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30th Sep 20201st Editorial Decision

30th Sep 2020 

Dear Prof. Moser, 

Thank you again for the submission of your manuscript to EMBO Molecular Medicine. We have 
now received feedback from the three referees whom we asked to evaluate your manuscript . As 
you will see from the reports below, the referees acknowledge the interest and the high technical 
quality of the study. However, they also raise a series of concerns about your work, which need to 
be convincingly addressed in a major revision of the present manuscript . 

Without repeat ing all the points raised in the reviews below, some of the most substant ial issues 
are the following: 

- addit ional quant itat ive experiments regarding gene delivery and expression are required to
improve the conclusiveness of the study, as suggested by Referee #1.
- the link between the presented findings and future clinical applicat ions needs to be better
discussed.
- the clarity in data/study presentat ion needs to be improved to make the findings easily accessible
to the general audience of EMBO Molecular Medicine.

All other issues raised by the referees need to be sat isfactorily addressed as well. We would
welcome the submission of a revised version within three months for further considerat ion. Please
note that EMBO Molecular Medicine strongly supports a single round of revision and that, as
acceptance or reject ion of the manuscript  will depend on another round of review, your responses
should be as complete as possible. 

EMBO Molecular Medicine has a "scooping protect ion" policy, whereby similar findings that are
published by others during review or revision are not a criterion for reject ion. Should you decide to
submit  a revised version, I do ask that you get in touch after three months if you have not
completed it , to update us on the status. 

We are aware that many laboratories cannot funct ion at  full efficiency during the current COVID-
19/SARS-CoV-2 pandemic and have therefore extended our "scooping protect ion policy" to cover
the period required for a full revision to address the experimental issues. Please let  me know should
you need addit ional t ime, and also if you see a paper with related content published elsewhere. 

Please read below for important editorial formatt ing and consult  our author's guidelines for proper
formatt ing of your revised art icle for EMBO Molecular Medicine. 

I look forward to receiving your revised manuscript . 

Sincerely, 
Jingyi 

Jingyi Hou 



Editor 
EMBO Molecular Medicine 

*** Instruct ions to submit your revised manuscript *** 

** PLEASE NOTE ** As part of the EMBO Publicat ions t ransparent editorial process init iat ive (see 
our Editorial at ht tps://www.embopress.org/doi/pdf/10.1002/emmm.201000094), EMBO Molecular 
Medicine will publish online a Review Process File to accompany accepted manuscripts. 

In the event of acceptance, this file will be published in conjunct ion with your paper and will include 
the anonymous referee reports, your point-by-point response and all pert inent correspondence 
relat ing to the manuscript . If you do NOT want this file to be published, please inform the editorial 
office at contact@embomolmed.org. 

To submit your manuscript , please follow this link: 

Link Not Available

When submit t ing your revised manuscript , please include: 

1) a .docx formatted version of the manuscript  text  (including Figure legends and tables). Please
make sure that the changes are highlighted to be clearly visible to referees and editors alike.

2) separate figure files*

3) supplemental informat ion as Expanded View and/or Appendix. Please carefully check the authors
guidelines for formatt ing Expanded view and Appendix figures and tables at
ht tps://www.embopress.org/page/journal/17574684/authorguide#expandedview

4) a let ter INCLUDING the reviewers' reports and your detailed responses to their comments (as
Word file)

Also, and to save some t ime should your paper be accepted, please read below for addit ional
informat ion regarding some features of our research art icles: 

5) The paper explained: EMBO Molecular Medicine art icles are accompanied by a summary of the
art icles to emphasize the major findings in the paper and their medical implicat ions for the non-
specialist  reader. Please provide a draft  summary of your art icle highlight ing
- the medical issue you are addressing,
- the results obtained and
- their clinical impact.

This may be edited to ensure that readers understand the significance and context  of the research.



Please refer to any of our published art icles for an example. 

6) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

7) Author contribut ions: the contribut ion of every author must be detailed in a separate sect ion
(before the acknowledgments).

8) EMBO Molecular Medicine now requires a complete author checklist
(ht tps://www.embopress.org/page/journal/17574684/authorguide) to be submit ted with all revised
manuscripts. Please use the checklist  as a guideline for the sort  of informat ion we need WITHIN the
manuscript  as well as in the checklist . This is part icularly important for animal report ing, ant ibody
dilut ions (missing) and exact p-values and n that should be indicated instead of a range.

9) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are
displayed on the journal webpage and are freely accessible to all readers. They include a short
stand first  (maximum of 300 characters, including space) as well as 2-5 one sentence bullet  points
that summarise the paper. Please write the bullet  points to summarise the key NEW findings. They
should be designed to be complementary to the abstract  - i.e. not  repeat the same text . We
encourage inclusion of key acronyms and quant itat ive informat ion (maximum of 30 words / bullet
point). Please use the passive voice. Please at tach these in a separate file or send them by email,
we will incorporate them accordingly.

You are also welcome to suggest a striking image or visual abstract  to illustrate your art icle. If you
do please provide a jpeg file 550 px-wide x 400-px high. 

10) A Conflict  of Interest  statement should be provided in the main text

11) Please note that we now mandate that all corresponding authors list  an ORCID digital ident ifier.
This takes <90 seconds to complete. We encourage all authors to supply an ORCID ident ifier, which
will be linked to their name for unambiguous name ident ificat ion.

Current ly, our records indicate that the ORCID for your account is 0000-0001-7145-0533.

Please click the link below to modify this ORCID:
Link Not Available 

12) The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley
to send you a quote for the art icle processing charge (APC) in case of acceptance. This quote
takes into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to
pay any fees before their manuscript  is accepted and transferred to our publisher.

*Addit ional important informat ion regarding Figures

Each figure should be given in a separate file and should have the following resolut ion: 



Graphs 800-1,200 DPI 
Photos 400-800 DPI 
Colour (only CMYK) 300-400 DPI" 

Figures are not edited by the product ion team. All let tering should be the same size and style; figure
panels should be indicated by capital let ters (A, B, C etc). Gridlines are not allowed except for log
plots. Figures should be numbered in the order of their appearance in the text  with Arabic numerals.
Each Figure must have a separate legend and a capt ion is needed for each panel. 

*Addit ional important informat ion regarding figures and illustrat ions can be found at
ht tps://bit .ly/EMBOPressFigurePreparat ionGuideline

***** Reviewer's comments ***** 

Referee #1 (Comments on Novelty/Model System for Author): 

The quest ions asked by the study require the use of an intact  animal as a model as they involve
gene delivery to the inner ear in the aim of hearing restaurat ion. The pharmacology behind the gene
delivery and the adequacy of the optogenet ic protein can only be assessed correct ly such a model.
This is an early pre-clinical study and the use of mouse as a model organism is adequate to the
level of advancement towards clinical applicat ion. 

Referee #1 (Remarks for Author): 

The manuscript  by Bali et  al, examines applicat ion of vfChrimsonR after AAV mediated delivery to
the inner ear of mice. The authors assess the impact of using a faster version of Chrimson
vfChrimson over kinet ically improved version fChrimson (and retrospect ively to the blue shifted but
faster Chronos). They explore the complex equat ion around the expression levels, membrane
target ing and kinet ics of optogenet ic proteins and the observed biological act ivity. Although their
downstream electrophysiological assessments are strong and appropriate for the quest ions asked,
the quant itat ive parts regarding gene delivery and expression has some weaknesses. Moreover,
there seems to be some missing links between the results obtained and the interpretat ion the
results in terms of the relevance of their findings to clinical gene therapy. It  would be useful to clarify
these points prior to publicat ion in EMBO Mol Med. 
Major: 
The authors state that the t rafficking of vf-Chrimson to the plasma membrane is less efficient ,
based on the photocurrent density est imated in NG cells for vf-Chrimson which dropped to one
fourth of that  of f-Chrimson instead of the theoret ically expected one half. Do they have any
quant itat ive data to support  this? The authors should provide quant itat ive data (such as qRT-
PCR) comparing expression of the two proteins in side by side carefully monitored condit ions. 
In the comparisons made between ES/TS version of vfChrimson in vivo, how did the authors ensure
equal part icle numbers of AAV were injected in each animal and how many of the part icles reached
the SGNs? Were the vectors t it tered side by side? Were the efflux that occur during inject ions
monitored? At the very least  these important factors should be ment ioned in the text  in absence of
a quant itat ive method such as RNAscope comparing the transcript ion levels between the different
constructs in vivo. 
The trafficking / entry signals used here seem to be derived from rodent sequences based on the
cited literature. What is the homology between the rodent and equivalent human sequences? Do
the authors think a human cell might make the best out of these signals in view of the downstream



clinical applicat ion? Should this type of design be changed when moving from preclinical to clinical
studies? This point  would be worthwhile to tackle in the discussion. 
The manuscript  would also benefit  from the following minor revisions: 
Avoid usage of subject ive wording such as: pp4 last  sentence- "a fair range of light  intensit ies"
pp25 "Neural populat ion responses of vf-Chrimson-expressing SGNs remained sizable for
st imulat ion rates greater than 500 Hz." It  would help the reader what is considered a fair range and
what is a sizable response for instance in comparison to normal physiology. 
On page 5- The inject ion method used in p6 animals should be stated as local inject ion - as a
reader might expect a systemic inject ion based on the viral vectors chosen. 
On Figure 2- A through C: it  would help the reader to have the t ime to pulse onset values for both
vfChrimson and vfChrimsonES/TS 

Referee #2 (Comments on Novelty/Model System for Author): 

This manuscript  provides important data and insights for optogenet ic hearing restorat ion. Overall,
the study is well performed and I have only minor concerns/comments. Maybe the clarity for
nonspecialists could be improved. 

Referee #2 (Remarks for Author): 

The work by Bali et  al. studies the temporal fidelity as well as the intensity coding of optogenet ic-
evoked responses in SGN neurons by two optogenet ic Chrimson variants (f-Chrimson or vf-
Chrimson). Both variants show slower channel kinet ics than Chronos. St ill, it  is very sound that f-
Chrimson provides near physiological temporal fidelity of coding. Other biophysical parameters such
as lower light  intensity for st imulat ion and thereby decreased phototoxicity highlight  that  Chrimson
variants are ideal therapeut ic candidates for optogenet ic hearing restorat ion. In general, the data is
well supported by different experimental and analyt ical approaches and adds valuable knowledge
towards clinical t ranslat ion. 

Minor comments: 
Page 3: What does "ret inal implantat ion" mean? 
Page 5: What are "NG cells"? 
Page 5: Are the same AAV capsids used for vf-Chrimson and vf-Chrimson-ES/TS? 
Page 6: Figure Bii: The color codes for vf-Chrimson and vf-Chrimson-ES/TS are very similar. It  would
be more reader friendly and clearer to choose a more dist inguishable colors. 
Page 8: "The injected mice behaved normally as concluded from rout ine animal observat ion." This
needs to be clarified: which behavioral observat ions are meant? 
Page 11: Please summarize the differences between vf-Chrimson and vf-Chrimson-ES/TS not just
between vf-Chrimson and f-Chrimson? 
Page 14: The Color code makes the figures incomprehensive. Also, the plots are overcrowded and
the informat ion extract ion is difficult . 
Page 18: Please add x and y scales to all panels. 
Page 22: Figure 6 A,B: x-axis not defined. 
Page 31: Material and Methods: "Cloning" is lab jargon, please use more accurate heading. Overall,
the clarity and English of the Material and Methods sect ion is of less quality than the main text . A
revision to improve the language and thereby the clarity would be helpful. 



Referee #3 (Comments on Novelty/Model System for Author): 

Work on opt ical cochlear implants is overall very new, with most work occurring in the past 5 years
or so. This is a highly clinically relevant subject , and there are hopes for implantat ion of oCIs within a
few years in humans. This is one of a few studies detailing potent ial improvements to the
optogenet ic proteins used in oCIs, but finding optogenet ic variants with the speed and power to
effect ively encode auditory st imuli is crit ical to the clinical use of oCIs. 

Referee #3 (Remarks for Author): 

In the manuscript  by Bali et  al (EMM-2020-13391) the authors follow up on recent work from their
group to introduce optogenet ic proteins into cochlear spiral ganglion neurons for the purpose of
creat ing opt ical cochlear implants. Despite the success of cochlear implants in restoring open
speech comprehension in the majority of users, the technology is limited by the wide spread of
current around each electrode contact  which restricts the spectral resolut ion of sound coding.
Opt ical st imulat ion via an opt ical CI (oCI) offers an alternat ive to electrical st imulat ion as long as
neurons can be rendered sufficient ly light  sensit ive. High temporal fidelity is imperat ive in order to
preserve sound coding; this requires channelrhodopsins (ChR) with fast  kinet ics to allow spiral
ganglion neurons (SGN) to fire at  near physiological rates. f-Chrimson and its variants are
candidates for optogenet ic sensory restorat ion. This work invest igates two ChR variants, f-
Chrimson and vf-Chrimson for their suitability for optogenet ic SGN st imulat ion, addressing temporal
fidelity and intensity coding. The authors also invest igate a vf-Chrimson modified with export  signal
and trafficking signals sequences in an at tempt to enhance membrane trafficking for improved
funct ion. 

The authors used histological techniques to demonstrate expression of the channelrhodopsin
variants in SGN and localizat ion to the cellular membrane, extracellular recordings from individual
SGN axons to carefully characterize neuronal responses to light  pulses (and sound st imuli as a
control), and auditory brainstem responses (ABRs) evoked by both acoust ic and opt ical st imuli to
compare neuron funct ion in vivo between control and ChR transduced animals. Adding the ES/TS
signals to vf-Chrimson improved membrane localizat ion but was not found to offer any benefit  over
vf-Chrimson. Analysis of temporal fidelity, radiant flux required for act ivat ion, and dynamic range of
SGN coding at  the single cell level demonstrated that while f-Chrimson has an improved dynamic
range relat ive to electrical st imulat ion, (but worse dynamic range compared to acoust ic act ivat ion),
vf-Chrimson has improved temporal coding relat ive to f-Chrimson. Therefore, although there are st ill
improvements to be made to achieve both the true coding speed and dynamic range of acoust ic
st imulat ion of the auditory nerve, these ChR variants demonstrate improved funct ion in a number of
measures relat ive to older ChR2 variants and bring us closer to clinical use of opt ical cochlear
implants. 

Overall the work is thorough, well analyzed, and well presented. Improved channelrhodopsin
variants for enhanced funct ion is necessary to clinical applicat ion of opt ical cochlear implants, and
this manuscript  gives a balanced assessment of current state-of-the-art  variants (both f-Chrimson
and vf-Chrimson), present ing improvements in funct ion over previous variants as well as clearly
discussing limitat ions and modificat ions that did not provide a funct ional benefit  (i.e. addit ion of the
trafficking signal). Some minor changes to be made to figures and text  are detailed below. 



Minor 
Some figures (eg figure 4) need better contrast  to dist inguish between both individual and
populat ion data, as well as between the different genotypes. 

Page 2 - line 10 change 'lend to a' to 'lend a' 

Page 3 - line 15 '700.00' typo: to '700,000' 

Page 4 - line 19 -syntax- remove the word 't ranslat ing' or add 'to clinic' or something similar at  the
end of the sentence 

Page 6 - Figure 1 - panels D/E - make consistent in terms of labels on both graphs, and n 

Page 7 - Figure 1 capt ion, lines 23-25 - The text  says 'number of t ransduced SGNs seems higher in
the apical and middle turns compared to the basal one for both opsin constructs', but  this is hard to
see, especially in the middle turn. 'Seems' is very imprecise, please detail quant ificat ion or remove
the statement. 

Figure 1C - There are fewer t ransduced cells in the high frequency cochlear base. Please address
why, if known, and impact on oCI funct ion. 

Page 8 - line 5 - insert  word 'cochlea' in front of '(Figure 1C)' 

Page 10 - lines 10-11 - the inset box-and-whisker plot  in panel H looks like it  is missing port ions of
the plot , the data on the left  has no whiskers and the data on the right  has no box, is this an error? 

Page 10 - line 22 - clarificat ion needed- are you saying the radiant flux is changed over an order of
magnitude? Also, this should refer to panel 2A, not 2B. 

Page 11 - line 14 - "mediated" 

Page 12 -figure 3B - why does the vf-Chrimson-ES/TS amplitude decrease more from the first  to
the 20th iterat ion more so than the vf-Chrimson? 

Page 15 - lines 2-3 - the temporal fidelity is measures by two means, temporal jit ter and vector
strength. Temporal jit ter is considerably less for f-Chrimson compared to vf-Chrimson at  st imulat ion
rates >200 Hz and so it  could be concluded that it  has a superior performance to vf-Chrimson.
Perhaps restrict  conclusion to lower spike rates. 

Page 17 - line 12 - what is (pe)? I could not see it  defined anywhere 

Page 22 - line 2 - insert  "of" after the word "t rains" 

Page 27 - line 4 - missing words in sentence "at  least  in part  the greater" 

Page 27 - line 10 - remove "also to" 

Page 27 - line 18 - please add a unit  for 2.5 (I assume it  is X or t imes). Also, where did the figure 2.5
lower come from? The jit ter in figures 6C and D is 3 vs 1.8 at  the largest difference (at  the lowest
st im) at  the higher st imulat ions this difference drops to .4 



Page 33 - line 11 "as a pain reliever" 

Page 33 - line 12 "t racked daily" 

Page 33 - line 20 - "we planned to use" - was it  used? If yes, rephrase 

Page 34 - lines 16-18 - clarify how membrane/intracellular expression rat io areas were defined, it  is
not clear what the values are referring to, especially the "-11 um" value 

Page 36 - line 4 rearrange - "20 Hz being" 

Page 36 - line 6 wording "equal to or greater than" 

Page 36 - line 9 -move "being" to before "cycle"



Referee #1 (Comments on Novelty/Model System for Author): 

The questions asked by the study require the use of an intact animal as a model as they 

involve gene delivery to the inner ear in the aim of hearing restauration. The pharmacology 

behind the gene delivery and the adequacy of the optogenetic protein can only be assessed 

correctly such a model. This is an early pre-clinical study and the use of mouse as a model 

organism is adequate to the level of advancement towards clinical application.  

Referee #1 (Remarks for Author): 

We thank the reviewer for the appreciation of our work and the constructive criticism that 

helped us to improve the MS. We have addressed all concerns and have performed further 

experiments to further strengthen our study. Most importantly we have now studied vf-

Chrimson-mediated intensity encoding by individual putative spiral ganglion neurons. In 

addition to the spike-rate based intensity encoding, we have also analyzed how temporal 

fidelity of encoding changes as a function of stimulus intensity for optogenetic and acoustic 

stimulation. Finally, we have also compared membrane targeting of vf-Chrimson and f-

Chrimson in NG cells in order to address this reviewer’s request. The revised work includes 

roughly 1/3 more data than the original submittal and has been carefully been revised 

according to the reviewers’ advice.  

The manuscript by Bali et al, examines application of vfChrimsonR after AAV mediated 

delivery to the inner ear of mice. The authors assess the impact of using a faster version of 

Chrimson vfChrimson over kinetically improved version fChrimson (and retrospectively to 

the blue shifted but faster Chronos). They explore the complex equation around the 

expression levels, membrane targeting and kinetics of optogenetic proteins and the observed 

biological activity. Although their downstream electrophysiological assessments are strong 

and appropriate for the questions asked, the quantitative parts regarding gene delivery and 

expression has some weaknesses. Moreover, there seems to be some missing links between 

the results obtained and the interpretation the results in terms of the relevance of their findings 

to clinical gene therapy. It would be useful to clarify these points prior to publication in 

EMBO Mol Med.  

Major:  

The authors state that the trafficking of vf-Chrimson to the plasma membrane is less efficient, 

based on the photocurrent density estimated in NG cells for vf-Chrimson which dropped to 

one fourth of that of f-Chrimson instead of the theoretically expected one half. Do they have 

any quantitative data to support this? The authors should provide quantitative data (such as 

qRT-PCR) comparing expression of the two proteins in side by side carefully monitored 

conditions.  

In response to the reviewer’s comment we have performed further experiments and analyses. 

Specifically, we have analyzed NG cell expression of vf-Chrimson and f-Chrimson using GFP-

immunofluorescence and line profiles in confocal sections. The results indicate three 

categories of cells: i) cells with a clear plasma membrane peak of immunofluorescence, ii) cells 

with comparable immunofluorescence of plasma membrane and intracellular space and iii) 

intracellular immunofluorescence outweighing that of the plasma membrane. Expression of f-

Chrimson led to a larger fraction of NG108-15 cells with greater plasma membrane expression 

(9 out of 30 cells for f-Chrimson vs. 3 out of 30 cells for vf-Chrimson). Poorer plasma membrane 

expression likely explains why the photocurrent density mediated by vf-Chrimson was lower 

than for f-Chrimson. We have included this data as Expanded View Figure 1 and appended 

the corresponding results and discussion sections. There we also enhanced the discussion of 

2nd Feb 20211st Authors' Response to Reviewers



how neural light sensitivity relates to the membrane expression and the open time of the 

channel.  

 

In the comparisons made between ES/TS version of vfChrimson in vivo, how did the authors 

ensure equal particle numbers of AAV were injected in each animal and how many of the 

particles reached the SGNs? Were the vectors tittered side by side? Were the efflux that occur 

during injections monitored? At the very least these important factors should be mentioned in 

the text in absence of a quantitative method such as RNAscope comparing the transcription 

levels between the different constructs in vivo.  
 

We have performed all injections as described and identically for the specific viral vectors at 

the given titers. Titers were quantified by standardized qPCR and vectors stored froze at -80°C 

until use. Efflux was rarely observed during these injections. In most cases of injection of vf-

Chrimson-ES/TS and vf-Chrimson AAVs, entire litters were injected with one viral vector for 

ease of work. However, the injections were done in the same time frame (within few weeks).  

Most of the vf-Chrimson work presented here was done after that on f-Chrimson, but the 

injections were performed by the same personnel following the same procedure. In response 

to the reviewer’s comment we have strengthened the corresponding sections of materials and 

methods, as well as of results. Moreover, we have added a sentence to discussion to mention 

that differences in titer and viral vector as well as trial to trial variability of the AAV injections 

might contribute to the variance in the functional responses, e.g. of oABR.  

“More generally, we note that small differences in titer and viral vector as well as trial to trial 

variability of the AAV-injection might contribute to the variance in the functional responses 

such as oABR.”    

 

 

The trafficking / entry signals used here seem to be derived from rodent sequences based on 

the cited literature. What is the homology between the rodent and equivalent human 

sequences? Do the authors think a human cell might make the best out of these signals in 

view of the downstream clinical application? Should this type of design be changed when 

moving from preclinical to clinical studies? This point would be worthwhile to tackle in the 

discussion.  

 
We thank the reviewer for this valuable comment. At this point while the DNAs of vf-Chrimson 
and EYFP were optimized for human codon usage, the ER export and trafficking sequence 
was taken from mouse Kir2.1 following Hofherr et al., 2005 and Gradinaru et al., 2010. We 
have further stressed the need for future preclinical trials to “humanized” and least complex 
constructs for enhancing biosafety of optogenetic SGN manipulation.  
 
“These preclinical efforts should also aim for using trafficking sequences of human membrane 
proteins (such as Kir2.1) and evaluate the effect of omitting the fluorescent protein from the 
expression construct to enhance biosafety.” done 
 

 

The manuscript would also benefit from the following minor revisions:  

Avoid usage of subjective wording such as: pp4 last sentence- "a fair range of light 

intensities" pp25 "Neural population responses of vf-Chrimson-expressing SGNs remained 

sizable for stimulation rates greater than 500 Hz." It would help the reader what is considered 

a fair range and what is a sizable response for instance in comparison to normal physiology.  



done 
 

On page 5- The injection method used in p6 animals should be stated as local injection - as a 

reader might expect a systemic injection based on the viral vectors chosen.  
done 

 

On Figure 2- A through C: it would help the reader to have the time to pulse onset values for 

both vfChrimson and vfChrimsonES/TS  
We are not sure to fully comprehend the comment. Is it possible that the reviewer is concerned 
about the negative deflection of the signal prior to pulse onset: this is due to low-pass filtering 
of the oABR. In response to the comment we have relabeled the axis as “time” and mentioned 
the filter effect in the results section.  
 

 

  



Referee #2 (Comments on Novelty/Model System for Author):  

 

This manuscript provides important data and insights for optogenetic hearing restoration. 

Overall, the study is well performed and I have only minor concerns/comments. Maybe the 

clarity for nonspecialists could be improved.  

 

 

Referee #2 (Remarks for Author):  

 

The work by Bali et al. studies the temporal fidelity as well as the intensity coding of 

optogenetic-evoked responses in SGN neurons by two optogenetic Chrimson variants (f-

Chrimson or vf-Chrimson). Both variants show slower channel kinetics than Chronos. Still, it 

is very sound that f-Chrimson provides near physiological temporal fidelity of coding. Other 

biophysical parameters such as lower light intensity for stimulation and thereby decreased 

phototoxicity highlight that Chrimson variants are ideal therapeutic candidates for optogenetic 

hearing restoration. In general, the data is well supported by different experimental and 

analytical approaches and adds valuable knowledge towards clinical translation.  

 
We thank the reviewer for the appreciation of our work and the constructive criticism that 

helped us to improve the MS. We have addressed all concerns and have performed further 

experiments to further strengthen our study. Most importantly we have now studied vf-

Chrimson-mediated intensity encoding by individual putative spiral ganglion neurons. In 

addition to the spike-rate based intensity encoding, we have also analyzed how temporal 

fidelity of encoding changes as a function of stimulus intensity for optogenetic and acoustic 

stimulation. Finally, we have also compared membrane targeting of vf-Chrimson and f-

Chrimson in NG cells in order to address a reviewer’s request. The revised work includes 

roughly 1/3 more data than the original submittal and has been carefully been revised 

according to the reviewers’ advice.  

 

 

Minor comments:  

Page 3: What does "retinal implantation" mean?  
Fixed: “As a matter of fact, production of retinal implants has recently stopped in Europe and 
the US.” 

 

Page 5: What are "NG cells"?  
NG108-15 cells (ATCC, HB-12377TM, Manassas, USA) represent a hybrid neuroblastoma 
and neuroglioma cell line, Fixed! 

  

Page 5: Are the same AAV capsids used for vf-Chrimson and vf-Chrimson-ES/TS?  
No, two potent AAV9 derived capsids generated by the Gradinaru lab were used as stated 
“AAV-PHP.B (vf-Chrimson) or AAV-PHP.eB (vf-Chrimson-ES/TS)”. We note, that we did not 
find significant differences in the transduction rate (Fig. 1D), hence, we believe that the subtle 
differences can be attributed to the ER-exit and trafficking signals in vf-Chrimson-ES/TS. In 
response to the reviewer’s comment we have added a note of caution in the discussion.  
 
“…potent viral vectors (AAV-PHP.B and AAV-PHP.eB with transduction rates being 
statistically indistinguishable from each other)..“ 
 

Page 6: Figure Bii: The color codes for vf-Chrimson and vf-Chrimson-ES/TS are very similar. 

It would be more reader friendly and clearer to choose a more distinguishable colors.  
Done 



 

Page 8: "The injected mice behaved normally as concluded from routine animal observation." 

This needs to be clarified: which behavioral observations are meant?  
Done, we have specified the notion. This refers to lack of phenotypes obvious to scientists and 
animal caretakers without use of technical means and includes epilepsy, circling, abnormal 
motor activity, reduced body size etc. 

  

Page 11: Please summarize the differences between vf-Chrimson and vf-Chrimson-ES/TS not 

just between vf-Chrimson and f-Chrimson?  
We are a bit uncertain what is meant: all text on page 11 compares vf-Chrimson and vf-
Chrimson-ES/TS. In response to the reviewer’s comment we have tried to enhance the 
summary statement for clarity: 
 
“In summary, the oABR comparison indicates greater temporal fidelity but higher required 
radiant flux for both vf-Chrimson-ES/TS and vf-Chimson-mediated SGN stimulation than 
previously found for f-Chrimson (Mager et al, 2018).” 
 

 

Page 14: The Color code makes the figures incomprehensive. Also, the plots are overcrowded 

and the information extraction is difficult.  
Done, in response to the comment, we have separated the vf-Chrimson-ES/TS and vf-
Chrimson data and only replot the mean ± SEM for comparison. 
 

Page 18: Please add x and y scales to all panels.  
Done 

 

Page 22: Figure 6 A,B: x-axis not defined.  
Done 

 

Page 31: Material and Methods: "Cloning" is lab jargon, please use more accurate heading.  
Done 

 

Overall, the clarity and English of the Material and Methods section is of less quality than the 

main text. A revision to improve the language and thereby the clarity would be helpful.  
We apologize and have carefully revised the methods section. 

 

 

 

 

  



Referee #3 (Comments on Novelty/Model System for Author):  

 

Work on optical cochlear implants is overall very new, with most work occurring in the past 5 

years or so. This is a highly clinically relevant subject, and there are hopes for implantation of 

oCIs within a few years in humans. This is one of a few studies detailing potential 

improvements to the optogenetic proteins used in oCIs, but finding optogenetic variants with 

the speed and power to effectively encode auditory stimuli is critical to the clinical use of 

oCIs.  

 

Referee #3 (Remarks for Author):  

 

In the manuscript by Bali et al (EMM-2020-13391) the authors follow up on recent work 

from their group to introduce optogenetic proteins into cochlear spiral ganglion neurons for 

the purpose of creating optical cochlear implants. Despite the success of cochlear implants in 

restoring open speech comprehension in the majority of users, the technology is limited by the 

wide spread of current around each electrode contact which restricts the spectral resolution of 

sound coding. Optical stimulation via an optical CI (oCI) offers an alternative to electrical 

stimulation as long as neurons can be rendered sufficiently light sensitive. High temporal 

fidelity is imperative in order to preserve sound coding; this requires channelrhodopsins 

(ChR) with fast kinetics to allow spiral ganglion neurons (SGN) to fire at near physiological 

rates. f-Chrimson and its variants are candidates for optogenetic sensory restoration. This 

work investigates two ChR variants, f-Chrimson and vf-Chrimson for their suitability for 

optogenetic SGN stimulation, addressing temporal fidelity and intensity coding. The authors 

also investigate a vf-Chrimson modified with export signal and trafficking signals sequences 

in an attempt to enhance membrane trafficking for improved function.  

 

The authors used histological techniques to demonstrate expression of the channelrhodopsin 

variants in SGN and localization to the cellular membrane, extracellular recordings from 

individual SGN axons to carefully characterize neuronal responses to light pulses (and sound 

stimuli as a control), and auditory brainstem responses (ABRs) evoked by both acoustic and 

optical stimuli to compare neuron function in vivo between control and ChR transduced 

animals. Adding the ES/TS signals to vf-Chrimson improved membrane localization but was 

not found to offer any benefit over vf-Chrimson. Analysis of temporal fidelity, radiant flux 

required for activation, and dynamic range of SGN coding at the single cell level 

demonstrated that while f-Chrimson has an improved dynamic range relative to electrical 

stimulation, (but worse dynamic range compared to acoustic activation), vf-Chrimson has 

improved temporal coding relative to f-Chrimson. Therefore, although there are still 

improvements to be made to achieve both the true coding speed and dynamic range of 

acoustic stimulation of the auditory nerve, these ChR variants demonstrate improved function 

in a number of measures relative to older ChR2 variants and bring us closer to clinical use of 

optical cochlear implants.  

 

Overall the work is thorough, well analyzed, and well presented. Improved channelrhodopsin 

variants for enhanced function is necessary to clinical application of optical cochlear 

implants, and this manuscript gives a balanced assessment of current state-of-the-art variants 

(both f-Chrimson and vf-Chrimson), presenting improvements in function over previous 

variants as well as clearly discussing limitations and modifications that did not provide a 

functional benefit (i.e. addition of the trafficking signal). Some minor changes to be made to 

figures and text are detailed below.  

 

 



We thank the reviewer for the appreciation of our work and the constructive criticism that 

helped us to improve the MS. We have addressed all concerns and have performed further 

experiments to further strengthen our study. Most importantly we have now studied vf-

Chrimson-mediated intensity encoding by individual putative spiral ganglion neurons. In 

addition to the spike-rate based intensity encoding, we have also analyzed how temporal 

fidelity of encoding changes as a function of stimulus intensity for optogenetic and acoustic 

stimulation. Finally, we have also compared membrane targeting of vf-Chrimson and f-

Chrimson in NG cells in order to address a reviewer’s request. The revised work includes 

roughly 1/3 more data than the original submittal and has been carefully been revised 

according to the reviewers’ advice.  

Minor  

Some figures (eg figure 4) need better contrast to distinguish between both individual and 

population data, as well as between the different genotypes.  
Done 

 

Page 2 - line 10 change 'lend to a' to 'lend a'  
Done 

 

Page 3 - line 15 '700.00' typo: to '700,000'  
Done 

 

Page 4 - line 19 -syntax- remove the word 'translating' or add 'to clinic' or something similar 

at the end of the sentence  
Done 

 

Page 6 - Figure 1 - panels D/E - make consistent in terms of labels on both graphs, and n  
Done 

 

Page 7 - Figure 1 caption, lines 23-25 - The text says 'number of transduced SGNs seems 

higher in the apical and middle turns compared to the basal one for both opsin constructs', but 

this is hard to see, especially in the middle turn. 'Seems' is very imprecise, please detail 

quantification or remove the statement.  
Done 

 

 

Figure 1C - There are fewer transduced cells in the high frequency cochlear base. Please 

address why, if known, and impact on oCI function.  
Done 
“Clearly, incomplete and inhomogeneous SGN transduction along the tonotopic axis as well 
as viral spread indicate the need for further optimization of AAV-mediated gene transfer for 
improved efficiency and specificity.”  
 

Page 8 - line 5 - insert word 'cochlea' in front of '(Figure 1C)'  
Done 

 

 

Page 10 - lines 10-11 - the inset box-and-whisker plot in panel H looks like it is missing portions 

of the plot, the data on the left has no whiskers and the data on the right has no box, is this an 

error?  
We agree that this whisker plot looks unusual but it reflects the fact that for vf-Chrimson-ES/TS 
8 of 9 mice had a maximum oABR amplitude in response to 0.4 ms light pulse, and another 
one at 0.6. 



 

Page 10 - line 22 - clarification needed- are you saying the radiant flux is changed over an 

order of magnitude? Also, this should refer to panel 2A, not 2B.  
Done 

 

Page 11 - line 14 - "mediated"  
Done 

 

Page 12 -figure 3B - why does the vf-Chrimson-ES/TS amplitude decrease more from the first 

to the 20th iteration more so than the vf-Chrimson?  
We note that these are the responses of exemplary SGNs and while we aim to show 
representative responses, this aspect is not, as one can appreciate from Fig. 4C. We have 
noted this in the corresponding text: change from “representative” to “exemplary” for Fig. 3, 
Spike probability declined in both cases “in a similar manner.”  

 

Page 15 - lines 2-3 - the temporal fidelity is measures by two means, temporal jitter and 

vector strength. Temporal jitter is considerably less for f-Chrimson compared to vf-Chrimson 

at stimulation rates >200 Hz and so it could be concluded that it has a superior performance to 

vf-Chrimson. Perhaps restrict conclusion to lower spike rates.  
Done 

 

Page 17 - line 12 - what is (pe)? I could not see it defined anywhere  
SPL (pe) “peak equivalent sound pressure level” for reporting sound pressure level for clicks 

 

Page 22 - line 2 - insert "of" after the word "trains"  
Done 

 

Page 27 - line 4 - missing words in sentence "at least in part the greater"  
Done 

 

Page 27 - line 10 - remove "also to"  
Done 

 

Page 27 - line 18 - please add a unit for 2.5 (I assume it is X or times). Also, where did the 

figure 2.5 lower come from? The jitter in figures 6C and D is 3 vs 1.8 at the largest difference 

(at the lowest stim) at the higher stimulations this difference drops to .4  
 
The value of ~2.5 times smaller comes from dividing the jitter for clicks and light stimuli at 
maximal stimulation intensity: 1.06/0.39= 2.7 
In response to the reviewer’s comment we have kept the statement of significance (reported 
in results) and removed the fold difference as it is not critical.  
 

Page 33 - line 11 "as a pain reliever"  
Done 

 

Page 33 - line 12 "tracked daily"  
Done 

 

Page 33 - line 20 - "we planned to use" - was it used? If yes, rephrase  
Done 

 

Page 34 - lines 16-18 - clarify how membrane/intracellular expression ratio areas were 



defined, it is not clear what the values are referring to, especially the "-11 um" value  
Done 

 

Page 36 - line 4 rearrange - "20 Hz being"  
Done 

 

Page 36 - line 6 wording "equal to or greater than"  
Done 

 

Page 36 - line 9 -move "being" to before "cycle"  
Done 



26th Feb 20211st Revision - Editorial Decision

26th Feb 2021 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed report from the two referees who were asked to re-assess it . As you will 
see the referees are now support ive and I am pleased to inform you that we will be able to accept 
your manuscript pending the following amendments: 

Please address the minor concerns raised by Referee #3. 

On a more editorial level, please do the following: 
1. in the main manuscript file:

-remove the red color font .
-the callouts for Figure 2I, Figure 3A, 3B, Figure 5D, 5E, Figure 7I-L are missing. Please fix this.
- the main manuscript  file should not contain figures. Figures should be uploaded separately. Please
provide individual product ion quality figure files as .eps, .t if, .jpg (one file per figure). Figure legends
should be included in the manuscript  .doc file.

2. Please rename 'compet ing interest ' to "Conflicts of interest '.

According to our editorial policy with regard to the "conflict  of interest" (see below), the current
statement suggests that you have no specific financial interest  to declare - please confirm that. 

'the journal requires authors of original research papers to declare any compet ing commercial
interests in relat ion to the submit ted work. It  is difficult  to specify a threshold at  which a financial
interest  becomes significant, but  as a pract ical guideline, we would suggest this to be any
undeclared interest  that  could embarrass you were it  to become publicly known.' 

ht tps://www.embopress.org/page/journal/17574684/authorguide#conflictsofinterest  

Please also add 'The other authors declare no conflict  of interests.' 

3. Data Availability: since this study does not generate large-scale datasets, please only include the
following sentence in this sect ion- "This study includes no data deposited in external repositories".

4. Author checklist : please enter all three corresponding authors' names.

5. The Paper Explained: EMBO Molecular Medicine art icles are accompanied by a summary of the
art icles to emphasize the major findings in the paper and their medical implicat ions for the non-
specialist  reader. Please provide a draft  summary of your art icle highlight ing
a. the medical issue you are addressing,
b. the results obtained and
c. their clinical impact.
d. This may be edited to ensure that readers understand the significance and context  of the
research. Please refer to any of our published art icles for an example.

6. For More Informat ion: There is space at  the end of each art icle to list  relevant web links for further



consultat ion by our readers. Could you ident ify some relevant ones and provide such informat ion as
well? Some examples are pat ient  associat ions, relevant databases, OMIM/proteins/genes links,
author's websites, etc.. 

7. Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are
displayed on the journal webpage and are freely accessible to all readers. They include a short
stand first  (maximum of 300 characters, including space) as well as 2-5 one sentence bullet  points
that summarize the paper. Please write the bullet  points to summarize the key NEW findings. They
should be designed to be complementary to the abstract  - i.e. not  repeat the same text . We
encourage inclusion of key acronyms and quant itat ive informat ion (maximum of 30 words / bullet
point). Please use the passive voice. Please at tach these in a separate file or send them by email,
we will incorporate them accordingly.

8. Please provide a "synopsis image" or visual abstract  (550px width and 400px height, jpeg format)
to highlight  the paper on our homepage.

9. We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Addit ional informat ion on source data and
instruct ion on how to label the files are available at
ht tps://www.embopress.org/page/journal/17574684/authorguide#sourcedata

10. Our data editor has made a couple of suggest ions about your manuscript  (see at tached file).
Please address these issues and keep the track mode on.

11. As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts.
a. In the event of acceptance, this file will be published in conjunct ion with your paper and will
include the anonymous referee reports, your point-by-point  response and all pert inent
correspondence relat ing to the manuscript . Let  us know if you do NOT agree with this.

b. Please note that the Authors checklist  will be published at  the end of the RPF.

I look forward to seeing a revised version of your manuscript  as soon as possible. 

Sincerely, 
Jingyi 

Jingyi Hou 
Editor 
EMBO Molecular Medicine 

*** Instruct ions to submit  your revised manuscript  *** 



*** PLEASE NOTE *** As part of the EMBO Publicat ions t ransparent editorial process init iat ive (see 
our Editorial at ht tps://www.embopress.org/doi/pdf/10.1002/emmm.201000094), EMBO Molecular 
Medicine will publish online a Review Process File to accompany accepted manuscripts. 

In the event of acceptance, this file will be published in conjunct ion with your paper and will include 
the anonymous referee reports, your point-by-point response and all pert inent correspondence 
relat ing to the manuscript . If you do NOT want this file to be published, please inform the editorial 
office at contact@embomolmed.org. 

To submit your manuscript , please follow this link: 

Link Not Available

When submit t ing your revised manuscript , please include: 

1) a .docx formatted version of the manuscript  text  (including Figure legends and tables)

2) Separate figure files*

3) supplemental informat ion as Expanded View and/or Appendix. Please carefully check the authors
guidelines for formatt ing Expanded view and Appendix figures and tables at
ht tps://www.embopress.org/page/journal/17574684/authorguide#expandedview

4) a let ter INCLUDING the reviewer's reports and your detailed responses to their comments (as
Word
file).

5) The paper explained: EMBO Molecular Medicine art icles are accompanied by a summary of the
art icles to emphasize the major findings in the paper and their medical implicat ions for the non-
specialist  reader. Please provide a draft  summary of your art icle highlight ing
- the medical issue you are addressing,
- the results obtained and
- their clinical impact.
This may be edited to ensure that readers understand the significance and context  of the research.
Please refer to any of our published art icles for an example.

6) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

7) Author contribut ions: the contribut ion of every author must be detailed in a separate sect ion.

8) EMBO Molecular Medicine now requires a complete author checklist
(ht tps://www.embopress.org/page/journal/17574684/authorguide) to be submit ted with all revised
manuscripts. Please use the checklist  as guideline for the sort  of informat ion we need WITHIN the
manuscript . The checklist  should only be filled with page numbers were the informat ion can be
found. This is part icularly important for animal report ing, ant ibody dilut ions (missing) and exact



values and n that should be indicted instead of a range. 

9) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are
displayed on the journal webpage and are freely accessible to all readers. They include a short
stand first  (maximum of 300 characters, including space) as well as 2-5 one sentence bullet  points
that summarise the paper. Please write the bullet  points to summarise the key NEW findings. They
should be designed to be complementary to the abstract  - i.e. not  repeat the same text . We
encourage inclusion of key acronyms and quant itat ive informat ion (maximum of 30 words / bullet
point). Please use the passive voice. Please at tach these in a separate file or send them by email,
we will incorporate them accordingly.

You are also welcome to suggest a striking image or visual abstract  to illustrate your art icle. If you
do please provide a jpeg file 550 px-wide x 400-px high. 

10) A Conflict  of Interest  statement should be provided in the main text

11) Please note that we now mandate that all corresponding authors list  an ORCID digital ident ifier.
This takes <90 seconds to complete. We encourage all authors to supply an ORCID ident ifier, which
will be linked to their name for unambiguous name ident ificat ion.

Current ly, our records indicate that the ORCID for your account is 0000-0001-7145-0533.

Please click the link below to modify this ORCID:
Link Not Available 

12) The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley
to send you a quote for the art icle processing charge (APC) in case of acceptance. This quote
takes into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to
pay any fees before their manuscript  is accepted and transferred to our publisher.

*Addit ional important informat ion regarding Figures

Each figure should be given in a separate file and should have the following resolut ion: 
Graphs 800-1,200 DPI 
Photos 400-800 DPI 
Colour (only CMYK) 300-400 DPI" 

Figures are not edited by the product ion team. All let tering should be the same size and style; figure
panels should be indicated by capital let ters (A, B, C etc). Gridlines are not allowed except for log
plots. Figures should be numbered in the order of their appearance in the text  with Arabic numerals.
Each Figure must have a separate legend and a capt ion is needed for each panel. 

*Addit ional important informat ion regarding figures and illustrat ions can be found at
ht tps://bit .ly/EMBOPressFigurePreparat ionGuideline

The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley to
send you a quote for the art icle processing charge (APC) in case of acceptance. This quote takes
into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to pay



any fees before their manuscript  is accepted and transferred to our publisher. 

***** Reviewer's comments ***** 

Referee #2 (Remarks for Author): 

I would like to thank the authors for thoroughly addressing all my points within the revised
manuscript , which is now very clear, comprehensive and sound. 

Referee #3 (Comments on Novelty/Model System for Author): 

This work details the test ing of new variants of optogenet ic proteins for use in opt ical cochlear
implants, which are highly clinically relevant for thousands of individuals receiving hearing device
implants. The use of optogenet ic proteins to st imulate the auditory pathways has been shown by
this group before, but this work details the potent ial of faster variants that will be better able to
encode sound st imuli with high temporal fidelity. 

Referee #3 (Remarks for Author): 

In the revised manuscript  by Bali et  al (EMM-2020-13391-V2) the authors have addressed our
major concerns with the work. They have added new data, revised analyses, and great ly improved
figure clarity. 

With the large amount of added text , there are a few addit ional typos and suggested edits: 

Figure legend 1 and results text  - inconsistent use of GFP and YFP 
Page 11 - line 13 - "membrane(EV1E-F)" needs a space between membrane and parenthesis 
Figure 2D f-Chrimson is referred to in the legend as 'brown', should be green 
Page 23 - line 9 - crossed out 'mW' but not '38' so it  will appear as 3843 mW in simple markup 
Page 28 - line 5 - typo - 'replot ted' 
Figure 4 legend - define hazard funct ion 
Page 40 line 18 - typo - 'intent ies' to 'intensit ies' 
Page 42 - 5D and 5E not referenced, perhaps 5C listed instead 
Page 43 - line 1 - parenthesis missing 
Page 43 - line 4 - 'monot icity' to 'monotonicity' 
Page 43 - line 13 - 'Next, we quant ified the adaptat ion rat io' - text  refers to Fig 6L but adaptat ion
rat io is shown in 6J 
Page 49 - line 18 - refers to Fig 7E-H when describing VS. VS is depicted in I-L 
Page 49 - line 21 - refers to Fig 7E-H when describing insets in I-L 
Page 53 - line 5 - 'Inserts in (A-D)' is referring to inserts in I-L 
Line 72 - Line 11 - rat ion to rat io



22nd Mar 20212nd Authors' Response to Reviewers

The authors performed the requested editorial changes.



23rd Mar 20212nd Revision - Editorial Decision

23rd Mar 2021 

We are pleased to inform you that your manuscript is accepted for publicat ion and is now being 
sent to our publisher to be included in the next available issue of EMBO Molecular Medicine. 

We would like to remind you that as part of the EMBO Publicat ions t ransparent editorial process 
init iat ive, EMBO Molecular Medicine will publish a Review Process File online to accompany 
accepted manuscripts. If you do NOT want the file to be published or would like to exclude figures, 
please immediately inform the editorial office via e-mail. 

Please read below for addit ional IMPORTANT informat ion regarding your art icle, its publicat ion and 
the product ion process. 

Congratulat ions on your interest ing work, 
Jingyi 

Jingyi Hou 
Editor 
EMBO Molecular Medicine 

Follow us on Twit ter @EmboMolMed 
Sign up for eTOCs at embopress.org/alertsfeeds 
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� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 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. 

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

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

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

For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results 
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. 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.

EMBO PRESS 

A- Figures

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are 
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s 
authorship guidelines in preparing your manuscript.  

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Journal Submitted to: EMBO Molecular Medicine
Corresponding Author Name: Vladan Rankovic, Antoine Huet, Tobias Moser

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
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.

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

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

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.).

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

The sample size of f-Chrimson, vf-Chrimson and vf-Chrimson-ES/TS injected animals was chosen 
based on our previous studies (Mager et al, Nature Com., 2018, Keppeler et al, EMBO Mol. Med., 
2018). A power analysis was performed prior to our experiment to evaluate the required number 
of animal for optically evoked auditory brainstem responses (oABRs) and single spiral ganglion 
neurons (SGNs) recordings. A multi-comparison test was also include to guarantee the statistical 
power of our experiments. 

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

The sample size of f-Chrimson, vf-Chrimson and vf-Chrimson-ES/TS injected animals was chosen 
based on our previous studies (Mager et al, Nature Com., 2018, Keppeler et al, EMBO Mol. Med., 
2018). A power analysis was performed prior to our experiment to evaluate the required number 
of animal for oABR and  single spiral ganglion neurons recordings. The multi-comparison test was 
also part of the evaluation to guarantee the statistical power of our experiments. 

All animals that received viral injections to optogenetically transduce the auditory nerve have been
tested for functional opsion expression by recording optically evoked auditory brainstem responses
(oABRs). Among the animals planned for SGNs recordings, only the ones in which an obvious oABR 
could be evoked have been used for this procedure. Out of those animals, all the animals from 
which single putative SGNs could be recorded were included in the study. These criteria have been 
pre-established prior to experiments as successful optogenetic manipulations and appropriate 
recordings are key to study the SGNs light encoding. 

No randomization or blinding was taken. However, all experiments performed in this study have
been performed in a standardized manner
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All results (figure and main text) are accompanied of their statistical justification.

For statistical comparison between two groups, data sets were tested for normal distribution (the 
D’Agostino & Pearson omnibus normality test or the Shapiro-Wilk test or Jarque-Bera test) and 
equality of variances (F-test) followed by two-tailed unpaired Student’s t-test, or the unpaired two-
tailed Wilcoxon Rank Sum test when data were not normally distributed and/or variance was 
unequal between samples. For evaluation of multiple groups, statistical significance was calculated 
by using one-way ANOVA test (equality of variances tested with the Brown-Forsythe test) or one-
way Kruskal-Wallis test followed by Tukey's honest significant difference criterion test.

All animals in this study underwent multiple surgeries, and animals undergoing surgeries must be 
tracked, therefore no randomization was used. 

No steps were taken to minimize the effect of subjective bias during group allocation. However, 
stimulation protocol and analysis procedures were standardized  in order to guarantee the same 
acquisition and analysis treatment to all objective measures obtained.

No blinding was done.

1. Data

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 accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.
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and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.
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conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

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

16. For phase II and III 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.

17. 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.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
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Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.
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19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
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21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
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22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
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C- Reagents

D- Animal Models

E- Human Subjects

NA

Each group of data contains an estimatate of variation as standard error of the main, or quartiles 
and minimum/maximum.

The variance of compared groups is in a similar range

Primary : chicken anti-GFP (catalog n.: ab13970, Abcam, 1:500), guinea pig anti-parvalbumin 
(catalog no.: 195004, Synaptic Systems, 1:300). Secondary AlexaFluor-labeled antibodies: goat anti-
chicken 488 IgG (H+L), catalog no.: A-11039, Thermo-Fisher Scientific, 1:200; goat-anti guinea pig 
568 IgG (H+L), catalog no. A1107, Thermo-Fisher Scientific, 1:200

Wild-type C57BL/6 were injected at p6 and tested for oABR and SGNs recordings 8 to 12 weeks 
after injection. Animals were kept in a 12 h light/dark cycle, with access to food and water ad 
libitum. All experiments were done in compliance with the national animal care guidelines and 
were approved by the board for animal welfare of the University Medical Center Göttingen and 
the animal welfare office of the state of Lower Saxony (LAVES; 14/1726 and 17/2394). 

All experiments were done in compliance with the national animal care guidelines and were 
approved by the board for animal welfare of the University Medical Center Göttingen and the 
animal welfare office of the state of Lower Saxony (LAVES; 14/1726 and 17/2394). 

Compliance is confirmed

G- Dual use research of concern

F- Data Accessibility
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NA
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NA
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We have added a data availability statement. As data deposition is not mandatory for our type of
data, we are storing it on our institute's server and make it available upon reasonable request.

As data deposition is not mandatory for our type of data, we are storing it on our institute's server 
and make it available upon reasonable request.

This study does not include human clinical and genomic datasets.

This study does not include computational models
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