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Ongoing effort since 2016 to digitise all PWs from:

Pathway:WP4236 - Chapter 20
Pathway:WP4153 - Chapter 25
Pathway:WP4220 - Chapter 31
Pathway:WP4224 - Chapter 41
Pathway:WP4225 - Chapter 41

Disorders of the Krebs Cycle

community

Quality control
Development
WikiPathways Blog
AQOP portal

CIRM portal
CPTAC portal
Renal Genomics
portal

Disease portal
ExRNA portal
Lipids portal
Micronutrient portal

"Disorders of the Krebs Cycle"
"Lysosomal Storage Disorders Including Neuronal Ceroid Lipofuscinoses (Sphingolipid degradation)”
"Neurotransmitter Disorders”

"Purine Disorders”

"Pyrimidine Disorders”

Neurotransmitter Disorders

Lysosomal Storage Disorders Including Neuronal
Ceroid Lj i (Sphit ipi i

Purine Disorders

Physician’s Guide to the
Diagnosis, Treatment, and
Follow-Up of Inherited
Metabolic Diseases

Pyrimidine Disorders
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With help from various students and related projects/courses:

Biological )
Pathways (and colleagues | kept bothering)
2017:
. Create pathways, digitise Biomarker info as RDF
WIKIPATHWAYS

Pathways for the People

(2018-current):
www.wikipathwavs.org Create pathways, OMICS data analysis (mutations and functional prediction tools,
transcriptomics, GO-analysis)

2019:
Create pathways, digitise Kinetic + Drug data as RDF
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https://www.bigcat.unimaas.nl/research/internships/previous-internship-projects/#h2018
https://www.bigcat.unimaas.nl/research/internships/
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Bsc. thesis Biomedical Sciences
Josien Landman

Research Question:

Can we use biological pathway information
to check if biomarkers are linked to
diseases?
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Workflow

;:‘:1 RDF with disease-biomarker associations

D F

Biological pathway information from WikiPathways

onversion of disease assoclations from GPML-RDF to
A/P-RD

2z"a SPARQL queries with Blazegraph

% Maastricht University



RDF with disease-biomarker associations

Input

e “Physician’s Guide to the Diagnosis, Treatment and Follow-Up of Inherited Metabolic Disorders”
ch 1. Disorders of Phenylalanine and Tetrahydrobiopterin (BH4) Metabolism
ch 11. Vitamin B6-Dependent and Responsive Disorders
ch 20. Disorders of the Krebs Cycle
ch 31. Neurotransmitter Disorders
ch 41. Purine and Pyrimidine Disorders

Output

e RDF file with 50 diseases and 58 unique biomarkers
* 103 biomarker-disease associations

g Maastricht University Blau, N., Duran, M., Gibson, K.M., Dionisi-Vici, C.; ISBN 978-3-642-40337-8, 2014
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Adding disease associations from GPML-RDF to WP-RDF

2'-Deoxyadenosine

Adenosine
deaminase
deficiency
ADA
A 4
2'-deoxyinosine

Maastricht University

Example disease interaction: www.wikipathways.org/instance/WP4224



Adding disease associations from GPML-RDF to WP-RDF

DataNode: Metabolite

2'-Deoxyadenosine ©
. gpml:hasPoint
gpml:hasPoint gpml:xrefld
Label L gpm(l;:grathef
S '/ .
~~Vlicay,,,
gpml:Label RREES gpml:hasAnchor
gpml:graphid ~ gpml:graphid
gpml:href gpml:hasPoint
gpml:graphRef
DataNode: Interaction
ggrﬁﬂtlﬁé Pbrotein” gpml:hasPoint
& gpml:xrefld “P00813” gpml:xrefld
2'-deoxyinosine . .
DataNode: Metabolite

gpml:type “Metabolite”
gpml:xrefld “CHEBI:28997”

<q Maastricht University Example disease interaction: www.wikipathways.org/instance/WP4224



Co-occurence of disease and biomarker in the same biological pathway:

34 of the 50 diseases present™® in WikiPathways connected to a biomarker

Disease is associated with an interaction that directly involves the biomarker:

18 of the 50 diseases present™ in WikiPathways directly connected

Ga
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<q Maastricht University * Biomarker disease links were investigated for 5 different chapters



Challenges

RDF with biomarker-disease associations annotated with Wikidata identifiers
(biomarkers), metabolites in WP with ChEBI identifiers

2-Deoxyadenosine
e Not all di in path fce | - o
ot all diseases in pathways deficency {Gop_fmmmg(e_scs)
are connected to the Ysuctei[suctez | L.
interaction in similar manner cra

Biomarkers present in pathway but not all biomarkers are directly linked to
diseases

Maastricht University

21
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MSc. thesis Biomedical Sciences
Irene Hemel

Research Title:

Automated visualization of biomarkers for
pyrimidine and urea cycle disorders in
pathways
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Differential diagnosis Urea and Pyrimidine Disorders

* Challenging
e Urea cycle disorders — accumulation carbamoyl phosphate — enters de novo
synthesis of pyrimidines — altered pyrimidine metabolite concentrations.

4 N\
Urea cycle

Mitochondrion Glutamine

:

HCO3- NH4+ Glutamate HCO3-

Glutamine
\%}_ p—— \?__’ CPS?2
Hyperammonaemial
Carbamoyl-phosphate F--------------+|------- ¥ Carbamoyi-phosphate
oTC Aspartate \% ACT
Ornithine Citrulline
Carbamoylaspartate
- J
> Image adapted from WP4225 104804

g Maastricht University 1 Leonard JV, Morris AA. (2002) Seminars in neonatology;

2 Burrage LC, et al. (2019) Genetics in medicine



Two disease
types for which
differentiation is

challenging

% Maastricht University

IEMbase®©

Extract information
about biomarkers

X Pathyisio

Create a pathway for
the disease types of
interest

&

WAKIPATHWAYS
Pathways for the People

8,

Create a heatmap
with biomarkers and
diseases to see
overlap

&=
o
= Cytoscape

Interpret the
visualized
network and
compare between
types of disorders

Visualize reference
and patient data




Heatmap Individual biomarkers

* Disease types form | (1§

individual clusters ucD
* Based on theoretical

biomarkers

differentiation seems

possible

~ Notin practice PMD

% Maastricht University Every column represent an individual metabolite. Blue: Metabolite is

biomarker for disease. Red: metabolite is NOT a biomarker for disease



Original Pathways

yPathyisio

N

Urea cycle Pyrimidine
pathway metabolism
Y pathway
Urea cycle
and associated
pathways 2
1 Kutmon M, et al. (2015) Plos computational biology 4 Morgat A, et al. (2017) Nucleic Acids Research
S . . . 2 Blau N, et al. (2014) Physician's Guide to the Diagnosis, Treatment, and 5 Hastings J, et al. (2016) Nucleic Acids Research
 Maastricht University Follow-Up of Inherited Metabolic Diseases, Ch 4 6 OMIM (2019-04-12) https://omim.org/

3 UniProt Consortium (2019) Nucleic Acids Research
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Original Pathways

yPathyisio

/\ Proteins —  Uniprot IDs ;
- Interactions — Rhea IDs 4
Urea cycle Pyrimidine
pathway metabolism Metabolites — ChEBI s
Y pathway
Diseases — OMIM &
Urea cycle
and associated
pathways 2
1 Kutmon M, et al. (2015) Plos computational biology 4 Morgat A, et al. (2017) Nucleic Acids Research
S . . . 2 Blau N, et al. (2014) Physician's Guide to the Diagnosis, Treatment, and 5 Hastings J, et al. (2016) Nucleic Acids Research
 Maastricht University Follow-Up of Inherited Metabolic Diseases, Ch 4 6 OMIM (2019-04-12) https://omim.org/

3 UniProt Consortium (2019) Nucleic Acids Research
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Comparing Biomarkers to Original Pathways

IEMbase® Challenges:

Biomarker
information

|

Ry Pathy;sio |

Not all biomarkers present in PWs

‘ﬂ Maastricht University 1 Lee JIY, et al. (2018) Genetics in medicine; last accessed: 2019-04-16

2 Kutmon M, et al. (2015) Plos computational biology



Comparing Biomarkers to Original Pathways

IEMbase®©

Biomarker
information

|

Pathyisio
/\

Urea cycle disorders Pyrimidine disorders
biomarker pathway biomarker pathway

% Maastricht University

1 Lee JIY, et al. (2018) Genetics in medicine; last accessed: 2019-04-16
2 Kutmon M, et al. (2015) Plos computational biology



Comparing Biomarkers to Original Pathways

|EMbGS€© Challenges:
. 1
.B|omark-er Mapping from HMDB to ChEBI (and vice
information versa)
1 Mapping charged and zwitterions

. ’ metabolites to biomarkers
QPathyisio e

Urea cycle disorders Pyrimidine disorders
biomarker pathway biomarker pathway

‘ﬂ Maastricht University 1 Lee JIY, et al. (2018) Genetics in medicine; last accessed: 2019-04-16

2 Kutmon M, et al. (2015) Plos computational biology



Possible visualization of Clinical data

- Log transformed reference
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Possible visualization of Clinical data

« Log transformed reference ¢ = s

and patient data . -
. 4 metabolites with :

increased concentration z

S
3 O& /b\’b (0 \} W 0‘ \Q‘\ \(\* \)K <&
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. @
- How are these metabolites &
o

connected?

m2log 1-5y @ 2log patient

= Which protein(s) is/are
involved?

% Maastricht University



Visualize reference data

Node fill colour
for patient data

Compare to
reference data

% Maastricht University



Example Result:

Patient with Citrullinemia type |

9 altered Urea cycle metabolites
- 2 metabolites part of Pyrimidine breakdown metabolism
- Citrulline more than 4 times the reference value

% Maastricht University



Results overview:

® Separation between patients (or groups of patients) was possible with
network approach.

e Potentially affected proteins are directly visualised with metabolic data.

® Proteins can be traced back to original disorder.

% Maastricht University



Challenges

* Problems with identifier mapping
« Parts of the workflow not automated

« Differentiation seems possible with network analysis
* Not for all patients both metabolites panel measured
e Lack of large sample size
* Lack of diseases analysed

% Maastricht University
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Linking metabolomics data to pathways...
0 e

S

S <N

NH \ /
Nicotine

/O 0 o)
\o Cocaine
R
H S~H

n» . . .
< Maastricht University Structures obtained from Wikidata [2019-06-16] with CDK depict: https://github.com/cdk/depict

Willighagen et al. (2017) DOI: 10.1186/s13321-017-0220-4
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Linking metabolomics data to pathways...

’Phenylalanine‘
sH Phenylalanine I X
Hydroxyla== Diet
Tyrosine ‘/ Benzoquinoneacetic acid - Polymere|
Tyrosine
Aminotransferase

4-Hydroxyphenylpyruvic acid Benzoquinoneacetic acid

4-Hydroxyphenylpyruvic o
acid dioxygenase + Nitisinone _t_ Vitamin C
|Homogentisic acid | === Homogentisic acid - Collagene
ersomness | = AKU
'Maleylacetoacetic acid <= Fumarylacetoacetic acid

¥

[Succinylacetoacetic acid |

' [1]

Succinylacetone |

Sparseness of Data

E’a Maastricht University

[1] Lindner, et al. BMC ophthalmology (2014)



Two approaches:

/Network approach [1]\ Ontological approach [2]

X N N @@@G

Ontological Molecular
Shortest path Molecular Mabbin Entiti
Interactions i; e
BX4 Maastricht University [1] DOI: 10.6084/m9.f|gshare.5234851.v1

[2] DOI: 10.6084/m9.figshare.6368921.v1



Two approaches:

/Network approach [1]\ Ontological approach [2]

X N N @@@G

Ontological Molecular
Molecular
Shortest path ‘ ) Mapping Entities

Interactions h

L

BX4 Maastricht University [1] DOI: 10.6084/m9.f|gshare.5234851.v1
[2] DOI: 10.6084/m9.figshare.6368921.v1
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We're hiring:
3 PostDocs + 1 PhD

Contact: Freddie Ehrhart (rare diseases)
friederike.ehrhart@maastrichtuniversity.nl

Contact: Egon Willighagen (nanomaterials+FAIR data)
egon.willighagen@maastrichtuniversity.nl

Contact: Susan Steinbusch-Coort (nutrition)
susan.coort@maastrichtuniversity.nl




