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ALLIN: A tool for annotation of a protein alignment
combined with structural visualization

Alessandra Picollo¥2@® and Michael Pusch2@®

The physiological, functional, and structural properties of proteins and their pathogenic variants can be summarized
using many tools. The information relating to a single protein is often spread among different sources requiring different
programs for access. It is not always easy to select, simultaneously visualize, and compare specific properties of
different proteins. On the other hand, comparing members of the same protein family could suggest conserved
properties or highlight significant differences. We have thus developed a web interface, ALLIN (Annotation of sequence
aLignment and structural proteln visualizatioN) for the simultaneous visualization of multi-sequence protein
alignments, including comments and annotations, and the related three-dimensional structures. This interface permits
the inclusion of comments and coloring of residues in the alignment section, according to a user-defined color code,
allowing a quick overview of specific properties. The interface does not require training or coding expertise, and the
result is a unique “memo” web page that combines data from different sources, with the flexibility to highlight only the
information of interest. The output provides an overview of the state of art of a protein family that is easily shared among
researchers and new data can be conveniently added as it emerges. We believe the ALLIN tool can be useful for all
scientists working on the structure-function analysis of proteins, in particular on those involved in human genetic

diseases.

Introduction

Most proteins belong to a protein family, or superfamily, whose
members share a common 3-D architecture, similar functional
properties, and significant sequence similarity. However, each
member has a specific physiological role, specific biophysical
properties, and often different pathological implications, in
cases of genetic mutations. Structural and functional informa-
tion obtained for one member can provide useful indications for
the investigation of other proteins of the same family. The global
comparison of these data can guide the identification of con-
served regions or highlight structural and/or sequence differ-
ences. The task of keeping track and visualizing information
related to a specific protein family collected through years of
research in a single page is not easy. Sequence comparisons via
alignments and structural differences are most often visualized
in separate programs, making a systematic and quick assess-
ment, for example, of the possible impact on patients of a novel
genetic variant cumbersome. In addition, information on the
functional and pathologic impact of missense variants is spread
in different databases (for example, ClinVar, Uniprot, and En-
sembl), adding further difficulty to combining available infor-
mation in a straightforward and quickly accessible way. While
there are already valid tools to customize 3-D structure protein
visualization (for example, ICN3D, Jmol, Chimera, and RCSB

PDB) and powerful tools to generate protein sequence align-
ment with comments included (Jalview), none of these allows
the combination of alignment, custom annotation, and struc-
tural visualization of a protein family. Here we present a user-
friendly web interface “ALLIN” (Annotation of sequence
alignment and structuraL proteln visualizatioN) for quickly
creating an organized and “personalized” web page that could
be considered as a “memo.” New information can be incre-
mentally added to the page, which allows thus a quick but
comprehensive overview of the state of art of the results re-
lated to a complete protein family: 3-D structures, sequence
alignment, pathogenic variants, and alteration of func-
tional properties or any other properties that the user is
interested in.

No server is needed to create the final web page or to host the
page. The open-source code is entirely client-side, written in
plain HTML and JavaScript using the JavaScript library 3Dmol.js
for 3-D visualization (Rego and Koes, 2015). Moreover, the
generation of the input files is very simple and does not require
training or coding skills and it can be easily adapted by the user.

The web interface is available at https://github.com/
mikpusch/ALLIN, where also all necessary JavaScript files can
be downloaded.
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Figure 1. Static HTML page with annotated sequence multi-alignment and protein structure visualization. A screenshot of the browser windows
generated for the CLC chloride-transporting protein family is shown. On the left, a section of the multiple protein alignment is captured with the insertion of
graphical annotations better explained in Fig. 2. On the right, the legend relative to the color and font style used in the sequence alignment is shown. At the top
of the page, it is indicated which pdb file is currently loaded in the molecular visualization box, with the option to show or not Hetatoms.

Case study

To demonstrate the capabilities of the tool, we will show below
how we summarized the structural and annotated functional
data of the human CLC protein family that we and other labs
have collected over many years. CLCs are chloride-transporting
protein, and the human genome encodes for nine CLCs that are
involved in several physiological processes, such as muscle
contraction, renal salt reabsorption, and regulation of endo-/
lysosomal pH (Jentsch and Pusch, 2018). Mutations in the
protein-coding regions of CLC genes are responsible for severe
neurological, muscle, bone, and kidney genetic diseases
(Depienne et al., 2013; Duncan et al., 2021; Hu et al., 2016;
Kornak et al., 2001; Lorenz et al., 1994). For the entire protein
family, >600 point mutations have been identified as patho-
genic, and many of them have been biophysically characterized
using electrophysiological and biochemical techniques (Jentsch
and Pusch, 2018). To date, the 3-D structure of six mammalian
CLCs (CIC-1, CIC-2, CIC-Ka, CIC-3 CIC-6, and CIC-7) have been
solved by CryoEM (Ma et al., 2023; Park et al., 2017; Park and
MacKinnon, 2018; Schrecker et al., 2020; Wan et al., 2024; Wang
etal., 2019; Zhang et al., 2020, 2023) and homology models of the
others (CIC-4, CIC-5, and CIC-Kb) can be easily generated.

Fig. 1 shows a screenshot of a portion of the web page gen-
erated with the ALLIN tool for the family of CLC proteins. The
left side of the screen shows the sequence alignment of all hu-
man CLCs and tmCLC-O (from Torpedo marmorata), the first
identified and cloned CLC (Jentsch et al., 1990; Miller and White,
1980). The red bar with text below each block of the sequence
alignment highlights structural elements, like transmembrane
helices or intracellular domains. Some residues are colored
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according to a certain convention. In this example, we were
interested to highlight the electrophysiological alterations of
mutated residues compared with the corresponding WT (the
color code is described in the legend). With this visualization, we
can, for example, quickly identify conserved residues colored in
gray or have an overview of the distribution of pathogenic
variants in the CLC protein sequences. We can also easily
identify sequence regions with high concentration of pathogenic
variants across all human CLCs (Fig. 2 A), or where a specific
functional alteration dominates depending on the color of each
residue. Here, mutated residues showing a complete loss of
function are highlighted in red, while WT-like mutants are
shown in green. “Hovering” over a specific residue either shows
its index in the sequence or additionally textual information, for
example, on disease phenotype inserted in a box or any related
comments that we have decided to annotate (Fig. 2 B). Moreover,
clicking on a specific residue loads the structure of the respec-
tive family member on the right panel and adds a residue label
within the structural representation. In this way, we can im-
mediately control where one or more selected residues are lo-
calized in the 3-D structure (Fig. 2 C). If the selected residue is
not solved in the 3-D structure, a message saying that the residue
is not resolved appears and the 3-D view remains unaltered. As
in usual structural visualization programs, structures can be
rotated, zoomed, and moved.

Requirements
The web interface, encoded in a single HTML file, ALLIN.html, is
used to generate as output a static HTML file that allows the
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Figure 2. Details from the CLC HTML output page. (A) Portion of the CLC multi-alignment showing a large number of pathogenic variants in the alpha-
helices G and H (indicated as red bars below the sequence alignment) for all CLCs. The color of the residues depends on the electrophysiological transport
characteristics of pathogenic mutations. The color code used in this example is as follows: red, loss of function; green, WT-like; orange, reduction of current;
yellow, voltage-shifted; blue, gain of function; and pink, not investigated yet. (B) Zoom of the sequence alignment in the region of the hCLC-1 residue A298.
Hovering the mouse over A298 invokes appearance of the box containing annotated comments. (C) 3-D structure of hCLC-1zoomed around the residue A298,

shown in stick and colored in pink.

visualization of the alignment combined with annotations and
structural visualization. ALLIN.html can be executed even off-
line using any standard browser, i.e., Chrome, Firefox, Edge, etc.
In the following, to ease nomenclature, we will designate the
generated output file as Align.html, even though the name is
completely arbitrary. The web interface file, ALLIN.html, is
available at https://github.com/mikpusch/ALLIN. It can be sin-
gly downloaded from the GitHub server, but it may be helpful to
download the whole GitHub folder to a local directory. In this
way, the tool can be executed completely offline.

The output file Align.html requires the WebGL 3Dmol.js
JavaScript library for browser-based molecular visualization,
which contains all the necessary information to manipulate and
styling structural molecular data (Rego and Koes, 2015). This
library is available at https://3Dmol.csb.pitt.edu/build/3Dmol-
min.js. At the moment of opening Align.html in a browser, the
browser will attempt to download the 3Dmol JavaScript library
from the above website. However, for offline usage, the library
can also be locally stored in the same folder as Align.html.
Similarly, since 3Dmol.js utilizes jquery, for offline usage, the
jquery library, available for example at https://www.ncbi.nlm.
nih.gov/Structure/icn3d/lib/jquery.min.js, can be locally stored.
For convenience, these two library files, 3Dmol-min.js and
jquery.min.js, are also provided in the GitHub site of ALLIN
(https://github.com/mikpusch/ALLIN).
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Finally, Align.html requires the file My3dMol-JavaScript.js,
which is provided in the GitHub site (https://github.com/
mikpusch/ALLIN). My3dMol-JavaScript.js is a custom Java-
Script file, containing functions to define the visualization style
of the 3-D protein structures, to reset the initial view (“Zoom
out” button), to zoom, and to show as a stick the selected residue
from the alignment section. The functions used to define the
visualization style (e.g., the color) can be easily customized. For
example, the function CreateViewer contains the code to define
the background color (let config = {backgroundColor: “gray”})
and the visualization style of the 3-D structure (view-
er.setStyle({}, {cartoon: {color: “spectrum”}});). Similarly, the
function CheckHetatoms defines the style of visualization of
the heteroatoms, while the callSelectFocus function contains
the instruction to select the pdb of interest and show a single-
selected residue and its related label. The code can be adjusted
by the user to customize visualization and zooming properties.
The file has to be downloaded and saved in the same directory
as Align.html.

In summary, the web interface ALLIN.html generates an
output HTML file, for example, called Align.html, based on the
user-supplied alignment, user-supplied residue specific anno-
tations, and the 3-D structures of the members of the alignment.
Align.html requires the generic 3Dmol.js and jquery.js libraries
and the specific, customizable My3dMol-JavaScript.js file.
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At the end copy the html output section and save it as html file

Fontsize (in viewport units, i.e. percentage of the viewport size)
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Residues per line

8e

Tool for generation of annotated aligns with structural visualization. Please cite ...

Alignment Upload: align.fas
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ALL hCLC-1 613 658 color:red bold fontcolor:white CBS1
hCLC-1 128 bold mouseover:"M128I: recessive myotonia &#1@inwardly rectifying

rules.txt

with fast kinetics" color:blue fontcolor:white
hCLC-7 224 bold mouseover:“L224R:ARO " color:red

hCLC-7 247 bold mouseover:“E247" color:gray

LEGEND "RED BAR® "CLC Topology" color:red bold fontcolor:white
LEGEND "GRAY" *
LEGEND "RED" "
LEGEND "BLUE" *

Conserved Residues” color:lightgray bold
Not functional” color:red bold
Reduced currents” color:blue fontcolor:white

PDB files ® Load a single file with all pdbs Load separate pdb files

C Html output

<html>
<head>
<meta name="robots" content="noindex">
<style>
table, td, th {
border: @px solid white;
font-family:Courier New;
font-size:0.78vw;
text-align:left;
}

Contact info: Dr. Michael Pusch, Institute of Biophysics, IBF-CNR, Genova, ltaly. email: michael pusch@ibf.cnr.it

>hete-1

ATOM N GLY B 115 141.135 138.853 150,099 1.00316.94 N

1
ATOM 2 CA GLY B 115 140.128 137.924 150.573 1.00316.94 c
ATOM 3 ¢ 6Ly B 1S 140.687 136.553 150.890 1.00316.94 c
ATOM 4 0 6Ly B 115 141.272 136.331 151.948 1.00316.94 °
ATOM S N GLUB 116 140.515 135.629 149.951 1.00335.45 N
ATOM 6 CA GLU B 116 141.064 134.290 150.090 1.00335.45 c
ATOM 7 ¢ 6B 116 142.503 134.210 149.665 1.00335.45 c
>heLe-7

ATOM 1N LEUC 73 104.707 124.256 185.053 1.00 65.09 N
ATOM 2 CA LEUC 73 105.229 124.306 183.693 1.00 65.09 c
ATOM 3¢ Luc 73 106.280 123.224 183.476 1.6 65.09 c
ATOM 40 LuC 73 106.774 122.636 184.437 1.00 65.09 o
ATOM 5 8 LEUC 73 105.832 125.680 183.401 1.00 65.09 c
ATOM 6 C6 LEUC 73 104.931 126.661 182.650 1.0 65.09 c
ATOM 7 1LEUC 73 103.699 126.996 183.462 1.0 65.09 c
ATOM 8 co2LEUC 73 105.693 127.918 182,367 1.00 65.09 c

Figure 3. Overview of the ALLIN web interface. View of the three sections of the web interface. (A) Section 1 contains the info field and the two inputs that
define the font size and the number of residues per line that will be shown in the multi-sequence alignment. At the top, five buttons are present: to start the
generation of the HTML output (“work”), to clean all fields (“Reset all”), and three instruction buttons. (B) The three input fields with examples of a fasta
alignment, a set of rules, and protein atomic coordinates. (C) Example of an HTML output script.

As explained in detail below, to generate the annotated
alignment, Align.html, three pieces of input need to be provided:

(1) An obligatory alignment, in fasta format, of the members of
the protein family.

(2) A nonobligatory set of annotations for selected (or all)
residues.

(3) For each member, a nonobligatory pdb file of the 3-D
structure or a unique textfile containing the atomic coor-
dinates of all structures of interest.

Step-by-step protocol

The web interface is organized into five text fields: an info field
providing help, error messages, and info on the outcome; three
input fields (alignment, rules, and pdbs); and a final output field.
A series of buttons allows for interaction with each field. After
having populated the three input fields, clicking the “work”
button starts the generation of the output html. Clicking the
“Reset all” button resets the content of all fields.

In the info field at the top of the page (Fig. 3 A), messages
describing the status of the running program are shown. For
example, during execution, a message “working...” will appear.
When the procedure is finished, the message “Finished! Now
copy the text from the HTML field and save it as HTML” will
appear. In addition, messages associated with specific errors
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encountered during parsing the content of the input fields will
be shown here. Finally, help text invoked by clicking one of the
three instruction buttons is shown in the info field.

The “Fontsize” and “Residues per line” inputs allow defining
the layout and the format of the sequence alignment in the final
HTML file. “Fontsize” is in viewport units; in this way, the
alignment will be screen-size scalable. The second box allows
choosing how many residues per line will be shown on the final
web page. Since the two output columns have fixed proportions,
it is important to highlight that if the users prefers to increase
the font size, they have to simultaneously reduce the number of
residues per line. Each input box has a “Clear” button that allows
cancelling the text contained in it and an “upload” button to load
the input files and insert its content into the respective
input field.

The generation of the final HTML web page requires the
insertion of three types of information in the “Alignment,”
“Rules,” and “PDB files” fields (Fig. 3 B).

Step 1: Generation of the alignment file

The fasta multiple sequence alignment can be generated using
any type of sequence alignment software (we used Clustal
Omega). The resulting fasta file (*.fas) has to be uploaded in
this field. The format of the alignment file is given in Fig. 3 B.
The names in the sequence identification code (for example, >
hCLC-1 and >hCLC-7) have to be maintained identical in the
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other two input fields (rules and pdb, Fig. 3 B). In the example
align-CLC.fas file, we have included the sequence of the Torpedo
tmCLC-0 and the sequences of the human CLCs (except CLC-Ka).
All files are available on https://github.com/mikpusch/ALLIN.
We suggest downloading the entire ALLIN folder to a local di-
rectory, to better consult the examples.

Step 2: Generation of the rules file
The rules file contains the information used to add graphical
visualization to the multi-protein alignment and to show residue-
related information. Three different rule types are defined (see
also Fig. 3 B for specific examples):

(1) Rules used to mark segments of the structure, for example,
transmembrane helices. These rules start with the keyword
ALL (see below for details).

(2) Rules applying to a specific residue of a specific protein.
These rules start with the fasta protein identifier (see below
for details).

(3) Rules to illustrate the use of color codes and font styles.
These rules start with the keyword LEGEND (see below for
details).

The order of the rules in the file is irrelevant. However, for
each residue, only one rule can be applied. If more than one rule
is present in the rules field for a specific residue, only the first
one will be used.

The first type allows inserting a colored bar, with a text
repetition, under a region of multi-sequence alignment. An ex-
ample is the following string:

ALL hCLC-1 613 658 color:red bold fontcolor:white CBS1

In this example, the text “CBS1,” highlighted in red and
written in white bold, is repeatedly shown below the alignment
in the stretch between residues 613 and 658 (using the num-
bering corresponding to the hCLC-1 sequence) to indicate that
the selected region of residues forms a structural unit
called CBS1.

To color and insert information related to a specific residue of
a specific protein, a string similar to that provided in the fol-
lowing example has to be provided:

hCLC-1 128 bold mouseover:“M128I: recessive myotonia in-
wardly rectifying with fast kinetics” color:blue fontcolor:white

The first fasta tag “hCLC-1” defines the respective sequence.
The number defines the corresponding residue of interest in the
sequence. The tag “bold” allows for choosing the text style (italic
is an additional option). With the tag “mouseover:”, it is possible
to insert a multiline string that will be shown in a small box
when the mouse hovers above the residue. The following com-
bination of symbols “&#10” inserts a line break. The last two tags
define the font color and the background color of the selected
residue. It is important that no space has to be inserted after the
colon in mouseover:’...' m, fontcolor:white, and color:blue.

Finally, to create a legend related to the significance of colors
and font styles in the sequence alignment, a third type of rule
can be used. These start with the keyword LEGEND, followed by
the defining characteristic (for example, the color) and its cor-
responding description. The text color and font styles are then
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added exactly as in the other two rules, as in the following ex-
ample, such that the text “BLUE” is shown according to the font
specifications (see Fig. 1):

LEGEND “BLUE” “Altered ion transport properties” color:blue
fontcolor:white bold

Step 3: Insertion of PDB files

For each protein of the sequence alignment, it is possible, but not
necessary, to insert a 3-D structure, solved experimentally or
generated as a homology model.

The user can choose to upload a single text file containing the
atomic coordinates of all proteins with a fasta definition line
(i.e., >hCLC-1) separating each protein or upload each pdb file
one by one. It is important to stress that the fasta identifier in the
text file containing the pdbs and that of the sequence alignment
must be identical. Pdbs usually contain a lot of information, but
here only the atomic coordinates are necessary, as shown in
Fig. 3 B, bottom. If for the same entry of the alignment (e.g.,
>hCLC-1), more than one pdb entry is present in the pdb field,
only the last pdb entry will be used. For the example of CLC
proteins, the folder CLC contains individual pdb files and a text
file (final_pdbs.txt) with all CLC structures.

Step 4: Generation of the HTML output
Once all input fields have been populated, clicking the work
button at the top of the page, the final HTML script will be
generated and will appear in the HTML output field. This script
contains the web page style instructions and few lines of source
code to embed the JavaScript libraries (3Dmol-min.js, jquery.
min.js, and My3dMol-JavaScript.js) necessary to create and
manipulate the 3-D molecular visualizations.

The content can be saved on a file clicking the “Save on file”
button, which should be stored in the same folder as the
JavaScript files.

Data availability

The GitHub repository https://github.com/mikpusch/ALLIN
includes two example folders: the folder “CLC” contains the
files used for the “case study” discussed in the paper, including a
sub-folder with all pdb files of structures and models of CLCs. To
familiarize with the ALLIN tool, a second folder “KCNQ” is
provided. This example includes the three text files, align-
Keng.txt, rules-Keng.txt, and pdbs-Keng.txt, containing the in-
formation that has to be loaded into the three input fields for
alignment, rules, and pdb files, respectively, to generate the final
Keng.html file.
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