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1st Editorial Decision 12th Nov 2020

Thank you again for submitting your work to Molecular Systems Biology. We have now heard back
from the three referees who agreed to evaluate your study. As you will see below, the reviewers
raise substantial concerns on your work, which unfortunately preclude its publication in Molecular
Systems Biology.

The reviewers appreciate the relevant topic and the extensive amount of data collected. However,
they point out that as is stands the main conclusions remain unclear, and at times not well supported
by the data and preformed analyses. During our cross-commenting process in which the reviewers
are given the opportunity to comment on each other's reports, the three reviewers concluded that the
concerns raised do not seem addressable within the scope of a major revision. As such they
indicated that they do not support publication in Molecular Systems Biology.

Taken together and given the substantial concerns raised by the reviewers, | am afraid | see no
other choice than to return the manuscript with the message that we cannot offer to publish it. | 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 submitting future work to Molecular Systems Biology. In
any case, thank you for the opportunity to examine this work.

Reviewer #1:

Cheng et al sought to investigate the role of donors on transformation efficiencies. To do so they
measured the transformation efficiency of B. subtilis using a synthetic community of E. coli and B.
subtilis with either plasmid or chromosomal DNA. They show that in co-culture the efficiency
increases for plasmid and decreases for chromosomal DNA, and that it depends on donor presence.
Overall, the question is quite interesting, and | commend the authors on the impressive amount of
data collection and quantification. However, many aspects detract from the appeal of this paper.
There are so many disjointed experimental components, the logic of many experiments was not
clearly laid out, and the conclusions disregard many potential alternative explanations. This is likely
amplified since the authors messaging is not clear, and the results are buried beneath dense and
difficult to interpret figures. As someone who is extremely well-versed in the field of HGT, after
reading the paper 4 or 5 times, | still could not state what the main findings were. Yes, clearly
something about having the donor there changes the efficiency - but what is it due to? There is a
fundamental difference between the donor actively changing the efficiency kinetics, versus the donor
changing the recipient dynamics and thus indirectly altering the efficiency kinetics, and to me the
study did not clearly differentiate the two; yet, this distinction drastically alters the conclusions. Thus,
despite the extensive quantification, the rigor is not yet there. In addition to this major point, below
are additional questions/comments:

1. It seems that the authors found so many interesting and significant findings, but they do not all
belong in the same story - for example, the authors frame this manuscript as investigating the role of
donor and recipients, but then focus on plasmid vs chromosomal DNA. Additionally, in line 52
"However...." The authors outline yet another open question that this paper is attempting to address
(metabolic burden), which is different from both the donor/recipient data as well as the DNA type.
The data presented does not sufficiently address all of these aspects; so, what is the main message
the authors wished to focus on?



2. Why use different resistance genes for chromosomal vs plasmid DNA, when the experiments
were done separately? The plasmid to chromosomal differences could potentially be explained by
this; though unlikely, in the interest of rigor, the authors should switch the spec and ery genes to
verify.

3. Results of paragraph 1 are very confusing to follow (lines 80-84). After reading several times, |
understood the authors were using purified DNA in mono culture and E coli in co-culture, but the
presentation was extremely dense. Consider breaking up the sentence, including "respectively”, and
any other means to clarify what exactly is being done. Likewise, even the figure 2 was not very clear
and did not really help me interpret what the authors were doing.

4. It was never explained exactly how the eDNA would be released from E. coli, whether this was a
stochastic or a constant expected process, and how delivery of purified plasmid and chromosomal
DNA compare to the continuous co-culture setup. Why did the authors not use mono culture of E.
coli to isolate and deliver throughout the time course, or multiple continuous delivery, like in the co-
culture, instead of one bolus delivery at the beginning? The two methods are not necessarily
comparable, and introduce a host of confounding factors into the primary setup that make it quite
challenging to interpret.

5. It looks like the E. coli growth rate is different depending on whether it has the plasmid or
chromosomal DNA version? Specifically, it looks like E coli grows faster in 2F then 2D. Did the
authors quantify this and take it into account? Also, Bacillus grew more slowly in the presence of E.
coli - but we do not know how growth impacts the transfer efficiency? Did the authors perform
experiments that modulate the growth rate of Bacillus but without co-culture? This points back to
confusions between donor actively changing the efficiency kinetics or not, and overall lack of clarity
in the conclusions.

6. Lines 120-121, not nearly enough information about the filter separation experiment is given! "Our
controls showed that 0.01% of E. coli were observed in the B. subtilis compartment at 6 hr,
demonstrating the filter functions as a physical barrier". 0.01% of a dense culture is quite high. More
importantly, they don't include the monoculture without the filter on the same graph (Fig. S2), which
is the control of comparison here.

7. 1 did not understand the purpose of this spatial distribution section and the fluorescence
microscopy sections. The quantification by looking at average ROI and cell aggregation did not
contribute to the overall story, and made it even more confusing to interpret in the context of the
main conclusions. Likewise, the rationale for focusing on plasmid metabolic burden, and how it
connects to chromosomal transfer, was not explained.

8. "The plasmid transfer frequency was positively correlated with E. coli abundance (Pearson
correlation coefficient r = 0.78, p-value = 9.37e-7), consistent with our model's prediction (Fig. 5 (A
and B)). By contrast, the Ec-C abundance was not correlated to transformation frequency, mirroring
the model prediction (Fig. 5, C and D)." While true, the y-axes are entirely different magnitudes,
across most of the modeling in fact, which make the conclusions suspect especially in systems like
these where biphasic or higher non-linearity would be observed. Could these simply be explained by
the two operating in entirely different ranges? Can the authors artificially increase or decrease
plasmid/chromosomal setup to operate in a comparable range? This again contributes to the major
confusions outlined above between donor actively changing the efficiency kinetics or not.

9. The authors included dead E. coli in the model but not dead Bacillus. It wasn't clear if the dead E.
coli was specifically when the lysis protein was expressed or just naturally as a contributor to eDNA.
If the latter, dead Bacillus should also be included, in which case, how does it change the observed
dynamics?



Reviewer #2:

In the current paper, the authors investigate competence-dependent HGT between E. coli as donor
and B. subtilis as recipient. The premise of the study is in principle interesting but the experiments
are not very well thought out, which is a pity as it renders the modelling part of the paper
meaningless. Several key concepts about competence are not introduced and are not taken into
account when designing the experiments. For instance, during competence dependent
transformation, only a single strand of the transforming double stranded DNA enters the cell and is
used for recombination. Where exactly the nick is made in the dsDNA donor is random. Therefore,
the longer the tDNA fragment, the higher the transformation efficiency will be as the chance that this
nick is made inside the homology region becomes smaller. However, when there is a lot of non-
homologous DNA present, such as in the here used Ec-C case, then this will reduce transformation
efficiency as there are only so many DNA uptake and recombination machineries per cell. It has also
been shown before that transformation with multimeric DNA is much more efficient than with
monomeric DNA. Modern miniprep kits mainly select for monomeric plasmids. It is not tested
whether with the particular Ec-p plasmid this also influences HGT.

Specific comments:

L97: on the basis of the provided data, | do not think you can say the data demonstrates that inter-
species interactions were a critical determinant of HGT efficiency. Plasmids directly coming from
cells will also have plasmid multimers which transform much more efficient than plasmid isolated
using kits (glass columns) which is typically more supercoiled.

For instance, monomeric plasmid transforms 1000 fold less efficient B. subtilis than multimeric
plasmids (https://link.springer.com/article/10.1007/BF00267617).

L107: I do not think there is a causal relationship between reduced HGT with chromosomal DNA in
the presence of the donor E. coli. This might simply show that there are less available eDNA
molecules available to competent B. subtilis during co-culturing.

L200, increased E. coli lysis might not only induce DNA degradation, it will effectively also increase
the pool of competing non-homologous DNA by the release of the other plasmid and chromosomal
E. coli DNA. Having more DNA without homology regions to B. subtilis will decrease transformation
efficiency.

L227: | think this experiment shows that with more available homologous DNA, transformation
efficiency goes up. On the basis of the available data, | would not make a causal connection
between plasmid metabolic burden and chromosomal HGT efficiency.

L314: the reported data does not challenge the current paradigm of competence-dependent
transformation.

L319: My interpretation of the data is that if there is a higher concentration of homologous
transforming DNA (when more donor E. coli cells lyse) and more viable competent recipient cells
present (when B. subtilis is not dying), HGT rates are highest. When there is more competing non-
transformable DNA present, transformation frequencies become lower. This is not a paradigm shift.

Reviewer #3:

In their manuscript, "Donor-recipient interactions drive dynamics of horizontal gene transfer via
natural competence", Cheng et al. investigate the contributions of cell-cell interactions, DNA origin,
and metabolic burden of plasmid carriage to the frequency of horizontal gene transfer using model



organisms E. coli and B. subtilis. The authors found, through experiments and modeling, that the
rate of DNA transfer from the donor chromosome increased with increased abundance of recipient
cells and increased lysis rate of donor cells. Additionally, the metabolic burden of plasmids increased
bactericidal antibiotic susceptibility in donor strains, resulting in reduced transformation of plasmids
to the recipient strain. Conversely, transfer of chromosome components increased in the presence of
the same antibiotic due to alleviation of E. coli-induced suppression of B. subtilis growth (an increase
in recipient strain abundance).

Interestingly, this work suggests that the availability of extracellular DNA is not the limiting factor
controlling the rate of HGT. | appreciate the modeling and testing that was performed in conjunction
with one another. It is difficult to say how applicable it will be to a real community, especially given
that the metabolic burden, transfer rates, lysis susceptibility etc. will all be different, but it is
interesting nonetheless.

Lines 96-98: It is unclear from your text whether "native comK B. subtilis PY79" is different from your
xylose-inducible strain. The figure labels for figure S1 say "+ xylose / - xylose". Does this experiment
represent two strains of B. subtilis (WT and xylose-inducible comK construct), or just the engineered
strain with and without the inducer? If only the inducible comK strain was used for these
experiments, was a qPCR or similar assay done to demonstrate a lack of leaky expression from the
uninduced promoter?

Lines 141-143: Comparing the first panel of Figs. S3A and S3B, it looks like there is a greater
proportion of GFP+ cells in the co-cultured experiment at the first time point. This is corroborated by
Fig. S3C. It looks like the proportion of GFP+ cells are ~2.5X greater in the co-cultured experiment,
though the lines converge for the monoculture and co-culture experiments in later time points. This is
used to justify that there is no difference in competence activation for the B. subtilis cells in co-
culture or monoculture. However, since comK is the master regulator, is it possible that the
increased expression of this regulator in the first timepoint pays dividends in the expression of
downstream com genes at later timepoints, leading to an appreciable difference in competence
between treatments in the absence of a sustained difference in comK? Additionally, the literature
suggests that B. subtilis regulates cellular levels of ComK proteolytically as well as transcriptionally.
If we assume steady-state expression comK transcript, changes in the amount ClpC/MecA complex
could lead to differences in the rate of ComK protein abundance and therefore differences in
competence between groups.

Lines 152-156: The filter-based experiments showing that plasmid transfer is happening by free
plasmid transformation rather than conjugation are convincing. However, are there differences in
plasmid DNA topology between plasmids released in vitro (likely supercoiled) and isolated plasmid
DNA (likely a mix of supercoiled and non-supercoiled species). Is there a difference in
transformation efficiency of supercoiled and non-supercoiled plasmids that could explain, at least in
part, the noted difference in B. subtilis competence in the co-culture and monoculture treatments?



Resubmission - Authors' response 17th Oct 2022

Point-by-point response to reviewer comments:

Reviewer #1:

1. It seems that the authors found so many interesting and significant findings, but they do not all
belong in the same story - for example, the authors frame this manuscript as investigating the role
of donor and recipients, but then focus on plasmid vs chromosomal DNA. Additionally, in line 52
"However...." The authors outline yet another open question that this paper is attempting to
address (metabolic burden), which is different from both the donor/recipient data as well as the
DNA type. The data presented does not sufficiently address all of these aspects; so, what is the
main message the authors wished to focus on?

In our new manuscript, we focused on studying the mechanisms determining plasmid HGT
because we found that HGT efficiency is significantly higher in co-culture than in monoculture
(~100-fold). We narrowed the focus of the manuscript to prioritize an understanding of the
molecular mechanism and thus moved the chromosomal DNA data to supplementary information
(Supplementary Fig. 2). We have identified the molecular mechanisms that enable high HGT
efficiency in the community: the plasmid can become multimerized and enhances eDNA release
via the induction of the E. coli donor strain SOS response (Fig. 2). We then investigated how
different ecological factors could affect the efficiency of plasmid HGT (Fig. 3,4). We found that
intact donor can lead to efficient HGT but counterintuitively not the lysed donor. Overall, we
systematically investigated plasmid HGT via natural transformation and identified the critical
molecular and ecological factors influencing HGT efficiency.

2. Why use different resistance genes for chromosomal vs plasmid DNA, when the experiments
were done separately? The plasmid to chromosomal differences could potentially be explained
by this; though unlikely, in the interest of rigor, the authors should switch the spec and ery
genes to verify.

We tested different antibiotic resistance genes and integration loci and found that HGT was not
affected by either different genes or integration loci. Since the chromosomal gene transfer is not
the focus of the current paper, we moved the data of chromosomal gene transfer to the
supplementary information (Fig. S2).

4. It was never explained exactly how the eDNA would be released from E. coli, whether this
was a stochastic or a constant expected process, and how delivery of purified plasmid and
chromosomal DNA compare to the continuous co-culture setup.

In our revised paper, we found that plasmid can induce SOS response and enhance eDNA
release (Fig. 2d,e), indicating that the interplay of plasmid and host cell is a critical factor for
eDNA release.

5. Why did the authors not use mono culture of E. coli to isolate and deliver throughout the time
course, or multiple continuous delivery, like in the co-culture, instead of one bolus delivery at the
beginning? The two methods are not necessarily comparable, and introduce a host of
confounding factors into the primary setup that make it quite challenging to interpret.

By supplementing DNA in the beginning of the B. subtilis monoculture, we noticed that the
eDNA concentration increased slightly over time in B. subtilis monoculture (Fig. 1d). This



indicates that the eDNA was not degraded or consumed by B. subtilis significantly over the
course of 8 hours. Therefore, supplementing DNA at later times should not significantly affect
transformation efficiency in the presence of saturated DNA concentrations.

5. It looks like the E. coli growth rate is different depending on whether it has the plasmid or
chromosomal DNA version? Specifically, it looks like E coli grows faster in 2F then 2D. Did the
authors quantify this and take it into account? Also, Bacillus grew more slowly in the presence of
E. coli - but we do not know how growth impacts the transfer efficiency? Did the authors perform
experiments that modulate the growth rate of Bacillus but without co-culture? This points back to
confusions between donor actively changing the efficiency kinetics or not, and overall lack of
clarity in the conclusions.

In our revised manuscript, we observed that growth rate of E. coli could not predict the HGT
efficiency (Fig. 2a,b, Fig. 5e,h, and Supplementary Fig. 2b,c). Specifically, the doubling time
was similar across all characterized E. coli strains (28-32 min), with the exception of the
DH5a+recA (overexpression of RecA) strain which displayed a doubling time of 37 min (Fig.
S3c). While E. coli MG1655 and MG1655 ArecA have similar doubling time, but HGT efficiency
displayed a 100-fold difference (Fig. 2a, S3c). In addition, the slowest growing strain
DH5a+recA displayed 100-fold higher HGT efficiency than DH5a, which displayed a faster
doubling time (Fig. 2a). These data suggest that growth rate of E. coli is not a major determinant
of HGT efficiency in our community.

In addition, we performed an experiment to introduce an antibiotic that directly inhibited E. coli
growth and indirectly enhanced B. subtilis growth as a consequence of reduced ecological
competition with E. coli. The results indicate that HGT efficiency was not substantially changed
by antibiotic-induced perturbations on the growth rate of either species (Fig. 4d-i). We found that
the critical factor influencing eDNA release and HGT efficiency is the plasmid-induced strong
SOS response in a subpopulation of E. coli (Fig. 2d-g and Supplementary Fig. 5a-e).

9. The authors included dead E. coli in the model but not dead Bacillus. It wasn't clear if the
dead E. coli was specifically when the lysis protein was expressed or just naturally as a
contributor to eDNA. If the latter, dead Bacillus should also be included, in which case, how
does it change the observed dynamics?

In our new manuscript, we investigate whether dead cells can contribute to eDNA release by
killing the E. coli donor at 60 °C and supplementing these intact cells into a B. subtilis
monoculture. Our new data show that dead cells can still release eDNA and achieve efficient
HGT (Fig. 4a-c). Since the mechanism was more complex involving different molecular factors,
developing a predictive mathematical model would require measuring many different
parameters of the system, which is beyond the scope of this study. In addition, we find a simple
factor recA that can explain most of our data without assumptions of underlying biochemical
reactions in a model.

Reviewer #2:

L97: on the basis of the provided data, | do not think you can say the data demonstrates that
inter-species interactions were a critical determinant of HGT efficiency. Plasmids directly coming



from cells will also have plasmid multimers which transform much more efficient than plasmid
isolated using kits (glass columns) which is typically more supercoiled.

For instance, monomeric plasmid transforms 1000 fold less efficient B. subtilis than multimeric
plasmids (https://link.springer.com/article/10.1007/BF00267617).

We compared the transformation efficiency of monomeric versus multimeric plasmid and found
that multimeric plasmid has ~10-folds higher transformation efficiency than monomeric plasmid
(Supplementary Fig. 1a). The plasmid miniprep kit we used did not remove the multimeric
plasmid during the DNA extraction steps (Supplementary Fig. 1e). These results indicate
plasmid conformation is one critical factor for efficient HGT. We also show that the SOS
response in the donor is another critical factor to the eDNA release and HGT efficiency (Fig.
2d,e). Moreover, we found that eDNA release is enhanced in co-culture (Fig. 1e,2e),
demonstrating that interspecies interaction is also important for HGT via natural transformation.

L107: I do not think there is a causal relationship between reduced HGT with chromosomal DNA
in the presence of the donor E. coli. This might simply show that there are less available eDNA
molecules available to competent B. subtilis during co-culturing.

We quantified the eDNA release of E. coli chromosome in the co-culture and the concentration
was below an effective DNA concentration for transformation (Supplementary Fig. 2b,c). We
agreed with the reviewer and modified the manuscript accordingly.

L200, increased E. coli lysis might not only induce DNA degradation, it will effectively also
increase the pool of competing non-homologous DNA by the release of the other plasmid and
chromosomal E. coli DNA. Having more DNA without homology regions to B. subtilis will
decrease transformation efficiency.

We measured the gDNA release for the lysis experiment in addition to the plasmid release (Fig.
3c-f). Our results show E. coli can release a high amount of eDNA including plasmid and
genomic DNA (Fig. 3c-f). To investigate whether gDNA could compete with plasmid for
transformation, we supplemented 1 pg/mL E. coli gDNA to the B. subtilis monoculture
containing 1 ug/mL E. coli plasmid DNA, which indeed reduced transformation efficiency of
plasmid (Fig. 3i). In our new manuscript, we include both the DNase and gDNA effect on
plasmid transformation (Fig. 3i and Supplementary Fig. 6).

L319: My interpretation of the data is that if there is a higher concentration of homologous
transforming DNA (when more donor E. coli cells lyse) and more viable competent recipient
cells present (when B. subtilis is not dying), HGT rates are highest. When there is more
competing non-transformable DNA present, transformation frequencies become lower. This is
not a paradigm shift.

We varied the initial OD of both E. coli and B. subtilis and found that eDNA release and HGT
efficiency increased with the initial density of both species (Fig. 1g-i), consistent with the
reviewer’s prediction. In addition, we found that an optimal lysis rate and HGT efficiency is
achieved through the induction of SOS response, and further increase in the lysis rate led to a
decrease in HGT efficiency (Fig. 3g). This is counter-intuitive and can only be tested through
systematic investigation of parameters. We have modified the manuscript based on these new
results.



Reviewer #3:

Lines 96-98: It is unclear from your text whether "native comK B. subtilis PY79" is different from
your xylose-inducible strain. The figure labels for figure S1 say "+ xylose / - xylose". Does this
experiment represent two strains of B. subtilis (WT and xylose-inducible comK construct), or just
the engineered strain with and without the inducer? If only the inducible comK strain was used
for these experiments, was a qPCR or similar assay done to demonstrate a lack of leaky
expression from the uninduced promoter?

We have labeled the strains clearly in the revised manuscript — engineered strain had a xylose
inducible comK and “wild-type” strain had the same integration but with only the
chloramphenicol resistance gene cat without comK (Supplementary Fig. 1a,c,d).

Lines 152-156: The filter-based experiments showing that plasmid transfer is happening by free
plasmid transformation rather than conjugation are convincing. However, are there differences
in plasmid DNA topology between plasmids released in vitro (likely supercoiled) and isolated
plasmid DNA (likely a mix of supercoiled and non-supercoiled species). Is there a difference in
transformation efficiency of supercoiled and non-supercoiled plasmids that could explain, at
least in part, the noted difference in B. subtilis competence in the co-culture and monoculture
treatments?

We compared the transformation efficiency of monomeric versus multimeric plasmid derived
from different E. coli strains and found that multimeric plasmid has ~10-folds higher
transformation efficiency than monomeric plasmid, which indeed explained part of the difference
in the co-culture and monoculture (Fig. 1f and Supplementary Fig. 1a).



Resubmission - Editorial Decision 28th Nov 2022

Thank you again for submitting your work to Molecular Systems Biology. We contacted the reviewers who had evaluated the
initial submission (MSB-2020-10058). The previous reviewer #2 was unavailable this time, but reviewers #1 and #3 (#2 for the
new submission) agreed to evaluate the revised study. We have now heard back from these two reviewers. As you will see
below, they think that their previous concerns have been satisfactorily addressed. Reviewer #2 recommends some re-writing in
order to present the study in a more balanced manner. We would ask you to perform these text changes in a minor revision.

On a more editorial level, we would ask you to address the following points:

Reviewer #1:

The authors have satisfactorily addressed my main concerns

Reviewer #2:

| find the authors revision satisfactory with one caveat--1 would *strongly* request that the authors reframe the wording in the
paper from a "microbial community" to a co-culture, especially in the title. In today's world, microbial community, even a synthetic
community, implies multiple species (well-beyond two). | think the authors would agree here about this overreach. This is a
liberty that the authors have taken that ultimately misleads people as to the scope and the conclusions that can be drawn from
the paper. The authors changed the title since the original submission. The authors should be up front that this is a paper about
co-culture in the abstract.



2nd Authors' Response to Reviewers 22nd Dec 2022

Reviewer #1:

The authors have satisfactorily addressed my main concerns

We thank the reviewer the valuable that helped to improve our manuscript.

Reviewer #2:

| find the authors revision satisfactory with one caveat--1 would *strongly* request that the authors
reframe the wording in the paper from a "microbial community" to a co-culture, especially in the
title. In today's world, microbial community, even a synthetic community, implies multiple species
(well-beyond two). | think the authors would agree here about this overreach. This is a liberty that
the authors have taken that ultimately misleads people as to the scope and the conclusions that
can be drawn from the paper. The authors changed the title since the original submission. The
authors should be up front that this is a paper about co-culture in the abstract.

We thank the reviewer for the valuable comments that helped to improve our manuscript. As per
the reviewer's suggestion, we changed the title to “Efficient plasmid transfer via natural
competence in a microbial co-culture” and also used “co-culture” instead of “community”
throughout the manuscript.



2nd Revision - Editorial Decision 9th Jan 2023

Thank you again for sending us your revised manuscript. We are now satisfied with the modifications made and | am pleased to
inform you that your paper has been accepted for publication.
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