result 1:')
            logger.debug(result)
            logger.debug('msms error message 1:')
            logger.debug(error_message)
            logger.debug('naccess rc 1:')
            logger.debug(return_code)
            raise errors.MSMSError(error_message)
        else:
            with open(op.join(self.working_dir, base_filename + '.xyzrn'), 'w') as ofh:
                ofh.writelines(result)

        # Calculate SASA and SESA (excluded)
        probe_radius = 1.4
        system_command_string = (
            'msms '
            '-probe_radius {1:.1f} '
            '-surface ases '
            '-if {0}.xyzrn '
            '-af {0}.area')
        system_command = system_command_string.format(op.join(self.working_dir, base_filename), probe_radius)
        logger.debug('msms system command 2: %s' % system_command)
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        number_of_tries = 0
        while return_code != 0 and number_of_tries < 5:
            logger.error('MSMS exited with an error!')
            probe_radius -= 0.1
            logger.debug('Reducing probe radius to {}'.format(probe_radius))
            system_command = system_command_string.format(op.join(self.working_dir, base_filename), probe_radius)
            result, error_message, return_code = (
                helper.subprocess_check_output_locally(self.working_dir, system_command)
            )
            number_of_tries += 1
        if return_code != 0:
            logger.debug('msms result 2:')
            logger.debug(result)
            logger.debug('msms error message 2:')
            logger.debug(error_message)
            logger.debug('naccess rc 2:')
            logger.debug(return_code)
            raise errors.MSMSError(error_message)

        # Read and parse the output
        with open(op.join(self.working_dir, base_filename + '.area'), 'r') as fh:
            file_data = fh.readlines()
        file_data = [ [l.strip() for l in line.split()] for line in file_data]
        del file_data[0]

        msms_columns = [
            'atom_num', 'abs_sesa', 'abs_sasa', 'atom_id', 'res_name', 'res_num', 'pdb_chain'
        ]
        def msms_parse_row(row):
            parsed_row = [
                int(row[0]), float(row[1]), float(row[2]),
                row[3].split('_')[0].strip(),
                row[3].split('_')[1].strip(),
                row[3].split('_')[2],
                row[3].split('_')[3]
            ]
            return parsed_row

        file_data = [msms_parse_row(row) for row in file_data if row]
        seasa_df = pd.DataFrame(data=file_data, columns=msms_columns)
        seasa_df['atom_num'] = seasa_df['atom_num'].apply(lambda x: x + 1)
        seasa_df['rel_sasa'] = [
            x[0] / STANDARD_SASA.get(x[1], x[0]) * 100
            for x in zip(seasa_df['abs_sasa'], seasa_df['res_name'])
        ]

        seasa_gp_by_chain = seasa_df.groupby(['pdb_chain'])
        seasa_gp_by_residue = seasa_df.groupby(['pdb_chain', 'res_name', 'res_num'])
        seasa_by_chain = seasa_gp_by_chain.sum().reset_index()
        seasa_by_residue = seasa_gp_by_residue.sum().reset_index()

        return seasa_by_chain, seasa_by_residue


    #%% SASA Old
[docs]    def get_sasa(self, program_to_use='pops'):
        """Get Solvent Accessible Surface Area scores.

        .. note:: deprecated

            Use python:fn:`get_seasa` instead.

        """
        if program_to_use == 'naccess':
            run_sasa_atom = self._run_naccess_atom
        elif program_to_use == 'pops':
            run_sasa_atom = self._run_pops_atom
        else:
            raise Exception('Unknown program specified!')
        sasa_score_splitchains = {}
        for chain_id in self.chain_ids:
            sasa_score_splitchains.update(run_sasa_atom(chain_id + '.pdb'))
        sasa_score_allchains = run_sasa_atom(''.join(self.chain_ids) + '.pdb')
        return [sasa_score_splitchains, sasa_score_allchains]



    def _run_naccess_atom(self, filename):
        """
        NACESS is not used anymore.
        It is not reliable enough on a PDB-wide scale.
        """
        # run naccess
        system_command = ('naccess ' + filename)
        logger.debug('naccess system command: %s' % system_command)
        assert(os.path.isfile(self.working_dir + filename))
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        logger.debug('naccess result: {}'.format(result))
        logger.debug('naccess error: {}'.format(error_message))
        logger.debug('naccess rc: {}'.format(return_code))
        # Collect results
        sasa_scores = {}
        with open(self.working_dir + filename.split('.')[0] + '.rsa') as fh:
            for line in fh:
                row = line.split()
                if row[0] != 'RES':
                    continue
                try:
                    (line_id, res, chain, num, all_abs, all_rel,
                    sidechain_abs, sidechain_rel, mainchain_abs, mainchain_rel,
                    nonpolar_abs, nonpolar_rel, polar_abs, polar_rel) = row
                except ValueError as e:
                    print(e)
                    print(line)
                    print(row)
                sasa_scores.setdefault(chain, []).append(sidechain_rel) # percent sasa on sidechain
        return sasa_scores


    def _run_pops_atom(self, chain_id):
        # Use pops to calculate sasa score for the given chain
        termination, rc, e = self.__run_pops_atom(chain_id)
        if termination != 'Clean termination':
            logger.error('Pops error for pdb: %s, chains: %s: ' % (self.pdb_file, ' '.join(self.chain_ids),) )
            logger.error(e)
            raise errors.PopsError(e, self.pdb_file, self.chain_ids)
        else:
            logger.warning('Pops error for pdb: %s, chains: %s: ' % (self.pdb_file, ' '.join(self.chain_ids),) )
            logger.warning(e)

        # Read the sasa scores from a text file
        sasa_scores = self.__read_pops_atom(chain_id)
        return sasa_scores


    def __run_pops_atom(self, chain_id):
        system_command = ('pops --noHeaderOut --noTotalOut --atomOut --pdb {0}.pdb --popsOut {0}.out'.format(chain_id))
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        # The returncode can be non zero even if pops calculated the surface
        # area. In that case it is indicated by "clean termination" written
        # to the output. Hence this check:
        # if output[-1] == 'Clean termination' the run should be OK
        logger.debug('result: %s' % result)
        output = [ line for line in result.split('\n') if line != '' ]
        return output[-1], return_code, error_message


    def __read_pops_atom(self, chain_id):
        """
        Read pops sasa results atom by atom, ignoring all main chain atoms except for Ca
        """
        # The new way
        ignore = ['N', 'C', 'O']
        per_residue_sasa_scores = []
        current_residue_number = None
        total_sasa, total_sa = None, None # so pylint stops complaining
        with open(self.working_dir + chain_id + '.out', 'r') as fh:
            for line in fh:
                row = line.split()
                if len(row) != 11:
                    continue
                atom_number, atom_name, residue_name, chain, residue_number, sasa, __, __, __, __, sa = line.split()
                atom_number, residue_number, sasa, sa = int(atom_number), int(residue_number), float(sasa), float(sa)
                if atom_name in ignore:
                    continue
                if current_residue_number != residue_number:
                    if current_residue_number:
                        per_residue_sasa_scores.append(total_sasa / float(total_sa))
                    current_residue_number = residue_number
                    total_sasa = 0
                    total_sa = 0
                total_sasa += sasa
                total_sa += sa
            per_residue_sasa_scores.append(total_sasa / float(total_sa))
        return per_residue_sasa_scores


    #%% Secondary Structure
[docs]    def get_secondary_structure(self):
        return self.get_stride()



[docs]    def get_stride(self):
        structure_file = self.get_structure_file(''.join(self.chain_ids))
        stride_results_file = op.join(
            op.dirname(structure_file),
            structure_tools.get_pdb_id(structure_file) + '_stride_results.txt'
        )
        system_command = 'stride {} -f{}'.format(structure_file, stride_results_file)
        logger.debug('stride system command: %s' % system_command)
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        logger.debug('stride return code: %i' % return_code)
        logger.debug('stride result: %s' % result)
        logger.debug('stride error: %s' % error_message)
        # collect results
        with open(stride_results_file) as fh:
            file_data_df = pd.DataFrame(
                [[structure_tools.AAA_DICT[row.split()[1]], row.split()[2],
                  row.split()[3], int(row.split()[4]), row.split()[5]]
                for row in fh.readlines() if row[:3] == 'ASG'],
                columns=['amino_acid', 'chain', 'resnum', 'idx', 'ss_code'])
        return file_data_df



[docs]    def get_dssp(self):
        """Not used because crashes on server.
        """
        n_tries = 0
        return_code = -1
        while return_code != 0 and n_tries < 5:
            if n_tries > 0:
                logger.debug('Waiting for 1 minute before trying again...')
                time.sleep(60)
            system_command = ('dssp -v -i ' + ''.join(self.chain_ids) + '.pdb' + ' -o ' + 'dssp_results.txt')
            logger.debug('dssp system command: %s' % system_command)
            result, error_message, return_code = (
                helper.subprocess_check_output_locally(self.working_dir, system_command)
            )
            logger.debug('dssp return code: %i' % return_code)
            logger.debug('dssp result: %s' % result)
            logger.debug('dssp error: %s' % error_message)
            n_tries += 1
        if return_code != 0:
            if 'boost::thread_resource_error' in error_message:
                system_command = "rsync {0}{1}.pdb /home/kimlab1/strokach/tmp/elaspic_bad_pdbs/"
                helper.subprocess_check_output_locally(self.working_dir, system_command)
                raise errors.ResourceError(error_message)
        # collect results
        dssp_ss = {}
        dssp_acc = {}
        start = False
        with open(op.join(self.working_dir, 'dssp_results.txt')) as fh:
            for l in fh:
                row = l.split()
                if not row or len(row) < 2:
                    continue
                if row[1] == "RESIDUE":
                    start = True # Start parsing from here
                    continue
                if not start:
                    continue
                if l[9] == ' ':
                    continue # Skip -- missing residue
                # resseq, icode, chainid, aa, ss = int(l[5:10]), l[10], l[11], l[13], l[16]
                chainid, ss = l[11], l[16]
                if ss == ' ':
                    ss = '-'
                try:
                    acc = int(l[34:38])
                    #phi = float(l[103:109])
                    #psi = float(l[109:115])
                except ValueError as e:
                    # DSSP output breaks its own format when there are >9999
                    # residues, since only 4 digits are allocated to the seq num
                    # field.  See 3kic chain T res 321, 1vsy chain T res 6077.
                    # Here, look for whitespace to figure out the number of extra
                    # digits, and shift parsing the rest of the line by that amount.
                    if l[34] != ' ':
                        shift = l[34:].find(' ')
                        acc = int((l[34+shift:38+shift]))
                        #phi = float(l[103+shift:109+shift])
                        #psi = float(l[109+shift:115+shift])
                    else:
                        raise e
                dssp_ss.setdefault(chainid, []).append(ss) # percent sasa on sidechain
                dssp_acc.setdefault(chainid, []).append(acc)
        for key in list(dssp_ss.keys()):
            dssp_ss[key] = ''.join(dssp_ss[key])
        return dssp_ss, dssp_acc


    #%%

[docs]    def get_interchain_distances(self, pdb_chain=None, pdb_mutation=None, cutoff=None):
        """
        """
        model = self.sp.structure[0]
        shortest_interchain_distances = {}
        # Chain 1
        for i, chain_1_id in enumerate(self.sp.chain_ids):
            shortest_interchain_distances[chain_1_id] = {}
            chain_1 = model[chain_1_id]
            if pdb_chain:
                if chain_1_id == pdb_chain:
                    continue
                chain_2_ids = [pdb_chain]
            else:
                chain_2_ids = self.sp.chain_ids[i+1:]
            # Chain 2
            for chain_2_id in chain_2_ids:
                chain_2 = model[chain_2_id]
                min_r = cutoff
                # Residue 1
                for residue_1 in chain_1:
                    if (residue_1.resname not in structure_tools.AMINO_ACIDS or
                        residue_1.id[0] != ' '):
                            continue
                    # Residue 2
                    for residue_2_idx, residue_2 in enumerate(chain_2):
                        if (residue_2.resname not in structure_tools.AMINO_ACIDS or
                            residue_2.id[0] != ' '):
                                continue
                        if pdb_mutation:
                            if str(residue_2.id[1]) != pdb_mutation[1:-1]:
                                continue
                            if (structure_tools.convert_aa(residue_2.resname) != pdb_mutation[0] and
                                structure_tools.convert_aa(residue_2.resname) != pdb_mutation[-1]):
                                    logger.debug(pdb_mutation)
                                    logger.debug(structure_tools.convert_aa(residue_2.resname))
                                    logger.debug(residue_2.id)
                                    raise errors.MutationMismatchError()
                        # Atom 1
                        for atom_1 in residue_1:
                            # Atom 2
                            for atom_2 in residue_2:
                                r = structure_tools.calculate_distance(atom_1, atom_2, min_r)
                                if min_r is None or (r is not None and r < min_r):
                                    min_r = r

                shortest_interchain_distances[chain_1_id][chain_2_id] = min_r


        if not shortest_interchain_distances:
            logger.error(
                'get_interchain_distances({pdb_chain}, {pdb_mutation}, {cutoff}) failed!'
                .format(pdb_chain=pdb_chain, pdb_mutation=pdb_mutation, cutoff=cutoff)
            )
            raise Exception()

        _shortest_interchain_distances_complement = {}
        for key in shortest_interchain_distances:
            for key_2, value in shortest_interchain_distances[key].items():
                _shortest_interchain_distances_complement.setdefault(key_2, dict())[key] = value
        shortest_interchain_distances.update(_shortest_interchain_distances_complement)

        all_chains = {key for key in shortest_interchain_distances}
        all_chains.update(
            {key_2 for key in shortest_interchain_distances
             for key_2 in shortest_interchain_distances[key]}
        )

        if set(all_chains) != set(self.sp.chain_ids):
            logger.error(
                'get_interchain_distances({pdb_chain}, {pdb_mutation}, {cutoff}) failed!'
                .format(pdb_chain=pdb_chain, pdb_mutation=pdb_mutation, cutoff=cutoff)
            )
            logger.error('Did not calculate chain distances for all chain pairs!')
            logger.error('all_chains: {}'.format(all_chains))
            logger.error('self.sp.chain_ids: {}'.format(self.sp.chain_ids))
            raise Exception()

        for key_1, value_1 in shortest_interchain_distances.items():
            logger.debug(
                'Calculated interchain distances between chain {} and chains {}.'
                .format(key_1, ', '.join(list(value_1.keys()))))

        return shortest_interchain_distances


    #%%

[docs]    def get_interface_area(self, chain_ids):
        """
        """
        assert len(chain_ids) == 2

        termination, rc, e = self.__run_pops_area(self.get_structure_file(''.join(chain_ids)))
        if rc != 0:
            if termination != 'Clean termination':
                logger.error('Pops error for pdb: %s:' % self.pdb_file)
                logger.error(e)
                return [None, None, None]
        result = self.__read_pops_area(self.get_structure_file(''.join(chain_ids)) + '.out')

        # Distinguish the surface area by hydrophobic, hydrophilic, and total
        for item in result:
            if item[0] == 'hydrophobic:':
                hydrophobic = float(item[1])
            elif item[0] == 'hydrophilic:':
                hydrophilic = float(item[1])
            elif item[0] == 'total:':
                total = float(item[1])
        sasa_complex = hydrophobic, hydrophilic, total

        # calculate SASA for chain, i.e. part one of the complex:
        termination, rc, e = self.__run_pops_area(self.get_structure_file(chain_ids[0]))
        if rc != 0:
            if termination != 'Clean termination':
                logger.error('Error in pops for pdb: %s:' % self.pdb_file)
                logger.error(e)
                return [None, None, None]
        result = self.__read_pops_area(self.get_structure_file(chain_ids[0]) + '.out')

        # Distinguish the surface area by hydrophobic, hydrophilic, and total
        for item in result:
            if item[0] == 'hydrophobic:':
                hydrophobic = float(item[1])
            elif item[0] == 'hydrophilic:':
                hydrophilic = float(item[1])
            elif item[0] == 'total:':
                total = float(item[1])
        sasa_chain = hydrophobic, hydrophilic, total

        # calculate SASA for oppositeChain, i.e. the second part of the complex:
        termination, rc, e = self.__run_pops_area(self.get_structure_file(chain_ids[1]))
        if rc != 0:
            if termination != 'Clean termination':
                logger.error('Error in pops for pdb: %s:' % self.pdb_file)
                logger.error(e)
                return [None, None, None]
        result = self.__read_pops_area(self.get_structure_file(chain_ids[1]) + '.out')

        for item in result:
            if item[0] == 'hydrophobic:':
                hydrophobic = float(item[1])
            elif item[0] == 'hydrophilic:':
                hydrophilic = float(item[1])
            elif item[0] == 'total:':
                total = float(item[1])
        sasa_oppositeChain = hydrophobic, hydrophilic, total

        sasa = [ 0, 0, 0 ]
        # hydrophobic
        sasa[0] = (sasa_chain[0] + sasa_oppositeChain[0] - sasa_complex[0]) / 2.0
        # hydrophilic
        sasa[1] = (sasa_chain[1] + sasa_oppositeChain[1] - sasa_complex[1]) / 2.0
        # total
        sasa[2] = (sasa_chain[2] + sasa_oppositeChain[2] - sasa_complex[2]) / 2.0

        return sasa



    def __run_pops_area(self, full_filename):
        system_command = ('pops --chainOut'
            ' --pdb ' + full_filename +
            ' --popsOut ' + full_filename + '.out')
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.working_dir, system_command)
        )
        # The returncode can be non zero even if pops calculated the surface
        # area. In that case it is indicated by "clean termination" written
        # to the output. Hence this check:
        # if output[-1] == 'Clean termination' the run should be OK
        output = [ line for line in result.split('\n') if line != '' ]
        logger.debug(system_command)
#        logger.debug('pops result: %s' % result) # Prints the entire POPs output
#        logger.debug('pops error: %s' % e)
        error_message_1 = 'Warning: Atom distance too short! Probably incorrect POPS results!'
        if error_message_1 in error_message:
            logger.error(error_message_1)
        logger.debug('pops rc: %s' % return_code)
        return output[-1], return_code, error_message


    def __read_pops_area(self, filename):
        """
        This function parses POPS output that looks like this::

            === MOLECULE SASAs ===

            hydrophobic:    5267.01
            hydrophilic:    4313.68
            total:          9580.69

        """
        keep = ['hydrophobic:', 'hydrophilic:', 'total:']
        with open(filename, 'r') as pops:
            result = [ x.split(' ') for x in pops.readlines() if x != '' and x.split(' ')[0] in keep ]
            result = [ [ x.strip() for x in item if x != '' ] for item in result ]
        if not result or len(result) != 3:
            result = self.__read_pops_area_new(filename)
        return result


    def __read_pops_area_new(self, filename):
        """
        This function parses POPS output that looks like this::

            === MOLECULE SASAs ===

            Phob/A^2		Phil/A^2		Total/A^2
               5267.01	   4313.68	   9580.69

        """
        use_next_line = False
        with open(filename, 'r') as ifh:
            for line in ifh:
                if line.strip() == 'Phob/A^2\t\tPhil/A^2\t\tTotal/A^2':
                    use_next_line = True
                    continue
                if use_next_line:
                    row = line.strip().split()
                    result = [['hydrophobic:', row[0]], ['hydrophilic:', row[1]], ['total:', row[2]]]
                    break
        return result
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  Source code for elaspic.call_foldx

# -*- coding: utf-8 -*-
from __future__ import absolute_import
from __future__ import unicode_literals
from builtins import zip
from builtins import range
from builtins import object

import os.path as op
import shutil
import logging

from . import conf, errors, helper

logger = logging.getLogger(__name__)

names_rows_stability = [
    ['dg', 1],  # totalEnergy
    ['backbone_hbond', 2],
    ['sidechain_hbond', 3],
    ['van_der_waals', 4],
    ['electrostatics', 5],
    ['solvation_polar', 6],
    ['solvation_hydrophobic', 7],
    ['van_der_waals_clashes', 8],
    ['entropy_sidechain', 9],
    ['entropy_mainchain', 10],
    ['sloop_entropy', 11],
    ['mloop_entropy', 12],
    ['cis_bond', 13],
    ['torsional_clash', 14],
    ['backbone_clash', 15],
    ['helix_dipole', 16],
    ['water_bridge', 17],
    ['disulfide', 18],
    ['electrostatic_kon', 19],
    ['partial_covalent_bonds', 20],
    ['energy_ionisation', 21],
    ['entropy_complex', 22],
    ['number_of_residues', 23]
]
names_stability_wt = (
    [name + '_wt' for name in list(zip(*names_rows_stability))[0][:-1]] +
    ['number_of_residues'])
names_stability_mut = (
    [name + '_mut' for name in list(zip(*names_rows_stability))[0][:-1]] +
    ['number_of_residues'])

names_rows_stability_complex = (
    [['intraclashes_energy_1', 3], ['intraclashes_energy_2', 4], ] +
    [[x[0], x[1] + 4] for x in names_rows_stability]
)
names_stability_complex_wt = (
    [name + '_wt' for name in list(zip(*names_rows_stability_complex))[0][:-1]] +
    ['number_of_residues'])
names_stability_complex_mut = (
    [name + '_mut' for name in list(zip(*names_rows_stability_complex))[0][:-1]] +
    ['number_of_residues'])


[docs]class FoldX(object):

    def __init__(self, pdb_file, chain_id, foldx_dir=None):
        """
        """
        self.pdb_filename = op.basename(pdb_file)
        self.chain_id = chain_id
        if foldx_dir is None:
            self.foldx_dir = conf.configs['foldx_dir']
        else:
            self.foldx_dir = foldx_dir
        self.foldx_runfile = op.join(self.foldx_dir, 'runfile_FoldX.txt')

[docs]    def __call__(self, whatToRun, mutCodes=[]):
        """
        Select which action should be performed by FoldX by setting `whatToRun`.

        Possible values are:

            - AnalyseComplex
            - Stability
            - RepairPDB
            - BuildModel

        See the `FoldX manual`_ for an explanation on what they do.

        .. _FoldX manual: http://foldx.crg.es/manual3.jsp
        """
        logger.debug('Running FoldX {}'.format(whatToRun))
        self.__write_runfile(self.pdb_filename, self.chain_id, whatToRun, mutCodes)
        self.__run_runfile()
        if whatToRun == 'AnalyseComplex':
            return self.__read_result(
                op.join(self.foldx_dir, 'Interaction_AnalyseComplex_resultFile.txt'), whatToRun)
        elif whatToRun == 'Stability':
            return self.__read_result(
                op.join(self.foldx_dir, 'Stability.txt'), whatToRun)
        elif whatToRun == 'RepairPDB':
            return op.join(self.foldx_dir, 'RepairPDB_' + self.pdb_filename)
        elif whatToRun == 'BuildModel':
            # see the FoldX manual for the naming of the generated structures
            if conf.configs['foldx_num_of_runs'] == 1:
                mutants = [op.join(self.foldx_dir, self.pdb_filename[:-4] + '_1.pdb'), ]
                wiltype = [op.join(self.foldx_dir, 'WT_' + self.pdb_filename[:-4] + '_1.pdb'), ]
                results = [wiltype, mutants]
            else:
                mutants = [
                    op.join(self.foldx_dir, self.pdb_filename[:-4] + '_1_' + str(x) + '.pdb')
                    for x in range(0, conf.configs['foldx_num_of_runs'])
                ]
                wiltype = [
                    op.join(
                        self.foldx_dir,
                        'WT_' + self.pdb_filename[:-4] + '_1_' + str(x) + '.pdb')
                    for x in range(0, conf.configs['foldx_num_of_runs'])
                ]
                results = [wiltype, mutants]
            return results


    def __write_runfile(self, pdbFile, chainID, whatToRun, mutCodes):
        if whatToRun == 'AnalyseComplex':
            copy_filename = 'run-analyseComplex.txt'
            command_line = '<AnalyseComplex>AnalyseComplex_resultFile.txt,{chainID};'\
                .format(chainID=chainID)
            output_pdb = 'false'
        elif whatToRun == 'Stability':
            copy_filename = 'run-stability.txt'
            command_line = '<Stability>Stability.txt;'
            output_pdb = 'false'
        elif whatToRun == 'RepairPDB':
            copy_filename = 'run-repair.txt'
            command_line = '<RepairPDB>#;'
            output_pdb = 'true'
        elif whatToRun == 'BuildModel':
            copy_filename = 'run-build.txt'
            # file_with_mutations = 'mutant_file.txt'
            file_with_mutations = 'individual_list.txt'
            with open(op.join(self.foldx_dir, file_with_mutations), 'w') as fh:
                fh.writelines(','.join(mutCodes) + ';\n')
            command_line = '<BuildModel>BuildModel,{file_with_mutations};'\
                .format(file_with_mutations=file_with_mutations)
            output_pdb = 'true'

        foldX_runfile = (
            '<TITLE>FOLDX_runscript;\n'
            '<JOBSTART>#;\n'
            '<PDBS>{pdbFile};\n'
            '<BATCH>#;\n'
            '<COMMANDS>FOLDX_commandfile;\n'
            '{command_line}\n'
            '<END>#;\n'
            '<OPTIONS>FOLDX_optionfile;\n'
            '<Temperature>298;\n'
            '<R>#;\n'
            '<pH>7;\n'
            '<IonStrength>0.050;\n'
            '<numberOfRuns>{buildModel_runs};\n'
            '<water>{water};\n'
            '<metal>-CRYSTAL;\n'
            '<VdWDesign>2;\n'
            '<pdb_waters>false;\n'
            '<OutPDB>{output_pdb};\n'
            '<pdb_hydrogens>false;\n'
            '<END>#;\n'
            '<JOBEND>#;\n'
            '<ENDFILE>#;\n').replace(' ', '').format(
                pdbFile=pdbFile,
                command_line=command_line,
                buildModel_runs=conf.configs['foldx_num_of_runs'],
                water=conf.configs['foldx_water'],
                output_pdb=output_pdb)

        # This just makes copies of the runfiles for debugging...
        with open(self.foldx_runfile, 'w') as f:
            f.write(foldX_runfile)
        shutil.copy(self.foldx_runfile, op.join(self.foldx_dir, copy_filename))

    def __run_runfile(self):
        """
        TODO: Add a fallback plan using libfaketime.
        """
#        system_command = './FoldX.linux64 -runfile ' + self.foldx_runfile
        system_command = 'foldx -runfile ' + self.foldx_runfile
        logger.debug('FoldX system command: {}'.format(system_command))
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(self.foldx_dir, system_command)
        )
        if error_message:
            logger.debug('foldx result: {}'.format(result))
            logger.error('foldx error message: {}'.format(error_message))
            if 'Cannot allocate memory' in error_message:
                raise errors.ResourceError(error_message)
        if 'There was a problem' in result:
            logger.error('foldx result: {}'.format(result))
            if 'Specified residue not found.' in result:
                raise errors.MutationMismatchError()

    def __read_result(self, outFile, whatToRead):
        with open(outFile, 'r') as f:
            lines = f.readlines()
            line = lines[-1].split('\t')
            if whatToRead == 'BuildModel':
                total_energy_difference = line[1]
                return total_energy_difference
            if whatToRead == 'Stability':
                stability_values = [
                    line[x[1]].strip() for x in names_rows_stability
                ]
                return stability_values
            if whatToRead == 'AnalyseComplex':
                complex_stability_values = [
                    line[x[1]].strip() for x in names_rows_stability_complex
                ]
                return complex_stability_values
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  Source code for elaspic.pipeline

# -*- coding: utf-8 -*-
import os
import json
import six
import logging
from functools import wraps

from . import conf, helper

logger = logging.getLogger(__name__)
configs = conf.Configs()

ELASPIC_LOGO = """

8888888888 888             d8888  .d8888b.  8888888b. 8888888 .d8888b.
888        888            d88888 d88P  Y88b 888   Y88b  888  d88P  Y88b
888        888           d88P888 Y88b.      888    888  888  888    888
8888888    888          d88P 888  "Y888b.   888   d88P  888  888
888        888         d88P  888     "Y88b. 8888888P"   888  888
888        888        d88P   888       "888 888         888  888    888
888        888       d8888888888 Y88b  d88P 888         888  Y88b  d88P
8888888888 88888888 d88P     888  "Y8888P"  888       8888888 "Y8888P"

"""


# %%
[docs]class Pipeline:

    def __init__(self, configurations):
        """
        It should be possible to initialize one pipeline and call it in parallel using different
        mutations as input.
        """
        # Read the configuration file and set the variables
        if isinstance(configurations, six.string_types):
            conf.read_configuration_file(configurations)
        elif isinstance(configurations, dict):
            configs.update(**configurations)

        self._validate_temp_path()

        # Initialize a logger
        for line in ELASPIC_LOGO.split('\n'):
            logger.info(line)

        self.PWD = os.getcwd()

        # Each one leads to the next...
        self.seqrecords = []
        self.sequences = {}
        self.models = {}
        self.predictions = {}

    def _validate_temp_path(self):
        """
        Make sure that we are using a job specific temporary folder if we are on a cluster.

        TODO: Remove so error message does not appear in a production release.
        """
        hostname = helper.get_hostname()
        no_job_specific_folder = configs['temp_dir'].startswith(configs['global_temp_dir'])
        on_node_with_manditory_job_specific_folder = (
            any([(x.lower() in hostname) for x in ['node', 'behemoth', 'grendel', 'beagle']])
        )
        if no_job_specific_folder and on_node_with_manditory_job_specific_folder:
            raise Exception(
                'You should be using a temp folder that it specific to the particular job!')


# %%

_instances = {}


[docs]def execute_and_remember(f):
    """ Some basic memoizer.
    """
    def f_new(*args):
        key = tuple([f] + list(args))
        if key in _instances:
            return _instances[key].result

        else:
            instance = f(*args)
            if instance:
                with instance:
                    instance.run()
            _instances[key] = instance
            return _instances[key].result

    return f_new


# %%

[docs]class Foo:
    def __init__(self):
        self.info = ["I as so great!"]
        print(self.info)

    def __enter__(self):
        self.info.append('I entered')
        print(self.info)

[docs]    def run(self):
        self.info.append('And I ran')
        print(self.info)
        raise Exception('Oh oh,,,')


    def __exit__(self, *exc):
        self.info.append('And I exited')
        print(self.info)
        print(exc)
        return True

    def __bool__(self):
        print(self.info)
        return True


# %%

[docs]def lock(fn):
    """
    Allow only a single instance of function `fn`,
    and save results to a lock file.
    """
    @wraps(fn)
    def locked_fn(self, *args, **kwargs):
        """

        Returns
        -------
        lock_filename : str
            Lock file that contains function output in json format.

        """
        # Get the lock filename
        if fn.__name__ == 'calculate_provean':
            lock_filename = '{}{}_provean.json'.format(self.pdb_id, args[0])
        elif fn.__name__ == 'calculate_model':
            lock_filename = '{}_modeller.json'.format(self.pdb_id)
        elif fn.__name__ == 'calculate_mutation':
            lock_filename = '{}{}_mutation_{}.json'.format(self.pdb_id, args[0], args[1])
        else:
            raise Exception("Function {} is not supported!".format(fn))

        # Make sure that we can get exclusive rights on the lock
        try:
            lock = open(lock_filename, 'x')
        except FileExistsError:
            try:
                results = json.load(open(lock_filename, 'r'))
                info_message = (
                    "Results have already been calculated and are in file: '{}'.\n"
                    .format(lock_filename, results)
                )
                logger.info(info_message)
                return lock_filename, results
            except ValueError:
                info_message = (
                    "Another process is currently running this function.\n"
                    "If you believe this is an error, delete lock file '{}' and try again."
                    .format(lock_filename)
                )
                logger.info(info_message)
                return lock_filename, None

        # Run the function and write results
        try:
            results = fn(self, *args, **kwargs)
            json.dump(results, lock)
            lock.close()
            return lock_filename, results
        except:
            lock.close()
            os.remove(lock.name)
            raise

    return locked_fn
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  Source code for elaspic.elaspic_sequence

# -*- coding: utf-8 -*-
import re
import os
import os.path as op
import requests
import psutil
import time
import shutil
import logging
import atexit
import six

from Bio import SeqIO
from Bio.Seq import Seq
from Bio.SeqRecord import SeqRecord

from . import conf, helper, errors

logger = logging.getLogger(__name__)
configs = conf.Configs()


# %% Sequence tools
[docs]def download_uniport_sequence(uniprot_id, output_dir):
    """
    """
    output_file = op.join(output_dir, uniprot_id + '.fasta')

    # If the file already exists, do nothing...
    if op.isfile(output_file):
        logger.debug('Sequence file {} already exists...'.format(output_file))
        return output_file

    logger.debug('Downloading sequence {}...'.format(uniprot_id + '.fasta'))
    address = 'http://www.uniprot.org/uniprot/{}.fasta'.format(uniprot_id)
    r = requests.get(address)
    if r.status_code == 200:
        with open(output_file, 'w') as ofh:
            ofh.write(r.text)
        return output_file



[docs]def convert_basestring_to_seqrecord(sequence, sequence_id='id'):
    if any([isinstance(sequence, string_type) for string_type in six.string_types]):
        seqrec = SeqRecord(Seq(sequence), id=str(sequence_id))
    elif isinstance(sequence, Seq):
        seqrec = SeqRecord(sequence, id=str(sequence_id))
    elif isinstance(sequence, SeqRecord):
        seqrec = sequence
    else:
        raise Exception("Wrong class type %s for ``sequence``" % str(type(sequence)))
    return seqrec


# %%

[docs]class Sequence:
    """
    Class for calculating sequence level features.
    """

    def __init__(self, sequence_file, provean_supset_file=None):
        """

        Parameters
        ----------
        sequence_file : str
            Full filename of the file containing the protein sequence.
            Only fasta format is supported.
        provean_supset_file : str
            Full path and
        """
        logger.debug('Initialising a Sequence instance with parameters:')
        logger.debug('sequence_file: {}'.format(sequence_file))
        logger.debug('provean_supset_file: {}'.format(provean_supset_file))

        self.sequence_file = sequence_file
        self.seqrecord = SeqIO.read(self.sequence_file, 'fasta')
        self.protein_id = helper.slugify(self.seqrecord.id)
        self.sequence = str(self.seqrecord.seq)

        # Provean supset
        if provean_supset_file is not None and provean_supset_file != self.provean_supset_file:
            shutil.copy(provean_supset_file, self.provean_supset_file)
            shutil.copy(provean_supset_file, self.provean_supset_file + '.fasta')
        if not self.provean_supset_exists:
            logger.debug('Calculating provean supset...')
            self._build_provean_supset()
        else:
            logger.debug('Provean supset is already calculated!')
        self.provean_supset_length = self._get_provean_supset_length()

        # Mutations
        self.mutations = {}

[docs]    def mutate(self, mutation):
        if mutation in self.mutations:
            return self.mutations[mutation]

        if mutation[0] != self.sequence[int(mutation[1:-1])-1]:
            logger.error('sequence: {}'.format(self.sequence))
            logger.error('mutation: {}'.format(mutation))
            raise errors.MutationMismatchError()

        results = dict(
            protein_id=self.protein_id,
            mutation=mutation,
            provean_score=self._run_provean(mutation),
            matrix_score=self.score_pairwise(mutation[0], mutation[-1])
        )
        return results


    @property
    def provean_supset_file(self):
        return op.join(
            configs['sequence_dir'],
            helper.slugify(self.protein_id + '_provean_supset')
        )

    @property
    def provean_supset_exists(self):
        return (
            op.isfile(self.provean_supset_file) and
            op.isfile(self.provean_supset_file + '.fasta')
        )

    @property
    def result(self):
        result = dict(
            protein_id=self.protein_id,
            sequence=self.sequence,
            sequence_file=self.sequence_file,
            provean_supset_exists=self.provean_supset_exists,
            provean_supset_file=self.provean_supset_file,
            provean_supset_length=self.provean_supset_length,
            mutations=self.mutations,
        )
        return result

    def _build_provean_supset(self):
        """
        """
        logger.debug('Building Provean supporting set. This might take a while...')
        atexit.register(_clear_provean_temp)

        # Get the required parameters
        any_position = 0
        while self.sequence[any_position] not in helper.canonical_amino_acids:
            any_position += 1
        first_aa = self.sequence[any_position]
        mutation = '{0}{1}{0}'.format(first_aa, any_position+1)

        # Run provean
        provean_score = self._run_provean(
            mutation, save_supporting_set=True, check_mem_usage=True
        )
        return provean_score
#        provean_supset_length = None
#        for line in result.split('\n'):
#            if 'Number of supporting sequences used:' in line:
#                provean_supset_length = int(line.split()[-1])
#        if provean_supset_length is None:
#            logger.error('Provean supporting set length could not be estimated.
#            This is an error!')
#            logger.error('Provean result: {}'.format(result))
#            logger.error('Provean error_message: {}'.format(error_message))
#            logger.error('Provean return_code: {}'.format(return_code))
#            logger.error('Protein sequence: {}'.format(self.sequence))
#            logger.error('Protein mutation: {}'.format(mutation))
#
#        logger.info('Provean supset length: {}'.format(provean_supset_length))
#        return provean_supset_length

    def _get_provean_supset_length(self):
        provean_supset_length = 0
        with open(self.provean_supset_file) as fh:
            for line in fh:
                if line and not line.startswith('#'):
                    provean_supset_length += 1
        return provean_supset_length

    def _run_provean(self, mutation, save_supporting_set=False, check_mem_usage=False):
        """
        Provean results look something like this::

            #[23:28:34] clustering subject sequences...
            #[23:28:34] selecting clusters...
            #[23:28:34] 0 subject sequences in 0 clusters were selected for supporting sequences.
            #[23:28:34] use the query itself as a supporting sequence
            #[23:28:34] loading subject sequences from a FASTA file...
            #[23:28:34] scores were computed based on the query sequence itself.
            ## Number of clusters:	1
            ## Number of supporting sequences used:	1
            #[23:28:34] computing delta alignment scores...
            #[23:28:34] printing PROVEAN scores...
            ### PROVEAN scores ##
            ## VARIATION	SCORE
            #M1A	-6.000

        Parameters
        ----------
        domain_mutation : string
            Mutation in domain coordinates (i.e. relative to the start of the domain)

        Returns
        -------
        list
            [result, error_message, return_code] --
            The output from running a provean system command.

        Raises
        ------
        errors.ProveanError
            Can raise this exception only if ``check_mem_usage`` is set to ``True``.
        """

        if check_mem_usage:
            # Get initial measurements of how much virtual memory and disk space is availible
            disk_space_availible = psutil.disk_usage(configs['provean_temp_dir']).free / (1024**3)
            logger.debug('Disk space availible: {:.2f} GB'.format(disk_space_availible))
            if disk_space_availible < 5:
                raise errors.ProveanError(
                    'Not enough disk space ({:.2f} GB) to run provean'
                    .format(disk_space_availible))
            memory_availible = psutil.virtual_memory().available / float(1024)**3
            logger.debug('Memory availible: {:.2f} GB'.format(memory_availible))
            if memory_availible < 0.5:
                raise errors.ProveanError(
                    'Not enough memory ({:.2f} GB) to run provean'
                    .format(memory_availible))

        # Create a file with mutation
        mutation_file = op.join(configs['sequence_dir'], '{}.var'.format(mutation))
        with open(mutation_file, 'w') as ofh:
            ofh.write(mutation)

        # Run provean
        system_command = (
            "provean " +
            " -q '{}' ".format(self.sequence_file) +
            " -v '{}' ".format(mutation_file) +
            " -d " + op.join(configs['blast_db_dir'], 'nr') +
            " --tmp_dir '{}' ".format(configs['provean_temp_dir']) +
            " --num_threads {} ".format(configs['n_cores']) +
            " --psiblast '{}' ".format(helper.get_which('psiblast')) +
            " --blastdbcmd '{}' ".format(helper.get_which('blastdbcmd')) +
            " --cdhit '{}' ".format(helper.get_which('cd-hit'))
        )

        if self.provean_supset_exists:
            # use supporting set
            system_command += " --supporting_set '{}' ".format(self.provean_supset_file)
        else:
            system_command += " --save_supporting_set '{}' ".format(self.provean_supset_file)

        logger.debug(system_command)
        child_process = helper.run_subprocess_locally(configs['sequence_dir'], system_command)

        logger.debug('Parent group id: {}'.format(os.getpgrp()))
        child_process_group_id = os.getpgid(child_process.pid)
        logger.debug('Child group id: {}'.format(child_process_group_id))

        # Keep an eye on provean to make sure it doesn't do anything crazy
        time.sleep(5)
        while check_mem_usage and child_process.poll() is None:
            disk_space_availible_now = (
                psutil.disk_usage(configs['provean_temp_dir']).free / float(1024)**3
            )
            if disk_space_availible_now < 5:  # less than 5 GB of free disk space left
                raise errors.ProveanResourceError(
                    'Ran out of disk space and provean had to be terminated ({} GB used)'
                    .format(disk_space_availible-disk_space_availible_now),
                    child_process_group_id)
            memory_availible_now = (
                psutil.virtual_memory().available / float(1024)**3
            )
            if memory_availible_now < 0.5:
                raise errors.ProveanResourceError(
                    'Ran out of RAM and provean had to be terminated ({} GB left)'
                    .format(memory_availible - memory_availible_now),
                    child_process_group_id)
            time.sleep(60)  # Wait for 1 minute before checking again

        # Collect the results and check for errors
        result, error_message, return_code = helper.subprocess_communicate(child_process)
        logger.debug(result)

        # Extract provean score from the results message
        provean_score = None
        result_list = result.split('\n')
        for i in range(len(result_list)):
            if re.findall('# VARIATION\s*SCORE', result_list[i]):
                provean_score = float(result_list[i+1].split()[-1])
                break

        if return_code != 0 or provean_score is None:
            logger.error('return_code: {}'.format(return_code))
            logger.error('provean_score: {}'.format(provean_score))
            logger.error('error_message: {}'.format(error_message))
            raise errors.ProveanError(error_message)

        return provean_score

    # === Other sequence scores ===

[docs]    def score_pairwise(self, seq1, seq2, matrix=None, gap_s=None, gap_e=None):
        """Get the BLOSUM (or what ever matrix is given) score.
        """
        matrix = matrix or configs['matrix']
        gap_s = gap_s or configs['gap_start']
        gap_e = gap_e or configs['gap_extend']

        score = 0
        gap = False
        for i in range(len(seq1)):
            pair = (seq1[i], seq2[i])
            if not gap:
                if '-' in pair:
                    gap = True
                    score += gap_s
                else:
                    score += self._score_match(pair, matrix)
            else:
                if '-' not in pair:
                    gap = False
                    score += self._score_match(pair, matrix)
                else:
                    score += gap_e
        return score


    def _score_match(self, pair_match, matrix_match):
        """
        """
        if pair_match not in matrix_match:
            return matrix_match[(tuple(reversed(pair_match)))]
        else:
            return matrix_match[pair_match]



def _clear_provean_temp():
    provean_temp_dir = configs['provean_temp_dir']
    logger.info("Clearning provean temporary files from '{}'...".format(provean_temp_dir))
    for filename in os.listdir(provean_temp_dir):
        file_path = os.path.join(provean_temp_dir, filename)
        try:
            if os.path.isfile(file_path):
                os.unlink(file_path)
            elif os.path.isdir(file_path):
                shutil.rmtree(file_path)
        except Exception as e:
            print(e)
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  Source code for elaspic.conf

# -*- coding: utf-8 -*-
from __future__ import unicode_literals

import os
import os.path as op
import subprocess
import tempfile
import logging
import re

from configparser import SafeConfigParser, NoOptionError
from Bio.SubsMat import MatrixInfo

from . import DATA_DIR, helper

logger = logging.getLogger(__name__)


# %%
# Dictionary of configuration values used throughout the ELASPIC pipeline

[docs]class Singleton(type):
    instance = None

    def __call__(cls, *args, **kw):
        if not cls.instance:
            cls.instance = super(Singleton, cls).__call__(*args, **kw)
        return cls.instance


# %%

[docs]class Configs:
    """A singleton class that keeps track of ELASPIC configuration settings.
    """
    class _Configs:
        pass

    _configs = None

    def __init__(self):
        if Configs._configs is None:
            Configs._configs = Configs._Configs()

    def __getitem__(self, key):
        return getattr(Configs._configs, key)

    def __getattr__(self, key):
        return getattr(Configs._configs, key)

    def __setitem__(self, key, value):
        setattr(Configs._configs, key, value)

    def __setattr__(self, key, value):
        setattr(Configs._configs, key, value)

    def __dir__(self):
        return sorted(set(Configs.__dict__.keys()) | set(Configs._configs.__dict__.keys()))

[docs]    def update(self, **kwargs):
        logger.debug(
            'The following configurations will be overwritten: {}'
            .format(set(Configs._configs.__dict__) & set(kwargs))
        )
        Configs._configs.__dict__.update(kwargs)


[docs]    def keys(self):
        return Configs._configs.__dict__.keys()


[docs]    def values(self):
        return Configs._configs.__dict__.values()


[docs]    def items(self):
        return Configs._configs.__dict__.items()


[docs]    def clear(self):
        Configs._configs = Configs._Configs


[docs]    def get(self, key, fallback=None):
        try:
            return getattr(Configs._configs, key)
        except AttributeError:
            return fallback


[docs]    def copy(self):
        return Configs._configs.__dict__.copy()


# %%


configs = Configs()


[docs]def read_configuration_file(config_file, unique_temp_dir=None):
    if not os.path.isfile(config_file):
        raise Exception("The configuration file '{}' does not exist!".format(config_file))

    configParser = SafeConfigParser(
        defaults={
            'global_temp_dir': '/tmp',
            'elaspic_foldername': 'elaspic',
            'archive_foldername': 'archive',
            'debug': 'False',
            'look_for_interactions': 'True',
            'remake_provean_supset': 'False',
            'n_cores': '1',
            'web_server': 'False',
            'copy_data': 'True',
            'allow_internet': 'False',
            'testing': 'False',
        })
    configParser.read(config_file)

    # ### [DEFAULT] ###

    # These settings won't change most of the time.
    configs['global_temp_dir'] = configParser.get('DEFAULT', 'global_temp_dir')
    configs['elaspic_foldername'] = configParser.get('DEFAULT', 'elaspic_foldername')
    configs['debug'] = configParser.getboolean('DEFAULT', 'debug')
    configs['look_for_interactions'] = _parse_look_for_interactions(
        configParser.get('DEFAULT', 'look_for_interactions'))
    configs['remake_provean_supset'] = configParser.getboolean('DEFAULT', 'remake_provean_supset')
    configs['n_cores'] = configParser.getint('DEFAULT', 'n_cores')
    configs['web_server'] = configParser.get('DEFAULT', 'web_server')
    configs['copy_data'] = configParser.getboolean('DEFAULT', 'copy_data')
    configs['allow_internet'] = configParser.getboolean(
        'DEFAULT', 'allow_internet')
    configs['testing'] = configParser.getboolean('DEFAULT', 'testing')

    # Temporary directories
    configs['temp_dir'] = get_temp_dir(configs['global_temp_dir'], 'elaspic')
    os.makedirs(configs['temp_dir'], exist_ok=True)
    if unique_temp_dir is not None:
        configs['unique_temp_dir'] = unique_temp_dir
    else:
        configs['unique_temp_dir'] = configParser.get(
            'SETTINGS', 'unique_temp_dir',
            fallback=tempfile.mkdtemp(prefix='', dir=configs['temp_dir'])
        )
    configs['unique'] = op.basename(configs['unique_temp_dir'])
    configs['data_dir'] = configParser.get('SETTINGS', 'data_dir', fallback=DATA_DIR)

    # ### [DATABASE]
    if configParser.has_section('DATABASE'):
        read_database_configs(configParser)

    # ### [SEQUENCE]
    if configParser.has_section('SEQUENCE'):
        read_sequence_configs(configParser)

    # ### [MODEL]
    if configParser.has_section('MODEL'):
        read_model_configs(configParser)

    # TODO: Update `unique_temp_dir` and dependencies.
    _prepare_temp_folders(configs)



[docs]def read_database_configs(configParser):
    """[DATABASE]
    """
    # Database
    configs['db_type'] = configParser.get('DATABASE', 'db_type')
    configs['db_is_immutable'] = configParser.get('DATABASE', 'db_is_immutable', fallback=False)
    if configs['db_type'] == 'sqlite':
        configs['sqlite_db_path'] = configParser.get('DATABASE', 'sqlite_db_path')
    elif configs['db_type'] in ['mysql', 'postgresql']:
        configs['db_schema'] = configParser.get('DATABASE', 'db_schema')
        configs['db_schema_uniprot'] = (
            configParser.get('DATABASE', 'db_schema_uniprot', fallback=configs['db_schema']))
        configs['db_database'] = configParser.get('DATABASE', 'db_database', fallback='')
        configs['db_username'] = configParser.get('DATABASE', 'db_username')
        configs['db_password'] = configParser.get('DATABASE', 'db_password')
        configs['db_url'] = configParser.get('DATABASE', 'db_url')
        configs['db_port'] = configParser.get('DATABASE', 'db_port')
        configs['db_socket'] = _get_db_socket(configParser, configs)
    else:
        raise Exception("Only `MySQL`, `PostgreSQL`, and `SQLite` databases are supported!")

    # Archive folder
    configs['archive_type'] = configParser.get('DATABASE', 'archive_type', fallback='directory')
    configs['archive_dir'] = configParser.get('DATABASE', 'archive_dir')
    # supported archive types are 'directory' and 'archive'
    configs['archive_temp_dir'] = op.join(configs['temp_dir'], 'archive')



[docs]def read_sequence_configs(configParser):
    """[SEQUENCE]
    """
    configs['sequence_dir'] = configParser.get(
        'SEQUENCE', 'sequence_dir',
        fallback=op.join(configs['unique_temp_dir'], 'sequence')
    )
    configs['provean_temp_dir'] = op.join(configs['sequence_dir'], 'provean_temp')
    _validate_provean_temp_dir(configParser, configs)

    configs['pdb_dir'] = configParser.get('SEQUENCE', 'pdb_dir')
    configs['blast_db_dir'] = configParser.get('SEQUENCE', 'blast_db_dir')
    configs['blast_db_dir_fallback'] = (
        configParser.get('SEQUENCE', 'blast_db_dir_fallback', fallback=''))
    _validate_blast_db_dir(configs)



[docs]def read_model_configs(configParser):
    """[MODEL]
    """
    configs['model_dir'] = configParser.get(
        'MODEL', 'model_dir',
        fallback=op.join(configs['unique_temp_dir'], 'model')
    )
    configs['tcoffee_dir'] = op.join(configs['model_dir'], 'tcoffee')

    # Modeller
    configs['modeller_dir'] = op.join(configs['model_dir'], 'modeller')
    configs['modeller_runs'] = configParser.getint('MODEL', 'modeller_runs')

    # FoldX
    configs['foldx_water'] = configParser.get('MODEL', 'foldx_water')
    configs['foldx_num_of_runs'] = configParser.getint('MODEL', 'foldx_num_of_runs')
    configs['matrix_type'] = configParser.get('MODEL', 'matrix_type')
    configs['gap_start'] = configParser.getint('MODEL', 'gap_start')
    configs['gap_extend'] = configParser.getint('MODEL', 'gap_extend')
    configs['matrix'] = getattr(MatrixInfo, configs['matrix_type'])



def _validate_provean_temp_dir(configParser, configs):
    """
    Some nodes on the cluster have a very limited amount of memory for temp storage.
    When working on those nodes, you sould use a remote location for temp storage. This is slow,
    but at least it ensures that you don't crush the nodes by filling up the hard drive.
    However, the most serious problem should be fixed with an up-to-date version of cd-hit.
    (Older versions could go into an infinite loop and generate huge temp files).
    """
    hostname = helper.get_hostname()
    if (('node' in hostname) or ('grendel' in hostname) or ('behemoth' in hostname)):
        try:
            configs['provean_temp_dir'] = configParser.get('SETTINGS', 'provean_temp_dir')
        except configParser.NoOptionError:
            message = (
                "The 'provean_temp_dir' option is required "
                "if you are running on one of hte bc nodes!"
            )
            logger.error(message)
            raise


def _prepare_temp_folders(configs):
    for key, value in configs.items():
        if key.endswith('_dir') and not re.match('{.*}', value):
            logger.debug("Creating '{}' folder: {}...".format(key, value))
            os.makedirs(value, exist_ok=True)


def _validate_blast_db_dir(configs):
    """
    Make sure that configs['blast_db_path'] exists and contains a blast database.
    """
    def blast_db_dir_isvalid(blast_db_dir):
        return op.isdir(blast_db_dir) and op.isfile(op.join(blast_db_dir, 'nr.pal'))

    if blast_db_dir_isvalid(configs['blast_db_dir']):
        pass
    elif blast_db_dir_isvalid(configs['blast_db_dir_fallback']):
        message = (
            "Using 'blast_db_dir_fallback' because 'blast_db_dir' is not valid!\n"
            "blast_db_dir: {}\n"
            "blast_db_dir_fallback: {}"
            .format(configs['blast_db_dir'], configs['blast_db_dir_fallback'])
        )
        logger.info(message)
        configs['blast_db_dir'] = configs['blast_db_dir_fallback']
    else:
        message = (
            "Both 'blast_db_dir' and 'blast_db_dir_fallback' are not valid!"
            "blast_db_dir: {}\n"
            "blast_db_dir_fallback: {}"
            .format(configs['blast_db_dir'], configs['blast_db_dir_fallback'])
        )
        logger.error(message)


def _parse_look_for_interactions(look_for_interactions):
    if look_for_interactions in ['True', 'False']:
        return int(look_for_interactions == 'True')
    elif look_for_interactions.isnumeric():
        return int(look_for_interactions)
    else:
        raise Exception()


def _get_db_socket(configParser, configs):
    """
    # MySQL: ?unix_socket=/usr/local/mysql5/mysqld.sock
    # PostgreSQL: ?host=/var/lib/postgresql
    """
    socket_prefix = {
        'mysql': '?unix_socket=',
        'postgresql': '?host=',
    }

    if configs['db_url'] == 'localhost':
        try:
            socket_file = configParser.get('DATABASE', 'db_socket')
        except NoOptionError:
            db_socket = ''
        else:
            db_socket = socket_prefix[configs['db_type']] + socket_file
    else:
        db_socket = ''
    return db_socket


[docs]def get_temp_dir(global_temp_dir='/tmp', elaspic_foldername=''):
    """ If a :envvar:`TMPDIR` is given as an environment variable, the tmp directory
    is created relative to that. This is useful when running on banting
    (the cluster in the ccbr) and also on Scinet. Make sure that it
    points to '/dev/shm/' on Scinet.
    """
    temp_dir = os.path.join(os.environ.get('TMPDIR', global_temp_dir), elaspic_foldername)
    subprocess.check_call("mkdir -p '{}'".format(temp_dir), shell=True)
    return temp_dir
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  Source code for elaspic.elaspic_database

# -*- coding: utf-8 -*-
from __future__ import print_function
from __future__ import unicode_literals
from __future__ import absolute_import
from future import standard_library

import os
import os.path as op
import re
import stat
import subprocess
import json
import datetime
import time
import pickle
import six
import logging
import inspect
import shutil

from contextlib import contextmanager

import pandas as pd
import sqlalchemy as sa

from retrying import retry
from Bio import SeqIO
from Bio import AlignIO
from Bio.Seq import Seq
from Bio.SeqRecord import SeqRecord

# import parse_pfamscan

from . import helper, errors, conf, elaspic_sequence
from .elaspic_database_tables import (
    Base,
    Domain, DomainContact, UniprotSequence, Provean,
    UniprotDomain, UniprotDomainTemplate, UniprotDomainModel, UniprotDomainMutation,
    UniprotDomainPair, UniprotDomainPairTemplate, UniprotDomainPairModel,
    UniprotDomainPairMutation,
)

standard_library.install_aliases()

logger = logging.getLogger(__name__)
configs = conf.Configs()


# %% Retrying
[docs]def check_exception(exc, valid_exc):
    logger.error('The following exception occured:\n{}'.format(exc))
    to_retry = isinstance(exc, valid_exc)
    if to_retry:
        logger.error('Retrying...')
    return to_retry



[docs]def retry_database(fn):
    """Decorator to keep probing the database untill you succeed.
    """
    r = retry(
        retry_on_exception=lambda exc:
            check_exception(exc, valid_exc=sa.exc.OperationalError),
        wait_exponential_multiplier=1000,
        wait_exponential_max=60000,
        stop_max_attempt_number=7)
    return r(fn)



[docs]def retry_archive(fn):
    """Decorator to keep probing the database untill you succeed.
    """
    r = retry(
        retry_on_exception=lambda exc:
            check_exception(exc, valid_exc=errors.Archive7zipError),
        wait_fixed=2000,
        stop_max_attempt_number=2)
    return r(fn)



[docs]def decorate_all_methods(decorator):
    """Decorate all methods of a class with `decorator`.
    """
    def apply_decorator(cls):
        for k, f in cls.__dict__.items():
            if inspect.isfunction(f):
                setattr(cls, k, decorator(f))
        return cls
    return apply_decorator


# %%

[docs]def enable_sqlite_foreign_key_checks(engine):
    from sqlalchemy import event

    # Enable foreign key contraints
    def _fk_pragma_on_connect(dbapi_con, con_record):
        dbapi_con.execute('pragma foreign_keys=ON')
    event.listen(engine, 'connect', _fk_pragma_on_connect)

    # Enable the write-ahead lock so that reads can occur simultaneously with writes
    def _fk_pragma_on_connect(dbapi_con, con_record):
        dbapi_con.execute('PRAGMA journal_mode=WAL')
    event.listen(engine, 'connect', _fk_pragma_on_connect)

    # Set a longer timeout duration
    def _fk_pragma_on_connect(dbapi_con, con_record):
        dbapi_con.execute('pragma busy_timeout=60000')  # 60 sec
    event.listen(engine, 'connect', _fk_pragma_on_connect)


# %%
# Get the session that will be used for all future queries.
# `expire_on_commit` so that you keep all the table objects even after the session closes.

Session = sa.orm.sessionmaker(expire_on_commit=False)
# Session = sa.orm.scoped_session(sa.orm.sessionmaker(expire_on_commit=False))


# %%
[docs]class MyDatabase(object):
    """
    """

    def __init__(self, echo=False):
        """
        Parameters
        ----------
        configs : dict
            ELASPIC configuration options specified in :py:data:`elaspic.configs`
        """
        self.engine = self.get_engine(echo=echo)
        self.configure_session()

        logger.info(
            "Using precalculated data from the following folder: '{archive_dir}'"
            .format(**configs)
        )

    # %%
[docs]    def get_engine(self, echo=False):
        """
        Get an SQLAlchemy engine that can be used to connect to the database.
        """
        if configs['db_type'] == 'sqlite':
            info_message = (
                "Connected to a {db_type} database in the following location: {sqlite_db_path}"
                .format(**configs)
            )
            # set `isolation_level` to 'READ UNCOMMITTED' so that reads are non-blocking
            # (required for SCINET)
            engine = sa.create_engine(
                '{db_type}:///{sqlite_db_path}'.format(**configs),
                isolation_level='READ UNCOMMITTED',
                echo=echo,
                pool_size=1,
            )
            enable_sqlite_foreign_key_checks(engine)
        elif configs['db_type'] == 'postgresql':
            info_message = (
                "Connected to a {db_type} database: "
                "{db_url}:{db_port}/{db_database}{db_socket}"
                .format(**configs)
            )
            engine = sa.create_engine(
                "{db_type}://{db_username}:{db_password}@"
                "{db_url}:{db_port}/{db_database}{db_socket}"
                .format(**configs),
                pool_recycle=3600,
                echo=echo,
                pool_size=1,
            )
        elif configs['db_type'] == 'mysql':
            info_message = (
                "Connected to a {db_type} database: "
                "{db_url}:{db_port}/{db_database}{db_socket}"
                .format(**configs)
            )
            engine = sa.create_engine(
                "{db_type}://{db_username}:{db_password}@"
                "{db_url}:{db_port}/{db_database}{db_socket}"
                .format(**configs),
                pool_recycle=3600,
                echo=echo,
                pool_size=1,
            )
        else:
            raise Exception("Unsupported `db_type`: '{}'".format(configs['db_type']))
        logger.info(info_message)
        return engine


[docs]    def configure_session(self):
        """
        Configure the Session class to use the current engine.

        `autocommit` and `autoflush` are enabled for the `sqlite` database in order to improve
        performance.

        """
        global Session
        if configs['db_type'] == 'sqlite':
            autocommit = False  # True
            autoflush = True  # True
            # retry_on_failure = True
        elif configs['db_type'] in ['postgresql', 'mysql']:
            autocommit = False
            autoflush = True
            # retry_on_failure = True
        Session.configure(bind=self.engine, autocommit=autocommit, autoflush=autoflush)
        # Good idea, but does not work for some reason...
#        if retry_on_failure:
#            decorator = (
#                decorate_all_methods(
#                    retry(retry_on_exception=lambda exc: isinstance(exc, sa.exc.OperationalError),
#                          wait_exponential_multiplier=1000,  # start with one second delay
#                          wait_exponential_max=600000)  # go up to 10 minutes
#                )
#            )
#            Session = decorator(Session)


    @contextmanager
[docs]    def session_scope(self):
        """
        Provide a transactional scope around a series of operations.
        Enables the following construct: ``with self.session_scope() as session:``.
        """
        session = Session()
        try:
            yield session
            if not configs['db_is_immutable']:
                session.commit()
        except:
            if not configs['db_is_immutable']:
                session.rollback()
            raise
        finally:
            session.close()

    # %%

[docs]    def create_database_tables(self, clear_schema=False, keep_uniprot_sequence=True):
        """
        Create a new database in the schema specified by the ``schema_version`` global variable.
        If ``clear_schema == True``, remove all the tables in the schema first.

        .. warning::

            Using this function with an existing database can lead to loss of data.
            Make sure that you know what you are doing!

        Parameters
        ----------
        clear_schema : bool
            Whether or not to delete all tables in the database schema before creating new tables.
        keep_uniprot_sequence : bool
            Whether or not to keep the `uniprot_sequence` table.
            Only relevant if `clear_schema` is `True`.
        """
        #
        if clear_schema:
            self.delete_database_tables(
                drop_schema=False, keep_uniprot_sequence=keep_uniprot_sequence)
            logger.debug('Database schema was cleared successfully.')

        # Create all tables, creating schema as neccessary
        for table in Base.metadata.sorted_tables:
            try:
                table.create(self.engine, checkfirst=True)
            except (sa.exc.OperationalError, sa.exc.ProgrammingError) as e:
                logger.error(str(e))
                if re.search('schema .* does not exist', str(e)):
                    missing_schema = str(e)[
                        str(e).find('schema "')+8:str(e).find('" does not exist')]
                elif 'Unknown database ' in str(e):
                    missing_schema = str(e)[
                        str(e).find("Unknown database '")+18:str(e).find("'\")")]
                else:
                    raise e
                sql_command = 'create schema {};'.format(missing_schema)
                logger.warning(
                    "Creating missing schema with system command: '{}'".format(sql_command))
                self.engine.execute(sql_command)
                table.create(self.engine, checkfirst=True)
        logger.debug('Database tables were created successfully.')


[docs]    def delete_database_tables(self, drop_schema=False, keep_uniprot_sequence=True):
        """
        Parameters
        ----------
        drop_schema : bool
            Whether or not to drop the schema after dropping the tables.
        keep_uniprot_sequence : bool
            Wheter or not to keep the table (and schema) containing uniprot sequences.
        """
        if configs['db_type'] == 'sqlite':
            os.remove(configs['sqlite_db_path'])
            logger.info(
                "Successfully removed the sqlite database file: {sqlite_db_path}"
                .format(**configs))
            return

        # Remove tables one by one
        for table in reversed(Base.metadata.sorted_tables):
            if table.name != 'uniprot_sequence':
                configs['table_name'] = table.name
                self.engine.execute('drop table {db_schema}.{table_name};'.format(**configs))
            elif not keep_uniprot_sequence:
                configs['table_name'] = table.name
                self.engine.execute(
                    'drop table {db_schema_uniprot}.{table_name};'.format(**configs))

        # Remove the database schema
        uniprot_on_diff_schema = configs['db_schema'] != configs['db_schema_uniprot']
        if drop_schema and uniprot_on_diff_schema:
            self.engine.execute('drop schema {db_schema};'.format(**configs))
        if drop_schema and uniprot_on_diff_schema and not keep_uniprot_sequence:
            self.engine.execute('drop schema {db_schema_uniprot};'.format(**configs))
        if drop_schema and not uniprot_on_diff_schema and not keep_uniprot_sequence:
            self.engine.execute('drop schema {db_schema};'.format(**configs))

        logger.info(
            "Successfully removed the {db_type} database schema: {db_schema}"
            .format(**configs))

    # %%

    mysql_load_table_template = (
        r"""mysql --local-infile --host={db_url} --user={db_username} --password={db_password} """
        r"""{table_db_schema} -e "{sql_command}" """
    )

    psql_load_table_template = (
        r"""PGPASSWORD={db_password} psql -h {db_url} -p {db_port} -U {db_username} """
        r"""-d {db_database} -c "{sql_command}" """
    )

    # Need to double up on '\\'
    mysql_command_template = (
        r"""load data local infile '{table_folder}/{table_name}.tsv' """
        r"""into table {table_db_schema}.{table_name} """
        r"""fields terminated by '\t' escaped by '\\\\' lines terminated by '\n'; """
    )

    psql_command_template = (
        r"""\\copy {table_db_schema}.{table_name} """
        r"""from '{table_folder}/{table_name}.tsv' """
        r"""with csv delimiter E'\t' null '\N' escape '\\'; """
    )

    sqlite_table_filename = '{table_folder}/{table_name}.tsv'

    def _load_data_into_sqlite(self, configs):
        table_df = pd.read_csv(
            self.sqlite_table_filename.format(**configs),
            sep='\t', na_values='\\N',
            # escapechar='\\', # escapes the `na_values` character and causes problems
            names=Base.metadata.tables[configs['table_name']].columns.keys())
        table_df.to_sql(configs['table_name'], self.engine, index=False, if_exists='append')

    def _run_create_table_system_command(self, system_command):
        if configs['debug']:
            logger.debug(system_command)
        result, error_message, return_code = helper.subprocess_check_output(system_command)
        if return_code != 0:
            logger.error(result)
            raise Exception(error_message)

[docs]    def copy_table_to_db(self, table_name, table_folder):
        """
        Copy data from a ``.tsv`` file to a table in the database.
        """
        cmd_options = configs.copy()
        cmd_options['table_name'] = table_name
        cmd_options['table_folder'] = table_folder

        def _format_configs():
            if table_name == 'uniprot_sequence':
                cmd_options['table_db_schema'] = cmd_options['db_schema_uniprot']
            else:
                cmd_options['table_db_schema'] = cmd_options['db_schema']

        logger.info("Copying '{table_name}' to '{db_type}' database...".format(**cmd_options))
        if cmd_options['db_type'] == 'sqlite':
            self._load_data_into_sqlite(cmd_options)
        elif cmd_options['db_type'] == 'mysql':
            _format_configs()
            cmd_options['sql_command'] = self.mysql_command_template.format(**cmd_options)
            system_command = self.mysql_load_table_template.format(**cmd_options)
            self._run_create_table_system_command(system_command)
        elif cmd_options['db_type'] == 'postgresql':
            _format_configs()
            cmd_options['sql_command'] = self.psql_command_template.format(**cmd_options)
            system_command = self.psql_load_table_template.format(**cmd_options)
            self._run_create_table_system_command(system_command)
        else:
            raise Exception("Unsupported database type: '{}'".format(cmd_options['db_type']))

    # %% Get objects from the database

    @retry_database
[docs]    def get_rows_by_ids(self, row_object, row_object_identifiers, row_object_identifier_values):
        """ Get the rows from the table *row_object* identified by keys
        *row_object_identifiers* with values *row_object_identifier_values*
        """
        with self.session_scope() as session:
            if len(row_object_identifiers) != len(row_object_identifier_values):
                raise Exception(
                    'The number of identifiers and the number of identifier '
                    'values must be the same.')
            if len(row_object_identifiers) > 3:
                raise Exception(
                    'Too many identifiers provied. The function is hard-coded '
                    'to handle at most three identifiers.')
            if len(row_object_identifiers) == 1:
                row_instances = (
                    session.query(row_object)
                    .filter(row_object_identifiers[0] == row_object_identifier_values[0])
                    .all())
            if len(row_object_identifiers) == 2:
                row_instances = (
                    session.query(row_object)
                    .filter(row_object_identifiers[0] == row_object_identifier_values[0])
                    .filter(row_object_identifiers[1] == row_object_identifier_values[1])
                    .all())
            if len(row_object_identifiers) == 3:
                row_instances = (
                    session.query(row_object)
                    .filter(row_object_identifiers[0] == row_object_identifier_values[0])
                    .filter(row_object_identifiers[1] == row_object_identifier_values[1])
                    .filter(row_object_identifiers[2] == row_object_identifier_values[2])
                    .all())
            return row_instances


    @retry_database
[docs]    def get_domain(self, pfam_names, subdomains=False):
        """
        Returns pdbfam-based definitions of all pfam domains in the pdb.
        """
        with self.session_scope() as session:
            domain_set = set()
            for pfam_name in pfam_names:
                if not subdomains:
                    domain = (
                        session.query(Domain)
                        .filter(Domain.pfam_name == pfam_name)
                        .distinct().all()
                    )
                else:
                    domain = (
                        session.query(Domain).filter(
                            (Domain.pfam_name.like(pfam_name)) |
                            (Domain.pfam_name.like(pfam_name+'+%')) |
                            # need an escape character because _ matches any single character
                            (Domain.pfam_name.like(pfam_name+'\_%')) |
                            (Domain.pfam_name.like('%+'+pfam_name)) |
                            (Domain.pfam_name.like('%+'+pfam_name+'+%')) |
                            # need an escape character because _ matches any single character
                            (Domain.pfam_name.like('%+'+pfam_name+'\_%'))
                        )
                        .distinct().all()
                    )
                domain_set.update(domain)
        if not domain_set:
            logger.debug('No domain definitions found for pfam: %s' % str(pfam_names))
        return list(domain_set)


    @retry_database
[docs]    def get_domain_contact(self, pfam_names_1, pfam_names_2, subdomains=False):
        """
        Returns domain-domain interaction information from pdbfam.
        Note that the produced dataframe may not have the same order as the keys.
        """
        with self.session_scope() as session:
            domain_contact_1 = self._get_domain_contact(
                pfam_names_1, pfam_names_2, session, subdomains)
            domain_contact_2 = self._get_domain_contact(
                pfam_names_2, pfam_names_1, session, subdomains)

        if not len(domain_contact_1) and not len(domain_contact_2):
            logger.debug(
                'No domain contact template found for domains %s, %s' %
                (str(pfam_names_1), str(pfam_names_2),))

        return [domain_contact_1, domain_contact_2]


    def _get_domain_contact(self, pfam_names_1, pfam_names_2, session, subdomains):
        """
        """
        domain_1 = sa.orm.aliased(Domain)
        domain_2 = sa.orm.aliased(Domain)
        domain_contact_set = set()
        for pfam_name_1 in pfam_names_1:
            for pfam_name_2 in pfam_names_2:
                if not subdomains:
                    domain_contact = (
                        session.query(DomainContact)
                        # .join(domain_1, DomainContact.cath_id_1==domain_1.cath_id)
                        .filter(domain_1.pfam_name == pfam_name_1)
                        # .join(domain_2, DomainContact.cath_id_2==domain_2.cath_id)
                        .filter(domain_2.pfam_name == pfam_name_2)
                        .distinct().all()
                    )
                else:
                    domain_contact = (
                        session.query(DomainContact)
                        # .join(domain_1, DomainContact.cath_id_1==domain_1.cath_id)
                        .filter(
                            (domain_1.pfam_name.like(pfam_name_1)) |
                            (domain_1.pfam_name.like(pfam_name_1+'+%')) |
                            # need an escape character because _ matches any single character
                            (domain_1.pfam_name.like(pfam_name_1+'\_%')) |
                            (domain_1.pfam_name.like('%+'+pfam_name_1)) |
                            (domain_1.pfam_name.like('%+'+pfam_name_1+'+%')) |
                            # need an escape character because _ matches any single character
                            (domain_1.pfam_name.like('%+'+pfam_name_1+'\_%'))
                        )
                        # .join(domain_2, DomainContact.cath_id_2==domain_2.cath_id)
                        .filter(
                            (domain_2.pfam_name.like(pfam_name_2)) |
                            (domain_2.pfam_name.like(pfam_name_2+'+%')) |
                            # need an escape character because _ matches any single character
                            (domain_2.pfam_name.like(pfam_name_2+'\_%')) |
                            (domain_2.pfam_name.like('%+'+pfam_name_2)) |
                            (domain_2.pfam_name.like('%+'+pfam_name_2+'+%')) |
                            # need an escape character because _ matches any single character
                            (domain_2.pfam_name.like('%+'+pfam_name_2+'\_%'))
                        )
                        .distinct().all()
                    )
                domain_contact_set.update(domain_contact)
        return list(domain_contact_set)

    @retry_database
[docs]    def get_uniprot_domain(self, uniprot_id, copy_data=False):
        """
        """
        with self.session_scope() as session:
            uniprot_domains = (
                session
                .query(UniprotDomain)
                .filter(UniprotDomain.uniprot_id == uniprot_id)
                # .options(sa.orm.joinedload('template').sa.orm.joinedload('model'))
                .options(sa.orm.joinedload('template', innerjoin=True))
                .all()
            )

        archive_dir = configs['archive_dir']
        archive_type = configs['archive_type']
        d_idx = 0
        while d_idx < len(uniprot_domains):
            d = uniprot_domains[d_idx]
            if not d.template:
                logger.debug(
                    'Skipping uniprot domain with id {} because it does not '
                    'have a structural template...'
                    .format(d.uniprot_domain_id))
                del uniprot_domains[d_idx]
                continue
            # Copy precalculated Provean data
            if copy_data:
                try:
                    self._copy_provean(
                        d, archive_dir, archive_type)
                except subprocess.CalledProcessError as e:
                    logger.error(e)
                    logger.error('Failed to copy provean supporting set!')
                    d.uniprot_sequence.provean.provean_supset_filename = ''
            # Copy precalculated homology models
            if copy_data:
                try:
                    self._copy_uniprot_domain_data(
                        d, d.path_to_data, archive_dir, archive_type)
                except subprocess.CalledProcessError as e:
                    logger.error(e)
                    logger.error('Failed to copy the domain alignment and / or homology model!')
                    d.template.model.alignment_filename = None
                    d.template.model.model_filename = None
            d_idx += 1

        return uniprot_domains


    @retry_database
[docs]    def get_uniprot_domain_pair(self, uniprot_id, copy_data=False, uniprot_domain_pair_ids=[]):
        """
        """
        with self.session_scope() as session:
            uniprot_domain_pairs_query = (
                session.query(UniprotDomainPair)
                .filter(sa.or_(
                    sa.text("uniprot_domain_1.uniprot_id='{}'".format(uniprot_id)),
                    sa.text("uniprot_domain_2.uniprot_id='{}'".format(uniprot_id))))
            )
            if uniprot_domain_pair_ids:
                uniprot_domain_pairs_query = (
                    uniprot_domain_pairs_query
                    .filter(UniprotDomainPair.uniprot_domain_pair_id.in_(uniprot_domain_pair_ids))
                )
            uniprot_domain_pairs = (
                uniprot_domain_pairs_query
                # .options(sa.orm.joinedload('template').sa.orm.joinedload('model'))
                .options(sa.orm.joinedload('template', innerjoin=True))
                .all()
            )

        archive_dir = configs['archive_dir']
        archive_type = configs['archive_type']
        d_idx = 0
        while d_idx < len(uniprot_domain_pairs):
            d = uniprot_domain_pairs[d_idx]
            if not d.template:
                logger.debug(
                    'Skipping uniprot domain pair with id {} because it does not '
                    'have a structural template...'
                    .format(d.uniprot_domain_pair_id))
                del uniprot_domain_pairs[d_idx]
                continue
            # Copy precalculated Provean data
            if copy_data:
                if d.uniprot_domain_1.uniprot_id == uniprot_id:
                    ud = d.uniprot_domain_1
                elif d.uniprot_domain_2.uniprot_id == uniprot_id:
                    ud = d.uniprot_domain_2
                try:
                    self._copy_provean(ud, archive_dir, archive_type)
                except subprocess.CalledProcessError as e:
                    logger.error(e)
                    logger.error('Failed to copy provean supporting set!')
                    d.uniprot_sequence.provean.provean_supset_filename = ''
            # Copy precalculated homology models
            if copy_data:
                try:
                    self._copy_uniprot_domain_pair_data(
                        d, d.path_to_data, archive_dir, archive_type)
                except subprocess.CalledProcessError as e:
                    logger.error(e)
                    logger.error('Failed to copy domain pair alignments and / or homology model!')
                    d.template.model.alignment_filename_1 = None
                    d.template.model.alignment_filename_2 = None
                    d.template.model.model_filename = None
            d_idx += 1

        return uniprot_domain_pairs


    def _copy_uniprot_domain_data(self, d, path_to_data, archive_dir, archive_type):
        if path_to_data is None:
            logger.error('Cannot copy uniprot domain data because `path_to_data` is None')
            return
        if (d.template and
                d.template.model and
                d.template.model.alignment_filename and
                d.template.model.model_filename):
            if archive_type == '7zip':
                # Extract files from a 7zip archive
                filenames = [
                    op.join(path_to_data, d.template.model.alignment_filename),
                    op.join(path_to_data, d.template.model.model_filename),
                ]
                path_to_7z = os.path.join(
                    archive_dir,
                    'uniprot_domain',
                    'uniprot_domain.7z'
                )
                self._extract_files_from_7zip(path_to_7z, filenames)
            else:
                tmp_save_path = op.join(configs['archive_temp_dir'], path_to_data)
                archive_save_path = op.join(archive_dir, path_to_data)
                args = [tmp_save_path] + d.template.model.alignment_filename.split('/')[:-1]
                path_to_alignment = op.join(*args)
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'"
                    .format(path_to_alignment), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + d.template.model.alignment_filename,
#                    tmp_save_path + d.template.model.alignment_filename), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + d.template.model.model_filename,
#                    tmp_save_path + d.template.model.model_filename), shell=True)
                shutil.copyfile(
                    op.join(archive_save_path, d.template.model.alignment_filename),
                    op.join(tmp_save_path, d.template.model.alignment_filename),
                )
                shutil.copyfile(
                    op.join(archive_save_path, d.template.model.model_filename),
                    op.join(tmp_save_path, d.template.model.model_filename),
                )

    def _copy_uniprot_domain_pair_data(self, d, path_to_data, archive_dir, archive_type):
        if path_to_data is None:
            logger.error('Cannot copy uniprot domain pair data because `path_to_data` is None')
            return
        if (d.template and
                d.template.model and
                d.template.model.alignment_filename_1 and
                d.template.model.alignment_filename_2 and
                d.template.model.model_filename):
            if archive_type == '7zip':
                # Extract files from a 7zip archive
                filenames = [
                    op.join(path_to_data, d.template.model.alignment_filename_1),
                    op.join(path_to_data, d.template.model.alignment_filename_2),
                    op.join(path_to_data, d.template.model.model_filename),
                ]
                path_to_7zip = os.path.join(
                    archive_dir,
                    'uniprot_domain_pair',
                    'uniprot_domain_pair.7z'
                )
                self._extract_files_from_7zip(path_to_7zip, filenames)
            else:
                tmp_save_path = op.join(configs['archive_temp_dir'], path_to_data)
                archive_save_path = op.join(archive_dir, path_to_data)
                path_to_alignment_1 = op.join(
                    tmp_save_path,
                    *d.template.model.alignment_filename_1.split('/')[:-1])
                path_to_alignment_2 = op.join(
                    tmp_save_path,
                    *d.template.model.alignment_filename_2.split('/')[:-1])
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'".format(path_to_alignment_1), shell=True)
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'".format(path_to_alignment_2), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + d.template.model.alignment_filename_1,
#                    tmp_save_path + d.template.model.alignment_filename_1), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + d.template.model.alignment_filename_2,
#                    tmp_save_path + d.template.model.alignment_filename_2), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + d.template.model.model_filename,
#                    tmp_save_path + d.template.model.model_filename), shell=True)
                shutil.copyfile(
                    op.join(archive_save_path, d.template.model.alignment_filename_1),
                    op.join(tmp_save_path, d.template.model.alignment_filename_1))
                shutil.copyfile(
                    op.join(archive_save_path, d.template.model.alignment_filename_2),
                    op.join(tmp_save_path, d.template.model.alignment_filename_2))
                shutil.copyfile(
                    op.join(archive_save_path, d.template.model.model_filename),
                    op.join(tmp_save_path, d.template.model.model_filename))

    def _copy_provean(self, ud, archive_dir, archive_type):
        if not (ud.uniprot_sequence and
                ud.uniprot_sequence.provean and
                ud.uniprot_sequence.provean.provean_supset_filename):
            logger.warning('Provean supset is missing for domain: {}'.format(ud.uniprot_domain_id))
            if ud.uniprot_sequence:
                logger.warning('uniprot_sequence: {}'.format(ud.uniprot_sequence))
                if ud.uniprot_sequence.provean:
                    logger.warning('ud.uniprot_sequence.provean: {}'.format(
                        ud.uniprot_sequence.provean))
                    if ud.uniprot_sequence.provean.provean_supset_filename:
                        logger.warning('uniprot_sequence: {}'.format(
                            ud.uniprot_sequence.provean.provean_supset_filename))
            return

        if archive_type == '7zip':
            filenames = [
                op.join(
                    get_uniprot_base_path(ud),
                    ud.uniprot_sequence.provean.provean_supset_filename),
                op.join(
                    get_uniprot_base_path(ud),
                    ud.uniprot_sequence.provean.provean_supset_filename + '.fasta'),
            ]
            path_to_7zip = os.path.join(
                archive_dir,
                'provean',
                'provean.7z'
            )
            logger.debug('path_to_7zip: {}'.format(path_to_7zip))
            try:
                self._extract_files_from_7zip(path_to_7zip, filenames)
                return
            except errors.Archive7zipFileNotFoundError as e:
                logger.debug(e)
                logger.debug(
                    "Could not extract these files: {} from this archive: {}\n"
                    "Checking if they are in the archive directory..."
                    .format(filenames, path_to_7zip)
                )

        # archive_type != '7zip' or extraction failed
        subprocess.check_call(
            "umask ugo=rwx; mkdir -m 777 -p '{}'".format(
                op.dirname(op.join(
                    configs['archive_temp_dir'],
                    get_uniprot_base_path(ud),
                    ud.uniprot_sequence.provean.provean_supset_filename))),
            shell=True)
#            subprocess.check_call("cp -f '{}' '{}'".format(
#                archive_dir + get_uniprot_base_path(ud) +
#                ud.uniprot_sequence.provean.provean_supset_filename,
#                configs['archive_temp_dir'] + get_uniprot_base_path(ud) +
#                ud.uniprot_sequence.provean.provean_supset_filename), shell=True)
#            subprocess.check_call("cp -f '{}' '{}'".format(
#                archive_dir + get_uniprot_base_path(ud) +
#                ud.uniprot_sequence.provean.provean_supset_filename + '.fasta',
#                configs['archive_temp_dir'] + get_uniprot_base_path(ud) +
#                ud.uniprot_sequence.provean.provean_supset_filename + '.fasta'), shell=True)
        shutil.copyfile(
            op.join(
                archive_dir,
                get_uniprot_base_path(ud),
                ud.uniprot_sequence.provean.provean_supset_filename),
            op.join(
                configs['archive_temp_dir'],
                get_uniprot_base_path(ud),
                ud.uniprot_sequence.provean.provean_supset_filename))
        shutil.copyfile(
            op.join(
                archive_dir,
                get_uniprot_base_path(ud),
                ud.uniprot_sequence.provean.provean_supset_filename + '.fasta'),
            op.join(
                configs['archive_temp_dir'],
                get_uniprot_base_path(ud),
                ud.uniprot_sequence.provean.provean_supset_filename + '.fasta'))

    @retry_archive
    def _extract_files_from_7zip(self, path_to_7zip, filenames):
        """Extract files to `config['archive_temp_dir']`
        """
        system_command = "7za x '{path_to_7zip}' '{files}' -y".format(
            path_to_7zip=path_to_7zip,
            files="' '".join(filenames)
        )
        logger.debug(
            'Extracting files from 7zip archive using the following system command:\n{}'
            .format(system_command))
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(configs['archive_temp_dir'], system_command)
        )

        if 'No files to process' in result:
            raise errors.Archive7zipFileNotFoundError(result, error_message, return_code)

        if return_code:
            raise errors.Archive7zipError(result, error_message, return_code)

    @retry_database
[docs]    def get_uniprot_mutation(self, d, mutation, uniprot_id=None, copy_data=False):
        """
        """
        if isinstance(d, UniprotDomain):
            with self.session_scope() as session:
                uniprot_mutation = (
                    session.query(UniprotDomainMutation)
                    .filter(
                        (UniprotDomainMutation.uniprot_domain_id == d.uniprot_domain_id) &
                        (UniprotDomainMutation.mutation == mutation))
                    .scalar())
        elif isinstance(d, UniprotDomainPair) and isinstance(uniprot_id, six.string_types):
            with self.session_scope() as session:
                uniprot_mutation = (
                    session.query(UniprotDomainPairMutation)
                    .filter(
                        (UniprotDomainPairMutation.uniprot_id == uniprot_id) &
                        (UniprotDomainPairMutation.uniprot_domain_pair_id ==
                         d.uniprot_domain_pair_id) &
                        (UniprotDomainPairMutation.mutation == mutation))
                    .scalar())
        else:
            logger.debug('d: {}\td type: {}'.format(d, type(d)))
            raise Exception('Not enough arguments, or the argument types are incorrect!')

        if copy_data:
            try:
                self._copy_mutation_data(uniprot_mutation, d.path_to_data, configs['archive_dir'])
            except (subprocess.CalledProcessError,
                    errors.Archive7zipError,
                    errors.Archive7zipFileNotFoundError) as e:
                logger.error(e)
                uniprot_mutation.model_filename_wt = None
        return uniprot_mutation


    def _copy_mutation_data(self, mutation, path_to_data, archive_dir):
        if mutation and mutation.model_filename_wt:
            if archive_dir.endswith('.7z'):
                # Extract files from a 7zip archive
                filenames = [
                    op.join(path_to_data, mutation.model_filename_wt),
                    op.join(path_to_data, mutation.model_filename_mut),
                ]
                self._extract_files_from_7zip(archive_dir, filenames)
            else:
                tmp_save_path = op.join(configs['archive_temp_dir'], path_to_data)
                archive_save_path = op.join(archive_dir, path_to_data)
                path_to_mutation = op.dirname(op.join(tmp_save_path, mutation.model_filename_wt))
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'".format(path_to_mutation), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + mutation.model_filename_wt,
#                    tmp_save_path + mutation.model_filename_wt), shell=True)
#                subprocess.check_call("cp -f '{}' '{}'".format(
#                    archive_save_path + mutation.model_filename_mut,
#                    tmp_save_path + mutation.model_filename_mut), shell=True)
                shutil.copyfile(
                    op.join(archive_save_path, mutation.model_filename_wt),
                    op.join(tmp_save_path, mutation.model_filename_wt))
                shutil.copyfile(
                    op.join(archive_save_path, mutation.model_filename_mut),
                    op.join(tmp_save_path, mutation.model_filename_mut))

    @retry_database
[docs]    def remove_model(self, d):
        """Remove a model from the database.

        Do this if you realized that the model you built is incorrect
        or that some of the data is missing.

        Raises
        ------
        errors.ModelHasMutationsError
            The model you are trying to delete has precalculated mutations,
            so it can't be that bad. Delete those mutations and try again.
        """
        with self.session_scope() as session:
            validation_query = (
                "select count(*) from {0}.uniprot_domain_mutation "
                "where uniprot_domain_id = {1} "
                "and ddg is not null;"
            ).format(configs['db_schema'], d.uniprot_domain_id)
            num_mutations = session.execute(validation_query).fetchone()[0]
            if num_mutations != 0:
                raise errors.ModelHasMutationsError(
                    'Domain {} has {} mutations!'
                    .format(d.uniprot_domain_id, num_mutations))
            if isinstance(d, UniprotDomain):
                session.execute(
                    'delete from {0}.uniprot_domain_model where uniprot_domain_id = {1}'
                    .format(configs['db_schema'], d.uniprot_domain_id))
            elif isinstance(d, UniprotDomainPair):
                session.execute(
                    'delete from {0}.uniprot_domain_pair_model where uniprot_domain_pair_id = {1}'
                    .format(configs['db_schema'], d.uniprot_domain_pair_id))
            else:
                raise Exception("'d' is of incorrect type!")

    # %% Add objects to the database

    @retry_database
[docs]    def merge_row(self, row_instance):
        """Adds a list of rows (`row_instances`) to the database.
        """
        if not configs['db_is_immutable']:
            with self.session_scope() as session:
                if not isinstance(row_instance, (tuple, list)):
                    session.merge(row_instance)
                else:
                    for instance in row_instance:
                        session.merge(instance)


[docs]    def merge_provean(self, provean, provean_supset_file, path_to_data):
        """Adds provean score to the database.
        """
        assert op.isfile(provean_supset_file)
        assert op.isfile(provean_supset_file + '.fasta')

        archive_dir = configs['archive_dir']
        logger.debug(
            'Moving provean supset to the output folder: {}'
            .format(op.join(archive_dir, path_to_data)))
        subprocess.check_call("umask ugo=rwx; mkdir -m 777 -p '{}'".format(
            op.join(archive_dir, path_to_data)), shell=True)
        shutil.copyfile(
            provean_supset_file,
            op.join(archive_dir, path_to_data, provean.provean_supset_filename))
        shutil.copyfile(
            provean_supset_file + '.fasta',
            op.join(archive_dir, path_to_data, provean.provean_supset_filename + '.fasta'))
        self.merge_row(provean)


[docs]    def merge_model(self, d, files_dict={}):
        """Adds MODELLER models to the database.
        """
        # Save a copy of the alignment to the export folder
        if files_dict:
            archive_dir = configs['archive_dir']
            archive_save_path = op.join(archive_dir, d.path_to_data)
            # tmp_save_path = configs['archive_temp_dir'] + d.path_to_data
            subprocess.check_call(
                "umask ugo=rwx; mkdir -m 777 -p '{}'".format(archive_save_path),
                shell=True)
            # Don't need to dump template. Templates are precalculated
            # pickle_dump(
            #   sa_ext_serializer.dumps(d.template), archive_save_path + 'template.pickle')
            # pickle_dump(sa_ext_serializer.dumps(
            #   d.template.model), archive_save_path + 'model.pickle')
            # Save the modelled structure
            if d.template.model.model_filename is not None:
                # Save alignments
                if isinstance(d.template.model, UniprotDomainModel):
                    shutil.copyfile(
                        files_dict['alignment_files'][0],
                        op.join(archive_save_path, d.template.model.alignment_filename)
                    )
                elif isinstance(d.template.model, UniprotDomainPairModel):
                    shutil.copyfile(
                        files_dict['alignment_files'][0],
                        op.join(archive_save_path, d.template.model.alignment_filename_1)
                    )
                    shutil.copyfile(
                        files_dict['alignment_files'][1],
                        op.join(archive_save_path, d.template.model.alignment_filename_2)
                    )
                # Save the model
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'"
                    .format(archive_save_path), shell=True)
                shutil.copyfile(
                    files_dict['model_file'],
                    op.join(archive_save_path, d.template.model.model_filename)
                )
        self.merge_row(d.template.model)


[docs]    def merge_mutation(self, mut, path_to_data=False):
        """
        """
        mut.mut_date_modified = datetime.datetime.utcnow()
        if path_to_data and (mut.model_filename_wt is not None):
            archive_temp_save_dir = op.join(configs['archive_temp_dir'], path_to_data)
            archive_save_dir = op.join(configs['archive_dir'], path_to_data)
            # Save Foldx structures
            if mut.model_filename_wt and mut.model_filename_mut:
                # os.makedirs(op.dirname(op.join(archive_save_dir, mut.model_filename_wt)))
                subprocess.check_call(
                    "umask ugo=rwx; mkdir -m 777 -p '{}'"
                    .format(op.dirname(op.join(archive_save_dir, mut.model_filename_wt))),
                    shell=True
                )
                shutil.copyfile(
                    op.join(archive_temp_save_dir, mut.model_filename_wt),
                    op.join(archive_save_dir, mut.model_filename_wt)
                )
                shutil.copyfile(
                    op.join(archive_temp_save_dir, mut.model_filename_mut),
                    op.join(archive_save_dir, mut.model_filename_mut)
                )
        self.merge_row(mut)

    # %%

    @retry_database
[docs]    def get_uniprot_sequence(self, uniprot_id, check_external=True):
        """
        Parameters
        ----------
        uniprot_id : str
            Uniprot ID of the protein
        check_external : bool
            Whether or not to look online if the protein sequence is not found in the local
            database.

        Returns
        -------
        SeqRecord :
            Contains the sequence of the specified uniprot
        """
        with self.session_scope() as session:
            uniprot_sequence = (
                session
                .query(UniprotSequence)
                .filter(UniprotSequence.uniprot_id == uniprot_id)
                .all()
            )

        if len(uniprot_sequence) == 1:
            uniprot_sequence = uniprot_sequence[0]

        elif len(uniprot_sequence) > 1:
            logger.error('Type(uniprot_sequence): {}'.format(type(uniprot_sequence)))
            logger.error('uniprot_sequence: {}'.format(type(uniprot_sequence)))
            raise Exception('Several uniprot sequences returned!? This should never happen!')

        elif len(uniprot_sequence) == 0:
            if not check_external:
                print(
                    "Couldn't find a sequence for uniprot {}, "
                    "and not bothering to look for it online"
                    .format(uniprot_id))
                return None
            else:
                sequence_file = elaspic_sequence.download_uniport_sequence(
                    uniprot_id, configs['unique_temp_dir'])
                with open(sequence_file) as ifh:
                    seqrecord = SeqIO.read(ifh, 'fasta')
                uniprot_sequence = UniprotSequence()
                uniprot_sequence.uniprot_id = uniprot_id
                sp_or_trembl, uniprot_id_2, uniprot_name = seqrecord.name.split('|')
                if uniprot_id != uniprot_id_2:
                    print(
                        'Uniprot id of the fasta file ({}) does not match the '
                        'uniprot id of the query ({}). Skipping...'
                        .format(uniprot_id_2, uniprot_id))
                    return None
                uniprot_sequence.db = sp_or_trembl
                uniprot_sequence.uniprot_name = uniprot_name
                uniprot_sequence.uniprot_description = seqrecord.description
                uniprot_sequence.uniprot_sequence = str(seqrecord.seq)
                self.add_uniprot_sequence(uniprot_sequence)

        uniprot_seqrecord = SeqRecord(
            seq=Seq(str(uniprot_sequence.uniprot_sequence)),
            id=uniprot_sequence.uniprot_id,
            name=uniprot_sequence.uniprot_name)

        return uniprot_seqrecord


    @retry_database
[docs]    def add_uniprot_sequence(self, uniprot_sequence):
        """ Add new sequences to the database.
        :param uniprot_sequence: UniprotSequence object
        :rtype: None
        """
        with self.session_scope() as session:
            session.add(uniprot_sequence)

    # %% Domain and domain contact

    @retry_database
[docs]    def add_domain(self, d):
        with self.session_scope() as session:
            if isinstance(d, Domain):
                (
                    session
                    .query(Domain)
                    .filter(Domain.cath_id == d.cath_id)
                    .update({Domain.domain_errors: d.domain_errors})
                )
            elif isinstance(d, DomainContact):
                (
                    session
                    .query(DomainContact)
                    .filter(DomainContact.domain_contact_id == d.domain_contact_id)
                    .update({DomainContact.domain_contact_errors: d.domain_contact_errors})
                )


    @retry_database
[docs]    def add_domain_errors(self, t, error_string):
        with self.session_scope() as session:
            if isinstance(t, UniprotDomain):
                domain = (
                    session
                    .query(Domain)
                    .filter(Domain.cath_id == t.cath_id)
                    .as_scalar()
                )
                domain.domain_errors = error_string
                session.merge(domain)
            elif isinstance(t, UniprotDomainPair):
                domain_contact = (
                    session
                    .query(DomainContact)
                    .filter(DomainContact.cath_id_1 == t.cath_id_1)
                    .filter(DomainContact.cath_id_2 == t.cath_id_2)
                    .all()[0]
                )
                domain_contact.domain_contact_errors = error_string
                session.merge(domain_contact)
            else:
                raise Exception('Wrong type for template!!!')

    # %%

    def _split_domain(self, domain):
        """
        Converts a string of domain boundaries to integers.
        The separator is '-', and it can happen that both or one boundary is negative,
        making this tricky::

            -150-200,   meaning from -150 to 200
            -150--100,  meaning from -150 to -100

        Parameters
        ----------
        domain : str
            A string of domain boundaries

        Returns
        -------
        list
            Domain boundaries converted to integers
        """
        # split the domain boundaries, keep eventual minus signs
        if domain[0] == '-' and len(domain[1:].split('-')) == 2:
            domain = ['-' + domain[1:].split('-')[0], domain[1:].split('-')[1]]
        elif domain[0] == '-' and len(domain[1:].split('-')) > 2:
            domain = ['-' + domain[1:].split('-')[0], '-' + domain[1:].split('-')[-1]]
        else:
            domain = [domain.split('-')[0], domain.split('-')[1]]
        # strip the letters
        if domain[0][-1] in helper.uppercase:
            domain[0] = domain[0][:-1]
        if domain[1][-1] in helper.uppercase:
            domain[1] = domain[1][:-1]
        domain = [int(domain[0]), int(domain[1])]
        return domain

    def _split_domain_semicolon(self, domains):
        """
        Unlike `split_domain()`, this function returns a tuple of tuples of strings,
        preserving letter numbering (e.g. 10B).
        """
        x = domains
        return tuple([tuple([r.strip() for r in ro.split(':')]) for ro in x.split(',')])

    def _split_interface_aa(self, interface_aa):
        """
        """
        if interface_aa and (interface_aa != '') and (interface_aa != 'NULL'):
            if interface_aa[-1] == ',':
                interface_aa = interface_aa[:-1]

            x = interface_aa
            return_tuple = tuple([int(r.strip()) for r in x.split(',')])

        else:
            return_tuple = []

        return return_tuple

    # %%
[docs]    def get_alignment(self, model, path_to_data):
        """
        """

        tmp_save_path = op.join(configs['archive_temp_dir'], path_to_data)
        archive_save_path = op.join(configs['archive_dir'], path_to_data)

        if isinstance(model, UniprotDomainModel):

            # Load previously-calculated alignments
            if os.path.isfile(op.join(tmp_save_path, model.alignment_filename)):
                alignment = AlignIO.read(
                    op.join(tmp_save_path, model.alignment_filename),
                    'clustal')
            elif os.path.isfile(op.join(archive_save_path, model.alignment_filename)):
                alignment = AlignIO.read(
                    op.join(archive_save_path, model.alignment_filename),
                    'clustal')
            else:
                raise errors.NoPrecalculatedAlignmentFound(
                    archive_save_path, model.alignment_filename)

            return [alignment, None]

        elif isinstance(model, UniprotDomainPairModel):

            # Read alignment from the temporary folder
            if (os.path.isfile(op.join(tmp_save_path, model.alignment_filename_1)) and
                    os.path.isfile(op.join(tmp_save_path, model.alignment_filename_2))):
                alignment_1 = AlignIO.read(
                    op.join(tmp_save_path, model.alignment_filename_1), 'clustal')
                alignment_2 = AlignIO.read(
                    op.join(tmp_save_path, model.alignment_filename_2), 'clustal')
            # Read alignment from the export database
            elif (os.path.isfile(op.join(archive_save_path, model.alignment_filename_1)) and
                    os.path.isfile(op.join(archive_save_path, model.alignment_filename_2))):
                alignment_1 = AlignIO.read(
                    op.join(archive_save_path, model.alignment_filename_1), 'clustal')
                alignment_2 = AlignIO.read(
                    op.join(archive_save_path, model.alignment_filename_2), 'clustal')
            else:
                raise errors.NoPrecalculatedAlignmentFound(
                    archive_save_path, model.alignment_filename_1)

            return [alignment_1, alignment_2]


[docs]    def load_db_from_archive(self):
        """
        TODO: In the future I should move back to using json...
        """
        data = [
            ['human/*/*/*/*/template.json', UniprotDomainTemplate],
            ['human/*/*/*/*/model.json', UniprotDomainModel],
            ['human/*/*/*/*/*/mutation.json', UniprotDomainMutation],
            ['human/*/*/*/*/*/*/template.json', UniprotDomainPairTemplate],
            ['human/*/*/*/*/*/*/model.json', UniprotDomainPairModel],
            ['human/*/*/*/*/*/*/*/mutation.json', UniprotDomainPairMutation],
        ]

        for d in data:
            result, __, __ = (
                helper.subprocess_check_output('ls ' + op.join(configs['archive_dir'], d[0]))
            )
            filenames = [fname for fname in result.split('\n') if fname != '']
            for filename in filenames:
                with open(filename, 'r') as fh:
                    row = json.load(fh)
                try:
                    self.session.merge(d[1](**row))
                except TypeError as e:
                    logger.debug(
                        'Error merging {}.\n'
                        'Probably from an older version of the database.\n'
                        'Skipping...'.format(filename))
                    logger.debug('\t', e)
                logger.debug('Merged %s' % filename)
            self.session.commit()
            logger.debug('Committed changes\n\n\n')


# %% Elaspic-specific helper functions


[docs]def get_uniprot_base_path(d):
    """ The uniprot id is cut into several chunks to create folders that will
    hold a manageable number of pdbs.
    """
    if isinstance(d, UniprotDomain):
        uniprot_id = d.uniprot_id
        uniprot_name = d.uniprot_sequence.uniprot_name
    elif isinstance(d, UniprotDomainPair):
        uniprot_id = d.uniprot_domain_1.uniprot_id
        uniprot_name = d.uniprot_domain_1.uniprot_sequence.uniprot_name
    elif isinstance(d, dict):
        uniprot_id = d['uniprot_id']
        uniprot_name = d['uniprot_name']
    else:
        raise Exception('Input parameter type is not supported!')

    uniprot_base_path = (
        '{organism_name}/{uniprot_id_part_1}/{uniprot_id_part_2}/{uniprot_id_part_3}/'
        .format(
            organism_name=uniprot_name.split('_')[-1].lower(),
            uniprot_id_part_1=uniprot_id[:3],
            uniprot_id_part_2=uniprot_id[3:5],
            uniprot_id_part_3=uniprot_id,))
    return uniprot_base_path



[docs]def get_uniprot_domain_path(d):
    """ Return the path to individual domains or domain pairs.
    """
    if isinstance(d, UniprotDomain):
        uniprot_domain_path = (
            '{pfam_clan:.36}.{alignment_def}/'
            .format(
                pfam_clan=d.pfam_clan,
                alignment_def=d.alignment_def.replace(':', '-')))
    elif isinstance(d, UniprotDomainPair):
        uniprot_domain_path = (
            '{pfam_clan_1:.36}.{alignment_def_1}/'
            '{pfam_clan_2:.36}.{alignment_def_2}/'
            '{uniprot_id_2}/'
            .format(
                pfam_clan_1=d.uniprot_domain_1.pfam_clan,
                alignment_def_1=d.uniprot_domain_1.alignment_def.replace(':', '-'),
                pfam_clan_2=d.uniprot_domain_2.pfam_clan,
                alignment_def_2=d.uniprot_domain_2.alignment_def.replace(':', '-'),
                uniprot_id_2=d.uniprot_domain_2.uniprot_id,))
    return uniprot_domain_path



[docs]def scinet_cleanup(folder, destination, name=None):
    """
    zip and copy the results from the ramdisk to /scratch
    """
    print('saving the result in', folder)
    os.chdir(folder)
    if name is None:
        output_name = 'result_' + time.strftime("%Y_%m_%d_at_%Hh_%Mm") + '.tar.bz2'
    else:
        output_name = name + '_' + time.strftime("%Y_%m_%d_at_%Hh_%Mm") + '.tar.bz2'
    copy = 'cp ' + output_name + ' ' + op.join(destination, output_name)
#    copy = 'cp ' + output_name + ' $SCRATCH/niklas-pipeline/' + output_name
#    copy = 'cp ' + output_name + ' /home/niklas/tmp/' + output_name
    system_command = 'tar -acf ' + output_name + ' * && ' + copy

    result, error_message, return_code = helper.subprocess_check_output(system_command)
    if return_code != 0:
        print('error_message:', error_message)
    return



[docs]def pickle_dump(obj, filename):
    mode = stat.S_IRUSR | stat.S_IWUSR | stat.S_IRGRP | stat.S_IWGRP | stat.S_IROTH | stat.S_IWOTH
    umask_original = os.umask(0)
    try:
        handle = os.fdopen(os.open(filename, os.O_WRONLY | os.O_CREAT, mode), 'wb')
    finally:
        os.umask(umask_original)
    pickle.dump(obj, handle, pickle.HIGHEST_PROTOCOL)
    handle.close()
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  Source code for elaspic.call_tcoffee

# -*- coding: utf-8 -*-
from __future__ import absolute_import
from __future__ import unicode_literals
from builtins import object

import os.path as op
from os import environ
import time
import logging
import shutil

from Bio import SeqIO

from . import conf, errors, helper, structure_tools
configs = conf.Configs()

logger = logging.getLogger(__name__)


[docs]class TCoffee(object):
    """
    Alignes sequences using t_coffee in expresso mode.
    """
    def __init__(self, alignment_fasta_file, mode, pdb_file=None):
        """
        """
        self.alignment_id = op.splitext(op.basename(alignment_fasta_file))[0]
        self.alignment_fasta_file = op.join(configs['tcoffee_dir'], self.alignment_id + '.fasta')
        if alignment_fasta_file != self.alignment_fasta_file:
            shutil.copy(alignment_fasta_file, self.alignment_fasta_file)

        self.target_seqrecord, self.template_seqrecord = (
            list(SeqIO.parse(self.alignment_fasta_file, 'fasta'))
        )
        self.mode = mode

        if pdb_file is not None:
            self.pdb_id, self.pdb_file = self._clean_pdb(pdb_file)

            # Write a template file for the sequences to be aligned
            self.alignment_template_file = (
                op.join(configs['tcoffee_dir'], '{}.template_list'.format(self.alignment_id))
            )
            with open(self.alignment_template_file, 'w') as fh:
                fh.writelines([
                    ">" + self.target_seqrecord.id + " _P_ " + self.pdb_id.upper() + "\n"
                    ">" + self.template_seqrecord.id + " _P_ " + self.pdb_id.upper() + "\n"
                ])

    def _clean_pdb(self, pdb_file):
        """Write a template PDB file in a format that is compatible with t_coffee.
        """
        message = (
            "Cleaning pdb {} to serve as a template for t_coffee...".format(pdb_file)
        )
        logger.debug(message)

        pdb_id = structure_tools.get_pdb_id(pdb_file)
        pdb_file_new = op.join(configs['tcoffee_dir'], pdb_id + '.pdb')

        system_command = (
            "t_coffee -other_pg extract_from_pdb {} > {}".format(pdb_file, pdb_file_new)
        )
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(configs['tcoffee_dir'], system_command)
        )
        if return_code:
            logger.error("Error cleaning pdb!")
            logger.error("System command: '{}'".format(system_command))
            logger.error("Result: '{}'".format(result))
            logger.error("Error message: '{}'".format(error_message))
        time.sleep(0.2)
        return pdb_id, pdb_file_new

    def _get_tcoffee_system_command(
            self, alignment_fasta_file, alignment_template_file, alignment_output_file, mode):
        """

        Parameters
        ----------
        alignment_fasta_file : str
            Name of the file that contains the sequences to be aligned in fasta format.
        alignment_template_file : str
            Name of the file that contains the structureal templates to be used for
            structure-assisted alignments.
        alignment_output_file : str
            Name of the file where the alignment should be saved.
        mode : str
            T-coffee mode the should be run.

        Returns
        --------
        system_command : str
            System call that runs tcoffee.
        tcoffee_env : str
            A dictionary of environment variables to run tcoffee in a thread-safe manner.
        """
        # Environment variables
        # To be able to run parallel instances of t_coffee, the environment
        # variables have to be set to unique paths for each t_coffee call.
        # Also, make sure to change the directory to a unique one bevore
        # calling t_coffee.
        tcoffee_env = environ.copy()
        tcoffee_env['HOME_4_TCOFFEE'] = op.join(configs['tcoffee_dir'])
        tcoffee_env['TMP_4_TCOFFEE'] = op.join(configs['tcoffee_dir'], 'tmp')
        tcoffee_env['CACHE_4_TCOFFEE'] = op.join(configs['tcoffee_dir'], 'cache')
        tcoffee_env['LOCKDIR_4_TCOFFEE'] = op.join(configs['tcoffee_dir'], 'lck')
        tcoffee_env['ERRORFILE_4_TCOFFEE'] = (
            op.join(configs['tcoffee_dir'], 't_coffee.ErrorReport')
        )
        tcoffee_env['BLASTDB'] = configs['blast_db_dir']
        tcoffee_env['PDB_DIR'] = configs['pdb_dir']
        tcoffee_env['NO_REMOTE_PDB_DIR'] = '1'

        # Print a command that can be used to set environmental variables
        t_coffee_environment_variables = [
            'HOME_4_TCOFFEE', 'TMP_4_TCOFFEE', 'CACHE_4_TCOFFEE', 'LOCKDIR_4_TCOFFEE',
            'ERRORFILE_4_TCOFFEE', 'BLASTDB', 'PDB_DIR', 'NO_REMOTE_PDB_DIR']
        exports = [
            'export {}={}'.format(x, tcoffee_env.get(x, '$'+x))
            for x in t_coffee_environment_variables
        ]
        message = (
            "\nSystem command for setting environmental variables:\n" + ' && '.join(exports)
        )
        logger.debug(message)

        # ### System command
        # Use the following command to clean the pdb file (add headers, etc.)
        # 't_coffee -other_pg extract_from_pdb 32c2A.pdb > template.pdb '

        # Use the folllowing command to perform the most accurate alignment
        # 't_coffee -mode 3dcoffee -method sap_pair,mustang_pair,TMalign_pair
        # -blast_server=LOCAL -pdb_db=pdbaa -protein_db=nr -outorder=input
        # -output fasta_aln -outfile tcoffee_output.aln -seq seqfiles.fasta
        # -pdb_min_sim=20 -template_file seqfiles.template '

        multi_core_option = (
            '{}'.format(configs['n_cores'])
            if configs['n_cores'] and int(configs['n_cores']) > 1 else 'no'
        )
        n_core_option = '{}'.format(configs['n_cores']) if configs['n_cores'] else '1'
        protein_db = op.join(configs['blast_db_dir'], 'nr')
        pdb_db = op.join(configs['blast_db_dir'], 'pdbaa')
        if mode == '3dcoffee':
            system_command = (
                "t_coffee " +
                " -seq " + alignment_fasta_file +
                " -method=sap_pair,mustang_pair,TMalign_pair " +
                " -blast_server=LOCAL " +
                " -protein_db=" + protein_db +
                " -pdb_db=" + pdb_db +
                " -outorder=input" +
                " -output=fasta_aln" +
                " -pdb_min_sim=30" +
                # " -quiet" +
                # " -no_warning" +
                " -outfile=" + alignment_output_file +
                " -multi_core=no" +
                " -n_core=" + n_core_option +
                " -template_file=" + alignment_template_file
            )
        if mode == 'expresso':
            system_command = (
                't_coffee' +
                ' -mode expresso' +
                ' -method sap_pair' +
                ' -seq ' + alignment_fasta_file +
                ' -blast_server=LOCAL' +
                " -protein_db=" + protein_db +
                " -pdb_db=" + pdb_db +
                ' -outorder=input' +
                ' -output fasta_aln' +
                ' -quiet -no_warning' +
                ' -outfile=' + alignment_output_file +
                ' -cache ignore ' +
                ' -multi_core ' + multi_core_option +  # AS changed !!!
                ' -n_core ' + n_core_option  # AS changed !!!
            )
        if mode == 't_coffee':
            system_command = (
                't_coffee' +
                ' -mode expresso' +
                ' -method clustalw_pair,slow_pair' +
                ' -seq ' + alignment_fasta_file +
                ' -blast_server=LOCAL' +
                " -protein_db=" + protein_db +
                " -pdb_db=" + pdb_db +
                ' -outorder=input' +
                ' -output fasta_aln' +
                ' -quiet -no_warning' +
                ' -outfile=' + alignment_output_file +
                ' -multi_core ' + multi_core_option +  # AS changed !!!
                ' -n_core ' + n_core_option  # AS changed !!!
            )
        if mode == 'quick':
            system_command = (
                't_coffee' +
                ' -mode quickaln' +
                ' -method clustalw_pair,slow_pair' +
                ' -seq ' + alignment_fasta_file +
                ' -blast_server=LOCAL' +
                " -protein_db=" + protein_db +
                " -pdb_db=" + pdb_db +
                ' -outorder=input' +
                ' -output fasta_aln' +
                ' -quiet -no_warning' +
                ' -outfile=' + alignment_output_file +
                ' -multi_core ' + multi_core_option +  # AS changed !!!
                ' -n_core ' + n_core_option  # AS changed !!!
            )
        return system_command, tcoffee_env

[docs]    def align(self, GAPOPEN=-0.0, GAPEXTEND=-0.0):
        """ Calls t_coffee (make sure BLAST is installed locally!).

        Parameters
        ----------
        alignment_fasta_file : string
            A file containing the fasta sequences to be aligned
        alignment_template_file : string
            A file containing the structural templates for the fasta sequences
            described above
        GAPOPEN : int or str
            See t_coffee manual
        GAPEXTEND : int or str
            See t_coffee manual

        Returns
        --------
        alignment_output_file : str
            Name of file which contains the alignment in fasta format.
        """

        # try the alignment in expresso mode (structure based with sap alignment)
        alignment_output_file = op.join(configs['tcoffee_dir'], self.alignment_id + '.aln')
        system_command, tcoffee_env = self._get_tcoffee_system_command(
            self.alignment_fasta_file, self.alignment_template_file, alignment_output_file,
            self.mode)

        # Perform t_coffee alignment
        logger.debug("\nTCoffee system command:\n{}".format(system_command))
        result, error_message, return_code = (
            helper.subprocess_check_output_locally(
                configs['tcoffee_dir'], system_command, env=tcoffee_env)
        )
        logger.debug("t_coffee results:\n{}".format(result.strip()))
        error_message_summary_idx = error_message.find(
            '*                        MESSAGES RECAPITULATION')
        if error_message_summary_idx == -1:
            error_message_summary = ''
        else:
            error_message_summary = error_message[error_message_summary_idx:]
        logger.debug("t_coffee errors:\n{}".format(error_message_summary.strip()))

        # Check if tcoffee had an unexpected exit and if not, create and return
        # the alignment object
        if return_code == 0:
            logger.info("Successfully made the alignment")
            return alignment_output_file
        else:
            logger.error(
                'Structural alignment failed with the following error: {}'
                .format(error_message))
            logger.error('Running quickalign alignment instead...')
            system_command, tcoffee_env = self._call_tcoffee_system_command(
                self.alignment_fasta_file, self.alignment_template_file, alignment_output_file,
                'quick')
            result, error_message, return_code = (
                helper.subprocess_check_output_locally(
                    configs['tcoffee_dir'], system_command, env=tcoffee_env)
            )
            if return_code == 0:
                return alignment_output_file
            else:
                logger.error('Even quickaln didn\'t work. Cannot create an alignment. Giving up.')
                raise errors.TcoffeeError(result, error_message, self.alignment_fasta_file,
                                          system_command)
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  Source code for sqlalchemy.orm.attributes

# orm/attributes.py
# Copyright (C) 2005-2015 the SQLAlchemy authors and contributors
# <see AUTHORS file>
#
# This module is part of SQLAlchemy and is released under
# the MIT License: http://www.opensource.org/licenses/mit-license.php

"""Defines instrumentation for class attributes and their interaction
with instances.

This module is usually not directly visible to user applications, but
defines a large part of the ORM's interactivity.


"""

import operator
from .. import util, event, inspection
from . import interfaces, collections, exc as orm_exc

from .base import instance_state, instance_dict, manager_of_class

from .base import PASSIVE_NO_RESULT, ATTR_WAS_SET, ATTR_EMPTY, NO_VALUE,\
    NEVER_SET, NO_CHANGE, CALLABLES_OK, SQL_OK, RELATED_OBJECT_OK,\
    INIT_OK, NON_PERSISTENT_OK, LOAD_AGAINST_COMMITTED, PASSIVE_OFF,\
    PASSIVE_RETURN_NEVER_SET, PASSIVE_NO_INITIALIZE, PASSIVE_NO_FETCH,\
    PASSIVE_NO_FETCH_RELATED, PASSIVE_ONLY_PERSISTENT, NO_AUTOFLUSH
from .base import state_str, instance_str


@inspection._self_inspects
class QueryableAttribute(interfaces._MappedAttribute,
                         interfaces.InspectionAttr,
                         interfaces.PropComparator):
    """Base class for :term:`descriptor` objects that intercept
    attribute events on behalf of a :class:`.MapperProperty`
    object.  The actual :class:`.MapperProperty` is accessible
    via the :attr:`.QueryableAttribute.property`
    attribute.


    .. seealso::

        :class:`.InstrumentedAttribute`

        :class:`.MapperProperty`

        :attr:`.Mapper.all_orm_descriptors`

        :attr:`.Mapper.attrs`
    """

    is_attribute = True

    def __init__(self, class_, key, impl=None,
                 comparator=None, parententity=None,
                 of_type=None):
        self.class_ = class_
        self.key = key
        self.impl = impl
        self.comparator = comparator
        self._parententity = parententity
        self._of_type = of_type

        manager = manager_of_class(class_)
        # manager is None in the case of AliasedClass
        if manager:
            # propagate existing event listeners from
            # immediate superclass
            for base in manager._bases:
                if key in base:
                    self.dispatch._update(base[key].dispatch)

    @util.memoized_property
    def _supports_population(self):
        return self.impl.supports_population

    def get_history(self, instance, passive=PASSIVE_OFF):
        return self.impl.get_history(instance_state(instance),
                                     instance_dict(instance), passive)

    def __selectable__(self):
        # TODO: conditionally attach this method based on clause_element ?
        return self

    @util.memoized_property
    def info(self):
        """Return the 'info' dictionary for the underlying SQL element.

        The behavior here is as follows:

        * If the attribute is a column-mapped property, i.e.
          :class:`.ColumnProperty`, which is mapped directly
          to a schema-level :class:`.Column` object, this attribute
          will return the :attr:`.SchemaItem.info` dictionary associated
          with the core-level :class:`.Column` object.

        * If the attribute is a :class:`.ColumnProperty` but is mapped to
          any other kind of SQL expression other than a :class:`.Column`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated directly with the :class:`.ColumnProperty`,
          assuming the SQL expression itself does not have its own ``.info``
          attribute (which should be the case, unless a user-defined SQL
          construct has defined one).

        * If the attribute refers to any other kind of
          :class:`.MapperProperty`, including :class:`.RelationshipProperty`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated with that :class:`.MapperProperty`.

        * To access the :attr:`.MapperProperty.info` dictionary of the
          :class:`.MapperProperty` unconditionally, including for a
          :class:`.ColumnProperty` that's associated directly with a
          :class:`.schema.Column`, the attribute can be referred to using
          :attr:`.QueryableAttribute.property` attribute, as
          ``MyClass.someattribute.property.info``.

        .. versionadded:: 0.8.0

        .. seealso::

            :attr:`.SchemaItem.info`

            :attr:`.MapperProperty.info`

        """
        return self.comparator.info

    @util.memoized_property
    def parent(self):
        """Return an inspection instance representing the parent.

        This will be either an instance of :class:`.Mapper`
        or :class:`.AliasedInsp`, depending upon the nature
        of the parent entity which this attribute is associated
        with.

        """
        return inspection.inspect(self._parententity)

    @property
    def expression(self):
        return self.comparator.__clause_element__()

    def __clause_element__(self):
        return self.comparator.__clause_element__()

    def _query_clause_element(self):
        """like __clause_element__(), but called specifically
        by :class:`.Query` to allow special behavior."""

        return self.comparator._query_clause_element()

    def adapt_to_entity(self, adapt_to_entity):
        assert not self._of_type
        return self.__class__(adapt_to_entity.entity,
                              self.key, impl=self.impl,
                              comparator=self.comparator.adapt_to_entity(
                                  adapt_to_entity),
                              parententity=adapt_to_entity)

    def of_type(self, cls):
        return QueryableAttribute(
            self.class_,
            self.key,
            self.impl,
            self.comparator.of_type(cls),
            self._parententity,
            of_type=cls)

    def label(self, name):
        return self._query_clause_element().label(name)

    def operate(self, op, *other, **kwargs):
        return op(self.comparator, *other, **kwargs)

    def reverse_operate(self, op, other, **kwargs):
        return op(other, self.comparator, **kwargs)

    def hasparent(self, state, optimistic=False):
        return self.impl.hasparent(state, optimistic=optimistic) is not False

    def __getattr__(self, key):
        try:
            return getattr(self.comparator, key)
        except AttributeError:
            raise AttributeError(
                'Neither %r object nor %r object associated with %s '
                'has an attribute %r' % (
                    type(self).__name__,
                    type(self.comparator).__name__,
                    self,
                    key)
            )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    @util.memoized_property
    def property(self):
        """Return the :class:`.MapperProperty` associated with this
        :class:`.QueryableAttribute`.


        Return values here will commonly be instances of
        :class:`.ColumnProperty` or :class:`.RelationshipProperty`.


        """
        return self.comparator.property


class InstrumentedAttribute(QueryableAttribute):
    """Class bound instrumented attribute which adds basic
    :term:`descriptor` methods.

    See :class:`.QueryableAttribute` for a description of most features.


    """

    def __set__(self, instance, value):
        self.impl.set(instance_state(instance),
                      instance_dict(instance), value, None)

    def __delete__(self, instance):
        self.impl.delete(instance_state(instance), instance_dict(instance))

    def __get__(self, instance, owner):
        if instance is None:
            return self

        dict_ = instance_dict(instance)
        if self._supports_population and self.key in dict_:
            return dict_[self.key]
        else:
            return self.impl.get(instance_state(instance), dict_)


def create_proxied_attribute(descriptor):
    """Create an QueryableAttribute / user descriptor hybrid.

    Returns a new QueryableAttribute type that delegates descriptor
    behavior and getattr() to the given descriptor.
    """

    # TODO: can move this to descriptor_props if the need for this
    # function is removed from ext/hybrid.py

    class Proxy(QueryableAttribute):
        """Presents the :class:`.QueryableAttribute` interface as a
        proxy on top of a Python descriptor / :class:`.PropComparator`
        combination.

        """

        def __init__(self, class_, key, descriptor,
                     comparator,
                     adapt_to_entity=None, doc=None,
                     original_property=None):
            self.class_ = class_
            self.key = key
            self.descriptor = descriptor
            self.original_property = original_property
            self._comparator = comparator
            self._adapt_to_entity = adapt_to_entity
            self.__doc__ = doc

        @property
        def property(self):
            return self.comparator.property

        @util.memoized_property
        def comparator(self):
            if util.callable(self._comparator):
                self._comparator = self._comparator()
            if self._adapt_to_entity:
                self._comparator = self._comparator.adapt_to_entity(
                    self._adapt_to_entity)
            return self._comparator

        def adapt_to_entity(self, adapt_to_entity):
            return self.__class__(adapt_to_entity.entity,
                                  self.key,
                                  self.descriptor,
                                  self._comparator,
                                  adapt_to_entity)

        def __get__(self, instance, owner):
            if instance is None:
                return self
            else:
                return self.descriptor.__get__(instance, owner)

        def __str__(self):
            return "%s.%s" % (self.class_.__name__, self.key)

        def __getattr__(self, attribute):
            """Delegate __getattr__ to the original descriptor and/or
            comparator."""

            try:
                return getattr(descriptor, attribute)
            except AttributeError:
                try:
                    return getattr(self.comparator, attribute)
                except AttributeError:
                    raise AttributeError(
                        'Neither %r object nor %r object associated with %s '
                        'has an attribute %r' % (
                            type(descriptor).__name__,
                            type(self.comparator).__name__,
                            self,
                            attribute)
                    )

    Proxy.__name__ = type(descriptor).__name__ + 'Proxy'

    util.monkeypatch_proxied_specials(Proxy, type(descriptor),
                                      name='descriptor',
                                      from_instance=descriptor)
    return Proxy

OP_REMOVE = util.symbol("REMOVE")
OP_APPEND = util.symbol("APPEND")
OP_REPLACE = util.symbol("REPLACE")


class Event(object):
    """A token propagated throughout the course of a chain of attribute
    events.

    Serves as an indicator of the source of the event and also provides
    a means of controlling propagation across a chain of attribute
    operations.

    The :class:`.Event` object is sent as the ``initiator`` argument
    when dealing with the :meth:`.AttributeEvents.append`,
    :meth:`.AttributeEvents.set`,
    and :meth:`.AttributeEvents.remove` events.

    The :class:`.Event` object is currently interpreted by the backref
    event handlers, and is used to control the propagation of operations
    across two mutually-dependent attributes.

    .. versionadded:: 0.9.0

    :var impl: The :class:`.AttributeImpl` which is the current event
     initiator.

    :var op: The symbol :attr:`.OP_APPEND`, :attr:`.OP_REMOVE` or
     :attr:`.OP_REPLACE`, indicating the source operation.

    """

    __slots__ = 'impl', 'op', 'parent_token'

    def __init__(self, attribute_impl, op):
        self.impl = attribute_impl
        self.op = op
        self.parent_token = self.impl.parent_token

    def __eq__(self, other):
        return isinstance(other, Event) and \
            other.impl is self.impl and \
            other.op == self.op

    @property
    def key(self):
        return self.impl.key

    def hasparent(self, state):
        return self.impl.hasparent(state)


class AttributeImpl(object):
    """internal implementation for instrumented attributes."""

    def __init__(self, class_, key,
                 callable_, dispatch, trackparent=False, extension=None,
                 compare_function=None, active_history=False,
                 parent_token=None, expire_missing=True,
                 send_modified_events=True,
                 **kwargs):
        """Construct an AttributeImpl.

        \class_
          associated class

        key
          string name of the attribute

        \callable_
          optional function which generates a callable based on a parent
          instance, which produces the "default" values for a scalar or
          collection attribute when it's first accessed, if not present
          already.

        trackparent
          if True, attempt to track if an instance has a parent attached
          to it via this attribute.

        extension
          a single or list of AttributeExtension object(s) which will
          receive set/delete/append/remove/etc. events.  Deprecated.
          The event package is now used.

        compare_function
          a function that compares two values which are normally
          assignable to this attribute.

        active_history
          indicates that get_history() should always return the "old" value,
          even if it means executing a lazy callable upon attribute change.

        parent_token
          Usually references the MapperProperty, used as a key for
          the hasparent() function to identify an "owning" attribute.
          Allows multiple AttributeImpls to all match a single
          owner attribute.

        expire_missing
          if False, don't add an "expiry" callable to this attribute
          during state.expire_attributes(None), if no value is present
          for this key.

        send_modified_events
          if False, the InstanceState._modified_event method will have no
          effect; this means the attribute will never show up as changed in a
          history entry.
        """
        self.class_ = class_
        self.key = key
        self.callable_ = callable_
        self.dispatch = dispatch
        self.trackparent = trackparent
        self.parent_token = parent_token or self
        self.send_modified_events = send_modified_events
        if compare_function is None:
            self.is_equal = operator.eq
        else:
            self.is_equal = compare_function

        # TODO: pass in the manager here
        # instead of doing a lookup
        attr = manager_of_class(class_)[key]

        for ext in util.to_list(extension or []):
            ext._adapt_listener(attr, ext)

        if active_history:
            self.dispatch._active_history = True

        self.expire_missing = expire_missing

    __slots__ = (
        'class_', 'key', 'callable_', 'dispatch', 'trackparent',
        'parent_token', 'send_modified_events', 'is_equal', 'expire_missing'
    )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    def _get_active_history(self):
        """Backwards compat for impl.active_history"""

        return self.dispatch._active_history

    def _set_active_history(self, value):
        self.dispatch._active_history = value

    active_history = property(_get_active_history, _set_active_history)

    def hasparent(self, state, optimistic=False):
        """Return the boolean value of a `hasparent` flag attached to
        the given state.

        The `optimistic` flag determines what the default return value
        should be if no `hasparent` flag can be located.

        As this function is used to determine if an instance is an
        *orphan*, instances that were loaded from storage should be
        assumed to not be orphans, until a True/False value for this
        flag is set.

        An instance attribute that is loaded by a callable function
        will also not have a `hasparent` flag.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        return state.parents.get(id(self.parent_token), optimistic) \
            is not False

    def sethasparent(self, state, parent_state, value):
        """Set a boolean flag on the given item corresponding to
        whether or not it is attached to a parent object via the
        attribute represented by this ``InstrumentedAttribute``.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        id_ = id(self.parent_token)
        if value:
            state.parents[id_] = parent_state
        else:
            if id_ in state.parents:
                last_parent = state.parents[id_]

                if last_parent is not False and \
                        last_parent.key != parent_state.key:

                    if last_parent.obj() is None:
                        raise orm_exc.StaleDataError(
                            "Removing state %s from parent "
                            "state %s along attribute '%s', "
                            "but the parent record "
                            "has gone stale, can't be sure this "
                            "is the most recent parent." %
                            (state_str(state),
                             state_str(parent_state),
                             self.key))

                    return

            state.parents[id_] = False

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        raise NotImplementedError()

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        """Return a list of tuples of (state, obj)
        for all objects in this attribute's current state
        + history.

        Only applies to object-based attributes.

        This is an inlining of existing functionality
        which roughly corresponds to:

            get_state_history(
                        state,
                        key,
                        passive=PASSIVE_NO_INITIALIZE).sum()

        """
        raise NotImplementedError()

    def initialize(self, state, dict_):
        """Initialize the given state's attribute with an empty value."""

        # As of 1.0, we don't actually set a value in
        # dict_.  This is so that the state of the object does not get
        # modified without emitting the appropriate events.


        return None

    def get(self, state, dict_, passive=PASSIVE_OFF):
        """Retrieve a value from the given object.
        If a callable is assembled on this object's attribute, and
        passive is False, the callable will be executed and the
        resulting value will be set as the new value for this attribute.
        """
        if self.key in dict_:
            return dict_[self.key]
        else:
            # if history present, don't load
            key = self.key
            if key not in state.committed_state or \
                    state.committed_state[key] is NEVER_SET:
                if not passive & CALLABLES_OK:
                    return PASSIVE_NO_RESULT

                if key in state.expired_attributes:
                    value = state._load_expired(state, passive)
                elif key in state.callables:
                    callable_ = state.callables[key]
                    value = callable_(state, passive)
                elif self.callable_:
                    value = self.callable_(state, passive)
                else:
                    value = ATTR_EMPTY

                if value is PASSIVE_NO_RESULT or value is NEVER_SET:
                    return value
                elif value is ATTR_WAS_SET:
                    try:
                        return dict_[key]
                    except KeyError:
                        # TODO: no test coverage here.
                        raise KeyError(
                            "Deferred loader for attribute "
                            "%r failed to populate "
                            "correctly" % key)
                elif value is not ATTR_EMPTY:
                    return self.set_committed_value(state, dict_, value)

            if not passive & INIT_OK:
                return NEVER_SET
            else:
                # Return a new, empty value
                return self.initialize(state, dict_)

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, value, initiator, passive=passive)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value, pop=True)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        raise NotImplementedError()

    def get_committed_value(self, state, dict_, passive=PASSIVE_OFF):
        """return the unchanged value of this attribute"""

        if self.key in state.committed_state:
            value = state.committed_state[self.key]
            if value in (NO_VALUE, NEVER_SET):
                return None
            else:
                return value
        else:
            return self.get(state, dict_, passive=passive)

    def set_committed_value(self, state, dict_, value):
        """set an attribute value on the given instance and 'commit' it."""

        dict_[self.key] = value
        state._commit(dict_, [self.key])
        return value


class ScalarAttributeImpl(AttributeImpl):
    """represents a scalar value-holding InstrumentedAttribute."""

    accepts_scalar_loader = True
    uses_objects = False
    supports_population = True
    collection = False

    __slots__ = '_replace_token', '_append_token', '_remove_token'

    def __init__(self, *arg, **kw):
        super(ScalarAttributeImpl, self).__init__(*arg, **kw)
        self._replace_token = self._append_token = None
        self._remove_token = None

    def _init_append_token(self):
        self._replace_token = self._append_token = Event(self, OP_REPLACE)
        return self._replace_token

    _init_append_or_replace_token = _init_append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def delete(self, state, dict_):

        # TODO: catch key errors, convert to attributeerror?
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.remove:
            self.fire_remove_event(state, dict_, old, self._remove_token)
        state._modified_event(dict_, self, old)
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_scalar_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_scalar_attribute(self, state, current)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.set:
            value = self.fire_replace_event(state, dict_,
                                            value, old, initiator)
        state._modified_event(dict_, self, old)
        dict_[self.key] = value

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        for fn in self.dispatch.set:
            value = fn(
                state, value, previous,
                initiator or self._replace_token or
                self._init_append_or_replace_token())
        return value

    def fire_remove_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

    @property
    def type(self):
        self.property.columns[0].type


class ScalarObjectAttributeImpl(ScalarAttributeImpl):
    """represents a scalar-holding InstrumentedAttribute,
       where the target object is also instrumented.

       Adds events to delete/set operations.

    """

    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = False

    __slots__ = ()

    def delete(self, state, dict_):
        old = self.get(state, dict_)
        self.fire_remove_event(
            state, dict_, old,
            self._remove_token or self._init_remove_token())
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_object_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_object_attribute(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        if self.key in dict_:
            current = dict_[self.key]
        elif passive & CALLABLES_OK:
            current = self.get(state, dict_, passive=passive)
        else:
            return []

        # can't use __hash__(), can't use __eq__() here
        if current is not None and \
                current is not PASSIVE_NO_RESULT and \
                current is not NEVER_SET:
            ret = [(instance_state(current), current)]
        else:
            ret = [(None, None)]

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original is not None and \
                    original is not PASSIVE_NO_RESULT and \
                    original is not NEVER_SET and \
                    original is not current:

                ret.append((instance_state(original), original))
        return ret

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        """Set a value on the given InstanceState.

        """
        if self.dispatch._active_history:
            old = self.get(
                state, dict_, passive=PASSIVE_ONLY_PERSISTENT | NO_AUTOFLUSH)
        else:
            old = self.get(state, dict_, passive=PASSIVE_NO_FETCH ^ INIT_OK)

        if check_old is not None and \
                old is not PASSIVE_NO_RESULT and \
                check_old is not old:
            if pop:
                return
            else:
                raise ValueError(
                    "Object %s not associated with %s on attribute '%s'" % (
                        instance_str(check_old),
                        state_str(state),
                        self.key
                    ))

        value = self.fire_replace_event(state, dict_, value, old, initiator)
        dict_[self.key] = value

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value, initiator or
               self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, value)

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        if self.trackparent:
            if (previous is not value and
                    previous not in (None, PASSIVE_NO_RESULT, NEVER_SET)):
                self.sethasparent(instance_state(previous), state, False)

        for fn in self.dispatch.set:
            value = fn(
                state, value, previous, initiator or
                self._replace_token or self._init_append_or_replace_token())

        state._modified_event(dict_, self, previous)

        if self.trackparent:
            if value is not None:
                self.sethasparent(instance_state(value), state, True)

        return value


class CollectionAttributeImpl(AttributeImpl):
    """A collection-holding attribute that instruments changes in membership.

    Only handles collections of instrumented objects.

    InstrumentedCollectionAttribute holds an arbitrary, user-specified
    container object (defaulting to a list) and brokers access to the
    CollectionAdapter, a "view" onto that object that presents consistent bag
    semantics to the orm layer independent of the user data implementation.

    """
    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = True

    __slots__ = 'copy', 'collection_factory', '_append_token', '_remove_token'

    def __init__(self, class_, key, callable_, dispatch,
                 typecallable=None, trackparent=False, extension=None,
                 copy_function=None, compare_function=None, **kwargs):
        super(CollectionAttributeImpl, self).__init__(
            class_,
            key,
            callable_, dispatch,
            trackparent=trackparent,
            extension=extension,
            compare_function=compare_function,
            **kwargs)

        if copy_function is None:
            copy_function = self.__copy
        self.copy = copy_function
        self.collection_factory = typecallable
        self._append_token = None
        self._remove_token = None

        if getattr(self.collection_factory, "_sa_linker", None):

            @event.listens_for(self, "init_collection")
            def link(target, collection, collection_adapter):
                collection._sa_linker(collection_adapter)

            @event.listens_for(self, "dispose_collection")
            def unlink(target, collection, collection_adapter):
                collection._sa_linker(None)

    def _init_append_token(self):
        self._append_token = Event(self, OP_APPEND)
        return self._append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def __copy(self, item):
        return [y for y in collections.collection_adapter(item)]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        current = self.get(state, dict_, passive=passive)
        if current is PASSIVE_NO_RESULT:
            return HISTORY_BLANK
        else:
            return History.from_collection(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        # NOTE: passive is ignored here at the moment

        if self.key not in dict_:
            return []

        current = dict_[self.key]
        current = getattr(current, '_sa_adapter')

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original not in (NO_VALUE, NEVER_SET):
                current_states = [((c is not None) and
                                   instance_state(c) or None, c)
                                  for c in current]
                original_states = [((c is not None) and
                                    instance_state(c) or None, c)
                                   for c in original]

                current_set = dict(current_states)
                original_set = dict(original_states)

                return \
                    [(s, o) for s, o in current_states
                        if s not in original_set] + \
                    [(s, o) for s, o in current_states
                        if s in original_set] + \
                    [(s, o) for s, o in original_states
                        if s not in current_set]

        return [(instance_state(o), o) for o in current]

    def fire_append_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.append:
            value = fn(
                state, value,
                initiator or self._append_token or self._init_append_token())

        state._modified_event(dict_, self, NEVER_SET, True)

        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, True)

        return value

    def fire_pre_remove_event(self, state, dict_, initiator):
        state._modified_event(dict_, self, NEVER_SET, True)

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, NEVER_SET, True)

    def delete(self, state, dict_):
        if self.key not in dict_:
            return

        state._modified_event(dict_, self, NEVER_SET, True)

        collection = self.get_collection(state, state.dict)
        collection.clear_with_event()
        # TODO: catch key errors, convert to attributeerror?
        del dict_[self.key]

    def initialize(self, state, dict_):
        """Initialize this attribute with an empty collection."""

        _, user_data = self._initialize_collection(state)
        dict_[self.key] = user_data
        return user_data

    def _initialize_collection(self, state):

        adapter, collection = state.manager.initialize_collection(
            self.key, state, self.collection_factory)

        self.dispatch.init_collection(state, collection, adapter)

        return adapter, collection

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, dict_, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            value = self.fire_append_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).append(value)
        else:
            collection.append_with_event(value, initiator)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, state.dict, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            self.fire_remove_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).remove(value)
        else:
            collection.remove_with_event(value, initiator)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        try:
            # TODO: better solution here would be to add
            # a "popper" role to collections.py to complement
            # "remover".
            self.remove(state, dict_, value, initiator, passive=passive)
        except (ValueError, KeyError, IndexError):
            pass

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, pop=False):
        """Set a value on the given object.

        """

        self._set_iterable(
            state, dict_, value,
            lambda adapter, i: adapter.adapt_like_to_iterable(i))

    def _set_iterable(self, state, dict_, iterable, adapter=None):
        """Set a collection value from an iterable of state-bearers.

        ``adapter`` is an optional callable invoked with a CollectionAdapter
        and the iterable.  Should return an iterable of state-bearing
        instances suitable for appending via a CollectionAdapter.  Can be used
        for, e.g., adapting an incoming dictionary into an iterator of values
        rather than keys.

        """
        # pulling a new collection first so that an adaptation exception does
        # not trigger a lazy load of the old collection.
        new_collection, user_data = self._initialize_collection(state)
        if adapter:
            new_values = list(adapter(new_collection, iterable))
        else:
            new_values = list(iterable)

        old = self.get(state, dict_, passive=PASSIVE_ONLY_PERSISTENT)
        if old is PASSIVE_NO_RESULT:
            old = self.initialize(state, dict_)
        elif old is iterable:
            # ignore re-assignment of the current collection, as happens
            # implicitly with in-place operators (foo.collection |= other)
            return

        # place a copy of "old" in state.committed_state
        state._modified_event(dict_, self, old, True)

        old_collection = old._sa_adapter

        dict_[self.key] = user_data

        collections.bulk_replace(new_values, old_collection, new_collection)

        del old._sa_adapter
        self.dispatch.dispose_collection(state, old, old_collection)

    def _invalidate_collection(self, collection):
        adapter = getattr(collection, '_sa_adapter')
        adapter.invalidated = True

    def set_committed_value(self, state, dict_, value):
        """Set an attribute value on the given instance and 'commit' it."""

        collection, user_data = self._initialize_collection(state)

        if value:
            collection.append_multiple_without_event(value)

        state.dict[self.key] = user_data

        state._commit(dict_, [self.key])

        if self.key in state._pending_mutations:
            # pending items exist.  issue a modified event,
            # add/remove new items.
            state._modified_event(dict_, self, user_data, True)

            pending = state._pending_mutations.pop(self.key)
            added = pending.added_items
            removed = pending.deleted_items
            for item in added:
                collection.append_without_event(item)
            for item in removed:
                collection.remove_without_event(item)

        return user_data

    def get_collection(self, state, dict_,
                       user_data=None, passive=PASSIVE_OFF):
        """Retrieve the CollectionAdapter associated with the given state.

        Creates a new CollectionAdapter if one does not exist.

        """
        if user_data is None:
            user_data = self.get(state, dict_, passive=passive)
            if user_data is PASSIVE_NO_RESULT:
                return user_data

        return getattr(user_data, '_sa_adapter')


def backref_listeners(attribute, key, uselist):
    """Apply listeners to synchronize a two-way relationship."""

    # use easily recognizable names for stack traces

    parent_token = attribute.impl.parent_token
    parent_impl = attribute.impl

    def _acceptable_key_err(child_state, initiator, child_impl):
        raise ValueError(
            "Bidirectional attribute conflict detected: "
            'Passing object %s to attribute "%s" '
            'triggers a modify event on attribute "%s" '
            'via the backref "%s".' % (
                state_str(child_state),
                initiator.parent_token,
                child_impl.parent_token,
                attribute.impl.parent_token
            )
        )

    def emit_backref_from_scalar_set_event(state, child, oldchild, initiator):
        if oldchild is child:
            return child
        if oldchild is not None and \
                oldchild is not PASSIVE_NO_RESULT and \
                oldchild is not NEVER_SET:
            # With lazy=None, there's no guarantee that the full collection is
            # present when updating via a backref.
            old_state, old_dict = instance_state(oldchild),\
                instance_dict(oldchild)
            impl = old_state.manager[key].impl

            if initiator.impl is not impl or \
                    initiator.op not in (OP_REPLACE, OP_REMOVE):
                impl.pop(old_state,
                         old_dict,
                         state.obj(),
                         parent_impl._append_token or
                            parent_impl._init_append_token(),
                         passive=PASSIVE_NO_FETCH)

        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.parent_token is not parent_token and \
                    initiator.parent_token is not child_impl.parent_token:
                _acceptable_key_err(state, initiator, child_impl)
            elif initiator.impl is not child_impl or \
                    initiator.op not in (OP_APPEND, OP_REPLACE):
                child_impl.append(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_append_event(state, child, initiator):
        if child is None:
            return

        child_state, child_dict = instance_state(child), \
            instance_dict(child)
        child_impl = child_state.manager[key].impl

        if initiator.parent_token is not parent_token and \
                initiator.parent_token is not child_impl.parent_token:
            _acceptable_key_err(state, initiator, child_impl)
        elif initiator.impl is not child_impl or \
                initiator.op not in (OP_APPEND, OP_REPLACE):
            child_impl.append(
                child_state,
                child_dict,
                state.obj(),
                initiator,
                passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_remove_event(state, child, initiator):
        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.impl is not child_impl or \
                    initiator.op not in (OP_REMOVE, OP_REPLACE):
                child_impl.pop(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)

    if uselist:
        event.listen(attribute, "append",
                     emit_backref_from_collection_append_event,
                     retval=True, raw=True)
    else:
        event.listen(attribute, "set",
                     emit_backref_from_scalar_set_event,
                     retval=True, raw=True)
    # TODO: need coverage in test/orm/ of remove event
    event.listen(attribute, "remove",
                 emit_backref_from_collection_remove_event,
                 retval=True, raw=True)

_NO_HISTORY = util.symbol('NO_HISTORY')
_NO_STATE_SYMBOLS = frozenset([
    id(PASSIVE_NO_RESULT),
    id(NO_VALUE),
    id(NEVER_SET)])

History = util.namedtuple("History", [
    "added", "unchanged", "deleted"
])


class History(History):
    """A 3-tuple of added, unchanged and deleted values,
    representing the changes which have occurred on an instrumented
    attribute.

    The easiest way to get a :class:`.History` object for a particular
    attribute on an object is to use the :func:`.inspect` function::

        from sqlalchemy import inspect

        hist = inspect(myobject).attrs.myattribute.history

    Each tuple member is an iterable sequence:

    * ``added`` - the collection of items added to the attribute (the first
      tuple element).

    * ``unchanged`` - the collection of items that have not changed on the
      attribute (the second tuple element).

    * ``deleted`` - the collection of items that have been removed from the
      attribute (the third tuple element).

    """

    def __bool__(self):
        return self != HISTORY_BLANK
    __nonzero__ = __bool__

    def empty(self):
        """Return True if this :class:`.History` has no changes
        and no existing, unchanged state.

        """

        return not bool(
            (self.added or self.deleted)
            or self.unchanged
        )

    def sum(self):
        """Return a collection of added + unchanged + deleted."""

        return (self.added or []) +\
            (self.unchanged or []) +\
            (self.deleted or [])

    def non_deleted(self):
        """Return a collection of added + unchanged."""

        return (self.added or []) +\
            (self.unchanged or [])

    def non_added(self):
        """Return a collection of unchanged + deleted."""

        return (self.unchanged or []) +\
            (self.deleted or [])

    def has_changes(self):
        """Return True if this :class:`.History` has changes."""

        return bool(self.added or self.deleted)

    def as_state(self):
        return History(
            [(c is not None)
             and instance_state(c) or None
             for c in self.added],
            [(c is not None)
             and instance_state(c) or None
             for c in self.unchanged],
            [(c is not None)
             and instance_state(c) or None
             for c in self.deleted],
        )

    @classmethod
    def from_scalar_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        # don't let ClauseElement expressions here trip things up
        elif attribute.is_equal(current, original) is True:
            return cls((), [current], ())
        else:
            # current convention on native scalars is to not
            # include information
            # about missing previous value in "deleted", but
            # we do include None, which helps in some primary
            # key situations
            if id(original) in _NO_STATE_SYMBOLS:
                deleted = ()
            else:
                deleted = [original]
            if current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_object_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        elif current is original:
            return cls((), [current], ())
        else:
            # current convention on related objects is to not
            # include information
            # about missing previous value in "deleted", and
            # to also not include None - the dependency.py rules
            # ignore the None in any case.
            if id(original) in _NO_STATE_SYMBOLS or original is None:
                deleted = ()
            else:
                deleted = [original]
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_collection(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if current is NO_VALUE or current is NEVER_SET:
            return cls((), (), ())

        current = getattr(current, '_sa_adapter')
        if original in (NO_VALUE, NEVER_SET):
            return cls(list(current), (), ())
        elif original is _NO_HISTORY:
            return cls((), list(current), ())
        else:

            current_states = [((c is not None) and instance_state(c)
                               or None, c)
                              for c in current
                              ]
            original_states = [((c is not None) and instance_state(c)
                                or None, c)
                               for c in original
                               ]

            current_set = dict(current_states)
            original_set = dict(original_states)

            return cls(
                [o for s, o in current_states if s not in original_set],
                [o for s, o in current_states if s in original_set],
                [o for s, o in original_states if s not in current_set]
            )

HISTORY_BLANK = History(None, None, None)


def get_history(obj, key, passive=PASSIVE_OFF):
    """Return a :class:`.History` record for the given object
    and attribute key.

    :param obj: an object whose class is instrumented by the
      attributes package.

    :param key: string attribute name.

    :param passive: indicates loading behavior for the attribute
       if the value is not already present.   This is a
       bitflag attribute, which defaults to the symbol
       :attr:`.PASSIVE_OFF` indicating all necessary SQL
       should be emitted.

    """
    if passive is True:
        util.warn_deprecated("Passing True for 'passive' is deprecated. "
                             "Use attributes.PASSIVE_NO_INITIALIZE")
        passive = PASSIVE_NO_INITIALIZE
    elif passive is False:
        util.warn_deprecated("Passing False for 'passive' is "
                             "deprecated.  Use attributes.PASSIVE_OFF")
        passive = PASSIVE_OFF

    return get_state_history(instance_state(obj), key, passive)


def get_state_history(state, key, passive=PASSIVE_OFF):
    return state.get_history(key, passive)


def has_parent(cls, obj, key, optimistic=False):
    """TODO"""
    manager = manager_of_class(cls)
    state = instance_state(obj)
    return manager.has_parent(state, key, optimistic)


def register_attribute(class_, key, **kw):
    comparator = kw.pop('comparator', None)
    parententity = kw.pop('parententity', None)
    doc = kw.pop('doc', None)
    desc = register_descriptor(class_, key,
                               comparator, parententity, doc=doc)
    register_attribute_impl(class_, key, **kw)
    return desc


def register_attribute_impl(class_, key,
                            uselist=False, callable_=None,
                            useobject=False,
                            impl_class=None, backref=None, **kw):

    manager = manager_of_class(class_)
    if uselist:
        factory = kw.pop('typecallable', None)
        typecallable = manager.instrument_collection_class(
            key, factory or list)
    else:
        typecallable = kw.pop('typecallable', None)

    dispatch = manager[key].dispatch

    if impl_class:
        impl = impl_class(class_, key, typecallable, dispatch, **kw)
    elif uselist:
        impl = CollectionAttributeImpl(class_, key, callable_, dispatch,
                                       typecallable=typecallable, **kw)
    elif useobject:
        impl = ScalarObjectAttributeImpl(class_, key, callable_,
                                         dispatch, **kw)
    else:
        impl = ScalarAttributeImpl(class_, key, callable_, dispatch, **kw)

    manager[key].impl = impl

    if backref:
        backref_listeners(manager[key], backref, uselist)

    manager.post_configure_attribute(key)
    return manager[key]


def register_descriptor(class_, key, comparator=None,
                        parententity=None, doc=None):
    manager = manager_of_class(class_)

    descriptor = InstrumentedAttribute(class_, key, comparator=comparator,
                                       parententity=parententity)

    descriptor.__doc__ = doc

    manager.instrument_attribute(key, descriptor)
    return descriptor


def unregister_attribute(class_, key):
    manager_of_class(class_).uninstrument_attribute(key)


def init_collection(obj, key):
    """Initialize a collection attribute and return the collection adapter.

    This function is used to provide direct access to collection internals
    for a previously unloaded attribute.  e.g.::

        collection_adapter = init_collection(someobject, 'elements')
        for elem in values:
            collection_adapter.append_without_event(elem)

    For an easier way to do the above, see
    :func:`~sqlalchemy.orm.attributes.set_committed_value`.

    obj is an instrumented object instance.  An InstanceState
    is accepted directly for backwards compatibility but
    this usage is deprecated.

    """
    state = instance_state(obj)
    dict_ = state.dict
    return init_state_collection(state, dict_, key)


def init_state_collection(state, dict_, key):
    """Initialize a collection attribute and return the collection adapter."""

    attr = state.manager[key].impl
    user_data = attr.initialize(state, dict_)
    return attr.get_collection(state, dict_, user_data)


def set_committed_value(instance, key, value):
    """Set the value of an attribute with no history events.

    Cancels any previous history present.  The value should be
    a scalar value for scalar-holding attributes, or
    an iterable for any collection-holding attribute.

    This is the same underlying method used when a lazy loader
    fires off and loads additional data from the database.
    In particular, this method can be used by application code
    which has loaded additional attributes or collections through
    separate queries, which can then be attached to an instance
    as though it were part of its original loaded state.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set_committed_value(state, dict_, value)


def set_attribute(instance, key, value):
    """Set the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set(state, dict_, value, None)


def get_attribute(instance, key):
    """Get the value of an attribute, firing any callables required.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to make usage of attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    return state.manager[key].impl.get(state, dict_)


def del_attribute(instance, key):
    """Delete the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.delete(state, dict_)


def flag_modified(instance, key):
    """Mark an attribute on an instance as 'modified'.

    This sets the 'modified' flag on the instance and
    establishes an unconditional change event for the given attribute.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    impl = state.manager[key].impl
    state._modified_event(dict_, impl, NO_VALUE, force=True)
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