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Abstract

The Universal Protein Resource (UniProt, http: //www.uniprot.org) consortium is an initiative of the SIB
Swiss Institute of Bioinformatics (SIB), the European Bioinformatics Institute (EBI) and the Protein
Information Resource (PIR) to provide the scientific community with a central resource for protein
sequences and functional information. The UniProt consortium maintains the UniProt KnowledgeBase
(UniProtKB), updated every 4 weeks, and several supplementary databases including the UniProt
Reference Clusters (UniRef) and the UniProt Archive (UniParc).

The Swiss-Prot section of the UniProt KnowledgeBase (UniProtKB /Swiss-Prot) contains publicly
available expertly manually annotated protein sequences obtained from a broad spectrum of organisms.
Plant protein entries are produced in the frame of the Plant Proteome Annotation Program (PPAP), with
an emphasis on characterized proteins of Arabidopsis thaliana and Oryza sativa. High level annotations
provided by UniProtKB/Swiss-Prot are widely used to predict annotation of newly available proteins
through automatic pipelines.

The purpose of this chapter is to present a guided tour of a UniProtKB /Swiss-Prot entry. We will also
present some of the tools and databases that are linked to each entry.
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annotation

1 Introduction

In late 2002 the SIB Swiss Institute of Bioinformatics (SIB), the
European Bioinformatics Institute (EBI) and the Protein
Information Resource (PIR) (see Note 1) joined forces by creating
the Universal Protein Resource (UniProt) consortium [1]. The
aim of this consortium is to provide high quality protein databases
that are freely accessible to the scientific community.

The centerpiece of UniProt is the UniProt Knowledgebase
(UniProtKB, http://www.uniprot.org), a comprehensive and
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annotated protein sequence knowledgebase, which consists of two
sections: UniProtKB/Swiss-Prot, containing manually expertly
annotated entries, and UniProtKB/TrEMBL, containing com-
puter translation and annotation of CoDing Sequences (CDS)
extracted from the European Molecular Biology Laboratory
nucleotide sequence database (EMBL) [2, 3] as well as sequences
and annotation imported from Ensembl (http://www.ensembl.
org), EnsemblGenomes (http://ensemblgenomes.org) including
EnsemblPlants (http://plants.ensembl.org), and in the future, from
RefSeq (http://www.ncbi.nlm.nih.gov/refseq/). Taking advan-
tage of the expertly curated UniProtKB /Swiss-Prot section, auto-
matic annotation procedures based on well described proteins are
created and maintained to improve the annotation of related pro-
teins in the UniProtKB /TrEMBL section. UniProtKB entries con-
tain information curated by biologists or produced by annotation
rules, and provide users with cross-links to about 140 external
databases and give access to additional information or tools.
UniProtKB /Swiss-Prot  contributes actively to the “Gene
Ontology” (GO, 10) annotation effort of proteins by manually
assigning GO terms during the annotation process.

UniProtKB /Swiss-Prot is characterized by extended expert
annotation (sequence properties, corresponding literature, etc.),
minimal redundancy (separate entries for the same gene product in
a given species and same cultivar/isolate are merged into a single
protein entry), integration with other databases (cross-links to other
life science databases including sequence-related databases as well as
specialized data collections) and documentation (large number of
index files and specialized documentation files) (se¢ Note 2).

UniProtKB /TrEMBL, a computer-annotated database, mainly
consists of translations of all coding sequences (CDS) proposed by
the submitters to the EMBL/GenBank/DDBJ nucleotide data-
bases, which are not integrated into UniProtKB /Swiss-Prot, and
by proteomes imported from Ensembl and EnsemblPlants. Some
additional protein sequences are also extracted from the literature
or directly submitted to UniProtKB. In addition to the preliminary
information given by the submitters, UniProtKB /TrEMBL entries
are processed according to automatic annotation procedures such
as: (i) transfer of general annotation, domains and functional sites
from well-characterized UniProtKB /Swiss-Prot entries belonging
to protein family groups defined by InterPro [4], (ii) removal of
redundancy by merging identical full-length sequences from the
same organism, (iii) attribution of evidence to identify the source
of individual data items (se¢ Note 3).

In addition to UniProtKB, the UniProt consortium maintains
several other protein databases, including;:

— The UniProt Archive (UniParc), which stores and maps all
publicly available protein sequences from numerous databases,
including UniProtKB, RefSeq, Patent offices, etc. (obsolete
data excluded from UniProtKB are also present in UniParc)
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— The UniProt Reference Clusters (UniRef), which consists
of clusters of sequences sharing 100 % identity for UniRef100,
90 % for UniRef90 and 50 % tfor UniRet50 (see Note 4). These
databases are based on both UniProtKB and UniParc.

The Swiss-Prot group has initiated the Plant Proteome
Annotation Program (PPAP) in 2001 [5] (http://www.uniprot.
org/program/plants/). The current priority of this program is to
annotate the proteomes of Arabidopsis thaliana and Oryza sativa,
but without neglecting to annotate the proteins from other plant
species. Our goals are the annotation of characterized plant spe-
cific and plant family proteins according to the Swiss-Prot standards
[3]. At the beginning of March 2014 (UniProt release 2014_02),
34,824 plant sequence entries are present in UniProtKB /Swiss-
Prot. Among them 12,665 are from A. thaliana and 3130 from O.
sativa. In UniProtKB /Swiss-Prot, more than 1976 different plant
species are present with at least one annotated protein (up-to-
date statistics are available at http: //www.uniprot.org/statistics/,
http: //web.expasy.org/docs /relnotes /relstat.html and  http: //
www.uniprot.org/program/plants /statistics).

To cope with the large and growing amount of sequenced
genomes, UniProt assigns unique proteome identifiers giving the
possibility to select proteins of a given organism. A subset of well-
studied or biomedically and biotechnologically interesting organ-
isms, selected to provide broad coverage of the tree of life, are
manually defined as standard for a particular user community, and
their proteome are “Reference protecomes” (see Note 5).

2 Materials

2.1 UniProtKB
Entries

2.1.1  Download
and Display Content

UniProtKB is hosted by uniprot.org (se¢ Note 6). This chapter will
always refer to the UniProtKB interface format used by the uni-
prot.org server (http://www.uniprot.org/), and will focus on
UniProtKB /Swiss-Prot entries. The database is updated every four
weeks. It is possible to download a local version of UniProtKB (see
Notes 7 and 8).

The main distribution format of UniProtKB is a custom text-based
format. Entries are represented by lines beginning with a two-letter
code that identifies the type of data contained in the line. Each line
follows a strictly defined format and the lines themselves are orga-
nized in such a way as to be easily legible to human users and
simple to parse by computer programs (http://www.expasy.org,/
sprot/userman.html#entrystruc). However, UniProtKB proteins
are also available in the more modern and structured XML/RDF
format for computational use (http://www.uniprot.org,/docs/
uniprot.xsd).
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2.1.2 Web View
of an Entry

2.1.3 Content of an Entry

2.2 Tools
and Databases Linked
to UniProtKB

When accessing UniProtKB entries from the uniprot.org server,
the default format is topic-wise organized in a user-friendly format
when compared to the text-based format (see Fig. 1). The general
elements of an entry in the uniprot.org view format are (from top
to bottom): (i) UniProt header and search tool, (ii) UniProt tools
(BLAST, alignment, mapping/retrieval in batch), (iii) general
help, contact and basket tools, (iv) the header of the UniProtKB
entry, (v) tools applicable to the current UniProtKB entry, (vi) cur-
rent UniProtKB entry centric comment, feedback and external
data tools, (vii) UniProtKB entry’s section navigation bar orga-
nized by topics, (viii) the content of the current UniProtKB entry,
(ix) details about the history of the current UniProtKB entry.

In most cases, each entry corresponds to a protein sequence
encoded by a single gene locus (see Note 9). However, a few pro-
tein entries contain different coding loci merged into a single
record when these loci are highly similar (e.g., histones, ubiqui-
tins). References to residue positions within a sequence are made
using sequential numbering starting with 1 at the N-terminal posi-
tion. Displayed sequences correspond to the precursor forms of
proteins, before posttranslational modifications and processing.

The uniprot.org website provides dedicated tools designed to
exploit both protein sequences (BLAST, [6], alignments, database
identifier mapping tool) and functional annotations (friendly but
advanced search tool). SIB has developed the Expert Protein
Analysis System proteomic server (ExPASy), which is another
entry point to UniProtKB [7-9]. On http://www.expasy.org/,
tools are available to deal with several aspects of protein analysis,
including BLAST search, proteomics and sequence analysis, and
take into account all splice variants as annotated in UniProtKB
(see Note 10). Results obtained by these tools or links from other
specific databases points to the corresponding UniProtKB entries.

3 Methods

3.1 Introduction

The main goal of UniProt is to provide a central resource for pro-
tein sequences and functional annotation. Together with
UniProtKB/TrEMBL, UniProtKB /Swiss-Prot contains all known
proteins, without species restriction. Currently the plant protein
entries represent about 20 % of eukaryotes proteins and 7 % of the
total content of UniProtKB/Swiss-Prot and our main effort is
focused on the annotation of plant specific proteins characterized
in literature from Arabidopsis thaliana and Oryza sativa. Any new
genome fully sequenced, deposited in the public nucleotide data-
base (EMBL/GenBank/DDB]J) and for which a gene prediction
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-‘-mME Sl AMP deaminase plays a critical role in energy metabolism. Essential for the transition from zygote to embryo.
#1 Publication

Catalytic activity

AMP + HzO = IMP + NH3. #1 Publication

Cofactor
ginds 1 zinc ion per subunit. # 1 Publication +

Enzyme regulation

Activated by ATP, Activated by sulfate ions (in vitro). Inhibited by phosphate ions. # 1 Publication +
Kinetics

Ky=6.7 mM for AMP (in the absence of ATP) # 1 publication +

Ku=0.26 mM for AMP (in the presence of 1 mM ATP)
Yemax=17 pmol/min/mg enzyme (in the absence of ATP)

Vmax=375 pmol/min/mg enzyme (in the prasence of 1 mM ATP)

Entry version 93 (24 Jul Pathway

2013) Purine metabolism; IMP biosynthesis via salvage pathway; IMP from AMP: step 1/1.
Sequence version 2 (01

Jun 2002)

Previous versions Sites

Feature
Feature key Position(s) Length Description Graphical view identifier
Metal binding* 391 1 Zinc; catalytic |
Metal binding' 393 1 Zinc; catalytic |
Binding site* 393 1 Substrate |
Metal binding® 659 1 Zinc; catalytic l
ginding site* 662 1 Substrate |
Active site? 681 1 Proton acceptor |
# Inferred
Metal binding* 736 1 Zinc; catalytic |
Regions
Feature
Feature key Position(s) Length Description Graphical view identifier
Nucleotide binding® 289 - 296 8 ATP # reviewed Prediction |

Fig. 1 Header of a UniProtKB entry in the uniprot.org display format; partial view (http://www.uniprot.org/uni-
prot/080452)
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3.2 Accessing
and Analyzing
UniProtKB Entries

has been performed will be processed automatically. The predicted
set of proteins is added to the UniProtKB/TrEMBL section as
soon as the data is publicly available.

One of the great strengths of the UniProt Knowledgebase is
the extensive integration and interconnectivity of numerous tools
and external databases. The knowledgebase is cross-linked to about
140 other databases while most of the tools are adapted to allow
analysis of all spliced isoforms described in the entry.

The UniProt Knowledgebase is constantly evolving and all
recent modifications are detailed at http: //www.uniprot.org,/help/
?query=*&fil=section:news while the forthcoming modifications
are listed in http: //www.uniprot.org,/changes.

To further improve the quality of our annotation, we encourage
users to submit comments and update requests (http: //www.uniprot.
org/updatelentry= primary accession number accessible by the buttons
and links present in each UniProtKB entries, see Fig. 1 iii and vi).

1. Quick and advanced text search (see Fig. 1 i) can be accessed
directly from the UniProt home page (http://www.uniprot.
org) (see Note 11). The advanced text search is designed to
help users in writing complex queries by restricting terms to
specific fields of the database (see Fig. 2 i), organized in the
same topics of entry’s sections. “Intelligent” filters are sug-
gested to restrict the query with most likely terms (see Fig. 2
ii). Proteins of interest can be stored in the “basket” by check-
ing boxes (see Figs. 2 iii and 3 i) and clicking on the button
“Add to basket” for later comparison or download. When
accessing the basket (see Fig. 3 ii), previously selected entries
are listed and different actions are available: “Align”, “BLAST”,
and “Download” (see Fig. 3 iii). The result table can be cus-
tomized to fit user’s requirement (see Fig. 4). A drag and drop

r
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Fig. 2 Text search result; partial view. Partial view of the result of a text search made on UniProtKB with “amp

deaminase” as query
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Fig. 3 The UniProt basket. View of the UniProt basket containing three UniProtKB protein entries (e.g., P23109,
Q01433, and Q01432)
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Fig. 4 The UniProt customization interface. View of the UniProt customization tool
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Fig. 5 The UniProt alignment tool. View of the UniProt protein alignment tool

tool makes it possible to change column order (see Fig. 4 1).
A search engine is available to select for a favorite topic to
display in the result table (see Fig. 4 ii). Each entry section can
also be browsed in details (see Fig. 4 iii). When downloading
selected entries in “tab-delimited” format, the columns of the
output file are the same as the personalized display (see Fig. 2
iv). UniProt web services follow the representational state
transfer (REST) architectural style to help sharing or storing
favorite requests; this also permits easy programmatic access
(see http: //www.uniprot.org/faq,/28).

2. An alignment tool based on Clustal Omega (https: //www.ebi.
ac.uk/Tools/msa/clustalo/) is available at http://www.uni-
prot.org/align/ (see Fig. 5). The alignment output (se¢ Fig. 6)
is interactive and gives the possibility to highlight in different
colors sequence features (see Fig. 6 ii) annotated in UniProtKB
as well as amino acid properties by selecting properties of
interest (see Fig. 6 1). When more than two protein sequences
are aligned, an alignment tree is also available.

3. BLAST is available at http: //www.uniprot.org/blast/ (se¢ Fig.
7). Standard parameters can be modified, default settings
being: UniProtKB for the data set, 10 for the E-threshold,
Matrix auto, no low complexity filtering and gap allowed (see
Note 12). The BLAST output (see Fig. 8) gives, on the top, a
list of sequences classified by level of similarity to the query,
displayed in a graphical view of the query sequence with a
similarity-dependent color gradient, and linked to the corre-
sponding UniProtKB entries (see Fig. 8 i). A mechanism to
allow the user to toggle between similarity based graphics and
e-value based graphics will be soon available. All splice variants
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Fig. 6 Protein alignment result. Partial view of the protein alignment result made on UniProtkKB between
P23109, Q01433 and Q01432 protein entries

annotated in UniProtKB are considered during the BLAST
(their UniProt accessions are followed by “-n” where “n” is a
digit for Swiss-Prot alternative splicing products) (see Fig. 8 1).
On the lower part of the output BLAST result, a detailed list
of the matched proteins is displayed, with a graphical view of
the best alignment for each hit represented in a graphical view
with the color code described previously, and linked to all cor-
responding local alignments between the query and the hit
sequences (see Fig. 8 ii). All options available for text search
result are applicable to this list (see Fig. 4).

4. Database Entries can be downloaded in batch. Several sets of
protein sequences are proposed for download at http: //www.
uniprot.org/downloads. Entries present in the basket can be
retrieved in different formats (see Fig. 3 iv). A dedicated tool to
convert and download a list of proteins is available at http://
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= Ident.:
T — IC |DALC2S DTLCIS_ARALL - Putative uncharacterized protein - View alignment E-value: 0.0

— T EE— T o
Fig. 8 BLAST result. Partial view of the result of the BLAST made on UniProtkB with 082804 entry as query
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3.3.1  UniProt Banner
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Iy

Upload Lists

N

OR upload your own file.  Browse... |

2. Select options
From To Go
UniProtkB AC/D Q) =l |uniprotke Q_I) =l
UniProt =] (3D structure databases |
UniProtkB D PDB
UniParc DisProt
UniRef50 . HSSP
UniRefa0 Frotein-protein interaction databases
UniRef100 DIP
Other sequence databases MINT =
EMBL/GenBank/DDBJ Protein famil/group databases
EMBL/GenBank/DDBJ CDS Allergome
FIR MEROPS
UniGene PeroxiBase
Entrez Gene (GenelD) PptaseDB
Gl number® REBASE
IFI TCDB
RefSeq Protein Polymorphism databases
RefSeq Mucleotide DMDM
3D structure databases 2D gel databases
FOB Aarhus/Ghent-2DPAGE
DisProt ECOZDBASE
HSSP - World-2DPAGE -

Fig. 9 The UniProt downloading tool. View of the UniProt downloading tool

www.uniprot.org/uploadlists/ (see Fig. 9). The user provides
a list of accessions in any of the supported formats (se¢ http: //
www.uniprot.org/help /uploadlists and Fig. 9 i) and can
convert this list into any of the listed databases (see Fig. 9 ii).
When the “from” database is “UniProtKB (AC/ID)” and the
“to” database is “UniProt”, the user can retrieve UniProtKB
protein entries from a UniProtKB accession list.

5. UniProtKB entries are also present or cross-linked in several
other biological databases and tools such as ExPASy (http://
www.expasy.org/ ), the NCBI (http: //www.ncbi.nlm.nih.gov/
protein/) and TAIR (http://www.arabidopsis.org).

When accessing the UniProt website, some elements are always
present at the top of the page: the UniProt logo to return to the
home page, the search box (see Fig. 1-1), access to additional tools
including BLAST, alignment and download, described elsewhere
(see Fig. 1-ii), links to help (see Note 13), contact, and to the bas-
ket containing selected entries (see Fig. 1-iii).


http://www.uniprot.org/uploadlists/
http://www.uniprot.org/help/uploadlists
http://www.uniprot.org/help/uploadlists
http://www.expasy.org/
http://www.expasy.org/
http://www.ncbi.nlm.nih.gov/protein/
http://www.ncbi.nlm.nih.gov/protein/
http://www.arabidopsis.org/
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3.3.2 Entry Header

3.3.3 Analysis Tabs

3.3.4  Contribution
to Entry Annotation Tabs

3.3.5 Entry’s Section
Navigation Panel

3.3.6 Entry Content View

The first block of each entry details (see Fig. 1-iv) accession
numbers, status (7eviewed for UniProtKB/Swiss-Prot and unre-
viewed for UniProtKB,/TrEMBL), as well as protein and gene
names and synonyms. The primary accession number (AC, e.g.,
080452) of an entry (se¢e Note 14, documentation available at
http: //www.uniprot.org,/manual /accession_numbers) is stable
and provides a unique identifier which allows unambiguous cita-
tion of the entry (se¢ Notes 15 and 16). The entry name (ID,
e.g., AMPD_ARATH) consists of up to 11 characters and takes
the general form X_Y. Both X and Y represent mnemonic codes of
up to 5 alphanumeric characters for both the protein name (X)
and the species (Y) (documentation is available at http: /www.
uniprot.org/manual /entry_name). Entry names, corresponding to
protein/gene name abbreviations, are subject to revision and
therefore do not provide a stable means of identifying individual
entries. Because entry names are prone to change, researchers
who wish to cite entries in publications should always cite the pri-
mary accession number.

Direct access to BLAST, alignment, and download, tools described
in Subheading 3.2, is available from the protein entry view (see Fig.
1-v). Entry can also be stored in the basket.

Suggestions to update the content of the current entry can be sent
via “comment” or “feedback” features (see Fig. 1-vi).

The content of a protein entry is organized in 15 topics. To navi-
gate and switch between topics, a display menu containing direct
links to the different blocks of the entry is always visible on the left
side of the screen (see Fig. 1-vii). Check boxes in this menu permit
to hide/display the corresponding section.

In the main central area, the content of the current protein entry is
displayed by thematic topics (see Fig. 1-viii). When a term is fol-
lowed by “i” as exponent, this means that contextual information
are available for this term.

Most of the information in this section is extracted from the
literature. Some information is also based on unproven empirical
biological evidence, determined by computer prediction, or prop-
agated from homologous members of the tamily (for details about
annotation procedures, see http://www.uniprot.org/faq/45). In
these cases, non-experimental qualifiers are added (see http: //www.
uniprot.org/manual /non_experimental_qualifiers); the qualifi-
ers are: “Potential” for computer predicted, logical or conclusive
evidence (see Note 17, represented on the website as “Reviewed
prediction” in Swiss-Prot and as “Predicted” in TrEMBL),
“Probable” for non-direct experimental evidence (se¢e Note 18,


http://www.uniprot.org/manual/accession_numbers
http://www.uniprot.org/manual/entry_name
http://www.uniprot.org/manual/entry_name
http://www.uniprot.org/faq/45
http://www.uniprot.org/manual/non_experimental_qualifiers
http://www.uniprot.org/manual/non_experimental_qualifiers
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represented on the website as “Inferred” in Swiss-Prot), and “By
similarity” for experimental evidence in a close member of the fam-
ily. Explanations of non-experimental qualifiers can be obtained by
clicking on them in the entry.

Annotations are mainly distributed in four different types:

1. General annotation: provides general information about the
protein, mostly biological knowledge, in ditferent subsections
(see http: //www.uniprot.org,/manual /general_annotation).

2. Sequence fearure: information associated with specific residues
of the current protein sequence (se¢ http: //www.uniprot.org,/
manual /sequence_annotation). Each sequence feature con-
tains a “Feature key” (see Note 19), “Position(s)” indicates
limits of the feature according to the amino acid residue posi-
tions of the displayed sequence (see Note 20), the “Length” of
the feature is also given, a “Description” of the feature (see
Note 21), a “Graphical view” to visualize the region in the
consensus sequence, and, when available, “Feature identifier”.
UniProtKB /Swiss-Prot entries contain extensive annotation of
all features that are predicted (and compatible with the protein
function), experimentally proven, or determined by resolution
of the protein structure.

3. Cross-references: used to point to information related to entries
and found in data collections other than UniProtKB (see
http: //www.uniprot.org/help /cross_references_section).

4. Ontologiesand controlled vocabularies: a combination of con-
trolled vocabularies and ontologies is used to summarize the
functional implication of the current protein. The controlled
vocabulary is developed by UniProtKB /Swiss-Prot (see http: //
www.uniprot.org/keywords/), and GO terms (GO, [10]), a
formal representation of terms that can be used to describe
biological function, process and component, are developed
and curated by the GO consortium (see http: //www.uniprot.
org/help/gene_ontology). Some keywords are derived from
automatic annotation in UniProtKB /TrEMBL entries, but the
vast majority is added manually in UniProtKB /Swiss-Prot
entries. They describe the main characteristics of the protein.

The information contained in the entry is organized in a
total of 15 topics, each accessible form the display panel.
Depending of the information available in each entry, some
sections might appear or not.

The 15 sections used in UniProtKB and their respective
subsections are listed below:

1. “Function”: (see Fig. 10 and http://www.uniprot.org/help/
function_section).
Contains information pertinent to biological knowledge of the
protein function.


http://www.uniprot.org/manual/general_annotation
http://www.uniprot.org/manual/sequence_annotation
http://www.uniprot.org/manual/sequence_annotation
http://www.uniprot.org/help/cross_references_section
http://www.uniprot.org/keywords/
http://www.uniprot.org/keywords/
http://www.uniprot.org/help/gene_ontology
http://www.uniprot.org/help/gene_ontology
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Function:

AMP deaminase plays a critical role in energy metabolism. Essential for the transition from zygote to embryo. # 1 Publication
Catalytic activity

AMP + H;0 = IMP + NH3. #1 publication

Cofactor

Binds 1 zinc ion per subunit. #1 Publication

Enzyme regulation

Activated by ATP. Activated by sulfate ions (in vitro). Inhibited by phosphate ions. # 1 publication

Manual assertion based on experiment described in:
Kinetics “Mamb , mach of action, and
Km=6.7 mM for AMP (in the absence of ATP) # 1 Publication stuctiwa of Arabidopate smbeyonlc factor 1 (FACL):
Han B.W., Bingman C.A.,, Mahnke D.K., Bannen R.M.,
Bednarek 5.7., Sabina R.L., Phillips G.N. Jr
J. Biol. Chem. 281:14939-14947(2006) [PubMed] [Europe
PMC] [Abstract]

Kym=0.26 mM for AMP (in the presence of 1 mM ATP)

Ymax=17 pmol/min/mg enzyme (in the absence of ATP) Cited for: X-RAY CRYSTALLOGRAPHY (2.3 ANGSTROMS) OF
140-839 IN COMPLEX WITH COFORMYCIN 5'-PHOSPHATE; =
Venax=375 pmol/min/mg enzyme (in the presence of 1 mM ATP) T e e
Pathway
Purine metabolism; IMP biosynthesis via salvage pathway; IMP from AMP: step 1/1.
Sites
Feature
Feature key Position(s) Length Description Graphical view identifier
Metal I:indingi 391 1 Zinc; catalytic |
Metal binding' 393 1 Zinc; catalytic |
ginding site’ 393 1 Substrate |
Metal bindingj 659 1 Zinc; catalytic |
Binding site* 662 1 Substrate |
Active site 681 1 Proton acceptor & Inferred I
Metal I:int:h'ngi 736 1 2Zinc; catalytic |
Regions
Feature ke Position(s) Length Description Graphical view geoturs
Y ( 9t P P identifier
Nucleotide binding* 289 - 205 8 ATP # Revieved Prediction |

GO - Molecular function'

AMP deaminase activity
Inferred from genetic interaction® Ref.1 Source: TAIR

ATP binding
Inferred from electronic annotation® Source: UniProtkB-KwW

metal ion binding
Inferred from electronic annotation® Source: UniProtKB-KwW
Complete GO annotation...

Keywords - Molecular function®
Hydrolase

Keywords - Biological process’
HNucleotide metabolism

Keywords - Ligand®
ATP-binding, Metal-binding, Nucleotide-binding, Zinc

Enzyme and pathway databases

SABIO-RK 080452,

UniPathway UPAODS591; UERDOGG3.

Fig. 10 Function section of a UniProtkB entry. View of the “function” section of the UniProtKB protein 080452
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The different subsections of the function section are:

(a) General annotation dealing with function, catalytic activity,
cofactor, enzyme regulation, biophysicochemical proper-
ties, and pathway

(b) Sequence features describing active site, metal binding,
binding site, site, calcium binding, zinc finger, and DNA
binding with a graphical view

(c) GO terms of the ‘Molecular function’ section

(d) Keywords of ‘Molecular function’, ‘Biological process’,
and ‘Ligand’ subsections

(e) Cross-references that point to family, enzyme, and pathway
databases

. “Names & Taxonomy”: (see Fig. 11 and http: //www.uniprot.
org/help/names_and_taxonomy_section).

This block describes protein names, gene names and taxonomy
of the organism. The recommended protein name is given in
the first row, followed by the alternative names used in the lit-
erature. In the case of an enzyme, the Enzyme Commission
(EC) number is given as synonym. This EC number is an active
link to the Enzyme database (http://www.expasy.org/
enzyme/) [11], which contains detailed information about
enzyme activity and lists all UniProtKB/Swiss-Prot entries
having the same EC number. The second row of this block
describes the gene encoding the protein in the following order:
gene name, synonyms, ordered locus name when applicable
(see Note 22) and ORF names used by the genomic sequenc-
ing projects, when available. Following the gene description,
the organism name, the NCBI taxonomy identifier, and the
summarized taxonomic hierarchy are actively linked to the
UniProt taxonomy browser (http://www.uniprot.org/
taxonomy,/) which contains details on the organism and gives
access to all UniProtKB entries of that organism (see Note 23).

. “Subcellular location”: (see Fig. 12 and http://www.uniprot.
org/help/subcellular_location_section).
Contains information pertinent to biological knowledge of the
protein localization and topology.

The different subsections of the subcellular location sec-
tion are:

(a) General annotation dealing with subcellular location

(b) Sequence features describing transmembrane and topo-
logical domain with a graphical view

(c) GO terms of the ‘Cellular component’ section
(d) Keywords of the ‘Cellular component’ section

. “Pathology & Biotech”: (see Fig. 13 and http: //www.uniprot.
org/help/pathology_and_biotech_section).


http://www.expasy.org/enzyme/
http://www.expasy.org/enzyme/
http://www.uniprot.org/taxonomy/
http://www.uniprot.org/taxonomy/
http://www.uniprot.org/help/subcellular_location_section)
http://www.uniprot.org/help/subcellular_location_section)
http://www.uniprot.org/help/pathology_and_biotech_section)
http://www.uniprot.org/help/pathology_and_biotech_section)
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Names & Taxonomy:

Protein names' Recommended name:
AMP deaminase

= Short name: AtAMPD
= £C:3.5.4.6
Alternative name(s):
* Protein EMBRYONIC FACTOR 1

Gene names'  MName: AMPD
Synonyrms: FAC1
Ordered Locus Names: At2938280

ORF Names: F16M14.21
Organism® Arabidopsis thaliana (Mouse-ear cress) [Reference proteome]
Taxonomic 3702 [NCBI)
identifier*
Taxonomic Eukaryota » Virdiplantae » Streptophyta » Embryophyta » Tracheophyta » Spermatophyta » Magnoliophyta »
lineage* eudicotyledons » core eudicotyledons » rosids » malvids » Brassicales » Brassicaceae » Camelineae » Arabidopsis

Organism-specific databases

TAIR AT2G38280.

Fig. 11 Names & taxonomy section of a UniProtkB entry. View of the “names and taxonomy” section of the

UniProtKB protein 080452

Subcellular location:

Membrane; Single-pass membrane protein. Microsome membrane
Mote: Might be associated with the inner mitochondrial membrane sy similarity
Topology

Feature key Position(s) Length Description

Transmembrane' 8 - 28 21 Helical; 4 Reviewed Prediction

GO - Cellular component’
cytosol )
Inferred from direct assay’ Ref.7 pPubMed 21186475 Source: TAIR

endoplasmic reticulum
Inferred from electronic annotation® Source: UniProtKB-KwW

integral to mitochondrial outer membrane
Inferred from direct assay®  pubMed 21896287 Source: TAIR

nucleus
Inferred from direct assay® Ref.7 Source: TAIR
Complete GO annotation...

Keywords - Cellular component’
Endoplasmic reticulum, Membrane, Microsome

. #1 Publication

Feature

Graphical view
P identifier

Fig. 12 Subcellular location section of a UniProtkB entry. View of the “subcellular location” section of the

UniProtKB protein 080452
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Allergenic properties
Causes an allergic reaction in human. Common symptoms of mite allergy are bronchial asthima, allergic rhinitis and

conjunctivitis. Binds to IgE in 80% of patients with house dust allergy.

Mutagenesis

Feature
Feature ke Position(s Length Description Graphical view
Y & 2 7 v identifier
Mutagenesis® 132 1 C - A: Loss of activity. [
Mutagenesis' 150 1 N - E: Loss of |

M-glycosylation.
Keywords - Disease'
Allergen

Protein family/group databases

Allergome 1232, Der p 1.0111.
310. Der p 1.

Fig. 13 Pathology & biotech section of a UniProtKB entry. View of the “pathology and biotech” section of the
UniProtKB protein P08176

Contains information pertinent to biological knowledge of
disease(s) and phenotype(s) associated with the deficiency of
the protein.

The different subsections of the Pathology & Biotech sec-
tion are:

(a) General annotation dealing with involvement in disease,
natural variant, allergenic properties, biotechnological
use, toxic dose, and pharmaceutical use

(b) Sequence features describing disruption phenotype and
mutagenesis with a graphical view

(c) Keywords of the ‘Disease’ section
(d) Cross-references that point to organism-specific databases

5. “Post translational modification (PTMs) / Processing”: (see
Fig. 14 nd http://www.uniprot.org/help /ptm_processing_
section).

Contains information pertinent to biological knowledge of the
protein posttranslational modifications.

The different subsections of the PTM / processing sec-
tion are:

(a) Sequence features describing initiator methionine, signal,
pro-peptide, transit peptide, chain, peptide, modified resi-
due, lipidation, glycosylation, disulfide bond, and cross-
link with a graphical view

(b) General annotation dealing with posttranslational
modification


http://www.uniprot.org/help/ptm_processing_section)
http://www.uniprot.org/help/ptm_processing_section)
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PTM / Processing'

Molecule processing

Feature
F ki Positi L D ipti Graphical vi . i
eature key osition(s) Length Description raphical view identifier
Transit peptidei 1 - 55 55 Chloroplast #1nferred [
Chaint 56 - 333 278 Adenylate P PRO_0000391072
isopentenyltransferase
3, chloroplastic
Propeptide? 334-336 i3 Removed in mature _ PRO_0000396781
form
Amino acid modifications
o i : : Feature
Feature key Position(s) Length Description Graphical view tdentifler
Modified residue* 333 1 Cysteine methy! ester |
Lipidation? 333 1 S-farnesyl cysteine |

Post-translational modification®
Farnesylated.

Keywords - PTM'

# 1 Publication +

Lipoprotein, Methylation, Prenylation

Proteomic databases

PRIDE: QO3WCO.

Fig. 14 PTM/processing section of a UniProtkB entry. View of the “PTM/processing” section of the UniProtkB

protein Q93WC9

(c) Keywords of the ‘PTM’ section

(d) Cross-references that point to proteomics and PTM
databases

. “Expression”: (see Fig. 15 and http: //www.uniprot.org/help/

expression_section).
Contains information pertinent to biological knowledge of the
protein expression.

The different subsections of the expression section are:

(a) General annotation dealing with tissue specificity, devel-
opmental stage and induction

(b) Keywords of the ‘Developmental stage’ section

(c) Cross-references that point to gene expression databases

. “Interaction”: (see Fig. 16 and http://www.uniprot.org/help/

interaction_section).


http://www.uniprot.org/help/expression_section)
http://www.uniprot.org/help/expression_section)
http://www.uniprot.org/help/interaction_section)
http://www.uniprot.org/help/interaction_section)

UniProtKB/Swiss-Prot 41

EXPression:

Tissue specificity
Expressed in seedlings, roots, leaves, flowers, pollen grains, pollen tubes and siliques, and at a lower level in stems.
# 1 publication

Developmental stage

Expressed in both male and female gametophytes, at the zygote stage, in the endosperm, and during early embryo development.
Observed in cotyledonary embryos and in the basal part of the embryo, but not in the suspensar or in mature embryos. Also
expressed during somatic embryogenesis. # 1 Publication «

Gene expression databases

Genevestigator 080452,

Fig. 15 Expression section of a UniProtkB entry. View of the “expression” section of the UniProtkB protein
080452

Subunit structure
Homodimer. Interacts with AHK4. # 2 publications «

Binary interactions
With Entry #Exp. IntAct Notes
AHK4 Q9CsU0 2 EBI-1807679,EBI-1100775
Protein-protein interaction databases

IntaAct ©B80452. 2 interactions.

Fig. 16 Interaction section of a UniProtKB entry. View of the “interaction” section of the UniProtKB protein
080452

Contains information pertinent to biological knowledge of the
protein interactions.

The different subsections of the interaction section are:
(a) General annotation dealing with subunit structure
(b) Specific annotation describing binary interactions

(c) Cross-references that point to protein—protein interaction
databases

8. “Structure”: (see Fig. 17 and http: //www.uniprot.org/help/
structure_section).
Contains information pertinent to biological knowledge of the
protein structure.
The different subsections of the structure section are:

(a) Sequence features describing turn, beta strand and helix
with a graphical view (when available)

(b) Cross-references that point to 3D structure databases

9. “Family & Domains”: (see Fig. 18 and http: //www.uniprot.
org/help/family_and_domains_section).


http://www.uniprot.org/help/structure_section)
http://www.uniprot.org/help/structure_section)
http://www.uniprot.org/help/family_and_domains_section)
http://www.uniprot.org/help/family_and_domains_section)
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Secondary structure

1 | I
Show details
Legend
| Helix | Turn || Beta strand

3D structure databases

Select the link destinations:
& ppRe
C RCSE PDB
C pDBj
ProteinModelPortal
SMR

Miscellaneous databases

EvolutionaryTrace

i | IR . AL e

Method Resolution (&) Chain Paositions POBsum
2A3L ®-ray 3.34 A 140-839 [»]
080452,
080452, Positions 212-839

Q80452

Fig. 17 Structure section of a UniProtKB entry. View of the “structure” section of the UniProtKB protein 080452

Contains information pertinent to biological knowledge of the
protein family and domains

The different subsections of the Family & Domains sec-

tion are:

(a) Sequence features describing domain, repeat, composi-

tional bias, region, coiled coil, motif, and domain with a
graphical view with a graphical view

(b) General annotation dealing with sequence similarities; a

(c

comment describing to which family the protein may
belong may be included. It is linked to a UniProt query
that lists all UniProtKB entries belonging to the same fam-
ily (see Note 24 and Fig. 18 i). In the case of transporter
families, the transport classification (TC) number is pres-
ent when available, and a cross-link to the transport clas-
sification database (http: //www.tcdb.org) is also included.

) Keywords of the ‘Domain’ section

(d) Cross-references that point to phylogenomic and family

and domain databases

10. “Sequence”: (see Fig. 19 and http: //www.uniprot.org/help/
sequences_section).

Contains general metadata determined for the given sequence,
such as sequence length, molecular weight, and CRC64
checksum (64 bit Cyclic Redundancy Check value) [12] (see
Note 25). Each subsection contains information pertinent to
biological knowledge of the protein sequence. On the right side
of all sequences, a quick access to the FASTA format (http://
en.wikipedia.org/wiki/FASTA_format) of the sequence and to
sequence /proteomic tools is present (see Fig. 19 1).


http://www.tcdb.org/
http://www.uniprot.org/help/sequences_section
http://www.uniprot.org/help/sequences_section
http://en.wikipedia.org/wiki/FASTA_format
http://en.wikipedia.org/wiki/FASTA_format
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Family & Dom:
Region
Feature key Position(s) Length Description Graphical view £eature
identifier
ergn:\ni 462 - 467 6 Substrate binding
Region® 737-740 4 Substrate binding
Compositional bias
o O 5 - Feature
Feature key Position(s) Length Description Graphical view idontifiar
Compositional bias' 86 - 92 7 Poly-Gly |
Compositional bias' 158 - 161 4 Poly-Asp |

Sequence similarities

Belongs to the adenosine and AMP deaminases fam:lv.®

Keywords - Domain'
Transmembrane, Transmembrane helix
Phylogenomic databases
eggNOG
HOGENOM
InParanoid
KO
OMA
PhylomeDB
ProtClustDB

Family and domain databases

C0G1816.
HOGOO0092200.
080452,
K01490,
HRVYSDN,
080452,

PLND2768.

InterPro  IPRODGESO. A/AMP_deam_AS.
IPROO1365. A/AMP_deaminase_dom.
IPROD6329. AMP_deaminase.
[Graphical view]
PANTHER PTHR11359, PTHR11359. 1 hit.
Pfam PFO0962. A_deaminase. 1 hit.
[Graphical view]
TIGRFAMs TIGRDO1429. AMP_deaminase. 1 hit.
PROSITE PS00485. A_DEAMINASE. 1 hit.

[Graphical view]

Fig. 18 Family & domains section of a UniProtkKB entry. View of the “family and domains” section of the

UniProtKB protein 080452

The different subsections of the sequence section are:

(a) The sequence status, either complete or fragment(s)

(b) Sequence processing when accurate; details about this pro-
cessing are described in the “PTM /Processing” section

(c) The canonical protein sequence

(d) Alternative products with sequence and additional related
information, when existing. The alternative products sub-
section describes the proteins which may be produced by
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Sequence status®: Complete.

0B0452-1 [UniParc] | FASTA

MEPNIYQLAL AALFGASFVA VSGFFMHFEA LNLVLERGKE REENFPDGDEP 50
QNPTLVERRS QVRREVNDQY GRSPASLPDA TPFTDGGGGG GGDTGRINGH 100
PRLHTPSEGR ASVHGASSIR KTGSFVRPIS PESPVASASA 150

VIVDEIFPGL

EYSIAASVWE LSACDLCEIA RNSVIQSGFS HALKSHWIGK DYYKRGPDGE 800
DIHKTNVPHI RVEFRDTIWK EEMOOVYLGE AVISDEVVE

« Hide

Sequence caution

839
95,130

Length:

Mass (Da):

Last modified:
June 1, 2002, Version 2.

. 1B8F1F4A589A17DA"

Checksum

ProtParam
Compute plhw
ProtScale
PeptideMass
PeptideCutter

839

The sequence BAD94943.1 differs from that shown. Reason: Intron retention.

Sequence databases

Select the link destinations:
& EMBL
C GenBank

ACO03028 Genomic DNA. Translation: AAC27176.2.
CPO02685 Genomic DNA, Translation: AECO9516.1.
CPO02685 Genomic DMNA. Translation: AECO9517.1.

C poeJ

IPI

AYDS56301 mRNA,

AK316943 mRNA,
AK221552 mRNA,

IPI00546126.

Translation:
. Translation:
Translation:
Translation:

AALD7150.1,
AAMI1TE6.1.
BAH19646.1.
BAD94943.1, Sequence problems.

PIR
RefSeq
UniGene
Genome annotation databases

EnsemblPlants

GenelD

KEGG

TO1259.

NP_565886.1.
NP_850294.1.

Al

NM_129384.2,
NM_179963.2.

.12466.

; AT2G38280.1; AT2G38280.
2; AT2G38280.2; AT2G38280.

818408,

ath: AT2G38280.

Fig. 19 Sequence section of a UniProtkB entry. View of the “sequence” section of the UniProtKB protein

080452

(e)
()

alternative splicing or promoter usage. Modifications of the
canonical sequence necessary to produce the alternative
product sequence are described in the sequence features
subsection (see Fig. 20).

General annotation dealing with sequence caution, cau-
tion, polymorphism, RNA editing and mass spectrometry

Sequence features describing natural variant, alternative
sequence, sequence uncertainty, sequence conflict, non-
adjacent residues, non-terminal residue, and non-standard
residue with a graphical view

Keywords of the ‘Coding sequence diversity’ section

Cross-references that point to sequence, genome annota-
tion databases and polymorphism databases
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Sequences (2)°

Sequence status': Complete.

This entry describes 2 isoforms® produced by alternative splicing. = Align

Isoform 1 (identifier: 082804-1) [UniParc] & FASTA Length: 695
Mass (Da): 77,206

This isoform has been chosen as the ‘canonical' sequence. All positional
Last modified: November 1, 1998

information in this entry refers to it. This is also the sequence that

appears in the downloadable versions of the entry. ~¥1
Checksum:
607A0720ED381C08¢
Show »
BLAST | G0
Isoform 2 (identifier: 0B2804-2) [UniParc] & FASTA Length: 339
The sequence of this isoform differs from the canonical sequence as Mass (Da): 37,760
Checksum:
follows: i
339-339: N =K 4CBEAD8B7D3292DA6
340-695: Missing. BLAST - .GO
« Hide

MKRGKDEEKI LEPMFPRLHV NDADKGGPRA PPRNKMALYE QLSIPSQRFG 50
DHGTMNSRSN NTSTLVHPGP SSQPCGVERN LSVQHLDSSA ANQATEKFVS 100
QMSFMENVRS SAQHDQRKMV REEEDFAVPV YINSRRSQSH GRTKSGIEKE 150
KHTPMVAPSS HHSIRFQEVN QTGSKQNVCL ATCSKPEVRD QVKANARSGG 200
FVISLDVSVT EEIDLEKSAS SHDRVNDYNA SLRQESRNRL YRDGGKTRLK 250
DTDNGAESHL ATENHSQEGH GSPEDIDNDR EYSKSRACAS LQQINEEASD 300
DVSDDSMVDS ISSIDVSPDD VVGILGOKRF WRARKAIAK 339

Mote: No experimental confirmation available.

Sequence conflict

The sequence CA472719.1 differs from that shown. Reason: Frameshift at positions 437, 472 and 485.
Caution®

Isoform-2 : No experimental confirmation available.

Alternative sequence

Feature ke Position(s) Length Description Graphical view minmni

y d i » identifier
Alternative sequence® 339 1 N = K in isoform 2. | VSP_004042
Alternative sequence® 340 - 695 356 Missing in isoform 2. P vse_004043

Fig. 20 Sequence section of a UniProtkB entry containing alternative products. View of the “sequence” section
of the UniProtKB protein 082804; only details concerning the alternative splicing are shown

11. “Cross-references”: (see Fig. 21 and http: //www.uniprot.org,/
help/cross_references_section).
The cross-references section is divided into subsections orga-
nized by themes. This section links the protein to several other
databases that contain information relevant to that protein.
Many of these cross-links are automatically added to
UniProtKB /TrEMBL entries, but some are manually created
in UniProtKB /Swiss-Prot entries (se¢ Note 19). Each row of
this block corresponds to a single database, the name of which


http://www.uniprot.org/help/cross_references_section
http://www.uniprot.org/help/cross_references_section

Sequence databases

Salect the hink destinations:
EMBL
© Genbark

Do)

30 structure databases

Seloct the link destinations:
L
C RCSE PO
© pogj
FroteinModelPortal
SMR

ModBaso

Intact

Proteomic databases
Padb
PRIDE
Pretocels and materials databases

StructuralBiclogyknowledgebase

Genome annotation databases

E

rbiPlants

Genall
KEGG
Organism-specific databases

TAIR

Phylogenomic databases
BgghaG

HOGENOM

InParanaid

ProtClustDi

Enzyme and pathway databases

athway

SARIO-R¥

Miscellanecus databases

Evolutionary Trace

Gene expression databases

Genavestigater

Ontologies

PRO

Family and domain databases

Intarkro

PANTHER
pfam

TIGRFAMS

PROSITE

Protohet

Fig. 21 Cross-references section of a UniProtkKB entry. View of the “cross-

ACOD3028 Genomic DNA. Translation: AAC27176.2

CPOOZEES Genomic OMA. Translation: AECOS516.1 .

CPOO268S Genomic DNA, Translation: AECO9517.1 .

AYD56301 mPNA, Translation: AALO7150.1 .

A¥133E52 MRNA, Translation: A&MIL7E4.1 .

AKI16G43 mRNA, Translation: BAH1GE46.1 .

AKZZ1552 MRNA, Translation: BADS4943.1 . Sequence problems,

IPI00546126.
T01259,

NP_565886,1. NM_126384.2
NP_8S0294.1. NM_176963.2

Eritry Method Resolution (1) Chain  Positions POBsum
2030 Heray 3.34 A 140-83% =1
80452
OBO452. Positians 212-639
Search...

OBO452. 2 mteractions

QE0452
OB0452

Search..,

AT2GIS280.1 | AT2GIB280.1 ; AT2G3IE280 .
ATIG39280.2 | AT2G3E260.2 ; AT2G38280 .

818408

ath: AT2G38280,

AT2G33280.

COG1816.
HOGO000S2200.
OB0452

¥01490.
HRYWYSDN.
OBO452

PLNO2768.

UPADDS91 ; UERDDEST .

Q50452

80452

OBO452.

OBO452

IFRDDSESD. AJAMP_deam_AS.
IFROD1IAE. AJAMP_deaminate_
IFRODEIZS, AMP_deaminase,
[Graphical view ]

PTHR11359. PTHRI1359. 1 hit,

PFODGSZ. A_deaminase. 1 hit
[Graphec sl view ]

TIGRO1429, AMP_deamnase. 1 hit.

PSOO4ES, A_DEAMINASE. 1 hit.
[Graphical view ]

Search..,

references” section of the UniProtkKB protein 080452
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Plant-specific cross-references present in UniProtkKB

Database name and URL and goals DR line format

GeneFarm [13]

DR GeneFarm; GeneID; FamilyID.

http: //genoplante-info.infobiogen.fr/Genefarm / In UniProtKB/Swiss-Protonly
Structural and functional annotation of
Arabidopsis thaliana gene and protein families
(see http: //www.uniprot.org/database /DB-0032).

Gramene; a comparative mapping resource DR Gramene; UniProtKB_AC; -.

for grains [14]

In UniProtKB/Swiss-Protand

http: //www.gramene.org,/ UniProtKB/TrEMBL
Curated, open-source, Web-accessible data resource for

comparative genome analysis in the grasses (see http: //www.

uniprot.org/database /DB-0039).
MaizeGenetics/GenomicsDatabase(MaizeGDB) [15] DR MaizeDB; ProteinID; -.

http: //www.maizegdb.org/

In UniProtKB/Swiss-Protonly

Central repository for public maize information
(see http: //www.uniprot.org/database /DB-0058).

The Arabidopsis Information Resource (TAIR) [16] DR TAIR; Order_locus_name; -.
http: //www.arabidopsis.org/index.jsp In UniProtKB/Swiss-Protand
Searchable relational database on Arabidopsis thaliana, UniProtKB/TrEMBL

which includes many different molecular data types and
provides a comprehensive resource for the scientific
community (see http: //www.uniprot.org,/database /

DB-0102).

is indicated in the first column (see Fig. 21 i). A link to the
relevant data in the cross-linked database is present in next col-
umns. Plant specific databases that are currently cross-linked in
UniProtKB entries are listed in Table 1. They have been cho-
sen because of their content, their stability and their frequent
updates. All of them give additional information about the
protein and are linked back to UniProtKB.

The different subsections of the cross-references section are:

(a) 2D gel databases

(b) 3D structure databases; Cross-references to the PDB
database (http://www.rcsb.org/pdb/) are present when
protein structures are available. PDB cross-links contain
information about the crystallographic method, the num-
ber of chains, and the range of residues present in the
structure.

(c) Enzyme and pathway databases
(d) Family and domain databases

(e) Gene expression databases


http://www.rcsb.org/pdb/
http://genoplante-info.infobiogen.fr/Genefarm/
http://www.uniprot.org/database/DB-0032
http://www.gramene.org/
http://www.uniprot.org/database/DB-0039
http://www.uniprot.org/database/DB-0039
http://www.maizegdb.org/
http://www.uniprot.org/database/DB-0058
http://www.arabidopsis.org/index.jsp
http://www.uniprot.org/database/DB-0102
http://www.uniprot.org/database/DB-0102
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12.

13.

f) Genomeannotationdatabases

g) Ontologies

h) Organism-specific databases

) Phylogenomic databases

j) Polymorphism databases

k) Proteomic databases

1) Protein-protein interaction databases
m) Protein family/group databases
PTM databases

)

0) Sequence databases; Cross-references to the EMBL
database (http://www.embl-heidelberg.de/) are dis-
played in the same order as the corresponding references
associated with a sequence submission. EMBL cross-
links contain a nucleic acid sequence ID, a protein
sequence ID and a molecule type to indicate the origin
of the sequence (e.g., mRNA or Genomic_DNA) (see
Note 26). When no coding sequence to translate the
nucleic acid sequence into the protein sequence was
provided by the submitters to the EMBL, the flag “No
translation available” is present to replace the lacking
protein sequence ID. When the sequence displayed in
UniProt differs from the original EMBL sequence, a flag
“Sequence problems” is added and the differences
between the two sequences are summarized in the
“Sequence” section.

(p) Other

“Publications™: (see Fig. 22 and http://www.uniprot.org/
help/publications_section). This block lists all references
used for the annotation of the protein entry. The first refer-
ences are usually associated with sequence submission, fol-
lowed by references providing other information concerning
the function and structure of the protein. Each reference is
numbered and contains title, authors, and conventional cita-
tion information for the reference, including cross-links to
PubMed and digital object identifier (DOI), thus allowing
retrieval of the electronic version of the article. In addition,
an indication of what information was extracted from the arti-
cle, strain and tissues used is also mentioned when available.
In the case of references associated with a sequence submis-
sion, the sequenced molecule type is mentioned and, if rele-
vant, the corresponding isoform is indicated. Each author
name is linked to a UniProtKB query that retrieves all entries
where that author is cited.

“Entry information”: (see Fig. 23a and http://www.uniprot.
org/help /entry_information_section). In addition to the


http://www.embl-heidelberg.de/
http://www.uniprot.org/help/publications_section
http://www.uniprot.org/help/publications_section
http://www.uniprot.org/help/entry_information_section
http://www.uniprot.org/help/entry_information_section
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Pubili

tions:

« Hide 'large scale' publications &, Download

1. "EMBRYONIC FACTOR 1 encodes an AMP deaminase and is essential for the zygote to embryo transition in
Arabidopsis."”
Xu J., Zhang H.-Y., Xie C.-H., Xue H.-W., Dijkhuis P., Liu C.-M.
Plant J. 42:743-756(2005) [PubMed] [Europe PMC] [Abstract]
Cited for: NUCLEOTIDE SEQUENCE [GENOMIC DNA], MUTAGENESIS OF ASP-598, FUNCTION, TISSUE SPECIFICITY,
DEVELOPMENTAL STAGE.
Strain: cv. Landsberg erecta.

2. "Sequence and analysis of chromosome 2 of the plant Arabidopsis thaliana."
Lin X., Kaul S., Rounsley S.D., Shea T.P,, Benito M.-1., Town C.D., Fujii C.Y,, Mason T.M., Bowman C.L., Barnstead M.E.,
Feldblyum T.V., Buell C.R., Ketchum K.A,, Lee J.J., Ronning C.M., Koo H.L., Moffat K.S., Cronin L.A. [#3] Venter J.C.
MNature 402:761-768(1999) [PubMed] [Europe PMC] [Abstract]
Cited for: NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNAJ.
Strain: cv. Columbia.

3. The Arabidopsis Information Resource (TAIR)
Submitted (APR-2011) to the EMBL/GenBank/DDB] databases
Cited for: GENOME REANNOTATION.
Strain: cv. Columbia.

8. "Toward an interaction map of the two-component signaling pathway of Arabidopsis thaliana."
Dortay H., Gruhn N, Pfeifer A., Schwerdtner M., Schmuelling T., Heyl A.
J. Proteome Res. 7:3649-3660(2008) [PubMed] [Europe PMC] [Abstract]
Cited for: INTERACTION WITH AHK4,

10. “"Crystallization and preliminary X-ray crystallographic analysis of adenosine 5'-monophosphate deaminase
(AMPD) from Arabidopsis thaliana in complex with coformycin 5'-phosphate.”
Han B.W., Bingman C.A., Mahnke D.K., Sabina R.L.,, Phillips G.N. Jr.
Acta Crystallogr. F 61:740-742(2005) [PubMed] [Europe PMC] [Abstract]
Cited for: CRYSTALLIZATION, X-RAY CRYSTALLOGRAPHY (3.3 ANGSTROMS) OF 140-839 IN COMPLEX WITH COFORMYCIN
5'-PHOSPHATE AND ZINC IONS.

11. "Membrane association, mechanism of action, and structure of Arabidopsis embryonic factor 1 (FAC1)."
Han B.W., Bingman C.A., Mahnke D.K., Bannen R.M., Bednarek S.Y., Sabina R.L., Phillips G.N. Jr.
J. Biol. Chem. 281:14939-14947(2006) [PubMed] [Europe PMC] [Abstract]
Cited for: X-RAY CRYSTALLOGRAPHY (3.3 ANGSTROMS) OF 140-839 IN COMPLEX WITH COFORMYCIN 5'-PHOSPHATE;
PHOSPHATE AND ZINC IONS, CATALYTIC ACTIVITY, SUBUNIT, COFACTOR, SUBCELLULAR LOCATION, ENZYME REGULATION,
BIOPHYSICOCHEMICAL PROPERTIES.

Fig. 22 Publications section of a UniProtkB entry. View of the “publications” section of the UniProtKB protein
080452

primary accession number, a protein entry may contain one
or more secondary accession numbers, which follow the pri-
mary accession number. These are usually accession numbers
of UniProtKB /TrEMBL entries that have been merged into
a single UniProtKB/Swiss-Prot entry. The history of the
current protein entry give the date when the entry was first
created, the date of last modification of the sequence and the
date of last modification of annotation, respectively. The cor-
responding releases are also indicated. A quick access to this
history is also available beneath the entry remote control
(see Fig. 1 ix).
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Entry info ion: @
Entry name* AMFM‘I‘H
Accession® Primary (citable) accession number: 080452
Secondary accession number(s): BADFX9, Q5S6XX1, QI93ZRI
Entry history’ Integrated into May 30, 2006
UniProtkB/Swiss-Prot:
Last sequence update: June 1, 2002
Last modified: October 16, 2013
This is version 94 of the entry and version 2 of the sequence. [Complete history]
Entry status’ Reviewed (UniProtkB/Swiss-Prot)

Annotation program  Plant Protein Annotation Program

0us: ®

Keywords - Technical term

3D-structure, Allosteric enzyme, Complete proteome, Reference proteome
Documents

Arabidopsis thaliana

Arabidopsis thaliana: entries and gene names

PATHWAY comments
Index of metabolic and biosynthesis pathways

PDB cross-references
Index of Protein Data Bank (POB) cross-references

SIMILARITY comments
Index of protein domains and families

Similar proteins: (a

90% Identity Mentity

Entry  Cluster member(s) Organisms Length  Cluster ID Cluster name Size
080452 M4CLND Arabidopsis thaliana (Mouse-ear 839 Unirefo0_080452 Cluster: AMP 4 | 4
ROFZK3 cress) deaminase
D7LLHO Brassica rapa subsp. pekinensis
(Chinese cabbage) (Brassica
pekinensis)

Capsella rubella
Arabidopsis lyrata subsp. lyrata (Lyre-
leaved rock-cress)

Full view

Fig. 23 Entry information, miscellaneous and similar proteins sections of a UniProtKB entry. View of the “infor-
mation, miscellaneous and similar proteins” sections of the UniProtkB protein 080452

14. “Miscellaneous”: (see Fig. 23b and http: //www.uniprot.org,/
help/miscellaneous_section). Links to relevant documents
(see Note 2) and keywords of the “Technical term’ section are
listed.

15. “Similar proteins™: (see Fig. 23¢ and http: //www.uniprot.org/
help/similar_proteins_section). This section provides links to
UniRef100, UniRefY0, and UniRef50, corresponding to pro-
tein sequences sharing 100 %, 90 %, or 50 % identity, respec-
tively. UniRef are sequence clusters, used to speed up sequence
similarity searches (see Note 4).


http://www.uniprot.org/help/miscellaneous_section
http://www.uniprot.org/help/miscellaneous_section
http://www.uniprot.org/help/similar_proteins_section
http://www.uniprot.org/help/similar_proteins_section
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4 Notes

10.

11.

. The SIB (Switzerland, Geneva), in collaboration with the EBI

(UK, Hinxton) and PIR (USA, Georgetown University
Medical Center and National Biomedical Research
Foundation), develop the UniProt protein resource that con-
tain a Protein knowledgebase (UniProtKB), Sequence clusters
(UniRef), and a sequence archive (UniParc).

. For more information, see http://www.uniprot.org/docs and

http: //www.expasy.org/sprot/userman.html. UniProt propose
also demonstration videos on its YouTube channel: https: //www.
youtube.com/channel /UCKCR5R]JZCZZoVTQzTYY92aw.

. For more information, see http: //www.uniprot.org,/manual /

non_experimental_qualifiers.

. The UniRef reference clusters combine closely related

sequences into a single record on order to speed sequence
similarity searches. The UniRefl00 database combines
identical sequences and subfragments of the UniProt
Knowledgebase (from any species) and selected UniParc
records into a single UniRef entry (http://www.uniprot.
org/help/uniref). UniRef90 and UniRef50 yield a data-
base size reduction of approximately 40 % and 65 %,
respectively, providing for significantly faster sequence
searches.

. UniProtKB proteomes are listed at http://www.uniprot.org/

taxonomy/complete-proteomes. Each protein of a reference
organism has the keyword “Reference proteome” (see http://
www.uniprot.org,/keywords/KW-1185).

. UniProt is currently hosted by a unified UniProt website

http: //www.uniprot.org/.

. Major releases usually introduce important format changes.

They are distinguishable from other releases by a new primary
number followed by “.0”.

. To download a local version of UniProtKB, use the web page

ftp: //ftp.uniprot.org,/pub.

. When a gene encodes different isoforms and/or when difter-

ent protein sequences for the same gene of a given species
(given cultivar/strain /isolate) are available, they are merged
into a single UniProtKB entry (e.g., Jasmonic acid-amido syn-
thetase JARI, entry Q9SKE2).

Other tools and databases developed by the EBI and PIR are
available at http://www.ebi.ac.uk/services/ [17] and http://
pir.georgetown.edu/, respectively.

For users of the Mozilla Web browser (http://www.mozilla.
org/), the biobar navigation bar, dedicated to search into various


http://www.uniprot.org/docs
http://www.expasy.org/sprot/userman.html
https://www.youtube.com/channel/UCkCR5RJZCZZoVTQzTYY92aw
https://www.youtube.com/channel/UCkCR5RJZCZZoVTQzTYY92aw
http://www.uniprot.org/manual/non_experimental_qualifiers
http://www.uniprot.org/manual/non_experimental_qualifiers
http://www.uniprot.org/help/uniref
http://www.uniprot.org/help/uniref
http://www.uniprot.org/taxonomy/complete-proteomes
http://www.uniprot.org/taxonomy/complete-proteomes
http://www.uniprot.org/keywords/KW-1185
http://www.uniprot.org/keywords/KW-1185
http://www.uniprot.org/
ftp://ftp.uniprot.org/pub
http://www.ebi.ac.uk/services/
http://pir.georgetown.edu/
http://pir.georgetown.edu/
http://www.mozilla.org/
http://www.mozilla.org/
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

biological databases, is available at https://addons.mozilla.
org/en-US /firefox /addon/biobar/. An ExPASy navigation
bar is available at http://expasybar.mozdev.org, it allows
searches to be performed in several databases hosted by
ExPASy.

A complete documentation about BLAST parameters is avail-
able on the UniProt website at this address: http: //www.uni-
prot.org/help /sequence-searches.

Your feedback is highly important and allows us to continu-
ously improve our knowledgebase according to your needs.

UniProtKB accessions (AC) contain six characters and respect
one of these regular expressions [A-N,R-Z][0-9][A-Z]
[A-Z,0-9][A-Z,0-9][0-9] or [O,P,Q][0-9][A-Z,0-9]
[A-Z,0-9][A-Z,0-9][0-9] (c.g., O80452). To face the fast
increasing amount of new protein entries, an additional acces-
sion format extended to 10 alphanumerical characters for
entries integrated after all 6 characters accessions will be used,
possibly in 2014. The format of this new format will be
[A-N,R-Z][0-9][A-Z][A-Z,0-9][A-Z,0-9][0-9][A-Z]
[A-Z,0-9][A-Z,0-9][0-9]. Both 6 and 10 characters acces-
sions will coexist. All accessions are stable in time and should
be used for UniProtKB protein citation.

It can also (but rarely) happen that the primary accession num-
ber becomes a secondary accession number (e.g., when an
entry is split in two entries).

An accession number uniquely identifies an entry. If an entry is
deleted, its AC will never be attributed to another entry.

A typical example is the annotation of N-glycosylation sites in
the entries of non-cytoplasmic domains or proteins.

A typical example is the annotation of nuclear subcellular loca-
tion in the entries of active transcription factors in eukaryotic
organisms.

Exhaustive information about all cross-references present into
UniProtKB (more than 140 in 2014) is available at http://
www.uniprot.org/database/ and http://www.uniprot.org/
docs/dbxref.

Amino-acid residue numbering begins at the N-terminus of
the precursor protein (the displayed sequence).

The description of the feature may contain a non-experimental
qualifier (see http://www.uniprot.org/manual /non_experi-
mental_qualifiers).

In the case of Arabidopsis thaliana and Oryza sativa (and in
other organisms following the same standards), we use the fol-
lowing nomenclature according to the standard defined for
A. thaliana: [first letter of the genius name]-[first letter of the


https://addons.mozilla.org/en-US/firefox/addon/biobar/
https://addons.mozilla.org/en-US/firefox/addon/biobar/
http://expasybar.mozdev.org/
http://www.uniprot.org/help/sequence-searches
http://www.uniprot.org/help/sequence-searches
http://www.uniprot.org/database/
http://www.uniprot.org/database/
http://www.uniprot.org/docs/dbxref
http://www.uniprot.org/docs/dbxref
http://www.uniprot.org/manual/non_experimental_qualifiers
http://www.uniprot.org/manual/non_experimental_qualifiers
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species name |-[chromosome number]-[g, for gene]-[locus
number] (e.g., Atlgl5690, Os03g16440).

23. Currently, Oryza sativa has three different taxonomy identifi-
ers in UniProtKB/TrEMBL: 39947 for japonica cultivars,
39946 for indica cultivars, and 4530 for unspecified rice culti-
vars. In UniProtKB/Swiss-Prot, when possible, cultivars are
specified for each reference related to a sequence deposition.

24. The family classification is exclusively based on sequence simi-
larities, not on functions.

25. The algorithm to compute the CRC64 is described in the ISO
3309 standard [12].

26. Additional qualifiers may be present: ALT_SEQ, ALT_INIT,
ALT _TERM, or ALT_FRAME. These are used in the case of
discrepancies between the EMBL derived CDS and the displayed
protein sequence. These may be due to gross differences in the
predicted CDS sequence (arising from the failure to correctly
predict all exons for a given gene for instance ), incorrect selection
of the initiating methionine, and termination of the sequence or
frameshifts, respectively. For more details, see the documentation
(http: //www.uniprot.org/help /sequence_caution).
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