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The first International Life Science Integration Workshop was held
on 5–9 March 2018 in Tokyo, Japan. This workshop was spon-
sored by the Glycoinformatics Consortium (GLIC), Japan Science
and Technology Agency (JST) and the National Bioscience Database
Center of Japan (NBDC). The first 2 days of this workshop con-
sisted of a symposium with invited talks from experimentalists and
bioinformatics experts in the life sciences. The last 3 days were
devoted to a Hackathon to further develop communication between
the different software projects and support the integration of differ-
ent life science domains. This was one of the first meetings where
glycomics software developers met with leading proteomics and lipi-
domics resource experimentalists, and the hackathon sessions pro-
vided a forum to discuss strategies for data integration and
improved data interoperability in the life science domain. The results
of the workshop are presented here.

The workshop web page can be found at http://glic.glycoinfo.
org/meetings/LSworkshop2018/. The initial 2-day symposium
included international talks introducing the GlyCosmos Project
developed in Japan (https://glycosmos.org), the GlyGen Project
developed in the USA (http://glygen.org), the UniCarbKB
(Campbell et al. 2014) and GlycoStore projects from Australia
(Zhao et al. 2018), and the GlyConnect Project developed in
Switzerland (Alocci et al. in preparation) and related work at
ExPASy (Mariethoz et al. submitted). There were also talks from
developers of the Carbohydrate-Active Enzymes Database (CAZy)
(Lombard et al. 2014), the Carbohydrate Structure Database
(CSDB) (Toukach and Egorova 2016), the GRITS Toolbox (http://
www.grits-toolbox.org/), as well as glycoinformatics resources
available at VirtualGlycome.org (Cheng et al. 2017; Liu et al.
2017), ACGG-DB (http://acgg.asia/db/), UniProt (UniProt
Consortium 2018), LipidBank (Yasugi and Seyama 2007), PDBj
(Protein Data Bank Japan) (Kinjo et al. 2018), services and tools
provided by DBCLS (Database Center for Life Science) and jPOST
(Japan Proteome Standard Repository/Database) (Okuda et al.
2017). The audience was also introduced to the Minimum
Information Required for A Glycomics Experiment (MIRAGE) ini-
tiative and their objectives (York et al. 2014). Hisashi Narimatsu
presented the technologies used at AIST to produce such glycomics
data, and Toshisuke Kawasaki closed the meeting with his experi-
ences in determining glycans’ functions using antibodies.

On the second day, a discussion session was held to identify the
immediate requirements of the community and the necessary steps
to work toward their implementation. One of the needs that arose
was access to a single and central location listing existing glycomics
and related web resources that are available to the community. As
was evident from the many talks of the previous days, currently

many databases and web resources are available, but these are often
not easy to find. Table I lists the relevant resources that were intro-
duced during the workshop as a reference.

Another need expressed by the meeting participants was the
accessibility of published glycomics data. Currently, there is no
requirement by journals to register glycomics data into any public
repository. Glycomics and glycoproteomics mass spectrometry (MS)
analysis generates vast amounts of data that should be stored and
made publicly available. However, the necessary infrastructure and
technology need to be in place to handle such data. During the
hackathon, members of the jPOST and GlyCosmos development
team agreed to initiate an extension of jPOST for glycomics and gly-
coproteomics MS data, called GlycoPOST. Planning and implemen-
tation of this repository to accept metadata conforming to the
MIRAGE MS guidelines (Kolarich et al. 2013) also made progress
during the hackathon. As a part of this activity, discussions took
place regarding the requirements for glycomics data in GlycoPOST
with Niclas Karlsson (University of Gothenburg, Sweden), who
initiated the systematic collection of LC/MS-MS glycan data in a
repository called UniCarb-DR (Karlsson et l., manuscript in
preparation).

Another topic that arose during the discussion of this workshop
was the need to easily understand glycan function from existing
data. However, glycan function can be described in a variety of
forms; they are recognized by antibodies, lectins bind to them to ini-
tiate signaling events, they are used as signals to chaperones to indi-
cate the fitness of protein folding, etc. Oftentimes, glycan
recognition may only involve the nonreducing end, meaning the
same glycan substructure (or motif or epitope) may be found on dif-
ferent carriers, including N-glycans, O-glycans and lipids. Glycans
are also synthesized by glycosyltransferases, which may have a var-
iety of substrate specificities. All of these information are currently
not integrated in any web resource, but the talks at the symposium
and the discussion session at the end indicated that several projects
are aiming to do so, e.g. GlyConnect, GlyCosmos and GlyGen.

During the hackathon, several activities ensued including the fol-
lowing topics:

• CSDB integration with GlyTouCan, and beta-testing and incorp-
oration of a new glycan-drawing tool called SugarSketcher, devel-
oped by the Swiss Institute of Bioinformatics as a replacement of
GlycanBuilder.

• Development of Web3 Unique Representation for Carbohydrate
Structures (WURCS) to handle modifications and a converter
from WURCS to GlycoCT.

• Discussion of tools using glyco-enzymes for the simulation of gly-
can biosynthesis.

• Discussion of GlycoPOST development, including sample data,
metadata ontology and controlled vocabularies to provide a user-
friendly interface to deposit glycomics data (detailed above).
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• Discussion of ontology, including the steps to take for updating
GlycoRDF, development of a new Glycoconjugate Ontology
called GlycoCoO (https://github.com/glycoinfo/GlycoCoO) and
plans for publication.

• UniProt-related discussions, including the incorporation of
ProtVista (Watkins et al. 2017) web components to display glyco-
proteins in GlyCosmos and the potential of using UniRules
(https://f1000research.com/posters/6-1366) to identify common
elements and annotations related to glycoproteins in UniProt.

In summary, much progress was made in stimulating international col-
laborations between researchers in lipidomics, proteomics, glycomics

and informatics at this workshop. With several newly funded bioinfor-
matics projects now underway, it is expected that increased collabora-
tions and integration will be needed and implemented in the next
3–5 years. This will require the continued collaboration with those
who attended, as well as more connections with those in other fields,
including genomics and metabolomics (Figure 1).

Contributors:

• Issaku Yamada (The Noguchi Institute, Tokyo 173-0003, Japan)
• Sachiko Akase (Graduate School of Engineering, Soka University,

Tokyo 192-8577, Japan)

Fig. 1. Group photo of the participants of this workshop.

Table I. Relevant resources described during this workshop

Resource name (URL) Description Resource type

CAZy (www.cazy.org) Lombard et al. (2014) The carbohydrate-active enzymes database Carbohydrate-active enzymes: curated
family classification

CAZypedia (https://www.cazypedia.org) CAZypedia
Consortium (2018)

The encyclopedia of carbohydrate-active
enzymes

Curated information on the structure,
specificity and mechanism of CAZy
families

CSDB: Carbohydrate Structure Database (http://csdb.
glycoscience.ru) Toukach and Egorova (2016)

Structure, bibliography, taxonomy and NMR
data for prokaryotic, plant and fungal
glycans

Glycomics, glycoconjugates and NMR

GLIC: Glycoinformatics Consortium (https://glic.
glycoinfo.org/)

Database resources, software tools and
repository for glycomics related data

Glycomics, glycoproteins and glycolipids

Glycomics@ExPASy (https://www.expasy.org/glycomics) Glycomics dedicated section of ExPASy portal Glycomics and glycoproteomics
Glycopedia (https://www.glycopedia.eu/) Wikipedia of glycomics information Glycomics
GlycoStore (https://www.glycostore.org) Zhao et al.
(2018)

Glycan structure and experimental database Glycomics

GlyGen (http://glygen.org/) Data integration project for glycomics,
genomics and glycoproteomics data

Glycomics and glycoproteins

GlyTouCan (https://glytoucan.org) Tiemeyer et al.
(2017)

The international glycan structure repository Glycan structures

GRITS Toolbox (http://www.grits-toolbox.org/) Annotation program for glycomics MS data Glycomics, mass spectrometry and data
analysis

LipidBank (http://jcbl.jp/wiki/) Yasugi and Seyama
(2007)

Database of lipid structures with their original
publication records

Glycosphingolipids and glycolipids

MIRAGE (http://www.beilstein-institut.de/en/projects/
mirage) Yasugi and Seyama (2007); York et al. (2014)

Minimum reporting initiative for glycomics Glycomics and standards

UniCarbKB (http://www.unicarbkb.org) Campbell et al.
(2014)

Glycoprotein (site-specific and global) and
glycan structure annotations

Glycoproteins

VirtualGlycome (http://www.VirtualGlycome.org) Liu
et al. (2017); Cheng, Zhou and Neelamegham (2017)

Open source tools for the analysis of
glycosylation networks

Glycomics and glycoproteomics

ACGG-DB (https://acgg.asia/db/) Semantic web of the integrated databases for
glycogenes, lectins and glycoproteins

Glycomics and glycoproteomics
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