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The «chance» of proteomics

Translation

Transcrlptl
[ Genome|=s="== =={ Transcriptome}=s == =={ Proteome |
DNA RNA Proteins

4 |etters code 20 letters code
ATG,C H ccod 20 amino acids
2* nucléotide
T c A
T TCT TAT TGT . T
¢ Phénylalanine fre— . TAC trosine [Tec oS e
s&nne
T TTA TCA TAA TGA  codon-stop | A

TG leuene GG TAG CP9N-SIOP e Wrypiophane

cTT cCT CAT _. [CGT T
< cTe - o e T histiding CGC argine (2] [
2| c [ ® Jcea PO L N [ o
2 C1G CCG cag_ IVe™™® ICGE =
= ATT ACT AAT ) AGT . T | =
= En LI =]
= ATC  isoleucine [ACC_ . [AaC_ "P*9™® [iec T [el] =
il A [ATA — .’"‘C.’ﬂ‘_ . I mAs lysing —ﬁGA- arginine A =

ATG  mélnionine | ACG AAG y AGG

GTT GCT GAT acide  |GGT [ T |

[GTC GCC i GAC _aspartique 1GGC . e

G GTA valine oA alaning GAA s GGA Iy
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The «NextGenerationSeguencing revolution

Firstgenomesequencedn 1995 = Yeastgenomein 1996:
Haemophilus influenz@.,8.16 bps) Saccharomyces cereviside.1® bps)
hature

‘ We St o
r neman
4 Lo eRAnme

= Firstdraft of the humangenomein 2001
Homo sapieng3,2.10 bps) Sivow:

GenomeDnlinewebsite: http://genomesonline.org

Complete Genome Projects

30 000 Il Complete

e | Today
22500 194 937ongoingsequencingrojects

Largescalesequencingorojects.

A Million VeteranProgram (MVP)
https://www.research.va.gov/imvp/
7500 A Human «100 000GenomesProject»

https://www.genomicsengland.co.uk/5006§enomes
0 S landmark/

WP o P g o g g e A iHMP NIHIntegrativeHumanMicrobiomeProject (HMP)
YEAR https://www.hmpdacc.org/ihmp/

15000

GENOMES




Genomesequencesretranslatedto protein sequences

Genomenlinewebsite:
http://genomesonline.org

Complete Genome Projects
30 000 Il Complete
Il Permanent t
Dratt:
22 500
7
i}
‘é 15 000
o
©
7 500
0 e wn nll
R i R A P
YEAR

In silicotranslation of
codingsequences

Proteinsequencedatabases

Number of entries in UniProtKB/TrEMBL over time

110,000,000
100,000,000
90,000,000
80,000,000
70,000,000
60,000,000
50,000,000
40,000,000
30,000,000
20,000,000

R 25/03/2018

ol

1998 2000 2002 2064 2006 20708 2010 2012 zoi4 2016 20718. from http://WWW.uniprot.org/statistics/TrEMBL

entries in the database

number of entries




The centralole of the databaseusedto interpret proteomicsdata

MS/MSspectrum

|

Experimentamasslists

Proteinsequence

database

>Albumin

ILPMVCCDEKTISHEDAVFRPMLV!

CKHF

DIYTREHPKSQDCWATTPMKFHLKETI

PRHVVCDE¢ER

|

Theoreticaimasslists

MS MS/MS MS MS/MS
78967 |dentification 182,89
876,43 i
599 15 algorithms o0
11018,98 —> 1018,97
546,45— | 1342,34 . ] 546,43— 1 1342,30
1597,09 Masslist comparisons 1597,11
1678,95 1678,99
(2202,22 ' 1987,60
| 2202,24
:
More than 40 different 1994 e e
databasesearchalgorithms 1999 matrixscience.com
OMSSA 2004 2004 ftp.ncbi.nim.nih.gov/pub/lewisg/omssa
(oper.}source and X! Tandem 2004 thegpm.org/TANDEM
proprletary) Andromeda 2011 maxquant.org

PeaksDB 2011
MS-GF+ 2014

bioinfor.com/peaks/features/peaksdb.html
proteomics.ucsd.edu/softwaréols/ms-gf



The centralole of the databaseusedto interpret proteomicsdata

Thechoiceof the databaseusedto searchMS/MS dataagainsts crucial!

A Non-error tolerant searchegpreventthe identification of peptides absent
from the databaseor containingaminoacidsubstitutions.

EIMVIYDSER> 1254.6034 Da

Aminoacid Mass No match
substitution Hshlft Noidentification atsearch

EIPVIYDSER= 1220.6157 Da tolerances

A Redundancyis deleteriousfor the results especiallyfor quantitativeinterpretation, as
unigue, nonshared proteotypic peptide sequencesrerequired

A Thedatabasechoiceneedsto be adaptedaccordingto the taxonomyof interest, the
levelof knowledgeof its genome the quality of its annotation and curation.



Proteinsequencedatabases

Differenttypes ofprotein sequencedatabasewith variablelevels
of annotation and curation

A Generalistatabasesresultingfrom the automatedannotation ofsequencedjenomes

InternationalNucleotideSequencédatabaseCollaboration (INSD®)r data exchangbetweenthe
EuropeanNucleotideArchive (ENA, htti/ www.ebi.ac.uk/ena)GenBankucleotidesequencadatabasgGenBank
https://www.ncbi.nlm.nih.gov/genbanky and the DNA Data Bank dpan(DDBJhttp://www.ddbj.nig.ac.jp)

Accessions com) plete

&~ NCBI NCBreferencesequencedatabase RefSeq — s

https://www.ncbi.nlm.nih.gov/refseq/ = _
RefSeq (O'LearyNA, et al., NAR 2016, 44(pD73345) / e

=) Derivedfrom the sequencealata available in the

redundantarchivaldatabaseGenBank ///
7

T UniversalProteinresource UniProtKnowledgebaseUniProtkKB
\ Y http://www.uniprot.org/
(TheUniProtConsortium, NAR 2017, 45 (D1), Dd%869
=) TheUniProtConsortium consists of research teams from the
European Bioinformatics Institute (EBI), the Swiss Institute of
Bioinformatics (SIB), and the Protein Informati®esourc€PIR)




Proteinsequencedatabases

Differenttypes ofprotein sequencedatabasewith variablelevels
of annotation and curation

A Generalistatabasesresultingfrom the automatedannotation ofsequencedjenomes

UniversalProteinresource UniProtKnowledgebaseUniProtkKB
http://www.uniprot.org/

(TheUniProtConsortium, NAR 2017, 45 (D1), DJI®869

‘."‘I Reviewed (556,825) UniProtKB protein knowledgebase

Swiss-Prot

PrOteo mes Protein sets
expressed by

% T @ organisms

15 875referenceproteomes

Swiss-Prot

ﬁ Manually
*# annotated and

reviewed

Unreviewed
(108,857,716)

TrEMBL

UniRef

TrEMBL

Automatically
annotated and
not reviewed

UniParc @ e j
SRAUAT SIS new, revied Most widely usedin proteomics

= o -Highlevelof curation
: -Manualannotations, crosseferences
External Sources -Low redundancy

56t PDS, 1ODS, -Extraction oknown splicevariants
(canonicakequencesandisoformg



Proteinsequencedatabases

Differenttypes ofprotein sequencedatabasewith variablelevels
of annotation and curation

A Taxonomyspecificdatabasesbenefitingfrom 2 NH | yekp@rs Qrinotations

U FlyBasaledicated toDrosophila melanogaster S,
(TheFlyBaseConsortium, NAR 2017, 45m663D671) e FlyBase

U The Mouse Genome Database (M@Bdicated toMus musculus --7
(MouseGenomeDatabaseGroup,NAR2017, 45(D1p723D729) M

U The TAlRlatabasededicatedto Arabidopsighaliana

(The Arabidopsis InformatidResource, Genesis 2015; 834-485) : tai
air

m) Curatedorganismspecificposttranslationalmodificationdatabases

U PhosphoGridiatabase of experimentally verified vivoprotein phosphorylation sites of
Saccharomyces cerevisiae, https://phosphogrid.org/

U ThehumanDEPhOsphorylatioDatabase (DEPOD}p:// depod.bioss.urireiburg.de/

U TheArabidopsidProteinPhosphorylation SitBatabasgPhosPhA{ http:// phosphat.uni
hohenheim.de



Proteinsequencedatabases

Differenttypes ofprotein sequencedatabasewith variablelevels
of annotation and curation

A Taxonomyspecificdatabasesbenefitingfrom 2 NH | yekp@rs Qrinotations

nex'i:pr‘ot neXtprotdedicatedto the humanproteome
L2 Gaudet P, et al., NAR 20145(D1), D17qD182

neXtProtintegrateshigh-quality and manuallycuratedUniProf SwissProtentries with large amount of additional

informationfrom other resources such as HumRrotein AtlasArrayExpresdJniGene PeptideAtlasGene Ontology
Annotation,EnsemhldbSNE X

- Referencegroteomefor the HumanProteomeProject HPP
- Numerousvery usefulproteomistsoriented information andtools
- Peptideunicity checkerincludingmore than 5millionssequencevariants

Sequence

Mature protein

DMA mismatch repair protein Mshéd
[ Modified residue ]

Cross-link
Antibody
Peptide ( \
[ SRM Peptide ]
I

T T T T T T
200 400 600 800 1000 1200



Proteinsequencedatabases

Differenttypes ofprotein sequencedatabasewith variablelevels
of annotation and curation

A Towardspersonalizedlatabasedor personnalizednedecine(multi-omicsapproache}

U Takingnto accountdiseasespecificmutationsidentified by NGS
COSMICthe Catalogue Of Somatic Mutations In Canb#p{// cancer.sanger.ac.uk/cosmj@
comprehensiveesource for exploring the impact of somatic mutations in huroancer integrated imeXtprot

U Ultimate goal:generateone databasefor eachindividualsample

Multi -omicsdata acquisition on thesamesamplesallowsthe developmentof proteogenomicsdatabasesearchstrategies

E
Personalized Database 1

__————_ Whole Exome
*  UniprotKB/Swissprot (20197 sequences)

sequencing
f——>
/

{ Genome *  Known isoforms (+ 20457 sequences)
\\,_7 _ * Sample-specific sequence variants
(+~ 5200 sequences) o
S Ma— :
1 Identified Peptides
+
Peptide a Identified peptides with
[ — ‘ F i :
sequencing [ yioh throughput a Databése sample specific variants
| Proteome — > LC-MS/MS  E— searching +
(Mascot/Proline) Identified peptides of
' sample specific transcript
) 2 variants

Personalized Database 2

* Detected known isoforms
(~500 sequences)

* Sequence variants in detected known
isoforms (~500 sequences)

*  New splice variants (~600 sequences)

* Sequence variants in new splice variants

(~600 sequences)

RNASeq
. sequencing
| Transcriptome




Proteomics data@epositories

Protein
sequence
database

RawMS/MS Interpreted
data MS/MS data

Data
repository

The protein database is the starting point and should be the ultimate end point.

Thereferenceprotein databaseshouldincludeall valuableinformation and links to
experimentalevidenceof protein expressionabundancdevels identifiedisoformsand PTMs
interactionswith other proteinss X



Proteomics data@epositories

The move to @eneralopinion of data sharing iproteomicswasslow!

Proteomicsdata are often more complexthan NGSdata due to complexsamplepreparations
a wide variety of analytical approaches bioinformatics tools and pipelines and related

statisticalanalysis

Twodrivingforceshaveenabledthe move

- Requirements promoted by leading scientific journals and funding agencies (MCP
guidelinesstartedin 2004-2005.

- Developmentof data standard formats (mzML mzldentML mzQuantML. TraML, X) and
opensourcetools facilitatingdatadeposition reuseand comparativeanalyses
Designed and maintained thanks to the Proteomics Standards Initiative PSI

(http://www .psidevinfo/) fundedat the WashingtorHUPQOmeetingin April 2002



Proteomics dataepositories

Hierarchyof proteomicsdatarepositories

Protein
Knowledge

bases

Interpreted data
. Reinterpretation of
Quantification the data.

Peptide/Protein

Raw data

Fromt S NSvératy., et al., Proteomic015, 15, 936949



Proteomics data@epositories

Success of thBroteomeXchang€onsortium:
_ It hasbeen set up to provide a globally coordinated submission of mass
spectrometry proteomics data to the main existing proteomics repositories, an

to encourage optimal data dissemination
(Vizcaing A. J., et al., 2014, NatuB2otechnolog\d2,223¢226)
Preventbreak down due tdackof funding(Tranche andPeptidomg

ProteomeXchange: 4534 datasets up until end of July 2016

Top 10 Species

Countries with at least 100
data sets:

1105 USA

188 Netherlands
178 Canada

150 Switzerland

w Datasets/year:
2012: 102

Top Species studied by at least 100 datasets:
2010 Homo sapiens
604 Mus musculus
191 Saccharomyces cerevisiae
140 Arabidopsis thaliana
127 Rattus norvegicus

936 reported taxa in total

1

Total:5001

Homo sapiens
2029 datasets

125 Austrglia Publicly Accessible: ‘
2013: 527

123 Spain 2597 datasets, 57% of all 27/03/2018
123 Denmark 2014; 963 2334 PRIDE
117 Japan 2015: 1758

135 MassIVE
101 Sweden 2016 (till July): 1184

115 PASSEL

13 jPOST

1 - 1105

Deutsch, E., et al., TReoteomeXchangeonsortium in 2017: supporting the cultural change in

proteomics public data deposition
NucleicAcids Research, Volume 45, Issue D1, 4 January 2017, Pages1 1080




Proteomics data@epositories

U Threedatalevels Rawdata, ResultgMzldentML), Metadata
U Differententry points (global antargeteddatasets
U Twosubmissiormodes : Complete and Partial
U A uniqueuniversalidentifier PXDOwith DOI [inkin publications)
U Vizualisatiortools (Pridelnspector PASSEL BrowsBeptideAtlax X 0
U Datareprocessingandreuseby anyexternaltool
U Link toother comicsdatasets
= ) ) B
( DATASETS ) .-
Raw Data ':‘\Tffr"}ff ‘ ProteomeCentral R;?::;::h '
::Q!adal:pll :mzinly&g’
anusci submissions)
—
l .SsEL iaR:: Integration with other

i ) omics datasets
Rece:wng repositories
G o
- Researcher’s results - " DBs
Raw data

Metadata
—

- Reprocessed results

From DeutschE., et al. NAR, 2017, 45 (D1), D111 106.



Proteomics data@epositories

Threedatalevels Rawdata, ResultgMzldentML), Metadata
Differententry points (global antargeteddatasets
Twosubmissiormodes : Complete and Partial

A uniqueuniversaldentifier PXDOwith DOI [inkin publications)
Vizualisatiortools (Pridelnspector PASSEL BrowsBeptideAtlag X 0
Datareprocessingandreuseby anyexternaltool

Link toother comicsdatasets

c.CcCc-CcCc-CcCcocCc

Crucial ressourcenablingthe developmentand support of newstrategies

(Griss J., et al.Nat Methods 201613(8): 651¢656: 256million spectra,
190 million unidentified and 66 million identifiespectra)

- Spectral library searches
- Data Independent Acquisition (DIA) approach

Dataanalysigpeptidecentrig

i M, b

Targeted
data extraction

Wl || s

[
»

Spectrallbrary

Intensity

\l L Pept'des and fragments m/z, '
- ‘ ‘ ‘ retentiontime, LR
fragment relativeintensity

Retention time
Proteinquantification



/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27493588

Databasesndtoolsarerequiredat everystep

Literature and ontologies
CiteXplore, GO

Protein families,
motifs and domains
InterPro

Genomes F “u““uﬂl“i!llnu"-»-----l- l:.

Functional genomic
ArrayExpress
Expression Atlas

Nucleotide sequence
ENA

Macromolecular
PDBe

Protein activity
IntAct, PRIDE

Pathways
(Reactome
KEGG)

Protein Sequences
UniProt

Chemical entities
ChEBI

_ Systems
Chemogenomics BioModels
ChEMBL '
BioSamples

Adaptedfrom V. Schneider



