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Abstract
Many concerns have been raised about the potential allergenicity of novel, recombinant proteins
into food crops. Guidelines, proposed by WHO/FAO and EFSA, include the use of bioinformatics
screening to assess the risk of potential allergenicity or cross-reactivities of all proteins introduced,
for example, to improve nutritional value or promote crop resistance. However, there are no
universally accepted standards that can be used to encode data on the biology of allergens to
facilitate using data from multiple databases in this screening. Therefore, we developed AllerML a
markup language for allergens to assist in the automated exchange of information between
databases and in the integration of the bioinformatics tools that are used to investigate allergenicity
and cross-reactivity. As proof of concept, AllerML was implemented using the Structural
Database of Allergenic Proteins (SDAP; http://fermi.utmb.edu/SDAP/) database. General
implementation of AllerML will promote automatic flow of validated data that will aid in allergy
research and regulatory analysis.
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1. Introduction
The incorporation of novel, recombinant proteins into food crops, whether for example to
improve the nutritional value of the products or to promote resistance of the plants to pests,
has raised concerns about their potential allergenicity(Ivanciuc et al., 2009c; Ladics and
Selgrade, 2009; Selgrade et al., 2009; Thomas et al., 2009). Current methods to assess the
potential allergenicity of transgenic proteins use a weight of evidence approach(Ladics et al.,
2011), including serum tests(Goodman, 2008; Thomas et al., 2007), animal models(Bowman
and Selgrade, 2008; Bowman and Selgrade, 2009; Fecek et al., 2010; Ganeshan et al., 2009;
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Gonipeta et al., 2010; Parvataneni et al., 2009; Yamamoto et al., 2009) and bioinformatics
approaches(Gendel, 2009; Gendel and Jenkins, 2006; Goodman, 2006; Ivanciuc et al.,
2009a; Ivanciuc et al., 2009b; Randhawa et al., 2011; Saha and Raghava, 2006; Schein et al.,
2010; Silvanovich et al., 2009; Silvanovich et al., 2006). Allergenicity assessment guidelines
proposed by the World Health Organisation(FAO/WHO, 2009) the European Food Safety
Authority (EFSA)(EFSA, 2006) and the US Environmental Protection Agency(FIFRA,
2009) include the use of bioinformatics screening of the recombinant protein in allergen
databases. As there are no universally accepted standards that can be used to encode data in
these sources on the biology of allergens to facilitate the use of data from multiple databases
in this screening, we propose here a specific markup language to define molecular, structural
and clinical information for allergens. The language is based on the concept of ontologies
that are in widespread use for the exchange of information in other areas of biology. The
language should allow automatic, virtual screening of all major allergen databases, starting
from the sequence of a novel protein. These tools will help to define (and later search for)
structural and functional descriptors of allergenicity, and will enhance the sensitivity of
bioinformatics search tools for regulatory purposes.

Ontologies (Hunter et al., 2003; Schuurman and Leszczynski, 2008) can be used to describe
both specific pieces of data and the relationships between different data types. Most
implementations of ontologies in biology use a form of markup language (ML), i.e., a
flexible general-purpose text format, to encode, store, and exchange structured information.
An ideal ML combines particular terminologies and relationships from many different
sources into a common ontology, and provides a rigorous and extensible set of rules that
may encode all information categories in a specific field. Once annotated in a markup
language, data can be handled automatically and computationally processed. Markup
languages have been developed for many areas of medicine, biology, and biochemistry.
Examples include the BIOpolymer Markup Language (BIOML) which encodes information
for biopolymers in a fashion that relates them to organisms and organelles (Fenyo, 1999),
the Microarray Gene Expression Markup Language (MAGE-ML) for storing and displaying
microarray data (Durinck et al., 2004), the Annotated Gel Markup Language (AGML) to
describe annotated two-dimensional gel electrophoresis data (Stanislaus et al., 2004), and
the Systems Biology Markup Language (SBML) to represent computational models of
biochemical networks (Finney and Hucka, 2003; Hucka et al., 2003).

Here we show the use and a structure for a markup language to connect databases that
contain information on allergenic proteins, such as those in Table 1 (Brusic et al., 2003;
Gendel, 2004; Gendel and Jenkins, 2006; Goodman, 2006; Mari et al., 2006; Schein et al.,
2006; Schein et al., 2007). In addition to the list of allergenic proteins provided by the
International Union of Immunological Societies (IUIS, http://www.allergen.org) (Chapman
et al., 2007) or AllAllergy (http://allallergy.net/), there are now many cross-indexed
databases potentially useful for allergenicity assessment such as Allergome
(http://www.allergome.org), Central Science Laboratory database (CSL,
http://allergen.csl.gov.uk/), InformAll (http://foodallergens.ifr.ac.uk/), AllergenOnline
(http://www.allergenonline.org), and Structural Database of Allergenic Proteins (SDAP;
http://fermi.utmb.edu/SDAP/). As the number of identified allergens is continuously
increasing, along with the secondary data describing these allergens, facilitating data
exchange between these databases would allow automated communication, analysis and
comparisons combining the information in these different resources (Gendel, 2009; Mari et
al., 2009; Schein et al., 2010).

The Allergen Markup Language (AllerML) that we describe here is a first step in developing
automated tools to access data on allergens in multiple databases. AllerML is based on the
allergen nomenclature developed and maintained by the IUIS Allergen Nomenclature Sub-
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committee. This official allergen nomenclature is recognized by the WHO, and it applies the
Linnean system to generate a systematic, unique and comprehensive nomenclature for
allergenic proteins. AllerML consists of a hierarchical set of tags that describe the most
important information normally contained in allergen databases, including common names,
sources, sequence, structure, IgE and T-cell epitopes, and cross-reactivity. The allergen
description in AllerML is augmented with a set of special tags that link allergen-specific
databases to other general purpose biological data sets, such as the Pfam classification. In its
current form, AllerML can be used to automate the dynamic exchange of information on
allergens, to incorporate data on new allergenic proteins as they are identified, and to
support computational and bioinformatics studies of allergenicity and clinically significant
cross-reactivity. Wide implementation of AllerML will simplify automatic exchange of data
between allergen databases, and improve data access for integrated computational and
bioinformatics analysis.

2. Methods
2.1. Allergen Nomenclature and Data Sources

The IUIS was the primary source for allergen nomenclature and classification. Other
databases that provide additional information are listed in Table 1.

2.2. Development of AllerML Tags
A set of XML tags were defined for the most common data types found in allergen
databases, including tags for data that identify individual allergenic proteins, the source
organisms, and sequences information. Relationships between the elements represented by
these tags (such as “contained in” or “part of”) were also defined. Additional tags and
relationships were defined for molecular and structural characteristics of allergenic proteins,
including any known epitopes. To ensure that the sources for all data within a database are
fully described, tags were created for both literature citations and to link allergen databases
to larger repository databases such as GenBank and EMBL.

2.3. Automated generation of AllerML Tags by software tools
The AllerML tags proposed here encode all molecular information on allergens and IgE
epitopes, as present in the major allergen databases. As an example for an AllerML
implementation in practice we used the information collected in SDAP (Ivanciuc et al.,
2002; Ivanciuc et al., 2003; Schein et al., 2007) and wrote a C program to translate the data
listed in MySQL tables to AllerML schemes. The major core information on all allergen
entries as AllerML documents can be downloaded from the SDAP web site
(http://fermi.utmb.edu/SDAP/). For each allergen in SDAP, the AllerML record can be
obtained from the link “Translate to AllerML” located immediately below the title line with
the allergen name in the SDAP page corresponding to an allergen.

2.4. Illustration of AllerML Tags for SDAP entries
The database component in SDAP contains information regarding the allergen name, source,
sequence, structure, IgE epitopes, and literature references. When supplementary
information is available from the major protein databases (GenBank, SwissProt, UniProt,
PIR, and PDB) and literature databases (PubMed), SDAP provides links for easy reference.
A FASTA sequence search starting from an allergen selected from SDAP or from a user-
provided sequence can identify all similar allergens in SDAP. Each SDAP allergen sequence
is cross-linked to the protein motif database MotifMate (http://born.utmb.edu/motifmate/),
which lists the corresponding physicochemical property (PCP) motifs (Ivanciuc et al.,
2009a). To identify groups of similar allergens that might cross-react, SDAP provides the
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Pfam classification of all allergens. SDAP also contains reliable models or links to the
experimentally determined structures for more than 80% of allergens included in SDAP
(Oezguen et al., 2008). The AllerML implementation demonstrated in this report may be
readily applied to all existing allergen databases, and extensions to new data fields may be
easily defined.

2.5. Links to other Protein Databases
Other protein databases also contain relevant information about allergenic proteins, and we
propose the following set of AllerML tags to link to the most relevant such services:

- EMBL (http://www.ebi.ac.uk/), tag <AllerML_EMBL>

- GenBank (http://www.ncbi.nlm.nih.gov), tag <AllerML_GenBank>

- DDBJ (DNA Data Bank of Japan, http://www.ddbj.nig.ac.jp/), tag <AllerML_DDBJ>

- HSSP (http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-page+LibInfo+-lib+HSSP), tag
<AllerML_HSSP>

- PDB (http://www.pdb.org), tag <AllerML_PDB>

- IntAct (http://www.ebi.ac.uk/intact/site/index.jsf), tag <AllerML_IntAct>

- GO (http://www.geneontology.org/), tag <AllerML_GO>

- InterPro (http://www.ebi.ac.uk/interpro/), tag <AllerML_InterPro>

- Gene3D, tag <AllerML_Gene3D>

- Pfam (http://pfam.sanger.ac.uk/), tag <AllerML_Pfam>

- PRINTS (http://www.bioinf.manchester.ac.uk/dbbrowser/PRINTS), tag
<AllerML_PRINTS>

- PROSITE (http://www.expasy.org/prosite/), tag <AllerML_PROSITE>

3. Results
3.1. AllerML General Sections

The core information contained in all major allergen databases is provided by IUIS, namely
the allergen name, source taxonomy, gene and protein sequences, PDB structures, and
literature references. In individual databases, this common information may be augmented
with data collected from the literature and by processing sequence and structural data with
bioinformatics tools. In the following sections we describe AllerML encoding of the
common information categories, and provide examples of how this basic vocabulary can be
extended to include information specific to individual databases.

3.2. Allergen Name and Taxonomy
The initial set of AllerML terms are listed in Table 2. These terms describe the fundamental
data commonly contained in allergen databases. The central data item is the official IUIS
designation which is defined in AllerML as a major attribute. The entire set of data related to
an allergen is recorded under the tag <AllerML_Allergen> or
<AllerML_Isoallergen>, depending on the IUIS classification of allergens. Other data
such as a description of the biochemical function of the protein, gene and protein sequences,
3D structures, if available, epitopes, sequence motifs and relevant literature information are
described using additional AllerML data designations that are related in a hierarchical
fashion. The hierarchical structure between these building blocks in AllerML can be further
extended by including data on protein family classification, additional information on the
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nature of the epitopes, or taxonomy information from the NCBI taxonomy database. Other
data may be easily incorporated in AllerML by defining appropriate tags within the
hierarchy.

An example of the implementation of AllerML for the peanut allergen Ara h 3 is shown in
Scheme 1. The first part of the record indicates the IUIS allergen name and type (IUIS or
non-IUIS). Other unique identifiers from each allergen database can be included (if
available) using appropriate tags. The SDAP ID is given here as an example. The second
part of the record contains source organism information including the accession number
from the NCBI taxonomy database (http://www.ncbi.nlm.nih.gov/Taxonomy/). Comments
may be included in any AllerML section under the tag <AllerML_Comment>, and may
contain HTML tags used to format the text for display or to include other HTML elements
such as tables or hyperlinks.

3.3 Cross-references to Other Web Databases
AllerML offers also a mechanism to identify and link to allergen gene and protein sequences
or 3D structure information in other biology databases. Cross-references to other databases
are included in the section <AllerML_Cross-references>, as shown for Ara h 3 in
Scheme 2, based on the UniProt sequence O82580. Sequences in UniProt
(http://www.uniprot.org/) are referenced by their ID and accession number, with the tags
<AllerML_UniProt_ID> and <AllerML_UniProt_Accession>, respectively. Similar
tags can be used to link to EMBL, PDB, Pfam, PROSITE, and other databases. The cross-
linking with Pfam is of particular relevance, as all major allergens belong to a relatively
small number of protein families (Ivanciuc et al., 2009a; Radauer et al., 2008). Allergens
from the same Pfam class are significantly similar in amino acid sequence and have the
same 3D fold. Members of the same PFAM often show clinically relevant cross-reactivity
(Schein et al., 2010). Currently, the Pfam classification of allergens may be accessed from
AllFam (Radauer et al., 2008), Allergome (Truffer et al., 2006), and SDAP (Ivanciuc et al.,
2009a).

3.4. Protein Sequence
Protein sequences may be described in AllerML by indicating their source and accession
numbers, by showing the source, sequence, and reference (for protein sequences retrieved
from literature), or by specifying the source, accession numbers, and sequence. The
sequences of Ara h 3 are shown in Scheme 3 in the AllerML format. The GenBank protein
sequence is characterized by its locus, accession number, version, and GI, together with the
corresponding sequence. Genes may be encoded with the same four GenBank accession
tags, namely <AllerML_GenBank_Locus>, <AllerML_GenBank_Accession>,
<AllerML_GenBank_Version>, and <AllerML_GenBank_GI>, respectively, whereas the
gene sequence is collected under the tag <AllerML_Gene_Sequence>.

3.5. Protein 3D Structure
The representation of 3D structures of allergens in AllerML is based on the ML format
adopted by the Protein Data Bank (PDB). The Protein Data Bank Markup Language
(PDBML) developed by Westbrook et al. (Westbrook et al., 2005) is used to represent all
PDB structures in XML (http://pdbml.rcsb.org/), based on a translation of the mmCIF files
into PDBML driven by the PDB Exchange Data Dictionary. Allergen structure information
is designated in AllerML using the start tag <AllerML_PDBML> and end tag </
AllerML_PDBML>. Similar ML encoding can be used to represent computational allergen
models. This scheme can be applied to all experimentally determined 3D structures or 3D
models of allergens (Oezguen et al., 2008; Schein et al., 2010). The ML representation of
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the protein structure can be extended to depict regions (e.g., for conformational epitopes) or
domains in the 3D structures of allergens.

3.6. Allergen Epitopes
Accurate data on IgE epitopes of allergens, although currently only rarely available in public
databases, are critical data for predicting cross-reactivity among related allergens. The
majority of experimental information on allergen epitopes was obtained by investigating
linear IgE epitopes. These are usually determined by synthesizing overlapping peptides from
the allergen sequence and then determining the peptide interaction with IgE from sera
obtained from patients that react to a particular allergen. Such linear IgE epitopes have been
reported for several proteins, such as the peanut allergens Ara h 1 (Shin et al., 1998), Ara h 2
(Stanley et al., 1997), and Ara h 3 (Rabjohn et al., 1999), the shrimp allergen Pen a 1 (Ayuso
et al., 2002), and the mountain cedar allergens Jun a 1 (Midoro-Horiuti et al., 2003; Midoro-
Horiuti et al., 2006) and Jun a 3 (Soman et al., 2000).

We propose here an AllerML set of tags for linear epitopes (Scheme 4), that can also be
used to encode conformational epitopes. For an allergen, a set of epitopes collected from a
single publication are collected under the tag <AllerML_Epitope_Set>, whereas all sets
of epitopes are collected under the tag <AllerML_Epitopes>. For each epitope set, the
epitope type is indicated only once, and may be IgE or T-cell. Then, for each epitope,
AllerML specifies the epitope position, sequence, and an optional comment. The section
concludes with a tag indicating the reference of the epitope data. Supplementary information
for each epitope is collected under a comment tag, <AllerML_Epitope_Comment>, which
marks a text field that may contain HTML tags to format the text. Conformational epitopes
are encoded by recording a list with all amino acids that form the epitope, and then adding
after each amino acid its position number in the protein sequence.

3.7. Reference Section
Information describing data sources is coded in the Reference section identified with the
<AllerML_References> tag. This section may be embedded within other sections, such
as Allergen Name and Taxonomy, Protein Sequence, or Allergen Epitope. The main source
of data will generally be journal articles, but information may be obtained from sources such
as patents or direct submission (in the case of NCBI sequences), or government documents.
Each reference starts with the tag <AllerML_Reference>, and contains enough
information to uniquely identify the reference. The minimum amount of information to
indicate a reference may be a database accession number or a patent number. Usually, the
source of information for journal articles is PubMed, and any such article may be encoded
by the PubMedID indicated in the tag <AllerML_Reference_PubMed>. A complete
record of a journal article contains tags for authors, journal title, article title, year, volume,
and pages. The Reference section may include also subsections, such as Abstract, Keywords,
Accession number in other literature databases, or Comments.

3.8. AllerML Special Sections
The AllerML implementation proposed in this report may be readily applied to all existing
allergen databases, and extensions to new data fields may be easily defined. As each
allergen database and bioinformatics server has specific data and applications, AllerML can
be extended with appropriate sets of tags. In the following sections we use examples from
Allergome (Mari and Scala, 2006; Mari et al., 2006) and SDAP (Ivanciuc et al., 2002;
Ivanciuc et al., 2003; Schein et al., 2007) to demonstrate how AllerML may be easily
applied to encode particular categories of data.
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3.8.1. Allergen Specific Motifs—AllerML may be easily extended to encode the INSCH
motifs from the Allergome database. These motifs are MEME-type motifs developed by
Marti et al. (Marti et al., 2007). The INSCH motif length was set to 50 to match the average
size of a protein domain. The current collection of INSCH motifs is based on a set of 2189
sequences from the Allergome database (January 10, 2009), and consists of 97 motifs
identified in 1885 sequences. No motif was found in the remaining 304 sequences. For each
allergen that contains a motif, AllerML has an INSCH motif section marked by the tag
<AllerML_INSCH_Motif>, followed by the motif ID tag <AllerML_INSCH_Motif_ID>,
and the corresponding sequence <AllerML_INSCH_Motif_Sequence>. The AllerML
encoding for the INSCH motif of Ara h 3 is shown in Scheme 5.

A similar scheme can be applied to encode physicochemical property (PCP) motifs that were
derived from a PFAM classification of all allergens in SDAP and archived in the database
MotifMate (http://born.utmb.edu/motifmate/) (Ivanciuc et al., 2009a). PCP motifs are
defined as protein regions where the side chains may not be identical but show conservation
of physicochemical properties, such as hydrophobicity, size or alpha-helical propensity,
among allergens of the same protein family (Venkatarajan and Braun, 2001). Previously,
PCP motifs were shown to correlate with functionally important regions and to provide
relevant fingerprints that can identify distantly related proteins (Ivanciuc et al., 2004;
Mathura et al., 2003; Schein et al., 2010; Schein et al., 2005). The AllerML encoding for
several MotifMate motifs of Ara h 3 is shown in Scheme 6. The MotifMate section is
indicated by the tag <AllerML_MotifMate_Motifs>, whereas the information for each motif
is collected under the tag <AllerML_MotifMate_Motif>. For linear IgE epitopes, AllerML
indicates the motif position within the protein and the sequence.

3.8.2. IgE Cross-reactive Peptides—AllerML can also encode quantitative information
regarding allergen cross-reactivity, such as the sequence similarity index PD and the
experimentally measured binding affinity of peptides to IgE. The PD index was recently
validated as a quantitative predictor for IgE cross-reactivity (Ivanciuc et al., 2009b) using
sets of peptides related to three known linear IgE epitopes of Jun a 1 (Midoro-Horiuti et al.,
2003; Midoro-Horiuti et al., 2006). These experimental results are translated into AllerML
by recording for each peptide the sequence, the PD value, and the experimental measure of
IgE binding. IgE binding is expressed as the intensity ratio RWT = SIP/SIE, where SIP is the
spot intensity of the test peptide and SIE is the spot intensity of the corresponding Jun a 1
epitope in the same column on the membrane. To demonstrate the encoding of a peptide
library we show a selection of the results obtained for peptides related to the epitope 3 from
Jun a 1 (Scheme 7).

This approach may be also adapted to store the experimental results obtained during the
identification of linear IgE epitopes with a library of overlapping peptides (Ayuso et al.,
2002; Midoro-Horiuti et al., 2003; Midoro-Horiuti et al., 2006; Rabjohn et al., 1999; Shin et
al., 1998; Stanley et al., 1997). Storing experimental results of epitope detection in a
computer readable format facilitates their direct use in computational models that may
enhance our ability to predict IgE epitopes. Additional tags should be defined to encode the
experimental cross-reactivity data for individual patients.

3.9. AllerML Implementation
All tags currently defined in AllerML are summarized in Table 2 showing for each section
the start tag <AllerML_Tag>. To demonstrate the application of the proposed allergen
markup language in practice, we implemented AllerML for the core information of all
allergens in SDAP. The AllerML translation for each allergen in SDAP is publicly available,
to provide transparent access to the database. Broad AllerML implementation in other
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databases would provide standardized access to the common body of information on
allergens, namely nomenclature, taxonomy, protein sequences, 3D structures, data on IgE
and T-cell epitopes, and cross-references with literature, protein, and genomic databases.
Besides these general sections, particular implementations of AllerML may encode
database-specific information, such as protein motifs or peptide cross-reactivity data.

4. Discussion
The markup language AllerML facilitates the automated storage, import, export, comparison
and analysis of biological data catalogued in databases that contain information on
allergenic proteins. Our goal in developing AllerML was not to create a single database, but
rather to permit easier integration of related data across different databases. Each of the
existing databases has its own target field of application, protocols for information
collection, selectivity in the type of data displayed, and computational tools for data
processing and interpretation, making it quite unlikely that one particular database would be
accepted as a common standard that satisfies the diverse needs for all allergen researchers.
To facilitate the evaluation of protein allergenicity or cross-reactivity it is necessary to
consolidate information from diverse sources into a comprehensive database that can offer
validated data for bioinformatics models. The AllerML markup language presented here
(Schemes 1–7) is designed to provide a path for easy access to data from these web servers
for the user. AllerML may be also used as a convenient tool to provide input for novel
bioinformatics servers.

AllerML contains a group of general tags, that are common to all allergen databases, and a
group of specific tags to codify information particular to a database or bioinformatics server.
The general information on allergens comes mainly from IUIS, and includes allergen name
and taxonomy, gene and protein sequences, PDB structures, epitopes, and literature
references. The corresponding AllerML tags may be used to store, retrieve, request, and
download such information in an automatic way, which may speed-up the process of
database update and may eliminate typing errors. The specific tags from AllerML are
characteristic for each database. We anticipate that interested researchers and groups will
define new AllerML tags to encode allergen properties of interest to them, or data currently
present in their databases or bioinformatics servers. AllerML is flexible and easy to extend,
and starting from the common group of tags it is easy to diversify and adapt AllerML for
various specialized applications, either clinical, laboratory, or computational.

There are several specific advantages in exchanging information between allergen databases
with AllerML. First, different types of literature and database information stored for a given
allergen can be rapidly assembled from multiple sources. For example, files for allergens
that are clinically cross-reactive, according to biological data stored in Allergome, can be
combined with data on their sequences from Uniprot, structures from PDB or 3D models
from SDAP. This allows one to rapidly determine common features of the allergens that
could account for the cross-reactivity, and may indicate what other allergens should be listed
as potentially cross-reactive. Secondly, it will streamline the collection of data for novel
computational tools for allergenicity and cross-reactivity prediction. For example, by
combining data on allergen sequences (Scheme 3), known IgE epitopes (Scheme 4), INSCH
motifs (Scheme 5), and MotifMate motifs (Scheme 6), one may readily obtain the input data
for a new method of identifying allergens. Finally, the ontology is flexible enough to permit
data exchange between other databases that are not specifically for allergenic proteins, such
as the Immune Epitope Database and Analysis Resource (IEDB; http://immuneepitope.org),
which contains an extensive list of T- and B-cell epitopes assembled from large scale
screening (Zhang et al., 2008). Other extensions of AllerML could include data on allergenic
medical symptoms or biomarkers from new technologies, such as proteomics (Chapman et
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al., 2007; Guo et al., 2008; Reisdorph et al., 2009) or microarray approaches (Bublin et al.,
2011; Hiller et al., 2002; Hochwallner et al., 2010; Mari et al., 2010; Shreffler et al., 2005).

5. Concluding remarks
A common data structure of archiving allergens across several databases greatly simplifies
the development of standard computational procedures for estimating the risk of allergenic
response to novel proteins in genetically engineered organisms. Even though a common
IUIS nomenclature exists for allergens, the data structure and content differs vastly between
different databases. So far, the progress in allergen analysis was driven by the accumulation
of data on allergens, such as sequences, structures, and IgE epitopes. AllerML provides the
tools for automated comparisons and analysis of allergens catalogued in generic and
specialized databases by providing a uniform representation of biological and biochemical
data. We emphasize that the current AllerML is a first draft of such a flexible data structure
that is a good basis for a common language for the automatic exchange of data on allergens.
If broadly adopted, it would ease the establishment of a standardized set of accepted
allergens for use in regulatory bioinformatics guidelines for food safety. We also envision
that an automatic flow of information between allergen databases and servers will help to
improve algorithms that predict allergenicity and cross-reactivity.
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Scheme 1.
Core information of Ara h 3 as an AllerML document
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Scheme 2.
Cross-references section of Ara h 3
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Scheme 3.
Protein section of Ara h 3
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Scheme 4.
Epitope section of Ara h 3
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Scheme 5.
AllerML encoding for the INSCH motif section of Ara h 3.
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Scheme 6.
AllerML encoding for the MotifMate motifs section of Ara h 3.
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Scheme 7.
AllerML encoding of quantitative data regarding allergen cross-reactivity with peptides for
Jun a 1
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Table 1

Allergen Databases and Servers that can Exchange Data through AllerML

Web Site URL

IUIS (International Union of Immunological Societies) http://www.allergen.org

SDAP (Structural database of Allergenic proteins) and SDAP-Food http://fermi.utmb.edu/SDAP

FARRP (Food Allergy Research and Resource Program) http://www.allergenonline.org/

Allergome http://www.allergome.org

CSL (Central Science Laboratory, UK) http://allergen.csl.gov.uk/

InformAll http://foodallergens.ifr.ac.uk/

ADFS (Allergen Database for Food Safety) http://allergen.nihs.go.jp/ADFS/

All Allergy http://allallergy.net/

AllFam http://www.meduniwien.ac.at/allergens/allfam/

Allermatch http://www.allermatch.org/
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Table 2

AllerML Tags (only the start tag is shown for each section)

Tag Description

<AllerML_Allergen> Allergen section

<AllerML_Allergen_Name> Allergen name

<AllerML_Allergen_SDAP_ID> Allergen SDAP ID

<AllerML_Isoallergen> Isoallergen section

<AllerML_Isoallergen_Name> Isoallergen name

<AllerML_Isoallergen_SDAP_ID> Isoallergen SDAP ID

<AllerML_Allergen_Type> Allergen type: IUIS or non-IUIS

<AllerML_Organism> Allergen organism

<AllerML_Systematic_Name> Systematic name

<AllerML_Taxonomy_ID> Taxonomy ID

<AllerML_Common_Name> Common name

<AllerML_Taxonomy> Taxonomy

<AllerML_Comment> Comment

<AllerML_Protein> Protein section

<AllerML_Protein_Source> Protein source: UniProt, GenBank, PubMed, or DOI

<AllerML_UniProt> UniProt section

<AllerML_UniProt_ID> UniProt ID

<AllerML_UniProt_Accession> UniProt accession number

<AllerML_GenBank> GenBank section

<AllerML_GenBank_Locus> GenBank locus

<AllerML_GenBank_Accession> GenBank accession number

<AllerML_GenBank_Version> GenBank version

<AllerML_GenBank_GI> GenBank GI

<AllerML_Protein_Length> Protein length

<AllerML_Protein_Sequence> Protein sequence

<AllerML_PDBML> PDBML section

<AllerML_Epitopes> Epitopes section

<AllerML_Epitope_Set> Section for an epitope set, normally from a single publication

<AllerML_Epitope_Type> Epitope type: IgE, T-cell

<AllerML_Epitope_Position> Epitope position

<AllerML_Epitope_Sequence> Epitope sequence

<AllerML_Epitope_Comment> Epitope comment

<AllerML_MotifMate_Motifs> Section for a collection of MotifMate motifs

<AllerML_MotifMate_Motif> MotifMate motif

<AllerML_MotifMate_Motif_Position> MotifMate motif position
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Tag Description

<AllerML_MotifMate_Motif_Sequence> MotifMate motif sequence

<AllerML_Cross-references> Cross-references to other databases

<AllerML_EMBL> EMBL (http://www.ebi.ac.uk/)

<AllerML_GenBank> GenBank (http://www.ncbi.nlm.nih.gov)

<AllerML_DDBJ> DDBJ (DNA Data Bank of Japan, http://www.ddbj.nig.ac.jp/)

<AllerML_HSSP> HSSP (http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-page+LibInfo+-lib+HSSP)

<AllerML_PDB> PDB (http://www.pdb.org)

<AllerML_IntAct> IntAct (http://www.ebi.ac.uk/intact/site/index.jsf)

<AllerML_GO> GO (http://www.geneontology.org/)

<AllerML_InterPro> InterPro (http://www.ebi.ac.uk/interpro/)

<AllerML_Gene3D> Gene3D (http://gene3d.biochem.ucl.ac.uk/Gene3D/)

<AllerML_Pfam> Pfam (http://pfam.sanger.ac.uk/)

<AllerML_PRINTS> PRINTS (http://www.bioinf.manchester.ac.uk/dbbrowser/PRINTS)

<AllerML_PROSITE> PROSITE (http://www.expasy.org/prosite/)

<AllerML_References> Set of references

<AllerML_Reference> Reference

<AllerML_Reference_PubMed> PubMed ID

<AllerML_Reference_Authors> Set of authors

<AllerML_Author> Author

<AllerML_Reference_Journal> Journal

<AllerML_Reference_Title> Title

<AllerML_Reference_Year> Year

<AllerML_Reference_Volume> Volume

<AllerML_Reference_Pages> Pages

Regul Toxicol Pharmacol. Author manuscript; available in PMC 2012 June 1.

http://www.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov
http://www.ddbj.nig.ac.jp/
http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-page+LibInfo+-lib+HSSP
http://www.pdb.org
http://www.ebi.ac.uk/intact/site/index.jsf
http://www.geneontology.org/
http://www.ebi.ac.uk/interpro/
http://gene3d.biochem.ucl.ac.uk/Gene3D/
http://pfam.sanger.ac.uk/
http://www.bioinf.manchester.ac.uk/dbbrowser/PRINTS
http://www.expasy.org/prosite/

