
Open Access This file is licensed under a Creative Commons Attribution 4.0 

International License, which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the Creative Commons license, and indicate if 

changes were made. In the cases where the authors are anonymous, such as is the case for the reports of 

anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 

attribution to the source work.  The images or other third party material in this file are included in the 

article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is 

not included in the article’s Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

Peer Review File

Pianno: a probabilistic framework automating semantic

annotation for spatial transcriptomics



Reviewer #1 (Remarks to the Author):

In this manuscript, the authors developed a new computational model, Pianno, to identify 

structural semantics based on marker genes. The authors showed that Pianno can estimate cell 

type distributions and annotate a wide array of spatial semantics. Actually, the pattern image 

generated by the pattern detector module of Pianno is a linear combination of the denoised 

expression of marker genes, which makes the selection of marker genes particularly important. 

However, how to select the marker gene list and parameter settings are not described in the paper, 

and its robustness and scalability need to be further validated.

Major concerns:

1. The selection process for marker genes should be described in detail and avoid manual 

selection. The core step of Pianno is to obtain the pattern image by linearly fusing the expression 

of marker genes. But how to select the marker gene list is not described in the paper. Authors 

should ensure that this step is fully automated.

2. Is Pianno sensitive to the choice of marker gene list? Will performance degrade if 10% or 20% 

of the genes in the marker gene list are randomly selected?

3. Pianno stores gene expression in the form of images (i.e., dense matrix). Can Pianno handle 

large-scale data? If scale factor is introduced, is it equivalent to reducing the spatial resolution of 

the sequencing technology?

4. The algorithm may potentially be affected by “p-hacking”, where parameters/settings are tuned 

to get the best performance of the reported data. As the study did not use many datasets, such a 

good performance may not be transferable to other data when general users apply the tool. The 

impact of the following hyper-parameters on the results should be discussed in detail: a) the 

number of marker genes; b) the number of thresholds of the multi-Otsu thresholding algorithm; c) 
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experiment.

5. The parameter setting for each experiment should be added. Does the experiment of Fig. 2, Fig. 

4 and Fig. 5 introduce additional scRNA-seq datasets?

6. Because the Pianno method has many hyper-parameters and computational tricks, please 

provide a reproducible tutorial for each experiment. You can refer to STAGATE's tutorials 

(https://stagate.readthedocs.io/en/latest/index.html).

7. In Fig. 5b, how does Pianno perform background removal?

8. Pianno employ SAVER method to perform gene imputation, which makes the inputs of Pianno is 

different with other methods. Authors should also evaluate the clustering accuracy of other 

methods when using SAVER imputation results as input.

9. More deconvolution methods, such as RCTD and Tangram, should be introduced in Fig. 3. And 

the parameter setting of these methods should also be introduced.

Minor concers:

1. The usage of refine/renew is confused. In the section 2.1, “refinement” is used, while “renewed” 

is used in Fig. 1.

2. I suggest the authors clarify the concept of “spatial domains” when it is first introduced in line 

599.

Reviewer #2 (Remarks to the Author):

Zhou et al. introduced a Bayesian framework named Pianno for annotating biological structures or 

cell types. This framework leverages Markov random field (MRF) and parameters related to the 



negative binomial distribution, estimated using the Expectation-Maximization (EM) algorithm. 

Pianno takes into account both gene expression levels and the physical locations of spots/cells 

derived from spatial transcriptomes. The process includes an initial segmentation step, where each 

spot/cell is assigned a label based on a predetermined set of marker genes, followed by a 

refinement step that utilizes the Bayesian framework to smooth out the initial segmentation.

Major comments:

1. Since Pianno employs a curated marker gene list as prior knowledge for semantic annotation on 

spatial transcriptomic data, the benchmarking should address two facets: (1) A comparison 

between marker-based supervised analysis and unsupervised analysis. (2) A contrast of semantic 

annotation with other extant algorithms. While the authors presented the former benchmark, the 

latter's direct benchmark is conspicuously absent. For an objective comparison, other methods 

should be given the identical gene list and data preprocessing approaches, like the SAVER 

denoising method employed by the authors. Moreover, considering that deep-learning methods, 

e.g., STAGATE, are better suited for higher-dimensional inputs, it would be better to incorporate 

traditional algorithms into this benchmark, such as SpatialPCA 

(https://www.nature.com/articles/s41467-022-34879-1) or the non-spatial-aware Louvain/Leiden 

clustering.

2. Pianno's semantic annotation should also be assessed against other gene set enrichment 

scoring techniques like AddModuleScore and AUCell. Incorporating a GSEA analysis could also be 

informative, given that SAVER was previously utilized to impute the gene expression to designed 

distributions.

3. The “curated marker gene list” appears central to Pianno's approach. The authors have 

illustrated that these markers are collated across a variety of samples (as highlighted in line 115). 

However, the methodology for marker collection remains nebulous. While single-cell RNA reference 

data can offer cell-type markers, how are anatomical structure markers collected for diverse 

samples? How robust is Pianno with respect to the provided gene list? The authors could consider 

randomly deleting or adding genes to the list for benchmarking purposes.

4. The integration of the Markov random field model and the spatial Poisson point process (sPPP) 

for label refinement is commendable. However, given the wide usage of the former in spatial 

transcriptomic analyses, a more detailed elucidation on how the sPPP model augments the 

Bayesian classifier's efficiency would be insightful.

Minor comments:

1. The SAVER denoising approach was initially designed for single-cell RNA data. Given that cell 

density is an implicit variable for the spots in spatial transcriptomic data, is the method still 

applicable?

2. In Fig. 1, the term “enancement” should be corrected to “enhancement”.

3. Fig. 1 requires an accompanying legend for clarity.

4. From lines 193 to 195, the phrase “lack of stroma markers” is ambiguous. Does this denote an 

inability to locate stroma-related genes in the literature?

5. In line 432, "Bayesian classifier" has been typographically erred and requires correction.
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Reviewer #1 (Remarks to the Author):

Thanks for the response. Most of my concerns have been addressed. The updated pattern detector 

module of Pianno can use only one marker as prior knowledge, and provides detailed tutorials, 

which greatly improves the usability of the algorithm.

Reviewer #1 (Remarks on code availability):

I installed and run the code and authors provided detailed tutorials.

Reviewer #2 (Remarks to the Author):

After the authors detailed the process for selecting markers to identify spatial domains, the 

methodology now appears complete and clear, and I have no further comments on the results 

section. I acknowledge its high effectiveness across multiple tissues as demonstrated by the 

authors. However, concerns arise regarding its generalizability to tissues with less-studied 

molecular structures. The software’s performance heavily depends on the initial selection of 

markers, which need to be highly aligned with and specifically expressed in the corresponding 

domain. This approach restricted the analysis primarily to cell types in the two cancer samples 

demonstrated, rather than to the tumor niches. Consequently, this implies that the molecular 

signature must be reliably documented for the anatomical structure in the initial step, limiting the 

algorithm's potential to uncover unknown biological patterns.



A point-by-point response to Reviewers’ comments 

Reviewer #1 

Thanks for the response. Most of my concerns have been addressed. The updated pattern detector 

module of Pianno can use only one marker as prior knowledge, and provides detailed tutorials, 

which greatly improves the usability of the algorithm. 

Response: The reviewer’s positive feedback is greatly appreciated, and we are committed to 

continually improving the algorithm for better usability and effectiveness. 

Reviewer #2 

After the authors detailed the process for selecting markers to identify spatial domains, the 

methodology now appears complete and clear, and I have no further comments on the results section. 

I acknowledge its high effectiveness across multiple tissues as demonstrated by the authors. 

However, concerns arise regarding its generalizability to tissues with less-studied molecular 

structures. The software’s performance heavily depends on the initial selection of markers, which 

need to be highly aligned with and specifically expressed in the corresponding domain. This 

approach restricted the analysis primarily to cell types in the two cancer samples demonstrated, 

rather than to the tumor niches. Consequently, this implies that the molecular signature must be 

reliably documented for the anatomical structure in the initial step, limiting the algorithm's potential 

to uncover unknown biological patterns. 

Response: We appreciate the reviewer's insights and concerns regarding the generalizability of 

Pianno to tissues with less-studied molecular structures. We added a sentence in Disscusion to 

declare the potential limitations of Pianno. Here is the updated statement:  

“While Pianno has demonstrated remarkable power in spatial semantic annotation, it is imperative 

to acknowledge that its efficacy is inherently linked to the availability of well-defined initial markers 

and the existing molecular knowledge of the tissue, which may limit the algorithm's ability to 

uncover unknown biological patterns.” 


