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This talk

1.Overview of what iRefIndex does and is

2.Feedback files

3.Cytoscape plugin

4.iRefWeb

5.Comparison of co-sited papers
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iRefIndex: Integration and feedback
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The problem

An interaction described in a database.

BIND
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The problem

An interaction described in two databases.

TNFR1 TRADDBIND

TNFR1 TRADDIntAct



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The problem

Different protein accessions are used to describe the same thing.



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution
MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution
MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

SHA-1 digest



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution
MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

waTMnn0uXSbf7bracJUScX9ckEc



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution
MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

waTMnn0uXSbf7bracJUScX9ckEc

SHA-1 digest



RefSeq GI: 4507575

UniProtKB:Q15628

RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution
MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

MTMDKSELVQ

KAKLAEQAER

YDDMAAAMKA

VTEQGHELSN

EERNLLSVAYK

NVVGARRSSW

RVISS………….

waTMnn0uXSbf7bracJUScX9ckEc

waTMnn0uXSbf7bracJUScX9ckEc



RefSeq GI: 13378137

UniProtKB: P19438 IntAct: EBI-517998

BIND: 12825

The solution

waTMnn0uXSbf7bracJUScX9ckEc



IntAct: EBI-517998

BIND: 12825

The solution

waTMnn0uXSbf7bracJUScX9ckEc waTMnn0uXSbf7bracJUScX9ckEc



IntAct: EBI-517998

BIND: 12825

The solution

waTMnn0uXSbf7bracJUScX9ckEc

UniProtKB:Q15628

RefSeq GI: 4507575 RefSeq GI: 13378137

UniProtKB: P19438 

waTMnn0uXSbf7bracJUScX9ckEc



IntAct: EBI-517998

BIND: 12825

The solution

waTMnn0uXSbf7bracJUScX9ckEc waTMnn0uXSbf7bracJUScX9ckEc

So the solution is based on exact sequence matches between interaction records



IntAct: EBI-517998

BIND: 12825

The solution

waTMnn0uXSbf7bracJUScX9ckEc waTMnn0uXSbf7bracJUScX9ckEc

RIG:

YtyrZEIRuMxnsPV6a9UcyVZeZVo



Protein A  reference Protein B referenceInteraction record

Problems encountered



Protein A  reference Protein B referenceInteraction record

Problems encountered

This sequence record no longer exists.

Outdated identifier.



Protein A  reference Protein B referenceInteraction record

Problems encountered

This sequence record is for mouse and the 

interaction record says the protein is from

human.  Wrong taxon. 



Protein A  reference Protein B referenceInteraction record

Problems encountered

A list of protein references point to multiple

sequence records. Ambiguity.



Protein A  reference Protein B referenceInteraction record

Problems encountered

This protein reference cannot be found. ??
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BIND BioGRID DIP ... OPHID

The solution: with provenance and feedback

iRefIndex

Feedback has resulted in corrections to 

records and clarifications or changes to 

curation practices.

This is an ongoing process.



Implementation details: input

BIND

BioGRID

CORUM

DIP

HPRD

IntAct

MINT

MPact

MPPI

OPHID

All of these are distributed in the PSI-MI XML format



The problem and why it’s important

A

C

B

2/3 of A interactors are gene-products associated with 

variations in some disease.  But if B and C are the 

same thing as A then ...



The problem

A

4/5 of A interactors are gene-products associated with 

variations in some disease

The problem and why it’s important



Implementation details: input

Interactor A Interactor B

PSI-MI XML record



Implementation details: input

Interactor A

Primary ref:

Secondary refs:

Taxon identifier:

Sequence:

PSI-MI XML record

Interactor A

Primary ref:

Secondary refs:

Taxon identifier:

Sequence:



Implementation details: input

Interactor A

Primary ref: RefSeq:4507575

Secondary refs:

UniProtKB:Q15628

database:accession

database:accession

Taxon identifier: 9606

Sequence: MAGTRVY....

Interactor B

Primary ref:....

Secondary refs:

...

...

...

Taxon identifier: ...

Sequence: ...

PSI-MI XML record



Implementation details: input

Interactor A

Primary ref: RefSeq:4507575

Secondary refs:

UniProtKB:Q15628

database:accession

database:accession

Taxon identifier: 9606

Sequence: M....

Db Acc Taxid Seguid

RefSeq 4507575 9606 waTM...9606



Implementation details: output

Db Acc Taxid Seguid

RefSeq 4507575 9606 waTM...9606

Interactor A

Primary ref: RefSeq:4507575

Secondary refs:

UniProtKB:Q15628

database:accession

database:accession

Taxon identifier: 9606

Sequence: MAGTRVY.... ROG:

waTMnn0uXSbf7bracJUScX9ckEc9606

Interactor A in some record

Interactor B in another record



Implementation details: output

Db Acc Taxid Seguid

RefSeq 4507575 9606 waTM...9606

Interactor A

Primary ref: RefSeq:4507575

Secondary refs:

UniProtKB:Q15628

database:accession

database:accession

Taxon identifier: 9606

Sequence: MAGTRVY.... TNFRSF1A

EntrezGene : 7132

Interactor A in some record

Interactor B in another record



Implementation details: assignment score

Interactor A

Primary ref: RefSeq:4507575

Secondary refs:

UniProtKB:Q15628

database:accession

database:accession

Taxon identifier: 9606

Sequence: MAGTRVY.... ROG:

waTMnn0uXSbf7bracJUScX9ckEc9606

RefSeq GI: 4507575

UniProtKB:Q15628

P

Db Acc Taxid Seguid

RefSeq 4507575 9606 waTM...9606



Binary value : 00000000000000000001

• P =  Primary accession was used

Each binary flag keeps track of some kind of operation used

to perform the mapping 

Human readable version : P          

Implementation details: assignment score



Binary value : 10000010000100010001

• P =  Primary accession was used

• T =  Taxonomy identifier was not matched

• U =  Updating performed

• O =  Only one matched the SEGUID of original protein

• + = There were multiple possibilities

Human readable score : PTUO+

Implementation details: assignment score



a
Use primary reference

b
Update 

primary reference

c
Use Gene Id 

(Primary Reference)

 

d
Use secondary reference

e
Update secondary 

reference

f
Use Gene ID

(Secondary reference)

Possible Scores;

P, PT, PD, PV, PM

PTD, PTV, PTM, PDV, PDM, PVM

PTDV,PTDM, PTVM,PVMD

PTDVM

PQ, PTQ

(I may appear in some of these scores) 

h
Resolve ambiguous 

assignments 

i
Use sequence record from 

interaction record

Possible Scores;

PU, PUT

PE, PET, PEV, PEVT

PUQ

Possible Scores;

PG,  PGT

Possible Scores;

S, ST, SD, SV, SM

STD, STV, STM, SDV, SDM, SVM

STDV, STDM, STVM, SVMD

STDVM

(I may appear in some of these scores) 

Possible Scores;

SU, SUT

SE, SET, SEV, SEVT

Possible Scores;

SG,  SGT
g

Resolve ambiguous 

assignments using sequence 

from interaction record 

Possible Scores;

PUL+, PUXL+, PUX+

PGL+, PTGL+, PGOL+, PTGOL+

PUTL+

SL+, SXL+, STL+, 

SUL+,SUXL+, SUTL+

SUOL+, SUOLX+, SUTOL+

SX+, SUX+

SGL+, SVGL+, SGTL+

SGOL+, STGOL+

SOL+, SOLX+, STOL+,

Possible Scores;

PN, PTN

PEN, SEN, PETN

STGOEN+, SLEN+

Possible Scores;

SGO+, SGTO+, SVGO+

g
Resolve ambiguous 

assignments using sequence 

from interaction record

     

Possible Scores;

PUO+, PUTO+, PUOX+

g
Resolve ambiguous 

assignments using sequence 

from interaction record 

Possible Scores;

SUO+, SUOX+, SUTO+

g
Resolve ambiguous 

assignments using sequence 

from interaction record

     

Possible Scores;

PGO+, PGTO+

g
Resolve ambiguous 

assignments using sequence 

from interaction record

     

Possible Scores;

SO+, SOX+, STO+

Implementation details: workflow
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SUO+, SUOX+, SUTO+

g
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from interaction record

     

Possible Scores;

PGO+, PGTO+

g
Resolve ambiguous 

assignments using sequence 

from interaction record

     

Possible Scores;

SO+, SOX+, STO+

Implementation details: workflow

Assignment scores are associated with a path 

through this workflow



Protein 

interactors

720,205

Unambiguous 

assignments

688,190 (95%)

Problems 32,515 (5%)

Unique proteins

(ROGs)

83,388

Results: assignments

Release 4.0



Examples

Score 

type

Total 

assignments 

with this 

score type

ROG 
Assignment

Score 

Number 

of cases
Details for one example

1
598590 

(77.43)

P         512650 UniProt:Q15118 is cited in the interaction record as the primary reference (P).

SM        2154 Accession NP 191913 is cited in a modified form (M) without the underscore.

2
24664

(3.19)

PU        18542 UniProt:O95686 is cited and updated (U) to UniProt/KB:Q9UQK1.

PUO+      6
UniProt:P38706 is cited. Two possible updates are possible (+) but only one matches the 

original (O) sequence in the interaction record (P0C2H6).

3
121540

(15.72)

PT        52074
Protein reference cites taxon id as 9534 (African green monkey) but the sequence record cites 

taxon 9606. 

ST        60205
Protein reference cites taxon id as 40674 (mammalia) but the sequence record cites (9606) 

human. 

4
2803

(0.36)
PUTO+     15

UniProt:O04063 is cited with taxon identifier 4530 (rice).  More than one updated accession 

exists (+U).  Only one possibility has the same sequence as cited in the interaction record 

(P0C5B0) with taxon identifier 39947 (a specific strain of rice).

5
9840

(1.27)

SL+       9090

The primary reference cited is not found. 49 secondary references are cited (S).  15 of these 

were found to map to 8 distinct proteins (+).  The protein with the largest (L) SEGUID is 

arbitrarily chosen.

PTQ       21
Primary accession P84244 cited as a “see also” (Q) reference with taxon id 9606.  The 

sequence record cites taxon id 10090 (T).

6
15649

(2.02)

PN        8909
Q95Q01 is an obsolete accession.  The sequence is retrieved from the interaction record. The 

SEGUID and ROGID are calculated and stored locally as a new entry (N).   

SEN       5561
RefSeq:NP_010441 is an obsolete accession.  The sequence is retrieved using eUtils (E). The 

SEGUID and ROGID are calculated and stored locally as a new entry (N).   

STGOEN+   2

EntrezGene 196549 (G) is cited and encodes two proteins (+).The protein accessions cited by 

EntrezGene are retired.  Sequences are retrieved using eUtils (E). One matches the sequence 

cited in the interaction record (O).  The SEGUID and ROGID are calculated and stored locally 

as a new entry (N). 

Results: assignments by score type
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EntrezGene 196549 (G) is cited and encodes two proteins (+).The protein accessions cited by 

EntrezGene are retired.  Sequences are retrieved using eUtils (E). One matches the sequence 

cited in the interaction record (O).  The SEGUID and ROGID are calculated and stored locally 

as a new entry (N). 

Results: assignments by score type

UniProt:O04063 is cited with taxon identifier 4530 (rice).  

More than one updated accession exists (+U).  

Only one possibility has the same sequence as cited in the interaction 

record (P0C5B0) with taxon identifier 39947 (a specific strain of rice).



Results: interactions (RIGs) assignments

PPI’s 761,587

Assigned to RIGs

(any score)

754,834 (99.11%)

Distinct 

interactions

369,457 (48.9%)

Release 4.0



Results: RIG redundancy between 

source databases.



Results: RIG redundancy between 

source databases.

All databases contribute some 

distinct interaction records.



Accessing consolidated data

http://irefindex.uio.no



http://irefindex.uio.no/



iRefIndex paper



Data in PSI-MI MITAB format



Source databases



Most recent statistics



License: not all data is distributed....ask



Feedback to databases



Cytoscape plugin



PSICQUIC web services



iRefWeb



Google group



Feedback files



Feedback files



Feedback files



Feedback files



Feedback files



Feedback files



Feedback files

HPRD 1739 ?



Databases now have these feedback files, 

along with a set of suggestions on how

to handle issues

We will then rebuild iRefIndex (5.0) and 

compare to build 2.0 starting in early July.



Cytoscape plugin



How can we distinguish 

High throughput interactions from 

Low throughput interactions?



Interaction records are supported by 

Publications (PMIDs)

A B

14672097

PMID: PubMed Identifier



High PMID reuse indicates htp paper

A B

14672097

A B
A B
A B
A B
X Y

PMID reuse is 100



Low PMID reuse inidcates ltp paper

A B

14672097

A B
A B
A B
A B
X Y

PMID reuse is 100

123456789

D E

PMID reuse is 2



Low lpr (lowest pmid reuse) indicates 

Interaction supported by ltp paper.

A B

14672097

A B
A B
A B
A B
X Y

123456789

D E

Lowest PMID reuse is 2
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Cytoscape plugin



Take home message

One of the concerns in the Cusick paper is the 

presence of HTP interaction data together with

literature curated data.

These data types can be easily distinguished 

and filtered using either the 

1)Cytoscape plugin

2)PSICQUIC web services

3)iRefIndex MITAB files



http://wodaklab.org/iRefWeb
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Current questions

PMID: PubMed Identifier

A B

7535773
C D

BIND

IntAct



Do different databases curate different 

interactions in the same paper? 

Current questions

A B

7535773
C B

BIND

IntAct

Two different splice isoforms of the same gene product were chosen



Do different databases curate different 

interactions in the same paper? 

Current questions

A B

7535773
C D

BIND

IntAct

Two homologs from different organisms were chosen



Current questions

A B

7535773
C D

BIND

IntAct

In either case, multiple interactions are 

recorded for the same publication where 

only one interaction is described. 



Current questions

A B

7535773
C D

BIND

IntAct

In either case, multiple interactions are 

recorded for the same publication where 

only one interaction is described. 

How common is this?



http://wodaklab.org/iRefWeb
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15,813 PMIDs are cited by 2 or more databases 



Only 10% of co-cited PMIDs have complete 

agreement with respect to number of interactors 

or number of interactions.



Co-cited papers were classified into several 

overalpping categories. 



Average Jaccard coefficient for interactions inside 

and outside of multiple categories



Percentage of papers with identical co-

annotations inside and outside of several 

categories. 

HTP, isoforms, complexes and higher eukaryotes 

are problematic. 



Frequency distribution of Jaccard coefficient for 

interactions, computed for the three largest 

categories of papers reporting on interactions in 

human, mouse and yeast.



PMID 15640796 



PMID 15640796 



PMID 15640796 



PMID 15640796 



PMID 15640796 

What is the degree of the black node?







How would you represent 

subcomplexes with a binary 

spoke model?



Current hypothesis

Disagreements between databases may be 

largely accounted for by different choices of

1)Splice isoform

2)Taxon  



Current hypothesis

But other causes of disagreement include

1)Minor sequence variations (e.g. UniProt vs. RefSeq)

2)Different update mechanisms by int db’s.

3)Different curation policies on what to curate

4)Spoke vs. Matrix representation.

5)Simple curator error.  



Take home message

This is a multi-factorial problem.

We want to clean up as many of the mechanical

causes using changes implemented in the 

feedback study.

Then we will re-examine remaining causes of 

disagreement  through a second feedback paper. 

In the mean time, iRefWeb is there to look at.
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