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Abstract

The mzIdentML file format, originally developed by the Proteomics Standards Initiative in 2011, is the open XML data standard

for peptide and protein identification results coming from mass spectrometry. We present mzIdentML version 1.3.0, which

introduces new functionality and support for additional use cases. First of all, a new mechanism for encoding identifications

based on multiple spectra. Furthermore, the main mzIdentML specification document can now be supplemented by extension

documents which provide further guidance for encoding specific use cases for different proteomics subfields. One extension

document has been added, covering additional use cases for the encoding of crosslinked peptide identifications. The ability to

add extension documents facilitates keeping the mzIdentML standard up to date with advances in the proteomics field, without

having to change the main specification document. The crosslinking extension document provides further explanation of the

crosslinking use cases already supported in mzIdentML version 1.2.0, and provides support for encoding additional scenarios

that are critical to reflect developments in the crosslinking field and facilitate its integration in structural biology. These are: (i)

support for cleavable crosslinkers, (ii) support for internally linked peptides, (iii) support for noncovalently associated peptides,

and (iv) improved support for encoding scores and the corresponding thresholds.

1



P
os
te
d
on

9
O
ct

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
69
68
51
42
.2
12
11
84
3/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

2



Technical Brief

mzIdentML 1.3.0 - Essential progress on the support of crosslinking and other

identifications based on multiple spectra

Colin W. Combe1,2, Lars Kolbowski2, Lutz Fischer2, Ville Koskinen3, Joshua Klein4, Alexander

Leitner5, Andrew R Jones6, Juan Antonio Vizcaíno7, Juri Rappsilber1,2

Affiliations

1. University of Edinburgh, Wellcome Centre for Cell Biology, School of Biological

Sciences, Edinburgh, EH9 3JR, UK

2. Technische Universität Berlin, Chair of Bioanalytics, 10623 Berlin, Germany

3. Matrix Science Ltd, 64 Baker Street, London W1U 7GB, UK

4. Program for Bioinformatics, Boston University, Boston, Massachusetts, USA,

5. Department of Biology, Institute of Molecular Systems Biology, ETH Zürich, 8093 Zurich,

Switzerland

6. Department of Biochemistry & Systems Biology, University of Liverpool, Liverpool, L69

7ZB, UK

7. European Molecular Biology Laboratory, European Bioinformatics

Institute (EMBL-EBI), Wellcome Trust, Genome Campus, Hinxton, Cambridge, CB10

1SD, UK.

Corresponding Author:

Prof. Juri Rappsilber

Juri.Rappsilber@TU-Berlin.de

TIB 4/4-3

1

mailto:Juri.Rappsilber@TU-Berlin.de


Gebäude 17, Aufgang 1, Raum 476

Gustav-Meyer-Allee 25

13355 Berlin

+49 30 314-72374

Abbreviations
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Controlled vocabulary

ETD

Electron transfer dissociation

FAIR
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HCD
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HUPO-PSI

Human Proteome Organisation - Proteomics Standards Initiative

MS

Mass spectrometry

PDB

Protein Data Bank

PSM

Peptide-spectrum match

XML

Extensible Markup Language
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Abstract

The mzIdentML file format, originally developed by the Proteomics Standards Initiative in 2011,

is the open XML data standard for peptide and protein identification results coming from mass

spectrometry. We present mzIdentML version 1.3.0, which introduces new functionality and

support for additional use cases. First of all, a new mechanism for encoding identifications

based on multiple spectra. Furthermore, the main mzIdentML specification document can now

be supplemented by extension documents which provide further guidance for encoding specific

use cases for different proteomics subfields. One extension document has been added,

covering additional use cases for the encoding of crosslinked peptide identifications. The ability

to add extension documents facilitates keeping the mzIdentML standard up to date with

advances in the proteomics field, without having to change the main specification document.

The crosslinking extension document provides further explanation of the crosslinking use cases

already supported in mzIdentML version 1.2.0, and provides support for encoding additional

scenarios that are critical to reflect developments in the crosslinking field and facilitate its

integration in structural biology. These are: (i) support for cleavable crosslinkers, (ii) support for

internally linked peptides, (iii) support for noncovalently associated peptides, and (iv) improved

support for encoding scores and the corresponding thresholds.
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Main text

The Human Proteome Organization - Proteomics Standards Initiative (HUPO-PSI) is in charge

of developing open data standards in the proteomics field, including mass spectrometry

(MS)-based approaches and molecular interaction data [1], [2], [3]. mzIdentML is the PSI

XML-based standard for peptide and protein identification results based on MS data. The first

stable version of the standard (version 1.1) was formalised in 2012 [4]. In 2017, version 1.2 of

the data standard was formalised, adding support for new use cases such as the scoring of the

protein modification position, the reporting of peptide level statistics, proteogenomics

approaches and initial support for crosslinking data [5]. mzIdentML is implemented widely

(https://www.psidev.info/tools-implementing-mzidentml) and is the recommended format for

submitting peptide and protein identification results to the public proteomics data repositories

which are part of ProteomeXchange [6], including e.g. PRIDE [7] and jPOST [8]. Being the

primary open data standard for protein and peptide identifications, mzIdentML needs to be

updated regularly in parallel to the developments in the field, as is the case for other data

standards.

A driver for updating the mzIdentML standard has been the crosslinking MS field. While initial

support of crosslink identifications was added to mzIdentML in version 1.2, important aspects of

crosslinking data were not reflected. To follow the recommendations of wwPDB [9] and the

crosslinking field [9], [10] and make data more FAIR (Findable, Accessible, Interoperable and

Reusable) a transparent linking between the PDB (Protein Data Bank) and ProteomeXchange is

required for crosslinking data. This mandates clean reporting of the false discovery rates and

score thresholds [11], [12]. Furthermore, crosslinked peptides are frequently investigated with

multiple fragmentation modes in parallel and also selecting fragments for further fragmentation

[13]. This results in multiple fragmentation spectra being linked to one identification. In addition,

peptides can be detected together not only as a result of crosslinking, but also because of
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non-covalent interactions [13], [14]. Finally, crosslinks may be found not only between peptides

but also within [15].

To address these needs and challenges, we present mzIdentML version 1.3.0. Arriving at

version 1.3.0 of this data standard followed the procedures established by HUPO-PSI for the

revision of specification documents [15], [16]. The initial discussion of the new use cases to be

addressed took place at the 2022 HUPO-PSI meeting (May 2022). Then, over the course of a

year, a working group composed of key stakeholders met to discuss the details of the changes.

Finally, the revised documents have been submitted to the HUPO-PSI document process, a

three-level process of review that must be completed before any proposal is declared a ratified

standard [3]. All documents in their most recent form are available at the mzIdentML page in the

HUPO-PSI website (http://psidev.info/mzIdentML) and at the mzIdentML GitHub page

(https://github.com/HUPO-PSI/mzIdentML/). The latest specification document, which we will be

referencing, is available at

https://github.com/HUPO-PSI/mzIdentML/tree/master/specification_document/specdoc1_3.

[Special note to the reviewers of this manuscript (to be removed before publication): This

manuscript has been submitted to this journal for peer review and released via bioRxiv in

parallel with a submission of the full technical specification document and related files to the PSI

Document Process. In the PSI process, a PSI editor calls out to anonymous reviewers not

involved in the development of this format to carefully scrutinise the technical specification (not

this manuscript) to ensure its suitability. Until both the PSI review and journal review are

complete to the satisfaction of the respective editors, the proposed mzIdentML revisions format

will not yet be ratified as version 1.3.0, and your comments will influence the final product. Until

ratified, the URL for the documents is

https://github.com/HUPO-PSI/mzIdentML/tree/master/specification_document/specdoc1_3-draft]
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mzIdentML 1.3.0 introduces the following changes. First, a new mechanism for encoding

identifications based on multiple spectra has been introduced. This is applicable across multiple

proteomics domains, the examples referred to in the specification document are drawn from

crosslinking studies and the encoding of glycopeptides. Second, there is a new, optional,

method for encoding a link between <Modification> elements and <SearchModification>

elements, see Section 7.12 of the mzIdentML 1.3.0 specification. This allows for more detailed

information on modifications to be provided. Third, the main mzIdentML specification document

can now be supplemented by “extension documents'' that provide further guidance for specific

use cases (rather than editing the original specification document as a whole every time that

new use cases arising from proteomics subfields need to be added). This provides a much more

flexible mechanism. A first extension document has been added, covering the identification of

crosslinked peptides. The crosslinking community has recognised the importance of data

standards and the work on the mzIdentML 1.3.0 crosslinking extension follows the consensus

roadmap put forward by the field [10].

Next, we highlight in detail some of the new use cases supported for crosslinking data and the

rationale behind the decisions taken. Some analysis workflows utilise multiple spectra to arrive

at a given identification. For more detailed information on encoding such workflows, see Section

7.11 of the mzIdentML 1.3.0 specification. mzIdentML 1.2.0 already provided a way of encoding

identifications based on multiple spectra using the “combined spectra” type of input file format

(see Section 5.2.9 of the mzIdentML 1.2.0 specification). However, this is inadequate for

correctly encoding some workflows due to the restriction that a single

<SpectrumIdentificationResult> element can only be associated with a single

<SpectrumIdentificationProtocol> (Figure 1). The “combined spectra” type of input file format,

present in mzIdentML 1.2.0, essentially associates a single <SpectrumIdentificationResult>

7
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element with a comma-separated list of spectrum identifiers. The problem with this can be

shown by considering three possible crosslinking search strategies:

(i) spectra from precursors of peptides crosslinked with different isotopic versions of a

reagent (“light” and “heavy”) are combined together and searched once;

(ii) multiple spectra of the same precursor are acquired, e.g. using different

fragmentation techniques like HCD and ETD;

(iii) when using a cleavable crosslinker and both MS3 spectra of the cleaved peptides

and the MS2 spectrum of the crosslinked peptide pair are considered in the identification

process [17].

When the “combined spectra” type of input file format is used to encode identifications based on

multiple spectra, each spectrum identifier in the comma-separated list of identifiers is associated

with the same set of acquisition settings and search parameters. This would work for

crosslinking search strategy (i) if all the spectra contributing to an identification share the same

acquisition settings. However, in use cases (ii) and (iii), the settings usually differ between the

spectra contributing to the same identification. Since it is not possible to record multiple sets of

acquisition settings in a single <SpectrumIdentificationProtocol>, these search strategies cannot

be correctly encoded using the 1.2.0 “combined spectra” type of file format.

This problem has been overcome by introducing a new controlled vocabulary (CV) term [18].

mzIdentML 1.3.0 now advises the use of the new CV term “identification based on multiple

spectra” (MS:1003332) instead of the “combined spectra” file format type. This CV term

provides an identifier to associate <SpectrumIdentificationItem> elements across multiple

<SpectrumIdentificationList> elements. These <SpectrumIdentificationList> elements can then

be associated with different <SpectrumIdentificationProtocol> elements. This now allows

spectra supporting the same identification to have different acquisition settings encoded. The

8
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identifier can be used to distinguish ‘parent’ spectra, which cover the entire identification (in the

case of crosslinking, the crosslinked peptide pair), and ‘child’ spectra, which only identify a

constituent part of the identification (e.g. an individual peptide in an MS3 scan).

Although the examples above came from crosslinking studies, the underlying mechanism for

encoding identifications based on multiple spectra is also applicable to other use cases, such as

encoding glycopeptides. For this reason, this change is included in the main mzIdentML 1.3.0

document.

mzIdentML version 1.3.0 introduces two new CV terms to link <SearchModification> elements

and <Modification> elements - “search modification id” (MS:1003392) which goes inside

<SearchModification> elements, and “search modification id ref” (MS:1003393) which goes

inside <Modification> elements. This allows for more detailed information on modifications to be

provided, if necessary, without redundant repetition of this information throughout the file.

Making this link is optional but recommended where possible. In the case of open modification

searches, such a link cannot be made.

As mentioned above, one mzIdentML extension document has been developed, giving further

clarification and guidance on the encoding of crosslinking studies, including new use cases not

previously supported in mzIdentML 1.2.0.

In the crosslinking extension document, additions are made to provide: (i) support for cleavable

crosslinkers, (ii) support for internally linked peptides, (iii) support for noncovalently associated

peptides, and (iv) improved support for encoding scores and the corresponding thresholds.

9



(i) Particular attention has been paid to supporting workflows that use cleavable crosslinkers.

MS-cleavable crosslinkers can cleave upon activation in the mass spectrometer, releasing the

individual peptides (modified with a crosslinker “stub”) and thus enabling their individual analysis

[17]. Supporting this has been approached as two independent tasks. Improving support for

identifications based on multiple spectra (see above and Section 7.11 of the mzIdentML 1.3.0

specification), and improving the encoding of derivatives of cleavable crosslinkers (see Section

3.2.2 of the crosslinking extension document).

(ii) Internally linked peptides, commonly known as “looplinks”, are cases where both ends of the

crosslinker are within a single peptide, not between two copies of the same peptide (see Section

3.3 and Section 3.4.3 of the crosslinking extension document). This type of crosslinking product

is therefore necessarily intramolecular.

(iii) Some spectra show the fragmentation of two peptides which were not crosslinked but

stayed associated due to noncovalent interactions [14] (see Section 3.4.2 of the crosslinking

extension document). Both peptides appear together as a single precursor species in the

instrument, as opposed to ‘chimeric’ spectra where a single peptide is selected as precursor

and additional peptide(s) fall into the same selection window. Identifying these noncovalently

associated peptides improves the accuracy of crosslinking analyses, as it can prevent them

from being misidentified as crosslinked peptides [14].

(iv) Finally, the encoding of scores applicable to crosslinking MS results, and their corresponding

thresholds, has been clarified and improved (see Section 4 of the crosslinking extension

document). There are different points in the analysis at which thresholds may be applied [12],

[11]. These correspond to different levels of consolidation at which error control procedures may

be performed. Scores and thresholds are encoded differently in mzIdentML depending on the
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level of consolidation at which they were applied. For crosslinking studies encoded in

mzIdentML, the possible levels are: crosslink containing PSM (peptide-spectrum match); unique

peptide-pair; unique residue-pair; protein-protein interaction.

An overview of the different crosslinking product types and their support in mzIdentML is given

in Figure 2. For a discussion of the product types that are not supported in this version of

mzIdentML (trimeric crosslinkers and higher order crosslinked peptides) see Section 5 of the

crosslinking extension document.

In terms of software implementations, work is underway to implement the new revisions in

xi-mzidentml-convertor (https://github.com/Rappsilber-Laboratory/xi-mzidentml-converter), a

library used by the tools xiSPEC [19] and xiVIEW (https://xiview.org). Integrating the new

version of this tool into PRIDE will bring support for the new use cases to this

ProteomeXchange repository.

In conclusion, it is now possible to encode in mzIdentML different spectra contributing to the

same identification and for these to be associated with different acquisition settings. This adds

new functionality that is applicable to multiple types of proteomics studies. Work to implement

the new revisions is underway, including within the key proteomics repository PRIDE. Keeping

the mzIdentML standard up to date with advances in the proteomics field is now easier through

the use of extension documents. The crosslinking extension document provides an example of

this. Additional work is currently in progress on a further extension document covering the

encoding of glycopeptides, this will also use the new mechanism for identifications based on

multiple spectra.
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PSI standards are developed via an open process in which all interested individuals and groups

are encouraged to participate. Broad participation is, therefore, essential for successful

generation of future standards for the proteomics community. See the PSI web site

(https://www.psidev.info/) or PSI mailing lists for information about how to contribute to the PSI.
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Figure Legends

Figure 1. Overview of the structure of mzIdentML.

Each <SpectrumIdentifcationResult> can only be associated with a single

<SpectrumIdentificationProtocol>. This association is made by <SpectrumIdentification>

elements, which link the <SpectrumIdentificationProtocol> to the containing

<SpectrumIdentificationList>. <SpectrumIdentificationProtocol> elements encode the

parameters and settings of a spectrum identification analysis.

Figure 2. Summary of mzIdentML support for crosslinking product types.
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