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A system for creating a library of tandem mass spectra annotated with corresponding peptide sequences
was described. This system was based on the annotated spectra currently available in the Global
Proteome Machine Database (GPMDB). The library spectra were created by averaging together spectra
that were annotated with the same peptide sequence, sequence modifications, and parent ion charge.
The library was constructed so that experimental peptide tandem mass spectra could be compared
with those in the library, resulting in a peptide sequence identification based on scoring the similarity
of the experimental spectrum with the contents of the library. A software implementation that performs
this type of library search was constructed and successfully used to obtain sequence identifications.
The annotated tandem mass spectrum libraries for the Homo sapiens, Mus musculus, and Saccharo-
myces cerevisiae proteomes and search software were made available for download and use by other
groups.
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Introduction

One of the major methods for the experimental study of the
proteins expressed by an organism is to use data derived from
collections of tandem mass spectra to determine which proteins
were present in a particular biological sample. The most com-
mon method of associating a particular tandem mass spectrum
with a peptide sequence is to compare each experimental spec-
trum with theoretical spectra generated from a list of potential
peptides, based on known, sequence-specific peptide ion frag-
mentation reactions. The list of peptides is derived from all of
the protein sequences that could possibly be expressed by a
particular organism. The comparison process generates a set
of scores that indicate the similarity between any particular
peptide sequence and the experimental mass spectrum. The
peptide (or peptides) judged to be the most similar to the
spectrum can then be associated with that spectrum and the
process repeated for all of the spectra generated by the experi-
ment. When the results of all of these spectrum-to-peptide
correlations is combined, a list of candidate proteins can be
generated for use by the biological researcher. The idea of
selecting a chemical structure based on an enumeration of
theoretical mass spectra has a long history, beginning with the
work of Djerassi and Lederberg1-3 to identify organic com-

pounds. Its application to peptides was made possible by the
sequence-specific bond cleavage rules described by Roepstroff
and Folman4 and Biemann.5 The method has become popular
for several reasons: there are practical software implementa-
tions of the idea;6-9 it is simple to automate the analysis of
large data sets; and the scores can be interpreted statistically
for large-scale applications.10,11

Historically, the use of theoretical fragmentation patterns for
analyzing small organic molecules was largely been replaced
by another method commonly referred to as a “library search-
ing”. Library searching was originally formulated to improve
the identification process, and it is also based on fragment mass
spectra.12,13 This type of search depended on the postulate that
a particular organic molecule would fragment in a mass spec-
trometer in a manner that was characteristic of the detailed
structure of the molecule. If this statement was true, it should
be possible to generate a library of such fragmentation spectra
using authentic samples of each molecule of interest. When
each of these fragmentation spectra was associated with the
corresponding molecular structure, the problem of assigning
an experimental spectrum to a structure was reduced to the
problem of determining which entry in a comprehensive library
of annotated spectra corresponded best to the experimental
spectrum. This method proved to be easy to automate and did
not require a trained analyst to confirm the results of the match
process. It was also largely hypothesis-free: it was not based
on a theoretical understanding of fragmentation reactions. This
feature of library searching proved to be important because
even though a theoretical fragmentation pathway may be valid
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in general, there were numerous special cases that deviate from
the general rules. Instruments that use library searching for
data interpretation have become general-purpose laboratory
equipment that can be employed effectively by any user with
minimal technical training. It remains the primary method of
analyzing GC-MS data.14-17

The use of a library of authentic peptide spectra was
impractical when protein identification was initially demon-
strated. The main reasons that it was not employed were as
follows:

1. it was unclear at the time that peptides produced similar
tandem mass spectra when examined with different brands of
mass spectrometer;

2. the set of possible protein sequences known for any
particular species was either incomplete or changing rapidly,
as new DNA and RNA sequencing methods became available;
and

3. the expense of generating a comprehensive set of authen-
tic peptide samples and measuring their tandem mass spectra.

Over the course of the past decade, the first two of these
difficulties have been largely resolved. Most commercially
available mass spectrometers suitable for proteomics have been
found to generate a similar set of peptide fragment ions in
tandem mass spectra. The variability between spectra of the
same peptide has been found to be associated with the charge
of the parent ion, rather than the specific brand of collisionally
induced fragmentation ion source being used.18-20 With respect
to the second problem, the existence of completed genomes
for a number of important laboratory model species has sta-
bilized the lists of protein sequences used in proteomics. While
there may be some variation in the predicted exon structure
of some genes, the large-scale reannotations of genomes that
were once common have become rare in established genome
sequencing projects, such as those for human, mouse, or yeast.

The last problem, the cost of generating such a library,
remains significant. Synthesizing the necessary authentic pep-
tides and measuring their tandem mass spectra is simply too
costly at present, even if a reduced set of “proteotypic” peptides

is used.21 Either a very large investment on the part of a funding
agency or a dramatic reduction in peptide synthesis costs will
be necessary for any such library to be populated with struc-
tures and spectra.

This paper explores the possibility of using an alternate
strategy to generate such a library, which does not require the
synthesis of peptide standards. This strategy involves the collec-
tion and annotation of a large number of peptide tandem mass
spectrum data sets generated in the normal course of operation
by various proteomics laboratories. With this collection of
experimental annotations, it should be possible to develop a
quality control and curation scheme resulting in a set of com-
posite spectra, each the result of averaging together multiple
observations of the same peptide. The composite spectra could
then be used as a standard spectrum library, in the same
manner as a library derived from synthetic peptide standards
would be employed.

Describing all of the necessary components of a practical
system using this strategy to identify proteins probably exceeds
the scope of a single journal article. However, simply develop-
ing an annotated library of spectra using this strategy without
a search engine to use it for protein identification would be a
purely academic exercise. Therefore, while the work reported
here focuses mainly on the process necessary to use the above
scheme to create a practical annotated spectrum library, a
search engine that can use those libraries to identify proteins
was also developed and an illustrative example of its use
described.

Experimental Methods

The overall process used to create libraries of annotated
peptide MS/MS spectra was illustrated in Figure 1. The neces-
sary software to accomplish these tasks and the annotated
spectrum libraries have been made available either by file
transfer protocol (FTP) or as source code in the GPM software
version control system.22 All code and databases have been
written to require as little operating-system-dependent cus-

Figure 1. An activity diagram illustrating the steps required to generate an initial library of composite spectra.
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tomization as possible; that is, they could be compiled (C++
code) or run (PERL, SQL scripts, and binaries) on Microsoft
Windows, LINUX, or Apple OSX operating systems. Some of
the steps in the process were similar to those used to create
lists of proteotypic peptides;23 however, creating spectrum
libraries has proven to be a significantly more difficult task.

Spectrum Collection and Annotation. Experimental groups
were encouraged to upload groups of tandem mass spectra to
a publicly available network of search servers, that used X!
Tandem9 to annotate these mass spectra with peptide se-
quences and assign goodness-of-fit quality measures. The user
could choose to contribute these annotated sets of spectra to
the GPMDB collection, in which case they were available for
the library creation process. These spectra represent data from
an assortment of different brands and types of tandem mass
spectrometers. No attempt was made to segregate spectra
based on instrument type. The GPM public servers all use a
common set of sequences and accession numbers, based either
on sequence collections provided by ENSEMBL24 (Homo sapi-
ens and Mus musculus) or SGD25 (Saccharomyces cerevisiae).
Any translation necessary between these basis sets of accession
numbers and other systems, such as the International Protein
Index,26 was done at the last stage of the process.

Each of the individual search sites sent any new annotated
data sets to the central GPMDB server daily. These data sets
were loaded into the database repository and distributed to
repository server computers. The data in GPMDB has been
regularly examined by GPM contributors, staff, and other users.
Annotations found to be in error were deleted. These annota-
tion errors were normally caused by the use of unconventional
parameter combinations by users. When unexpected behavior
of the search engine was found, the X! Tandem software was
corrected, tested, and redeployed. At the time of completing
this manuscript, the main repository database contained
approximately 1.2 × 107 annotated spectra, and the most con-
fidently assigned subsets of these spectra were selected to
construct the sequence annotated libraries.

To efficiently create the required spectrum libraries, an
additional database was constructed. The database was popu-
lated by extracting the most confidently assigned spectra from
the main repository and organizing them based on the acces-
sion number of the protein associated with the assigned pep-
tide. For example, if a search was performed and a spectrum
was assigned to the peptide sequence “SFQCELVMAK” and
associated with the identification of protein accession number
“At2g39730.1”, then that spectrum would be associated with
all other spectra found with that annotated sequence and
accession number. This process generated a list of spectra asso-
ciated with an accession number, subclassified by the peptide
sequence. No attempt was made at this stage to deal with the
existence of this peptide sequence in other proteins: that pro-
cess was performed after the composite spectra were assem-
bled. These database also stored information about each build
of the spectrum libraries so that subsequent builds could be
done incrementally rather than requiring a reclustering of the
full repository database.

The algorithm for obtaining composite spectra for inclusion
in a library was a straightforward, pairwise averaging process.
The steps required were as follows.

1. Obtain all available spectra for a particular peptide
sequence, parent ion charge state, and residue modification
combination from the spectrum cluster database (e.g., obtain

all of the spectra for the sequence “YHFMTWK”, where the
parent ion charge is +2 and the methionine residue has been
oxidized).

2. Order the resulting list of spectra, from most to least
confidently assigned (lowest to highest expectation value).

3. Delete duplicate spectra from the list.
4. Start with the most confident assignment. Select the next

most confident assignment and identify sets of shared ions
between the two spectra: a set of ions have m/z ratios within
the allowed fragment ion mass tolerance.

5. Create a new m/z value for each set, by calculating a
centroid of the m/z-value and intensities of the peaks in the
set. Sum together the intensities of the peaks in the set and
create a new spectrum made up of the summed intensities and
m/z centroid pairs.

6. Take the new composite spectrum and apply the same
steps to it and the next most confident spectrum, creating a
new composite.

7. Continue this process until all spectra have been included
into the composite.

8. Normalize the composite spectra so that the most intense
peak has a relative intensity of 100.

9. Select the 20 most intense peaks from the composite
spectrum and store these peaks along with the peptide
sequence, parent ion charge, parent ion mass, and sequence
modification information.

10. Store the resulting libraries in XML-formatted files for
the modified and unmodified peptides found for a particular
organism.

Once the basis set of peptide sequence annotated spectra
was stored, the final step was to create a library of spectra anno-
tated with the accession numbers associated with a particular
protein sequence collection. For example, if the ENSEMBL
protein sequences were used, the peptide sequences must be
mapped to all ENSP-type accession numbers for protein
sequences that contain those peptide sequences. This mapping
was done by comparing the peptide sequence of each an-
notated peptide with all of the protein sequences in the appro-
priate sequence collection. When a particular peptide was
found within a protein sequence, the accession number and
position of the peptide in the protein were stored along with
the annotated spectrum. Any number of accession numbers
and positions could be associated with a particular spectrum.
The fully annotated information for each library was stored in
a formatted binary file.

Search Engine Development. A search engine to use the
annotated spectrum libraries was designed and implemented,
using the C++ class libraries developed for the X! Tandem
project. The new search engine, X! Hunter, was designed to
operate on a single thread. The search engine loaded the
appropriate spectrum library and experimental spectra into
memory and then scored each experimental-library spectrum
pair that was within the specified parent ion mass tolerance.
A binary search tree was used to accelerate the process of find-
ing these pairs. The score used to determine the match between
a library spectrum and an experimental spectrum was obtained
using the 20 most intense peaks in the library and experimental
spectra and eq 7 in ref 11, where the two factorial terms were
replaced by a single value, n!; n was the number of peaks that
occur in both the experimental and library spectrum. The
vector inner product between the two spectrum vectors was
also calculated and used as an alternative scoring method. The
peaks in experimental spectra were prefiltered in an attempt
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to remove any interfering 13C isotope peaks and those corre-
sponding to neutral losses from the parent ion, such as the
loss of water or ammonia. The expectation value corresponding
to each score was estimated using the method described
previously for X! Tandem,11 by applying an average set of esti-
mation parameters.

Following the scoring process, the full sequences of proteins
corresponding to high scoring peptides were loaded from disk,
and a full XML report of the results was written. The format of
the input parameter specification and output XML files was
the same as X! Tandem: a BIOML representation of sequences
and parameters and GAML records of histograms. The software
was compatible with mass spectrum input information in
either structured text (DTA, Mascot Generic Format, or PKL)
or XML (mzXML or mzData) files. A fully functional version of
this search software with a user interface was made publicly
available.27

Search Engine Comparison. The input tandem mass spec-
trum set (778 spectra) was generated using a Sciex QSTAR mass
spectrometer, from a sample of bovine serum albumin (BSA),
by the Manitoba Centre for Systems Biology and Proteomics.
The default GPM parameters for QSTAR-type spectra were used.
The conventional sequence and library searches were both
performed using the ENSEMBL H. sapiens and cRAP sequences
and libraries. Both searches were run on the same computer
(Hewlett-Packard, model m7470n), using the GPM Web browser
interface. The original search results were deposited in the
GPMDB and can be retrieved for examination in detail using
the following accession numbers: GPM00300004348 (conven-
tional search) and GPM20100000113 (library search).

Results and Discussion

1. Characteristics of the Annotated Libraries. The popula-
tion and curation of three libraries was performed to test the
system. Table 1 lists some of the relevant characteristics of the
library files. The creation of the libraries required approximately
150 h of processor time. The majority of the time was required
to generate the cluster database, which required significant
amounts of disk access to read the spectra from XML results
files. A small library was created using the protein sequences
in the GPM common Repository of Adventitious Proteins
(cRAP), in addition to those of the model organisms. The cRAP
sequences were selected from NCBI’s nr sequence collection,
and they represent artifact proteins commonly found in pro-
teomics samples, for example, porcine trypsin or bovine serum
albumin.

The distribution of peptide lengths in the H. sapiens library
was plotted in Figure 2. As indicated by Figure 2a, the library
contains very few peptide sequences with less than seven
residues, reaching a maximum for peptides with approximately
13 residues. The lack of short peptides was attributed to the

fact that the short peptides tend to produce fragmentation
signals that are difficult to recognize using “theoretical” mass
spectra. These peptides have a limited number of residues, and
they tend to produce few sequence-specific fragment ions,
relative to longer peptides. Long peptides tend to produce
fragment ions that allow the sequencing of regions of the
molecule, while short peptides may only have signals charac-
teristic of the N- and C-terminal regions of the peptide. For
example, a pentamer peptide may only have strong signals
corresponding to b2 and y3 ions, which may not be sufficiently
characteristic to allow an unambiguous identification. Low
mass peptides may be occasionally identified, but usually
requiring a relatively intense strong tandem spectrum with a
comparatively low signal-to-noise ratio. These peptides also
tend to have low molecular masses, which result in parent ion
m/z values that can be difficult to distinguish from intense
chemical noise signals in that increase in intensity at low m/z
values.

Figure 2b represents the same data, as a percentage of the
number of unique tryptic peptide sequences of the same length,
as calculated from the NCBI translation of the H. sapiens
genome (version 36, October 2005). This curve indicated that
even though the numerical size of the library may appear to
be modest, the library was sufficient to provide a representative
sampling of the proteome for peptides of 10-30 residues.

The amino acid composition of the peptides in the library
was shown in Figure 3. Figure 3a plotted the amino acid com-
position of the peptides in the human library as a fraction of
the total number of residues in the library. Figure 3b compared
those compositions to the amino composition of the full
ENSEMBL prediction of the human proteome. Both histograms
were ordered from the most enriched (aspartic acid) to the
most depleted (arginine). The residues lysine and arginine are

Table 1. the Current Size of Each of the Annotated Spectrum
Librariesa

H. sapiens

ENSEMBL

M. musculus

ENSEMBL

S. cerevisiae

SGD

disk space (megabytes) 28.5 14.9 7.0
modified peptides 45,743 21,705 13,125
unmodified peptides 85,788 52,828 30,767
total spectra 131,531 74,033 43,892
spectra/gene 6.2 3.6 6.6

a Allowed modifications were methionine oxidation and cysteine alkyla-
tion.

Figure 2. Graph (a) shows the composition of the H. sapiens-
annotated peptide spectrum library as a function of peptide
length, in residues. Graph (b) shows the same data as a percent
fraction of the total number of unique tryptic peptides present
in the human proteome with the same length.
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a special case, as many of the peptides in the library were
generated by the tryptic cleavage of proteins (i.e., cleavage at
the peptide bond C-terminal to lysine or arginine residues).
The difficulty in observing short peptides (see Figure 2) has
the effect of removing those short tryptic peptides (which are
relatively rich in arginine and arginine) from the library,
resulting in a relative depletion of these residues in the library
as a whole.

The majority of residue types were within (10% of their
proteome-wide values. The hydrophobic residue tryptophan
was strongly depleted in the library compared to the proteome;
however, it was also the least abundant residue in the pro-
teome. Tryptophan residues can be sensitive to oxidation,
resulting in a large number of possible degradation products
that are not normally accounted for by proteomics identifica-
tion searches. Tryptophan is also very hydrophobic and tends
to be found in membrane spanning domains and other
insoluble peptides, which can cause a depletion of tryptophan-
containing peptides during sample preparation and handling.

2. Demonstration of Spectrum Library-Based Protein
Identification. 2.1. General Findings. It was decided to limit
the protein identification results presented here to a simple
demonstration data set obtained from a relatively pure sample.
The purpose of this paper was the discussion of the general
properties of a library construction and library-based protein
identification, rather explaining the many detailed differences
that can arise between searches performed on large data sets
from poorly characterized samples performed with different
search algorithms.

Table 2 compares the results of performing an identification
search using the conventional search engine X! Tandem and
the spectrum library search engine, X! Hunter. The complete
lists of peptides identified in both cases were included as
Supporting Information, and the search results themselves can
be examined using the GPMDB use interface. The calculation
of the time required per spectrum excluded the time required
to load protein sequences or spectrum libraries and the time
required to write report information to disk: it represented only
the calculation time required to perform the identifications.

All of the identifications in the two result sets were manually
inspected to ensure validity. A measure of the validity of the
identifications, in addition to the statistical confidence assign-
ments, was that, for the X! Tandem search, only peptides
assignable to BSA were found. The X! Hunter search found only
two peptides associated with non-BSA proteins, both of which
were assigned with low confidence. The number of expected
false positives for the X! Hunter search can be estimated by
multiplying the expectation value cutoff by the total number
of spectra identified, 0.01 × 160 ) 1.6, in good agreement with
the results.

In general, the spectrum library-based algorithm implemen-
tation performed significantly better than the conventional
algorithm in terms of the number of peptides found, the con-
fidence of identifications, and the time required to carry out
the search.

2.2. Speed. The time required to perform the conventional
search was approximately 1000× longer than the library-based
search. This improvement in performance has two independent
underlying causes. The first cause was simply a reduction in
the number of peptides being considered by the library search.
The increase in speed corresponding to this cause was similar
to that found for the proteotypic peptide search engine X! P3
[23]. X! P3 performs searches approximately 10× faster than X!
Tandem by limiting its initial search to only the peptide
sequences that generate the best signals for a particular protein
sequence. The list of peptides used by X! P3 is very similar to
the list of peptides used to annotate the spectrum libraries, as
both lists were composed from the same underlying data in
the GPMDB.

The other underlying cause for the speed difference between
two algorithms was the reduction in the complexity of the
calculation. In the conventional search engine, each candidate
peptide sequence must go through numerous calculations prior
to the theoretical-to-experimental spectrum scoring. Initial
calculations are performed to determine the mass of the pep-
tide so that it can be compared to the parent masses of the
available mass spectra, to see if it could be a viable candidate.
Next, the masses of all possible modified forms of the peptide
sequence must be exhaustively enumerated. For those candi-
date peptide sequences found to match the parent ion mass
of an experimental spectrum, the theoretical spectrum must

Figure 3. The amino acid composition of the human spectrum
library as a fraction of the total number of residues in the peptides
in the library. (a) The amino acid composition of the library, as
a fraction of the total number of residues in the library. (b) The
difference between the amino acid composition of the library and
the overall amino acid composition of the human proteome as
a fraction of the proteome composition for that particular residue.

Table 2. The Overall Performance of the Conventional Search
Engine X! Tandem, Compared to the Library Search Engine,
X! Huntera

unique

peptides

assigned

total

peptides

assigned

processor

search time

(ms/spectrum)

conventional search 27 105 21.0
library search 36 158 0.020

a Similar input parameters and the same set of spectra were used to
perform these searches.
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be constructed. The mass of each residue is used to form
theoretical spectra for at least b- and y- fragment ion types.
Multiply charged fragment ions may also need to be calculated
for parent ions with more than two charges. As a rough
measure of complexity, X! Tandem uses approximately 2600
lines of code to calculate the permutations of modifications,
parent ion masses, and theoretical spectra and only 50 lines
of code to score the theoretical and experimental spectra. The
time required to perform these calculations scales at best
linearly with the number of peptides (np) contained in the
protein sequences searched, O(np).

The spectrum library matching implementation does not
require any of these calculations. Instead, the mass of each
experimental spectrum was used to look up the appropriate
set of library spectra within the parent ion mass tolerance
specified for the search. The lookup was performed by means
of an efficient binary search tree.28 Each library spectrum in
that set was then scored and the relevant information stored,
thereby eliminating a large number of calculations. This algo-
rithm results in overall performance that scales very slowly with
the number of spectra in the library (nl), O(log(nl)).

2.3. Sensitivity. An increase in sensitivity of the library search
algorithm as compared to the conventional one was expected.
In the test data, it was able to increase both the number of
unique peptide sequences assigned by 9 (33%) and the total
number of assignments by 53 (50%), while only generating two
false-positive identifications. At first glance, this sort of im-
provement may not seem reasonable. The spectrum libraries
were all created out of X! Tandem-annotated spectra, so how
could it be that so many more assignments were made with
the library search? Clearly, X! Tandem must have been capable
of annotating spectra from these peptide sequences, or else
they would not be represented in the library at all. If this is so,
then why have they been missed in this case?

Manual inspection of the spectra associated with the valid
assignments made by the library search that were not assigned
by the theoretical spectrum approach showed that the spectra
fell into two classes: (1) spectra with atypical fragment ion
intensity distributions and (2) spectra with a significant number
of noise peaks. Most of the spectra that fell into the first class
had intense fragment ions caused by the neutral loss of
ammonia (-17 Da) or water (-18 Da) from the conventional
b and y ion series, with relatively small signals corresponding
to the b or y ions themselves.

The reason that the library spectrum search was more
sensitive at assigning these types of spectra was simple: the
library search benefited from considering only a limited num-
ber of known characteristic peaks. When the results of tens of
thousands of experimental data sets were combined and each
peptide was treated as a special case, the library spectrum’s
profile was a much more accurate representation of the exper-
imental spectrum than any theoretical spectrum generated
from generally applicable rules. A conventional search engine
cannot employ any such fine details of a generalized fragmen-
tation model, as they will often generate an inappropriate
choice caused by the statistical uncertainties inherent in any
model. Finding a few additional assignments would be of little
value if in doing so the validity of other results becomes
questionable. Therefore, a library search has a considerable
advantage when applied to spectra with atypical fragmentation
patterns.

3. Contrasting the Capabilities of Conventional and Library
Search Strategies. Even though spectrum library searches have

some significant practical advantages over theoretical spectrum
searches, they also have disadvantages. For example, a library
search cannot find anything that has not been previously
observed. Therefore, attempting to discover novel post-
translational modifications using a library search would be
inappropriate. The construction of spectrum libraries is not a
trivial process, and it may not be possible to create a useful
library for proteomes that have not been regularly examined
using proteomics. Therefore, library searching will only be
possible for a limited number of proteomes for the foreseeable
future.

If a library can be constructed, however, a unique strength
is the ability to correct assignments, based on additional infor-
mation. For example, if a sequence assignment has been made
in error, a skilled individual may be able to determine the
correct assignment and change the annotation in the library.
Once that change has been made, the library search will always
produce the correct assignment, even though the conventional
search will continue to make the same mistake. An application
of this feature would be the annotation of spectra that simply
do not contain enough sequence-specific ions to be readily
assigned to any sequence. In these cases, it is often necessary
to apply higher order tandem fragmentation (MSn) to determine
the identity of the sequence. Once that sequence has been
determined, however, the original MS/MS spectrum can be
annotated with the sequence, and it will not be necessary to
repeat the more difficult (and potentially less sensitive) MSn

analysis again.

Conclusions

We have demonstrated that it was possible to create an
annotated peptide tandem mass spectrum library of sufficient
size to be useful for the H. sapiens, M. musculus, and S.
cerevisiae proteomes. These libraries were composed from the
most confident identifications obtained from numerous donor
experimental proteomics groups using different experimental
equipment and protocols. Therefore, these libraries represent
the average set of ions generated from the subset of peptide
sequences that produce interpretable tandem mass spectra.

These libraries were used to perform protein identifications,
by comparison of library spectra with experimental spectra
using an open source search engine, X! Hunter. This identifica-
tion process was effective and rapid, as compared with more
conventional protein identification software.
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