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ABSTRACT
The neXtProt human protein knowledgebase (https:
//www.nextprot.org) continues to add new content
and tools, with a focus on proteomics and genetic
variation data. neXtProt now has proteomics data for
over 85% of the human proteins, as well as new tools
tailored to the proteomics community.
Moreover, the neXtProt release 2016-08-25 includes over 8000 phenotypic observations for over
4000 variations in a number of genes involved
in hereditary cancers and channelopathies. These
changes are presented in the current neXtProt update. All of the neXtProt data are available via our
user interface and FTP site. We also provide an API
access and a SPARQL endpoint for more technical
applications.
INTRODUCTION
neXtProt (https://www.nextprot.org; (1–3)) is a knowledge
platform that represents the current state of knowledge on
human proteins. It complements UniProtKB (4) by extending the content and tools, with the aim of supporting applications specifically relevant to human proteins. To integrate data accurately and develop tools that are relevant
to the users, we collaborate closely with all our data and
tools providers. neXtProt values high quality data, which
is achieved by manual annotation or review of all data and
a stringent quality control process. Whenever possible, we
provide our data, tools and code freely to all users.
Since our last neXtProt update (1), we have continued to
expand the database, focusing mainly on proteomics and genetic variations. One major new development is a large set
of manual annotations that we have created to capture the
phenotypic effect of genetic variations as described in the
* To

literature, as well as a corresponding new view to present
the impact of changes at the amino acid sequence on various characteristics of the protein. We have also developed
tools to support our proteomics user community. This article describes the major features of our most recent release.
neXtProt contents overview
Our main data sources are listed in Table 1: UniProtKB
(4), Bgee (5), HPA (6), PeptideAtlas (7), SRMAtlas (8),
GOA (9), dbSNP (10), Ensembl (11), COSMIC (12), DKF
GFP-cDNA localization (13,14), Weizmann Institute of
Science’s Kahn Dynamic Proteomics Database (15) and IntAct (16). In the past year we have worked closely with
PeptideAtlas (17) to integrate their processed data (2016-01
build), including new phosphorylation data (2015-09 build).
Moreover, for the first time ADP-ribosylation sites have
been integrated (18), and new acetylation sites with their
corresponding peptides have also been loaded (19). With
this data, neXtProt now contains 142,453 post-translational
modification sites and 1,150,170 peptides. Our own curation
efforts have also led to the annotation of more than 4000
variants associated with more than 8000 observations at the
molecular, cellular and organism levels. These data can be
viewed on our user interface in a new phenotype view (see
Section II) in each annotated entry, or on our new ‘Portal’
pages (see Section III).
Phenotypic impact of genetic variations
In the course of two separate projects to characterize genetic variants involved in hereditary cancers and channelopathies, we have annotated the phenotypic impact of
genetic variants for proteins with known causative roles in
these diseases: BRCA1, BRCA2, EPCAM, MLH1, MLH3,
MSH2, MSH6, PMS2, SCN1A, SCN2A, SCN3A, SCN4A,
SCN5A, SCN8A, SCN9A, SCN10A and SCN11A.
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Table 1. Data content of the neXtProt 2016-08-25 release
Entries

Statistics

Change since
previous release

Source

Protein entries / isoforms
Binary interactions
Post-translational modifications (PTMs)
Variants (including disease mutations)
Entries with an experimental 3D
structure
Entries with proteomics data
Entries with a disease
Phenotypic annotations
Cited publications

22 061/42 024
140 270
142 453
4 943 914
5740

+6/+32
+18 351
+172
+2 461 938
+119

UniProtKB
IntAct
PeptideAtlas, UniProtKB, neXtProt
UniProtKB, COSMIC, dbSNP
PDB via UniProtKB

17 279
3916
8014
99 922

+340
+336
+8014
+22 850

PeptideAtlas
UniProtKB
neXtProt
All resources

The neXtProt variation phenotypes are curated in a
highly structured model with complete traceability to the
original experimental results. Our annotation statements
are triplets composed of (i) a subject, corresponding to
the protein variation being annotated; (ii) a predicate (or
relation) describing how the object is affected (Table 2);
and (iii) an object describing the phenotype tested. This
phenotype can correspond to the protein’s molecular
function or its localization (captured with Gene Ontology
(GO) terms (20)), effects at the level of the organism
(captured with the mammalian phenotype ontology (21)),
interactions with proteins (represented by neXtProt entries)
or small molecules (captured using the ChEBI dictionary
of molecular entities (22)). Changes in protein or mRNA
stability are captured with in-house vocabularies available
on our FTP site: ftp://ftp.nextprot.org/pub/current release/
controlled vocabularies/cv protein property.obo. Finally,
for ion channels, the impact on electrophysiological
properties is captured with the ICEPO ontology (23).
Experimental evidence for each statement is provided,
including a reference, an evidence code from the Evidence
and Conclusion Ontology (24), and, importantly, a qualitative assessment of the phenotype intensity: mild, moderate
or severe. Variations producing no significant difference
compared to the wild-type are annotated as having no
impact. A detailed description of our annotation model
and data will be published elsewhere.
New phenotype view
We have deployed a new view to display the phenotype data.
The view contains two main sections: Phenotypes and Variants. The Phenotypes section (Figure 1A) lists the different phenotypes observed for the protein, grouped by object
type: GO molecular function, biological process, cellular
component, binary interaction, protein property and mammalian phenotype, as well as the number of phenotypes in
each group. Clicking on the object type opens the list of phenotypes annotated in that category. For example the effect
of MSH6 variants on four different GO molecular functions
have been tested: ATPase activity, mismatched DNA binding, DNA clamp loader activity and adenyl–nucleotide exchange factor activity. The number of variants assayed for
each specific phenotype is given: as shown in Figure 1A.
Nine MSH6 variants have been tested for ATPase activity, including Ser144Ile, Ser285Ile and Gly566Arg. Note
that the names are shown with the specific isoform selected:

for MSH6, the isoform displayed by default is MSH6isoGTBP-N.
Any number of phenotypes can be selected. The variants
associated with these phenotypes can be viewed by clicking
on either ‘Apply filter’ button, on the top and bottom right
corner of the phenotype box.
The Variants Section (Figure 1B) lists all variants ordered
by their position along the sequence. Different depth of information can be viewed. At the top-most level, the variant
names are shown with the intensity of its most deleterious
phenotype on the right. The phenotype(s) assayed for a variant can be viewed by clicking on the arrow on the left, which
can also be opened in more details to view the experimental evidence supporting the annotation: an evidence code
(‘experimental evidence’ or ‘sequence similarity evidence’
for experiments carried out in non-human model systems),
whether the evidence is Gold or Silver (general criteria are
described in (1)), the intensity of the phenotype, the species
from which the test protein was derived, and the reference.
Alternatively, all details can be opened for all the variants
at once by clicking the button ‘Expand all’.
Variant portals
For convenience, our phenotypic data are also available on
our new data portals: the neXtProt Cancer variants portal
and the Ion channels variants portal, both accessible from
the top menu ‘Portals’. These portals contain the variants,
their associated molecular, cellular and organism level phenotypes, and the associated experimental evidence for each
observation (Figure 2). These data are presented in table
format, in which each column is searchable and sortable.
The data can also be downloaded in CSV format, copied or
printed.
Improvements to proteomics data representation and peptide
unicity checker
In entries having proteomics data, we have implemented a
new peptide view that lists all the peptides that match the
entry, their position on the sequence, an indication as to
whether or not they are unique to that entry (‘proteotypic’),
and whether they have been detected in biological samples
(‘natural’) or chemically synthesized as reagents for selected
reaction monitoring experiments (‘synthetic’).
One important need of the proteomics community is to
be able to determine whether a peptide is unique to a protein
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Table 2. Relations used in the neXtProt phenotype annotations
Relation

Definition

No impact
Impact
Increase
Decrease
Gain of function

No significant effect observed compared to wild-type control
A significant effect observed compared to wild-type control
A significant increase observed in a measured parameter compared to wild-type control
A significant decrease observed in a measured parameter compared to wild-type control
Mutant protein acquires a property absent from the wild-type (new substrate, new cellular
localization, etc.)

Figure 1. New Phenotype View for the MSH6 entry. (A) Phenotypes section. (B) Variants sections.

D180 Nucleic Acids Research, 2017, Vol. 45, Database issue

Figure 2. Excerpt of the Ion channel variants portal.

or not. The ‘unicity checker’, which uses the pepx program
(available at https://github.com/calipho-sib/pepx), was designed to help scientists determine which peptides are unambiguous and can thus be used to confidently identify protein entries. The ‘additional mappings with known variants’
mode takes into account all the SNPs and disease mutations
in neXtProt to increase the search space. Making use of this
tool for mass spectrometry data interpretation is now part
of the recommendations of the HUPO Human Proteome
Project (25). An example of the unicity checker user interface is shown in Figure 3.
Revamped neXtProt website
Our latest release also features a renewed user interface. The
neXtProt home page has been re-organized so that information and data are easier to find and use. Navigation in our
website has also been re-organized such that the user has access to all the neXtProt content via menus in the page headers and footers. The new header menu offers quick access to
tools, data and new documentation describing the neXtProt
data model, how to access data (instructions for searching
and downloading) and how to use our tools and API. Information regarding neXtProt, the human proteome, the current data release including the best evidence for protein ex-

istence of entries broken down by chromosome and how to
cite neXtProt is available from the About menu.

Data and software availability
All neXtProt annotations are available as XML and PEFF
files (3) on our FTP site (ftp://ftp.nextprot.org/). Note that
our XML format has changed to accommodate the new
phenotypic data. Changes are documented in a comment
at the beginning of the new XSD file (version 2), also on
the FTP site. The former XML files are no longer provided due to technical constraints. Annotations can also be
accessed through our API at https://api.nextprot.org and
our SPARQL endpoint (https://www.nextprot.org/proteins/
search?mode=advanced). The Cellosaurus – a knowledge
resource on cell lines is available at ftp://ftp.expasy.org/
databases/cellosaurus/ (note that the files are no longer on
the neXtProt FTP site). The neXtProt content is available under the Creative Commons Attribution-NoDerivs
License. Our software is freely available from the GitHub
repository (https://github.com/calipho-sib) or biojs (http:
//www.biojs.io/), as described in our documentation (https:
//www.nextprot.org/help/technical-corner/).
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Figure 3. Peptide unicity checker user interface. A list of peptides provided by the user (separated by a space, a comma, a semi-colon or a carriage return)
is verified for their unicity in neXtProt sequences by hitting the ‘Check’ button. Users have the option to take into account variants for determining unicity.

CONCLUSION
The neXtProt human protein knowledgebase integrates
data to provide comprehensive, up-to-date, high quality information organized in such a way so as to provide scientists around the world with a resource that facilitates their
research. neXtProt is continually evolving and, in terms of
content, the focus will continue to be the incorporation of
new variant and proteomics data in the immediate future.
Concerning the quality of the data, global checks complementing the spot checks described in our previous paper (1)
have been introduced. While content is important, it is just
as critical that users be able to view, analyze and export the
data in a useful manner. We have thus developed a number
of tools, starting with the private lists and queries, and the
latest being the peptide unicity checker. We recently started
introducing more user interaction features in our web interface so as to improve usability. In the new Phenotype view,
the user can select the content that should be displayed both
in the Phenotype and Variant sections, thereby focusing exclusively on the data of interest. Another new feature allowing more flexibility for the user is the possibility to download all or part of the data, in XML, JSON or FASTA format, for the entry currently being viewed by simply clicking on the ‘download’ icon at the top right of each page.
While all these developments are undertaken in the hope
of improving user access and use of our knowledgebase, we

count on feedback from our users to provide a high quality
resource.
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