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investigate complex microorganism communities. Nevertheless, a combination of
different bioinformatic tools remains necessary to draw conclusions out of microbiota
studies. Modular and user-friendly tools would greatly improve such studies.

We therefore developed ASaiM, an Open-Source Galaxy-based framework dedicated
to microbiota data analyses. ASaiM provides an extensive collection of tools to
assemble, extract, explore and visualize microbiota information from raw
metataxonomic, metagenomic or metatranscriptomic sequences. To guide the
analyses, several customizable workflows are included and are supported by tutorials
and Galaxy interactive tours, which guide users through the analyses step by step.
ASaiM is implemented as Galaxy Docker flavour. It is scalable to thousands of
datasets, but also can be used on a normal PC. The associated source code is
available under Apache 2 license at https://github.com/ASaiM/framework and
documentation can be found online (http://asaim.readthedocs.io).

Based on the Galaxy framework, ASaiM offers a sophisticated environment with a
variety of tools, workflows, documentation and training to scientists working on
complex microorganism communities. It makes analysis and exploration analyses of
microbiota data easy, quick, transparent, reproducible and shareable.
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Editor

“Your manuscript "ASaiM: a Galaxy-based framework to analyze raw shotgun data
from microbiota" (GIGA-D-17-00230) has been assessed by our reviewers. Although it
is certainly of interest, we are unable to consider it for publication without some
revisions. The reviewers have raised a number of points which we believe would
improve the manuscript and may allow a revised version to be published in
GigaScience. Particularly there are some suggestions to change the focus, so you will
need to decide to focus purely on the shotgun sequencing, or take a broader approach
and potentially change it to a more general toolkit (potentially also stressing the
educative aspects too).”

We think that ASaiM should be general toolkit for the analysis of microbiota data.
Indeed, it is currently used for diverse metagenomics projects (either shotgun or
amplicon), like the Beer DeCoded project which analyzes the ITS sequences of the
beer microbiota in a pedagogic way or the assembly of metagenomics datasets from
EBI Metagenomics to extract CRISPR subtypes. So, we added some tools and
workflows for ITS analysis and metagenomic assembly and are currently working on
integration of binning tools. We also changed the title to indicate the general purpose
of ASaiM: “ASaiM: a Galaxy-based framework to analyze microbiota data”.
To stress the educative aspects, we also added a short paragraph explaining in more
detail how ASaiM is used for a citizen science project (Beer DeCoded) or in training
courses, for example to understand and use the EBI metagenomic workbench in a
reproducible way for teaching undergrads.

“In addition, we are now asking authors to register any new software application or
pipeline in the SciCrunch.org database to receive a RRID (Research Resource
Identification Initiative ID) number, and include this in your manuscript. This will
facilitate tracking, reproducibility and re-use of your tool.”

The tool has been submitted to SciCrunch: RRID:SCR_015878. We added the
information in the manuscript.

Reviewer #1

“Excellent paper, useful collections of tools, focused approach and well organized with
great documentation.”

We thank the reviewer for this nice comment.

“Enough background for a software paper, my suggestion would be if you can mention
a little more on metagenomics pipelines available on the main Galaxy server, in
addition to an example of specialized Galaxy servers for metagenomics - for example
the Metaphlan group they have such a specialized server:
https://huttenhower.sph.harvard.edu/galaxy/”

We added in the introduction a sentence about the main Galaxy server and the
metagenomics tools available there. We also mentioned the server of the Huttenhower
lab. Moreover, we are in contact with the administrators of usegalaxy.org and we will
ensure that all workflows and trainings will also work on their server.

“In addition I was really excited to see the provenance mentioned. Since the
documentation is so extensive (and excellent!), perhaps the authors could add a
section on how to save a docker container where data has been processed with their
tool (also how to bundle the volumes with the data), so that the whole package and be
distributed (and provide analysis provenance), to collaborators, with a publication etc.”

We tried to keep the documentation on the Docker usage simple and not redundant
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with the already extensive documentation available for the Galaxy Docker project
(https://github.com/bgruening/docker-galaxy-stable). In the online documentation, we
added more links in the documentation to this Docker documentation, especially with
the questions the reviewer asked, and added a sentence to refer to this online
documentation in the manuscript.
To answer the question directly, it is possible to store, archive and share the entire
/export folder of a Galaxy Docker image. This can then be easily shared, uploaded to
Zenodo etc. and reused with any other Galaxy Docker container.

“Overall an excellent paper !”

Reviewer #2

“Some spelling errors:

line 56: blocking scientist -> blocking scientists
line 124 an web-interface -> a web-interface
line 135: visualization -> visualizations
line 135: such Phyloviz -> such as Phyloviz
line 157 Figure 2): we -> Figure2) and we
line 175-176: We integrate then also a workflow -> We also integrated them in a
workflow

in report (supp. material) targeted abundances may be not reflect -> targeted
abundances may not reflect”

Thanks for reporting these mistakes, we addressed all of them in the revised version.

Further remarks:

1) “The title is a bit lacking in context. ASAIM is clearly dedicated only towards the
taxonomic and functional analysis of metagenomic data (either from amplicon
sequencing or from shotgun sequencing). It would be beneficial for the reader to
deduce that from the title.”

ASaiM is a community starting point for all people interested in metagenomic research.
During the last months other tools related to metagenomic assembly as MetaSPAdes
or MEGAHIT and some tools for binning were added, partially by the community, but
also on request from collaborators. The objectives of ASaiM is to offer a
comprehensive and general workbench for microbiota analysis and thus we would like
to have a slightly more general title. However, we changed the title slightly to: “ASaiM:
a Galaxy-based framework to analyze microbiota data”

2) “It's not quite clear the innovative part of the platform. Besides collecting all those
preexisting tools in an organized manner under Galaxy's umbrella what was the added
contribution of ASAIM's team? Did you develop new wrapper/parser scripts for
some/all of these tools in order to integrate them with Galaxy? What is the added value
of the 3 new tools you developped? The GO slim term tool seems to be one of the final
tools (purple) in your workflow (is that correct?). What about the other two for searching
EBI and ENA databases? Are they part of one of the workflows or just additional
standalone tools?”

The ASaiM team migrated 12 tools/suites of tools and their dependencies to Bioconda
(e.g. HUMAnN2, MetaPhlAn2, GraPhlAN), integrated 16 suites (>100 tools) into
Galaxy (e.g. HUMAn2 or QIIME with its around forty tools), i.e. developing the
wrappers for these tools. We also checked and updated the wrappers of the existing
tools. Moreover, several Galaxy datatypes, (interactive) training material and a
visualization were developed and integrated into Galaxy.
The 3 tools we developed were needed to close missing steps in workflows or to make
it more convenient for users to access publicly available data.
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The GO slim tool is used to aggregate the gene family abundances into GO terms and
is indeed one of the final steps in the workflow.
The EBISearch and ENASearch tools are standalone tools to allow users to query ENA
and EBI Metagenomics databases (data, metadata) and transfer to directly into Galaxy.
They are not integrated into the one of our predefined workflows because the inputs of
the workflows could be local data or data from external database such as ENA and we
can not determine that before.
To complement the tools and workflows, the ASaiM team created also documentation
and tutorials.

3) ”The comparison between ASAIM and EBI analysis seems rather trivial. It's not a
comparison of the two platforms rather than a comparison of the two different tools
they are using (QIIME and Metaphlan). It would make much more sense a comparison
between EBI's workflow run in the exact same way as an ASAIM/Galaxy workflow with
the same tools.”

We would like to do this, but currently it is not possible to know the exact parameters
which are used in the EBI Metagenomics workflow. This latter workflow is,
unfortunately, currently a blackbox in contrary to ASaiM whose one of the objectives is
to make microbiota research more transparent and reproducible.

4) “The same goes for functional analysis (where you mention comparison is not
feasible). You just present results derived from two different methods with no
comparable points.”

For the same reason as stated above we are very limited in what we can compare.
Moreover. the functional information are extracted with two different types of
information. EBI Metagenomics extracts the InterProScan gene families. In ASaiM, we
extract with HUMAnN2 the UniRef gene families. It complexifies any comparisons.

5) “In line 200 the command you state
docker run -d -p 8080:80 quay.io/bebatut/asaim

is different than the one stated in your webpage where the installation instructions are:

docker run -d -p 8080:80 quay.io/bebatut/asaim-framework

while the "asaim" command doesn't work (not authorized error) the "asaim-framework"
seems to work”

We apologize for this mistake. We fixed the command mentioned in the manuscript to
fit to the one in the instructions.

6) “In supplementary material report page 3 contains a table that is not well displayed”

Thanks for reporting this. We fixed the table.

7) “Installation was not succesful so actual testing of the tool was not possible.
Installation in a new CentOS distribution (3.10.0-514) under a Virtuabox engine failed.
It could be useful to mention in your docs how to install and start the docker engine
before attempting to download the ASAIM package especially for those with little or no
command line knowledge.”

As the installation of the Docker engine can vary between different operating systems
and is changing over time we think the best way is to link to the upstream
documentation under https://docs.docker.com/engine/installation. We also added a link
to a video explaining how to use Kitematic for Galaxy Docker, for the non-linux users.

“At some point during the installation process there was an error saying:
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"failed to register layer: ApplyLayer exit status 1 stdout:  stderr: write
/tool_deps/_conda/envs/__picrust@1.1.1/lib/python2.7/site-packages/mpi4py/MPI.so:
no space left on device."

Not sure how that's possible with 34GB available free space. Does ASAIM include
databases that take up more space than that? If that's the case you should probably
include that in the Requirements section in your webpage and inform the reviewers as
well in order for us to be able to succesfully install and properly test it.”

We apologize for this unfortunate experience.
ASaiM includes numerous tools and reference databases for HUMAnN2 and
MetaPhlAn2 and this increases the required disk space to 40GB. We forgot to mention
this in our documentation and addressed this issue. In the meantime we are working
hard to make this experience easier in the near future. The latest ASaiM Docker
release already supports the CVMFS filesystem, with which we can easily mount in TB
of reference data into every image. The data is then only downloaded if it get accessed
by tools. We will extend this over the next releases.

Reviewer #3

“The manuscript describes an alternative workflow for the processing of shotgun
metagenomics and metatranscriptomic data, called ASaiM.
ASaiM integrates multiple tools for the analysis and manipulation of raw metagenomics
and metatranscriptomic data, that are available, both as single tools and combined in
multiple pipelines, within the Galaxy workflow and with a Docker and conda support.
ASaiM comes with a very impressive documentation and it is of high importance in the
metagenomics community, where most of the analyses are carried out using in-house
scripts that, as pointed out by the authors, hinder reproducibility.

However, several other metagenomics pipelines are already available: MG-RAST and
the EBI metagenomics pipeline, that the authors briefly discuss in the Introduction, but
also MOCAT2, MetAMOS, and another Galaxy metagenomic pipeline. How does
ASaiM compare within this wider ecosystem? MOCAT2, for instance, comes with a set
of preset parameters, stored in a single file, that already improve reproducibility, and
the EBI metagenomics pipeline clearly shows the software version (e.g.,
https://www.ebi.ac.uk/metagenomics/pipelines/3.0), allowing provenance.”

Provenance is way more than just the version of the used tool in a workflow. Every
single parameter or the version of the used reference database can have a huge
influence on the results.
But even if the various webservers would allow for a complete provenance it’s hard or
impossible to run those pipelines locally or on a local cluster. ASaiM is changing this by
offering all tools of the different pipelines in one workbench, that can be deployed
locally, on a cluster or in a cloud. The different pipelines can even be mixed if
necessary, allowing for a unmatched flexibility and reproducibility. Moreover, ASaiM
will ensure that the entire provenance is tracked and every single parameter, the exact
version of the tools and input data is tracked and can be reproduced and compared.
The reviewer mentioned MOCAT2. This command line tool is a great tool. However, it
focuses only on metagenomic data (not for metataxonomic or metatranscriptomic data,
as we would like) and its command-line use is a limitation for its use for all scientists
working with microbiota data. We will work on integrating it into ASaiM.
With EBI Metagenomics, the versions of software are available but not the parameters
or the versions of databases used. For this reason, we did not set up any parameters
in the workflow developed to reproduce the one on EBI Metagenomics. We think it is a
big issue for reproducibility, as the parameters and the databases can have a big
impact on the results.

“Also, the authors point out that the main problems in analysing metagenomics data
are, first, the selection and configuration of the necessary tools, then the definition of
the correct computational resources, and, finally, the definition of a correct analysis
workflow. However, in this reviewer's opinion, ASaiM does not fully address these
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limitations. The authors implement about 25 tools for the processing of metagenomics
data but give little explanation on the reasons these specific tools have been selected,
or which tools should be used when multiple tools within the same class are available.
Novices in the field would surely appreciate these pieces of information as a way to
select the correct software for the problem at hand.”

Information about this was added in the documentation and in the tutorials we
developed with the Galaxy Training Network. We follow the idea to offer a variety of
different tools, even if they have overlapping functionality, to enable a lot of flexibility
and freedom in data analysis. In this regard we want to offer easy access to a lot of
different software. If a user needs guidance and the amount of tools is just
overwhelming, we provide workflows for different use-cases and training material, in
which we choose specialised tools and leave other out. However, we think the power
of an analysis should be in the hand of the user and different steps in a workflow
should/could be interchangeable.

“Regarding the workflows included in ASaiM, one is a reimplementation of the EBI
workflow, one cannot be used for analysing metagenomic shotgun data, and only one
is novel (that this reviewer supposes is the one called very generally "ASaiM"). This
reviewer would suggest the authors to focus more on describing this novel workflow,
and to remove all the references to QIIME and Mothur tools (or to 16S data analysis in
general) since these are not able to analyse shotgun metagenomics data and may
generate confusion.”

We think that ASaiM should be general toolkit for the analysis of microbiota data, not
only for shotgun data. Microbiota analyses are usually not only focused on one type of
analysis (metagenomics, metatranscriptomics, metataxonomics). We usually need to
combine tools developed for different purposes to analyze our data. For example to
compute abundance statistics such as alpha or beta diversity, we can apply the QIIME
tools on the BIOM files generated by metagenomics tools such as MetaPhlAn. ASaiM
is currently used in diverse microbiota projects (shotgun, amplicon and ITS data). We
would like then to keep the mention of the QIIME and Mothur tools, and their workflow.
We also added two workflows for metagenomic assembly (one using MEGAHIT and
one using MetaSPAdes), including quality control, assembly and assembly checking
(statistics, mapping and identification of potential assembly error signatures).

“For instance, it would be interesting to know how the workflow can be customised,
whether default parameters are available and how they have been selected, and have
more detailed and exhaustive information on time and computational requirements
(and not only on two samples).”

We clarified the customization of workflows in the manuscript:
“To assist in microbiota analyses, several default workflows are proposed and
documented (tools, default parameters) in ASaiM. These workflows can be used as
they are, customized either on the fly to tune the parameters or globally to change the
tools, their order and their default parameters, or even used as subworkflows.”.
We added more details in the documentation and also in the tutorials about the choices
of default parameters for the tools.
Exhaustive information on time and computational requirements are difficult to extract.
They greatly depend on the input data. Currently for the shotgun workflow, the main
time-consuming task is HUMAnN2 and its execution time is not linear with input size.
We added a sentence in the manuscript to mention that.
In general ASaiM is configured by default to run on normal personal computers, but
because ASaiM is utilizing the Galaxy framework all tools and workflows can be easily
configured to scale out and use entire clusters or other available compute resources.
Here, we are referring to the upstream documentation of Galaxy or the Docker Galaxy
project.

“Also, it is not clear what improvements are brought by ASaiM and what are due to the
usage of Galaxy (reproducibility, provenance, being user-friendly), or of HUMAnN2
(ability to infer the taxonomic profiles up to the species level, availability of genes and
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pathways abundances tables). For instance, how the proposed 'functional and
taxonomic combination analysis' block differs with that proposed within the HUMAnN2
pipeline?”

ASaiM is a collection of existing tools that are combined into a dedicated Galaxy
instance. On top of these tools we have build workflows and training material. Thanks
to Galaxy and Docker, ASaiM can be easily shipped, deployed, but also customized for
anyone. The ASaiM team maintains the tools, updates them, integrates new tools (>
100), datatypes and visualizations and develops documentation and training to help
researchers to deal with microbiota data. We clarified the manuscript in this direction.
The “functional and taxonomic combination analysis” block is the Galaxy
implementation of the HUMAnN2 pipeline, but inside a workflow to help its execution
on many samples and after several pre-processing steps (quality control, sorting,
MetaPhlAn2), without the need to care about the computational details. It is a turnkey
solution.

“More in general, this reviewer's main concern regards the focus of the manuscript. Are
the authors interested in presenting the Galaxy implementation of a variety of
metagenomics tools? Or to present a novel reproducible pipeline for the analysis of
metagenomics data? Are they interested in metagenomics or metagenetics (16S)
analysis? In this reviewer's opinion, the manuscript would surely benefit in focusing on
a single message, while additional features (such as the analysis of metagenetics
data) should be only briefly mentioned.”

We are interesting in presenting ASaiM as an environment for people working on any
type of microbiota data: a Galaxy implementation including a variety of microbiota
related tools, workflow, documentation and training, whch is easy to distribute with its
Docker image, for example for a publication of an analysis. We tried to make this
message clearer in the manuscript, with for example a slightly different title “ASaiM: a
Galaxy-based framework to analyze microbiota data”

“The manuscript includes some imprecision, with several concepts repeated multiple
times, and would surely benefit from a proofreading by a native speaker:”

1. “Lines 40-43. Metagenomics and metatranscriptomics techniques do not allow to get
insight into metabolic components, but only on the inferred functions of the micro-
organisms present in one sample (as done, for instance, by HUMAnN2). To measure
the metabolic components, one should use another approach, namely
metametabolomics. It is also not clear what 'phylogenetic properties' are. Do the
authors mean taxonomical profiles?”

We changed the sentence to clarify it: “These techniques are giving insight into
taxonomic profiles and genomic components of microbial communities.”

2. “Line 44. The authors mention 'high variability'. What is the feature showing this 'high
variability'?”

High variability is referring to the diversity of organisms in one sample, uneven
sequencing depth of the different organisms and other things that makes metagenomic
research hard. We changed the word to use “their complexity”.

3. “Line 52. Can the authors give examples of what they call 'computational resources
specially for the metagenomics datasets'?”

We meant need for lot of memory and disk space, the use of cluster or cloud. They are
not specific for metagenomic datasets, but probably highly required for metagenomics.
We changed the sentence to:
“They are command-line tools and may require extensive computational resources
(memory, disk space)”.
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4. “Line 140. What is a 'data reduction step'?”

A data reduction step is the reduction of the input data: removal of bad quality
sequences and trimming, removal of duplicated sequences (dereplication), sorting of
the sequences. We removed this term, to avoid confusion.

4. “This reviewer suggests removing the 'Installation and running section' and simply
refers to the documentation, as done in other cases.”

We decided to have this section because it shows that using ASaiM is not really
difficult and also to mention that tools and workflows can be added to any already
existing Galaxy instance. We significantly shortened this section and referenced the
documentation. Thanks for this recommendation.

Additional Information:

Question Response

Are you submitting this manuscript to a
special series or article collection?

No

Experimental design and statistics

Full details of the experimental design and
statistical methods used should be given
in the Methods section, as detailed in our
Minimum Standards Reporting Checklist.
Information essential to interpreting the
data presented should be made available
in the figure legends.

Have you included all the information
requested in your manuscript?

Yes

Resources

A description of all resources used,
including antibodies, cell lines, animals
and software tools, with enough
information to allow them to be uniquely
identified, should be included in the
Methods section. Authors are strongly
encouraged to cite Research Resource
Identifiers (RRIDs) for antibodies, model
organisms and tools, where possible.

Have you included the information
requested as detailed in our Minimum
Standards Reporting Checklist?

Yes

Availability of data and materials

All datasets and code on which the
conclusions of the paper rely must be
either included in your submission or
deposited in publicly available repositories

Yes
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(where available and ethically
appropriate), referencing such data using
a unique identifier in the references and in
the “Availability of Data and Materials”
section of your manuscript.

Have you have met the above
requirement as detailed in our Minimum
Standards Reporting Checklist?
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friendly tools would greatly improve such studies. 19 
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We therefore developed ASaiM, an Open-Source Galaxy-based framework dedicated to 21 

microbiota data analyses. ASaiM provides an extensive collection of tools to assemble, 22 

extract, explore and visualize microbiota information from raw metataxonomic, metagenomic 23 

or metatranscriptomic sequences. To guide the analyses, several customizable workflows 24 

are included and are supported by tutorials and Galaxy interactive tours, which guide users 25 

through the analyses step by step. ASaiM is implemented as Galaxy Docker flavour. It is 26 

scalable to thousands of datasets, but also can be used on a normal PC. The associated 27 

source code is available under Apache 2 license at https://github.com/ASaiM/framework and 28 

documentation can be found online (http://asaim.readthedocs.io). 29 
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microorganism communities. It makes analysis and exploration analyses of microbiota data 33 
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Background 38 

The study of microbiota and microbial communities has been facilitated by the evolution of 39 

sequencing techniques and the development of metataxonomics, metagenomics and 40 

metatranscriptomics. These techniques are giving insight into taxonomic profiles and 41 

genomic components of microbial communities. However, meta’omic data exploitation is not 42 

trivial due to the large amount of data, their complexity, the incompleteness of reference 43 

databases, the difficulty to find, configure, use and combine the dedicated bioinformatics 44 

tools, etc. Hence, to extract useful information, a sequenced microbiota sample has to be 45 

processed by sophisticated workflows with numerous successive bioinformatics steps [1]. 46 

Each step may require execution of several tools or software. For example, to extract 47 

taxonomic information with the widely used QIIME [2] or Mothur [3], at least 10 different tools 48 

with at least 4 parameters each are needed. Designed for amplicon data, both QIIME and 49 

Mothur can not be directly applied to shotgun metagenomics data. In addition, the tools can 50 

be complex to use; they are command-line tools and may require extensive computational 51 

resources (memory, disk space). In this context, selecting the best tools, configuring them to 52 

use the correct parameters and appropriate computational resources and combining them 53 

together in an analysis chain is a complex and error-prone process. These issues and the 54 

involved complexity are prohibiting scientists from participating in the analysis of their own 55 

data. Furthermore, bioinformatics tools are often manually executed and/or patched together 56 

with custom scripts. These practices raise doubts about a science gold standard: 57 

reproducibility [3,4]. Web services and automated pipelines such as MG-RAST [5] and EBI 58 

metagenomics [6] offer solutions to the accessibility issue. However, these web services 59 
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work as a black box and are lacking in transparency, flexibility and even reproducibility as 60 

the version and parameters of the tools are not always available. Alternative approaches to 61 

improve accessibility, modularity and reproducibility can be found in open-source workflow 62 

systems such as Galaxy [6–8]. Galaxy is a lightweight environment providing a web-based, 63 

intuitive and accessible user interface to command-line tools, while automatically managing 64 

computation and transparently managing data provenance and workflow scheduling [6–8]. 65 

More than 4,500 tools can be used inside any Galaxy environment. For example, the main 66 

Galaxy server (http://usegalaxy.org) integrates many genomic tools whose few 67 

metagenomics tools such as Kraken [9] or VSearch [10] and was used for example in the 68 

windshield splatter analysis [11]. The tools can also be selected and combined to build 69 

Galaxy flavors focusing on specific type of analysis, e.g. the Galaxy RNA workbench [12] or 70 

the specialized Galaxy server of the Huttenhower lab 71 

(http://huttenhower.sph.harvard.edu/galaxy). However, none of these solutions are dedicated 72 

to microbiota data analysis in general, with the community-standard tools. 73 

In this context, we developed ASaiM (Auvergne Sequence analysis of intestinal Microbiota, 74 

RRID:SCR_015878), an Open-Source opinionated Galaxy-based framework. It integrates 75 

more than 100 tools and several workflows dedicated to microbiota analyses with an 76 

extensive documentation (http://asaim.readthedocs.io) and training support. 77 

Goals of ASaiM 78 

ASaiM is developed as a modular, accessible, redistributable, sharable and user-friendly 79 

framework for scientists working with microbiota data. This framework is unique in combining 80 

curated tools and workflows and providing easy access and support for scientists. 81 

ASaiM is based on four pillars: 1) easy and stable dissemination via Galaxy, Docker and 82 

Conda, 2) a comprehensive set of microbiota related tools, 3) a set of predefined and tested 83 

workflows, and 4) extensive documentation and training to help scientists in their analyses. 84 
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A framework built on the shoulders of giants 85 

The ASaiM framework is built on existing tools and infrastructures and combine all their 86 

forces to create an easily accessible and reproducible analysis platform. 87 

ASaiM is implemented as a portable virtualized container based on Galaxy framework [8]. 88 

Galaxy provides researchers with means to reproduce their own workflows analyses, rerun 89 

entire pipelines, or publish and share them with others. Based on Galaxy, ASaiM is scalable 90 

from single CPU installations to large multi-node high performance computing environments. 91 

Deployments can be achieved by using a pre-built ASaiM Docker image, which is based on 92 

the Galaxy Docker project (http://bgruening.github.io/docker-galaxy-stable) or by installing all 93 

needed components into an already existing Galaxy instance. This ASaiM Docker instance 94 

is customized with a variety of selected tools, workflows, interactive tours and data that have 95 

been added as additional layers on top of the generic Galaxy Docker instance. The 96 

containerization keeps the deployment task to a minimum. The selected Galaxy tools are 97 

automatically installed from the Galaxy ToolShed [13] (https://toolshed.g2.bx.psu.edu) using 98 

the Galaxy API BioBlend [14] and the installation of the tools and their dependencies are 99 

automatically resolved using packages available through Bioconda 100 

(https://bioconda.github.io). To populate ASaiM with the selected tools, we migrated then 12 101 

tools/suites of tools and their dependencies to Bioconda (e.g. HUMAnN2), integrated 16 102 

suites (>100 tools) into Galaxy (e.g. HUMAn2 or QIIME with its approximately forty tools) 103 

and updated the already available ones (Table 1). 104 

Tools for microbiota data analyses 105 

The tools integrated in ASaiM can be seen in Table 1. They are expertly selected for their 106 

relevance with regard to microbiota studies, such as Mothur [3], QIIME [2], MetaPhlAn2 [15], 107 

HUMAnN2 [16] or tools used in existing pipelines such as EBI Metagenomics’ one. We also 108 

added general tools used in sequence analysis such as quality control, mapping or similarity 109 

search tools. 110 
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 111 

Table 1: Available tools in ASaiM 112 

Section Subsection Tools 

File and meta tools Data retrieval EBISearch, ENASearch [17], SRA 
Tools 

 Text manipulation Tools from Galaxy ToolShed 

 Sequence file manipulation Tools from Galaxy ToolShed 

 BAM/SAM file manipulation SAM tools [18–20] 

 BIOM file manipulation BIOM-Format tools [21] 

Genomics tools Quality control FastQC, PRINSEQ [22], Trim 
Galore!, Trimmomatic [23], MultiQC 
[24] 

 Clustering CD-Hit [25], Format CD-HIT outputs 

 Sorting and prediction SortMeRNA [26], FragGeneScan 
[27]  

 Mapping BWA [28,29], Bowtie [30] 

 Similarity search NCBI Blast+ [31,32], Diamond [33] 

 Alignment HMMER3  

Microbiota dedicated 
tools 

Metagenomics data 
manipulation 

VSEARCH [10], Nonpareil [34] 

 Assembly MEGAHIT [35], metaSPAdes [36], 
metaQUAST [37], VALET 

 Metataxonomic sequence 
analysis 

Mothur [3], QIIME [2] 

 Taxonomy assignation on WGS 
sequences 

MetaPhlAn2 [15], Format 
MetaPhlan2, Kraken [9] 

 Metabolism assignation HUMAnN2 [16], Group HUMAnN2 
to GO slim terms, Compare 
HUMAnN2 outputs, PICRUST [38], 
InterProScan 

 Combination of functional and 
taxonomic results 

Combine MetaPhlAn2 and 
HUMAnN2 outputs 

 Visualization Export2graphlan, GraPhlAn [39], 
KRONA [40]  

This table presents the tools, organized in section and subsections to help users. A more detailed 113 

table of the available tools and some documentation can be found in the online documentation 114 
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(http://asaim.readthedocs.io/en/latest/tools/) 115 

 116 

An effort in development was made to integrate these tools into Conda and the Galaxy 117 

environment (> 100 tools integrated), with the help and support of the Galaxy community. 118 

We also developed two new tools to search and get data from EBI Metagenomics and ENA 119 

databases (EBISearch and ENASearch [17]) and a tool to group HUMAnN2 outputs into 120 

Gene Ontology Slim Terms. Tools inside ASaiM are organized to make them findable and 121 

documented (http://asaim.readthedocs.io/en/latest/tools/). 122 

Diverse source of data 123 

An easy way to upload user-data into ASaiM is provided by a web-interface or more 124 

sophisticated via FTP or SFTP. Moreover, we added specialised tools that can interact with 125 

external databases like NCBI, ENA or EBI Metagenomics to query them and download data 126 

into the ASaiM environment. 127 

Visualization of the data 128 

An analysis often ends with summarizing figures that conclude and represent the findings. 129 

ASaiM includes standard interactive plotting tools to draw bar charts and scatter plots from 130 

all kinds of tabular data. Phinch visualization is also included to interactively visualize and 131 

explore any BIOM file, and generate different types of ready-to-publish figures. We also 132 

integrated two other tools to explore and represent the community structure: KRONA [40] 133 

and GraPhlAn. Moreover, as in any Galaxy instance, other visualizations are included such 134 

as Phyloviz for phylogenetic trees or the genome browser Trackster for visualizing 135 

SAM/BAM, BED, GFF/GTF, WIG, bigWig, bigBed, bedGraph, and VCF datasets. 136 

Workflows 137 

Each tool can be used separately in an explorative manner or multiple tools can be 138 

orchestrated inside workflows passing raw data to information extraction and visualization. 139 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://asaim.readthedocs.io/en/latest/tools/
https://paperpile.com/c/r99IXm/6J4L
http://asaim.readthedocs.io/en/latest/tools/
https://paperpile.com/c/r99IXm/WdMx


8 

To assist in microbiota analyses, several default workflows are proposed and documented 140 

(tools and their default parameters) in ASaiM. These workflows can be used as is, 141 

customized either on the fly to tune the parameters or globally to change the tools, their 142 

order and their default parameters, or even used as subworkflows. 143 

Analysis of raw metagenomic or metatranscriptomic shotgun data 144 

The workflow quickly produces, from raw metagenomic or metatranscriptomic shotgun data, 145 

accurate and precise taxonomic assignations, wide extended functional results and 146 

taxonomically related metabolism information (Figure 1). This workflow consists of i) 147 

processing with quality control/trimming (FastQC and Trim Galore!) and dereplication 148 

(VSearch [10]; ii) taxonomic analyses with assignation (MetaPhlAn2 [15]) and visualization 149 

(KRONA , GraPhlAn); iii) functional analyses with metabolic assignation and pathway 150 

reconstruction (HUMAnN2 [16]); iv) functional and taxonomic combination with developed 151 

tools combining HUMAnN2 and MetaPhlAn2 outputs. 152 

This workflow has been tested on two mock metagenomic datasets with controlled 153 

communities (Supplementary material). We have compared the extracted taxonomic and 154 

functional information to such information extracted with the EBI metagenomics’ pipeline and 155 

to the expectations from the mock datasets. With ASaiM, we generate more accurate and 156 

precise data for taxonomic analyses (Figure 2) and we can access information at the level of 157 

the species. More functional information (e.g. gene families, gene ontologies, pathways) are 158 

also extracted with ASaiM compared to the ones available on EBI metagenomics. With this 159 

workflow, we can go one step further and investigate which taxons are involved in a specific 160 

pathway or a gene family (e.g. involved species and their relative involvement in different 161 

step of fatty acid biosynthesis pathways, Figure 3). 162 

For the tests, ASaiM was deployed on a computer with Debian GNU/Linux System, 8 cores 163 

Intel(R) Xeon(R) at 2.40 GHz and 32 Go of RAM. The workflow processed the 1,225,169 164 

and 1,386,198 454 GS FLX Titanium reads of each datasets, with a stable memory usage, in 165 

4h44 and 5h22 respectively (Supplementary material). The execution time is logarithmically 166 
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linked to the input data size. With this workflow, it is then easy and quick to process raw 167 

microbiota data and extract diverse useful information. 168 

Assembly of metagenomics data 169 

Microbiota data usually come with quite short reads. To reconstruct genomes or to get 170 

longer sequences for further analysis, microbiota sequences have to be assembled with 171 

dedicated metagenome assemblers. To help in this task, two workflows have been 172 

developed in ASaiM, each one using one of the well-performing assemblers [41–47]: 173 

MEGAHIT [35] and MetaSPAdes [36]. Both workflows consists of: 1) processing with quality 174 

control/trimming (FastQC and Trim Galore!); ii) assembly with either MEGAHIT or 175 

MetaSPAdes; iii) estimation of the assembly quality statistics with MetaQUAST [37]; iv) 176 

identification of potential assembly error signature with VALET; v) determination of 177 

percentage of unmapped reads with Bowtie2 [30] combined with MultiQC [24] to aggregate 178 

the results.  179 

Analysis of metataxonomic data 180 

To analyze amplicon or ITS data, the Mothur and QIIME tool suites are available to ASaiM. 181 

We integrated the workflows described in tutorials of Mothur and QIIME, as example of 182 

metataxonomic data analyses as well as support for the training material.  183 

Running as in EBI metagenomics 184 

As the tools used in the EBI Metagenomics pipeline are also available in ASaiM, we 185 

integrate them in a workflow with the same steps as the EBI Metagenomics pipeline. 186 

Analyses made in EBI Metagenomics website can be then reproduced locally, without 187 

having to wait for availability of EBI Metagenomics or to upload any data on EBI 188 

Metagenomics. However the parameters must be defined by the user as we can not find 189 

them on EBI Metagenomics documentation. In ASaiM, the entire provenance and every 190 

parameters are tracked to guarantee the reproducibility. 191 
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Documentation and training 192 

A tool or software is easier to use if it is well documented. Hence extensive documentation 193 

helps the users to be familiar with the tool and also prevents mis-usage. For ASaiM, we 194 

developed an extensive online documentation (http://asaim.readthedocs.io), mainly to 195 

explain how to use it, how to deploy it, which tools are integrated with small documentation 196 

about these tools, which workflows are integrated and how to use them.  197 

In addition to this online documentation, Galaxy Interactive Tours are included inside the 198 

Galaxy instance, which guide users through an entire analysis in an interactive (step-by-199 

step) way. We developed few tours dedicated specifically to microbiota analyses and ASaiM 200 

workflows, to complement developed tutorials and trainings. Several step-by-step tutorials 201 

explain different microbiota analyses and ASaiM workflows with toy datasets. Hosted in the 202 

Galaxy Training Network (GTN) GitHub repository (https://github.com/galaxyproject/training-203 

material), the tutorials are available online at 204 

http://training.galaxyproject.org/topics/metagenomics and also directly from ASaiM and its 205 

documentation for self-training. They have been used during several workshops on 206 

metagenomics data analysis. In parallel, ASaiM has been used in training courses to 207 

understand and use the EBI Metagenomics workflow in a reproducible way for teaching 208 

undergrads, and as foundation in a citizen science project (Beer DeCoded [48]). 209 

Installation and running ASaiM 210 

Running the containerized ASaiM simply requires to install Docker and to start the ASaiM 211 

image with: 212 

$ docker run -d -p 8080:80 quay.io/bebatut/asaim-framework:latest 213 

As Galaxy, ASaiM is production-ready and can be configured to use external accessible 214 

computer clusters or cloud environments. It is also possible and easy to install all or only a 215 

subset of tools of the ASaiM framework on existing Galaxy instances, as we did on the 216 

Freiburg Galaxy instance. More details about the installation and the use of ASaiM are 217 
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available on the online documentation 218 

(http://asaim.readthedocs.io/en/latest/installation.html). 219 

Conclusion 220 

ASaiM provides a powerful framework to easily and quickly analyze microbiota data in a 221 

reproducible, accessible and transparent way. Built on a Galaxy instance wrapped in a 222 

Docker image, ASaiM can be easily deployed with its extensive set of tools and their 223 

dependencies. These tools are complemented with a set of predefined and tested workflows 224 

to address the main microbiota questions (assembly, community structure and functions). All 225 

these tools and workflows are extensively documented online (http://asaim.readthedocs.io) 226 

and supported by Interactive Tours and tutorials. 227 

With this complete infrastructure, ASaiM offers a sophisticated environment for microbiota 228 

analyses to any scientists, while promoting transparency, sharing and reproducibility. 229 

Methods 230 

For the tests, ASaiM was deployed on a computer with Debian GNU/Linux System, 8 cores 231 

Intel(R) Xeon(R) at 2.40 GHz and 32 Go of RAM. The workflow has been run on two mock 232 

community samples of Human Microbiome Project (HMP), containing a genomic mixture of 233 

22 known microbial strains. The details of comparison analyses are described in the 234 

Supplementary Material. 235 

Availability of supporting source code and requirements 236 

● Project name: ASaiM 237 

● Project home page: https://github.com/ASaiM/framework 238 

● Operating system(s): Platform independent 239 

● Other requirements: Docker 240 

● License: Apache 2 241 
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All tools described herein are available in the Galaxy Toolshed 242 

(https://toolshed.g2.bx.psu.edu). The Dockerfile to automatically install deploy ASaiM is 243 

provided in the GitHub repository and a pre-built Docker image is available at 244 

https://quay.io/repository/bebatut/asaim-framework. 245 
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Figure 1: Main ASaiM workflow to analyze raw sequences. 383 

This workflow takes as input a dataset of raw shotgun sequences (in FastQ format) from 384 

microbiota, preprocess it (yellow boxes), extracts taxonomic (red boxes) and functional 385 

(purple boxes) assignations and combines them (green boxes). 386 

Image available under CC-BY license (https://doi.org/10.6084/m9.figshare.5371396.v3)  387 

 388 

Figure 2: Comparisons of the community structure for SRR072233. 389 

This figure compares the community structure between the expectations (mapping of the 390 

sequences on the expected genomes), data found on EBI Metagenomics database 391 

(extracted with the EBI Metagenomics pipeline) and the results of the main ASaiM workflow 392 

(Figure 1). 393 

 394 

Figure 3: Example of an investigation of the relation between community structure and 395 

functions. 396 

The involved species and their relative involvement in fatty acid biosynthesis pathways have 397 

been extracted with ASaiM workflow (Figure 1) for SRR072233 398 

 399 
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