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Abstract

Databases and computational tools are increasingly important in the study of allergies, particularly in the assessment of allergenicity
and allergic cross-reactivity. ALLERDB database contains sequences of allergens and information on reported cross-reactivity between
allergens. It focuses on analysis of allergenicity and allergic cross-reactivity of clinically relevant protein allergens. The official IUIS aller-
gen data were extracted from the [UIS Allergen Nomenclature Sub-Committee website, and their sequence information from the public
databases, and reference publications. The analysis tools assist allergen data analysis and retrieval, and include keyword searching,
BLAST, prediction of allergenicity, modification of BLAST that displays cross-reactive allergens, and graphics representation of
cross-reactivity data. ALLERDB is new brand of allergen databases with a rich set of tools for sequence comparison, pattern identifi-

cation, and visualization of results. It is accessible at http://research.i2r.a-star.edu.sg/Templar/DB/Allergen.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Bioinformatics is an important tool for managing aller-
gen data, analysis of properties of allergens, assessment of
protein allergenicity, and analysis of potential allergic
cross-reactivity. Sequences of allergenic proteins are scat-
tered across multiple databases (Table 1), including gen-
eral-purpose protein databases and specialist allergen
databases. Some of these databases contain basic allergen
sequences and related information [1-4], some have basic
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sequence comparison tools [5-7], while others have addi-
tional tools [8,9] for the assessment of allergenicity based
on the FAO/WHO expert group recommendations [10].
These databases and their allergen-related content have
been described elsewhere [11,12]. Each of these databases
has a different focus and they contain different subsets of
allergen sequences. The most authoritative data source in
terms of content is the [UIS Nomenclature Sub-Committee
Allergen Database [4] (IUIS allergens), which defines aller-
gens according to a set of well-defined criteria, but it does
not have direct links to allergen sequences. Other dat-
abases, such as Allergome and SDAP, contain IUIS
allergens, but they may also include putative allergens
annotated using sequence similarity to the verified
allergens.

Identification of allergic potential is a key issue when-
ever new proteins are brought into contact with humans,
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Table 1

Online molecular databases of allergens

Database URL Reference

“UniProt WWw.uniprot.org 1]

“GenPept www.ncbi.nlm.nih.gov/entrez/ 2]
query.fcgi?db=Protein

SwissProt www.expasy.org/cgi-bin/lists?allergen.txt [3]

allergens
BIFS www.iit.edu/~sgendel/fa.htm
Allergome www.allergome.org

IUIS allergens

CSL allergen

[4]
(5]
www.allergen.org [6]
www.csl.gov.uk/allergen 7]

(8]

FARRP allergenonline.com

SDAP fermi.utmb.edu/SDAP 9]

ALLERDB antigen.i2r.a-star.edu.sg/Templar/DB/ This
allergen paper

* General-purpose databases.

either through food or other modes of exposure. The cur-
rent joint recommendation by the FAO and the WHO is
a scheme based on a decision tree which involves sequence
similarity search against known allergens [10]. Two deci-
sion criteria have been proposed for bioinformatic assess-
ment of allergenicity: identity of six or more contiguous
amino acids, or minimum 35% identity over an 80
amino-acid segment [13]. While useful in some cases, the
six amino-acid identity rule may be not practical because
it produces a large number of random hits [8-14]. Several
web applications that use the two decision criteria have
been reported [8,9,15]. New algorithms based on identifica-
tion of presence of allergen-specific motifs that show prom-
ising results in predicting allergenicity have also been
reported [16-18]. The question of what represents a biolog-
ically significant sequence similarity match between a query
protein and known allergens remains yet unanswered and
there is a need for further research in this field. In the
meantime, the FAO/WHO recommendations remain a
standard for the assessment of allergenicity.

Allergic cross-reactivity is a significant clinical prob-
lem—even distant allergens can cause cross-reactivity
[19]. In the latex-fruit syndrome, for example, cross-reac-
tivity between allergens derived from latex and from food
plants has been observed [20]. This and similar examples
indicate a major need for methods to identify potential
cross-reactive allergens, particularly those that have low
sequence similarity. The molecular basis for allergic
cross-reactivity is in structural similarity among proteins
from diverse sources and the clinical relevance appears to
be influenced by several factors including the IgE response
against the allergen, route of exposure, and the sequence
and structure of the allergen [21]. Better understanding of
the basis of allergic cross-reactivity is essential for diagnos-
tics and control of severe allergies [22] and the design of
immunotherapies [23].

Hereby we report ALLERDB, a database that contains
sequences of allergens approved by IUIS Allergen Nomen-
clature Committee and information on reported cross-reac-
tivity between allergens. ALLERDB focuses on analysis of

allergenicity and allergic cross-reactivity of clinically rele-
vant protein allergens. It contains integrated bioinformatic
tools for performing sequence similarity search, assessment
of potential allergenicity, and analysis of allergic cross-
reactivity. The main purpose of ALLERDB is the support
of molecular studies of allergens, the assessment of allergic
responses and of allergic cross-reactivity. ALLERDB is
accessible at  http://research.i2r.a-star.edu.sg/Templar/
DB/Allergen.

2. Database description
2.1. Data

The allergen and isoallergen lists were extracted from
the TUIS allergens website (http://www.allergen.org) along
with the data on scientific and common names of the
source organisms, allergen citation, and allergen public
database accession (from GenBank, SwissProt, or PIR).
All TUIS allergens that have protein sequences available
in the public sequence databases were entered into
ALLERDB database. In addition, links to well-defined
protein domains in Pfam [24] are included in the records,
if available. For IUIS-listed allergens that contain no pro-
tein sequence entries in public database but allergen
sequence was available in publication reference is available,
protein sequence records were entered into the ALERDB.
The same approach was applied to allergens available in
the IUIS isoallergen list. TUIS-listed allergens whose
sequence information is not available, were not included
in the ALLERDB. TUIS allergens that have multiple refer-
ence sequences, have these sequences as separate record in
the ALLERDB.

ALLERDB records contain fields that have information
on allergen sequences as well as the record management
information. ‘DBACC’ is a unique number defines identi-
fier of each record in the database. The field ‘Date’ identi-
fies the time when the entry been created. The ‘Name’ field
contains the IUIS nomenclature name of the allergen.
‘SOURCE’ field contains the organism source of the aller-
gen. ‘SEQLINK’ field provides hyperlinks to the external
database from which the sequence information of the aller-
gen was extracted. The actual sequence is recorded in
‘SEQUENCE’ field. ‘COMMENT"’ field shows relevant
comments or observations, if any. The “Feature” field
has several sub fields such as, ‘Pfam domains’—the protein
family, conserved domains, and hyperlinks to their PFAM
entries. The ‘XRallergen’ field contains links to reported
cross-reactive allergens within ALLERDB. Journal article
reference that contains the information is listed in “XRre-
ference’. ‘Isoallergen’ field contains isoallergens of individ-
ual allergen and provides hyperlinks to their full records.

From the list IUIS Allergen list released on 12 Septem-
ber 2005, we extracted 779 allergens and isoallergens.
Among them, we found 671 had sequence information
available and were included in the ALLERDB database.
It contains entries of 398 allergens, 273 isoallergens, 358
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links to Pfam domains, and 128 instances of reported cross-
reactivity collected from the literature and verified using a
text-mining tool ABK [25].

2.2. Analysis tools

To assist allergen data analysis and retrieval, ALLER-
DB has five integrated tools, BLAST, Search, XRblast,
AllerPredict, and XRgraph.

= W 50 ALLERDB - Netscape

Search is a retrieval tool which enables user extract
record from the database if there is a match to the supplied
keyword anywhere in the text of the record. The output of
this tool is a table containing accession numbers hyper-
linked to their records, source organism, and allergen
names (nomenclature). Individual records from the table
of matching records can be accessed through hyperlinks
attached to the accession numbers. A sample output of
Search is given in Fig. la and b.

FEX
. Fle Edt View Go Bookmarks Tools Window Help
M eo Q Q @ [ pilesearch .- str o salTenpln D lergen] t | & b @
./ B 4 Home [%]Netscape Q Search S Customize...
5
ALLERDB -
Search ALLERDB
BLAST
Search You can search the database records by keywords.
\R-Blast Complex searches, using boolean operators AND and OR are supported.
Aller-Predict Keyword: PEANUT @® and O or
XR-Graph Display 10~/ entries.
Comments and suggestions on this database may be sent to Zhang Zong Hong zhzhang@ir a-star edusg
ORaeD) e )
b ) ALLERDB - Netscape g@\@
. Ele Edt Yiew Go Bookmarks Tools Window Help
" @Q @ 0 @ [ retp hi2r.3-star edu.spiTemplarjDBj Aerg ol 5:;0 :@
./ @, 4 Home [W]Netscape Q Search S Customize...
»
ALLERDB Summary of data records - click on accession number to view full record
BLAST Generated by BioWare: an integrated database syster on Sat Apr 14032006 2007
Searcl
e ACCESSION SOURCE NAME
BAE-BECL D000034 Arachis hypogaea Arahl
AllerPrecict D00003s Araclus hypogaea Arahs
XR-Graph D000169 [Arachis hypogaea Arah2
D000382 Araclus hypogaea Arah4
‘]_‘)000383 Arachis hypogaea Araho
1D000384 Arachis hypogaea Arah?7
D000721 Araclis hypogaea Arahs
D000904 Arachis hypogaea Arah3
1 to 8 of 8 records
Connaents and suggestions on this database 1ay be sent to Zhang Zoxg Hong zhehan@ir a-star edu s
[© L @f [J owe === el ]

Fig. 1. (a) A Search query “PEANUT” has been entered into the keyword field. (b) Output after query entered in Fig. 1a.
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XRblast is a modification of the BLAST sequence com-
parison tool. BLAST [26] is a local sequence alignments
tool. It enables comparison of query sequence with
sequences stored in the ALLERDB database and displays
the alignments. The results are reported in a form of a
ranked list followed by a series of individual sequence
alignments. Two scores, one that indicates similarity score
of the match (in bits), and another that indicates the Expec-
tation Value of the match (proxy for statistical significance)

a &) ALLERDB - Netscape
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are included in the output. The BLAST version imple-
mented in the current version of ALLERDB is
BLAST2.2.3. The XRblast performs BLAST search as well
as post processes the output of BLAST and produces
enhanced output—standard output of the BLAST search
with sequences that have high similarity to the query pro-
tein (matches) plus information on allergens that have
reported cross-reactivity with the individual matches. Both
matches and cross-reactive allergens are hyperlinked to

. Fle Edt Yiew Go Bookmarks Tools Window Help
eo Q 0 Q [ ttp:fireserch. zr.a-star.echu. s/ TemplerjDBjallergen; ] ‘E‘;o @
‘7 ' @ 4 Home [ Netscape CY Search S Customize...
»
=
ALLERDE XR Blast
BLAST
Search
XR-Elast Expect 10 v| Descrptions (50 v
Aller-Predict Alignments: |50 |»
XR-Graph
Sequence name: test =
Sequence:
MENIFMLTLFILIITSTIRKAIGSTNEVDEIRKQEDDGLCYEGTNC
GEVGKYCCEPIGKYCVCYDSKAICNENCT
Comments and suggestions on this datsbase may be sent to Zhang Zong Horg zhrhang®idr a-star edusg
248980 === e 4

b &9 ALLERDB - Netscape

. Fle Edit View Go Bookmarks Tooks Window Help
4 eo Q @ Q [ hetousiresearch izr a-star.edu.sgiTerplar B/ Allergent ] 550 @
./ @ 4 Home (W] Netscape € Search : Customize...
1]
""" XR-BLAST
ALLERDB . ) . ‘ . ‘
This protein has similarity with the following cross-reactive allergens:
BLAST ~ DO0O0DZE Amb t 5 356
XR: D0OO00Z26 (Amb a 5)
Search DO00026 Amb a 5 44
) XR: D0OO0D02B (Amb t 5)
MR-Blast  poopsss Hev b 11.0101 21
» XR: DDO0O099 (Hev b 6.01)
Aller-Predict e
—————— DO0000%2 Hev b 6.01 18
XR-Graph XR: DO00374 (Pers a 1)
XR: D000855 (Hev b 11.0101)
BLASTP 2.2.3 [May-13-2002]
Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.
Query= test , 73 bases, DOSED27D checksum.
(73 letters)
[ 0
Corments and suggestions on this datebase may be sent to Zhang Zong Hong zhrhang@i0r.a-staredu.sg
=P ]

Fig. 2. (a) Input example sequence for XRblast. (b) Output of query in (a).
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their records from the XRblast output. A sample output of
XRblast is given in Fig. 2a and b.

AllerPredict is a sequence similarity search tool that
reports sequence similarity in accordance to FAO/WHO
recommendation for the assessment of allergenicity. Both
the six contiguous amino acids identity rule, and >35% iden-
tity over a stretch of 80 amino acids are implemented. Users

can submit the protein of interest to AllerPredict, which will
return the list of matches that satisfy either of the rules.
Sample query and output is shown in Fig. 3a and b.
XRgraph is a visual tool which enables users to display
graphical representation of the cross-reactivity information
on allergens. The graphs are created dynamically from the
contents of the database and displays allergens (boxes) that

b= W 60 11ERDR - Netscape EEX
. Ele Edt Yew Go Bookmarks Tools Window Help
@o O @ Q || htpuiiresearch.izr.a-star.edu.sqlTemplar OB fallergen/ ] ‘:f:‘;o 1@
A =
./ B, 4 Home []Netscape © Search | % Customze...
= L
ALLERDB - i
_ AllerPredict
BLAST
Search
Sequence name: Cop_c_2
XR-Blast
o Sequence:
Aller-Prechct
XR-Graph MVQVISNLDEFNKLTNSGKIIIIDFWATWCGPCRVISPIFEKES
EKYGANNIVEAKVDVDTASDI SEEAKIRAMPTE QVYKDGQKIDE
LVGANPTALESLVQKSLA
Corenezts end suggestions on this database reay be sent to Zhang Zong Hong shebang@idr a star edusg
A8 D =g
o) = ALLFROB Netscape [ [=1[E3]
. Ele Edt Vew Go Bookmarks Tools Window Help
@Q Q @ O || hetpifiresearch izr.a-star.edu. sl Templar DB fAllergen/ = Cfgo LN
=
A/ B\ 4 Home [ Netscape CQ Search | - Customee..,
»
=
ALLERDE QUERY SEQUENCE NAME: Cop_¢ 2
. OVERALL SUMMARY =
BLAST i
Search DBACC e e e i?s% IDENTITY OV
XR-Blast
DO0ODO6S Cop ¢ 2 + +
Aller-Predict D000926 Tri a 25 + =
DOo00186 Fus ¢ 2 = +
XR-Graph  poopoz? Zea m 25 - ¥
============100% IDENTITY OVER 6 OR MORE AMINO ACID§============
This protein has 100% identity over € or more amino acids with 2 allergens.
DBACC NAME BLOCK IDENTITY
D000068 Cop < 2 1 106
D000926 Tri a 25 1 5
Kl ]
Comments and suggestions on this database may be sent to Zhang Zong Hong zhahang@ids o star sdu.g
DA S0 R = |

Fig. 3. (a) Example query for AllerPredict. (b) Output of Fig. 3a, shown the sequences which have six contiguous amino acids identity with the query
sequence, or >35% identity over a stretch of 80 amino acids comparing to the query sequence.
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Fig. 4. An example of XR Graph output for Lol p 1.

are related by reported cross-reactivity (links). This visual
tool enables user to establish possible allergen cross reactiv-
ity relationships not reported before. This tool might be use-

(_IUIS ALLERDBs )

Data collection

A4

Raw Data Set

Data formatting

v

Initial DataSet ( Published Articles )

Text mining

Tools design

Development

J@ Search

% XR Blast
ﬁ AllerPredict
J@ XR Graph

Data cleaning

A 4 A4
Final Data Set

Database creation

Cross-reactivity

Annotation

A

ALLERDB Database [« Implementation

Querying

RESULTS

Fig. 5. The construction of ALLERDB database.

ful in the development of novel allergy diagnostics
approaches. A sample output of XRgraph is shown in Fig. 4.

2.3. Database construction

The process of building ALLERDB database is shown
in Fig. 5. It includes data acquisition and inclusion into a
database, additional annotations, and integration of analy-
sis tools. The entire ALLERDB database has been created
and maintained using BioWare [27] data warehousing
system.

3. Conclusion

ALLERDB is a database of allergenic proteins with
integrated bioinformatic tools for the assessment of aller-
genicity and allergic cross-reactivity. It facilitates the
assessment of allergenic potential of anonymous proteins
that might be introduced in food chain or potential close
contact with allergic individuals. This database is along
with SDAP, a representative of new brand of allergen dat-
abases which include a rich set of tools, including those for
sequence comparison, pattern identification, and visualiza-
tion of results. With advances in clinical allergology,
genomics and proteomics, large amounts of data will be
available for the study of allergens and bioinformatics tools
will be essential in handling this data. We anticipate the
emergence of more advanced tools for prediction of aller-
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genicity, which will be included in ALLERDB and pro-
vided to the research community.
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