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A whole-genome bioinformatics approach to selection

of antigens for systematic antibody generation
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Here, we present an antigen selection strategy based on a whole-genome bioinformatics
approach, which is facilitated by an interactive visualization tool displaying protein features from
both public resources and in-house generated data. The web-based bioinformatics platform has
been designed for selection of multiple, non-overlapping recombinant protein epitope signature
tags by display of predicted information relevant for antigens, including domain- and epitope
sized sequence similarities to other proteins, transmembrane regions and signal peptides. The
visualization tool also displays shared and exclusive protein regions for genes with multiple
splice variants. A genome-wide analysis demonstrates that antigens for approximately 80% of the
human protein-coding genes can be selected with this strategy.
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1 Introduction

One of the great challenges in bioscience today is the need
for well-validated affinity reagents to explore the human
proteome [1]. Such protein specific probes could be used to
explore the corresponding proteins both in vivo and in vitro to
allow a comprehensive characterization regarding expres-
sion levels, subcellular localization, interaction networks and
differences between normal and disease tissues. However,
there are several concerns for such an effort, including the
choice of antigen, the choice of affinity reagent and the
quality assurance of the generated affinity reagents regard-
ing specificity and cross-reactivity [2]. The huge dynamic
range of proteins in biological systems, as exemplified by the
1010-fold difference in concentration between abundant and

low abundant serum proteins in human blood [3], makes
potential cross-reactivity difficult to predict and enforces the
need for careful selection of antigens for generation of affin-
ity reagents suitable for several application platforms.

Most bioinformatics tools for prediction of epitopes [4–11]
are based on the prediction of surface accessibility parameters
using various amino acid propensity scales [12]. However, such
methods do not predict the possibility for cross-reactivity based
on sequence similarity to other proteins from the same species
as the target protein. The fact that the human genome sequence
is known [13, 14] and that the coding parts of the genome can be
predicted and assembled into a list of potential proteins [15, 16]
opens up the possibility to develop prediction methods to
exclude regions within a target protein with high sequence
identity to other human proteins. We have earlier described
such an alternative strategy for selection of antigens, called
Protein Epitope Signature Tags (PrESTs), based on a sliding
window algorithm to predict the sequence similarity of the var-
ious parts of a particular human protein to all the other protein
sequences of the human proteome [17]. This information has
been used to select unique PrESTs with a size between 50 and
150 amino acids. A Grid-based method was used to compute the
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sequence identity of overlapping 8, 10, 12 [18] or 50 [19] amino-
acid windows of every human protein. The results show that
more than 8 out of 10 amino-acid residues identical between the
target protein and other proteins is rare, and should be possible
to avoid in the PrESTselection process [18].

Here, we present a bioinformatics strategy for the selection
of recombinant protein fragments (PrESTs) to be used for sys-
tematic generation of antibodies on a whole-proteome level
(Fig. 1). The PrESTselection is facilitated by a web-based tool –
PRESTIGE - that allows for in silico selection of antigens using
the most current protein information available. The strategy is
based on the design of PCR primer pairs for de novo cloning of
PrESTs from RNA extracted from various human tissues [20].
The DNA fragments are inserted into an Escherichia coli expres-
sion vector [21] and the recombinant PrESTs are validated by
mass spectrometry and used for immunization. The polyclonal
antisera are finally purified using the antigen as affinity ligand
[22] and the obtained mono-specific antibodies are validated by
protein arrays and Western blots. The approved antibodies are
then used for a systematic analysis to determine protein profiles
in human normal and disease cells and tissues using tissue
microarrays [2] and confocal microscopy [23]. Here, we discuss
the various criteria for selection of antigens, including the
strategy to find lowest possible sequence identity of the selected
fragment to proteins from other genes, to avoid cross-reactivity
of the generated antibodies.

2 Materials and methods

2.1 PRESTIGE

PRESTIGE is a web-based tool for antigen selection and visu-
alization, developed with PHP: hypertext preprocessor using

the GD graphics library extension. All the interactivity is han-
dled by JavaScript. The Ensembl application-programming
interface (API) [24] is utilized to retrieve gene and protein data
from a local instance of the Ensembl [25] core MySQL data-
base. Protein sequence data are retrieved from Ensembl for
prediction of membrane protein features by pre-processing
with the TMHMM 2.0 software package [26]. Sliding window
sequence identity information is pre-processed from
Ensembl protein sequence data by a Grid-based procedure, as
described elsewhere [19]. Shared and exclusive regions be-
tween splice variants are determined via a pre-process involv-
ing a Java application comparing coding exons (Rockberg, J.,
unpublished data). All pre-processed data are stored in a local
MySQL database. The restriction sites for selected restriction
enzymes are found “on-the-fly” based on the protein-coding
parts of the transcript sequence. PRESTIGE is connected to a
laboratory information management system (LIMS), where
the status and sequence of previously selected antigens are
stored. Any antigen already selected on a target protein will be
displayed in PRESTIGE together with the status of that anti-
gen. A previously selected antigen has to be at least 80%
identical to the target protein sequence to be assigned to that
protein and any sequence identity ,100% is indicated in the
protein view. Selected antigens are loaded into the LIMS
MySQL database after design of PrEST-specific primers.

2.2 Whole-genome analysis

The data used for PRESTIGE, based on Ensembl version
48.36 (22 997 protein-coding genes), were analyzed to find
PrESTs of length 50-amino-acid residues with less than 60%
sequence identity of the PrEST to other proteins. Also, any
PrEST containing a 10-amino-acid window with more than
8/10 amino acids identical to another protein was discarded.

Figure 1. The workflow for generation of mono-
specific antibodies with PrESTs as antigens.
PrESTs are selected in silico and PrEST-specific
primers are used for RT-PCR amplification of the
selected fragments from total RNA. The ampli-
fied PrEST cDNA is sequence-verified and in-
serted into a vector for subsequent recombinant
protein expression in Escherichia coli. The PrEST
protein is used for immunization and the
retrieved serum is affinity-purified with the
PrEST as ligand. The purified antibodies are test-
ed for specificity by protein arrays and Western
blotting, and the expression pattern of the pro-
tein is studied by immunohistochemical staining
of numerous human tissue and cell samples.
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The PrESTs were not allowed to overlap with predicted
transmembrane regions, or with a signal peptide, as pre-
dicted by SignalP [27]. The search for PrESTs was done from
the N to the C terminus of the protein, counting every possi-
ble non-overlapping PrESTs.

3 Results

3.1 The antigen selection strategy

In Table 1, the criteria used for PrEST selection, to enable
generation of protein-specific antibodies, are summarized.
First, uniqueness of the selected fragment compared to pro-
teins from other genes is ensured using a sliding window
algorithm [18, 19] to predict the sequence identity of win-
dows of 50 and 10 amino acids, respectively, throughout the
target protein. The 50-amino-acid window is primarily used
to avoid selection of domain-sized regions with high
sequence identity between the analyzed protein and another
human protein, which could indicate structural similarity
between the proteins that in turn might lead to cross-reactive
conformational epitopes. The smaller window (ten amino
acids) is used to avoid local high sequence identity to another
protein, which might cause cross-reactivity involving linear
epitopes. The transmembrane regions are avoided in the
selection of antigen due to the inaccessibility for the anti-
bodies to the membrane-spanning region of the target pro-
tein. In addition, the production of recombinant proteins
containing hydrophobic regions is problematic with low
yields and success rates [28]. Any predicted signal peptide is
avoided in the selection process, as it is cleaved from the
native target protein. Antigens are preferably selected on
parts of the protein shared by all splice variants of the target
gene, to cover all proteins encoded by the target gene with
the generated antibodies. Alternatively, antigens are selected

on exclusive parts of the protein to enable studies of this
particular splice variant. As an additional criterion, cleavage
sites for particular restriction enzymes, for example to be
used in subsequent cloning procedures, can be excluded
from the PrEST.

3.2 The protein visualization and antigen selection

tool

A web-based tool has been developed to allow for visuali-
zation of protein features and interactive selection of suit-
able antigen regions. The tool, called PRESTIGE, is divided
into various sections (Fig. 2), including a sequence window
displaying the protein sequence and a protein model with
information about the protein using various prediction
algorithms. The information behind the features displayed
is obtained both by in-house computational analysis of
sequence data and directly from external sources (Fig. 3).
The protein- and gene identifiers and all sequences dis-
played in PRESTIGE are retrieved from the latest version
of the Ensembl database [25], as well as data for predicted
signal peptide and InterPro regions [29]. Predicted trans-
membrane regions and inside/outside location of loops for
membrane proteins are visualized. The sequence identity
of the different parts of the protein is retrieved via a sliding
window sequence similarity search using multiple CPUs
[19]. The target protein is analyzed for shared regions be-
tween all splice variants of the corresponding gene, as well
as any regions exclusive to this particular splice variant
(Rockberg, J., unpublished data). All the above given data
are pre-computed and stored in a local database. PRES-
TIGE is tightly connected to a LIMS (Fig. 3), which allows
for direct submission of selected PrESTs to the antibody
generation workflow. In addition, this enables visual track-
ing of the status of selected PrESTs in the experimental
workflow.

Table 1. Features for antigen selection

Feature Comment Selection strategy

Sequence identity of protein
domains

Sliding window sequence
comparison with 50 amino
acids window

Avoid regions with .60%
sequence identity

Sequence identity of linear
epitopes

Sliding window sequence
comparison with 10 amino
acids window

Avoid regions with more than 8
out of 10 amino acids identical

Transmembrane regions Prediction of transmembrane
regions

Avoid transmembrane regions

Signal peptide Prediction of signal peptide Avoid signal peptide
Splice variants Analysis of shared and exclusive

protein regions between splice
variants

Select antigens primarily on
shared regions

Restriction enzyme recognition
sites

Find sites in the protein-coding
parts of the transcript sequence

Avoid restriction sites used in
cloning
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Figure 2. PRESTIGE – a tool for antigen selection. The antigen selection tool is divided into three different sections: A sequence window (A)
displaying the protein sequence and the protein-coding part of the transcript sequence for the target protein, a button pane (B) with user
interactivity such as zooming, choice of positions, primer design etc., and a protein model (C-L). The protein model shows the scale and
length of the protein (C), restriction sites used for subsequent cloning (D), InterPro regions (E), low complexity regions (in the amino acid
sequence) (F), regions shared between splice variants as well as regions exclusive to this particular variant (G), signal peptide (H), trans-
membrane regions and inside/outside location of loops (I), sequence identity to proteins from other genes based on a 50 amino acids
sliding window (J) or a 10 amino acids sliding window (K), and positions of selected PrESTs (L). Each pixel in the sequence identity features
(J, K) represents the center of the sliding window and the color of the pixels represents the sequence identity of the current window to
proteins from other genes.

Figure 3. Schematic overview of the PRESTIGE framework. Transcript- and protein sequence data, InterPro regions, low complexity
regions, and predicted signal peptides are retrieved from a local version of the latest Ensembl core database, via the Ensembl application
programming interface (API), for visualization in PRESTIGE. The sequences used for sliding window protein sequence similarity searches,
membrane protein predictions and restriction site mapping are also fetched via the API. Shared and exclusive regions for splice variants of
the same gene are analyzed based on data from Ensembl. Previously selected PrESTs and their status in the experimental workflow are
retrieved from a LIMS. Selected PrESTs are submitted to the LIMS after PrEST-specific oligonucleotide primer selection.
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3.3 Selection of antigens

The design of suitable antigens for antibody generation is
exemplified in Fig. 4. A PrEST length around 75 amino acids
is preferred, which is a length proven successful in the
experimental pipeline (Berglund, L., unpublished data),
while at the same time, in most cases, allowing for the design
of several PrESTs on the same protein. For our antibody-
based proteomics effort [2], we have aimed to select up to
four PrESTs per protein to increase the rate of successfully
generated antibodies and to have antibodies directed to dif-
ferent parts of the protein. Below, three examples are given in
which the design features and criteria described in Table 1
have been used.

The first example involves the ATP-binding cassette, sub-
family A (ABC1), member 3 (ABCA3) gene product, which
has been suggested to play an important role in the forma-
tion of pulmonary surfactant, probably by transporting lipids
such as cholesterol [30]. One of the proteins encoded by
ABCA3 is membrane bound with 11 predicted transmem-
brane regions (Fig. 4A). In the N terminus of the protein, a
signal peptide is predicted. The ABC-transporter domains
are represented by the InterPro feature and include regions
with high sequence identity to other proteins, which is also
shown on the protein identity scales. The protein has long
regions with low sequence identity to proteins from other
genes, both on the domain- and the epitope scale. In the
protein-coding part of the transcript corresponding to this

Figure 4. Antigen selection. Suggested antigens for A, the membrane-bound protein encoded by ABCA3, and B, a splice variant of the
KIAA1958 gene. (C) No specific antigens can be selected for the gene ACOT1.
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protein, there is a cleavage site for the restriction enzyme
AscI, which is used in the subsequent cloning of the selected
fragment. The restriction site is represented at amino acid
position 863 in the protein. The majority of the protein
sequence is shared between the splice variants of the ABCA3
gene, but there is a 58 amino acid long exclusive region
spanning amino acid positions 371–428. The strategy to
select antigens with low sequence identity to other proteins,
while at the same time avoiding transmembrane regions,
signal peptides and chosen restriction sites, allows for four
non-overlapping PrESTs on this protein (Fig. 4A). The
exclusive region of the protein is not used for antigen selec-
tion due to the overlap with a transmembrane region.

The second example involves the uncharacterized
KIAA1958 gene (Fig. 4B). As this protein does not have a
high similarity to any other protein and no InterPro regions,
the function is difficult to predict from the protein sequence
alone and hence it is valuable to create specific antibodies to
study the tissue expression and function of the protein. The
gene has, according to Ensembl, two alternative splice var-
iants (Fig. 4B), of which one, ENSP00000336940, has a long
region shared with the other variant, in addition to an exclu-
sive 327-amino-acid region. It is possible to select PrESTs
both on the shared and on the exclusive region and genera-
tion of antibodies towards this protein will possibly give
some clues about the characteristics of KIAA1958.

The third example is the acyl-CoA thioesterase 1
(ACOT1) gene belonging to the C/M/P thioester hydrolase
family and catalyzing the hydrolysis of acyl-CoA to free fatty
acid and coenzyme A (CoASH). This protein has the poten-
tial to regulate intracellular levels of acyl-CoA, free fatty acids
and CoASH [31]. As shown by our visualization software
(Fig. 4C), all regions of the ACOT1 have high sequence
identity to other human proteins. It is therefore not possible
to select PrESTs with the Table 1 criteria (,60% sequence
identity on the 50-amino-acid window level). A more thor-
ough analysis reveals that the protein encoded by the ACOT1
gene is very sequence similar to other members in the
C/M/P thioester hydrolase family.

3.4 Whole-proteome analysis

An important question is the possibility for complete cover-
age of the genome, selecting antigens to one representative
protein from each human gene. A whole-genome analysis
was therefore performed to investigate the number of genes,
out of the 22 997 human protein-coding genes in Ensembl
(version 48.36), for which it is possible to find at least one
PrEST for the encoded protein(s) (Fig. 5). All possible 50-
amino acid PrESTs, with full-length sequence identity less
than 60% and no 10-amino-acid window with more than
eight out of ten amino acids identical to other proteins, were
located for each human protein. Additionally, no overlap
with transmembrane regions or signal peptide was allowed
in the selected region. The results suggest that it is possible
to generate unique antigens, using the above given criteria,

Figure 5. Whole-genome analysis. Number of predicted PrESTs
per gene. All non-overlapping PrESTs with a length of 50 amino
acid residues were counted for each protein and the protein with
the highest number of PrESTs was selected as the representative
for the target gene.

for the vast majority of the human genes (77%), and that at
least two non-overlapping PrESTs can be selected for 65% of
the genes. Interestingly, more than 10 separate PrESTs can
be designed for more than 15% of the human genes. An
analysis of the failed genes (23%) showed, in most cases,
high sequence identity of the target protein to another hu-
man protein. Other features that prevents PrEST selection is
too short protein sequence or too short loops between trans-
membrane regions.

4 Discussion

Here, we show that a web-based visualization tool can be
used to facilitate the design and selection of antigens for
generation of protein-specific antibodies to the human pro-
teome. Due to the availability of the complete human ge-
nome sequence, the concept is based on the generation of
protein or peptide fragments with low sequence identity to
all other human proteins. Thus, selection of antigens can be
combined with efficient methods to generate recombinant
protein fragments, making the strategy suitable for high-
throughput proteomics efforts. It is also possible to use the
same strategy for the selection of shorter antigens, including
the non-recombinant route in which peptides are chemically
synthesized. In this case, the prediction using the 10-amino-
acid window is of course more important than the longer 50-
amino-acid window. Although conceptually attractive, the
alternatives to generate full-length proteins or to isolate pro-
teins from native sources has the disadvantage that careful
mapping of the binding epitope for the resulting affinity
reagent is needed, to ensure that unspecific regions have not
been used.

Other methods for selection of antigens focus on the
immunogenicity of the protein regions. Unfortunately, an
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evaluation of these methods shows that they perform only
marginally better than random [32] and therefore will only be
added to the tool if improved.

The strategy described here is based on the prediction
of domain-sized regions with high sequence identity be-
tween the analyzed protein and other human proteins, as
well as shorter high sequence identity linear sequences.
Many antibody-based applications, such as Western blots,
immunohistochemistry and fluorescent-based confocal mi-
croscopy, involve protein targets that are wholly or partially
unfolded and thus exclusion of linear highly sequence
identical short sequences (linear epitopes) is important.
Other applications, such as serum screening or therapeutic
applications, involve proteins in their native form, where
native (conformational) epitopes are most likely preferred.
For these applications, domain-sized regions with high
sequence identity between the analyzed protein and other
human proteins, implicating structural similarity, are
essential to avoid in the antigen.

The results of the whole-genome analysis showed that for
the vast majority (77%) of the human proteins, it is possible
to select a 50-amino-acid region with less than 60% sequence
identity to other proteins, no local sequence identity higher
than 8 out of 10 amino acids, and no predicted transmem-
brane or signal peptide region. The most common reason for
not being able to select a PrEST for a gene is the existence of
a related gene with similar or identical (duplicated) protein
sequence. By adding information about such highly
sequence similar proteins to the antigen selection tool, it
might in the future be possible to select antigens that are
common to all the sequence similar proteins, but still dis-
similar to all other proteins. In this manner, it will be possi-
ble to generate antibodies that will recognize a defined group
of proteins (pluri-specific antibodies) instead of one single
protein (mono-specific antibodies). Alternatively, if the
sequence identity of the protein to other proteins is less than
100%, shorter antigens (peptides) can be generated where
the local sequence identity of the target protein to other pro-
tein is low.

Currently, only human protein data is displayed in the
antigen selection tool, but it would be rather easy to shift to
any other species, especially if that species is part of the
Ensembl collection. It is therefore possible to develop the
bioinformatics tool further to enable generation of inter-spe-
cies reactive antibodies by adding data from other species.
Selection of antigens for such studies would include identi-
fication of the most similar sequence region between human
and the species of interest, while at the same time avoiding
regions similar within the species to ensure generation of
protein-specific antibodies.

In summary, we here describe a new bioinformatics tool,
PRESTIGE, for selection of antigens suitable for antibody
generation. The strategy outlined has, this far, been used for
the selection of antigens corresponding to 13 600 human
genes and it is aimed to generate antibodies for the Human
Protein Atlas portal (http://www.proteinatlas.org), including

protein expression data from 67 normal cell types, 216
patients representing all major cancers and 48 human cell
lines. At present, the Human Protein Atlas (version 3.1)
contains data from 3014 antibodies and more than 2.9 mil-
lion high-resolution immunohistochemistry images, all
manually annotated by a certified pathologist [2]. In addition,
several thousand confocal microscopy images showing sub-
cellular localization in human cell lines are present in the
atlas [23]. The epitope visualization using the PRESTIGE
software will, in the near future, be publicly available
through the portal for all “in-house” generated antibodies. In
this way, the exact sequence of the antigen in relationship
with other relevant features of the protein target is obtained.
This is important for international efforts [33] to generate
paired antibodies to the human proteome [34], in which the
paired antibodies should be produced towards two separate
and non-overlapping epitopes of the same protein target. The
ultimate goal of such efforts is to generate a toolbox of pub-
licly available, renewable antibodies with defined epitope
sequences to provide a resource for basic biomedical re-
search as well as various clinical applications.
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