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Decision Letter, initial version: 

 

Dear Jan, 

 

Your Article entitled "Image restoration of degraded time-lapse microscopy data mediated by infrared-

imaging." has now been seen by two reviewers, whose comments are attached. While they find your 

work of potential interest, they have raised serious concerns which in our view are sufficiently important 

that they preclude publication of the work in Nature Methods, at least in its present form. 

 

As you will see, the reviewers raise concerns about the level of conceptual advance, the way the work is 

presented in terms of referencing and discussing the literature, the benefits relative to existing tools, 

and the practical benefits of your methods. 

 

We appreciated that the conceptual advance was limited before we sent the paper for review, so we are 

not penalizing you for that now. However, in cases like this, where related work has been done, the 

practical advance needs to be unmistakable to justify publication in Nature Methods. We thus ask you to 

focus your revision (if you plan to revise) on addressing the referee concerns and both showing 

experimentally and explaining clearly the benefits of your approach over existing methods, especially for 

imaging development. 

 

Should further experimental data allow you to fully address these criticisms we would be willing to look 

at a revised manuscript (unless, of course, something similar has by then been accepted at Nature 

Methods or appeared elsewhere). This includes submission or publication of a portion of this work 
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somewhere else. We hope you understand that until we have read the revised paper in its entirety we 

cannot promise that it will be sent back for peer-review. 

 

If you are interested in revising this manuscript for submission to Nature Methods in the future, please 

contact me to discuss your appeal before making any revisions. Otherwise, we hope that you find the 

reviewers’ comments helpful when preparing your paper for submission elsewhere. 

 

Sincerely, 

Rita 

 

Rita Strack, Ph.D. 

Senior Editor 

Nature Methods 

 

 

Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

In this manuscript, the authors address a very important issue of image degradation at depth in whole-

mounted specimens. Given the great and growing desire to capture volumetric images of genetically 

encoded labels, immunocytochemistry, axonal transport of labels, spatial transcriptomics, etc… this is a 

very timely and important issue. Even the best optics, with the thinnest light sheets, or the most 

optimized objective lenses, microscopes will be unable to escape the degradation of the image with 

depth due to light scattering. Scattering will both degrade the image and attenuate the signal. The topic 

of this paper is important and will grow in importance with time, making it appropriate for the 

readership of the journal. 

 

As light scattering is strongly dependent on the wavelength of the light used to excite or detect 

fluorescence, the authors propose an exciting solution, using the double staining of a specimen with a 

long-wavelength dye to generate a “ground truth” image of the visible light GFP at wavelengths much 

longer and hence much less scattered. This gives them key data on the specimen’s scattering and other 

image degrading properties so that a neural network can be trained to compensate for the 

losses/degradations. 

 

This neural network seems surprisingly robust, with corrections processed based on data from one stage 

of development being able to compensate for image losses and degradations at other stages. This strike 

me as both good news, and a challenge, as this broad applicability suggests that it should be possible to 

improve the processing even further, with transfer learning, etc. 
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There are many aspects of the current version of the manuscript that strongly support the publication of 

a study of this sort, and there are many aspects that argue that it is in need of major revision. Note that I 

am very supportive of a revised version of this work being published in a high-visibility journal, and that I 

agree with many if not most of the claims. However, the figures and the text are not convincing. These 

issues, which will be simple to resolve, include: 

 

 

1. Text issues. 

 

a. The references on the importance of time lapse imaging of specimens are arbitrary and amusing at 

best, and worrisome in many ways. The choices seem scientifically questionable, and while popular and 

published in high-impact journals, they hardly are the earliest or best examples of the approaches. In 

some cases, they are important in their conclusions, but not really excellent examples of the best of 

volumetric imaging over time. The authors should improve their scholarship in motivating this work and 

putting it in context. 

 

b. Similarly, the importance of three-photon and two-photon imaging seems to be dismissed, which 

does not build credibility or make the present manuscript more appropriate for publication. The authors 

are correct that these approaches are wrong for many experimental questions, but the matching of 

imaging tool/approach with scientific problem is as true for laser scanning as it is for light sheet. The 

inappropriateness of the techniques in this manuscript for some uses should not make it less attractive 

to publish. 

 

c. The discussion of IR absorbance by water is partially wrong, as the absorbance at 800nm is more than 

100-fold higher than the absorbance in the blue…. Not the negligible difference that seems to be implied 

by the hugely increased absorbance in the NIR that is discussed. Again, some balance will not weaken 

the point and increase credibility. 

 

d. Presenting the camera sensitivity as “not-negligible” is an odd phrasing – perhaps amusing but not 

informative. 

 

e. The statement about the resolution required to see nuclei is incorrect. The diameters of the nuclei are 

less critical than the spacing between the nuclei, which can be significantly smaller. 

 

f. The comment on the red-shifting of the dye is telegraphic at best. 
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2. The presentation of the data is not of high quality and there is minimal definition of what has been 

performed. Given that this is intended as a high-visibility guide on how to perform an important imaging 

processing, and analyzing the results this is troublesome. 

 

a. For example, on lines 192/3, the authors state “SSIM showed a remarkable improvement in the IR2 

restored images, both for zebrafish and Drosophila (mean, SD = XX, XX respectively for GFP and restored 

mages respectively)…. Even with XX, XX filled in, this sentence will not be understandable. 

 

b. SSIM is defined as an abbreviation for structural similarity index, but not as a technique or a 

citation/explanation of what it does and how to use it, so readers will be neither be able to critically 

evaluate the claims made by the authors nor be able to reproduce this approach for themselves. 

 

c. Pearson’s correlation seems to have included black pixels in the analysis, which for some image times 

will give misleading results about the correlations in the features that are observed. I suspect that if the 

black pixels (or near black pixels) were to be removed as has been performed in many of the best 

papers, the conclusions would have been significantly different. 

 

d. There should be statistical evaluations of the differences that are offered, with the necessary 

Bonferroni multiple comparisons corrections. 

 

 

3. The figures are disappointing and variable. 

 

a. Panels have an odd mix of whisker and violin plots. 

 

b. Figures present Pearson’s analyses with the scaling dominated by the black (0,0) pixels so that 

patterns, if they are there, cannot be discerned. 

 

c. The comparison of images with depth assumes that a reader can judge differences in the images. A 

difference map should be offered, with a color scale and an offset that makes it simple for the reader to 

judge errors of commission and omission. 

 

d. The N2V denoising neural network outperforms the authors’ technique is some ways (by SSIM plot), 

and without the difference map requested in 3c, the comments from the authors on its poor 

performance are not supported (the only metrics that are offered show it is superior). 

 

e. The figure of IR-dye (AF700) staining is very bad. If the figure is an accurate rendering, it is a failed 

experiment and the comparison offered in Supp Fig 1 is meaningless. 
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f. There are claims made about the axial and lateral chromatic aberrations, which should be shown not 

just dismissed. 

 

 

 

In summary, I am very supportive of this work and urge the authors to make it clear, accessible, 

bolstered by data that is offered easily, not on request. 

 

 

 

Reviewer #2: 

Remarks to the Author: 

The authors proposed the use of a deep learning method (convolutional neural networks) to restore 

deep-tissue contrast in GFP-based visible imaging using paired final-state datasets acquired using NIR-I 

dye. Frankly, a similar idea has been published in 2021 (https://doi.org/10.1073/pnas.2021446118), in 

which they used a deep-learning–based approach to transform a blurred NIR-I (800-1000 nm) image to a 

much higher-clarity image like in NIR-IIb (1500-1700 nm) to remove the scattering effect in the NIR-I 

window. On the other hand, the authors used a common convolutional neural network from the 

published CARE package (Ref.19, Nat. Methods 15, 1090–1097 (2018)). The idea and the methods in this 

manuscript are not new. So I do not recommend publication except the authors give more evidence to 

show its novelty. 

The following are some questions/comments about this manuscript. 

1. The idea of this manuscript is similar to a published article 

(https://doi.org/10.1073/pnas.2021446118) which enhanced NIR-I (800-1000 nm) imaging by NIR-IIb 

(1500-1700 nm) imaging using deep learning methods. What is the advantage of the authors’ methods? 

2. The optical diffraction limit confined resolution of IR imaging is lower than visible/GFP imaging. Did 

the authors consider this influence when they performed IR2 (infrared-mediated image restoration)? 

3. The authors used a common convolutional neural network from the published CARE package (Ref.19). 

What is new? 

4. According to the lasers and fluorescence bandpass filters in the Methods, the applied wavelength 

window is ~ 400-800 nm. However, the authors used “infrared” in the title and all over the manuscript. 

It is not accurate. “Near-infrared” or “NIR-I” would be better. 

5. Line 66, the authors claimed that “but suitable NIR fluorophores are incompatible with live imaging (a 

discussion of infrared imaging is given in Supplementary Note 1).” This claim is quite confusing as a lot of 

NIR dyes have been used for live imaging. Some of them such as ICG has been approved by FDA for 

human imaging. 

In Supplementary Note 1, for multiphoton microscopy, “these delicate samples are damaged by the 

intensely pulsed light and develop too quickly for their dynamic processes to be captured via serially 

point-scanned schemes.” Recently many groups have demonstrated the laser power they used is safe, 
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such as the work done by Prof. Chris Xu (Nature Methods 15, 789–792 (2018)). Other groups also 

developed ultrafast two-photon fluorescence microscopy with kilohertz speed (Nature Methods 17, 

287–290). 

6. The authors claimed, “Although a light sheet microscope compatible with dyes emitting up to 1700 

nm has been reported27, absorption from water increases > 100x compared to an optimum window at 

800 - 950 nm26 contributing to heating and attenuation of the excitation/emission light”. How the 

authors did this calculation? Have the authors measured the water absorption by themself? “100x” is 

much larger than the reviewer’s measurements. 

7. Line 98, “overfixation of the tissues may decrease the relative brightness of GFP and background 

autofluorescence.” Do the authors mean “increase” background autofluorescence? 

8. Line 101, “A discussion of the optimization of the protocols used in this work is provided in 

Supplementary Note 1.” I did not see the mentioned discussion in Supplementary Note 1. 

9. Why the GFP results and IR results in Fig. 1A and 1A’ do not show an apparent difference but the Fig. 

1C shows a difference? 

10. What is the exposure difference between the GFP images and IR images in Fig. 1E’? It looks like the 

GFP used a shorter exposure time. What are the exposure time and frame rate of the images in this 

manuscript? What is the fluence of the laser? Are they safe for small animals? Details are needed. 

11. Line 170, “Next, the restoration network was trained (see Supplementary Note/Methods) using the 

GFP and IR images of the nuclear marker as degraded and ground truth datasets, respectively.” I did not 

see the restoration network or training methods in the Supplementary Note. 

12. “The information content gain of an image 1 relative to an image 2, is defined as the ratio between 

the information content values of the two images.” What are the “information content values”? 

13. In Fig. 2G, I did not observe the obvious difference between GFP, IR and IR2 images. 

14. Line 193, “(mean, SD = XX, XX respectively for GFP and restored images respectively),” What is “XX”? 

15. For Fig. 3A, do the authors have IR raw images at 2-, 3- and 4-days post fertilization for comparison 

or used as ground truth? 

 

Author Rebuttal to Initial comments   
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Decision Letter, first revision: 

 

 23rd Aug 2023 

 

Dear Jan, 

 

Thank you for submitting your revised manuscript "Image restoration of degraded time-lapse 

microscopy data mediated by infrared-imaging." (NMETH-A50903A-Z). It has now been seen by the 

original referees and their comments are below. The reviewers find that the paper has improved in 

revision, and therefore we'll be happy in principle to publish it in Nature Methods, pending minor 

revisions to satisfy the referees' final requests and to comply with our editorial and formatting 

guidelines. 

 

We thought your revision plan was very fair and we ask that you update along those lines. We do ask 

that you include relevant citations backing your illumination intensities used for the live animal imaging 

and make necessary updates to improve the usablity of shared code. 

 

We are now performing detailed checks on your paper and will send you a checklist detailing our 

editorial and formatting requirements within two weeks or so. Please do not upload the final materials 

and make any revisions until you receive this additional information from us. 

 

TRANSPARENT PEER REVIEW 

Nature Methods offers a transparent peer review option for new original research manuscripts 

submitted from 17th February 2021. We encourage increased transparency in peer review by publishing 

the reviewer comments, author rebuttal letters and editorial decision letters if the authors agree. Such 

peer review material is made available as a supplementary peer review file. Please state in the cover 

letter ‘I wish to participate in transparent peer review’ if you want to opt in, or ‘I do not wish to 

participate in transparent peer review’ if you don’t. Failure to state your preference will result in delays 

in accepting your manuscript for publication. 

 

Please note: we allow redactions to authors’ rebuttal and reviewer comments in the interest of 

confidentiality. If you are concerned about the release of confidential data, please let us know 

specifically what information you would like to have removed. Please note that we cannot incorporate 

redactions for any other reasons. Reviewer names will be published in the peer review files if the 

reviewer signed the comments to authors, or if reviewers explicitly agree to release their name. For 

more information, please refer to our <a href="https://www.nature.com/documents/nr-transparent-

peer-review.pdf" target="new">FAQ page</a>. 
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ORCID 

IMPORTANT: Non-corresponding authors do not have to link their ORCIDs but are encouraged to do so. 

Please note that it will not be possible to add/modify ORCIDs at proof. Thus, please let your co-authors 

know that if they wish to have their ORCID added to the paper they must follow the procedure 

described in the following link prior to acceptance: 

https://www.springernature.com/gp/researchers/orcid/orcid-for-nature-research 

 

Thank you again for your interest in Nature Methods. Please do not hesitate to contact me if you have 

any questions. We will be in touch again soon. 

 

Sincerely, 

Rita 

 

Rita Strack, Ph.D. 

Senior Editor 

Nature Methods 

 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

The authors have responded well to the previous review and strengthened their manuscript. The 

addition of the organoid model gives more evidence of the novelty of their work. I only have some 

minor edits for clarity. 

 

1. The authors stated, “First, imaging is performed using well-corrected immersion optics with a 3D PSF 

that is as much as 250⨉ smaller by volume based on the measured resolution in either case 38.” This 

comparison is not under the same experimental conditions. For reference 38, they imaged much 

scattering mice with small NA objectives due to confined working distance and longer wavelengths for in 

vivo imaging. To demonstrate the resolution superiority of the proposed technique, the authors could 

consider evaluating the resolution achieved under similar conditions (such as similar NA of objectives, 

wavelengths and samples). 

2. The authors claimed that “Furthermore, the labeling scheme achieves cell-permeability and so one is 

not limited to intravenous injection as a delivery mechanism.” 

Is this labeling method applicable to mice? In Reference 38, the authors labeled cells in mice by 

intravenous injection. Different admission methods can be used for different purposes. Have the 

authors demonstrated this in vivo? In the revised manuscript, the authors did not show mouse results. If 
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the authors want to claim this, more results related to in vivo mouse labeling by taking advantage of 

cell-permeability will be required. 

3. In the revised manuscript, the authors claimed the advantages of IR2 over NIR-II imaging. In these 

claims, the authors have confined the application of IR2 to visible and NIR-I windows, such as “IR2 uses 

only widespread commercially available dyes and inexpensive silicon-based cameras, rather than custom 

synthesized dyes and costly InGaAs models.” Therefore, it is necessary to modify the term "infrared" in 

the title to ensure consistency with the content of the text. 

4. About the water absorption, if the authors would like to claim the exact absorption difference 

between different windows, a measured spectrum by themselves is recommended as the absorption of 

water is quite different in the literature. The following results are quite different from the references 

listed in the revised manuscript: 

(1) Laura A. Sordillo, Sebastião Pratavieira, Yang Pu, Kaliris Salas-Ramirez, Lingyan Shi, Lin Zhang, Yury 

Budansky, and R. R. Alfano "Third therapeutic spectral window for deep tissue imaging", Proc. SPIE 8940, 

Optical Biopsy XII, 89400V (17 March 2014); https://doi.org/10.1117/12.2040604 

(2) The following result is measured by Jasco equipment. 

(https://jascoinc.com/applications/water-analysis-uv-visible-spectrophotometer/) 

 

5. The authors used laser powers of 5-20 mW (GFP) and 10-50 mW (CF800). How can the authors prove 

that these power ranges are not harmful to small animals? Any references or demonstrations? 

6. In the newly added Supplementary Fig. 10, why do the GFP data show stronger background in the 

area without a sample than AF647 data as shown below (The intensity range was adjusted to show the 

background)? This difference can also be observed in the curves of “Fluorescence intensity” in 

Supplementary Fig. 10. 

7. IR data should be added in Fig. 5 to compare the difference between GFP, IR, and IR2. 

8. For Fig. 3, have the authors tried to image fishes older than 4 dpf? Maybe older fish imaging will show 

apparent differences between GFP and IR results. 

9. Providing instructions on how to use the code will enhance its usability and accessibility for users. 

 

Author Rebuttal, first revision: 

 

 Response to Reviewer’s Comments:  

 

1. The authors stated, “First, imaging is performed using well-corrected immersion 

optics with a 3D PSF that is as much as 250⨉ smaller by volume based on the 

measured resolution in either case 38.” This comparison is not under the same 

experimental conditions. For reference 38, they imaged much scattering mice with small 
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NA objectives due to confined working distance and longer wavelengths for in vivo 

imaging. To demonstrate the resolution superiority of the proposed technique, the 

authors could consider evaluating the resolution achieved under similar conditions (such 

as similar NA of objectives, wavelengths and samples). 

The reviewer is correct in their observation that the difference in spatial resolution is 

largely a result of differences in NA and imaging wavelength. However, despite the 

spatial resolution following well-characterized scaling laws, it becomes more difficult to 

extract the theoretical performance out of an imaging system at higher NA, where the 

tolerances to aberrations become smaller. While it is impractical for us to evaluate the 

microscope under similar conditions, or for the same samples as the previous study 

used as a point of comparison, we feel the comparison is still worthwhile. We have 

extended the discussion around this point to highlight the reason for the resolution 

discrepancy: 

“Unlike others who have used convolutional neural networks to restore image quality on 

the basis of reduced scattering at longer wavelengths59, IR2 offers the following 

advantages. First, imaging is performed using well-corrected immersion optics with a 3D 

PSF that is as much as 250⨉ smaller by volume based on the measured resolution in 

either case38. While much of this resolution scaling can be understood by comparison of 

the numerical apertures and imaging wavelengths employed, we note that achieving 

resolution congruent with the higher NA of our study, requires careful consideration of 

aberrations.” 

Nevertheless, we do note the discrepancy in how the resolution is determined in either 

case. We have taken the standard of fluorescent microscopies to use sub-diffraction 

limit sized fluorescent microspheres to measure the PSF, whereas the previous study 

used a practical definition of resolution in tissue, that being, the smallest vessel that can 

be resolved. Clearly, this is a different measure of resolution but is no less useful. We 

https://paperpile.com/c/shuQEx/fJNT
https://paperpile.com/c/shuQEx/oMrWW
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now highlight this fact in the manuscript and additionally have added a Supplementary 

Note characterizing the spatial resolution in tissue for the IR-mSPIM microscope. We 

believe this is helpful in characterizing the achievable spatial resolution for the system 

under weakly (zebrafish) and strongly (drosophila) scattering conditions. 

“Nevertheless, a direct comparison is difficult since previously reported NIR-II light sheet 

systems define the resolution as measured in tissue, which introduces a sample 

dependency. The resolution in tissue for IR2 is explored in Supplementary Note 4.” 

 

2. The authors claimed that “Furthermore, the labeling scheme achieves cell-

permeability and so one is not limited to intravenous injection as a delivery 

mechanism.”  

Is this labeling method applicable to mice? In Reference 38, the authors labeled cells in 

mice by intravenous injection. Different admission methods can be used for different 

purposes. Have the authors demonstrated this in vivo? In the revised manuscript, the 

authors did not show mouse results. If the authors want to claim this, more results 

related to in vivo mouse labeling by taking advantage of cell-permeability will be 

required. 

We thank the reviewer for the comment but believe that there is a misunderstanding in 

this case. We do not claim that the labelling method is applicable to adult mice as the 

size of the sample would preclude whole body staining. Given the similar size of 

embryos, however, we could imagine that the labelling method would work in mouse 

embryos. Furthermore, we have did not intend to claim that our method works with in 

vivo staining. However, we understand that the original text is misleading when reading 

only this section: 

“Furthermore, the labeling scheme achieves cell-permeability” 
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The cell-impermeability of dyes in live-cells is a large part of the motivation for the deep 

learning-based image restoration since if the dyes were cell permeable in vivo, one 

could in principle use them for in vivo staining using e.g., SNAP/HALO tagging systems. 

The intention was to highlight that to our knowledge, the various NIR-II dyes have not 

been used to stain sub-cellular components with molecular precision in whole animals, 

only in cell culture (e.g., Zhu et al. PNAS, 2017). Whereas in whole animals, mechanical 

delivery mechanisms such as intravenous delivery have been required. To clarify further 

we have expanded the statement as such: 

“Furthermore, the labeling scheme achieves cell-permeability and complete staining in a 

few hours in fixed tissues and so samples may be stained via simple immersion rather 

than requiring intravenous injection as a delivery mechanism.” 

 

3. In the revised manuscript, the authors claimed the advantages of IR2 over NIR-II 

imaging. In these claims, the authors have confined the application of IR2 to visible and 

NIR-I windows, such as “IR2 uses only widespread commercially available dyes and 

inexpensive silicon-based cameras, rather than custom synthesized dyes and costly 

InGaAs models.” Therefore, it is necessary to modify the term "infrared" in the title to 

ensure consistency with the content of the text. 

The reviewer’s reasoning is fair and in keeping with previous studies performing light 

sheet imaging in the NIR-II (e.g., Wang et al., Nature Methods, 2020), we have changed 

the title to reflect that imaging is confined to the near infrared. 

 

4. About the water absorption, if the authors would like to claim the exact absorption 

difference between different windows, a measured spectrum by themselves is 

recommended as the absorption of water is quite different in the literature. The following 



 
 

 

52 
 

 

 

results are quite different from the references listed in the revised manuscript: 

(1) Laura A. Sordillo, Sebastião Pratavieira, Yang Pu, Kaliris Salas-Ramirez, Lingyan 

Shi, Lin Zhang, Yury Budansky, and R. R. Alfano "Third therapeutic spectral window for 

deep tissue imaging", Proc. SPIE 8940, Optical Biopsy XII, 89400V (17 March 

2014); https://doi.org/10.1117/12.2040604 

(2) The following result is measured by Jasco equipment.  

(https://jascoinc.com/applications/water-analysis-uv-visible-spectrophotometer/) 

We thank the reviewer for the comment. We had expanded the discussion around 

specific water absorption windows as the reviewer had questioned the approximate 

value provided for water absorption scaling across the NIR-I to the longwave end of the 

NIR-II. The reference included by the reviewer shows a smaller increase in absorption 

from water. However, the axis of the respective graph is not labelled, so one cannot 

infer absolute, but rather only relative, absorption values. Furthermore, the link provided 

to the Jasco spectrophotometer only shows wavelengths to 850 nm. However, all three 

studies that were originally cited agree within a small margin of error (typically < 10% 

over a range of > 4 orders of magnitude).; the literature is full of further studies covering 

sections of the spectral range (e.g. D. M. Wieliczka and S. Weng and M. R. Querry, 

"Wedge shaped cell for highly absorbent liquids: infrared optical constants of water," 

Appl. Opt., 28, 1714-1719, (1989), R. C. Smith and K. S. Baker, "Optical properties of 

the clearest natural waters (200 - 800nm)," Appl. Opt., 20, 177--184, (1981), V. M. 

Zolotarev, B. A. Mikhilov, L. L. Alperovich, S. I. Popov, "Dispersion and absorption of 

liquid water in the infrared and radio regions of the spectrum," Optics and Spectroscopy, 

27, 430-432 (1969) and which all agree to a considerable degree over their overlapping 

spectral ranges with the more complete data included in the paper. Since there are so 

many studies in agreement in this regard we do not intend to make measurements of 

water absorption. We do, however, believe that the discussion goes far beyond that 

https://doi.org/10.1117/12.2040604
https://jascoinc.com/applications/water-analysis-uv-visible-spectrophotometer/
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which is warranted for this paper but that the increased absorption is worth noting in the 

context of NIR imaging as such we have shortened the discussion as given below: 

“Although a light sheet microscope compatible with dyes emitting up to 1700 nm has 

been reported38, absorption from water increases substantially from the visible to NIR-I 

and from NIR-I to NIR-II. While absorption is already appreciable in the NIR-I, this range 

is commonly considered an optimal window where scattering and autofluorescence are 

strongly suppressed relative to the blue-green while the increased absorption does not 

cause major heating of tissue or attenuation of the excitation/emission light.” 

We feel that the amended text places enough emphasis on the absorption from visible 

to NIR-I/NIR-II to be helpful to readers without making quantitative claims, which in any 

case only reflect on absorption by water without considering other tissue components. 

 

5. The authors used laser powers of 5-20 mW (GFP) and 10-50 mW (CF800). How can 

the authors prove that these power ranges are not harmful to small animals? Any 

references or demonstrations?  

We appreciate the opportunity to demonstrate that our technique is minimally harmful to 

small animals as this is one of the hallmarks of light sheet-based imaging. Since CF800 

is used only for fixed tissue imaging to provide the training data, we believe this aspect 

of the question is not relevant. However, the potentially deleterious nature of the GFP 

imaging (488 nm excitation, 5 – 20 mW) in live animals is certainly relevant. For the 

laser power data, we have provided the power at the laser source assuming that the 

manufacturer stated maximum power corresponds to the maximum output power of the 

laser engine/laser head, thus representing the worst possible scenario for rates of 

photodamage. However, to make comparison with other literature sources, it is 

necessary to report laser power used at the sample itself. We have measured the 

associated light throughput efficiency, which is on the order of 10% (given a number of 

https://paperpile.com/c/shuQEx/oMrWW
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slits/lenses and mirrors, each of which attenuate the beam). We have adjusted the 

discussion in the manuscript accordingly: 

“For the zebrafish samples, stacks were generated acquiring a Z plane every 5 µm using 

laser powers of < 2.2 mW (GFP) and <3.4 mW (CF800) and exposure times of 100 ms 

for both. Note, laser powers are given as measured in sample media downstream of the 

illumination objective. For the Drosophila samples, volume stacks were generated 

acquiring a Z plane every 2.5 µm using laser powers of < 1.1 mW (GFP) and < 3.4 mW 

(CF800) and exposure times of 100 ms for both.” 

 

To explore whether the laser powers used can indeed be considered as safe for small 

animal imaging, we have added Supplementary Note 5: 

“Live zebrafish and Drosophila samples were imaged using laser powers in the previously 

stated range for fixed tissue GFP imaging. However, the exposure time was set to 20 ms, 

which is more typical for light sheet based live imaging. The laser powers used are 

comparable to those of previous studies of unimpeded biological development and 

function using light sheet microscopy (Supplementary Note 5).” 

 

“Supplementary Note 5. Comparison of total effective laser exposure used for live imaging 

with light sheet fluorescence microscopy. 

To explore whether the live imaging reported herein is performed within safe ranges of 

laser exposure for delicate developing embryos/larvae we must first consider the laser 

power at the sample. We used < 2.2 mW, <1.1 mW laser power at 488 nm for live 

imaging of zebrafish and drosophila larva/embryos respectively. For approximately 

equivalent light-sheet imaging schemes the photon burden experienced by the live 

sample can be described by the laser power summed for the total number of exposures 
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over the duration of the experiment.  For the zebrafish (ca. 72 hrs, dt = 300 s, one color 

channel) and drosophila (ca. 24 hrs, dt = 300 s, one color channel) data presented, we 

calculate 1,848 and 275 mW equivalent exposures respectively. For comparison 

Schmid et al. used 17,280 mW equivalent exposures for early imaging of zebrafish 

embryogenesis (6 mW, ca. 12 hrs, dt = 30 s, one color channel) (ref Schmid et al. 

Nature Comms, 2013). Shah et al. used 13,824 mW for conceptually similar imaging (8 

mW, ca. 12 hrs, dt = 150 s, three color channels) (ref: Shah et al. Nature 

Communications, 2019).  Weber et al. used 2 mW at the illumination objective back 

aperture (ca. 1.6 mW at the object assuming 80% transmission through the objective 

lens), which was lower than the 5 mW (4 mW at the object) threshold for a measurable 

increase in heart rate in the zebrafish embryo/larva. (ref: Weber et al. eLife, 2017). 

Chhetri et al. performed developmental imaging of drosophila using 2,160 mW 

equivalent exposures (0.1 mW, ca. 3 hrs, dt = 4 s, two color channels).. In this case 

since the light sheet was produced temporally by line scanning, the instantaneous or 

peak intensity is far higher than the other examples, or indeed the studies presented 

herein, making direct comparison difficult. (Chhetri et al., Nature Methods, 2015). 

Despite the challenges in directly comparing the different studies, we note that the <2.1 

mW laser power used at 488 nm for zebrafish is below the threshold shown by Weber et 

al. for perturbation of the heart beat period. The mW equivalent exposures being 

substantially lower than the other examples considered demonstrates that the photon 

burden associated with live imaging presented is well within a normal range for live 

imaging of developing embryos.” 

 

We further note that we now have > 20 years of experience in developing and using 

light sheet microscopes with developing embryos; the success of these studies and the 

fact that light sheet microscopy represents the gold standard in long-term gentle time-
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lapse fluorescence imaging provides sufficient justification that the laser powers 

presented are safe for small animal imaging.  

 

6. In the newly added Supplementary Fig. 10, why do the GFP data show stronger 

background in the area without a sample than AF647 data as shown below (The 

intensity range was adjusted to show the background)? This difference can also be 

observed in the curves of “Fluorescence intensity” in Supplementary Fig. 10.  

The images in Supplementary Figure 10 are shown with the automated brightness and contrast 

adjustment of the image visualization package used. On the other hand, to provide a fairer 

comparison, the fluorescence intensity profiles are normalized to the 3rd and 99.7th percentiles 

of each line separately. The background visible in the deeper GFP images is likely due to the 

out-of-focus GFP fluorescence coming from the sample, which is situated between the focal 

plane and the imaging objective. To provide a better visualization of the different planes, we 

have now normalized the images using their 3rd and 99.7th percentiles. 

 

7. IR data should be added in Fig. 5 to compare the difference between GFP, IR, and 

IR2.  

As the reviewer correctly noticed, Fig. 5 does not show IR images of the pescoids data. This is 

because Fig. 5 contains images of live pescoids, which have not been stained with IR dyes. 

Instead, we included in Supplementary Fig. 10 the GFP and IR images of fix-and-stained 

pescoids. Following the reviewer comment, we will add restored IR2 images for the fixed-and-

stained pescoids shown in Supplementary Fig. 10. 

 

8. For Fig. 3, have the authors tried to image fishes older than 4 dpf? Maybe older fish 

imaging will show apparent differences between GFP and IR results.  
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We thank the reviewer for the comment regarding imaging in older fish. The conjecture that older 

fish may show more benefit due to their larger size may prove to be correct. Unfortunately, our 

animal protocol does not allow for experiments in older fish, which also require food to continue 

to grow. Moreover, older fish are also not as interesting from a developmental biology perspective 

since the basic body plan including all major organs has formed after 4 days. 

 

9. Providing instructions on how to use the code will enhance its usability and 

accessibility for users. 

 

A github repository with the code used for training and restoration of raw data, as well as the 

code used to generate all figures in the manuscript, exists: 

https://github.com/grinic/2023_InfraRed_Image_Restoration. 

We thank the reviewer's comment, and we have now implemented a README file to assist users 

interested in applying our approach to their own datasets. 

 

Final Decision Letter: 

Dear Jan, 

 

I am pleased to inform you that your Article, "Image restoration of degraded time-lapse microscopy data 

mediated by near-infrared imaging.", has now been accepted for publication in Nature Methods. Your 

paper is tentatively scheduled for publication in our February print issue, and will be published online 

prior to that. The received and accepted dates will be Nov 10, 2022 and Nov 10, 2023. This note is 

intended to let you know what to expect from us over the next month or so, and to let you know where 

to address any further questions. 

 

Acceptance is conditional on the data in the manuscript not being published elsewhere, or announced in 

the print or electronic media, until the embargo/publication date. These restrictions are not intended to 

deter you from presenting your data at academic meetings and conferences, but any enquiries from the 

media about papers not yet scheduled for publication should be referred to us. 

 

Over the next few weeks, your paper will be copyedited to ensure that it conforms to Nature Methods 

style. Once your paper is typeset, you will receive an email with a link to choose the appropriate 

publishing options for your paper and our Author Services team will be in touch regarding any additional 

information that may be required. 

 

https://github.com/grinic/2023_InfraRed_Image_Restoration
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You will receive a link to your electronic proof via email with a request to make any corrections within 

48 hours. If, when you receive your proof, you cannot meet this deadline, please inform us at 

rjsproduction@springernature.com immediately. 

 

Please note that <i>Nature Methods</i> is a Transformative Journal (TJ). Authors may publish their 

research with us through the traditional subscription access route or make their paper immediately 

open access through payment of an article-processing charge (APC). Authors will not be required to 

make a final decision about access to their article until it has been accepted. <a 

href="https://www.springernature.com/gp/open-research/transformative-journals"> Find out more 

about Transformative Journals</a> 

 

Authors may need to take specific actions to achieve <a 

href="https://www.springernature.com/gp/open-research/funding/policy-compliance-faqs"> 

compliance</a> with funder and institutional open access mandates. If your research is supported by a 

funder that requires immediate open access (e.g. according to <a 

href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S principles</a>) 

then you should select the gold OA route, and we will direct you to the compliant route where possible. 

For authors selecting the subscription publication route, the journal’s standard licensing terms will need 

to be accepted, including <a href="https://www.springernature.com/gp/open-research/policies/journal-

policies">self-archiving policies</a>. Those licensing terms will supersede any other terms that the 

author or any third party may assert apply to any version of the manuscript. 

 

If you have any questions about our publishing options, costs, Open Access requirements, or our legal 

forms, please contact ASJournals@springernature.com 

 

Your paper will now be copyedited to ensure that it conforms to Nature Methods style. Once proofs are 

generated, they will be sent to you electronically and you will be asked to send a corrected version 

within 24 hours. It is extremely important that you let us know now whether you will be difficult to 

contact over the next month. If this is the case, we ask that you send us the contact information (email, 

phone and fax) of someone who will be able to check the proofs and deal with any last-minute 

problems. 

 

If, when you receive your proof, you cannot meet the deadline, please inform us at 

rjsproduction@springernature.com immediately. 

 

Once your manuscript is typeset and you have completed the appropriate grant of rights, you will 

receive a link to your electronic proof via email with a request to make any corrections within 48 hours. 

If, when you receive your proof, you cannot meet this deadline, please inform us at 

rjsproduction@springernature.com immediately. 
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Once your paper has been scheduled for online publication, the Nature press office will be in touch to 

confirm the details. 

 

If you have posted a preprint on any preprint server, please ensure that the preprint details are updated 

with a publication reference, including the DOI and a URL to the published version of the article on the 

journal website. 

 

Once your paper has been scheduled for online publication, the Nature press office will be in touch to 

confirm the details. 

 

Content is published online weekly on Mondays and Thursdays, and the embargo is set at 16:00 London 

time (GMT)/11:00 am US Eastern time (EST) on the day of publication. If you need to know the exact 

publication date or when the news embargo will be lifted, please contact our press office after you have 

submitted your proof corrections. Now is the time to inform your Public Relations or Press Office about 

your paper, as they might be interested in promoting its publication. This will allow them time to 

prepare an accurate and satisfactory press release. Include your manuscript tracking number NMETH-

A50903B and the name of the journal, which they will need when they contact our office. 

 

About one week before your paper is published online, we shall be distributing a press release to news 

organizations worldwide, which may include details of your work. We are happy for your institution or 

funding agency to prepare its own press release, but it must mention the embargo date and Nature 

Methods. Our Press Office will contact you closer to the time of publication, but if you or your Press 

Office have any inquiries in the meantime, please contact press@nature.com. 

 

To assist our authors in disseminating their research to the broader community, our SharedIt initiative 

provides you with a unique shareable link that will allow anyone (with or without a subscription) to read 

the published article. Recipients of the link with a subscription will also be able to download and print 

the PDF. 

 

As soon as your article is published, you will receive an automated email with your shareable link. 

 

You can now use a single sign-on for all your accounts, view the status of all your manuscript 

submissions and reviews, access usage statistics for your published articles and download a record of 

your refereeing activity for the Nature journals. 

 

Nature Portfolio journals <a href="https://www.nature.com/nature-research/editorial-

policies/reporting-standards#protocols" target="new">encourage authors to share their step-by-step 

experimental protocols</a> on a protocol sharing platform of their choice. Nature Portfolio 's Protocol 
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Exchange is a free-to-use and open resource for protocols; protocols deposited in Protocol Exchange are 

citable and can be linked from the published article. More details can found at <a 

href="https://www.nature.com/protocolexchange/about" 

target="new">www.nature.com/protocolexchange/about</a>. 

 

Please note that you and any of your coauthors will be able to order reprints and single copies of the 

issue containing your article through Nature Portfolio's reprint website, which is located at 

http://www.nature.com/reprints/author-reprints.html. If there are any questions about reprints please 

send an email to author-reprints@nature.com and someone will assist you. 

 

Please feel free to contact me if you have questions about any of these points. 

 

Best regards, 

Rita 

 

 

Rita Strack, Ph.D. 

Senior Editor 

Nature Methods 


