. s Institute of Molecular Systems Biolo
ETH:ziirich ’ >

Introduction to Linked Open Data for
Computational Mass Spectrometry

Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences
Flemingovo namésti 542/2

Adriano Rutz, 2024-04-17 (c) DO DBIOL

Unless otherwise indicated, content is licensed under CC-BY-SA 4.0



https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

What is Linked Open Data (LOD)?

OL RE OF URI LD

PN NN > 8

\/\ ™ N P ‘ '
OL RE OF URI et e
| :\Il'l‘x?z’) .)/).I

. . V'G,: 'm HTYML
oD OF=—=15

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

OL RE OF URI LD

~ ~ ’ .\.

N 7 ’ “ N
SN N O NN

OL RE OF URI Y < 9

make your content available on the Web ‘ 7 \
(whatever format) under an open license

- : W3 ‘m HTML

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

OL RE OF URI LD

~ ~ - .\ [+

N 7 ’ “ N
N N O N N

OL RE OF URI Y < 9

RDF

make it available as structured data (e.g., |-
Excel instead of image scan of a table)

make your content available on the Web ‘ W \
(whatever format) under an open license

D

\O
\0O
O

: : Wa" 'm MYML
m @ | oren EEICIEN)

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

OL RE OF URI LD

’ .\‘

N SN SN SN
N N O N N

OL RE OF URI Vel e

make it available in a non-proprietary |-
open format (e.g., CSV instead of Excel)

make it available as structured data (e.g., l % \
Excel instead of image scan of a table)
make your content available on the Web ‘ o \
(whatever format) under an open license

D

‘:J, F '~__I-J'.H, _ ’

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

\D
0
AN

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

OL RE OF URI LD

use URIs to denote things, sothat |- - - »_4
people can point at your content EEEKIET Vle

make it available in a non-proprietary |-
open format (e.g., CSV instead of Excel)

make it available as structured data (e.g., l % \
Excel instead of image scan of a table)
make your content available on the Web ‘ o \
(whatever format) under an open license

D

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

\O
O

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

link your data to other |- - -0
data to provide context ENEKIETET

use URIs to denote things, sothat |- - - »_4
people can point at your content

make it available in a non-proprietary |-
open format (e.g., CSV instead of Excel)

make it available as structured data (e.g., l . \
Excel instead of image scan of a table)
make your content available on the Web ‘ o |
(whatever format) under an open license

D

" — HTML
48] RDF
m | oren TGN

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

O
O

https://5stardata.info

1.1


https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

What is Linked Open Data (LOD)?

Collaborative

link your data to other |- - - v ‘“ ‘I I
data to provide context ESEKIETED WIKIDATA

use URIs to denote things, sothat |- - - »_4
people can point at your content

make it available in a non-proprietary |-
open format (e.g., CSV instead of Excel)

make it available as structured data (e.g., l % \
Excel instead of image scan of a table)

make your content available on the Web ‘ W ‘
(whatever format) under an open license

\O
O

D

https://commons.wikimedia.org/wiki/File:5-star deployment scheme for Open Data.png

https://5stardata.info 1.1



https://commons.wikimedia.org/wiki/File:5-star_deployment_scheme_for_Open_Data.png
https://5stardata.info

Slide adapted from Pierre-Marie Allard 1.2



Slide adapted from Pierre-Marie Allard 1.2



Biological

|nfo //

iy
)
. ‘ ‘ )
\

" Slide adapted from Pierre-Marie Allard 1.2



. :

Biological
info

~ Slide adapted from Pierre-Marie Allard 1.2



LOD as a macroscope for computational mass spectrometry

Slide adapted from Pierre-Marie Allard 1.2



LOD as a macroscope for computational mass spectrometry

p.)roiedv\./izard

103

107

Slide adapted from Pierre-Marie Allard 1.2



LOD as a macroscope for computational mass spectrometry

p.)roiedv\./izard

Slide adapted from Pierre-Marie Allard 1.2



LOD as a macroscope for computational mass spectrometry

ofi
6\3““‘ o
«"‘"‘v\o
|
| {m

ORENM

(sl

High Quality Mass Spectral Database

i) ,4434 4

/\
® R US\/
in silicOMsl‘Aeb / \
MoNA - MassBank of North America N H

Slide adapted from Pierre-Marie Allard 1.2




LOD as a macroscope for computational mass spectrometry

AMASST

Slide adapted from Pierre-Marie Allard 1.2



Put your data back into a
broader (biologically
relevant) context!

& =
WIKIDATA WiKiPATHWAYS CHGNPS

Pub@hem

Slide adapted from Pierre-Marie Allard 1.2



Taxonomically informed metabolite annotation

“Plant taxonomy would be the most useful guide to man in his
search for new industrial and medicinal plants” (de Candolle, 1804)

For more: https://doi.org/10.3389/fpls.2019.01329
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For more: https://doi.org/10.7554/eLife.70780
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The initiative - SPARQL

« Hey Wiki, what are the compounds
found in Piper nigrum L.?7 »

X

found Iin
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The initiative - SPARQL

« Hey Wiki, what are the compounds
found in Piper nigrum L.?7 »

found Iin

SELECT DISTINC

?structure ?structure_smiles ?structure_inchikey
WHERE {

VALUES ?organism {
wd:Q43084 # Piper nigrum

}

?organism_child (wdt:P171*) ?organism.

?structure wdt:P233 ?structure_smiles;
wdt:P235 ?structure_inchikey;
(p:P703/ps:P703) ?organism_child.
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The initiative - SPARQL

« Hey Wiki, what are the compounds
found in Piper nigrum L.?7 »

found Iin

SELECT DISTINC
?structure ?structure_smiles ?structure_inchikey
WHERE {
VALUES ?organism {
wd:Q43084 # Piper nigrum

}

?organism_child (wdt:P171*) ?organism.
?structure wdt:P233 ?structure_smiles;

wdt:P235 ?structure_inchikey;
(p:P703/ps:P703) ?organism_child.

row structure structure_smiles structure_inchikey
| P KNOXUMZPTHELAO

1 \wd:Q105143500 QJ\A© ppotiyiiices
419 |wd:Q105224845 QOESZPJY TVEXNN-
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« Hey Wiki, what are the compounds
found in Piper nigrum L.?7 »

found Iin

The initiative - SPARQL

SELECT DISTINC
?structure ?structure_smiles ?structure_inchikey
WHERE {
VALUES ?organism {
wd:Q43084 # Piper nigrum

}

?organism_child (wdt:P171*) ?organism.
?structure wdt:P233 ?structure_smiles;

wdt:P235 ?structure_inchikey;
(p:P703/ps:P703) ?organism_child.

row structure structure_smiles structure_inchikey
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« Hey Wiki, what are the compounds
found in Ranunculaceae? »
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« Hey Wiki, what are the compounds
found in Ranunculaceae? »

« Hey Wiki, what are the compounds
found in Ranunculales? »
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The initiative - SPARQL

« Hey Wiki, what are the compounds
found in Ranunculaceae? »

« Sorry Wiki, | forgot, how many
species belong to Ranunculales? »

« Hey Wiki, what are the compounds
found in Ranunculales? »
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The initiative - SPARQL

« Hey Wiki, what are the compounds « Hey Wiki, what are the compounds
found in Ranunculaceae? » found in Ranunculales? »

« Sorry Wiki, | forgot, how many « Ok Wiki, among the compounds
species belong to Ranunculales? » found in the Ranunculales how many

were already described as bitter? »

AV Y4 3.4



The initiative - SPARQL

« Ok Wiki, which genera contain compounds
structurally similar to the ones reported as pungent
In black pepper, and how many? List the top 5 only »
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The initiative - SPARQL

« Ok Wiki, which genera contain compounds

structurally similar to the ones reported as pungent
In black pepper, and how many? List the top 5 only »

row taxon taxon_name count
1 wd:Q159536 Piper 35
2 wd:Q163563 Zingiber 31
3 wd:Q133290 Syzygium 4
4 wd:Q2607361 Aframomum 4
5 wd:Q27583 Bellis 3

Developed right here!

For more: https://doi.org/10.1186/s13321-018-0282-y
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chemical compound

Language

English

canonical SMILES

Label Description

hyperelodione D chemical compound

C/C(C)=C\CC/C(C)=C/CC1=C2C3(O[H])C(C4(C/C=C(C)/CC/C=C(
C)/C)C1=0)(O[H])C(C(C)=CC4)([H])CC3([H])C(C)(C)O2

reason for deprecated structural reassignment

rank
1 reference

stated in Cytotoxic polyprenylated
phloroglucinol derivatives from
Hypericum elodeoides Choisy
modulating the transactivation of
RXRa

C/C(C)=C/CC1=C2C3(0O[H])C(C4(C/C=C(C)/CC/C=C(C)/C)C1=0)
(O[H])C(C(C)=CC4)([H])CC3([H])C(CC/C=C(C)/C)(C)02

reason for preferred rank structural reassignment

1 reference

stated in Bioinspired Total Synthesis of
Erectones A and B, and the
Revised Structure of
Hyperelodione D

4 edit
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LOD-based annotation
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‘ Anthocyanidins
‘ Polysaccharides
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LOD-based annotation

‘ Secoiridoid monoterpenoids
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LOD has no limits

« Which researchers employed by research institutions in the
country of the city after which Pilsner (Q152281) is named
published articles referencing compounds found in taxa?

(Top 10 compounds count) »
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LOD has no limits

« Which researchers employed by research institutions in the
country of the city after which Pilsner (Q152281) is named
published articles referencing compounds found in taxa?

(Top 10 compounds count) »

https://w.wiki/9jha

Josef Cvacka

4.1
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LOD has no limits
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« Hey Wiki, are the metabolites | annotated known to interact
with the cholesterol biosynthesis pathway?»
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LOD has no limits

« Hey Wiki, | saw this review! yesterday, could you
do the same?»

Microbiological
= Research

Contents lists available at ScienceDirect

Microbiological Research

ELSEVIER journal homepage: www.elsevier.com/locate/micres

Actinobacteria in natural products research: Progress and prospects
Polpass Arul Jose >*!, Anjisha Maharshi ®“, Bhavanath Jha ®"**

4 Marine Biotechnology and Ecology Division, CSIR- Central Salt and Marine Chemicals Research Institute, G. B. Marg, Bhavnagar, Gujarat, 364002, India
b Academy of Scientific and Innovative Research (AcSIR), CSIR, India

1 https://doi.org/10.1016/j.micres.2021.126708
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LOD has no limits

« Hey Wiki, | saw this review! yesterday, could you
do the same?»

= Nhich compounds with known bioactivities
‘ were isolated from Actinobacteria
(Q26262282), between 2014 and 2019,
with related organisms and references?

Contents lists available at ScienceDirect

Microbiological Research

journal homepage: www.elsevier.com/locate/micres

Actinobacteria in natural products research: Progress and prospects
Polpass Arul Jose >*!, Anjisha Maharshi ®“, Bhavanath Jha ®"**

4 Marine Biotechnology and Ecology Division, CSIR- Central Salt and Marine Chemicals Research Institute, G. B. Marg, Bhavnagar, Gujarat, 364002, India
b Academy of Scientific and Innovative Research (AcSIR), CSIR, India

1 https://doi.org/10.1016/j.micres.2021.126708 4.3
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LOD has no limits

« Hey Wiki, | saw this review! yesterday, could you
do the same?»

Microbiological
~ Research

Contents lists available at ScienceDirect

Which compounds with known bioactivities
were isolated from Actinobacteria

(Q26262282), between 2014 and 2019,
with related organisms and references?

Microbiological Research

journal homepage: www.elsevier.com/locate/micres

Actinobacteria in natural products research: Progress and prospects wpies
Polpass Arul Jose ”*!, Anjisha Maharshi “?, Bhavanath Jha *" **
4 Marine Biotechnology and Ecology Division, CSIR- Central Salt and Marine Chemicals Research Institute, G. B. Marg, Bhavnagar, Gujarat, 364002, India
b Academy of Scientific and Innovative Research (AcSIR), CSIR, India
Taxon name Structure Activity Reference
Table 1
Novel bioactive compounds isolated from Actinobacteria during last five years (2014-2019). Antl b I O-t IC | 1 O . 1 007 /
Organism Compound Bioactivity” Reference S tr e p tO myC eS s .
Arthrobacter sp. PGVB1 Arthroamide f (anti-quorum sensing) J Nat Prod. 2015;78:2827—-2831 . { N\ o I m m U n OS U p p reSS I Ve S 1 1 3 06 - O 1 6 - 1
Actinoallomurus sp. ID145113 and  Paramagnetoquinones A-C (1-3) (1/2) a; (3) a J Nat Prod. 2017;80:819—-827 Coe/ICOlor -
drug 025-6
Actinoalloteichus hymeniacidonis Dokdolipid B c Mar Drugs 2019;17:237
179DD-027 . . .
Actinomadura atramentaria NBRC Cinnamycin B a J Ind Microbiol Biotechnol. Antl b | Ot | C | prOtel N 1 O . 1 02 1 /

\ %;(
Aclti‘:l’::lz;;ra sp. BCC 35,430* Actinomadurone b "?‘gtlrzf:dEE?_;ti)S S aC C h a ro p O IyS p O ra ﬂ&% Sy n‘t h eS i S i n h i b ito rS | AC S SY N B I O .

2017;58:3223—-3225
Actinomadura sp. K13—0306 Sagamilactam ¢, f (antiparasitic) J Antibiot. 2016;69:818—824 e ryt h raea . .
Actinomadura sp. K4S16 Nonthmicin (1) & ecteinamycin (2) (1,2) c Org Lett. 2017;19:1406—1409 g aSt ro I n t eSt I n a I ag e nt 8 B O O 3 7 2
Actinomadura sp. KC191* Actinomadurol a J Nat Prod. 2016;79:1886—1890
Actinosynnema pretiosum Actinosynneptide A (1) & B (2) 1,2) ¢ Appl Microbiol Biotechnol.

HGF052::asm18** 2016;101:2273—-2279 1 O. 1 01 6/

Amycolatopsis sp. IRD-009 Pradimicin-IRD a,c Natural Product Res. S tr e tO m C eS -~ v ° ° Anti b i Ot i C rotei n
ver?ezue}l/ae i H synthesis ilnﬁibitors J.JBIOTEC.20
N 14.01.028

1 https://doi.org/10.1016/j.micres.2021.126708 4.3
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LOD has (almost) no limits

« Hey Wiki, | saw this review! yesterday, could you
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were isolated from Actinobacteria

(Q26262282), between 2014 and 2019,
with related organi d references?

Microbiological Research
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Actinomadura sp. K4S16 Nonthmicin (1) & ecteinamycin (2) 1,2) c Org Lett. 2017;19:1406—1409 g aSt ro I nteStI n al ag e nt 8 B O 03 72
Actinomadura sp. KC191* Actinomadurol a J Nat Prod. 2016;79:1886—1890 °
Actinosynnema pretiosum Actinosynneptide A (1) & B (2) (1,2) c Appl Microbiol Biotechnol. on
HGF052::asm18** 2016;101:2273—-2279 H . . . . 1 O . 1 O 1 6/
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ot 175 H HG | PO J JBIOTEC .20
venezuelae U T synthesis inhibitors 14.01.028
~
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