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Abstract

BlockLogo is a web-server application for visualization of protein and nucleotide fragments,
continuous protein sequence motifs, and discontinuous sequence motifs using calculation of block
entropy from multiple sequence alignments. The user input consists of a multiple sequence
alignment, selection of motif positions, type of sequence, and output format definition. The output
has BlockLogo along with the sequence logo, and a table of motif frequencies. We deployed
BlockLogo as an online application and have demonstrated its utility through examples that show
visualization of T-cell epitopes and B-cell epitopes (both continuous and discontinuous). Our
additional example shows a visualization and analysis of structural motifs that determine
specificity of peptide binding to HLA-DR molecules. The BlockLogo server also employs selected
experimentally validated prediction algorithms to enable on-the-fly prediction of MHC binding
affinity to 15 common HLA class | and class 11 alleles as well as visual analysis of discontinuous
epitopes from multiple sequence alignments. It enables the visualization and analysis of structural
and functional motifs that are usually described as regular expressions. It provides a compact view
of discontinuous motifs composed of distant positions within biological sequences. BlockLogo is
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available at: http://research4.dfci.harvard.edu/cvc/blocklogo/ and http://methilab.bu.edu/
blocklogo/
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1. Introduction

Sequence logos are useful tools for visual display of conservation and variability in a
multiple sequence alignment (MSA) of DNA, RNA, or protein sequences (T D Schneider
and Stephens, 1990). Individual nucleotides or residues in each position in an MSA are
displayed by stacking the characters, where the height of each character corresponds to its
frequency relative to the frequencies all characters in that position, and the height of the
stack is determined by the total information content (Shannon, 1948). Sequence logos aid
the interpretation of sequence data by visualization of conserved motifs representing various
functional or structural properties. Examples of motifs that have been visually analyzed
using sequence logos are: transcription factors (Wade et al., 2004), enzyme DNA sequences
(Goll and Bestor, 2005), proteolytic cleavage sites (Mahrus et al., 2008), T-cell epitopes
(Bryson et al. 2009; Olsen et al. 2011), and the analysis of targets of neutralizing antibodies
in HIV (Sun et al., 2008), among others. Sequence logos display stacked motifs with the
most frequent residues shown at the bottom and the least frequent motif displayed on the top
of the stack. Sequence logos visualize biological sequence motifs where the height of the
logo element represents its log-transformed frequency displayed in bits of information.
Logos often do not display low-frequency motifs because their heights are below useful
resolution.

The most popular sequence logo web server is WebLogo (Crooks et al., 2004). It enables
users to generate standard sequence logos for DNA, RNA, and protein sequences. In
addition to the WebLogo web server, several specialized logo generators have been
developed to visualize specific matifs or functional sequence units that are unapparent from
the standard sequence logos. Examples of extensions to the basic sequence logo are: RNA
structure logo (J Gorodkin et al., 1997) which combines the standard sequence logo with
information about base pairing and mutual information of base pairs; enoLOGOS (Workman
et al., 2005) which displays energy measurements, probability matrices and alignment
matrices in addition to the standard sequence logo; two-sample logo (Vacic et al., 2006)
which displays comparative sequence logos for two sets of MSA; Correl.ogo (Bindewald et
al., 2006) calculates mutual information of nucleotides in different positions to determine
correlation and potential base pairing; Phylo-mLogo (Shih et al., 2007) creates sequence
logos for comparison of phylogenetically distinct clades within an MSA of DNA sequences;
Blogo (Li et al., 2008) displays a sequence logo with statistically significant bias of
individual positions; RNAlogo (T.-H. Chang et al., 2008) extends the RNA structure logo
with a graphical representation of secondary structure; PorelLogo (Oliva et al., 2009) uses
sequence logos and 3D protein structures to visualize motifs of channels in transmembrane
proteins; iceLogo (Colaert et al., 2009) provides a probability-based visualization by
allowing users to define reference sequences of the sample’s origin; Seq2Logo (Thomsen
and Nielsen, 2012) offers the capacity to visualize amino acid sequence profiles in terms of
amino acid enrichment and depletion; Rllogo (Menzel et al., 2012) for visualization of
RNA-RNA interactions; and CodonLogo (Sharma et al., 2012) which enables visualization
of conserved codon patterns. The BlockLogo web server (Figure 1) enables visualization of
continuous and discontinuous immune epitopes and various sequence motifs. To our
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knowledge, it is the first logo web server that specifically enables visualization and analysis
of immunologically relevant motifs.

WebLogo is suitable for visualization of immunological motifs such as immune epitopes. A
main limitation of the standard sequence logo for this type of application is that sequence
logos carry no information about the relationship between the residues in the logo, but treat
each residue as an individual independent position. Often, such logos have limited
interpretability. For example, the sequence logo of influenza A HA peptide 232-241 (Figure
2A) shows variability that can be encoded by as many as 3,072 different peptides
(4x1x1x4x3x2x4x2x2x2, corresponding to the number of different residues in each
position). The BlockLogo presented in Figure 2B and Table 1 shows, at a glance, that the
vast majority of actual sequence diversity is produced by only five peptides that can be read
directly from BlockLogo. The actual number of different peptides that have produced
sequence logo displayed in Figure 2A is seven, as shown in Table 1. The peptides visible in
this BlockLogo have frequencies >6%, while each of the two peptides not readable from
BlockLogo have frequency of <1%. Sequence logos can be useful for visualizing individual
anchor position variability of MHC binding peptides, however since many motifs, such as T-
cell epitopes, are recognized as linear peptides rather than individual residues, they should
be visualized as continuous sequence blocks or fragments. A typical MHC class | T-cell
epitopes may be between 8 and 11 amino acids long. MHC class 11 epitopes can be longer
than 30 amino acids but they bind MHC through a nine amino acids long binding core
(Reinherz et al., 1999). The input to the BlockLogo web server tool is an MSA of
nucleotides, of short peptides of equal length, or of a user-defined subset of positions (here
termed a “block’) within an MSA of longer protein sequences. The user-defined positions
from within an MSA (i.e. positions derived from the continuous or discontinuous motifs)
define the blocks. The information content (Shannon entropy) and relative frequency of each
block are calculated, and the sequences printed in the BlockLogo, stacked according to
frequency, from the most to the least frequent, from the bottom to the top of the stack. An
extension of BlockLogo enables prediction of the binding affinity of identified peptides for a
selection of common HLA molecules using the netMHC prediction algorithms (Lundegaard
et al. 2011; Nielsen et al. 2007) that have been experimentally validated for accuracy.

2. Materials and Methods

2.1. Variability and conservation metrics

Calculation of information content of individual positions in an MSA of homologous protein
sequences is based on Shannon entropy (Shannon, 1948). Similarly, Shannon entropy can be
calculated for each motif within a defined block. Each block contains W unique motifs of
length | in a dataset of N sequences. The formula used for calculation of block entropy is
(Olsen et al., 2011):

w
H(By)=— Y Py()logy(Pu(z)) @

w=1

Where H(By) is the total entropy of a block of motifs starting at position x, w is a unique
motif in the space of W unique motifs in block By. P,(X) is the frequency of motif w at
position x. In standard sequence logos, the theoretical maximum entropy of single position
in a protein sequence is 10g>20 A2 4.32 bits (corresponding to equal representation of all 20
amino acids), so each amino acid in a position can be represented by its fractional
information content of that position (4.32 - H(x)). The theoretical maximum entropy of a
block is 34.58 bits for 8-mer motifs (10g,208), ~38.90 bits for 9-mers (10g,20°), and ~43.22
bits for 10-mers (10g,2019). The maximum bit value on the Y-axis is calculated according to
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the input alphabet (RNA, DNA, or amino acids) and the selected block length. The height of
displayed BlockLogo is scaled to match the height of the sequence logo.

The fractional information content of each unique motif, w, in each block, By, is calculated
using the formula (Olsen et al., 2011):

H(w)=Py,(z)H(Bz) (2)

where H(w) is the entropy of peptide w; Py/(X) is the frequency of peptide w; and H(B,) is
the total information content of the block B starting at position X, in the MSA. The blocks
(peptides or nucleotide fragments, or discontinuous motifs) are displayed in order from the
most frequent to the least frequent block starting from the base of the X-axis.

2.2. Prediction of T-cell epitopes

The HLA binding affinity of peptides is predicted using NetMHC 3.0 (Lundegaard et al.,
2011) and NetMHCII 2.2 (Nielsen et al., 2007). These algorithms were chosen based on
their high accuracy determined in our previous studies of the accuracy of online HLA
binding prediction servers (Lin et al. 2008a; Lin et al. 2008b; Zhang et al. 2011). When the
HLA binding prediction option is selected, netMHC is used to predict HLA class | binders if
the selected block is of length 8-11, and for HLA class Il binders if the selected block is of
length 13-25.

2.3. Visualization of continuous peptides

Conservation of continuous immunological motifs, such as T-cell epitopes, can be easily
visualized and characterized using BlockLogo. To display this information, the user must
submit an MSA of homologous protein sequences, and select a continuous range for
visualization. The hemagglutinin (HA) sequences used to generate the examples presented
in this article were collected from FIUKB (http://research4.dfci.harvard.edu/cvc/flukb/). All
the sequences were aligned using MAFFT (Katoh and Standley, 2013). Example data and
their outputs are available at http://research4.dfci.harvard.edu/cvc/blocklogo/HTML/
examples.php and at the mirror site http://methilab.bu.edu/blocklogo/HTML/examples.php.

2.4. Visualization of discontinuous peptides

In some cases the investigated motifs within an MSA are not linear peptides. For example,
the residues forming a B-cell epitope are typically discontinuous positions within a protein
sequence. To display a discontinuous motif, the user needs to define the set of positions
from the MSA selected for visualization. By indicating the epitope positions in the uploaded
MSA, discontinuous epitopes are extracted from the sequences, converted into virtual
strings, and then processed by the BlockLogo and WebLogo enabling cross-comparison.
The discontinuous BlockLogo and sequence logo have the MSA positions indicated below
the stacked logos. For examples of discontinuous matifs, the neutralizing HA antibody F10,
HLA DRB1 hinding pocket 1 8 chain were visualized. The information of neutralizing
antibody F10 and validated strains were collected from the literature (Sui et al., 2009). B-
cell epitopes were defined using two measurements: the accessible surface area (ASA) loss
(Chothia, 1974) and the minimum distance between antibody and antigen atoms (McConkey
et al., 2003). Residues with more than 20% ASA loss between the HA monomer and HA/
antibody complex, and residues with atoms located within 4 A of the F10 antibody atoms
were considered to be part of the B-cell epitope. The F10 neutralizing epitope was defined
from the F10-HA structure (PDB ID: 3FKU) (Figures 3 and 4). The HA protein sequence in
FIuKB with highest similarity to the HA sequence in the F10-HA was chosen using BLAST
search (Altschul et al., 1990). The MAFFT tool (Katoh and Standley, 2013) was used to
generate the MSA of all HA proteins in FIUKB (29,113 complete HA protein sequences).
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The epitope positions defined by Sui et al. (2009) were mapped to the MSA. Then, a motif
was extracted with residues on these positions for each sequence The information of HLA
DRB1 binding pocket were collected from the literature (Chelvanayagam, 1997) and the
HLA-DRB1 sequences were extracted from the IMGT/HLA database (Robinson et al.,
2013). The example data and their output are available at BlockLogo under the examples
tab.

In both WebLogos and BlockLogos, the colors of the amino acids correspond to their
chemical properties; polar amino acids (G, S, T, Y, C, Q, and N) are shown in green, basic
amino acids (K, R, and H) are shown in blue, acidic amino acids (D and E) are shown in red,
and hydrophobic amino acids (A, V, L, I, P, W, F, and M) are shown in black.

2.5. Software implementation

BlockLogo is written in Perl and uses Encapsulated PostScript format. The logos are created
from open source templates available through the WebLogo web site (Crooks et al., 2004).
The program uses the open source package ImageMagick (www.imagemagick.org) to
convert the images to the supported formats.

3. User interface

The user is prompted to copy/paste an MSA, or upload a file containing an MSA, in
standard FASTA or ClustalW formats. Users can select a block from the MSA by specifying
the start and end positions of the subset, or a series of individual positions corresponding to
positions of a discontinuous motif. The motifs that have a gap in any of the positions within
the specified range will be excluded by default. In the analysis of discontinuous motifs, the
sequences with gaps in specified positions will be included in the analysis if user selects this
option.

Motifs of low frequency may not be visible when displayed by BlockLogo — this is a
property of all logo visualizations. If the image height in pixels multiplied by the percent
occurrence of a motif is less than 3, the low resolution of these low frequency motifs makes
it difficult to see them within the logo. We therefore enabled the user to define image
options (image format and size in pixels), which will alter the appearance and resolution of
the logo and the resulting size of the image file. The logo on the results site is scaled to fit
the size of the browser window. Clicking the logo on the result page will display the logo in
the user defined format and size to enable generation of publication-quality figures. A
standard sequence logo generated using locally installed WebLogo is printed below the
BlockLogo to enable the comparison of two images.

On-the-fly prediction of HLA class | and Il binding affinities in the defined block can be
performed by selecting “predict epitopes in block” option together with user input of target
HLA alleles. The results are displayed as a listing of HLA alleles including a table with
detailed information on the predicted epitopes. The home page of BlockLogo server is
shown in Figure 1.

4. Example applications

4.1. Conservation of influenza A T-cell epitopes

To illustrate the utility of BlockLogo, we analyzed a block of peptides in 29,113 influenza
virus HA protein sequences, containing approximately 36.1 bits of information. All peptides
in the block of 10-mers, starting at position 232 were predicted to bind to HLA A*02:01
with similar affinities. The relative frequencies of individual peptides within the viral
population cannot be determined from the standard sequence logo produced with WebLogo
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(Figure 2A), but are clear from the BlockLogo (Figure 2B). Table 1 lists seven different
peptides visualized in Figure 2 that represent the complete list of motifs found in the MSA,
along with their individual frequencies, cumulative frequencies, and their predicted binding
affinities to HLA A*02:01. The most frequent peptide in this block is present in the 64.65%
of viral population — this information is not obvious from the standard sequence logo
analysis. The combination of MHC binding prediction and BlockLogo visualization reveals
this particular region to be highly antigenic, and thus potentially valuable in polyvalent
vaccine designs. This peptide is not a known T-cell epitope and it is of potential interest
since it is a predicted binder of high affinity to HLA A*02:01 and is highly conserved
among HA.

4.2. Conservation of influenza A cross-neutralizing B-cell epitopes

The BlockLogo can also be used to display motifs as virtual peptides composed of a
selection of discontinuous sites within a protein. This function can be applied to visualize
conservation of B-cell epitopes, which can, for example, be used for representation and
characterization of cross-neutralizing viral B-cell epitopes described in (Xu et al., 2010).
The discontinuous BlockLogo (Figure 3B) displays the diversity of residues forming
conformational epitope that is recognized by the broadly neutralizing antibody F10 (Sui, et
al., 2009) shown in Figure 3A and Figure 3B. This BlockLogo shows the conservation/
variability of F10 B-cell epitopes identified within the alignment of 29,113 sequences of
full-length influenza HA proteins. The length of the block determines the information
content of this motif, which is approximately 68 bits of information. The BlockLogo
(Figures 4B) is a better indicator of the diversity of F10 neutralizing epitopes than the
traditional sequence logo (Figure 4A), since it includes information about the frequency of
actual sequences of naturally occurring epitopes. The description of ten most frequent
epitopes (discontinuous peptides), including the influenza subtype of origin and the status of
experimental binding validation is given in Table 2. The complete list of motifs in this
example comprises 112 peptides. The details of this example with the full list of motifs can
be accessed at the BlockLogo web site.

4.3. Variability of HLA-DRB1 binding pocket P1

The usage of BlockLogo can easily be extended beyond T and B-cell epitopes to predict and
visualize other peptide-protein interactions, and structural and functional motifs. For
example, BlockLogo can be used to visualize variation in known structural motifs, such as
HLA class Il binding pocket 1 (P1) of HLA-DR, defined by variable 1 chain and invariant
HLA-DR a chain. Pocket P1 accommaodates the primary anchor of class-11 HLA-DR
binding peptides. Positions that define binding pockets for large number of HLA-DR
molecules were described earlier (Chelvanayagam, 1997). These sequence motifs can be
used to determine preferences for the primary anchor residue of binding peptides and shared
specificities. The variability of the HLA DRB1 P1 pocket sequences among all known
HLA-DRBL1 alleles (Robinson et al, 2013) is visualized in Figure 5. Table 3 lists these
motifs, their frequencies in the population, and serogroups in which they are found. Six
variable positions (positions 81, 82, 85, 86, 89 and 90 in the alignment) constitute the pocket
P1. Of 959 HLA-DRBL1 protein sequences containing 23.9 bits of information, three motifs
(HNVVFT, HNVGFT, and HNAVFT) account for 97% of the HLA-DRBL1 sequences,
seven motifs are represented each by a set of 2-5 sequences, and seven motifs are
represented by a single sequence (Table 3). The vast majority of alleles from a particular
serogroup contain a major motif (approximately 90% of the alleles) and a small number
(approximately 10%) have a minor motif. Motif HNVVFT is a major signature of
DRB1*03, 13, 14, and 15 serogroups; HNVGFT is a major signature for DRB1*01, 04, 07,
08, 09, 10, 11, and 16 serogroups; and HNAVFT is a major signature for DRB1*12
serogroup. In addition, motif HNVVFT is a minor signature of DRB1*04 and 11
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serogroups; HNVGFT is a minor signature for DRB1*03, 14 and 15 serogroups; and
HNAVFT is a minor signature for the DRB1*1 serogroup. Other motifs are observed in
HLA alleles that are extremely rare in the general population (less than 1%). These results
show that the fine specificity of primary anchor binding is determined by three major
structural motifs and these motifs are unequally distributed between the serogroups.

5. Conclusion and discussion

BlockLogo is a novel sequence logo tool optimized for visualization of user-defined
continuous and discontinuous motifs, fragments, and peptides. Paired with the prediction of
HLA binding, BlockLogo is a useful tool for rapid assessment of the immunological
potential of selected regions within an MSA, such as those containing human pathogen
sequences or tumor antigens alignments. The BlockLogo tool provides an easily
interpretable visual representation of the immunological status and frequency for each
predicted epitope. The observed frequencies of epitopes and their corresponding receptors
(T or B-cell receptors) are vital for vaccine design, since the selection and combination of
targets determine the pathogen coverage and the host population coverage of the vaccine.
Since continuous epitopes are recognized as peptides rather than individual amino acids,
traditional sequence logos do not show the specific peptides and their corresponding
frequencies that are found in the analyzed sequences. BlockLogo thus provides a more
precise and more informative representation of these motifs. Experimental approaches for
identification and validation of sequence motifs useful as vaccine targets involving multiple
HLA alleles and pathogen proteomes are laborious and costly. BlockLogo complements wet
lab experimental methods by enabling pre-screening of key antigenic regions that are likely
to contain vaccine targets. Previously (Olsen et al., 2011), we demonstrated the usefulness of
BlockLogo representation for visualizing and capturing linear motifs of T-cell epitope
candidates from large multiple sequence alignments. We have extended that work to enable
the analysis and visualization of variability of discontinuous motifs, such as B-cell epitopes,
protein-protein interaction sites, and receptor-ligand sites. To our knowledge, BlockLogo is
the first logo generator that allows users to create logos based on a custom character set,
consisting of either continuous or discontinuous motifs. BlockLogo is available at: http://
research4.dfci.harvard.edu/cvc/blocklogo and http://methilab.bu.edu/blocklogo/.
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Home Instructions Examples Download Contact

BlockLogo

To create a BlockLogo, either paste a multiple sequence alignment in the text box below or upload
a file containing a multiple sequence alignment. Both FASTA and ClustalW format accepted

>FLUO000160]AIH1N1|Human|North Denmark Region, Denmark|2009]INS132|HA
MKAILV---VLLYTFVT—
ANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHL—
GKCNIAGWILGNPECESLSTASSWSYIVETSSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIF
PKTS-
SWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKKGNSYPKLSKSYINDKGKEVLVLWGIHHPSTS
ADQQSLYQNADAYVFVGTSRYSKKFKPEIAIRPKVRDQEGRMNYYWTLVEPGDKITFEATGNLV
VPRYAFAMERNAGSGIIISDTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLAT
GLRNVPSIQSRGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQHAIDEITNKY

MCUICWAMAMTACTAVAKECAKUI CYWDICAN MEW/NNCCT NNAITVYAIACT LV D CACDTI AWRINCAN /WAL

Upload multiple sequence alignment file in either FASTA or ClustalW format:

| Browse... |

Basic options

Input type (+) Amino Acids () DNA/RNA
Select visual range 220 =229

Advanced options

Submit Reset |

Developed by Bioinformatics Core at . Dana-Farber Cancer Institute.

Version 1.2, August 2012,

Figurel.

The front page of BlockLogo with an example of input for visualization of region 220-229
of MSA of influenza A HA. Numbering is relative to the MSA alignment position and the
input in this example is in the FASTA format.

J Immunol Methods. Author manuscript; available in PMC 2014 December 31.
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Figure2.

(A) Sequence logo plot of the residues in the 10-residue block starting at position 232 of the
Influenza virus HA protein generated using WebLogo. (B) BlockLogo of the peptides in the
232-241 block. The residue position in the MSA is shown on the X-axis, and the
information content is shown on the Y-axis. See Table 1 for peptide frequencies and HLA
binding affinity predictions.
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Figure3.

(A) The structure of influenza A HA protein with the neutralizing antibody F10 (PDB ID:
3FKU) and its conformational epitope shown in pink, corresponding to residues 12, 32, 34,
36, 292, 293, 294 and 319 in chain A, and 18, 19, 20, 21, 38, 41, 42, 45, 49, 52, 53 and 56 in
chain B. (B) The discontinuous epitope on HA protein recognized by F10.
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(A) Sequence logo of neutralizing epitopes for the broadly neutralizing antibody F10 within
29,113 influenza A virus HA proteins. (B) BlockLogo of the discontinuous residues
representing the F10 neutralizing epitope. The numbering in these two figures corresponds

to the residue positions in the MSA of the HA proteins. Table 2 shows the motif frequencies
along with the corresponding neutralization assay results.
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Figure5.
Visualization of diversity of binding pocket 1 fchain in DRB1 alleles using sequence logo
(A) and BlockLogo (B). See Table 3 for the frequencies and alleles for each motif.
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HLA binding predictions of each peptide present in the block of 10-mer peptides starting at position 232 in an
MSA of influenza HA proteins. Prediction were performed for HLA A*02:01 allele, but can be done for a

number of alleles (see materials and methods). The table is also included in the BlockLogo web server output
if HLA binding predictions are selected upon submission.

# Peptide Frequency (%) | Accumulated | Predicted binding
frequency (%) affinity (nM)

1 | SLYQNADAYV 64.65 64.65 11.45

2 | FLYAQASGRI 14.14 78.79 24.37

3 | ALYHTENAYV 7.07 85.86 9.74

4 | TLYRTENAYV 6.06 91.92 20.51

5 | FLYAQAAGRI 6.06 97.98 22.23

6 | FLHAQASGRI 1.01 98.99 130.48

7 | SLYONADSYV 1.01 100.00 19.39

J Immunol Methods. Author manuscript; available in PMC 2014 December 31.
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