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Abstract
Background
TogoID (https://​togoid.​dbcls.​jp/​) is an identifier (ID) conversion service designed to link IDs across diverse categories of life science databases. With its ability to obtain IDs related in different semantic relationships, a user-friendly web interface, and a regular automatic data update system, TogoID has been a valuable tool for bioinformatics.

Results
We have recently expanded TogoID's ability to represent semantics between datasets, enabling it to handle multiple semantic relationships within dataset pairs. This enhancement enables TogoID to distinguish relationships such as "glycans bind to proteins" or "glycans are processed by proteins" between glycans and proteins. Additional new features include the ability to display labels corresponding to database IDs, making it easier to interpret the relationships between the various IDs available in TogoID, and the ability to convert labels to IDs, extending the entry point for ID conversion. The implementation of URL parameters, which reproduces the state of TogoID's web application, allows users to share complex search results through a simple URL.

Conclusions
These advancements improve TogoID’s utility in bioinformatics, allowing researchers to explore complex ID relationships. By introducing the tool’s multi-semantic and label features, TogoID expands the concept of ID conversion and supports more comprehensive and efficient data integration across life science databases.
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Background
TogoID is an identifier (ID) conversion service developed by the authors, designed to link IDs across a wide range of life science databases, facilitating data exploration across multiple sources [1]. TogoID has several advantages, including a user-friendly web interface which can perform multi-step conversion, open-source ID pair collection programs, and weekly data updates to keep up with the original databases. One of its most distinctive features is the ability to handle IDs from databases regardless of their entity categories (e.g. genes, chemical compounds, diseases, etc.), thus expanding the concept of ID conversion. Conventionally, the term "ID conversion" refers to linking IDs of identical entities from different databases. For instance, IDs of GlyTouCan, the repository of glycan structures [2], can be converted to IDs of PubChem, a comprehensive database of chemical compounds [3]. In TogoID, the term "ID conversion" is used not only for such conventional meaning but also for obtaining IDs that are linked by a broad range of semantic relations. For example, users can input GlyTouCan IDs to obtain UniProt [4] IDs of proteins modified by the glycans. To clarify the semantics of such various relations between datasets, we defined the TogoID ontology (TIO) and used it to display the semantics in the web interface. These unique features of TogoID expand the utility of identifiers for broader bioinformatic analyses.
Since the previous publication, we have continuously added new datasets to TogoID and developed its new functionalities. Especially, the ability to cover multiple semantics of relations between a single pair of datasets is important to fully describe complex relations between biological entities. In this manuscript, we report new features of TogoID that advance the concept of ID conversion.

Results
Selecting relations from multiple options
The initial version of TogoID assumed only one semantic relationship between a single dataset pair. As we noticed this was not enough to describe diverse relationships between glycans and proteins, we have modified this to accommodate multiple types. This makes it possible to cover different types of semantic relationships between proteins and glycans, such as "protein is modified with glycans", "protein enzymatically processes glycan", and "protein enzymatically produces glycan" (Fig. 1).[image: ]
Fig. 1Existing and newly added TogoID relations related to gene/protein and glycan/chemical compound


Users can either paste IDs of interest into the textbox or upload a file containing IDs. In the example shown in Fig. 2, GlyTouCan IDs are specified in the textbox, and the user selects "GlyTouCan" from the options displayed in the leftmost column, which shows the candidate datasets based on the pattern matching of ID notations. Subsequently, datasets linked to GlyTouCan are displayed. In this new version of TogoID, the "UniProt" dataset appears in three rows. The lines connecting "GlyTouCan" to each "UniProt" row indicate the semantics of the relationship, namely "glycan is attached to protein", "glycan is acceptor of enzymatic reaction by protein", and "glycan is product of enzymatic reaction by protein," respectively. By selecting the relationship of the user’s interest and clicking the table icon, a modal window to preview the ID relations and download the entire results is displayed.[image: ]
Fig. 2The ID conversion in the TogoID web application. Within the red squares, the multiple types of the relations between GlyTouCan and UniProt are displayed. The semantics of each relation are shown on arrows connecting the boxes of the databases



Displaying labels
To provide users with a clear understanding of what IDs represent, we implemented a new feature to display labels for IDs. The labels of database entries include symbols of genes and IUPAC notations of glycans, etc. The labels of databases that do not have appropriate strings to display as labels, such as the interaction IDs in the IntAct database [5], are excluded. As a result, TogoID can display labels for 65 datasets out of the 105 datasets that are currently supported in our system. Figure 3 shows the modal window to show a conversion result of the updated version. By clicking the switches next to the column names of the table, the labels for the IDs are displayed, making it clear for users what each ID means. Displayed labels can be included in the table that can be downloaded or copied.[image: ]
Fig. 3A screenshot of a conversion result from the updated version of TogoID. By clicking the “Show Labels” switch, the labels of the IDs are displayed. Here, IUPAC notations for GlyTouCan IDs and protein names for UniProt IDs are displayed



Conversion from labels to IDs
While natural language labels are human-readable, they are often polysemous or synonymous, making them unsuitable as identifiers for database entries, which require precise and unambiguous references. Consequently, converting natural language labels into database identifiers is a crucial function for bridging the gap between human-friendly expressions and machine-readable data representations. To address this, we implemented this functionality into TogoID. To account for potential spelling variations or misspellings in user-supplied labels, we utilized PubDictionaries which offers a public web API for mapping labels to IDs with fuzzy mapping capabilities [6] (see Implementation for details).
The web interface of the function to convert labels to IDs is shown in Fig. 4. Users begin by entering labels in the input window and selecting the target dataset from the "Dataset" drop-down menu. In Fig. 4A, the integrated disease ontology, MONDO, is selected. The "Threshold" parameter specifies the tolerance for fuzzy matching when querying PubDictionaries, with values ​​from 0.5 to 1. A value of 1 allows only exact matches, while lower values increase tolerance for less exact matches. The types of labels to be searched are selected using the checkboxes. After pressing the EXECUTE button, the matched IDs are displayed in a table. The "ID" column lists the candidate IDs obtained from the PubDictionaries API, the "Match type" column indicates which label types (“name”, “broader synonym” etc.) were matched, and the main label in the selected database associated with each ID. The "Score" column represents the string match score.[image: ]
Fig. 4The web interface for conversion from labels to IDs. A Conversion from disease names to MONDO IDs. One of the input strings includes misspelling, but successfully converted to the corresponding ID. B Conversion from gene symbols to NCBI Gene IDs. A Taxonomy ID of the species must be specified for the conversion to reduce ambiguity


In Fig. 4B, "NCBI Gene" is selected as the dataset. Since only exact matches are considered in the conversion of gene labels, the threshold parameter is not shown. Users specify the species using the "Species" drop-down menu. This menu includes only major organisms; if the intended species is not listed, users can enter the Taxonomy ID directly into the adjacent input window.
The conversion result table can be copied to the clipboard or downloaded in CSV or TSV format, just like the ID conversion result table. By clicking the "Convert IDs" button, the converted IDs are automatically copied to the ID input field, allowing users to perform further conversions using the TogoID ID conversion interface.

URL parameters
We developed URL parameters that reproduce the state of TogoID's web application. An application’s state can refer to a complex search result, where a user has found, for example, a list of diseases that are linked with a list of variants for a specific glycosyltransferase. Thus, by implementing a method by which such search results could be shared via a URL, other applications can easily have a link from their resources to TogoID and utilize the ID link information accumulated in TogoID.
As an example, by opening the following URL with a browser, a user will be navigated to the TogoID web page showing the ID conversion route from UniProt to GlyTouCan with two identifiers specified.
https://​togoid.​dbcls.​jp/​?​route=​glytoucan%2CTIO_​000126%2Cuniprot&​ids=​G48258CR%2CG46677TE
To reproduce the state of the TogoID web application, we implemented the following parameters.	route: A comma-separated list of dataset names and TogoID Ontology properties that connect between datasets. The properties are placed between the dataset names.

	ids: A comma-separated list of input IDs.




Additionally, information on available relations between datasets can be obtained using the following API, where {source} and {target} represent names of source and target datasets respectively.
https://​api.​togoid.​dbcls.​jp/​config/​relation/​{source}-{target}.
For example,
https://​api.​togoid.​dbcls.​jp/​config/​relation/​glytoucan-uniprot.
Returns JSON below.
[
 {
 "forward": {"display_label": "is attached to", "id": "TIO_000060"},
 "reverse": {"display_label": "is modified with", "id": "TIO_000061"}
 },
 {
 "forward": {"display_label": "is acceptor of enzymatic reaction by", "id": "TIO_000126"},
 "reverse": {"display_label": "enzymatically processes", "id": "TIO_000127"}
 },
 {
 "forward": {"display_label": "is product of enzymatic reaction by", "id": "TIO_000128"},
 "reverse": {"display_label": "enzymatically produces", "id": "TIO_000129"}
 }
]
This indicates that there exist multi-semantic relations between these two datasets distinguished by the TogoID ontology (TIO) IDs with labels. In TogoID ontology we have defined 133 relations to distinguish different types of relationships for the pairs of datasets. Note that the {source} in API is a source dataset where we take relation information from (“forward”), thus the relation in the “reverse” direction, {target}-{source}, is not always available. All possible relations can be obtained by https://​api.​togoid.​dbcls.​jp/​config/​relation. The entire list of TIO IDs can be seen at https://​github.​com/​togoid/​togoid-config/​blob/​main/​ontology/​property.​tsv and the TogoID ontology is available at https://​togoid.​dbcls.​jp/​ontology.

Data update
In the two years since our previous publication, TogoID has expanded its coverage to include 40 additional datasets, bringing the total to 105 datasets from 73 distinct databases (Table 1). As mentioned in our previous paper [1], some databases can contain a mix of IDs from different categories under a single namespace. For example, the NCI Thesaurus (NCIt) uses "C" prefixed IDs for both disease and tissue classifications. To distinguish such IDs, TogoID subdivides databases by category and refers to each subdivision as a dataset. The number of direct dataset pairs has also grown by 98, now totaling 263. The number of properties defined in the TogoID ontology to describe relationships between datasets has increased by 56, reaching 133.
Table 1Databases and datasets added to TogoID since the previous publication


	Database
	Dataset ID
	Dataset full name
	Category

	Assembly
	assembly_insdc
	Assembly INSDC
	Genome

	Assembly
	assembly_refseq
	Assembly RefSeq
	Genome

	ATC classification
	atc
	ATC classification
	Drug

	BioProject
	bioproject_umbrella
	BioProject umbrella
	Project

	Cellosaurus
	cellosaurus
	Cellosaurus
	CellLine

	FlyBase
	flybase_gene
	FlyBase gene
	Gene

	GEA
	gea
	GEA
	Experiment

	GEO
	geo_sample
	GEO sample
	Sample

	GEO
	geo_series
	GEO series
	Project

	GlycoMotif
	glycomotif
	GlycoMotif
	Glycan

	COG
	cog
	COG
	Ortholog

	Human Phenotype Ontology
	hp_inheritance
	HP Inheritance
	Classification

	INSDC
	insdc_master
	INSDC master
	Project

	JGA
	jga_dataset
	JGA Dataset
	Project

	JGA
	jga_study
	JGA Study
	Project

	IUPHAR
	iuphar_ligand
	IUPHAR ligand
	Compound

	LIPID
	lipidmaps
	LIPID MAPS
	Lipid

	MGI
	mgi_allele
	MGI allele
	Variant

	MGI
	mgi_genotype
	MGI genotype
	Genotype

	Mammalian Phenotype Ontology
	mp
	Mammalian Phenotype Ontology
	Phenotype

	NBDC Human Database
	nbdc_human_db
	NBDC Human Database
	Project

	NCIt
	ncit_disease
	NCIt disease
	Phenotype

	NCIt
	ncit_tissue
	NCIt tissue
	Anatomy

	Orphanet
	orphanet_gene
	Orphanet gene
	Gene

	Pathbank
	pathbank
	Pathbank
	Pathway

	PDB
	pdb_ccd
	PDB CCD
	Compound

	PMC
	pmc
	PMC
	Literature

	PROSITE
	prosite
	PROSITE
	Domain

	PROSITE
	prosite_prorule
	PROSITE ProRule
	Annotation rule

	PubChem
	pubchem_pathway
	PubChem pathway
	Pathway

	SGD
	sgd
	SGD
	Gene

	SMART
	smart
	SMART
	Domain

	SwissLipids
	swisslipids
	SwissLipids
	Lipid

	TAIR
	tair
	TAIR
	Gene

	UBERON
	uberon
	UBERON
	Anatomy

	UniProt
	uniprot_proteome
	UniProt proteome
	Proteome

	VGNC
	vgnc
	VGNC
	Gene

	WormBase
	wormbase_gene
	WormBase gene
	Gene

	Xenbase
	xenbase_gene
	Xenbase gene
	Gene

	ZFIN
	zfin_gene
	ZFIN gene
	Gene





Use cases
To illustrate the practical applications of the described features, we present two use cases that demonstrate how these functionalities can be utilized effectively. The first use case is an example of tracing from molecular IDs to disease IDs through multiple conversion steps. The second example is selecting appropriate semantics between IDs and narrowing down the results based on molecular functions.	Use case 1: Obtain disease IDs related to the enzymes that produce glycans




In the example shown in Fig. 5A, the GlycoMotif ID of N-acetyllactosamine, G00055MO, is specified as an input ID. GlycoMotif is a collection of characteristic substructures observed in glycan structures, provided by GlyCosmos and included in GlyGen [7]. In the example, GlyTouCan IDs of glycans containing the input motifs are obtained. These GlyTouCan IDs are then linked to UniProt IDs with the relationship "is product of enzymatic reaction by." Subsequently, ClinVar [8], the database about relationships among genetic variations and diseases in humans, and Mondo [9], the ontology aiming to harmonize disease definitions across the world, are selected. This allows users to obtain disease IDs related to the enzymes that produce the glycans of interest, with variants that can affect the relationships between the enzymes and the diseases.[image: ]
Fig. 5Screenshots of the conversion examples. A Conversion from GlycoMotif to MONDO, via GlyTouCan, UniProt, and ClinVar. B Conversion from GlycoMotif to Gene Ontology, via GlyTouCan and UniProt. (The figures of the dataset links are split into two sections to accommodate the wide layout of the part.)


The URL to reproduce this conversion on the web application is:
https://​togoid.​dbcls.​jp/​?​route=​glycomotif,TIO_​000123,glytoucan,TIO_​000128,uniprot,TIO_​000062,clinvar,TIO_​000010,mondo&​ids=​G00055MO.	Use case 2: Obtain GO annotations for proteins modified by glycans




In the example shown in Fig. 5B, the GlycoMotif ID of N-Glycan high mannose, G00028MO, is input, and GlyTouCan IDs of glycans containing the motifs are obtained. These GlyTouCan IDs are then linked to UniProt IDs with the relationship "is attached to." Following this, GO (Gene Ontology) [10] is selected. After downloading the results, users can filter the UniProt entries using GO annotations. For example, by filtering with GO:0005886 (plasma membrane), users can explore glycosylated membrane proteins that may serve as drug targets.
The URL to reproduce this conversion on the web application is:
https://​togoid.​dbcls.​jp/​?​route=​glycomotif,TIO_​000123,glytoucan,TIO_​000060,uniprot,TIO_​000004,go&​ids=​G00028MO.


Implementation
Changes to the backend database system
In the TogoID backend, the ID pairs are stored in a relational database (RDB) to ensure adequate response performance. Each of the tables has two columns which contain source and target IDs respectively. In the previous version, the names of the tables were "{source dataset}-{target dataset}", e.g. "glytoucan-uniprot" (Fig. 6A). The frontend system referred to each table with the name.[image: ]
Fig. 6A The table data stored in the backend RDB of the previous version of TogoID. B The table data of the new version of TogoID. The nomenclature of the tables has been updated to distinguish different relations between the same datasets


In the updated version, we separated the tables for supporting dataset pairs with multiple semantic relations, and thus the names of the tables are renamed to "{source dataset}-{target dataset}-{TogoID ontology ID}", where the TogoID ontology ID specifies the semantic relation between the datasets. For example, "glytoucan-uniprot-TIO_000060", "glytoucan-uniprot-TIO_000126" and "glytoucan-uniprot-TIO_000128" are the table names of the ID pairs between GlyTouCan and UniProt, and the semantic relations are "TIO_000060 (glycan is attached to protein)", "TIO_000126 (glycan is acceptor of enzymatic reaction by protein)", and "TIO_000128 (glycan is product of enzymatic reaction by protein)" respectively (Fig. 6B). With this extension, the frontend system can distinguish different relations.

Changes to API
TogoID provides an API to accept IDs and return the converted IDs (for details, see https://​togoid.​dbcls.​jp/​apidoc/​). In the API, users specify the path of conversion as a comma-separated string, e.g. "glytoucan,uniprot". In the updated version, users can specify the semantic relation between datasets by putting the corresponding TogoID ontology ID, e.g. "glytoucan,TIO_000060,uniprot". For the dataset pairs with only one semantic relation defined, TogoID ontology ID is not required.

The system to display labels
The Resource Description Framework (RDF: https://​www.​w3.​org/​TR/​rdf11-concepts/​) is a standard model to represent data on the Semantic Web, where each resource is described as a uniform resource identifier (URI). The standard query language SPARQL is used to access RDF data. Generally, database IDs can be used as URIs when they are concatenated with their corresponding URI prefix; thus they are used to query for relevant data in RDF graphs.
Based on the collection of RDF datasets hosted at the RDF Portal [11] and other sources, we developed a system to display labels of input IDs, utilizing a tool called Grasp (https://​github.​com/​dbcls/​grasp). Grasp is middleware that accepts GraphQL queries and generates SPARQL queries based on predefined configurations. In TogoID, we configured Grasp to generate SPARQL queries to retrieve labels from existing data. Regarding datasets managed by TogoID where RDF is not available, we created simple RDF data containing IDs and their corresponding labels. This RDF data for ID-to-label relationships is also available on the RDF Portal, alongside the existing RDF data for ID-to-ID relationships. Users can combine these datasets with other available data through the SPARQL endpoint of the RDF Portal (https://​rdfportal.​org/​primary/​sparql) to perform advanced SPARQL queries.

The system to convert labels to IDs
Implementing the function to convert labels to IDs was more complex than simply converting IDs to labels or between different types of IDs. Labels differ from IDs in several key ways:	Labels are not necessarily unique within a database. For example, in gene databases covering multiple species, orthologous genes may share the same symbols across species.

	Labels for diseases etc. are often written in natural language and may be entered manually by humans, and thus they may contain typos and spelling variations.

	Records may have synonyms in addition to the main label. Users may need to search either only the main label or include synonyms.




We addressed these by using PubDictionaries [6], which supports fuzzy matching, and by creating a new user interface to specify biological species and label types. PubDictionaries is a repository of dictionaries, where each dictionary represents a collection of mappings between natural language labels and identifiers. Notably, it provides an API for converting labels to IDs based on any dictionaries uploaded to the platform. Since it performs fuzzy match searches, it can accommodate subtle surface differences, such as spelling variations or typographical errors.
We created several dictionaries and uploaded them to PubDictionaries (https://​pubdictionaries.​org/​users/​togoid). To enable users to specify the type of labels, such as primary labels or synonyms, based on their search intent, we created separate dictionaries for different label types. Also, PubDictionaries offers a feature that allows tags to be assigned to dictionary entries. Users can refine their search by specifying tags. For the dictionaries of gene databases, TogoID uses Taxonomy IDs as tags, and thus enables users to specify Taxonomy IDs together with input labels for searching. By using this system, we can easily accommodate the necessary labels for any datasets added to TogoID in the future.


Discussion and conclusion
Conventional ID conversion tools have overlooked the semantic relationships between IDs. While TogoID was already capable of handling semantics, its use of ontology made it possible to naturally extend the system to handle multiple semantics in a single dataset pair as part of this update. The relationships that can be described by the extension made to address this are not limited to the relationship between glycans and proteins described above. For example, TogoID covers the relation between Reactome reaction IDs [12] and UniProt IDs, which means proteins participate in reactions. However, what role the proteins play in the reaction, e.g. an enzyme, a reactant, or a product, has not yet been distinguished in TogoID. We plan to investigate the information described in the Reactome database and classify the relations in TogoID in the future.
On the other hand, addressing multiple semantics has also revealed new challenges.	While it is now possible to obtain the relationship between an enzyme and its product, and between an enzyme and its reaction acceptor, TogoID can only obtain binary relationships, and it is not possible to obtain triplets of an enzyme, an acceptor, and a product.

	Another relationship between a protein and a glycan is that "a lectin recognizes a glycan." As in the lectin database LfDB [13], this relationship is described using affinity scores, and is not a simple binary relationship. If we were to cover this with TogoID, we would need a function that stores or calculates the relationship scores in the TogoID system and can output only relationships filtered by the scores.




We need to consider the balance of how much should be covered by ID conversion services, but enabling researchers to easily obtain such relationships would be beneficial and is a challenge to be addressed in the future.
As for the label-to-ID conversion function, one of the motivations for implementing it was to address the common issue where gene lists in published papers are provided only with symbols and lack corresponding IDs. This can hinder researchers when reanalyzing data. While TogoID helps mitigate this problem, it cannot fully resolve it. This is primarily due to gene symbols not always being unique, even within the same species, when synonyms are involved. For example, the string "PC4" is used as a synonym for four different genes: NCBI Gene ID 3475 (IFRD1), 3854 (KRT6B), 10923 (SUB1), and 54760 (PCSK4). It is crucial for researchers to be aware of this nature of gene symbols and use gene IDs when specifying genes to avoid ambiguity.
Regarding the display of labels, there is an issue that multiple labels for a single database entry are possible. For instance, in TogoID, glycans are labeled using IUPAC notation, but users may prefer alternative notations, such as WURCS [14]. Similarly, while TogoID currently displays the scientific name for Taxonomy IDs, some users might prefer the common name. Expanding the range of label types that can be displayed is an important area for future development.
In summary, the developments introduced in this manuscript advance the concept of ID conversion, making it a more powerful tool for bioinformatics. TogoID is expected to be used as a platform for tracing the relationships between various elements that will be elucidated by technical advances and enriched in databases in the future.

Availability and requirements
Project name: TogoID.
Project home page: https://​togoid.​dbcls.​jp/​
Operating system(s): Platform independent.
Other requirements: None.
License: The TogoID web service is free to use. The programs to collect ID relations are available at GitHub: https://​github.​com/​togoid/​togoid-config under the MIT License.
Any restrictions to use by non-academics: None.

Acknowledgements

We thank Info Lounge Corporation for the web interface and API development of the TogoID system.

Authors’ contributions

All authors contributed to the study conception and design. Data preparation was performed by S.I., M.H., H.C., T.T., S.K., and Y.M.. Development of Grasp and its configuration for the RDF Portal SPARQL endpoint were performed by T.K., S.K., Y.M., and S.I.. J.-D.K. extended PubDictionaries to support necessary functions for TogoID. The first draft of the manuscript was written by S.I., followed by discussions with M.H., Y.Y. and K.F.A.-K.. All authors read and approved the final manuscript.

Funding
This work was supported under the Life Science Database Integration Project, NBDC of Japan Science and Technology Agency.

Data availability

No datasets were generated or analysed during the current study.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
Ikeda S, Ono H, Ohta T, Chiba H, Naito Y, Moriya Y, et al. TogoID: an exploratory ID converter to bridge biological datasets. Bioinformatics. 2022;38(17):4194–9.Crossref


	2.
Fujita A, Aoki NP, Shinmachi D, Matsubara M, Tsuchiya S, Shiota M, et al. The international glycan repository GlyTouCan version 3.0. Nucleic Acids Res. 2021;49(D1):D1529-33.Crossref


	3.
Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, et al. PubChem 2023 update. Nucleic Acids Res. 2023;51(D1):D1373–80.Crossref


	4.
The UniProt Consortium. UniProt: the Universal Protein Knowledgebase in 2023. Nucleic Acids Res. 2023;51(D1):D523–31.Crossref


	5.
del Toro N, Shrivastava A, Ragueneau E, Meldal B, Combe C, Barrera E, et al. The IntAct database: efficient access to fine-grained molecular interaction data. Nucleic Acids Res. 2022;50(D1):D648–53.Crossref


	6.
Kim JD, Wang Y, Fujiwara T, Okuda S, Callahan TJ, Cohen KB. Open Agile text mining for bioinformatics: the PubAnnotation ecosystem. Bioinformatics. 2019;35(21):4372–80.Crossref


	7.
GlycoMotif. Available from: https://​glycomotif.​glyomics.​org/​. Cited 2024 Aug 27.


	8.
Landrum MJ, Lee JM, Benson M, Brown GR, Chao C, Chitipiralla S, et al. ClinVar: improving access to variant interpretations and supporting evidence. Nucleic Acids Res. 2018;46(D1):D1062–7.Crossref


	9.
Vasilevsky NA, Matentzoglu NA, Toro S, Flack JE, Hegde H, Unni DR, et al. Mondo: Unifying diseases for the world, by the world. medRxiv; 2022. p. 2022.04.13.22273750. Available from: https://​www.​medrxiv.​org/​content/​10.​1101/​2022.​04.​13.​22273750v3. Cited 2024 Jul 24.


	10.
Gene Ontology knowledgebase in 2023 | Genetics | Oxford Academic. Available from: https://​academic.​oup.​com/​genetics/​article/​224/​1/​iyad031/​7068118?​login=​false. Cited 2024 Jul 24.


	11.
Kawashima S, Katayama T, Hatanaka H, Kushida T, Takagi T. NBDC RDF portal: a comprehensive repository for semantic data in life sciences. Database. 2018;2018:bay123.Crossref


	12.
Milacic M, Beavers D, Conley P, Gong C, Gillespie M, Griss J, et al. The Reactome Pathway Knowledgebase 2024. Nucleic Acids Res. 2024;52(D1):D672–8.Crossref


	13.
Hirabayashi J, Tateno H, Shikanai T, Aoki-Kinoshita KF, Narimatsu H. The Lectin Frontier Database (LfDB), and data generation based on frontal affinity chromatography. Mol Basel Switz. 2015;20(1):951–73.


	14.
Tanaka K, Aoki-Kinoshita KF, Kotera M, Sawaki H, Tsuchiya S, Fujita N, et al. WURCS: The Web3 Unique Representation of Carbohydrate Structures. ACS Publications. American Chemical Society; 2014. Available from: https://​pubs.​acs.​org/​doi/​full/​10.​1021/​ci400571e. Cited 2024 Oct 22.




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Expanding the concept of ID conversion in TogoID by introducing multi-semantic and label features


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13326_2024_322_Fig2_HTML.png
1z

Examples: Refseq RNA Ensembl gene UniProt

EXPLORE

£
T

Name - Sorthy  Name -
has related .
GlycoMotif el [ 0 ] Disease ontology & is quivalent to

GlyTouCan fas moti [0 ] GlycoMotif [ s ) s variant ClinVar variant

is processed by

Q
]

HGNC gene symbol protein coded by [ %] NCBI Gene o s variant 828
gene
duct of gene Ensembl gene
is nearly equivalent o i
. (s ] PubChem compound [ ]
is equivalent to Ensembl protein
isattached to % UniProt © O

s scceptor of is translated from Ensembl transcript

enzymatic reaction

s £C number Enzyme nomenclature
s product of
enzymatic reaction
by

UniProt Y

is product of gene m GenBank/ENA/DDBJ

as GO amnatation (108 ] Gene ontology






OEBPS/images/13326_2024_322_Fig6_HTML.png
A Previous version

ensembl_gene-uniprot

glytoucan-uniprot

ENSG00000122203 |Q96A73 G49108TO AQA023T778
ENSG00000141696 |Q92791 G00666EC P05067
ENSG00000126653 |H7BYM1 G36191CD P02675

B New version

ensembl_gene-uniprot

glytoucan-uniprot-TIO_000060

glytoucan-uniprot-TIO_000126

glytoucan-uniprot-TIO_000128

ENSG00000122203 |Q96A73 G49108TO A0A023T778 G00068MO A0A089QDC1 G00066MO A0A089QDC1
ENSG00000141696 |Q92791 G00666EC P05067 G99041PQ Q16394 G57920AK Q6IZA2
ENSG00000126653 |H7BYM1 G36191CD P02675 G14371GV Q93063 G61459JW ABK2L2






OEBPS/images/13326_2024_322_Fig4_HTML.png
covid-19
lung cancr
inaginary disease

Euanples:  Refseq RNA

EXPLORE NAVIGATE
Dataset
G
Threshod @

Selectabel types

W rame W Exact synonym W Related synonym W Broad synonym

Report

Matched labels @ Include unmatched labels

Action

0 Copy to Clipboard | & Download s CSV [l & Download as TSV

Showing
et Makch type
covid-19 Name
lung cancr Name
lung cancr Bxact synonym
lung cancr Broad synonym
imaginary disease Unmatched

)

Esemblgene  UniProt

LABEL2ID

covip-19

lung cancer

lung cancer

lung carcinoma

DATASETS DOCUMENTS

Eanples:  RefseqgRNA Ensembl gene

°
r—

UniProt

EXPLORE NAVIGATE LABEL2ID DATASETS DOCUMENTS
Dataset.
Species D
meln:m-unl v> OR Gsos
‘Select label types
B NCBIGene symbol [ Synonym Offical symbal
Report

Matched labels @ Include unmatched labels

Action

€3 Comvert 105 [l ) Copy to Clipboard [l & Downloadas CSV [ & Download as TSV

Showing
- watre
FuT8 NCBI Gene symbol
ATPG NCBI Gene symbol
ocra Synonym
ocra Synonym
ocT4 Synonym

FUTS

ATPG

POUSF1

POUSF1P3

POUSF1P4






OEBPS/images/13326_2024_322_Fig1_HTML.png
<—>»  Existing TogolD ID conversion

<—>» Newly added TogolD ID relation

G Y

( has gene product
() NCBI = : . N .
= <« is modified with - <—equivalent
NCBI Gene s product of < il ChEBI
TN is attached to
.
: =)
Unipfo.t.. enzymatically processes .
equivalent < Gaif equivalent
UniProt is acceptor of enzymatic reaction by GlyTouCan
enzymatically produces =
e’ has gene product < e
«Ensembl 2 is product of enzymatic reaction by

Ensembl Gene s product of PubChem

Gene / Protein | Glycan / Chemical Compound






OEBPS/css/envelope.png





OEBPS/images/13326_2024_322_Fig3_HTML.png
GlcNAc(b1-2)[GlcNAc(b1-4)]Man(al-3)(GlcNAc(b1-2)[GlcNAc(b1-6)]Man(al-6)|Man(b1-
4)GIcNAc(b1-4)GlcNAc(bl-

GlcNAc(b1-2)[GlecNAc(b1-4))Man(al-3)[GlcNAc(b1-2)[GlcNAc(bl-6)|Man(al-6)|Man(bl-
4)GlcNAc(b1-4)GlcNAc(bl-

Man(al-6)Man(b1-4)GlcNAc(b1-4)[Fuc(al-3)](Gal(b1-4)Fuc(al-6)]GlcNAc(bl-

GalNAc(b1-4)GlcNAc(b1-2)Man(al-3)[GalNAc(b1-4)GlcNAc(b1-2)Man(al-6)]Man(b1-
4)GIcNAC(b1-4)GlcNAC(bl-

GalNAc(b1-4)GlcNAc(bl-2)Man(al-3)[(GalNAc(b1-4)GlcNAc(bl-2)Man(al-6)|Man(bl-
4)GIcNAC(b1-4)GlcNAc(bl-

GalNAc(b1-4)GlcNAc(bl-2)Man(al-3)(GalNAc(bl1-4)GlcNAc(bl-2)Man(al-6)|Man(bl-
4)GlcNAc(b1-4)GlcNAc(bl-

GalNAc(al1-3)Gal(b1-3)GIcNAc(b1-3)[NeuSAc(a2-6)Gal(b1-4)GlcNAc(b1-6))Gal (b1-4)GlcNAC(b1-

3)[Neu5Ac(a2-6)]GalNAc(al-

Man(?1-?)[Man(?1-?)]Man(al-3/6)[Man(al-3/6)]Man(b1-4)GlcNAc(b1-4)GlcNAc(bl-

Prosaposin

Interferon gamma

Rhodopsin

Tissue-type plasminogen activator

Platelet glycoprotein 4

Kallikrein-1

Mucin-2

Immunoglobulin heavy constant
epsilon





OEBPS/images/13326_2024_322_Fig5_HTML.png
EEERTECY— v

is product of enzymatic
reaction by Lo:]

10000+

T [—
Report
@ Al converted IDs Source and target IDs Target IDs
Allincluding unconverted IDs
Format
@ Expanded Compact
Action
Preview
GlycoMotif GlyTouCan UniProt ClinVar variant MONDO
0 ~) [l) ) ~ 1D (MONDO?)
Shon ‘Show Show Show
o [ O} w @
G000S5MO G351168F Gal(b1- Q96L58 Beta-1,3- 60489 MONDO:00141 Ehlers-Danlos syndrome,
3)Gal(b1- galactosyltr 39 spondylodysplastic type, 2
4)GleNAc(bl- ansferase 6
G00055MO G70899NZ Gle(bl- Q6Y288 Beta-1,3- 96624 MONDO:00098 Peters plus syndrome
3)Fuclal- glucosyltra 56
2)Gal(b1- nsferase
4)GlcNA(bl-
G00055MO G35116BF Gal(bl- Q96158 Beta-1,3- 281204 MONDO:00141 Ehlers-Danlos syndrome,

3)Gal(bl- galactosyltr 39 spondylodysplastic type, 2

— e Y scommonion —f)

Report
@ Allconverted IDs Source and target IDs Target IDs

Allincluding unconverted IDs

Format

@ Expanded Compact

Action

¥ Download as CSV ¥ Download as TSV [ Copy API URL 0 Copy CURL
Preview
Giyeonioti GlyToucan Uniprot Gene ontology
() Stow Son Ston
labess Labes Labels
G00028MO 655220VL Man(al-3)[Man(al-3)[Man(al- D3ZESS Protocadherin-8 60:0030425 dendrite

6)]Man(al-6)]Man(b1-4)GIcNAC(b1-
4)GIcNAC(bl-

G00028MO G55220VL Man(al-3)[Man(al-3)[Man(al- D3ZESS Protocadherin-8 G0:0098978 glutamatergic synapse
6))Man(al-6)|Man(b1-4)GlcNAc(bl-
4)GlcNAc(bl-

G00028MO G55220VL Man(al-3)[Man(al-3)[Man(al- D3ZESS Protocadherin-8 G0:0005886 plasma membrane






OEBPS/css/sidebar.gif





OEBPS/css/cc-by-nc-nd.png
(OO





