
in one peptide than in the other (37). To fulfil these require-
ments in mzIdentML 1.2, the following adaptations were
made (Fig. 3). First, the �SpectrumIdentificationProtocol�
must contain the CV term “cross-linking search” (MS:
1002494) as shown in Fig. 3B. Once this term is detected in
the file, the validation and implementing software will expect
the following features to be present. First, a mechanism has
been added for relating two different �Peptide� elements
together, using the CV terms “cross-link donor” and “cross-
link acceptor” where an identical (and within-file unique) value
indicates that they are grouped together (Fig. 3C). The �Mod-
ification� element has an attribute called monoisotopicMass-
Delta, and by convention it is expected that the cross-link
donor contains the complete mass delta introduced by the
cross-linking reagent, and that the cross-link acceptor reports
a mass shift delta of zero. As no current CV is designed for
cross-linking modifications, to capture the modification
masses, site specificity and common names for cross-linking
reagents, we have created a new CV (XLMOD-CV) to which
new terms can be added by request.

Second, a convention was also introduced within a given
�SpectrumIdentificationResult�. There, a pair of cross-
linked peptides are reported as two instances of �Spectrum-
IdentificationItem� linked together by sharing the same value
for the rank attribute, and through having a shared local
unique identifier as the value for the CV term “cross-link
spectrum identification item” (MS:1002511), as shown in Fig.
3D. If the search engine has produced a single score for the
cross-linked pair, both �SpectrumIdentificationItem� ele-
ments must carry the identical score (same CV term name
and value, as in Fig. 3D), but the two chains may also have
additional, independent scores if needed (not shown). Finally,
mechanisms have also been developed that enable evidence
derived from cross-linked peptides pairs containing differen-
tial stable isotope labels to be encoded, as well as protein
interaction evidence (not shown, see the specification docu-
ment for more details). This overall mechanism can be ex-
tended to report more than two peptides that are sequentially
cross-linked. More complex scenarios are not supported in
mzIdentML 1.2.

FIG. 2. A, Graphical representation of the strength of evidence associated with one phosphorylation event on the peptide DNSTM-
GYMMAK. B, If modification re-scoring has been performed, the protocol must be flagged with the specific CV term and a threshold can be
specified as to whether a given modification position has been confidently identified. C, The peptide and modification are represented in the
re-usable �Peptide� and �Modification� elements. D, Modification localization scores are included within �SpectrumIdentificationItem�
following a given syntax: MOD_INDEX:SCORE:POSITION:PASS_THRESHOLD, where MOD_INDEX is the value referenced, allowing different
modification types within a given �Peptide� element to be referenced, and POSITION is the position along the peptide chain (zero � N
terminus; peptide-length � 1 � C terminus).
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Peptide-level Statistics—To encode peptide-level scores or
statistics in mzIdentML, first, an additional CV term “peptide-
level scoring” (MS:1002490) must be included in �Spectrum-
IdentificationProtocol� (supplemental Fig. S1). Second, there
are various mechanisms by which a set of PSMs can be
collapsed down to a peptide-level, depending on the purpose
of the routine. In contexts such as genome annotation, an
application may only require evidence for whether a given
peptide sequence has been confidently identified regardless
of its modification status, and thus different PSMs giving
evidence for both modified and unmodified forms of the pep-
tide could be grouped together. In other cases, such as
providing evidence for particular PTMs, grouping of PSMs
into peptides must differentiate between modification sta-
tuses. Three CV terms have been added to the PSI-MS CV:

“group PSMs by sequence” (MS:1002496), “group PSMs
by sequence with modifications” (MS:1002497), and “group
PSMs by sequence with modifications and charge” (MS:
1002498) to cover the most common scenarios. Further CV
terms for other grouping mechanisms can be added on re-
quest. One of the main reasons for performing peptide-level
analysis is to apply a threshold, such as 1% FDR, for selecting
data for downstream analysis, which can now be added to the
search protocol. In addition, as explained, a mechanism is
then needed for capturing how different PSMs are grouped
into a single peptide. This is achieved by adding a CV term
“peptide group ID” (MS:1002520) to every PSM (�Spectrum-
IdentificationItem�) in the file, whereby the associated value
is a unique identifier shared between all PSMs in the same
peptide group. In supplemental Fig. S1, the unique identifier

FIG. 3. A, A graphical representation of the cross-linked peptide pair identified in the example. B, A specific CV term is added to the
header of the file to indicate that this is a cross-linking search result set. C, The two peptide chains identified from a given spectrum are
presented in a pair of �Peptide� and �Modification� elements linked via a shared, unique value in the �cvParam� element. The longer
peptide is flagged as the cross-link donor (carrying the mass of the cross-linking reagent) and the other peptide is flagged as the cross-link
acceptor with a zero mass on the �Modification�. D, The evidence for individual identifications is captured via two �SpectrumIdentificatio-
nItem� elements, which may share the same score (�cvParam�) for the paired identification, but may also store different, individual scores
for each chain identified if appropriate (not shown).
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used is the peptide sequence itself (because when grouping
by sequence irrespective of the modification status, this value
must be unique), although this could be any arbitrary value
such as an integer code. Finally, the mzIdentML file must be
able to record scores or statistical values at the peptide-level.
This is achieved via adding CV terms with identical values to
all PSMs within the same peptide-group. There are now
branches within the PSI-MS CV providing different scores for
PSMs and peptides from which suitable terms can be
sourced. The use of peptide-level scoring and export to
mzIdentML 1.2 has already been added to PeptideShaker (14)
and ProteoAnnotator (19).

Encoding Proteogenomics Approaches—Proteogenomics
data requires storing the results of mapping peptide se-
quences identified back onto gene models and source chro-
mosomes potentially coming from different genome builds.
This is achieved in mzIdentML 1.2 as follows. First, an addi-
tional CV term “proteogenomics search” (MS:1002635) is in-
cluded in �SpectrumIdentificationProtocol� (supplemental
Fig. S2). CV terms have been created to enable the mapping
of peptides back to specific positions on chromosomes, ac-
counting for regions where it has been inferred that a peptide
is mapped across an intron boundary to different exons. CV
terms related to peptide sequences (e.g. peptide coordi-
nates, number of exons, etc) must be included in �Peptide-
Evidence� elements, whereas CV terms related to the gene
model/resulting protein (genome build, chromosome name
and strand) must be included in �DBSequence� elements
(representing the database protein sequence), as indicated in
supplemental Fig. S2.

Other Changes in mzIdentML 1.2—Various changes have
also been made in mzIdentML 1.2 and in the accompanying
implementation guidelines to better accommodate four addi-
tional common use cases: pre-fractionation of samples, ap-
proaches for de novo sequencing of peptides, spectral library
searches and the use of multiple search engines in one com-
bined analysis. We have also significantly improved the re-
porting of protein-level results, derived by protein inference,
which was reported in detail here (35).

Prefractionation—A single mzIdentML file is intended to
encompass the analysis of a single sample, either as a result
of a single MS run, or as the end result of multiple MS runs
from the same sample where pre-fractionation has occurred.
However, to simplify the reading of mzIdentML files by soft-
ware, in both mzIdentML 1.1 and continued in mzIdentML 1.2,
there is a restriction that only a single list of proteins (one
�ProteinDetectionList�) can be given in one file, although
multiple �SpectrumIdentificationList� elements can be pro-
vided. We have amended the specification document to clar-
ify the cases where one or many mzIdentML files are ex-
pected in cases of sample pre-fractionation. In brief, where
protein inference is performed over n lists of PSMs (one per
fraction) to produce a single protein list, this should be stored
in a single mzIdentML file with n �SpectrumIdentification-

List� elements and a single �ProteinDetectionList�. If pro-
tein inference happens independently on each fraction, then n
mzIdentML files should be used, each containing a single
�SpectrumIdentificationList� and one �ProteinDetection-
List�. For a fuller discussion, consult the mzIdentML 1.2.
specification document available from the PSI website.

Multiple Search Engines—It has been widely reported that
there are gains in sensitivity for peptide and protein identifi-
cation through the use of multiple search engines (38–40). In
mzIdentML 1.1, it was already described how such ap-
proaches could be encoded and exported from software, but
the resulting scheme was difficult to implement for reading
software. The challenge arises because an mzIdentML 1.1 file
could contain the search engine results as reported by the
original search engines, as well as list of rescored PSMs,
which were used for protein inference, and constitute the
“final” results of the process. As such, in mzIdentML 1.2, we
have specified that there can only be a single result for each
spectrum searched (i.e. the spectrum identifier is unique
within the file), thus enforcing that only “final” results after
performing post-processing or combination can be validly
reported.

De Novo Sequencing—There are several software pack-
ages that aim to derive complete or near complete peptide
sequences directly from the spectrum without requiring a
sequence database. The mzIdentML 1.1 specifications dis-
cussed that such approaches could theoretically be sup-
ported, but relevant examples files were not produced at the
time because of an apparent lack of demand. It has since
become evident that supporting de novo results was not
straightforward, as there was a mandatory requirement for
every PSM reported to record one to many relationships to
protein sequences (see �PeptideEvidenceRef� on Fig. 1A
and �PeptideEvidence� on Fig. 1C). In de novo approaches
there is no need to relate a peptide sequence to a parent
protein, and as such this cardinality has been relaxed to zero
to many in mzIdentML 1.2, only when the export software
includes the CV term as a “flag” in the �Spectrum-
IdentificationProtocol� “de novo search” (MS:1001010). In
other cases, the validation software will then report an error if
relationships to one or more proteins are not recorded for any
PSMs.

Spectral Library Searching—mzIdentML 1.2 can also sup-
port searches against pre-annotated spectral libraries. The
standard case for representing PSMs is modeled with scores
or statistics on �SpectrumIdentificationItem� referencing to
a �Peptide� element. For sequence database searches,
�Peptide� stores the (sequence) database entry against
which a spectrum has been matched. For spectral library
searches, �Peptide� should store a representation of the
spectral library entry, annotated with any metadata about
the library entry (such as confidence scores or metrics for the
entry itself), with or without a peptide sequence depending on
what is contained within the library (i.e. matches against pre-
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viously unidentified library entries can be supported). As for
de novo sequencing, it is not mandatory either to provide links
between peptides and database proteins (�DBSequence�

elements) from which the peptide sequence could have been
derived, because these associations may be unknown.

Guide on Implementing New Features in mzIdentML 1.2—In
this article we describe several extensions to mzIdentML, and
introduce version 1.2 from version 1.1, to support use cases
that were not anticipated previously. However, aside from
required minor changes to cardinality in several places (a few
attributes changing to become optional or mandatory), the
resulting XML schema for mzIdentML 1.2 is identical to
mzIdentML 1.1. As such, we anticipate that for groups who
have already implemented mzIdentML, only minor changes
would be required to accommodate both mzIdentML 1.1 and
1.2 files. We expect that mzIdentML 1.1 files will remain in
circulation for several years. The changes made to mzIdentML
1.2 can be described as backwards compatible, in that read-
ing software designed for mzIdentML 1.1 should function in
most cases without adaptation. However, for new implement-
ers of mzIdentML for export from software, we strongly en-
courage developers to follow the mzIdentML 1.2 guidelines.

In the case of cross-linking, this is still a relatively special-
ized field, and thus it would not be expected for general
reading software to be able to handle the extensions de-
scribed beyond general reading of PSMs now. Peptide-level
statistics and modification location scoring are becoming
more prevalent in proteome informatics, and thus we strongly
encourage development teams to support these features for
both file reading and writing.

CONCLUSIONS

The mzIdentML standard for peptide and protein identifica-
tion data has been stable for around five years, and has
steadily grown in use to support data interchange between
software tools, as well as a data repository submission for-
mat. Here we report updates to the standard to enhance its
support and usability for unanticipated requirements when the
standard was initially released. We have attempted to encode
these use cases without adapting the core model of the
format to simplify adoption by the developer community.
The PSI remains a free and open consortium of interested
parties, and we encourage critical feedback, suggestions and
contributions via attendance at a PSI annual meeting, confer-
ence calls or our mailing lists (see http://www.psidev.info/).
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