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The manuscript entitled: "Piggy: A Rapid, Large-Scale Pan-Genome Analysis Tool for Intergenic Regions
in Bacteria™ introduces the pipeline Piggy for the analysis of intergenic regions (IGRs). The authors
correctly point out that current approaches in pan-genome analysis focus purely on genes. They present
a pipeline to address the remaining parts of the genome.

Based on published RNA-seq data the manuscript highlights that especially for the analysis of gene
expression the state of the intergenic region can be relevant and should be considered carefully.

Since the presented pipeline equals to a great extent the approach of the software Roary, the main
contribution of this work is the identification of switched IGRs. In particular, the handling of differently
annotated gene borders is solved in a clever way.

So far no standard file format for pangenomic data has established but the output format of Roary can
be used by a bunch of analysis and visualization tools (panX, Phandango, FriPan).

It is thus reasonable to use this format for the output of Piggy.

Since for large parts of the intergenic regions in bacteria the function is unknown and most of these
regions are very short, | am not sure how accurate the reconstruction of the "panlGRome" by Piggy
currently is (see point 1. below).

However, before | can recommend accepting the manuscript there are some further points | would like
to see addressed by the authors.:

Major points:

1. Intergenic regions in bacteria are usually much shorter than protein-coding sequences. Thus the
clustering of these regions is potentially more vulnerable to wrongly aligned short sequences. Please
add a part on the clustering performance to the manuscript.

2. page 16 line 27-39. Why did you use two different clusterings? One very loose clustering for Fig 2 and
3 and one more rigid for the rest of the manuscript? | do not see the point of using two different
clusterings. Either two IGRs have the same origin or not. There should be an optimal value for --len_id
where the clustering is close to the true relationship. And this one should be used for all subsequent
analyses.

3. The text emphasizes that it is so far unknown whether genes and IGRs should be considered as
independent or closely linked units. Likely this will depend on the context of the scientific question.
Instead of separate genes g or IGRs i the set of both (i,g) can be considered. In this case one could get a



first impression on the linkage of both. While the identification of switched IGRs in the manuscript uses
the information of the flanking genes, | would have loved to read a bit more about this link in the two
data examples. How many core genes are flanked by core IGRs? How many different genes can be found
next to the same IGR and how many different IGR does a gene have? Even a first impression on these
numbers would improve the quality of the manuscript.

In addition, please state how you proceeded with genes where a gene has an IGR > 30bp in one strain
and an IGR < 30bp in another strain. Are those genes excluded from your analysis?

4. The pan-genome can be studied at all levels of divergence from the level of single lineages within
pathogenic strains up to the level of all bacteria. Piggy has been demonstrated in two closely related
datasets based on a single lineage from S. aureus and E. coli, respectively. | am wondering if this is the
envisaged distance of genomes to analyze and whether the pipeline can be used on more diverse
datasets. In the former case, the manuscript should state more precisely that piggy is intended only for
closely related bacterial strains. In the latter case, | would like to see the addition of some further more
distantly related strains of S. aureus and/or E. coli.

5. paragraph starting at page 9 at line 44:

In this paragraph a resampling method is used to show that between certain strains of S. aureus genes
linked to a switched IGR are on average more differentially expressed than other genes.

While the resampling approach is appropriate to produce p-values in this setting, | do not understand
how these p-values have been adjusted. The Benjamini-Hochberg method is usually not used to change
p-values, and one has to choose an acceptable false discovery rate. Which FDR did you choose? In
addition, the observations need to be independent, which is clearly not the case in the 12 pairwise
comparisons.

I would recommend to either just show the simulated p-values and choose a level of significance below
0.05 or explain much more detailed what has been adjusted and why.

In addition, please stick to lowercase "p" for the p-value. Also in Figure 4.

6. l understand that the data provided by Piggy can be directly used to create an allele scheme. But | do
not see the benefit of creating an allele scheme for IGRs compared to the wgMLST schemes. Could you

please clarify how this scheme could be used and what would be the advantage compared to MLST,
rMLST and wgMLST?

Minor issues:

Please explain more clearly why IGRs < 30 bp are excluded. Is this due to problems with the clustering
and how did you determine the border at 30 bp?

Figure 1: The text in the flow diagram should be much larger.



Figure 2: In my opinion accumulation curves in pan-genome studies are not very informative and could
easily be replaced by a simple table with the average number per genome and the total number in the
pan-genome. | suggest to replace Fig 2b and Fig 3b by such a table and use the opportunity to replace
vague statements about the gradient and the plateau of the accumulation curve in the text. The
accumulation curves could still appear in the supplemental material.

Figure 4: You could highlight the points in Figure 4 corresponding to the genes from Figure 5
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