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www.nextprot.org is the SIB database on human
proteins
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What we do . . . . . .
The SIB Swiss Institute of Bioinformatics is an academic not-for-profit
~ Who we are organization whose mission is to lead and coordinate the field of . .
» ELIXIR Hub bioinformatics in Switzerland. Its data science experts join forces to advance SW',SS |n8t|tl_—lte of
biological and medical research and enhance health. Bioinformatics
ELIXIR Nodes

SIB (i) provides the national and international life science community with a

How countries join . L. . . .
J state-of-the-art bioinformatics infrastructure, including services, resources,

Why ELIXIR is needed expertise; and (ii) federates world-class researchers and delivers training in
bioinformatics.
» How we are funded 5
. . A2 Basel Ziirich
The institute includes some 70 world-class research and service groups o
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including 800 scientists in the fields of genomics, proteomics, evolution and ¢ (€25 ALY 4
Implementation Studies phylogeny, systems biology, structural biology, text mining and machine B%rn o

learning and personalized health. ' Switzerland
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http://www.nextprot.org/

www.nextprot.org collects and represents knowledge on human proteins at

genomic, transcriptomic and proteomic levels.
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Coverage in UniProt vs neXtProt
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Access to neXtProt data and tools
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FINDABLE

* ENTRIES have a globally
unique and persistent ID

ACCESSIBLE

*  Web: human readable
*  APIl: machine parsable
*  FTP: XML, PEFF, RDF/ttl

INTEROPERABLE

* Use controlled vocabularies
and ontologies
* SPARQL end-point

REUSABLE

* Detailed provenance

* Datalicense CCBY 4.0

* All data since 2011 on FTP
* Code on GitHub

Web site
https://www.nextprot.org

File transfer protocol (FTP)
ftp://ftp.nextprot.org/

Application programming interface (API)
___https://api.nextprot.org/

——

P

SPARQL endpoint
https://api.nextprot.org/sparg|




neXtProt in numbers

Release statistics

Data release: 2019-08-22

Application release: v2.23.2

Data statistics

Search in neXtProt...

ENTRIES

Protein entries 20399
Isoforms (produced by splicing) 42410
Identifiers 878422
Binary interactions 240010
Post-translational modifications (PTMs) 190921
Natural peptides (seen by MS) 1772990
Variants (including disease mutations) 6019871
Controlled vocabularies and ontology terms 252243
Total number of publications 495928
Links between protein entries and terms 3977548




neXtProt website

Each protein entry has multiple views

nextpf‘ot Tools v  Portals~  Download Help~  About v  Contact Lydie Lane~ A

_ GAST = FunCtlon n m Search in neXtProt... Q Goldonlyl &
GENE ISO REF

At PROTEIN v

S

I . GAST — Gastr‘in + Extend overview
Function
Medical Cleaved into: Big gastrin; Gastrin; Gastrin-14; Gastrin-52; Gastrin-6é; Gastrin-71
GAST]
Expression

Family name : Gastrin/cholecystokinin
Interactions
Entry whose protein(s) existence is based on evidence at protein level.

Localization

Sequence Annotations in this section apply to all the isoforms if not specified otherwise. :) ~ Show evidences
Proteomics

Structures Keywords

Identifiers

Peptides MOLECULAR FUNCTION

Phenotypes Hormone KW-0372 m

88 cEnE v

Exons Further external links

|dentifiers




Proteomics view

* Which MS/MS peptides from my protein have been found ?
 Which PTM?

Sequence MQRLCVYYVLIFALALAAFSEASMWEKPRSQQPDAPLGTGANRDLELPWLEQQGPASHHRRQLGPOQGPPHLVYADPSIKEKOQGPMWLEEETEEAYOGWMDFGRRSAEDEN
Propeptide
Mature protein Gastrin-71
Gastrin-52
Big gastrin
Gastrin
Gastrin-14
Signal peptide

Modified residue

Paptide
|
SRM Peptide
r T T T T T T T T T 1
10 20 30 40 50 G0 70 80 90 100
Isoform:lso 1 10133 Mass: 11394 Da pl:5.08
Q, Search a feature.. x seArcH [ .
0/0 Searchin sequence...
Mame Position Length Description Evidence
Wiew FASTA Blast sequence Blast selection
Modified residue a7 1 Sulfotyrosine; partizl [ e
1 MQRLCWVYWLI FALALAAFSE ASWKPRSQQP DAPLGTGANR DLELPHWLEQQ
Modified residus 92 1 Phenylalanine amide [ 51 GPASHHR RN DT OGPWL EEEEEAYGWM DFGRRSAEDE
121 N
Modified residue %6 1 Phosphoserine [

14 PApOO377936 [ unigue u

Peptide

14 PAp00377936 (2 unique [

SRM Peptide

17  PAp01528086 [ unigue u

Peptide

17  PAp01528086 [ unigue u

SRM Peptide

17 PAp00508568 ' unique [

Peptide

Peptide 16 PAp01525629 (£ unigue u

16  PAp0152562% [ unigue u

SRM Peptide




Expression view

v’ Where is this protein expressed, at mRNA and protein levels?

Tissue / Cell type v Expand all mRNA expression Protein expression
RNA-seq EST IHC

~ Alimentary system TS-1293 |__‘__|‘]|1] L_L|‘] Q] L_L'-] L_Ll-]
¥ Gastrointestinal tract Ts-0407 |__‘__|']|__L|‘] |__‘__|'] |__L|'] |__‘__|_] |__L|_]
¥ Intestine 15-0490 Chih Hy Ch Hy
» Esophagus T1s-0700 u O (W L‘_J__]
~ Stomach T5-0980 [ O O h Uh
+ Stomach mucosa TS-0404 Q] Q]
~ Stomach epithelium Ts-2068 Q] Q]
Stomach glandular cell 7s-1284 [ O a
»Mouth Ts-1315 [ th Ch
¥ Pancreas Ts-0736 |3 [__L]‘] Q]
» Exocrine pancreas TS-1241 Q]
NS — =

Expression information is integrated from Bgee (MicroArray and
EST) and from HPA (IHC protein and RNA-seq)




tructure view

v’ Is this particular variant externally accessible or internal to the structure?

Isoforms NX_P40424-1 NX_P40424-2 NX_P40424-3 See isoforms

Y FILTER All/Mone ¥ Region ) site # variant # Conflict ¥ Secondary structure Position: 412 Zoom:x1

Sequence

DN binding Homeobosx; TALE-type
Composition bias

Site

Variant |
Conflict

Helii

Tum

T
50 100 150 200 250 200 350 400

Variant

@ 3D Structures

Variant OPTIONS
V
Choose PDBID: 1PUF v
Variant
Choose chain: ProteinB ¥ ¥ SHOW CONTEXT (ALL)

Variant

€ Click on the 3D viewer then press to display help.

3D STRUCTURES
PDB |: Method Resolution (A) Chain(s) Positions Further links
Variant
1B72 & X-ray 2.35 B 233-319 PDBsum ¥ Proteopedia &

Variant

1PUF & X-ray 1.90 B 233-305 PDBsum ¥ Proteopedia &




Searching for information in neXtProt

Wtorot
Exploring the universe of human proteins

®) Simple search Advanced search (SPARQL)

proteins « Gold only = Q, Search

e.g :Search for M5H#6 in proteins, Search for author Doolittle in publications, Search for liver in terms




neXtProt SPARQL for beginners

FIOOOResearch Q SUBMIT YOUR RESEARCH

Open for Science
BROWSE GATEWAYS & COLLECTIONS HOW TO PUBLISH ~ ABOUT ~ BLOG MY RESEARCH ~ SIGN IN

]l DOCUMENT NOT PEER REVIEWED 1l Metrics | 27 Views | 3 Downloads

WVIEW FULL SCREEN
F
DOWNLOAD
I

Introduction to bicinformatics
PART OF THE COLLECTION

3

Bioinformatics
Education and Training
Collection

The neXtProt Knowledgebase
Querying using SPARQL

A CRITICAL GUIDE




www.nextprot.org RDF data model

A wide variety of experimental and
predicted annotations

:generalAnnotation

:expression
:cellularComponent
:interaction

:positionalAnnotation

region
:zincFingerRegion

ptm
:glycosylationSite

:mapping

:antibodyMapping

:PdbMapping

Extensive use of CV

/]

sisof

Isoform

lsoform-centric

References
Identifier :Gene
provenance ‘name
:accession :chromosome
‘band
:strand
:begin :end
:Publication
:author
title
;journal -gene
:volume
first/lastPage
year Entry
:name
family
:existence
Xref ‘history
provenance
:accession

skos:exactMatch

!

up_core:Protein

\ seeflenc
e

:ProteinSequenc
e

:chain
:isoelectricPoint
:length

:molecularWeight

:Term

rdf:type (:SomeCv)
:Annotation rdfs:label
rdf:type (SomeAType)
:quality
:negative
:position (:start :end) i
:description :Entry

sinteractant :Isoform
:Xref
:evidence
A 4 .
. ‘ExperimentalContext

:Evidence :detectionMethod (Term)
:quality :experimental| :tissue (Term)

:isoformSpecificity Context :developmentalStage
revidenceCode (Term) | gf (Term)
.:reference (Publication) :cellLine (Term)
:reference (Xref) disease (Term)
organelle (Term)
metadata (Publication)
:assignedBy

:Source
rdfs:comment

Full traceability



http://www.nextprot.org/

Advanced search (SPARQL) interface 1/2

Retrieves lists of entries with associated information

Simple search ® Advanced search

e - 1 #Proteins phosphorylated and located in =
proteins 2 #the cytoplasm +) (=) (% Q Search
4 select distinct ?entry where {
5 ?entry :isoform ?iso.
6 ?iso :kevword / :term cv:KW-8597
8|}
e.g:Search for MSHé in proteins, Search for author Doolittle in publications, Search for liver in terms
Show 1to 50 0f 5618 ~ 1 of 113 page(s) Summary Details Download &
/ Phosphorylation
‘term
Pannotl ————Pel  cv:KW-0597
) sisoform I."I
‘entry
/ / ]

‘term
?annot2 — term

- B hIdOfl
|

‘ cv:5L-0086

Cytoplasm




Advanced search (SPARQL) interface 2/2

Simple search '® Advanced search (SPARQL)
1

proteins « + (= Q, Search
e.g : Search for M5Hé in proteins, Search for author Doolittle in publications, Search for liver in terms
Tags~ inter| New Query
Proteins that interact with protein RBM17 and that are involved in splicing NXQ 00012 | g,

Proteins with a PDZ domain that interact with at least one protein which is expressed =~ NXQ.00015 | g,

in brain

Proteins with more than 10 reported interactions (of 'gold' quality) NXQ 00024 |
Proteins with at least 50 interactors that are not associated with a disease NXQODDZ5 - @
Proteins interacting with at least one protein which is located in the mitochondrion NXQ 00026 | o,
Proteins which are located on the genome next to a protein which is involved in NXQ00038 g,

spermatogenesis

Proteins whose gene is annotated >14O pre-made queries available

Proteins with a 3D structure in complex with another human protein which is not NXQ Q0132 @
reported as binary interactant

Proteins that potentially interact with Class | PDZ domains (whose C-terminal NXQ 00137 @ -

For help with these queries look at the model or contact us.




SNORQL interface https://snorgl.nextprot.org

Retrieves any data as a table

NXQ_00124 - What are the 25 most frequent families with member UL e o L R T L e

count

family snorgl-only tutorial

>170 pre-made queries available

NXQ_00256 - Variants identified in exome datasets in a frequent
homozygote state

evidence sequencevariation snorgl-only tutorial wvariant html v Reset

Found a bug? Improve this query!

Query time is 0.291[s] for 25 rows

eg. peroxisome, liver

_A

"G-protein coupled receptor 1 family"

"Krueppel C2H2-type zinc-finger protein family"
"Protein kinase superfamily"

"Small GTPase superfamily"”

“Immunoglobulin superfamily”

"Peptidase S1 family"

"Major facilitator superfamily”

723
546
492
162
130
121
99



https://snorql.nextprot.org/

A detailed help on neXtProt RDF entities is available

< cC 0 & snorgl.nextprot.org/help/entity/Allergen QA % oR B o

Allergen vies. @

Introduction

Allergenic properties: information relevant to allergenic proteins

Exercises
Exercisel
:Isoform :allergen Allergen
Exercise2 :Isoform :generalAnnotation
- :Isoform :medical
Exercise3 rentryAnnotationId xsd:string AN 043290 0377 v
Exercised revidence :Evidence

rquality :QualityQualifier

dfs: t xsd:stri -
) 5 ring Causes an allergic react

AbsorptionMax (4)
AbsorptionNote (1)

ActiveSite (7004)
. o ) annotation:NX_P@82538-1-AN_PB2538_0222 :entryfAnnotationId "AN_P82538_8222"
ActivityRegulation (3072) annotation:NX_P@2538-1-AN_P02538_ 0222 :evidence evidence:85311179 .

Al 12 annotation:NX_Q9BPX6-2-AN_Q9BPX6_0228 :quality :GOLD .
ergen{ ) annotation:NX_P®2538-1-AN_PO2538_ 0222 rdfs:comment “"Causes an allergic reaction in human. Binds to IgE from atopic dermatitis (AD) patients. Identified as an

. ) . IgE autoantigen in atopic dermatitis (AD) patients with severe skin manifestations.”™ .
AnnotationType (107)

AntibodyMapping (42293)

BetaStrand (147952) Yentry :isoform/:allergen ?statement
?entry :isoform/:binaryInteraction/:interactant/:allergen 2?statement

BgeeDevelopmentalStageCv (192) Jentry :isoform/:binaryInteraction/:interactant/:generalAnnotation ?statement




www.nextprot.org does not contain everything....

H Human Proteome Project
A |
SRAA Atlas HUMAN PROTEIN ATLAS

*Dh\ l /

|

¢l coSMmIC
Socleun of comple mutlens In ey GlyConnect
?n' o| m| 22 UniProt-GOA
New .
[

o

Prdt

AN NN N NN

O O O O O OO O O

MS-data

Antibody-based data

RNA-seq data

PTMs

Variants (genomic and somatic)
PPls

Functional annotations

Phylogenetic information

Data on model organisms
Pharmacology data

Toxicology data

Clinical proteogenomic data
Structural data

Protein interactions with pathogens



http://www.nextprot.org/

Going further with federated queries

Tags~ | federated

NXQ 00094 - Proteins which are targets of antipsychotic drugs and highly
expressed in brain

drug expression federated query tutorial

NXQ 00096 - Proteins which are targets of drugs for cardiac therapy

drug federated query tutorial

NXQ 00139 - Protein kinases which are drug targets according to CHEMBL E 3

: ChEMB
CHEMBL drug federated query tutorial & ‘J”:J'/JD

NXQ 00140 - Proteins that interact with viral proteins

federated query interaction PPl tutorial UniProt

NXQ 00141 - Human proteins highly expressed in brain and observed ina PDB
structure involving a virus protein

expression federated query interaction PDB  snorgl-only tutorial UniProt

L]
NXQ 00246 - Proteins which are enzymes catalyzing a reaction involving lipids Rhea

enzyme federated query tutorial

NXQ 00253 - Human pathways in which at least one protein is mitochondrial
GOLD

federated query pathway snorgl-only subcellular location tutorial

NXQ 00254 - Proteins with associated pathways in WikiPathways

. WK |.'.'.'I._I'.'. s
federated query pathway snorgl-only tutorial Mane i i W Piarke

And soon to come...

omna

BROWSER

BI0=2RDF

Lusked Daua fir the I fe Setences

DisGeNET, g 0**

PubQhem |-




Federating neXtProt and WikiPathways

SPARQL endpoint: https://api.nextprot.org/spargl

PREFIX...

PREFIX wp: <http://vocabularies.wikipathways.org/wp#>
PREFIX rdfs: <http://www.w3.org/2008/01/rdf-schema#>
PREFIX dcterms: <http://purl.org/dc/terms/>»

select distinct ?pathwayname group_concat(distinct ?gen ,

service <http://spargl.wikipathways.org/spargls> {
SELECT DISTINCT ?pathwayname 2?gen WHERE
I

L
{ ?geneProduct a wp:GeneProduct .
union
{ ?geneProduct a wp:Protein
?geneProduct rdfs:label ?gen
filter(!regex(?gen,"[ a-z-]")).
?geneProduct rdfs:label 2gen .
?geneProduct dcterms:isPart0f 2pathway
?pathway a wp:Pathway .
pathway wp:organism ?organism .
FILTER(contains(str(?organism),"9606"))
?pathway dc:title ?pathwayname .

entry a :Entry .

2entry :gene / :name 2?gen

2entry :isoform / :cellularComponent ?loc .
values ?mitoloc {cv:SL-8173 cv:GD_©ees739 }

T I S SR S [PUT. W PR P, [ =

P T o

# ensures official gene names for subsequent neXtprot matching

Tags~ | pathw

N NXQ_00022 - Proteins with no function annotated

function  tutorial

Y 2 A J
-7) as Pgenes where NXQ_00044 - Proteins involved in the Reactome pathway "Respiratory electron transport”

pathway tutorial

NXQ_00135 - Proteins involved in both Wnt and Hippo signaling pathways

function pathway tutorial

NXQ_00253 - Human pathways in which at least one protein is mitochondrial GOLD

federated query | pathway ] snorgl-only | subcellular location

NXQ_00254 - Proteins with associated pathways in WikiPathways

federated query pathway snorgl-only tutorial

# SL and GO values for mitochendrion v

Z Mitochondrion

‘ html v‘ Reset eg. peroxisome, liver Q ZZ

himl Improve this query!
json P query-
is 0.5021s] f

pathwayname gemes
"22q11.2 Deletion "AIFM3,ALDH4A1,GLUD1,MRPL40,0AT,PRODH,RAF1,RTL10,SLC25A1, TXNRD2"

Syndrome"@en
"4-hydroxytamoxifen,
Dexamethasone, and
Retinoic Acids Regulation
of p27 Expression"@en

Outer Mitochondrial Membrane

C5v

"MAP2K1,MAP2K2 MAPK1,MAPK3 MTOR,RAF1"

"ABC-family proteins
mediated transport"@en

"ACE Inhibitor
Pathway"@en
"AGE/RAGE

pathway"@en

"ABCB10,ABCB6,ABCB8,ABCD1,ABCG1,PSMB3,RNF185,RNF5,UBB"

"CYP11B2"

"ATF2,CASP3,CYCS,FOXO1,LGALS3,MAP2K1MAPK1,MAPK3 MAPKE8 MMP2 MTOR,MYD&8,PRKCA RAF1,SHC1,50D1,5RC




Retrieving proteins involved in pathways of interest,
and their properties

Example: 106 entries associated with pathways named “nano...” (according to
Wikipathways), and their associated subcellular location (GOLD according to neXtProt)

Query time is 0.663[s] for 106 rows

entry:NX_Q07812 -- (neXtProt link)

entry:NX_Q14249 -- (neXtProt link)

entry:NX_Q16611 -- (neXtProt link)

entry:NX_P10415 -- (neXtProt link)

"BAX"**xsd:string

"ENDOG"**xsd:string

"BAK1"**xsd:string

"BCL2"*"xsd:string

"Manomaterial
induced
apoptosis"@en

"Nanomaterial
induced
apoptosis"@en

"Manomaterial
induced
apoptosis"@en

"Manomaterial
induced
apuptosis"@en

"BAX complex,Bcl-2 family protein complex,Cytoplasm,Mitochond
membrane,cell periphery,cytoplasm,cytosol,endoplasmic reticulun
reticulum membrane,mitochondrial outer membrane,mitochondri;
transition pore complex,mitochondrion,nuclear envelope,nucleus,

"Mitochondrion,mitochondrial inner membrane,mitochondrion,nu

"BAK complex,Mitochondrion outer membrane,integral componer
outer membrane,mitochondrial outer membrane,mitochondrion,p

"Endoplasmic reticulum membrane,Mitochondrion outer
membrane,Nucleoplasm,Nucleus membrane,cytoplasm,endoplasn
reticulum,endoplasmic reticulum membrane.membrane,mitochont




Federating neXtProt, Wikipathways and DrugBank

169 proteins are part of “cancer pathways” and “druggable” according to DrugBank
(35 are known targets of anti-neoplastic agents)

entry:NX_ 015530 -- (heXtProt link) "PDPK1" "Endometrial cancer" "Celecoxib"
- entry:NX_P00352 -- (neXtProt link) "ALDH1A1" "Folate-Alcohol and "Tretinoin”
\\;‘l‘::r.ll.lh'elrllj,fl]r.ltnl‘}k:‘;-I:l'k’ Cancer Pathway
. Hypotheses"
nex.tprot entry:NX_P00374 -- (neXtProt link) "DHFR" "Retinol!alastoma Genein "Methotrexate,Pemetrexed"
Cancer
entry:NX_P00519 -- (neXtProt link) "ABL1" "Apoptosis-related "Dasatinib,Imatinib"

network due to altered
Notch3 in ovarian
cancer,Integrated Breast

%




Going further and filling gaps

* Annotating toxicology data?

Examples: proteins that bind nanoparticles? Proteins that are differentially
expressed upon nanoparticle exposure?

* Federating with other SPARQL endpoints from OpenRisknet?

e Other ideas?

Happy to discuss use cases and possible applications with you!




The current neXtprot team @ SIB - Geneva

Directors
Amos Bairoch, Lydie Lane

eXtprot.

Biocurator
Paula Duek

Developers
Pierre-André Michel, Alain Gateau, Valentine Rech de Laval,
Kasun Samarasinghe, Mathieu Schaeffer (PhD student)

Quality assurance
Monique Zahn

Contact: support@nextprot.org

Celebrate 20 years of '.h‘
Swiss Bioinformatics! NN
W e,

ek,

Web: https://www.nextprot.org/
Twitter: @neXtProt_news
ResearchGate: neXtProt project
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12th International SWAT4HCLS Conference

Semantic Web Applications and Tools for Health Care and Life Sciences

December 9-12, 2019

Edinburgh, Scotland
SWAT?HCLS ot
¥ -y :'::--:"i- 'i}"' [, Wl ge= Ry G '_;;*n- : f'i"'_—q 'r*‘:; ‘;'.S."*:; =;:FS -.?'"1 h_-‘f' P "ﬁ‘*
Edinburgh 2019 LINKS SWATALS 2019 IS SPONSORED BY:
About SWAT4HCLS Read more about sponsorship opportunities.
SWA i ) )
< A one-day tutorial on 9 independent SPARQL endpoints

of se

_hosted by the SIB, including neXtProt, UniProt, GlyConnect,
“Rhea, OrthoDB, OMA and Bgee

SWATALS intends to provide an open and vibrant discussion space cross cutting across Antwerp, 2018 LATEST NEWS
L . N . Rome, 2017
academia, industry and institutional participants.
Amsterdam, 2016

Updates from SWAT4HCLS
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Thank you!

E-mail: lydie.lane@sib.swiss

Swiss Institute of
Bioinformatics

www.sib.swiss



