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Abstract

Summary: We present Alignoth, a lightweight command line application that generates self-contained portable HTML reports of DNA sequenc-
ing read alignment pileups and additionally supports export to static formats such as PNG, SVG, and PDF as well as a JSON based embeddable
representation. The HTML reports feature read name search and mapping-quality-based read highlighting, and require only minimal storage,
making them practical to share, inspect, or integrate into broader reporting systems. They can be created in headless (i.e. terminal only) environ-

ments while being interactively inspected afterwards.

Availability and implementation: Alignoth is freely available under the MIT license at https://github.com/alignoth/alignoth (doi: https://doi.org/
10.5281/zenodo.15837719). It is implemented in Rust and can be installed via Cargo or Conda.

1 Introduction

Visual inspection of aligned reads (also called pileups) is a
critical part of various kinds of DNA or RNA sequencing
analyses (Corominas et al. 2022). In clinical contexts, e.g.
pileups are regularly inspected to validate the presence or ab-
sence of candidate variants by eye. Plots of these alignments
are often shared among collaborators or used in molecular
tumor board preparation to support clinical decision-making.
In order to create these plots, various alignment viewers have
been developed, which can be roughly categorized into
graphical desktop applications, command line tools, and
web-based tools. However, they often fall short in one or
more dimensions: graphical desktop applications like IGV
(Thorvaldsdéttir et al. 2013) are powerful but hardly suited
for automation and difficult to deploy and run in headless
(non-graphical, e.g. cluster or cloud based) environments.
Conversely, command-line tools such as samtools tview
(Li et al. 2009) are easily automated using workflow manage-
ment systems like Snakemake (Molder et al. 2021) or
Nextflow (Di Tommaso et al. 2017) but provide only static
or text-based views with limited interactivity. Finally, web-
based tools usually rely on server-side components and sup-
porting services, which require ongoing maintenance and
limit usability in privacy-sensitive or restricted environments.

With Alignoth, we present a novel tool that aims to unify
the individual strengths of all above mentioned approaches
without exhibiting the associated disadvantages: while offer-
ing a command line interface for headless (e.g. cluster or
cloud) execution and automation via reproducible [e.g.
Snakemake (Molder et al. 2021) or Nextflow (Di Tommaso

et al. 2017)] workflows, it generates highly interactive web-
browser based pileup plots that can be viewed, explored and
shared without installing specialized software.

2 Features

Via a command line interface, Alignoth utilizes the Vega-Lite
plotting library (Satyanarayan et al. 2017) to produce read
pileup visualizations from alignment [SAM, BAM, CRAM
(Li et al. 2009)] and reference (FASTA) data in both static
(SVG, PNG, PDF) and interactive (HTML) formats.
Additionally, it can output the data (JSON, TSV) underlying
the visualizations for further usage (e.g. embedding into
downstream applications). The HTML output is self-
contained, embedding both data and visualization logic with-
out external dependencies. This makes it practical for
privacy-sensitive environments such as hospitals, where re-
mote data hosting or authentication is difficult. At the same
time, it remains portable—interactive plots can be shared
simply by uploading the HTML file to static hosts like
GitHub Pages or sending them via email or messaging serv-
ices of choice. Since they open directly in any modern web
browser, they offer system-independent access across plat-
forms. Because plot generation via CLI and interactive explo-
ration are decoupled, Alignoth can be run entirely in headless
environments such as computing clusters or cloud-based
workflows, making it especially suitable for remote settings
without graphical interfaces.

The interactive view supports highlighting specific reads
and filtering by read name through a text input field, aiding
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manual inspection and exploration. While the core layout fol-
lows the established IGV-style pileup visualization
(Thorvaldsdéttir et al. 2013), Alignoth introduces additional
features aimed at improving interpretability. For example,
the border color of each read encodes its mapping quality (Li
et al. 2009): highly certain read placements (MAPQ > 60)
are shown with grey borders, while uncertain read place-
ments fade through yellow to red, making problematic map-
pings immediately recognizable (see Fig. 1). All colors used in
Alignoth follow a colorblind-safe scheme proposed by Wong
(2011), ensuring accessibility for all readers.

Alignoth ensures compact but non-overlapping read visual-
ization by minimizing the number of needed rows. Let F be a
set of fragments to be plotted. For each fragment f € F, let If
denote the interval the fragment covers on the chromosome
(from the leftmost aligned base to the rightmost aligned
base). The row assignment problem is to find a sequence of
rows R =1,2,....7 and an assignment p : F — R of each frag-
ment f € F such that 7 is minimal and there is no pair of over-
lapping fragments on the same row:

VE.F € Eplf) # pl(f)VIp N 1 =0

We can show that the row assignment problem is equiva-
lent to an optimal coloring of an interval graph as defined by
Olariu (1991). We construct a graph G := (V,E) with verti-
ces V:={vy | f € F} and edges

(Uf,l/g) €E Ifﬁlg#w.

A row assignment then corresponds to a proper vertex col-
oring, i.e. a function p: V. — {1,...,7} such that

chrY
Position (1-based)
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(vr,vg) € E = p(vy) # p(vg).-

The optimal coloring of interval graphs—and thus a row
assignment minimizing the number of rows without introduc-
ing overlapping fragments—can be obtained in linear time by
the greedy coLor(G) procedure described by Olariu (1991).

To facilitate integration into automated workflows,
Alignoth operates via a single command-line interface.
Required inputs are a BAM file, a reference genome in
FASTA format, and a genomic region (e.g. 17:7661779-
7687546) to visualize. Optional arguments allow for flexible
customization, including automatic window selection around
a base position (-around), read subsampling [-plot-all
for plotting all reads, -max-read-depth for subsampling
(subsampling is random but uses a fixed seed for reproduc-
ibility)], and display of auxiliary alignment tags in tooltips
(-aux-tag). In addition, Alignoth can highlight different ge-
nomic regions or variant sites using the ~highlight (explic-
itly specified regions such as e.g. BRCA1:41196311-
41277500, where BRCAT serves as an arbitrary example la-
bel), —vcf (variant sites automatically inferred from a VCF
or BCF file), or -bed (regions inferred from a BED file)
parameters. Alignoth can also export the Vega-Lite specifica-
tion along with read, reference, and highlight data in JSON
or TSV format, allowing for even more flexible usage—e.g.
embedding customized plots directly in Datavzrd reports
(Wiegand et al. 2025). Furthermore, a dedicated Snakemake
(Molder et al. 2021) meta-wrapper (https://snakemake-wrap
pers.readthedocs.io/en/stable/meta-wrappers/bio/alignoth_re
port.html), that accepts a combination of variant, alignment
and reference files, uses Vembrane (Hartmann et al. 2023) to
convert the variant file into a TSV table suitable for Datavzrd
and prepares a full Datavzrd report, including a per-variant

11,950,460 11,950,480 11,950,500 11,950,520 11,950,540 11,950,560 11,950,580 11,950,600 11,950,620 11,950,640 11,950,660 11,950,680 11,950,700 11,950,720 11,950,740 11,950,760 11,950,780 11,950,800 11,950,820 11,950,840
L h L h L L L L L h L L L h L L

N
S

»
3
T

Coverage

Al

o
[

s gl R e B it vy aa .

’p‘: IR E] TR A NN eI ann nEe EEEREEE Imm NErrr imnm rn . meirn NI EEEEEEE1 site mapq symbol
=3 11950645:C>T 60 A
] i
ﬁ [}
2 1 G
Py i 1 -T
3
40
b " R TR L L TR SR TR TV | - N
8 " 1 " 1 { 1 S
el = deletion
S I LI TR T N TR R B (W] {
= insertion
- i 20
1 1 v
[ [} 1 1 na
o 0
B L1 TN T

Figure 1. Example alignment visualization generated with Alignoth. The reference sequence together with the read coverage is shown at the top.
Matched bases in the aligned reads are shown in grey, while mismatches are color-coded by their nucleotide. Paired-end reads are connected by thin

linking segments.
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alignoth
Welcome to Alignoth wizard mode &

Select target contig/chromosome: 1

Start coordinate: 25
End coordinate: 75

Max read depth (default 500): 500
Choose output type: Interactive HTML
Plot saved to NA12878.html %

VVVVVVVVVYV

Let's build your plot interactively.

Select BAM file: /home/felixwiegand/Development/alignoth/tests/sample_3/NA12878.bam
Select reference FASTA file: /home/felixwiegand/Development/alignoth/tests/sample_3/ref.fa

Do you want to visualize around a certain position or a specific region? Region

Do you want to highlight a specific region or position? (Example: 1000-2000 or 1200, press Enter to skip)
Optional auxiliary tags (whitespace-separated, press Enter to skip):

Figure 2. Example of the interactive wizard mode in Alignoth. Users are guided step-by-step to generate an alignment plot by specifying input files,
genomic region of interest, optional annotations, and output format. If invoked in a directory containing BAM and FASTA files, Alignoth automatically

detects them via their suffix and provides toggle menus for file selection.

overview table with linkouts to an Alignoth alignment view
for a 1000 bp region around the variant in question. An ex-
ample report, hosted via GitHub pages, is available under
https://alignoth.github.io/alignoth-example-report. To sim-
plify ad hoc usage, Alignoth offers an interactive (but still
non-graphical) mode that launches a guided prompt-based
wizard when run without arguments, allowing users to build
plots step-by-step without writing a single command (cf.
Fig. 2). This makes Alignoth suitable for diverse use cases
ranging from pipeline-integrated QC reporting to manual re-
view of variant evidence.

To minimize the size of the resulting HTML files while pre-
serving all relevant alignment information, Alignoth uses a
compact encoding scheme for read features. We compute a
representation of each read in Rust, using rust-htslib (https://
github.com/rust-bio/rust-htslib) for parsing BAM files and
rust-bio (Koster 2016) for fast reference sequence access.
Each alignment is encoded as a CIGAR-like (https://samtools.
github.io/hts-specs/SAMv1.pdf) (Li et al. 2009) string (e.g.
50=|3d|10=|1C|1G|iGGT) that captures matches, mis-
matches, insertions, and deletions in a minimal form. In other
words, we only store edit operations relative to the reference
sequence instead of each actual read sequence. This format is
parsed at runtime using Vega-Lite’s transform mechanism
(https://vega.github.io/vega-lite/docs/transform.html) to split
individual alignment elements for visualization. To further
reduce redundancy, we concatenate all required per-read
metadata (position, mapping quality, and identifier) into a
single whitespace-delimited string (note that it is not possible
to provide true binary data in static HTML files) and join all
reads using a sentinel delimiter (§). This results in a flat, com-
pact “values” string in the JSON specification, which is
decoded entirely client-side. Finally, to minimize the overall
size of the Vega-Lite specifications embedded in the HTML
files, Alignoth compresses them via lz-string (https:/pieroxy.
net/blog/pages/lz-string/index.html), a JavaScript library
implementing Lempel-Ziv compression while ensuring the re-
sult remains a valid JavaScript string.

3 Results

A comparison of existing alignment visualization tools in terms
of portability, interactivity, image export, and integration into

Feature Comparison of Alignment Tools
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Figure 3. Comparison of read alignment visualization tools. Only Alignoth,
jigv and IGV-reports offer self-contained, interactive HTML reports.
Headless/batch use refers to the ability to generate visualizations without
a graphical user interface, enabling usage in HPC clusters or automated
workflows. The list of considered features is restricted to those relevant
for this publication. There are various additional features offered by each
listed tool. Features are listed as present at the time of publication, please
check the individual tools for updates. 11: Requires genomic sites (e.g.
from VCF) 12: supports PNG only 13: although samtools tview offers an
HTML output mode, it only renders plain-text views with basic color
highlighting and lacks interactivity. We therefore do not consider it a full-
featured HTML report 14: built with HTML and JavaScript but requires a
separate server process. As it does not produce standalone files, we do
not consider it a self-contained HTML report

analysis workflows is provided in Fig. 3. Beyond this compari-
son from the perspective of Alignoth, we are certain that each
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Figure 4. Runtime comparison between Alignoth, IGV-reports and jigv for
generating alignment plots at varying read depths.
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Figure 5. Comparison of output file sizes for interactive HTML alignment
reports across varying read depths for a 1000 bp region. Alignoth and IGV-
reports produce self-contained files with embedded JavaScript
dependencies, while jigv and Alignoth with -no-embed-js fetch
dependencies from external CDNs.

of these tools provides a considerable value to its respective
user group, and encourage the reader to draw their own con-
clusions based on personal needs and experience.

Among those, the only tools providing a comparable set of
features are IGV-reports (https:/github.com/igvteam/igv-
reports) and jigv (github.com/brentp/jigv). However, there
are important architectural and practical differences.
Alignoth performs explicit read-to-reference alignment proc-
essing at plot generation time, whereas IGV-reports and jigv
defer this to the client browser by embedding raw alignment
data (BAM, FASTA, and VCF) directly using a base64 encod-
ing and render it using IGV.js (Robinson et al. 2023). We an-
alyze the implied differences in report generation and
browser rendering runtime as well as disk footprint below.

Alignoth matches jigv and outperforms IGV-reports in re-
port generation runtime for small datasets (e.g. 100, 200,
500 read pairs; see Fig. 4). For larger datasets both IGV-
reports and jigv provide faster report generation.

All tools render comparably fast in the browser: for a test
dataset with 1000 reads, final rendering and layout completion
occurred at 1.09s for Alignoth, 1.16s for 1GV-reports and
1.48 s for jigv (measured using Safari’s timeline profiling).

As shown in Fig. 5, Alignoth and IGV-reports produce simi-
larly sized self-contained HTML files for small datasets, both
embedding JavaScript dependencies for offline use. In contrast,
jigv fetches dependencies from external CDNs, requiring inter-
net access when opening a report but producing smaller files.
For direct comparison, we also evaluated Alignoth with the
-no-embed-js flag, which mimics jigv’s behavior and yields
similarly sized reports for small datasets. As the number of
reads increases, Alignoth scales substantially better than both

Wiegand et al.

jigv and IGV-reports, producing more storage-efficient files
whether or not JavaScript dependencies are embedded.

Unlike Alignoth, IGV-reports and jigv require a list of geno-
mic sites (e.g. provided via VCF, BED, BEDPE, or tab-delimited
files)—even when no variant annotations are of interest (for
benchmarking, we supplied a minimal single-site file to enable a
fair comparison). Alignoth, by contrast, instead allows to high-
light regions of interest (including e.g. variants) via the ~high-
light option or infers highlighted regions via optionally
provided BED (-bed) or VCF (-vcf£) files.

4 Conclusion

Here, we presented Alignoth, a flexible and lightweight tool
for generating alignment visualizations directly from BAM
files. Its flexible output formats enable both automated
reporting and interactive exploration, without compromising
platform independence or portability. By combining ease of
use with automation via the command line and a small disk
footprint, Alignotb fills a practical gap in the current ecosys-
tem of alignment visualization tools.
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