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INDRA documentation

INDRA (Integrated Network and Dynamical Reasoning Assembler) assembles
information about biochemical mechanisms into a common format that can be used
to build several different kinds of explanatory models.  Sources of mechanistic
information include databases (such as Pathway Commons and Biological
Expression Language (BEL) corpora), natural language and text from the
literature. Mechanistic information from multiple sources is de-duplicated,
standardized and assembled into sets mechanistic Statements with associated
evidence.  Sets of Statements can then be used to assemble executable
rule-based models and a variety of different network models.
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Statements (indra.statements)

Statements representing mechanistic relationships between biological agents.

Statement classes follow an inheritance hierarchy, with all Statement types
inheriting from the parent class indra.statement.Statement. At
the next level in the hierarchy are the following classes:


	indra.statements.Complex

	indra.statements.Modification

	indra.statements.SelfModification

	indra.statements.RasGef

	indra.statements.RasGap

	indra.statements.ActivityActivity



There are several types of Statements representing post-translational
modifications that further inherit from
indra.statements.Modification:


	indra.statements.Phosphorylation

	indra.statements.Dephosphorylation

	indra.statements.Ubiquitination

	indra.statements.Sumoylation

	indra.statements.Hydroxylation

	indra.statements.Acetylation



There are additional subtypes of indra.statements.SelfModification:


	indra.statements.Autophosphorylation

	indra.statements.Transphosphorylation



Statements involve one or more biological Agents, typically proteins,
represented by the class indra.statements.Agent. Agents can have a
specific post-translational modification state (indicated by one or more
instances of indra.statements.ModCondition), other bound Agents
(indra.statements.BoundCondition), or amino acid mutations
(indra.statements.MutCondition). The active form of an agent (in
terms of its post-translational modifications or bound state) is indicated by
an instance of the class indra.statements.ActiveForm.

Interactions between proteins are often described in terms of their effect on a
protein’s “activity”, e.g., “Active MEK activates ERK”, or “DUSP6 inactives
ERK”.  These types of relationships are indicated by the statement
indra.statements.ActivityActivity.

The evidence for a given Statement, which could include relevant citations,
database identifiers, and passages of text from the scientific literature, is
contained in one or more Evidence objects
(indra.statements.Evidence) associated with the Statement.


	
class indra.statements.Acetylation(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Acetylation modification.






	
class indra.statements.ActiveForm(agent, activity, is_active, evidence=None)[source]

	Bases: indra.statements.Statement

Statement representing the activity of an Agent in a state described by
one or more Agent conditions (including modification conditions,
bound-to conditions and mutation conditions).






	
class indra.statements.ActivityActivity(subj, subj_activity, relationship, obj, obj_activity, evidence=None)[source]

	Bases: indra.statements.Statement

Statement representing the activation of a protein as a result of the
activity of another protein.






	
class indra.statements.Agent(name, mods=None, active=None, bound_conditions=None, mutations=None, db_refs=None)[source]

	Bases: object

A molecular entity, e.g., a protein.





	Parameters:	
	name (string) – The name of the agent, preferably a canonicalized name such as an
HGNC gene name.

	mods (list of indra.statements.ModCondition) – Modification state of the agent.

	bound_conditions (list of indra.statements.BoundCondition) – Other agents bound to the agent in this context.

	mutations (list of indra.statements.MutCondition) – Amino acid mutations of the agent.

	db_refs (dict) – Dictionary of database identifiers associated with this agent.














	
class indra.statements.Autophosphorylation(enz, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.SelfModification

Intramolecular autophosphorylation, i.e., in cis.

Examples

p38 bound to TAB1 cis-autophosphorylates itself (see PMID:19155529 [http://www.ncbi.nlm.nih.gov/pubmed/19155529]).

>>> tab1 = Agent('TAB1')
>>> p38_tab1 = Agent('P38', bound_conditions=(BoundCondition(tab1)))
>>> autophos = Autophosphorylation(p38_tab1)










	
class indra.statements.BoundCondition(agent, is_bound=True)[source]

	Bases: object

Identify Agents bound (or not bound) to a given Agent in a given context.





	Parameters:	
	agent (indra.statements.Agent) – Instance of Agent.

	is_bound (bool) – Specifies whether the given Agent is bound or unbound in the current
context. Default is True.









Examples

EGFR bound to EGF:

>>> egf = Agent('EGF')
>>> egfr = Agent('EGFR', bound_conditions=(BoundCondition(egf)))





BRAF not bound to a 14-3-3 protein (YWHAB):

>>> ywhab = Agent('YWHAB')
>>> braf = Agent('BRAF', bound_conditions=(BoundCondition(ywhab, False)))










	
class indra.statements.Complex(members, evidence=None)[source]

	Bases: indra.statements.Statement

Statement representing complex formation between a set of members






	
class indra.statements.Dephosphorylation(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Dephosphorylation modification.

Examples

DUSP6 dephosphorylates ERK (MAPK1) at T185:

>>> dusp6 = Agent('DUSP6')
>>> erk = Agent('MAPK1')
>>> dephos = Dephosphorylation(dusp6, erk, 'T', '185')










	
class indra.statements.Evidence(source_api=None, source_id=None, pmid=None, text=None, annotations=None, epistemics=None)[source]

	Bases: object

Container for evidence supporting a given statement.





	Parameters:	
	source_api (string or None) – String identifying the INDRA API used to capture the statement,
e.g., ‘trips’, ‘biopax’, ‘bel’.

	source_id (string or None) – For statements drawn from databases, ID of the database entity
corresponding to the statement.

	pmid (string or None) – String indicating the Pubmed ID of the source of the statement.

	text (string) – Natural language text supporting the statement.

	annotations (dictionary) – Dictionary containing additional information on the
context of the statement, e.g., species, cell line,
tissue type, etc. The entries may vary depending on
the source of the information.

	epistemics (dictionary) – A dictionary describing various forms of epistemic
certainty associated with the statement.














	
class indra.statements.Hydroxylation(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Hydroxylation modification.






	
exception indra.statements.InvalidResidueError(name)[source]

	Bases: exceptions.ValueError

Invalid residue (amino acid) name.






	
class indra.statements.ModCondition(mod_type, residue=None, position=None, is_modified=True)[source]

	Bases: object

Post-translational modification state at an amino acid position.





	Parameters:	
	mod_type (string) – The type of post-translational modification, e.g., ‘phosphorylation’.
Valid modification types currently include: ‘phosphorylation’,
‘ubiquitination’, ‘sumoylation’, ‘hydroxylation’, and ‘acetylation’.
If an invalid modification type is passed an InvalidModTypeError is
raised.

	residue (Union[string, None]) – String indicating the modified amino acid, e.g., ‘Y’ or ‘tyrosine’.
If None, indicates that the residue at the modification site is
unknown or unspecified.

	position (Union[string, None]) – String indicating the position of the modified amino acid, e.g., ‘202’.
If None, indicates that the position is unknown or unspecified.

	is_modified (bool) – Specifies whether the modification is present or absent. Setting the
flag specifies that the Agent with the ModCondition is unmodified
at the site.









Examples

Doubly-phosphorylated MEK (MAP2K1):

>>> phospho_mek = Agent('MAP2K1', mods=(
... ModCondition('phosphorylation', 'S', '202'),
... ModCondition('phosphorylation', 'S', '204')))





ERK (MAPK1) unphosphorylated at tyrosine 187:

>>> unphos_erk = Agent('MAPK1', mods=(
... ModCondition('phosphorylation', 'Y', '187', is_modified=False)))










	
class indra.statements.Modification(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Statement

Generic statement representing the modification of a protein.





	Parameters:	
	enz (:py:class`indra.statement.Agent`) – The enzyme involved in the modification.

	sub (indra.statement.Agent) – The substrate of the modification.

	residue (string or None) – The amino acid residue being modified, or None if it is unknown or
unspecified.

	position (string or None) – The position of the modified amino acid, or None if it is unknown or
unspecified.

	evidence (list of indra.statements.Evidence) – Evidence objects in support of the modification.














	
class indra.statements.MutCondition(position, residue_from, residue_to=None)[source]

	Bases: object

Mutation state of an amino acid position of an Agent.





	Parameters:	
	position (string) – Residue position of the mutation in the protein sequence.

	residue_from (string) – Wild-type (unmodified) amino acid residue at the given position.

	residue_to (string) – Amino acid at the position resulting from the mutation.









Examples

Represent EGFR with a L858R mutation:

>>> egfr_mutant = Agent('EGFR', mutations=(MutCondition('858', 'L', 'R')))










	
class indra.statements.Phosphorylation(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Phosphorylation modification.

Examples

MEK (MAP2K1) phosphorylates ERK (MAPK1) at threonine 185:

>>> mek = Agent('MAP2K1')
>>> erk = Agent('MAPK1')
>>> phos = Phosphorylation(mek, erk, 'T', '185')










	
class indra.statements.RasGap(gap, gap_activity, ras, evidence=None)[source]

	Bases: indra.statements.Statement

Statement representing the inactivation of a GTP-bound protein
upon Gap activity.






	
class indra.statements.RasGef(gef, gef_activity, ras, evidence=None)[source]

	Bases: indra.statements.Statement

Statement representing the activation of a GTP-bound protein
upon Gef activity.






	
class indra.statements.SelfModification(enz, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Statement

Generic statement representing the self-modification of a protein.





	Parameters:	
	enz (:py:class`indra.statement.Agent`) – The enzyme involved in the modification, which is also the substrate.

	residue (string or None) – The amino acid residue being modified, or None if it is unknown or
unspecified.

	position (string or None) – The position of the modified amino acid, or None if it is unknown or
unspecified.

	evidence (list of indra.statements.Evidence) – Evidence objects in support of the modification.














	
class indra.statements.Statement(evidence=None, supports=None, supported_by=None)[source]

	Bases: object

The parent class of all statements.





	Parameters:	
	evidence (list of indra.statements.Evidence) – If a list of Evidence objects is passed to the constructor, the
value is set to this list. If a bare Evidence object is passed,
it is enclosed in a list. If no evidence is passed (the default),
the value is set to an empty list.

	supports (list of indra.statements.Statement) – Statements that this Statement supports.

	supported_by (list of indra.statements.Statement) – Statements supported by this statement.














	
class indra.statements.Sumoylation(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Sumoylation modification.






	
class indra.statements.Transphosphorylation(enz, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.SelfModification

Transphosphorylation assumes that a kinase is already bound to a
substrate (usually of the same molecular species), and phosphorylates it in
an intra-molecular fashion. The enz property of the statement must have
exactly one bound_conditions entry, and we assume that enz phosphorylates
this molecule. The bound_neg property is ignored here.






	
class indra.statements.Ubiquitination(enz, sub, residue=None, position=None, evidence=None)[source]

	Bases: indra.statements.Modification

Ubiquitination modification.
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Biopax (indra.biopax)


Biopax API (indra.biopax.biopax_api)


	
indra.biopax.biopax_api.process_model(model)[source]

	Returns a BiopaxProcessor for a BioPAX model object.





	Parameters:	model (org.biopax.paxtools.model.Model) – A BioPAX model object.


	Returns:	bp –
A BiopaxProcessor containing the obtained BioPAX model in bp.model.


	Return type:	BiopaxProcessor





Notes

As returned from this function, bp.statements is empty and one
has to call methods of bp (e.g. bp.get_complexes()) to
populate bp.statements.






	
indra.biopax.biopax_api.process_owl(owl_filename)[source]

	Returns a BiopaxProcessor for a BioPAX OWL file.





	Parameters:	owl_filename (string) – The name of the OWL file to process.


	Returns:	bp –
A BiopaxProcessor containing the obtained BioPAX model in bp.model.


	Return type:	BiopaxProcessor





Notes

As returned from this function, bp.statements is empty and one
has to call methods of bp (e.g. bp.get_complexes()) to
populate bp.statements.






	
indra.biopax.biopax_api.process_pc_neighborhood(gene_names, neighbor_limit=1)[source]

	Returns a BiopaxProcessor for a PathwayCommons neighborhood query.

The neighborhood query finds the neighborhood around a set of source genes.

http://www.pathwaycommons.org/pc2/#graph

http://www.pathwaycommons.org/pc2/#graph_kind





	Parameters:	
	gene_names (list) – A list of HGNC gene symbols to search the neighborhood of.
Examples: [‘BRAF’], [‘BRAF’, ‘MAP2K1’]

	neighbor_limit (Optional[int]) – The number of steps to limit the size of the neighborhood around
the gene names being queried. Default: 1






	Returns:	bp –
A BiopaxProcessor containing the obtained BioPAX model in bp.model.




	Return type:	BiopaxProcessor







Notes

As returned from this function, bp.statements is empty and one
has to call methods of bp (e.g. bp.get_complexes()) to
populate bp.statements.






	
indra.biopax.biopax_api.process_pc_pathsbetween(gene_names, neighbor_limit=1)[source]

	Returns a BiopaxProcessor for a PathwayCommons paths-between query.

The paths-between query finds the paths between a set of genes. Here
source gene names are given in a single list and all directions of paths
between these genes are considered.

http://www.pathwaycommons.org/pc2/#graph

http://www.pathwaycommons.org/pc2/#graph_kind





	Parameters:	
	gene_names (list) – A list of HGNC gene symbols to search for paths between.
Examples: [‘BRAF’, ‘MAP2K1’]

	neighbor_limit (Optional[int]) – The number of steps to limit the length of the paths between
the gene names being queried. Default: 1






	Returns:	bp –
A BiopaxProcessor containing the obtained BioPAX model in bp.model.




	Return type:	BiopaxProcessor







Notes

As returned from this function, bp.statements is empty and one
has to call methods of bp (e.g. bp.get_complexes()) to
populate bp.statements.






	
indra.biopax.biopax_api.process_pc_pathsfromto(source_genes, target_genes, neighbor_limit=1)[source]

	Returns a BiopaxProcessor for a PathwayCommons paths-from-to query.

The paths-from-to query finds the paths from a set of source genes to
a set of target genes.

http://www.pathwaycommons.org/pc2/#graph

http://www.pathwaycommons.org/pc2/#graph_kind





	Parameters:	
	source_genes (list) – A list of HGNC gene symbols that are the sources of paths being
searched for.
Examples: [‘BRAF’, ‘RAF1’, ‘ARAF’]

	target_genes (list) – A list of HGNC gene symbols that are the targets of paths being
searched for.
Examples: [‘MAP2K1’, ‘MAP2K2’]

	neighbor_limit (Optional[int]) – The number of steps to limit the length of the paths
between the source genes and target genes being queried. Default: 1






	Returns:	bp –
A BiopaxProcessor containing the obtained BioPAX model in bp.model.




	Return type:	BiopaxProcessor







Notes

As returned from this function, bp.statements is empty and one
has to call methods of bp (e.g. bp.get_complexes()) to
populate bp.statements.








Biopax Processor (indra.biopax.processor)


	
indra.biopax.processor.cast_biopax_element(bpe)[source]

	Casts a generic BioPAXElement object into a specific type.
This is useful when a search only returns generic elements.






	
indra.biopax.processor.is_catalysis(bpe)[source]

	Return True if the element is Catalysis.






	
indra.biopax.processor.is_complex(pe)[source]

	Return True if the physical entity is a complex






	
indra.biopax.processor.is_entity(bpe)[source]

	Return True if the element is a physical entity.






	
indra.biopax.processor.is_modification(fe)[source]

	Return True if the feature is a modification






	
indra.biopax.processor.is_physical_entity(pe)[source]

	Return True if the element is a physical entity






	
indra.biopax.processor.is_protein(pe)[source]

	Return True if the element is a protein






	
indra.biopax.processor.is_reference(bpe)[source]

	Return True if the element is an entity reference.






	
indra.biopax.processor.is_small_molecule(pe)[source]

	Return True if the element is a small molecule






	
indra.biopax.processor.match_to_array(m)[source]

	Returns an array consisting of the elements obtained from a pattern
search cast into their appropriate classes.








Pathway Commons Client (indra.biopax.pathway_commons_client)
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BEL (indra.bel)


BEL API (indra.bel.bel_api)


	
indra.bel.bel_api.process_belrdf(rdf_str)[source]

	Return a BelProcessor for a BEL/RDF string.





	Parameters:	rdf_str (str) – A BEL/RDF string to be processed. This will usually come from reading
a .rdf file.


	Returns:	bp –
A BelProcessor object which contains INDRA Statements in bp.statements.


	Return type:	BelProcessor





Notes

This function calls all the specific get_type_of_mechanism()
functions of the newly constructed BelProcessor to extract
INDRA Statements.






	
indra.bel.bel_api.process_ndex_neighborhood(gene_names, rdf_out='bel_output.rdf')[source]

	Return a BelProcessor for an NDEx network neighborhood.





	Parameters:	
	gene_names (list) – A list of HGNC gene symbols to search the neighborhood of.
Example: [‘BRAF’, ‘MAP2K1’]

	rdf_out (Optional[str]) – Name of the output file to save the RDF returned by the web service.
This is useful for debugging purposes or to repeat the same query
on an offline RDF file later. Default: bel_output.rdf






	Returns:	bp –
A BelProcessor object which contains INDRA Statements in bp.statements.




	Return type:	BelProcessor







Notes

This function calls process_belrdf to the returned RDF string from the
webservice.








BEL Processor (indra.bel.processor)


	
indra.bel.processor.name_from_uri(uri)[source]

	Make the URI term usable as a valid Python identifier, if possible.

First strips of the extra URI information by calling term_from_uri,
then checks to make sure the name is a valid Python identifier.
Currently fixes identifiers starting with numbers by prepending with
the letter ‘p’. For other cases it raises an exception.

This function should be called when the string that is returned is to be
used as a PySB component name, which are required to be valid Python
identifiers.






	
indra.bel.processor.namespace_from_uri(uri)[source]

	Return the entity namespace from the URI. Examples:
http://www.openbel.org/bel/p_HGNC_RAF1 -> HGNC
http://www.openbel.org/bel/p_RGD_Raf1 -> RGD
http://www.openbel.org/bel/p_PFH_MEK1/2_Family -> PFH






	
indra.bel.processor.term_from_uri(uri)[source]

	Basic conversion of RDF URIs to more friendly strings.

Removes prepended URI information, and replaces spaces and hyphens with
underscores.








NDEx Client (indra.bel.ndex_client)
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REACH (indra.reach)


REACH API (indra.reach.reach_api)


	
indra.reach.reach_api.process_json_file(file_name, citation=None)[source]

	Return a ReachProcessor by processing the given REACH json file.

The output from the REACH parser is in this json format. This function is
useful if the output is saved as a file and needs to be processed.
For more information on the format, see: https://github.com/clulab/reach





	Parameters:	
	file_name (str) – The name of the json file to be processed.

	citation (Optional[str]) – A PubMed ID passed to be used in the evidence for the extracted INDRA
Statements. Default: None






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_json_str(json_str, citation=None)[source]

	Return a ReachProcessor by processing the given REACH json string.

The output from the REACH parser is in this json format.
For more information on the format, see: https://github.com/clulab/reach





	Parameters:	
	json_str (str) – The json string to be processed.

	citation (Optional[str]) – A PubMed ID passed to be used in the evidence for the extracted INDRA
Statements. Default: None






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_nxml_file(file_name, citation=None, offline=False)[source]

	Return a ReachProcessor by processing the given NXML file.

NXML is the format used by PubmedCentral for papers in the open
access subset.





	Parameters:	
	file_name (str) – The name of the NXML file to be processed.

	citation (Optional[str]) – A PubMed ID passed to be used in the evidence for the extracted INDRA
Statements. Default: None

	offline (Optional[bool]) – If set to True, the REACH system is ran offline. Otherwise (by default)
the web service is called. Default: False






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_nxml_str(nxml_str, citation=None, offline=False)[source]

	Return a ReachProcessor by processing the given NXML string.

NXML is the format used by PubmedCentral for papers in the open
access subset.





	Parameters:	
	nxml_str (str) – The NXML string to be processed.

	citation (Optional[str]) – A PubMed ID passed to be used in the evidence for the extracted INDRA
Statements. Default: None

	offline (Optional[bool]) – If set to True, the REACH system is ran offline. Otherwise (by default)
the web service is called. Default: False






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_pmc(pmc_id, offline=False)[source]

	Return a ReachProcessor by processing a paper with a given PMC id.

Uses the PMC client to obtain the full text. If it’s not available,
None is returned.





	Parameters:	
	pmc_id (str) – The ID of a PubmedCentral article. The string may start with PMC but
passing just the ID also works.
Examples: 3717945, PMC3717945
http://www.ncbi.nlm.nih.gov/pmc/

	offline (Optional[bool]) – If set to True, the REACH system is ran offline. Otherwise (by default)
the web service is called. Default: False






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_pubmed_abstract(pubmed_id, offline=False)[source]

	Return a ReachProcessor by processing an abstract with a given Pubmed id.

Uses the Pubmed client to get the abstract. If that fails, None is
returned.





	Parameters:	
	pubmed_id (str) – The ID of a Pubmed article. The string may start with PMID but
passing just the ID also works.
Examples: 27168024, PMID27168024
http://www.ncbi.nlm.nih.gov/pubmed/

	offline (Optional[bool]) – If set to True, the REACH system is ran offline. Otherwise (by default)
the web service is called. Default: False






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor












	
indra.reach.reach_api.process_text(text, citation=None, offline=False)[source]

	Return a ReachProcessor by processing the given text.





	Parameters:	
	text (str) – The text to be processed.

	citation (Optional[str]) – A PubMed ID passed to be used in the evidence for the extracted INDRA
Statements. This is used when the text to be processed comes from
a publication that is not otherwise identified. Default: None

	offline (Optional[bool]) – If set to True, the REACH system is ran offline. Otherwise (by default)
the web service is called. Default: False






	Returns:	rp –
A ReachProcessor containing the extracted INDRA Statements
in rp.statements.




	Return type:	ReachProcessor














REACH Processor (indra.reach.processor)




REACH reader (indra.reach.reach_reader)
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TRIPS (indra.trips)


TRIPS API (indra.trips.trips_api)


	
indra.trips.trips_api.process_text(text, save_xml_name='trips_output.xml', save_xml_pretty=True)[source]

	Return a TripsProcessor by processing text.





	Parameters:	
	text (str) – The text to be processed.

	save_xml_name (Optional[str]) – The name of the file to save the returned TRIPS extraction knowledge
base XML. Default: trips_output.xml

	save_xml_pretty (Optional[bool]) – If True, the saved XML is pretty-printed. Some third-party tools
require non-pretty-printed XMLs which can be obtained by setting this
to False. Default: True






	Returns:	tp –
A TripsProcessor containing the extracted INDRA Statements
in tp.statements.




	Return type:	TripsProcessor












	
indra.trips.trips_api.process_xml(xml_string)[source]

	Return a TripsProcessor by processing a TRIPS EKB XML string.





	Parameters:	xml_string (str) – A TRIPS extraction knowledge base (EKB) string to be processed.
http://trips.ihmc.us/parser/api.html


	Returns:	tp –
A TripsProcessor containing the extracted INDRA Statements
in tp.statements.


	Return type:	TripsProcessor












TRIPS Processor (indra.trips.processor)




TRIPS Client (indra.trips.trips_client)
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Database clients (indra.databases)


HGNC client (indra.hgnc_client)


	
indra.databases.hgnc_client.get_entrez_id(hgnc_id)[source]

	Return the Entrez ID corresponding to the given HGNC ID.





	Parameters:	hgnc_id (str) – The HGNC ID to be converted. Note that the HGNC ID is a number that is
passed as a string. It is not the same as the HGNC gene symbol.


	Returns:	entrez_id –
The Entrez ID corresponding to the given HGNC ID.


	Return type:	str










	
indra.databases.hgnc_client.get_hgnc_id(hgnc_name)[source]

	Return the HGNC ID corresponding to the given HGNC symbol.





	Parameters:	hgnc_name (str) – The HGNC symbol to be converted. Example: BRAF


	Returns:	hgnc_id –
The HGNC ID corresponding to the given HGNC symbol.


	Return type:	str










	
indra.databases.hgnc_client.get_hgnc_name(hgnc_id)[source]

	Return the HGNC symbol corresponding to the given HGNC ID.





	Parameters:	hgnc_id (str) – The HGNC ID to be converted.


	Returns:	hgnc_name –
The HGNC symbol corresponding to the given HGNC ID.


	Return type:	str










	
indra.databases.hgnc_client.get_uniprot_id(hgnc_id)[source]

	Return the UniProt ID corresponding to the given HGNC ID.





	Parameters:	hgnc_id (str) – The HGNC ID to be converted. Note that the HGNC ID is a number that is
passed as a string. It is not the same as the HGNC gene symbol.


	Returns:	uniprot_id –
The UniProt ID corresponding to the given HGNC ID.


	Return type:	str












Uniprot client (indra.databases.uniprot_client)


	
indra.databases.uniprot_client.get_family_members(family_name, human_only=True)[source]

	Return the HGNC gene symbols which are the members of a given family.





	Parameters:	
	family_name (str) – Family name to be queried.

	human_only (bool) – If True, only human proteins in the family will be returned.
Default: True






	Returns:	gene_names –
The HGNC gene symbols corresponding to the given family.




	Return type:	list












	
indra.databases.uniprot_client.get_gene_name(protein_id)[source]

	Return the gene name for the given UniProt ID.

This is an alternative to get_hgnc_name and is useful when
HGNC name is not availabe (for instance, when the organism
is not homo sapiens).





	Parameters:	protein_id (str) – UniProt ID to be mapped.


	Returns:	gene_name –
The gene name corresponding to the given Uniprot ID.


	Return type:	str










	
indra.databases.uniprot_client.get_hgnc_name(protein_id)[source]

	Return the HGNC symbol for the given UniProt ID.





	Parameters:	protein_id (str) – UniProt ID to be mapped.


	Returns:	hgnc_name –
The HGNC symbol corresponding to the given Uniprot ID.


	Return type:	str










	
indra.databases.uniprot_client.get_mnemonic(protein_id)[source]

	Return the UniProt mnemonic for the given UniProt ID.





	Parameters:	protein_id (str) – UniProt ID to be mapped.


	Returns:	mnemonic –
The UniProt mnemonic corresponding to the given Uniprot ID.


	Return type:	str










	
indra.databases.uniprot_client.verify_location(protein_id, residue, location)[source]

	Return True if the residue is at the given location in the UP sequence.





	Parameters:	
	protein_id (str) – UniProt ID of the protein whose sequence is used as reference.

	residue (str) – A single character amino acid symbol (Y, S, T, V, etc.)

	location (str) – The location on the protein sequence (starting at 1) at which the
residue should be checked against the reference sequence.






	Returns:	
	True if the given residue is at the given position in the sequence

	corresponding to the given UniProt ID, otherwise False.
















	
indra.databases.uniprot_client.verify_modification(protein_id, residue, location=None)[source]

	Return True if the residue at the given location has a known modifiation.





	Parameters:	
	protein_id (str) – UniProt ID of the protein whose sequence is used as reference.

	residue (str) – A single character amino acid symbol (Y, S, T, V, etc.)

	location (Optional[str]) – The location on the protein sequence (starting at 1) at which the
modification is checked.






	Returns:	
	True if the given residue is reported to be modified at the given position

	in the sequence corresponding to the given UniProt ID, otherwise False.

	If location is not given, we only check if there is any residue of the

	given type that is modified.


















CHEBI client (indra.databases.chebi_client)


	
indra.databases.chebi_client.get_pubchem_id(chebi_id)[source]

	Return the PubChem ID corresponding to a given ChEBI ID.





	Parameters:	chebi_id (str) – ChEBI ID to be converted.


	Returns:	pubchem_id –
PubChem ID corresponding to the given ChEBI ID. If the lookup fails,
None is returned.


	Return type:	str












Protein context client (indra.databases.context_client)


	
indra.databases.context_client.get_mutations(gene_names, cell_types)[source]

	Return the mutation status of genes in cell types.





	Parameters:	
	gene_names (list) – HGNC gene symbols for which expression levels are queried.

	cell_types (list) – List of cell type names in which expression levels are queried.
The cell type names follow the CCLE database conventions.

Example: LOXIMVI_SKIN, BT20_BREAST








	Returns:	res –
A json string containing the mutation status of
the given proteins in the given cell types as returned by the
NDEx web service.




	Return type:	str












	
indra.databases.context_client.get_protein_expression(gene_names, cell_types)[source]

	Return the protein expression levels of genes in cell types.





	Parameters:	
	gene_names (list) – HGNC gene symbols for which expression levels are queried.

	cell_types (list) – List of cell type names in which expression levels are queried.
The cell type names follow the CCLE database conventions.

Example: LOXIMVI_SKIN, BT20_BREAST








	Returns:	res –
A json string containing the predicted protein expression levels of
the given proteins in the given cell types as returned by the
NDEx web service.




	Return type:	str












	
indra.databases.context_client.send_request(req_type, params=None)[source]

	Send a request to the NDEx web service.





	Parameters:	
	req_type (str) – The API endpoint for the NDEx web service.

Example: expression/cell_line



	params (dict) – Dictionary of parameters as required by the NDEx API.






	Returns:	res_json –
A json string returned by the NDEx web service.




	Return type:	str
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Literature clients (indra.literature)


Pubmed client (indra.literature.pubmed_client)


	
indra.literature.pubmed_client.get_ids(search_term, **kwargs)[source]

	Search Pubmed for paper IDs given a search term.

The options are passed as named arguments. For details on parameters that
can be used, see
http://www.ncbi.nlm.nih.gov/books/NBK25499/#chapter4.ESearch Some useful
parameters to pass are db=’pmc’ to search PMC instead of pubmed reldate=2
to search for papers within the last 2 days mindate=‘2016/03/01’,
maxdate=‘2016/03/31’ to search for papers in March 2016.






	
indra.literature.pubmed_client.get_ids_for_gene(hgnc_name, **kwargs)[source]

	Get the curated set of articles for a gene in the Entrez database.








Pubmed Central client (indra.literature.pmc_client)




CrossRef client (indra.literature.crossref_client)


	
indra.literature.crossref_client.get_fulltext_links(doi)[source]

	Return a list of links to the full text of an article given its DOI.
Each list entry is a dictionary with keys:
- URL: the URL to the full text
- content-type: e.g. text/xml or text/plain
- content-version
- intended-application: e.g. text-mining








Elsevier client (indra.literature.elsevier_client)


	
indra.literature.elsevier_client.get_abstract(doi)[source]

	Get the abstract of an article from Elsevier.






	
indra.literature.elsevier_client.get_article(doi, output='txt')[source]

	Get the full body of an article from Elsevier. There are two output
modes: ‘txt’ strips all xml tags and joins the pieces of text in the main
text, while ‘xml’ simply takes the tag containing the body of the article
and returns it as is . In the latter case, downstream code needs to be
able to interpret Elsever’s XML format.











          

      

      

    


    
         Copyright 2015, B. M. Gyori, J. A. Bachman, J. L. Muhlich.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	INDRA 1.1.1 documentation 

          	INDRA modules reference 
 
      

    


    
      
          
            
  
Preassembly (indra.preassembler)


Preassembler (indra.preassembler)


	
indra.preassembler.flatten_stmts(stmts)[source]

	Return the full set of unique stmts in a pre-assembled stmt graph.






	
indra.preassembler.render_stmt_graph(statements, agent_style=None)[source]

	Renders the supports/supported_by relationships of a set of statements
and returns a pygraphviz graph.

Examples

Pattern for getting statements and rendering as a Graphviz graph:

bp = biopax_api.process_pc_pathsfromto(['BRAF'], ['MAP2K1'])
bp.get_phosphorylation()

pa = Preassembler(eh, mh, bp.statements)
pa.combine_related()

graph = render_stmt_graph(pa.related_stmts)
graph.write('braf.dot')
graph.draw('braf.pdf', prog='dot')












Site curation and mapping (indra.preassembler.sitemapper)


	
class indra.preassembler.sitemapper.MappedStatement(original_stmt, mapped_mods, mapped_stmt)

	
	
__getnewargs__()

	Return self as a plain tuple.  Used by copy and pickle.






	
__getstate__()

	Exclude the OrderedDict from pickling






	
__repr__()

	Return a nicely formatted representation string






	
mapped_mods

	Alias for field number 1






	
mapped_stmt

	Alias for field number 2






	
original_stmt

	Alias for field number 0










	
class indra.preassembler.sitemapper.SiteMapper(site_map)[source]

	



	Parameters:	site_map (dict mapping tuples to tuples as returned by load_site_map.) – A dict mapping tuples of the form (gene, orig_res, orig_pos) to a
tuple of the form (correct_res, correct_pos, comment), where gene
is the string name of the gene (canonicalized to HGNC); orig_res and
orig_pos are the residue and position to be mapped; correct_res and
correct_pos are the corrected residue and position, and comment is
a string describing the reason for the mapping (species error, isoform
error, wrong residue name, etc.).






	
check_agent_mod(agent, mods)[source]

	Look up the modification site in Uniprot and then the site map.
Return a list of invalid sites, where each entry in the list has
two elements: ((gene_name, residue, position), mapped_site).
If the invalid position was not found in the site map, mapped_site is
None; otherwise it is a tuple consisting of (residue, position,
comment).






	
map_agent_sites(agent)[source]

	Look up the modification site in Uniprot and then the site map.






	
map_sites(stmts, save_fname=None)[source]

	Iterates over a list of statements and runs checks on them.  Then it
returns a tuple of lists, with the first element containing statements
that passed all checks, and the second the statements that failed the
tests

If there is nothing amiss with the statement (modifications on any
of the agents, modifications made in the statement, etc, then the
statement goes into the valid_stmts list.

If there is a problem with the statement, the offending modifications
are looked up in the site map. If corresponding entries are found,
a MappedStatement instance is created.










	
indra.preassembler.sitemapper.load_site_map(path)[source]

	Load the modification site map from a file.





	Parameters:	path (string) – Path to the tab-separated site map file.


	Returns:	
	A dict mapping tuples of the form (gene, orig_res, orig_pos) to

	a tuple of the form (correct_res, correct_pos, comment), where

	gene is the string name of the gene (canonicalized to HGNC); orig_res

	and orig_pos are the residue and position to be mapped; correct_res

	and correct_pos are the corrected residue and position, and comment is

	a string describing the reason for the mapping (species error, isoform

	error, wrong residue name, etc.).
















Hierarchy manager (indra.preassembler.hierarchy_manager)
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Assemblers of model output (indra.assemblers)



	Cytoscape networks (indra.assemblers.cx_assembler)

	Natural language (indra.assemblers.english_assembler)

	Node-edge graphs (indra.assemblers.graph_assembler)

	MITRE “index cards” (indra.assemblers.index_card_assembler)

	Executable PySB models (indra.assemblers.pysb_assembler)

	SBGN output (indra.assemblers.sbgn_assembler)
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Cytoscape networks (indra.assemblers.cx_assembler)


	
class indra.assemblers.cx_assembler.CxAssembler(stmts=None, network_name='indra_assembled')[source]

	This class assembles a CX network from a set of INDRA Statements.

The CX format is an aspect oriented data mode for networks.
The format is defined at http://www.ndexbio.org/data-model/.
The CX format is the standard for NDEx and is compatible with
CytoScape via the CyNDEx plugin.





	Parameters:	
	stmts (Optional[list[indra.statements.Statement]]) – A list of INDRA Statements to be assembled.

	network_name (Optional[str]) – The name of the network to be assembled. Default: indra_assembled










	
statements

	list[indra.statements.Statement]

A list of INDRA Statements to be assembled.






	
network_name

	str

The name of the network to be assembled.






	
cx

	dict

The structure of the CX network that is assembled.






	
add_statements(stmts)[source]

	Add INDRA Statements to the assembler’s list of statements.





	Parameters:	stmts (list[indra.statements.Statement]) – A list of indra.statements.Statement
to be added to the statement list of the assembler.










	
make_model()[source]

	Assemble the CX network from the collected INDRA Statements.

This method assembles a CX network from the set of INDRA Statements.
The assembled network is set as the assembler’s cx argument.






	
print_cx()[source]

	Return the assembled CX network as a json string.






	
save_model(file_name='model.cx')[source]

	Save the assembled CX network in a file.





	Parameters:	file_name (Optional[str]) – The name of the file to save the CX network to. Default: model.cx
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Natural language (indra.assemblers.english_assembler)
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Node-edge graphs (indra.assemblers.graph_assembler)
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MITRE “index cards” (indra.assemblers.index_card_assembler)


	
indra.assemblers.index_card_assembler.get_is_direct(stmt)[source]

	Returns true if there is evidence that the statement is a direct
interaction. If any of the evidences associated with the statement
indicates a direct interatcion then we assume the interaction
is direct. If there is no evidence for the interaction being indirect
then we default to direct.
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Executable PySB models (indra.assemblers.pysb_assembler)


	
class indra.assemblers.pysb_assembler.PysbAssembler(policies=None)[source]

	Assembler creating a PySB model from a set of INDRA Statements.





	Parameters:	policies (Optional[Union[str, dict]]) – A string or dictionary that defines one or more assembly policies.

If policies is a string, it defines a global assembly policy
that applies to all Statement types.
Example: contact_only, one_step

A dictionary of policies has keys corresponding to Statement types
and values to the policy to be applied to that type of Statement.
For Statement types whose policy is undefined, the ‘default’
policy is applied.
Example: {‘phosphorylation’: ‘two_step’}








	
policies

	dict

A dictionary of policies that defines assembly policies for Statement
types. It is assigned in the constructor.






	
statements

	list

A list of INDRA statements to be assembled.






	
model

	pysb.Model

A PySB model object that is assembled by this class.






	
agent_set

	_BaseAgentSet

A set of BaseAgents used during the assembly process.






	
add_default_initial_conditions()[source]

	Set default initial conditions in the PySB model.






	
add_statements(stmts)[source]

	Add INDRA Statements to the assembler’s list of statements.





	Parameters:	stmts (list[indra.statements.Statement]) – A list of indra.statements.Statement
to be added to the statement list of the assembler.










	
make_model(policies=None, initial_conditions=True)[source]

	Assemble the PySB model from the collected INDRA Statements.

This method assembles a PySB model from the set of INDRA Statements.
The assembled model is both returned and set as the assembler’s
model argument.





	Parameters:	
	policies (Optional[Union[str, dict]]) – A string or dictionary of policies, as defined in
indra.assemblers.PysbAssembler. This set of policies
locally supersedes the default setting in the assembler. This
is useful when this function is called multiple times with
different policies.

	initial_conditions (Optional[bool]) – If True, default initial conditions are generated for the
Monomers in the model.






	Returns:	model –
The assembled PySB model object.




	Return type:	pysb.Model












	
print_model()[source]

	Print the assembled model as a PySB program string.

This function is useful when the model needs to be passed as a string
to another component.






	
save_model(file_name='pysb_model.py')[source]

	Save the assembled model as a PySB program file.





	Parameters:	file_name (Optional[str]) – The name of the file to save the model program code in.
Default: pysb-model.py










	
save_rst(file_name='pysb_model.rst', module_name='pysb_module')[source]

	Save the assembled model as an RST file for literate modeling.





	Parameters:	
	file_name (Optional[str]) – The name of the file to save the RST in.
Default: pysb_model.rst

	module_name (Optional[str]) – The name of the python function defining the module.
Default: pysb_module














	
set_context(cell_type)[source]

	Set protein expression data as initial conditions.

This method uses indra.databases.context_client to get
protein expression levels for a given cell type and set initial
conditions for Monomers in the model accordingly.





	Parameters:	
	cell_type (str) – Cell type name for which expression levels are queried.
The cell type name follows the CCLE database conventions.

	Example (LOXIMVI_SKIN, BT20_BREAST) – 


















	
indra.assemblers.pysb_assembler.add_rule_to_model(model, rule)[source]

	Add a Rule to a PySB model and handle duplicate component errors.






	
indra.assemblers.pysb_assembler.complex_monomers_default(stmt, agent_set)

	In this (very simple) implementation, proteins in a complex are
each given site names corresponding to each of the other members
of the complex (lower case). So the resulting complex can be
“fully connected” in that each member can be bound to
all the others.






	
indra.assemblers.pysb_assembler.complex_monomers_one_step(stmt, agent_set)[source]

	In this (very simple) implementation, proteins in a complex are
each given site names corresponding to each of the other members
of the complex (lower case). So the resulting complex can be
“fully connected” in that each member can be bound to
all the others.






	
indra.assemblers.pysb_assembler.get_active_forms(agent, agent_set)[source]

	Returns all the patterns (dicts of site states) of an Agent
that are known to be active.






	
indra.assemblers.pysb_assembler.get_agent_rule_str(agent)[source]

	Construct a string from an Agent as part of a PySB rule name.






	
indra.assemblers.pysb_assembler.get_annotation(component, db_name, db_ref)[source]

	Construct model Annotations for each component.

Annotation formats follow guidelines at http://identifiers.org/.






	
indra.assemblers.pysb_assembler.get_binding_site_name(name)[source]

	Return a binding site name from a given agent name.






	
indra.assemblers.pysb_assembler.get_create_parameter(model, name, value, unique=True)[source]

	Return parameter with given name, creating it if needed.

If unique is false and the parameter exists, the value is not changed; if
it does not exist, it will be created. If unique is true then upon conflict
a number is added to the end of the parameter name.






	
indra.assemblers.pysb_assembler.get_inactive_forms(agent, agent_set)[source]

	Returns all the patterns (dicts of site states) of an Agent
that are known to be inactive.






	
indra.assemblers.pysb_assembler.get_mod_site_name(mod_type, residue, position)[source]

	Return site names for a modification.






	
indra.assemblers.pysb_assembler.get_monomer_pattern(model, agent, extra_fields=None)[source]

	Construct a PySB MonomerPattern from an Agent.






	
indra.assemblers.pysb_assembler.get_site_pattern(agent)[source]

	Construct a dictionary of Monomer site states from an Agent.

This crates the mapping to the associated PySB monomer from an
INDRA Agent object.






	
indra.assemblers.pysb_assembler.set_base_initial_condition(model, monomer, value)[source]

	Set an initial condition for a monomer in its ‘default’ state.
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SBGN output (indra.assemblers.sbgn_assembler)


	
class indra.assemblers.sbgn_assembler.SBGNState(variable, value)

	
	
__getnewargs__()

	Return self as a plain tuple.  Used by copy and pickle.






	
__getstate__()

	Exclude the OrderedDict from pickling






	
__repr__()

	Return a nicely formatted representation string






	
value

	Alias for field number 1






	
variable

	Alias for field number 0
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  Source code for indra.preassembler

import sys
import pygraphviz as pgv
import itertools
from copy import copy, deepcopy
from indra.statements import *
from indra.databases import uniprot_client

class Preassembler(object):

    def __init__(self, entity_hierarchy, mod_hierarchy, stmts=None):
        self.entity_hierarchy = entity_hierarchy
        self.mod_hierarchy = mod_hierarchy
        if stmts:
            self.stmts = deepcopy(stmts)
        else:
            self.stmts = []
        self.unique_stmts = []
        self.related_stmts = []

    def add_statements(self, stmts):
        """Add to the current list of statements."""
        self.stmts += deepcopy(stmts)

    def combine_duplicates(self):
        self.unique_stmts = self.combine_duplicate_stmts(self.stmts)
        return self.unique_stmts

    @staticmethod
    def combine_duplicate_stmts(stmts):
        """Combine evidence from duplicate Statements.

        Statements are deemed to be duplicates if they have the same key
        returned by the matches_key() method of the Statement class.

        This function keeps the first instance of each set of duplicate
        statements and merges the evidence lists from all of the other
        statements.

        Returns a list of unique Statements and stores it in
        self.unique_stmts.
        """

        unique_stmts = []
        # Remove exact duplicates using a set() call, then make copies:
        st = list(deepcopy(set(stmts)))
        # Group statements according to whether they are matches (differing
        # only in their evidence).
        # Sort the statements in place by matches_key()
        st.sort(key=lambda x: x.matches_key())
        for key, duplicates in itertools.groupby(st,
                                                 key=lambda x: x.matches_key()):
            # Get the first statement and add the evidence of all subsequent
            # Statements to it
            for stmt_ix, stmt in enumerate(duplicates):
                if stmt_ix == 0:
                    first_stmt = stmt
                else:
                    first_stmt.evidence += stmt.evidence
            # This should never be None or anything else
            assert isinstance(first_stmt, Statement)
            unique_stmts.append(first_stmt)
        return unique_stmts

    def combine_related(self):
        """Connect related statements based on their refinement relationships.

        This function takes as a starting point the unique statements (with
        duplicates removed) and returns a modified flat list of statements
        containing only those statements which do not represent a refinement of
        other existing statements. In other words, the more general versions of
        a given statement do not appear at the top level, but instead are
        listed in the supports field of the top-level statements.

        If self.unique_stmts has not been initialized with the de-duplicated
        statements, self.combine_duplicates is called.

        The procedure for combining statements in this way involves a series
        of steps:

        1. The statements are grouped by whether they are of the same type
           (e.g., Phosphorylation) and involve the same entities (e.g.,
           BRAF and MAP2K1).
        2. The groups of statements are then further compared to see if one
           group involves superfamily entities of another group. If so, the
           statements involving the superfamily are added into the group of
           statements involving the more concrete entities to create an
           "extended group."
        3. The statements within each extended group are then compared; if one
           statement represents a refinement of the other (as defined by the
           refinement_of() method implemented for the Statement), then the more
           refined statement is added to the `supports` field of the more
           general statement, and the more general statement is added to the
           `supported_by` field of the more refined statement.
        4. A new flat list of statements is created that contains only those
           statements that have no `supports` entries (statements containing
           such entries are not eliminated, because they will be retrievable
           from the `supported_by` fields of other statements. This list
           is returned to the caller.

        .. note:: Subfamily relationships must be consistent across arguments

            For now, we will require that merges can only occur if the isa
            relationships are all in the same direction for all the agents in a
            Statement. For example, the two statement groups: RAF_family ->
            MEK1 and BRAF -> MEK_family would not be merged, since BRAF isa
            RAF_family, but MEK_family is not a MEK1. In the future this
            restriction could be revisited.

        Returns
        -------
        list of Statements.
            The returned list contains Statements representing the more
            concrete/refined versions of the Statements involving particular
            entities.

        Examples
        --------
        A more general statement with no information about a Phosphorylation
        site is identified as supporting a more specific statement::

            >>> from indra.preassembler.hierarchy_manager import \
                    entity_hierarchy as eh, modification_hierarchy as mh
            >>> braf = Agent('BRAF')
            >>> map2k1 = Agent('MAP2K1')
            >>> st1 = Phosphorylation(braf, map2k1)
            >>> st2 = Phosphorylation(braf, map2k1, residue='S')
            >>> pa = Preassembler(eh, mh, [st1, st2])
            >>> combined_stmts = pa.combine_related() # doctest:+ELLIPSIS
            Combining ...
            >>> combined_stmts
            [Phosphorylation(BRAF(), MAP2K1(), S)]
            >>> combined_stmts[0].supported_by
            [Phosphorylation(BRAF(), MAP2K1())]
            >>> combined_stmts[0].supported_by[0].supports
            [Phosphorylation(BRAF(), MAP2K1(), S)]
        """

        # If unique_stmts is not initialized, call combine_duplicates.
        if not self.unique_stmts:
            self.combine_duplicates()
        # Group statements according to whether they have matching entities,
        # and store the resulting lists in a dict, indexed by the key defined
        # by the statement type and its entities:
        # Sort the statements in place by entities_match_key():
        unique_stmts = deepcopy(self.unique_stmts)
        unique_stmts.sort(key=lambda x: x.entities_match_key())
        groups = {grouper[0]: list(grouper[1])
                  for grouper in itertools.groupby(unique_stmts,
                                          key=lambda x: x.entities_match_key())}
        # The ext_groups dict is where we store the extended groups, those
        # statements which involve either the same entities or entities with
        # family relationships.
        ext_groups = copy(groups)
        # Set up progress bar
        # see http://stackoverflow.com/questions/3160699/python-progress-bar
        num_comparisons = len(groups.keys()) ** 2
        toolbar_width = 40
        sys.stdout.write("Combining related stmts: [%s]"
                         % (" " * toolbar_width))
        sys.stdout.flush()
        sys.stdout.write("\b" * (toolbar_width+1)) # return to start of bar
        counter = 0
        num_cmps_per_step = num_comparisons / int(toolbar_width)
        # We examine pairs of Statement groups, looking for "isa" relationships:
        for g1_key, g2_key in itertools.permutations(groups.keys(), 2):
            g1 = groups[g1_key]
            g2 = groups[g2_key]
            # If we have two groups G1 and G2, each containing Statements with
            # some number of Agent arguments, e.g.  G1_Stmt(Ag1, Ag2, Ag3) and
            # G2_Stmt(Ag4, Ag5, Ag6), we need to know whether each of the
            # corresponding Agent arguments are related for all of the
            # Statements in the two groups.  That is, each of the arguments
            # between G1 and G2 must either be an entity match (as determined
            # by the entities_match test of the respective agents) or have an
            # "isa" relationship, as determined by the HierarchyManager in use.
            # If the elements in both groups are related, then the
            # Statements in the group with the superfamily relationship
            # are added into the group with the more specific entities. However,
            # the superfamily group is not removed from the group list, as
            # it may be a superfamily supporting Statements from another group.

            # Get the first statement from each group (we've already determined
            # that all of the statements within each group have an entity
            # match, so we only need the first:
            g1_stmt = g1[0]
            g2_stmt = g2[0]
            # Check that the statements are of the same type; if not, no merge.
            if type(g1_stmt) is not type(g2_stmt):
                continue
            # If both statements are Complexes, make sure they have the same
            # number of members:
            if type(g1_stmt) is Complex and \
               len(g1_stmt.members) != len(g2_stmt.members):
                continue
            # Check that all of the agents match or have an isa relationship.
            # Because the statements are of the same type, they should have the
            # same number of agents as arguments.  First, let's keep track of
            # our checks that g1 is the "primary" group, i.e., it is the one
            # with the more refined/grounded entities. We build a list with one
            # boolean entry for each argument, where a True value indicates
            # that the arguments at that position imply that g1 is the primary
            # group.
            agent_pairs = zip(g1_stmt.agent_list(), g2_stmt.agent_list())
            g1_is_refinement = []
            for ag1, ag2 in agent_pairs:
                if ag2 is None:
                    val = True
                elif ag2 is not None and ag1 is None:
                    val = False
                else:
                    val = ag1.entity_matches(ag2) or\
                          self.entity_hierarchy.isa(ag1.name, ag2.name)
                g1_is_refinement.append(val)
            # If g1_is_refinement is all True values, that means everything in
            # the group1 statements isa thing in the group2 statements.
            if all(g1_is_refinement):
                g1_ext_list = ext_groups[g1_key]
                ext_groups[g1_key] = g1_ext_list + g2
            # Update progress bar
            if counter >= num_cmps_per_step:
                sys.stdout.write("-")
                sys.stdout.flush()
                counter = 0
            else:
                counter += 1
        # Move cursor to next line after progress bar
        print
        # At this point we have, in ext_groups, a dict of lists of Statements
        # indexed by their entity_matches key, but now the groups contain not
        # only statements with matching entities, but also entities related by
        # isa relationships. The next step is to process each group, checking
        # each statement against each other statement to determine supports and
        # supported_by relationships. This is determined by calling the
        # refinement_of method on pairs of statements.
        # Iterate over each of the extended groups:
        for ext_group in ext_groups.values():
            # Iterate over pairs of statements in the group:
            for stmt1, stmt2 in itertools.permutations(ext_group, 2):
                if stmt1.refinement_of(stmt2, self.entity_hierarchy,
                                       self.mod_hierarchy):
                    stmt1.supported_by.append(stmt2)
                    stmt2.supports.append(stmt1)
        # Now that the groups have been processed, we need to find the
        # non-subsumed statements, those that have no supports relationships.
        self.related_stmts = [stmt for ext_group in ext_groups.values()
                               for stmt in ext_group
                               if not stmt.supports]
        self.related_stmts = self.combine_duplicate_stmts(self.related_stmts)

        # Make sure we haven't lost any statements!
        assert len(flatten_stmts(self.unique_stmts)) == \
               len(flatten_stmts(self.related_stmts)), \
               "Statements lost after combining related"
        return self.related_stmts


[docs]def render_stmt_graph(statements, agent_style=None):
    """Renders the supports/supported_by relationships of a set of statements
    and returns a pygraphviz graph.

    Examples
    --------
    Pattern for getting statements and rendering as a Graphviz graph::

        bp = biopax_api.process_pc_pathsfromto(['BRAF'], ['MAP2K1'])
        bp.get_phosphorylation()

        pa = Preassembler(eh, mh, bp.statements)
        pa.combine_related()

        graph = render_stmt_graph(pa.related_stmts)
        graph.write('braf.dot')
        graph.draw('braf.pdf', prog='dot')
    """

    # Set the default agent formatting properties
    if agent_style is None:
        agent_style = {'color': 'lightgray', 'style': 'filled',
                       'fontname': 'arial'}
    # Sets to store all of the nodes and edges as we recursively process all
    # of the statements
    nodes = set([])
    edges = set([])
    # Recursive function for processing all statements
    def process_stmt(stmt):
        nodes.add(stmt)
        for sby_ix, sby_stmt in enumerate(stmt.supported_by):
            edges.add((str(stmt.matches_key()), str(sby_stmt.matches_key())))
            process_stmt(sby_stmt)
    # Process all of the top-level statements, getting the supporting statements
    # recursively
    for stmt in statements:
        process_stmt(stmt)
    # Add the nodes and edges to the graph
    graph = pgv.AGraph(name='statements', directed=True, rankdir='LR')
    for node in nodes:
        graph.add_node(str(node.matches_key()), label=str(node), **agent_style)
    graph.add_edges_from(edges)
    return graph



[docs]def flatten_stmts(stmts):
    """Return the full set of unique stmts in a pre-assembled stmt graph."""
    total_stmts = set(stmts)
    for stmt in stmts:
        if stmt.supported_by:
            children = flatten_stmts(stmt.supported_by)
            total_stmts = total_stmts.union(children)
    return total_stmts


#def get_evidence(stmt):
#    child_evidence = set(stmt.evidence)

def _flatten_evidence_for_stmt(stmt):
    total_evidence = set(stmt.evidence)
    for supp_stmt in stmt.supported_by:
        child_evidence = _flatten_evidence_for_stmt(supp_stmt)
        total_evidence = total_evidence.union(child_evidence)
    return list(total_evidence)

def flatten_evidence(stmts):
    # Copy all of the statements--these will be the ones where we update
    # the evidence lists
    copied_stmts = deepcopy(stmts)
    for stmt in stmts:
        total_evidence = _flatten_evidence_for_stmt(stmt)
        stmt.evidence = total_evidence
    return stmts
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  Source code for indra.statements

"""
Statements representing mechanistic relationships between biological agents.

Statement classes follow an inheritance hierarchy, with all Statement types
inheriting from the parent class :py:class:`indra.statement.Statement`. At
the next level in the hierarchy are the following classes:

- :py:class:`indra.statements.Complex`
- :py:class:`indra.statements.Modification`
- :py:class:`indra.statements.SelfModification`
- :py:class:`indra.statements.RasGef`
- :py:class:`indra.statements.RasGap`
- :py:class:`indra.statements.ActivityActivity`

There are several types of Statements representing post-translational
modifications that further inherit from
:py:class:`indra.statements.Modification`:

- :py:class:`indra.statements.Phosphorylation`
- :py:class:`indra.statements.Dephosphorylation`
- :py:class:`indra.statements.Ubiquitination`
- :py:class:`indra.statements.Sumoylation`
- :py:class:`indra.statements.Hydroxylation`
- :py:class:`indra.statements.Acetylation`

There are additional subtypes of :py:class:`indra.statements.SelfModification`:

- :py:class:`indra.statements.Autophosphorylation`
- :py:class:`indra.statements.Transphosphorylation`

Statements involve one or more biological *Agents*, typically proteins,
represented by the class :py:class:`indra.statements.Agent`. Agents can have a
specific post-translational modification state (indicated by one or more
instances of :py:class:`indra.statements.ModCondition`), other bound Agents
(:py:class:`indra.statements.BoundCondition`), or amino acid mutations
(:py:class:`indra.statements.MutCondition`). The *active* form of an agent (in
terms of its post-translational modifications or bound state) is indicated by
an instance of the class :py:class:`indra.statements.ActiveForm`.

Interactions between proteins are often described in terms of their effect on a
protein's "activity", e.g., "Active MEK activates ERK", or "DUSP6 inactives
ERK".  These types of relationships are indicated by the statement
:py:class:`indra.statements.ActivityActivity`.

The evidence for a given Statement, which could include relevant citations,
database identifiers, and passages of text from the scientific literature, is
contained in one or more Evidence objects
(:py:class:`indra.statements.Evidence`) associated with the Statement.
"""

import os
from collections import namedtuple
import textwrap

def _read_amino_acids():
    """Read the amino acid information from a resource file."""
    this_dir = os.path.dirname(os.path.abspath(__file__))
    aa_file = this_dir + '/resources/amino_acids.tsv'
    amino_acids = {}
    amino_acids_reverse = {}
    with open(aa_file, 'rt') as fh:
        lines = fh.readlines()
    for lin in lines[1:]:
        terms = lin.strip().split('\t')
        key = terms[2]
        val = {'full_name': terms[0],
               'short_name': terms[1],
               'indra_name': terms[3]}
        amino_acids[key] = val
        for v in val.values():
            amino_acids_reverse[v] = key
    return amino_acids, amino_acids_reverse

amino_acids, amino_acids_reverse = _read_amino_acids()


[docs]class BoundCondition(object):
    """Identify Agents bound (or not bound) to a given Agent in a given context.

    Parameters
    ----------
    agent : :py:class:`indra.statements.Agent`
        Instance of Agent.
    is_bound : bool
        Specifies whether the given Agent is bound or unbound in the current
        context. Default is True.

    Examples
    --------

    EGFR bound to EGF:

    >>> egf = Agent('EGF')
    >>> egfr = Agent('EGFR', bound_conditions=(BoundCondition(egf)))

    BRAF not bound to a 14-3-3 protein (YWHAB):

    >>> ywhab = Agent('YWHAB')
    >>> braf = Agent('BRAF', bound_conditions=(BoundCondition(ywhab, False)))
    """
    def __init__(self, agent, is_bound=True):
        self.agent = agent
        self.is_bound = is_bound



[docs]class MutCondition(object):
    """Mutation state of an amino acid position of an Agent.

    Parameters
    ----------
    position : string
        Residue position of the mutation in the protein sequence.
    residue_from : string
        Wild-type (unmodified) amino acid residue at the given position.
    residue_to : string
        Amino acid at the position resulting from the mutation.

    Examples
    --------
    Represent EGFR with a L858R mutation:

    >>> egfr_mutant = Agent('EGFR', mutations=(MutCondition('858', 'L', 'R')))
    """
    def __init__(self, position, residue_from, residue_to=None):
        self.position = position
        self.residue_from = get_valid_residue(residue_from)
        self.residue_to = get_valid_residue(residue_to)

    def matches(self, other):
        return (self.matches_key() == other.matches_key())

    def matches_key(self):
        key = (str(self.position), str(self.residue_from),
               str(self.residue_to))
        return str(key)

    def equals(self, other):
        pos_match = (self.position == other.position)
        residue_from_match = (self.residue_from == other.residue_from)
        residue_to_match = (self.residue_to == other.residue_to)
        return (pos_match and residue_from_match and residue_to_match)

    def __str__(self):
        s = '(%s, %s, %s)' % (self.residue_from, self.position,
                               self.residue_to)
        return s

    def __repr__(self):
        return 'MutCondition' + self.__str__()



[docs]class ModCondition(object):
    """Post-translational modification state at an amino acid position.

    Parameters
    ----------
    mod_type : string
        The type of post-translational modification, e.g., 'phosphorylation'.
        Valid modification types currently include: 'phosphorylation',
        'ubiquitination', 'sumoylation', 'hydroxylation', and 'acetylation'.
        If an invalid modification type is passed an InvalidModTypeError is
        raised.
    residue : Union[string, None]
        String indicating the modified amino acid, e.g., 'Y' or 'tyrosine'.
        If None, indicates that the residue at the modification site is
        unknown or unspecified.
    position : Union[string, None]
        String indicating the position of the modified amino acid, e.g., '202'.
        If None, indicates that the position is unknown or unspecified.
    is_modified : bool
        Specifies whether the modification is present or absent. Setting the
        flag specifies that the Agent with the ModCondition is unmodified
        at the site.

    Examples
    --------
    Doubly-phosphorylated MEK (MAP2K1):

    >>> phospho_mek = Agent('MAP2K1', mods=(
    ... ModCondition('phosphorylation', 'S', '202'),
    ... ModCondition('phosphorylation', 'S', '204')))

    ERK (MAPK1) unphosphorylated at tyrosine 187:

    >>> unphos_erk = Agent('MAPK1', mods=(
    ... ModCondition('phosphorylation', 'Y', '187', is_modified=False)))
    """
    def __init__(self, mod_type, residue=None, position=None, is_modified=True):
        self.mod_type = mod_type
        self.residue = get_valid_residue(residue)
        if not isinstance(position, basestring):
            if position is None:
                self.position = None
            else:
                self.position = str(position)
        else:
            self.position = position
        self.is_modified = is_modified

    def refinement_of(self, other, mod_hierarchy):
        type_match = (self.mod_type == other.mod_type or \
            mod_hierarchy.isa(self.mod_type, other.mod_type))
        residue_match = (self.residue == other.residue or \
            (self.residue is not None and other.residue is None))
        pos_match = (self.position == other.position or \
            (self.position is not None and other.position is None))
        return (type_match and residue_match and pos_match)

    def matches(self, other):
        return (self.matches_key() == other.matches_key())

    def matches_key(self):
        key = (str(self.mod_type), str(self.residue),
               str(self.position), str(self.is_modified))
        return str(key)

    def __str__(self):
        ms = '%s' % self.mod_type
        if self.residue is not None:
            ms += ', %s' % self.residue
        if self.position is not None:
            ms += ', %s' % self.position
        if not self.is_modified:
            ms += ', False'
        ms = '(' + ms + ')'
        return ms

    def __repr__(self):
        return self.__str__()

    def equals(self, other):
        type_match = (self.mod_type == other.mod_type)
        residue_match = (self.residue == other.residue)
        pos_match = (self.position == other.position)
        is_mod_match = (self.is_modified == other.is_modified)
        return (type_match and residue_match and pos_match and is_mod_match)

    def __hash__(self):
        return hash(self.matches_key())



[docs]class Agent(object):
    """A molecular entity, e.g., a protein.

    Parameters
    ----------
    name : string
        The name of the agent, preferably a canonicalized name such as an
        HGNC gene name.
    mods : list of :py:class:`indra.statements.ModCondition`
        Modification state of the agent.
    bound_conditions : list of :py:class:`indra.statements.BoundCondition`
        Other agents bound to the agent in this context.
    mutations : list of :py:class:`indra.statements.MutCondition`
        Amino acid mutations of the agent.
    db_refs : dict
        Dictionary of database identifiers associated with this agent.
    """
    def __init__(self, name, mods=None, active=None,
                 bound_conditions=None, mutations=None, db_refs=None):
        self.name = name

        if mods is None:
            self.mods = []
        # Promote to list
        elif isinstance(mods, ModCondition):
            self.mods = [mods]
        else:
            self.mods = mods

        if bound_conditions is None:
            self.bound_conditions = []
        # Promote to list
        elif isinstance(bound_conditions, BoundCondition):
            self.bound_conditions = [bound_conditions]
        else:
            self.bound_conditions = bound_conditions

        if mutations is None:
            self.mutations = []
        elif isinstance(mutations, MutCondition):
            self.mutations = [mutations]
        else:
            self.mutations = mutations

        self.active = active

        if db_refs is None:
            self.db_refs = {}
        else:
            self.db_refs = db_refs

    def matches(self, other):
        return self.matches_key() == other.matches_key()

    def matches_key(self):
        # NOTE: Making a set of the mod matches_keys mat break if
        # you have an agent with two phosphorylations at serine
        # with unknown sites.
        name_str = self.name.encode('utf-8')
        key = (name_str,
               sorted([m.matches_key() for m in self.mods]),
               sorted([m.matches_key() for m in self.mutations]),
               self.active,
               len(self.bound_conditions),
               tuple((bc.agent.matches_key(), bc.is_bound)
                     for bc in sorted(self.bound_conditions,
                                      key=lambda x: x.agent.name)))
        return str(key)

    def entity_matches(self, other):
        return self.entity_matches_key() == other.entity_matches_key()

    def entity_matches_key(self):
        return self.name

    def refinement_of(self, other, entity_hierarchy, mod_hierarchy):
        # Make sure the Agent types match
        if type(self) != type(other):
            return False

        # ENTITIES
        # Check that the basic entity of the agent either matches or is related
        # to the entity of the other agent. If not, no match.
        if not (self.entity_matches(other) or \
                entity_hierarchy.isa(self.name, other.name)):
            return False

        # BOUND CONDITIONS
        # Now check the bound conditions. For self to be a refinement of
        # other in terms of the bound conditions, it has to include all of the
        # bound conditions in the other agent, and add additional context.
        # TODO: For now, we do not check the bound conditions of the bound
        # conditions.
        # TODO: For now, we only look at exact agent matches, not at family
        # relationships among the bound conditions (this is to avoid the
        # confusion of relationships that might go in different directions
        # between the two statements).
        # FIXME: This matching procedure will get confused if the same
        # entity is included more than once in one of the sets--this will
        # be picked up as a match
        # Iterate over the bound conditions in the other agent, and make sure
        # they are all matched in self.
        for bc_other in other.bound_conditions:
            # Iterate over the bound conditions in self to find a match
            bc_found = False
            for bc_self in self.bound_conditions:
                if (bc_self.agent.entity_matches(bc_other.agent) or
                    entity_hierarchy.isa(bc_self.agent.name,
                                         bc_other.agent.name)) and \
                    bc_self.is_bound == bc_other.is_bound:
                    bc_found = True
            # If we didn't find a match for this bound condition in self, then
            # no refinement
            if not bc_found:
                return False

        # MODIFICATIONS
        # Similar to the above, we check that self has all of the modifications
        # of other.
        # Make sure they have the same modifications
        # Here we need to make sure that a mod in self.mods is only matched
        # once to a mod in other.mods. Otherwise ('phoshporylation') would be
        # considered a refinement of ('phosphorylation', 'phosphorylation')
        matched_indices = []
        for other_mod in other.mods:
            mod_found = False
            for ix, self_mod in enumerate(self.mods):
                if self_mod.refinement_of(other_mod, mod_hierarchy):
                    if ix in matched_indices:
                        continue
                    mod_found = True
                    matched_indices.append(ix)
            # If we didn't find an exact match for this mod in other, then
            # no refinement
            if not mod_found:
                return False

        # MUTATIONS
        # Similar to the above, we check that self has all of the mutations
        # of other.
        # Make sure they have the same mutations
        for other_mut in other.mutations:
            mut_found = False
            for self_mut in self.mutations:
                if self_mut.matches(other_mut):
                    mut_found = True
            # If we didn't find an exact match for this mut in other, then
            # no refinement
            if not mut_found:
                return False

        # Everything checks out
        return True

    def equals(self, other):
        matches = (self.name == other.name) and\
                  (self.active == other.active) and\
                  (self.db_refs == other.db_refs)
        if len(self.mods) == len(other.mods):
            for s, o in zip(self.mods, other.mods):
                matches = matches and s.equals(o)
        else:
            return False
        if len(self.mutations) == len(other.mutations):
            for s, o in zip(self.mutations, other.mutations):
                matches = matches and s.equals(o)
        else:
            return False
        if len(self.bound_conditions) == len(other.bound_conditions):
            for s, o in zip(self.bound_conditions, other.bound_conditions):
                matches = matches and s.agent.equals(o.agent) and\
                                      s.is_bound == o.is_bound
        else:
            return False

        return matches

    def __str__(self):
        attr_strs = []
        if self.mods:
            mod_str = 'mods: '
            mod_str += ', '.join(['%s' % m for m in self.mods])
            attr_strs.append(mod_str)
        if self.active:
            attr_strs.append('active: %s' % self.active)
        if self.mutations:
            mut_str = 'muts: '
            mut_str += ', '.join(['%s' % m for m in self.mutations])
            attr_strs.append(mut_str)
        if self.bound_conditions:
            attr_strs += ['bound: [%s, %s]' % (b.agent.name, b.is_bound)
                          for b in self.bound_conditions]
        #if self.db_refs:
        #    attr_strs.append('db_refs: %s' % self.db_refs)
        attr_str = ', '.join(attr_strs)
        return '%s(%s)' % (self.name, attr_str)

    def __repr__(self):
        return self.__str__()



[docs]class Evidence(object):
    """Container for evidence supporting a given statement.

    Parameters
    ----------
    source_api : string or None
        String identifying the INDRA API used to capture the statement,
        e.g., 'trips', 'biopax', 'bel'.
    source_id : string or None
        For statements drawn from databases, ID of the database entity
        corresponding to the statement.
    pmid : string or None
        String indicating the Pubmed ID of the source of the statement.
    text : string
        Natural language text supporting the statement.
    annotations : dictionary
        Dictionary containing additional information on the
        context of the statement, e.g., species, cell line,
        tissue type, etc. The entries may vary depending on
        the source of the information.
    epistemics : dictionary
        A dictionary describing various forms of epistemic
        certainty associated with the statement.
    """

    def __init__(self, source_api=None, source_id=None, pmid=None, text=None,
                 annotations=None, epistemics=None):
        self.source_api = source_api
        self.source_id = source_id
        self.pmid = pmid
        self.text = text
        if annotations:
            self.annotations = annotations
        else:
            self.annotations = {}
        if epistemics:
            self.epistemics = epistemics
        else:
            self.epistemics = {}

    def equals(self, other):
        matches = (self.source_api == other.source_api) and\
                  (self.source_id == other.source_id) and\
                  (self.pmid == other.pmid) and\
                  (self.text == other.text) and\
                  (self.annotations == other.annotations) and\
                  (self.epistemics == other.epistemics)
        return matches

    def __str__(self):
        ev_str = u'Evidence(%s, %s, %s, %s)' % \
                 (self.source_api, self.pmid, self.annotations,
                  self.text)
        return ev_str.encode('utf-8')

    def __repr__(self):
        return self.__str__()



[docs]class Statement(object):
    """The parent class of all statements.

    Parameters
    ----------
    evidence : list of :py:class:`indra.statements.Evidence`
        If a list of Evidence objects is passed to the constructor, the
        value is set to this list. If a bare Evidence object is passed,
        it is enclosed in a list. If no evidence is passed (the default),
        the value is set to an empty list.
    supports : list of :py:class:`indra.statements.Statement`
        Statements that this Statement supports.
    supported_by : list of :py:class:`indra.statements.Statement`
        Statements supported by this statement.
    """

    def __init__(self, evidence=None, supports=None, supported_by=None):
        if evidence is None:
            self.evidence = []
        elif isinstance(evidence, Evidence):
            self.evidence = [evidence]
        elif isinstance(evidence, list):
            self.evidence = evidence
        else:
            raise ValueError('evidence must be an Evidence object, a list '
                             '(of Evidence objects), or None.')

        # Initialize supports/supported_by fields, which should be lists
        self.supports = supports if supports else []
        self.supported_by = supported_by if supported_by else []

    def matches(self, other):
        return self.matches_key() == other.matches_key()

    def entities_match(self, other):
        return self.entities_match_key() == other.entities_match_key()

    def entities_match_key(self):
        key = (type(self), tuple(a.entity_matches_key() if a is not None
                                  else None for a in self.agent_list()))
        return str(key)

    def print_supports(self):
        print '%s supported_by:' % self.__str__()
        if self.supported_by:
            print '-->'
            for s in self.supported_by:
                s.print_supports()

    def __repr__(self):
        return self.__str__()

    def equals(self, other):
        if len(self.agent_list()) == len(other.agent_list()):
            for s, o in zip(self.agent_list(), other.agent_list()):
                if (s is None and o is not None) or\
                    (s is not None and o is None):
                    return False
                if s is not None and o is not None and not s.equals(o):
                    return False
        else:
            return False
        if len(self.evidence) == len(other.evidence):
            for s, o in zip(self.evidence, other.evidence):
                if not s.equals(o):
                    return False
        else:
            return False
        return True



[docs]class Modification(Statement):
    """Generic statement representing the modification of a protein.

    Parameters
    ----------
    enz : :py:class`indra.statement.Agent`
        The enzyme involved in the modification.
    sub : :py:class:`indra.statement.Agent`
        The substrate of the modification.
    residue : string or None
        The amino acid residue being modified, or None if it is unknown or
        unspecified.
    position : string or None
        The position of the modified amino acid, or None if it is unknown or
        unspecified.
    evidence : list of :py:class:`indra.statements.Evidence`
        Evidence objects in support of the modification.
    """
    def __init__(self, enz, sub, residue=None, position=None, evidence=None):
        super(Modification, self).__init__(evidence)
        self.enz = enz
        self.sub = sub
        self.residue = get_valid_residue(residue)
        if position is not None:
            if not isinstance(position, basestring):
                position = str(position)
        self.position = position

    def matches_key(self):
        if self.enz is None:
            enz_key = None
        else:
            enz_key = self.enz.matches_key()
        key = (type(self), enz_key, self.sub.matches_key(),
               str(self.residue), str(self.position))
        return str(key)

    def agent_list(self):
        return [self.enz, self.sub]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 2:
            raise ValueError("Modification has two agents in agent_list.")
        self.enz = agent_list[0]
        self.sub = agent_list[1]

    def refinement_of(self, other, entity_hierarchy, mod_hierarchy):
        # Make sure the statement types match
        if type(self) != type(other):
            return False

        # Check agent arguments
        if self.enz is None and other.enz is None:
            enz_refinement = True
        elif self.enz is None and other.enz is not None:
            enz_refinement = False
        elif self.enz is not None and other.enz is None:
            enz_refinement = True
        else:
            enz_refinement = self.enz.refinement_of(other.enz, entity_hierarchy,
                                                    mod_hierarchy)
        sub_refinement = self.sub.refinement_of(other.sub, entity_hierarchy,
                                                mod_hierarchy)
        if not (enz_refinement and sub_refinement):
            return False
        # For this to be a refinement of the other, the modifications either
        # have to match or have this one be a subtype of the other; in
        # addition, the sites have to match, or this one has to have site
        # information and the other one not.
        residue_matches = (other.residue is None or\
                           (self.residue == other.residue))
        position_matches = (other.position is None or\
                            (self.position == other.position))
        return (residue_matches and position_matches)

    def equals(self, other):
        matches = super(Modification, self).equals(other)
        matches = matches and\
                  (self.residue == other.residue) and\
                  (self.position == other.position)
        return matches

    def __str__(self):
        res_str = (', %s' % self.residue) if self.residue is not None else ''
        pos_str = (', %s' % self.position) if self.position is not None else ''
        s = ("%s(%s, %s%s%s)" %
                  (type(self).__name__, self.enz, self.sub,
                   res_str, pos_str))
        return s



[docs]class SelfModification(Statement):
    """Generic statement representing the self-modification of a protein.

    Parameters
    ----------
    enz : :py:class`indra.statement.Agent`
        The enzyme involved in the modification, which is also the substrate.
    residue : string or None
        The amino acid residue being modified, or None if it is unknown or
        unspecified.
    position : string or None
        The position of the modified amino acid, or None if it is unknown or
        unspecified.
    evidence : list of :py:class:`indra.statements.Evidence`
        Evidence objects in support of the modification.
    """
    def __init__(self, enz, residue=None, position=None, evidence=None):
        super(SelfModification, self).__init__(evidence)
        self.enz = enz
        self.residue = get_valid_residue(residue)
        if position is not None:
            if not isinstance(position, basestring):
                position = str(position)
        self.position = position

    def __str__(self):
        res_str = (', %s' % self.residue) if self.residue is not None else ''
        pos_str = (', %s' % self.position) if self.position is not None else ''
        s = ("%s(%s%s%s)" %
                  (type(self).__name__, self.enz,
                   res_str, pos_str))
        return s

    def matches_key(self):
        key = (type(self), self.enz.matches_key(),
               str(self.residue), str(self.position))
        return str(key)

    def agent_list(self):
        return [self.enz]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 1:
            raise ValueError("SelfModification has one agent.")
        self.enz = agent_list[0]

    def refinement_of(self, other, entity_hierarchy, mod_hierarchy):
        # Make sure the statement types match
        if type(self) != type(other):
            return False

        # Check agent arguments
        if not self.enz.refinement_of(other.enz, entity_hierarchy,
                                      mod_hierarchy):
            return False
        # For this to be a refinement of the other, the modifications either
        # have to match or have this one be a subtype of the other; in
        # addition, the sites have to match, or this one has to have site
        # information and the other one not.
        residue_matches = (other.residue is None or\
                           (self.residue == other.residue))
        position_matches = (other.position is None or\
                            (self.position == other.position))
        return (residue_matches and position_matches)

    def equals(self, other):
        matches = super(SelfModification, self).equals(other)
        matches = matches and\
                  (self.residue == other.residue) and\
                  (self.position == other.position)
        return matches



[docs]class Phosphorylation(Modification):
    """Phosphorylation modification.

    Examples
    --------
    MEK (MAP2K1) phosphorylates ERK (MAPK1) at threonine 185:

    >>> mek = Agent('MAP2K1')
    >>> erk = Agent('MAPK1')
    >>> phos = Phosphorylation(mek, erk, 'T', '185')
    """
    pass



[docs]class Autophosphorylation(SelfModification):
    """Intramolecular autophosphorylation, i.e., in *cis*.

    Examples
    --------
    p38 bound to TAB1 cis-autophosphorylates itself (see :pmid:`19155529`).

    >>> tab1 = Agent('TAB1')
    >>> p38_tab1 = Agent('P38', bound_conditions=(BoundCondition(tab1)))
    >>> autophos = Autophosphorylation(p38_tab1)
    """
    pass



[docs]class Transphosphorylation(SelfModification):
    """Transphosphorylation assumes that a kinase is already bound to a
    substrate (usually of the same molecular species), and phosphorylates it in
    an intra-molecular fashion. The enz property of the statement must have
    exactly one bound_conditions entry, and we assume that enz phosphorylates
    this molecule. The bound_neg property is ignored here.  """
    pass



[docs]class Dephosphorylation(Modification):
    """Dephosphorylation modification.

    Examples
    --------
    DUSP6 dephosphorylates ERK (MAPK1) at T185:

    >>> dusp6 = Agent('DUSP6')
    >>> erk = Agent('MAPK1')
    >>> dephos = Dephosphorylation(dusp6, erk, 'T', '185')
    """
    pass



[docs]class Hydroxylation(Modification):
    """Hydroxylation modification."""
    pass



[docs]class Sumoylation(Modification):
    """Sumoylation modification."""
    pass



[docs]class Acetylation(Modification):
    """Acetylation modification."""
    pass



[docs]class Ubiquitination(Modification):
    """Ubiquitination modification."""
    pass



[docs]class ActivityActivity(Statement):
    """Statement representing the activation of a protein as a result of the
    activity of another protein."""

    def __init__(self, subj, subj_activity, relationship, obj,
                 obj_activity, evidence=None):
        super(ActivityActivity, self).__init__(evidence)
        self.subj = subj
        self.subj_activity = subj_activity
        self.obj = obj
        self.obj_activity = obj_activity
        self.relationship = relationship

    def matches_key(self):
        key = (type(self), self.subj.matches_key(), str(self.subj_activity),
                self.obj.matches_key(), str(self.obj_activity))
        return str(key)

    def agent_list(self):
        return [self.subj, self.obj]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 2:
            raise ValueError("ActivityActivity has two agents.")
        self.subj = agent_list[0]
        self.obj = agent_list[1]

    def refinement_of(self, other, eh, mh):
        # Make sure the statement types match
        if type(self) != type(other):
            return False
        if self.subj.refinement_of(other.subj, eh, mh) and \
           self.obj.refinement_of(other.obj, eh, mh) and \
           self.subj_activity == other.subj_activity and \
           self.obj_activity == other.obj_activity and \
           self.relationship == other.relationship:
            return True
        else:
            return False

    def __str__(self):
        s = ("%s(%s, %s, %s, %s, %s)" %
             (type(self).__name__, self.subj, self.subj_activity,
              self.relationship, self.obj, self.obj_activity))
        return s

    def equals(self, other):
        matches = super(ActivityActivity, self).equals(other)
        matches = matches and\
                  (self.subj_activity == other.subj_activity) and\
                  (self.obj_activity == other.obj_activity) and\
                  (self.relationship == other.relationship)
        return matches



class RasGtpActivityActivity(ActivityActivity):
    pass


[docs]class ActiveForm(Statement):
    """Statement representing the activity of an Agent in a state described by
    one or more Agent conditions (including modification conditions, 
    bound-to conditions and mutation conditions)."""

    def __init__(self, agent, activity, is_active, evidence=None):
        super(ActiveForm, self).__init__(evidence)
        self.agent = agent
        self.activity = activity
        self.is_active = is_active

    def matches_key(self):
        key = (type(self), self.agent.matches_key(),
                str(self.activity), str(self.is_active))
        return str(key)

    def agent_list(self):
        return [self.agent]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 1:
            raise ValueError("ActivityForm has one agent.")
        self.agent = agent_list[0]

    def refinement_of(self, other, entity_hierarchy, mod_hierarchy):
        # Make sure the statement types match
        if type(self) != type(other):
            return False

        # Check agent arguments
        if not self.agent.refinement_of(other.agent, entity_hierarchy,
                                          mod_hierarchy):
            return False

        # Make sure that the relationships and activities match
        # TODO: Develop an activity hierarchy? In which kinaseactivity is a
        # refinement of activity, for example.
        if self.activity == other.activity and \
           self.is_active == other.is_active:
               return True
        else:
            return False

    def __str__(self):
        s = ("ActiveForm(%s, %s, %s)" %
                (self.agent, self.activity, self.is_active))
        return s

    def equals(self, other):
        matches = super(ActiveForm, self).equals(other)
        matches = matches and\
                  (self.activity == other.activity) and\
                  (self.is_active == other.is_active)
        return matches



[docs]class RasGef(Statement):
    """Statement representing the activation of a GTP-bound protein
    upon Gef activity."""

    def __init__(self, gef, gef_activity, ras, evidence=None):
        super(RasGef, self).__init__(evidence)
        self.gef = gef
        self.gef_activity = gef_activity
        self.ras = ras

    def matches_key(self):
        key = (type(self), self.gef.matches_key(), str(self.gef_activity),
                self.ras.matches_key())
        return str(key)

    def agent_list(self):
        return [self.gef, self.ras]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 2:
            raise ValueError("RasGef has two agents.")
        self.gef = agent_list[0]
        self.ras = agent_list[1]

    def __str__(self):
        s = ("RasGef(%s, %s, %s)" %
                (self.gef.name, self.gef_activity, self.ras.name))
        return s

    def refinement_of(self, other, eh, mh):
        # Make sure the statement types match
        if type(self) != type(other):
            return False
        # Check the GEF
        if self.gef.refinement_of(other.gef, eh, mh) and \
           self.ras.refinement_of(other.ras, eh, mh) and \
           self.gef_activity == other.gef_activity:
            return True
        else:
            return False

    def equals(self, other):
        matches = super(RasGef, self).equals(other)
        matches = matches and (self.gef_activity == other.gef_activity)
        return matches



[docs]class RasGap(Statement):
    """Statement representing the inactivation of a GTP-bound protein
    upon Gap activity."""

    def __init__(self, gap, gap_activity, ras, evidence=None):
        super(RasGap, self).__init__(evidence)
        self.gap = gap
        self.gap_activity = gap_activity
        self.ras = ras

    def matches_key(self):
        key = (type(self), self.gap.matches_key(), str(self.gap_activity),
                self.ras.matches_key())
        return str(key)

    def agent_list(self):
        return [self.gap, self.ras]

    def set_agent_list(self, agent_list):
        if len(agent_list) != 2:
            raise ValueError("RasGap has two agents.")
        self.gap = agent_list[0]
        self.ras = agent_list[1]

    def refinement_of(self, other, eh, mh):
        # Make sure the statement types match
        if type(self) != type(other):
            return False
        # Check the GAP
        if self.gap.refinement_of(other.gap, eh, mh) and \
           self.ras.refinement_of(other.ras, eh, mh) and \
           self.gap_activity == other.gap_activity:
            return True
        else:
            return False

    def __str__(self):
        s = ("RasGap(%s, %s, %s)" %
                (self.gap.name, self.gap_activity, self.ras.name))
        return s

    def equals(self, other):
        matches = super(RasGap, self).equals(other)
        matches = matches and (self.gap_activity == other.gap_activity)
        return matches



[docs]class Complex(Statement):
    """Statement representing complex formation between a set of members"""

    def __init__(self, members, evidence=None):
        super(Complex, self).__init__(evidence)
        self.members = members

    def matches_key(self):
        key = (type(self), tuple(m.matches_key() for m in sorted(self.members,
                                                 key=lambda x: x.name)))
        return str(key)

    def entities_match_key(self):
        key = (type(self), tuple(a.entity_matches_key() if a is not None
                                  else None for a in sorted(self.members,
                                                key=lambda x: x.name)))
        return str(key)

    def agent_list(self):
        return self.members

    def set_agent_list(self, agent_list):
        self.members = agent_list

    def __str__(self):
        s = "Complex(%s)" % (', '.join([('%s' % m) for m in self.members]))
        return s

    def refinement_of(self, other, eh, mh):
        # Make sure the statement types match
        if type(self) != type(other):
            return False
        # Make sure the length of the members list is the same. Note that this
        # treats Complex([A, B, C]) as distinct from Complex([A, B]), rather
        # than as a refinement.
        if len(self.members) != len(other.members):
            return False
        # Check that every member in other is refined in self, but only once!
        self_match_indices = set([])
        for other_agent in other.members:
            for self_agent_ix, self_agent in enumerate(self.members):
                if self_agent_ix in self_match_indices:
                    continue
                if self_agent.refinement_of(other_agent, eh, mh):
                    self_match_indices.add(self_agent_ix)
                    break
        if len(self_match_indices) != len(other.members):
            return False
        else:
            return True

    def equals(self, other):
        matches = super(Complex, self).equals(other)
        return matches



def get_valid_residue(residue):
    if residue is not None and amino_acids.get(residue) is None:
        res = amino_acids_reverse.get(residue.lower())
        if res is None:
            raise InvalidResidueError(residue)
        else:
            return res
    return residue


[docs]class InvalidResidueError(ValueError):
    """Invalid residue (amino acid) name."""
    def __init__(self, name):
        ValueError.__init__(self, "Invalid residue name: '%s'" % name)
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  Source code for indra.reach.reach_api

import os
import json
import tempfile
import requests
from indra.java_vm import autoclass, JavaException
import indra.literature.pmc_client as pmc_client
import indra.literature.pubmed_client as pubmed_client
from processor import ReachProcessor
from reach_reader import ReachReader

reach_text_url = 'http://agathon.sista.arizona.edu:8080/odinweb/api/text'
reach_nxml_url = 'http://agathon.sista.arizona.edu:8080/odinweb/api/nxml'

# For offline reading
reach_reader = ReachReader()

[docs]def process_pmc(pmc_id, offline=False):
    """Return a ReachProcessor by processing a paper with a given PMC id.

    Uses the PMC client to obtain the full text. If it's not available,
    None is returned.

    Parameters
    ----------
    pmc_id : str
        The ID of a PubmedCentral article. The string may start with PMC but
        passing just the ID also works.
        Examples: 3717945, PMC3717945
        http://www.ncbi.nlm.nih.gov/pmc/
    offline : Optional[bool]
        If set to True, the REACH system is ran offline. Otherwise (by default)
        the web service is called. Default: False

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    xml_str = pmc_client.get_xml(pmc_id)
    if xml_str is None:
        return None
    fname = pmc_id + '.nxml'
    with open(fname, 'wt') as fh:
        fh.write(xml_str.encode('utf-8'))
    rp = process_nxml_str(xml_str, citation=pmc_id, offline=offline)
    return rp


[docs]def process_pubmed_abstract(pubmed_id, offline=False):
    """Return a ReachProcessor by processing an abstract with a given Pubmed id.

    Uses the Pubmed client to get the abstract. If that fails, None is
    returned.

    Parameters
    ----------
    pubmed_id : str
        The ID of a Pubmed article. The string may start with PMID but
        passing just the ID also works.
        Examples: 27168024, PMID27168024
        http://www.ncbi.nlm.nih.gov/pubmed/
    offline : Optional[bool]
        If set to True, the REACH system is ran offline. Otherwise (by default)
        the web service is called. Default: False

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    abs_txt = pubmed_client.get_abstract(pubmed_id)
    if abs_txt is None:
        return None
    rp = process_text(abs_txt, citation=pubmed_id, offline=offline)
    return rp


[docs]def process_text(text, citation=None, offline=False):
    """Return a ReachProcessor by processing the given text.

    Parameters
    ----------
    text : str
        The text to be processed.
    citation : Optional[str]
        A PubMed ID passed to be used in the evidence for the extracted INDRA
        Statements. This is used when the text to be processed comes from
        a publication that is not otherwise identified. Default: None
    offline : Optional[bool]
        If set to True, the REACH system is ran offline. Otherwise (by default)
        the web service is called. Default: False

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    if offline:
        api_ruler = reach_reader.get_api_ruler()
        if api_ruler is None:
            print 'Cannot read offline because the REACH ApiRuler ' + \
                   'could not be instantiated.'
            return None
        try:
            result_map = api_ruler.annotateText(text, 'fries')
        except JavaException as e:
            print 'Could not process text.'
            print e
            return None
        json_str = result_map.get('resultJson')
    else:
        data = {'text': text.encode('utf-8')}
        try:
            res = requests.post(reach_text_url, data)
        except requests.exceptions.RequestException as e:
            print 'Could not connect to REACH service:'
            print e
            return None
        # TODO: we could use res.json() here to get a dict 
        # directly
        json_str = res.text
    with open('reach_output.json', 'wt') as fh:
        out_str = json_str
        fh.write(out_str)
    return process_json_str(json_str, citation)


[docs]def process_nxml_str(nxml_str, citation=None, offline=False):
    """Return a ReachProcessor by processing the given NXML string.

    NXML is the format used by PubmedCentral for papers in the open
    access subset.

    Parameters
    ----------
    nxml_str : str
        The NXML string to be processed.
    citation : Optional[str]
        A PubMed ID passed to be used in the evidence for the extracted INDRA
        Statements. Default: None
    offline : Optional[bool]
        If set to True, the REACH system is ran offline. Otherwise (by default)
        the web service is called. Default: False

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    if offline:
        api_ruler = reach_reader.get_api_ruler()
        if api_ruler is None:
            print 'Cannot read offline because the REACH ApiRuler could not' +\
                    ' be instantiated.'
            return None
        try:
            #TODO: Test if UTF-8 files are parsed correctly here
            result_map = api_ruler.annotateNxml(nxml_str, 'fries')
        except JavaException:
            print 'Could not process NXML.'
            return None
        json_str = result_map.get('resultJson')
    else:
        data = {'nxml': nxml_str}
        try:
            res = requests.post(reach_nxml_url, data)
        except requests.exceptions.RequestException as e:
            print 'Could not connect to REACH service:'
            print e
            return None
        if res.status_code != 200:
            print 'Could not process NXML via REACH service.' + \
                  'Status code: %d' % res.status_code
            return None
        json_str = res.text
    with open('reach_output.json', 'wt') as fh:
        fh.write(json_str)
    return process_json_str(json_str, citation)


[docs]def process_nxml_file(file_name, citation=None, offline=False):
    """Return a ReachProcessor by processing the given NXML file.

    NXML is the format used by PubmedCentral for papers in the open
    access subset.

    Parameters
    ----------
    file_name : str
        The name of the NXML file to be processed.
    citation : Optional[str]
        A PubMed ID passed to be used in the evidence for the extracted INDRA
        Statements. Default: None
    offline : Optional[bool]
        If set to True, the REACH system is ran offline. Otherwise (by default)
        the web service is called. Default: False

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    nxml_str = open(file_name, 'rt').read()
    nxml_str = nxml_str.decode('utf-8')
    return process_nxml_str(nxml_str, citation, offline)


[docs]def process_json_file(file_name, citation=None):
    """Return a ReachProcessor by processing the given REACH json file.

    The output from the REACH parser is in this json format. This function is
    useful if the output is saved as a file and needs to be processed.
    For more information on the format, see: https://github.com/clulab/reach

    Parameters
    ----------
    file_name : str
        The name of the json file to be processed.
    citation : Optional[str]
        A PubMed ID passed to be used in the evidence for the extracted INDRA
        Statements. Default: None

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    try:
        with open(file_name, 'rt') as fh:
            json_str = fh.read()
            return process_json_str(json_str, citation)
    except IOError:
        print 'Could not read file %s.' % file_name



[docs]def process_json_str(json_str, citation=None):
    """Return a ReachProcessor by processing the given REACH json string.

    The output from the REACH parser is in this json format.
    For more information on the format, see: https://github.com/clulab/reach

    Parameters
    ----------
    json_str : str
        The json string to be processed.
    citation : Optional[str]
        A PubMed ID passed to be used in the evidence for the extracted INDRA
        Statements. Default: None

    Returns
    -------
    rp : ReachProcessor
        A ReachProcessor containing the extracted INDRA Statements
        in rp.statements.
    """
    json_str = str(json_str)
    json_str = json_str.replace('frame-id','frame_id')
    json_str = json_str.replace('argument-label','argument_label')
    json_str = json_str.replace('object-meta','object_meta')
    json_str = json_str.replace('doc-id','doc_id')
    json_str = json_str.replace('is-hypothesis','is_hypothesis')
    json_str = json_str.replace('is-negated','is_negated')
    json_str = json_str.replace('is-direct','is_direct')
    json_dict = json.loads(json_str)
    rp = ReachProcessor(json_dict, citation)
    rp.get_modifications()
    rp.get_complexes()
    rp.get_activation()
    return rp
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  Source code for indra.trips.trips_api

import trips_client
from processor import TripsProcessor


[docs]def process_text(text, save_xml_name='trips_output.xml', save_xml_pretty=True):
    """Return a TripsProcessor by processing text.

    Parameters
    ----------
    text : str
        The text to be processed.
    save_xml_name : Optional[str]
        The name of the file to save the returned TRIPS extraction knowledge
        base XML. Default: trips_output.xml
    save_xml_pretty : Optional[bool]
        If True, the saved XML is pretty-printed. Some third-party tools
        require non-pretty-printed XMLs which can be obtained by setting this
        to False. Default: True

    Returns
    -------
    tp : TripsProcessor
        A TripsProcessor containing the extracted INDRA Statements
        in tp.statements.
    """
    html = trips_client.send_query(text)
    xml = trips_client.get_xml(html)
    if save_xml_name:
        trips_client.save_xml(xml, save_xml_name, save_xml_pretty)
    return process_xml(xml)



[docs]def process_xml(xml_string):
    """Return a TripsProcessor by processing a TRIPS EKB XML string.

    Parameters
    ----------
    xml_string : str
        A TRIPS extraction knowledge base (EKB) string to be processed.
        http://trips.ihmc.us/parser/api.html

    Returns
    -------
    tp : TripsProcessor
        A TripsProcessor containing the extracted INDRA Statements
        in tp.statements.
    """
    tp = TripsProcessor(xml_string)
    if tp.tree is None:
        return None
    tp.get_complexes()
    tp.get_phosphorylation()
    tp.get_activating_mods()
    tp.get_activations()
    tp.get_activations_causal()
    return tp
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  Source code for indra.bel.processor

from indra.statements import *
from indra.databases import hgnc_client

from rdflib import URIRef, Namespace
from rdflib.namespace import RDF
import collections
import urllib
import re
import keyword
import warnings

BEL = Namespace("http://www.openbel.org/")

prefixes = """
    PREFIX belvoc: <http://www.openbel.org/vocabulary/>
    PREFIX belsc: <http://www.openbel.org/bel/>
    PREFIX belns: <http://www.openbel.org/bel/namespace/>
    PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>"""

class InvalidNameError(ValueError):
    def __init__(self, name):
        ValueError.__init__(self, "Not a valid name: %s" % name)

[docs]def name_from_uri(uri):
    """Make the URI term usable as a valid Python identifier, if possible.

    First strips of the extra URI information by calling term_from_uri,
    then checks to make sure the name is a valid Python identifier.
    Currently fixes identifiers starting with numbers by prepending with
    the letter 'p'. For other cases it raises an exception.

    This function should be called when the string that is returned is to be
    used as a PySB component name, which are required to be valid Python
    identifiers.
    """
    name = term_from_uri(uri)
    # Handle the case where the string starts with a number
    if name[0].isdigit():
        name = 'p' + name
    if re.match("[_A-Za-z][_a-zA-Z0-9]*$", name) \
            and not keyword.iskeyword(name):
        pass
    else:
        raise InvalidNameError(name)

    return name


def gene_name_from_uri(uri):
    name = name_from_uri(uri).upper()
    return name

[docs]def namespace_from_uri(uri):
    """Return the entity namespace from the URI. Examples:
    http://www.openbel.org/bel/p_HGNC_RAF1 -> HGNC
    http://www.openbel.org/bel/p_RGD_Raf1 -> RGD
    http://www.openbel.org/bel/p_PFH_MEK1/2_Family -> PFH
    """
    match = re.match('http://www.openbel.org/bel/p_([A-Za-z]+)_.*', uri)
    if match is not None:
        return match.groups()[0]
    else:
        return None


[docs]def term_from_uri(uri):
    """Basic conversion of RDF URIs to more friendly strings.

    Removes prepended URI information, and replaces spaces and hyphens with
    underscores.
    """
    if uri is None:
        return None
    # This is to handle URIs like
    # http://www.openbel.org/bel/namespace//MAPK%20Erk1/3%20Family
    match = re.match('http://www.openbel.org/bel/namespace//(.*)', uri)
    if match is not None:
        term = match.groups()[0]
    else:
        term = uri.rsplit('/')[-1]
    # Decode URL to handle spaces, special characters
    term = urllib.unquote(term)
    # Replace any spaces, hyphens, commas, or periods with underscores
    term = term.replace(' ', '_')
    term = term.replace('/', '_')
    term = term.replace('-', '_')
    term = term.replace(',', '_')
    term = term.replace('.', '_')
    term = term.encode('ascii', 'ignore')
    return term


def strip_statement(uri):
    uri = uri.replace(r'http://www.openbel.org/bel/', '')
    uri = uri.replace(r'http://www.openbel.org/vocabulary/', '')
    return uri

class BelProcessor(object):
    def __init__(self, g):
        self.g = g
        self.statements = []
        self.all_stmts = []
        self.converted_stmts = []
        self.degenerate_stmts = []
        self.indirect_stmts = []

    @staticmethod
    def get_agent(concept, entity):
        name = gene_name_from_uri(concept)
        namespace = namespace_from_uri(entity)
        db_refs = {}
        if namespace == 'HGNC':
            hgnc_id = hgnc_client.get_hgnc_id(name)
            if hgnc_id is not None:
                db_refs['HGNC'] = hgnc_id
        agent = Agent(name, db_refs=db_refs)
        return agent

    def get_evidence(self, statement):
        evidence = None
        citation = None
        annotations = []

        # Query for evidence text and citation
        q_evidence = prefixes + """
            SELECT ?evidenceText ?citation
            WHERE {
                <%s> belvoc:hasEvidence ?evidence .
                ?evidence belvoc:hasEvidenceText ?evidenceText .
                ?evidence belvoc:hasCitation ?citation .
            }
        """ % statement.format()
        res_evidence = self.g.query(q_evidence)
        for stmt in res_evidence:
            try:
                evidence = unicode(stmt[0])
                citation = unicode(stmt[1])
            except IndexError:
                import ipdb; ipdb.set_trace()
                warnings.warn('Problem converting evidence/citation string')
        if citation is not None:
            m = re.match('.*pubmed:([0-9]+)', citation)
            if m is not None:
                citation = m.groups()[0]

        # Query for all annotations of the statement
        q_annotations = prefixes + """
            SELECT ?annotation
            WHERE {
                <%s> belvoc:hasEvidence ?evidence .
                ?evidence belvoc:hasAnnotation ?annotation .
            }
        """ % statement.format()
        res_annotations = self.g.query(q_annotations)
        for stmt in res_annotations:
            annotations.append(stmt[0].format())

        ev = Evidence(source_api='bel', source_id=statement, pmid=citation,
                      text=evidence, annotations=annotations)
        return ev

    def get_modifications(self):
        q_phospho = prefixes + """
            SELECT ?enzName ?actType ?substrateName ?mod ?pos
                   ?stmt ?enzyme ?substrate
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasRelationship belvoc:DirectlyIncreases .
                ?stmt belvoc:hasSubject ?subject .
                ?stmt belvoc:hasObject ?object .
                ?subject a belvoc:AbundanceActivity .
                ?subject belvoc:hasActivityType ?actType .
                ?subject belvoc:hasChild ?enzyme .
                ?enzyme a belvoc:ProteinAbundance .
                ?enzyme belvoc:hasConcept ?enzName .
                ?object a belvoc:ModifiedProteinAbundance .
                ?object belvoc:hasModificationType ?mod .
                ?object belvoc:hasChild ?substrate .
                ?substrate belvoc:hasConcept ?substrateName .
                OPTIONAL { ?object belvoc:hasModificationPosition ?pos . }
            }
        """

        # Now make the PySB for the phosphorylation
        res_phospho = self.g.query(q_phospho)

        for stmt in res_phospho:
            evidence = self.get_evidence(stmt[5])
            # Parse out the elements of the query
            enz = self.get_agent(stmt[0], stmt[6])
            act_type = name_from_uri(stmt[1])
            sub = self.get_agent(stmt[2], stmt[7])
            mod = term_from_uri(stmt[3])
            residue = self._get_residue(mod)
            mod_pos = term_from_uri(stmt[4])
            stmt_str = strip_statement(stmt[5])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)

            if act_type == 'Kinase' and mod.startswith('Phosphorylation'):
                self.statements.append(
                        Phosphorylation(enz, sub, residue, mod_pos,
                                        evidence))
            elif act_type == 'Catalytic':
                if mod == 'Hydroxylation':
                    self.statements.append(
                            Hydroxylation(enz, sub, residue, mod_pos,
                                          evidence))
                elif mod == 'Sumoylation':
                    self.statements.append(
                            Sumoylation(enz, sub, residue, mod_pos,
                                        evidence))
                elif mod == 'Acetylation':
                    self.statements.append(
                            Acetylation(enz, sub, residue, mod_pos,
                                        evidence))
                elif mod == 'Ubiquitination':
                    self.statements.append(
                            Ubiquitination(enz, sub, residue, mod_pos,
                                           evidence))
                else:
                    print "Warning: Unknown modification type!"
                    print("Activity: %s, Mod: %s, Mod_Pos: %s" %
                          (act_type, mod, mod_pos))
            else:
                print "Warning: Unknown modification type!"
                print("Activity: %s, Mod: %s, Mod_Pos: %s" %
                      (act_type, mod, mod_pos))

    @staticmethod
    def _get_residue(mod):
        if mod.startswith('Phosphorylation'):
            if mod == 'Phosphorylation':
                residue = None
            else:
                residue = mod[15:].lower()
                residue = get_valid_residue(residue)
        else:
            residue = None
        return residue

    @staticmethod
    def _get_mod_condition(mod, mod_pos):
        if mod.startswith('Phosphorylation'):
            mc = ModCondition('phosphorylation')
        else:
            mc = ModCondition(mod)
        mc.residue = BelProcessor._get_residue(mod)
        mc.position = mod_pos
        return mc

    def get_dephosphorylations(self):
        q_phospho = prefixes + """
            SELECT ?phosName ?substrateName ?mod ?pos ?stmt
                   ?phosphatase ?substrate
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasRelationship belvoc:DirectlyDecreases .
                ?stmt belvoc:hasSubject ?subject .
                ?stmt belvoc:hasObject ?object .
                ?subject belvoc:hasActivityType belvoc:Phosphatase .
                ?subject belvoc:hasChild ?phosphatase .
                ?phosphatase a belvoc:ProteinAbundance .
                ?phosphatase belvoc:hasConcept ?phosName .
                ?object a belvoc:ModifiedProteinAbundance .
                ?object belvoc:hasModificationType ?mod .
                ?object belvoc:hasChild ?substrate .
                ?substrate belvoc:hasConcept ?substrateName .
                OPTIONAL { ?object belvoc:hasModificationPosition ?pos . }
            }
        """

        # Now make the PySB for the phosphorylation
        res_phospho = self.g.query(q_phospho)

        for stmt in res_phospho:
            evidence = self.get_evidence(stmt[4])
            # Parse out the elements of the query
            phos = self.get_agent(stmt[0], stmt[5])
            sub = self.get_agent(stmt[1], stmt[6])
            mod = term_from_uri(stmt[2])
            residue = self._get_residue(mod)
            mod_pos = term_from_uri(stmt[3])
            stmt_str = strip_statement(stmt[4])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)
            self.statements.append(
                    Dephosphorylation(phos, sub, residue, mod_pos, evidence))

    def get_composite_activating_mods(self):
        # To eliminate multiple matches, we use pos1 < pos2 but this will
        # only work if the pos is given, otherwise multiple matches of
        # the same mod combination may appear in the result
        q_mods = prefixes + """
            SELECT ?speciesName ?actType ?mod1 ?pos1 ?mod2 ?pos2 ?rel ?stmt
                   ?species
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasRelationship ?rel .
                ?stmt belvoc:hasSubject ?subject .
                ?stmt belvoc:hasObject ?object .
                ?object belvoc:hasActivityType ?actType .
                ?object belvoc:hasChild ?species .
                ?species a belvoc:ProteinAbundance .
                ?species belvoc:hasConcept ?speciesName .
                ?subject a belvoc:CompositeAbundance .
                ?subject belvoc:hasChild ?subject1 .
                ?subject1 a belvoc:ModifiedProteinAbundance .
                ?subject1 belvoc:hasModificationType ?mod1 .
                ?subject1 belvoc:hasChild ?species .
                ?subject belvoc:hasChild ?subject2 .
                ?subject2 a belvoc:ModifiedProteinAbundance .
                ?subject2 belvoc:hasModificationType ?mod2 .
                ?subject2 belvoc:hasChild ?species .
                OPTIONAL { ?subject1 belvoc:hasModificationPosition ?pos1 . }
                OPTIONAL { ?subject2 belvoc:hasModificationPosition ?pos2 . }
                FILTER ((?rel = belvoc:DirectlyIncreases ||
                        ?rel = belvoc:DirectlyDecreases) &&
                        ?pos1 < ?pos2)
            }
        """

        # Now make the PySB for the phosphorylation
        res_mods = self.g.query(q_mods)

        for stmt in res_mods:
            evidence = self.get_evidence(stmt[7])
            # Parse out the elements of the query
            species = self.get_agent(stmt[0], stmt[8])
            act_type = term_from_uri(stmt[1]).lower()
            mod1 = term_from_uri(stmt[2])
            mod_pos1 = term_from_uri(stmt[3])
            mc1 = self._get_mod_condition(mod1, mod_pos1)
            mod2 = term_from_uri(stmt[4])
            mod_pos2 = term_from_uri(stmt[5])
            mc2 = self._get_mod_condition(mod2, mod_pos2)
            species.mods = [mc1, mc2]
            rel = term_from_uri(stmt[6])
            if rel == 'DirectlyDecreases':
                is_active = False
            else:
                is_active = True
            stmt_str = strip_statement(stmt[7])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)
            self.statements.append(
                    ActiveForm(species, act_type, is_active, evidence))

    def get_activating_mods(self):
        q_mods = prefixes + """
            SELECT ?speciesName ?actType ?mod ?pos ?rel ?stmt ?species
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasRelationship ?rel .
                ?stmt belvoc:hasSubject ?subject .
                ?stmt belvoc:hasObject ?object .
                ?object belvoc:hasActivityType ?actType .
                ?object belvoc:hasChild ?species .
                ?species a belvoc:ProteinAbundance .
                ?species belvoc:hasConcept ?speciesName .
                ?subject a belvoc:ModifiedProteinAbundance .
                ?subject belvoc:hasModificationType ?mod .
                ?subject belvoc:hasChild ?species .
                OPTIONAL { ?subject belvoc:hasModificationPosition ?pos . }
                FILTER (?rel = belvoc:DirectlyIncreases ||
                        ?rel = belvoc:DirectlyDecreases)
            }
        """

        # Now make the PySB for the phosphorylation
        res_mods = self.g.query(q_mods)

        for stmt in res_mods:
            evidence = self.get_evidence(stmt[5])
            # Parse out the elements of the query
            species = self.get_agent(stmt[0], stmt[6])
            act_type = term_from_uri(stmt[1]).lower()
            mod = term_from_uri(stmt[2])
            mod_pos = term_from_uri(stmt[3])
            mc = self._get_mod_condition(mod, mod_pos)
            species.mods = [mc]
            rel = term_from_uri(stmt[4])
            if rel == 'DirectlyDecreases':
                is_active = False
            else:
                is_active = True
            stmt_str = strip_statement(stmt[5])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)
            self.statements.append(
                    ActiveForm(species, act_type, is_active, evidence))

    def get_complexes(self):
        # Find all complexes described in the corpus
        q_cmplx = prefixes + """
            SELECT ?complexTerm ?childName ?child ?stmt
            WHERE {
                {
                {?stmt belvoc:hasSubject ?complexTerm}
                UNION
                {?stmt belvoc:hasObject ?complexTerm .}
                UNION
                {?stmt belvoc:hasSubject ?term .
                ?term belvoc:hasChild ?complexTerm .}
                UNION
                {?stmt belvoc:hasObject ?term .
                ?term belvoc:hasChild ?complexTerm .}
                }
                ?complexTerm a belvoc:Term .
                ?complexTerm a belvoc:ComplexAbundance .
                ?complexTerm belvoc:hasChild ?child .
                ?child belvoc:hasConcept ?childName .
            }
        """
        # Run the query
        res_cmplx = self.g.query(q_cmplx)

        # Store the members of each complex in a dict of lists, keyed by the
        # term for the complex
        cmplx_dict = collections.defaultdict(list)
        cmplx_ev = {}
        for stmt in res_cmplx:
            stmt_uri = stmt[3]
            ev = self.get_evidence(stmt_uri)
            cmplx_name = term_from_uri(stmt[0])
            cmplx_id = stmt_uri + '#' + cmplx_name
            child = self.get_agent(stmt[1], stmt[2])
            cmplx_dict[cmplx_id].append(child)
            # This might be written multiple times but with the same
            # evidence
            cmplx_ev[cmplx_id] = ev
        # Now iterate over the stored complex information and create binding
        # statements
        for cmplx_id, cmplx_list in cmplx_dict.iteritems():
            if len(cmplx_list) < 2:
                msg = 'Complex %s has less than 2 members! Skipping.' % \
                       cmplx_name
                warnings.warn(msg)
            else:
                self.statements.append(Complex(cmplx_list,
                                               evidence=cmplx_ev[cmplx_id]))

    def get_activating_subs(self):
        """
        p_HGNC_NRAS_sub_Q_61_K_DirectlyIncreases_gtp_p_HGNC_NRAS
        p_HGNC_KRAS_sub_G_12_R_DirectlyIncreases_gtp_p_PFH_RAS_Family
        p_HGNC_BRAF_sub_V_600_E_DirectlyIncreases_kin_p_HGNC_BRAF
        """
        q_mods = prefixes + """
            SELECT ?enzyme_name ?sub_label ?act_type ?rel ?stmt ?subject
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasRelationship ?rel .
                ?stmt belvoc:hasSubject ?subject .
                ?stmt belvoc:hasObject ?object .
                ?subject a belvoc:ProteinAbundance .
                ?subject belvoc:hasConcept ?enzyme_name .
                ?subject belvoc:hasChild ?sub_expr .
                ?sub_expr rdfs:label ?sub_label .
                ?object a belvoc:AbundanceActivity .
                ?object belvoc:hasActivityType ?act_type .
                ?object belvoc:hasChild ?enzyme .
                ?enzyme a belvoc:ProteinAbundance .
                ?enzyme belvoc:hasConcept ?enzyme_name .
            }
        """

        # Now make the PySB for the phosphorylation
        res_mods = self.g.query(q_mods)

        for stmt in res_mods:
            evidence = self.get_evidence(stmt[4])
            # Parse out the elements of the query
            enz = self.get_agent(stmt[0], stmt[5])
            sub_expr = term_from_uri(stmt[1])
            act_type = term_from_uri(stmt[2])
            # Parse the WT and substituted residues from the node label.
            # Strangely, the RDF for substituted residue doesn't break the
            # terms of the BEL expression down into their meaning, as happens
            # for modified protein abundances. Instead, the substitution
            # just comes back as a string, e.g., "sub(V,600,E)". This code
            # parses the arguments back out using a regular expression.
            match = re.match('sub\(([A-Z])_([0-9]*)_([A-Z])\)', sub_expr)
            if match:
                matches = match.groups()
                wt_residue = matches[0]
                position = matches[1]
                sub_residue = matches[2]
            else:
                print("Warning: Could not parse substitution expression %s" %
                      sub_expr)
                continue
            mc = MutCondition(position, wt_residue, sub_residue)
            enz.mutations = [mc]
            rel = strip_statement(stmt[3])
            if rel == 'DirectlyDecreases':
                is_active = False
            else:
                is_active = True

            stmt_str = strip_statement(stmt[4])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)
            self.statements.append(
                    ActiveForm(enz, act_type, is_active, evidence))

    def get_activity_activity(self):
        # Query for all statements where the activity of one protein
        # directlyIncreases the activity of another protein, without reference
        # to a modification.
        q_stmts = prefixes + """
            SELECT ?subjName ?subjActType ?rel ?objName ?objActType
                   ?stmt ?subj ?obj
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasSubject ?subj .
                ?stmt belvoc:hasObject ?obj .
                ?stmt belvoc:hasRelationship ?rel .
                ?subj belvoc:hasActivityType ?subjActType .
                ?subj belvoc:hasChild ?subjProt .
                ?subjProt belvoc:hasConcept ?subjName .
                ?obj belvoc:hasActivityType ?objActType .
                ?obj belvoc:hasChild ?objProt .
                ?objProt belvoc:hasConcept ?objName .
                FILTER (?rel = belvoc:DirectlyIncreases ||
                        ?rel = belvoc:DirectlyDecreases)
            }
        """
        res_stmts = self.g.query(q_stmts)

        for stmt in res_stmts:
            evidence = self.get_evidence(stmt[5])
            subj = self.get_agent(stmt[0], stmt[6])
            subj_activity = name_from_uri(stmt[1]).lower()
            rel = term_from_uri(stmt[2])
            if rel == 'DirectlyDecreases':
                rel = 'decreases'
            else:
                rel = 'increases'
            obj = self.get_agent(stmt[3], stmt[7])
            obj_activity = name_from_uri(stmt[4]).lower()
            stmt_str = strip_statement(stmt[5])
            # Mark this as a converted statement
            self.converted_stmts.append(stmt_str)

            # Distinguish the case when the activator is a RasGTPase
            # (since this may involve unique and stereotyped mechanisms)
            if subj_activity == 'gtpbound':
                self.statements.append(
                     RasGtpActivityActivity(subj, subj_activity,
                                            rel, obj, obj_activity,
                                            evidence))
            # If the object is a Ras-like GTPase, and the subject *increases*
            # its GtpBound activity, then the subject is a RasGEF
            elif obj_activity == 'gtpbound' and \
                 rel == 'increases':
                self.statements.append(
                        RasGef(subj, subj_activity, obj, evidence))
            # If the object is a Ras-like GTPase, and the subject *decreases*
            # its GtpBound activity, then the subject is a RasGAP
            elif obj_activity == 'gtpnound' and \
                 rel == 'decreases':
                self.statements.append(
                        RasGap(subj, subj_activity, obj, evidence))
            # Otherwise, create a generic Activity->Activity statement
            else:
                self.statements.append(
                     ActivityActivity(subj, subj_activity,
                                      rel, obj, obj_activity, evidence))

            """
            #print "--------------------------------"
            print stmt_str
            print("This statement says that:")
            print("%s activity increases activity of %s" %
                  (subj_name, obj_name))
            print "It doesn't specify the site."
            act_mods = []
            for bps in self.statements:
                if type(bps) == ActivatingModification and \
                   bps.monomer_name == obj_name:
                    act_mods.append(bps)
            # If we know about an activation modification...
            if act_mods:
                print "However, I happen to know about the following"
                print "activating modifications for %s:" % obj_name
                for act_mod in act_mods:
                    print "    %s at %s" % (act_mod.mod, act_mod.mod_pos)
        """

    def get_all_direct_statements(self):
        """Get all directlyIncreases/Decreases statements in the corpus.
        Stores the results of the query in self.all_stmts.
        """
        print "Getting all direct statements...\n"
        q_stmts = prefixes + """
            SELECT ?stmt
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasSubject ?subj .
                ?stmt belvoc:hasObject ?obj .
                {
                  { ?subj a belvoc:AbundanceActivity . }
                  UNION
                  { ?subj a belvoc:ComplexAbundance . }
                  UNION
                  { ?subj a belvoc:ProteinAbundance . }
                  UNION
                  { ?subj a belvoc:ModifiedProteinAbundance . }
                }
                {
                  { ?obj a belvoc:AbundanceActivity . }
                  UNION
                  { ?obj a belvoc:ComplexAbundance . }
                  UNION
                  { ?obj a belvoc:ProteinAbundance . }
                  UNION
                  { ?obj a belvoc:ModifiedProteinAbundance . }
                }

                {
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyIncreases . }
                  UNION
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyDecreases . }
                }
            }
        """
        q_stmts = prefixes + """
            SELECT ?stmt
            WHERE {
                ?stmt a belvoc:Statement .
                {
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyIncreases . }
                  UNION
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyDecreases . }
                }
            }
        """

        res_stmts = self.g.query(q_stmts)
        self.all_stmts = [strip_statement(stmt[0]) for stmt in res_stmts]

    def get_indirect_statements(self):
        q_stmts = prefixes + """
            SELECT ?stmt
            WHERE {
                ?stmt a belvoc:Statement .
                {
                  { ?stmt belvoc:hasRelationship belvoc:Increases . }
                  UNION
                  { ?stmt belvoc:hasRelationship belvoc:Decreases . }
                }
            }
        """

        res_stmts = self.g.query(q_stmts)
        self.indirect_stmts = [strip_statement(stmt[0]) for stmt in res_stmts]

    def get_degenerate_statements(self):
        print "Checking for 'degenerate' statements...\n"
        # Get rules of type protein X -> activity Y
        q_stmts = prefixes + """
            SELECT ?stmt
            WHERE {
                ?stmt a belvoc:Statement .
                ?stmt belvoc:hasSubject ?subj .
                ?stmt belvoc:hasObject ?obj .
                {
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyIncreases . }
                  UNION
                  { ?stmt belvoc:hasRelationship belvoc:DirectlyDecreases . }
                }
                {
                  { ?subj a belvoc:ProteinAbundance . }
                  UNION
                  { ?subj a belvoc:ModifiedProteinAbundance . }
                }
                ?subj belvoc:hasConcept ?xName .
                {
                  {
                    ?obj a belvoc:ProteinAbundance .
                    ?obj belvoc:hasConcept ?yName .
                  }
                  UNION
                  {
                    ?obj a belvoc:ModifiedProteinAbundance .
                    ?obj belvoc:hasChild ?proteinY .
                    ?proteinY belvoc:hasConcept ?yName .
                  }
                  UNION
                  {
                    ?obj a belvoc:AbundanceActivity .
                    ?obj belvoc:hasChild ?objChild .
                    ?objChild a belvoc:ProteinAbundance .
                    ?objChild belvoc:hasConcept ?yName .
                  }
                }
                FILTER (?xName != ?yName)
            }
        """
        res_stmts = self.g.query(q_stmts)

        print "Protein -> Protein/Activity statements:"
        print "---------------------------------------"
        for stmt in res_stmts:
            stmt_str = strip_statement(stmt[0])
            print stmt_str
            self.degenerate_stmts.append(stmt_str)

    def print_statement_coverage(self):
        """Display how many of the direct statements have been converted,
        and how many are considered 'degenerate' and not converted."""

        if not self.all_stmts:
            self.get_all_direct_statements()
        if not self.degenerate_stmts:
            self.get_degenerate_statements()
        if not self.indirect_stmts:
            self.get_indirect_statements()

        print
        print("Total indirect statements: %d" % len(self.indirect_stmts))
        print("Total direct statements: %d" % len(self.all_stmts))
        print("Converted statements: %d" % len(self.converted_stmts))
        print("Degenerate statements: %d" % len(self.degenerate_stmts))
        print(">> Total unhandled statements: %d" %
              (len(self.all_stmts) - len(self.converted_stmts) -
               len(self.degenerate_stmts)))

        print
        print "--- Unhandled statements ---------"
        for stmt in self.all_stmts:
            if not (stmt in self.converted_stmts or
                    stmt in self.degenerate_stmts):
                print stmt

    def print_statements(self):
        for i, stmt in enumerate(self.statements):
            print "%s: %s" % (i, stmt)
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  Source code for indra.bel.bel_api

import rdflib
from rdflib.plugins.parsers.ntriples import ParseError

import ndex_client
from processor import BelProcessor

[docs]def process_ndex_neighborhood(gene_names, rdf_out='bel_output.rdf'):
    """Return a BelProcessor for an NDEx network neighborhood.

    Parameters
    ----------
    gene_names : list
        A list of HGNC gene symbols to search the neighborhood of.
        Example: ['BRAF', 'MAP2K1']
    rdf_out : Optional[str]
        Name of the output file to save the RDF returned by the web service.
        This is useful for debugging purposes or to repeat the same query
        on an offline RDF file later. Default: bel_output.rdf

    Returns
    -------
    bp : BelProcessor
        A BelProcessor object which contains INDRA Statements in bp.statements.

    Notes
    -----
    This function calls process_belrdf to the returned RDF string from the
    webservice.
    """
    network_id = '9ea3c170-01ad-11e5-ac0f-000c29cb28fb'
    #url_suffix = '/bel2rdf/v1/network/%s/asBELRDF/query' % network_id
    url_suffix = '/network/%s/asBELRDF/query' % network_id
    params = {'searchString': ' '.join(gene_names)}
    rdf = ndex_client.send_request(url_suffix, params)
    if rdf is None:
        print 'No response for NDEx neighborhood query.'
        return None
    with open(rdf_out, 'wt') as fh:
        fh.write(rdf.encode('utf-8'))
    bp = process_belrdf(rdf)
    return bp



[docs]def process_belrdf(rdf_str):
    """Return a BelProcessor for a BEL/RDF string.

    Parameters
    ----------
    rdf_str : str
        A BEL/RDF string to be processed. This will usually come from reading
        a .rdf file.

    Returns
    -------
    bp : BelProcessor
        A BelProcessor object which contains INDRA Statements in bp.statements.

    Notes
    -----
    This function calls all the specific get_type_of_mechanism()
    functions of the newly constructed BelProcessor to extract
    INDRA Statements.
    """
    g = rdflib.Graph()
    try:
        g.parse(data=rdf_str, format='nt')
    except ParseError:
        print 'Could not parse rdf.'
        return None
    # Build INDRA statements from RDF
    bp = BelProcessor(g)
    bp.get_complexes()
    bp.get_activating_subs()
    bp.get_modifications()
    bp.get_dephosphorylations()
    bp.get_activating_mods()
    bp.get_composite_activating_mods()
    bp.get_activity_activity()

    # Print some output about the process
    bp.print_statement_coverage()
    print "\n--- Converted INDRA Statements -------------"
    bp.print_statements()
    return bp
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  Source code for indra.literature.elsevier_client

import os
import urllib, urllib2
from functools32 import lru_cache
import xml.etree.ElementTree as ET

# THIS FILE IS NOT UNDER VERSION CONTROL
# For more information see http://dev.elsevier.com/
api_key_file = os.path.dirname(os.path.realpath(__file__)) + '/' + \
               'elsevier_api_key'

# Read the API key
try:
    with open(api_key_file, 'rt') as fh:
        api_key = fh.read().strip()
except IOError:
    print 'Elsevier API key could not be found.'
    print api_key_file
    api_key = None

elsevier_ns = {'dc': 'http://purl.org/dc/elements/1.1/',
               'article': 'http://www.elsevier.com/xml/svapi/article/dtd',
               'ja': 'http://www.elsevier.com/xml/ja/dtd',
               'xocs': 'http://www.elsevier.com/xml/xocs/dtd',
               'common': 'http://www.elsevier.com/xml/common/dtd',
               'atom': 'http://www.w3.org/2005/Atom',
               'prism': 'http://prismstandard.org/namespaces/basic/2.0/'}

@lru_cache(maxsize=100)
def download_article(doi):
    """Download an article in XML format from Elsevier."""
    if doi.lower().startswith('doi:'):
        doi = doi[4:]
    url = 'http://api.elsevier.com/content/article/doi/%s' % doi
    if api_key is None:
        print 'Missing API key, could not download article.'
        return None
    params = {'APIKey': api_key, 'httpAccept': 'text/xml'}
    try:
        res = urllib2.urlopen(url, data=urllib.urlencode(params))
    except urllib2.HTTPError:
        print 'Cound not download article %s' % doi
        return None
    xml = res.read()
    return xml

[docs]def get_abstract(doi):
    """Get the abstract of an article from Elsevier."""
    xml = download_article(doi)
    et = ET.fromstring(xml)
    coredata = et.find('article:coredata', elsevier_ns)
    abstract = coredata.find('dc:description', elsevier_ns)
    abs_text = abstract.text
    return abs_text


[docs]def get_article(doi, output='txt'):
    """Get the full body of an article from Elsevier. There are two output
    modes: 'txt' strips all xml tags and joins the pieces of text in the main
    text, while 'xml' simply takes the tag containing the body of the article
    and returns it as is . In the latter case, downstream code needs to be
    able to interpret Elsever's XML format. """
    xml = download_article(doi)
    if xml is None:
        return None
    et = ET.fromstring(xml)
    full_text = et.find('article:originalText', elsevier_ns)
    if full_text is None:
        print 'Could not find full text for %s.' % doi
        return None
    main_body = full_text.find('xocs:doc/xocs:serial-item/ja:article/ja:body',
                               elsevier_ns)
    if main_body is None:
        return None
    if output == 'xml':
        return main_body
    elif output == 'txt':
        sections = main_body.findall('common:sections/common:section', elsevier_ns)
        full_txt = ''
        for s in sections:
            # Paragraphs that are directly under the section
            pars = s.findall('common:para', elsevier_ns)
            # Paragraphs that are under a section within the section
            pars += s.findall('common:section/common:para', elsevier_ns)
            for p in pars:
                # Get the initial string inside the paragraph
                if p.text is not None:
                    full_txt += p.text
                # When there are tags inside the paragraph (for instance
                # references), we need to take those child elements one by one
                # and get the corresponding tail strings and join these. 
                full_txt += ''.join([c.tail if c.tail is not None 
                                     else '' for c in p.getchildren()])
                full_txt += '\n'
    else:
        print 'Unknown output format %s.' % output
        return None
    return full_txt


@lru_cache(maxsize=100)
def get_dois(query_str, count=100):
    """Search ScienceDirect through the API for articles. See 
    http://api.elsevier.com/content/search/fields/scidir 
    for constructing a query string to pass here.
    Example: 'abstract(BRAF) AND all("colorectal cancer")'
    """
    url = 'http://api.elsevier.com/content/search/scidir'
    if api_key is None:
        print 'Missing API key, could not perform search.'
        return None
    params = {'APIKey': api_key,
              'query': query_str,
              'count': count,
              'httpAccept': 'application/xml',
              'sort': '-coverdate',
              'field': 'doi'}
    res = urllib2.urlopen(url, data=urllib.urlencode(params))
    xml = res.read()
    et = ET.fromstring(xml)
    doi_tags = et.findall('atom:entry/prism:doi', elsevier_ns)
    dois = [dt.text for dt in doi_tags]
    return dois
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  Source code for indra.preassembler.sitemapper

import os
import csv
import warnings
from collections import namedtuple
from copy import deepcopy
from indra.databases import uniprot_client
from indra.statements import *


MappedStatement = namedtuple('MappedStatement',
                             ['original_stmt', 'mapped_mods', 'mapped_stmt'])


[docs]class SiteMapper(object):
    """
    Parameters
    ----------
    site_map : dict mapping tuples to tuples as returned by `load_site_map`.
        A dict mapping tuples of the form `(gene, orig_res, orig_pos)` to a
        tuple of the form `(correct_res, correct_pos, comment)`, where `gene`
        is the string name of the gene (canonicalized to HGNC); `orig_res` and
        `orig_pos` are the residue and position to be mapped; `correct_res` and
        `correct_pos` are the corrected residue and position, and `comment` is
        a string describing the reason for the mapping (species error, isoform
        error, wrong residue name, etc.).
    """

    def __init__(self, site_map):
        self.site_map = site_map

[docs]    def map_sites(self, stmts, save_fname=None):
        """Iterates over a list of statements and runs checks on them.  Then it
        returns a tuple of lists, with the first element containing statements
        that passed all checks, and the second the statements that failed the
        tests

        If there is nothing amiss with the statement (modifications on any
        of the agents, modifications made in the statement, etc, then the
        statement goes into the valid_stmts list.

        If there is a problem with the statement, the offending modifications
        are looked up in the site map. If corresponding entries are found,
        a MappedStatement instance is created.
        """

        valid_statements = []
        mapped_statements = []

        for stmt in stmts:
            stmt_copy = deepcopy(stmt)
            # For all statements, replace agents with invalid modifications
            invalid_sites = []
            new_agent_list = []
            for agent in stmt.agent_list():
                (agent_invalid_sites, new_agent) = self.map_agent_sites(agent)
                new_agent_list.append(new_agent)
                invalid_sites += agent_invalid_sites
            if invalid_sites:
                stmt_copy.set_agent_list(new_agent_list)

            # --- Special handling for these statements ---
            # For modifications, fix residue and position
            if (isinstance(stmt, Modification) or \
                isinstance(stmt, SelfModification)) and \
                 stmt.residue is not None and stmt.position is not None:
                # Make sure we didn't end up with lists by accident
                assert isinstance(stmt.residue, basestring) and \
                       isinstance(stmt.position, basestring)
                # Get the right agent depending on whether this is a
                # Modification or SelfModification statement
                agent_to_check = (stmt_copy.sub
                                  if isinstance(stmt, Modification)
                                  else stmt_copy.enz)
                # Check the modification on the appropriate agent
                old_mod_list = [ModCondition(None, stmt.residue,
                                             stmt.position)]
                # Figure out if this site is invalid
                stmt_invalid_sites = \
                        self.check_agent_mod(agent_to_check, old_mod_list)
                # Add to our list of invalid sites
                invalid_sites += stmt_invalid_sites
                # Get the updated list of ModCondition objects
                new_mod_list = \
                        update_mod_list(agent_to_check.name, old_mod_list,
                                        stmt_invalid_sites)
                # Update the statement with the correct site
                stmt_copy.residue = new_mod_list[0].residue
                stmt_copy.position = new_mod_list[0].position

            # If the invalid_sites list isn't empty, that means that there were
            # incorrect residues for this statement; add the statement to
            # the mapped_statements list
            if invalid_sites:
                mapped_stmt = \
                            MappedStatement(stmt, invalid_sites, stmt_copy)
                mapped_statements.append(mapped_stmt)
            else:
                valid_statements.append(stmt)

        return (valid_statements, mapped_statements)


[docs]    def map_agent_sites(self, agent):
        """Look up the modification site in Uniprot and then the site map.
        """
        new_agent = deepcopy(agent)
        if not agent.mods:
            return ([], new_agent)
        invalid_sites = self.check_agent_mod(agent, agent.mods)
        if not invalid_sites:
            return ([], new_agent)
        new_mod_list = update_mod_list(agent.name, agent.mods, invalid_sites)
        # Finally, update the agent, and return along with invalid site info
        new_agent.mods = new_mod_list
        return (invalid_sites, new_agent)


[docs]    def check_agent_mod(self, agent, mods):
        """Look up the modification site in Uniprot and then the site map.
        Return a list of invalid sites, where each entry in the list has
        two elements: ((gene_name, residue, position), mapped_site).
        If the invalid position was not found in the site map, mapped_site is
        None; otherwise it is a tuple consisting of (residue, position,
        comment).
        """

        invalid_sites = []
        up_id = get_uniprot_id(agent)
        # If the uniprot entry is not found, let it pass
        if not up_id:
            return invalid_sites # empty list
        # Look up all of the modifications in uniprot, and add them to the list
        # of invalid sites if they are missing
        for old_mod in mods:
            # If no site information for this residue, skip
            if old_mod.position is None or old_mod.residue is None:
                continue
            # Look up the residue/position in uniprot
            site_valid = uniprot_client.verify_location(up_id,
                                                        old_mod.residue,
                                                        old_mod.position)
            # If it's not found in Uniprot, then look it up in the site map
            if not site_valid:
                site_key = (agent.name, old_mod.residue, old_mod.position)
                mapped_site = self.site_map.get(site_key, None)
                # We found an entry in the site map!
                if mapped_site is not None:
                    invalid_sites.append((site_key, mapped_site))
                # No entry in the site map--set site info to None
                else:
                    invalid_sites.append((site_key, None))
        return invalid_sites




def update_mod_list(agent_name, mods, invalid_sites):
    new_mod_list = []
    # Get the list of invalid/mapped sites for the agent
    invalid_site_keys = [site[0] for site in invalid_sites]
    for old_mod in mods:
        old_mod_key = (agent_name, old_mod.residue, old_mod.position)
        # If the original modification was found to be invalid, create a newly
        # updated modification
        if old_mod_key in invalid_site_keys:
            mapped_site = \
                    invalid_sites[invalid_site_keys.index(old_mod_key)][1]
            # No entry in the map: pass the incorrect site through
            if mapped_site is None:
                new_mod_list.append(old_mod)
            # Entry in the map
            else:
                # Do we have actual site information?
                new_res = mapped_site[0]
                new_pos = mapped_site[1]
                if new_res is not None and new_pos is not None:
                    new_mod_list.append(
                            ModCondition(old_mod.mod_type, new_res, new_pos,
                                         old_mod.is_modified))
                # Mapped, but no site info--pass through unchanged
                else:
                    new_mod_list.append(old_mod)
        # The modification is not in the invalid site list, so it's considered
        # valid
        else:
            new_mod_list.append(old_mod)
    return new_mod_list


def get_uniprot_id(agent):
    # If no UniProt ID is found, we don't report a failure
    up_id = agent.db_refs.get('UP')
    if up_id is None:
        return None
    # If the UniProt ID is a list then choose the first one.
    if not isinstance(up_id, basestring) and \
       isinstance(up_id[0], basestring):
        up_id = up_id[0]
    return up_id


[docs]def load_site_map(path):
    """Load the modification site map from a file.

    Parameters
    ----------
    path : string
        Path to the tab-separated site map file.

    Returns
    -------
    A dict mapping tuples of the form `(gene, orig_res, orig_pos)` to
    a tuple of the form `(correct_res, correct_pos, comment)`, where
    `gene` is the string name of the gene (canonicalized to HGNC); `orig_res`
    and `orig_pos` are the residue and position to be mapped; `correct_res`
    and `correct_pos` are the corrected residue and position, and `comment` is
    a string describing the reason for the mapping (species error, isoform
    error, wrong residue name, etc.).
    """

    site_map = {}
    with open(path) as f:
        mapreader = csv.reader(f, delimiter='\t')
        # Skip the header line
        mapreader.next()
        for row in mapreader:
            # Don't allow empty entries in the key section
            if not (row[0] and row[1] and row[2]):
                raise Exception("Entries in the key (gene, residue, position) "
                                "may not be empty.")
            correct_res = row[3].strip() if row[3] else None
            correct_pos = row[4].strip() if row[4] else None
            comment = row[5].strip() if row[5] else None
            site_map[(row[0].strip(), row[1].strip(), row[2].strip())] = \
                                    (correct_res, correct_pos, comment)
    return site_map



default_site_map_path = os.path.join(os.path.dirname(__file__),
                             '../resources/curated_site_map.txt')

default_site_map = load_site_map(default_site_map_path)

default_mapper = SiteMapper(default_site_map)
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  Source code for indra.literature.pubmed_client

import urllib, urllib2
from functools32 import lru_cache
import xml.etree.ElementTree as ET
from indra.databases import hgnc_client

pubmed_search = 'http://eutils.ncbi.nlm.nih.gov/entrez/eutils/esearch.fcgi'
pubmed_fetch = 'http://eutils.ncbi.nlm.nih.gov/entrez/eutils/efetch.fcgi'
pmid_convert = 'http://www.ncbi.nlm.nih.gov/pmc/utils/idconv/v1.0/'

@lru_cache(maxsize=100)
def send_request(url, data):
    try:
        req = urllib2.Request(url, data)
        res = urllib2.urlopen(req)
        xml_str = res.read()
        tree = ET.fromstring(xml_str)
    except:
        return None
    return tree


[docs]def get_ids(search_term, **kwargs):
    """Search Pubmed for paper IDs given a search term.

    The options are passed as named arguments. For details on parameters that
    can be used, see
    http://www.ncbi.nlm.nih.gov/books/NBK25499/#chapter4.ESearch Some useful
    parameters to pass are db='pmc' to search PMC instead of pubmed reldate=2
    to search for papers within the last 2 days mindate='2016/03/01',
    maxdate='2016/03/31' to search for papers in March 2016.
    """
    params = {'term': search_term,
              'retmax': 1000,
              'retstart': 0,
              'db': 'pubmed',
              'sort': 'pub+date'}
    for k, v in kwargs.iteritems():
        params[k] = v
    tree = send_request(pubmed_search, urllib.urlencode(params))
    if tree is None:
        return []
    if tree.find('ERROR') is not None:
        print tree.find('ERROR').text
        return []
    count = int(tree.find('Count').text)
    id_terms = tree.findall('IdList/Id')
    if id_terms is None:
        return []
    ids = [idt.text for idt in id_terms]
    if count != len(ids):
        print 'Not all ids were retrieved, limited at %d.' % params['retmax']
    return ids



[docs]def get_ids_for_gene(hgnc_name, **kwargs):
    """Get the curated set of articles for a gene in the Entrez database."""
    # Get the HGNC ID for the HGNC name
    hgnc_id = hgnc_client.get_hgnc_id(hgnc_name)
    if hgnc_id is None:
        raise ValueError('Invalid HGNC name.')
    # Get the Entrez ID
    entrez_id = hgnc_client.get_entrez_id(hgnc_id)
    if entrez_id is None:
        raise ValueError('Entrez ID not found in HGNC table.')
    # Query the Entrez Gene database
    params = {'db': 'gene',
              'retmode': 'xml',
              'id': entrez_id,
              }
    for k, v in kwargs.iteritems():
        params[k] = v
    tree = send_request(pubmed_fetch, urllib.urlencode(params))
    if tree is None:
        return []
    if tree.find('ERROR') is not None:
        print tree.find('ERROR').text
        return []
    # Get all PMIDs from the XML tree
    id_terms = tree.findall('.//PubMedId')
    if id_terms is None:
        return []
    # Use a set to remove duplicate IDs
    ids = list(set([idt.text for idt in id_terms]))
    return ids



def get_article_xml(pubmed_id):
    if pubmed_id.upper().startswith('PMID'):
        pubmed_id = pubmed_id[4:]
    params = {'db': 'pubmed',
                'retmode': 'xml',
                'id': pubmed_id}
    tree = send_request(pubmed_fetch, urllib.urlencode(params))
    if tree is None:
        return None
    article = tree.find('PubmedArticle/MedlineCitation/Article')
    return article # May be none


def get_title(pubmed_id):
    article = get_article_xml(pubmed_id)
    if article is None:
        return None
    title = article.find('ArticleTitle').text
    return title


def get_abstract(pubmed_id):
    article = get_article_xml(pubmed_id)
    if article is None:
        return None
    abstract = article.findall('Abstract/AbstractText')
    if abstract is None:
        return None
    else:
        abstract_text = ' '.join([' ' if abst.text is None 
                                    else abst.text for abst in abstract])
        return abstract_text
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  Source code for indra.literature.crossref_client

import requests
import json
from functools32 import lru_cache
import urllib
import re

crossref_url = 'http://api.crossref.org/'
crossref_search_url = 'http://search.crossref.org/'

@lru_cache(maxsize=100)
def get_metadata(doi):
    """Returns the metadata of an article given its DOI from CrossRef
    as a JSON dict"""
    url = crossref_url + 'works/' + doi
    res = requests.get(url)
    if res.status_code != 200:
        print 'Could not get CrossRef metadata, code %d' % res.status_code
        return None
    raw_message = res.json()
    metadata = raw_message.get('message')
    return metadata

[docs]def get_fulltext_links(doi):
    """Return a list of links to the full text of an article given its DOI.
    Each list entry is a dictionary with keys:
    - URL: the URL to the full text
    - content-type: e.g. text/xml or text/plain
    - content-version
    - intended-application: e.g. text-mining
    """
    metadata = get_metadata(doi)
    if metadata is None:
        return None
    links = metadata.get('link')
    return links


def get_publisher(doi):
    metadata = get_metadata(doi)
    if metadata is None:
        return None
    publisher = metadata.get('publisher')
    return publisher

def get_license_links(doi):
    metadata = get_metadata(doi)
    if metadata is None:
        return None
    licenses = metadata.get('license')
    if licenses is None:
        return None
    urls = [l.get('URL') for l in licenses]
    return urls

@lru_cache(maxsize=100)
def doi_query(title):
    # If None or empty string return None
    if not title:
        return None
    url = crossref_search_url + 'dois?q=' + \
          urllib.quote_plus(title.encode('UTF-8')) + \
          'sort=score'
    res = requests.get(url)
    if res.status_code != 200:
        print 'Could not get DOI from CrossRef, code %d' % res.status_code
        return None
    raw_message = res.json()
    first_result = raw_message[0]
    doi_url = first_result['doi'] # Return DOI of first result (Yikes!)
    m = re.match('^http://dx.doi.org/(.*)$', doi_url)
    doi = m.groups()[0]
    return doi
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  Source code for indra.databases.uniprot_client

import os
import csv
import rdflib
import urllib, urllib2
from functools32 import lru_cache

uniprot_url = 'http://www.uniprot.org/uniprot/'

rdf_prefixes = """
    PREFIX up: <http://purl.uniprot.org/core/>
    PREFIX db: <http://purl.uniprot.org/database/>
    PREFIX faldo: <http://biohackathon.org/resource/faldo#>
    PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
    PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> """

hgnc_file = os.path.dirname(os.path.abspath(__file__)) +\
            '/../resources/hgnc_entries.txt'
mnemonic_file = os.path.dirname(os.path.abspath(__file__)) +\
            '/../resources/uniprot_mnemonics.txt'
try:
    fh = open(hgnc_file, 'rt')
    rd = csv.reader(fh, delimiter='\t')
    uniprot_hgnc = {}
    for row in rd:
        hgnc_name = row[1]
        uniprot_id = row[5]
        if uniprot_id:
            uniprot_hgnc[uniprot_id] = hgnc_name
except IOError:
    uniprot_hgnc = {}

try:
    fh = open(mnemonic_file, 'rt')
    rd = csv.reader(fh, delimiter='\t')
    uniprot_mnemonic = {}
    for row in rd:
        uniprot_mnemonic[row[0]] = row[1]
except IOError:
    uniprot_mnemonic = {}


# File containing secondary accession numbers mapped
# to primary accession numbers
sec_file = os.path.dirname(os.path.abspath(__file__)) +\
            '/../resources/uniprot_sec_ac.txt'
try:
    uniprot_sec = {}
    lines = open(sec_file, 'rt').readlines()
    for i, l in enumerate(lines):
        if l.startswith('Secondary AC'):
            entry_lines = lines[i+2:]

    for l in entry_lines:
        sec_id, prim_id = l.split()
        try:
            uniprot_sec[sec_id].append(prim_id)
        except KeyError:
            uniprot_sec[sec_id] = [prim_id]
except IOError:
    uniprot_sec = {}

@lru_cache(maxsize=1000)
[docs]def query_protein(protein_id):
    """Return the UniProt entry as an RDF graph for the given UniProt ID.

    Parameters
    ----------
    protein_id : str
        UniProt ID to be queried.

    Returns
    -------
    g : rdflib.Graph
        The RDF graph corresponding to the UniProt entry.
    """
    # Try looking up a primary ID if the given one
    # is a secondary ID
    try:
        prim_ids = uniprot_sec[protein_id]
        protein_id = prim_ids[0]
    except KeyError:
        pass
    url = uniprot_url + protein_id + '.rdf'
    g = rdflib.Graph()
    try:
        g.parse(url)
    except urllib2.HTTPError:
        print 'Could not find protein with id %s' % protein_id
        return None
    # Check if the entry has been replaced by a new entry
    query = rdf_prefixes + """
        SELECT ?res2
        WHERE {
            ?res1 up:replacedBy ?res2 .
            }
        """
    res = g.query(query)
    if res:
        term = [r for r in res][0][0]
        replaced_by_id = term.split('/')[-1]
        return query_protein(replaced_by_id)
    return g


[docs]def get_family_members(family_name, human_only=True):
    """Return the HGNC gene symbols which are the members of a given family.

    Parameters
    ----------
    family_name : str
        Family name to be queried.
    human_only : bool
        If True, only human proteins in the family will be returned.
        Default: True

    Returns
    -------
    gene_names : list
        The HGNC gene symbols corresponding to the given family.
    """
    data = {'query': 'family:%s' % family_name, 
            'format': 'list'}
    if human_only:
        data['fil'] = 'organism:human'
    req = urllib2.Request(uniprot_url, urllib.urlencode(data))
    res = urllib2.urlopen(req)
    html = res.read()
    if html:
        protein_list = html.strip().split('\n')
        gene_names = []
        for p in protein_list:
            hgnc_name = get_hgnc_name(p)
            gene_names.append(hgnc_name)
        return gene_names
    else:
        return None


[docs]def get_mnemonic(protein_id):
    """Return the UniProt mnemonic for the given UniProt ID.

    Parameters
    ----------
    protein_id : str
        UniProt ID to be mapped.

    Returns
    -------
    mnemonic : str
        The UniProt mnemonic corresponding to the given Uniprot ID.
    """
    try:
        mnemonic = uniprot_mnemonic[protein_id]
        return mnemonic
    except KeyError:
        pass
    g = query_protein(protein_id)
    query = rdf_prefixes + """
        SELECT ?mnemonic
        WHERE {
            ?r up:mnemonic ?mnemonic .
        }
        """
    res = g.query(query)
    if res:
        mnemonic = [r for r in res][0][0].toPython()
        return mnemonic
    else:
        return None


[docs]def get_hgnc_name(protein_id):
    """Return the HGNC symbol for the given UniProt ID.

    Parameters
    ----------
    protein_id : str
        UniProt ID to be mapped.

    Returns
    -------
    hgnc_name : str
        The HGNC symbol corresponding to the given Uniprot ID.
    """
    # Try getting it from the dict first
    try:
        hgnc_name = uniprot_hgnc[protein_id]
        return hgnc_name
    except KeyError:
        pass
    # If it's not in the dict then call webservice
    g = query_protein(protein_id)
    query = rdf_prefixes + """
        SELECT ?name
        WHERE {
            ?res a up:Resource .
            ?res up:database db:HGNC .
            ?res rdfs:comment ?name .
            }
        """
    res = g.query(query)
    if res:
        hgnc_name = [r for r in res][0][0].toPython()
        return hgnc_name
    else:
        return None



[docs]def get_gene_name(protein_id):
    """Return the gene name for the given UniProt ID.

    This is an alternative to get_hgnc_name and is useful when
    HGNC name is not availabe (for instance, when the organism
    is not homo sapiens).

    Parameters
    ----------
    protein_id : str
        UniProt ID to be mapped.

    Returns
    -------
    gene_name : str
        The gene name corresponding to the given Uniprot ID.
    """
    g = query_protein(protein_id)
    query = rdf_prefixes + """
        SELECT ?name
        WHERE {
            ?gene a up:Gene .
            ?gene skos:prefLabel ?name .
            }
        """
    res = g.query(query)
    if res:
        gene_name = [r for r in res][0][0].toPython()
        return gene_name
    else:
        return None


@lru_cache(maxsize=1000)
def get_sequence(protein_id):
    try:
        prim_ids = uniprot_sec[protein_id]
        protein_id = prim_ids[0]
    except KeyError:
        pass
    url = uniprot_url + '%s.fasta' % protein_id
    try:
        res = urllib2.urlopen(url)
    except urllib2.HTTPError:
        print 'Could not find sequence for protein %s' % protein_id
        return None
    lines = res.readlines()
    seq = (''.join(lines[1:])).replace('\n','')
    return seq


def get_modifications(protein_id):
    g = query_protein(protein_id)
    query = rdf_prefixes + """
        SELECT ?beg_pos ?comment
        WHERE {
            ?mod_res a up:Modified_Residue_Annotation .
            ?mod_res rdfs:comment ?comment .
            ?mod_res up:range ?range .
            ?range faldo:begin ?beg .
            ?range faldo:end ?end .
            ?beg a faldo:ExactPosition .
            ?beg faldo:position ?beg_pos .
            FILTER (?beg = ?end)
            }
        """
    res = g.query(query)
    mods = []
    for r in res:
        mod_pos = r[0].value
        # "Phosphothreonine; by autocatalysis"
        # "Phosphothreonine; by MAP2K1 and MAP2K2"
        # TODO: take into account the comment after the ;?
        mod_res = r[1].value.split(';')[0]
        mods.append((mod_res, mod_pos))
    return mods


[docs]def verify_location(protein_id, residue, location):
    """Return True if the residue is at the given location in the UP sequence.

    Parameters
    ----------
    protein_id : str
        UniProt ID of the protein whose sequence is used as reference.
    residue : str
        A single character amino acid symbol (Y, S, T, V, etc.)
    location : str
        The location on the protein sequence (starting at 1) at which the
        residue should be checked against the reference sequence.

    Returns
    -------
    True if the given residue is at the given position in the sequence
    corresponding to the given UniProt ID, otherwise False.
    """
    seq = get_sequence(protein_id)
    try:
        loc_int = int(location)
    except ValueError:
        print 'Invalid location %s' % location
        loc_int = -1

    if (loc_int < 1) or (loc_int > len(seq)):
        return False
    elif seq[loc_int - 1] == residue:
        return True
    return False



[docs]def verify_modification(protein_id, residue, location=None):
    """Return True if the residue at the given location has a known modifiation. 

    Parameters
    ----------
    protein_id : str
        UniProt ID of the protein whose sequence is used as reference.
    residue : str
        A single character amino acid symbol (Y, S, T, V, etc.)
    location : Optional[str]
        The location on the protein sequence (starting at 1) at which the
        modification is checked.

    Returns
    -------
    True if the given residue is reported to be modified at the given position 
    in the sequence corresponding to the given UniProt ID, otherwise False.
    If location is not given, we only check if there is any residue of the
    given type that is modified.
    """
    mods = get_modifications(protein_id)
    mod_locs = [m[1] for m in mods]
    seq = get_sequence(protein_id)
    if location:
        if not verify_location(protein_id, residue, location):
            return False
        try:
            mod_idx = mod_locs.index(location)
        except ValueError:
            return False
        return True
    else:
        for ml in mod_locs:
            if seq[ml - 1] == residue:
                return True
        return False
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  Source code for indra.databases.chebi_client

import os
import csv
from functools32 import lru_cache

# Based on ftp://ftp.ebi.ac.uk/pub/databases/chebi/
#                Flat_file_tab_delimited/reference.tsv.gz
chebi_to_pubchem_file = os.path.dirname(os.path.abspath(__file__)) + \
                        '/../resources/chebi_to_pubchem.tsv'
try:
    fh = open(chebi_to_pubchem_file, 'rt')
    rd = csv.reader(fh, delimiter='\t')
    chebi_pubchem = {}
    for row in rd:
        chebi_pubchem[row[0]] = row[1]
except IOError:
    chebi_pubchem = {}

[docs]def get_pubchem_id(chebi_id):
    """Return the PubChem ID corresponding to a given ChEBI ID.

    Parameters
    ----------
    chebi_id : str
        ChEBI ID to be converted.

    Returns
    -------
    pubchem_id : str
        PubChem ID corresponding to the given ChEBI ID. If the lookup fails,
        None is returned.
    """
    pubchem_id = chebi_pubchem.get(chebi_id)
    return pubchem_id
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  Source code for indra.databases.hgnc_client

import os
import re
import csv
from functools32 import lru_cache
import urllib2
import xml.etree.ElementTree as et

hgnc_url = 'http://rest.genenames.org/fetch/'
# Download http://tinyurl.com/jgm29xp and save it in
# the indra/data folder as hgnc_entries.txt
hgnc_file = os.path.dirname(os.path.abspath(__file__)) +\
            '/../resources/hgnc_entries.txt'
try:
    fh = open(hgnc_file, 'rt')
    rd = csv.reader(fh, delimiter='\t')
    hgnc_names = {}
    hgnc_withdrawn = []
    uniprot_ids = {}
    entrez_ids = {}
    for row in rd:
        hgnc_id = row[0][5:]
        hgnc_status = row[3]
        if hgnc_status == 'Approved':
            hgnc_name = row[1]
            hgnc_names[hgnc_id] = hgnc_name
        elif hgnc_status == 'Symbol Withdrawn':
            descr = row[2]
            m = re.match(r'symbol withdrawn, see ([^ ]*)', descr)
            new_name = m.groups()[0]
            hgnc_withdrawn.append(hgnc_id)
            hgnc_names[hgnc_id] = new_name
        # Uniprot
        uniprot_id = row[6]
        uniprot_ids[hgnc_id] = uniprot_id
        # Entrez
        entrez_id = row[5]
        entrez_ids[hgnc_id] = entrez_id
except IOError:
    hgnc_names = {}
    hgnc_withdrawn = []
    uniprot_ids = {}
    entrez_ids = {}

[docs]def get_uniprot_id(hgnc_id):
    """Return the UniProt ID corresponding to the given HGNC ID.

    Parameters
    ----------
    hgnc_id : str
        The HGNC ID to be converted. Note that the HGNC ID is a number that is
        passed as a string. It is not the same as the HGNC gene symbol.

    Returns
    -------
    uniprot_id : str
        The UniProt ID corresponding to the given HGNC ID.
    """
    uniprot_id = uniprot_ids.get(hgnc_id)
    return uniprot_id


[docs]def get_entrez_id(hgnc_id):
    """Return the Entrez ID corresponding to the given HGNC ID.

    Parameters
    ----------
    hgnc_id : str
        The HGNC ID to be converted. Note that the HGNC ID is a number that is
        passed as a string. It is not the same as the HGNC gene symbol.

    Returns
    -------
    entrez_id : str
        The Entrez ID corresponding to the given HGNC ID.
    """
    entrez_id = entrez_ids.get(hgnc_id)
    return entrez_id


[docs]def get_hgnc_name(hgnc_id):
    """Return the HGNC symbol corresponding to the given HGNC ID.

    Parameters
    ----------
    hgnc_id : str
        The HGNC ID to be converted.

    Returns
    -------
    hgnc_name : str
        The HGNC symbol corresponding to the given HGNC ID.
    """
    try:
        hgnc_name = hgnc_names[hgnc_id]
    except KeyError:
        xml_tree = get_hgnc_entry(hgnc_id)
        if xml_tree is None:
            return None
        hgnc_name_tag =\
            xml_tree.find("result/doc/str[@name='symbol']")
        if hgnc_name_tag is None:
            return None
        hgnc_name = hgnc_name_tag.text.strip()
    return hgnc_name


[docs]def get_hgnc_id(hgnc_name):
    """Return the HGNC ID corresponding to the given HGNC symbol.

    Parameters
    ----------
    hgnc_name : str
        The HGNC symbol to be converted. Example: BRAF

    Returns
    -------
    hgnc_id : str
        The HGNC ID corresponding to the given HGNC symbol.
    """
    for k, v in hgnc_names.iteritems():
        if v == hgnc_name and k not in hgnc_withdrawn:
            hgnc_id = k
            return hgnc_id


@lru_cache(maxsize=1000)
[docs]def get_hgnc_entry(hgnc_id):
    """Return the HGNC entry for the given HGNC ID from the web service.

    Parameters
    ----------
    hgnc_id : str
        The HGNC ID to be converted.

    Returns
    -------
    xml_tree : ElementTree
        The XML ElementTree corresponding to the entry for the
        given HGNC ID.
    """
    url = hgnc_url + 'hgnc_id/%s' % hgnc_id
    headers = {'Accept': '*/*'}
    req = urllib2.Request(url, headers=headers)
    try:
        res = urllib2.urlopen(req)
    except urllib2.HTTPError:
        return None
    xml_tree = et.parse(res)
    return xml_tree
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  Source code for indra.assemblers.pysb_assembler

import itertools
import warnings

from pysb import (Model, Monomer, Parameter, Rule, Annotation,
        ComponentDuplicateNameError, ComplexPattern, ReactionPattern, ANY)
from pysb.core import SelfExporter
import pysb.export

from indra import statements as ist
from indra.databases import context_client

SelfExporter.do_export = False

# Here we define the types of INDRA statements that are meant to be
# assembled using the PySB assembler. If a type of statement appears
# in this list then we require that there is at least one default
# policy implemented to assemble that type of statement.
statement_whitelist = [ist.Phosphorylation, ist.Dephosphorylation,
                       ist.SelfModification, ist.Complex,
                       ist.ActivityActivity, ist.ActiveForm,
                       ist.RasGef, ist.RasGap]

def _is_whitelisted(stmt):
    """Return True if the statement type is in the whitelist."""
    for s in statement_whitelist:
        if isinstance(stmt, s):
            return True
    return False

# BaseAgent classes ####################################################

class _BaseAgentSet(object):
    """Container for a dict of BaseAgents with their names as keys."""
    def __init__(self):
        self.agents = {}

    def get_create_base_agent(self, agent):
        """Return base agent with given name, creating it if needed."""
        try:
            base_agent = self.agents[agent.name]
        except KeyError:
            base_agent = _BaseAgent(agent.name)
            self.agents[agent.name] = base_agent

        # Handle bound conditions
        for bc in agent.bound_conditions:
            bound_base_agent = self.get_create_base_agent(bc.agent)
            bound_base_agent.create_site(get_binding_site_name(agent.name))
            base_agent.create_site(get_binding_site_name(bc.agent.name))

        # Handle modification conditions
        for mc in agent.mods:
            mod_site_name =\
                get_mod_site_name(mc.mod_type, mc.residue, mc.position)
            site_states = states[mc.mod_type]
            base_agent.create_site(mod_site_name, site_states)

        # Handle mutation conditions
        for mc in agent.mutations:
            mut_site_name = mc.residue_from + mc.position
            base_agent.create_site(mut_site_name, states=['WT'])
            if mc.residue_to is not None:
                base_agent.add_site_states(mut_site_name, [mc.residue_to])

        # There might be overwrites here
        for db_name, db_ref in agent.db_refs.iteritems():
            base_agent.db_refs[db_name] = db_ref

        return base_agent

    def iteritems(self):
        """Return iteritems for the set of BaseAgents that this class wraps.
        """
        return self.agents.iteritems()

    def __getitem__(self, name):
        return self.agents[name]


class _BaseAgent(object):
    """A BaseAgent aggregates the global properties of an Agent.

    The BaseAgent class aggregates the name, sites, site states, active forms,
    inactive forms and database references of Agents from individual INDRA
    Statements. This allows the PySB Assembler to correctly assemble the
    Monomer signatures in the model.
    """

    def __init__(self, name):
        self.name = name
        self.sites = []
        self.site_states = {}
        # The list of site/state configurations that lead to this agent
        # being active (where the agent is currently assumed to have only
        # one type of activity)
        self.active_forms = []
        self.inactive_forms = []
        self.db_refs = {}

    def create_site(self, site, states=None):
        """Create a new site on an agent if it doesn't already exist."""
        if site not in self.sites:
            self.sites.append(site)
        if states is not None:
            self.site_states.setdefault(site, [])
            try:
                states = list(states)
            except TypeError:
                return
            self.add_site_states(site, states)

    def add_site_states(self, site, states):
        """Create new states on an agent site if the state doesn't exist."""
        for state in states:
            if state not in self.site_states[site]:
                self.site_states[site].append(state)

    def add_activity_form(self, activity_pattern, is_active):
        """Adds the pattern as an active or inactive form to an Agent.

        Parameters
        ----------
        activity_pattern : dict
            A dictionary of site names and their states.
        is_active : bool
            Is True if the given pattern corresponds to an active state.
        """
        if is_active:
            self.active_forms.append(activity_pattern)
        else:
            self.inactive_forms.append(activity_pattern)

# Site/state information ###############################################

abbrevs = {
    'phosphorylation': 'phospho',
    'ubiquitination': 'ub',
    'farnesylation': 'farnesyl',
    'hydroxylation': 'hydroxyl',
    'acetylation': 'acetyl',
    'sumoylation': 'sumo',
    'glycosylation': 'glycosyl',
    'methylation': 'methyl',
    'modification': 'mod',
}

active_site_names = {
    'kinase': 'kin_site',
    'phosphatase': 'phos_site',
    'gtpbound': 'switch',
    'catalytic': 'cat_site',
    'transcription': 'trans_act',
    # For general molecular activity
    'activity': 'act'
}

states = {
    'phosphorylation': ['u', 'p'],
    'ubiquitination': ['n', 'y'],
    'farnesylation': ['n', 'y'],
    'hydroxylation': ['n', 'y'],
    'acetylation': ['n', 'y'],
    'sumoylation': ['n', 'y'],
    'glycosylation': ['n', 'y'],
    'methylation': ['n', 'y'],
    'modification': ['n', 'y'],
}

# The following dict specifies the default modification/binding site names for
# modifications resulting from a particular type of activity. For example, a
# protein with Kinase activity makes a modification of type "phospho" on its
# substrate, and a RasGTPase (with GtpBound activity) binds to a site of type
# "RBD" (Ras binding domain). This comes in handy for specifying
# ActivityActivity rules, where the modification site mediating the activation
# is not specified.
default_mod_site_names = {
    'kinase': 'phospho',
    'gtpbound': 'rbd',
    'phosphatase': 'phospho',
    'activity': 'act'
}


[docs]def get_binding_site_name(name):
    """Return a binding site name from a given agent name."""
    binding_site = name.lower()
    return binding_site


[docs]def get_mod_site_name(mod_type, residue, position):
    """Return site names for a modification."""
    names = []
    if residue is None:
        mod_str = abbrevs[mod_type]
    else:
        mod_str = residue
    mod_pos = position if position is not None else ''
    name = ('%s%s' % (mod_str, mod_pos))
    return name


[docs]def get_active_forms(agent, agent_set):
    '''Returns all the patterns (dicts of site states) of an Agent
    that are known to be active.'''
    act_forms = agent_set[agent.name].active_forms
    if not act_forms:
        act_forms = [{}]
    return act_forms


[docs]def get_inactive_forms(agent, agent_set):
    '''Returns all the patterns (dicts of site states) of an Agent
    that are known to be inactive.'''
    inact_forms = agent_set[agent.name].inactive_forms
    if not inact_forms:
        inact_forms = [{}]
    return inact_forms


# PySB model elements ##################################################

[docs]def get_agent_rule_str(agent):
    """Construct a string from an Agent as part of a PySB rule name."""
    rule_str_list = [agent.name]
    for mod in agent.mods:
        mstr = abbrevs[mod.mod_type]
        if mod.residue is not None:
            mstr += mod.residue
        if mod.position is not None:
            mstr += mod.position
        rule_str_list.append('%s' % mstr)
    for mut in agent.mutations:
        mstr = mut.residue_from + mut.position
        if mut.residue_to is not None:
            mstr += mut.residue_to
        rule_str_list.append(mstr)
    if agent.bound_conditions:
        for b in agent.bound_conditions:
            if b.is_bound:
                rule_str_list.append(b.agent.name)
            else:
                rule_str_list.append('n' + b.agent.name)
    rule_str = '_'.join(rule_str_list)
    return rule_str


[docs]def add_rule_to_model(model, rule):
    """Add a Rule to a PySB model and handle duplicate component errors."""
    try:
        model.add_component(rule)
    # If this rule is already in the model, issue a warning and continue
    except ComponentDuplicateNameError:
        msg = "Rule %s already in model! Skipping." % rule.name
        warnings.warn(msg)



[docs]def get_create_parameter(model, name, value, unique=True):
    """Return parameter with given name, creating it if needed.

    If unique is false and the parameter exists, the value is not changed; if
    it does not exist, it will be created. If unique is true then upon conflict
    a number is added to the end of the parameter name.
    """
    parameter = model.parameters.get(name)

    if not unique and parameter is not None:
        return parameter

    if unique:
        pnum = 1
        while True:
            pname = name + '_%d' % pnum
            if model.parameters.get(pname) is None:
                break
            pnum += 1
    else:
        pname = name

    parameter = Parameter(pname, value)
    model.add_component(parameter)
    return parameter



[docs]def get_monomer_pattern(model, agent, extra_fields=None):
    """Construct a PySB MonomerPattern from an Agent."""
    pattern = get_site_pattern(agent)
    if extra_fields is not None:
        for k, v in extra_fields.iteritems():
            pattern[k] = v

    # If a model is given, return the Monomer with the generated pattern,
    # otherwise just return the pattern
    monomer = model.monomers[agent.name]
    monomer_pattern = monomer(**pattern)
    return monomer_pattern


[docs]def get_site_pattern(agent):
    """Construct a dictionary of Monomer site states from an Agent.

    This crates the mapping to the associated PySB monomer from an
    INDRA Agent object."""
    pattern = {}
    # Handle bound conditions
    for bc in agent.bound_conditions:
        # Here we make the assumption that the binding site
        # is simply named after the binding partner
        if bc.is_bound:
            pattern[get_binding_site_name(bc.agent.name)] = ANY
        else:
            pattern[get_binding_site_name(bc.agent.name)] = None

    # Handle modifications
    for mod in agent.mods:
        mod_site_str = abbrevs[mod.mod_type]
        if mod.residue is not None:
            mod_site_str = mod.residue
        mod_pos_str = mod.position if mod.position is not None else ''
        mod_site = ('%s%s' % (mod_site_str, mod_pos_str))
        site_states = states[mod.mod_type]
        if mod.is_modified:
            pattern[mod_site] = site_states[1]
        else:
            pattern[mod_site] = site_states[0]

    # Handle mutations
    for mc in agent.mutations:
        mut_site_name = mc.residue_from + mc.position
        mut_site_state = mc.residue_to
        pattern[mut_site_name] = mut_site_state

    return pattern



[docs]def set_base_initial_condition(model, monomer, value):
    """Set an initial condition for a monomer in its 'default' state."""
    # Build up monomer pattern dict
    sites_dict = {}
    for site in monomer.sites:
        if site in monomer.site_states:
            sites_dict[site] = monomer.site_states[site][0]
        else:
            sites_dict[site] = None
    mp = monomer(**sites_dict)
    pname = monomer.name + '_0'
    try:
        p = model.parameters[pname]
        p.value = value
    except KeyError:
        p = Parameter(pname, value)
        model.add_component(p)
        model.initial(mp, p)



[docs]def get_annotation(component, db_name, db_ref):
    """Construct model Annotations for each component.

    Annotation formats follow guidelines at http://identifiers.org/.
    """
    url = 'http://identifiers.org/'
    subj = component
    if db_name == 'UP':
        obj = url + 'uniprot/%s' % db_ref
        pred = 'is'
    elif db_name == 'HGNC':
        obj = url + 'hgnc/HGNC:%s' % db_ref
        pred = 'is'
    elif db_name == 'XFAM' and db_ref.startswith('PF'):
        obj = url + 'pfam/%s' % db_ref
        pred = 'is'
    elif db_name == 'IP':
        obj = url + 'interpro/%s' % db_ref
        pred = 'is'
    elif db_name == 'CHEBI':
        obj = url + 'chebi/CHEBI:%s' % db_ref
        pred = 'is'
    else:
        return None
    return Annotation(subj, obj, pred)


# PysbAssembler #######################################################

class UnknownPolicyError(Exception):
    pass

[docs]class PysbAssembler(object):
    """Assembler creating a PySB model from a set of INDRA Statements.

    Parameters
    ----------
    policies : Optional[Union[str, dict]]
        A string or dictionary that defines one or more assembly policies.

        If policies is a string, it defines a global assembly policy
        that applies to all Statement types.
        Example: contact_only, one_step

        A dictionary of policies has keys corresponding to Statement types
        and values to the policy to be applied to that type of Statement.
        For Statement types whose policy is undefined, the 'default'
        policy is applied.
        Example: {'phosphorylation': 'two_step'}

    Attributes
    ----------
    policies : dict
        A dictionary of policies that defines assembly policies for Statement
        types. It is assigned in the constructor.
    statements : list
        A list of INDRA statements to be assembled.
    model : pysb.Model
        A PySB model object that is assembled by this class.
    agent_set : _BaseAgentSet
        A set of BaseAgents used during the assembly process.
    """
    def __init__(self, policies=None):
        self.statements = []
        self.agent_set = None
        self.model = None
        if policies is None:
            self.policies = {'other': 'default'}
        elif isinstance(policies, basestring):
            self.policies = {'other': policies}
        else:
            self.policies = {'other': 'default'}
            self.policies.update(policies)

[docs]    def add_statements(self, stmts):
        """Add INDRA Statements to the assembler's list of statements.

        Parameters
        ----------
        stmts : list[indra.statements.Statement]
            A list of :py:class:`indra.statements.Statement`
            to be added to the statement list of the assembler.
        """
        for stmt in stmts:
            if not self._statement_exists(stmt):
                self.statements.append(stmt)


[docs]    def make_model(self, policies=None, initial_conditions=True):
        """Assemble the PySB model from the collected INDRA Statements.

        This method assembles a PySB model from the set of INDRA Statements.
        The assembled model is both returned and set as the assembler's
        model argument.

        Parameters
        ----------
        policies : Optional[Union[str, dict]]
            A string or dictionary of policies, as defined in
            :py:class:`indra.assemblers.PysbAssembler`. This set of policies
            locally supersedes the default setting in the assembler. This
            is useful when this function is called multiple times with
            different policies.
        initial_conditions : Optional[bool]
            If True, default initial conditions are generated for the
            Monomers in the model.

        Returns
        -------
        model : pysb.Model
            The assembled PySB model object.
        """
        # Set local policies for this make_model call that overwrite
        # the global policies of the PySB assembler
        if policies is not None:
            global_policies = self.policies
            if isinstance(policies, basestring):
                local_policies = {'other': policies}
            else:
                local_policies = {'other': 'default'}
                local_policies.update(policies)
            self.policies = local_policies
        self.model = Model()
        self.agent_set = _BaseAgentSet()
        # Collect information about the monomers/self.agent_set from the
        # statements
        self._monomers()
        # Add the monomers to the model based on our BaseAgentSet
        for agent_name, agent in self.agent_set.iteritems():
            m = Monomer(agent_name, agent.sites, agent.site_states)
            self.model.add_component(m)
            for db_name, db_ref in agent.db_refs.iteritems():
                a = get_annotation(m, db_name, db_ref)
                if a is not None:
                    self.model.add_annotation(a)
        # Iterate over the statements to generate rules
        self._assemble()
        # Add initial conditions
        if initial_conditions:
            self.add_default_initial_conditions()

        # If local policies were applied, revert to the global one
        if policies is not None:
            self.policies = global_policies

        return self.model


[docs]    def add_default_initial_conditions(self):
        """Set default initial conditions in the PySB model."""
        if self.model is None:
            return
        for m in self.model.monomers:
            set_base_initial_condition(self.model, m, 100.0)


[docs]    def set_context(self, cell_type):
        """Set protein expression data as initial conditions.

        This method uses :py:mod:`indra.databases.context_client` to get
        protein expression levels for a given cell type and set initial
        conditions for Monomers in the model accordingly.

        Parameters
        ----------
        cell_type : str
            Cell type name for which expression levels are queried.
            The cell type name follows the CCLE database conventions.

        Example: LOXIMVI_SKIN, BT20_BREAST
        """
        if self.model is None:
            return
        monomer_names = [m.name for m in self.model.monomers]
        res = context_client.get_protein_expression(monomer_names, cell_type)
        if not res:
            print 'Could not get context for %s cell type.' % cell_type
            self.add_default_initial_conditions()
        monomers_found = []
        monomers_notfound = []
        for m in self.model.monomers:
            init = res.get(m.name)
            if init is not None:
                set_base_initial_condition(self.model, m, init[cell_type])
                monomers_found.append(m.name)
            else:
                set_base_initial_condition(self.model, m, 100.0)
                monomers_notfound.append(m.name)
        print 'Monomers set to %s context' % cell_type
        print '--------------------------------'
        for m in monomers_found:
            print m
        if monomers_notfound:
            print
            print 'Monomers not found in %s context' % cell_type
            print '-----------------------------------------'
            for m in monomers_notfound:
                print m


[docs]    def print_model(self):
        """Print the assembled model as a PySB program string.

        This function is useful when the model needs to be passed as a string
        to another component.
        """
        model_str = pysb.export.export(self.model, 'pysb_flat')
        return model_str


[docs]    def save_model(self, file_name='pysb_model.py'):
        """Save the assembled model as a PySB program file.

        Parameters
        ----------
        file_name : Optional[str]
            The name of the file to save the model program code in.
            Default: pysb-model.py
        """
        if self.model is not None:
            model_str = self.print_model()
            with open(file_name, 'wt') as fh:
                fh.write(model_str)


[docs]    def save_rst(self, file_name='pysb_model.rst', module_name='pysb_module'):
        """Save the assembled model as an RST file for literate modeling.

        Parameters
        ----------
        file_name : Optional[str]
            The name of the file to save the RST in.
            Default: pysb_model.rst
        module_name : Optional[str]
            The name of the python function defining the module.
            Default: pysb_module
        """
        if self.model is not None:
            with open(file_name, 'wt') as fh:
                fh.write('.. _%s:\n\n' % module_name)
                fh.write('Module\n======\n\n')
                fh.write('INDRA-assembled model\n---------------------\n\n')
                fh.write('::\n\n')
                model_str = pysb.export.export(self.model, 'pysb_flat')
                model_str = '\t' + model_str.replace('\n', '\n\t')
                fh.write(model_str)


    def _statement_exists(self, stmt):
        """Return True if the given Statement is in the assembler."""
        for s in self.statements:
            if stmt.matches(s):
                return True
        return False

    def _dispatch(self, stmt, stage, *args):
        """Construct and call an assembly function.

        This function constructs the name of the assembly function based on
        the type of statement, the corresponding policy and the stage
        of assembly. It then calls that function to perform the assembly
        task."""
        class_name = stmt.__class__.__name__
        try:
            policy = self.policies[class_name]
        except KeyError:
            policy = self.policies['other']
        func_name = '%s_%s_%s' % (class_name.lower(), stage, policy)
        func = globals().get(func_name)
        if func is None:
            # The specific policy is not implemented for the
            # given statement type.
            # We try to apply a default policy next.
            func_name = '%s_%s_default' % (class_name.lower(), stage)
            func = globals().get(func_name)
            if func is None:
                # The given statement type doesn't have a default
                # policy.
                raise UnknownPolicyError('%s function %s not defined' %
                                         (stage, func_name))
        return func(stmt, *args)

    def _monomers(self):
        """Calls the appropriate monomers method based on policies."""
        for stmt in self.statements:
            if _is_whitelisted(stmt):
                self._dispatch(stmt, 'monomers', self.agent_set)

    def _assemble(self):
        """Calls the appropriate assemble method based on policies."""
        for stmt in self.statements:
            if _is_whitelisted(stmt):
                self._dispatch(stmt, 'assemble', self.model, self.agent_set)



# COMPLEX ############################################################

[docs]def complex_monomers_one_step(stmt, agent_set):
    """In this (very simple) implementation, proteins in a complex are
    each given site names corresponding to each of the other members
    of the complex (lower case). So the resulting complex can be
    "fully connected" in that each member can be bound to
    all the others."""
    for i, member in enumerate(stmt.members):
        gene_mono = agent_set.get_create_base_agent(member)

        # Specify a binding site for each of the other complex members
        # bp = abbreviation for "binding partner"
        for j, bp in enumerate(stmt.members):
            # The protein doesn't bind to itstmt!
            if i == j:
                continue
            gene_mono.create_site(get_binding_site_name(bp.name))


complex_monomers_default = complex_monomers_one_step


def complex_assemble_one_step(stmt, model, agent_set):
    pairs = itertools.combinations(stmt.members, 2)
    for pair in pairs:
        agent1 = pair[0]
        agent2 = pair[1]
        param_name = agent1.name[0].lower() + \
                     agent2.name[0].lower() + '_bind'
        kf_bind = get_create_parameter(model, 'kf_' + param_name, 1e-6)
        kr_bind = get_create_parameter(model, 'kr_' + param_name, 1e-6)

        # Make a rule name
        rule_name = '_'.join([get_agent_rule_str(m) for m in pair])
        rule_name += '_bind'

        # Construct full patterns of each agent with conditions
        agent1_pattern = get_monomer_pattern(model, agent1)
        agent2_pattern = get_monomer_pattern(model, agent2)
        agent1_bs = get_binding_site_name(agent2.name)
        agent2_bs = get_binding_site_name(agent1.name)
        r = Rule(rule_name, agent1_pattern(**{agent1_bs: None}) + \
                            agent2_pattern(**{agent2_bs: None}) >>
                            agent1_pattern(**{agent1_bs: 1}) % \
                            agent2_pattern(**{agent2_bs: 1}),
                            kf_bind)
        add_rule_to_model(model, r)

        # In reverse reaction, assume that dissocition is unconditional
        rule_name = '_'.join([a.name for a in pair]) + '_dissociate'
        agent1_uncond = get_monomer_pattern(model, ist.Agent(agent1.name))
        agent2_uncond = get_monomer_pattern(model, ist.Agent(agent2.name))
        r = Rule(rule_name, agent1_uncond(**{agent1_bs: 1}) % \
                            agent2_uncond(**{agent2_bs: 1}) >>
                            agent1_uncond(**{agent1_bs: None}) + \
                            agent2_uncond(**{agent2_bs: None}),
                            kr_bind)
        add_rule_to_model(model, r)


def complex_assemble_multi_way(stmt, model, agent_set):
    # Get the rate parameter
    abbr_name = ''.join([m.name[0].lower() for m in stmt.members])
    kf_bind = get_create_parameter(model, 'kf_' + abbr_name + '_bind', 1e-6)
    kr_bind = get_create_parameter(model, 'kr_' + abbr_name + '_bind', 1e-6)

    # Make a rule name
    rule_name = '_'.join([get_agent_rule_str(m) for m in stmt.members])
    rule_name += '_bind'

    # Initialize the left and right-hand sides of the rule
    lhs = ReactionPattern([])
    rhs = ComplexPattern([], None)
    # We need a unique bond index for each pair of proteins in the
    # complex, resulting in n(n-1)/2 bond indices for a n-member complex.
    # We keep track of the bond indices using the bond_indices dict,
    # which maps each unique pair of members to a bond index.
    bond_indices = {}
    bond_counter = 1
    for i, member in enumerate(stmt.members):
        gene_name = member.name
        mono = model.monomers[gene_name]
        # Specify free and bound states for binding sites for each of
        # the other complex members
        # (bp = abbreviation for "binding partner")
        left_site_dict = {}
        right_site_dict = {}
        for j, bp in enumerate(stmt.members):
            bp_bs = get_binding_site_name(bp.name)
            # The protein doesn't bind to itstmt!
            if i == j:
                continue
            # Check to see if we've already created a bond index for these
            # two binding partners
            bp_set = frozenset([i, j])
            if bp_set in bond_indices:
                bond_ix = bond_indices[bp_set]
            # If we haven't see this pair of proteins yet, add a new bond
            # index to the dict
            else:
                bond_ix = bond_counter
                bond_indices[bp_set] = bond_ix
                bond_counter += 1
            # Fill in the entries for the site dicts
            left_site_dict[bp_bs] = None
            right_site_dict[bp_bs] = bond_ix

        # Add the pattern for the modifications of the member
        for mod in member.mods:
            if mod.residue is None:
                mod_str = abbrevs[mod.mod_type]
            else:
                mod_str = mod.residue
            mod_pos = mod.position if mod.position is not None else ''
            mod_site = ('%s%s' % (mod_str, mod_pos))
            left_site_dict[mod_site] = states[mod.mod_type][1]
            right_site_dict[mod_site] = states[mod.mod_type][1]

        # Add the pattern for the member being bound
        for bc in member.bound_conditions:
            bound_name = bc.agent.name
            bound_bs = get_binding_site_name(bound_name)
            gene_bs = get_binding_site_name(gene_name)
            if bc.is_bound:
                bound = model.monomers[bound_name]
                left_site_dict[bound_bs] = \
                    bond_counter
                right_site_dict[bound_bs] = \
                    bond_counter
                left_pattern = mono(**left_site_dict) % \
                                bound(**{gene_bs: bond_counter})
                right_pattern = mono(**right_site_dict) % \
                                bound(**{gene_bs: bond_counter})
                bond_counter += 1
            else:
                left_site_dict[bound_bs] = None
                right_site_dict[bound_bs] = None
                left_pattern = mono(**left_site_dict)
                right_pattern = mono(**right_site_dict)
        else:
            left_pattern = mono(**left_site_dict)
            right_pattern = mono(**right_site_dict)
        # Build up the left- and right-hand sides of the rule from
        # monomer patterns with the appropriate site dicts
        lhs = lhs + left_pattern
        rhs = rhs % right_pattern
    # Finally, create the rule and add it to the model
    rule = Rule(rule_name, lhs <> rhs, kf_bind, kr_bind)
    add_rule_to_model(model, rule)

complex_assemble_default = complex_assemble_one_step

# PHOSPHORYLATION ###################################################

def phosphorylation_monomers_interactions_only(stmt, agent_set):
    if stmt.enz is None:
        return
    enz = agent_set.get_create_base_agent(stmt.enz)
    enz.create_site(active_site_names['Kinase'])
    sub = agent_set.get_create_base_agent(stmt.sub)
    # See NOTE in monomers_one_step, below
    site_name = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(site_name, ('u', 'p'))


def phosphorylation_monomers_one_step(stmt, agent_set):
    if stmt.enz is None:
        return
    enz = agent_set.get_create_base_agent(stmt.enz)
    sub = agent_set.get_create_base_agent(stmt.sub)
    # NOTE: This assumes that a Phosphorylation statement will only ever
    # involve a single phosphorylation site on the substrate (typically
    # if there is more than one site, they will be parsed into separate
    # Phosphorylation statements, i.e., phosphorylation is assumed to be
    # distributive. If this is not the case, this assumption will need to
    # be revisited.
    site_name = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(site_name, ('u', 'p'))


def phosphorylation_monomers_two_step(stmt, agent_set):
    if stmt.enz is None:
        return
    enz = agent_set.get_create_base_agent(stmt.enz)
    sub = agent_set.get_create_base_agent(stmt.sub)
    site_name = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(site_name, ('u', 'p'))

    # Create site for binding the substrate
    enz.create_site(get_binding_site_name(sub.name))
    sub.create_site(get_binding_site_name(enz.name))

phosphorylation_monomers_default = phosphorylation_monomers_one_step


def phosphorylation_assemble_interactions_only(stmt, model, agent_set):
    if stmt.enz is None:
        return
    kf_bind = get_create_parameter(model, 'kf_bind', 1.0, unique=False)
    kr_bind = get_create_parameter(model, 'kr_bind', 1.0, unique=False)

    enz = model.monomers[stmt.enz.name]
    sub = model.monomers[stmt.sub.name]

    # See NOTE in monomers_one_step
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)

    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)

    rule_name = '%s_phospho_%s_%s' % (rule_enz_str, rule_sub_str, site)
    active_site = active_site_names['Kinase']
    # Create a rule specifying that the substrate binds to the kinase at
    # its active site
    r = Rule(rule_name,
                enz(**{active_site: None}) + sub(**{phos_site: None}) <>
                enz(**{active_site: 1}) + sub(**{phos_site: 1}),
                kf_bind, kr_bind)
    add_rule_to_model(model, r)


def phosphorylation_assemble_one_step(stmt, model, agent_set):
    if stmt.enz is None:
        return
    param_name = 'kf_' + stmt.enz.name[0].lower() + \
                    stmt.sub.name[0].lower() + '_phos'
    kf_phospho = get_create_parameter(model, param_name, 1e-6)

    # See NOTE in monomers_one_step
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)

    enz_pattern = get_monomer_pattern(model, stmt.enz)
    sub_unphos = get_monomer_pattern(model, stmt.sub,
        extra_fields={phos_site: 'u'})
    sub_phos = get_monomer_pattern(model, stmt.sub,
        extra_fields={phos_site: 'p'})

    enz_act_mods = get_active_forms(stmt.enz, agent_set)

    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)
    for i, am in enumerate(enz_act_mods):
        rule_name = '%s_phospho_%s_%s_%d' % \
            (rule_enz_str, rule_sub_str, phos_site, i + 1)
        r = Rule(rule_name,
                enz_pattern(am) + sub_unphos >>
                enz_pattern(am) + sub_phos,
                kf_phospho)
        add_rule_to_model(model, r)


def phosphorylation_assemble_two_step(stmt, model, agent_set):
    if stmt.enz is None:
        return
    sub_bs = get_binding_site_name(stmt.sub.name)
    enz_bound = get_monomer_pattern(model, stmt.enz,
        extra_fields={sub_bs: 1})
    enz_unbound = get_monomer_pattern(model, stmt.enz,
        extra_fields={sub_bs: None})
    sub_pattern = get_monomer_pattern(model, stmt.sub)

    param_name = ('kf_' + stmt.enz.name[0].lower() +
                  stmt.sub.name[0].lower() + '_bind')
    kf_bind = get_create_parameter(model, param_name, 1e-6)
    param_name = ('kr_' + stmt.enz.name[0].lower() +
                  stmt.sub.name[0].lower() + '_bind')
    kr_bind = get_create_parameter(model, param_name, 1e-3)
    param_name = ('kc_' + stmt.enz.name[0].lower() +
                  stmt.sub.name[0].lower() + '_phos')
    kf_phospho = get_create_parameter(model, param_name, 1e-3)

    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)

    enz_act_mods = get_active_forms(stmt.enz, agent_set)
    enz_bs = get_binding_site_name(stmt.enz.name)
    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)
    for i, am in enumerate(enz_act_mods):
        rule_name = '%s_phospho_bind_%s_%s_%d' % \
            (rule_enz_str, rule_sub_str, phos_site, i + 1)
        r = Rule(rule_name,
            enz_unbound(am) + \
            sub_pattern(**{phos_site: 'u', enz_bs: None}) >>
            enz_bound(am) % \
            sub_pattern(**{phos_site: 'u', enz_bs: 1}),
            kf_bind)
        add_rule_to_model(model, r)

        rule_name = '%s_phospho_%s_%s_%d' % \
            (rule_enz_str, rule_sub_str, phos_site, i + 1)
        r = Rule(rule_name,
            enz_bound(am) % \
                sub_pattern(**{phos_site: 'u', enz_bs: 1}) >>
            enz_unbound(am) + \
                sub_pattern(**{phos_site: 'p', enz_bs: None}),
            kf_phospho)
        add_rule_to_model(model, r)

    rule_name = '%s_dissoc_%s' % (rule_enz_str, rule_sub_str)
    r = Rule(rule_name, model.monomers[stmt.enz.name](**{sub_bs: 1}) % \
             model.monomers[stmt.sub.name](**{enz_bs: 1}) >>
             model.monomers[stmt.enz.name](**{sub_bs: None}) + \
             model.monomers[stmt.sub.name](**{enz_bs: None}), kr_bind)
    add_rule_to_model(model, r)

phosphorylation_assemble_default = phosphorylation_assemble_one_step

# CIS-AUTOPHOSPHORYLATION ###################################################

def autophosphorylation_monomers_interactions_only(stmt, agent_set):
    enz = agent_set.get_create_base_agent(stmt.enz)
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    enz.create_site(phos_site, ('u', 'p'))


def autophosphorylation_monomers_one_step(stmt, agent_set):
    enz = agent_set.get_create_base_agent(stmt.enz)
    # NOTE: This assumes that a Phosphorylation statement will only ever
    # involve a single phosphorylation site on the substrate (typically
    # if there is more than one site, they will be parsed into separate
    # Phosphorylation statements, i.e., phosphorylation is assumed to be
    # distributive. If this is not the case, this assumption will need to
    # be revisited.
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    enz.create_site(phos_site, ('u', 'p'))

autophosphorylation_monomers_default = autophosphorylation_monomers_one_step


def autophosphorylation_assemble_interactions_only(stmt, model, agent_set):
    stmt.assemble_one_step(model, agent_set)


def autophosphorylation_assemble_one_step(stmt, model, agent_set):
    param_name = 'kf_' + stmt.enz.name[0].lower() + '_autophos'
    kf_autophospho = get_create_parameter(model, param_name, 1e-3)

    # See NOTE in monomers_one_step
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    pattern_unphos = get_monomer_pattern(model, stmt.enz,
                                         extra_fields={phos_site: 'u'})
    pattern_phos = get_monomer_pattern(model, stmt.enz,
                                       extra_fields={phos_site: 'p'})
    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_name = '%s_autophospho_%s_%s' % (rule_enz_str, rule_enz_str,
                                          phos_site)
    r = Rule(rule_name, pattern_unphos >> pattern_phos, kf_autophospho)
    add_rule_to_model(model, r)

autophosphorylation_assemble_default = autophosphorylation_assemble_one_step

# TRANSPHOSPHORYLATION ###################################################

def transphosphorylation_monomers_interactions_only(stmt, agent_set):
    enz = agent_set.get_create_base_agent(stmt.enz)
    # Assume there is exactly one bound_to species
    sub = agent_set.get_create_base_agent(stmt.enz)
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(phos_site, ('u', 'p'))


def transphosphorylation_monomers_one_step(stmt, agent_set):
    enz = agent_set.get_create_base_agent(stmt.enz)
    # NOTE: This assumes that a Phosphorylation statement will only ever
    # involve a single phosphorylation site on the substrate (typically
    # if there is more than one site, they will be parsed into separate
    # Phosphorylation statements, i.e., phosphorylation is assumed to be
    # distributive. If this is not the case, this assumption will need to
    # be revisited.
    sub = agent_set.get_create_base_agent(stmt.enz.bound_conditions[0].agent)
    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(phos_site, ('u', 'p'))

transphosphorylation_monomers_default = transphosphorylation_monomers_one_step


def transphosphorylation_assemble_interactions_only(stmt, model, agent_set):
    stmt.assemble_one_step(model, agent_set)


def transphosphorylation_assemble_one_step(stmt, model, agent_set):
    param_name = ('kf_' + stmt.enz.name[0].lower() +
                  stmt.enz.bound_conditions[0].agent.name[0].lower() +
                  '_transphos')
    kf = get_create_parameter(model, param_name, 1e-3)

    phos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    enz_pattern = get_monomer_pattern(model, stmt.enz)
    bound_agent = stmt.enz.bound_conditions[0].agent
    sub_unphos = get_monomer_pattern(model, bound_agent,
                                     extra_fields={phos_site: 'u'})
    sub_phos = get_monomer_pattern(model, bound_agent,
                                   extra_fields={phos_site: 'p'})

    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_bound_str = get_agent_rule_str(bound_agent)
    rule_name = '%s_transphospho_%s_%s' % (rule_enz_str,
                                           rule_bound_str, phos_site)
    r = Rule(rule_name, enz_pattern % sub_unphos >> \
                    enz_pattern % sub_phos, kf)
    add_rule_to_model(model, r)

transphosphorylation_assemble_default = transphosphorylation_assemble_one_step

# ACTIVITYACTIVITY ######################################################

def activityactivity_monomers_interactions_only(stmt, agent_set):
    subj = agent_set.get_create_base_agent(stmt.subj)
    obj = agent_set.get_create_base_agent(stmt.obj)
    if stmt.subj_activity is not None:
        subj.create_site(active_site_names[stmt.subj_activity])
        obj.create_site(active_site_names[stmt.obj_activity])
        obj.create_site(default_mod_site_names[stmt.subj_activity])
    else:
        subj.create_site(active_site_names[stmt.obj_activity])
        obj.create_site(active_site_names[stmt.obj_activity])
        obj.create_site(default_mod_site_names[stmt.obj_activity])

def activityactivity_monomers_one_step(stmt, agent_set):
    subj = agent_set.get_create_base_agent(stmt.subj)
    obj = agent_set.get_create_base_agent(stmt.obj)
    if stmt.subj_activity is not None:
        subj.create_site(active_site_names[stmt.subj_activity],
                         ('inactive', 'active'))
    obj.create_site(active_site_names[stmt.obj_activity],
                    ('inactive', 'active'))

activityactivity_monomers_default = activityactivity_monomers_one_step


def activityactivity_assemble_interactions_only(stmt, model, agent_set):
    kf_bind = get_create_parameter(model, 'kf_bind', 1.0, unique=False)
    subj = model.monomers[stmt.subj.name]
    obj = model.monomers[stmt.obj.name]
    if stmt.subj_activity is not None:
        subj_active_site = active_site_names[stmt.subj_activity]
        obj_mod_site = default_mod_site_names[stmt.obj_activity]
    else:
        subj_active_site = active_site_names[stmt.obj_activity]
        obj_mod_site = default_mod_site_names[stmt.obj_activity]

    rule_obj_str = get_agent_rule_str(stmt.obj)
    rule_subj_str = get_agent_rule_str(stmt.subj)
    rule_name = '%s_%s_activates_%s_%s' %\
             (rule_subj_str, stmt.subj_activity, rule_obj_str,
              stmt.obj_activity)
    r = Rule(rule_name,
             subj(**{subj_active_site: None}) +
             obj(**{obj_mod_site: None}) >>
             subj(**{subj_active_site: 1}) %
             obj(**{obj_mod_site: 1}),
             kf_bind)
    add_rule_to_model(model, r)


def activityactivity_assemble_one_step(stmt, model, agent_set):
    if stmt.subj_activity is not None:
        subj_pattern = get_monomer_pattern(model, stmt.subj,
            extra_fields={active_site_names[stmt.subj_activity]: 'active'})
    else:
        subj_pattern = get_monomer_pattern(model, stmt.subj)

    obj_inactive = get_monomer_pattern(model, stmt.obj,
        extra_fields={active_site_names[stmt.obj_activity]: 'inactive'})
    obj_active = get_monomer_pattern(model, stmt.obj,
        extra_fields={active_site_names[stmt.obj_activity]: 'active'})

    param_name = 'kf_' + stmt.subj.name[0].lower() + \
                        stmt.obj.name[0].lower() + '_act'
    kf_one_step_activate = \
                   get_create_parameter(model, param_name, 1e-6)

    rule_obj_str = get_agent_rule_str(stmt.obj)
    rule_subj_str = get_agent_rule_str(stmt.subj)
    rule_name = '%s_%s_activates_%s_%s' % \
        (rule_subj_str, stmt.subj_activity, rule_obj_str,
         stmt.obj_activity)

    if stmt.relationship == 'increases':
        r = Rule(rule_name,
            subj_pattern + obj_inactive >> subj_pattern + obj_active,
            kf_one_step_activate)
    else:
        r = Rule(rule_name,
            subj_pattern + obj_active >> subj_pattern + obj_inactive,
            kf_one_step_activate)

    add_rule_to_model(model, r)

activityactivity_assemble_default = activityactivity_assemble_one_step

# DEPHOSPHORYLATION #####################################################

def dephosphorylation_monomers_interactions_only(stmt, agent_set):
    if stmt.enz is None:
        return
    phos = agent_set.get_create_base_agent(stmt.enz)
    phos.create_site(active_site_names['phosphatase'])
    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub = agent_set.get_create_base_agent(stmt.sub)
    sub.create_site(dephos_site, ('u', 'p'))


def dephosphorylation_monomers_one_step(stmt, agent_set):
    if stmt.enz is None:
        return
    phos = agent_set.get_create_base_agent(stmt.enz)
    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub = agent_set.get_create_base_agent(stmt.sub)
    sub.create_site(dephos_site, ('u', 'p'))


def dephosphorylation_monomers_two_step(stmt, agent_set):
    if stmt.enz is None:
        return
    phos = agent_set.get_create_base_agent(stmt.enz)
    sub = agent_set.get_create_base_agent(stmt.sub)
    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    sub.create_site(dephos_site, ('u', 'p'))

    # Create site for binding the substrate
    phos.create_site(get_binding_site_name(sub.name))
    sub.create_site(get_binding_site_name(phos.name))

dephosphorylation_monomers_default = dephosphorylation_monomers_one_step


def dephosphorylation_assemble_interactions_only(stmt, model, agent_set):
    if stmt.enz is None:
        return
    kf_bind = get_create_parameter(model, 'kf_bind', 1.0, unique=False)
    phos = model.monomers[stmt.enz.name]
    sub = model.monomers[stmt.sub.name]
    phos_site = active_site_names['phosphatase']
    # See NOTE in Phosphorylation.monomers_one_step
    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)

    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)
    r = Rule('%s_dephospho_%s_%s' %
             (rule_enz_str, rule_sub_str, phos_site),
             phos(**{phos_site: None}) + sub(**{dephos_site: None}) >>
             phos(**{phos_site: 1}) + sub(**{dephos_site: 1}),
             kf_bind)
    add_rule_to_model(model, r)


def dephosphorylation_assemble_one_step(stmt, model, agent_set):
    if stmt.enz is None:
        return
    param_name = 'kf_' + stmt.enz.name[0].lower() + \
                stmt.sub.name[0].lower() + '_dephos'
    kf_dephospho = get_create_parameter(model, param_name, 1e-6)

    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)
    phos_pattern = get_monomer_pattern(model, stmt.enz)
    sub_phos = get_monomer_pattern(model, stmt.sub,
                                   extra_fields={dephos_site: 'p'})
    sub_unphos = get_monomer_pattern(model, stmt.sub,
                                     extra_fields={dephos_site: 'u'})

    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)
    r = Rule('%s_dephospho_%s_%s' %
             (rule_enz_str, rule_sub_str, dephos_site),
             phos_pattern + sub_phos >>
             phos_pattern + sub_unphos,
             kf_dephospho)
    add_rule_to_model(model, r)


def dephosphorylation_assemble_two_step(stmt, model, agent_set):
    if stmt.enz is None:
        return
    sub_bs = get_binding_site_name(stmt.sub.name)
    phos_bs = get_binding_site_name(stmt.enz.name)
    phos_bound = get_monomer_pattern(model, stmt.enz,
                                     extra_fields={sub_bs: 1})
    phos_unbound = get_monomer_pattern(model, stmt.enz,
                                       extra_fields={sub_bs: None})
    sub_pattern = get_monomer_pattern(model, stmt.sub)

    param_name = 'kf_' + stmt.enz.name[0].lower() + \
        stmt.sub.name[0].lower() + '_bind'
    kf_bind = get_create_parameter(model, param_name, 1e-6)
    param_name = 'kr_' + stmt.enz.name[0].lower() + \
        stmt.sub.name[0].lower() + '_bind'
    kr_bind = get_create_parameter(model, param_name, 1e-3)
    param_name = 'kc_' + stmt.enz.name[0].lower() + \
        stmt.sub.name[0].lower() + '_dephos'
    kf_phospho = get_create_parameter(model, param_name, 1e-3)

    dephos_site = get_mod_site_name('phosphorylation',
                                  stmt.residue, stmt.position)

    phos_act_mods = get_active_forms(stmt.enz, agent_set)
    rule_enz_str = get_agent_rule_str(stmt.enz)
    rule_sub_str = get_agent_rule_str(stmt.sub)
    for i, am in enumerate(phos_act_mods):
        rule_name = '%s_dephos_bind_%s_%s_%d' % \
            (rule_enz_str, rule_sub_str, dephos_site, i + 1)
        r = Rule(rule_name,
            phos_unbound(am) + \
            sub_pattern(**{dephos_site: 'p', phos_bs: None}) >>
            phos_bound(am) % \
            sub_pattern(**{dephos_site: 'p', phos_bs: 1}),
            kf_bind, kr_bind)
        add_rule_to_model(model, r)

        rule_name = '%s_dephos_%s_%s_%d' % \
            (rule_enz_str, rule_sub_str, dephos_site, i + 1)
        r = Rule(rule_name,
            phos_bound(am) % \
                sub_pattern(**{dephos_site: 'p', phos_bs: 1}) >>
            phos_unbound(am) + \
                sub_pattern(**{dephos_site: 'u', phos_bs: None}),
            kf_phospho)
        add_rule_to_model(model, r)

    rule_name = '%s_dissoc_%s' % (rule_enz_str, rule_sub_str)
    r = Rule(rule_name, model.monomers[stmt.enz.name](**{sub_bs: 1}) % \
             model.monomers[stmt.sub.name](**{phos_bs: 1}) >>
             model.monomers[stmt.enz.name](**{sub_bs: None}) + \
             model.monomers[stmt.sub.name](**{phos_bs: None}), kr_bind)
    add_rule_to_model(model, r)

dephosphorylation_assemble_default = dephosphorylation_assemble_one_step

# RASGEF #####################################################

def rasgef_monomers_interactions_only(stmt, agent_set):
    gef = agent_set.get_create_base_agent(stmt.gef)
    gef.create_site('gef_site')
    ras = agent_set.get_create_base_agent(stmt.ras)
    ras.create_site('p_loop')


def rasgef_monomers_one_step(stmt, agent_set):
    gef = agent_set.get_create_base_agent(stmt.gef)
    gef.create_site(stmt.gef_activity, ('inactive', 'active'))
    ras = agent_set.get_create_base_agent(stmt.ras)
    ras.create_site('GtpBound', ('inactive', 'active'))

rasgef_monomers_default = rasgef_monomers_one_step


def rasgef_assemble_interactions_only(stmt, model, agent_set):
    kf_bind = get_create_parameter(model, 'kf_bind', 1.0, unique=False)
    gef = model.monomers[stmt.gef.name]
    ras = model.monomers[stmt.ras.name]
    rule_gef_str = get_agent_rule_str(stmt.gef)
    rule_ras_str = get_agent_rule_str(stmt.ras)
    r = Rule('%s_activates_%s' %
             (rule_gef_str, rule_ras_str),
             gef(**{'gef_site': None}) +
             ras(**{'p_loop': None}) >>
             gef(**{'gef_site': 1}) +
             ras(**{'p_loop': 1}),
             kf_bind)
    add_rule_to_model(model, r)


def rasgef_assemble_one_step(stmt, model, agent_set):
    gef_pattern = get_monomer_pattern(model, stmt.gef,
        extra_fields={stmt.gef_activity: 'active'})
    ras_inactive = get_monomer_pattern(model, stmt.ras,
        extra_fields={'GtpBound': 'inactive'})
    ras_active = get_monomer_pattern(model, stmt.ras,
        extra_fields={'GtpBound': 'active'})

    param_name = 'kf_' + stmt.gef.name[0].lower() + \
                    stmt.ras.name[0].lower() + '_gef'
    kf_gef = get_create_parameter(model, param_name, 1e-6)

    rule_gef_str = get_agent_rule_str(stmt.gef)
    rule_ras_str = get_agent_rule_str(stmt.ras)
    r = Rule('%s_activates_%s' %
             (rule_gef_str, rule_ras_str),
             gef_pattern + ras_inactive >>
             gef_pattern + ras_active,
             kf_gef)
    add_rule_to_model(model, r)

rasgef_assemble_default = rasgef_assemble_one_step

# RASGAP ####################################################

def rasgap_monomers_interactions_only(stmt, agent_set):
    gap = agent_set.get_create_base_agent(stmt.gap)
    gap.create_site('gap_site')
    ras = agent_set.get_create_base_agent(stmt.ras)
    ras.create_site('gtp_site')


def rasgap_monomers_one_step(stmt, agent_set):
    gap = agent_set.get_create_base_agent(stmt.gap)
    gap.create_site(stmt.gap_activity, ('inactive', 'active'))
    ras = agent_set.get_create_base_agent(stmt.ras)
    ras.create_site('GtpBound', ('inactive', 'active'))

rasgap_monomers_default = rasgap_monomers_one_step


def rasgap_assemble_interactions_only(stmt, model, agent_set):
    kf_bind = get_create_parameter(model, 'kf_bind', 1.0, unique=False)
    gap = model.monomers[stmt.gap.name]
    ras = model.monomers[stmt.ras.name]
    rule_gap_str = get_agent_rule_str(stmt.gap)
    rule_ras_str = get_agent_rule_str(stmt.ras)
    r = Rule('%s_inactivates_%s' %
             (rule_gap_str, rule_ras_str),
             gap(**{'gap_site': None}) +
             ras(**{'gtp_site': None}) >>
             gap(**{'gap_site': 1}) +
             ras(**{'gtp_site': 1}),
             kf_bind)
    add_rule_to_model(model, r)


def rasgap_assemble_one_step(stmt, model, agent_set):
    gap_pattern = get_monomer_pattern(model, stmt.gap,
        extra_fields={stmt.gap_activity: 'active'})
    ras_inactive = get_monomer_pattern(model, stmt.ras,
        extra_fields={'GtpBound': 'inactive'})
    ras_active = get_monomer_pattern(model, stmt.ras,
        extra_fields={'GtpBound': 'active'})

    param_name = 'kf_' + stmt.gap.name[0].lower() + \
                    stmt.ras.name[0].lower() + '_gap'
    kf_gap = get_create_parameter(model, param_name, 1e-6)

    rule_gap_str = get_agent_rule_str(stmt.gap)
    rule_ras_str = get_agent_rule_str(stmt.ras)
    r = Rule('%s_deactivates_%s' %
             (rule_gap_str, rule_ras_str),
             gap_pattern + ras_active >>
             gap_pattern + ras_inactive,
             kf_gap)
    add_rule_to_model(model, r)

rasgap_assemble_default = rasgap_assemble_one_step

# ACTIVEFORM ############################################

def activeform_monomers_interactions_only(stmt, agent_set):
    pass


def activeform_monomers_one_step(stmt, agent_set):
    agent = agent_set.get_create_base_agent(stmt.agent)
    site_conditions = get_site_pattern(stmt.agent)

    # Add this activity pattern explicitly to the agent's list
    # of active states
    agent.add_activity_form(site_conditions, stmt.is_active)

activeform_monomers_default = activeform_monomers_one_step


def activeform_assemble_interactions_only(stmt, model, agent_set):
    pass


def activeform_assemble_one_step(stmt, model, agent_set):
    pass

activeform_assemble_default = activeform_assemble_one_step

# RASGTPACTIVITIACTIVITY ######################################
def rasgtpactivityactivity_monomers_default(stmt, agent_set):
    pass

def rasgtpactivityactivity_assemble_default(stmt, model, agent_set):
    pass
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  Source code for indra.assemblers.sbgn_assembler

import sys
import itertools
import copy
import collections
import lxml.builder
import lxml.etree
from indra.trips import trips_api
from indra import statements as ist


abbrevs = {
    'phosphorylation': 'phospho',
    'ubiquitination': 'ub',
    'farnesylation': 'farnesyl',
    'hydroxylation': 'hydroxyl',
    'acetylation': 'acetyl',
    'sumoylation': 'sumo',
    'glycosylation': 'glycosyl',
    'methylation': 'methyl',
    'modification': 'mod',
}

states = {
    'phosphorylation': ['u', 'p'],
    'ubiquitination': ['n', 'y'],
    'farnesylation': ['n', 'y'],
    'hydroxylation': ['n', 'y'],
    'acetylation': ['n', 'y'],
    'sumoylation': ['n', 'y'],
    'glycosylation': ['n', 'y'],
    'methylation': ['n', 'y'],
    'modification': ['n', 'y'],
}

class SBGNAssembler(object):

    def __init__(self, policies=None):
        self.statements = []
        self.agent_set = None

    def statement_exists(self, stmt):
        for s in self.statements:
            if stmt.matches(s):
                return True
        return False

    def add_statements(self, stmts):
        for stmt in stmts:
            stmt = copy.deepcopy(stmt)
            uppercase_agents(stmt)
            if not self.statement_exists(stmt):
                self.statements.append(stmt)

    def make_sbgn(self):

        def make_id(_counter=[0]):
            id_ = 'id_%d' % _counter[0]
            _counter[0] += 1
            return id_

        def class_(name):
            return {'class': name}

        def glyph_for_monomer(agent, in_complex=False):
            if in_complex:
                agent_id = make_id()
            else:
                agent_id = agent_ids[agent.matches_key()]
            glyph = E.glyph(
                E.label(text=agent.name),
                E.bbox(x='0', y='0', w='120', h='60'),
                class_('macromolecule'), id=agent_id,
                )
            for st in sbgn_states_for_agent(agent):
                glyph.append(
                    E.glyph(
                        E.state(**st._asdict()),
                        E.bbox(x='1', y='1', w='70', h='30'),
                        class_('state variable'), id=make_id(),
                        )
                    )
            return glyph

        def glyph_for_complex(agent):
            glyph = E.glyph(
                E.bbox(x='0', y='0', w='120', h='60'),
                class_('complex'), id=agent_ids[agent.matches_key()],
                )
            for component in complex_components(agent):
               glyph.append(glyph_for_monomer(component, in_complex=True))
            return glyph

        E = lxml.builder.ElementMaker(nsmap={None: 'http://sbgn.org/libsbgn/pd/0.1'})
        root = E.sbgn()
        map = E.map()
        root.append(map)
        base = agents_for_statements(self.statements)
        transformed = transformed_agents(self.statements)
        agents = distinct_agents(base + transformed)
        agent_ids = {a.matches_key(): make_id() for a in agents}
        for a in agents:
            if not a.bound_conditions:
                glyph = glyph_for_monomer(a)
            else:
                glyph = glyph_for_complex(a)
            map.append(glyph)
        for s in self.statements:
            if isinstance(s, ist.Modification):
                class_name = 'process'
                consumed = [s.sub]
            elif isinstance(s, ist.Complex):
                class_name = 'association'
                consumed = s.members
            else:
                print >>sys.stderr, "WARNING: skipping %s" % type(s)
                continue
            produced = [statement_product(s)]
            pg_id = make_id()
            process_glyph = E.glyph(E.bbox(x='0', y='0', w='20', h='20'),
                                    class_(class_name), id=pg_id)
            map.append(process_glyph)
            for c in consumed:
                map.append(
                    E.arc(class_('consumption'),
                          source=agent_ids[c.matches_key()],
                          target=pg_id,
                          id=make_id(),
                          )
                    )
            for p in produced:
                map.append(
                    E.arc(class_('production'),
                          source=pg_id,
                          target=agent_ids[p.matches_key()],
                          id=make_id(),
                          )
                    )
            if isinstance(s, ist.Modification):
                map.append(
                    E.arc(class_('catalysis'),
                          source=agent_ids[s.enz.matches_key()],
                          target=pg_id,
                          id=make_id(),
                          )
                    )
        return lxml.etree.tostring(root, pretty_print=True)

SBGNState = collections.namedtuple('SBGNState', 'variable value')

def sbgn_states_for_agent(agent):
    agent_states = []
    for m in agent.mods:
        if m.residue is not None:
            mod = m.residue
        else:
            mod = abbrevs[m.mod_type]
        mod_pos = m.position if m.position is not None else ''
        variable = '%s%s' % (mod, mod_pos)
        value = states[m.mod_type][1].upper()
        agent_states.append(SBGNState(variable, value))
    return agent_states

def agents_for_statements(statements):
    return [a for stmt in statements for a in stmt.agent_list()]

def transformed_agents(statements):
    agents = [statement_product(s) for s in statements]
    # Following filter not needed once all statement types are implemented.
    return [a for a in agents if a is not None]

def statement_product(stmt):
    if isinstance(stmt, ist.Phosphorylation):
        product = copy.deepcopy(stmt.sub)
        mc = ist.ModCondition('phosphorylation', stmt.residue, stmt.position)
        product.mods.append(mc)
    elif isinstance(stmt, ist.Complex):
        product = copy.deepcopy(stmt.members[0])
        for member in stmt.members[1:]:
            bc = ist.BoundCondition(member, True)
            product.bound_conditions.append(bc)
    else:
        print >>sys.stderr, "WARNING: skipping %s" % type(stmt)
        product = None
    return product

def distinct_agents(agents):
    agents = sorted(agents, key=ist.Agent.matches_key)
    gb = itertools.groupby(agents, ist.Agent.matches_key)
    distinct = [next(g[1]) for g in gb]
    return distinct

def complex_components(agent):
    agent_copy = copy.copy(agent)
    agent_copy.bound_conditions = []
    agents = [agent_copy]
    for bc in agent.bound_conditions:
        agents += complex_components(bc.agent)
    return agents

def uppercase_agents(statement):

    def uppercase_single(agent):
        agent.name = agent.name.upper()
        for bc in agent.bound_conditions:
            uppercase_single(bc.agent)

    for agent in statement.agent_list():
        uppercase_single(agent)

def text_to_sbgn(text=None, trips_xml=None):
    if ((text is None and trips_xml is None) or
        (text is not None and trips_xml is not None)):
        raise ValueError("Must provide ONE of 'text' or 'trips_xml'")
    elif text is not None:
        tp = trips_api.process_text(text)
    elif trips_xml is not None:
        tp = trips_api.process_xml(trips_xml)
    else:
        raise RuntimeError("Unexpected or impossible combination of arguments")
    sa = SBGNAssembler()
    sa.add_statements(tp.statements)
    sbgn_output = sa.make_sbgn()
    return sbgn_output
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  Source code for indra.databases.context_client

import json
import requests

ndexbio_context = 'http://general.bigmech.ndexbio.org:8081/context/'

[docs]def get_protein_expression(gene_names, cell_types):
    """Return the protein expression levels of genes in cell types.

    Parameters
    ----------
    gene_names : list
        HGNC gene symbols for which expression levels are queried.
    cell_types : list
        List of cell type names in which expression levels are queried.
        The cell type names follow the CCLE database conventions.

        Example: LOXIMVI_SKIN, BT20_BREAST

    Returns
    -------
    res : str
        A json string containing the predicted protein expression levels of
        the given proteins in the given cell types as returned by the
        NDEx web service.
    """
    req_type = 'expression/cell_line'
    if isinstance(gene_names, basestring):
        gene_names = [gene_names]
    if isinstance(cell_types, basestring):
        cell_types = [cell_types]
    params = {g: cell_types for g in gene_names}
    res = send_request(req_type, params)
    return res


[docs]def get_mutations(gene_names, cell_types):
    """Return the mutation status of genes in cell types.

    Parameters
    ----------
    gene_names : list
        HGNC gene symbols for which expression levels are queried.
    cell_types : list
        List of cell type names in which expression levels are queried.
        The cell type names follow the CCLE database conventions.

        Example: LOXIMVI_SKIN, BT20_BREAST

    Returns
    -------
    res : str
        A json string containing the mutation status of
        the given proteins in the given cell types as returned by the
        NDEx web service.
    """
    req_type = 'mutation/cell_line'
    if isinstance(gene_names, basestring):
        gene_names = [gene_names]
    if isinstance(cell_types, basestring):
        cell_types = [cell_types]
    params = {g: cell_types for g in gene_names}
    res = send_request(req_type, params)
    return res


[docs]def send_request(req_type, params=None):
    """Send a request to the NDEx web service.

    Parameters
    ----------
    req_type : str
        The API endpoint for the NDEx web service.

        Example: expression/cell_line
    params : dict
        Dictionary of parameters as required by the NDEx API.

    Returns
    -------
    res_json : str
        A json string returned by the NDEx web service.
    """
    if params is None:
        params = {}
    res = requests.post(ndexbio_context + req_type, json=params)
    if res.status_code != 200:
        print 'Request to NDEx service returned with status %d' % res.status_code
        return None
    res_json = res.json()
    return res_json
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  Source code for indra.assemblers.cx_assembler

import re
import json
import itertools
from collections import OrderedDict
from indra.statements import *

[docs]class CxAssembler():
    """This class assembles a CX network from a set of INDRA Statements.

    The CX format is an aspect oriented data mode for networks.
    The format is defined at http://www.ndexbio.org/data-model/.
    The CX format is the standard for NDEx and is compatible with
    CytoScape via the CyNDEx plugin.

    Parameters
    ----------
    stmts : Optional[list[indra.statements.Statement]]
        A list of INDRA Statements to be assembled.
    network_name : Optional[str]
        The name of the network to be assembled. Default: indra_assembled

    Attributes
    ----------
    statements : list[indra.statements.Statement]
        A list of INDRA Statements to be assembled.
    network_name : str
        The name of the network to be assembled.
    cx : dict
        The structure of the CX network that is assembled.
    """
    def __init__(self, stmts=None, network_name='indra_assembled'):
        if stmts is None:
            self.statements = []
        else:
            self.statements = stmts
        self.network_name = 'indra_assembled'
        self.cx = {'nodes': [], 'edges': [],
                   'nodeAttributes': [], 'edgeAttributes': [],
                   'citations': [], 'edgeCitations': [],
                   'supports': [], 'edgeSupports': [],
                   'networkAttributes': []}
        self._existing_nodes = {}
        self._existing_edges = {}
        self._id_counter = 0

[docs]    def add_statements(self, stmts):
        """Add INDRA Statements to the assembler's list of statements.

        Parameters
        ----------
        stmts : list[indra.statements.Statement]
            A list of :py:class:`indra.statements.Statement`
            to be added to the statement list of the assembler.
        """
        for stmt in stmts:
            self.statements.append(stmt)


[docs]    def make_model(self):
        """Assemble the CX network from the collected INDRA Statements.

        This method assembles a CX network from the set of INDRA Statements.
        The assembled network is set as the assembler's cx argument.
        """
        for stmt in self.statements:
            if isinstance(stmt, Modification):
                self._add_modification(stmt)
            if isinstance(stmt, SelfModification):
                self._add_self_modification(stmt)
            elif isinstance(stmt, ActivityActivity):
                self._add_activityactivity(stmt)
            elif isinstance(stmt, Complex):
                self._add_complex(stmt)
            elif isinstance(stmt, RasGef):
                self._add_rasgef(stmt)
            elif isinstance(stmt, RasGap):
                self._add_rasgap(stmt)
        network_description = ''
        self.cx['networkAttributes'].append({'n': 'name',
                                             'v': self.network_name})
        self.cx['networkAttributes'].append({'n': 'description',
                                             'v': network_description})

[docs]    def print_cx(self):
        """Return the assembled CX network as a json string."""
        full_cx = OrderedDict()
        full_cx['numberVerification'] = [{'longNumber': 281474976710655}]
        full_cx['metaData'] = [{'idCounter': self._id_counter,
                                'name': 'nodes'},
                               {'idCounter': self._id_counter,
                                'name': 'edges'}]
        for k, v in self.cx.iteritems():
            full_cx[k] = v
        full_cx = [{k: v} for k, v in full_cx.iteritems()]
        json_str = json.dumps(full_cx, indent=2)
        return json_str


[docs]    def save_model(self, file_name='model.cx'):
        """Save the assembled CX network in a file.

        Parameters
        ----------
        file_name : Optional[str]
            The name of the file to save the CX network to. Default: model.cx
        """
        with open(file_name, 'wt') as fh:
            cx_str = self.print_cx()
            fh.write(cx_str)


    def _get_new_id(self):
        ret = self._id_counter
        self._id_counter += 1
        return ret

    def _add_modification(self, stmt):
        if stmt.enz is None:
            return
        enz_id = self._add_node(stmt.enz)
        sub_id = self._add_node(stmt.sub)
        stmt_type = stmt.__class__.__name__
        self._add_edge(enz_id, sub_id, stmt_type, stmt)

    def _add_self_modification(self, stmt):
        enz_id = self._add_node(stmt.enz)
        stmt_type = stmt.__class__.__name__
        self._add_edge(enz_id, enz_id, stmt_type, stmt)

    def _add_complex(self, stmt):
        for m1, m2 in itertools.combinations(stmt.members, 2):
            m1_id = self._add_node(m1)
            m2_id = self._add_node(m2)
            self._add_edge(m1_id, m2_id, 'Complex', stmt)

    def _add_activityactivity(self, stmt):
        subj_id = self._add_node(stmt.subj)
        obj_id = self._add_node(stmt.obj)
        # TODO: take into account relation here
        self._add_edge(subj_id, obj_id, 'ActivityActivity', stmt)

    def _add_rasgef(self, stmt):
        gef_id = self._add_node(stmt.gef)
        ras_id = self._add_node(stmt.ras)
        stmt_type = stmt.__class__.__name__
        self._add_edge(gef_id, ras_id, stmt_type, stmt)

    def _add_rasgap(self, stmt):
        gap_id = self._add_node(stmt.gap)
        ras_id = self._add_node(stmt.ras)
        stmt_type = stmt.__class__.__name__
        self._add_edge(gap_id, ras_id, stmt_type, stmt)

    def _add_node(self, agent):
        node_key = agent.name
        try:
            node_id = self._existing_nodes[node_key]
            return node_id
        except KeyError:
            pass
        node_id = self._get_new_id()
        self._existing_nodes[node_key] = node_id
        node = {'@id': node_id,
                'n': agent.name}
        self.cx['nodes'].append(node)
        self._add_node_metadata(node_id, agent)
        return node_id

    def _add_node_metadata(self, node_id, agent):
        agent_type = get_agent_type(agent)
        node_attribute = {'po': node_id,
                          'n': 'type',
                          'v': agent_type}
        self.cx['nodeAttributes'].append(node_attribute)
        for db_name, db_ids in agent.db_refs.iteritems():
            if isinstance(db_ids, basestring):
                db_id = db_ids
            elif isinstance(db_ids, int):
                db_id = str(db_ids)
            else:
                db_id = db_ids[0]
            node_attribute = {'po': node_id,
                              'n': db_name,
                              'v': db_id}
            self.cx['nodeAttributes'].append(node_attribute)

    def _add_edge(self, source, target, interaction, stmt):
        edge_key = (source, target, interaction)
        try:
            edge_id = self._existing_edges[edge_key]
            return edge_id
        except KeyError:
            pass
        edge_id = self._get_new_id()
        self._existing_nodes[edge_key] = edge_id
        edge = {'@id': edge_id,
                's': source,
                't': target,
                'i': interaction}
        self.cx['edges'].append(edge)
        self._add_edge_metadata(edge_id, stmt)
        return edge_id

    def _add_edge_metadata(self, edge_id, stmt):
        # Add the string of the statement itself
        indra_stmt_str = '%s' % stmt
        edge_attribute = {'po': edge_id,
                          'n': 'INDRA statement',
                          'v': indra_stmt_str}
        self.cx['edgeAttributes'].append(edge_attribute)
        # Add the type of statement as the edge type
        stmt_type, stmt_polarity = get_stmt_type(stmt)
        edge_attribute = {'po': edge_id,
                          'n': 'type',
                          'v': stmt_type}
        self.cx['edgeAttributes'].append(edge_attribute)
        edge_attribute = {'po': edge_id,
                          'n': 'polarity',
                          'v': stmt_polarity}
        self.cx['edgeAttributes'].append(edge_attribute)
        # Add the citations for the edge
        pmids = [e.pmid for e in stmt.evidence if e.pmid]
        edge_citations = []
        for pmid in pmids:
            pmid_txt = None
            if re.match('[0-9]+', pmid):
                pmid_txt = 'pmid:' + pmid
            else:
                m = re.match('.*pubmed:([0-9]+)', pmid)
                if m:
                    pmid_txt = 'pmid:' + m.groups()[0]
                m = re.match('.*pmid:([0-9]+)', pmid)
                if m:
                    pmid_txt = 'pmid:' + m.groups()[0]
            if pmid_txt is None:
                pmid_txt = pmid
            citation_id = self._get_new_id()
            citation = {'@id': citation_id,
                        'dc:identifier': pmid_txt}
            self.cx['citations'].append(citation)
            edge_citations.append(citation_id)
        if edge_citations:
            edge_citation = {'citations': edge_citations,
                             'po': [edge_id]}
            self.cx['edgeCitations'].append(edge_citation)

        # Add the textual supports for the edge
        texts = [e.text for e in stmt.evidence if e.text]
        edge_supports = []
        for text in texts:
            support_id = self._get_new_id()
            support = {'@id': support_id,
                       'text': text}
            self.cx['supports'].append(support)
            edge_supports.append(support_id)
        if edge_supports:
            edge_support = {'supports': edge_supports,
                            'po': [edge_id]}
            self.cx['edgeSupports'].append(edge_support)

        # NOTE: supports and edgeSupports are currently
        # not shown on NDEx therefore we add text evidence as a generic
        # edgeAttribute
        if texts:
            text = texts[0]
            edge_attribute = {'po': edge_id,
                              'n': 'Text',
                              'v': text}
            self.cx['edgeAttributes'].append(edge_attribute)


def get_stmt_type(stmt):
    if isinstance(stmt, Modification):
        edge_type = 'Modification'
        edge_polarity = 'positive'
    elif isinstance(stmt, SelfModification):
        edge_type = 'SelfModification'
        edge_polarity = 'positive'
    elif isinstance(stmt, Complex):
        edge_type = 'Complex'
        edge_polarity = 'none'
    elif isinstance(stmt, ActivityActivity):
        edge_type = 'ActivityActivity'
        if stmt.relationship == 'increases':
            edge_polarity = 'positive'
        else:
            edge_polarity = 'negative'
    elif isinstance(stmt, RasGef):
        edge_type = 'RasGef'
        edge_polarity = 'positive'
    elif isinstance(stmt, RasGap):
        edge_type = 'RasGap'
        edge_polarity = 'negative'
    else:
        edge_type = stmt.__class__.__str__()
        edge_polarity = 'none'
    return edge_type, edge_polarity

def get_agent_type(agent):
    hgnc_id = agent.db_refs.get('HGNC')
    uniprot_id = agent.db_refs.get('UP')
    pfam_id = agent.db_refs.get('PF')
    fa_id = agent.db_refs.get('FA')
    chebi_id = agent.db_refs.get('CHEBI')
    if hgnc_id or uniprot_id:
        agent_type = 'protein'
    elif pfam_id or fa_id:
        agent_type = 'proteinfamily'
    elif chebi_id:
        agent_type = 'chemical'
    else:
        agent_type = 'other'
    return agent_type
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  Source code for indra.biopax.biopax_api

from processor import BiopaxProcessor
from indra.java_vm import autoclass, JavaException
from indra.biopax import pathway_commons_client as pcc

[docs]def process_pc_neighborhood(gene_names, neighbor_limit=1):
    """Returns a BiopaxProcessor for a PathwayCommons neighborhood query.

    The neighborhood query finds the neighborhood around a set of source genes.

    http://www.pathwaycommons.org/pc2/#graph

    http://www.pathwaycommons.org/pc2/#graph_kind

    Parameters
    ----------
    gene_names : list
        A list of HGNC gene symbols to search the neighborhood of.
        Examples: ['BRAF'], ['BRAF', 'MAP2K1']
    neighbor_limit : Optional[int]
        The number of steps to limit the size of the neighborhood around
        the gene names being queried. Default: 1

    Returns
    -------
    bp : BiopaxProcessor
        A BiopaxProcessor containing the obtained BioPAX model in bp.model.

    Notes
    -----
    As returned from this function, bp.statements is empty and one
    has to call methods of bp (e.g. bp.get_complexes()) to
    populate bp.statements.
    """
    model = pcc.graph_query('neighborhood', gene_names,
                            neighbor_limit=neighbor_limit)
    if model is not None:
        return process_model(model)



[docs]def process_pc_pathsbetween(gene_names, neighbor_limit=1):
    """Returns a BiopaxProcessor for a PathwayCommons paths-between query.

    The paths-between query finds the paths between a set of genes. Here
    source gene names are given in a single list and all directions of paths
    between these genes are considered.

    http://www.pathwaycommons.org/pc2/#graph

    http://www.pathwaycommons.org/pc2/#graph_kind

    Parameters
    ----------
    gene_names : list
        A list of HGNC gene symbols to search for paths between.
        Examples: ['BRAF', 'MAP2K1']
    neighbor_limit : Optional[int]
        The number of steps to limit the length of the paths between
        the gene names being queried. Default: 1

    Returns
    -------
    bp : BiopaxProcessor
        A BiopaxProcessor containing the obtained BioPAX model in bp.model.

    Notes
    -----
    As returned from this function, bp.statements is empty and one
    has to call methods of bp (e.g. bp.get_complexes()) to
    populate bp.statements.
    """
    model = pcc.graph_query('pathsbetween', gene_names,
                             neighbor_limit=neighbor_limit)
    if model is not None:
        return process_model(model)



[docs]def process_pc_pathsfromto(source_genes, target_genes, neighbor_limit=1):
    """Returns a BiopaxProcessor for a PathwayCommons paths-from-to query.

    The paths-from-to query finds the paths from a set of source genes to
    a set of target genes.

    http://www.pathwaycommons.org/pc2/#graph

    http://www.pathwaycommons.org/pc2/#graph_kind

    Parameters
    ----------
    source_genes : list
        A list of HGNC gene symbols that are the sources of paths being
        searched for.
        Examples: ['BRAF', 'RAF1', 'ARAF']
    target_genes : list
        A list of HGNC gene symbols that are the targets of paths being
        searched for.
        Examples: ['MAP2K1', 'MAP2K2']
    neighbor_limit : Optional[int]
        The number of steps to limit the length of the paths
        between the source genes and target genes being queried. Default: 1

    Returns
    -------
    bp : BiopaxProcessor
        A BiopaxProcessor containing the obtained BioPAX model in bp.model.

    Notes
    -----
    As returned from this function, bp.statements is empty and one
    has to call methods of bp (e.g. bp.get_complexes()) to
    populate bp.statements.
    """
    model = pcc.graph_query('pathsfromto', source_genes,
                             target_genes, neighbor_limit)
    if model is not None:
        return process_model(model)



[docs]def process_owl(owl_filename):
    """Returns a BiopaxProcessor for a BioPAX OWL file.

    Parameters
    ----------
    owl_filename : string
        The name of the OWL file to process.

    Returns
    -------
    bp : BiopaxProcessor
        A BiopaxProcessor containing the obtained BioPAX model in bp.model.

    Notes
    -----
    As returned from this function, bp.statements is empty and one
    has to call methods of bp (e.g. bp.get_complexes()) to
    populate bp.statements.
    """
    model = pcc.owl_to_model(owl_filename)
    return process_model(model)



[docs]def process_model(model):
    """Returns a BiopaxProcessor for a BioPAX model object.

    Parameters
    ----------
    model : org.biopax.paxtools.model.Model
        A BioPAX model object.

    Returns
    -------
    bp : BiopaxProcessor
        A BiopaxProcessor containing the obtained BioPAX model in bp.model.

    Notes
    -----
    As returned from this function, bp.statements is empty and one
    has to call methods of bp (e.g. bp.get_complexes()) to
    populate bp.statements.
    """
    bproc = BiopaxProcessor(model)
    # bproc.get_complexes()
    # bproc.get_phosphorylation()
    # bproc.print_statements()
    return bproc
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  Source code for indra.assemblers.index_card_assembler

import json
from indra.statements import *
from indra.literature import id_lookup
from indra.databases import hgnc_client, uniprot_client, chebi_client

global_submitter = 'cure'

class IndexCardAssembler(object):
    def __init__(self, statements=None):
        if statements is None:
            self.statements =  []
        else:
            self.statements = statements
        self.cards = []

    def add_statements(self, statements):
        self.statements.extend(statements)

    def make_model(self):
        for stmt in self.statements:
            if isinstance(stmt, Modification):
                card = assemble_modification(stmt)
                if card is not None:
                    self.cards.append(card)
            if isinstance(stmt, SelfModification):
                card = assemble_selfmodification(stmt)
                if card is not None:
                    self.cards.append(card)
            elif isinstance(stmt, Complex):
                card = assemble_complex(stmt)
                if card is not None:
                    self.cards.append(card)
            else:
                continue
                #print 'Assembly not defined for %s' % type(stmt)

    def print_model(self):
        cards = [c.card for c in self.cards]
        # If there is only one card, print it as a single
        # card not as a list
        if len(cards) == 1:
            cards = cards[0]
        return json.dumps(cards, indent=1)

    def save_model(self, file_name='index_cards.json'):
        with open(file_name, 'wt') as fh:
            fh.write(self.print_model())

class IndexCard(object):
    def __init__(self):
        self.card  = {
            'pmc_id': None,
            'submitter': None,
            'interaction': {
                'negative_information': False,
                'interaction_type': None,
                'participant_a': {
                    'entity_type': None,
                    'entity_text': None,
                    'identifier': None
                    },
                'participant_b': {
                    'entity_type': None,
                    'entity_text': None,
                    'identifier': None
                    }
                }
            }

    def get_string(self):
        return json.dumps(self.card)

def assemble_complex(stmt):
    card = IndexCard()
    card.card['pmc_id'] = get_pmc_id(stmt)
    card.card['submitter'] = global_submitter
    card.card['evidence'] = get_evidence_text(stmt)
    card.card['interaction']['interaction_type'] = 'complexes_with'
    card.card['interaction'].pop('participant_b', None)
    # NOTE: fill out entity_text
    card.card['interaction']['participant_a']['entity_type'] = 'complex'
    card.card['interaction']['participant_a']['entity_text'] = ['']
    card.card['interaction']['participant_a'].pop('identifier', None)
    card.card['interaction']['participant_a']['entities'] = []
    for m in stmt.members:
        p = get_participant(m)
        card.card['interaction']['participant_a']['entities'].append(p)
    return card

def assemble_modification(stmt):
    card = IndexCard()
    card.card['pmc_id'] = get_pmc_id(stmt)
    card.card['submitter'] = global_submitter
    card.card['evidence'] = get_evidence_text(stmt)

    mod_type = stmt.__class__.__name__.lower()
    interaction = {}
    interaction['negative_information'] = False
    if mod_type.startswith('de'):
        interaction['interaction_type'] = 'removes_modification'
        mod_type = stmt.__class__.__name__.lower()[2:]
    else:
        interaction['interaction_type'] = 'adds_modification'
        mod_type = stmt.__class__.__name__.lower()

    interaction['modifications'] = [{
                'feature_type': 'modification_feature',
                'modification_type': mod_type,
                }]
    if stmt.position is not None:
        pos = int(stmt.position)
        interaction['modifications'][0]['location'] = pos
    if stmt.residue is not None:
        interaction['modifications'][0]['aa_code'] =  stmt.residue

    # If the statement is direct or there is no enzyme
    if get_is_direct(stmt) or stmt.enz is None:
        interaction['participant_a'] = get_participant(stmt.enz)
        interaction['participant_b'] = get_participant(stmt.sub)
        card.card['interaction'] = interaction
    # If the statement is indirect, we generate an index card:
    # SUB increases (GENERIC adds_modification ENZ)
    else:
        interaction['participant_a'] = get_participant(None)
        interaction['participant_b'] = get_participant(stmt.sub)
        card.card['interaction']['interaction_type'] = 'increases'
        card.card['interaction']['negative_information'] = False
        card.card['interaction']['participant_a'] = get_participant(stmt.enz)
        card.card['interaction']['participant_b'] = interaction

    return card

def assemble_selfmodification(stmt):
    card = IndexCard()
    card.card['pmc_id'] = get_pmc_id(stmt)
    card.card['submitter'] = global_submitter
    card.card['evidence'] = get_evidence_text(stmt)

    mod_type = stmt.__class__.__name__.lower()
    if mod_type.endswith('phosphorylation'):
        mod_type = 'phosphorylation'
    else:
        return None

    interaction = {}
    interaction['negative_information'] = False
    interaction['interaction_type'] = 'adds_modification'

    interaction['modifications'] = [{
                'feature_type': 'modification_feature',
                'modification_type': mod_type,
                }]
    if stmt.position is not None:
        pos = int(stmt.position)
        interaction['modifications'][0]['location'] = pos
    if stmt.residue is not None:
        interaction['modifications'][0]['aa_code'] =  stmt.residue

    # If the statement is direct or there is no enzyme
    if get_is_direct(stmt) or stmt.enz is None:
        interaction['participant_a'] = get_participant(stmt.enz)
        interaction['participant_b'] = get_participant(stmt.enz)
        card.card['interaction'] = interaction

    return card

def get_participant(agent):
    # Handle missing Agent as generic protein
    if agent is None:
        participant = {
            'entity_text': [''],
            'entity_type': 'protein',
            'identifier': 'GENERIC'
            }
        return participant
    # The Agent is not missing
    participant = {}
    participant['entity_text'] = [agent.name]
    hgnc_id = agent.db_refs.get('HGNC')
    uniprot_id = agent.db_refs.get('UP')
    chebi_id = agent.db_refs.get('CHEBI')
    # If HGNC grounding is available, that is the first choice
    if hgnc_id:
        uniprot_id = hgnc_client.get_uniprot_id(hgnc_id)
    if uniprot_id:
        uniprot_mnemonic = str(uniprot_client.get_mnemonic(uniprot_id))
        participant['identifier'] = 'UNIPROT:%s' % uniprot_mnemonic
        participant['entity_type'] = 'protein'
    elif chebi_id:
        pubchem_id = chebi_client.get_pubchem_id(chebi_id)
        participant['identifier'] = 'PUBCHEM:%s' % pubchem_id
        participant['entity_type'] = 'chemical'
    else:
        participant['identifier'] = ''
        participant['entity_type'] = 'protein'

    features = []
    not_features = []
    # Binding features
    for bc in agent.bound_conditions:
        feature = {
            'feature_type': 'binding_feature',
            'bound_to': {
                # NOTE: get type and identifier for bound to protein
                'entity_type': 'protein',
                'entity_text': [bc.agent.name],
                'identifier': ''
                }
            }
        if bc.is_bound:
            features.append(feature)
        else:
            not_features.append(feature)
    # Modification features
    for mc in agent.mods:
        feature = {
            'feature_type': 'modification_feature',
            'modification_type': mc.mod_type.lower(),
            }
        if mc.position is not None:
            pos = int(mc.position)
            feature['location'] = pos
        if mc.residue is not None:
            feature['aa_code'] = mc.residue
        if mc.is_modified:
            features.append(feature)
        else:
            not_features.append(feature)
    # Mutation features
    for mc in agent.mutations:
        feature = {
            'feature_type': 'mutation_feature',
            'from_aa': mc.residue_from,
            'to_aa': mc.residue_to
            }
        if mc.position is not None:
            pos = int(mc.position)
            feature['location'] = pos
        features.append(feature)
    if features:
        participant['features'] = features
    if not_features:
        participant['not_features'] = not_features
    return participant

def get_pmc_id(stmt):
    pmc_id = ''
    for ev in stmt.evidence:
        pmc_id = id_lookup(ev.pmid)['pmcid']
        if pmc_id is not None:
            if not pmc_id.startswith('PMC'):
                pmc_id = 'PMC' + pmc_id
        else:
            pmc_id = ''
    return pmc_id

def get_evidence_text(stmt):
    ev_txts = [ev.text for ev in stmt.evidence]
    return ev_txts

[docs]def get_is_direct(stmt):
    '''Returns true if there is evidence that the statement is a direct
    interaction. If any of the evidences associated with the statement
    indicates a direct interatcion then we assume the interaction
    is direct. If there is no evidence for the interaction being indirect
    then we default to direct.'''
    any_indirect = False
    for ev in stmt.evidence:
        if ev.epistemics.get('direct') is True:
            return True
        elif ev.epistemics.get('direct') is False:
            # This guarantees that we have seen at least
            # some evidence that the statement is indirect
            any_indirect = True
    if any_indirect:
        return False
    return True
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  Source code for indra.biopax.processor

import re
import sys
import pickle
import warnings
import itertools
import collections
from functools32 import lru_cache

from indra.java_vm import autoclass, JavaException, cast

from indra.databases import hgnc_client, uniprot_client
from indra.statements import *
from indra.biopax import pathway_commons_client as pcc

warnings.simplefilter("always")

# TODO:
# - Extract cellularLocation from each PhysicalEntity
# - Look at participantStoichiometry within BiochemicalReaction
# - Check whether to use Control or only Catalysis (Control might not
#   be direct)
# - Implement extracting modifications with Complex enzyme
# - Implement extracting modifications with Complex substrate


class BiopaxProcessor(object):
    def __init__(self, model):
        self.model = model
        self.statements = []

    def get_complexes(self, force_contains=None):
        for obj in self.model.getObjects().toArray():
            bpe = cast_biopax_element(obj)
            if not is_complex(bpe):
                continue
            citations = self._get_citations(bpe) 
            source_id = bpe.getUri()
            if not citations:
                ev = Evidence(source_api='biopax',
                               pmid=None,
                               source_id=source_id)
            else:
                ev = [Evidence(source_api='biopax',
                               pmid=cit,
                               source_id=source_id)
                      for cit in citations]

            members = self._get_complex_members(bpe)
            if members is not None:
                if len(members) > 10:
                    print 'Skipping complex with more than 10 members.'
                    continue
                complexes = get_combinations(members)
                for c in complexes:
                    self.statements.append(Complex(c, ev))

    def get_phosphorylation(self, force_contains=None):
        stmts = self._get_generic_modification('phospho',
                                               force_contains=force_contains)
        for s in stmts:
            self.statements.append(Phosphorylation(*s))

    def get_dephosphorylation(self, force_contains=None):
        stmts = self._get_generic_modification('phospho', mod_gain=False,
                                               force_contains=force_contains)
        for s in stmts:
            self.statements.append(Dephosphorylation(*s))

    def get_acetylation(self, force_contains=None):
        stmts = self._get_generic_modification('acetyl',
                                               force_contains=force_contains)
        for s in stmts:
            self.statements.append(Acetylation(*s))

    def get_glycosylation(self, force_contains=None):
        stmts = self._get_generic_modification('glycosyl',
                                               force_contains=force_contains)
        for s in stmts:
            self.statements.append(Glycosylation(*s))

    def get_palmitoylation(self, force_contains=None):
        stmts = self._get_generic_modification('palmitoyl',
                                               force_contains=force_contains)
        for s in stmts:
            self.statements.append(Palmitoylation(*s))

    def get_activity_modification(self, force_contains=None):
        mcc = bpp('constraint.ModificationChangeConstraint')
        mcct = bpp('constraint.ModificationChangeConstraint$Type')
        mod_filter = 'residue modification, active'
        for is_active in [True, False]:
            p = self._construct_modification_pattern()
            if is_active:
                rel = mcct.GAIN
            else:
                rel = mcct.LOSS
            p.add(mcc(rel, mod_filter),
                  "input simple PE", "output simple PE")

            s = bpp('Searcher')
            res = s.searchPlain(self.model, p)
            res_array = [match_to_array(m) for m in res.toArray()]

            for r in res_array:
                reaction = r[p.indexOf('Conversion')]
                citations = self._get_citations(reaction)
                activity = 'activity'
                input_spe = r[p.indexOf('input simple PE')]
                output_spe = r[p.indexOf('output simple PE')]

                # Get the modifications
                mod_in =\
                    BiopaxProcessor._get_entity_mods(input_spe)
                mod_out =\
                    BiopaxProcessor._get_entity_mods(output_spe)

                mod_shared = set(mod_in).intersection(set(mod_out))
                gained_mods = set(mod_out).difference(set(mod_in))

                # Here we get the evidence for the BiochemicalReaction
                source_id = reaction.getUri()
                citations = BiopaxProcessor._get_citations(reaction)
                if not citations:
                    ev = Evidence(source_api='biopax',
                                  pmid=None,
                                  source_id=source_id)
                else:
                    ev = [Evidence(source_api='biopax',
                                   pmid=cit,
                                   source_id=source_id)
                          for cit in citations]

                monomers = self._get_agents_from_entity(output_spe)
                for monomer in listify(monomers):
                    if force_contains is not None:
                        if momomer not in force_contains:
                            continue
                    static_mods =\
                        set(monomer.mods).difference(gained_mods)
                    monomer.mods = static_mods

                    mods = [m for m in gained_mods 
                            if m.mod_type not in ['active', 'inactive']]
                    # NOTE: with the ActiveForm representation we cannot
                    # separate static_mods and gained_mods. We assume here
                    # that the static_mods are inconsequential and therefore
                    # are not mentioned as an Agent condition, following
                    # don't care don't write semantics. Therefore only the
                    # gained_mods are listed in the ActiveForm as Agent
                    # conditions.
                    monomer.mods = mods
                    if mods:
                        stmt = ActiveForm(monomer, activity, is_active,
                                          evidence=ev)
                        self.statements.append(stmt)

    @staticmethod
    def _get_complex_members(cplx):
        # Get the members of a complex. This is returned as a list 
        # of lists since complexes can contain other complexes. The 
        # list of lists solution allows us to preserve this.
        member_pes = cplx.getComponent().toArray()

        # Make a dict of member URIs and their
        # corresponding stoichiometries
        member_stos = {s.getPhysicalEntity().getUri():
                        s.getStoichiometricCoefficient() for
                        s in cplx.getComponentStoichiometry().toArray()}

        # Some complexes do not have any members explicitly listed
        if not member_pes:
            member_pes = cplx.getMemberPhysicalEntity().toArray()
            if not member_pes:
                warnings.warn('Complex "%s" has no members.' %
                              cplx.getDisplayName())
                return None
        members = []
        for m in member_pes:
            if is_complex(m):
                ms = BiopaxProcessor._get_complex_members(m)
                if ms is None:
                    return None
                members.extend(ms)
            else:
                ma = BiopaxProcessor._get_agents_from_entity(m)
                try:
                    sto = member_stos[m.getUri()]
                    sto_int = int(sto)
                except KeyError:
                    # No stoichiometry information - assume it is 1
                    members.append(ma)
                    sto_int = 1
                for i in range(sto_int):
                    members.append(ma)
        return members

    @staticmethod
    def _get_entity_mods(bpe, get_activity=True):
        """Get all the modifications of an entity in INDRA format"""
        feats = [f for f in bpe.getFeature().toArray() if is_modification(f)]
        mods = []
        for f in feats:
            mc = BiopaxProcessor._extract_mod_from_feature(f)
            if mc is not None:
                if not get_activity and mc.mod_type in ['active', 'inactive']:
                    # Skip activity as a modification state for now
                    continue
                mods.append(mc)
        return mods

    def _get_generic_modification(self, mod_filter=None, mod_gain=True, 
                                  force_contains=None):
        '''
        Get all modification reactions given a filter
        '''
        mcc = bpp('constraint.ModificationChangeConstraint')
        mcct = bpp('constraint.ModificationChangeConstraint$Type')
        # Start with a generic modification pattern
        p = BiopaxProcessor._construct_modification_pattern()
        # The modification type should contain the filter string
        if mod_filter is not None:
            if mod_gain:
                mod_gain_const = mcct.GAIN
            else:
                mod_gain_const = mcct.LOSS
            p.add(mcc(mod_gain_const, mod_filter),
                      "input simple PE", "output simple PE")

        s = bpp('Searcher')
        res = s.searchPlain(self.model, p)
        res_array = [match_to_array(m) for m in res.toArray()]
        stmts = []
        for r in res_array:
            controller_pe = r[p.indexOf('controller PE')]
            input_pe = r[p.indexOf('input PE')]
            input_spe = r[p.indexOf('input simple PE')]
            output_spe = r[p.indexOf('output simple PE')]
            reaction = r[p.indexOf('Conversion')]
            control = r[p.indexOf('Control')]

            if not is_catalysis(control):
                continue
            cat_dir = control.getCatalysisDirection()
            if cat_dir is not None and cat_dir.name() != 'LEFT_TO_RIGHT':
                warnings.warn('Unexpected catalysis direction: %s.' % control.getCatalysisDirection())
                continue
            if is_complex(controller_pe):
                # Identifying the "real" enzyme in a complex may not always be
                # possible.
                # One heuristic here could be to find the member which is
                # active and if it is the only active member then
                # set this as the enzyme to which all other members of the
                # complex are bound.
                warnings.warn('Cannot handle complex enzymes.')
                continue
            if is_complex(input_pe):
                # It is possible to find which member of the complex is 
                # actually modified. That member will be the substrate and 
                # all other members of the complex will be bound to it.
                warnings.warn('Cannot handle complex substrates.')
                continue
            # TODO: should this be the citation for the control?
            # Sometimes there is an xref within Catalysis which refers to 
            # a pubmed article in a bp:PublicationXref tag.
            citations = BiopaxProcessor._get_citations(control)
            source_id = control.getUri()
            if not citations:
                ev = Evidence(source_api='biopax',
                               pmid=None,
                               source_id=source_id)
            else:
                ev = [Evidence(source_api='biopax',
                               pmid=cit,
                               source_id=source_id)
                      for cit in citations]

            enzs = BiopaxProcessor._get_agents_from_entity(controller_pe)
            subs = BiopaxProcessor._get_agents_from_entity(input_spe,
                                                           expand_pe=False)
            for enz, sub in itertools.product(listify(enzs), listify(subs)):
                # If neither the required enzyme nor the substrate is 
                # present then skip
                if force_contains is not None:
                    if (enz.name not in force_contains) and \
                        (sub.name not in force_contains):
                        continue

                # Get the modifications
                mod_in =\
                    BiopaxProcessor._get_entity_mods(input_spe, False)
                mod_out =\
                    BiopaxProcessor._get_entity_mods(output_spe, False)

                mod_shared = set(mod_in).intersection(set(mod_out))

                sub.mods = mod_shared

                if mod_gain:
                    gained_mods = set(mod_out).difference(set(mod_in))
                else:
                    gained_mods = set(mod_in).difference(set(mod_out))

                for m in gained_mods:
                    if m.mod_type  in ['active', 'inactive']:
                        # Skip activity as a modification state
                        continue
                    stmt = (enz, sub, m.residue, m.position, ev)
                    stmts.append(stmt)
        return stmts

    @staticmethod
    def _get_citations(bpe):
        xrefs = bpe.getXref().toArray()
        refs = [x.getId() for x in xrefs if x.getDb() == 'PUBMED']
        # TODO: handle non-pubmed evidence
        return refs

    @staticmethod
    def _get_evidence(bpe):
        ev = bpe.getEvidence().toArray()
        print ev
        for e in ev:
            xrefs =  e.getXref().toArray()
            # There are also evidence codes that we could extract.
            # ev_codes = e.getEvidenceCode().toArray()
        return xrefs

    @staticmethod
    def _construct_modification_pattern():
        '''
        Constructs the BioPAX pattern to extract modification reactions
        '''
        pb = bpp('PatternBox')
        cb = bpp('constraint.ConBox')
        flop = bpp('constraint.Field$Operation')
        rt = bpp('util.RelType')
        tp = bpp('constraint.Type')
        cs = bpp('constraint.ConversionSide')
        cst = bpp('constraint.ConversionSide$Type')
        pt = bpp('constraint.Participant')

        # The following constraints were pieced together based on the
        # following two higher level constrains: pb.controlsStateChange(),
        # pb.controlsPhosphorylation().
        p = bpp('Pattern')(bpimpl('PhysicalEntity')().getModelInterface(),
                           'controller PE')
        # Getting the control itself
        p.add(cb.peToControl(), "controller PE", "Control")
        # Link the control to the conversion that it controls
        p.add(cb.controlToConv(), "Control", "Conversion")
        # The controller shouldn't be a participant of the conversion
        p.add(bpp('constraint.NOT')(cb.participant()),
              "Conversion", "controller PE")
        # Get the input participant of the conversion
        p.add(pt(rt.INPUT, True), "Control", "Conversion", "input PE")
        # Get the specific PhysicalEntity
        p.add(cb.linkToSpecific(), "input PE", "input simple PE")
        # Link to ER
        p.add(cb.peToER(), "input simple PE", "input simple ER")
        # Make sure the participant is a protein
        p.add(tp(bpimpl('Protein')().getModelInterface()), "input simple PE")
        # Link to the other side of the conversion
        p.add(cs(cst.OTHER_SIDE), "input PE", "Conversion", "output PE")
        # Make sure the two sides are not the same
        p.add(bpp('constraint.Equality')(False), "input PE", "output PE")
        # Get the specific PhysicalEntity
        p.add(cb.linkToSpecific(), "output PE", "output simple PE")
        # Link to ER
        p.add(cb.peToER(), "output simple PE", "output simple ER")
        p.add(bpp('constraint.Equality')(True), "input simple ER", "output simple ER")
        # Make sure the output is a Protein
        p.add(tp(bpimpl('Protein')().getModelInterface()), "output simple PE")
        p.add(bpp('constraint.NOT')(cb.linkToSpecific()),
              "input PE", "output simple PE")
        p.add(bpp('constraint.NOT')(cb.linkToSpecific()),
              "output PE", "input simple PE")
        return p

    @staticmethod
    def _get_agents_from_entity(bpe, expand_pe=True, expand_er=True):
        # If the entity has members (like a protein family),
        # we iterate over them
        if expand_pe:
            members = bpe.getMemberPhysicalEntity().toArray()
            if members:
                agents = []
                for m in members:
                    member_agents = BiopaxProcessor._get_agents_from_entity(m)
                    if isinstance(member_agents, Agent):
                        agents.append(member_agents)
                    else:
                        agents.extend(member_agents)
                return agents

        # If the entity has a reference which has members, we iterate
        # over them.
        mods = BiopaxProcessor._get_entity_mods(bpe, get_activity=False)

        if expand_er:
            er = BiopaxProcessor._get_entref(bpe)
            if er is not None:
                members = er.getMemberEntityReference().toArray()
                if members:
                    agents = []
                    for m in members:
                        name = BiopaxProcessor._get_element_name(m)
                        db_refs = BiopaxProcessor._get_db_refs(m)
                        agents.append(Agent(name, db_refs=db_refs, mods=mods))
                    return agents
        # If it is a single entity, we get its name and database
        # references
        name = BiopaxProcessor._get_element_name(bpe)
        db_refs = BiopaxProcessor._get_db_refs(bpe)
        agent = Agent(name, db_refs=db_refs, mods=mods)
        return agent

    @staticmethod
    def _extract_mod_from_feature(mf):
        """Extract the type of modification and the position from
        a ModificationFeature object in the INDRA format."""
        # ModificationFeature / SequenceModificationVocabulary
        mf_type = mf.getModificationType()
        if mf_type is None:
            return None
        if len(mf_type.getTerm().toArray()) != 1:
            warnings.warn('Other than one modification term')
        mf_type = mf_type.getTerm().toArray()[0]
        try:
            mod_type, residue = BiopaxProcessor._mftype_dict[mf_type]
        except KeyError:
            warnings.warn('Ignored modification type %s' % mf_type)
            return None

        # getFeatureLocation returns SequenceLocation, which is the
        # generic parent class of SequenceSite and SequenceInterval.
        # Here we need to cast to SequenceSite in order to get to
        # the sequence position.
        mf_pos = mf.getFeatureLocation()
        if mf_pos is not None:
            mf_site = cast(bp('SequenceSite'), mf_pos)
            mf_pos_status = mf_site.getPositionStatus()
            if mf_pos_status is None:
                mod_pos = None
            elif mf_pos_status and mf_pos_status.toString() != 'EQUAL':
                warnings.warn('Modification site position is %s' %
                              mf_pos_status.toString())
            else:
                mod_pos = mf_site.getSequencePosition()
        else:
            mod_pos = None
        mc = ModCondition(mod_type, residue, mod_pos)
        return mc

    @staticmethod
    def _get_db_refs(bpe):
        db_refs = {}
        if is_protein(bpe):
            hgnc_id = BiopaxProcessor._get_hgnc_id(bpe)
            uniprot_id = BiopaxProcessor._get_uniprot_id(bpe)
            if hgnc_id is not None:
                db_refs['HGNC'] = hgnc_id
            if uniprot_id is not None:
                db_refs['UP'] = uniprot_id
        elif is_small_molecule(bpe):
            chebi_id = BiopaxProcessor._get_chebi_id(bpe)
            if chebi_id is not None:
                db_refs['CHEBI'] = chebi_id
        else:
            chebi_id = BiopaxProcessor._get_chebi_id(bpe)
            if chebi_id is not None:
                db_refs['CHEBI'] = chebi_id
            hgnc_id = BiopaxProcessor._get_hgnc_id(bpe)
            if hgnc_id is not None:
                db_refs['HGNC'] = hgnc_id
            uniprot_id = BiopaxProcessor._get_uniprot_id(bpe)
            if uniprot_id is not None:
                db_refs['UP'] = uniprot_id
        return db_refs

    @staticmethod
    @lru_cache(maxsize=1000)
    def _get_element_name(bpe):
        if is_protein(bpe):
            hgnc_id = BiopaxProcessor._get_hgnc_id(bpe)
            uniprot_id = BiopaxProcessor._get_uniprot_id(bpe)
            if hgnc_id is not None:
                name = BiopaxProcessor._get_hgnc_name(hgnc_id)
                if name is None:
                    name = bpe.getDisplayName()
            elif uniprot_id is not None:
                name = uniprot_client.get_hgnc_name(uniprot_id[0])
                if name is None:
                    name = uniprot_client.get_gene_name(uniprot_id[0])
                    if name is None:
                        name = bpe.getDisplayName()
            else:
                name = bpe.getDisplayName()
        elif is_small_molecule(bpe):
            name = bpe.getDisplayName()
        elif is_physical_entity(bpe):
            name = bpe.getDisplayName()
        else:
            warnings.warn('Unhandled entity type %s' %
                bpe.getModelInterface().getName())
            import ipdb; ipdb.set_trace()
            name = bpe.getDisplayName()

        # Canonicalize name
        name = re.sub(r'[^\w]', '_', name)
        if re.match('[0-9]', name) is not None:
            name = 'p' + name
        return name

    @staticmethod
    def _get_uniprot_id(bpe):
        # There is often more than one UniProt ID reported.
        # This usually corresponds to the primary accession ID and one or more
        # secondary accession IDs (these IDs are from deprecated entries that
        # have been merged into the primary.
        bp_entref = BiopaxProcessor._get_entref(bpe)
        if bp_entref is None:
            return None
        uri = bp_entref.getUri()
        m = re.match('http://identifiers.org/uniprot/([A-Z0-9]+)', uri)
        if m:
            uniprot_ids = [m.groups()[0]]
            return uniprot_ids
        xrefs = bp_entref.getXref().toArray()
        uniprot_refs = [x for x in xrefs if 
                        x.getDb().lower() == 'uniprot knowledgebase']
        uniprot_ids = [r.getId() for r in uniprot_refs]
        if not uniprot_ids:
            return None
        else:
            return uniprot_ids

    @staticmethod
    def _get_chebi_id(bpe):
        bp_entref = BiopaxProcessor._get_entref(bpe)
        if bp_entref is None:
            return None
        xrefs = bp_entref.getXref().toArray()
        chebi_refs = [x for x in xrefs if 
                        x.getDb() == 'ChEBI']
        chebi_ids = [r.getId().replace('CHEBI:', '') for r in chebi_refs]
        if not chebi_ids:
            return None
        elif len(chebi_ids) == 1:
            return chebi_ids[0]
        else:
            return chebi_ids

    @staticmethod
    def _get_hgnc_id(bpe):
        bp_entref = BiopaxProcessor._get_entref(bpe)
        if bp_entref is None:
            return None
        xrefs = bp_entref.getXref().toArray()
        hgnc_ids = [x.getId() for x in xrefs if x.getDb().lower() == 'hgnc']
        #hgnc_symbols = [x.getId() for x in xrefs if\
        #                x.getDb().lower() == 'hgnc symbol']
        hgnc_id = None
        for hgnc_id in hgnc_ids:
            m = re.match('([0-9]+)', hgnc_id)
            if m:
                hgnc_id = int(m.groups()[0])
            else:
                m = re.match('hgnc:([0-9]+)', hgnc_id.lower())
                if m:
                    hgnc_id = int(m.groups()[0])
        #if hgnc_id is None:
        #    print [r.getId() for r in hgnc_ids]
        #    print [r.getId() for r in hgnc_symbols]
        return hgnc_id

    @staticmethod
    def _get_hgnc_name(hgnc_id):
        hgnc_name = hgnc_client.get_hgnc_name(str(hgnc_id))
        return hgnc_name

    @staticmethod
    def _get_entref(bpe):
        """Returns the entity reference of an entity if it exists or
        return the entity reference that was passed in as argument."""
        if not is_reference(bpe):
            try:
                er = bpe.getEntityReference()
            except AttributeError:
                return None
            return er
        else:
            return bpe

    def print_statements(self):
        for i, stmt in enumerate(self.statements):
            print "%s: %s" % (i, stmt)

    def save_model(self, file_name=None):
        if file_name is None:
            print 'Missing file name'
            return
        pcc.model_to_owl(self.model, file_name)

    _mftype_dict = {
        'phosphorylated residue': ('phosphorylation', None),
        'O-phospho-L-serine': ('phosphorylation', 'S'),
        'O-phospho-L-threonine': ('phosphorylation', 'T'),
        'O-phospho-L-tyrosine': ('phosphorylation', 'Y'),
        'O4\'-phospho-L-tyrosine': ('phosphorylation', 'Y'),
        'residue modification, active': ('active', None),
        'residue modification, inactive': ('inactive', None)
        }

# Functions for accessing frequently used java classes with shortened path
def bp(path):
    prefix = 'org.biopax.paxtools.model.level3'
    classname = prefix + '.' + path
    return autoclass_robust(classname)


def bpp(path):
    prefix = 'org.biopax.paxtools.pattern'
    classname = prefix + '.' + path
    return autoclass_robust(classname)


def bpimpl(path):
    prefix = 'org.biopax.paxtools.impl.level3'
    postfix = 'Impl'
    classname = prefix + '.' + path + postfix
    return autoclass_robust(classname)


def autoclass_robust(path):
    try:
        cl = autoclass(path)
    except JavaException:
        print 'Could not instantiate ' + path
        return None
    return cl


[docs]def cast_biopax_element(bpe):
    """ Casts a generic BioPAXElement object into a specific type.
    This is useful when a search only returns generic elements. """
    return cast(bpe.getModelInterface().getName(), bpe)


[docs]def match_to_array(m):
    """ Returns an array consisting of the elements obtained from a pattern
    search cast into their appropriate classes. """
    return [cast_biopax_element(m.get(i)) for i in range(m.varSize())]


[docs]def is_complex(pe):
    """Return True if the physical entity is a complex"""
    val = isinstance(pe, bp('Complex')) or \
            isinstance(pe, bpimpl('Complex'))
    return val


[docs]def is_protein(pe):
    """Return True if the element is a protein"""
    val = isinstance(pe, bp('Protein')) or \
            isinstance(pe, bpimpl('Protein')) or \
            isinstance(pe, bp('ProteinReference')) or \
            isinstance(pe, bpimpl('ProteinReference'))
    return val


[docs]def is_small_molecule(pe):
    """Return True if the element is a small molecule"""
    val = isinstance(pe, bp('SmallMolecule')) or \
            isinstance(pe, bpimpl('SmallMolecule')) or \
            isinstance(pe, bp('SmallMoleculeReference')) or \
            isinstance(pe, bpimpl('SmallMoleculeReference'))
    return val


[docs]def is_physical_entity(pe):
    """Return True if the element is a physical entity"""
    val = isinstance(pe, bp('PhysicalEntity')) or \
           isinstance(pe, bpimpl('PhysicalEntity'))
    return val


[docs]def is_modification(fe):
    """Return True if the feature is a modification"""
    val = isinstance(fe, bp('ModificationFeature')) or \
            isinstance(fe, bpimpl('ModificationFeature'))
    return val


[docs]def is_reference(bpe):
    """Return True if the element is an entity reference."""
    if isinstance(bpe, bp('ProteinReference')) or \
        isinstance(bpe, bpimpl('ProteinReference')) or \
        isinstance(bpe, bp('SmallMoleculeReference')) or \
        isinstance(bpe, bpimpl('SmallMoleculeReference')) or \
        isinstance(bpe, bp('EntityReference')) or \
        isinstance(bpe, bpimpl('EntityReference')):
        return True
    else:
        return False


[docs]def is_entity(bpe):
    """Return True if the element is a physical entity."""
    if isinstance(bpe, bp('Protein')) or \
        isinstance(bpe, bpimpl('Protein')) or \
        isinstance(bpe, bp('SmallMolecule')) or \
        isinstance(bpe, bpimpl('SmallMolecule')) or \
        isinstance(bpe, bp('PhysicalEntity')) or \
        isinstance(bpe, bpimpl('PhysicalEntity')):
        return True
    else:
        return False


[docs]def is_catalysis(bpe):
    """Return True if the element is Catalysis."""
    if isinstance(bpe, bp('Catalysis')) or \
        isinstance(bpe, bpimpl('Catalysis')):
        return True
    else:
        return False


def has_members(bpe):
    if is_reference(bpe):
        members =  bpe.getMemberEntityReference().toArray()
    elif is_entity(bpe):
        members =  bpe.getMemberPhysicalEntity().toArray()
    else:
        return False
    if len(members) > 0:
        return True
    else:
        return False

def listify(lst):
    if not isinstance(lst, collections.Iterable):
        return [lst]
    else:
        return lst

def list_listify(lst):
    return [l if isinstance(l, collections.Iterable) else [l] for l in lst]

def get_combinations(lst):
    return itertools.product(*list_listify(lst))
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