ABRF 2010:
Introduction to Proteome Informatics Data Analysis

Peptide Identification by
Database Search

John Cottrell
Matrix Science



Protein / DNA
Sequence
Databases

{ MATRIX
SCIENCE.

Chromatography

Search Engine

.,

eak Picking

Result
Report

—p-

Gas Phase
Fragmentation

1053.55

1117.54
869,45
‘nlL ]9-19 I]l-iS.SS
5 L

8 28283

-
ke
-
m
-

sz b

T
I

1426.78

13p5.66
1566}

147085
5504
#4073

| i
<r
mo

o
m
-l
—

}

mQo -

MS2

689,89

MS/MS

spectrum
9

b7 1886.92

007.14
§73.54 E‘“’?-“—‘
563(81 2184.142314.27

A ‘ﬁﬂL aal K f I¥

849.0 11924

15358

s S o RS

[#l e - DA D aibwertss Py |- 3 W ]| R4

18792 22228 2566.0

. HE

Probahility Based Mowse Score

Soore & +10%Log(F), where P is the probabilty that the cbserved match 12 a random event:
Individual ions scores > 43 mdicate identity or extersive homalogy (p<0.05)

T - i
Frocabi ity Dazed House Score

Peptide Summary Report

ch to Protemn Summmary Report




"ag, I I
v,
3
»
3
-
*

R, O R, 0Of RO R O
T T T S A
H_N—C<CiN4iCiCLN4CLC:N-C—C—OH
R R R
H Hi fHiH!? fHiH! {HIiH

»Roepstorff, P. and Fohlman, J. (1984). Proposal for a common nomenclature for
sequence ions in mass spectra of peptides. Biomed Mass Spectrom 11, 601.
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Sequence in the database

Figure 1. Principle of matching peptide sequence tags to a
proposed sequence. The upper chain of amino acids represents the
peptide sequence as measured by MS/MS (from Table 1 in this
example), and the lower chain represents amino acids in the
sequence database that the tag is compared to. Note that the partial
sequence divides the peptide into three regions. The added mass
my of the residues in region 1, together with the N-terminus, is a match
criterion as is the added mass in region three, ms. In region 2, the
sequence is known. Furthermore, it can be required that the peptide
obey the cleavage condition of the proteolytic enzyme, marked by
KR for trypsin. The left pointing arrow indicates that both search
directions may have to be considered.

»Mann, M. and Wilm, M., Error-tolerant identification of peptides in sequence
databases by peptide sequence tags. Anal. Chem. 66 4390-9 (1994).
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Figure 1. Flow chart that depicts the alogrithm for searching
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protein databases with tandem mass spectrometry data.

SEQUEST

»Eng, J. K., McCormack, A. L. and
Yates, J. R., 3rd., An approach to
correlate tandem mass spectral
data of peptides with amino acid
seqguences in a protein database. J.
Am. Soc. Mass Spectrom. 5 97/6-89
(1994)



Uninterpreted MS/MS Search Engines

InsPecT
Mascot

MS-Tag (Protein
Prospector)

Omssa

PepFrag (Prowl)
PepProbe
Phenyx
Popitam
RAId_DbS

Sonar (Knexus)
XITandem (The GPM)
XProteo

Not on-line

http://proteomics.ucsd.edu/LiveSearch/
http://www.matrixscience.com/search_form_select.html

http://prospector.ucsf.edu/prospector/cgi-
bin/msform.cgi?form=mstagstandard

http://pubchem.ncbi.nlm.nih.gov/omssa/index.htm
http://prowl.rockefeller.edu/prowl/pepfrag.htmi
http://bart.scripps.edu/public/search/pep_probe/search.jsp
http://phenyx.vital-it.ch/pwi/login/login.jsp
http://www.expasy.ch/tools/popitam/

http://www.ncbi.nlm.nih.gov/CBBResearch/gmbp/RAld_DbS/index.
html

http://hs2.proteome.ca/prowl/knexus.html
http://thegpm.org/TANDEM/index.html
http://xproteo.com:2698/

ByOnic, Crux, MassMatrix, Myrimatch, Paragon, PepSplice,
ProLuCID, ProblD, ProteinLynx GS, SIMS, Sequest, SpectrumMill,
greylag, pFind, etc.



Validation
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1. The following supporting information should be included with the manuscript

® The method andfor program {including version number) used to create the "peak list" from the raw data and the
parameters used in the creation of this peak list, particularly any which might affect the quality of the subsequent
database search. Examples include whether smoothing was applied, any signal-to-noise criteria, whether charge states
were calculated or peaks de-isotoped, etc. In cases where additional customized processing of the collections of peak
lists has been performed, &.qg. clustering or filtering, the method andfor pragram (including version number) should be
referenced. .

s The name and version of the program(s) used for database searching and the values of search parameters. Examples ’:ﬂleln mle to&ngwn'slsueio{
include precursor-ion mass tolerance, fragment—ion mass tolerance, modifications allowed for, any missed cleavages, B
protein cleavage chemistry | (f amy), etc.

® The name and version of the sequence database(s) used. If a database was compiled in-house, a complete description
of the source of the sequences is required. The number of entries actually searched from each database should be For Authors
included. Authors should justify the use of a very small database or database that excludes common contaminants,
since this may generare misleading assignments.

® Methods used to interpret M5 /M5 data, thresholds and walues specific to judging certainty of identification, whether any

For Subscribers

® For large scale experiments, provide the results of any additional statistical analyses that indicate or establish a About the Journal
measure of identification certainty, or allow a determination of the false-positive rate, e.g., the results of randomized
database searches or other computational approaches. Editorial Board
v
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Validation

Search a ““decoy” database

eDecoy entries can be reversed or shuffled or
randomised versions of target entries

eDecoy entries can be separate database or
concatenated to target entries

Gives a clear estimate of false discovery rate

e Elias, J. E. and Gyqi, S. P., Target-decoy search strategy for
increased confidence in large-scale protein identifications by mass
spectrometry, Nature Methods 4 207-214 (2007)
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Sensitivity optimisation

— Total PSMs
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Sensitivity optimisation
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Anal. Chem. 2002, 74, 5383—5392

Empirical Statistical Model To Estimate the
Accuracy of Peptide Identifications Made by
MS/MS and Database Search

Andrew Keller,* ' Alexey I. Nesvizhskii,*'T Eugene Kolker, and Ruedi Aebersold

Institute for Systems Biology, 1441 North 34th Street, Seattle, Washington 98103

NATURE METHODS | VOL.4 NO.11 | NOVEMBER 2007 | 923
— Percolator
(re-ranked)

s it Semi-supervised learning
— Pewoeroenet - for peptide identification

— SEQUEST

(enzyme specific) from Sh Otgun prOteomiCS

— SEQUEST

e \Washburn et al. data Sets

4+ DTASelect
(tryptic)

Lukas Kill!, Jesse D Canterbury', Jason Weston?,
William Stafford Noble!? & Michael ] MacCoss'



Sensitivity optimisation
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M. Brosch, L. Yu. T. Hubbard, J. Choudhary. J Proteome Res (2009).



Practical Tips




Data Quality
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Practical Tips

Modifications
e Fixed / static modifications cost nothing
e Variable / differential modifications are very expensive
e Use minimum variable modifications
Maybe oxidation of M
Maybe pyro-glu
e User “Error tolerant search’ or ‘Model refinement’ to find
post translational modifications



Practical Tips

Make a reasonable estimate of mass error
e Don’t just guess, run a standard
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Practical Tips

Which Database?

e Non-redundant protein database; there will be differences
between the database sequence and the analyte

Swiss-Prot

e Large, comprehensive, non-identical database; explicit
representation of every known peptide

NCBI nr, UniRef100



Practical Tips

Enzyme
e oose trypsin (cleaves KP, RP)
e Semi-specific trypsin
Only use “no enzyme” if strictly necessary
e Set missed cleavages by inspection of standards



Further Reading

Ingvar Eidhammer, Kristian Flikka, Lennart Martens
and Svein-0le Mikalsen

Computational Methods

for Mass Spectrometry
Proteomics

—

.'

WWILEY




