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Dear Dr. Narayanan,

Thank you for submitting your manuscript to Current Research in Neurobiology. Although the reviewers
are generally supportive of the work the manuscript would require substantial revision to address all the
points raised. In particular it would need to address the second reviewer's concern about the scientific
advance and substantially improving the clarity of the paper. If you believe you are able to well address
all of the raised concerns with a major revision please let us know and we will look forward to expecting
the revised manuscript in the next 1-2 months. We are likely to need to consult the reviewers on
whether the points have been addressed.

Thereby, | invite you to resubmit your manuscript after addressing the comments below. Please
resubmit your revised manuscript by Nov 28, 2020.

When revising your manuscript, please consider all issues mentioned in the reviewers' comments
carefully: please outline every change made in response to their comments and provide suitable
rebuttals for any comments not addressed. Please note that your revised submission may need to be re-
reviewed.

Current Research in Neurobiology values your contribution and | look forward to receiving your revised
manuscript.

Kind regards,

Christopher I. Petkov

Editor in Chief
Current Research in Neurobiology



Comments from Editors and Reviewers:
Reviewer #1:

The authors of this manuscript address the question of how perturbations of individual ion channels
contribute to changes in neuronal and network activity in the dentate gyrus, with a specific focus on a
network-level computation called channel decorrelation. It is an ambitious project that seeks to identify
how alterations in single ion channels alter neuronal activity across multiple scales of analysis from
individual neurons to entire networks.

Using a conductance-based network model comprised of neurons that exhibit realistically-
heterogeneous properties, they report that the overall impact of eliminating individual ion channels
strongly depends on local heterogeneities (i.e. variability among neurons within the population). Thus,
adult-born dentate neurons that are known to exhibit heterogeneous structure suppress the impact of
ion channel perturbations on network decorrelation. In other words, the presence of neurogenesis
confers functional robustness of network activity. This is a very novel idea about a physiological
significance of adult neurogenesis in the dentate gyrus. This idea further has general relevance for
understanding the potential significance of other types of "local heterogeneities" in neural networks
that do not exhibit neurogenesis.

| appreciate the novelty of this analysis and the conclusions, and think these are appropriate questions
to address using modeling due to the inherent complexities of the questions and analysis. | only have
some minor clarifications and suggestions that may help make the work more accessible to a broader
audience.

1) Introduction, paragraph 1. Since there are many pharmacological compounds that are extremely
specific, | don't find this argument to be strong justification for the approach. | suggest deleting this part
about pharmacological specificity, and perhaps focusing the justification on the complexities of the
analysis itself on multiple scales.

"Experimental analyses of such cascades are rarely tested concurrently at multiple scales, and employing
genetic manipulations of components is complicated by compensations consequent to the elimination
of these components."

2). The authors provide a very clear explanation of the question that is addressed and its significance in
the introduction, but that same clarity does not come through in the abstract that is too technical. |
recommend that the authors re-write the abstract in a style that is more similar to the introduction. This
is important to make the work appealing to a large audience of non-computational scientists interested
in either cellular physiology or the dentate gyrus/neurogenesis. In particular, it is not clear that the work
addresses a potential role of adult-born neurons in DG function until half-way through the abstract.

3) Condensing the list of "questions" in 3rd paragraph to focus on the primary questions of the role of
local heterogeneities in cellular and network functions, and specifically how neurogenesis-induced
structural heterogeneities alter DG network functions might highlight the main take-home messages of
the work, as well as simplify the transition to the 4th paragraph.

4) Paragraph 5. A general audience is unlikely to understand the description of "many-to-many" and "all-
to-all". Please define at first use (noting that these terms also complicate the abstract). At the end of the



paragraph, the meaning of the second half of the sentence beginning "Together, these results" is
unclear because the role of neurogenesis-induced heterogeneities as a substrate for the expression of
degeneracy has not been explained (this might fit better in the discussion).

6). Discussion. As noted, there are reported differences in ion channel expression (Mongiat et al., PLoS,
2009; Gonzalez et al., J Neurosci 2018) and Ca2+ handling (Stocca et al., J Physiol. 2007) that suggest
young GCs are not simply a smaller version of mature GCs. There are also many simplifications in the
model that are not mentioned, such as inclusion of only BC-type interneurons, lack of NMDARs that may
provide non-linearities and oversimplifications of synaptic receptor kinetics. It understandable that such
simplifications are required, but please also mention potential limitations of these.

7). Methods. Section iii. Is there a typo in the sentence starting "The diameters of GCs for the three
distinct....." ? It is unclear what is meant by BC in the following text since the BC population is always
mature "....fully immature (BC:1-3 um)".

8). First sentence of the results seems to be a statement rather than a question.

9). In the graphical summary, perhaps the authors could include a cartoon of heterogeneously-sized
GCs.

Reviewer #2:

The paper ,lon-channel regulation of channel decorrelation in a heterogeneous multi-scale model of the
dentate gyrus" by Poonam Mishra and Rishikesh Narayanan is a natural continuation of their previous
work. They have taken large complex computational models, explored the model space with stochastic
parameter settings and perturbed these models by specific knock-outs. This type of approach has
proven useful to explore networks and single cells. In the case here, the authors have explored the
effects of perturbing single ion channels in single neurons on the specific functioning of the dentate
gyrus microcircuit (multi-scale).

The conclusions of the work seem to be that perturbing ion channels in single neurons impacts the
network and does it in a wide diversity of ways. To me, from a general perspective, this is not surprising
since changing anything to a model will typically change its behaviour in different ways. The details are
interesting here, but while reading the paper it does not become clear what one should focus on. | am
missing the broader new insight that this approach yielded in this particular case. Maybe more
exploration of the system would be useful to better extract a clear insight, or a stronger focus on one of
the questions.

To me, this is very much reflected in the way the work is presented. The abstract is near unintelligible. It
seems to be hard for the authors to extract the essence, maybe it requires some more time to think
about this. | believe the manuscript needs to be rewritten. The abstract is too long and unintelligible, the
Introduction section reiterates the concepts in the abstract without explanations and spends too much
time on the findings in the present work compared to introducing the field and the particular questions
of interest. The Methods section then introduces concepts and literature as well as describing the
results but does not do a good job at presenting the methods in a manner that will allow others to
reproduce them. In the Results section, in turn, too little time is spent on challenging the original model



and too much on the details of individual perturbations.

To sum it up: I am kind of missing the main message here, what are the principles on which these effects
are based?

Other points:

- The overall model itself seems to be new and interesting but is not explored or introduced in any
amount of detail here.

- You say heterogeneities are responsible for regulating the resilience of the DG, you should show this:
Model with and without heterogeneities.

- You say adult born neurons may improve the robustness of the system, | think this can be the main
story of your paper but the details of this should be worked out and you really need to show why and
how strong the effect is (Figure 10A is not enough)

- Ambiguity between information channel and ion channel, also in abstract and title.

- Is a model with GCs and BCs enough? How do the results scale with neuron numbers?

- Figure 4 and others -> supplement, otherwise you lose yourself in details.

- Isn't it unrealistic to assume that knocking out individual ion channels will not lead to the recruitment
of compensatory mechanisms at the level of the ion channel composition in single neurons but also at
the level of the network?

1st Author Response Letter

Response to comments from Editors and Reviewers:

We thank the reviewers for their time and effort in assessing our manuscript and their positive,
constructive and helpful comments. We gratefully thank them for their critical review and insightful
comments on our study and the manuscript. In response to these constructive comments, we have
performed several sets of additional experiments (included in the manuscript as new panels in Figure
8) and have made significant changes to the entire manuscript specifically addressing the reviewers’
concerns. We believe that these changes overall have improved and strengthened the paper, apart
from enhancing the readability. Grateful thanks to the reviewers!

As the new simulations, analyzing neurogenesis-driven structural heterogeneities, were performed
with a larger network and involved several ion channel knockouts, their completion along with the
associated analyses took longer than we had anticipated. A significant amount of time was spent
towards tuning this network with scaled inputs, to account for the several lines of experimental
evidence that the synaptic connectivity to immature neurons are low, and that this low connectivity
counterbalances their high excitability (Mongiat et al., 2009; Dieni et al., 2013; Dieni et al., 2016; Li et
al., 2017). We gratefully thank the editor for the extension that they had provided in completing these
simulations and the associated analyses.

In what follows, we have provided point-by-point responses to comments from the reviewers. Please
note that text in blue refers to reviewers’ comments, and text in normal typeface corresponds to our
replies.



Comments from Reviewer 1

The authors of this manuscript address the question of how perturbations of individual ion channels
contribute to changes in neuronal and network activity in the dentate gyrus, with a specific focus on a
network-level computation called channel decorrelation. It is an ambitious project that seeks to
identify how alterations in single ion channels alter neuronal activity across multiple scales of analysis
from individual neurons to entire networks.

Using a conductance-based network model comprised of neurons that exhibit realistically-
heterogeneous properties, they report that the overall impact of eliminating individual ion channels
strongly depends on local heterogeneities (i.e. variability among neurons within the population).
Thus, adult-born dentate neurons that are known to exhibit heterogeneous structure suppress the
impact of ion channel perturbations on network decorrelation. In other words, the presence of
neurogenesis confers functional robustness of network activity. This is a very novel idea about a
physiological significance of adult neurogenesis in the dentate gyrus. This idea further has general
relevance for understanding the potential significance of other types of "local heterogeneities" in
neural networks that do not exhibit neurogenesis.

| appreciate the novelty of this analysis and the conclusions, and think these are appropriate
guestions to address using modeling due to the inherent complexities of the questions and analysis. |
only have some minor clarifications and suggestions that may help make the work more accessible to
a broader audience.

We sincerely thank the reviewer for their time and effort in reviewing our manuscript. We thank the
reviewer for their positive and constructive comments, and for highlighting the novelty of the
underlying study and the conclusions. We also thank them for the specific pointers to make the the
study more accessible to a broader audience. In what follows, we have provided point-by-point
responses to the reviewer’s comments and have rewritten parts of the manuscript in addressing
them.

1) Introduction, paragraph 1. Since there are many pharmacological compounds that are extremely
specific, | don't find this argument to be strong justification for the approach. | suggest deleting
this part about pharmacological specificity, and perhaps focusing the justification on the
complexities of the analysis itself on multiple scales. "Experimental analyses of such cascades are
rarely tested concurrently at multiple scales, and employing genetic manipulations of
components is complicated by compensations consequent to the elimination of these
components."

We thank the reviewer for their comment, and we agree that the complexity motivations are
stronger. We have removed the pharmacological specificity argument. The specific sentence
mentioned by the reviewer has now been replaced by:

“The complexity involved in the assessment of such multi-scale cascades is enormous, owing
to the disparate forms of biological heterogeneities inherent to the different network components
and the intricate interactions between these distinct components that govern network function.”



2) The authors provide a very clear explanation of the question that is addressed and its significance
in the introduction, but that same clarity does not come through in the abstract that is too technical. |
recommend that the authors re-write the abstract in a style that is more similar to the introduction.
This is important to make the work appealing to a large audience of non-computational scientists
interested in either cellular physiology or the dentate gyrus/neurogenesis. In particular, it is not clear
that the work addresses a potential role of adult-born neurons in DG function until half-way through
the abstract.

We thank the reviewer for their suggestion. We have now rewritten the abstract, specifically focusing
on appeal to a larger audience. We have also emphasized our focus on adult neurogenesis and local
heterogeneities throughout the abstract of the revised manuscript.

3)Condensing the list of "questions" in 3rd paragraph to focus on the primary questions of the role of
local heterogeneities in cellular and network functions, and specifically how neurogenesis-induced
structural heterogeneities alter DG network functions might highlight the main take-home messages
of the work, as well as simplify the transition to the 4th paragraph.

We thank the reviewer for pointing this to us. We have considerably condensed the third paragraph
focusing specifically on the principal questions, rather than all the questions. We have also
emphasized neurogenesis-induced heterogeneities, both from the structural standpoint and the
ability of adult neurogenesis to drive afferent network connectivity from the entorhinal cortex.

4) Paragraph 5. A general audience is unlikely to understand the description of "many-tomany" and
"all-to-all". Please define at first use (noting that these terms also complicate the abstract). At the end
of the paragraph, the meaning of the second half of the sentence beginning "Together, these results"
is unclear because the role of neurogenesis-induced heterogeneities as a substrate for the expression
of degeneracy has not been explained (this might fit better in the discussion).

We have considerably reduced this paragraph of the introduction. In the abstract and in the
introduction, we have now expanded on what we intend to convey by many-to-many and allto-all
mappings. We thank the reviewer for pointing this to us.

6). Discussion. As noted, there are reported differences in ion channel expression (Mongiat et al.,
PLoS, 2009; (Gonzalez et al., J. Neuroscience, 2018) and Ca2+ handling (Stocca et al., J Physiol. 2007)
that suggest young GCs are not simply a smaller version of mature GCs. There are also many
simplifications in the model that are not mentioned, such as inclusion of only BC-type interneurons,
lack of NMDARs that may provide non-linearities and oversimplifications of synaptic receptor
kinetics. It understandable that such simplifications are required, but please also mention potential
limitations of these.

We thank the reviewer for their comment, and for recognizing the need for such simplifications. We
incorporated adult neurogenesis into the DG network accounting for three changes: (i) structural
changes in neurons reflecting reduced surface area of granule cells thereby matching the increased
excitability of immature cells (van Praag et al., 2002; Aimone et al., 2014); (ii) reduction of the overall
afferent drive to neurons based on their surface area, so that reduced drive in immature neurons



counterbalanced their high excitability (Mongiat et al., 2009; Dieni et al., 2013; Dieni et al., 2016; Li et
al., 2017); and (iii) the orthogonal afferent connectivity, actively driven by adult neurogenesis
(Aimone et al., 2006, 2009; Li et al., 2017; Lodge and Bischofberger, 2019; Luna et al., 2019), was
incorporated as afferent heterogeneities into the network model. We had assumed that the other
components, including those referred by the reviewer, do not change towards reducing
computational complexity. We also did not incorporate other DG interneurons or NMDARs into our
analyses. As suggested by the reviewer, we have now mentioned these as limitations in the last
subsection of the Discussion section.

7). Methods. Section iii. Is there a typo in the sentence starting "The diameters of GCs for the three
distinct....." ? It is unclear what is meant by BC in the following text since the BC population is always
mature "....fully immature (BC:1-3 um)".

We thank the reviewer for pointing us to this slip. The last part should have just been “(2-9 um)”. This
has now been rectified.

8). First sentence of the results seems to be a statement rather than a question.

We thank the reviewer for pointing us to this slip. We have now rectified this.

9). In the graphical summary, perhaps the authors could include a cartoon of heterogeneously-sized
GCs.

We have updated the graphical summary, which now shows GCs with different sizes. We have also
introduced specific labels in the graphical summary pointing to the color code employed for granule
cells vs. basket cells. We thank the reviewer for pointing this to us.

Comments from Reviewer 2

The paper ,lon-channel regulation of channel decorrelation in a heterogeneous multi-scale model of
the dentate gyrus" by Poonam Mishra and Rishikesh Narayanan is a natural continuation of their
previous work. They have taken large complex computational models, explored the model space with
stochastic parameter settings and perturbed these models by specific knock-outs. This type of
approach has proven useful to explore networks and single cells. In the case here, the authors have
explored the effects of perturbing single ion channels in single neurons on the specific functioning of
the dentate gyrus microcircuit (multi-scale).

We sincerely thank the reviewer for their time and effort in reviewing our manuscript. We thank the
reviewer for their positive and constructive comments, and for highlighting the utility of the
underlying methodology. We also thank them for the specific pointers to make the manuscript more
readable. In what follows, we have provided point-by-point by responses to the reviewer’s
comments and have rewritten parts of the in addressing them.



The conclusions of the work seem to be that perturbing ion channels in single neurons impacts the
network and does it in a wide diversity of ways. To me, from a general perspective, this is not
surprising since changing anything to a model will typically change its behaviour in different ways.
The details are interesting here, but while reading the paper it does not become clear what one
should focus on. | am missing the broader new insight that this approach yielded in this particular
case. Maybe more exploration of the system would be useful to better extract a clear insight, or a
stronger focus on one of the questions.

We thank the reviewer for their comment. Broadly, we would like to emphasize the following as the
novel contributions and the new insights of our study:

1. Methodological novelty: Please note that this study constitutes the first that systematically
assesses the cascading impact of eliminating individual ion channels (at the molecular scale) on
response decorrelation (a network scale functional outcome) in the dentate gyrus (DG). We
performed this by systematically incorporating four distinct biological heterogeneities into the DG
network. In doing this, we systematically spanned the scales of analyses from the molecular scale (ion
channels), through the cellular scale (neuronal physiology) to the network scale (decorrelation). As
response decorrelation has always been studied from a network-perspective, the impact of individual
ion channels and local heterogeneities on response decorrelation has remained unexplored. Our
study fills this lacuna through the use of a conductance-based multi-scale model for a DG network,
and more importantly endowed with different forms of biological heterogeneities. The choice of
methodology employed here provides us insights about the roles of individual ion channels in
regulating network decorrelation, in the face of physiological and pathological perturbations.

2. Conceptual novelty of the findings: First, we demonstrate that the mapping between structural
components and functional outcomes is many-to-many, across scales of DG function. Specifically, we
show that many ion channels can alter any of the several single-neuronal electrophysiological
measurement or network function (excitability and channel decorrelation); and, perturbation in any
given ion channel altered several of these functions. Second, we show that individual ion channels
play a pivotal role in altering channel decorrelation, in a manner that was dependent on the specific
local and afferent heterogeneities. Third, our results unveil the importance of local heterogeneities, 6
especially of neurogenesis-induced structural properties, in maintaining functional resilience in the
face of large pathological insults involving channelopathies. Finally, we show that the impact of
eliminating individual ion channels on channel decorrelation is invariant to the specific values of input
correlation. We would like to emphasize that the importance of local heterogeneities in maintaining
functional resilience in the face of large changes to ion-channel perturbations, and the invariance of
the impact of eliminating individual ion channels to the specific values of input correlation are
especially novel contributions of this study.

3. Implications of our novel findings: Physiologically, the dentate gyrus has been demonstrated to be
the lynchpin for two important functions of the hippocampus. The first implicates neuronal scale
plasticity in DG neurons to engram formation, and the second assigns specific roles for the DG to
response decorrelation. Our study is the first that demonstrates the impact of alterations in ion
channels (as the mediator of neuronalscale plasticity during engram formation) to response
decorrelation, thereby linking these two functional roles. From a pathophysiological standpoint,
several neurological disorders have been linked to channelopathies in the DG, implying large



perturbations to channel densities and intrinsic excitability. Our study quantitatively demonstrates
that these channelopathies could have significant impact on the ability of the DG network to perform
response decorrelation. Importantly, our study also unveils the ability of local heterogeneities to
confer resilience of network function to such channelopathy. These results imply that adult
neurogenesis could play a pivotal role in maintaining functional robustness under physiological or
pathological perturbations.

Broadly, the conclusions of single ion channel knockout (KO) simulations at single neuron level are
broadly consistent with existing literature from other neurons (despite being specific to the ion
channels expressed in DG neurons, and their signature electrophysiological properties. However, the
impact of single ion channel KOs on network-scale function has not been assessed in the DG
literature, and the analyses performed here provide novel insights on DG function (as mentioned
above). The fundamental question here is on perturbations, and the role of local heterogeneities in
regulating the impact to such perturbations. We submit that this is the first computational model on
response decorrelation that accounts for biological heterogeneities in addressing this important
guestion on how molecular-scale perturbations alter network function. This necessitated the
complexity of conductance-based models, and the need to systematically account for the four
distinct heterogeneities. These analyses showed that biological heterogeneities, beyond forming a
substrate for degeneracy in the emergence of channel decorrelation (Mishra and Narayanan, 2019),
also provide a substrate for functional resilience in the face of perturbations.

We thank the reviewer for raising this. This has definitely helped us to reframe the presentation of
the manuscript, and emphasize the novel conclusions in this study in the context of existing
literature. The revised manuscript explicitly incorporates these points to delineate the novel
conclusions of the study.

To me, this is very much reflected in the way the work is presented. The abstract is near
unintelligible. It seems to be hard for the authors to extract the essence, maybe it requires some
more time to think about this. | believe the manuscript needs to be rewritten. The abstract is too
long and unintelligible, the Introduction section reiterates the concepts in the abstract without
explanations and spends too much time on the findings in the present work compared to introducing
the field and the particular questions of interest. The Methods 7 section then introduces concepts
and literature as well as describing the results but does not do a good job at presenting the methods
in a manner that will allow others to reproduce them. In the Results section, in turn, too little time is
spent on challenging the original model and too much on the details of individual perturbations. To
sum it up: | am kind of missing the main message here, what are the principles on which these effects
are based?

We thank the reviewer for systematically pointing to the specific lacunae in the presentation of our
manuscript. We have made an effort to change every point mentioned by the reviewer in each
section:

Abstract: We have now removed the many jargons that were present in the previous version. We
have rewritten the abstract to emphasize the central question addressed here, highlighted (as
suggested by the reviewer) the sequential traversal from ion channels through neurons to networks.
The abstract also has been refocused towards conveying the main messages of the study, rather than



providing all the details.

Introduction: The jargons in the introduction have been removed. More references have been added
to emphasize the link to pertinent literature and the questions addressed here. The paragraph that
outlined the questions addressed here has been considerably, focusing specifically on the principal
guestion addressed here (similar to the abstract). Finally, the last paragraph in the introduction on
the present work has now been considerably reduced in size.

Methods: We have now expanded the methods section incorporating all the details that are
essential for reproducing all aspects of the work.

Results: Although we have retained the details of individual perturbations, we have reduced
redundancy wherever possible. Please note that we have placed the conclusions in the context of the
literature in the discussion section, but not in results. We have also split large subsections in the
previous version of the manuscript to smaller ones in the revised mansucript, towards improving
readability.

Other points

The overall model itself seems to be new and interesting but is not explored or introduced in any
amount of detail here.

We thank the reviewer for their positive comment on the novelty of the methodology. We have now
updated the methods section to incorporate all the required details. More specifically, towards
emphasizing the rigor associated with the overall methodology and the experimental design of the
simulations, we have explained the rationale behind each step in the revised Methods section.

You say heterogeneities are responsible for regulating the resilience of the DG, you should show this:
Model with and without heterogeneities.

Please note that our conclusions were derived specifically from neurogenesis-induced structural
heterogeneities being responsible for regulating the resilience. We have performed simulations with
(“Network with GCs of heterogeneous age”) and without (“Network with mature GC population”)
structural heterogeneities (Figures 4—8 in the revised manuscript).

In addition, in the revised manuscript, we have added a new set of simulations involving a larger 575-
neuron network that incorporated age heterogeneity as well. We had earlier presented simulation
outcomes only for mature vs. immature neuronal population for the 575- neuron network. Based on
the reviewer’s suggestion, we have now incorporated an addition set that involved age
heterogeneitty. We thank the reviewer for raising this point.

You say adult born neurons may improve the robustness of the system, | think this can be the main
story of your paper but the details of this should be worked out and you really need to show why and



how strong the effect is (Figure 10A is not enough).

To strengthen our specific conclusions on the impact of structural heterogeneities in functional
robustness that we had reported in Fig. 10 (which is Fig. 8 in the revised manuscript), we performed
an additional set of computationally expensive simulations with the larger network (575 neurons),
incorporating age-heterogeneity as well. The results reported in Fig. 8 account for populations from
networks that are endowed with fully mature, fully mature and heterogenous age neurons. These
additional simulations took time because the afferent inputs had to be scaled to account for the
several lines of experimental evidence that the synaptic connectivity to immature neurons are low,
and that this low connectivity counterbalances their high excitability (Mongiat et al., 2009; Dieni et
al., 2013; Dieni et al., 2016; Li et al., 2017). In addition, the simulation of conductance-based network
of 575 neurons spanning 1000 s of total simulation time for the virtual animal traversal (with a 25 s
integration time) with different ion channel eliminations made this computationally expensive.

Employing these simulations, we found that the robustness observed in Fig. 7 with the small network
also extended to heterogeneous networks with larger neuronal population (Fig. 8). Specifically, we
noted that the disruption to channel decorrelation with removal of individual ion-channels was larger
in the network with mature GCs but was suppressed in the additional presence of immature neurons
as well (Fig. 8).

We thank the reviewer for raising this point.

Ambiguity between information channel and ion channel, also in abstract and title.

We thank the reviewer for point this potential ambiguity. Yes, it was indeed difficult to present this
study because the same word is used to represent transmembrane proteins (ion channels) and
information pathways (channel decorrelation). We have tried our best to delineate these by
distinguishing these terms (and the context of their usage) as much as possible, but owing to historic
baggage of these phrases, it was impossible to avoid some amount of confusion.

To remove some of this ambiguity, we have now replaced “channel decorrelation” by the more
general “response decorrelation” in the title and the abstract. However, we have retained the phrase
“channel decorrelation” in the rest of the manuscript to distinguish between pattern and channel
decorrelation.

III

We have consistently employed “ion channel” to represent the transmembrane proteins, and
“channel decorrelation” for the physiological measurement. We noticed some instances 9 where ion
channels were referred to simply as channels, and have rectified this in the revised manuscript.

Is a model with GCs and BCs enough?

Although GCs and BCs are the principal classes of cells in the DG, there are indeed other cell types
and have been implicated in response decorrelation. We agree that the model could be expanded to
incorporate other cell-types and heterogeneities associated with them as well, and have mentioned



this as a limitation of our study and as a potential future direction in the discussion section. We thank
the reviewer for pointing us to this.

How do the results scale with neuron numbers?

With the addition of new panels in Fig. 8, we have repeated our analyses with two networks with
different numbers of neurons (Fig. 7: 100 GC and 15 BC; Fig. 8: 500 GC and 75 BC). Owing to the
computational complexity of the conductance-based network, endowed with four distinct forms of
heterogenities requiring 1000 s simulation with a 25 us integration period for each ion channel,
simulating larger networks was impossible with the computational power that we had access to.
Thus, we have shown that the results hold with two different network sizes. We thank the reviewer
for raising this question.

Figure 4 and others -> supplement, otherwise you lose yourself in details.

We agree with the reviewer, and thank them for pointing this to us. We have now moved Figure 4
from the previous version of the manuscript to the supplementary. In addition, we have also moved
Figures 7 and 11 from the previous version to the supplementary. As a consequence, there are now 8
main figures and 3 supplementary figures in the revised version of the manuscript.

Isn't it unrealistic to assume that knocking out individual ion channels will not lead to the recruitment
of compensatory mechanisms at the level of the ion channel composition in single neurons but also
at the level of the network?

We agree that there could be active compensations in the biological network in response to
elimination of individual channels. However, our model does not account for active compensations
towards achieving homeostasis, and the analysis here focuses on the acute impact of ion channel
perturbation. We have now mentioned this in the discussion section pointing to frameworks (e.g.,
(O'Leary et al., 2013; O'Leary et al., 2014; Srikanth and Narayanan, 2015; O'Leary, 2018)) through
which such incorporation could be made in future models. We thank the reviewer for raising this
point.
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