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About this document
Purpose
This user manual describes how to represent protein affinity reagent and protein target data in the PSI-MI XML 2.5 schema. 
Intended readers
The typical user is a database or LIMS system administrator who wants to use the PSI-PAR format to export and/or import data to/from other resources. The reader needs to have basic knowledge about the data in the local database or LIMS system as well as XML data representation and CV/obo concept and usage.

The PSI-PAR format:

· has the scope of protein affinity reagent and target generation and characterization/quality control;
· is a means of exchanging data between databases and/or LIMS systems, but is not a database in itself; and
· uses the PSI-MI XML2.5 schema and thus generated data files are XML files.
Validation and viewing

PSI-MI XML 2.5 files can be validated and viewed in HTML format using the online validator.

Outline of this document

The user manual systematically describes the use of the specific elements in the PSI-MI XML2.5 schema. It does not require any previous experience of this schema and is intended to be suitable for “first-timers”.
Referenced documents
This manual contains references to:

· The auto-generated schema documentation
The auto-generated schema documentation provides more detailed information about the elements in the schema. For example this documentation shows which information is mandatory and what to put in the fields/attributes of the different elements.
· The associated PSI-PAR controlled vocabulary
The CV associated with the schema is a modified variant of the CV for molecular interactions.
Responsible organisations

The PSI-MI XML 2.5 schema was developed by the molecular interactions workgroup of HUPOs Proteomic Standards Initiative (PSI) and is used as a standard for the exchange of molecular interactions data. At the PSI workshop in Washington, September 2006 it was decided that this format would also be adapted for exchange of protein affinity reagent and target protein data. This work was performed in the framework of the ProteomeBinders consortium and carried out by the IntAct team of the proteomic services at the European Bioinformatics Institute. 

More information

Additional information can be found on the protein affinity reagent representation web page on the PSI web site.

Contact
Any comments on this document can be emailed to davidgloriam@googlemail.com.
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1 Definitions
	Biological terms

	Protein target
	The target protein for which a high-affinity protein affinity reagent has been produced

	Protein affinity reagent
	Protein-binding molecule such as an antibody

	
	

	Technical terms
	

	“The exchange format”
	The PSI-PAR format being the PSI-MI 2.5 XML schema, PSI-PAR CV, documentation, web site, example files etc. Maintained by the molecular interactions workgroup of HUPO PSI

	PSI
	HUPO Proteomic Standards Initiative

	CV
	Controlled Vocabulary

	“Free text”
	Freely phrased text that is put into a schema element. This text is not defined by a controlled vocabulary term.

	
	

	Key schema elements

	Interactor
	Holds the most basic information about a biomolecule; typically a protein affinity reagent, target protein or experimental control (positive or negative)

	Participant
	Information about the specific instance of a molecule as used in an experiment i.e. the non-generic information for an interactor.

	Parameter
	A quantitative measurement e.g. molecular weight

	Feature

	A sequence feature such as a binding site or a tag

	Interaction
	The outcome/results of a protein affinity reagent or target protein production or characterization

	ExperimentDescription
	Describes an experiment.

	
	

	Ontology/CV locations

	Protein affinity reagent
	http://www.ebi.ac.uk/ontology-lookup/browse.do?ontName=PAR

	NCBI TaxID
	http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/

	Unit Ontology
	http://www.ebi.ac.uk/ontology-lookup/browse.do?ontName=UO

	
	


2 ExperimentDescription

Schema documentation:
experimentDescription
This element contains the description of one experiment. When several experiments are described several individual experimentDescription elements are used.
2.1 names

Schema documentation:
namesType
The names element captures the name of the experiment. The short name must be in the form “first author”-“year”-“experiment number” e.g. burns-1989-1.
2.2 bibref –bibliographic reference
Schema documentation: 
bibref
Associated CV term:

primary reference (cross-reference type CV)

Associated CV/ontology: 
literature database branch of the database citation CV
This element contains a reference to literature describing the experiment, usually a scientific article with a pubmed identifier. The cross-reference type is primary-reference. When there is no publication this element is left out.

2.3 xref – cross-reference to experiment entry in database

Schema documentation: 
xref
Associated CV:
 
database citation
Associated CV:
 
cross-reference type
This element is used to reference a description of the experiment in an external database. The cross-reference type is identical object.
2.3.1 experimentalScope

Associated CV/ontology:
PSI-PAR term for experimental scope
Associated CV/ontology: 
experimental scope
A cross-reference of the type PSI-PAR term for experimental scope to the experimental scope CV subtype describes the scope of the type of experiment for the interaction. The main types of scopes are: molecule production, characterization and molecule modification. In this cross-reference the “db” and “id” attributes should contain the experimental scope CV subtype term name and identifier, respectively.

2.3.2 protocol reference

Associated CV/ontology: 
protocol reference
A cross-reference of the type protocol reference is used to reference an experimental protocol in a database. The Molecular Methods Database (http://www.molmeth.org) is an example of such database.

2.4 hostOrganismList – Organism in which the experiment was performed
Schema documentation: 
organism


Associated CV/ontology: 
NCBI TaxID
This element states in which organism the experiment was performed. The only mandatory information in this element is the NCBI taxonomy identifier. Optional child elements exist for names, cell type, subcellular compartment and tissue. Currently, two additions exist to the NCBI taxonomy identifiers; -1 to indicate ‘in vitro’ and -2 to indicate ‘chemical synthesis’.
2.5 interactionDetectionMethod – generation or characterization method
Schema documentation: 
interactionDetectionMethod


Associated CV/ontology: 
interaction detection method
Associated CV/ontology: 
molecule production method
This element captures the method used to generate or characterize a protein affinity reagent or target protein. In the CV characterization methods can be found in the interaction detection method subtype and production methods in the molecule production method subtype including for example immunization, cDNA expression, screening and chemical synthesis.
2.5.1 Several methods in one

Some interactionDetectionMethods include several experiments. For example tryptic fingerprinting and ribosome display involve several substeps, but the key terms are used to describe them all.

2.6 participantIdentificationMethod – method used to identify a participant
Schema documentation:
participantIdentificationMethod
Associated CV/ontology: 
participant identification method
This element specifies the method used to determine the identity of the participant. If the identity of the molecule was known on beforehand the term predetermined participant is used.

2.7 featureDetectionMethod – method used to identify feature(s)
This element is not used for the experiment; instead the featureDetectionMethod element is captured in the feature of the participant.

2.8 confidenceList – confidence in experiment
This element is described below.

2.9 attributeList – additional information about the experiment
Schema documentation: 
attributeList
Associated CV/ontology: 
experiment attribute name (branch of attribute name)
The attributeList comprises additional attributes of the experiment that are not described in a dedicated schema element. The names of attributes are controlled by the experiment attribute name CV, but the data content is free text.

2.9.1 Equipment

Associated CV term:
 
equipment
This attribute can hold a free text description of or url reference to any equipment used in the experiment.

2.9.2 Materials and reagents
Associated CV branch: 
experimental material attribute
Attribute from the experimental material attribute branch of the experiment attribute name CV describes different materials and reagents used in the experiment; for example experimental kits, cDNA cloning vectors, microarrays and screening libraries. If a material is available in a database a cross-refrence (xref) should be used instead of this attribute.
2.9.3 Protocol

Associated CV term:

protocol
This attribute can contain a free text protocol or an url to a protocol in whatever format e.g. a pdf file. If the protocol is available in a database this attribute should not be used, but instead a cross-reference of the type protocol reference.

2.9.4 Software

Associated CV term:
 
software
This attribute can hold a free text description or a url reference to of any software used in the experiment.

3 Experiment special cases
3.1 Following a molecule production workflow consisting of several sequential experiments
To facilitate the following of the experiments the interactions resulting from molecule production experiments are linked using a cross-reference. 

3.2 Cross-reactivity assessment
Cross-reactivity experiments are defined using the experimentalScope. All molecular species for which the protein affinity reagent is tested for affinity including experimental controls (negative and positive) are annotated as interactors and participants. Complex negative controls such as cell lysates, serum and growth medium are included in the interactor type CV and can thus be as readily described as proteins, genes and small molecules. Binding molecular species are represented separately from non-binding and the latter are captured by interactions labelled with the negative element. Experimental controls are defined as such using the experimental role.

3.3 Enzymatic and chemical modifications of molecules

The  experimentalScope is defined as molecule modification. The modifications themselves are described as features. The feature detection method should be predetermined feature and the modification method is captured by the interaction detection method element and CV.
3.4 Library screening
Associated CV branch:
molecule library attribute of the attribute name CV

A number of attributes are available to capture information on the library used. Examples include library size and (number of) screening rounds.
3.5 cDNA expression

Associated CV branch:
cDNA expression material attribute of the attribute name CV

A number of attributes are available to capture information on the cDNA expression material used, such as cloning vectors, constructs or expression systems. For example the map, sequence or insert position can be described.

3.6 Microarray representation

3.6.1 Type of array
The different types of protein microarrays, e.g. protein, peptide, lysate and tissue arrays, are captured by the interactionDetectionMethod element.
3.6.2 Microarray attributes
Associated CV branch:
microarray attribute of the attribute name CV

This branch of the attribute name CV holds microarray terms such as:

Name, url or catalogue reference: microarray
Microarray support:
microarray support
Arraying method:
arraying method
3.6.3 Production protocol for custom made microarray
Associated CV term:
protocol
This attribute captures protocols including production protocols for custom made microarrays. It can hold either free text or a url to a protocol stored elsewhere.
4 Interactor - protein affinity reagents, targets and more…
Schema documentation:
interactor
The most significant “interactors”, biomolecules captured by the interactor element, are protein affinity reagents and targets. In addition experimental controls (positive and negative) and intermediate protein affinity reagent products such as a hybridoma are also interactors. Reagents and experimental material that are not specific to a PAR or target protein are not interactors, but represented using attributes for experimental materials and reagents under the experimentDescription. The interactor element holds information about the canonical version of the molecule as existing in a database. Additional properties of the molecule, which differentiate it from other versions of the same molecule, e.g. post-translational modifications, tags and labels are represented in the participant element (see below).
4.1 names
Schema documentation:
namesType
The names element captures names of the interactor. These include a short (max 20 characters) and a full name as well as aliases.
4.2 xref – database cross-references
Schema documentation: 
xref
Associated CV:
 
database citation
Associated CV:
 
cross-reference type
The xref element captures cross-references for the interactor in a database for example a sequence or structure database. 
Typically, a database reference includes the database name, database identifier, biomolecule entry accession number and cross-reference type. The database name and identifier are found in the database citation CV and are captured by the db and dbAc attributes of the xref element. The accession number goes into the id attribute and the cross-reference type (from cross-reference type CV) into the refType attribute. The most common reference type is identical object and is used to refer to the corresponding object in a database.
4.2.1 gene product – reference from a gene to its protein
Associated CV term:

gene product
A gene product reference is used to define the corresponding protein for a gene.
4.2.2 see-also - reference to additional information

Associated CV term:

see-also
A see-also cross-reference points to additional information about the referenced object that is not given in the primary-reference (often the primary publication). The reference can for example be to an earlier publication or to a web site.
4.2.3 tertiary (3D) structure

Associated CV term: 

wwPDB
The preferred database for 3D structures is wwPDB.

4.2.4 Peptide parent sequence reference – reference from a fragment to the full-length protein
Associated CV term:

peptide parent sequence reference
This reference is used to reference the full-length protein for a fragment.
4.2.5 Parent gene – reference from a protein to its gene
Associated CV term:

parent gene
A parent gene reference is used to define the corresponding gene for a protein.

4.3 interactor type – Biological type of molecule
Schema documentation: 
interactorType
Associated CV/ontology: 
interactor type
The interactor type element holds the biological type of an interactor such as DNA, RNA, peptide, protein, small molecule etc. It also includes a large number of protein affinity reagent subtypes such as immunoglobulins (complete and fragments), aptamers and designed scaffolds and repeats. Protein affinity reagents and targets have unique subsets of interactor type CV terms, facilitating their separation in a large amount of data.
4.4 organism - Source organism
Schema documentation: 
organism


Associated CV/ontology: 
NCBI TaxID
The organism element specifies the native source species or organism of the interactor. The only mandatory information is the ncbiTaxId attribute, which should hold the identifier of the organism in the NCBI taxonomy database. 

4.5 sequence

Schema documentation:
sequence
The sequence element holds an amino acid or nucleotide sequence of the interactor. Note that if the sequence is available in a public database it is preferred to make the sequence available via a cross-reference (see xref above). Sequences are entered in uppercase without gaps and for amino acids the single letter codes are used.
4.6 attributeList – additional attributes of the interactor
Schema documentation: 
attributeList
Associated CV/ontology: 
participant attribute name
The attributeList comprises additional attributes of the interactor that are not described in a dedicated schema element. The names of attributes are controlled by the participant attribute name CV, but the data content is free text.
4.6.1 provider

Associated CV term:

provider
This attribute can hold information about the supplier of an interactor. This is often, but not necessarily, a commercial company.
4.6.2 smiles string - chemical structure 

Associated CV term:

smiles string
This attribute holds the chemical structure of a small molecule in smiles string format. Note that if the molecule is present in a public database (e.g. ChEBI) the structure should be made available via a cross-reference instead (see xref above).
5 Interactor special cases

5.1 Defining which molecules are protein affinity reagents and targets

Protein affinity reagents and targets have unique subsets of interactor type CV terms, facilitating their separation from other type of molecules.

5.2 Protein fragments

In the case of protein fragments their corresponding full-length version is annotated as an interactor and the feature element is used to define the subset of amino acids in the fragment.

5.3 Intermediate products in the production of protein affinity reagent or protein targets
The representation of intermediate products is optional, but user may represent these in the same way as protein affinity reagents or protein targets i.e. as interactors and participants. For example antibody-producing hybridoma is included among the interactor types. 
6 Participant – additional information about the interactor
Schema documentation:
participant
The participant element holds additional information about the interactor. Whereas the interactor is the canonical version of a biomolecule as described in a public database, the “participant” represents the differentiated form including for example post-translational modifications, tags and labels. Note that information that applies to all participants is only saved in the common interactor thus avoiding duplication. The participantList is a sub-element of interaction.
6.1 names

This element has been described above.
6.2 xref – database cross-references
This element has been described above.
6.3 interactorRef / interactionRef – linking a participant to an interactor or interaction
Schema documentation:
interactorRef & interactionRef
One of the 3 elements interactorRef, interactor or interactionRef must be added to the participant. The interactorRef is the most common choice and references the interactor version of the participant.
The interactionRef is only used in the special case of the hierarchical build up representation of complexes. It refers to an interaction which has resulted in a hierarchical build up of a complex of several subunits (which are in their turn interactors/participants). In the schema there is also an option to directly store an interactor in the place, however this is not used.
6.4 participantIdentificationMethod

This element is not used for participants. Instead this element is used in the experimentDescription. 

6.5 biologicalRole

Schema documentation:
biologicalRole
Associated CV/ontology: 
biological role
This element defines the biological role as is of great importance as it is used to define participants being protein affinity reagent or protein affinity reagent target. Other participants typically have the biological role unspecified role.
6.6 experimentalRole

Schema documentation:
experimentalRole
Associated CV/ontology: 
experimental role
This element defines the role the participant plays in the experiment; for example bait, prey, competitor, negative control and secondary reagent. The term generation product is used to define the final product in the generation of a protein affinity reagent or target.

6.7 experimentalPreparation – molecule preparation and state
Schema documentation:
experimentalPreparation
Associated CV/ontology: 
experimental preparation
This element describes how the participant has been prepared prior to the experiment and its resulting state. Several terms can be added for the same participant describing for example expression level, aggregation status, type of folding and purity.
6.8 featureList – sequence features
Schema documentation:
feature
This element captures features of a participant such as post-translational modifications and tags. Each feature has several child elements:

· names
This element has been described above.

· xref
This element has been described above.
Associated CV/ontology: 
feature database branch of the database citation CV
· featureType
Associated CV/ontology: 
feature type
This element specifies one of a variety of biological and experimental features for example binding site and tag, respectively.

· featureDetectionMethod
Associated CV/ontology: 
feature detection method
This element specifies the method used to determine the identity of the feature. If the identity of the molecule was known on beforehand the term predetermined feature is used.
· experimentRefList
This element is not used.
· featureRangeList
Associated CV/ontology: 
feature range status
This element captures the location of the feature in the participant. A feature can be mapped to none, one or multiple parts of a sequence. Each part can be an exact position, interval or region e.g. N-terminal region.
· attributeList
This element is not used.
6.8.1 Binding site
Associated CV/ontology: The term exact binding site in the feature type CV
6.8.2 Label or tag
Associated CV/ontology: experimental feature branch of the feature type CV

6.8.3 Mutation
Associated CV/ontology: mutation branch of the feature type CV

6.8.4 Post-translational modification
Associated CV/ontology: post translation modification branch of the feature type CV
6.8.5 Polypeptide secondary structure

Associated CV/ontology: secondary structure term of the feature type CV

Associated CV/ontology: polypeptide secondary structure branch of the Biosapiens annotations CV
The secondary structure, for example alpha-helix, of a region of a polypeptide is represented as a feature. This feature should have a cross-reference (xref) to the external Biosapiens annotations CV to further define the secondary structure. In this cross-reference the “db” and “id” attributes should contain the Biosapiens annotations CV term name and identifier, respectively.
6.8.6 Tertiary (3D) structure

Associated CV/ontology: tertiary structure term of the feature type CV

Note that if the structure of the whole molecule is known this should not be captured as a feature, but rather as a cross-reference (xref) of the interactor. However, if the 3D structure is known only for a part of a protein, DNA or RNA molecule it should be annotated as a feature. This feature should have a cross-reference (xref) to a structure database. 
6.9 hostOrganismList – Organism in which the participant was produced
Schema documentation: 
organism


Associated CV/ontology: 
NCBI TaxID
This element describes in which species, organism or strain the participant was produced e.g. a protein expressed in E-coli. If this is not given it is assumed to be the native species i.e. the one defined in the organism element of the interactor element.
6.10 confidenceList – confidence in participant identity
Schema documentation: 
confidence
Associated CV/ontology: 
Unit Ontology
This element gives the confidence in the identity of the participant and the value depends on the method used to determine the identity of the participant (participantIdentificationMethod). A statistical measurement is often given and appropriate terms will be added to the Unit Ontology to specify the unit, should it prove appropriate.

6.11 parameterList – quantitative biomolecule properties
Schema documentation: 
parameter
Associated CV/ontology: 
parameter type
Associated CV/ontology: 
Unit Ontology or parameter unit CV
This element contains quantitative biomolecule properties such as affinity and kinetic constants, molecular weight and percent purity. Units are specified by the external unit ontology or by the parameter unit CV subtype.
6.11.1 Purity
Associated CV term:

purity
Associated CV term:

purity percentage
The purity, often in percent, can be represented as a parameter.

6.12 attributeList – additional attributes
This element has been described above.
Associated CV/ontology: 
participant attribute name branch of attribute name
6.12.1 Stability and solubility
Stability and solubility statements can be given in free text using attributes defined by the terms stability info and solubility info.
7 Interaction
Schema documentation:
interaction
The name of this element reflects the fact that the schema was originally developed for molecular interactions between molecules, of which protein affinity reagent characterization/quality control is one example. However, in the representation of protein affinity reagents the interaction element also encompasses the outcome of molecule production experiments i.e. physical products or more specifically protein affinity reagent and targets.
7.1 names

This element has been described above.

7.2 xref

This element has been described above.

This element is used to reference an entry of this interaction in a database e.g. a molecular interactions database or the database of a protein affinity reagent/target protein producer or quality control/characterization centre. It can be expected that for many protein affinity reagents and targets there is no such entry and thus no reference. The cross-reference type is identical object.
7.3 availabilityRef, availability

Schema documentation: 
availabilityRef and availability
These two elements capture availability statements of the data. In the same entry, the availability element should be defined in the first interaction and the availabilityRef element subsequently used to reference that. If no availability statement is given, the data is assumed to be freely available.
7.4 experimentList

Schema documentation: 
experimentList
This element holds a list of references to experiments that produced the results described in the given interaction. An example of when more than one experiment can be referenced is if the binding between a protein affinity reagent and target protein has been detected using several methods. Subsequent experiments in the production of a protein affinity reagent or target protein should not be listed in the same interaction, but all have unique interactions. The experimental workflow is captured by cross-referencing between interactions.
7.5 participantList

Schema documentation: 
participantList
This element holds a list of participants involved in the interaction. 
7.6 interactionType

Schema documentation: 
interactionType
Associated CV/ontology: 
interaction type
This element describes the type of interaction between participants in the interaction. This element is very central for the representation of molecular interactions but less important for protein affinity reagent data. Typically, one of two CV terms are used in representation of protein affinity reagent: physical interaction and direct interaction. Physical interaction is the default and used most commonly. Direct interaction is reserved to the cases in which the participants are pure molecules (e.g. protein, DNA etc.), i.e. there is nothing else in the solution, and are absolutely certain to interact directly, i.e. there are no other parts in the complex.

7.7 intraMolecular

Schema documentation: 
intraMolecular
This element is not used for protein affinity reagent and target protein data exchange.
7.8 negative – interactions that did NOT occur e.g. binding to a negative control
Schema documentation: 
negative
This element can be used to label an interaction that has been shown NOT to occur under the described experimental conditions. This is primarily used for interactions resulting from experiments testing cross-reactivity in which a protein affinity reagent is described together with non-binding molecular species (typically negative controls).

7.9 confidenceList – confidence in interaction
Schema documentation: 
confidence
Associated CV/ontology: 
Unit Ontology
This element can capture the confidence in the identity of the interaction. It is usually a statistical measurement and a unit can be taken from the unit ontology.
7.10 parameterList – quantitative results
This element has been described above.
This element, in this place of the schema (under the interaction element) captures quantitative experimental results such as binding affinities. The same element can also capture the same properties under the participant element if the quantitative parameter is known prior to the experiment and instead regarded as a property of the participant.
7.10.1 Detection limit

Associated CV term:

detection limit
The detection limit can be captured in the form of a parameter.
7.11 attributeList – additional properties of the interaction
This element has been described above.

Associated CV/ontology: 
interaction attribute name (branch of attribute name)
7.11.1 Figure (legend)

Associated CV term:
 
figure legend
This attribute holds one ore more figure and/or table numbers, or alternatively whole legends, relevant for the current experiment. The use of this attribute makes it easier to follow the information in an article. 

7.11.2 Raw data url
Associated CV term:

raw data
This attribute can contain a url to raw data stored elsewhere such as a HPLC chromatogram, gel image or immunohistochemistry picture.

7.11.3 Results in free-text
Associated CV term:

results comment
This attribute can hold a free text description of results that are not numeric and thus not captured by the parameter element.
8 Interaction special cases
8.1 Separation of experimental results into several interactions

The outcome of identical experiments carried out in parallel, e.g. the testing of affinity for a protein affinity reagent against a large number of proteins by ELISA, are represented as individual interactions derived from the same experiment. In contrast interactions occurring in the same experimental vessel are captured as one interaction e.g. the pull-down by a protein affinity reagent of a specific target protein from a mixture of proteins.
In addition negative interactions are annotated separately from positive interactions. For example if a PAR binds to 1 out of 4 proteins in a solution there will be two interactions; one with the PAR and the first protein and a second (negative) interaction with the PAR and the 3 non-binding proteins. This is described under cross-reactivity assessment.
8.2 Following molecule production workflows
A protein affinity reagent or target protein production workflow is captured by linking of interactions. The linking is made by cross-referencing to the preceding interaction from last to first interaction in the workflow e.g. from harvesting of antibodies from a hybridoma (last interaction) to the generation of the hybridoma (intermediate interaction) and again to immunization (first interaction). In each reference the cross-reference type is preceding interaction and the secondary identifier is used to define the number of the preceding interaction in the workflow starting from 1 for the first interaction. The last interaction in a molecule production workflow can be identified from the experimental role of the participant which is defined as generation product. 
