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Abstract

The Biomolecular Interaction Network Database (BIND) is a major source for curated biomolecular interactions that has been under-utilized and partially abandoned for the last few years, a trend which will eventually result in the loss of significant unique biomolecular interactions information. To help reverse this trend, we converted BIND to a standard format, PSI-MI 2.5, starting from the last curated data release (from 2006) available in a custom XML format and made the core components of all of BIND available for download by the scientific community (http://download.baderlab.org/BIND/). Major work during the conversion process was required to update out-dated molecule identifiers resulting in a more comprehensive conversion of BIND, measured by the number of species covered, interactant types, and other data categories, than what is currently accessible elsewhere. This work also highlights issues of data modeling, controlled vocabulary adoption and data cleaning that can serve as a general case study on interoperability between bioinformatics resources.

Introduction

The Biomolecular Interaction Network Database (BIND) (1), is one of the major, freely available, molecular interaction resources, built over several years through a detailed manual curation process. BIND curators mined the scientific literature and documented over 200,000 binary interactions, and over 3,750 biological complexes, involving over 1500 species. Unfortunately, BIND curation has been dormant since 2006, its list of gene and protein identifiers are slowly degrading as resources they point to deprecate old identifiers, and the data is not available in a current standard format for representing molecular interactions and complexes. These factors combine to make it difficult to integrate BIND with common biomolecular interactions repositories, to use it with current software and have led to a reduction of use of the wealth of unique knowledge it carries.

BIND’s Unique Data Set: A significant percentage of BIND does not overlap with other interactions resources. According to the BIND data set present at the Interaction Reference Index (iRefIndex) (2), there are 17,685 unique BIND interactions and 9,858 unique BIND interactants not available through other resources (http://wodaklab.org/iRefWeb/statistics/index). That is over 25% of their incomplete BIND data set. Another study that compared a smaller subset of BIND against five other major interaction repositories (3) has identified 73% of BIND interactions as overlapping with the ones in HPRD (4), 33% with the ones in BioGRID (5),  25% with the ones in MINT (6), and 20% with the ones in IntAct (7). These analyses show the uniqueness of BIND’s dataset. In addition, BIND includes detailed interaction-related information, like binding sites and cellular locations of interaction, that are usually not present in other resources, even those that include an interaction in BIND.


Current Sources of BIND data: Current public sources of BIND include:

BINDPlus: BIND is available online through the BOND web portal (http://bond.unleashedinformatics.com/), owned and run by Thomson Reuters’ Life Sciences Division. Although this portal offers the most comprehensive version of BIND, it does not publicize any bulk download option for it. It allows saving the data, at the individual interaction level, in the PSI-MI 2.0 format, which is not a finished standard that was adopted by the scientific community.

iRefIndex: The Interaction Reference Index (iRefIndex) integrates protein interaction data from nine different interaction databases, including BIND, with web access and search engine features (2). As of Feb 2010 (http://wodaklab.org/iRefWeb/statistics/index), the iRefIndex includes 62,453 interactions, 32,892 interactants, and 15,046 PubMed references from BIND. 

BIND in Entrez: Entrez provides some BIND interactions as part of their regular build. The total number of BIND interactions captured is about 12,500, spread over approximately 30 species.

Despite the value of these sources, there is a clear benefit in making available a more standard and comprehensive version of BIND. The second and third sources provide core information on individual BIND interactions (with varying levels of detail), with no separate listings for BIND complexes, and without covering all interactions. This paper describes how the core information for every interaction and complex, for every species, in BIND (supplied in BIND's XML format) were translated to PSI-MI 2.5 (8) and also to BioPAX 2 (http://www.biopax.org/), and made available for download. To test interoperability and integration, we verified that our translation could be imported to an instance of the cPath interaction database system (9), which powers the Pathway Commons web site (http://www.pathwaycommons.org/), loaded some of the data into the Cytoscape network visualization and analysis software (10), and validated the results with the PSI-MI validator (11).


Standards Selected: We chose to offer BIND using current versions of two widely accepted and interchangeable standards for representing biomolecular interactions, complexes, and pathways: PSI-MI (version 2.5) and BioPAX (version 2). PSI-MI is developed and maintained by the Proteomics Standards Initiative (PSI) for standard representation for molecular interactions, under the auspices of the Human Proteome Organization (HUPO) (8). BioPAX is a data exchange format for biological interactions and pathways (http://www.biopax.org/) that includes PSI-MI support for representing molecular interactions. Both standards are XML-based and are routinely used by major sources for molecular interactions, such as BioGRID (5) and IntAct (7).


BIND’s Data Model: BIND was originally represented and stored in the Abstract Syntax Notation One (ASN.1) format. The ASN.1 is an International Standards Organization (ISO) data representation format and is used for data storage by the U.S. National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/Sitemap/Summary/asn1.html). BIND modeled molecular interactions and complexes by introducing its own ASN.1 modules, in addition to its extensive use of 20 NCBI ASN.1 modules for representing protein, nucleotide, and sequence information. Later, the BIND team used generic NCBI software tools to convert their ASN.1 files to XML files. These are based on a BIND XML schema that was auto generated from the earlier BIND and NCBI ASN.1 modules. This has resulted in a complicated data model for an already complex data source. To assess this data complexity, we generated a XML element survey for the BIND repository, and benchmarked it against IntAct, one of the most comprehensive interaction databases (3, 12).
Materials and Methods 

The starting data repository used was a 2006 ‘database dump’ of BIND in BIND-XML format, comprised of 1,591 files, with a total size of over 15 Gigabytes. The actual repository used in the translation has 1,621 files, since seven of the source XML files were split into smaller chunks for ease of handling. Data was not altered during that process. In this repository, one or more files store data from a single species.   

BIND Element Survey: All input BIND files went through a one-time data validation against their schema. A BIND element survey was subsequently generated to identify the frequency of use for each unique XML element in the BIND repository. To benchmark the BIND XML data structure against the PSI-MI standard, the same XML statistics generator was used against another interaction repository: a Jan. 2009 release of the IntAct database (made up of 435 files, 1.33 Gigabytes in size, organized by species and containing over 172,000 interactions). 

Data Mapping and Translation: Interaction and complex data was mapped from BIND-XML to PSI-MI version 2.5. PSI-MI does not have an explicit and separate support for biological complexes, but incorporates them as interactions. The interaction details translated, whenever present, were:

BIND Interactions: Interaction name, interaction division (a BIND specific division for interactions), experiment description, interaction detection method(s), pubmed reference ID(s), interactant name, interactant description, interactant identifier (i.e. BIND interaction ID), interactant type, interactant identifiers in external databases (x-refs), interactant taxonomy (ID and scientific name).

BIND Complexes: Complex name, complex identifier (i.e. BIND complex ID), interaction division, pubmed reference ID(s), interactions list (references to their identifiers), flag indicating if interactions list is ordered, number of complex subunits, and for each of its subunits: subunit details, subunit number, subunit interactant source (i.e. interactant A or B), 


All interactions and complexes for all interactant types (namely: protein, RNA, DNA, gene, small molecule, complex, and photon, in addition to unidentified interactants) were translated. BIND elements that had no explicit representation in PSI-MI were modeled as generic attribute elements, either at the interaction or at the participant levels. The PSI-MI ID attribute for an interaction is a sequentially generated number that is unique within a BIND translation build. The original BIND interaction/complex ID is saved as a primary reference within each entry, however.

Data ‘Filtering’: The automated BIND translation process highlighted and removed interaction entries that were defined as unacceptable by current biomolecular interaction repositories. The details of these entries were separately logged, as PSI-MI interactions, in a text file that accompanies every translation build. ‘Bad’ entries were defined as interactions having no primary reference for either one of its interactants (even if the interactant had a name), as complexes referencing any ‘bad’ interaction, complexes referencing non-existent interaction identifiers, and complexes referencing inter-species interactions. Complexes referencing interactions in other species files are not inherently erroneous, but some were, and were avoided because of the difficulty in verifying the accuracy of their cross-reference during a translation build. Filtered entries were not considered as part of the standard BIND PSI-MI repository. Other data cleaning measures were performed, without removing entries, as discussed later.

Controlled Vocabulary (CV) Mapping:  BIND terms were mapped to their respective CV terms in the PSI-MI ontology for three data categories: interaction detection methods, references to external databases (x-refs), and interactant types. These mapped terms replaced the original ones in the output PSI-MI entries wherever the PSI-MI schema supported a CV term. Since BIND did not have a unified representation for x-refs, retrieving and defining a comprehensive list of all such terms used in BIND preceded this mapping step. In addition, the PSI-MI reference types (refType) were added to the respective x-ref elements, after evaluating the x-ref source and the interactant type it references (provide as supplementary  material).

Identifier Mapping and Updating: NCBI GI and Entrez Gene IDs for BIND interactants were mapped to Uniprot protein accessions, and at times, to other additional x-refs (such as RefSeq peptide and mRNA identifiers), during the translation process. Whenever a GI or Entrez gene ID was encountered, we performed ID mapping to retrieve the corresponding one or more Uniprot accessions, if any, using Uniprot release 15.5. These Uniprot identifiers were added as identity references for their interactants, without altering the existing identifiers. When no direct match was found, additional mapping was sought using the Batch Entrez tool (http://www.ncbi.nlm.nih.gov/sites/batchentrez) searching against both the nucleotide and protein databases. If this mapping found a new GI identifier, it was mapped to Uniprot again and added, in addition to adding its RefSeq protein match, if provided by Batch Entrez.

BIND PSI-MI Validation: All output PSI-MI files were validated against the PSI-MI 2.5 schema with each build of the translator.  In addition, a web-based version of a PSI-MI validator (http://www.ebi.ac.uk/intact/validator/start.xhtml) was used against selected output files to refine the PSI-MI controlled vocabulary usage. This is a semantic validator provided by The Human Proteome Organization’s Proteomics Standards Initiative (PSI) to error-check violations against the rules of their CV terms (11).


Interoperability Exercise: The output PSI-MI files for the protein-protein interactions for 8 model organisms were converted to the BioPAX Level 2 standard, using the converter provided by Pathway Commons (http://www.pathwaycommons.org). These were then loaded into a local instance of the cPath interaction database (9).


Technologies Used: All the source code for the BIND Translation process was written in Java (1.6), is open source, and is available at: http://baderlab.org/BINDTranslation. NetBeans (version 6.7), sponsored by Sun Microsystems (http://www.sun.com), was used as a Java IDE. JDOM (version 1.1) was used as an XML API and Xerces (version 2.0) as the XML parser, in addition to minor use of the PSI-MI Java API. XML Spy (Professional Edition, version 2009, SP1) and Altova XML, both from Altova, Inc (http://www.altova.com/) were used for visualizing/analyzing XML schemas, and for batch XML file validation, respectively. 
Results


All of BIND files were translated to PSI-MI 2.5 and posted online at http://download.baderlab.org/BIND/. The translated BIND information provides improved identifier mapping, error filtering, and CV support than the original source.  


BIND Element Survey: The source BIND XML files validated, with minor errors, against the BIND XML schema. The minor errors encountered were caused by some source BIND files not abiding by BIND’s controlled vocabulary for the interaction’s experimental method description component (i.e. the 'BIND-experimental-system' element). Its value was set to 'microarray' in Homo sapiens, about 406 times, and set to 'synthetic-lethal-sick-test' in Saccharomyces cerevisiae, about 474 times. Neither of these values is listed as one of BIND’s controlled terminology for describing an experimental detection method.


The comprehensive results for the element survey for the source BIND, IntAct (in PSI-MI 2.5 format), and the translated BIND (in PSI-MI 2.5 format) are in the supplementary materials section (Supplementary Table 1 to 5) The sheets include the number of elements, the number of unique paths/elements, and the frequency of occurrence of each such path (i.e. in how many files is a specific element used, and its total combined count in all files). For the BIND source repository, there were 648 elements (non unique paths), 3,300 unique XML paths, out of which 1,403 bear data (including 273 attributes). About 580 elements, out of the 1,403 are used less than 100 times in 1620 files, which is negligible. Only 547 elements are used more than 1620 times (i.e. roughly once per source file). Note that these figures are more indicative for interaction-related elements than for complexes. For IntAct, there were 60 elements, 216 unique paths, out of which 128 bear data. Table 1 compares the XML depth (i.e. number of parent elements required to reach an XML element of interest) needed to represent selected interaction information, between the BIND XML data model and PSI-MI. Thus the BIND schema is significantly more complex than that of PSI-MI, both in path depth and number of fields bearing data.


Data Issues and Cleaning: BIND translation encountered several types of erroneous data. Table 2 shows some error categories with examples. These were either cleared (e.g. complexes referencing wrong interaction IDs were not translated) or corrected, where possible to automatically detect and correct (e.g. changing several ‘RefSeq’ x-ref types to ‘GI’). Mapped fields with missing or dummy data values in BIND (like ‘NULL’) were not translated if the PSI-MI schema did not require them. If required (e.g. interaction or interactor’s name), the corresponding PSI-MI elements were set to have a unified representation for the missing information (i.e. 'NO_VALUE') instead of the inconsistent, and at times misleading, formats BIND used to represent missing values. 

Identifier and CV Mapping: 2,158 interactant GI IDs could not be mapped to Uniprot accessions or any other identifiers. All other GIs and Entrez gene IDs were successfully mapped as described in the methods section. Over 48,000 new Uniprot Accessions referencing interactors were added. 

We developed a one-to-one mapping between ~140 BIND and PSI-MI terms that was used by the translation process (Supplementary Table 6).


BIND PSI-MI Validation: Our BIND PSI-MI files validated correctly against the PSI-MI schema. The additional selective validation against the PSI-MI CVs resulted in an occasional error and a warning. The warning stems from our use of a BIND interaction ID as a reference identifier for an interaction with no translated PubMed references, which is a requirement for a PSI-MI reference. The error stems from our use of BIND CV identifiers for an experimental method detection element, in the absence of equivalent CV terms in PSI-MI. These terms are candidates for adding to the PSI-MI CVs (Table 4).


Interoperability Exercise: All protein-protein interactions for the selected BIND species were imported into a cPath interaction database instance (ref cPath paper), which runs the Pathway Commons (PC) website. Figure 1 is a screen shot of a sample results page from that instance.


BIND Species: The spreadsheet ‘BIND Species’ under the supplementary materials section (Supplementary Table 7) lists the taxonomy ID, scientific name, and GenBank common name for all BIND interactants species. Out of a total of 1586 species, there are 74 taxonomy IDs that did not have a current match in Entrez Taxonomy, mostly due to species identifiers renaming, merging, or deprecation. 


BIND has inter-species interactions, resulting in the same interaction being listed in two source files. A log file listing the duplicates (the duplicate BIND interaction ID and its matching PSI-MI interaction IDs) was generated as part of the release. This allows downloading a complete BIND interaction set for a species, by downloading its respective output file, while separately highlighting duplicate interactions the source file may have with other species files.


BIND PSI-MI Download Page: The resulting BIND data files can be downloaded from http://download.baderlab.org/BIND/. The current BIND translation build is labeled as release 1.0. All files are named by the taxonomy ID of the species they reference, one file per species. In addition to providing the data in PSI-MI format, some builds are provided in the BioPAX Level 2 format mainly to support loading BIND protein-protein interactions into the prototyped Pathway Commons instance. We did not endeavor to perform a full conversion to BioPAX format, but many molecular interactions are available. Data is packaged in multiple ways for the convenience of users interested in specific categories of interactions. Users can download the ‘All inclusive’ (all interactant types as well as complexes) or the ‘Protein Interaction’ builds. For each of these, users can download the ‘All species’ file or the ‘Selected model species’ file. These model species (or files) were selected based on their popularity or the number of interactions/complexes they contain. They carry approximately 85% of all BIND interactions and complexes, and they are: Homo sapiens, Mus musculus, Rattus norvegicus, Saccharomyces cerevisiae, Drosophila melanogaster, Caenorhabditis elegans, Arabidopsis thaliana, Escherichia coli, Thermus thermophilus, Schizosaccharomyces pombe, HIV I, Escherichia coli, K-12, Helicobacter pylori (26695), Bos taurus and Synthetic Construct interactions. This is just a matter of convenience for downloading, as these files are also part of the ‘All Species’ zipped folder. Each build folder has its own ‘bad entries’ log file.

Discussion


The PSI-MI BIND repository has 205,905 unique interactions, 71,067 identified unique interactants (based on their primary identifier), and 16,643 unique PubMed references, involving 1,512 identified species and 6 interactant types. It also documents 3,606 complexes. These figures do not include what was deemed as interactions/complexes of ‘bad quality’. With the exception of BINDPlus, this repository offers the most comprehensive coverage of BIND including complexes, different interactant types, and species.  The data can be downloaded in a more standardized format than BINDPlus (PSI-MI 2.5 or BioPAX 2 formats) and is likely to be updated in the future. These facts combined make this repository the best source of bulk download of BIND molecular interactions and complexes to date. To put these figures into perspective, BioGRID, a major molecular interactions resource (5), has 231,866 interactions, 29,525 protein interactants, and 22,766 PubMed IDs, as of Feb 1st, 2010 (http://www.thebiogrid.org/). As this BIND repository gets incorporated into existing biomolecular interactions repositories, the community will be able to more correctly determine the percentage of BIND’s unique interactions that are not available through the other molecular interaction resources (2).

The BIND translation serves as a case study on data interoperability issues faced between bioinformatics database systems and highlights commonly encountered issues with some bioinformatics resources, as described below.

CV Mapping: The CV mapping between BIND and PSI-MI is imperfect, as it is not always possible to map a BIND term to a PSI-MI term (Table 3 and Table 4). As part of our data conversion, the unmatched BIND terms are saved in the translated BIND files, even if standard PSI-MI file readers will not appreciate their meaning automatically. This policy preserves such information and allows for its future support, as needed, by importing systems. Ideally, however, BIND CV terms that are unique would be evaluated for inclusion in PSI-MI CVs. These terms are provided in Table 4 to support that activity in the future.
For example, BIND uses the interactor type ‘photon’ in 291 interactions in A.Thaliana and S.Cerevisiae, with no direct equivalent for that type in PSI-MI.  Despite the fact that the translated BIND interactions will still use the term ‘photon’ as an interactor type, there is no matching CV reference XML element for that interactor type (i.e. either considered as an ‘unknown participant’ or ignored altogether), which means that importing systems will miss automatically identifying this element, and will have to resort to non-standard approaches to identify this information (in this example, the name of the interactant is a good marker, e.g. ‘UV’, ‘Red light’, or ‘Far-red light’).

As displayed in Table 3, there are a high percentage of unmatched BIND x-ref terms in the PSI-MI ontology (40.5%). These are the less frequently used x-refs, many of which were needed for referencing non-protein interactants (e.g. Merck Index identifiers used for small molecule interactants). This is more of an indication of the diversity of BIND than a shortcoming on the part of PSI-MI. There is an ongoing need for refining and extending bioinformatics ontologies (Table 4), and we will be asking the PSI-MI consortium to accommodate the missing BIND terms in future releases of their ontology. If and when that happens, it will further refine the CV mappings in future releases of our BIND translation. 

Another common issue with mapping CVs is resorting to the ‘closest possible’ match for a source term, in the absence of a perfect one, in a heuristic like approach. The available matching terms may be more general or specific than the source. In the absence of additional rules about the source term’s usage, the safer choice in this case would be to select the more general matching term, since there is a guaranteed is-a relationship between the source and target terms. This was applied, for instance, when mapping both of the BIND interaction detection methods ‘immunoblotting’ and ‘immunostaining’ as a PSI-MI ‘imaging technique’. 


Data Mapping: The BIND translation involved mapping fields between two independently developed data models. This mapping is lossy if it fails to match elements with similar or identical meanings or if elements are present in one model and not the other. In any case, elements present in BIND that could not be mapped to specific PSI-MI elements were mapped to general-purpose elements in PSI-MI. For example, the PSI-MI XML schema does not have explicit support for molecular complexes, and models them as interactions. As a result, BIND complexes were translated as PSI-MI interaction elements, and the unsupported BIND complex attributes were accommodated as generic PSI-MI attribute elements (under attributeList for interactions). Importing systems can still automatically detect such complexes from the BIND repository by customizing their PSI-MI file readers to identify these generic PSI-MI attributes. These were consistently and clearly named for the purpose of easily flagging an interaction entry as representing a molecular complex. For instance, the complex attribute, ‘Complex Number of Subunits’ is one such attribute, and can be used for this purpose.  


On the other hand, some BIND entries did not fulfill all the semantic requirements for a PSI-MI entry, and an artificial value (or values) needed to be introduced to ensure production of a valid PSI-MI interaction.  For example, some BIND complexes may reference a curated article’s PubMed identifier, but had no interaction detection method information, which, according to the PSI-MI XML structure, is a pre-requisite to adding a PubMed reference (a bib-ref element).  To avoid losing these identifiers, an ‘unspecified (interaction detection) method’ had to be introduced to all such entries. 


ID Mapping: BIND relies on Entrez GI as the primary identifier for their interactants, with Entrez gene IDs taking a secondary role, and various references to bioinformatics databases (x-refs) coming a distant third. Entrez GIs are generally less stable than other identifiers, like Entrez or Ensembl gene IDs and Uniprot or RefSeq protein IDs. The ID mapping process was successful in introducing Uniprot accessions (and other relevant identifiers) to most BIND interactants. This process refreshed the identifiers in the original BIND repository, but avoided adding extended lists of all possibly mapped x-refs because, starting with a reliable identifier (like Entrez gene ID, Uniprot or RefSeq accession), it is relatively easy for an importing system to navigate to other genomic and/or proteomic identifiers using publicly available ID mapping services.

As described in the Results section, 2,158 interactant GIs were not recognized by Entrez. This is a small percentage (~5%) and is mostly due to the fact that these GIs referenced sequences that were permanently removed (vs. being replaced) by NCBI, and are no more traceable using Batch Entrez tools.

Data Issues: The source BIND repository had data issues stemming from the lack of regular updates to references to external databases, lack of a BIND CV for certain components, and lack of extensive data cleaning practices, leading to inconsistent use of fields across the database.

The ID mapping process, as well as the deprecated species identifiers reported (Results section) show how BIND became partially out of sync with major bioinformatics data warehouses over only approximately three years. For example, BIND used the taxonomy ID 11489 (Influenza A virus) that has been changed to 132504 by Entrez; the species identifier 36377 is now the same as 362651, and so on. Out of date cross-references will require updating in future translation operations. Further, this shows the significant loss of curated data left inactive simply due to ‘database link rot’. It is important that the database community work harder to prevent this slow degradation by using more stable identifiers, or at least better systems to track identifier updates over time, especially for molecular interaction and pathway databases, which make use of a large amount of cross-references from molecular databases.
BIND lacks a CV for its interactant x-refs, forcing us to ‘standardize’ those BIND terms before mapping them. It seems that the format of a term was partially left to the discretion of the curator when they added an interaction to BIND. For example, a term referencing the ecocyc bioinformatics database (http://ecocyc.org) was represented in three ways in different interactions (i.e. ‘EcoCyc’, ‘ECOCYC’, and ‘EcoCyc ID’). The problem with non-uniform data representation is not always completely resolved by uniformly representing all the source data in one format (e.g. ‘ecocyc’), as it is possible that differences may encode meaning that is lost in translation.

The Results section provided samples for some of the erroneous data encountered during BIND translation. Whenever possible, these were either cleared or corrected in the PSI-MI BIND repository. These errors stress the need for more standardized quality assurance and routine data cleaning practices in bioinformatics resources; practices that would have remedied a lot of what was uncovered in this project. These issues stress the importance of developing curation tools that safeguard curators against entering inconsistent information.

BIND Element Survey: As evident from the element survey, the BIND XML data model is more complicated than the PSI-MI 2.5 representation. This complexity is obvious at the levels of the total number of elements/paths and the depth of elements/attributes. Table 1 shows that it generally takes more elements to represent an interaction component in BIND’s data model than in PSI-MI. Even in cases where depth is the same, like with Interactor’s Name or type, BIND uses multiple paths/elements to represent its data than PSI-MI (8 paths for interactor type, and 2 for interactor-rooted elements versus 1 for each in PSI-MI), reflecting poor data abstraction in those cases. This is likely due to the use of an automatic ASN.1 to XML conversion routine instead of hand developing the BIND XML Schema. Specifically, this conversion favors the use of child elements instead of element attributes and element text content. The use of third party (NCBI) ASN.1 modules also complicated the data model. For example, the module NCBI-Pub, was used to represent a PubMed reference: twenty elements, starting from the root element, are needed to represent a PubMed ID in BIND, vs. eleven such elements needed to represent the same in PSI-MI: 

BIND:BIND-Submit.BIND-Submit_interactions.BIND-Interaction-set.BIND-Interaction-set_interactions.BIND-Interaction.BIND-Interaction_descr.BIND-descr.BIND-descr_cond.BIND-condition-set.BIND-condition-set_conditions.BIND-condition.BIND-condition_source.BIND-pub-set.BIND-pub-set_pubs.BIND-pub-object.BIND-pub-object_pub.Pub.Pub_medline.Medline-entry.Medline-entry_pmid.PubMedId

PSI-MI: entrySet.entry.interactionList.interaction.experimentList.experiment
Description.bibref.xref.primaryRef[@id:]

Thus, representing BIND in PSI-MI 2.5 has standardized a core subset of BIND and simplified it. This complexity can be attributed to several factors.

Some of the elements we ignored during our translation were of little or no value. The BIND data set we used was a complete snapshot of the BIND database, and not a filtered version of it. It included operational content that was of interest to the BIND team itself, like: the update history of an interaction record in the BIND database, curator's info, and some timestamps. In addition, some heavily used elements are focused on the graphical representation of a complex, which may not be of interest to the wider community. Most importantly, some elements and attributes are dummy placeholder variables, and were set to the same value in the whole repository. This is probably an example of the ‘one size fits all’ problem, where modelers were forced to use an element/attribute that is not of any significance to their data model, but was part of the third party module adopted.


Future Directions: Our aim in this project was to provide a reliable core translation for the important and/or highly used BIND interaction components, for the entire BIND repository. We have also refined and updated the parts of BIND that we translated and made it available to the scientific community. As displayed in the XML element survey, there are other, less frequently curated, BIND information that were not covered by our translation, like interaction sub cellular locations and binding sites. We hope to cover these in a future version of the translator. We also hope to further refine our translation, by providing more coverage for publication references in interactions, updating outdated species taxonomy identifiers, coupling the repository with a new dimension of bioinformatics data like MESH terms. By offering BIND data and the source code for the translation system, we hope community members will participate in development of a complete translation for BIND to current standard formats.
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Tables and Figures:

	Interaction Component
	BIND Schema
	PSI-MI Schema

	Interaction’s Name/Description
	8
	6

	Experimental Detection Method
	14
	10

	Experimental Detection Method’s Primary Reference
	20
	11

	Interactor’s Name
	8
	8

	Interactor’s Reference Database Name
	13
	9

	Interactor’s Reference ID
	13
	10

	Interactor Type
	10
	10

	Interactor’s Species Name
	14
	10

	Interactor’s Species ID
	18
	11


Table 1: Comparing Complexity: comparison, between BIND and PSI-MI, of the depth of selected XML elements and/or attributes. BIND’s data representation is, in general, more complicated than PSI-MI. 

	Error Type
	Examples

	No unified representation for missing information of type character/String 
	Missing information may be represented as: 'Unknown', 'NULL', 'unknown', ‘WP:NULL’,  ‘unknown.’, ‘-‘, …etc (in addition to ignoring the enclosing XML element altogether at times)

	No unified representation for missing information of type integer 
	Missing information may be represented as: ‘0’, ‘-1’, …etc

	Erroneous representation  for references to external databases (x-ref) for some interactants
	<BIND-other-db>

   <BIND-other-db_dbname>LocusLink</BIND-other-db_dbname>

   <BIND-other-db_intp>0</BIND-other-db_intp>

     <BIND-other-db_strp>0</BIND-other-db_strp>

</BIND-other-db>

....

<BIND-other-db>

    <BIND-other-db_dbname>SGD</BIND-other-db_dbname>

     <BIND-other-db_intp>0</BIND-other-db_intp>

     <BIND-other-db_strp/>

</BIND-other-db>

	Erroneous internal cross-reference: complexes referencing non-existent (negative) BIND interaction IDs
	<BIND-mol-object-source_a>

   <Interaction-id>-52023</Interaction-id>

</BIND-mol-object-source_a>

	Erroneous external cross-reference: negative PubMed identifier
	PubMed ID ‘-2’ repeated 68 times in the S.Cerevisiae file

	Inconsistent pattern for representing the IDs of some interactant x-refs
	SGD identifiers ‘SGD: S000003663’ and ‘S000003663’; MGD identifiers ‘MGI:1890695’ and ‘1890695’ are all used.

	Wrong x-ref type: Listing some IDs as RefSeq identifiers while in fact they are GIs
	GI IDs: ‘15643805’ and ‘15644490’ listed as RefSeq IDs.

	Out-dated External cross-references
	There were 5,553 interactant GIs used in BIND that have been replaced with other GI identifiers, and 2,158 interactant GIs that have been discontinued by Entrez.


Table 2: Data Cleaning: Selected classes of errors, with examples, found in BIND. 

	CV Category
	Total Number of BIND Terms
	Unmatched BIND Terms
	Percentage of Total BIND Terms

	Names Used For External Databases (x-ref)
	37
	15
	40.5

	Interactor Type
	8
	1
	12.5

	Interaction Detection Method
	42
	6
	14.3


Table 3: CV Mapping: Numbers and percentages of BIND terms that were not matched within the PSI-MI ontology.

	CV Category
	PSI-MI Term Suggested

	x-ref
	aceview/wormgenes

	x-ref
	amaze

	x-ref
	asap

	x-ref
	beilstein

	x-ref
	bind complex

	x-ref
	mdl

	x-ref
	cog

	x-ref
	dictybase

	x-ref
	ec number

	x-ref
	hgnc

	x-ref
	merck index

	x-ref
	plantgdb

	x-ref
	ratmap

	x-ref
	tair

	x-ref
	zfin

	Interactor Type
	photon

	interaction Detection Method 
	equilibrium-dialysis

	Interaction Detection Method 
	membrane-filtration

	Interaction Detection Method 
	monoclonal-antibody-blockade

	Interaction Detection Method 
	nuclear-translocation-assay

	Interaction Detection Method 
	reconstitution

	Interaction Detection Method
	transient-coexpression


Table 4: Suggested extensions to the PSI-MI ontology to allow CV mappings for currently unmatched BIND terms.
[image: image1.png]Organism:
= Hamo sapiens

Neighborhood Map:
@ Loading

Cytoscape:

PC Pathway

Commons

Send us your feedback. Sign up for Pathway Commons announcements

Protein: Jak1

Janus kinase 1. A membrane-assodated phosphoprotein and a protein tyrosine
Kinase (PTK) characterized by the presence of a second phosphotransferase-related
domain immediately N-terminal to the PTK domain; involved in the interferon-
alpha/beta and -gamma signal transduction pathways. This is a modeled interaction
record. Any Gls listed below refer to the molecles being modeled, not to the

molecules that were actually shown to interact.

Links:

OMIM: 147795

- RefSeq Protein:
NP 0022182
= Unprot: po34se

3716
= Denbank protein i
4504803

Stable Link:
= Link to this page

Data Source:
= Al Data Sources

Organism:
= &l Organisms

[Undate Fiter Settings]

= entrezdene/locuslink:

Showing 1-10 of 10
1. Jaki, IFNR-beta-L

2. Jaki, IL-2R-beta
3. Jaki, IGF1R
4. Jaki, E2

Experiment Type:
= coimmunoprecipitation; [Pubied]

5. Jak1, Jamipl
6. Jak1, PLAUR
7. Jak1, RACK1
8. Jakl, IL4R
9. Jak1, INSR

Expe:

ent Type:

139(3):884-03 [Pubived]

10. Jak1, ILIORA

=3
5

=3
5

=3
5

=3
5

=3
5

=3
5

=3
5

= affinity chromatography technology; Interaction of Janus kinases 14K-1 and JAK-2 with
the insulin receptor and the insulin-like growth factor-1 receptor. Endocrinology

BIND

of Toronto

m

<|




Figure 1: Interoperability Exercise: A snapshot from a prototyped instance of the Pathway Commons (PC) interactions repository loaded with BIND protein-protein interactions. The snap shot shows the search results page for the Jak1 protein in Homo sapiens.
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