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Peer Review File

Pexophagy suppresses ROS-induced damage in leaf cells under

high-intensity light



Reviewer #1 (Remarks to the Author): 

In this manuscript, the authors take advantage of autophagy-defective (atg) mutants 

and various fluorescent reporters labeling peroxisomes, ATG18a, and PIP to examine 

pexophagy in Arabidopsis, especially in response to high-intensity light. The authors 

previously reported peroxisome aggregation in atg mutants, and here show that the 

pattern of aggregation differs in atg2 and atg7 mutants (Fig. 1). They show that 

ATG18a-GFP (Fig. 2) and GFP-FYVE (Fig. 3) associate with the peroxisome surface, 

especially in atg2 and atg7 mutants, often as a dot and sometimes as a cup or ring. They 

also show that peroxisome aggregates accumulate further following treatment with 

high-intensity light, especially in atg mutants (Fig. 4), and that these aggregates 

sometimes associate with the vacuolar membrane (Fig. 5). Finally, they show that a dye 

that reports ROS fluoresces more intensely in peroxisome aggregates in atg mutants 

(Fig. 6), suggesting that these peroxisome aggregates have elevated ROS levels. 

Although there are some interesting new data presented, the presentation and 

interpretation of these data could be improved. 

Major concerns: 

1. The authors do not consistently distinguish between what they have shown and what 

they hypothesize to explain their observations. For example the title states that 

“Pexophagy protects plants from ROS-induced damage under high-intensity light.” The 

authors have shown that autophagy protects plants from damage caused by high-

intensity light (Fig. 4a) and that peroxisomes accumulate ROS under high-intensity light 

when autophagy is prevented (Fig. 6a), but without a way to block pexophagy without 

also preventing all autophagy, it is not possible to conclude that the high-intensity light 

damage is caused primarily by peroxisomes that were not degraded (versus other 

autophagy substrates). Similar instances of are found throughout the text. For just one 

more example, the authors state that “ROS accumulation…is enhanced by the 

accumulation of inactive catalases in peroxisomes” (line 88-89), whereas the authors 

show that ROS accumulation is accompanied by accumulation of inactive catalases in 

peroxisomes. Whether accumulating ROS damages the catalase or if the ROS 

accumulates because catalase is damaged is not addressed. 

2. The use of PEUP nomenclature burdens with reader with unnecessary additional 

acronyms and makes the work less accessible to readers who are not experts in plant 

pexophagy. The authors often identify the mutants by both aliases in the text (e.g. 

peup4/atg7), but default to only the peup name in the figures and abstract. It would be 

much preferred to use the peup nomenclature only when mentioning the historical 

identification of the mutants in the text, and then use atg2, atg7, and atg18a in all 

subsequent mentions in the text, figures, supplementary figures, tables, and videos. For 

example, in Supplementary Figure 15, the authors use both “peup4” and “atg7” to label 

different atg7 alleles. This retention of the peup nomenclature is unnecessarily 

confusing. Using the standard atg nomenclature throughout the manuscript is critical for 

the work to be accessible to more than a handful of readers. 

3. Lines 97-98: The authors indicate that atg2, atg5, atg7, atg18a, but not atg9, show 

peroxisome aggregation. These data (number of peroxisomes and frequency of 

aggregation) should be shown for all five mutants, because the authors show in Figure 1 

that atg7 shows smaller and less abundant aggregates than atg2. One might expect that 

atg5 would resemble atg7 (as both fail to lipidate ATG8) whereas atg18a might 

resemble atg2 (gathering peroxisomes in incomplete phagophores). This demonstration 

of several atg mutants showing the same defect is essential because the authors only 

show results from one allele of each atg7 and atg2, and thus have not demonstrated 

that the observed aggregation differences are due to the mutation of interest and not 

another unrecognized mutation in the background. 

4. The data are not always internally consistent. In Sup. Fig. 14, the authors show that 

the atg2, atg5, atg7, and atg9 mutants do not show significant peroxisome aggregation 



in normal light, whereas atg2, atg5, and atg7 show significant peroxisome aggregation 

in high light. Although the light intensity for the experiments in Figure 1 are not 

specified, it does not appear that the aggregates in atg7 are smaller or less abundant 

than in atg2 in Sup. Fig. 14. These data need to be reconciled with the data shown in 

Figure 1. 

5. Lines 124-126: The statement “These results suggest that the peup4/atg7 mutant 

accumulates high levels of ROS because of impairment in catalase activity, resulting in 

plant growth inhibition” is not supported by the preceding data. Catalase activity has not 

been measured. Moreover, the immuno-EM appears to show comparable staining of 

catalase in the non-dark gray areas of the peroxisomes in wt and atg7 (Sup. Fig. 2). 

Although a higher level of catalase in the pellet in atg7, there is also more total catalase 

and no diminution of catalase in the supernatant (Sup Fig. 3). And in Sup. Figure 14c, 

there is no difference in the fraction of catalase in the pellet in atg7 (or atg2 or atg5) in 

normal versus high light. 

6. The method to quantify the catalase fractionation is confusing. For example, in Figure 

4f there is nearly 100% of the total catalase recovered in both the supernatant and the 

pellet in the peup4/atg7 mutant grown in high light (although no indication of statistical 

significance is provided). The methods seem to indicate that 10 µg of protein were 

loaded per lane, suggesting that 10 µg of total, 10 µg of supernatant, and 10 µg of pellet 

protein were loaded. This would be an odd way to set up an experiment that was 

designed to assess the fraction of catalase that was insoluble, in which case one would 

load an equivalent fraction of each sample. 

7. Supplemental Figure 3 is missing the loading control that was used to quantify the 

relative levels of peroxisomal proteins. The methods seem to indicate that mitochondrial 

proteins were also assayed in these experiments. 

8. Supplemental Figure 5 shows a small fraction of ATG18a-GFP in the pellet in the atg2 

mutant. This experiment is missing the wild type control and the atg7 mutant as well as 

a loading control. The anti-GFP blot appears to be very dirty and would benefit from an 

untransformed control that would validate that the correct band is being highlighted. 

9. The experiments identifying ATG18a-GFP interacting proteins are problematic on 

several levels. The authors suggest that ATG18a-GFP is more peroxisome-associated in 

atg7 than in Wt or atg2 (Fig. 5), and then do a pull-down-MS experiment to find 

ATG18a-GFP-interacting proteins in the atg2 mutant. The proteins recovered include 

various abundant enzymes from inside the peroxisome, chloroplast, and nucleus. The MS 

is carried out after SDS-PAGE and in-gel digestions, but it is not clear how the ATG18a-

GFP and GFP control experiments were compared or which regions of the SDS-PAGE gels 

were analyzed. The “interacting” proteins include peroxisomal proteins, but none of 

these “interactions” are validated or examined in Wt or atg7. It is not clear if any of the 

identified proteins are direct ATG18a interactions, or how their abundance in the pull-

downs compares to the abundance in the cell. This experiment is not critical to the 

results (it is barely mentioned in the discussion) and could be removed. 

10. The PI(3)P binding reported in Supplementary Figure 11a is not convincing and 

could be removed. 

11. The immunoEM panels in Supplementary Fig. 11b are lacking context that could be 

provided by a less magnified view along with the close up. It seems an 

overinterpretation to state that phagophore labeling is observed (line 189) based on 

these images. 

12. The slightly darker NBT staining of atg2 and atg7 leaves (Sup Fig. 17a, b) following 

high-intensity light treatment is illustrated by photographs of smaller leaves in the 

mutants, which could reflect different developmental stages or cell sizes. This 

experiment should be repeated using leaves of the same size and include control leaves 



from plants grown under normal light intensity for comparison. 

13. The authors demonstrate ROS accumulation in mutant peroxisomes following high-

intensity light treatment by visualizing H2-DCF fluorescence (Fig. 6, Sup. Fig. 17). These 

experiments are missing critical controls (staining of leaves from plants grown under 

normal light intensity) that are needed to conclude that this staining (and thus 

peroxisomal ROS) is elevated following light stress (rather than being elevated in all 

conditions). 

14. The authors conclude that H2-DCF fluorescence intensity was higher in peroxisomes 

than in chloroplasts (lines 245-247) based on data in Sup. Fig. 17e. It is not clear from 

the figure legend or methods how this calculation was carried out and whether it takes 

into account the much larger cell volume occupied by chloroplasts compared to 

peroxisomes. 

The figures can be clarified: 

15. According to the instructions to authors, all of the western blots should be supported 

by uncropped images in a source data file. This file was not provided to the reviewer, 

and is especially important for figures such as Supplementary Figures 3 and 15d, in 

which every band is separately cropped. 

16. The bar graphs would more transparently reflect the underlying data if the individual 

points for the biological replicates were overlaid on the plots rather than simply showing 

the mean and standard deviation. 

17. All of the graphs in the figures and supplemental figures are missing vertical y-axis 

labels and instead have this information above the graph. This rearrangement is 

confusing to readers who expect the y-axis to be labeled. For example, the y-axis label 

for Fig. 1b should be “Peroxisomes/cell”, 1c should be “Peroxisome aggregate 

frequency (%),” and 1c should be “Peroxisome aggregate size (µm2).” 

18. The bar graphs with different colored bars (e.g., Fig. 2f, 4f, S1, S3, S6, S14, S15, 

have text inside one set of bars to define the colors rather than the standard legend with 

a colored square and the definition. 

19. The tri-color fluorescent images (Fig. 6a, Sup. Fig. 17c, Sup. Fig. 18a) need to show 

the individual channels in addition to the merge. It is not possible to interpret the 

overlap without the individual channels. 

20. Supplementary Fig. 5, 9 – the asterisks are not useful as they seem to be 

highlighting the space above the band of interest. Please indicate the protein of interest 

with a label and a line to the band (e.g., “CAT-“). 

21. Supplementary Fig. 7 – please indicate units on the time stamps. 

22. Supplementary Fig. 13, 14, and 15 - please indicate the allele numbers for the atg 

mutants assayed in the figure. 

23. Supplementary Fig. 16 – the legend refers to white and gray boxes; the figure 

includes dark gray and light gray boxes. 

24. Supplementary Table 2 – “immunoparticipation” should be “immunoprecipitation.” 

25. Supplementary Table 4 and 6 – Please align the column headings with the column 

text. Consider changing “e (SD)” to “b/a (SD)”, etc. 

26. Supplementary videos 11 and 12 – the scale bars are missing. 



Many figure legends are missing key information necessary to understand the 

experiment: 

27. All or most figure legends (including supplemental figures) are missing critical 

information such as the age of the plants analyzed, and whether they were grown in soil 

or on agar-based medium. Some figure legends are missing a description of the tissue or 

cell type imaged. 

28. The early figures are missing an indication of the light intensity under which the 

plants were grown, which the authors later show is a critical parameter modulating 

peroxisome clustering in atg mutants. 

29. Figure 1 legend – were peroxisomes counted per cell or were peroxisomes counted 

in an optical slice (how thick) of the cells? If a slice, was this near the top, bottom, or 

middle region of the cells (which the authors later show to be relevant)? This distinction 

also needs to be clarified in the methods. 

30. Figure 2h legend – how long was the time-lapse image that was averaged? 

31. Figure 4b-f legend – how long were the plants under high-intensity light before 

imaging (or running westerns)? 

32. Figure 5 and 6 legend – how long were the plants under high-intensity light before 

imaging? 

33. Supplementary video 8 legend – “white circle” should be “red circle” 

34. The methods are incomplete: 

35. Reference 11 describes the isolation of two peup1/atg2 alleles; please indicate 

which allele was used. 

36. How were the plants grown? The plants in Supplemental Figure 1 appear to be in 

some sort of plug inserted in the soil; this is not described in the methods or legend. 

37. The methods for the lipid binding assay shown in Supplementary Figure 11a indicate 

the source of ATG18a-GFP (crude extract) but do not indicate the source of GFP used as 

a control. 

The language would benefit from clarifications. For example: 

38. Line 99-100 – “However, we here noticed that, in detail, the peroxisome-aggregation 

patterns were different between…” would be more clear as “However, the peroxisome-

aggregation patterns were different between…” 

39. Line 129 – “oxidative proteins” should be “oxidized proteins” 

40. Line 130-131 – The authors set up the ATG8a experiments with the phrase “To 

examine whether ATG18a is required for selective pexophagy in plants.” However, the 

authors have previously shown (ref. 11) and others have confirmed (e.g., Young et al., 

Autophagy 15:941) that ATG18A is required for pexophagy. Perhaps a more accurate 

introduction would be “To examine ATG18a localization during pexophagy...” 

41. Line 179 – consider changing “batteries” to “foci” or “accumulations” 

42. Line 189 – The authors summarize Supplemental Figure 11b as “The results show 

that GFP-2×FYVE and ATG18a-GFP were localised on both peroxisomes and phagophores 

adjacent to the peroxisome.” Based on the images shown in Figure 11B, this statement 

would be more accurate as “The results show that GFP-2×FYVE and ATG18a-GFP were 



localised both on the peroxisome periphery and adjacent to peroxisomes where the 

phagophore is expected to reside.” 

43. Line 467 – change “fixated” to “fixed”. 

44. Supplementary Fig. 19 – Please consider a different word than “undegradation.” 

Perhaps “Degradation failure”? 

Note on editorial policy checklist: 

45. The authors indicate that no unique biological materials are used in the study. This is 

incorrect; numerous mutant and transgenic Arabidopsis lines are used. 

Reviewer #2 (Remarks to the Author): 

In this paper, the authors described the contribution of the pexophagy to the selective 

removal of ROS-generating peroxisomes, thereby protecting plants from oxidative 

damage under high-intensity light. By using the cell biology and molecular biology 

approaches, the authors showed that the ROS-induced peroxisomes were targeted by 

the ATGs, eventually transporting the damage peroxisomes to the vacuole for 

degradation. The data and evidences are sufficient for their conclusions, which indeed 

extend our knowledge about the generation and formation processes of the pexophagy. 

However, several key issues remains to be extensively elusive. Therefore, I suggest to 

accept the paper after following revisions. 

Major comments: 

Whether the selective autophagy of the oxidative peroxisomes caused by high-intensity 

light is similar to that resulted from other stresses (other stresses also produce ROS)? 

The authors should provide sorts of evidences to distinguish them, further confirming 

this light-mediated pexophagy is specifically functioning in photorespiration. 

If overexpressing ATGs could alleviate the oxidative peroxisomes caused by high-

intensity light? These evidences should be provided to further support the notion of this 

paper. 

If the ectopic expression of CAT could rescue the pexophagy defect in the atg mutants ? 

It is still unclear who (ROS signal receptors or other unknown components?) recruit the 

ATG18 (and/or other ATGs?) to initiate and form the pexophagosome. 

Minor comments: 

The authors should carefully check the writing all over the context. A few examples are 

shown below: 

Figures are not clear enough, especially the enlarged figure, please provide high-

solution one. 

There are no statistical analyses in the figures, for example fig. 1c. 

There is no annotation of materials in the supl fig 1c, and no error bar for the WT in the 

supl fig 1d. 

199 the----> The 

379 involvement--->involvements 

Reviewer #3 (Remarks to the Author): 



In this manuscript, Oikawa et al. showed pexophagy is important for selective removal 

of ROS-generating peroxisomes and protects plants from oxidative damage during 

photosynthesis. In addition, they also showed a beautiful process of pexophagy by 

fluorescence labelling with GFP-2×FYVE or ATG18a-GFP and demonstrated important 

roles of PtdIns3P and ATG18. These findings are helpful in illustrating physiological 

roles of pexophagy and observation of pexophagosomes in plants, but supplied limited 

information about the mechanism underlying this selective autophagy process. In 

particular, the authors have previously demonstrated the role of pexophagy in 

elimination of oxidatively damaged peroxisomes in leaves and aggregation of 

peroxisomes in a series of mutants related to the classical ATG genes, such as ATG2, 

ATG18 and ATG7. Therefore, observations of peroxisome aggregates and further leaf 

damage in autophagy defective mutants grown under high-intensity light, which greatly 

induces ROS accumulation, can be expected, while, the really interesting questions in 

the process awaited to be answered should be how the ROS signals are recognized by 

pexophagy machineries or how the damaged peroxisomes are selected for degradation. 

Another interesting question raised by the authors, about the different pattern of 

peroxisome aggregation in leaf mesophyll cells between peup1/atg2 and peup4/atg7 

mutants, is also not fully addressed, in my opinion. The authors claimed that this may 

reflect one ATG function in formation of pexophagosome. Does this mean the 

phenotypes is related to the hierarchy of ATG proteins in phagophore organization, since 

ATG2-ATG18 is recruited to phagophores earlier before ATG7 and determines 

subsequent ATG8 lipidation involving ATG7? If so, why does the aggregation phenotype 

in atg7 under high-intensity light become more severe than atg2? 



REVIEWER’s COMMENTS:

Reviewer #1 (Remarks to the Author): 

In this manuscript, the authors take advantage of autophagy-defective (atg) 

mutants and various fluorescent reporters labeling peroxisomes, ATG18a, and 

PIP to examine pexophagy in Arabidopsis, especially in response to high-

intensity light. The authors previously reported peroxisome aggregation in atg 

mutants, and here show that the pattern of aggregation differs in atg2 and atg7 

mutants (Fig. 1). They show that ATG18a-GFP (Fig. 2) and GFP-FYVE (Fig. 3) 

associate with the peroxisome surface, especially in atg2 and atg7 mutants, often 

as a dot and sometimes as a cup or ring. They also show that peroxisome 

aggregates accumulate further following treatment with high-intensity light, 

especially in atg mutants (Fig. 4), and that these aggregates sometimes 

associate with the vacuolar membrane (Fig. 5). Finally, they show that a dye that 

reports ROS fluoresces more intensely in peroxisome aggregates in atg mutants 

(Fig. 6), suggesting that these peroxisome aggregates have elevated ROS 

levels. Although there are some interesting new data presented, the presentation 

and interpretation of these data could be improved. 

Major concerns: 

1. The authors do not consistently distinguish between what they have shown 

and what they hypothesize to explain their observations. For example the title 

states that “Pexophagy protects plants from ROS-induced damage under high-

intensity light.” The authors have shown that autophagy protects plants from 

damage caused by high-intensity light (Fig. 4a) and that peroxisomes accumulate 

ROS under high-intensity light when autophagy is prevented (Fig. 6a), but without 

a way to block pexophagy without also preventing all autophagy, it is not possible 

to conclude that the high-intensity light damage is caused primarily by 

peroxisomes that were not degraded (versus other autophagy substrates). 

Similar instances of are found throughout the text. For just one more example, 

the authors state that “ROS accumulation…is enhanced by the accumulation of 



inactive catalases in peroxisomes” (line 88-89), whereas the authors show that 

ROS accumulation is accompanied by accumulation of 

inactive catalases in peroxisomes. Whether accumulating ROS damages the 

catalase or if the ROS accumulates because catalase is damaged is not 

addressed. 

2. The use of PEUP nomenclature burdens with reader with unnecessary 

additional acronyms and makes the work less accessible to readers who are not 

experts in plant pexophagy. The authors often identify the mutants by both 

aliases in the text (e.g. peup4/atg7), but default to only the peup name in the 

figures and abstract. It would be much preferred to use the peup nomenclature 

only when mentioning the historical identification of the mutants in the text, and 

then use atg2, atg7, and atg18a in all subsequent mentions in the text, figures, 

supplementary figures, tables, and videos. For example, in Supplementary Figure 

15, the authors use both “peup4” and “atg7” to label different atg7 alleles. This 

retention of the peup nomenclature is unnecessarily confusing. Using the 

standard atg nomenclature throughout the manuscript is critical for the work to 

be accessible to more than a handful of readers. 

3. Lines 97-98: The authors indicate that atg2, atg5, atg7, atg18a, but not atg9, 

show peroxisome aggregation. These data (number of peroxisomes and 

frequency of aggregation) should be shown for all five mutants, because the 

authors show in Figure 1 that atg7 shows smaller and less abundant aggregates 

than atg2. One might expect that atg5 would resemble atg7 (as both fail to lipidate 

ATG8) whereas atg18a might resemble atg2 (gathering peroxisomes in 

incomplete phagophores). This demonstration of several atg mutants showing 

the same defect is essential because the authors only show results from one 

allele of each atg7 and atg2, and thus have not demonstrated that the observed 

aggregation differences are due to the mutation of interest and not another 

unrecognized mutation in the background. 

4. The data are not always internally consistent. In Sup. Fig. 14, the authors show 

that the atg2, atg5, atg7, and atg9 mutants do not show significant peroxisome 



aggregation in normal light, whereas atg2, atg5, and atg7 show significant 

peroxisome aggregation in high light. Although the light intensity for the 

experiments in Figure 1 are not specified, it does not appear that the aggregates 

in atg7 are smaller or less abundant than in atg2 in Sup. Fig. 14. These data need 

to be reconciled with the data shown in Figure 1. 

5. Lines 124-126: The statement “These results suggest that the peup4/atg7 

mutant accumulates high levels of ROS because of impairment in catalase 

activity, resulting in plant growth inhibition” is not supported by the preceding data. 

Catalase activity has not been measured. Moreover, the immuno-EM appears to 

show comparable staining of catalase in the non-dark gray areas of the 

peroxisomes in wt and atg7 (Sup. Fig. 2). Although a higher level of catalase in 

the pellet in atg7, there is also more total catalase and no diminution of catalase 

in the supernatant (Sup Fig. 3). And in Sup. Figure 14c, there is no difference in 

the fraction of catalase in the pellet in atg7 (or atg2 or atg5) in normal versus high 

light. 

6. The method to quantify the catalase fractionation is confusing. For example, in 

Figure 4f there is nearly 100% of the total catalase recovered in both the 

supernatant and the pellet in the peup4/atg7 mutant grown in high light (although 

no indication of statistical significance is provided). The methods seem to indicate 

that 10 µg of protein were loaded per lane, suggesting that 10 µg of total, 10 µg 

of supernatant, and 10 µg of pellet protein were loaded. This would be an odd 

way to set up an experiment that was designed to assess the fraction of catalase 

that was insoluble, in which case one would load an equivalent fraction of each 

sample. 

7. Supplemental Figure 3 is missing the loading control that was used to quantify 

the relative levels of peroxisomal proteins. The methods seem to indicate that 

mitochondrial proteins were also assayed in these experiments. 

8. Supplemental Figure 5 shows a small fraction of ATG18a-GFP in the pellet in 

the atg2 mutant. This experiment is missing the wild type control and the atg7 



mutant as well as a loading control. The anti-GFP blot appears to be very dirty 

and would benefit from an untransformed control that would validate that the 

correct band is being highlighted. 

9. The experiments identifying ATG18a-GFP interacting proteins are problematic 

on several levels. The authors suggest that ATG18a-GFP is more peroxisome-

associated in atg7 than in Wt or atg2 (Fig. 5), and then do a pull-down-MS 

experiment to find ATG18a-GFP-interacting proteins in the atg2 mutant. The 

proteins recovered include various abundant enzymes from inside the 

peroxisome, chloroplast, and nucleus. The MS is carried out after SDS-PAGE 

and in-gel digestions, but it is not clear how the ATG18a-GFP and GFP control 

experiments were compared or which regions of the SDS-PAGE gels were 

analyzed. The “interacting” proteins include peroxisomal proteins, but none of 

these “interactions” are validated or examined in Wt or atg7. It is not clear if any 

of the identified proteins are direct ATG18a interactions, or how their abundance 

in the pull-downs compares to the abundance in the cell. This experiment is not 

critical to the results (it is barely mentioned in the discussion) 

and could be removed. 

10. The PI(3)P binding reported in Supplementary Figure 11a is not convincing 

and could be removed. 

11. The immunoEM panels in Supplementary Fig. 11b are lacking context that 

could be provided by a less magnified view along with the close up. It seems an 

overinterpretation to state that phagophore labeling is observed (line 189) based 

on these images. 

12. The slightly darker NBT staining of atg2 and atg7 leaves (Sup Fig. 17a, b) 

following high-intensity light treatment is illustrated by photographs of smaller 

leaves in the mutants, which could reflect different developmental stages or cell 

sizes. This experiment should be repeated using leaves of the same size and 

include control leaves from plants grown under normal light intensity for 

comparison. 



13. The authors demonstrate ROS accumulation in mutant peroxisomes following 

high-intensity light treatment by visualizing H2-DCF fluorescence (Fig. 6, Sup. 

Fig. 17). These experiments are missing critical controls (staining of leaves from 

plants grown under normal light intensity) that are needed to conclude that this 

staining (and thus peroxisomal ROS) is elevated following light stress (rather than 

being elevated in all conditions). 

14. The authors conclude that H2-DCF fluorescence intensity was higher in 

peroxisomes than in chloroplasts (lines 245-247) based on data in Sup. Fig. 17e. 

It is not clear from the figure legend or methods how this calculation was carried 

out and whether it takes into account the much larger cell volume occupied by 

chloroplasts compared to peroxisomes. 

The figures can be clarified: 

15. According to the instructions to authors, all of the western blots should be 

supported by uncropped images in a source data file. This file was not provided 

to the reviewer, and is especially important for figures such as Supplementary 

Figures 3 and 15d, in which every band is separately cropped. 

16. The bar graphs would more transparently reflect the underlying data if the 

individual points for the biological replicates were overlaid on the plots rather than 

simply showing the mean and standard deviation. 

17. All of the graphs in the figures and supplemental figures are missing vertical 

y-axis labels and instead have this information above the graph. This 

rearrangement is confusing to readers who expect the y-axis to be labeled. For 

example, the y-axis label for Fig. 1b should be “Peroxisomes/cell”, 1c should be 

“Peroxisome aggregate frequency (%),” and 1c should be “Peroxisome 

aggregate size (µm2).” 

18. The bar graphs with different colored bars (e.g., Fig. 2f, 4f, S1, S3, S6, S14, 



S15, have text inside one set of bars to define the colors rather than the standard 

legend with a colored square and the definition. 

19. The tri-color fluorescent images (Fig. 6a, Sup. Fig. 17c, Sup. Fig. 18a) need 

to show the individual channels in addition to the merge. It is not possible to 

interpret the overlap without the individual channels. 

20. Supplementary Fig. 5, 9 – the asterisks are not useful as they seem to be 

highlighting the space above the band of interest. Please indicate the protein of 

interest with a label and a line to the band (e.g., “CAT-“). 

21. Supplementary Fig. 7 – please indicate units on the time stamps. 

22. Supplementary Fig. 13, 14, and 15 - please indicate the allele numbers for 

the atg mutants assayed in the figure. 

23. Supplementary Fig. 16 – the legend refers to white and gray boxes; the figure 

includes dark gray and light gray boxes. 

24. Supplementary Table 2 – “immunoparticipation” should be 

“immunoprecipitation.” 

25. Supplementary Table 4 and 6 – Please align the column headings with the 

column text. Consider changing “e (SD)” to “b/a (SD)”, etc. 

26. Supplementary videos 11 and 12 – the scale bars are missing. 

Many figure legends are missing key information necessary to understand the 

experiment: 

27. All or most figure legends (including supplemental figures) are missing critical 

information such as the age of the plants analyzed, and whether they were grown 

in soil or on agar-based medium. Some figure legends are missing a description 



of the tissue or cell type imaged. 

28. The early figures are missing an indication of the light intensity under which 

the plants were grown, which the authors later show is a critical parameter 

modulating peroxisome clustering in atg mutants. 

29. Figure 1 legend – were peroxisomes counted per cell or were peroxisomes 

counted in an optical slice (how thick) of the cells? If a slice, was this near the 

top, bottom, or middle region of the cells (which the authors later show to be 

relevant)? This distinction also needs to be clarified in the methods. 

30. Figure 2h legend – how long was the time-lapse image that was averaged? 

31. Figure 4b-f legend – how long were the plants under high-intensity light before 

imaging (or running westerns)? 

32. Figure 5 and 6 legend – how long were the plants under high-intensity light 

before imaging? 

33. Supplementary video 8 legend – “white circle” should be “red circle” 

34. The methods are incomplete: 

35. Reference 11 describes the isolation of two peup1/atg2 alleles; please 

indicate which allele was used. 

36. How were the plants grown? The plants in Supplemental Figure 1 appear to 

be in some sort of plug inserted in the soil; this is not described in the methods 

or legend. 

37. The methods for the lipid binding assay shown in Supplementary Figure 11a 

indicate the source of ATG18a-GFP (crude extract) but do not indicate the source 

of GFP used as a control. 



The language would benefit from clarifications. For example: 

38. Line 99-100 – “However, we here noticed that, in detail, the peroxisome-

aggregation patterns were different between…” would be more clear as “However, 

the peroxisome-aggregation patterns were different between…” 

39. Line 129 – “oxidative proteins” should be “oxidized proteins” 

40. Line 130-131 – The authors set up the ATG8a experiments with the phrase 

“To examine whether ATG18a is required for selective pexophagy in plants.” 

However, the authors have previously shown (ref. 11) and others have confirmed 

(e.g., Young et al., Autophagy 15:941) that ATG18A is required for pexophagy. 

Perhaps a more accurate introduction would be “To examine ATG18a localization 

during pexophagy...” 

41. Line 179 – consider changing “batteries” to “foci” or “accumulations” 

42. Line 189 – The authors summarize Supplemental Figure 11b as “The results 

show that GFP-2×FYVE and ATG18a-GFP were localised on both peroxisomes 

and phagophores adjacent to the peroxisome.” Based on the images shown in 

Figure 11B, this statement would be more accurate as “The results show that 

GFP-2×FYVE and ATG18a-GFP were localised both on the peroxisome 

periphery and adjacent to peroxisomes where the phagophore is expected to 

reside.” 

43. Line 467 – change “fixated” to “fixed”. 

44. Supplementary Fig. 19 – Please consider a different word than 

“undegradation.” Perhaps “Degradation failure”? 

Note on editorial policy checklist: 



45. The authors indicate that no unique biological materials are used in the study. 

This is incorrect; numerous mutant and transgenic Arabidopsis lines are used. 

Reviewer #2 (Remarks to the Author): 

In this paper, the authors described the contribution of the pexophagy to the 

selective removal of ROS-generating peroxisomes, thereby protecting plants 

from oxidative damage under high-intensity light. By using the cell biology and 

molecular biology approaches, the authors showed that the ROS-induced 

peroxisomes were targeted by the ATGs, eventually transporting the damage 

peroxisomes to the vacuole for degradation. The data and evidences are 

sufficient for their conclusions, which indeed extend our knowledge about the 

generation and formation processes of the pexophagy. However, several key 

issues remains to be extensively elusive. Therefore, I suggest to accept the paper 

after following revisions. 

Major comments: 

Whether the selective autophagy of the oxidative peroxisomes caused by high-

intensity light is similar to that resulted from other stresses (other stresses also 

produce ROS)? The authors should provide sorts of evidences to distinguish 

them, further confirming this light-mediated pexophagy is specifically functioning 

in photorespiration. 

If overexpressing ATGs could alleviate the oxidative peroxisomes caused by 

high-intensity light? These evidences should be provided to further support the 

notion of this paper. 

If the ectopic expression of CAT could rescue the pexophagy defect in the atg 

mutants ? 



It is still unclear who (ROS signal receptors or other unknown components?) 

recruit the ATG18 (and/or other ATGs?) to initiate and form the pexophagosome. 

Minor comments: 

The authors should carefully check the writing all over the context. A few 

examples are shown below: 

Figures are not clear enough, especially the enlarged figure, please provide high-

solution one. 

There are no statistical analyses in the figures, for example fig. 1c. 

There is no annotation of materials in the supl fig 1c, and no error bar for the WT 

in the supl fig 1d. 

199 the----> The 

379 involvement--->involvements 

Reviewer #3 (Remarks to the Author): 

In this manuscript, Oikawa et al. showed pexophagy is important for selective 

removal of ROS-generating peroxisomes and protects plants from oxidative 

damage during photosynthesis. In addition, they also showed a beautiful process 

of pexophagy by fluorescence labelling with GFP-2×FYVE or ATG18a-GFP and 

demonstrated important roles of PtdIns3P and ATG18. These findings are helpful 

in illustrating physiological roles of pexophagy and observation of 

pexophagosomes in plants, but supplied limited information about the 

mechanism underlying this selective autophagy process. In particular, the 

authors have previously demonstrated the role of pexophagy in elimination of 

oxidatively damaged peroxisomes in leaves and aggregation of peroxisomes in 

a series of mutants related to the classical ATG genes, such as ATG2, ATG18 

and ATG7. Therefore, observations of peroxisome aggregates and further leaf 

damage in autophagy defective mutants grown under high-intensity light, which 

greatly induces 



ROS accumulation, can be expected, while, the really interesting questions in the 

process awaited to be answered should be how the ROS signals are recognized 

by pexophagy machineries or how the damaged peroxisomes are selected for 

degradation. Another interesting question raised by the authors, about the 

different pattern of peroxisome aggregation in leaf mesophyll cells between 

peup1/atg2 and peup4/atg7 mutants, is also not fully addressed, in my opinion. 

The authors claimed that this may reflect one ATG function in formation of 

pexophagosome. Does this mean the phenotypes is related to the hierarchy of 

ATG proteins in phagophore organization, since ATG2-ATG18 is recruited to 

phagophores earlier before ATG7 and determines subsequent ATG8 lipidation 

involving ATG7? If so, why does the aggregation phenotype in atg7 under high-

intensity light become more severe than atg2? 



@M[XWV[M \W ZM^QM_MZ[ 

HP _SLYV _SP ]PaTPbP]^ "!)$!*$ LYO !+# QZ] NL]PQ`WWd ]PLOTYR Z`] XLY`^N]T[_ LYO RTaTYR 

N]T_TNLW NZXXPY_^ LYO [ZTY_TYR Z`_ XT^WPLOTYR ^PY_PYNP^ LYO XT^_LVP^ _Z TX[]ZaTYR Z`] 

XLY`^N]T[_& HP SLaP TX[]ZaPO _SP XLY`^N]T[_ LNNZ]OTYR _Z _SP ]PaTPbP]^k NZXXPY_^ 

[ZTY_ Md [ZTY_ bT_S LOOT_TZYLW Pc[P]TXPY_^ LYO OL_L LYLWdeP^& CWPL^P QTYO Z`] ]P^[ZY^P^ 

OP^N]TMPO MPWZb `YOP] PLNS ]PaTPbP]^k NZXXPY_^& 

<Reviewer #1> 

Comment 1: The authors do not consistently distinguish between what they 

have shown and what they hypothesize to explain their observations. For 

example the title states that “Pexophagy protects plants from ROS-induced 

damage under high-intensity light.” The authors have shown that autophagy 

protects plants from damage caused by high-intensity light (Fig. 4a) and that 

peroxisomes accumulate ROS under high-intensity light when autophagy is 

prevented (Fig. 6a), but without a way to block pexophagy without also 

preventing all autophagy, it is not possible to conclude that the high-intensity 

light damage is caused primarily by peroxisomes that were not degraded 

(versus other autophagy substrates).  

Similar instances of are found throughout the text. For just one more example, 

the authors state that “ROS accumulation…is enhanced by the accumulation 

of inactive catalases in peroxisomes” (line 88-89), whereas the authors show 

that ROS accumulation is accompanied by accumulation of inactive catalases 

in peroxisomes. Whether accumulating ROS damages the catalase or if the 

ROS accumulates because catalase is damaged is not addressed.     

@M[XWV[M '0 !'" HP SLaP NSLYRPO _SP _T_WP _Z i?M`WXPIOa []XXZM[[M[ @>A$QVL]KML 

LIUIOM QV TMIN KMTT[ ]VLMZ PQOP$QV\MV[Q\a TQOP\j _Z YZ_ TX[]P^^ ]PLOP]^ _SL_ STRS%

TY_PY^T_d WTRS_ OLXLRP T^ NL`^PO []TXL]TWd Md [P]ZcT^ZXP^ _SL_ bP]P YZ_ OPR]LOPO& B`] 



[]P^PY_ LYLWd^T^ bZ`WO YZ_ MP PYZ`RS _Z NZYNW`OP _SL_ [PcZ[SLRd T^ L []TXL]d QLN_Z] 

TY []Z_PN_TYR _SP [WLY_ Q]ZX STRS%TY_PY^T_d WTRS_%TYO`NPO OLXLRP& ;ZbPaP]$ Z`] 

LYLWd^T^ NWPL]Wd ^SZbPO _SL_ [PcZ[SLRd ZNN`]]PO TY _SP WPLaP^$ ML^PO ZY ^[PNTQTN 

_L]RP_TYR ZQ 4F:)0L%:9C _Z _SP [P]ZcT^ZXP^& FSP OPQPN_ ZQ _ST^ NL`^P^ _SP TYN]PL^P 

ZQ [P]ZcT^ZXP Y`XMP]$ [P]ZcT^ZXP LRR]PRL_TZY$ LYO ̂ `M^P\`PY_ LNN`X`WL_TZY ZQ DBE& 

FSP^P ]P^`W_^ bTWW MP PYZ`RS _Z ^`[[Z]_ _SL_ [PcZ[SLRd ^`[[]P^^P^ WPLQ OLXLRP TY _SP 

[SZ_Z]P^[T]L_Z]d NZYOT_TZY TY STRS%TY_PY^T_d WTRS_&  

@M[XWV[M '0 !(" HP _STYV _SL_ i_SP DBE LNN`X`WL_P^ MPNL`^P NL_LWL^P T^ OLXLRPOj 

MPNL`^P []PaTZ`^ bZ]V^ ]PaPLWPO _SL_ TYLN_TaP NL_LWL^P T^ STRSWd LNN`X`WL_PO TY 

`YOPR]LOPO [P]ZcT^ZXP TY -1/&"0%#$ LYO TQ NL_LWL^P T^ `YOLXLRPO$ DBE T^ ]PXZaPO TY 

WTRS_ NZYOT_TZY&  

HP SLaP NSLYRPO _SP ^PY_PYNP ZY XIOM +# TQVM[ /. L^ QZWWZb^3 

G_PQKP Q[ IKKWUXIVQML Ja \PM IKK]U]TI\QWV WN LIUIOML KI\ITI[M[ QV XMZW`Q[WUM[H% 

Comment 2: The use of PEUP nomenclature burdens with reader with 

unnecessary additional acronyms and makes the work less accessible to 

readers who are not experts in plant pexophagy. The authors often identify the 

mutants by both aliases in the text (e.g. peup4/atg7), but default to only the 

peup name in the figures and abstract. It would be much preferred to use the 

peup nomenclature only when mentioning the historical identification of the 

mutants in the text, and then use atg2, atg7, and atg18a in all subsequent 

mentions in the text, figures, supplementary figures, tables, and videos. For 

example, in Supplementary Figure 15, the authors use both “peup4” and “atg7” 

to label different atg7 alleles. This retention of the peup nomenclature is 

unnecessarily confusing. Using the standard atg nomenclature throughout the 

manuscript is critical for the work to be accessible to more than a handful of 

readers. 

@M[XWV[M (2 HP SLaP NSLYRPO LWW _SP NZ]]P^[ZYOTYR YZXPYNWL_`]P^ _Z ^_LYOL]O ZYP^ 

QZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_& 0.20%$% _Z -1/&!0%"$ 0.20& _Z -1/%+-!0&"$ LYO 

0.20( _Z -1/*!0("&



Comment 3: Lines 97-98: The authors indicate that atg2, atg5, atg7, atg18a, but 

not atg9, show peroxisome aggregation. These data (number of peroxisomes 

and frequency of aggregation) should be shown for all five mutants, because 

the authors show in Figure 1 that atg7 shows smaller and less abundant 

aggregates than atg2. One might expect that atg5 would resemble atg7 (as 

both fail to lipidate ATG8) whereas atg18a might resemble atg2 (gathering 

peroxisomes in incomplete phagophores). This demonstration of several atg 

mutants showing the same defect is essential because the authors only show 

results from one allele of each atg7 and atg2, and thus have not demonstrated 

that the observed aggregation differences are due to the mutation of interest 

and not another unrecognized mutation in the background. 

@M[XWV[M )0 HP SLaP XPL^`]PO _SP Y`XMP] ZQ [P]ZcT^ZXP^ LYO Q]P\`PYNd ZQ LRR]PRL_TZY 

TY LWW QTaP X`_LY_^$ TYNW`OTYR LWWPWP^ ZQ -1/&$ -1/*# LYO -1/%+-& HP SLaP TY^P]_PO LWW 

QTaP%X`_LY_^ OL_L L^ E`[[WPXPY_L]d 9TR`]P )& FSP OL_L TYOTNL_P _SL_ -1/&$ -1/)$ -1/*$ 

-1/%+- TYN]PL^PO [P]ZcT^ZXP Y`XMP] LYO LRR]PRL_TZY NZX[L]PO _Z bTWO _d[P& <_ 

^`RRP^_^ _SL_ _SP [SPYZ_d[P T^ O`P _Z _SP OPQPN_ ZQ L`_Z[SLRd RPYP^ M`_ YZ_ LYZ_SP] 

`Y]PNZRYTePO X`_L_TZY TY _SP MLNVR]Z`YO& FSP [P]ZcT^ZXP Y`XMP] LYO LRR]PRL_TZY 

ZQ -1/%+- LYO -1/) bP]P ^TXTWL] WPaPW^ _Z -1/& M`_ YZ_ -1/*$ ^`RRP^_TYR L ^_]ZYR PQQPN_ 

ZQ -1/* OPQTNTPYNd TY CPcZ[SLRd `YOP] YZ]XLW WTRS_ NZYOT_TZY^& HP SLaP TY^P]_PO _SP 

^PY_PYNP ZY XIOM ,# TQVM[ ''&$''+$ L^ QZWWZb3 

G9W_M^MZ# \PM XMZW`Q[WUM$IOOZMOI\QWV XI\\MZV[ _MZM LQNNMZMVKM[ JM\_MMV \PM 082 

U]\IV\[ I\ '&& cUWT U!( [!' !7QO% 'IeL# A]XXTMUMV\IZa 7QO%'# IVL A]XXTMUMV\IZa 

DQLMW[ 'e)"% BPM V]UJMZ WN XMZW`Q[WUM[ IVL XMZW`Q[WUM IOOZMOI\M[ QV 082' _I[ 

PQOPMZ \PIV \PI\ QV 082$ IVL \PM W\PMZ 082 U]\IV\[ !7QO% 'J# A]XXTMUMV\IZa 7QO% 

'"# _PQTM \PM [QbM WN XMZW`Q[WUM IOOZMOI\M[ !7QO% 'L" _I[ TM[[ QV 082' \PIV \PI\ QV 

082$% 6IKP ITTMTM WN 082 U]\IV\[ ZM^MITML \PM [IUM ZM[]T\[ !A]XXTMUMV\IZa 7QO%'"%H 

$ LYO ZY XIOM[ '/$(&# TQVM[ *''$*',3 



GCVLMZ VWZUIT$QV\MV[Q\a TQOP\# 082'!6%" U]\IV\ [PW_ML I PQOPMZ V]UJMZ WN 

XMZW`Q[WUM IOOZMOI\M[ KWUXIZML \W W\PMZ 082 U]\IV\[ !7QO% ' IVL 

A]XXTMUMV\IZa 7QO% '"% BPM LQNNMZMVKM UIa ZMNTMK\ \PM N]VK\QWV WN 2B8( IVL 

2B8- XZW\MQV QV XM`WXPIOW[WUM NWZUI\QWV !7QO[% (# , IVL A]XXTMUMV\IZa 7QO[% 

.# (-"% =W LQNNMZMVKM _I[ WJ[MZ^ML QV \PM LMOZMM WN XMZW`Q[WUM IOOZMOI\QWV ]VLMZ 

PQOP$QV\MV[Q\a TQOP\ JM\_MMV 082$ IVL 082'# []OOM[\QVO \PI\ 2B8( IVL 2B8- XTIa 

MY]ITTa QUXWZ\IV\ ZWTM[ QV XM`WXPIOa%H

Comment 4: The data are not always internally consistent. In Sup. Fig. 14, the 

authors show that the atg2, atg5, atg7, and atg9 mutants do not show 

significant peroxisome aggregation in normal light, whereas atg2, atg5, and 

atg7 show significant peroxisome aggregation in high light. Although the light 

intensity for the experiments in Figure 1 are not specified, it does not appear 

that the aggregates in atg7 are smaller or less abundant than in atg2 in Sup. 

Fig. 14. These data need to be reconciled with the data shown in Figure 1. 

@M[XWV[M *2 HP PaLW`L_PO _SP ^TeP LYO Q]P\`PYNd ZQ [P]ZcT^ZXP LRR]PRL_P^ 

"E`[[WPXPY_L]d 9TR^ ),$ )- XZaPO _Z A]XXTMUMV\IZa 7QO[ '-# '.#& FSP E`[& 9TR& ), 

N "XZaPO _Z A]XXTMUMV\IZa 7QO[ '-K# ]PaPLW^ ZYWd _SP ^TeP NSLYRP ZQ [P]ZcT^ZXP 

LRR]PRL_P^ MP_bPPY WZb LYO STRS%TY_PY^T_d WTRS_& FSP WTRS_ TY_PY^T_d `^PO QZ] _SP 

Pc[P]TXPY_^ TY 9TR`]P ) LYO E`[[WPXPY_L]d 9TR& ) L]P YZ]XLW%bST_P WTRS_ ")(( µXZW 

X%* ^%)# LYO TY E`[[WPXPY_L]d 7QO[% '-# '. !E`[[WPXPY_L]d 9TR^&),$)- []PaTZ`^# L]P 

YZ]XLW% LYO STRS% TY_PY^T_d WTRS_ Q]ZX L ?87 P\`T[XPY_ "MW` LYO ]PO WTRS_#& FSP 

X`_LY_^ ^SZbPO OTQQP]PY_ [SPYZ_d[P^ ]PRL]OTYR ^TeP ZQ [P]ZcT^ZXP LRR]PRL_P^ TY _SP 

YZ]XLW%TY_PY^T_d bST_P WTRS_$ []P^`XLMWd O`P _Z _SP OTQQP]PY_ WTRS_ ^Z`]NP^ bP `^PO 

MP_bPPY _SP Pc[P]TXPY_^&  

HP SLaP OZYP _SP ^LXP Pc[P]TXPY_ LRLTY LYO NZYNW`OPO _SL_ [P]ZcT^ZXP 

LRR]PRL_P^ TY -1/& L]P ^TXTWL] _Z _SZ^P TY -1/* TY STRS%TY_PY^T_d WTRS_ "A]XXTMUMV\IZa 

7QO[ '- IVL '.#& HP SLaP LOOPO _SP TYQZ]XL_TZY ZQ _SP WTRS_ TY_PY^T_d TY _SP PLNS 

9TR`]P WPRPYO^& HP SLaP OT^N`^^PO _SP OTQQP]PY_ [SPYZ_d[P^ TY _SP [P]ZcT^ZXP 

LRR]PRL_TZY MP_bPPY _SP^P X`_LY_^& CWPL^P QTYO _SP ^PY_PYNP^ TY @M[XWV[M )&



Comment 5: Lines 124-126: The statement “These results suggest that the 

peup4/atg7 mutant accumulates high levels of ROS because of impairment in 

catalase activity, resulting in plant growth inhibition” is not supported by the 

preceding data. Catalase activity has not been measured. Moreover, the 

immuno-EM appears to show comparable staining of catalase in the non-dark 

gray areas of the peroxisomes in wt and atg7 (Sup. Fig. 2). Although a higher 

level of catalase in the pellet in atg7, there is also more total catalase and no 

diminution of catalase in the supernatant (Sup Fig. 3). And in Sup. Figure 14c, 

there is no difference in the fraction of catalase in the pellet in atg7 (or atg2 or 

atg5) in normal versus high light. 

@M[XWV[M +0 HP []PaTZ`^Wd ^SZbPO _SL_ [P]ZcT^ZXP LRR]PRL_P^ TY -1/&"0%# SLaP TYLN_TaP 

NL_LWL^P LYO ZcTOL_TaP [P]ZcT^ZXP^ "ESTML_L P_ LW$ *()+#& HP SLaP ^SZbY _SL_ 4F:)0L 

LNN`X`WL_P^ ZY _SP [P]ZcT^ZXP LRR]PRL_P^ _L]RP_PO Md 4F:0$ ^`RRP^_TYR _SL_ _SP 

[P]ZcT^ZXP LRR]PRL_P^ ^SZbY TY _ST^ ^_`Od SL^ _SP ^LXP L^ _SP []PaTZ`^ ZYP& HP SLaP 

LR]PPO _Z _SP ]PaTPbP]k^ NZXXPY_ LYO NSLYRPO _SP ^PY_PYNP ZY XIOM -# TQVM[ '),$').

L^ QZWWZb^$ 

GBPM[M ZM[]T\[ []OOM[\ \PI\ \PM 082'!6%" U]\IV\ _W]TL IKK]U]TI\M PQOP @>A TM^MT[ 

_Q\P I PQOP IKK]U]TI\QWV WN LIUIOML KI\ITI[M QV XMZW`Q[WUM[# ZM[]T\QVO QV XTIV\ 

OZW_\P QVPQJQ\QWV%H 

Comment 6: The method to quantify the catalase fractionation is confusing. For 

example, in Figure 4f there is nearly 100% of the total catalase recovered in 

both the supernatant and the pellet in the peup4/atg7 mutant grown in high 

light (although no indication of statistical significance is provided). The 

methods seem to indicate that 10 µg of protein were loaded per lane, 

suggesting that 10 µg of total, 10 µg of supernatant, and 10 µg of pellet protein 

were loaded. This would be an odd way to set up an experiment that was 

designed to assess the fraction of catalase that was insoluble, in which case 



one would load an equivalent fraction of each sample.    

@M[XWV[M ,0 HP SLaP NSLYRPO _SP \`LY_TQTNL_TZY ZQ NL_LWL^P^ TY ^`[P]YL_LY_^ LYO [PWWP_^ 

Q]ZX _SP MLYO TY_PY^T_d TY _SP bP^_P]Y MWZ__TYR& <Y _SP XZOTQTPO \`LY_TQTNL_TZY$ bP 

YZ]XLWTePO _SP NL_LWL^P WPaPW^ bT_S P\`TaLWPY_ aZW`XP TY PLNS Q]LN_TZY& HP SLaP 

Pc[WLTYPO _ST^ bT_S _SP LOOT_TZYLW ^PY_PYNP ZY XIOM (,# <QVM[ ++-$+,& TY @L_P]TLW LYO 

@P_SZO^& HP SLaP ]P^_Z]PO _SP bP^_P]Y MWZ__TYR TY 9TR`]P ,& FSP OL_L _SP 

\`LY_TQTNL_TZY bP]P []ZaTOPO L^ _SP EZ`]NP OL_L QTWP& 

[AQOVIT QV\MV[Q\QM[ WN JIVL[ QV \PM QUU]VWJTW\ QUIOM _MZM Y]IV\QNQML ][QVO 5W\ 

3TW\ 2VITa[Q[ QV 7QRQ% BPM KI\ITI[M IUW]V\[ QV \PM []XMZVI\IV\ IVL XMTTM\ NZIK\QWV[ 

_MZM KITK]TI\ML _Q\P ^WT]UM$JI[ML VWZUITQ[I\QWV WN \PM M`\ZIK\QWV J]NNMZ 

!AW]ZKM 5I\I0 7QO%* IVL A]XXTMUMV\IZa 7QO[%'.# (&"%] 

Comment 7: Supplemental Figure 3 is missing the loading control that was used 

to quantify the relative levels of peroxisomal proteins. The methods seem to 

indicate that mitochondrial proteins were also assayed in these experiments. 

@M[XWV[M -0 HP SLaP L__LNSPO WZLOTYR NZY_]ZW LYO XT_ZNSZYO]TLW []Z_PTY^ L^ _SP 

EZ`]NP 7L_L QTWP^ TY E`[[WPXPY_L]d 7QO]ZM )&

Comment 8: Supplemental Figure 5 shows a small fraction of ATG18a-GFP in 

the pellet in the atg2 mutant. This experiment is missing the wild type control 

and the atg7 mutant as well as a loading control. The anti-GFP blot appears to 

be very dirty and would benefit from an untransformed control that would 

validate that the correct band is being highlighted. 

@M[XWV[M .0 HP SLaP L__LNSPO _SP WZLOTYR NZY_]ZW _Z aLWTOL_P _SP MLYO L^ 4F:)0L%:9C 

L^ _SP EZ`]NP 7L_L QTWP& HP SLaP LW^Z [P]QZ]XPO TXX`YZMWZ__TYR ̀ ^TYR ̀ Y_]LY^QZ]XPO%

bTWO _d[P$ bTWO%_d[P NZY_]ZW LYO -1/* X`_LY_& FSP LY_T%:9C LY_TMZOd ^[PNTQTNLWWd 



OP_PN_^ _SP 4F:)0L%:9C& HP SLaP L__LNSPO _SP^P QTWP^ TY E`[[WPXPY_L]d 9TR`]P . 

bT_S _SP LOOT_TZYLW ^PY_PYNP ZY XIOM .# TQVM[ '+-$'+. L^ QZWWZb^3 

G:UU]VWJTW\ [PW_ML 2B8'.I$87? IVL KI\ITI[M QV \PM QV[WT]JTM NZIK\QWV WN 

082$!6#" IVL 082'!6%" !A]XXTMUMV\IZa 7QO% -I# J"% H 

Comment 9: The experiments identifying ATG18a-GFP interacting proteins are 

problematic on several levels. The authors suggest that ATG18a-GFP is more 

peroxisome-associated in atg7 than in Wt or atg2 (Fig. 5), and then do a pull-

down-MS experiment to find ATG18a-GFP-interacting proteins in the atg2 

mutant. The proteins recovered include various abundant enzymes from inside 

the peroxisome, chloroplast, and nucleus. The MS is carried out after SDS-

PAGE and in-gel digestions, but it is not clear how the ATG18a-GFP and GFP 

control experiments were compared or which regions of the SDS-PAGE gels 

were analyzed. The “interacting” proteins include peroxisomal proteins, but 

none of these “interactions” are validated or examined in Wt or atg7. It is not 

clear if any of the identified proteins are direct ATG18a interactions, or how 

their abundance in the pull-downs compares to the abundance in the cell. This 

experiment is not critical to the results (it is barely mentioned in the discussion) 

and could be removed. 

@M[XWV[M /0 HP `^PO -1/& MPNL`^P 4F:)0L%:9C ^_]ZYRWd LNN`X`WL_P^ TY [P]ZcT^ZXP 

LRR]PRL_P^ TY -1/& TY YZ]XLW%TY_PY^T_d WTRS_ NZYOT_TZY& HP SLaP Pc[WLTYPO SZb _Z NL]]d 

Z`_ @E TY @P_SZO^ ]PQP] _Z ]PQ .1& HP SLaP TY^P]_PO LOOT_TZYLW ^PY_PYNP^ ZY XIOM (-# 

TQVM[ +,/$+-' L^ QZWWZb^3 

GBPM WJ\IQVML XZW\MQV[ _MZM MTMK\ZWXPWZM[ML JZQMNTa ]V\QT \PM 3?3 LaM JIVL _I[ 

( UU NZWU \PM _MTT% 2 *$UU XQMKM WN OMT KMV\MZML WV \PM LaM JIVL _I[ K]\ W]\ 

IVL LQOM[\ML _Q\P \ZaX[QV -,# --%H 

HP SLaP YZ_ dP_ PcLXTYPO _SP OT]PN_ TY_P]LN_TZY MP_bPPY 4F:)0L%:9C LYO _SP 

NLYOTOL_P^ L^ _SP ]PaTPbP]k^ NZXXPY_& ;ZbPaP]$ bP L__LNSPO _SP WT^_ _Z ^SZb SZb 



XLYd NLYOTOL_P^ L]P ]PWL_PO _Z _SP 4F:)0L%OP[PYOPY_ L`_Z[SLRd& HP bTWW PcLXTYP 

_SP Q`YN_TZY ZQ _SP^P []Z_PTY^ L^ YPc_ bZ]V^& FSP]PQZ]P$ bP bZ`WO WTVP _Z VPP[ _SP @E 

LYLWd^T^ TY _ST^ XLY`^N]T[_& 

Comment 10: The PI(3)P binding reported in Supplementary Figure 11a is not 

convincing and could be removed. 

@M[XWV[M '&0 ETYNP _SP LYLWd^T^ ZY C<"+#C T^ ZYP ZQ _SP XLTY NZYNP]Y^$ bP bZ`WO WTVP      

_Z VPP[ _SP OL_L "XZaPO _Z A]XXTMUMV\IZa 7QO]ZM '*#& FSP C<"+#C WLMPWTYR OL_L L]P 

NZYaTYNTYR L^ _SP ^TXTWL] Pc[P]TXPY_ ]P[Z]_PO TY Z_SP] ^[PNTP^ ^`NS L^ dPL^_ 

"DPQP]PYNP +($ >]TNV P_ LW$ *((.3 DPQP]PYNP +) FLX`]L P_ LW$ *()+#&  

Comment 11: The immunoEM panels in Supplementary Fig. 11b are lacking 

context that could be provided by a less magnified view along with the close 

up. It seems an overinterpretation to state that phagophore labeling is 

observed (line 189) based on these images. 

@M[XWV[M ''0 9ZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_$ bP TY^P]_PO LOOT_TZYLW           

A]XXTMUMV\IZa 7QO% '* QZ] _SP [LYPW^ bT_S L WL]RP QTPWO ZQ aTPb _Z aT^`LWTeP _SP 

[SLRZ[SZ]P WLMPWTYR _Z MP []PNT^P& 

Comment 12: The slightly darker NBT staining of atg2 and atg7 leaves (Sup Fig. 

17a, b) following high-intensity light treatment is illustrated by photographs of 

smaller leaves in the mutants, which could reflect different developmental 

stages or cell sizes. This experiment should be repeated using leaves of the 

same size and include control leaves from plants grown under normal light 

intensity for comparison. 



@M[XWV[M '(0 9ZWWZbTYR ]PaTPbP]k^ NZXXPY_$ bP SLaP PcLXTYPO A5F%^_LTYPO bT_S _SP 

WPLaP^ `^TYR _SP ^LXP ^_LRP `YOP] YZ]XLW% LYO STRS% TY_PY^T_d WTRS_& HP SLaP [`_ _SP 

[SZ_ZR]L[S LYO ^_L_T^_TNLW _P^_ TY E`[ 9TR& )/L$ M "XZaPO _Z A]XXTMUMV\IZa 7QO]ZM ((#&  

Comment 13: The authors demonstrate ROS accumulation in mutant 

peroxisomes following high-intensity light treatment by visualizing H2-DCF 

fluorescence (Fig. 6, Sup. Fig. 17). These experiments are missing critical 

controls (staining of leaves from plants grown under normal light intensity) that 

are needed to conclude that this staining (and thus peroxisomal ROS) is 

elevated following light stress (rather than being elevated in all conditions). 

@M[XWV[M ')0 9ZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_$ bP SLaP TY^P]_PO TXLRP^ LYO  

\`LY_TQTNL_TZY ZQ _SP ;*%769 QW`Z]P^NPYNP PcLXTYPO `YOP] _SP WZb%TY_PY^T_d WTRS_ 

NZYOT_TZY L^ 9TR . LYO E`[& 9TR& )/N$O !XZaPO _Z A]XXTMUMV\IZa 7QO]ZM ((" bT_S _SP 

LOOT_TZYLW ^PY_PYNP ZY XIOM ')# TQVM[ (,+$(,- L^ QZWWZb^3 

G9($547 NT]WZM[KMVKM _I[ LM\MK\ML QV[QLM XMZW`Q[WUM[ QV \PM U]\IV\[ _Q\P 

IXXZW`QUI\MTa \_W$NWTL PQOPMZ QV\MV[Q\a \PIV \PI\ QV _QTL \aXM ]VLMZ PQOP$

QV\MV[Q\a TQOP\ IVL MTM^I\ML \PIV \PI\ ]VLMZ VWZUIT$QV\MV[Q\a TQOP\ !7QO% ,J IVL 

A]XXTMUMV\IZa 7QO% ((K# L"%H  

Comment 14: The authors conclude that H2-DCF fluorescence intensity was 

higher in peroxisomes than in chloroplasts (lines 245-247) based on data in 

Sup. Fig. 17e. It is not clear from the figure legend or methods how this 

calculation was carried out and whether it takes into account the much larger 

cell volume occupied by chloroplasts compared to peroxisomes. 

@M[XWV[M '*0 HP SLaP NLWN`WL_PO _SP LaP]LRP TY_PY^T_d ZQ ;*%769 QW`Z]P^NPYNP TY^TOP 

[P]ZcT^ZXP LYO NSWZ]Z[WL^_ `^TYR <XLRP =& HP XPL^`]PO _SP TY_PY^T_d ZQ R]PPY 

QW`Z]P^NPYNP Q]ZX ;*%769 TY LWW NSWZ]Z[WL^_^ LYO [P]ZcT^ZXP^ TY _SP NPWW^ 



^`]]Z`YOTYR bT_S _SP iCZWdRZY ^PWPN_TZY^ _ZZWj TY <XLRP =& HP SLaP TY^P]_PO _SP 

^PY_PYNP ZY XIOM (+# TQVM[ +*'$+** L^ QZWWZb^3 

JBPM UMIV QV\MV[Q\a WN NT]WZM[KMVKM NZWU 9($547 QV[QLM XMZW`Q[WUM IVL 

KPTWZWXTI[\ _I[ UMI[]ZML ][QVO :UIOM ;% BPM IZMI WN XMZW`Q[WUM IVL KPTWZWXTI[\ 

_I[ LM\MZUQVML Ja []ZZW]VLQVO \PMU _Q\P \PM f?WTaOWV [MTMK\QWV[ \WWTg QV :UIOM 

;%K 

The figures can be clarified:  

Comment 15: According to the instructions to authors, all of the western blots 

should be supported by uncropped images in a source data file. This file was 

not provided to the reviewer, and is especially important for figures such as 

Supplementary Figures 3 and 15d, in which every band is separately cropped. 

@M[XWV[M '+0 HP SLaP L__LNSPO LWW ZQ _SP `YN]Z[[PO TXLRP^ ZQ _SP bP^_P]Y MWZ_^ TY L 

^Z`]NP OL_L QTWP& iE`[[WPXPY_L]d 9TR`]P^ + LYO )-Oj XZaPO _Z iA]XXTMUMV\IZa 

7QO]ZM[ * IVL '-Lj HP SLaP OPWP_PO \`LY_TQTNL_TZY OL_L TY []PaTZ`^ E`[& 9TR ), QZ] 

LaZTOTYR ]P[P_T_TZY& 

Comment 16: The bar graphs would more transparently reflect the underlying 

data if the individual points for the biological replicates were overlaid on the 

plots rather than simply showing the mean and standard deviation. 

@M[XWV[M ',0 HP SLaP L]]LYRPO LWW _SP R]L[S^ _Z aT^`LWTeP TYOTaTO`LW [ZTY_^ QZWWZbTYR    

_SP ]PaTPbP]k^ NZXXPY_^&  

Comment 17: All of the graphs in the figures and supplemental figures are 

missing vertical y-axis labels and instead have this information above the 

graph. This rearrangement is confusing to readers who expect the y-axis to be 



labeled. For example, the y-axis label for Fig. 1b should be “Peroxisomes/cell”, 

1c should be “Peroxisome aggregate frequency (%),” and 1c should be 

“Peroxisome aggregate size (µm2).” 

@M[XWV[M '-0 FSLYV _SP ]PaTPbP] QZ] dZ`] VTYO ^`RRP^_TZY& HP SLaP L]]LYRPO _SP WLMPW^ 

ZQ PLNS QTR`]P$ bSTNS SL^ _SP d%LcT^ WLMPW^ TY^_PLO ZQ _SP WLMPW^ LMZaP _SP QTR`]P^&  

Comment 18: The bar graphs with different colored bars (e.g., Fig. 2f, 4f, S1, S3,   

S6, S14, S15, have text inside one set of bars to define the colors rather than 

the standard legend with a colored square and the definition. 

@M[XWV[M '.0 HP SLaP L]]LYRPO _SP QTR`]P^ "P&R&$ 7QO% (N# *N# A'# A)# A,# A'*# A'+# _Z MP 

XZ]P _]LY^[L]PY_$ ]PQWPN_TYR _SP `YOP]WdTYR OL_L QZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_ ).& 

FSP]PQZ]P$ _SP^P R]L[S^ SLaP MPPY NSLYRPO bT_S bST_P LYO MWLNV NZWZ]^&  

Comment 19: The tri-color fluorescent images (Fig. 6a, Sup. Fig. 17c, Sup. Fig. 

18a) need to show the individual channels in addition to the merge. It is not 

possible to interpret the overlap without the individual channels. 

@M[XWV[M '/0 HP SLaP L]]LYRPO _SP QTR`]P^ _Z ^SZb _]T%NZWZ] QW`Z]P^NPY_ TXLRP^ 

QZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_& HP SLaP TY^P]_PO _SP TYOTaTO`LW NLYYPW TXLRP^ L_ 

7QO% ,I LYO EZ`] 7L_P MPNL`^P ZQ ^[LNP WTXT_L_TZY^& i9TR& )/N LYO E`[& 9TR& )0Lj L]P 

XZaPO _Z iA]X% 7QO% ((K IVL A]X% 7QO% ()Ij  

Comment 20: Supplementary Fig. 5, 9 – the asterisks are not useful as they seem 

to be highlighting the space above the band of interest. Please indicate the 

protein of interest with a label and a line to the band (e.g., “CAT-“). 

@M[XWV[M (&0 HP SLaP OPWP_PO _SP L^_P]T^V^ LYO [`_ _SP WLMPW LYO WTYP NZ]]P^[ZYO _Z _SP 

MLYO TY iE`[[WPXPY_L]d 9TR -$ 1j "XZaPO _Z iA]XXTMUMV\IZa 7QO -# ''%j# 



Comment 21: Supplementary Fig. 7 – please indicate units on the time stamps. 

@M[XWV[M ('0 HP SLaP L__LNSPO iEPNZYO^j ZY PLNS NZW`XY TY E`[[WPXPY_L]d 9TR^ /$1 

"XZaPO _Z A]XXTMUMV\IZa 7QO[ /# '(#& 

Comment 22: Supplementary Fig. 13, 14, and 15 - please indicate the allele 

numbers for the atg mutants assayed in the figure. 

@M[XWV[M ((0 HP `^PO -1/&$%$ -1/)$%$ -1/*$&$ -1/,$' TY _SP 9TR`]P^ LYO SLaP [`_ _SP 

LWWPWP Y`XMP]^ TY _SP 9TR`]P^& 

Comment 23: Supplementary Fig. 16 – the legend refers to white and gray boxes; 

the figure includes dark gray and light gray boxes. 

@M[XWV[M ()0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] XT^_LVP^& HP SLaP L]]LYRPO _SP 

QTR`]P _Z MP MWLNV LYO bST_P QZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_ ).& HP SLaP NSLYRPO 

_SP WPRPYO ZQ E`[[WPXPY_L]d 9TR&). "XZaPO _Z A]XXTMUMV\IZa 7QO% ('#& 

Comment 24: Supplementary Table 2 – “immunoparticipation” should be 

“immunoprecipitation.”

@M[XWV[M (*0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] XT^_LVP^& HP SLaP NZ]]PN_PO _SP 

P]]Z] TY A]XXTMUMV\IZa BIJTM (& 

Comment 25: Supplementary Table 4 and 6 – Please align the column headings 

with the column text. Consider changing “e (SD)” to “b/a (SD)”, etc. 



@M[XWV[M (+0 

HP SLaP NSLYRPO _SP P"E7# _Z iM'L "E7#j&  

Comment 26: Supplementary videos 11 and 12 – the scale bars are missing.

@M[XWV[M (,0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ _SP TY^`QQTNTPY_ [ZTY_& HP SLaP LOOPO 

_SP ^NLWP ML] TY _SP^P XZaTP^& 

Many figure legends are missing key information necessary to understand 

the experiment: 

Comment 27: All or most figure legends (including supplemental figures) are 

missing critical information such as the age of the plants analyzed, and 

whether they were grown in soil or on agar-based medium. Some figure 

legends are missing a description of the tissue or cell type imaged.

@M[XWV[M (-0 HP SLaP LOOPO ^PY_PYNP^ LMZ`_ _SP [WLY_ LRP LYO N`W_`]LW NZYOT_TZY& HP 

SLaP STRSWTRS_PO _SP ^PY_PYNP^ TY _SP WPRPYO ZQ 9TR`]P^ LYO E`[[WPXPY_L]d 9TR`]P^& 

Comment 28: The early figures are missing an indication of the light intensity 

under which the plants were grown, which the authors later show is a critical

parameter modulating peroxisome clustering in atg mutants. 

@M[XWV[M (.0 HP SLaP TY^P]_PO _SP WTRS_ TY_PY^T_d TY _SP WPRPYO ZQ 9TR`]P^ LYO  

E`[[WPXPY_L]d 9TR`]P^&  

Comment 29: Figure 1 legend – were peroxisomes counted per cell or were 

peroxisomes counted in an optical slice (how thick) of the cells? If a slice, was 

this near the top, bottom, or middle region of the cells (which the authors later 



show to be relevant)? This distinction also needs to be clarified in the methods. 

@M[XWV[M (/0 HP NZ`Y_PO _SP [P]ZcT^ZXP TY Z[_TNLW ^WTNP^ ZM_LTYPO Q]ZX _SP ^`]QLNP _Z 

_SP XTOOWP ]PRTZY ZQ _SP NPWW^& HP SLaP TY^P]_PO _SP TYQZ]XL_TZY TY _SP @P_SZO^ ^PN_TZY 

LYO _SP 9TR`]P WPRPYO^&

Comment 30: Figure 2h legend – how long was the time-lapse image that was 

averaged? 

@M[XWV[M )&0 HP NZY^_]`N_PO _SP LaP]LRP TXLRP Q]ZX L QTaP%XTY`_P _TXP%WL[^P TXLRP 

_LVPY PaP]d - ^PNZYO^& HP SLaP TY^P]_PO _SP _TXP TY _SP WPRPYO ZQ 7QO]ZM (P&

Comment 31: Figure 4b-f legend – how long were the plants under high-intensity 

light before imaging (or running westerns)? 

@M[XWV[M )'0 HP VP[_ _SP [WLY_^ `YOP] STRS%TY_PY^T_d WTRS_ QZ] ).S MPQZ]P _SP TXLRTYR 

LYLWd^T^ Z] bP^_P]Y MWZ__TYR& HP SLaP TY^P]_PO _SP _TXP TY _SP WPRPYO ZQ 7QO]ZM *& 

Comment 32: Figure 5 and 6 legend – how long were the plants under high-

intensity light before imaging? 

@M[XWV[M )(0 HP VP[_ _SP [WLY_^ `YOP] STRS%TY_PY^T_d WTRS_ QZ] ). S MPQZ]P _SP TXLRTYR 

LYLWd^T^ Z] bP^_P]Y MWZ__TYR& HP SLaP TY^P]_PO _SP ^PY_PYNP TY _SP WPRPYO ZQ 7QO]ZM[ +

IVL ,& 

Comment 33: Supplementary video 8 legend – “white circle” should be “red circle”

@M[XWV[M ))0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] XT^_LVP& HP SLaP NZ]]PN_PO _SP 

^PY_PYNP&



The methods are incomplete:

Comment 34: Reference 11 describes the isolation of two peup1/atg2 alleles; 

please indicate which allele was used. 

@M[XWV[M )*0 HP `^PO 0.20%$% L^ 0.20%'L_R* TY _ST^ ^_`Od& HP SLaP TY^P]_PO _SP 0.20%$

% TY _SP _Pc_& 

Comment 35: How were the plants grown? The plants in Supplemental Figure 1 

appear to be in some sort of plug inserted in the soil; this is not described in 

the methods or legend. 

@M[XWV[M )+0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] TY^`QQTNTPY_ ^PY_PYNP& HP SLaP 

TY^P]_PO LOOT_TZYLW ^PY_PYNP TY _SP XP_SZO^ LYO WPRPYO ZQ A]XXTMUMV\IZa 7QO]ZM '

"XZaPO _Z A]XXTMUMV\IZa 7QO]ZM (#& 

Comment 36: The methods for the lipid binding assay shown in Supplementary 

Figure 11a indicate the source of ATG18a-GFP (crude extract) but do not 

indicate the source of GFP used as a control.

@M[XWV[M ),0 HP `^PO _SP _]LY^RPYTN 4]LMTOZ[^T^ ^_LMWd Pc[]P^^TYR :9C& HP SLaP 

TY^P]_PO _SP ^PY_PYNP ZY XIOM (-# TQVM[ +.&$+.( TY _SP XP_SZO^ LYO WPRPYO 

"E`[[WPXPY_L]d 9TR`]P ))"XZaPO _Z A]XXTMUMV\IZa 7QO]ZM ')# #& 

[4Z]LM M`\ZIK\[ NZWU 082$!6#" M`XZM[[QVO ).,#(0!,+- IVL _QTL \aXM !4WT$&" 

M`XZM[[QVO 87? _MZM QVK]JI\ML _Q\P ?:? [\ZQX[ NWZ ) P I\ () 4 IN\MZ ZMUW^QVO 

LMJZQ[ Ja KMV\ZQN]OI\QWV I\ '#&&& 2 NWZ + UQV%] 



The language would benefit from clarifications. For example:

Comment 37: Line 99-100 – “However, we here noticed that, in detail, the 

peroxisome-aggregation patterns were different between…” would be more 

clear as “However, the peroxisome-aggregation patterns were different 

between…” 

@M[XWV[M )-0 HP SLaP OPWP_PO _SP ^PY_PYNP QZWWZbTYR _SP ]PaTPbP]k^ NZXXPY_ ZY XIOM 

,# TQVM[ ''&$''' L^ QZWWZb^3 

G9W_M^MZ# \PM XMZW`Q[WUM$IOOZMOI\QWV XI\\MZV[ _MZM LQNNMZMVKM[ JM\_MMV \PM 082 

U]\IV\[ I\ '&& cUWT U!( [!' !7QO% 'IeL# A]XXTMUMV\IZa 7QO%'# IVL A]XXTMUMV\IZa 

DQLMW[ 'e)"%H 

Comment 38: Line 129 – “oxidative proteins” should be “oxidized proteins” 

@M[XWV[M ).0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] XT^_LVP& HP SLaP NSLYRPO _SP 

bZ]O _Z iZcTOTePOj ZY XIOM -# TQVM '*'& 

Comment 39: Line 130-131 – The authors set up the ATG 8a experiments with 

the phrase “To examine whether ATG18a is required for selective pexophagy 

in plants.” However, the authors have previously shown (ref. 11) and others 

have confirmed (e.g., Young et al., Autophagy 15:941) that ATG18A is required 

for pexophagy. Perhaps a more accurate introduction would be “To examine 

ATG18a localization during pexophagy...” 

@M[XWV[M )/0 HP LR]PP _Z _SP ]PaTPbP]k^ TOPL LYO SLaP L]]LYRPO _SP ^PY_PYNP QZWWZbTYR 

_SP ]PaTPbP]k^ NZXXPY_ ZY XIOM -# TQVM[ '*($'*)& 

GBW M`IUQVM 2B8'.I TWKITQ[I\QWV L]ZQVO XM`WXIPOa QV XTIV\[#H 



Comment 40: Line 179 – consider changing “batteries” to “foci” or 

“accumulations” 

@M[XWV[M *&0 HP SLaP NSLYRPO _SP bZ]O _Z iLNN`X`WL_TZY^j ZY XIOM '&# TQVM (&(& 

Comment 41: Line 189 – The authors summarize Supplemental Figure 11b as 

“The results show that GFP-2×FYVE and ATG18a-GFP were localised on both 

peroxisomes and phagophores adjacent to the peroxisome.” Based on the 

images shown in Figure 11B, this statement would be more accurate as “The 

results show that GFP-2×FYVE and ATG18a-GFP were localised both on the 

peroxisome periphery and adjacent to peroxisomes where the phagophore is 

expected to reside.”

@M[XWV[M *'0 HP SLaP NSLYRPO _SP ^PY_PYNP QZWWZbTYR _SP ]PaTPbP]k^ ^`RRP^_TZY ZY 

XIOM '&# TQVM[ '/*$'/+& 

G87?$("7FD6 IVL 2B8'.I$87? _MZM TWKITQ[ML JW\P WV \PM XMZW`Q[WUM 

XMZQXPMZa IVL ILRIKMV\ \W XMZW`Q[WUM[ _PMZM \PM XPIOWXPWZM Q[ M`XMK\ML \W 

ZM[QLM%H 

Comment 42: Line 467 – change “fixated” to “fixed”. 

@M[XWV[M *(0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] XT^_LVP& HP SLaP NZYaP]_PO _SP 

bZ]O _Z iQTcPOj ZY [LRP *-$ WTYP -*1& 

Comment 43: Supplementary Fig. 19 – Please consider a different word than 

“undegradation.” Perhaps “Degradation failure”?



@M[XWV[M *)0  HP SLaP NSLYRPO _SP bZ]O _Z i`YOPR]LOL_TZYj _Z i7PR]LOL_TZY QLTW`]Pj 

TY E`[[WPXPY_L]d 9TR`]P )1 "XZaPO _Z A]XXTMUMV\IZa 7QO]ZM (-#& 

Note on editorial policy checklist:

Comment 44: The authors indicate that no unique biological materials are used 

in the study. This is incorrect; numerous mutant and transgenic Arabidopsis 

lines are used. 

@M[XWV[M **0 FSLYV _SP ]PaTPbP] QZ] [ZTY_TYR Z`_ Z`] TY^`QQTNTPY_ OZN`XPY_& HP `^PO 

`YT\`P MTZWZRTNLW XL_P]TLW^& HP SLaP NZ]]PN_PO _SP NSPNVWT^_& 



<Reviewer #2> 

Comment 1: Whether the selective autophagy of the oxidative peroxisomes 

caused by high-intensity light is similar to that resulted from other stresses 

(other stresses also produce ROS)? The authors should provide sorts of 

evidences to distinguish them, further confirming this light-mediated 

pexophagy is specifically functioning in photorespiration. 

@M[XWV[M '0 HP SLaP ^PWPN_PO ^LW_ ^_]P^^ _Z OT^_TYR`T^S [PcZ[SLRd TYO`NPO Md STRS%WTRS_ 

TY_PY^T_d MPNL`^P ^LW_ ^_]P^^ SL^ MPPY bPWW ^_`OTPO _Z TYO`NP L`_Z[SLRd "DPQP]PYNP +.$ 

?`Z P_ LW$ *()/$ ?T` P_ LW$ *((1#& HP PcLXTYPO bSP_SP] ^LW_ ^_]P^^ LW^Z TYO`NP^ 

[PcZ[SLRd ^TXTWL] _Z WTRS_%XPOTL_PO [PcZ[SLRd& HP QZN`^PO ZY [P]ZcT^ZXP Y`XMP]$ 

LRR]PRL_TZY$ DBE LNN`X`WL_TZY$ LYO 4F:)0L%:9C _L]RP_TYR& HP NZYNW`OPO _SL_ _SP 

^LW_ ^_]P^^ SL^ L WT__WP PQQPN_ ZY [PcZ[SLRd$ M`_ YZ_ ^TXTWL] _Z _SP STRS%TY_PY^T_d WTRS_ 

OZP^& ;ZbPaP]$ DBE bL^ STRSWd LNN`X`WL_PO TY^TOP NPWW^ LYO [P]ZcT^ZXP^ TY MZ_S 

bTWO%_d[P LYO L`_Z[SLRd X`_LY_^$ TYOTNL_TYR _SL_ _SP]P T^ LYZ_SP] XPNSLYT^X ZQ DBE 

LNN`X`WL_TZY& HP SLaP []ZaTOPO _SP LOOT_TZYLW A]XXTMUMV\IZa 7QO]ZM[ (+ IVL (,

bT_S _SP LOOT_TZYLW ^PY_PYNP^ TY DP^`W_^ ZY XIOM[ ')$'*# TQVM[ (--$(.( L^ QZWWZb3 

GEM N]Z\PMZ M`IUQVML \PM MNNMK\ WN [IT\ [\ZM[[ )+# ), WV XM`WXPIOa \W LM\MZUQVM 

_PM\PMZ \PM W\PMZ \aXM[ WN I]\WXPIOa$QVL]KQVO [\ZM[[ UQUQK PQOP$TQOP\ QVL]KML 

XM`WXPIOa% BPM [IT\ [\ZM[[ [TQOP\Ta UWL]TI\ML XMZW`Q[WUM IOOZMOI\QWV# J]\ \W I 

TM[[MZ M`\MV\# LM[XQ\M \PM PQOP IKK]U]TI\QWV WN @>A QV _QTL \aXM IVL U]\IV\[ 

!A]XXTMUMV\IZa 7QO[% (+# (,"% BPM ZM[]T\[ []OOM[\ \PI\ [IT\ [\ZM[[ Q[ QVMNNQKQMV\ 

KWUXIZML \W PQOP$TQOP\ [\ZM[[ \W QVL]KM XM`WXPIOa&H 

Comment 2: If overexpressing ATGs could alleviate the oxidative peroxisomes 

caused by high-intensity light? These evidences should be provided to further 

support the notion of this paper.  

@M[XWV[M (0 HP ^_LMWd ZaP]Pc[]P^^PO 4F:)0L%:9C "4F:)0%B8%) Z] 4F:)0%B8%*# TY 

_SP bTWO%_d[P MLNVR]Z`YO& HP PcLXTYPO [WLY_ R]Zb_S [SPYZ_d[P LYO DBE 



LNN`X`WL_TZY TY STRS%TY_PY^T_d WTRS_ bT_S _SP ^LXP NZYOT_TZY ZQ E`[[WPXPY_L]d 9TR )/& 

5Z_S WTYP^ ]PaPLWPO ^WTRS_ ]P^T^_LYNP _Z STRS%TY_PY^T_d WTRS_ NZX[L]PO _Z bTWO _d[P$ 

^`RRP^_TYR _SL_ ZaP]Pc[]P^^TZY ZQ 4F:)0 ^`[[]P^^P^ _SP DBE LNN`X`WL_TZY TY STRS%

TY_PY^T_d WTRS_& HP SLaP L__LNSPO A]XXTMUMV\IZa 7QO]ZM (* bT_S _SP LOOT_TZYLW 

^PY_PYNP TY DP^`W_^ ZY XIOM ')# TQVM[ (-+$(-- L^ QZWWZb3 

GBW I[KMZ\IQV \PM KWV\ZQJ]\QWV WN I]\WXPIOa QV []XXZM[[QVO @>A QV TMIN KMTT[ ]VLMZ 

PQOP$QV\MV[Q\a TQOP\# _M M`IUQVML \ZIV[OMVQK XTIV\[ W^MZM`XZM[[QVO 2B8'.I$87?% 

BPM ZM[]T\[ ZM^MITML \PI\ @>A _I[ []XXZM[[ML QV \PM TMIN KMTT[ WN \PM XTIV\[ 

!A]XXTMUMV\IZa 7QO% (*"%H 

$ LYO TY 7T^N`^^TZY ZY XIOM ',# TQVM[ ))) e)), L^ QZWWZb3   

GEM N]Z\PMZ [PW_ML \PI\ W^MZM`XZM[[QWV WN 2B8'.I$87? []XXZM[[M[ @>A QV JW\P 

KMTT[ IVL XMZW`Q[WUM[ ]VLMZ PQOP$QV\MV[Q\a TQOP\ !A]XXTMUMV\IZa 7QO% (*"# 

XZW^QLQVO []XXWZ\QVO M^QLMVKM WN \PM KWV\ZQJ]\QWV WN 2B8'.I QV TQOP\$LMXMVLMV\ 

XM`WXPIOa NWZ XZM^MV\QVO KMTT LIUIOM%H 

Comment 3: If the ectopic expression of CAT could rescue the pexophagy 

defect in the atg mutants ? 

@M[XWV[M )0 HP SLaP PcLXTYPO bSP_SP] _SP PN_Z[TN Pc[]P^^TZY ZQ 64F ]P^N`P^ _SP 

[PcZ[SLRd OPQPN_ TY _SP -1/&& HP SLaP _]LY^TPY_Wd Pc[]P^^PO :9C%64F LYO D9C%64F 

TY WPLQ XP^Z[SdWW NPWW^ ZQ -1/& X`_LY_^ aT^`LWTeTYR [P]ZcT^ZXP bT_S D9C Z] :9C `YOP] 

-(( µXZW X%*^%)& HP NZ`Y_PO _SP Y`XMP] ZQ [P]ZcT^ZXP^ LYO [P]ZcT^ZXP LRR]PRL_P^ 

TY WPLQ XP^Z[SdWW NPWW^ ZQ -1/& LYO QZ`YO _SL_ PN_Z[TN Pc[]P^^TZY ZQ 64F ^WTRS_Wd 

]P^N`P^ _SP [PcZ[SLRd OPQPN_ TY -1/& TY STRS%TY_PY^T_d WTRS_& HP SLaP TY^P]_PO 

A]XXTMUMV\IZa 7QO]ZM '/ bT_S LY LOOT_TZYLW ^PY_PYNP TY DP^`W_^ ZY XIOM ''# TQVM[ 

(() e((, L^ QZWWZb3 

GBW M`IUQVM \PM ZMTI\QWV[PQX JM\_MMV XMZW`Q[WUM IOOZMOI\QWV IVL IJVWZUIT 

KI\ITI[M IKK]U]TI\QWV QV I]\WXPIOa U]\IV\[ ]VLMZ PQOP$QV\MV[Q\a TQOP\# _M 



MK\WXQKITTa W^MZM`XZM[[ML 42B( QV 082$ U]\IV\% BPM ZM[]T\[ [PW_ML \PI\ 42B( 

[]XXZM[[ML XMZW`Q[WUM IOOZMOI\QWV QV 082$ U]\IV\ !A]XXTMUMV\IZa 7QO% '/"%H 

$ LYO TY 7T^N`^^TZY ZY XIOM '+# TQVM[ )'* e)'- L^ QZWWZb^3 

JBPM MK\WXQK M`XZM[[QWV WN KI\ITI[M QV TMIN KMTT[ WN 082$ []XXZM[[ML \PM XMZW`Q[WUM 

V]UJMZ IVL IOOZMOI\QWV QV \PM KMTT[ !A]XXTMUMV\IZa 7QO% '/"# []OOM[\QVO \PI\ 

IK\Q^M KI\ITI[M _W]TL ZML]KM XMZW`Q[WUIT @>A IVL []J[MY]MV\ XMZW`Q[WUM 

IOOZMOI\QWV QV 082$%H 

Comment 4: It is still unclear who (ROS signal receptors or other unknown 

components?) recruit the ATG18 (and/or other ATGs?) to initiate and form the 

pexophagosome. 

@M[XWV[M *0 HP L]P LW^Z TY_P]P^_PO TY _SP \`P^_TZY LMZ`_ _SP ]PNP[_Z] QZ] DBE ^TRYLW 

TYO`NTYR [PcZ[SLRd bT_S ]PN]`T_TYR 4F:)0& HP ^SZbPO _SL_ C_O<Y^+C bL^ QZ]XPO 

L]Z`YO OPR]LOPO [P]ZcT^ZXP Z] [PcZ[SLRZ^ZXP$ bSP]P 4F:)0L WZNLWTePO& HP SLaP 

PcLXTYPO _SP PQQPN_ ZQ L C<+ VTYL^P TYSTMT_Z] bZ]_XLYYTY ZY _SP _L]RP_TYR ZQ 4F:)0L%

:9C LYO :9C%*c9IG8 ZY _SP [P]ZcT^ZXP^& HP QZ`YO _SL_ MZ_S 4F:)0L%:9C LYO 

:9C%*c9IG8 ]PXL]VLMWd WZ^_ _SP WZNLWTeL_TZY ZY OPR]LOP%[P]ZcT^ZXP^$ ^`RRP^_TYR 

_SL_ C<+%VTYL^P T^ TYaZWaPO TY ^_P[ ZQ [PcZ[SLRd& <_ T^ ZQ R]PL_ TY_P]P^_ QZ] _SP ]PNP[_Z] 

_Z TYT_TL_P [PcZ[SLRZ^ZXP QZ]XL_TZY$ M`_ bP bZ`WO WTVP _Z ]P[Z]_ _SP NZX[ZYPY_^ L^ L 

^P[L]L_P [`MWTNL_TZY MPNL`^P QTYOTYR _SP [PcZ[SLRd ]PNP[_Z] T^ NSLWWPYRTYR& HP LOOPO 

A]XXTMUMV\IZa 7QO]ZM ', bT_S LOOT_TZYLW ^PY_PYNP^ LMZ`_ _SP bZ]_XLYYTY 

Pc[P]TXPY_ TY DP^`W_^ ZY XIOM '&# TQVM[ (&+ e (&. L^ QZWWZb^3  

[BPQ[ _I[ []XXWZ\ML Ja \PM M^QLMVKM \PI\ _WZ\UIVVQV ',# '.# ('# )(# I 

XPW[XPWQVW[Q\QLM )!SQVI[M QVPQJQ\WZ# LQ[\]ZJML \PM []JKMTT]TIZ TWKITQ[I\QWV WN 

2B8'.I$87? IVL 87?$(`7FD6 WV XMZW`Q[WUM IOOZMOI\M[ QV 082$!6#" WZ

082#(0!6$" !A]XXTMUMV\IZa 7QO% ',"%H 

, LYO TY 5Q[K][[QWV ZY XIOM '.# TQVM[ )-)e )-, L^ QZWWZb3



G5Q[\]ZJIVKM WN \PM []JKMTT]TIZ TWKITQ[I\QWV WN \PM 2B8'.I$87? IVL 87?$

(`7FD6 WV LMOZILML XMZW`Q[WUM[ QV _WZ\UIVVQV$\ZMI\ML 082$!6#" WZ 082#(0!6$" 

!A]XXTMUMV\IZa 7QO% '," QUXTQM[ \PI\ XPW[XPWQVW[Q\QLM )!SQVI[M IK\Q^Q\a Q[ 

ZMY]QZML \W NWZU \PM XTI\NWZU NWZ OI\PMZQVO 2B8'.I WV LMOZILML XMZW`Q[WUM[%H 

Minor comments: 

The authors should carefully check the writing all over the context. A few 

examples are shown below: 

@M[XWV[M0 HP LNVYZbWPORP _SP ]PaTPbP]k^ VTYO LOaTNP _Z TX[]ZaP Z`] XLY`^N]T[_& HP 

NZ]]PN_PO Z`] XLY`^N]T[_ Md NSPNVTYR bT_S 8YRWT^S Pc[P]_^&

Comment 5: Figures are not clear enough, especially the enlarged figure, please 

provide high-solution one. 

@M[XWV[M +0 HP SLaP ]P[WLNPO _SP PYWL]RPO QTR`]P^ bT_S STRS%^ZW`_TZY TXLRP^ TY 7QO[%'$ 

,% 

Comment 6: There are no statistical analyses in the figures, for example fig. 1c. 

There is no annotation of materials in the supl fig 1c, and no error bar for the 

WT in the supl fig 1d. 

@M[XWV[M ,0 HP SLaP [P]QZ]XPO ^_L_T^_TNLW LYLWd^P^ ZY _SP 9TR`]P^& HP L__LNSPO Y&^ TY 

7QO%'K MPNL`^P _SP]P bL^ YZ ^TRYTQTNLY_ OTQQP]PYNP MP_bPPY _SP X`_LY_^& HP SLaP LW^Z 

L__LNSPO _SP XL_P]TLW LYYZ_L_TZY^ LYO P]]Z] ML] TY A]XXTMUMV\IZa 7QO 'L&   



Comment 7: 199 the----> The

Comment 8: 379 involvement---> involvements (p19, line 400) 

@M[XWV[M \W - IVL .0 FSLYV dZ` QZ] [ZTY_TYR Z`_ Z`] XT^_LVP^& HP SLaP NZ]]PN_PO _SPX& 



<Reviewer #3> 

Comments 1: In this manuscript, Oikawa et al. showed pexophagy is important 

for selective removal of ROS-generating peroxisomes and protects plants from 

oxidative damage during photosynthesis. In addition, they also showed a 

beautiful process of pexophagy by fluorescence labelling with GFP-2×FYVE 

or ATG18a-GFP and demonstrated important roles of PtdIns3P and ATG18. 

These findings are helpful in illustrating physiological roles of pexophagy and 

observation of pexophagosomes in plants, but supplied limited information 

about the mechanism underlying this selective autophagy process. In 

particular, the authors have previously demonstrated the role of pexophagy in 

elimination of oxidatively damaged peroxisomes in leaves and aggregation of 

peroxisomes in a series of mutants related to the classical ATG genes, such 

as ATG2, ATG18 and ATG7. Therefore, observations of peroxisome 

aggregates and further leaf damage in autophagy defective mutants grown 

under high-intensity light, which greatly induces ROS accumulation, can be 

expected, while, the really interesting questions in the process awaited to be 

answered should be how the ROS signals are recognized by pexophagy 

machinerie or how the damaged peroxisomes are selected for degradation.

@M[XWV[M '0 HP _SLYV _SP ]PaTPbP] QZ] NL]PQ`WWd ]PLOTYR Z`] XLY`^N]T[_ bT_S N]T_TNLW 

NZXXPY_^& FSP OPR]LOPO [P]ZcT^ZXP^ LNN`X`WL_P TYLN_TaP NL_LWL^P LYO DBE& FSP^P 

[P]ZcT^ZXP^ L]P WLMPWPO bT_S 4F:)0L%:9C LYO :9C%*c9IG8 LOULNPY_ _Z 

L`_Z[SLRZ^ZXP%WTVP ^_]`N_`]P QZ] _SP OPR]LOL_TZY Md L`_Z[SLRd ^d^_PX& 4^ LOOT_TZYLW 

TYQZ]XL_TZY$ bP ^SZbPO _SL_ bZ]_XLYYTY OT^_`]MPO _SP WZNLWTeL_TZY ZQ 4F:)0L%:9C 

LYO :9C%*c9IG8 ZY _SP OPR]LOPO [P]ZcT^ZXP^ "A]XXTMUMV\IZa 7QO]ZM ',#$ 

^`RRP^_TYR _SL_ C<+%VTYL^P [WLd^ L ]ZWP TY _SP WZNLWTeL_TZY ZQ 4F:)0 LYO C_O<Y^+C& HP 

LW^Z QZ`YO _SL_ 69C%4F:0 LNN`X`WL_P^ bT_S 4F:)0L%:9C ZY _SP [P]ZcT^ZXP 

LRR]PRL_TZY^ TY -1/&$ ^`RRP^_TYR _SL_ C_O<Y^+C QZ]XL_TZY L]Z`YO OPR]LOPO 

[P]ZcT^ZXP^ T^ LY PL]Wd ^_P[ _Z LNN`X`WL_P 4F:0 QZ] L`_Z[SLRTN OPR]LOL_TZY ZQ 

[P]ZcT^ZXP^& HP L]P LW^Z TY_P]P^_PO TY _SP \`P^_TZY LMZ`_ _SP ]PNP[_Z] QZ] DBE ^TRYLW 

TYO`NTYR [PcZ[SLRd bT_S ]PN]`T_TYR 4F:)0& 4W_SZ`RS bP OZ YZ_ SLaP LYd NZYNW`^TaP 

PaTOPYNP LMZ`_ _SP NZX[ZYPY_ _SL_ ^PY^P^ DBE ^TRYLW QZ] TYO`NTYR [PcZ[SLRd$ bP L]P 



NWZ^P _Z LY^bP]TYR _SP \`P^_TZY& HP [P]QZ]XPO @E LYLWd^T^ QZ] QTYOTYR NLYOTOL_P 

[]Z_PTY^ MTYOTYR _Z 4F:)0L%:9C ZY [P]ZcT^ZXP^ TY -1/& "A]XXTMUMV\IZa 7QO% '' 

IVL A]XXTMUMV\IZa BIJTM (#& HP L]P Pc[PN_TYR _SL_ _SP]P L]P ^PY^Z]^ Z] ]PNP[_Z]^ 

QZ] [PcZ[SLRd TY _SP WT^_& ;ZbPaP]$ bP bZ`WO WTVP _Z ]P[Z]_ _SP NZX[ZYPY_^ L^ L 

^P[L]L_P [`MWTNL_TZY MPNL`^P QTYOTYR _SP [PcZ[SLRd ]PNP[_Z] T^ NSLWWPYRTYR&  

HP SLaP TY^P]_PO LOOT_TZYLW ^PY_PYNP^ LMZ`_ _SP Pc[P]TXPY_ ZQ _SP bZ]_XLYYTY LYO 

4F:0 L^ QZWWZb^3  

LMZ`_ _SP bZ]_XLYYTY TY DP^`W_^ ZY XIOM '&# TQVM[ (&+ e (&.1  

GBPQ[ _I[ []XXWZ\ML Ja \PM M^QLMVKM \PI\ _WZ\UIVVQV',#'.#('#)(# I XPW[XPWQVW[Q\QLM 

)!SQVI[M QVPQJQ\WZ# LQ[\]ZJML \PM []JKMTT]TIZ TWKITQ[I\QWV WN 2B8'.I$87? IVL 

87?$(`7FD6 WV XMZW`Q[WUM IOOZMOI\M[ QV 082$!6#" WZ 082#(0!6$" 

!A]XXTMUMV\IZa 7QO% ',"%H 

, LYO TY 7T^N`^^TZY ZY XIOM '.# TQVM[ )-)e )-,3

G5Q[\]ZJIVKM WN \PM []JKMTT]TIZ TWKITQ[I\QWV WN \PM 2B8'.I$87? IVL 87?$

(`7FD6 WV LMOZILML XMZW`Q[WUM[ QV _WZ\UIVVQV$\ZMI\ML 082$!6#" WZ 082#(0!6$" 

!A]XXTMUMV\IZa 7QO% '," QUXTQM[ \PI\ XPW[XPWQVW[Q\QLM )!435071 IK\Q^Q\a Q[ 

ZMY]QZML \W NWZU \PM XTI\NWZU NWZ OI\PMZQVO 2B8'.I WV LMOZILML XMZW`Q[WUM[%H 

HP SLaP TY^P]_PO _SP ^PY_PYNP^ LMZ`_ 4F:0P TY DP^`W_^ ZY XIOM .# TQVM[ '+($'+,3 

GEM PI^M XZM^QW][Ta [PW_V \PI\ 2B8. IKK]U]TI\M[ VMIZ \PM XMZW`Q[WUM 

IOOZMOI\M[ QV 082$!6#" ''# '*% BW M`IUQVM _PM\PMZ 2B8'. IVL 2B8. \IZOM\[ \W \PM 

[IUM XMZW`Q[WUM IOOZMOI\M QV 082$!6#"# _M \ZIV[QMV\Ta M`XZM[[ML 47?$2B8.M QV 

082$!6#" M`XZM[[QVO 2B8'.I$87?% BPM ZM[]T\ [PW_ML \PI\ 47?$2B8.M IVL 

2B8'.I$87? IZM KWTWKITQ[ML \W \PM [IUM XMZW`Q[WUM IOOZMOI\M !A]XXTMUMV\IZa 

7QO% ,"# ZM^MITQVO \PI\ 2B8'.I ZMKWOVQ[M[ W`QLQbML XMZW`Q[WUM[ \W JM LMOZILML%H 

$ LYO TY 7T^N`^^TZY ZY XIOM '.# TQVM[ ).,$)./3 



GEM PI^M XZM^QW][Ta ZM^MITML \PI\ 2B8.I TWKITQ[M[ \W LMOZILML XMZW`Q[WUM[ QV 

082$!6#" IVL 082& I[ LW\ [\Z]K\]ZM[ ''# '*% :V \PQ[ [\]La# _M NW]VL \PI\ 2B8.M 

KWTWKITQ[M[ _Q\P 2B8'.I WV XMZW`Q[WUM IOOZMOI\M[ QV I\O(!6#" !A]XXTMUMV\IZa 

7QO% ,"# []OOM[\QVO \PI\ 2B8. IK\[ QV KWVKMZ\ _Q\P 2B8'.I%H 

LYO$ XIOM (&# TQVM[ *)'$*)+ L^ QZWWZb^3  

GEM [PW_ML \PI\ XPW[XPWQVW[Q\QLM )!SQVI[M Q[ QV^WT^ML QV XM`WXPIOW[WUM 

NWZUI\QWV !A]XXTMUMV\IZa 7QO% ',"% BPM N]\]ZM LQZMK\QWV WN \PQ[ [\]La Q[ \W NQVL 

\PM [MV[WZ XZW\MQV![" [MV[QVO @>A WZ W`QLQ[ML TQXQL[ WV \PM XMZW`Q[WUM UMUJZIVM 

NWZ IK\Q^I\QVO \PM XPW[XPWQVW[Q\QLM )$SQVI[M \W QVL]KM XM`WXPIOa IVL KTIZQNa \PM 

QV^WT^MUMV\ WN -*/7 QV XTIV\ XM`WXPIOa"H 

Comments 2: Another interesting question raised by the authors, about the 

different pattern of peroxisome aggregation in leaf mesophyll cells between 

peup1/atg2 and peup4/atg7 mutants, is also not fully addressed, in my opinion. 

The authors claimed that this may reflect one ATG function in formation of 

pexophagosome. Does this mean the phenotypes is related to the hierarchy 

of ATG proteins in phagophore organization, since ATG2-ATG18 is recruited 

to phagophores earlier before ATG7 and determines subsequent ATG8 

lipidation involving ATG7? If so, why does the aggregation phenotype in atg7 

under high-intensity light become more severe than atg2?

@M[XWV[M (0 HP SLaP ]PLYLWdePO _SP [SPYZ_d[P ZQ L_R^ X`_LY_^ `YOP] _SP OTQQP]PY_ WTRS_ 

TY_PY^T_d LYO NZYNW`OPO _SL_ _SP OTQQP]PY_ [SPYZ_d[P ZQ _SP [P]ZcT^ZXP LRR]PRL_TZY 

bL^ ZM^P]aPO ZYWd TY YZ]XLW%TY_PY^T_d WTRS_ "A]XXTMUMV\IZa 7QO% '# M`_ YZ_ TY STRS%

TY_PY^T_d WTRS_ "A]XXTMUMV\IZa 7QO[% '-#'.#& 4^ _SP ]PaTPbP]k^ NZXXPY_^$ _SP 

OTQQP]PYNP TY [SPYZ_d[P ZQ [P]ZcT^ZXP LRR]PRL_P "^TeP$ Q]P\`PYNd# bZ`WO MP ]PWL_PO _Z 

4F: Q`YN_TZY ^`NS L^ [PcZ[SLRZ^ZXP QZ]XL_TZY& HP SLaP ^SZbY _SL_ _SP Y`XMP] ZQ 

_SP ]TYR ^_]`N_`]P ZQ 4F:)0L%:9C TY -1/* T^ STRSP] _SLY _SL_ TY -1/& TY YZ]XLW%

TY_PY^T_d WTRS_"7QO% (N LYO A]XXTMUMV\IZa 7QO% .#& ;ZbPaP]$ TY STRS%TY_PY^T_d WTRS_$ 

`YOPR]LOPO [P]ZcT^ZXP TYN]PL^P _Z QZ]X WL]RP LRR]PRL_TZY MPNL`^P OPR]LOL_TZY ZQ 



[P]ZcT^ZXP^ TY aLN`ZWP NZ`WO YZ_ []ZNPPO^ MZ_S TY -1/& LYO -1/* X`_LY_^& HP SLaP 

TY^P]_PO LY LOOT_TZYLW ^PY_PYNP LMZ`_ _SP OTQQP]PY_ [SPYZ_d[P ZQ _SP [P]ZcT^ZXP 

LRR]PRL_TZY MP_bPPY TY -1/& LYO -1/* ZY XIOM[ '/$(&# TQVM[ *''$*', L^ QZWWZb3      

GCVLMZ VWZUIT$QV\MV[Q\a TQOP\# 082'!6%" U]\IV\ [PW_ML I PQOPMZ V]UJMZ WN 

XMZW`Q[WUM IOOZMOI\M[ KWUXIZML \W W\PMZ 082 U]\IV\[ !7QO% ' IVL A]XXTMUMV\IZa 

7QO% '"% BPM LQNNMZMVKM UIa ZMNTMK\ \PM N]VK\QWV WN 2B8( IVL 2B8- XZW\MQV QV 

XM`WXPIOW[WUM NWZUI\QWV !7QO[% (# , IVL A]XXTMUMV\IZa 7QO[% .# (-"% =W 

LQNNMZMVKM _I[ WJ[MZ^ML QV \PM LMOZMM WN XMZW`Q[WUM IOOZMOI\QWV ]VLMZ PQOP$

QV\MV[Q\a TQOP\ JM\_MMV 082$ IVL 082'# []OOM[\QVO \PI\ 2B8( IVL 2B8- XTIa 

MY]ITTa QUXWZ\IV\ ZWTM[ QV XM`WXPIOa%H 



Reviewer #1 (Remarks to the Author): 

I have read the revised manuscript and find that the authors have satisfactorily addressed my 

previous concerns. Additional experiments have been added that strengthen the conclusions, the 

figures are improved, and the data are more clearly described. 

I have only minor suggestions for improvement: 

Line 82 – “leading to the oxidisation of peroxisomes. We have shown that oxidative peroxisomes 

are not degraded in autophagy-deficient mutants” would be more clear as “leading to the oxidation 

of peroxisomes. We have shown that oxidation-damaged peroxisomes are not degraded in 

autophagy-deficient mutants.” (All peroxisomes are presumably oxidative.) 

Line 110 – “differences” should be “different” 

Line 225 – “we ectopically overexpressed CAT2 in atg2 mutant. The results showed that CAT2 

suppressed peroxisome aggregation in atg2 mutant” should be “we ectopically overexpressed GFP-

CAT2 or RFP-CAT2 in an atg2 mutant. We found that these CAT2 fusions suppressed peroxisome 

aggregation in atg2 mutant.” 

Line 260 – “accumulat” should be “accumulate” 

Supplementary Figure 1 title – “atgs mutants” should be “atg mutants” 

Supplementary Figure 4 – the legend does not match the figure. Panel b in the legend refers to 

immunoblotting of a fractionation experiment; panel b of the figure is quantification of panel a. 

Reviewer #2 (Remarks to the Author): 

All the issues raised by reviewers have been addressed by the authors, and the quality of the 

manuscript has significantly been improved. Therefore, I suggested to accept this paper. 

Reviewer #3 (Remarks to the Author): 

In this work, the authors carried out a lot of imaging studies on peroxisome status in wild-type 

Arabidopsis as well as atg mutants under high-intensity light, aiming to show that pexophagy was 

induced during the strong light irradiation to eliminate damaged peroxisomes, and failure of the 

pexophagy in atg mutants caused more severe aggregation of peroxisomes and leaf damage. 

However, since the phenotypes involving peroxisome aggregates, catalase inactivation and ROS 

accumulation in atg mutants grown under normal conditions had been reported by the same 

research group, a series of data (such as Figure1,4, and Supplementary Figure 1-4, 17,18,22) 

showing the those kinds of phenotypes in autophagy defective mutants under the high-intensity 

light, which is actually just an enhanced oxidative stress to plants in the nature, can be expected 

and provided little new information. The only new and interesting message is about the co-labeling 

of ATG18a-GFP or GFP-2×FYVE with some peroxisomes, which might be an indicator for 

pexophagosomes and pexophagy, if the connections between the appearance of ATG18a/ FYVE on 

peroxisomes and the destinies of the marked peroxisomes are convincingly proved. Unfortunately, 

however, the current data are obviously not enough. 

1.The authors mainly focused on the observation of increased associations of ATG18a-GFP or GFP-

2×FYVE with aggregated peroxisomes in autophagic-defective mutants, especially under normal 

light conditions in most cases, but did not pay real attention to the molecular links between the 

pexophagy process induced by the high-intensity light and the dynamic changes of co-localizations 

of aggregated peroxisomes with ATG18a-GFP or GFP-2×FYVE, the morphology changes of the co-

labeled structures, and the incorporation process by vacuole during pexophagy. In addition, 

although various kinds of structures, labeled by ATG18a-GFP or GFP-2×FYVE (like dot, cup and 



ring-like structures), resembling pexophagic structures at different steps, were observed, their 

identities still need to be further proved. Actually, the current imaging data only tell the possible 

enrichment of PI3P and ATG18a-GFP on aggregated peroxisomes, but cannot convince readers to 

believe that those ATG18a-GFP- or GFP-2×FYVE-postive structures associated with peroxisomes 

are surely pexophagic structures. Co-localizations of ATG18a-GFP or GFP-2×FYVE with ATG8-

labeld puncta should be monitored during a complete pexophagy process in the stable transgenic 

lines with both fluorescent markers to investigate those questions that include but not limited to 

the recruitment order of these proteins to the damaged peroxisome, the stages that they 

participated in, the duration time of co-localizations between them on peroxisomes and their 

destinies when pexophagosomes are formed or degraded, but not just observations of co-

localizations between ATG18a-GFP with ATG8 in atg2 mutant, or just similarity analysis of their 

localization patterns on aggregated peroxisomes in the current manuscript. Furthermore, PAS-like 

structures, indicated by the authors, in the TEM images of supplementary figure 13-14, need to be 

further confirmed by immunogold labeling of ATG8. In addition, evaluation of vacuolar peroxisome 

degradation in wild-type cells, before and after high light irradiation, is quite necessary to address 

the occurrence of pexophagy in plants under high-intensity light. This can be achieved by 

monitoring the appearance of peroxisomic structures in vacuoles or by biochemical analysis of 

peroxisomic protein degradation, with the help of inhibitors of vacuolar proteases or V-ATPase. 

2. The light conditions used in this study for high-intensity treatments were not consistent. In 
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beginning, as the author stated, the number of peroxisomes and peroxisome aggregates in atg7 

was higher and leaf damages of atg7 under high-intensity light were also more severe than other 

atg mutants, they mainly chose atg7(p4) for subsequent study. However, in some of the following 

studies, a wealth of data, as presented in Supplementary Figure 6, 10, 11, 13, 14, 16 and 19, 

were obtained only from atg2 mutant. 

3. Since most of the conclusions are obtained from confocal imaging studies, the quality of 

confocal data is of great importance. The authors should distinguish carefully the real punctate 

associations of ATG18a-GFP or GFP-2×FYVE with organelles from just artifacts caused by 

occasional space-overlap, which is especially true for the co-localization analysis of those two 

proteins with chloroplasts shown in Supplementary Figure 23. All of the images to show the co-

localizations of RFP-PTS1 labeled peroxisomes with ATG18a-GFP or GFP-2×FYVE or tri-labeling 

should also include the splitted channels for readers to observe the precise morphology of the 

structures. Structures in some of the images cannot be clearly visualized in the less-magnified 

view, e.g. Supplementary Figure 8b and 12b. Some images would be better presented by showing 

a large field of view along with the magnified view of some specified structures for readers to 

understand the frequency, subcellular locations and detailed morphologies, such as supplementary 

Figure 6 and especially observations of peroxisomes surrounded by vacuolar membranes in 

Figure5 and Supplementary Figure 21a. In addition, the current descriptions about the relative 

positions of peroxisome aggregates around vacuolar membranes are confusing. Tonoplast and 

vacuole bubbles were not strictly distinguished and collectively referred to as vacuolar membranes. 

In addition, whether some peroxisome aggregates appeared within vacuoles, whether those 

vacuolar-incorporated peroxisome aggregates are enveloped with tonoplast-derived membranes, 

and the quantification of the numbers of corresponding types of peroxisome aggregates defined by 

the above features should be clarified, which will help the readers to better understand the 

occurrence of pexophagy via macroautophagy or microautophagy. 

4. The authors performed a lot of quantifications of intensities related to WB and H2-DCF staining. 

For quantification of WB images in Supplementary Figure 18C and 20f, arer the two films exposed 

at the same time? If not, how can the authors convince readers to believe that the intensity 

differences were results of signals or just exposure time? This reviewer is also curious that how the 

H2-DCF staining signals from different leaves of different plants can be scientifically quantified 

without an internal control to avoid interference of leaf thickness. In addition, the intensities 

quantified in Figure 6a indicate some signals were possibly out of the linear dynamic range of the 

detector and overexposed 

5. In addition to the localizations of ATG18a-GFP or GFP-2×FYVE on some peroxisomes, where do 



their other signals mainly appear at the subcellular level. Please add images to show the 

localization patterns of ATG18a-GFP and GFP-2×FYVE in wild-type cells under normal conditions. 

In supplementary figure 15d, some GFP signals of ATG18a-GFP seem to appear on chloroplasts. Is 

this case normal? Also, the last three panels of the supplementary figure 15d were shown in the 

bright field mode, while the first one is not. Those data need to be displayed in a consistent 

manner. 

6. The authors demonstrated that ectopic expression of catalase in atg2 mutant decreased not 

only the number of peroxisome aggregates but also the total number of peroxisomes. This result is 

quite surprising. How can the aggregated peroxisomes can be further degraded in a autophagy-

defective mutant? 

7. As illustrated by the authors, leaf damage under high-intensity light is closely related to 

catalase inactivation, peroxisome aggregation and excess ROS accumulation. However, although 

the authors claimed that overexpression of ATG18 significantly suppressing accumulation of ROS 

within mesophyll cells, the ATG18 OE lines did not show visible alleviated leaf damage under high-

intensity light. Besides, the leaf damage in wild-type plants subjected to high light treatment, as 

shown in Supplementary Figure 17a, seems to be second only to atg7 mutant, because bleach 

phenotypes can be both observed in those two plants, but not in other atg mutants"

8. Data involving mitochondrial degradation and chloroplast damage are very preliminary and has 

little to do with the main scientific question need to be solved in this manuscript, which can be 

removed from the maintext. 

9. Supplementary figure 15c and d were not referenced in the main text. 

10. Internal control for supplementary figure 4a deposited in source data should be assembled at 

the bottom of the figure. Similar analysis in supplementary figure 20d lacks internal control. 

11. Figure legend of supplementary figure 4b is not correct. 

12. The TEM image in Supplementary figure 20b is meaningless without being accompanied with 

the proper control. 

13. The pseudocolors for peroxisomes and chloroplast should be different. 

14. Splitted images from individual channels for the up panel of Supplementary Figure 22c are 

missing in the source data. 

15. Typo errors in source data: 

Supplementary Figure 20f, the labels for antibody of the bottom panel should be anti-SHMT 

Supplementary Figure 21b, High light (100 µmolm-2s-1) should be High light (1000 µmolm-2s-1) 

16. The normalization methods for intensity analysis in source data were not consistent: 

Raw data for Fig. 4f, Sfig.22b and Sfig.24d were normalized to the wild-type plants, whose mean 

was set to 1. 

Raw data for SFig.2e and Sfig.24c were normalized to the wild-type plants, whose mean was not 

set to 1. 

Raw data for SFig.4b and SFig.20e were normalized to the wild-type plants, but the value of 

individuals was set to 1. 
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aSVN ^cZO MOVV]' DRO\OPY\O% aO aSVV ^\KMU ^RO 4D:)0K&:9A KXN 4D:0K Lc WKUSXQ 

]O`O\KV ^\KX]QOXSM VSXO] aS^R KX SXN_MSLVO Z\YWY^O\ KXN K_^YZRKQc SXRSLS^Y\] ^Y 

WYXS^Y\ ZObYZRKQc OPPSMSOX^Vc% aRSMR aSVV LO K NSPPO\OX^ Z\YTOM^% XY^ SXMV_NON SX ^RS] 

]^_Nc'  

#+$ DY KNN\O]] ^RO \O`SOaO\ MYWWOX^% aO ObKWSXON 4D:0 VYMKVSdK^SYX YX ZObYZRKQc 

]^\_M^_\O SX %(&! _]SXQ KX KX^SLYNc KQKSX]^ 4D:0 "@ZUUQJRJSYFW^ 7NL( *0#' DRO 

\O]_V^] MVOK\Vc ]RYaON ^RO 4D:0 aS^RSX ^RO ZObYZRKQc ]^\_M^_\O ]SWSVK\ ^Y ^RO D8? 

KXKVc]O] YP 4D:)0K KXN :9A&*b9GE8' FO RK`O Z\Y`SNON KX KNNS^SYXKV 9SQ_\O 

"@ZUUQJRJSYFW^ 7NL( *0# aS^R ^RO KNNS^SYXKV ]OX^OXMO K] PYVVYa]2  

DAMJXJ QTHFQNXFYNTSX \JWJ XNRNQFW YT YMFY TK 4A81 FSFQ^XJI ZXNSL FS FSYN'4A81 

FSYNGTI^ #@ZUUQJRJSYFW^ 7NLX( *0$'E #>FLJ 1& QNSJX *//b*/0$ 

D6JYFNQJI FSFQ^XNX G^ JQJHYWTS RNHWTXHTU^ WJ[JFQJI YMFY >YI:SX,> FSI 4A8*1F 

\JWJ QTHFQNXJI TS GTYM UJWT]NXTRJX FSI UMFLTUMTWJX FIOFHJSY YT UJWT]NXTRJX 



NS '*("#)!$ #@ZUUQJRJSYFW^ 7NLX( *.G& */$& XNRNQFWQ^ YT 4A81 #@ZUUQJRJSYFW^ 

7NL( *0$(E ">FLJ */& QNSJX ,.0b,.2$

I>YI:SX,>& 4A8*1F& FSI 4A81 \JWJ QTHFQNXJI YT YMJ XFRJ FWJF #7NLX( +& , FSI 

@ZUUQJRJSYFW^ 7NLX( *.G& */& FSI *0$(J ">FLJ */& QNSJX ,/-b,/.$

#,$ DY KNN\O]] ^RO \O`SOaO\j] \O[_O]^% aO ObKWSXON ^RO OPPOM^ YP MYXMKXKWcMSX 4 

"6YX4#% K E&4DAK]O SXRSLS^Y\% YX ^RO VYa& KXN RSQR&SX^OX]S^c VSQR^&SXN_MON 

ZO\YbS]YWO NOQ\KNK^SYX SX ^RO `KM_YVO' DRO ZO\YbS]YWO] aO\O KMM_W_VK^ON SX ^RO 

`KM_YVO SX ^RO 6YX4&^\OK^ON VOK`O] ObZY]ON ^Y RSQR&SX^OX]S^c VSQR^' FO KNNON ^RO 

XZUUQJRJSYFW^ 7NLZWJ +- FSI @ZUUQJRJSYFW^ BNIJTX *+'*. aS^R KX KNNS^SYXKV 

]OX^OXMO YX >FLJ 2& QNSJX *22b+), K] PYVVYa]2 

DAT J]FRNSJ [FHZTQFW UJWT]NXTRJ IJLWFIFYNTS G^ UJ]TUMFL^ ZSIJW MNLM'

NSYJSXNY^ QNLMY HTSINYNTSX& \J NSMNGNYJI [FHZTQFW 9%'4A>FXJ ZXNSL HTSHFSFR^HNS 

4 #5TS4$ YT XYTU [FHZTQFW M^IWTQ^YNH FHYN[NY^ NS \NQI'Y^UJ QJFK RJXTUM^QQ HJQQX 

#@ZUUQJRJSYFW^ 7NL( +-$( AMJ 5TS4'YWJFYJI HJQQX NSHWJFXJI YMJ FHHZRZQFYNTS TK 

ZSIJLWFIJI'UJWT]NXTRJX NS YMJ [FHZTQJ ZSIJW MNLM'NSYJSXNY^ QNLMY HTSINYNTSX 

#@ZUUQJRJSYFW^ 7NL( +-F'H FSI @ZUUQJRJSYFW^ BNIJTX *+'*.$( AMJXJ WJXZQYX 

NSINHFYJI YMFY UJ]TUMFL^ \FX KFHNQNYFYJI NS MNLM'NSYJSXNY^ QNLMY(E

KXN% YX >FLJ *.& QNSJX ,+.b,+/ K] PYVVYa]2 

DAMJ UJWT]NXTRJ SZRGJW \FX NSHWJFXJI NS YMJ [FHZTQJ TK 5TS4'YWJFYJI \NQI'Y^UJ 

HJQQX NS YMJ MNLM'NSYJSXNY^ QNLMY HTRUFWJI YT YMJ QT\'NSYJSXNY^ QNLMY 

#@ZUUQJRJSYFW^ 7NL( +-F'H$(E 

Comment 2. DGE K"% 2)8"( .1,')()1,* -*%' ), (")* *(-'3 01& ")8"B),(%,*)(3 

(&%#(+%,(* A%&% ,1( .1,*)*(%,(4 !, +1*( .#*%*9 GHHH c+12 + = * G A#* 



#//2)%'9 7-( ), *1+% .#*%*9 IHH c+12 + = * G #,' =HH c+12 + = * G A%&% 

#2*1 -*%'4 D=E K"% ),.1,*)*(%,.% A#* #2*1 (&-% 01& ("% #(8 +-#,(*4 !, ("% 

7%8),,),89 #* ("% #-("1& *(#(%'9 ("% ,-+7%& 10 /%&16)*1+%* #,' /%&16)*1+% 

#88&%8#(%* ), #(8X A#* ")8"%& #,' 2%#0 '#+#8%* 10 #(8X -,'%& ")8"B),(%,*)(3 

2)8"( A%&% #2*1 +1&% *%$%&% ("#, 1("%& #(8 +-(#,(*9 ("%3 +#),23 ."1*% 

#(8XD/RE 01& *-7*%T-%,( *(-'34 V1A%$%&9 ), *1+% 10 ("% 01221A),8 *(-')%*9 # 

A%#2(" 10 '#(#9 #* /&%*%,(%' ), Q-//2%+%,(#&3 M)8-&% P9 GH9 GG9 Ga9 GR9 GP 

#,' Gd9 A%&% 17(#),%' 1,23 0&1+ #(8= +-(#,(4 

?JXUTSXJ +( #*$ FO _]ON NSPPO\OX^ SX^OX]S^c VSQR^] ^Y YL]O\`O ^RO OPPOM^] YP VSQR^ SX^OX]S^c 

YX ZVKX^]' FO PS\]^ ObKWSXO ^RO aRS^O VSQR^ MYXNS^SYX LO^aOOX -( ^Y *(( µWYV W&* ]&

)' FO NS]MY`O\ON ZO\YbS]YWO KQQ\OQK^SYX KXN Q\Ya^R \ON_M^SYX SX %(& W_^KX^] 

PYVVYaSXQ ObZY]_\O ^Y )(( ^Y *(( µWYV W&* ]&)% aRSMR aO \OMYQXSdON K] XY\WKV&

SX^OX]S^c VSQR^ LOMK_]O aO _]O ]_MR VSQR^ MYXNS^SYX PY\ aSVN&^cZO ZVKX^ Q\Ya^R' FO 

MK^OQY\S]ON -(( KXN )((( µWYV W&* ]&) VSQR^ K] ^RO RSQR&SX^OX]S^c VSQR^ _]SXQ KX >87 

O[_SZWOX^ "LV_O KXN \ON#% aRSMR S] OPPOM^S`O PY\ ZRY^Y]cX^RO]S]% LOMK_]O S^ SXN_MO] 

ZRY^Y ]^\O]]% O'Q'% RSQRO\ ZO\YbS]YWO KQQ\OQK^SYX KXN B@C KMM_W_VK^SYX' DRO\OPY\O% 

^RO VSQR^ MYXNS^SYX] MKX LO NS`SNON SX^Y ^aY2 VYa&SX^OX]S^c KXN RSQR&SX^OX]S^c VSQR^ 

MYXNS^SYX]' CWKVV ZRY^YX PV_b NOX]S^c MRKXQO] aS^RSX ^RO ]KWO VSQR^ MYXNS^SYX aO\O 

WKSXVc N_O ^Y SX]^\_WOX^KV K`KSVKLSVS^c N_\SXQ ^RO Z\YTOM^' C^SVV% aO YL]O\`ON 

MYX]S]^OX^ \O]_V^] aS^RSX ^RO \OVO`KXMO YP ^RO ]KWO VSQR^ MYXNS^SYX' 9Y\ ^\KX]SOX^ 

ObZ\O]]SYX K]]Kc _]SXQ ^RO M_^^SXQ VOKP% Z\Y^YZVK]^ KXN `KM_YVO S]YVK^SYX ObZO\SWOX^% 

aO _]ON -(( µWYV W&* ]&) K] RSQR&SX^OX]S^c VSQR^ LOMK_]O K )((( µWYV W&* ]&) VSQR^ 

aK] ^YY ]^\O]]P_V KXN \ON_MON ^RO Z\Y^YZVK]^ cSOVN' FO NO]M\SLON ^RO \OK]YX] PY\ 

_]SXQ KXY^RO\ VSQR^ SX^OX]S^c YX >FLJ ,& FY QNSJX 0)'0* NS @ZUUQJRJSYFW^ 

:SKTWRFYNTS K] PYVVYa]2

DCJ ZXJI .)) `RTQ R + X * KTW UWJ[JSYNSL J]HJXX IFRFLJ YT YMJ HZYYNSL QJF[JX FKYJW 

UFWYNHQJ GTRGFWIRJSY(E 



"*# FO NSN ^RO ]KWO ObZO\SWOX^ "C_ZZVOWOX^K\c 9SQ_\O .# aS^R KX %(&$ W_^KX^% 

]RYaSXQ MY&VYMKVS]K^SYX YP 4D:0 KXN 4D:)0K&:9A YX ZO\YbS]YWO KQQ\OQK^SYX 

"@ZUUQJRJSYFW^ 7NLZWJ( 0#' 

FO NSN ^RO ]KWO ObZO\SWOX^ "C_ZZVOWOX^K\c 9SQ_\O ))# aS^R KX %(&$ W_^KX^ 

"@ZUUQJRJSYFW^ 7NLZWJ( *+#(  

FO XOaVc ObKWSXON ^RO aY\^WKXXSX OPPOM^] YX %(&! #@ZUUQJRJSYFW^ 7NLZWJ *2$ 

KXN %(&$ W_^KX^]% KXN ]RYaON ^RK^ aY\^WKXXSX NS]^_\LON 4D:)0K&:9A ^K\QO^SXQ YX 

^RO ZO\YbS]YWO KQQ\OQK^O SX LY^R W_^KX^]'

FO _]ON %(&! W_^KX^] ^Y ObKWSXO ^RO 4D:0 KXN 4D:)0K VYMKVS]K^SYX SX 

@ZUUQJRJSYFW^ 7NLZWJX *,& *.& */& *0& FSI +, #TQI @ZUUQJRJSYFW^ 7NLZWJX **& 

*,& FSI *2$% LOMK_]O 4D:)0K&:9A ^SQR^Vc LSXN] ^Y ZObYZRKQc ]^\_M^_\O] SX ^RO %(&!

W_^KX^ KXN S] OK]c ^Y ^\KMU MYWZK\ON ^Y ^RK^ SX ^RO %(&$ W_^KX^'  

AO\PY\WSXQ Z\Y^OYWSM] KXKVc]O] YX ^RO %(&$ W_^KX^ aY_VN LO KXY^RO\ YZ^SYX ^Y 

KNN\O]] ^RO]O [_O]^SYX]' ;YaO`O\% aO LOVSO`O ^RO NK^K P\YW %(&! ]RY_VN ]_PPSMO K] 

LY^R %(&! KXN %(&$ W_^KX^] ]RYa K ]SWSVK\ OPPOM^ YX ZO\YbS]YWO KQQ\OQK^SYX SX ^RO 

RSQR&SX^OX]S^c VSQR^ MYXNS^SYX "@ZUUQJRJSYFW^ 7NLZWJX +)'++3 TQI @ZUUQJRJSYFW^ 

7NLZWJ *2$% ]_QQO]^SXQ ^RK^ ^RO \O]_V^ PY\ %(&$ WSQR^ LO ^\S`SKV' 

Comment 3. Q),.% +1*( 10 ("% .1,.2-*)1,* #&% 17(#),%' 0&1+ .1,01.#2 

)+#8),8 *(-')%*9 ("% T-#2)(3 10 .1,01.#2 '#(# )* 10 8&%#( )+/1&(#,.%4 K"% 

#-("1&* *"1-2' ')*(),8-)*" .#&%0-223 ("% &%#2 /-,.(#(% #**1.)#()1,* 10 

5KLG<#BLMN 1& LMNB=ZM[\] A)(" 1&8#,%22%* 0&1+ Y-*( #&()0#.(* .#-*%' 73 

1..#*)1,#2 */#.%B1$%&2#/9 A")." )* %*/%.)#223 (&-% 01& ("% .1B21.#2)`#()1, 

#,#23*)* 10 ("1*% (A1 /&1(%),* A)(" ."21&1/2#*(* *"1A, ), Q-//2%+%,(#&3 

M)8-&% =aD+1$%' (1 aRE4 522 10 ("% )+#8%* (1 *"1A ("% .1B21.#2)`#()1,* 10 

OMNBNKQG 2#7%2%' /%&16)*1+%* A)(" 5KLG<#BLMN 1& LMNB=ZM[\] 1& (&)B

2#7%2),8 *"1-2' #2*1 ),.2-'% ("% */2)((%' ."#,,%2* 01& &%#'%&* (1 17*%&$% ("% 

/&%.)*% +1&/"12183 10 ("% *(&-.(-&%*4 Q(&-.(-&%* ), *1+% 10 ("% )+#8%* 

.#,,1( 7% .2%#&23 $)*-#2)`%' ), ("% 2%**B+#8,)0)%' $)%A9 %484 Q-//2%+%,(#&3 



M)8-&% <7 #,' G=74 Q1+% )+#8%* A1-2' 7% 7%((%& /&%*%,(%' 73 *"1A),8 # 

2#&8% 0)%2' 10 $)%A #21,8 A)(" ("% +#8,)0)%' $)%A 10 *1+% */%.)0)%' 

*(&-.(-&%* 01& &%#'%&* (1 -,'%&*(#,' ("% 0&%T-%,.39 *-7.%22-2#& 21.#()1,* 

#,' '%(#)2%' +1&/"1218)%*9 *-." #* *-//2%+%,(#&3 M)8-&% P #,' %*/%.)#223 

17*%&$#()1,* 10 /%&16)*1+%* *-&&1-,'%' 73 $#.-12#& +%+7&#,%* ), 

M)8-&%I #,' Q-//2%+%,(#&3 M)8-&% =G#4  

 !, #'')()1,9 ("% .-&&%,( '%*.&)/()1,* #71-( ("% &%2#()$% /1*)()1,* 10 

/%&16)*1+% #88&%8#(%* #&1-,' $#.-12#& +%+7&#,%* #&% .1,0-*),84 

K1,1/2#*( #,' $#.-12% 7-772%* A%&% ,1( *(&).(23 ')*(),8-)*"%' #,' 

.122%.()$%23 &%0%&&%' (1 #* $#.-12#& +%+7&#,%*4 !, #'')()1,9 A"%("%& *1+% 

/%&16)*1+% #88&%8#(%* #//%#&%' A)("), $#.-12%*9 A"%("%& ("1*% $#.-12#&B

),.1&/1&#(%' /%&16)*1+% #88&%8#(%* #&% %,$%21/%' A)(" (1,1/2#*(B'%&)$%' 

+%+7&#,%*9 #,' ("% T-#,()0).#()1, 10 ("% ,-+7%&* 10 .1&&%*/1,'),8 (3/%* 

10 /%&16)*1+% #88&%8#(%* '%0),%' 73 ("% #71$% 0%#(-&%* *"1-2' 7% .2#&)0)%'9 

A")." A)22 "%2/ ("% &%#'%&* (1 7%((%& -,'%&*(#,' ("% 1..-&&%,.% 10 

/%61/"#83 $)# +#.&1#-(1/"#83 1& +).&1#-(1/"#834 

?JXUTSXJ ,#*$( 4MMY\NSXQ ^Y ^RO \O`SOaO\j] MYWWOX^]% aO SXMV_NON ^RO ]ZVS^ MRKXXOV 

SWKQO] SX ̂ RO @TZWHJ IFYF KNQJ' FO KNNON LY^R ̂ RO WKQXSPSON KXN VK\QO PSOVN SWKQO] 

PY\ C_ZZVOWOX^K\c 9SQ_\O] 0L KXN )*L "WY`ON ^Y 1L KXN ),% \O]ZOM^S`OVc#4 FO KV]Y 

K^^KMRON K VK\QO PSOVN YP `SOa PY\ C_ZZVOWOX^K\c 9SQ_\O . "Z\Y^YZVK]^#% ^RO NO^KSVON 

WY\ZRYVYQc YP ^RO ZO\YbS]YWO] ]_\\Y_XNON Lc `KM_YVK\ WOWL\KXO] SX 9SQ_\O -% 

KXN C_ZZVOWOX^K\c 9SQ_\O *)K "WY`ON ^Y *.#' FO KV]Y KNNON ^RO ]ZVS^ MRKXXOV 

SWKQO] YP C_ZZVOWOX^K\c 9SQ_\O *+ "WY`ON ̂ Y +)#' DRO VS]^ YP ̂ RO KNNS^SYXKV SWKQO] 

S] K] PYVVYa]2 

D7NLZWJX *F& +F FSI J& ,F FSI J& .G& J& FSI L& /J FSI K FSI @ZUUQJRJSYFW^ 7NLZWJX /G& 

0G& 2F FSI G& *)F'H& *-F'H& *1F FSI G& +/'+2& ,)#ZUUJW UFSJQ$& ,*E  



 #+$ FO MRKXQON KXN _XSPSON ^RO ZR\K]O ^Y NS]^SXQ_S]R `KM_YVK\ WOWL\KXO ]^\_M^_\O] 

OX`OVYZSXQ ZO\YbS]YWO]% K] h`KM_YVK\ MK`S^SO]i' 5O]SNO]% aO S]YVK^ON `KM_YVO] ^Y 

ObKWSXO aRO^RO\ ZO\YbS]YWO KQQ\OQK^SYX] aO\O SX]SNO Y\ Y_^]SNO YP `KM_YVO YP LY^R 

^RO ^\KX]QOXSM ZVKX^ ObZ\O]]SXQ `OX_]&EKW+ Y\ 4D:)0&:9A SX %(&$"'"# _XNO\ RSQR&

SX^OX]S^c VSQR^ MYXNS^SYX]' FO ]RYaON ^RK^ ^RO `KM_YVK\ MK`S^SO] OX`OVYZSXQ 

ZO\YbS]YWO] aO\O QOXO\K^ON YX ^RO ]_\PKMO YP ^RO S]YVK^ON `KM_YVO]' FO [_KX^SPSON 

^RO X_WLO\ YP ZO\YbS]YWO KQQ\OQK^O] OX`OVYZON aS^R `KM_YVK\ MK`S^SO] SX ^RO 

%(&$"'"# W_^KX^ KXN NS]MY`O\ON ̂ RK^ ZO\YbS]YWO KQQ\OQK^O] KMM_W_VK^ON SX ̀ KM_YVK\ 

MK`S^SO] SX ^RO %(&$"'"# W_^KX^' 9_\^RO\WY\O% aO NS]MY`O\ON K]]SWSVK^SYX YP 

ZO\YbS]YWO] SX^Y `KM_YVO] SX ^RO aSVN&^cZO MOVV]% L_^ XY^ SX ^RO %(&$"'"# W_^KX^% Lc 

^RO ^SWO&VKZ]O SWKQSXQ KXKVc]S] YP S]YVK^ON `KM_YVO]' DRO]O ZO\YbS]YWO KQQ\OQK^O] 

YX ^RO S]YVK^ON `KM_YVO] KMM_W_VK^ON 4D:)0% SXNSMK^SXQ ^RK^ ^ROc aO\O SX ^RO 

SX^O\WONSK^O ZRK]O YP ^RO K_^YZRKQSM ZK^RaKc' DRO]O \O]_V^] ]_QQO]^ ^RK^ 

ZO\YbS]YWO] aO\O KV]Y NOQ\KNON aS^R WSM\YZObYZRKQc' FO SXMV_NON KNNS^SYXKV 

9SQ_\O]% 7NLZWJ / FSI @ZUUQJRJSYFW^ 7NLX +0'+2% KXN ObZVKXK^SYX] YX >FLJX **b

*+& QNSJX +,/b+.0 K] PYVVYa]2 

DAT ZSIJWXYFSI YMJ UJWT]NXTRJ FLLWJLFYJ FSI [FHZTQFW RJRGWFSJ FXXTHNFYNTS& \J 

NXTQFYJI [FHZTQJX KWTR YWFSXLJSNH UQFSYX J]UWJXXNSL ?7>'>A@* FSI [JSZX'B4<, 

FKYJW J]UTXZWJ YT MNLM'NSYJSXNY^ QNLMY YWJFYRJSY YMFY JSMFSHJX UJ]TUMFL^ #7NL( / 

FSI @ZUUQJRJSYFW^ 7NLX( +0'+2$( ?7> KQZTWJXHJSHJ \FX TGXJW[JI TS YMJ [FHZTQFW 

XZWKFHJ NS YMJ '*(%#)#$& \MJWJFX YMJ KQZTWJXHJSHJ \FX TGXJW[JI NS YMJ [FHZTQFW 

QZRJS TK \NQI'Y^UJ HJQQX #7NL( /FbM& @ZUUQJRJSYFW^ 7NLX( +0b+2 FSI 

@ZUUQJRJSYFW^ BNIJTX *1b+)$( AMJXJ KNSINSLX XZLLJXY YMFY UJWT]NXTRJ FLLWJLFYJX 

FWJ FYYFHMJI YT YMJ XZWKFHJ TK NXTQFYJI [FHZTQJX NS '*(%#)#$ \MNQJ GJNSL KZWYMJW 

FXXNRNQFYJI NSYT [FHZTQJX NS YMJ \NQI Y^UJ #7NL( /F'M$( AMJ JSQFWLJI FSI YNRJ'QFUXJ 

NRFLJX WJ[JFQJI YMFY UJWT]NXTRJX \JWJ XZWWTZSIJI G^ YMJ [FHZTQFW RJRGWFSJ 



FSI FXXNRNQFYJI NSYT YMJ [FHZTQJ NS YMJ \NQI Y^UJ #7NL( /J& K& @ZUUQJRJSYFW^ 7NL( 

+0F'I& FSI @ZUUQJRJSYFW^ BNIJTX *1'+)$( CJ FSFQ^XJI YMJ KWJVZJSH^ TK ?7> 

KQZTWJXHJSHJ XZWWTZSIJI \NYM [JSZX'B4<, FSI INXHT[JWJI YMFY FUUWT]NRFYJQ^ 

+." TK YMJ UJWT]NXTRJ FLLWJLFYJX \JWJ XZWWTZSIJI G^ YMJ [FHZTQFW RJRGWFSJ 

NS YMJ [FHZTQJX NXTQFYJI KWTR YMJ '*(%#)#$ RZYFSY #7NL /N$( AMNX XZLLJXYX YMFY 

FQYMTZLM YMJ [FHZTQFW RJRGWFSJ XZWWTZSIJI YMJ UJWT]NXTRJ FLLWJLFYJ& 

FXXNRNQFYNTS INI STY THHZW NS '*(%#)#$& \MNHM NX HTSXNXYJSY \NYM WJIZHJI ?7>'

KQZTWJXHJSHJ TGXJW[JI NS YMJ [FHZTQFW QZRJS TK YMJ RZYFSY #@ZUUQJRJSYFW^ 7NL( 

+0J$( AJHMSNHFQQ^& FZYTUMFL^ NS \MNHM F YFWLJY KTW IJLWFIFYNTS NX INWJHYQ^ JSHQTXJI 

G^ YMJ [FHZTQFW RJRGWFSJ FSI YFPJS ZU NSYT YMJ [FHZTQJ NX WJKJWWJI YT FX 

RNHWTFZYTUMFL^( AMJWJKTWJ& UJWT]NXTRJ FLLWJLFYJX XJJR YT GJ IJLWFIJI [NF 

RNHWTFZYTUMFL^& N(J(& RNHWTUJ]TUMFL^& ZSIJW MNLM'QNLMY NWWFINFYNTS HTSINYNTSX( 

CJ FQXT J]FRNSJI 4A8*1F QTHFQNXFYNTS YT YMJ NXTQFYJI [FHZTQJX NS UQFSYX 

J]UWJXXNSL 4A8*1F'87> FSI ?7>'>A@*( CJ TGXJW[JI HT'QTHFQNXFYNTS TK 

4A8*1F'87> FSI ?7>'>A@* TS YMJ [FHZTQJX NXTQFYJI KWTR '*(%#)#$ 

#@ZUUQJRJSYFW^ 7NLX( +1& +2 FSI @ZUUQJRJSYFW^ BNIJTX +*&++$& NSINHFYNSL YMFY YMJ 

UJWT]NXTRJX TS YMJ [FHZTQFW RJRGWFSJX FWJ NS YMJ NSYJWRJINFYJ UFWY TK YMJ 

FZYTUMFLNH UFYM\F^( AMJXJ WJXZQYX XZLLJXYJI YMFY 4A8*1 RF^ FHHZRZQFYJ IZWNSL 

YMJ KTWRFYNTS TK [FHZTQFW RJRGWFSJ HF[NYNJX XZWWTZSINSL UJWT]NXTRJ FLLWJLFYJX 

FSI YMFY 4A80 NX NS[TQ[JI NS YMJ FXXNRNQFYNTS TK YMJXJ XYWZHYZWJX NSYT YMJ [FHZTQJX 

YMWTZLM YMJ RNHWTFZYTUMFL^ UWTHJXX ZSIJW YMJ MNLM'NSYJSXNY^ QNLMY HTSINYNTS(E 



% KXN YX >FLJ *0& QNSJX ,02b,1)2 

[AMNX \FX FQXT XJJS NS NXTQFYJI [FHZTQJX #7NL( / FSI @ZUUQJRJSYFW^ 7NLX(+0$'E 

% KXN YX >FLJX *0b*1& QNSJX ,12b-))2 

[CJ INXHT[JWJI YMFY YMJ [FHZTQFW RJRGWFSJ KTWRX QFWLJ HF[NYNJX YT XZWWTZSI 

UJWT]NXTRJ FLLWJLFYJX NS '*(%#)#$ ZSIJW MNLM'NSYJSXNY^ QNLMY HTSINYNTSX #7NL( 

.KbO FSI @ZUUQJRJSYFW^ 7NL( +/$( 7ZWYMJWRTWJ& XTRJ TK YMJ UJWT]NXTRJX FSI 

UJWT]NXTRJ FLLWJLFYJX TS YMJ XZWKFHJ TK YMJ NXTQFYJI [FHZTQJ NS \NQI'Y^UJ FSI 

'*(%#)#$ HJQQX \JWJ FQXT XZWWTZSIJI G^ YMJ [FHZTQFW RJRGWFSJ #7NL( / FSI 

@ZUUQJRJSYFW^ 7NLX( +0 FSI @ZUUQJRJSYFW^ BNIJTX( *1'+*$( AMJXJ INWJHY 

FHYNTSX TK YMJ [FHZTQFW RJRGWFSJ NSINHFYJ YMJ NS[TQ[JRJSY TK YMJ 

RNHWTFZYTUMFL^ UWTHJXX IZWNSL YMJ NSHTWUTWFYNTS TK IJLWFIJI UJWT]NXTRJX 

NSYT YMJ [FHZTQJ( :S UQFSYX& RNHWTFZYTUMFL^ NX NSIZHJI NS XZHWTXJ'XYFW[JI WTTY 

HJQQX .1( <NHWTFZYUMFL^ HTSYWNGZYJX YT YMJ FHHZRZQFYNTS TK FSYMTH^FSNS 

FLLWJLFYJ NS [FHZTQJX .2 FSI IFRFLJI HMQTWTUQFXY IJLWFIFYNTS ZSIJW MNLM'

NSYJSXNY^ QNLMY NWWFINFYNTS /)&/*( <NHWTFZYTUMFLNH IJLWFIFYNTS TK UJWT]NXTRJX 

#RNHWTUJ]TUMFL^$ \FX WJUTWYJI NS ^JFXY& \MJWJ NY NX FHHTRUFSNJI G^ F 

RNHWTUJ]TUMFL^'XUJHNKNH FUUFWFYZX #<:>4$ ++& GZY STY ^JY NS UQFSYX( AFPJS 

YTLJYMJW& YMJXJ KNSINSLX XZLLJXY YMFY RNHWTUJ]TUMFL^ NX NSIZHJI KTQQT\NSL 

MNLM'NSYJSXNY^ QNLMY J]UTXZWJ WJXZQYNSL NS YMJ IJLWFIFYNTS TK T]NIN_JI'

UJWT]NXTRJX FSI YMJNW FLLWJLFYJX(] 

Comment R4 K"% #-("1&* /%&01&+%' # 21( 10 T-#,()0).#()1,* 10 ),(%,*)()%*      

&%2#(%' (1 @e #,' V=BfJM *(#),),84 M1& T-#,()0).#()1, 10 @e )+#8%* ), 

Q-//2%+%,(#&3 M)8-&% G<J #,' =H09 #&% ("% (A1 0)2+* %6/1*%' #( ("% *#+% 

()+%g !0 ,1(9 "1A .#, ("% #-("1&* .1,$),.% &%#'%&* (1 7%2)%$% ("#( ("% 

),(%,*)(3 ')00%&%,.%* A%&% &%*-2(* 10 *)8,#2* 1& Y-*( %6/1*-&% ()+%g K")* 

&%$)%A%& )* #2*1 .-&)1-* ("#( "1A ("% V=BfJM *(#),),8 *)8,#2* 0&1+4 ')00%&%,( 

2%#$%* 10 ')00%&%,( /2#,(* .#, 7% *.)%,()0).#223 T-#,()0)%' A)("1-( #, ),(%&,#2 

.1,(&12 (1 #$1)' ),(%&0%&%,.% 10 2%#0 (").U,%**4 !, #'')()1,9 ("% ),(%,*)()%* 



T-#,()0)%' ), M)8-&% P# ),').#(% *1+% *)8,#2* A%&% /1**)723 1-( 10 ("% 2),%#& 

'3,#+). &#,8% 10 ("% '%(%.(1& #,' 1$%&%6/1*%' 

?JXUTSXJ -( FO MKZ^_\ON SWW_XYLVY^ SWKQO] aS^R K 667 MKWO\K _]SXQ ^RO ]KWO 

ZK\KWO^O\] PY\ KVV MYXNS^SYX]2 ObZY]_\O ^SWO% MYXMOX^\K^SYX% KXN LKMUQ\Y_XN 

SX^OX]S^c' FO SX]O\^ON ^RO ]OX^OXMO YX >FLJX +-& QNSJX .-+b.-, K] PYVVYa]2 

ICJ HFUYZWJI NRRZSTGQTY NRFLJX \NYM F 556 HFRJWF G^ ZXNSL UWJHNXJQ^ YMJ 

XFRJ UFWFRJYJWX KTW FQQ HTSINYNTSX #J]UTXZWJ YNRJ& HTSYWFXY& FSI GFHPLWTZSI 

NSYJSXNY^$(J 

<X ^RO ;*&769&]^KSXSXQ% aO _]ON ^RO ]KWO MYXPYMKV WSM\Y]MYZO ]O^^SXQ YP ObZY]_\O 

^SWO KXN NcXKWSM \KXQO KM\Y]] SWKQO]' 9_\^RO\WY\O% aO MK\OP_VVc ]OVOM^ON ]KWZVO] 

LO^aOOX ZVKX^] K] ^RO VOKP WO]YZRcVV MOVV] YP ]SWSVK\ \OQSYX] KXN NOZ^R] SX ^RO 

VOK`O]' DRO SX^OX]S^c YP PV_Y\O]MOXMO aK] *-- SX ^RO <WKQO =% ^RO\OPY\O aO KZZVSON 

^RS] SX^OX]S^c K] ^RO WKbSWKV `KV_O' FO SX]O\^ON KX ObZVKXK^Y\c ]OX^OXMO YX >FLJX 

+,b+-& QNSJX .+0b.+1 K] PYVVYa]2 

DCJ HFWJKZQQ^ XJQJHYJI QJFK RJXTUM^QQ HJQQX KWTR XNRNQFW WJLNTSX FSI IJUYMX 

\NYMNS YMJ QJF[JX FSI ZXJI YMJ XFRJ HTSKTHFQ RNHWTXHTUJ XJYYNSL TK J]UTXZWJ 

YNRJ FSI I^SFRNH WFSLJ FHWTXX NRFLJX(E 

Comment 54 !, #'')()1, (1 ("% 21.#2)`#()1,* 10 5KLG<#BLMN 1& LMNB=ZM[\] 1, 

*1+% /%&16)*1+%*9 A"%&% '1 ("%)& 1("%& *)8,#2* +#),23 #//%#& #( ("% 

*-7.%22-2#& 2%$%24 N2%#*% #'' )+#8%* (1 *"1A ("% 21.#2)`#()1, /#((%&,* 10 

5KLG<#BLMN #,' LMNB=ZM[\] ), A)2'B(3/% .%22* -,'%& ,1&+#2 .1,')()1,*4  

!, *-//2%+%,(#&3 0)8-&% GI'9 *1+% LMN *)8,#2* 10 5KLG<#BLMN *%%+ (1 

#//%#& 1, ."21&1/2#*(*4 !* (")* .#*% ,1&+#2g 52*19 ("% 2#*( ("&%% /#,%2* 10 

("% *-//2%+%,(#&3 0)8-&% GI' A%&% *"1A, ), ("% 7&)8"( 0)%2' +1'%9 A")2% ("% 

0)&*( 1,% )* ,1(4 K"1*% '#(# ,%%' (1 7% ')*/2#3%' ), # .1,*)*(%,( +#,,%&4 



?JXUTSXJ .( FO \OMYQXSdON ]YWO SWKQO] RK`O Ob^\K PV_Y\O]MOXMO YX MRVY\YZVK]^ KXN ^RO 

Mc^Y]YV' FO ObKWSXON ^RO aSVN&^cZO MOVV] _XNO\ XY\WKV MYXNS^SYX] SX 9SQ] )&+% L_^ 

]SQXKV] K\O ]^SVV ^RO\O3 ^R_]% SXNSMK^SXQ ^RK^ ^RO]O S] XYS]O% ZY]]SLVc N_O ^Y MRVY\YZRcVV 

K_^YPV_Y\O]MOXMO' 

4] ]_QQO]^ON% aO MRKXQON ^RO SWKQO ^Y OX]_\O MYX]S]^OXMc' 

Comment P4 K"% #-("1&* '%+1,*(&#(%' ("#( %.(1/). %6/&%**)1, 10 .#(#2#*% ), 

#(8= +-(#,( '%.&%#*%' ,1( 1,23 ("% ,-+7%& 10 /%&16)*1+% #88&%8#(%* 7-( 

#2*1 ("% (1(#2 ,-+7%& 10 /%&16)*1+%*4 K")* &%*-2( )* T-)(% *-&/&)*),84 V1A .#, 

("% #88&%8#(%' /%&16)*1+%* .#, 7% 0-&("%& '%8&#'%' ), # #-(1/"#83B

'%0%.()$% +-(#,(g 

?JXUTSXJ /( FO aY_VN VSUO ^Y ZYSX^ Y_^ ^RK^ ^RS] S] XY^ K NOQ\KNK^SYX S]]_O L_^ \K^RO\ K 

WK^^O\ YP ZO\YbS]YWO KQQ\OQK^O Z\YQ\O]]SYX' FO ]^K\^ON ^Y ObZY]O ^RO %(&! W_^KX^] 

^Y RSQR&SX^OX]S^c VSQR^ KP^O\ ^RO Y`O\&ObZ\O]]SYX YP :9A&64D* Y\ B9A&64D*' 

DRO\OPY\O% ^RO XYX&^\KX]PY\WKX^ %(&! ZVKX^] ObZO\SOXMON SXM\OK]ON ZO\YbS]YWO 

X_WLO\] KXN KQQ\OQK^O] N_\SXQ ^RO RSQR&SX^OX]S^c VSQR^ ObZY]_\O' ;YaO`O\% Y`O\&

ObZ\O]]SYX YP :9A&64D* Y\ B9A&64D* ]_ZZ\O]]O] ^RO Z\YQ\O]] YP ZO\YbS]YWO 

X_WLO\] KXN KQQ\OQK^O]% \O]_V^SXQ SX ^RO NSPPO\OXMO LO^aOOX XYX& KXN Y`O\&

ObZ\O]]SXQ ZVKX^]' FO MRKXQON ^RO ]OX^OXMO YX >FLJ 2& QNSJX *20b*22 ^Y WKUO ]_\O 

S] XY^ WS]VOKNSXQ PY\ ^RO \OKNO\] K] PYVVYa]2 

[CJ T[JWJ]UWJXXJI 87>'54A+ TW ?7>'54A+ YT WJHT[JW HFYFQFXJ FHYN[NY^ FSI 

INXHT[JWJI YMFY 54A+ KZXNTS T[JWJ]UWJXXNTS XZUUWJXXJI YMJ UWTLWJXX TK 

UJWT]NXTRJ SZRGJWX FSI YMJNW FLLWJLFYNTS NS YMJ '*(" RZYFSY #@ZUUQJRJSYFW^ 

7NL( +,$(J 



FO KV]Y WYNSPSON ^RO ]OX^OXMO] YX >FLJ *,& QNSJ +1-b+1.& 

DAMJ T[JWJ]UWJXXNTS TK HFYFQFXJ XZUUWJXXJX YMJ NSHWJFXJ NS UJWT]NXTRJ FLLWJLFYJ 

SZRGJW&E 

KXN YX >FLJ *-& QNSJ ,*)b,*+(

[AMJ T[JWJ]UWJXXNTS TK HFYFQFXJ XZUUWJXXJI YMJ NSHWJFXJ NS UJWT]NXTRJ SZRGJWX 

FSI FLLWJLFYNTS NS '*(" QJFK HJQQX #@ZUUQJRJSYFW^ 7NL( +,$3 YMZX& XZLLJXYNSL YMFY 

FHYN[J HFYFQFXJ \TZQI WJIZHJ UJWT]NXTRFQ ?=@ FSI XZGXJVZJSY UJWT]NXTRJ 

FLLWJLFYNTS NS '*("(] 

Comment X4 5* )22-*(&#(%' 73 ("% #-("1&*9 2%#0 '#+#8% -,'%& ")8"B),(%,*)(3 2)8"( 

)* .21*%23 &%2#(%' (1 .#(#2#*% ),#.()$#()1,9 /%&16)*1+% #88&%8#()1, #,' %6.%** 

OWQ #..-+-2#()1,4 V1A%$%&9 #2("1-8" ("% #-("1&* .2#)+%' ("#( 

1$%&%6/&%**)1, 10 5KLG< *)8,)0).#,(23 *-//&%**),8 #..-+-2#()1, 10 OWQ 

A)("), +%*1/"322 .%22*9 ("% 5KLG< W] 2),%* ')' ,1( *"1A $)*)72% #22%$)#(%' 2%#0 

'#+#8% -,'%& ")8"B),(%,*)(3 2)8"(4 e%*)'%*9 ("% 2%#0 '#+#8% ), A)2'B(3/% 

/2#,(* *-7Y%.(%' (1 ")8" 2)8"( (&%#(+%,(9 #* *"1A, ), Q-//2%+%,(#&3 M)8-&% 

GX#9 *%%+* (1 7% *%.1,' 1,23 (1 #(8X +-(#,(9 7%.#-*% 72%#." /"%,1(3/%* 

.#, 7% 71(" 17*%&$%' ), ("1*% (A1 /2#,(*9 7-( ,1( ), 1("%& #(8 +-(#,(*4 

?JXUTSXJ 0( FO MKVM_VK^ON ^RO MRVY\YZRcVV K $ L MYX^OX^ SX ^RO VOK`O] ^Y K]]O]] VOKP 

NKWKQO SX W_V^SZVO LSYVYQSMKV \OZVSMK^SYX] "^RO SWKQO ]RYa] YXO ObKWZVO#' DRO 

\O]_V^ ]RYaON VO]] MRVY\YZRcVV MYX^OX^ SX %(&*% %(&#% KXN %(&$ ^RKX ^RK^ YL]O\`ON SX 

aSVN ^cZO' FO RK`O SX]O\^ON ^RO \O]_V^] SX @ZUUQJRJSYFW^ 7NLZWJX +)G FSI ,+G 

aS^R ^RO KNNS^SYXKV ]OX^OXMO K] PYVVYa]2 



D;JFK IFRFLJ FSI HMQTWTUM^QQ IJLWFIFYNTS \JWJ TGXJW[JI NS '*("& '*($ FSI 

JXUJHNFQQ^ '*(% #7NL( -F FSI @ZUUQJRJSYFW^ 7NL( +)$(E #>FLJ 2& QNSJX *12b*2)$ 

% KXN  

[AMJ 4A8*1F'87> T[JWJ]UWJXXNSL UQFSYX XMT\JI F WJIZHYNTS NS ?=@ 

FHHZRZQFYNTS FSI FS NSHWJFXJ NS HMQTWTUM^QQ HTSYJSY NS YMJ QJFK HJQQX 

#@ZUUQJRJSYFW^ 7NL( ,+$3 YMZX& XZLLJXYNSL YMFY YMJ 4A8*1F T[JWJ]UWJXXNTS 

WJIZHJX ?=@ FHHZRZQFYNTS FSI HMQTWTUQFXY IFRFLJ(E #>FLJ *+& QNSJX +0.b+00$

Comment 8. f#(# ),$12$),8 +)(1."1,'&)#2 '%8&#'#()1, #,' ."21&1/2#*( '#+#8% 

#&% $%&3 /&%2)+),#&3 #,' "#* 2)((2% (1 '1 A)(" ("% +#), *.)%,()0). T-%*()1, ,%%' 

(1 7% *12$%' ), (")* +#,-*.&)/(9 A")." .#, 7% &%+1$%' 0&1+ ("% +#),(%6(4 

?JXUTSXJ 1( FO RK`O WY`ON ^RO]O NK^K ^Y ^RO ]_ZZVOWOX^KV PSQ_\O]' FO aY_VN VSUO ^Y 

UOOZ ^RO VK]^ ObZVKXK^SYX ^Y MYWZK\O ^RO]O aS^R ZO\YbS]YWO NOQ\KNK^SYX' 

Comment 9. Q-//2%+%,(#&3 0)8-&% GI. #,' ' A%&% ,1( &%0%&%,.%' ), ("% +#),    

(%6(4 

?JXUTSXJ 2( FO RK`O SX]O\^ON KX KNNS^SYXKV ]OX^OXMO YX >FLJ *-& QNSJX ,*0b,*1 K] 

PYVVYa]% 

[CJ ZXJI YMJ 4A8*1F'87> KTWR GJHFZXJ NY HTRUQJRJSYX YMJ RZYFSY UMJSTY^UJ 

TK '*(!&'#)"$ #@ZUUQJRJSYFW^ 7NLX& *1H&I$& NSINHFYNSL YMFY YMJ KZXNTS UWTYJNS NX 

KZSHYNTSFQ(E



Comment 10. !,(%&,#2 .1,(&12 01& *-//2%+%,(#&3 0)8-&% R# '%/1*)(%' ), *1-&.% 

'#(# *"1-2' 7% #**%+72%' #( ("% 71((1+ 10 ("% 0)8-&%4 Q)+)2#& #,#23*)* ), 

*-//2%+%,(#&3 0)8-&% =H' 2#.U* ),(%&,#2 .1,(&124 

?JXUTSXJ *)( 9YVVYaSXQ ^Y ^RO \O`SOaO\j] MYWWOX^% aO K^^KMRON ^RO SX^O\XKV MYX^\YV K^ 

^RO LY^^YW YP C_ZZVOWOX^K\c 9SQ ,K' FO _]ON ^RO ]KWO Ob^\KM^SYX ]KWZVO] SX 

C_ZZVOWOX^K\c 9SQ *(N% ]Y aO KNNON ]OX^OXMO] SX ^RO 9SQ_\O VOQOXN'

Comment 11. M)8-&% 2%8%,' 10 *-//2%+%,(#&3 0)8-&% R7 )* ,1( .1&&%.(4 

?JXUTSXJ **( DRKXU cY_ PY\ ZYSX^SXQ Y_^ Y_\ WS]^KUO]' FO MY\\OM^ON ^RO 9SQ_\O VOQOXN 

YP C_ZZVOWOX^K\c 9SQ_\O ,L K] PYVVYa]2  

[G& @NLSFQ NSYJSXNY^ TK NRRZSTGQTYYNSL FSFQ^XNX NS #F$(]

Comment 12. K"% K]b )+#8% ), Q-//2%+%,(#&3 0)8-&% =H7 )* +%#,),82%** 

A)("1-( 7%),8 #..1+/#,)%' A)(" ("% /&1/%& .1,(&124 

?JXUTSXJ *+( FO NOVO^ON ^RO C_ZZVOWOX^K\c 9SQ_\O *(L' 



Comment 13. K"% /*%-'1.121&* 01& /%&16)*1+%* #,' ."21&1/2#*( *"1-2' 7%    

')00%&%,(4 

?JXUTSXJ *,( FO KNNON ^RO KXXY^K^SYX YX ^RO VOP^ ]SNO YP C_ZZVOWOX^K\c 9SQ_\O *-K'  

Comment 14. Q/2)((%' )+#8%* 0&1+ ),')$)'-#2 ."#,,%2* 01& ("% -/ /#,%2 104 

Q-//2%+%,(#&3 M)8-&% ==. #&% +)**),8 ), ("% *1-&.% '#(#4 

?JXUTSXJ *-( FO KNNON ^RO SXNS`SN_KV MRKXXOV] YP C_ZZVOWOX^K\c 9SQ_\O **6 "WY`ON 

^Y ,)5# SX ^RO ]Y_\MO NK^K'

Comment 15. K3/1 %&&1&* ), *1-&.% '#(#:  

Q-//2%+%,(#&3 M)8-&% =H09 ("% 2#7%2* 01& #,()71'3 10 ("% 71((1+ /#,%2 *"1-2' 

7% #,()BQVbK 

Q-//2%+%,(#&3 M)8-&% =G79 V)8" 2)8"( DGHH h+12+B=*BGE *"1-2' 7% V)8" 2)8"( 

DGHHH h+12+B=*BGE 

?JXUTSXJ *.( FO MY\\OM^ON ^RO]O ^cZY]'

Comment 164 K"% ,1&+#2)`#()1, +%("1'* 01& ),(%,*)(3 #,#23*)* ), *1-&.% '#(# 

A%&% ,1( .1,*)*(%,(: 



O#A '#(# 01& M)84 R09 Q0)84==7 #,' Q0)84=R' A%&% ,1&+#2)`%' (1 ("% A)2'B(3/% 

/2#,(*9 A"1*% +%#, A#* *%( (1 G4 O#A '#(# 01& QM)84=% #,' Q0)84=R. A%&% 

,1&+#2)`%' (1 ("% A)2'B(3/% /2#,(*9 A"1*% +%#, A#* ,1( *%( (1 G4 O#A '#(# 

01& QM)84R7 #,' QM)84=H% A%&% ,1&+#2)`%' (1 ("% A)2'B(3/% /2#,(*9 7-( ("% 

$#2-% 10 ),')$)'-#2* A#* *%( (1 G4 

?JXUTSXJ */( FO WYNSPSON ^RO XY\WKVSdK^SYX WO^RYN PY\ MYX]S]^OXMc' DRO \Ka NK^K aO\O 

XY\WKVSdON ^Y ^RO aSVN&^cZO ZVKX^]% KXN ^RO `KV_O YP SXNS`SN_KV] aK] ]O^ ^Y ) SX 9SQ' 

,P% C9SQ' ,L KXN C9SQ' *-O "YVN C9SQ' *(O# K] S^ aK] MRKVVOXQSXQ ^Y MYX^\YV ^RO 

SWW_XYLVY^ ]O^^SXQ ^R\Y_QRY_^ ^RO ObZO\SWOX^% aO _]ON aSVN ^cZO MOVV] K] K 

XY\WKVSdO\ SX OKMR ObZO\SWOX^' 9Y\ ^RO MKVM_VK^SYX YP MOVV KXN VOKP SWKQO]% ^RO \Ka 

NK^K aO\O XY\WKVSdON ^Y ^RO aSVN&^cZO ZVKX^] "Y\ aSVN ^cZO SX VYa VSQR^#% aRY]O 

WOKX aK] ]O^ ^Y ) SX C9SQ' *O% C9SQ' +(L "YVN C9SQ' **L#% C9SQ' +*N "YVN C9SQ' *,M#   

KXN C9SQ' +*O "YVN C9SQ' *,N# LOMK_]O ^RO SWKQO] aO\O MKZ^_\ON _]SXQ ^RO ]KWO 

ZK\KWO^O\]' 



Reviewer #3 (Remarks to the Author): 

This revised manuscript has addressed most of my concerns and can be considered for the 

acceptance. 


