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Background. Bioinformatics is fundamental to biomedical sciences, but its mastery
presents a steep learning curve for bench biologists and clinicians. Learning to code
while analyzing data is difficult. The curve may be flattened by separating the two
aspects and providing intermediate steps for budding bioinformaticians. Single-cell
analysis is in great demand from biologists and biomedical scientists, as evidenced by
the proliferation of training events, materials, and collaborative global efforts like the
Human Cell Atlas. However, iterative analyses and un-standardized pipelines have
made effective single-cell training a moving target. Findings. To address these
challenges, we present a Multi-Interface Galaxy Hands-on Training Suite (MIGHTS) for
scRNA-seq analysis, which offers parallel analytical methods using a graphical
interface (buttons) or code. With clear, interoperable materials, MIGHTS facilitates
smooth transitions between environments. Bridging the biologist-programmer gap,
MIGHTS emphasizes interdisciplinary communication for effective learning at all levels.
Real-world data analysis in MIGHTS promotes critical thinking and best practices,
while FAIR data principles ensure validation of results. MIGHTS is freely available,
hosted on the Galaxy Training Network, and leverages Galaxy interfaces for analyses
in both settings. Given the ongoing popularity of Python-based (Scanpy) and R-based
(Seurat, Monocle) scRNA-seq analyses, MIGHTS enables analyses using both.
Conclusions. MIGHTS consists of 11 tutorials including recordings, slide-decks, and
interactive visualizations, with a proven track record of sustainability via regular
updates and community collaborations. Parallel pathways in MIGHTS enable
concurrent training of scientists at any programming level, addressing the
heterogeneous needs of novice bioinformaticians.
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Reviewer 1:

1.“While the manuscript lays emphasis on unstandardized and iterative analysis, the
authors could draw a strong rationale on lack of reinstantiation methods which is
certainly the need. The tools like Scanpy/Seurat and other ecosystem tools, there is a
latency and they work differently.”

®|n the discussion, reinstantiation has been emphasized, in connection to
reproducibility, as an end goal accomplishment of the MIGHTS tutorial suite.

2.“Training-the-trainer is a very important entity as next generation sequencing (NGS)
tools advances. A word or two on that would be a nice addition.”

®|n the discussion, added “As sequencing strategies and tools advance, it is important
that the field of bioinformatics “trains the trainer” in response to continued growth”.

3.“While programming based and button based entities are well taken, there could be a
‘programming a button’ section if not swapping between them. This will allow naive
bioinformaticists to embrace programming. The authors may want to mention this.”

oln the discussion, added a nod to the existing “How to wrap a galaxy tool” section of
GTN Training Material: “If users wish to embrace programming such that they are
looking to wrap their own tools and create training material based on them, resources
and opportunities to do so exist on GTN pages dedicated to development in Galaxy
[https://training.galaxyproject.org/training-material/topics/dev/] and contributing to the
Galaxy Training Material [https://training.galaxyproject.org/training-
material/topics/contributing/]”

4 “There could be an alternative annotation tool, viz. Annotationhub instead of Biosmart
as well.”

e\\Ve thank the reviewers for this comment, however we cannot include every available
tool in Galaxy, so unfortunately this is beyond the scope of the project. The authors
agree that expanding annotation tool availability and programming environments would
be beneficial. The Galaxy Training Network is committed to continued enhancement of
tools to meet evolving user needs.

5.“Likewise vscode could be more inviting for some instead of jupyter IDE. The end
user may be given a note in README file”

e®Because this is training material, rather than traditional coding documentation, there
is no README file associated with the training. VSCode is not traditionally used for
training, as the Jupyter IDE includes both the coding environment and the space to run
it. For this reason, we have not mentioned text editing software. However, after
completing the MIGHTS tutorials, the users should feel comfortable enough in the
programming environment to work in another IDE if they find it more inviting.

Reviewer 2:

We have addressed each of the following grammatical/spelling errors:
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6.As access to computationally driven domains of biology continue[s] to grow
7.blending skills across disciplines is not without challenge[s]

8."MIGHTS demonstrates the use of many frequently used data types and packages
for scRNA-seq analyses (Table 2), preparing users with research[-]relevant skills."
9."Workflows for each tutorial topic are shown -below- in Figure 4."

o"Workflow is demonstrated -below- in Figure 8" (remove the belows)

We have addressed the following figure and table corrections:

10.“Figure 1 is too small to read, and it would be interesting to compare the BB method
and the PE method to get the same images.”

oFigure 1 has been edited to convey key concepts/steps in the tutorial. Relevant
information from the original figure was converted to text from a screenshot so as to
more uniformly present the arguments. The figure caption has also been altered to
more directly compare BB and PE methods.

11.“Table 1 and 2 are redundant, use only table 2.”

oTables 1 and 2 have been collapsed such that they do not present redundant
information.

12.“Figure 4: Too small to see the stars.”.

oFigure 4 has been replaced with a more legible workflow diagram describing only the
necessary details of the tutorials’ workflows.

13.“Figure 4,5,6,7: Add the significance of colored boxes in the legend. (too small to
read the box titles). Overall, these figures are hard to read and are difficult to link with
the text. Maybe in the text about tutorials, mention which step corresponds to which
box color, or move these figures to supplemental material with more detailed legends.”
oFigures 4,5,6,7,8 have been replaced with more legible workflow diagrams rather
than images of the extracted Galaxy workflows. The updated diagrams visualize the
high-level information and the tools used in each step of the analysis. The coloring of
the boxes has been unified, for example the input files are now all shown in orange,
output files in purple, plotting in cyan, marker genes in bright yellow. Galaxy-generated
workflow images were included in the Supplementary Data to provide exhaustive
details, such as all the output files generated by each tool and their formats.

14 .“Figure 9: what does each letter correspond to? It looks like it is showing the same
information than figure 1.”

oFigure 1 is intended to draw attention to the similarities in arguments across all four
modes when plotting the expression of a gene of interest. Whereas Figure 9
demonstrates the consistency of clustering results observed across all four methods.
The letters in the Figure 9 were removed since the image itself is self-explanatory,
without the need to include the four panels A-D.

15.”"MIGHTS demonstrates the use of many frequently used data types and packages
for scRNA-seq analyses (Table 2), preparing users with research relevant skills.’ :
Discuss a bit more which skills are deemed "research-relevant”. | agree that both the
biological skills and coding skills are important, but in that sentence | am not sure why
it's linked to the datatypes and packages.”

oDiscussion of research relevant skills has been expanded to specify the
demonstrated connection between learning to code and enhanced critical thinking:
“MIGHTS demonstrates the use of many frequently used data types and packages for
scRNA-seq analyses (Table 1), preparing users with research-relevant skills. Broadly
applicable use of programming functions, algorithms, and troubleshooting lends itself
to increased creative and critical thinking [42, 43].”

Reviewer 3:

16.“Intro: Give some information about the type of information these tutorial provide in
the end: is it the growth rate for each cell type in the fetus?”

oDescription of the sample dataset and biological insights explored by the suite have
been introduced earlier than in the original draft-emphasizing the kind of information
and analysis skills the suite provides.

17.“Overall, add a little bit more high-level information about what each tutorial does,
for people who are not already familiar with scRNA-seq.”

oAll figures have been altered such that they are more legible and concise. Workflow
figures for the tutorials have been edited to include pertinent information regarding the
steps and accomplishments of the tutorial(s). Additionally, higher-level descriptions of
the tutorial outcomes are described in each of their respective text introductions.
18.“The Single cell subpage contains more than the MIGHTS material, are they all
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Additional Information:

Question

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

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?

Resources

supported the same way by the community with the same revision rate than described
in table 37"

oAll the material on the Single Cell subpage is maintained by the community to provide
updated and well-functioning tutorials. Since the MIGHTS tutorials are designed as a
suite, their average revision rate is different from standalone tutorials: “These tutorials
are similarly monitored and revised, although the rate of growth specifically for single-
cell tutorials is noteworthy.”

19. “In the Discussion: Do you have advice to give to people who want to develop
similar material in their field?”

oBroader discussion of the topics available on the Galaxy Training Network have been
added such that readers may be directed to explore, and even contribute to, the growth
of these resources across many applications of bioinformatics. Also, the resources to
develop both training material as well as wrapping the tools have been mentioned: “If
users wish to embrace programming such that they are looking to wrap their own tools
and create training material based on them, resources and opportunities to do so exist
on GTN pages dedicated to development in Galaxy
[https://training.galaxyproject.org/training-material/topics/dev/] and contributing to the
Galaxy Training Material [https://training.galaxyproject.org/training-
material/topics/contributing/]”

20.“It would be nice to have separate learning paths for BB and PE, so that users who
want to focus on developing one set of skill find them more easily.”

oDistinct learning pathways for BB and PE users have been additionally emphasized in
the text and in reference to Figure 2.

oTwo distinct learning pathways have been created - one for BB, the other for PE and
referenced in the Discussion: “To facilitate choosing the right starting point depending
on the users’ experience or skills to develop, single-cell-oriented Learning Pathways
were introduced. “Applying single-cell RNA-seq analysis” [51] and “Applying single-cell
RNA-seq analysis in Coding Environments” [52] pathways are based on BB and PE
tutorials respectively and can be used for a smooth transition from button-based
tutorials to programming environment (Figure 2A) or a direct start in the coding
environment (Figure 2B).”

21.“lt would be nice to be able to find this set of tutorials by searching MIGHTS in the
GTN.”

oWe have added a tag to each tutorial to allow for this searching, and noted this in the
Discussion: “Additionally, to allow for easy searching for any of the described tutorials,
each tutorial is has a tag and hence the user can simply enter “MIGHTS” in the GTN
search box to get a list of the relevant materials.”

Response

No

Yes

Yes
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https://academic.oup.com/gigascience/pages/Minimum_Standards_of_Reporting_Checklist

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?

Avalilability of data and materials Yes

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
(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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ABSTRACT

Background. Bioinformatics is fundamental to biomedical sciences, but its mastery presents
a steep learning curve for bench biologists and clinicians. Learning to code while analyzing
data is difficult. The curve may be flattened by separating the two aspects and providing
intermediate steps for budding bioinformaticians. Single-cell analysis is in great demand
from biologists and biomedical scientists, as evidenced by the proliferation of training events,
materials, and collaborative global efforts like the Human Cell Atlas. However, iterative
analyses lacking reinstantiation coupled with unstandardized pipelines have made effective
single-cell training a moving target. Findings. To address these challenges, we present a
Multi-Interface Galaxy Hands-on Training Suite (MIGHTS) for scRNA-seq analysis, which
offers parallel analytical methods using a graphical interface (buttons) or code. With clear,
interoperable materials, MIGHTS facilitates smooth transitions between environments.
Bridging the biologist-programmer gap, MIGHTS emphasizes interdisciplinary
communication for effective learning at all levels. Real-world data analysis in MIGHTS
promotes critical thinking and best practices, while FAIR data principles ensure validation of
results. MIGHTS is freely available, hosted on the Galaxy Training Network, and leverages
Galaxy interfaces for analyses in both settings. Given the ongoing popularity of Python-
based (Scanpy) and R-based (Seurat, Monocle) scRNA-seq analyses, MIGHTS enables
analyses using both. Conclusions. MIGHTS consists of 11 tutorials including recordings,
slide-decks, and interactive visualizations, with a proven track record of sustainability via
regular updates and community collaborations. Parallel pathways in MIGHTS enable
concurrent training of scientists at any programming level, addressing the heterogeneous
needs of novice bioinformaticians.

KEY WORDS

Training; STEM Education; Galaxy project; single-cell RNA-seq analysis; sScRNA-seq;
Bioinformatics; Reproducibility; Sustainability

INTRODUCTION

Although bioinformatics is critical to basic biological and applied biomedical research, there
remains a shortage of scientists with bioinformatics expertise [1]. As computationally driven
domains of biology continue to grow, bioinformatics play an important role in groundbreaking
discoveries [2, 3, 4, 5]. Thinking computationally about biological processes has been shown
to produce more accurate models [6] and enhance problem solving [7]. However, it is
important to note that bioinformatics often requires many, expensive resources, such as
computational infrastructure, maintenance, and training [8]. Financial barriers can limit



access to training and research [9, 10, 11, 12, 13]. As such, many bioinformaticians rarely
receive formal training in the field [8] and teaching bioinformatics is notably difficult.

Integrating bioinformatics into undergraduate curriculums may address this gap [1, 14].
Bioinformatics has been introduced in high schools, where it was shown to improve
awareness, engagement, and self-efficacy of students: leading to increased interest in
STEM careers [15]. Pharmaceutical companies need biomedical analysts [16], most
employers in the life sciences prefer some competency in software analyses [17], and the
use of bioinformatic analyses to characterize novel cell types and lineages [18] has surged.
In response, institutes are beginning to teach foundational computing skills to biologists [14,
19].

Materials that focus on problem-solving, interactivity, and cooperative learning have
demonstrated enhanced learning outcomes [20] and bioinformatics has effectively been
taught by emphasizing interdisciplinary problem-solving [21]. To standardize training, a list of
“rules” were identified to teach scientists to program: beginning with the end in mind, taking
small steps forward, and focusing on individual tasks [20]. The ‘end in mind’ requires
domain-specific understanding (i.e. identifying cell types via marker genes) while the
individual tasks require programming skills (R, Python, troubleshooting, etc.). This duality
forces participants to learn and apply two new skill-sets simultaneously [22, 23, 24]. The
need to embed computing into science is not novel [25], but blending skills across disciplines
is not without challenges [26].

The Galaxy Training Network (GTN) boasts tutorials for analysis across a range of fields, all
publicly available and accessible via URL [27]. The GTN provides free training infrastructure
to fast-track trainees via live courses in which trainers are available to monitor and assist
participants [28]. This supports all, but especially low-resource institutions’, engagement with
bioinformatic training and has additionally been tested for native Spanish speakers [28].
Integrating these free resources into undergraduate curriculums has been successful [27],
as training materials include interactive features based on research-backed pedagogies.
Separation of learning components has previously been suggested as an effective method
[29], but raises the question: how can coding and complex bioinformatic analyses be isolated
from one another?

Here, we directly address the need to separate the two for training. Leveraging the Galaxy
Graphical User Interface (GUI) and the GTN, we present MIGHTS: a scRNA-seq tutorial
suite enabling a smooth transition from data analysis in a button-based, user-friendly
environment [30] to a more advanced, flexible programming environment. Using a sample
dataset, MIGHTSs guides users through the steps necessary to accomplish commonly
published scRNA-seq analyses and visualizations: including generating a matrix, combining
datasets, filtering, plotting and general exploration of the data, as well as trajectory inference
of a dataset known to demonstrate a developmental spectrum. The sample dataset available
for use with the suite, reveals a delay in thymic maturation in growth restricted neonatal mice
[31]. MIGHTS offers multiple routes of sScRNA-seq analysis: allowing a button-based or
coding-based version of the same, commonly published workflows. MIGHTS offers
opportunities for a heterogeneous student population ranging from programming-friendly to
programming-fearful, expanding access to critical skills required for effective bioinformatic
analyses, biomedical, and life science research.



METHODS
Multi-Environment

MIGHTS consists of 11 tutorials: six button-based (BB) and five in a programming
environment (PE) (Table 1). The Galaxy GUI features “click-to-run” buttons which execute
programming functions [30]. Users select and set parameters from dropdown lists and input
boxes (Figure 1, Left Column: Button-based). Each tool includes help text to guide users and
describe the flexibility of the tool’s function.

Multi-environment

Button-based Programming environment

’ Scanpy PlotEmbed ’ Interactive JupyTool and notebook

Code cell
sc.pl.embedding(
filtered_object

Tool Parameters:

* Input object in AnnData/Loom format: filtered _object
* Name of the embedding to plot: umap

* Color by attributes: l12ra

+ Field for gene symbols:

« Use raw attributes if present: No
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gene_symbols=
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Figure 1. Performing the same step (plotting a marker gene: l12ra on UMAP embedding)
using Galaxy GUI and programming environment as well as Python-based Scanpy and R-
based Seurat packages. The resulting plots, although slightly different, represent the same
biological information, no matter if BB or PE method was used.

Galaxy’s interactive programming environments [32] are where the PE tutorials take place.
Tutorials may be downloaded as RMarkdown or Jupyter notebooks [33, 34], or users may
copy, paste, and run each executable code-containing cell from the PE text (Figure 1, Right
Column: Programming-environment). Jupyter and RMarkdown notebooks may be exported
at the conclusion of each coded tutorial for easy reference or repetition.



Multi-Level

MIGHTS caters to three learning pathways: BB to PE, straight to PE, and PE with BB (Figure
2).

A) B) C)

[I—
1
V—

@ />
U & U

Button-based Programming Swapping between
tutorials environment Galaxy GUI
tutorials (for computationally
@ intensive steps)
Programming and coding
environment environments
tutorials (for flexible

downstreamanalysis)

Figure 2. Representation of three possible user journeys using MIGHTS. A) A beginner
starting from button-based (BB) tutorials who can then move to programming environment
(PE). B) An experienced programmer who can start the analysis directly from the PE,
skipping introductory BB tutorials. C) A skilled user who can optimize analyses by swapping
between Galaxy GUI to perform computationally intensive steps, and a programming
environment for more flexible analyses.

In the first case, BB tutorials guide beginners through the key steps of scRNA-seq analysis,
becoming familiar with the methods and learning to interpret results. Then, users repeat the
analysis in the PE, focusing on programming skills, while becoming familiar with the
languages and libraries commonly used for scRNA-seq analysis (Figure 2A). If a user has
experience programming and wants a more flexible analysis, they may begin with the PE
tutorials, learning methods with more advanced functionality (Figure 2B). Alternatively,
experienced bioinformaticians may utilize Galaxy’s Interactive Environments to learn new
analyses or run computationally demanding steps that they are unable to locally (Figure 2C).

Multi-Language

scRNA-seq analysis is commonly performed in both R-based (Seurat [35, 36, 37, 38, 39];
Monocle [40]) and Python-based (Scanpy [41]) environments. Therefore, parallel analyses
were created across BB and PE and across programming languages—demonstrating multiple
methods of analysis and data validation (Figure 3). Users may conduct a typical, full sScRNA-
seq analysis workflow in R or Python in addition to on a GUI or in a PE.
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Figure 3. A diagram of the connections of tutorials. It highlights that the languages and

packages used in BB and PE tutorials are consistent and allow moving between them easily.

Research-Relevant Skills

MIGHTS demonstrates the use of many frequently used data types and packages for
scRNA-seq analyses (Table 1), preparing users with research-relevant skills. Broadly
applicable use of programming functions, algorithms, and troubleshooting lends itself to

increased creativity and critical thinking [42, 43]. This also improves users’ employability and

reaches scientists in various research groups, regardless of the method they prefer.

Analysis

Environment | Tutorial (Language)

Packages

Data Types

Pre-processing

BB | Generating a single-cell matrix using
Alevin

Salmon[76] with Alevin [77]

FASTQ
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BB | Combining single-cell datasets after | dropletUtils [78, 79] FASTA
pre-processing (emptyDrops [78])
PE | Generating a single-cell matrix using | atlas-gene-annotation- GTF

Alevin and combining datasets (bash +
R)

manipulation [80]

tximeta [81] (PE)

SingleCellExperiment Object

biomaRt [82, 83] (PE)

SummarizedExperiment (PE)
AnnData

Plotting &
Interpretation

BB | Filter, plot and explore single-cell
RNA-seq data (Scanpy)

Scanpy [41]

PE | Filter, plot and explore single-cell
RNA-seq data (Scanpy, Python)

igraph [84] (PE)

louvain [85] (PE)

pandas [87] (PE)

AnnData

BB | Filter, plot and explore single-cell
RNA-seq data (Seurat)

Seurat [35, 36, 37, 38, 39]

AnnData (for conversion to
Seurat)

(Monocle3)

PE | Filter, plot, and explore single-cell Matrix [87] (PE) Seurat Object
RNA-seq data (Seurat, R)
dplyr [88] (PE)
Trajectories BB | Inferring single-cell trajectories Scanpy [41] AnnData
(Scanpy)
PE | Inferring single-cell trajectories fa2 [89] (PE)
(Scanpy, Python)
igraph [84] (PE)
louvain [85] (PE)
numpy [90] (PE)
matplotlib [91] (PE)
BB | Inferring single-cell trajectories Monocle [40] Cell Data Set

PE | Inferring single-cell trajectories
(Monocle3, R)

anndata [92] (PE)

AnnData (for conversion to
Cell Data Set in PE)

viridislite [93] (PE)

magrittr [94] (PE)

Rcpp [95] (PE)

biomaRt [82, 83] (PE)

Table 1. MIGHTS tutorials with used packages and datatypes.
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Tutorials

Each tutorial begins with data import. The data used in MIGHTS comes from a published
study by Bacon et al. 2018 [31], describing a mouse model of fetal growth restriction that is
publicly available from the EMBL-EBI ArrayExpress under accession number E-MTAB-6945
and may additionally be explored in the Single Cell Expression Atlas. Tutorials in MIGHTS
work with the same data throughout to demonstrate analyses using different methods and
tools. Tutorials use real, un-curated data, which has simply been subsampled to enhance
computational efficiency. The source data is the same, but each analysis allows import of a
unique data file to start. The tutorials are designed to be completed in order, but may be
performed out of order—if a user wishes to learn how to cluster cells using Scanpy
(RRID:SCR_018139), for example, they may select the dedicated tutorial and start with the
provided, pre-processed file.

MIGHTS’ full workflow consists of three sequential analyses aligning with standard scRNA-
seq pipelines [44] and allowing users to compare results across methods.

Generating a single-cell matrix using Alevin and Combining Datasets

The first two tutorials demonstrate the transformation of a FASTA sequencing file into a
count matrix (Figure 4, Fig S1, Fig S2). The BB tutorial describes principles of transcriptome
guantification, while the PE tutorial introduces users to the many means of installing required
packages. This tutorial will take users from aligned read counts to a Single-Cell Experiment
(SCE) object which may be further analyzed and converted in Rstudio (RRID:SCR_000432)
or Jupyter Notebook.

Users first generate a transcript-to-gene map using FASTQ files, a GTF file, and a reference
FASTA transcriptome. A Salmon index of the transcriptome is created, and a cell-by-gene
count matrix is built using Alevin. The BB tutorial combines these two steps using one
Galaxy tool and demonstrates basic quality control checks including a description of the
barcode rank plot “knee detection” method.

The PE tutorial identifies empty droplets, adds cell and gene level metadata, and flags empty
droplets based on transcript count. Droplet annotation is corrected for false discovery and
the matrix is filtered before combining the datasets manually. PE users save and export files
while converting formats to SCE so they are compatible with downstream analyses.

The BB tutorial incorporates metadata straight from a GTF file using a tool to extract gene
names and IDs and to label mitochondrial transcripts. The generated gene information is
assigned to the matrix, which is subsequently transposed for compatibility with tools meant
for 10x Genomics software. EmptyDrops is then used to remove empty droplets.

Half of the remaining suite emphasizes use of AnnData compatible packages. To prepare
users, tutorials conclude with one final format conversion from SCE to AnnData with the
SCEasy tool. Once each of the objects have been converted, the BB user concatenates
them with a Galaxy tool. The BB tutorial sets the user and their objects up for the next
tutorial by adding a number of useful metrics to help visualize the data in the coming
tutorial(s). Workflows for each tutorial topic are shown in Figure 4.
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Figure 4. A diagram of workflows in the pre-processing tutorials. A) Workflow for tutorial
“Generating a single-cell matrix using Alevin.” Solid stars denote steps specific to the PE
tutorial while unfilled stars represent BB specific ones. B) Workflow for tutorial “Combining
single-cell datasets after pre-processing.” All steps featured in the BB tutorial are combined
with A’s workflow in the PE. A figure of extracted Galaxy workflow is available in the
Supplementary Data, Figures S1, S2.

Filter, plot, and explore with Scanpy

These tutorials filter and analyze a pre-processed scRNA-seq matrix using Scanpy (Figure
5). PE users leverage Python via Jupyter Notebook to filter the data for noise, accomplish
common visualizations, and differential expression analysis across clusters for the purpose
of cell type labeling.

The PE tutorial imports a raw AnnData file and demonstrates storage as a pandas
dataframe, while users iteratively visualize data with violin and scatter plots to determine
filtering thresholds. Users filter the data to remove technical artifacts and poor quality cells.
The PE alternatively uses Boolean indexing for this rather than Scanpy’s built-in functions.
Users remove transcripts no longer expressed in more than three cells and are prompted to
compare different thresholds for the filtering of genes.

Log normalization aligns gene expression along a normal distribution. The PE tutorial
includes a description of how normalization works and what other methods exist. Variable
genes are flagged for use in more computationally demanding steps. Scaling the data
ensures all genes have equal variance and a zero mean, creating a matrix which is
compatible with downstream analyses.

Users next reduce the dimensionality of the matrix to allow visualization and interpretation.
Principal component analysis (PCA) is performed to calculate the most descriptive principal
components (PCs). Users plot PCs against the standard variation they describe, visualizing
how PCs relate to variance in their data. The PCs are used to compute a k-nearest
neighbors graph, storing a representation of connections between and across cells. Final
dimensionality reductions are performed with t-distributed Stochastic Neighbor Embedding
(tSNE) [45] and Uniform Manifold Approximation and Projection (UMAP) [46] - both methods
reducing the data down to two dimensions for visualization.

Scanpy’s clustering function(s) assign each cell to a cluster based on transcriptomic
similarity. The tutorials describe clustering algorithms and prompt users to experiment with
multiple clustering resolutions, adjusting such that the assigned clusters visually represent
what is understood to be biologically accurate. Scanpy’s rank_genes_groups identifies the
most representative transcripts for each cluster and genotype and PE users transform the
output into a data frame.

Users visualize all three dimensionality reductions, different clustering resolutions, and the
expression of marker genes. A table of marker genes per cell type from the literature is
provided so that the user may inspect their expression patterns and map them to the correct
cluster(s). Users label each cluster with a cell type, and plots are saved to the Galaxy history
or notebook to be exported. BB users are additionally introduced to the CELLXGENE



(RRID:SCR_021059) [47] tool: an interactive environment for visualizing and exploring
scRNA-seq data. Workflow is shown in Figure 5 & Fig S3.
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Figure 5. Workflows of plotting & interpretation tutorials: Filter, Plot, and Explore with
Scanpy. Features creation of single-cell objects, normalizing data, identifying variable genes,
performing dimensionality reduction, identifying clusters, finding marker genes, and
interpreting plots. A figure of extracted Galaxy workflow is available in the Supplementary

Data, Figure S3.



Filter, plot, and explore with Seurat

These tutorials closely resemble the workflows of the preceding Scanpy ones, this time
making use of R package, Seurat. The workflows teach users the basics of sScRNA-seq data
analysis including typical preprocessing, basic visualization with FeaturePlots, DimPlots, and
UMAPs, as well as an exploration of differentially expressed genes across clusters and
experimental variables (Figure 6 & Fig S4).

Users import raw counts in both the PE and BB pathways. PE users transition to Galaxy’s
Interactive RStudio environment, where they are shown how to set up an environment, and
given an explanation of how and why packages must be loaded prior to use, as well as how
to use Galaxy’s gx_get() function for data import. Users manually change the column names
of the experimental design data for compatibility with Seurat.

Users next generate a Seurat object: BB users with Seurat’s Read10X function, and PE
users by manually applying barcode and feature labels to the matrix for input to Seurat’s
CreateSeuratObject function. Each method is accompanied by descriptions of the
alternatives for creating the same Seurat object.

Users apply cell level metadata to their objects. PE users incorporate percent of gene
expression (per cell) mapping to the mitochondrial genome—a commonly used parameter for
guality control and filtering. Tools are currently being updated to enable BB users to do the
same.

Users produce and interpret quality control plots to identify filtering thresholds: assessing
potential confounds in the data and developing an understanding of how different variables
drive this process. The purpose and theory behind commonly used filtering parameters are
described so that users may bring the same (or different) strategies to their own analyses.
PE users are additionally shown how to preview the number of cells which would be included
based on their choice of filtering parameters.

Both users subset their Seurat object-removing cells outside the chosen threshold(s). PE
users additionally remove genes which are now expressed at such low frequencies that they
will not contribute biological insight.

Next, users process their filtered object. In the BB, processing of the data includes
sequentially normalizing the data, identifying variable features, and scaling. In a more recent
update to Seurat’s workflow, the SCTransform function [48, 49] was introduced, which
combinatorially conducts the three steps in a manner optimized for downstream analyses.
SCTransform is used in the PE tutorial while the BB tutorial follows a similar workflow to the
one originally published by Seurat. Both users subsequently cover dimensionality reduction
via PCA, deciding on the number of PCs to use, finding neighbors, identifying clusters, and
UMAP before guided visualization and exploration of the data.



Input files Generate Seurat object Quality Control

EBI SCXA Data Retrieval ]74>[ Seurat Read10x ]—

Plot - counts

1

‘—}[ Plot - features ]
Processing Filter cells ;p[ Plot - counts by individual ]
[ Seurat NormaliseData ]4——[ Seurat FilterCells ]4——”—)[ Plot - counts by sex ]
- - ;b[ Plot - counts by genotype ]
[ Seurat FindVariableGenes
+ Dimensionality reduction and clustering
[ Seurat ScaleData Marker genes
)[ Seurat RunPCA ]
'1' ,—)[ Seurat FindMarkers ]
Seurat FindMeighbours
Seurat FindClusters ] Plotting the results
'l' ,.—->[ DimPlot - UMAP ]
Seurat UMAP ]—{
\——)[ FeatureFlot - genes ]
b “‘-—)[ FeaturePlot - counts ]
| Qutput |
- | - F
‘ Preprocessed RDS file "[ VinPlot - counts by genotype ]

Figure 6. Workflow of Filter, Plot, and Explore tutorial with Seurat. Features generation of a
Seurat object, quality control plots, filtering cells, processing, dimensionality reduction,
clustering, finding marker genes and creating many plots to analyze the results. A figure of
extracted Galaxy workflow is available in the Supplementary Data, Figure S4.

Inferring single-cell trajectories with Scanpy

Trajectory inferences (TI), or pseudotime analysis, provides an alternative means of
grouping cells based on gradients of expression. It is worth noting that not all Tl algorithms
are fit for all datasets—these tutorials begin to explore the reasons why and guide users
through the decision-making process. These parallel tutorials conduct typical Tl pipeline
using Galaxy buttons or in a Python coded environment to characterize transitions between
cell states using Scanpy.

Tutorials are significantly based on Scanpy documentation, beginning with import of an
annotated AnnData object into Galaxy. Users filter the data to retaining a single cell type.
The PE tutorial additionally demonstrates installation of modules before transferring their
h5ad data to their Jupyter Notebook with the Galaxy-Jupyter cross-talk feature.

Users calculate force directed graphs (FDGS): representing the data more appropriately for
Tl than the previously generated tSNE or UMAP visualizations [50]. Optionally, they may
create diffusion maps: which can be used in place of PCs to re-compute the nearest
neighbors visualized in the FDGs.



Both BB and PE users order cells in pseudotime using Scanpy’s diffusion approach, which
accepts root cluster assignment indicating to the algorithm which population of cells the
trajectory begins with. Users visualize inferred trajectories colored by pseudotime, as well as
save, and export their data, plots, and notebook. Users are encouraged to consider other
changes across the identified trajectories beyond the scope of the tutorial.
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Figure 7. Workflow of inferring trajectories with Scanpy tutorial. Features methods such as
force-directed graphs, diffusion maps and PAGA used to infer the cells trajectory in

pseudotime. A figure of extracted Galaxy workflow is available in the Supplementary Data,
Figure S5.

Inferring single-cell trajectories with Monocle3

Similarly to the aforementioned, the Monocle3 tutorials teach users to conduct trajectory
inference (TI) (Figure 8 & Fig S6). These tutorials demonstrate the variability that may arise
when trajectories are inferred by different algorithms—this time using the algorithms
employed by Monocle3. PE users may implement RStudio or Jupyter Notebook through
Galaxy’s Interactive Environments. In collaboration with the Scanpy TI tutorial, users
accomplish another Tl method to additionally validate their results.

PE users are shown the installation of necessary libraries and modules, they import a filtered
AnnData object, and familiarize themselves with the data’s structure. They extract the
expression matrix, cell, and gene metadata, and prepare them for generation of a Cell Data
Set (CDS) object—Monocle’s preferred data type—with format and column name changes, as
well as transposition. BB users may import a CDS file ready for downstream analysis in
Monocle or the precursor files to create a CDS manually.

PE users utilize the BioMart database to retrieve gene symbols and associated gene IDs.
Although not necessary to complete the tutorial’s workflow, this ability is of use to users
analyzing their own data.

Users preprocess with Monocle3 beginning with dimensionality reduction. PCA is the
method used in these tutorials, although Latent Semantic Indexing (LSI), UMAP, and tSNE



options are also available. PE users visualize each PC in relation to gene variance: to
identify how many PCs are needed to capture appropriate variability. Users are provided
with visualizations of the output data given different choices in PC.

BB users plot the data in a PCA space, visualizing the effects of various experimental design
variables. PE users may optionally correct for batch effects and enjoy customizable plots for
a more tailored analysis prior to final dimensionality reduction.

Users cluster the data using Monocle3 as the tutorial describes the differences between
clusters and partitions. The PE tutorial additionally demonstrates manual partitioning of cells:
an important step for reliable trajectory inference.

The PE tutorial demonstrates three combined means of assigning cell types to the clusters—
a supervised, unsupervised, and automated method. Users next infer trajectories relying on
Monocle’s trajectory graph. Once cells have been ordered in pseudotime starting from the
user-directed root cell, cells are visualized colored by pseudotime. BB users end here,
comparing the results of the Monocle3 derived trajectory with the Scanpy algorithm’s.

PE users are presented with more options for differential expression analysis, visualizing
results, identifying the visualization method best suited for them, and exporting plots, data,
and their Python, or RStudio, notebook. Workflow is demonstrated in Figure 8.
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Figure 8. Workflow of Monocle3 inferring trajectories tutorial. Features data type changes for
package compatibility, Monocle-specific preprocessing, and trajectory inference on a
CellDataSet (CDS) object, followed by differential gene expression. A figure of extracted
Galaxy workflow is available in the Supplementary Data, Figure S6.



DISCUSSION

We present MIGHTS, a Multi-Interface Galaxy Hands-on Training Suite, where users may
embark on three possible learning trajectories: (1) first learning to analyze scRNA-seq data
with buttons in a GUI and subsequently performing the same, more flexible analysis in a
programming environment, (2) learning to run the code behind commonly published scRNA-
seq analyses, or (3) supplement their pre-existing analyses and skills with Galaxy tools.

MIGHTS performs analysis from raw reads, guiding users through filtering, normalization,
dimensionality reduction, data quality assessment, and biological interpretations. The suite
demonstrates filtering, clustering, annotation, and trajectory inference for a well-rounded
scRNA-seq skill set. Each analysis is demonstrated using methods based on different
packages, libraries, and programming languages with the hope that MIGHTS will prepare
users to conduct their own, more complex, analyses.

Training features

Users of MIGHTS may start at any step by importing pre-processed input files, using output
files from the preceding tutorial, or their own data. Regardless, the analyses will be
replicated across languages, methods, and starting points (Figure 9) allowing users to follow
the trajectory best suited for their skill level and analysis goals. To facilitate choosing the
correct starting point depending on experience and goals, single-cell-oriented Learning
Pathways were introduced. “Applying single-cell RNA-seq analysis” [51] and “Applying
single-cell RNA-seq analysis in Coding Environments” [52] pathways are based on BB and
PE tutorials respectively and may be used to facilitate a smooth transition between button-
based tutorials and a programming environment (Figure 2A) or a direct start in the
programming environment (Figure 2B). Additionally, to allow for easy identification of the
tutorials described here, each tutorial has been tagged and can be found by entering
“‘MIGHTS” in the GTN search box to get access to the relevant materials.
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Figure 9. The final ‘cluster plot’ as an output of plotting & interpretation tutorials across four
paths: BB tutorial with Scanpy, PE (Jupyter notebook) with Scanpy, BB tutorial with Seurat,
and PE (RStudio) tutorial with Seurat. The numbers correspond to the identified clusters in
the dataset. No matter which method (BB vs PE) or language (Scanpy vs Seurat) is used, the
biological interpretation is consistent in identifying seven clusters.

Each tutorial builds on the preceding, with no behind-the-scenes data formatting or
annotation required between tutorials. With visual examples and analysis of various data
types, live training courses found that trainees who performed tutorials during the day could
successfully apply the analyses to their own data in the evenings [27, 28].

Learning how to set parameters has long been a difficulty in bioinformatics training [53]. By
highlighting parameters that are adjusted often, users learn to prioritize what would
otherwise be a never-ending list of decision making. These ‘Decision-Time’ features enable
training for individuals and groups: with the option to vary parameter values and compare
results (Figure 10).
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Figure 10. Exemplary ‘Decision-Time’ feature box in tutorial ‘Filter, plot and explore single-
cell RNA-seq data (Scanpy)”.

Testing of this feature has shown that, broadly, results remain the same regardless of
parameter choice, demonstrating the relevance of robust, iterative analyses and data
validation [27, 28].

To facilitate effective comprehension and a self-led learning environment, tutorials are
interspersed with question boxes and collapsible solutions, allowing users to solifidy their
understanding of the material while they learn.

MIGHTS additionally pilots multiple import strategies—ensuring reliability for live training
events. This includes direct import from Zenodo [54], import tools linked to data atlases [55],
and import from “input” and “answer-key” Galaxy histories—which led to the development of a
new feature within the GTN to signpost the option as supporting material (Figure 11).
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“Answer-key” histories follow datasets along every step of analyses, providing a final
contingency for delivering live training and protecting users from frustration. Tutorials are
additionally accompanied by slide decks (which can act as a general introduction to the
topic), as well as recordings of the step-by-step analysis performed by an instructor.

Learn to Code in a Beginner Friendly Way

As sequencing strategies and tools continue to advance, it is important that the field of
bioinformatics “trains the trainer” in response to continued growth. To support
comprehension, each tutorial provides detailed explanations of biological and computational
concepts including simplified troubleshooting and multiple interactive elements. By showing
alternative methods to perform a single analysis, users become familiar with the most
common programming languages used in the life sciences: Python and R, as well as
command language Bash. PE users additionally begin to learn the syntax and use of R [56]
and other programming languages--providing them with well rounded examples of how to
analyze scRNA-seq data, or how they may begin to leverage it (and Galaxy) as a means to
learn new programming skills [57]. These PE tutorials introduce users to relevant packages,
functions, and data types used in today’s published bioinformatic analyses (Table 1).

The transition from Galaxy-button tutorials into the coded environment is facilitated by
interactive tools such as RStudio or Jupyter Notebook, such that all the analysis may be
completed within Galaxy as opposed to on local instances. Importantly, there is no need for
any software installation—all tutorials provide necessary tools to complete them, including
example datasets, slides, videos, workflows, and public Galaxy servers where the analysis
may be performed. Internet access is the only additional necessary resource [58]. This
approach specifically facilitates accessible bioinformatics analyses by eliminating installation
hang-ups, minimizing the time spent setting one’s environment, and increasing computing
capacity for users.

Additionally, if users embrace programming such that they are looking to program their own
button-based tools or create new training material, opportunities to do so exist on GTN
pages dedicated to development in Galaxy [59] and contributing to the Galaxy Training
Material [60].

FAIR data

MIGHTS tutorials were created on an interface with employed findable, accessible,
interoperable, and reusable (FAIR) data usage [59]. The FAIR principles can and should be
applied in all life science domains where large amounts of data are produced. FAIR data
management is particularly important in SCRNA-seq analysis which looks at large expression
matrices. Unfortunately, it is often the case that published datasets come with missing, or
incomplete, metadata—rendering the dataset less useful than it would be with complete
annotation(s). By completing MIGHTS tutorials, users become equipped with the skills
helpful in formatting such demanding datasets.



Sustainable

An important feature characterizing MIGHTS is its sustainability. As previously reported, the
evolving nature of bioinformatics requires a sustainable bridge between the fields of biology
and informatics [60]. Therefore, collaboration between developers and domain experts is
critical. The GTN emphasizes that users be included in this collaboration: whereby users
have the opportunity to report issues and request additional resources. This facilitates
involvement of developers who are aware of user needs and users who are actively
contributing to the improvement of materials. Any issues may be reported back to tutorial
developers themselves, demonstrating the sustainability of Galaxy’s Circle of Life (Figure

12).
2%
| [ —
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Tool ‘ Training
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Figure 12. Galaxy Circle of Life demonstrating the interdisciplinary, multi-level sustainability
practiced by the GTN. Users report changes they wish to see made in the training material,
prompting new tool development and updates which can be sustainably utilized and tested

by researchers.

Tutorials on the GTN are, at minimum, updated annually in preparation for the Galaxy
Community Conference (GCC). The Galaxy Circle of Life functions such that tutorials will
continue to meet evolving user needs—largely thanks to the commitment of the growing
Galaxy Single-Cell & Spatial Omics Community. Notably, MIGHTS tutorials have been
updated, on average, 7 times a year since their respective publication (Table 2).

Table 2. Number of revisions made to each tutorial featured in MIGHTS as of August 2024.

BB tutorials PE tutorials

Tutorial Topic
Months since tutorial | Number of Months since Number of
Publication Revisions tutorial Publication Revisions

Generating a single-cell matrix using Alevin 41 16 8 2




Combining single-cell datasets after pre-
processing

23

16

Filter plot explore single-cell rna seq data with
Scanpy

40

18

11

Filter Plot and explore single-cell RNA-seq
data with Seurat

10

Inferring single-cell trajectories with Scanpy

40

15

Inferring single-cell trajectories with Monocle3

22

19

15

10

The number of revisions demonstrates continued sustainability of tutorials featured in the
suite.

Notably, the GTN offers tutorials on additional bioinformatic analyses in a variety of fields.
These tutorials are similarly monitored and revised, although the rate of growth specifically
for single-cell tutorials is worth noting.

Addressing Modern Challenges in Bioinformatics

MIGHTS addresses many broad challenges of bioinformatics training, emphasizing that
effective bioinformatics involves understanding key principles and gaining experience [22]
with real world data, problem-solving [24], reproducibility [61], and validation [62].

One challenge in bioinformatics is the application of analyses from training courses to real,
messy, lab-generated data. Uniquely, MIGHTS uses raw, un-annotated data from a
published analysis: Bacon et al. 2018 [31], and guides users through reformatting,
annotating, and conducting biological analyses.

Reproducibility and reinstantiation, keystones of quality bioinformatic analyses, are ensured
by MIGHTS thanks to published workflows and key histories for each dataset (Figure 11).
Workflows are available on the Galaxy servers, providing a stable way to perform a
particular analysis in an identical environment. By linking detailed tool versions to the tutorial
workflows themselves, it is possible to submit new input files, adjust parameter thresholds,
and wait for an output. This is particularly helpful for analyzing multiple samples that require
the same pipeline, allowing reproducible results, minimizing time spent re-running code, and
eliminating the need for complex coding skills to develop pipelines.

To address another challenge of the field, MIGHTS emphasizes the importance of validating
one’s results: to determine whether results reflect an actual biological process versus
artifacts of the pipeline. Using tools based in various programming languages and multiple
algorithms allows users to feel confident that their results are uncovering true biological
insights no matter the analysis method used (Figure 9). MIGHTS can act as a guide on how
to validate results. The suite may additionally be used directly by novice to intermediate
bioinformaticians to check whether their results are consistent via alternative methods
without needing to learn another programming language.
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Because bioinformatics combines numerous STEM fields, it faces interdisciplinary and inter-
generational challenges [63]. Software developers often do not understand the underlying
biology their programs analyze and biologists often do not know how analytical algorithms
function [65]. MIGHTS aims to fill this gap by introducing step-by-step analyses, while
simultaneously demonstrating the biological interpretation of results and how they were
uncovered. Coded tutorials provide additional opportunities to become familiar with the
algorithms behind the analyses. The suite can act as a resource to educate and inspire
future generations of bioinformaticians: ones who are able to speak across disciplines,
effectively identifying areas for improvement, and building flexible, long term solutions.

Limitations and further steps

The main limitation of the Galaxy GUI tutorials is that the analyses are limited to the
packages and functions which have been wrapped into tools. As such, some analysis steps
might be limited in the BB tutorials. However, users have the opportunity to submit ‘tool
requests’: an ongoing effort to mitigate this limitation.

Additionally, tool versions must be compatible with one another. To mitigate this limitation,
tools are regularly tested and updated to allow for analysis using the most recent versions
and ensuring outputs are compatible inputs for downstream steps. Issues with tools may be
reported on Galaxy forums, where experts and developers respond quickly to issues.

The main limitations of the PE tutorials are limited resources allocated to Interactive
Environments, and inconsistencies between the notebooks on different public Galaxy
servers (.eu vs .org vs .au). However, the educational purpose of the coded-tutorials is to
familiarize users with coding environments, so downsampled data provides the same
benefits and enables most analyses to be done within the resource limit. Even so, should a
user need or want more resources allocated, they can request that from the Galaxy admins.

There are ongoing efforts to expand the functionality of MIGHTS to enable more bespoke
analyses of datasets, in response to community needs.

AVAILABILITY OF SOURCE CODE AND REQUIREMENTS

Project name: Multi-Interface Galaxy Hands-on Training Suite for SSRNA-seq
Project home page: https://github.com/galaxyproject/training-
material/tree/main/topics/single-cell/tutorials

Operating system(s): web-based, platform independent

Programming languages: R, Python, Bash

License: MIT

Data Availability
All the tutorials are available at dedicated Single Cell subpage of Galaxy Training Network
(GTN) [96].

The used experimental data comes from a published study by Bacon et al. 2018 [31], that is
publicly available from the EMBL-EBI ArrayExpress under accession number E-MTAB-6945
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and can also be browsed from Single Cell Expression Atlas. The input datasets used in
tutorials are stored at Zenodo [97-102] and all generated data files are available in the
shared Galaxy histories, included in each tutorial.

The tutorials comprise many different tools that can be freely used at the Galaxy public
servers, such as Galaxy Europe [103], Galaxy US [104], Galaxy Australia [105] and others.
The tool wrappers with detailed information are stored at the Galaxy ToolShed [106].
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Fig S1. Galaxy workflow for tutorial “Generating a single-cell matrix using Alevin”. The tools
used for the analysis are shown, together with their outputs and connectivities, as well as
high-level descriptors of performed steps. Solid stars denote steps specific to the PE tutorial
while unfilled stars represent BB specific ones.
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(Scanpy)”. All tools used for the analysis are shown, as well as their connectivities and high-

level descriptors of performed steps.

F LEBISCXAData © X

# 4:pPot
Retrieval

 RDS file

/6 Expression matrix in sparse RDS file
O @ matrcmx (bxt) Ot | | motrix format (mtx) ‘ e L T
O @ genes_tsv (1sv) Ot Gene table
O @ barcode_tsv (tsv) Q) Barcode/cell table # 6:Plot 0 x
O @ design_tsv (tsv) o——o Cell Metadata ROS file =8 ROS file

O @ rds_seurat.file (rdata) O @pilot.outpng (png) © | O @plot.out.png (ong) D)

B Filtering cells

ROS file
0O @ rds_seurat_file (raata) Genes to use

O @ output.tab (tabular)

I Marker genes

# 19: Seurat
FindMarkers

© Genes to use

0 @ output (csv) >

/ 16: Plot 0 x & 21 Plot

<)
x

© ROS file

O @ rds_seurat_file (rdata) -

# 12 Seurat

RunPCA FindNeighbours

O RDS file

O

© Features file

RDS file
‘ O @ras_seurat file (rdata)

O @ rds_seurat file (rdata)

0 @ rds_seurat_file {rdata) 0 @ ds_seurat._file (rdata)

00 @output tab (csv) ©

O @ output_toad (csv)

O @ output_embed (csv)
O @ output sdev (csv)

O @ plot_out_png (png)

RDS file
O @plot_out_png (pna) [}

;—e RDS file

© | O @piotoutpng(png)  ©

0 @ plot_out_png (prg) © | 0 @plotout png (png)

# 26:Plot

0 @ plot_out_png (png)

Fig S4. Galaxy workflow for tutorial “Filter, plot and explore single-cell RNA-seq data
(Seurat)”. All tools used for the analysis are shown, as well as their connectivities and high-

level descriptors of performed steps.



H Input file X Filtering for T-cells I Force-directed graph

[ 1: Input Anndata / 2: Manipulate
AnnData

/& 4: Scanpy
PlotEmbed

/ 3: Scanpy
RunFDG

output (input)

k) Annotated data matrix

B Input object in

B Input object in

AnnData/Loom format AnnData/Loom format

O @ anndata (h5ad) D

O @ output_h5ad (h5ad) O @ output_png (png)

output_embed
(tabular)

A Diffusion map

/ 5: Scanpy # 6:Scanpy HA Force-directed graph

DiffusionMap ComputeGraph

/& 7: Scanpy / 8: Scanpy

B Input objectin
AnnData/Loom format

D Input object in
AnnData/Loom format

RunFDG PlotEmbed

O @ output_hSad (h5ad D Fite with — k) Input object in ) Input object in
ottput:hbad (hoad) |-e o n_nelg‘ s AnnData/Loom format AnnData/Loom format
with parameter iterator.
Overrides the n_neighbors O @ output_h5ad (h5ad) > 0 @ output_png (png) D

setting

— P output_embed D
O @ output_h5ad (h5ad) (tabular)

A Force-directed graph

/ 11: Scanpy 0 x
RunFDG

& 12: Scanpy
PlotEmbed

& 18: Scanpy 0 x
PlotTrajectory

& 9:ScanpyPAGA © X

B Input object in B Input objectin >

Input object in
AnnData/Loom format

AnnData/Loom format P Input object in AnnData/Loom format

AnnData/Loom format

O @ output_h5ad (h5ad) O @ output_h5ad (h5ad) O @ output_png (png)

0 @ output_h5ad (h5ad)

output_embed

a @ output_png (png) (tabular)

E Plotting - exploring the :esults

/ 13: Scanpy / 14: Scanpy / 15:Final Anndata @ X /& 16: Scanpy
PlotEmbed PlotEmbed | with Trajectory and DPT PlotEmbed

B Input objectin

) Input object in Input object in

AnnData/Loom format

B Input object in

AnnData/Loom format AnnData/Loom format AnnData/Loom format

[0 @ output_png (png) O @ output_h5ad (h5ad)

0O @output_png (png) 0 @ output_png (png)

Fig S5. Galaxy workflow for tutorial “Inferring single-cell trajectories (Scanpy)”. All tools used
for the analysis are shown, as well as their connectivities and high-level descriptors of
performed steps.



# in GUI tutoriat:

CDS input created in the
“Format conversion”
tutorial according to the

- Exﬂnclmn of
expression matrix, gene
2nd cell anntations from
AnnData obije

ject
- Creating a CDS object
- Metadata manipulation

fows. cells as conmns.
Required input. Provide as
TSV, CSV or RDS.

Percell annotation, optional
Row names must maich the

e
expreasion matrix. Pravide
25 TSV, CSV or RS,
Per-gene annotation
optional. Row names must
match
exprossion matrx. Proviae
a5 TSV, CSV or ROS.

ne row names of the

Manacie3 crea
@input

reats)

Monocie3 preprocess
on nout aatasetis)
cds3

(raata

Do

* in coded tutorial
plot of the variation
in gene expression

vs PCA components

B Dimensionatity reduction

# 6 Monocses 0 x

teduceDim
© Input object in RDS format

Manocie? reduceDim
on input datasets;
o™

e

data)

* in coded tutorial:
batch correction
before dim reduction

i

| | @ @Genotype piot (png)

‘ | £ 10 potnaen 0 x |
Inpu object n RDS formt

Inout abject in RDS format

Monocie3 partition an - ©4

@ input dtasetis) cds3
rdata

* in coded tutoriat:
- Option to assign_
cells to one partition
upen
unsupervised
ach to assigning
cells to clusters

0 x

el type

@ Col tyme piot (50g)

# 9 Plot g

otype x

Inout ebject in RDS format

a @esten plot (prg)

I Plotting dim red object

g7 v o
N0 trpus object in RDS format

B2 Plotting clustered object

Top.markers_table

Boe

© Input object 11 RDS format

Cell types & leamed
8 @ rsiectory path piot

org)

szrotgenes © x [ #16: Morocie3 top. O %
© Input object in RDS format | fochers
0 oo e D
© Roterence cos fie
| 8 @top_markers_plot (pat) ©

tabuter]

10pis object 11 RDS fommat

@ Pseudotime plot (prg)

©
B Inferring trajectory
©
Manocie3 learmGraph
o input dat
°

xnw coject in RDS format

8 @ sex piot (pg|

* in coded tutoriat:
ploml\g in 30 possible

R T

* in coded tutorial: a helper function
to identify the root principal points

© inout abject in RDS forma

Diferentiat expre
B @of genes - tavle

# in coded tutoria:
- Regression analysi

- Gﬁoh-nmoto"ehnan
analysis

- Genes in pseudotime
- Violin plots

- Heatmaps

Fig S6. Galaxy workflow for tutorial “Inferring single-cell trajectories (Monocle3)”. All tools
used for the analysis are shown, as well as their connectivities and high-level descriptors of
performed steps.




Multi-language

anpy

Cé

~

Seurat

Click here to
access/download;Figure;Fig1_tools_fig_updated.png

Multi-environment

Button-based

’ Scanpy PlotEmbed

Tool Parameters:

* Input otiject in AnnData/Loom format: 111

Name of the embedding te plot: umap
Colot by atttibuten: |11

Fiedd for gone symboia:

Use mw atiributes if presomt: o

LNl

Programming environment

’ Interactive JupyTool and notebook

Code cull

' sc.pl.embeoddingl
Basi='umap’
coloe 11 2 1

gane_symbols»
wse_taw=Fainn)

Tool Parameters:

¢ Plottype sslector: Faatueiiot
* RDS file: 111 ! _object

* Reduction: umap

* Festures:

e

’.'
4‘\

RStudio

Code coll
FeaturePiot|
——
reductions umap,

fonturags| 112w’
e
L
|
5
~ e
‘.ll s
i s
— . 8
Y W 00 o
7y J‘
A _-“i.,-‘.-
2 3
. | v b | 1

L]


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189449&guid=d0a0b3fd-d659-45bf-8dee-293a1bd7cf2e&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189449&guid=d0a0b3fd-d659-45bf-8dee-293a1bd7cf2e&scheme=1

=)

\

Button-based
tutorials

&

Programming
environment
tutorials

B)

</>

V

Programming
environment
tutorials

Click here to access/download;Figure;Fig2_user_journey.jpg £

Swapping between

Galaxy GUI

(for computationally

intensive steps)
and coding
environments

(for flexible

downstreamanalysis)


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189450&guid=225100fd-f502-4506-a0a5-e25a3cd6db67&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189450&guid=225100fd-f502-4506-a0a5-e25a3cd6db67&scheme=1

BB Tutorial 1
Quantification

5

Click here to access/download;Figure;Fig3_connectivity2.jpg 2

<

PE Tutorial 1+2
Quantification &
Combining datasets

BB Tutorial 2 Scanpy/Python
Combining datasets
; route s 3
« or g
Seurat/R b A
BB Tutorial 3A & 3B route PE Tutorial 3A & 3B
Plotting & < Plotting &
Interpretation Interpretation
(Scanpy/Seurat) (Scanpy/Seurat)
BB Tutorial 4A BB Tutorial 4B PE Tutorial 4A PE Tutorial 4B
Trajectory analysis Trajectory analysis Trajectory analysis Trajectory analysis
(Scanpy) (Monocle3) (Scanpy) (Monocle3)



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189451&guid=2a913301-c598-403c-95dd-bf5ff5627a81&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189451&guid=2a913301-c598-403c-95dd-bf5ff5627a81&scheme=1

Click here to
access/download;Figure;Fig4_Alevin_combining.png

— — )

A put fdes Transcnpt 1o gene map
Convert output data
GTF fee Transcriot-pene mapping
SAAMOAKSLEIAMT X0
Refecance FASTA 10¢
Fead 1 - ool batcode & UMI L. | Guantibcation with Alevin 7T i B8 uterw creates SCE otvect
I % i PE lutonal creates
Aleyin tool SummarzedE xpenment (SE) usng
Read 2 - ransorpt I
f Baskc OC |
Dropiet rank piot - Alevin barcodes pre——
| ¥
¥
¥F n 88 ol conbaued m the Qupst. ‘ '
PR SCEasy convert DropletUtls Read10x
W 0 PE aonial pertormed o the 1 T
DropletUtis emonyOroos
Sample | Manpuiate AnnData - N -
o concatenato along the | RE06ct ArnDts - Ganaral o
wrervatons ass | ‘
- ‘: EPRct ANNDSIE - variadies
Sample NT03 ‘ In309ct ANND# - COSerVENONS
Sampie NTO4 ]
=
Sample NT05 [
el FONGO - S Sviates Repiace tt - gencthipe metacata
Paxte cotamnt tide by 1ide
_M onanal metadats
Manguiste AnnDats - 303 call metadata
v

L]


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189452&guid=215d0b95-4d3b-408f-b484-f335b1a19359&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189452&guid=215d0b95-4d3b-408f-b484-f335b1a19359&scheme=1

Click here to access/download;Figure;Figs_FPE_scanpy.png *

 Ploting mput fle osta
Scater - genes x UM —,
Scatter - mito x genas — et Phia 1
| hecavihuns | [ e pre 1
Scater - ko x UMIS —’—ﬁ Mito-counted AnnData ™) b
Vil - s mspect AnnData - vaniaties
p— 9 Indpact AsnData - obsarvatont
Voo - ea-409 2 inspect AnnData - penetal i
—
| Potung fitered objectdesta | Filtering I  Inspect bitered object
Y
Scanpy FiterCets - genesicsd -L Inspect AMData - peneral info
v
Vicin - FitarByCounts Scangy FilterCalls - countsioed inspect AnnData - penetal i
v
Vioke - Finer@yMao Scanpy FieCels - mao/cedl Inspect AnData - general rio
v
Scanpy FinerCels - celisipens inpact AnnData - general ol
Processing ‘
Scanpy NormalseData
v
Ssanpy FndvanatiaGenes
v
Scanpy ScakeData
R— Scanpy RunTSNE
m‘;’\“‘f’bt"r;‘l'ﬂ“'@‘-\"(\?( } gl : “m ‘
Scanpy PtEmbed - PCA — Scangy FnaCiuster Scanpy RunUMAP
v
RERpy Paimaag T Scangy FOMMAters - Custe! maners
Tidying names
Scangy PotEmbed « UMAP —J A
Scanpy FingMarkers - genctyDe matkerns
Scangy FlotEmbes - UMAF —— - mamo: - variaties ~\
E— T — N
v
Manpuiats AnnData - rename Categones e Cut - Tusher markerns
v
AnnData Operations - Copy obsarvatons b Jom two datasets —
3 ~ Owtput | v v
A 1ated AnnData ot ' AneDista - otrarvALONS litle .
?-( Operations - ranama Cut - Qenctypes markery



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189453&guid=4b18888b-8e73-45d2-ae5d-ac66bf51f6a3&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189453&guid=4b18888b-8e73-45d2-ae5d-ac66bf51f6a3&scheme=1

Click here to access/download;Figure;Fig6_FPE_Seurat_diagram.png %

Input files | Generate Seurat object Quality Control
EBI SCXA Data Retneval > Seurat Read10x -~ » Pilot - counts
¥->( Pilot - features
Processilloi Filter cells p— Plot - counts by individual
Seurat NormakseData < Seurat FilterCells <€ A )[ Piot - counts by sex
* - Plot -
Seurat FindVariableGenes P ot - counts by genotype
+ Dimensionality reduction and clustering
Seurat ScaleData A Marker genes
= -)[ Seurat RunPCA
‘ 3 > Seurat FindMarkers
Seurat FindNeighbours
Seurat FindClusters Plotting the resuits
i 2 » DimPiot - UMAP
Seurat UMAP <
P FeaturePlot - genes
¢ R FeaturePlot - counts
Output
Preprocessed RDS file “”[ ViiPiot - counis: iy genolyne



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189454&guid=48f7d936-7c0d-42a5-9015-384829dfb710&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189454&guid=48f7d936-7c0d-42a5-9015-384829dfb710&scheme=1

Click here to access/download;Figure;Fig7_Scanpy_trajectories.png %

i Input file l Filtering for T-cells . Force-directed graph
Annotated AnnData object ML of ™ uanpuste Anndata > Scanpy RunFOG
| ] I Output
AnnData object with <
e caiculated trajectory
Scanpy DiffusionMap f Force-directed graph Diffusion pseudotime
Scanpy ComputeGraph » Scanpy RunFDG e Scanpy CPT -~
v v
Scanpy PiotEmbed Scanpy ProtEmbed
PAGA
v
Scanpy ComputeGraph > Scanpy RunFDG |  Scanpy PlotEmbed - genotype
v
Scanpy PiolEmbed ~—<piScanpy PlolEmbed - gane express:on



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189455&guid=a0753c48-bfeb-43ce-b5d0-c4504b422c6f&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189455&guid=a0753c48-bfeb-43ce-b5d0-c4504b422c6f&scheme=1

nput files
f"—‘ Expression matrix
Ceil annotations
Gane annctations
\-p{ Monocie3 create - COS file

Click here to access/download;Figure;Fig8_Monocle3.png *

Monocie3 piotCells - ced type

Monocie3 plotCails - genotype

* in PE tutorial

Starting from AnnDala object.
AVACng expression matre,
geng and cell info, then

creatng COS object and some
metadata :

>
‘ -5 Monocie3 piotCails - batch
> Monocle3 preprocess Monocie3 reduceDim <
% in PE tutorial’ pioting the vanation T==
W in PE tutoriat piotting in 30 possibie
) | Plotting trajectory and pseudotime
~——P| Monocle3 piotCells - trajectory

Monocie3 piotCells - partition |«

Monociel plotCels - gones <

Top marker genes

Monocie3 top markars

% in PE tutorial. oplion to assign cells
10 one partibon manually, supervised
and unsupervised approach 10
assigning cells 10 Custers

| Inferring trajectory

Monocie3 ieamGragh

>

Monoclel orgerCaells

~+» Monocle3 plotCells - pseudotime

Differential gene expression

Monocie3 aiffExp

Y

CDS file with calculated
trajectory

X in PE tulorial avatabie
10gression analysis. graph
autocorralation analysie ganes in
pseudotime. violin picts, heatmaps



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189456&guid=520d0eff-6e6d-4790-9887-0cc3441e2b77&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189456&guid=520d0eff-6e6d-4790-9887-0cc3441e2b77&scheme=1

BB tutorial - Scanpy

louvain

BB tutorial - Seurat

RNA_nn_res.0.5

- 2 '
v,
50 & °

o TR D
§ WAl
-.‘.' e Py
LA (3
ol R AR - 4d
3| i Y

0
o]
e2
o3
e 4
5
e 6
o7

s

A B X F L EE

504

2.51

UMAP 2

2.5

Click here to access/download;Figure;Fig9_outputs_numbers_2.png %

PE tutorial (Jupyter notebook) - Scanpy

o0
el
e 2
o3
o4
5
e 6
o7

o


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189457&guid=68ed5c40-1d24-4c4e-8e39-cf7c11717b3a&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189457&guid=68ed5c40-1d24-4c4e-8e39-cf7c11717b3a&scheme=1

Click here to access/download;Figure;Fig10_decision_time.jpg %

© Details: Working in a group? Decision-time! &
If you are working in a group, you can now divide up a decision here with one control
and the rest varied numbers so that you can compare results throughout the tutorials.

» Control
o logip_n_genes_by_counts >
o loglip_total_counts >

o pct_counts_mito <

« Everyone else: Choose your own thresholds and compare results!


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189458&guid=0e17b5b2-e977-433f-b7d0-b1c522af8272&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189458&guid=0e17b5b2-e977-433f-b7d0-b1c522af8272&scheme=1

Click here to access/download;Figure;Fig11_header_feature.jpg %

@ Questions: ) @
« I have some AnnData fites from different samples that I want to combine into a single file. How can | combine these and label them within the
object?
@ objectives:
« Combine data matrices from different samples in the same experiment
= Label the metadata for downstream processing
@ Requirements:
* Introduction to Galaxy Analyses
« @ Slides; An introduction to scRNA-seq data analysis
« L1 Hands-on: Understanding Barcodes
o L1 Hands-on; Generating a single cell matrix using Alevin

X Time estimation: 1 hour
(Z Supporting Materiats:
(O Datasets  «f Workllows | «) Input Histories « (#» Answer Histories v | @D FAGS @ Recordings « & Available on these Gataxies ~
~ R UseGalaxy.e UseGalaxy
5 axy.eu eu
: Jun 1 4
9 Last modification: Jun 13, 262 2624-63-26

3B License: Tutorial Content is licensd  UseGalaxy.org
& PURL: Mtps//gry.io/GTNTO8246 i All total samples - processed after Alevin into single object (UseGalaxy.eu)

-O- Revision: 35 ® How to Use This 2824-83-26

(@ How to Use This



https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189459&guid=b0ff7ac6-068b-441f-97f2-9edcb4f1a178&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189459&guid=b0ff7ac6-068b-441f-97f2-9edcb4f1a178&scheme=1

Click here to access/download;Figure;Fig12.jpg 2

5

User
(researcher)

N\

N\

P
Tool | Training
development . material


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189460&guid=fcb557f0-1abe-4d3c-8bf1-6ae0a7a61d25&scheme=1
https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189460&guid=fcb557f0-1abe-4d3c-8bf1-6ae0a7a61d25&scheme=1

Click here to access/download
Supplementary Material
FigS1_Alevin_workflow-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189461&guid=a9626b6e-14ae-45ae-a850-3545d38b46f6&scheme=1

Click here to access/download
Supplementary Material
FigS2_combining_datasets-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189462&guid=81be847f-4aa9-41fa-8642-fce8424dd979&scheme=1

Click here to access/download
Supplementary Material
FigS3_FPE-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189463&guid=580b4220-488d-45e7-a1cd-cba719998acf&scheme=1

Click here to access/download
Supplementary Material
FigS4_seurat_FPE-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189464&guid=00e6ae60-c27c-49d1-86a9-73b2b9db2c47&scheme=1

Click here to access/download
Supplementary Material
FigS5_trajectories_scanpy-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189465&guid=71405bfa-6040-4361-8495-b5d9718bd3fe&scheme=1

Click here to access/download
Supplementary Material
FigS6_monocle-min.png


https://www2.cloud.editorialmanager.com/giga/download.aspx?id=189466&guid=f52c9c01-de9d-4cd6-a35b-81365c2b26fa&scheme=1

Click here to access/download;Personal Cover;Resubmission

Cover Letter.docx

The Open University

Walton Hall
Milton Keynes
United Kingdom
MK7 6AA

The Open
University

open.ac.uk
Resubmission & Reviewer Response

28 Oct 2024

Dear Gigascience Editorial Board,

We are excited to re-submit an original technical note entitled “Galaxy as a Gateway
to Bioinformatics: Multi-Interface Galaxy Hands-on Training Suite (MIGHTS) for
SCRNA-seq”

We first wish to thank the reviewers for their time and thoughtful comments on, and
line edits of, our manuscript. Below is a summary of our edits in response to
reviewers:

Reviewer 1:

1. “While the manuscript lays emphasis on unstandardized and iterative
analysis, the authors could draw a strong rationale on lack of
reinstantiation methods which is certainly the need. The tools like
Scanpy/Seurat and other ecosystem tools, there is a latency and they work
differently.”

e In the discussion, reinstantiation has been emphasized, in connection
to reproducibility, as an end goal accomplishment of the MIGHTS
tutorial suite.

2. “Training-the-trainer is a very important entity as next generation sequencing
(NGS) tools advances. A word or two on that would be a nice addition.”

e In the discussion, added “As sequencing strategies and tools advance,
it is important that the field of bioinformatics “trains the trainer” in
response to continued growth”.

3. “While programming based and button based entities are well taken, there
could be a ‘programming a button’ section if not swapping between them.
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This will allow naive bioinformaticists to embrace programming. The authors
may want to mention this.”

o In the discussion, added a nod to the existing “How to wrap a galaxy
tool” section of GTN Training Material: “If users wish to embrace
programming such that they are looking to wrap their own tools and
create training material based on them, resources and opportunities to
do so exist on GTN pages dedicated to development in Galaxy
[https://training.galaxyproject.org/training-material/topics/dev/] and
contributing to the Galaxy Training Material
[https://training.galaxyproject.org/training-material/topics/contributing/]”

4. “There could be an alternative annotation tool, viz. Annotationhub instead of
Biosmart as well.”

e We thank the reviewers for this comment, however we cannot include
every available tool in Galaxy, so unfortunately this is beyond the
scope of the project. The authors agree that expanding annotation tool
availability and programming environments would be beneficial. The
Galaxy Training Network is committed to continued enhancement of
tools to meet evolving user needs.

5. “Likewise vscode could be more inviting for some instead of jupyter IDE. The
end user may be given a note in README file”
e Because this is training material, rather than traditional coding

documentation, there is no README file associated with the training.
VSCode is not traditionally used for training, as the Jupyter IDE
includes both the coding environment and the space to run it. For this
reason, we have not mentioned text editing software. However, after
completing the MIGHTS tutorials, the users should feel comfortable
enough in the programming environment to work in another IDE if they
find it more inviting.

Reviewer 2:

We have addressed each of the following grammatical/spelling errors:

6. As access to computationally driven domains of biology continue[s] to grow
7. blending skills across disciplines is not without challenge|[s]
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8. "MIGHTS demonstrates the use of many frequently used data types and
packages for scRNA-seq analyses (Table 2), preparing users with research|-
Jrelevant skills."

9. "Workflows for each tutorial topic are shown -below- in Figure 4."

o "Workflow is demonstrated -below- in Figure 8" (remove the belows)

We have addressed the following figure and table corrections:

10.“Figure 1 is too small to read, and it would be interesting to compare the BB
method and the PE method to get the same images.”

o Figure 1 has been edited to convey key concepts/steps in the tutorial.
Relevant information from the original figure was converted to text from
a screenshot so as to more uniformly present the arguments. The
figure caption has also been altered to more directly compare BB and
PE methods.

11.“Table 1 and 2 are redundant, use only table 2.”

o Tables 1 and 2 have been collapsed such that they do not present
redundant information.

12.“Figure 4: Too small to see the stars.”.

o Figure 4 has been replaced with a more legible workflow diagram
describing only the necessary details of the tutorials’ workflows.

13.“Figure 4,5,6,7: Add the significance of colored boxes in the legend. (too
small to read the box titles). Overall, these figures are hard to read and are
difficult to link with the text. Maybe in the text about tutorials, mention which
step corresponds to which box color, or move these figures to supplemental
material with more detailed legends.”

o Figures 4,5,6,7,8 have been replaced with more legible workflow
diagrams rather than images of the extracted Galaxy workflows. The
updated diagrams visualize the high-level information and the tools
used in each step of the analysis. The coloring of the boxes has been
unified, for example the input files are now all shown in orange, output
files in purple, plotting in cyan, marker genes in bright yellow. Galaxy-
generated workflow images were included in the Supplementary Data
to provide exhaustive details, such as all the output files generated by
each tool and their formats.

14.“Figure 9: what does each letter correspond to? It looks like it is showing the
same information than figure 1.”

o Figure 1 is intended to draw attention to the similarities in arguments
across all four modes when plotting the expression of a gene of
interest. Whereas Figure 9 demonstrates the consistency of clustering
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results observed across all four methods. The letters in the Figure 9
were removed since the image itself is self-explanatory, without the
need to include the four panels A-D.
15."MIGHTS demonstrates the use of many frequently used data types and
packages for scRNA-seq analyses (Table 2), preparing users with research
relevant skills.” : Discuss a bit more which skills are deemed "research-
relevant”. | agree that both the biological skills and coding skills are important,
but in that sentence | am not sure why it's linked to the datatypes and
packages.”

o Discussion of research relevant skills has been expanded to specify
the demonstrated connection between learning to code and enhanced
critical thinking: “MIGHTS demonstrates the use of many frequently
used data types and packages for scRNA-seq analyses (Table 1),
preparing users with research-relevant skills. Broadly applicable use of
programming functions, algorithms, and troubleshooting lends itself to
increased creative and critical thinking [42, 43].”

Reviewer 3:

16.“Intro: Give some information about the type of information these tutorial
provide in the end: is it the growth rate for each cell type in the fetus?”

o Description of the sample dataset and biological insights explored by
the suite have been introduced earlier than in the original draft—
emphasizing the kind of information and analysis skills the suite
provides.

17.“Overall, add a little bit more high-level information about what each tutorial
does, for people who are not already familiar with scRNA-seq.”

o All figures have been altered such that they are more legible and
concise. Workflow figures for the tutorials have been edited to include
pertinent information regarding the steps and accomplishments of the
tutorial(s). Additionally, higher-level descriptions of the tutorial
outcomes are described in each of their respective text introductions.

18.“The Single cell subpage contains more than the MIGHTS material, are they
all supported the same way by the community with the same revision rate
than described in table 37?”

o All the material on the Single Cell subpage is maintained by the
community to provide updated and well-functioning tutorials. Since the
MIGHTS tutorials are designed as a suite, their average revision rate is
different from standalone tutorials: “These tutorials are similarly
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monitored and revised, although the rate of growth specifically for
single-cell tutorials is noteworthy.”
19. “In the Discussion: Do you have advice to give to people who want to develop
similar material in their field?”

o Broader discussion of the topics available on the Galaxy Training
Network have been added such that readers may be directed to
explore, and even contribute to, the growth of these resources across
many applications of bioinformatics. Also, the resources to develop
both training material as well as wrapping the tools have been
mentioned: “If users wish to embrace programming such that they are
looking to wrap their own tools and create training material based on
them, resources and opportunities to do so exist on GTN pages
dedicated to development in Galaxy
[https://training.galaxyproject.org/training-material/topics/dev/] and
contributing to the Galaxy Training Material
[https://training.galaxyproject.org/training-material/topics/contributing/]”

20.“lt would be nice to have separate learning paths for BB and PE, so that users
who want to focus on developing one set of skill find them more easily.”

o Distinct learning pathways for BB and PE users have been additionally
emphasized in the text and in reference to Figure 2.

o Two distinct learning pathways have been created - one for BB, the
other for PE and referenced in the Discussion: “To facilitate choosing
the right starting point depending on the users’ experience or sKkills to
develop, single-cell-oriented Learning Pathways were introduced.
“Applying single-cell RNA-seq analysis” [51] and “Applying single-cell
RNA-seq analysis in Coding Environments” [52] pathways are based
on BB and PE tutorials respectively and can be used for a smooth
transition from button-based tutorials to programming environment
(Figure 2A) or a direct start in the coding environment (Figure 2B).”

21.“lt would be nice to be able to find this set of tutorials by searching MIGHTS in
the GTN.”

o We have added a tag to each tutorial to allow for this searching, and
noted this in the Discussion: “Additionally, to allow for easy searching
for any of the described tutorials, each tutorial is has a tag and hence
the user can simply enter “MIGHTS” in the GTN search box to get a list
of the relevant materials.”

Bioinformatic skills are highly sought after in the life sciences, yet the resources to
learn them have yet to be optimized (Attwood et al., 2019). In this technical note we
present a uniquely constructed suite of tutorials for single-cell RNA sequencing
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analysis to bridge the gap from concepts to coding. The suite is unique in it's ability
to also act as an introduction to coding bioinformatic analyses. The user tested
workflows offering parallel tracks supporting programming fearful wet-lab scientists in
becoming coding bioinformaticians.

As evidenced by the increased publication of ScCRNA-seq data globally (Lotfollahi et
al., 2024), we believe that our tutorial suite should be published by Gigascience
because it will appeal to the journal’s target audience and support the growth of
bioinformatics as a field.

We confirm that this work is original and has not been published elsewhere, nor is it
currently under consideration for publication elsewhere.

We have no conflicts of interest to disclose, no Al-assisted technology used for
manuscript drafting, and no other issues relating to journal policies.

All authors have approved the submission of this manuscript. Please address all
correspondence regarding this manuscript to us at cgoclowski@genetics.utah.edu,
|.Jakiela@sms.ed.ac.uk, and wendi.bacon@open.ac.uk

Thank you for your consideration of this manuscript.

Sincerely,

Wendi Bacon, PhD; Camila Goclowski and Julia Jakiela (co-first authors)
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