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terPro and InterProScan 5.0
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InterPro

* is a database that groups predictive protein signatures together

* 11 member databases

meam SN e

« single searchable resource

 provides functional analysis of proteins by classifying them into
families and predicting domains and important sites

* Enables whole genome analysis

EMBL-EBI




INnterPro Consortium

> .

&

Superfamly

i e
PANTHE JNGR e

e .
Consortium of 11 major
signature databases

*
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Protein signatures

* More sensitive homology searches

* Each member database creates signatures using different methods and

methodologies:
» manually-created sequence alignments
» automatic processes with some human input and correction

» entirely automatically.

EMBL-EBI




Why do we need predictive
annotation tools?

14,000,000 -
12,000,000 -

——UniProtkB
UniProtkB/Swiss-Prot

10,000,000 -

8,000,000 -

6,000,000 -

Mumber of sequences

4,000,000 -

2,000,000 -

n I
5-Jan-04 5-Jan-05 5-Jan-06 5-Jan-07 5-Jan-08 5-Jan-09 5-Jan-10
Date
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What are protein signatures?

Protein family/domain

Multiple sequence alignment

ESR1 YENTA-1-176 FHRTTGITEL
ESR1 CHICE/1-17% ATl
ESR1 MOUSE/1-185 HTEASGHALL

ESRL HENLA/1-176 RROSGRERHSSANDKGFPSHESTEE
ESR1 CHICK/1-175 RRHSIRE SSTN‘E‘E ESTHE
ESRL HOUSE/1-185 RRONGRERLSSSHEKGHMTHESAKE

HQIOSSEIETLTREFLKISLER
H%TESRP FLERSLS
HOIOGHELEFLTREOLKNEHERALS

ESR MENLA/1-176  SESTAASSE] .. SosIrGIeTEy
ESRL CHICKV/I-L7S TESTAPTSES. BGSoSLAGRESLINVEDSEYVRLOTAR
ZSRL MOUSE/ 105 GIAVGPASRAMBCANSLGMRP LNCUSPEFTHLIHPER

Significant
match

Build model

ENRTGIERTDEGTTORARARED. ... 7 554
BCNKTGURHTPRGATYDRG. TT&p. 1. .. ¥ GaT
oK THERTPEGAFREAAARAARLSAFR TGOS —

FY ESE% FAVREAAPPTEYRSSSIN
Py LENEQGSCHREAAFEREYRPSSN
PYVLENEPSATAVRDTGRRARYREHSDN

Protein analysis

ITWKGPVCGLDGKTYRNECALL

AVPRSPVCGSDDVTYANECELK
e

]

4.8.4.4.4.4.4

Mature
model

Search

D
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Member databases

[ Hidden Markov Models

METHODS

Finger-
Prints

O )

Profiles

O )

o

prasiie

—

Structural Domains

Functional annotation of families/domains

Sequence
Patterns Clusters
preSite|| | BicDei

Protein features

(active sites...)

/

Prediction of

conserved
domains
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InterPro entry
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InterPro entry

[+7Add your annotation

Malate dehydrogenase type 2 (IPR010945)

- ! Fa DL a7
Short name: Malate_DH_fype

Proteins matched (1538 Contributing signatures

Signatures from InterPro

Dlomain organisation [14
: member databases are used

Family relationships

Pathways & interactions to construct an entry.
L-lactate/malate dehydrogenase o
Species ¢ Malate dehydrogenase, type 2 :::ﬂ;dldmn
“r Lactate dehydrogenase, protist @ @ MF_01517
Structures ik Malate dehydrogenase, NAD-dependent, cytosolic (Malate_dehydrog_2)
i Malate dehydrogenase, NADP-dependent, plants PANTHER
Related resources ! ! W & PTHR23382 (MDH_SF1)
References 7 Description it

B A TIGRO1759 (MalateDH-5F1)

Malate dehydrogenases catalyse the interconversion of malate and oxaloacetate
using dinucleotide cofactors [ PubMed: 78496032]. The enzymas in this entry are found in archaea, bacteria and
eukaryotes and fall into two distinct groups. The first group are cytoplamsic, NAD-dependent enzymes which
participate in the citric acid cycle (EC:1.1.1.37). The second group are found in plant chloroplasts, use NADP as
cofactor, and participate in the C4 cycle (EC:1.1.1.82).

Structural studies indicate that these enzymes are homodimers with very sinmilar overall topology, though the
chloroplast enzymes also have N- and C-terminal extensions, and all contain the classical Rossman fold for NAD(P)H
binding [ PubMed: 8471603, & PubMed: 10206992, @ PubMed: 10194350, PubMed: 10196131]. Substrate
specificity is determined by a mobile loop at the active site which uses charge balancing to discriminate between the
correct substrates (malate and oxaloacetate) and other potential oxo/hydroxyacid substrates the enzyme may
encounter within the cell [@ PubMed: 10075524].

GO terms

Biological Process: @ GO:0006108 malate metabolic procezs
@ G0:0055114 oxidation-reduction process

Molecular Function: @ GC:0016615 malate dehydrogenase activity

L] " = g T N o o RS i T e s ey . s s
& InterPro 32.0 © 2001-2010 The InterPro Consortium - How to cite - BE

A website feedback
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The InterPro entry: types

Family Proteins share a common evolutionary origin, as reflected in their
related functions, sequences or structure

Distinct functional, structural or sequence units that may exist in a
variety of biological contexts

Domain

Repeats Short sequences typically repeated within a protein

Sites
—— D D —
o o b b
PTM Active Binding Conserved

Site Site Site
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GrouEs similar signatures together

|

»Quality control

»Removes redundancy

@ Family

Malate dehydrogenase, type 2 (IPRO10945)

A

Contributing signatures

HAMAP

B ®MF_01517 (Malate_dehydrog_2) - 546 proteins
PANTHER

B P PTHR23382 (MDH_SF1) - 1529 proteins
TIGRFAMs

B ATIGR01759 [MalateDH-5F1) - 910 proteins
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GrouEs similar signatures together

@ Family
Malate dehydrogenase, type 2 (IPRO10945)

L} Sy LF &S

> Hierarchical classification Family relationships

L-lactate/malate dehydrogenase
“+ Malate dehydrogenase, type 2
“¥Lactate dehydrogenase, protist
“# Malate dehydrogenase, NAD-dependent, cytosalic

“* Malate dehydrogenase, NADP-dependent, plants
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Interpro hierarchies:
Families

FAMILIES can have parent/child relationships with other Families

Family JddyramoEn  parent/Child relationships are based on:

Potassium channel, two pore, TASK family (IPR003092)

Short name: K_chnl_2pore_TASK - Comparison of protein hits
»  child should be a subset of parent

Family relationships . _
»  siblings should not have matches in common

Potassium channel, two pore, TASK/TWIK

- Potassium channel, two pore, TASK family
) Potassium channel, two pore, TASK-1 . .
e i * Biological knowledge of curators
) Potassium channel, two pore, TASK-3
) Potassium channel, two pore, TASK-5

* Existing hierarchies in member databases

EMBL-EBI




INnterPro hierarchies:

Domains
U Domain
p53 like transcrlptmn factor, DNA-binding (IPRODB9G7) DOMAINS can have
ot name: p53-like_TF_DNA-bd parent/child relationships

Domain relationships with other domains

Mo parent
“+ p53-like transcription factor, DNA-binding
“#|AGL, DNA binding
“*Rel homology
“# STAT transcription factor, DMA-binding
“+p53/RUNT-type transcription factor, DNA-binding domain

EMBL-EBI




Domains and Families may be linked
through Domain Organisation

@ Protein
Cellular tumor antlgen p53 (PD4637)

= et oS3 MY
AT S L

Accession [ POLE37 [ UniProtkB Swiss-Prot)
Species Hemo sapiens (Human)
Length 393 amino acids (complete)

Protein family membership

pS23 tumour suppressar, deltaM isoforms
“# p53 tumour suppressor family

Sequence features

Diomain organisation
L G G

Cromains and sites

[PRO1IZETZ p53 tramsscthvalion domain

[PRODBSGT ||:-53-I||L= tran=oniption Tactor, DMA-binding

@ Domain
p53/RUNT type transcription factor, DNA-binding domain (IPR012346)

me: P33/RUNT-type_TF_DNA-bd
Domain relationships
p53-like transcription factor, DMA-binding

~+p53 /RUNT-type transcription factor, DNA-binding domain
¥ Acute myeloid leukemia 1 (AML 1)/Runt
b 53, DNA-binding domain

— 10 AA

'i'}lpE:- RUNT-typ= transcrplion lacltor, DNA-Binding domain

IPROL1G1S ||:-EE , DNA-bindfing domain

[PROLOSOL o523, T=lramern=ation domam

20408006

Hierarchy

~
7
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| |

I Adds extensive annotation J

L —
@ Family Description
Malate dehydrogenase, type 2 (IPR010945) Malate dehydrogenases catalyse the interconversion of malate and oxaloacetate using dinucleotide
Short name: Malate_DH_type2 cofactors [®PubMed: 78439603)]. The enzymes in this entry are found in archaea, bacteria and

eukaryotes and fall into two distinct groups. The first group are cytoplamsic, NAD-dependent enzymes
which participate in the citric acid cycle (EC:1.1.1.37). The second group are found in plant
chloroplasts, use NADF as cofactor, and participate in the C4 cycle (EC:1.1.1.82).

Structural studies indicate that these enzymes are homodimers with very sinmilar overall topology,
though the chloroplast enzymes also have N- and C-terminal extensions, and all contain the classical
Rossman fold for NAD(P)H binding [®PubMed: 3471603, ® PubMed: 10206992, ®PubMed: 10194350,
®PubMed: 10196131]. Substrate specificity is determined by a mobile loop at the active site which uses
charge balancing to discriminate between the correct substrates (malate and oxaloacetate) and other
potential oxo/hydroxyacid substrates the enzyme may encounter within the cell [®'PubMed: 10075524].
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I Links to other databases [
| |

The Gene Ontology project provides a
controlled vocabulary of terms for
describing gene product characteristics

GO terms

Biological Process: @ G0:0006108 malate metabolic process
M Z0:0055114 oxidation-reduction process

Molecular Function: @ G0:0016615 malate dehydrogenase activity

EMBL-EBI
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|

ﬁ Links to other databases [
| |

Overview

Proteins matched (1588 —_ UanrOt

Diomain organisation (14

- KEGG... Reactome ... IntAct ...

Pathways & interactions

Species —— > UniProt taxonomy
Related resources _— PANDIT MEROPS Pfam ClanS
References (7 _ > Pubmed
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Structural information and viewers

@ ramily

Owverview

Structures - Malate dehydrogenase, type 2 (IPR010945)

Proteins matched e

[ =

Demain arganisation = PDB

|

Revet View

Pathways B interactions

il

®1b8p @ 1b8u , @ 1bSv , ® thdm M 1hmd , O 1civ, P 1iz3 , P Lwze P Lwzi, W 1y7t , B 2ovg
®5mch M 7mdh

5COP

Related resources

Species

i
H

il

5
!

References - #2155, #d162.1.1

e Mo Fre 20 0

CATH
CAT DR GARA LA L T P G AL A W W

34050720 ,#3.30.110.10
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InterProScan

Protein
Sequence

Predictive
Models
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INnterProScan access

Interactive:
http://www.ebi.ac.uk/Tools/pfa/iprscan/

STEP 1 - Enter your input sequence

Enter or paste a PROTEIN sequence in any supported format:
MLTPEERLNLALKMNEEVDRPPCICPGGHMMNIIEDLMD ISGYEWPEAHTDAETITMANLATIS
MYEQGGFENFGVPFCHTIEAESNGATVD LGDETTEFRVIEKYF IESVVEWROLERIDLNEG
REFWVVLDATEITKDRNLPVPIMANLTGP ISVASSLMEPMYF YEELVREEDEAHEF INFWVT
ENLIEFGKAQLLAGIJLN’UITISDPSGTGE ILGFELFEEFVIFPYINRIIDELEDYTDGTIVH
ICGRLES ITKELNDLNSDVVSF DS I55V TOVLENVONEAVHGH VS TLTIONSSEEDVEKL
ANACHMMNLGVNILZPACGIGTESP IENVRSMVIIALKERMNAE

ar, upload a file: |[ Browse
STEP 2 - Select the applications to run
Select Al Clear All
BlastPraDom FPrintScan HMMP IR HhMPTarm HMMS mart
HMbTigr ProfileScan HamaP PatternScan SuperFamily
SignalPHMMW ThHMNM HMMFanther Genei3lh

Webservice (SOAP and REST):

InterProScan (version: 4.8)
Sequence: Sequence_1
Length: 340

CRCE4: BPCOBCCB13FBOBDE

Launched Wed, Jul 13, 2011 at 12:39:17
Finished Wed, Jul 13, 2011 ar 12:40:18

InterPro Match

Query Description
340
IPROOOZS7 Uroporphyrinogen decarboxylase (URO-D)
PFO1208% B URO-D

IPRO0G36E0 Methyltransferase MtaA/CmuA

METHY LCOBALAMIN:COM METHVLTRANSFERASE
UROD MetE-like

TIGRO 1463w B miaf cmuA: methyltransferase, MiaAfCmud Tamily
unintegrated
/G:3 DA 3. 20 210, 2 1.0 - - —— 0 o description
T HR 2 108 1 s [ FAMILY NOT NAMED
PTHR 2 100 15 2.4 e —— [
S 1 7 26—

@ FRODOM
CIHAMAF

EPRINTS

PFAM
CIPROSITE

-] W SMART
ESICNALE

W TMHMM

ETICRFAMs
W PANTHER

@ PROFILE
WGENEID

@ European Bioinformatics Institute 2006-2011. EBI is an Qutstation of the European Mo lecular Biology Laboratory

ark
SUFERFAMILY

http://www.ebi.ac.uk/Tools/webservices/services/pfaliprscan_rest
http://www.ebi.ac.uk/Tools/webservices/services/pfa/iprscan_soap

Downloadable:
ftp://ftp.ebi.ac.uk/pub/software/unix/iprscan/
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Why redesign InterProScan?

* InterProScan 4
— complicated installation
— complicated update
— limited queuing system
* Only guaranteed with LSF
— limited configurability
— reliability
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InterProScan 5.0 aims

« Easy install and configuration

* Modular

« Expandable

« Easily integrated into existing pipelines
 Incorporate new data model / XML exchange format

« Easy to port on to different architectures:

*  Desktop machine
*  Simple LAN
LSF
PBS
Sun Grid Engine ...cloud? GRID?

Reliablity

EMBL-EBI ZE:



InterProScan 5 Technology
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Architecture

Cluster JMS: One-way dependencies +
platform monitoring queues replaceable layers v
%‘—/ _

Job Management: low-coupling + maintainable
web : scheduling analyses
services Gt St Al

i
Java API Busm_ess Logic:
performing analyses
InterPro Y
website

' Database Access
Oracle Enentastieseed

PostgreSQL

HSQLDB |
Data Model

EMBL-EBI



Java Messaging Service

Broker starts
“Master” BrOker workers on demand

Schedules tasks &

sub-tasks, and places Manages
- , . 1 1]
on queue queues & topics Wo rker

Performs task /
sub-task, reports
back to Broker

Workers take tasks
off queues

Monitoring & Management

Application

Web or stand-alone app to monitor & manage InterProScan

« Simple and robust programming model

« Mature and stable standard — current JMS version released in 2002
« Guaranteed message delivery to a single worker

« Easy to monitor

* Flexible — easy to implement on multiple platforms

EMBL-EBI




Beta release functionality
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* Requirements
—Java 1.6
— Linux
— Perl

Installation process

wget ftp://ftp.ebi.ac.uk/pub/software/unix/iprscan/i5-dist.tar.gz

tar -xzf i5-dist.tar.gz

—ready to use

EMBL-EBI :
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./interproscan.sh -i test proteins.fasta -o test proteins.tsv --goterms

A2YIW7 f927b0d241297dcc9alc5990b58bf3c4 122 Pfam PFO0O85 Thioredoxin 9 112 1.3E-28
T 08-07-2011 IPRO13766 Thioredoxin domain Biological Process:cell redox homeostasis
(GO:0045454)

A2YIW7 f927b0d241297dcc9alc5990b58bf3c4 122 ProSitePatterns PS00194 Thioredoxin family active site.
32 50 - T 08-07-2011 IPRO17937 Thioredoxin, conserved site Biological
Process:cell redox homeostasis (GO:0045454)

A2YIW7 £927b0d241297dcc9alc5990b58bf3c4 122 PIRSF PIRSFO00077 null 4 113
1.50000307E-27 T 08-07-2011 IPROO5746 Thioredoxin Molecular Function:protein disulfide

oxidoreductase activity (G0:0015035), Biological Process:glycerol ether metabolic process (G0:0006662),
Biological Process:cell redox homeostasis (G0O:0045454), Molecular Function:electron carrier activity
(GO:0009055)

A2YIW7 927b0d241297dcc9alc5990b58bf3c4 122 PRINTS PROO421 Thioredoxin family signature 39
48 - T 08-07-2011 IPROO5746 Thioredoxin Molecular Function:protein disulfide
oxidoreductase activity (G0:0015035), Biological Process:glycerol ether metabolic process (G0:0006662),
Biological Process:cell redox homeostasis (GO:0045454), Molecular Function:electron carrier activity
(GO:0009055)

A2YIW7 £927b0d241297dcc9alc5990b58bf3c4 122 PRINTS PRO0421 Thioredoxin family signature 78
89 - T 08-07-2011 IPROO5746 Thioredoxin Molecular Function:protein disulfide
oxidoreductase activity (G0:0015035), Biological Process:glycerol ether metabolic process (G0O:0006662),
Biological Process:cell redox homeostasis (G0:0045454), Molecular Function:electron carrier activity
(GO:0009055)

A2YIW7 f927b0d241297dcc9alc5990b58bf3c4 122 PRINTS PRO0421 Thioredoxin family signature 31
39 - T 08-07-2011 IPROO5746 Thioredoxin Molecular Function:protein disulfide
oxidoreductase activity (G0:0015035), Biological Process:glycerol ether metabolic process (GO:0006662),
Biological Process:cell redox homeostasis (GO:0045454), Molecular Function:electron carrier activity
(GO:0009055)

Default tab-separated values output



./interproscan.sh -i test proteins.fasta -o test proteins.xml --goterms -F xml

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<protein-matches xmlns="http://www.ebi.ac.uk/schema/interpro">
<protein>
<sequence
md5="927b0d241297dcc9alc5990b58bf3c4" >MAAEEGVVIACHNKDEFDAQMTKAKEAGKVVIIDF TASWCGPCRFIAPVFAEYAKKFPGAVFLKVDVDELKEV
AEKYNVEAMPTFLFIKDGAEADKVVGARKDDLQNTIVKHVGATAASASA</sequence>
<xref id="A2YIW7"/>
<matches>
<fingerprints-match graphscan="III" evalue="2.500000864E-7">
<signature name="THIOREDOXIN" desc="Thioredoxin family signature" ac="PRO©421">
<models>
<model name="THIOREDOXIN" desc="Thioredoxin family signature" ac="PR00421"/>
</models>
<signature-library-release version="41.1" library="PRINTS"/>
</signature>
<locations>
<fingerprints-location score="0.0" pvalue="0.0" motifNumber="3" end="48" start="39"/>
<fingerprints-location score="0.0" pvalue="0.0" motifNumber="2" end="89" start="78"/>
<fingerprints-location score="0.0" pvalue="0.0" motifNumber="1" end="39" start="31"/>
</locations>
</fingerprints-match>
<hmmer2-match score="100.5" evalue="-INF">
<signature name="Thioredoxin" ac="PIRSF000077">
<models>
<model name="Thioredoxin" ac="PIRSF000077"/>
</models>
<signature-library-release version="2.74" library="PIRSF"/>
</signature>
<locations>
<hmmer2-location hmm-length="0" hmm-end="108" hmm-start="1" evalue="1.50000307E-27"
score="0.0" end="113" start="4"/>
</locations>
</hmmer2-match>

--ete XML output



Pre-calculated match lookup

* BerkeleyDB-backed REST web service
* Includes matches for all of UniParc (27 million

sequences)
* 250 mllllOn matCheS Response Time (ms) per sequence
« Fast response o ﬁ\
» Integrated into i5. 20\
200 - \\________
150 -
100 -
50 -
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Other functionality

* Increased reliability
* Precalculated match lookup
« Configuration
— simple properties file
* Nucleotide sequence
— getOrf
— map matches to nucleotide coordinates
« Pathway mapping
— KEGG, Reactome, MetaCyc, Unipathway

EMBL-EBI i &



Future functionality

« \Webservice

 Interact directly with architecture:
— LAN
— LSF
— PBS
— Sun Grid Engine

Database persistence
— Oracle

— MySQL

— Postgres

— efc

Graphical output
Other functionality

— askl!

EMBL-EBI ZE:



InterProScan 5 timeline

 Beta release
— August 2011
— InterProScan 4 still maintained

* Full release
— Early 2012
— InterProScan 4 deprecated

interproscan-5-dev@googlegroups.com

EMBL-EBI ZE:
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