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Reviewer #1 (Remarks to the Author):

The authors focused on cell type annotation using active learning and self-supervised strategies. 

The article is extensive in workload and discusses the case of balanced and unbalanced data using 

multiple approaches. There are also the following issues that need to be modified before the paper 

can be accepted.

1.heuristic procedures are mentioned in the author's abstract, but they only appear in the abstract 

and are not found elsewhere in the paper. Add an explanation of this method in the paper

2.The author only tests on several existing models and does not propose his own unique model, 

which can only be regarded as a summary proof work. Is it possible to propose models in this 

respect that are more appropriate for most tasks

3.The setting of parameters of different models will also affect the results of different data sets, so 

multi-parameter experimental comparison should be set

the author confirms in the Introduction that "The effects of various realistic single-cell scenarios 

like dataset imbalance were not investigated". Most of the current research in this field is 

unbalanced.

4.In the classification task, imbalanced data sets have other evaluation indicators in addition to F1-

score, such as AUC or MCC.( Bib, 2022, bbac524; doi.org/10.3389/fgene.2022.1038919)

5.What is the principle of extracting 100,250,500 cells?

in the section of "Active learning outperforms other methods in imbalanced settings", in order to 

compare the performance of active learning in imbalanced dataset with other methods, an 

unbalanced data set is artificially constructed. However, there are only two cell types in the 

unbalanced data set, and the data set in reality contains more abundant data types. It is 

suggested to construct the unbalanced multi-type data set to better simulate the real situation

Reviewer #2 (Remarks to the Author):

Summary

The authors introduce relatively new machine learning methods (active learning and self-

supervised training based on a subset of manually labeled data) into the domain of single cell 

RNAseq label assignment. They found that random forest outperforms logistic regression 

approaches both in accuracy and in robustness in to label imbalance. They showed that active 

learning, and focusing on low entropy cells can boost performance. They further interrogate the 

impact of label imbalance and utilize adaptive weighting for under-representing over-abundant 

classes in the training set. The authors also make use of normalized entropy measures of marker 

genes within clusters as a measure of label confidence, which is a nice approach. I’d also 

commend the authors on their depth over breadth approach in benchmarking, as well as the 

acknowledgement of the intrinsic limitations of benchmarking with single cell datasets, and the 

caveats with ground-truth in single cell biology. However, I do have major concerns that I think 

would improve the manuscript if addressed.

Major

1. Are the proposed methods suited for transfer learning (building a classifier based on a prior 

dataset), or in the proposed methods, is there still the necessity of providing manual labels to a 

subset of cells from the different those found either through the active-learning process or 

unsupervised analyses? From my reading of the benchmark description at the bottom of page 4 

(“These subsets were then used to train four cell type assignment methods using ground truth cell 

type labels”), it sounds like the previously designated ground truth labels were used in the training 

process, which may not reflect the typical process in which a user will need to actively define a 

new label for their newly collected dataset, given that no prior ground truth will be present for a 

new dataset. If the intended method can be easily applied to a scenario in which the user obtains a 

new, completely unlabeled dataset, the manuscript would benefit from demonstrating this 

(although perhaps only for a single use show-case of active learning, rather than sweeping through 

all related methods discussed).

2. The specific methodology used for ‘known marker gene’ usage may not be appropriate, if I 



understand the approach correctly. On page 5, the authors state “To test this, we ranked all cells 

by the expression of a set of cell type marker genes provided by the dataset authors.” In essence, 

under this paradigm, we have ground truth labels, generated by the original authors, then gene-

sets that were derived downstream of these cluster assignments through differential expression. 

The authors then use these known differentially expressed genes (as previously determined in this 

dataset), to identify the cluster labels that were used to perform the differential expression 

analysis that yielded the marker genes; this seems a bit logically circular. Can the authors clarify 

this point? If my original interpretation is correct, I believe that a better test of utilizing prior 

expected marker genes that would be more reflective of a real-world scenario would be utilizing 

previously published, orthogonally collected, marker genes from a marker gene database (so long 

as they are careful to ensure the datasets used for testing the method did not contribute to the 

marker gene database). The same comment may apply to other analyses if I have correctly 

understood the method as currently employed.

3. On page 7, the authors state that “adaptive reweighting outperforms average selection and 

active learning across all accuracy measures and datasets, though with high variability (Fig. 3B).” 

It is a bit difficult to tell from the provided plots, given this variability. Could the authors please 

provide something like an average rank performance across all the tested datasets for each 

measure to more clearly display this?

4. Similar to the above, it is a bit difficult to clearly see in Figure 4, that having 0 cells in training 

increases entropy. Perhaps the authors could provide a summary panel, with the effect of ground 

truth cell type regressed out, as this also seems to have a large effect. As an aside – I agree with 

the authors’ intuition that the cell-type specific effect of why a given type’s absence may have 

variable effects on classifier performance (as with the schwann/endothelial example).

Minor

1. There may be an incomplete sentence, or extra word on page 5: “…, and would therefore 

benefit most from receiving a label of.” Perhaps the word “of” should be removed?

2. In the legend of Fig. 2, the word size appears twice in close succession: “The cell number 

specifies the total size of the training set size.”

Reviewer #3 (Remarks to the Author):

Geuenich and colleagues performed a comprehensive benchmarking of active and self-supervised 

learning strategies for cell type annotation. The observation is that prior cell type markers 

knowledge is useful and a maker-aware adaptive reweighting strategy is helpful. The paper is 

clearly writing and could offer insights for the development of cell type classification tools and 

applying existing tools to a new dataset. However, to reach the current conclusion, I think more 

experiments are needed, specially the including of more datasets.

1. The current pipeline is only tested on 3 datasets and 5 cell type classification methods. In 

contrast, the conclusion and contribution made by this paper is the claim that some techniques are 

useful in general, rather than proposing a new method. Therefore, I think it is necessary to 

benchmark on more cell type assignment methods and datasets.

2. More cell type assignment methods: 

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1795-z

3. More datasets. I think it is necessary to test on datasets with more cell types, including Tabula 

Muris, Tabula Drosophilae, Tabula Muris Senis, and Tabula Sapiens.

4. Evaluate the cross dataset setting. Real-world cell type assignment is often in a cross-dataset 

setting, where the model is trained on one dataset and then used to classify cells in another 

independent dataset. This would involve batch correct and mapping of cell types. The noise in 

maker genes and annotated labels in the training data might also affect the performance on the 

test dataset. It is therefore necessary to evaluate this setting.



5. Could you comment on the running time of using these additional techniques? Will that make 

the training time substantially longer?

6. Noise in the cell type marker file. Cell type marker genes could be noisy. It might be interesting 

to randomly add noise to the makers and see if the proposed method is robsut to such noise.
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#

S. Figure 28. Effect of expanded dataset imbalance on classification accuracy for the 

CyTOF - Bone marrow, scRNASeq - Breast cancer cell line and snRNASeq - Pancreas 
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S. Figure 29. Effect of expanded dataset imbalance on classification accuracy for the 

scRNALung and tabula datasets.#M%0-'#,.#$%"#6%&'8"#/0*#"&6%#1"$*,6#D6&)67)&$"4#&.#
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S. Figure 30. Number of times a selection procedure is the top performing method.#
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Figure 4: Unlabelled cells have higher entropy values.#A#I"4,&'#.6&)"4#"'$*032#+&)7".#
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Reviewer #2 (Remarks to the Author):

The authors have largely addressed my concerns, particularly in creating the new graphics. I 

believe the manuscript would benefit from a small discussion (without additional experiments) on a 

few points, that could help bring a more full context to these approaches when applied in broader 

practice.

1) The benefits and limitations of labeling individual cells vs groups of cells (as is often done in 

standard transfer learning, where an entire cluster is given the same label). The pros and cons of 

this come from the same source, borrowing information from neighbor cells in the graph. The 

major benefit of labeling groups of cells is blunting dropout of marker genes, which labeling single 

cells will be susceptible to. The pitfall of giving groups of cells the same label, which the procedure 

described here does not have, is when heterogeneity exists within a cluster, these may be more 

properly annotated.

2) How labeling individual cells may provide an advantage, particularly in the context of batch 

corrected analyses, in which heterogeneous populations can be merged into a single apparent 

cluster, which if given the same label can lead to inaccuracies.

Additional notes for the author's consideration (not to be considered for this manuscript's 

acceptance):

It may be interesting to explore a hybrid approach related to the above comments, consisting of 

using more granular 'meta-cells' for the manual labeling phase, giving these 10 or so cells the 

same label for the classifier to blunt the effect of dropout. This may also prevent there from being 

too much heterogeneity among the manually labeled cells.

Reviewer #3 (Remarks to the Author):

I believe the authors have addressed all concerns raised by reviewer 1. As described in the author 

response, although this manuscript did not propose a new cell type classification method, adaptive 

reweighting can be used to boost the performance of existing cell type annotation pipelines. 

Therefore, I think this manuscript could substantially contribute to the community.
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using more granular 'meta-cells' for the manual labeling phase, giving these 10 or so cells the 

same label for the classifier to blunt the effect of dropout. This may also prevent there from 

being too much heterogeneity among the manually labeled cells. 

We thank the reviewer for these additional comments. We have added a section to our 

discussion (pages 9-10 of revised manuscript) to address the pros and cons of labelling 

individual cells compared to cell clusters with respect to cluster heterogeneity and dropout 

effects, and incorporate the reviewer’s suggestion of labelling metacells. 

Reviewer #3 (Remarks to the Author): 

I believe the authors have addressed all concerns raised by reviewer 1. As described in the 

author response, although this manuscript did not propose a new cell type classification 

method, adaptive reweighting can be used to boost the performance of existing cell type 

annotation pipelines. Therefore, I think this manuscript could substantially contribute to the 

community. 

We thank the reviewer for reviewing our revised manuscript as well as the comments by 

reviewer 1. 


