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ABSTRACT

The InterPro database (https://www.ebi.ac.uk/
interpro/) provides an integrative classification
of protein sequences into families, and identifies
functionally important domains and conserved
sites. Here, we report recent developments with
InterPro (version 90.0) and its associated software,
including updates to data content and to the web-
site. These developments extend and enrich the
information provided by InterPro, and provide a
more user friendly access to the data. Additionally,
we have worked on adding Pfam website features
to the InterPro website, as the Pfam website will
be retired in late 2022. We also show that Inter-
Pro’s sequence coverage has kept pace with the
growth of UniProtKB. Moreover, we report the
development of a card game as a method of en-
gaging the non-scientific community. Finally, we

discuss the benefits and challenges brought by the
use of artificial intelligence for protein structure
prediction.

INTRODUCTION

Advances in genomic technologies together with substantial
reductions in the cost of sequencing have enabled the scien-
tific community to generate new sequencing data at an un-
precedented scale. To be useful to the scientific community,
these hundreds of millions of sequences need to be anal-
ysed and characterised, which can often be an issue as the
computational time necessary to analyse those sequences is
increasing exponentially. To address this challenge, several
automated sequence analysis methods have been developed
to annotate protein families, domains and functional sites
by transferring the information, often from an experimen-
tally characterised sequence, to uncharacterised sequences
using predictive diagnostic models (hidden Markov mod-
els, patterns, profiles or fingerprints), known as signatures.
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A number of protein signature databases have been devel-
oped, each having their own field of interest (e.g. protein
superfamilies, functional and structural domains, ortholo-
gous groups).

InterPro combines 13 protein signature databases into
one central resource: CATH-Gene3D (1), the Conserved
Domains Database (CDD) (2), HAMAP (3), PANTHER
(4), Pfam (5), PIRSF (6), PRINTS (7), PROSITE Pat-
terns (8), PROSITE Profiles (8), SMART (9), the Structure–
Function Linkage Database (SFLD) (10), SUPERFAM-
ILY (11) and TIGRFAMs (12). Collectively, member
databases provide complementary levels of protein anno-
tation, making InterPro the world’s most comprehensive
resource about protein families, domains, and functional
sites. InterPro provides annotations from other resources
and tools complementing the member database annota-
tions. These resources include MobiDB-lite (13) for dis-
ordered regions, SignalP (14) and Phobius (15) for signal
peptide regions, TMHMM (16) for transmembrane regions,
coils (17) for coiled-coil regions and AntiFam (18) for spu-
rious proteins.

When signatures from two or more member databases
represent the same biological entity, the member database
signatures are integrated together into one InterPro entry,
reducing redundancy. InterPro entries are annotated with a
unique name, short name and InterPro accession number,
a descriptive abstract and Gene Ontology (GO) terms (19)
that can be consistently assigned to all proteins matched by
that entry. An entry type (family, domain, repeat, site or ho-
mologous superfamily) is also assigned. Newly created In-
terPro entries are carefully checked by curators prior to be-
ing made available to the public.

RESULTS

Content update

Member database updates. Like UniProtKB, InterPro fol-
lows an 8-week release cycle. Each InterPro release con-
tains new entries, created by integrating member database
signatures, and may include one or more member database
updates. Since our previous publication that described In-
terPro 81.0 in 2020 (20), there have been 9 InterPro re-
leases, integrating 10 member database updates: CDD
(3.18), CATH-Gene3D (4.3), HAMAP (2020 05, 2021 04),
PANTHER (15.0), Pfam (34.0, 35.0), PROSITE Pat-
terns (2021 01, 2022 01) and PROSITE Profiles (2021 01,
2022 01). Over the past 2 years, 1558 member database sig-
natures have been integrated into existing InterPro entries,
and 3315 have contributed to the creation of 3,280 new In-
terPro entries.

InterPro version 90.0 consists of 40 597 entries based on
53 784 integrated member database signatures. As a con-
sequence, the InterPro coverage of sequences in UniPro-
tKB (i.e. the proportion of proteins with one or more In-
terPro annotations) increased from 81.3% (InterPro ver-
sion 81.0) to 82.0% (InterPro version 90.0, see Table 1).
Although a 0.8% increase may seem small, we should con-
sider that UniProtKB considerably grew in the same period
(from ∼189 million sequences to ∼227 million). Therefore,
the small increase in InterPro’s coverage represents ∼32 mil-
lion additional sequences with at least one InterPro anno-

Table 1. Coverage of UniProtKB and UniParc (non-redundant archive
of protein sequences) by InterPro entries (version 90.0)

Protein sequence
database

Number of
sequence entries

Number of sequences
entries with one or
more matches to

InterPro

UniProtKB/reviewed 568 002 549 236 (96.7%)
UniProtKB/unreviewed 226 771 949 185 887 710 (82.0%)
UniProtKB (total) 227 339 951 186 436 946 (82.0%)
Uniparc 517 375 807 413 193 274 (79.9%)

Table 2. Release version and number of member database signatures in-
tegrated into InterPro version 90.0

Member database
Release
number

Total
signatures

Integrated
signatures

CATH-Gene3D 4.3.0 6631 2712 (40.9%)
CDD 3.18 16212 3817 (23.5%)
HAMAP 2021 04 2383 2379 (99.8%)
PANTHER 15.0 139 691 10 584 (7.6%)
Pfam 35.0 19 632 19 070 (97.1%)
PIRSF 3.10 3285 3236 (98.5%)
PRINTS 42 2106 1944 (92.3%)
PROSITE patterns 2022 01 1311 1283 (97.9%)
PROSITE profiles 2022 01 1326 1258 (94.2%)
SFLD 4 303 158 (52.1%)
SMART 7.1 1312 1267 (96.6%)
SUPERFAMILY 1.75 2019 1642 (81.3%)
TIGRFAMs 15 4488 4434 (98.8%)

tation. We previously reported that 80.3% of sequences in
the UniProt Archive (UniParc) were annotated by InterPro
(20). During the last 2 years, this coverage slightly decreased
to 79.9%.

InterPro regularly incorporates member database up-
dates, which allows us to update InterPro entries and pro-
vides new signatures for integration. However, updating
member databases remains a challenge, especially when it
involves substantial data changes, and the overall integra-
tion figures often hide a lot of curation work. The percent-
age of member database signatures integrated into InterPro
for each member database is shown in Table 2.

PANTHER is a resource for the evolutionary and func-
tional classification of protein-coding genes from all do-
mains of life. InterPro release 91.0 will include an update of
the PANTHER database from version 15.0 to 17.0. Since
PANTHER release 15.0, PANTHER has provided a sec-
ond, even more precise method for classifying sequences
than the subfamily HMMs: placement in the phylogenetic
family tree using the TreeGrafter tool (21). This new im-
plementation has been shown to be more accurate and is
five times faster to process than the older, subfamily HMM
scoring method.

Historically, both PANTHER family and subfamily
HMMs have been integrated in InterPro entries, but the up-
date of the PANTHER subfamilies has always been a chal-
lenge for the InterPro curators as it always brings a lot of
changes in the signatures. To improve the stability and to
make the updates more efficient, we have decided that go-
ing forward only PANTHER families’ signatures will be in-
tegrated into InterPro entries. However, PANTHER sub-
family annotations derived from the tree graft location will

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/51/D

1/D
418/6814474 by guest on 18 Septem

ber 2023



D420 Nucleic Acids Research, 2023, Vol. 51, Database issue

still be shown in the list of matches in the protein sequence
viewer and the full list of subfamilies will be accessible
through the PANTHER family pages.

In 2018 TIGRFAMs relocated to the National Center
for Biotechnology Information (NCBI), where it contin-
ues to be updated as a component of a larger collection
now called NCBIFAMs (12). NCBIFAMs is currently in
release 10 (https://ftp.ncbi.nlm.nih.gov/hmm/10.0/). NCBI-
FAMs includes over 2300 additional models, not yet added
to InterPro. These include over 600 models built for accu-
rate identification of bacterial proteins conferring resistance
to antibiotics and other antimicrobial agents (22). For the
sake of continuity, the collection of HMMs from NCBI ap-
pearing in future releases of InterPro will be renamed to
‘NCBIFAMs (includes TIGRFAMs)’.

Addition of AntiFam. AntiFam contains 250 profile-
HMMs that match to common gene mis-predictions that
can contaminate sequence databases (18). We have inte-
grated AntiFam version 7.0 in InterProScan 5.55–88.0 and
the annotation is shown in the Otherfeatures track of In-
terPro website protein sequence viewer displayed in protein
pages.

Update of old InterPro entries. For each InterPro release
cycle there are two major components. Firstly, the pro-
tein update where new data and annotations from UniProt
are used to identify InterPro entries that need updating.
For example, we can capture a new function for previously
uncharacterised protein families by looking at changes to
Swiss-Prot description lines. Secondly, one or more mem-
ber database updates are made to bring them up to their
latest version, which affects several entries. These entries are
verified by curators, ensuring that the information provided
is still accurate and up to date. However, some entries are
never affected by those updates and hence can avoid being
updated for many years. This can mean that much more is
known about the family now than when the function de-
scription was written.

In late 2021, we reviewed 626 InterPro entries for which
the entry name and description had not been updated and
no member database signatures added since 2011, and up-
dated 198 of them (including the update of 54 Pfam entries).
Since the beginning of 2022, we have been focusing on In-
terPro entries with unknown function and we are reviewing
a list of entries with known PDB structures and the scien-
tific literature associated, which has been obtained using the
PDB/InterPro mapping. So far, 164 InterPro entries have
been reviewed out of which 123 InterPro entries (including
86 scientifically characterised proteins) and 69 Pfam entries
have been updated.

In the future, we are planning to look at not-recently up-
dated InterPro entries with a short abstract and the absence
of reference to the scientific literature, and mapping them to
PDB structure papers to obtain more up to date informa-
tion for the entries.

InterPro website

The InterPro website (https://www.ebi.ac.uk/interpro/) al-
lows querying and filtering of InterPro data through a

feature-rich set of web components developed with the
open source React/Redux framework. Through the web-
site, users have the possibility to search by text, protein se-
quence, domain architecture or to browse through a dataset
by applying different filters. New features are continuously
added to the website and existing features are enhanced fol-
lowing users’ feedback. In this section we focus on the lat-
est developments made, including the redesign of the web-
site menu, the addition of predicted structural models from
RoseTTAFold and AlphaFold, and the integration of the
Pfam website features.

Home page changes. In the home page, two tabs have been
added next to the Latest entries tab: Favourite entries and
Recent search. Users can save their favourites entries by
clicking on the star symbol next to the InterPro entry name
in an InterPro entry page. The list of pinned entries is acces-
sible from the home page in the Favourite entries tab. When
a new release is made available, the user will receive a noti-
fication if one of their favourite entries has changed. When
performing a Text search, the text is stored locally and ac-
cessible through the Recent search tab, allowing the user to
retrieve the data results of previous searches.

Redesign of webpages menu. The website menu, entries
menu and browse feature filtering options have been re-
designed for easier access to the data. Dropdown menus
have been added to the website main menu tabs, as illus-
trated in Figure 1A. They allow easy access to subsections
and replace the tabs previously displayed at the top of the
relevant pages. We have also added a breadcrumbs compo-
nent at the top of each page, so it is easy to check where on
the website the current page is located (Figure 1A).

Previously, when the number of tabs available in an entry
page could not fit in a single line, the menu was expanded
to two lines, making it confusing. To resolve this issue, we
have redesigned the menu, it is now displayed as a side menu
on the left-hand side of entities. It can be expanded or col-
lapsed using the double arrows symbol located at the top of
the menu for an easier visualisation of the page content, as
shown in Figure 1B.

The browse feature has also been redesigned following
user testing feedback. The main endpoint tabs (Entry, Pro-
tein, Structure, Taxonomy, Proteome, Set) have been moved
to a dropdown list displayed when hovering over the Browse
tab in the website navigation menu. The Entry endpoint has
been split into two entities: InterPro entries (Browse by In-
terPro) and member database signatures (Browse by Mem-
ber DB), as shown in Figure 1C.

Structural model predictions. The field of protein structure
prediction has greatly advanced over recent years such that
deep-learning based methods are now able to predict high
quality de novo protein structures.

RoseTTAFold. Structure models and contact maps have
been created for the majority of Pfam families that do not
have a structure in the PDB. They are available under the
RoseTTAFold tab of InterPro entry (e.g. IPR031639) and
Pfam signature pages (e.g. PF16915). The models are gen-
erated by the Baker laboratory using RoseTTAFold (23).
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Figure 1. Navigation menus have been updated in multiple places on the InterPro website. The website main menu tabs now expand as dropdowns and
breadcrumbs allow to know where pages are located on the website (A), the menu in entry pages is displayed on the left-hand side and can be collapsed
(B), the main data type in the browse feature can be chosen from the Browse dropdown menu and filters are now displayed on the left-hand side (C).
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