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What is the
Semantic Web?

* Also known as Linked Open
Data
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Kamdar, M.R., Musen, M.A. Sci Data 8, 24 (2021)



Advantages of Sem\Web

e The Web is used as the foundation of a truly de-centralized
database.

« No need to set up or manage a central database
« Anyone can join the cloud

e Truly open and shareable data
e Easy for re-use and mash-up
e Easy for cross-domain, cross-discipline use

e Single format for all data
e Easy for data processing



-xample of RDB vs. RDF




Inferencing on the SemWeb

e Semantic inference or inference over the Semantic Web is a
process by which new data is added to a dataset, created from
the existing data.

« No extra data has to be collected to produce new insights.

e These insights come in the form of new relationships, providing
connections in the data that were previously unobserved.

» Inference relies on two tools, ontologies and rules. The former
describes the structural model of the data, how its layered
INto classes and sub-classes etc., and the latter dictates the
laws which the data must obey.

 An ontology will tell you that the countries in a continent are a sub-
set of all the countries, and a rule will tell you that a city in a country
must also be in that country’s continent.

https://www.oxfordsemantic.tech/fundamentals/what-is-semantic-inference


https://www.oxfordsemantic.tech/fundamentals/what-is-a-triple
https://www.oxfordsemantic.tech/fundamentals/data-relationships-in-a-graph
https://www.oxfordsemantic.tech/fundamentals/what-is-an-ontology
https://www.oxfordsemantic.tech/fundamentals/what-is-a-rule
https://www.oxfordsemantic.tech/fundamentals/what-is-a-graph-model

The Semantic Web: triples and graphs



The GlyCosmos Glycoscience Portal

« Submissions (Repositories)
e GlyTouCan (glycans)
e GlycoPOST (raw MS data)

« UniCarb-DR (apnotated
glycomics data)

« GlyComb (glycoconjugates:
currently only glycopeptides)
- Data Resources
Glycomes
Glycans
Glycoconjugates
Glycogenes
Diseases
Pathways
etc.

« Tools
e Glycan drawing tools
e GlycoMaple

« Standards
https://glycosmos.org

Version 3.0 released August 8, 2022



GlyCosmos data ¢
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https://glycosmos.org/metadata

GlycoRDF (glycan ontology)

Ranzinger R, Aoki-Kinoshita KF, et al. Bioinformatics. 2015. 31(6):919-25.



GlycoCoO (Glycoconjugate Ontology)

https://github.com/glycoinfo/GlycoCoO

Yamada I, Aoki-Kinoshita KF, et al. Glycobiology. 2021. 7;31(7):741-750.
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New Tools section in GlyCosmos

e Drawing tools to generate SNFG images

e Text format conversion tools for glycan
text representations

e GlycoMaple: visualizing glycogene
expression data on glycan pathways

« GALAXY: 3D HPLC data
« MCAW: multiple glycan alignment
e GlycoSim: glycan biosynthesis simulation






The new GlyCosmos project to supplement and enhance glyco-data

Repository expansion

ﬂ[ Glycans (GlyTouCan, GlyComb)
Glycomics data (GlycoPOST, UniCarb-DR)

Glycopeptides/-proteins (GlyComb)
Lectins (LM-GlycoRepo) <
Pathways (GlycoPathRepo) <
Microbial glycan data (MicroGlycoRepo) </

<ﬁ':| Glycoconjugate data

1 Lectin data

1 Pathways/interaction data

I Microbial data

Easier access to data for
understanding glycan function!

&

- Semi-automatic curation system
- Annotation jamborees

Data Resource expansion

All linked in the
Semantic Web
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https://prezi.com/p/edit/glu0xkyz_opq/

Glycan Pathway Repository

Pathway information Input Reaction Information Input

Pathway :> —

ontology

NCBI Taxon #> == ECenzyme

Brenda tissue >
ontology

Cell ontology

—== Text of Glycan

<= Celllular location




» Glycan Pathway Repository: Uploaded results

Confirmation of input reaction steps

> T

he visualized pathway information

Upload\ /
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MicroGlycoDB prototype
https://microglycodb.alpha.glycosmos.org/
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Data in GlyCosmos annotated with
taxonomy

System for Carbohydrate Ressanch

5¢ ACGG-DB @ GlycoNAVI

Glrocoione®




Taxonomy data

e 24 748 taxons




Aspergillus Genus



Setting up inferencing
for taxonomies

1. Create an inference graph

containing full taxonomic tree
from NCBI

2. Create a rule set to refer to the
inference graph

3. Reference the inference graph
during queries:

e e.g. Search for all glycans
having taxonomy |D = 5052
(Aspergillus)

Eukaryota

H-Streptophyta

. B-Arabidopsis thaliana
. B-Zea mays
~-Metazoa

~.Mammalia
EB-Primates

~Cercopithecidae

----- Cercopithecus

 B-Cercopithecus lomamiensis
=-Homo sapiens




Results of searching Ttor glycans in Aspergillus
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//rdf.
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org/Zglycan/G27838JR
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org/glycan/G33711PF "
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org/Zglycan/G67221GY "
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org/Zglycan/G693827ZH
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org/Zglycan/G197470A
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glycoinfo.

org/Zglycan/G37216UM "
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//rdf.
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org/Zglycan/G40915GX "
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A query to search just for
Aspergillus genus glycans was
made

Successfully retrieved all
glycans under the Aspergillus
genus including all species!

No data needed to be added
for each of the species within
this genus

Query only needed one
additional reference to the
inference graph


http://rdf.glycoinfo.org/glycan/G68668TB
http://rdf.glycoinfo.org/glycan/G59365XO
http://rdf.glycoinfo.org/glycan/G68593OS
http://rdf.glycoinfo.org/glycan/G82314XU
http://rdf.glycoinfo.org/glycan/G92694DA
http://rdf.glycoinfo.org/glycan/G92890KE
http://rdf.glycoinfo.org/glycan/G93578EF
http://rdf.glycoinfo.org/glycan/G97859JV
http://rdf.glycoinfo.org/glycan/G99019LG
http://rdf.glycoinfo.org/glycan/G40198OD
http://rdf.glycoinfo.org/glycan/G50119EM
http://rdf.glycoinfo.org/glycan/G70651XZ
http://rdf.glycoinfo.org/glycan/G03652TR
http://rdf.glycoinfo.org/glycan/G01260RY
http://rdf.glycoinfo.org/glycan/G09724ZC
http://rdf.glycoinfo.org/glycan/G70323CJ
http://rdf.glycoinfo.org/glycan/G81315DD
http://rdf.glycoinfo.org/glycan/G83582BK
http://rdf.glycoinfo.org/glycan/G27838JR
http://rdf.glycoinfo.org/glycan/G33711PF
http://rdf.glycoinfo.org/glycan/G67221GY
http://rdf.glycoinfo.org/glycan/G69382ZH
http://rdf.glycoinfo.org/glycan/G19747OA
http://rdf.glycoinfo.org/glycan/G37216UM
http://rdf.glycoinfo.org/glycan/G40915GX
http://rdf.glycoinfo.org/glycan/G42227JK
http://rdf.glycoinfo.org/glycan/G63024BG
http://rdf.glycoinfo.org/glycan/G79920MY

-uture plans @ Subsumption, archetype
and substructure search using inference




“archetype”
concept

N-glycan chitobiose core

structures:

* blue: IUPAC sequence

* green: WURCS sequence

* red: GlycoCT of GIcNAc at the
reducing end

» Chemically modified glycans
that could be considered
biologically the same.

» The archetype concept will
introduce the idea of an “all-
encompassing” glycan to
represent all of these.

» Once implemented, only the
archetype glycan needs to be
searched, and links to the
other modified glycans made
available at a lower level.

G22768V0

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

WURCS=2.0/3,5,4/[a2122h-1b_1-5_2*NCC/3=0][a1122h-1b_1- 1b:b-dglc-HEX-1:5
5][al122h-1a_1-5]/1-1-2-3-3/a4-b1_b4-c1_c3-d1_c6-el

Man(al-3)[Man(al-6)]Man(b1-4)GIcNAc(b1-4)GIcNAc(?1-
WURCS=2.0/4,5,4/[a2122h-1x_1-5 2*NCC/3=0][a2122h-1b_1- 1b:x-dglc-HEX-1:5
5 2*NCC/3=0][a1122h-1b_1-5][a1122h-1a_1-5]/1-2-3-4-4/a4-

bl b4-cl_c3-d1_c6-el

WURCS=2.0/4,5,4/[a2122h-1x_1-?_2*NCC/3=0][a2122h-
1b_1-5_2*NCC/3=0][a1122h-1b_1-5][a1122h-1a_1-5]/1-
2-3-4-4/ad-b1_ba-c1_c3-d1_c6-el

Man(al-3)[Man(al-6)]Man(b1-4)GlcNAc(b1-4)GIcNAc

WURCS=2.0/4,5,4/[u2122h_2*NCC/3=0][a2122h-1b_1-
5_2*NCC/3=0][al1122h-1b_1-5][al122h-1a_1-5]/1-2-3-4-4/a4-
bl_b4-cl_c3-d1_c6-el

archetype



Summary and Ongoing work

 GlyCosmos has been renewed for another five years, during which
new repositories for glycan pathways, microbial glycans and
glycogenes, and lectin microarray data will be developed.

e These repositories will then be processed to supplement the Data
Resources in GlyCosmos.

e Currently developing a glycosylation simulation tool GlycoSim and
GSS as well as a database of models that have been shown to
successfully simulate known data so that the estimated
parameters could be used for simulations of modified versions of
these models.
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