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February 13, 20231st Editorial Decision

February 13, 2023 

Re: Life Science Alliance manuscript #LSA-2023-01979 

Dr. Nicholas Leigh 
Lund University 
Laboratory Medicine 
Sölvegatan 17 
Lund 22184 
Sweden 

Dear Dr. Leigh, 

Thank you for submitting your manuscript entitled "Accurate genotype-based demultiplexing of single cell RNA sequencing
samples from non-human animals" to Life Science Alliance. We invite you to re-submit the manuscript, revised according to your
Revision Plan. 

To upload the revised version of your manuscript, please log in to your account: https://lsa.msubmit.net/cgi-bin/main.plex 

You will be guided to complete the submission of your revised manuscript and to fill in all necessary information. Please get in
touch in case you do not know or remember your login name. 

While you are revising your manuscript, please also attend to the below editorial points to help expedite the publication of your
manuscript. Please direct any editorial questions to the journal office. 

The typical timeframe for revisions is three months. Please note that papers are generally considered through only one revision
cycle, so strong support from the referees on the revised version is needed for acceptance. 

When submitting the revision, please include a letter addressing the reviewers' comments point by point. 

Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript. 

Sincerely, 

Eric Sawey, PhD 
Executive Editor 
Life Science Alliance 
http://www.lsajournal.org 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS 

-- A letter addressing the reviewers' comments point by point. 

-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs). 

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for
preparing your production-ready images, https://www.life-science-alliance.org/authors 

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the study (max. 200 characters
including spaces). This text is used in conjunction with the titles of papers, hence should be informative and complementary to
the title and running title. It should describe the context and significance of the findings for a general readership; it should be
written in the present tense and refer to the work in the third person. Author names should not be mentioned. 

-- By submitting a revision, you attest that you are aware of our payment policies found here: https://www.life-science-
alliance.org/copyright-license-fee 

B. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instructions for Authors page, https://www.life-science-alliance.org/authors 



We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic blots and
spreadsheets for the main figures of the manuscript. If you would like to add source data, we would welcome one PDF/Excel-file
per figure for this information. These files will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It is Life Science Alliance policy that if requested, original data images must be made available. Failure to
provide original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all
original microscopy and blot data images before submitting your revision.*** 

--------------------------------------------------------------------------- 
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Reviewer #1 (Evidence, reproducibility and clarity (Required)):
“Cardiello et al tested if souporcell (https://pubmed.ncbi.nlm.nih.gov/32366989/) can be used
to demultiplex samples for some model organisms, based on identified SNPs. For this, they
used synthetic multiplexed data, publicly available datasets and some new datasets, spanning
samples from five model organisms. Their analysis indicates that souporcell could be used to
demultiplex scRNA-seq experiments for multiple species, which offers a cost-beneficent
approach.
The manuscript reads well and shows this approach can work for different model organisms.
However, unfortunately, I am confused about the amount of novelty in this manuscript. The
method, souporcell, is already published. The authors indicate souporcell is not validated in
non-human samples, but the original paper states that their method works with malaria
parasite data (Fig 3b, FigS4). Adapting and using an available tool for different model
organisms is good and groups working on different model organisms may find this manuscript
useful, but the same could be said for the original article. Due to these reasons, I am not sure
whether this manuscript has novelty sufficient for publication.”

Our response:
This comment helped us realize that our novelty was not clearly stated in the first version 

of the manuscript. We revamped our Introduction, Results, and Discussion to highlight the 
novelty of this work more clearly. We also clarified what has been previously performed and how 
this current manuscript provides novel insight into multiple previously unanswered questions 
which broadly extend the utility of SNP-based demultiplexing. In general, as biological sciences 
become more computational, benchmarking tools developed for other systems/species is 
essential. We thus also included analysis with more SNP-based demultiplexers and provided a 
decision tree (Supplemental Figure 2) to help readers to understand that the results from 
souporcell and multiple other SNP-based demultiplexers were very similar in our hands. This 
decision tree explains why we then chose to move forward with a more extensive analysis of 
results from souporcell.

We clarified our verbiage regarding the definition of “validation”.We define validation as
establishing the accuracy or validity of a method. Therefore, validation of SNP-based
demultiplexing for use in non-human species requires comparison to an already proven,
orthogonal method, such as a wet-lab based demultiplexing approach. The original souporcell 
paper does not validate (i.e., confirm with an orthogonal wet-lab method) the results from 
souporcell. The fact that SNP-based demultiplexing is not being used nor tested in non-
human organisms made it unclear how and if these approaches would work in other species. 
Human samples are expected to perform exceptionally well in this approach due to
their extremely high genetic diversity and wealth of available genomic resources. Thus, while it
was encouraging that the original souporcell authors chose to apply their algorithm to a
non-human (e.g., malarial parasite) dataset, this analysis was not validated by ground truths
arrived from any technology other than SNP-based demultiplexers.

Authors’ Response to Reviewers    April 6, 2023

https://pubmed.ncbi.nlm.nih.gov/32366989


(Reviewer #1): I also wrote down two minor points below:
“1- Doublets assigned by souporcell compared to the fluor-based assignment look random. In
Fig 2 doublet recovery rate looks smaller, and in fig 3 doublet rate prediction looks more
random. This is a bit confusing. Is there any explanation for this?”

Our response: We have expanded more in the paper on doublet detection and the drawbacks
of SNP-based demultiplexing methods for doublet detection. We also used other SNP-based
demultiplexers on both zebrafish and African Green Monkey data and found that all SNP-based 
demuxers, minus scSplit, made similar mistakes. This suggests that missed doublet 
assignments are not random. While the fluorescent-based experiments are informative in a 
broad sense, the very low counts of fluorescent genes makes the doublet assignment by this 
specific approach very difficult and likely unreliable. This is why we also took other approaches. 
In general, our data indicate that SNP-based demultiplexers are inadequate as standalone
doublet detectors. Analysis in this revised manuscript (Supplemental Figure 4) suggests that the
number of animals in a sample may contribute to poor performance and increasing from three to
five animals improves doublet detection. To combat this, in the Discussion, we suggest that
moving forward with a combination of doublet detection methods is best practice when working
with large cell numbers which will lead to high doublet numbers. We highlight some tools that
may be useful for future users.

(Reviewer #1): “2- The authors discussed the immune system cells might show some
variability in their discussion (referring to fig 3), but this is not clearly shown in the figures as
data. Having a percentage bar graph could make it clearer for the readers.”

Our response: Thanks for pointing this out. We have now broken up UMAPs by sample in
Supplemental Figure 8 and included an informative table there too. Together, these clearly
highlight the between sample heterogeneity.

From Reviewer 1:
“More generally, showing more direct evidence for the variability of different cell types (not just
the immune system) could be informative for scRNA-seq users.”

Our response: We appreciate the comment on more clearly informing scRNAseq users of the 
potential for between sample variation. We have now thoroughly cited papers speaking to this 
point and made them clearer in our manuscript. We believe an extensive analysis of other 
published single cell datasets in which we attempt to identify artifactual results and animal-to-
animal variability would be harmful to future open science efforts. Past papers have extensively 
demonstrated the issue of batch effects and animal-to-animal variation in scRNA-seq datasets, 
and the requirement for biological replicates to facilitate differential expression analysis.



Reviewer #2 (Evidence, reproducibility and clarity (Required)):
Major comments:
“1. SNP-based demultiplexing performed well on some species, such as zebrafish and Africa
green monkey, from which over 90% of the cells analyzed were correctly identified. However,
this accuracy decreases in Pleurodeles samples when a common SNPs VCF file is absent
(Fig.3). It showed that cell identity can be more precisely defined with the increase of average
read depth (Fig 3B). So, I am wondering whether the mis-defined cells shown in Fig. 3E,
actually are cells with lower reads. It is better if the authors can test such a correlation
between the cell identity and the depth of reads using the data from Fig. 3E.”

Our response: We are thankful to reviewer #2 for raising such a great point. As reviewer #2
suggests, we do see the accuracy of the benchmarking results for this experiment increase with
increasing sequence depth/cell quality. We demonstrate this more directly with a new figure,
plotting percent agreement between the two demultiplexing approaches against average cell
read depth (Supplemental Figure 8I). However, the reasons for the influence of read depth on
this benchmarking accuracy are potentially more complex than just higher accuracy of
souporcell in higher quality cells: The fluorescent-based demultiplexing that is being used for
“ground truth” in benchmarking souporcell for this specific figure is more accurate in cells with
higher read depth because more fluorescent gene reads are likely to be captured (as seen by
the color of dots in Figure 3B). Therefore analyzing the accuracy of souporcell relative to
fluorescent-based demultiplexing over varying read depths can be confusing because both
methods are likely to improve in accuracy with higher read depth. Figure 3B was originally
included in this paper to illustrate this concern, and to demonstrate why we chose to benchmark 
only the cells with sufficient read depth (read depth between 5K, and 40K, and >1 fluorescent 
gene read per cell).

Nevertheless, to address this question about a relationship between the accuracy of 
souporcell cell assignments and average cell read depth, we made a similar plot to the new 
Supplemental Figure 8I, but with our dataset that included the cellplex labels (i.e., Figure 4 
data). Here, our ground truth approach used for benchmarking souporcell was cellplex and 
should be independent from the gene expression read depth because the cellplex reads are a
distinctly sequenced library (Supplemental Figure 10). In this new figure we do once again see a
relationship between read depth and souporcell benchmarking accuracy, suggesting that the
accuracy of cell assignments from SNP-based demultiplexing do appear to be influenced by
read depth, as suggested by reviewer #2. These new figures help to clarify this important point.

We also performed a test with and without a common VCF file for the zebrafish data to
see if the absence of a common SNP file was a potential reason for the Pleurodeles analysis
decreased assignments. We found that less than 1% of cells were assigned differently with or
without the common SNPs VCF in the zebrafish dataset and added this information to the
manuscript. We also added comments on our experiences with and without common SNPs
VCFs in the methods as we did see some issues with the use of common SNPs VCF for
Freemuxlet. We expect that the human common SNPs VCF is of far higher quality than any



other species and thus generating VCF from the data itself may be a safer approach for most
species.

(Reviewer #2)
“2. Please discuss limitations of this approach in the manuscript. (1) To which extent, when
SNPs are roughly present in the individuals of same species, SNP-based demultiplexing can
be applied, e.g., individuals from an inbred strain (c57bl6 mice) would not work.(2) The
authors experimentally tested two newt species using SNP-based demultiplexing. When
multiple species are experimentally applied, may the cell/nuclei size variation cause
problem?”

Our response:
We agree it is critical to define the limits of SNP-based demultiplexing. We have added 

data and comments to clarify these limits. Regarding data, we have provided information on 
SNP density of the animals in this study (see section Identifying the limits of SNP-based 
demultiplexing). This provides a reference level of variation for those working in other species 
as to whether SNP-based demultiplexing may be a viable approach. We also confirmed SNP-
based demultiplexing within inbred mouse strains is unsuccessful (see section, Identifying the 
limits of SNP-based demultiplexing).

Lastly, given the wide array of species that SNP-based demultiplexing could potentially 
be applied to, we also provide scripts and examples that will facilitate our in silico pooling 
analysis on any species of interest. Testing directly whether SNP-based demultiplexing works in 
each individual use case will provide assurances that it can be used without orthogonal labeling 
methods. We highlight this in the Discussion. We also added to the Discussion a comment on 
cell/nuclei size as this is a good point that users should consider before embarking on
multi-species mixing experiments.

(Reviewer #2)
“3. What is the upper limit number of samples when using this model. Please make some
estimation or discussion about it.”

Our response: This is a pressing question for the future of SNP-based demuxing and it
deserves further discussion in this manuscript. Regarding souporcell the authors suggest
(github thread) an upper limit in human samples (worked on 21 human samples, may work in up
to 40). We have added this information and link to the Discussion in the revised manuscript. At
this point, we have no reason to believe that the limit on sample numbers should be different in
other species with similar levels of genetic variation.

We also added an analysis of SNP-based demultiplexing of a pool of 30 zebrafish
embryos. We also provide warnings about interpreting such results and the limitations of
demultiplexing large pools in the Discussion. We further elaborate on a workaround of layered
multiplexing (i.e., pairing SNP-based demultiplexing with one of the wet-lab based approaches

https://github.com/wheaton5/souporcell/issues/30


such as cell hashing). With the methods provided in this manuscript a lab interested in
investigating this limit in their model organism of choice could do so.

(Reviewer #2) Minor comments:
“1. Please add an algorithm principle of this model.”

Our response: Thanks for this suggestion. We clearly cite all the SNP demuxing tools that we 
used in the paper and since we did not develop these tools ask the readers to go there for more 
detailed information about the algorithms. We instead provide a decision tree in Supplemental 
Figure 2 to aid readers in selecting the tools that can be used on their datasets given the 
varying input requirements. We have also made clear any changes we made to the tools 
defaults in Supplemental Table 3.

(Reviewer #2)
“2. Give a clear definition of doublets including the ground truth and Souporcell result.”

Our response: Thanks for the suggestion. We have added a clear definition of doublets to the
manuscript and provide informative names based on doublets from ground truth assignments or
souporcell assignments.

(Reviewer #2)
“3. Authors should indicate the time cost of running one round of such analysis, the minimal
computational requirements?”

Our response: This is an important point and that will be helpful to readers. We have provided
a comparison between tools of time costs and memory usage in Supplemental Table 1. This is a
small dataset but illustrates potential differences between tools. We also provide this same
information for a “real” souporcell run on a new large dataset (zebrafish 30 embryo pool) we
included in the paper.

Reviewer #3 Major comments:
“The manuscript makes a convincing case for the ability of a preexisting SNP-based
demultiplexing tool, called souporcell, to demultiplex pooled samples. The study uses three
methods for validation: 1. In silico data pooling; 2. Pooling of transgenic lines; 3. Pooling of
cells tagged with CMOs (10x genomics). The results are consistent across experiments.

The authors propose that souporcell is a solution for demultiplexing pooled samples whenever
sample tagging methods are not feasible. Although the authors test this approach in several
species and conditions, the validation does not cover all possible cases and situations,
obviously. Indeed, the authors recommend potential users to run pilot validation experiments
with a secondary demultiplexing methods.



However, the manuscript would become more useful if the following points are addressed:

First, what is the genetic relatedness of the individuals pooled in the experiments? What is the
SNP frequency in the samples analyzed, and how does that compare to SNP frequency in
mouse strains? (The number of SNPs in the VCF is reported in a supplementary table but not
discussed in the main text). This point is extremely important: as the authors mention, it is not
possible to demultiplex samples from the same mouse strain. Inbreeding is relatively common
in laboratory species, even unconventional ones; therefore, information on genetic
relatedness and SNP rate would help readers assess whether SNP-based demultiplexing has
a good chance to work in their systems. Addressing this point does not require any additional
experiments, and computing from the single-cell reads how many SNPs distinguish the
individuals pooled here should be straightforward.”

Our response: We appreciate the comments raised by reviewer #3. These are valuable
critiques and have greatly improved the utility of the manuscript. Regarding genetic relatedness,
please see response to reviewer #2 above. We now provide information about genetic diversity
of the different species of animals used in this study. This is critical new information that greatly
increases the impact of this manuscript and will provide a litmus test for other labs to gauge if
SNP-based demultiplexing may benefit them.

(Reviewer #3):
“Moreover, the relatively limited number of samples pooled does not validate the use of
souporcell with a larger number of samples. For example: in developmental studies, often
dozens of embryos are collected and pooled. What are the potential caveats of using
souporcell for demultiplexing larger number of samples? The Discussion would be a good
place to warn potential users of the limitations of the approach.”

Our response: We agree this could still be a limitation, and for developmental studies with
multiple dozens of samples, further exploration of optimal demultiplexing methods or the
combination of computational and wet lab-based demux methods is required. We further
comment on the limits in response to reviewer #2 above. Importantly, this paper provides a
thorough framework for labs with their model organism of choice to explore this question.

(Reviewer #3) Minor comments:
“- is the accuracy of doublet detection rate a function of number of samples? This can be
tested by repeating the monkey in silico experiment with three individuals.”

Our response: This is a good point. As suggested, we tested this with the monkey dataset and
found that indeed it appears sample number impacts doublet detection. This is a critical new
addition to the manuscript and one that all labs pooling samples must consider in optimizing
experiments. We also added some notes on this in the Discussion as practically speaking, the



more samples in the pool the higher the number of heterotypic doublets (i.e., cells from two
individuals) should be detected. As pool size increases it is possible to detect more heterotypic
doublets because homotypic doublets (i.e., two cells from the same individual) would become
an increasingly smaller portion of doublets. For pools of equal cell number the expectation is
that 1/N of all doublets are homotypic
(http://bioconductor.org/books/3.13/OSCA.advanced/doublet-detection.html#doublet-detection-i
n-multiplexed-experiments). This is another advantage of sample pooling that we did not clearly
articulate in the first version of the manuscript.

http://bioconductor.org/books/3.13/OSCA.advanced/doublet-detection.html#doublet-detection-in-multiplexed-experiments
http://bioconductor.org/books/3.13/OSCA.advanced/doublet-detection.html#doublet-detection-in-multiplexed-experiments


April 27, 20231st Revision - Editorial Decision

April 27, 2023 

RE: Life Science Alliance Manuscript #LSA-2023-01979R 

Dr. Nicholas Leigh 
Lund University 
Laboratory Medicine 
Sölvegatan 17 
Lund 22184 
Sweden 

Dear Dr. Leigh, 

Thank you for submitting your revised manuscript entitled "Evaluation of genetic demultiplexing of single cell sequencing data
from model species". We would be happy to publish your paper in Life Science Alliance pending final revisions necessary to
meet our formatting guidelines. 

Along with points mentioned below, please tend to the following: 
-please add a separate conflict of interest statement to your main manuscript text 
-please add the supplementary figure legends to the main manuscript text 
-please add a figure callout for Figure 1E-F to the main manuscript text 
-please add the panels A and B to your Figure S1 in the figure itself and add a figure callout for Figure S1A to your main
manuscript text 

Figure Check: 
-please add scale bars to all of the panels in Figure S13 

If you are planning a press release on your work, please inform us immediately to allow informing our production team and
scheduling a release date. 

LSA now encourages authors to provide a 30-60 second video where the study is briefly explained. We will use these videos on
social media to promote the published paper and the presenting author (for examples, see
https://twitter.com/LSAjournal/timelines/1437405065917124608). Corresponding or first-authors are welcome to submit the
video. Please submit only one video per manuscript. The video can be emailed to contact@life-science-alliance.org 

To upload the final version of your manuscript, please log in to your account: https://lsa.msubmit.net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript and to fill in all necessary information. Please get in
touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publication of your paper, please read the following information carefully. 

A. FINAL FILES: 

These items are required for acceptance. 

-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs). 

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our detailed guidelines for
preparing your production-ready images, https://www.life-science-alliance.org/authors 

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the study (max. 200 characters
including spaces). This text is used in conjunction with the titles of papers, hence should be informative and complementary to
the title. It should describe the context and significance of the findings for a general readership; it should be written in the
present tense and refer to the work in the third person. Author names should not be mentioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING: 

Full guidelines are available on our Instructions for Authors page, https://www.life-science-alliance.org/authors 

We encourage our authors to provide original source data, particularly uncropped/-processed electrophoretic blots and
spreadsheets for the main figures of the manuscript. If you would like to add source data, we would welcome one PDF/Excel-file



per figure for this information. These files will be linked online as supplementary "Source Data" files.

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the acceptance of your
manuscript.** 

**It is Life Science Alliance policy that if requested, original data images must be made available to the editors. Failure to provide
original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all original
data images prior to final submission.** 

**The license to publish form must be signed before your manuscript can be sent to production. A link to the electronic license to
publish form will be sent to the corresponding author only. Please take a moment to check your funder requirements.** 

**Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science Alliance will be published
online, alongside the manuscript. If you do want to opt out of having the reviewer reports and your point-by-point responses
displayed, please let us know immediately.** 

Thank you for your attention to these final processing requirements. Please revise and format the manuscript and upload
materials within 7 days. 

Thank you for this interesting contribution, we look forward to publishing your paper in Life Science Alliance. 

Sincerely, 

Eric Sawey, PhD 
Executive Editor 
Life Science Alliance 
http://www.lsajournal.org 

------------------------------------------------------------------------------ 
Reviewer #1 (Comments to the Authors (Required)): 

I express my gratitude to the authors for their comprehensive revision, which includes the title and highlights the novelty of their
research. The work was already commendable before the revision, and the revised version effectively showcases its originality,
and is more accessible to a broader audience. The results of this study will prove invaluable to the various communities utilizing
single-cell transcriptomics. I wholeheartedly endorse its publication with this version. 

Reviewer #2 (Comments to the Authors (Required)): 

Dear editor, 

the authors have addressed all my concerns in the revised manuscript. I believe now it is ready to be published at present
format. 

Reviewer #3 (Comments to the Authors (Required)): 

In this revised version, Cardiello and colleagues addressed thoroughly all the main points raised during the previous peer-review
cycle. 

In particular, the comparison of different demultiplexing methods presented in the supplementary figures, and the decision tree
in supply. fig. 2 are going to be extremely valuable for other researchers in the community. 

I recommend the publication of this article in Life Science Alliance 



May 3, 20232nd Revision - Editorial Decision

May 3, 2023 

RE: Life Science Alliance Manuscript #LSA-2023-01979RR 

Dr. Nicholas Leigh 
Lund University 
Laboratory Medicine 
Sölvegatan 17 
Lund 22184 
Sweden 

Dear Dr. Leigh, 

Thank you for submitting your Methods entitled "Evaluation of genetic demultiplexing of single cell sequencing data from model
species". It is a pleasure to let you know that your manuscript is now accepted for publication in Life Science Alliance.
Congratulations on this interesting work. 

The final published version of your manuscript will be deposited by us to PubMed Central upon online publication. 

Your manuscript will now progress through copyediting and proofing. It is journal policy that authors provide original data upon
request. 

Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science Alliance will be published
online, alongside the manuscript. If you do want to opt out of having the reviewer reports and your point-by-point responses
displayed, please let us know immediately. 

***IMPORTANT: If you will be unreachable at any time, please provide us with the email address of an alternate author. Failure
to respond to routine queries may lead to unavoidable delays in publication.*** 

Scheduling details will be available from our production department. You will receive proofs shortly before the publication date.
Only essential corrections can be made at the proof stage so if there are any minor final changes you wish to make to the
manuscript, please let the journal office know now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science Alliance. Authors are
encouraged to deposit materials used in their studies to the appropriate repositories for distribution to researchers. 

You can contact the journal office with any questions, contact@life-science-alliance.org 

Again, congratulations on a very nice paper. I hope you found the review process to be constructive and are pleased with how
the manuscript was handled editorially. We look forward to future exciting submissions from your lab. 

Sincerely, 

Eric Sawey, PhD 
Executive Editor 
Life Science Alliance 
http://www.lsajournal.org 
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