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Preface

This manual provides a comprehensive guide to MEGAN (MEtaGenome ANalyzer), a software
application for analyzing metagenomic sequencing data. MEGAN enables users to explore the
taxonomic and functional content of microbiomes through intuitive visualizations and powerful
computational tools.

The manual is intended for:
" Researchers and students in microbiology, bioinformatics, and environmental genomics.

~ Users new to metagenomics who wish to gain a practical understanding of how to analyze
sequencing data.

" Experienced analysts looking to integrate MEGAN into automated work ows or large-scale
projects.

This guide covers everything from installation and basic usage to advanced analyses, scripting,
and command-line integration.

About this edition: This edition of the manual corresponds to MEGAN version 7, and re ects
updates in features, interface, and supported formats. Older versions of MEGAN may di er in
appearance and functionality.

Acknowledgments:  MEGAN is developed and maintained by Daniel H. Huson at the Uni-

versity of Tubingen. We gratefully acknowledge the contributions of the broader bioinformatics

community, and the developers of tools and databases such as DIAMOND, NCBI taxonomy,
SEED, KEGG, and eggNOG.

We hope that this manual helps you make the most of MEGAN's capabilities in your research.

Daniel H. Huson
Tubingen, June 26, 2025



1 Getting Started

This is a brief user manual for MEGAN 7, covering both the freeCommunity Edition (CE) and
the licensedUltimate Edition (UE). Features only available in the UE are shown in this color.

1.1 Background

In microbiome analysis, samples are subjected to metagenomic sequencing and three main com-
putational questions are:

" Who is out there? What is the taxonomic content of a sample?
" What are they doing, or what can they do? What is the functional content of a sample?

" How do they compare? Do changes in the taxonomic or functional content of samples
re ect changes in the microbiome?

The key idea of the DIAMOND+MEGAN approach is to align sequencing reads or assembled
contigs against a protein reference database using DIAMOND [Buch nk et al., 2015], and then to
analyze the alignments to perform taxonomic and functional binning of sequences, interactively
using MEGAN and/or on the commandline using the MEGAN daa-meganizer tool [Huson et al.,

2007, 2011, 2016].

Why use protein alignments? DNA alignments can certainly be used to identify known genomes

in a sample, in the context of known pathogen detection, or in the analysis of well-studied

environments (such as the human gut, for well-studied populations), say. However, for the

analysis of unknown organisms from less well studied environmental sources, protein alignment
is more suitable due to the higher level of sequence conversation.

The plot (see Figure 1.1) shows that only a small part of the phylogenetic diversity estimated to
exist in the environment is represented by full DNA sequences in genomic databases [Wu et al.,
2009].

In the DIAMOND+MEGAN approach, DNA sequencing reads, or assembled contigs, are rst
translated into protein sequences and then aligned to protein reference sequences in a "translated
alignment":

" A short sequencing read:
>HISEQ:457:C5366ACXX:2:1101:11231:33443
CTTGCAAGGCAATTTTTGTTGGAGAACTTTGTGAGCCGTGGCATGGTGGTTGACTTCGCCGTACACCAGCCAGACCGGG,
GGACGGCGGCATACCAAACCC

" The rst of the six-frame translations:
LARQFLLENFVSRGMVVDFAVHQPDREDGGIPN

~ Alignment against a reference protein:
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Figure 1.1: This plot shows that only a tiny proportion of the phylogenetic diversity of archaea
and bacteria is represented by full genome sequences in public databases, source: [Wu et al.,
2009].

>RCH48316
Length = 421

Score = 72 bits (175), Expect = 9e-11
Identities = 33/33 (100%), Positives = 33/33 (100%), Gaps = 0/33 (0%)

Frame = +1

Query: 1 LARQFLLENFVSRGMVVDFAVHQPDREDGGIPN 99
LARQFLLENFVSRGMVVDFAVHQPDREDGGIPN

Shjct: 104 LARQFLLENFVSRGMVVDFAVHQPDREDGGIPN 136

Metagenomic sequencing projects can involve hundreds of samples each containing tens of mil-
lions of sequences. The NCBI-nr protein reference database contains over 800 million reference
sequences. Thus, alignment-based metagenomic analysis is computationally demanding and the
rst steps are usually performed on a server or cluster.

The number of reference proteins is continuing to increase, see Figure 1.2, and thus alternative,
smaller databases such as AnnoTree [Gautam et al., 2021], UniRef100, UniRef90, UniRef50
[Suzek et al., 2014], or NCBI-nr clustered at 90% or 50% identity, may be more suitable in the
future.

To reduce computational load and the amount of required disk space, the DIAMOND+MEGAN
pipeline is very stream-lined and produces only one output le for each input le (see Figure 1.3).

The two computationally demanding steps, alignment of sequences against a reference database
(DIAMOND alignment), and then analysis of the resulting alignments (MEGANization), are
usually run on a server, whereas the third step, interactive exploration and analysis of the
results, is performed on a personal computer.

1.2 Introduction

MEGAN (MEtaGenome ANalyzer) is an interactive and versatile tool for analyzing metagenomic
data. It allows users to explore the taxonomic and functional content of microbiome datasets
derived from high-throughput sequencing experiments.

Originally developed to support the interpretation of BLAST comparisons of environmental
sequence data, MEGAN has evolved into a comprehensive platform for metagenomic analysis.
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Figure 1.2: The number of non-redundant protein sequences represented in the NCBI-nr
database is growing at an exponential rate, sourcehttp://www.matrixscience.com

Figure 1.3: DIAMOND+MEGAN analysis is performed in two steps. In the rst step, on

a server, all sequences are aligned against a protein reference database using DIAMOND, and
then the taxonomic and functional content is computed in a step called \meganization”. In the
second step, on a laptop or desktop, meganized datasets are interactively explored, analyzed

and compared using MEGAN. .
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It supports modern alignment formats such as DIAMOND DAA les and can handle very large
datasets e ciently.

MEGAN provides a graphical user interface that enables users to:

~

Classify reads taxonomically using the NCBI taxonomy or other taxonomies.

~

Perform functional analysis using a variety of classi cation systems, including SEED and
eggNOG, and KEGG (Ultimate Edition only).

Visualize and explore data interactively using taxonomic trees, bar charts, heatmaps, and
comparative plots.

Conduct statistical and comparative analyses of multiple samples.

Export publication-ready images and tables for downstream use.

MEGAN is designed to be accessible to users with a wide range of experience in bioinformatics.
It o ers powerful defaults for beginners, as well as extensive customization options for advanced
users.

This manual is intended to guide users through the installation, usage, and interpretation of
results in MEGAN. Whether you are exploring your rst microbiome dataset or performing
complex multi-sample comparisons, this manual will help you make the most of MEGAN's
capabilities.

For further information, updates, and support, please visit the MEGAN project website at:

https://software-ab.cs.uni-tuebingen.de/download/megan?7

1.3 Installation

1.3.1 System Requirements

MEGAN is a Java-based application and runs on Windows, macOS, and Linux. To run MEGAN,
the following system requirements should be met:

" Operating System: Windows 10 or later, macOS 10.15 or later, or a recent Linux distri-
bution.

" Memory: At least 8 GB of RAM (16 GB or more recommended for large datasets).
" Disk Space: Minimum 1 GB free disk space; additional space required for data les.

" Display: 10240768 resolution or higher recommended.

1.3.2 Downloading MEGAN
You can download the latest version of MEGAN from the o cial website:
https://software-ab.cs.uni-tuebingen.de/download/megan?7

The download page provides platform-speci ¢ installers for Windows, macOS, and Linux.

1.3.3 Installation Instructions
Windows

1. Download the MEGAN_Community_windows-x64_7_X_Xx.exe.
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2. Double-click the installer and follow the on-screen instructions.

3. Once installation is complete, you can launch MEGAN via the Start menu or desktop
shortcut.

macOS
1. Download the MEGAN_Community_macos_7_ x_x.dhag
2. Double-click on the DMG and follow the on-screen instructions.

3. On rst launch, you may need to con rm that you want to run the application via System
Preferences > Security & Privacy

Linux
1. Download the MEGAN_Community_unix_7_x_X.sle.
2. Location the le in a terminal and run it by typing ./MEGAN_Community_unix_7_x_x.sh

3. Navigate to the extracted directory and run ./MEGANrom the terminal.

1.3.4 Installing the Ulimate Edition
[The following is Ultimate Edition Only. ]

Windows
1. Download the MEGAN_Ultimate windows-x64 7 x_x.exele.
2. Double-click the installer and follow the on-screen instructions.

3. Once installation is complete, you can launch MEGAN via the Start menu or desktop
shortcut.

macOS
1. Download the MEGAN_Ultimate_macos_7_x_x.dm¢g.
2. Double-click on the DMG and follow the on-screen instructions.

3. On rst launch, you may need to con rm that you want to run the application via System
Preferences > Security & Privacy

Linux
1. Download the MEGAN_Ultimate_unix_7_x_x.sh le.
2. Location the le in a terminal and run it by typing ./MEGAN_Ultimate_unix_7_x_x.sh .

3. Navigate to the extracted directory and run ./MEGANrom the terminal.

1.3.5 Troubleshooting Installation

macOS warning: On newer versions of macOS, MEGAN may need explicit permission
to run. Use System Preferences > Security & Privacy to allow the app to launch.

" Permission issues on Linux: Make sure the MEGAN binary is marked as executable
using chmod +x MEGAN
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" Startup problems: Run MEGAN from the command line to view any error messages.

" [The following is Ultimate Edition Only.] Licensing problems: The Ultimate Edition
requires a license key, please see the Appendix for more details.

For further support, consult the MEGAN user forum or contact the development team via the
project website.

1.4 Mapping Databases

To perform taxonomic and functional classi cation of reads, MEGAN relies on a mapping
database that connects reference sequences (such as those in the NCBI-nr protein database)
to classi cation systems like the NCBI taxonomy, SEED, eggNOG and KEGG (UE only).

This mapping information is essential when:

" Meganizing a DIAMOND alignment le ( .daa) using the daa-meganizer tool or using
MEGAN.

" Converting a BLAST output le into a MEGAN-compatible .rma6 le.

MEGAN requires a single, unied .mdb le in SQLite format that contains these mappings.
Without it, MEGAN cannot assign reads to taxa or functional categories.

The mapping database can be downloaded from the o cial MEGAN7 website:
https://software-ab.cs.uni-tuebingen.de/download/megan?7

The database le is typically named something like megan-nr-rl.mdb, with the number indi-
cating the release number.

After downloading, place the le in your working directory or specify its location using the -mdb
option when running command-line tools such as:

daa-meganizer -i input.daa -mdb megan-nr-rl.mdb

In the GUI, the path to the mapping database can be set via the import dialog or in the program
preferences.

It is important to use a mapping database that corresponds to the version of the reference
database used for alignment (e.g., the same release of NCBI-nr), to ensure consistent and ac-
curate classi cation. There are di erent mapping les for di erent reference databases, such as
NR, NR90, NR50, UniRef100, UniRef90 and UniRef50.

For example, while megan-nr-r1.mdb is to be used with the NCBI-nr database, the mapping
le megan-nr50-r1.mdb should only be used with thenr50.gz database.

[The following is Ultimate Edition Only.] If (and only if) you are using the Ultimate Edition
of MEGAN, then please use mapping les that have-ue in there hame as only these contain
mapping information for KEGG.

1.5 Quick Start Guide

This section walks you through a basic MEGAN work ow using sample data. By the end, you'll
know how to import data, explore the taxonomy, and perform simple analyses.
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1.5.1 Obtaining Example Data

MEGAN provides example datasets that you can use to familiarize yourself with the interface.
You can download these from:

https://software-ab.cs.uni-tuebingen.de/download/megan7/example-data/

Download and unzip the example archive to a convenient location on your system.

1.5.2 Launching MEGAN

1. Start MEGAN by double-clicking the application icon or executing ./MEGANTom a ter-
minal.

2. The MEGAN main window will appear, displaying the toolbar, menu, project panel, and
data visualization areas.

1.5.3 Importing Alignment Files

SelectFile > Import from BLAST/DIAMOND file or use the toolbar icon.
Browse to a le such asexample.daa (produced by DIAMOND).

Specify how reads should be assigned to taxa or functional categories.

Select the appropriate mapping db le.

a k~ w0 Dh Pk

Click OKto begin import. A progress bar will indicate when loading is complete.

1.5.4 Exploring the Taxonomy
Once data is loaded:
" The taxonomy tree appears in the main window.
" Click on a taxon node to view the number of assigned reads and some metadata.

~ Use right-click to open context menus for additional actions such as inspecting or exporting.

1.5.5 Viewing Functional Annotations
1. Switch to a functional classi cation view using the corresponding toolbar item.

2. MEGAN supports SEED, eggNOG and KEGG (Ultimate Edition), and other optional
classi cations.

3. Explore the tree or chart view to examine functionally annotated reads.

1.5.6 Basic Analysis
" Use the Chart menu items to create bar charts, heatmaps, or other charts.

" Use theCompare... menu item to compute a comparison document containing and com-
paring multiple samples.

" Save gures with File > Export Image .

You are now ready to begin exploring your own metagenomic datasets with MEGAN!



2 Taxonomic binning

MEGAN performs taxonomic binning of all input sequences (reads or contigs) based on their
alignments to a reference database. Reads are assigned to nodes of the NCBI taxonomy [Schoch
et al., 2020] in the main viewer. In addition, MEGAN also assigns sequences to archaeal and
bacterial nodes in the GTDB taxonomy [Parks et al., 2020], in a separate GTDB viewer.

For short reads (sequences usually overlapping one a single gene), by default, the program uses
the naswve LCA algorithm to assign reads to taxonomic bins [Huson et al., 2007]. For long reads
or contigs (sequences usually overlapping multiple genes), MEGAN uses thiaterval-union LCA
algorithm to assign sequences to taxonomic bins [Huson et al., 2018].

2.1 The NCBI Taxonomy

The NCBI Taxonomy database provides unique names and IDs for approximately 2.3 million
taxa [Schoch et al.,, 2020]. This comprehensive resource is used to catalog and classify all
forms of life, including formal names and informal names used outside the standard codes of
nomenclature.

There are approximately 1.4 million prokaryotes, including bacteria and archaea. The number of
animals is about 200,000, covering a wide range of species from simple invertebrates to complex
vertebrates. There are around 300,000 plants, spanning various categories of ora including
owering plants, ferns, and mosses. There are roughly 100,000 entries for viruses, re ecting the
vast diversity of viral species cataloged in the database. These gures are constantly updated.

The entries are hierarchically grouped into clades at the levels of: Superkingdom, Kingdom,
Phylum, Class, Order, Family, Genus, and Species (and some uno cial clades in between).
At startup, MEGAN automatically loads a copy of the complete NCBI and then displays the
taxonomy as a rooted tree. The taxonomy is stored in an NCBI tree le and an NCBI mapping
le, which are supplied with the program.

Sequence assignment to the NCBI taxonomy items are shown in the main viewer (see Fig-
ure 2.1A).

2.2 The GTDB Taxonomy

The GTDB taxonomy (version 214.1) contains more than 395,000 bacterial and than 7,000
archaeal entries, in a taxonomy containing more than 500,000 items in total Parks et al. [2020].
The entries are hierarchically grouped into clades at the levels of: Domain, Phylum, Class,
Order, Family, Genus, and Species.

Sequence assignment to the GTDB taxonomy items are shown in the GTDB viewer (see Fig-
ure 2.1B).

12
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Figure 2.1: A: The NCBI taxonomy viewer summarizes the assignment of reads to di erent
nodes in the NCBI taxonomy. The size of nodes represents the number of reads, or the number
of aligned bases, assigned to each node, for short reads or long reads, respectively. Here, the
taxonomy is shown collapsed at the rank of Class. B: The GTDB viewer shows a similar view,
based on the GTDB taxonomy.

2.3 The NCBI-nr database

The NCBI-nr (\non-redundant") protein sequence database is available from the NCBI website.

It contains entries from GenPept, Swissprot, PIR, PDF, PDB and RefSeq. It is non-redundant

in the sense that identical sequences are merged into a single entry. The size of this database is
growing exponentially, the database contained less than 2 million entries and in 2024 the number
is approaching 1 billion entries. Due to this increase, NCBI plans to discontinue providing this
database in the form a of a single download in the future.

2.3.1 NR90 and NR50

Due to its rapidly increasing size, the NCBI-nr database is becoming too unwieldy for metage-
nomic analysis. To address this, we provide two clustered versions of the databaset90, clus-
tered at 90% identity, and nr50, clustered at 50% identity [Buch nk et al., 2023]. We also
provide the corresponding mapping les required by MEGAN to analyze alignments to these
databases.

2.3.2 Unirefl00, Uniref90 and Uniref50

We also provide support for aligning against the Uniref100, Uniref90 and Uniref50 databases
[Suzek et al., 2014].

2.4 Assigning Reads to Taxa

One main problem addressed by MEGAN is to perform \taxonomic binning" by assigning the
reads or contigs from a metagenomics sequencing experiment to appropriate taxa in the NCBI
taxonomy.

The program implements the following naive approach to this problem:

1. Compare a given set of DNA reads to a database of known sequences, such as NCBI-nr
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Benson et al. [2005], using a sequence comparison tool such as DIAMOND Buch nk et al.
[2015].

2. Process this data to determine all hits of taxa by reads.
3. For each readr, let H be the set of all taxa that r hits.

4. Find the lowest nodev in the NCBI taxonomy that encompasses the set of hit taxaH and
assign the readr to the taxon represented byv.

This is called the nawve LCA algorithm (LCA = \lowest common ancestor”) . In this approach,
every read is assigned to some taxon. If the read aligns very speci cally only to a single taxon,
then it is assigned to that taxon. The less speci cally a read aligns to taxa, the higher up in
the taxonomy it is placed. Reads that hit ubiquitously may even be assigned to the root node
of the NCBI taxonomy.

If a read has signi cant matches to two di erent taxa a and b, where a is an ancestor ofb in
the NCBI taxonomy, then the match to the ancestor a is discarded and only the more speci c
match to bis used.

The program provides a threshold for the bit score of hits (\min score"). Any hit that falls
below the threshold is discarded. Secondly, a threshold can be set to discard any hit whose
score falls below a given percentage of the best hit (\top percent”). Finally, a third threshold

is used to report only taxa that are hit by a minimal number of reads or minimal percent of all
assigned reads (\min support"). By default, the program requires at least 01% of all assigned
reads to hit a taxon, before that taxon is deemed present. All reads that are initially assigned
to a taxon that is not deemed present are pushed up the taxonomy until a node is reached that
has enough reads. This is set using thiMin Support Percent or Min Support item.

This algorithm is also used to assign sequences to the GTDB taxonomy.

2.4.1 Weighted LCA Algorithm

The weighted LCA algorithm operates as follows: In a rst round of analysis, each reference
sequence is given a weight. This is the number of reads that align to the given reference and
that have the property that all the signi cant alignments for the read are to the same species

as the reference sequence (but can also be to a strain or sub-species below the species node). In
a second round of analysis, each read is placed on the node that is above 75% (default value) of
the total weight of all references for which the read has a signi cant alignment.

The weighted LCA algorithm will assign reads more speci cally than the naive LCA algorithm.
Because it performs two rounds of read and match analysis, it takes twice as long as the naive
algorithm. Also, because it must maintain a table of all references seen, it uses much more
memory.

This algorithm is also used to assign sequences to the GTDB taxonomy.

2.4.2 Interval-Union LCA Algorithm for Long Reads

The nawve LCA and weighted LCA algorithms are based on the assumption that the input reads
are short enough to usually overlap with a single gene. When using long-read sequencing or
when analyzing assembled contigs, then this assumption is not ful lled and a more sophisticated
\long-read" LCA algorithm is required for taxonomic binning.

The interval-union LCA algorithm is such a \long-read LCA algorithm".

As described in [Huson et al., 2018], this algorithm processes each read or contign turn, in
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separated into two genera, P and Q, belonging to the same family R. Alignments from the read r to proteins

associated with the species are indicated by arrows on the right and cover between 80% (forA) and 20% (for H)

of the aligned read. Using arrows, on the left we depict the sets of intervals computed for nodes P; Q; R as the
union of the sets of intervals of the children of each node. NodesR and P each cover 100% of the aligned read.
The read r is placed on A as it is the lowest taxonomic node with  80% coverage. Note that, if A only covered
60% of the aligned read, then the read would be assigned to the higher taxon P (and this would remain the case

even if one of the taxa below Q had 60% coverage). Source: [Huson et al., 2018].

that every alignment associated withr starts and ends at the beginning or end of some interval,
respectively. In other words, a new interval starts wherever some alignment begins or ends. We
say that an alignment a; is signi cant on an interval v; , if its bit score lies within 10% (by
default) of the best bit score seen for any alignment that coversy;. This threshold is referred
to as the topPercent parameter.

In the second step, for each taxort that is associated with any of the alignments, letl (t) denote
the union of all intervals for which there exists some signi cant alignment a i associated with
taxon t. In a post-order traversal, for each higher-rank taxonomic node s we computé(s) as
the union of the intervals covered by the children ofs. In result, every node of the taxonomy is
labeled by a set of intervals. Note that, during the computation of the union of interval sets, we
merge any overlapping intervals into a single interval. The readr is then placed on the taxon s
that has the property that its set of intervals | (s) covers 50% (by default) of the total aligned or
covered portion of the read, while none of its children does. This threshold is referred to as the
percentToCover parameter . Note that it is possible that there are multiple nodes that have
this property, in which case the read is assigned to the LCA of all such nodes.

This algorithm is also used to assign sequences to the GTDB taxonomy.



3 Functional binning

When applied to short reads, MEGAN7 performs taxonomic binning by assigning reads to
functional classes such as orthogonal groups (eggNOG), functional roles and, in the case of
the Ultimate Edition, KEGG orthology groups (KEGG). The bins can be inspected using the
inspector window.

When applied to long reads or contigs, MEGAN7 determines the presence of genes belonging
to di erent functional along the whole sequence. These annotations can be inspected using the
long-read inspector window.

MEGAN?7 performs functional binning using eggNOGv6 [Powell et al., 2012] and SEED as
represented in PATRIC [Overbeek et al., 2013, Gillespie et al., 2011].

[The following is Ultimate Edition Only. ] In addition, MEGAN7 Ultimate Edition also performs
functional binning using KEGG [Kanehisa et al., 2018].

3.1 eggNOG (v6)

The eggNOG (evolutionary genealogy of genes: Non-supervised Orthologous Groups) database,
version 6 [Powell et al., 2012], provides a comprehensive classi cation of genes into orthologous
groups, enabling the prediction of gene functions across a wide range of species. It uses a robust
phylogenomic framework to cluster genes based on evolutionary relationships, facilitating the
identi cation of shared ancestry and functional characteristics. Version 6 of eggNOG expands on
previous iterations by incorporating more genomes and improving algorithms for more accurate
orthologous group predictions. This classi cation system is pivotal for comparative genomics,
functional annotation of novel genes, and understanding the evolutionary dynamics of gene
families.

During meganization of a DIAMOND DAA le that represents the alignment of metagenomic
reads or contigs against the NCBI-nr or similar database, the alignments of sequences to reference
proteins that have a eggNOG (v6) annotation are analyzed and reads are assigned to eggNOG
orthogonal groups.

The MEGAN representation of eggNOG contains around 23,000 orthologonal groups that form
the leaves of a hierachical classi cation that contains 34 additional nodes. The result of such a
classi cation is shown in the Figure 3.1.

3.2 SEED

The SEED classi cation system is a curated resource that organizes genes into functional sub-
systems based on their roles in various biological processes. Unlike automated approaches,
SEED relies on expert curation to group genes into hierarchically structured subsystems, such
as metabolic pathways, regulatory networks, and cellular processes. This framework allows for

16
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Figure 3.1: Here we show an example of an eggNOG functional binning, collapsed at the second
level of the hierarchy.
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Figure 3.2: Here we show an example of an SEED functional binning, collapsed at the second
level of the hierarchy.

high-quality functional annotations and insights into the interconnectedness of di erent biologi-
cal functions. SEED's emphasis on context-speci ¢ functionality aids researchers in understand-
ing the roles of genes within the broader landscape of cellular activities, making it a valuable
tool for genome annotation, metabolic modeling, and systems biology research. We use SEED
as integrated into the Pathosystems Resource Integration Center (PATRIC).

During meganization of a DIAMOND DAA le that represents the alignment of metagenomic
reads or contigs against the NCBI-nr or similar database, the alignments of sequences to reference
proteins that have a SEED annotation are analyzed and reads are assigned to SEED functional
roles.

The MEGAN representation of SEED contains around 820 functional roles that form the leaves
of a hierachical classi cation that contains 997 nodes in total. The result of such a classi cation
is shown in the Figure 3.2.

[The following is Ultimate Edition Only. ]
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Figure 3.3: Here we show an example of an KEGG functional binning, collapsed at the second
level of the hierarchy, and the third level below Carbohydrate metabolism, using MEGAN UE.

3.3 KEGG (Ultimate Edition)

The KEGG (Kyoto Encyclopedia of Genes and Genomes) classi cation of metagenomic pathways
involves categorizing functional annotations of genes found within metagenomic data into vari-
ous biological pathways. These pathways are grouped into broad categories such as metabolism,
genetic information processing, environmental information processing, cellular processes, organ-
ismal systems, human diseases, and drug development. Each category is further subdivided
into more speci ¢ pathways that describe detailed biochemical processes, cellular mechanisms,
and organismal functions. This classi cation aids in understanding the complex interactions
within microbial communities, their functional capabilities, and their potential impacts on their
environment and host organisms [Kanehisa et al., 2018].

KEGG is only included in the Ultimate Edition of MEGAN. The MEGAN representation of
KEGG contains 622 nodes internal nodes and around 28,000 KEGG orthologous groups. The
result of such a classi cation is shown in the Figure 3.3.

The KEGG viewer also provides visualizations of how reads map to dierent members in
metabolic pathways, such as the citrate cycle, see Fig. 3.4
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Figure 3.4: Reads mapping to di erent elements of the citrate cycle, using MEGAN UE.



4 Comparing samples

4.1 Comparing Samples

MEGAN supports the simultaneous analysis of multiple metagenomic samples through its ex-
ible and interactive comparison features.

To begin a comparison, selecFile > Compare... . This opens the Compare Dialog , shown
in Figure 4.1, which lists all datasets currently loaded in the session. In addition, you can add
les that are not yet open. You can select any subset of these to include in the comparison by
selecting them.

Figure 4.1: The Compare dialog allows selection of multiple samples for comparison.

Once a group of samples is selected, MEGAN creates a nesomparison document This doc-
ument serves as a uni ed interface for the selected datasets, allowing joint exploration of taxo-
nomic and functional assignments. Each sample retains its identity within the document, making
it easy to distinguish and compare across the group.

In the comparison document, MEGAN's full suite of analytical features is available, including:
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