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1st Editorial Decision 17th Dec 2024

17th Dec 2024

RE: Manuscript MSB-2024-12721, "Decoding Non-coding SNPs: Systems Genomics Modelling Dissects the Heterogeneity of
IBD"

Dear Dr Korcsmaros,

Thank you for submitting your work to Molecular Systems Biology. | would like to apologize for the somewhat slow process,
which was due to the late arrival of reviewers' reports. We have now heard back from two of the three reviewers who agreed to
evaluate your manuscript. Unfortunately, after a series of reminders, we did not manage to obtain a report from Reviewer #3. In
the interest of time, | prefer to make a decision now rather than further delaying the process. As you will see below, the
reviewers raise substantial concerns on your work, which unfortunately preclude its publication in Molecular Systems Biology.

While Reviewer #1 is relatively more positive, Reviewer #2 raised significant concerns about the general assumptions and
approach of the study, pointing out several methodological and interpretational shortcomings that affect the study's validity and
biological relevance. Specifically, Reviewer #2 rated the conceptual novelty, technical quality, validity of the conclusions, and
suitability for publication as "low."

Given the substantial nature of the concerns raised, and in light of the relatively limited enthusiasm from the reviewers, we feel
we have no option but to return the manuscript with the decision that we cannot offer publication at this time.

However, we would be open to considering a substantially revised and extended version of the manuscript, provided that the
issues raised by the reviewers can be convincingly addressed. In particular, the points 2-6 raised by Reviewer #2 will need to be
carefully addressed. | understand if, given the significant revisions required, you may prefer to submit your study elsewhere.

A resubmitted work would have a new number and receipt date. It will be editorially evaluated afresh, and its novelty will be re-
assessed at the time of submission. As you probably understand, we can give no guarantee about its eventual acceptability. If
you do decide to follow this course, then we would ask you to enclose with your re-submission a point-by-point response to the
points raised in the present review.

| am sorry that the review of your work did not result in a more favorable outcome on this occasion, but | hope that you will not
be discouraged from sending your work to Molecular Systems Biology in the future. In any case, thank you for the opportunity to
examine this work.

Kind regards,
Jingyi

Jingyi Hou, PhD
Scientific Editor
Molecular Systems Biology

Reviewer #1:

Summary & General Remarks

The paper entitled "Decoding Non-Coding SNPs: Systems Genomics Modelling Dissects the Heterogeneity of IBD" presents a
logical analysis of the effects of non-coding variants on downstream signalling and regulatory networks for two forms of IBD:
Crohn's Disease (CD) and Ulcerative Colitis (UC). For each indication, disease-associated non-coding SNPs were identified from
independent GWAS and linked to genes using the author's previously published iSNP procedure. These genes were then
integrated with molecular networks, and the technique of network propagation used to identify neighbouring SNP-affected
transcription factors and gene regulatory networks. These network "modules" were annotated based on functional enrichment,
after which the gene regulatory networks were used to create patient clusters driven by specific TFs. It was further shown that
patient clusters correspond to different cell type markers and TF activities in IBD-relevant tissue types. Finally, the authors
performed a brief analysis to compare and contrast the identified signalling and regulatory networks across CD and UC,



highlighting shared pathways and distinct TFs.

The use of network propagation with individual patient data provides an interesting perspective on both global patterns and
underlying heterogeneity of IBD driven by non-coding variation. As outlined in the introduction, this strategy addresses a key
challenge for interpreting genetic associations for complex diseases such as IBD. The insights generated will be of interest to the
IBD community, especially if additional details are provided for specific SNPs and mechanisms. The workflow presented could
also be widely applied to other disease indications, though additional benchmarking could be useful to fully demonstrate
methodological improvements. The results presented generally support the stated conclusions, though more details are needed
in some results and methods sections to fully describe the results, analysis, statistical tests, and/or underlying data. Some
conclusions rely heavily on functional enrichments that involve a small portion of network/module genes and may require further
investigation. The manuscript is clearly written, and the figures are generally well-designed to convey the key messages.
However, the use of black backgrounds could be reduced for easier viewing.

Specific comments are organized under numbered general headings, as follows:
1. Input Data & Definition of SNP-affected genes.

More details are needed to specify the OmniPath and Dorothea networks utilised. Downloading and filtering the Dorothea
network via the R package (https://saezlab.github.io/DoRothEA/) gives a network of differing size, casting doubt on the results.

The ancestral makeup of the patient cohorts and input GWAS should be discussed.
For SNP-affected genes, were heterozygous and homozygous genotypes considered equivalent?

A brief overview of the iSNP procedure should be provided in the methods. Does iSNP address non-additive effects? The
network pipeline presented captures additive effects (polygenicity) but not genetic epistasis.

2. Construction of SNP-affected signalling and gene regulatory networks.

The authors acknowledge the concern of citation bias in the network resources. However, their random seed controls may not
adequately account for the overestimation of hub genes in network propagation. Indeed, the identification of several very highly-
studied TFs (e.g. TP53, NFKB1, STAT3) may be driven by such biases, and less-studied but more specific TFs may be missed.
Degree-matched random seeds could be considered.

Can the authors further explain the rationale for having a two-step network analysis? Is there evidence that this approach
performs better than propagation with a combined signalling and regulatory network? For the TF-TG networks, a local
neighbourhood approach was used, resulting in the identification of thousands of targets for some TFs. A network propagation
approach that captures the global topology of gene regulation may better prioritise the targets of pleiotropic TFs.

Based on Figure S1, a majority of SNP-affected genes are not present in the OmniPath signalling network. Have the authors
explored that this may reduce the sensitivity of the study and potentially introduce biases driven by which SNP-affected genes
are present in the signalling network? It would be useful to explore additional network resources and show that similar sets of
transcription factors are prioritised.

Can the authors clarify the construction of SNP-propagated networks and patient-specific SNP-propagated networks? If the 38
seed genes are propagated, how are the "patient-specific networks" defined? If propagation is patient-specific, how are the
networks in the figures defined?

Figure 1B implies that no propagation occurs beyond transcriptions factors, do all TFs have out-degree=0 in the signalling
network?

How was the set of all transcription factors defined? And what proportion are present in the OmniPath and Dorothea networks?
3. Analysis of SNP-propagated signalling networks

It would be interesting to see the results of hierarchical clustering for the SNP-propagated signalling networks in Figures 2A &
5A. The network modules defined are large, and the functional enrichments presented involve only a small fraction of the
module genes.

In Figure 2A (Also Figures 3A, 5A, 6A, 7A), can the authors clarify how module names were determined from the significantly
enriched Reactome pathways in Supplementary Table 3 and address the discrepancy in the number of modules between the
results (5) and table cover sheet (11)? Further, the legend states "CD patients grouped by Glrvan-Newman modularization" -

should this be genes grouped by GN modularization?

In Figures 2A (Also Figures 3A, 5A, 6A &7A), please clarify the definition of node size as a 'percent’ or 'number' and provide a



quantitative scale.
Figure S2 is difficult to interpret. Further clarity is needed in describing the interpretation of box size, blank boxes etc.
4. SNP-propagated gene regulatory networks

Several different methods and thresholds are utilized for performing differential gene expression. The authors note that this is to
"test the robustness of the outcome," but using different pipelines on the same dataset would be a better test of robustness.

What is the TF activity univariate linear model fitting? Are the models cell-type specific for both datasets or only the Krzak
dataset?

Given the TF-centric nature of the gene regulatory networks in Figure 3A (and 6A), could they be simply represented as
similarity networks between the transcription factors?

In validation analyses focusing on cluster-representative TFs, why are TFs such as FTL1 and ZFP36 not included?

In Figure 6E, how is 'Ustekinumab responder +/-' defined? Is there an explanation for why these designations do not align with
the significant enrichments for response-predicting genes? Could patients with perturbations to the response predicting genes,
in fact, be more sensitive to therapy?

5. Patient-specific results and clusters

The optimization procedure for determining the number of patient clusters is presented, but further justification for the selection
of k is warranted. One could argue that the elbow method would better align with the selection of k=4 (CD) and k=5 (UC). Based
on the following results, it also appears that the use of fewer clusters may give clearer separation between patient groups.

Given the pattern in Figure 6B doesn't conform to the expectation of a long-tailed distribution for frequencies, further dissection
of the FOXP3 target peak is warranted to ensure that it is not due to an artifact. Is this pattern driven by a single SNP or multiple
SNPs? Could there be artifacts from SNP analysis such as ref/alt designation, imputation, ancestry differences, or position on
the X chromosome? Relatedly, in Figure 7C, it is surprising to see no FOXP3 interactions in the main CD patient grouping
despite FOXP3 and its targets appearing in the CD SNP-propagated network.

Please clarify the terminology and provide definitions of patient-specific results, which are referred to as 'genes present in a
patient', 'genes perturbed in patients’, or 'genes predicted to be perturbed in patients'. Could the importance of genes be
assessed statistically via comparison to random genes or non-IBD controls rather than as a count of affected patients?

Cluster-specific genes should be clearly defined in the main text and figures. How much overlap is there between genes
assigned to each cluster?

Figure 3F (& 6F) - what is meant by 'representative examples'? If these represent single patients, why not average across all
patients in each cluster?

6. Combined analysis of CD and UC

How were the combined CD/UC networks constructed? Did the authors compare combining the previously constructed networks
to combining the SNP-affected genes prior to network analysis? Currently, the benefit of the network approach for distinguishing
between CD and UC is unclear. It is stated that "STAT3 and TP53 were identified as TFs specifically perturbed in CD, whilst
CEBPB, FOXP3, and NFKB1 were TFs specifically perturbed in UC," whereas ETS2 target genes were perturbed in both.
However, from the iSNP results in Supplemental Table S2, these distinctions can already be made.

Could the "different disease-specific signaling interactions" and "distinct gene regulatory mechanisms" be the result of
incomplete power in the UC and CD cohorts rather than true differences between the diseases? Support for similarities and
differences could be developed by analysis of independent UC and CD GWAS cohorts.

In Figure S7, how is "disease-specific" defined for modules? Can this be quantified?

7. Discussion

The Supplementary Note contains many interesting details that could be included in the discussion. Currently, the main text

contains few mechanistic interpretations of how non-coding SNPs influence IBD phenotypes, but these are critical for
understanding the advances made in the study.



Reviewer #2:

This study aimed to develop a statistical framework for identifying pathways or functional modules associated with Crohn's
Disease (CD) and Ulcerative Colitis (UC) through "SNP propagation" analysis. However, several significant methodological and
interpretational flaws impact the study's validity and biological relevance.

Major Concerns:

1. The authors initiated their analysis using a set of "known IBD SNPs" identified in previous genome-wide association studies
(GWAS). However, each GWAS-identified SNP is merely a proxy for an associated haplotype and does not necessarily have
direct functional significance. Mapping individual SNPs onto transcription factor (TF) binding sites or microRNA (miRNA) target
sites assumes biological roles that may not exist, potentially distorting the interpretation of GWAS findings.

2. The functional annotations for TF binding sites, promoters, enhancers, miRNA target sites and even the global network were
ENTIRELY based on computational predictions. Numerous studies have demonstrated that these prediction-based genome
annotations are highly prone to errors and lack reliability. Incorporating experimentally validated datasets, such as those from
ENCODE and the Epigenome Roadmap, would enhance the study's robustness and interpretability. By relying solely on
computational predictions, the authors have significantly weakened the biological credibility of their findings.

3. The authors claim to address cell-type specificity in their conclusions but fail to account for it meaningfully in their analyses.
Predicted binding sites lack the resolution to capture tissue- or cell-specific epigenetic activity. For example, many SNPs may
fall within binding sites that are inactive in the tissues relevant to CD and UC. Without specifying which binding sites are
epigenetically active in the tissues of interest, the conclusions remain speculative. The authors should assess how many SNPs
fall within functional sites that are confirmed as active in relevant tissues using epigenetic datasets.

4. The assumption that all SNPs located in functional TF or miRNA binding sites are biologically relevant is problematic. Most
noncoding SNPs are likely functionally neutral. The study does not address whether these SNPs alter TF motifs, miRNA seed-
complementary regions, or any other functional element in a meaningful way. Additionally, no experimental validation or in silico
modeling of functional consequences was presented, leaving the claims unsubstantiated.

5. The study's GWAS dataset is notably underpowered compared to modern standards. The sample sizes for CD (1,695) and
UC (941) are small relative to large-scale datasets such as those from the UK Biobank. As a result, the conclusions drawn from
these data may lack statistical robustness. The study would benefit from replication using larger datasets to ensure that its
findings are not spurious.

6. The downstream analyses are overly descriptive and lack statistical rigor, making it challenging to validate the conclusions.
The text does not provide sufficient evidence or quantitative measures to support many of its claims. Without a more robust
analytical framework, the study's conclusions remain speculative.

** As a service to authors, EMBO Press offers the possibility to directly transfer declined manuscripts to another EMBO Press
title or to the open access journal Life Science Alliance launched in partnership between EMBO Press, Rockefeller University
Press and Cold Spring Harbor Laboratory Press. The full manuscript and if applicable, reviewers' reports, are automatically sent
to the receiving journal to allow for fast handling and a prompt decision on your manuscript. For more details of this service, and
to transfer your manuscript please click on Link Not Available. **



Appeal 18th Sep 2025

Reviewer 1

1. More details are needed to specify the OmniPath and Dorothea networks utilised. Downloading and
filtering the Dorothea network via the R package (https://saezlab.qgithub.io/DoRothEA/) gives a network
of differing size, casting doubt on the results.

We thank the reviewer for kindly pointing this out. We have now added more details
regarding the OmniPath and DoRoThEA networks we used including version number
and date of download to ensure reproducibility of our findings.

2. For SNP-affected genes, were heterozygous and homozygous genotypes considered equivalent?

We thank the reviewer for this question. In our analysis using iISNP, heterozygous
and homozygous genotypes were treated equivalently for SNP-affected genes. We
have now stated this in the “Materials and Methods” section. This approach was
chosen because iSNP is designed to capture whether a regulatory element can be
perturbed at all, rather than to quantify allele dosage effects. While we acknowledge
that homozygous variants could in theory have a stronger effect than heterozygous
ones, the dosage effects of non-coding SNPs on TF binding has not yet been well
characterised quantitatively and these may also vary across loci. We therefore
considered the conservative approach of treating heterozygous and homozygous
genotypes equivalently to be the most appropriate for this study. We have added this
explanation to the “Discussion” section of the revised manuscript.

3. A brief overview of the iSNP procedure should be provided in the methods. Does iSNP address non-

additive effects? The network pipeline presented captures additive effects (polygenicity) but not genetic
epistasis.
Thank you for this suggestion - we have now provided an overview of the iISNP
workflow in both the “Results” and “Materials and Methods” sections. We also
appreciate the reviewer’s observation regarding additive versus non-additive effects.
On reflection, we agree that the iISNP pipeline models polygenic contributions by
integrating the impact of multiple fine-mapped non-coding SNPs on regulatory
regions and downstream gene networks, rather than capturing non-additive
interactions (genetic epistasis) between variants. We have therefore amended the
Abstract, Introduction and Discussion sections accordingly.

4. The authors acknowledge the concern of citation bias in the network resources. However, their random
seed controls may not adequately account for the overestimation of hub genes in network propagation.
Indeed, the identification of several very highly-studied TFs (e.g. TP53, NFKB1, STAT3) may be driven
by such biases, and less-studied but more specific TFs may be missed. Degree-matched random seeds
could be considered.

Thank you for this insightful comment. We have now performed several analyses to
address the possibility of citation bias in our results.

Firstly, we increased the number of random seed controls from 1,000 to 10,000
iterations to more accurately construct SNP-propagated networks relative to the size
of the background network resources used. This allowed us to more accurately


https://saezlab.github.io/DoRothEA

remove noise from the SNP-propagated networks and better account for hub nodes,
as evidenced by the lower number of SNP-affected proteins and TF-target genes that
passed the threshold of statistical significance in both the SNP-propagated signalling
and gene regulatory networks after 10,000 iterations compared to 1,000. This is now
properly presented in the revised “Materials and Methods” section.

Secondly, we performed comprehensive comparative analyses using three major
signalling networks i.e. OmniPath, Reactome, STRING, and two complementary
regulatory network reources DoRoThEA, and Collectri as now stated in the “Materials
and Methods” section. We observed differences in the number of perturbed proteins
in the SNP-propagated signalling network and perturbed TF-target genes in the SNP-
propagated gene regulatory network (GRN) based on the background networks used
which have been described in the Discussion and depicted in Figure S8.

Thirdly, following the reviewer’'s suggestion, we constructed networks using degree-
matched random seeds. These analyses identified more perturbed proteins and TF—
target genes than the non-degree-matched controls. However, confirming the original
results, all cases (irrespective of the underlying network resources used; i.e.
OmniPath, Reactome, STRING, DoRoThEA, and Collectri) included the core set of
perturbed nodes identified in the non-degree matched random seed networks. This
indicates that degree-matched random seeds propagate SNP signals more broadly.
We therefore chose to report the non-degree-matched results in our main results, as
they capture the consistently identified proteins and TF-target genes in a more
stringent and reproducible manner. We have added the degree matched results to
the revision (Fig S11) and we added this comparison to “Materials and Methods” and
“Discussion” section of the revised manuscript.

Can the authors further explain the rationale for having a two-step network analysis? Is there evidence
that this approach performs better than propagation with a combined signalling and regulatory network?
For the TF-TG networks, a local neighbourhood approach was used, resulting in the identification of
thousands of targets for some TFs. A network propagation approach that captures the global topology
of gene regulation may better prioritise the targets of pleiotropic TFs.

We thank the reviewer for pointing out that this methodology step was not described
fully in the original manuscript.

We adopted a two-step network propagation analysis to separately capture the
molecular mechanisms likely to be impacted by SNPs at the signalling layer and at
the direct downstream gene regulatory layer. This separation allows us to extract
complementary and biologically meaningful insights into UC and CD pathogenesis
that may be obscured in a single combined network, where information from distinct
interaction types can be collapsed.

To our knowledge, direct benchmarking of two-step versus combined network
propagation in complex diseases has not yet been reported. However, related work
outside of this context supports the value of the two-step, multilayered approach. For
example, TieDIE (Paull et al., 2013) applies separate diffusion processes from
signalling inputs and regulatory outputs (such as transcription factors) and identifies
convergence points, achieving higher precision in cancer datasets compared with



single diffusion on combined networks. Importantly, TieDIE demonstrated that
separating diffusion reduces bias toward highly connected nodes, which in a
combined network tend to dominate the propagation and obscure disease-specific
mechanisms. Similarly, Valdeolivas et al. (2019) showed that random walks on
multiplex/heterogeneous networks outperform those on monoplex or aggregated
networks, as they preserve the complementary contributions of each interaction type
without loss of information from collapsing layers. Together, these findings suggest
that multilayer propagation better captures specific links between genetic alterations
and transcriptional consequences, rather than disproportionately prioritising generic
hubs. We have added these references and explanation to the “Discussion” section
of the revised manuscript.

To construct the SNP-propagated gene regulatory network, we intentionally utilised a
one-step (local) heat propagation as this better reflects the broader, more
promiscuous interactions that are known to occur between TFs and their targets in a
whole gene regulatory network - where the SNP effects would be diluted due to
network distance. This decision was further validated by our analysis of the Kong et
al single cell transcriptomics dataset, where we found that patient-specific clusters of
SNP-propagated gene regulatory modules (based on one-step heat propagation)
mapped to differential gene expression in a cell type-specific manner in CD.
However, we acknowledge that global propagation methods, which leverage the full
gene regulatory network topology, could in future provide a complementary method
to prioritise targets of pleiotropic TFs. We have extended the “Discussion” section
with this explanation.

Figure 1B implies that no propagation occurs beyond transcriptions factors, do all TFs have out-
degree=0 in the signalling network?

Thank you for kindly pointing this out. TFs can interact with each other and other
regulatory proteins, so they can have an out-degree of >0. We have not excluded
these interactions, but we appreciate that the original Figure 1B was misleading. So
we have now included in the same panel (Figure 1C in the revised manuscript), non-
TFs where the heat also converges for clarity and also TFs interacting with each
other.

How was the set of all transcription factors defined? And what proportion are present in the OmniPath
and Dorothea networks?

The set of all transcription factors (TFs) was defined from DoRoThEA, and we used
only regulons classified with A, B, or C confidence levels. We added the details of
this step to the “Materials and Methods” section of the revised manuscript - and we
thank the reviewer for pointing out that this was missing. To ensure that SNP effects
were propagated to the most reliable TF—TG interactions, we restricted our analysis
to regulons classified with A, B, or C confidence levels in DoROThEA. This yielded
676 distinct human TFs or TF complexes. Of these, the vast majority (i.e. 517) were
also represented in the OmniPath database, which we used to construct our
signalling network. This overlap ensured that there was minimal potential for losing
high-confidence TF-TG interactions during the two-step network propagation
analysis.



8.

10.

1.

It would be interesting to see the results of hierarchical clustering for the SNP-propagated signalling
networks in Figures 2A & 5A.
Thank you for this suggestion. We have now added these as Figure S7.

In Figure 2A (Also Figures 3A, 5A, 6A, 7A), can the authors clarify how module names were determined
from the significantly enriched Reactome pathways in Supplementary Table 3 and address the
discrepancy in the number of modules between the results (5) and table cover sheet (11)? Further, the
legend states "CD patients grouped by Glrvan-Newman modularization" - should this be genes grouped
by GN modularization?

We thank the reviewer for these helpful comments. All significantly enriched
Reactome pathways for the various networks are provided in Supplementary Tables
3. For the sake of visual clarity, we selected and displayed only the most IBD-
relevant signalling and gene regulatory pathways in Figures 2A, 3A, 5A, 6A, and 7A.
We have now clarified this in the relevant figure captions.

Regarding the discrepancy in the number of modules in the SNP-propagated
signalling layer, we have now clarified in the Results section that we focus on the four
largest modules in the text, whereas Table S3 includes all modules identified,
including smaller ones.

Finally, we thank the reviewer for noting the inaccurate legend wording - we have
corrected this to “genes grouped by Girvan—Newman modularization” rather than “CD
patients”.

Based on Figure S1, a majority of SNP-affected genes are not present in the OmniPath signalling
network. Have the authors explored that this may reduce the sensitivity of the study and potentially
introduce biases driven by which SNP-affected genes are present in the signalling network? It would be
useful to explore additional network resources and show that similar sets of transcription factors are
prioritised.

We thank the reviewer for this important comment. We have now conducted a broad
benchmark analysis to justify and present the effect of various network resources on
the analysis. We added this as Figure S1, S8 and S9. and presented it in the
“Discussion” section of the revised manuscript. Out of the 95 possible SNP-affected
proteins in UC, 51 were found in OmniPath. Out of the 47 SNP-affected proteins in
CD, 30 were found in OmniPath. In both cases, OmniPath provided the largest
coverage of SNP-affected proteins in comparison to STRING and Reactome, which
is why we opted to use OmniPath. Our analyses, as described earlier in response to
guestion 4, also demonstrate that the selection of network resources can influence
propagation outcomes. We have now stated this in our “Discussion” and “Materials
and Methods” sections.

In Figures 2A (Also Figures 3A, 5A, 6A &7A), please clarify the definition of node size as a 'percent’ or
'number' and provide a quantitative scale.

Thank you for this suggestion. We have now added a scale for node size proportional
to percentage total patients in the figures of the revised manuscript.



12.

13.

14.

15.

16.

Figure S2 is difficult to interpret. Further clarity is needed in describing the interpretation of box size,
blank boxes etc.

Thank you, we agree that this supplementary figure was difficult to interpret and not
informative, and have therefore now removed it from the manuscript.

Several different methods and thresholds are utilized for performing differential gene expression. The
authors note that this is to "test the robustness of the outcome," but using different pipelines on the
same dataset would be a better test of robustness.

We thank the reviewer for this suggestion. Unfortunately, we were unable to
implement the same pipelines across the scRNAseq datasets as they were available
in different formats i.e. the Kong et al dataset was available as a Seurat object, whilst
the Krzak et al dataset was available as a scanpy hb5at file. Nevertheless, to
maximise comparability, we analysed both datasets using DESeq2 in R and Python
respectively, and applied harmonised thresholds for differential expression i.e.
[log2FC| of >= 0.5 and adjusted p-value (Benjamani-Hochberg) of <0.05. We have
now revised the manuscript text to make this challenge clearer in the Methods
section. For bulk microarray transcriptomics datasets we used the standard limma
pipeline.

What is the TF activity univariate linear model fitting? Are the models cell-type specific for both datasets
or only the Krzak dataset?

We thank the reviewer for these questions. We used decoupleR to provide TF activity
scores from the cell type-specific differential expression analysis results. This TF
activity is inferred by fitting a univariate linear model that evaluates whether the
observed expression changes in the target genes of a particular TF are significantly
associated with the known TF—target gene interaction weights defined in DOROThEA.
This produces an activity score for each TF, which reflects the likelihood of functional
perturbation. As we performed this analysis using each of the two scRNAseq
datasets, the models are cell type-specific for both datasets. We have now revised
the text relating to this in the “Materials and Methods” to make these points clearer.

In validation analyses focusing on cluster-representative TFs, why are TFs such as FTL1 and ZFP36
not included?

We thank the reviewer for this helpful comment. In the validation analyses, we have
now incorporated all transcription factors that were affected in the network and were
significantly differentially regulating based on the single cell RNA-seq using the
decoupleR univariate linear model.

In Figure 6E, how is 'Ustekinumab responder +/-' defined? Is there an explanation for why these
designations do not align with the significant enrichments for response-predicting genes? Could patients
with perturbations to the response predicting genes, in fact, be more sensitive to therapy?

Thank you for these questions. We hypothesise that if there is a significant overlap
between DEGs that are associated with treatment response and those that are
perturbed in the SNP-propagated gene regulatory network, then this may lower the
chance of response to treatment. However, we agree that since iSNP does not model
the directionality of these perturbations, there is also a possibility that these may also
confer increased sensitivity to therapy. Therefore, these patient modules are likely to
demonstrate differential responses to ustekinumab therapy, but directionality of these



17.

18.

19.

20.

differential responses are currently unknown. Hence, we have removed the “Potential
to response” row in Figure 6E and kept only the statistics with regards to enrichment
of DEGs comparing ustekinumab response vs non-response, and have also
tempered the wording in our Results and Discussion sections accordingly.

The optimization procedure for determining the number of patient clusters is presented, but further
justification for the selection of k is warranted. One could argue that the elbow method would better
align with the selection of k=4 (CD) and k=5 (UC). Based on the following results, it also appears that
the use of fewer clusters may give clearer separation between patient groups.

We selected the optimal number of clusters using both the silhouette score and the
elbow method, as implemented in the scikit-learn package. Specifically, we chose the
number of clusters that maximised the average silhouette score, while also
considering the point at which the within-cluster sum of squares (WCSS) showed
diminishing returns, as indicated by the elbow method. These complementary metrics
guided cluster selection, but we agree with the reviewer that there is some inherent
degree of subjectivity when defining biologically meaningful patient groups which
cannot be fully captured by quantitative metrics alone. We added this point to the
“Discussion” section of the revised manuscript.

Given the pattern in Figure 6B doesn't conform to the expectation of a long-tailed distribution for
frequencies, further dissection of the FOXP3 target peak is warranted to ensure that it is not due to an
artifact. Is this pattern driven by a single SNP or multiple SNPs? Could there be artifacts from SNP
analysis such as ref/alt designation, imputation, ancestry differences, or position on the X chromosome?
We thank the reviewer for this insightful comment. Figure 6B does not conform to an
expected long tailed or scale free distribution, because the peaks reflect hub
transcription factors which appear to regulate target genes that are affected in many
patients in our cohort. FOXP3 showed the highest number of target genes (n = 1905)
compared with other major TFs such as NFkB1 (n = 361) and CEBPB (n= 405) - we
have now annotated these peaks on Figure 6B. Importantly, these hub transcription
factors are identified through the network propagation approach implemented in
iISNP, which captures the cumulative effects of multiple non-coding SNPs converging
on regulatory networks, rather than being driven by a single SNP or by direct SNP—
TF effects.

Could the importance of genes (i.e. perturbed in patients) be assessed statistically via comparison to
random genes or non-IBD controls rather than as a count of affected patients?

Following the reviewer suggestion, we generated a null distribution of 10,000 control
networks generated from random seeds (see Materials and Methods) for the SNP-
propagated networks, which allowed us to identify nodes and edges that passed a
threshold of statistical significance compared to the null distribution. This is now
presented in the “Materials and Methods” and “Discussion” sections of the revised
manuscript.

Cluster-specific genes should be clearly defined in the main text and figures. How much overlap is there
between genes assigned to each cluster?

Thank you for this comment. We realise that “cluster-representative genes” would be
a more accurate term than “cluster-specific genes”, as these genes are not
necessarily specific to a cluster. Instead, cluster-representative genes are those that



21.

22.

23.

24.

occur in more than 50% of patients in a particular cluster. We have now defined
these clearly in the main text and figures.

Figure 3F (& 6F) - what is meant by 'representative examples'? If these represent single patients, why
not average across all patients in each cluster?

Thank you for this great suggestion. We have now replaced figures 3F and 6F with
average networks of all patients in each cluster.

Currently, the benefit of the network approach for distinguishing between CD and UC is unclear. Could
the "different disease-specific signaling interactions" and "distinct gene regulatory mechanisms" be the
result of incomplete power in the UC and CD cohorts rather than true differences between the
diseases?

We thank the reviewer for pointing out that the power of our approach in comparing
CD and UC was unclear. The SNP-propagated signalling and gene regulatory
networks for UC and CD were derived from the non-coding SNPs present in each
patient in our respective cohorts. Although only six non-coding SNPs overlapped
between UC and CD patients - and every patient carried a uniqgue SNP combination -
our comparative analysis revealed that UC and CD SNPs converge on many of the
same signalling pathways (albeit through different network routes) while largely
perturbing distinct gene regulatory modules. These results highlight the ability of the
systems genomics approach implemented in iSNP to detect the cumulative influence
of multiple non-coding SNPs across both signalling and regulatory layers. While we
agree that increasing the cohort size could further enhance power, the current cohort
was sufficiently diverse to reveal shared signalling patterns alongside disease-
specific regulatory mechanisms, supporting the robustness of our findings. We have
now expanded on the value of this comparative analysis in the Discussion section of
the revised manuscript.

Support for similarities and differences could be developed by analysis of independent UC and CD
GWAS cohorts.

We agree with the reviewer that analysis of independent IBD GWAS cohorts could
further support similarities and differences between CD and UC, which we have now
highlighted in the “Discussion” section as a potential future work.

In Figure S7, how is "disease-specific" defined for modules? Can this be quantified?

On this supplementary figure (Figure S6A in the revised manuscript), a disease-
specific module was defined if all the genes belonging to a certain module were
affected only in UC or CD.



25. The insights generated will be of interest to the IBD community, especially if additional details are
provided for specific SNPs and mechanisms.
We thank the reviewer for this statement and suggestion. In response, we have
substantially expanded the “Discussion” section as recommended and incorporated
specific mechanisms previously presented in the Supplementary Discussion into the
main text.

26. However, the use of black backgrounds could be reduced for easier viewing.
We thank the reviewer for this suggestion. While we agree that black backgrounds
may be less suitable for printed material, feedback from colleagues indicated that
black backgrounds provide better contrast and visibility for viewing the networks with
a high number of colour-coded information on digital screens.

We are grateful to the Reviewer for their detailed evaluation of our manuscript and for
providing constructive suggestions to enhance our method, its presentation, and discussion.
We trust that our revisions have now clarified and substantiated the points that were
previously unclear or insufficiently supported.



Reviewer 2

1. The authors initiated their analysis using a set of "known IBD SNPs" identified in previous genome-wide
association studies (GWAS). However, each GWAS-identified SNP is merely a proxy for an associated
haplotype and does not necessarily have direct functional significance. Mapping individual SNPs onto
transcription factor (TF) binding sites or microRNA (miRNA) target sites assumes biological roles that
may not exist, potentially distorting the interpretation of GWAS findings.

We thank the reviewer for this important comment, and for pointing out that our
method description was incomplete, which could lead to misinterpretation of our
study. To address the comment, we did not rely solely on GWAS lead SNPs but
instead focused on fine-mapped variants that are more likely to represent causal
alleles. Specifically, we used IBD-associated SNPs from two landmark studies:
e Jostins et al. (2012): a meta-analysis of 15 GWAS, validated in an
independent Immunochip cohort, identifying 163 genome-wide significant loci.
e Farh et al. (2015): statistical fine-mapping of GWAS loci incorporating LD
structure and functional annotations to identify candidate causal variants.
From these datasets, we selected fine-mapped IBD-associated SNPs and further
filtered for those overlapping with experimentally validated regulatory regions. This
strategy allowed us to prioritise variants with the highest likelihood of regulatory
function. We have now added these details to the Methods section.

We agree with the reviewer that some false positives or negatives may remain, as
fine-mapping cannot definitively prove causality. However, resolving functional
effects at each locus would require extensive experimental validation, which is
beyond the scope of this study. Our goal here was to build a disease-relevant, high-
confidence variant set to model potential downstream signalling and regulatory
consequences, thereby providing a framework that can guide future functional
genomics work and also aid precision medicine efforts. We have now clarified the
limitation of our approach in the “Discussion” section of the revised manuscript.



2. The functional annotations for TF binding sites, promoters, enhancers, miRNA target sites and even the

global network were ENTIRELY based on computational predictions. Numerous studies have
demonstrated that these prediction-based genome annotations are highly prone to errors and lack
reliability. Incorporating experimentally validated datasets, such as those from ENCODE and the
Epigenome Roadmap, would enhance the study's robustness and interpretability. By relying solely on
computational predictions, the authors have significantly weakened the biological credibility of their
findings.
We thank the reviewer for this insightful comment. We would like to clarify that our
pipeline does incorporate experimentally validated datasets, ensuring that our
analyses are grounded in experimental evidence. As now stated in the “Materials and
Methods” section of the revised manuscript, enhancer regions were defined based on
data from multiple experimentally validated resources, including ENCODE, and the
Epigenomics Roadmap.

To further contextualise our findings in IBD, encouraged by the reviewer’s expert
comment, we have now additionally integrated Chromatin Immunoprecipitation
Sequencing (ChlP-Seq) data from intestinal tissues, drawing from the ENCODE
database, the ReMap database, and a published dataset from IBD patients. These
datasets which capture TF binding and histone modification patterns, allowed us to
focus on non-coding SNPs located within experimentally supported regulatory
genomic regions active in the primary tissue of interest. We have added these details
to both the “Results” and “Materials and Methods” sections of the revised manuscript.

3. The authors claim to address cell-type specificity in their conclusions but fail to account for it

meaningfully in their analyses. Predicted binding sites lack the resolution to capture tissue- or cell-
specific epigenetic activity. For example, many SNPs may fall within binding sites that are inactive in the
tissues relevant to CD and UC. Without specifying which binding sites are epigenetically active in the
tissues of interest, the conclusions remain speculative. The authors should assess how many SNPs fall
within functional sites that are confirmed as active in relevant tissues using epigenetic datasets.
We thank the reviewer for this important comment - we agree that the original
analysis lacked support of tissue specificity in our analysis. As mentioned in the
previous response, to address tissue- and disease-specific activity, we have now
incorporated Chromatin Immunoprecipitation Sequencing (ChIP-Seq) data from
intestinal tissues, drawing from the ENCODE and ReMap databases, as well as a
published dataset from suspected IBD patients. This enabled us to retain only IBD-
associated non-coding SNPs located within epigenetically accessible regulatory
regions relevant to the primary tissue and disease context of interest.



4. The assumption that all SNPs located in functional TF or miRNA binding sites are biologically relevant is

problematic. Most noncoding SNPs are likely functionally neutral. The study does not address whether
these SNPs alter TF motifs, miRNA seed-complementary regions, or any other functional element in a
meaningful way. Additionally, no experimental validation or in silico modeling of functional
consequences was presented, leaving the claims unsubstantiated.
We thank the reviewer for this comment and agree that careful consideration of
functional consequences is essential. We acknowledge the original manuscript did
not make it clear that iSNP already incorporated a comprehensive in silico modelling
framework using several complementary approaches. These were detailed in the first
publication of the pipeline (Brooks-Warburton et al, Nature Communications, 2022),
but we agree with the reviewer that more details in this work could clarify and
improve the confidence in the current analysis. In particular we used two
computational steps to specifically model the effect of non-coding SNPs:

i) Transcription factor (TF) motifs: iISNP utilised FIMO and RSAT tools to scan
genomic loci for TF binding motifs using position weight matrices (PWMs) derived
from experimentally validated TF binding data.

i) MiRNA target sites: iSNP used the miRanda tool to assess whether non-coding
SNPs alter seed region complementarity and binding affinity at predicted miRNA
target sites.

We have now expanded the “Methods” section to explicitly describe these steps,
which were previously referenced but not detailed in the manuscript.

As an additional response to the reviewer's comment, we have now validated the
biological relevance of our pipeline by showing that SNP-propagated gene regulatory
networks were enriched for differentially expressed genes between CD patients and
non-IBD controls in a cell type—specific manner, using two independent scRNA-seq
datasets. This confirms that the pipeline effectively captures the cumulative functional
consequences of genetic variation on gene regulation and downstream expression.
Complementing these results, all 8 of the major cluster-representative transcription
factors identified through the iSNP pipeline were predicted to have perturbed
activities in the Kong et al dataset (and 7 out of 8 in the Krzak et al dataset) using
decoupleR.

In the “Discussion” section, we have also acknowledged that experimental validation
of individual TF motif or miRNA seed binding changes due to non-coding SNPs was
beyond the scope of this study. Rather, the aim of this work was to develop a novel
systems genomics workflow that can be applied in complex diseases to identify
candidate cellular signaling and gene regulatory mechanisms that could be
influenced by modelling the downstream, cumulative effects of non-coding SNPs,
thereby providing a resource to guide future experimental studies and precision
medicine approaches. The complementary in silico modelling approaches we have
implemented substantially enhance the credibility and interpretability of our findings
in IBD.



5. The study's GWAS dataset is notably underpowered compared to modern standards. The sample sizes

for CD (1,695) and UC (941) are small relative to large-scale datasets such as those from the UK
Biobank. As a result, the conclusions drawn from these data may lack statistical robustness. The study
would benefit from replication using larger datasets to ensure that its findings are not spurious.
Thank you for this comment highlighting a misunderstanding stemming from unclear
method definition in the original manuscript. We would like to clarify that this study is
not a GWAS: instead, we utilised high-confidence SNPs that had already been
robustly identified in landmark IBD GWAS and fine-mapping studies (Jostins et al.;
Farh et al.), to predict the downstream consequences of these SNPs on cellular
signalling and gene regulatory networks.

The reviewer is fully correct that a cohort of 2,636 patients would not provide
sufficient power to detect novel SNP associations in UC and CD patients using a
conventional GWAS framework. Our approach builds on previous GWAS and
extends our insights into the findings of those well-powered studies. We have now
clarified this in the “Introduction” and “Discussion” sections of the revised manuscript.

6. The downstream analyses are overly descriptive and lack statistical rigor, making it challenging to

validate the conclusions. The text does not provide sufficient evidence or quantitative measures to
support many of its claims. Without a more robust analytical framework, the study's conclusions remain
speculative.
We thank the reviewer for this comment. We would like to clarify that our downstream
analyses are supported by a robust statistical framework, which we have now
described more explicitly and extended with additional, new statistical analysis in the
“Methods” and “Results” sections of the revised manuscript:

I.  Permutation testing - We have now performed permutation testing with random
seeds 10,000 times (increased from 1,000 iterations in the original analysis) to
generate control networks. This allowed us to more robustly identify perturbed
SNP-propagated proteins and TF-target gene interactions that surpassed
significance thresholds (z-score > 2 in at least one patient)

II.  Over-representation analysis - We performed over-representation analysis
(ORA) on genes affected in more than 100 patients, applying a false discovery
rate (FDR) threshold of < 0.1 to determine significant pathway enrichment.

lll. Patient-specific clustering - Jaccard and k-medoid based clustering of SNP-
propagated regulatory networks was performed. The silhouette score and elbow
method was utilised to determine the optimal number of clusters.

IV. Single-cell RNA sequencing analysis - analysis of pseudobulked single-cell
transcriptomics (sScRNAseq) data was performed using the thresholds of |log2FC|
of >= 0.5 and adjusted p-value (Benjamani-Hochberg) of <0.05 for differential
gene expression.

V. Bulk transcriptomics analysis - was analysed using limma with the differential
expression threshold set to [log2FC| of >= 0.5 and adjusted p-value (Benjamani-
Hochberg) of <0.05.



We are grateful to the Reviewer for their critical assessment of our work. The comments
raised were highly relevant, highlighting areas where additional analysis, detail or
clarification was needed. We believe that our revisions and responses have now addressed
these concerns and provide sufficient support for our study.



Reviewer 3

1.

The manuscript introduces a novel systems genomics workflow that integrates network propagation to
elucidate the downstream effects of non-coding SNPs on signaling and gene regulatory pathways. This
is methodologically robust and adds significant value to IBD research, presenting a strong systems
genomics framework to understand non-coding SNPs in IBD, with novel insights into gene regulatory
mechanisms and patient stratification.

We are pleased and grateful for the reviewer to point out the methodological robustness
and significance of our work.

2.

While computational predictions are compelling, experimental validation of the identified pathways and
transcription factors is limited. For example, validating the role of STAT3 and FOXP3 in patient clusters
through in vitro or in vivo studies would greatly strengthen the manuscript. Add examples of functional
validation or at least propose clear experimental follow-ups for the most significant findings can
improve the manuscript.

We thank the reviewer for this important comment and their understanding that
experimental functional analyses would be outside the scope of the current
manuscript. One way we have already validated the role of major transcription
factors, such as STAT3, in our patient clusters was through transcription factor
activity inference from single-cell transcriptomics data of Crohn’s disease patients, as
presented in the “Results” section. Several experimental follow-ups could further
strengthen these findings encompassing multi-omics validation, in vitro functional
perturbation, and in vivo testing, which we have now been added to the “Discussion”
section of the revised manuscript.

3. While clusters were identified using SNP-propagated gene regulatory networks, their biological
or clinical implications are not fully explored. For instance, why some transcription factors dominate
specific clusters remains unclear. The authors might want to provide deeper biological interpretation or
discuss the relevance of the dominant transcription factors in the identified clusters, or at least propose
future studies in this direction.

We thank the reviewer for this thoughtful comment. In the iSNP pipeline, network

propagation integrates and propagates the effects of multiple disease-associated
non-coding SNPs, which converge onto transcription factors. As a result,
transcription factors with larger regulons (such as FOXP3) are more likely to
dominate individual patient clusters. Our computational analyses provided evidence
for the functional relevance of these regulons and suggested their likely cell type—
specific contexts. For instance, we found that only UC patient clusters containing
gene regulatory modules regulated by NFKB1 were enriched for DEGs distinguishing
ustekinumab responders from non-responders, indicating NFKB1-driven regulation
may be a potential determinant of ustekinumab response. In addition, we identified
ETS1 and ETS2 - the latter recently reported by Stankey et al, (Nature 2024) as a
master regulator in CD - as the only transcription factors perturbed by non-coding
SNPs in both UC and CD. We have added these clinical and biological insights to
the “Discussion”. Nonetheless, we agree that further biological interpretation is
important, and deeper mechanistic insights could be obtained through the
experimental strategies outlined in the previous response.



4. minor comments: Figures like 2 and 5 could be more readable by providing zoomed-in views for key
modules or improve figure legends to clarify details such as node size and colors.
This is a valid visualisation comment. However, now the revised network figures in
the updated manuscript contain larger node names, as the size of the signalling
networks have shrunk significantly after using a greater number of random seeds,
resulting in a less noisy network. We added to the edge colours as main module
specific edges.

We are grateful to the Reviewer for acknowledging the importance and robustness of our
work, while constructively suggesting additional information to enhance its impact. By
incorporating these details to better guide and support future studies, we trust that our
revisions and responses now provide clearer and more valuable insights for both the
Reviewer and future readers of this paper.
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Dear Tamas,

Thank you for submitting your revised manuscript. As the original Reviewers #1 and #2 were unavailable for this round, we have
engaged a new Reviewer (Reviewer #4) to assess your responses to their previous comments. As you will see below, this
reviewer is overall supportive. However, before we can accept this manuscript for publication, a few remaining issues raised still
need to be addressed.

In addition, at a more editorial level, please do the following:

1. Reduce the keyword number to five.

2. Remove the "Authors' contribution” section from the manuscript file.

3. All figures should be removed from the main manuscript file. The figure legends need to be retained and placed in a separate
section after the Reference list.

4. On the title page, please clearly denote the corresponding author(s) within the author list.
5. "Bibilography" should be renamed to "References".
6. Figure callouts: all callouts should be listed sequentially. Please add the missing callouts for Fig. 1A-E and 2C.

7. Please ensure the funding information in the manuscript matches the details provided in the submission system. The following
grant is currently missing from the manuscript and must be added: UKRI | Biotechnology and Biological Sciences Research
Council (BBSRC), grant number BBS/E/F/000PR10355.

8. For Tables S2-S4 and Tables S6-S8: Source file names, titles, legends and manuscript callouts all need to be updated to
Dataset EV1-EV#, since they are rather large. The remaining Tables Sx should be renamed to "EV Table x" and the callouts
need to be updated as well. Legends should be uploaded as a separate tab/sheet in each Excel file.

9. Appendix:

- Appendix file needs to be in PDF format

- Title page should contain "Appendix for [manuscript title]" and a Table of Content with the page numbers for the listed items;
- nomenclature should be Appendix Figure Sx and Appendix Table Sx throughout the manuscript and Appendix PDF;

- Supplementary Figure legends should be removed from the manuscript file.



10. Please provide a "standfirst text" summarizing the study in one or two sentences (approximately 250 characters, including
space), three to four "bullet points" highlighting the main findings and a "synopsis image" (550px width and 400-600 px height,
PNG format) to highlight the paper on our homepage.

Here are a couple of examples:

https://www.embopress.org/doi/10.15252/msb.20199356

https://www.embopress.org/doi/10.15252/msb.20209475

https://www.embopress.org/doi/10.15252/msb.209495

11. Please download and fill our Reagents and Tools Table template (.docx), which you can find in our author guidelines:
https://www.embopress.org/page/journal/17444292/authorguide#structuredmethods.

When submitting your revised manuscript, please do not include the Reagents and Tools Table in the Methods section of the
manuscript but upload it as a separate file choosing the file type "Reagent Table".

12. "Declaration of interests" should be renamed to " DISCLOSURE AND COMPETINGINTERESTS STATEMENT".

13. At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email
with instructions for providing source data with your revised manuscript, including how to upload and organize the files.

14. Data availability section- please use the following heading and format:

Data availability
The computer code produced in this study are available in the following database: https://github.com/korcsmarosgroup/iSNP

15. When you resubmit your manuscript, please download our CHECKLIST (https://www.embopress.org/pb-assets/embo-
site/EMBO%20Press%20Author%20Checklist-1642513524327 .xIsx) and include the completed form in your submission.
*Please note* that the Author Checklist will be published alongside the paper as part of the transparent process
(https://www.embopress.org/page/journal/17444292/authorguide#transparentprocess).

16. "Materials and Methods" should be renamed to "Methods".

17. The manuscript requires the following section names and order: Title page - Abstract - Keywords - Introduction - Results -
Discussion - Methods - Data Availability - Acknowledgements -Disclosure and Competing Interests Statement - References -
Figure Legends - Table(s) - Expanded View Figure Legends.

If you feel you can satisfactorily deal with these points and those listed by the referees, you may wish to submit a revised version
of your manuscript. Please attach a covering letter giving details of the way in which you have handled each of the points raised

by the referees. A revised manuscript will be once again subject to review and you probably understand that we can give you no
guarantee at this stage that the eventual outcome will be favorable.

Sincerely,
Jingyi

Jingyi Hou, PhD
Senior Editor
Molecular Systems Biology

As a matter of course, please make sure that you have correctly followed the instructions for authors as given on the submission
website.

*** PLEASE NOTE *** As part of the EMBO Press transparent editorial process initiative (see our Editorial at
https://dx.doi.org/10.1038/msb.2010.72), Molecular Systems Biology publishes online a Review Process File with each accepted
manuscripts. This file will be published in conjunction with your paper and will include the anonymous referee reports, your
point-by-point response and all pertinent correspondence relating to the manuscript. If you do NOT want this File to be
published, please inform the editorial office at contact@molsystbiol.org within 14 days upon receipt of the present letter.

Reviewer #4-:



In the present work Médos et al. provided a substantially revised version of their manuscript, with improved method clarity, new
figures, and additional text across different manuscript sections.

In particular, Reviewer 1's concerns (methods clarity, network bias, robustness of clustering, TF handling, figure clarity, DGE
thresholds) were addressed with added details, new analyses, and revised figures.

Reviewer 2's concerns (rationale about mapping SNPs onto miRNA and TF-binding sites, experimental evidence, tissue
specificity, GWAS power) were addressed with clarification, integration of experimental datasets, and expanded methods.

| strongly recommand the paper for publication.

There are, however, a few aspects that remain open:

Randomization analysis (Reviewer 1): the identification of several very highly studied TFs (e.g., TP53, NFKB1, STAT3) may be
driven by such biases, and less-studied but more specific TFs may be missed. Degree-matched random seeds could be
considered. Although | understand the authors performed several complementary analyses, | am not sure they compensated for
the potential popularity bias (spread across the many chosen resources). They should consider using random seeds with the
same degree as the input list (if this was already adressed, then | recommand to improve the clarity of the analysis which
resulted obscure to me).

Presentation (Reviewer 1): please avoid the black background whenever possible; in Figure 4, Figure S3 (and many others) it is
unnecessary and inconsistent with other figure presentations (e.g., Figure S4). | personally recommend adopting the black
background exclusively for figures with graphs/networks.

Text in Fig. 2C, 7B, S8 (y-axes), S9 (right panels) is not visible.

Figure S7 lacks details.

Statistical rigor (Reviewer 2): the manuscript sometimes says "adj p value < 0.1" (Kong scRNA-seq) and elsewhere uses "adj p <
0.05" (pseudo-bulk/other datasets). The authors must state whether "p" = raw p or adjusted p (Benjamini-Hochberg FDR). They
should also justify why they used a 0.1 threshold.



1st Authors' Response to Reviewers 23rd Oct 2025

We thank the Editor and the Reviewer for kindly reviewing our revised manuscript. We have
responded to the comments below:

Editorial comments

1. Reduce the keyword number to five.
We have now reduced the number of keywords to 5.

2. Remove the "Authors' contribution” section from the manuscript file.
We have now removed the Authors’ contribution section from the manuscript file.

3. All figures should be removed from the main manuscript file. The figure legends need to be
retained and placed in a separate section after the Reference list.

We have now removed the figures from the main manuscript file, and moved figure legends to a
separate section after the Reference list.

4. On the title page, please clearly denote the corresponding author(s) within the author list.
We have now clearly denoted the corresponding author within the author list.

5. "Bibilography" should be renamed to "References".
We have now renamed “Bibliography” to “References”

6. Figure callouts: all callouts should be listed sequentially. Please add the missing callouts for
Fig. 1A-E and 2C.
We have now added the missing callouts sequentially.

7. Please ensure the funding information in the manuscript matches the details provided in the
submission system. The following grant is currently missing from the manuscript and must be
added: UKRI | Biotechnology and Biological Sciences Research Council (BBSRC), grant
number BBS/E/F/000PR10355.

Thank you for spotting this mistake. We have now added the missing grant to the manuscript.

8. For Tables S2-S4 and Tables S6-S8: Source file names, titles, legends and manuscript
callouts all need to be updated to Dataset EV1-EV#, since they are rather large. The remaining
Tables Sx should be renamed to "EV Table x" and the callouts need to be updated as well.
Legends should be uploaded as a separate tab/sheet in each Excel file.

We have now renamed Tables S2-S4 and Tables S6-S8 as advised.

9. Appendix:

- Appendix file needs to be in PDF format

- Title page should contain "Appendix for [manuscript title]" and a Table of Content with the
page numbers for the listed items;

- nomenclature should be Appendix Figure Sx and Appendix Table Sx throughout the
manuscript and Appendix PDF;

- Supplementary Figure legends should be removed from the manuscript file.

We attached the Supplementary Figures as the editor asked.



10. Please provide a "standfirst text" summarizing the study in one or two sentences
(approximately 250 characters, including space), three to four "bullet points" highlighting the
main findings and a "synopsis image" (550px width and 400-600 px height, PNG format) to
highlight the paper on our homepage.

Here are a couple of examples:

https://www.embopress.org/doi/10.15252/msb.20199356
https://www.embopress.org/doi/10.15252/msb.20209475
https://www.embopress.org/doi/10.15252/msb.209495

We have now provided a “standfirst text”, “bullet points”, and a “synopsis image” as advised.

11. Please download and fill our Reagents and Tools Table template (.docx), which you can find
in our author
guidelines:https://www.embopress.org/page/journal/17444292/authorguide#structuredmethods.
When submitting your revised manuscript, please do not include the Reagents and Tools Table
in the Methods section of the manuscript but upload it as a separate file choosing the file type
"Reagent Table".

We have now downloaded and filled out the Reagents and Tools Table.

12. "Declaration of interests" should be renamed to " DISCLOSURE AND
COMPETINGINTERESTS STATEMENT".
We have now renamed this as requested.

13. At EMBO Press we ask authors to provide source data for the main manuscript figures. You
will receive a separate email with instructions for providing source data with your revised
manuscript, including how to upload and organize the files.

We have added the source data for the main manuscript figures.

14. Data availability section- please use the following heading and format:

Data availability

The computer code produced in this study are available in the following database:
https://github.com/korcsmarosgroup/iSNP

This has now been actioned.

15. When you resubmit your manuscript, please download our CHECKLIST
(https://www.embopress.org/pb-assets/embo-site/EMBO%20Press%20Author%20Checklist-
1642513524327.xIsx) and include the completed form in your submission.

*Please note* that the Author Checklist will be published alongside the paper as part of the
transparent process
(https://www.embopress.org/page/journal/17444292/authorguide#transparentprocess).

We have downloaded and completed the checklist.

16. "Materials and Methods" should be renamed to "Methods".
This has now been amended as requested.

17. The manuscript requires the following section names and order: Title page - Abstract -
Keywords - Introduction - Results -Discussion - Methods - Data Availability - Acknowledgements
-Disclosure and Competing Interests Statement - References -Figure Legends - Table(s) -
Expanded View Figure Legends.

We have now followed this order of manuscript section names.


https://www.embopress.org/doi/10.15252/msb.20199356
https://www.embopress.org/doi/10.15252/msb.20209475
https://www.embopress.org/doi/10.15252/msb.209495
https://www.embopress.org/page/journal/17444292/authorguide#structuredmethods
https://github.com/korcsmarosgroup/iSNP
https://www.embopress.org/pb-assets/embo-site/EMBO
https://www.embopress.org/page/journal/17444292/authorguide#transparentprocess

Reviewer #4:

¢ In the present work Modos et al. provided a substantially revised version of their manuscript,
with improved method clarity, new figures, and additional text across different manuscript
sections. In particular, Reviewer 1's concerns (methods clarity, network bias, robustness of
clustering, TF handling, figure clarity, DGE thresholds) were addressed with added details,
new analyses, and revised figures. Reviewer 2's concerns (rationale about mapping SNPs
onto miRNA and TF-binding sites, experimental evidence, tissue specificity, GWAS power)
were addressed with clarification, integration of experimental datasets, and expanded
methods. | strongly recommand the paper for publication.
We are very thankful to the reviewer for their positive comments and for kindly
acknowledging the substantial revision we undertook.

e There are, however, a few aspects that remain open:
Randomization analysis (Reviewer 1): the identification of several very highly studied TFs
(e.g., TP53, NFKB1, STAT3) may be driven by such biases, and less-studied but more
specific TFs may be missed. Degree-matched random seeds could be considered. Although |
understand the authors performed several complementary analyses, | am not sure they
compensated for the potential popularity bias (spread across the many chosen resources).
They should consider using random seeds with the same degree as the input list (if this was
already adressed, then | recommand to improve the clarity of the analysis which resulted
obscure to me).
We are grateful for the Reviewer for this comment. While we had already undertaken the
popularity bias and random seed degree-matched analyses, we agree with the Reviewer that
this would have been obscure to the reader as they were described in the Methods section
rather than in the main Results section. To address this, we have now added a section in the
main Results entitled “Sensitivity and robustness analyses of network propagation results”
encompassing these analyses.

e Presentation (Reviewer 1): please avoid the black background whenever possible; in Figure
4, Figure S3 (and many others) it is unnecessary and inconsistent with other figure
presentations (e.g., Figure S4). | personally recommend adopting the black background
exclusively for figures with graphs/networks. Text in Fig. 2C, 7B, S8 (y-axes), S9 (right
panels) is not visible. Figure S7 lacks details.

We take on board the Reviewer’s constructive feedback, and have amended the colour of the
figure backgrounds accordingly, made the text clearer in the aforementioned figures, and
added details to Appendix Figure S7.

e Statistical rigor (Reviewer 2): the manuscript sometimes says "adj p value < 0.1" (Kong
scRNA-seq) and elsewhere uses "adj p < 0.05" (pseudo-bulk/other datasets). The authors
must state whether "p" = raw p or adjusted p (Benjamini-Hochberg FDR). They should also
justify why they used a 0.1 threshold.

We are sorry for these inconsistencies and thank the Reviewer to bringing it to our attention.
We have now clarified that the adjusted p values were by the Benjamini-Hochberg method,
and have also justified why in certain analyses a p < 0.1 significance threshold was selected.
In the overrepresentation analysis of the Reactome pathways we used an empirical FDR of
the MulEA package.

We aimed at a higher sensitivity at the pathway space to compensate for the high specificity
of the network propagation analysis. This was our logic behind the permissive 0.1 cut-off.

We are grateful for the Reviewer for suggesting these changes as we believe these added value
to the clarity and confidence of our analyses and their presentations.
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The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an
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— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.
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an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.

—

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable” only when the requested information is not relevant for your study.
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Newly Created Materials
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(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions
apply?

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number
in repository OR supplier name, catalog number, clone number, and/OR
RRID.

Primary cultures: Provide species, strain, sex of origin, genetic
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

Experimental animals

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Yes

Appendix Table 1

Core facilities

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOI.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Were any steps taken to minimize the effects of subjective bias when
allocating animals/samples to treatment (e.g. randomization procedure)?
If yes, have they been described?

Include a statement about blinding even if no blinding was done.

Describe inclusion/exclusion criteria if samples or animals were
excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Yes

We described this information in detail in the Methods section.

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

In the figure legends: define whether data describe technical or biological
replicates.

Ethics

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Yes

Details in the Methods. Source of genotype (SNP) data was coming
from the study with the ethics approval number:
B322201213950/S53684

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and
the Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

For tumor marker prognostic studies, we recommend that you follow the
REMARK reporting guidelines (see link list at top right). See author
guidelines, under ‘Reporting Guidelines’. Please confirm you have followed
these guidelines.

For phase Il and Ill randomized controlled trials, please refer to the
CONSORT flow diagram (see link list at top right) and submit the
CONSORT checklist (see link list at top right) with your submission. See
author guidelines, under ‘Reporting Guidelines’. Please confirm you have
submitted this list.

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study

available without restrictions in a machine-readable form? Were the Yes https://github.com/korcsmarosgroup/iSNP
relevant accession numbers or links provided?
If publicly available data were reused, provide the respective data citations Yes The study involves data integration from >20 resources, all included in the

in the reference list.

References and their use detailed in the Methods section.
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