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ABSTRACT

Glycans serve important roles in signaling events
and cell-cell communication, and they are recog-
nized by lectins, viruses and bacteria, playing a va-
riety of roles in many biological processes. How-
ever, there was no system to organize the plethora
of glycan-related data in the literature. Thus GlyTou-
Can (https://glytoucan.org) was developed as the in-
ternational glycan repository, allowing researchers
to assign accession numbers to glycans. This also
aided in the integration of glycan data across various
databases. GlyTouCan assigns accession numbers
to glycans which are defined as sets of monosac-
charides, which may or may not be characterized
with linkage information. GlyTouCan was developed
to be able to recognize any level of ambiguity in
glycans and uniquely assign accession numbers to
each of them, regardless of the input text format. In
this manuscript, we describe the latest update to Gly-
TouCan in version 3.0, its usage, and plans for future
development.

INTRODUCTION

Glycans are carbohydrate sugar chains that can be attached
to proteins and lipids on the cell surface. They serve in sig-
naling events and cell–cell communication, and they are rec-
ognized by lectins, viruses and bacteria, serving a variety
of roles in many biological processes (1). While genes and
proteins can be sequenced and computed directly as linear
strings, glycans are branched molecules and thus cannot be
represented and compared easily. Thus, although many gly-
can databases have been developed over the years, each used
their own independent text representation to store glycan
data, making it difficult to exchange and link information
with one another (2). This situation prompted the devel-

opment of a glycan repository, whereby a single accession
number could be assigned to glycans published in the liter-
ature. Thus GlyTouCan (https://glytoucan.org) was initially
released in 2016 as the first and only glycan repository (3).

GlyTouCan assigns accession numbers to glycans which
are defined as sets of monosaccharides, which may or may
not be characterized with linkage information. For exam-
ple, Figure 1 is an illustration of various levels of ambiguity
when representing glycans, which can range from base com-
positions to glycans with all linkages fully identified. Be-
cause of the current technology for characterizing glycans,
publications often report glycans at the base composition
or monosaccharide composition level, whereas older publi-
cations may have more linkage information defined. Thus,
GlyTouCan was developed to be able to recognize any of
these levels of glycans and uniquely assign accession num-
bers to each of them, regardless of the input text format. In
this manuscript, we describe the latest updates to GlyTou-
Can in version 3.0, its usage, and plans for future develop-
ment.

MATERIALS AND METHODS

The data in GlyTouCan is based on Semantic Web tech-
nologies (4), where all user data and glycan data are stored
in a Resource Description Framework (RDF) triplestore.
The user interface is developed mainly using Web compo-
nents, which display data based on queries on the triple-
store.

The biggest change in the update to version 3.0 was the
registration flow. In the previous version, only GlycoCT (5)
and WURCS (6) were the two formats accepted to be regis-
tered and assigned a GlyTouCan ID in version 2.0. Reg-
istration and assignment of IDs was performed immedi-
ately, once simple checks of the format were made to en-
sure that chemically impossible glycans were not registered.
The advantage of this registration flow was that users could
obtain accession numbers immediately. The disadvantages

*To whom correspondence should be addressed. Tel: +81 42 691 4116; Fax: +81 42 691 4116; Email: kkiyoko@soka.ac.jp

C© The Author(s) 2020. Published by Oxford University Press on behalf of Nucleic Acids Research.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0001-9504-189X
http://orcid.org/0000-0002-6662-8015
https://glytoucan.org
https://glytoucan.org


D1530 Nucleic Acids Research, 2021, Vol. 49, Database issue

Figure 1. Examples of glycan that can be registered in GlyTouCan. Differ-
ent levels of ambiguity can be defined.

were that validation, text format conversion and other cal-
culations were limited to a one-time execution registration
process. If these calculations had any issues and needed
to be updated, there was no historical context as to ex-
actly how they were previously implemented or changed, for
any glycan registered previously or thereafter. Moreover, al-
though extremely rare, the same glycan could be registered
within milliseconds of one another, while the previously de-
scribed calculations were being executed, resulting in the as-
signment of multiple IDs for the same glycan.

Due to these reasons, GlyTouCan version 3.0 performed
a major update to (i) simplify the registration and search
functionality and (ii) improve the validity of the content in
GlyTouCan. In April 2019, the GlyCosmos Glycoscience
Portal (7) was officially released as a web portal to integrate
glycan-related omics data. GlyCosmos contains a section of
Repositories and one for Data Resources. GlyTouCan, Gly-
coPOST and most recently UniCarb-DR (8) have become
members under the Repositories section. This allowed us to
simplify GlyTouCan and move some of the search function-
ality to GlyCosmos. Therefore, search by mass and motifs,
as well as by species, has been removed from GlyTouCan
and is now available under Glycan Search in GlyCosmos.

Figure 2 illustrates the change in the registration process.
The top part shows how in the former version, registration,
translation and assignment of IDs were performed imme-
diately. The bottom represents the new system, where gly-
cans registered are first assigned a hash key and stored in the
User’s Submissions page. This submissions page will show
the status of the batch processing of the glycans registered.
This periodic batch process will validate inputted data, and
once validated, generate the glycan image and assign an ac-
cession number. All the inputted data, validation results,
generated images and IDs will be listed in the new User’s
Submissions page.

RESULTS

Here, we illustrate how the new registration process pro-
ceeds. Users first login using a Google account. Then the
following steps should be taken.

New registration flow

User registration. Users must make certain that they have
an API key generated in their user profile. This can be gen-
erated by clicking the ‘Generate API Key’ link in their user
profile. Figure 3 is a screenshot of the user profile page. If no
API key is listed, then the ‘Generate API Key’ link should
be clicked. The Contributor ID is used for API access to
GlyTouCan, so that users can register and search GlyTou-
Can from a computer program.

Glycan data registration. In version 3.0, all data registered
in GlyTouCan are initially assigned a hash key on the server,
which stores the data, user information and date/time of the
registration. This hash key is listed under ‘Submission Ref’
on the user’s Data Submissions page.

Data submissions page

User data. After registering glycan data via the Graphic
Tool or by any text format supported by GlyTouCan, users
can confirm their submission information on their User’s
Submissions page (Figure 4). GlycoCT and WURCS are
currently the two formats that can be validated, but other
formats can be registered and given a reference number;
these will be processed once validation tools are available.

API access

GlyTouCan offers an application programming interface
for users to register glycan sequences and to make struc-
tured queries to the database. The documentation for the
API services is available at https://api.glytoucan.org. Basic
authentication over HTTPS is used to transfer user authen-
tication information. Details are available from the online
documentation at http://code.glytoucan.org/system/basic/.

GlyTouCan partner program

The GlyTouCan Partner program is a set of specialized
functionality for organizations managing their own glycan
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Figure 2. The new registration process in GlyTouCan. The top part represents the former version where registration, translation and assignment of IDs were
performed immediately. The bottom represents the new system, where glycans registered are first assigned a hash key and stored in the User’s Submissions.
A periodic batch process will then validate inputted data, and once validated, generates the glycan image and assigns an accession number. All the inputted
data, validation results, generated images and IDs will be listed in the new User’s Submissions page.

Figure 3. After user registration, the user can check the registration information such as the registered email address, Contributor ID and API Key required
for submission of glycans on the user profile page (https://glytoucan.org/Users/profile).

information. It primarily allows for the automation of reg-
istering glycans, as well as linking back to the partner mem-
ber’s website. The main goal of this program is to expand the
Linked Data network (9,10) within the glycobiology com-
munity. That is, for those database providers who wish to
have a link in GlyTouCan entry pages appear to jump to
their own entry pages, manually adding such links will delay

the process, especially as more database partners increase.
This becomes a full-time process if updates and changes
to URLs, etc. arise in different databases. Therefore, this
program gives control to the database provider. GlyTou-
Can provides a special application programming interface
to database providers once they register. Then, the database
provider can use this interface to make additions, modifica-

https://glytoucan.org/Users/profile
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Figure 4. Examples of user-registered glycans and registered information on the Data Submission page (https://glytoucan.org/Users/structure). Initially,
the data is sorted based on the date and time of submission (left-most column). Submission Ref is the hash key generated upon registration. Sequence is
the user-submitted glycan data. If the batch processing confirms that the data is valid, the accession number and glycan image is displayed in the right-most
column. Note that if the glycan was already registered, then the accession number already assigned is listed.

Figure 5. Illustration of the GlyTouCan Partner Program. First, database providers who have glycan data can register as a partner by providing their
contributor ID and base URL. Once registered, database provider developers can register their glycans corresponding to GlyTouCan IDs, which will then
be checked and, once validated, will generate links in GlyTouCan entry pages back to the partner’s corresponding entry page.

tions, and deletions of links to particular glycan entries in
GlyTouCan.

Specifically, once the Partner Registration process is com-
plete, GlyTouCan detects whether the user is a partner
member. When registering glycans, the partner’s glycan id
can be submitted along with the glycan data. This will be
used with the URL template provided by the partner during
the Partner Registration process. The newly registered gly-
can will then have an entry linking back based on the URL
template and ID. By allowing more database providers to
easily add links to their database entries from GlyTouCan,
users can expect to find more detailed information about
their glycans of interest. Figure 5 illustrates the GlyTouCan
Partner Program and this process of registering partner IDs
with GlyTouCan.

DISCUSSION

The advantage of this new system is that users are now not
limited to submitting glycans in GlycoCT and WURCS for-

mats. Due to the development of GlycanFormatConverter
(11), any supported and convertible format can now be reg-
istered. Currently, IUPAC condensed and KCF are sup-
ported, and more formats are planned in the future. The
batch processor will translate the given format into the sys-
tem’s WURCS format in order to assign an accession num-
ber.

There were remnants of the former system that required
a tedious process of validating the already registered gly-
cans in GlyTouCan. This resulted in the archival of dupli-
cated glycans. A list of the archived entries and the corre-
sponding active entries has been documented. Moreover,
GlyCosmos now contains a list of the validated glycans in
GlyTouCan, under the GlyCosmos Glycans data resource.
Note that since GlyCosmos updates are released every four
months, this list is also a reflection of the validated glycans
at the time of the latest release. All the archived and active
data are available from the GlyCosmos Downloads page.

Most importantly, although there is now an increased
waiting time for assignment of accession numbers from the

https://glytoucan.org/Users/structure
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user’s perspective, from a system’s perspective, the new Gly-
TouCan system is more stable and able to keep logs of the
registration process in more detail. Moreover, the new user’s
Submissions page makes it easier for users to keep track
of the data they have registered. Especially considering the
speed at which the glycoinformatics field changes, this new
update will enable GlyTouCan to keep up with the latest
developments.

DATA AVAILABILITY

GlyTouCan is available at https://glytoucan.org, and the
GlyTouCan triplestore is accessible from the following
URL: https://ts.glytoucan.org/sparql. The GlyTouCan API
is available at https://api.glytoucan.org/swagger-ui.html.
All the archived and active data are available from the Gly-
Cosmos Downloads page at https://glycosmos.org/homes/
download.

ACKNOWLEDGEMENTS

The authors acknowledge Haruko Kitakaze for her support
during the development of this project.

FUNDING

Database Integration Coordination Program (DICP) of the
Japan Science and Technology Agency (JST); National Bio-
science Database Center (NBDC) [17934031]; National In-
stitutes of Health Common Fund [U01-GM125267-01, in
part]. Funding for open access charge: Japan Science and
Technology Agency.
Conflict of interest statement. N.A. and D.S. are employees
of SparqLite, Ltd.

This paper is linked to: doi:10.1093/nar/gkaa1012.

REFERENCES
1. Varki,A., Cummings,R.D., Esko,J.D., Stanley,P., Hart,G.W.,

Aebi,M., Darvill,A.G., Kinoshita,T., Packer,N.H., Prestegard,J.H.
et al. (2017) In: Essentials of Glycobiology 3rd edn. Cold Spring
Harbor Laboratory Press.

2. Aoki-Kinoshita,K.F. ed. (2017) In: A Practical Guide to Using
Glycomics Databases. Springer, Japan, Tokyo.

3. Tiemeyer,M., Aoki,K., Paulson,J., Cummings,R.D., York,W.S.,
Karlsson,N.G., Lisacek,F., Packer,N.H., Campbell,M.P., Aoki,N.P.
et al. (2017) GlyTouCan: an accessible glycan structure repository.
Glycobiology, 27, 915–919.

4. Berners-Lee,T. and Hendler,J. (2001) Publishing on the semantic web.
Nature, 410, 1023–1024.

5. Herget,S., Ranzinger,R., Maass,K. and von der Lieth,C.-W. (2008)
GlycoCT – a unifying sequence format for carbohydrates. Carbohydr.
Res., 343, 2162–2171.

6. Matsubara,M., Aoki-Kinoshia,K.F., Aoki,N.P., Yamada,I. and
Narimatsu,H. (2017) WURCS 2.0 update to encapsulate ambiguous
carbohydrate structures. J. Chem. Inf. Model., 57, 632–637.

7. Yamada,I., Shiota,M., Shinmachi,D., Ono,T., Tsuchiya,S.,
Hosoda,M., Fujita,A., Aoki,N.P., Watanabe,Y., Fujita,N. et al.
(2020) The GlyCosmos Portal: a unified and comprehensive web
resource for the glycosciences. Nat. Methods, 17, 649–650.

8. Rojas-Macias,M.A., Mariethoz,J., Andersson,P., Jin,C.,
Venkatakrishnan,V., Aoki,N.P., Shinmachi,D., Ashwood,C.,
Madunic,K., Zhang,T. et al. (2019) Towards a standardized
bioinformatics infrastructure for N- and O-glycomics. Nat. Commun.,
10, 3275.

9. Bizer,C., Heath,T. and Berners-Lee,T. (2011) Linked data - the story
so far. In: Semantic Services, Interoperability and Web Applications:
Emerging Concepts. IGI Global, pp. 205–227.

10. Aoki-Kinoshita,K.F., Kinjo,A.R., Morita,M., Igarashi,Y.,
Chen,Y.-A., Shigemoto,Y., Fujisawa,T., Akune,Y., Katoda,T.,
Kokubu,A. et al. (2015) Implementation of linked data in the life
sciences at BioHackathon 2011. J. Biomed. Semantics, 6, 3.

11. Tsuchiya,S., Yamada,I. and Aoki-Kinoshita,K.F. (2019)
GlycanFormatConverter: a conversion tool for translating the
complexities of glycans. Bioinformatics, 35, 2434–2440.

https://glytoucan.org
https://ts.glytoucan.org/sparql
https://api.glytoucan.org/swagger-ui.html
https://glycosmos.org/homes/download
https://doi.org/10.1093/nar/gkaa1012

