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Dear Noriko, 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been 
seen by two referees and their comments are provided below.  

As you can see the referees find the analysis potentially interesting, but they also find that 
the work needs to be significantly extended in order to consider publication here. They 
appreciate the finding that REST genes seem to be involved in the described process, but 
we also get limited further insight into which genes in particular and the causality of this 
link for the phenotypes observed. Addressing this issue is not an easy task, but such 
analysis is needed to consider publication here. Given that it is unclear if the raised issues 
can be resolved, I am afraid that I see no other choice but to reject the present submission. 

Should further work allow you to extend the findings along the lines as indicated by the 
referees then I am open to consider a new submission on this topic. I should point out that 
for re-submissions that we consider novelty at time of submission and might involve new 
referee(s) if needed. If you are interested in a resubmission please contact me beforehand to 
discuss the extent of the revisions.  

For the present submission, I am sorry that I can't be more positive on this occasion. 

**************************************************** 

Referee #1:  

Yoshizaki et al. investigate the impact of advanced parental age on the developing brain in 
the offspring. They compare offspring from 3 (YFO) and aged 12 month old fathers (AFO) 
and observe that AFO exhibit reduced ultrasound vocalization and mild alterations of 
cortical development at PND6. At the same time the analysis of sperm DNA from YF and 
AF revealed alterations in DNA-methylation, representing mainly hypo-methylation. The 
affected genomic regions are enriched for REST binding motifs. Gene-expression analysis 
of the developing forebrain (E14.5 ) reveals only very subtle changes in gene-expression, 
but GSEA hints towards the deregulation of REST target genes and other neuronal 
development pathways. Finally the authors treat young fathers with 5-AZA to mimic hypo-
methylation and observe that the corresponding offspring exhibit ultrasound vocalization 
impairments.  

The study addresses a very interesting topic. The finding that sperm DNA-methylation is 
affected by paternal age is not new, so the novelty of this study stems from the analysis of 
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the related mechanisms. The data appears sometimes somewhat preliminary and a number 
of questions should be addressed before the study can be published in EMBO J.  
 
- Fig 1. The authors perform a number of tests on offspring from young fathers (YF0) and 
aged fathers (AFO). However, rather than reporting the "n" of the offspring used and litter 
sized greater than 6, they should consider the fact that phenotypes may vary due to the 
litters/mother. With other words, the fact that offspring come from different litters has to be 
considered in the statistical analysis.  
 
- Fig. 2. Its not clear when the analysis was performed. It says " ...at the stage when 
impairment in vocal communication was observed...". Was it PND6?  
 
- Fig. 3. The message to be communicate by the figure is at present not clear and appears to 
be out of context. How would the analysis of the 3 brain regions link to the defects seen in 
cortical development and cortical thickness? Is this also PND6? Moreover the panels are 
really misleading. It takes a while to understand that the 3 brain images shown in a-c should 
most likely simply reflect the brain regions analyzed. However, the images show an adult 
brain and analysis was done at PND6? Its furthermore unclear what panel d-e should show. 
What does Imi stand for and are we looking at the data from YFO or AFO? Same is true for 
panels g-i. I guess that panels J-o represent cFOS positive cells at baseline?  
 
- Are the phenotypes described in Fig 1-3 affected by the gender of the offspring.  
 
- The changes observed in sperm DNA-methylation are interesting due to the specificity of 
the effect linking to the REST target genes. The effects are comparatively mild. I suggest 
the authors have a look at previous study looking into sperm DNA from aged vs. young 
fathers (although father were older in these studies) also reporting reduced DNA-
methylation (e. g. PMID 29467291).  
 
- Selected DNA-methylation changes should be confirmed via other techniques, e.g. qPCR 
based methods.  
 
- Fig. 4: As for the DMRs found in intergenic regions. How where they linked to 
corresponding genes.  
 
- Fig. 5 I could not find information about the number of mice used for the RNA-seq. Also 
in the methods it states that embryonic telencephalons were isolated at E11.5 and E14.5. In 
the these it says that data from E14.5 is shown. Please clarify.  
 
- Fig.5. The changes observed in gene-expression are very mild. At present its unclear how 
the gene-expression data is linked to the sperm DNA-methylation. The authors try to 
confirm DNA hypo-methylation in sperm and increased gene-expression in the E14.5 
forebrain for genes detected by DNA-methylation analysis and present the data as EV7. Its 
not clear what is plotted in EV7. Is this qPCR data as stated in the text but not in the figure 
legends or methods? Why are there in contrast to EV4 only 6 genes linked to REST?  
 
- Another possibility is that the data is diluted due to the fact that whole embryo forebrain 
was used, whereas the data suggest that specifically proliferating neuroprogenitor cells may 
be affected. Can the authors sort for such cells?  
 



- Fig 6: This is an interesting experiment. To strengthen the link between global changes
induced by 5-AZA and the rather specific alterations observed in sperm from old fathers it
would be helpful to see which genomic regions are affected by 5-AZA treatment.

- Fig.6: What is the impact of 5.AZA on the developing brain (see Fig 2)?

- Can the authors discuss why specifically REST target genes would be affected by hypo-
methylation in sperm?

Referee #2: 

How the parental aging affects the behavior in next generation and the association with 
psychiatric diseases has been still largely unclear. In this paper, the authors presented that 
paternal aging in mice caused altered USV both in quantity and quality and it seemed to be 
one of the robust behavioral phenotypes related with psychiatric disorders caused by 
parental aging. The authors also found the DNA hypomethylation in sperm from aged male 
mice and the induction of DNA demethylation in young males also recapitulated the altered 
USV in the offspring. These findings may give a clue of the molecular mechanism that 
explains the risk of paternal aging in developmental disorders such as autism.  

The authors found the thinner cortex of AFO, which recapitulates the observations in 
human ASD cases. This fact itself is very interesting and may be worth further 
investigating. However, it was not convincing to discuss the relationship with the altered 
USV in parallel. Fig. 2 suggested the cortical abnormality and Fig. 3 suggested the other 
brain regions as potential target brain regions. These different brain regions in the same 
study may become confusing. Although the reviewer agrees that c-fos phenotype is related 
to altered USV, discussing the abnormal brain structure and the neural activity in the other 
brain regions in parallel is difficult to follow the story.  

A logic or the flow of this study is not smooth in this manuscript. As described in the above 
comment, Fig. 2 is split into the story of USV (Fig. 1 and 3). Gene set enrichment analyses 
in Fig. 5d-f are also related to the cortex story. It might be better to change the construction 
of figures. The order of figures will be, for example, Fig. 1, 3, 4, and 5a-c, gh, these are 
related to a story of USV and REST, and after Fig. 5d-f and before the final in vivo 
experiment (Fig. 6), Fig. 2 (maybe as a supplemental figure) can be inserted.  

Did the authors confirm c-fos expression and the brain morphology in the pups born from 
5-Aza treated young father? Because the authors suggested the difference of neural activity
and brain morphology underlying the altered USV, they should be also addressed in this
experiment. Ideally REST manipulation should be performed instead of 5-Aza treatment
but it might be technically difficult. At least the authors should check the phenotypes of
pups born from 5-Aza male animals besides USV.



Dear Editor.

Thank you for handling our previous manuscript entitled “Paternal age affects offspring’s traits via 
an epigenetic mechanism involving REST” submitted to EMBO J. 

Although your editorial decision was “Reject”, we have substantially revised our manuscript 
according to reviewer’s valuable comments as below:  
Based on the suggestion from the both reviewers, we have deleted original Figure 3, since 
neuronal activity was meaningful yet independent of the defects seen in the cortex in AFO. The 
figures were accordingly renumbered. We followed the Reviewer #2's suggestion and changed 
the order of Figure 2-4 in the current version. To respond his/her another suggestion, USV data 
of individual offspring were presented for each mother mouse in Extended View Fig.1. The 
revision has added solid evidence of the litter size as a confounding factor for USV phenotypes; 
the numbers of USV were lower when the litter size was less than 6. We deleted the original 
Extended View Fig.7 because this qPCR analysis targeting 94 genes chosen from hypo-DMRs 
was intended to determine the developmental stage for RNA-seq. The original Extended View 
Fig.8 was drastically rearranged to show results of RNA-seq analyses of the telencephalon at 
E11.5 in more detail (current Extended View Fig.7) to compare with those at E14.5 (current 
Fig.3).  
We additionally performed bisulfite sequencing analyses of sperm DNA from the mice treated 
with de-methylation drug, 5-Azacitidine, and confirmed that 5-Azacitidine could in part (as in the 
case of Shank2 and Nav1, well-known ASD genes) reproduce similar DNA hypo-methylation due 
to paternal aging (current Extended View Figures 9 and 10, Table S4, 5). We also changed the 
bar chart to the box plot on testis weight and immunofluorescence of 5-methylcytosine (current 
Figs.5b and d). Relatedly, we have added results of the immunohistochemical staining for 5-
hydroxymethycytosine in the testis to further support the de-methylating effects of 5-Aza 
treatment (current Extended View Fig.8). We believe that these new data have strengthened our 
story on transgenerational epigenetic mechanisms of paternal aging. 

We also discussed several points in response to reviewer’s comments. We followed the 
Reviewer #1's suggestion and discussed about a paper suggested by him/her [Xie et al., 2018]. 
Although aged sperm DNA also showed hypo-methylation, we did not find any genes in common 
in the vicinity of our hypo-DMRs. We suspect methodological difference as one possible 
explanation; we used SureSelect Methyl-Seq in our study, while they used a reduced 
representation bisulfite sequencing (RRBS) in the previous paper. Most importantly, our 
comprehensive whole genome data exhibited a specific enrichment of REST/NRSF binding 
motifs within hypo-DMRs in aged mouse sperm genome, which has not been found in any 
previous studies.  
We followed the Reviewer #1's suggestion, and added discussion on hypo-DMRs and 
REST/NRSF binding motifs in aged mouse sperm. There are a few possibilities; because DNA 
methyltransferase 3b promotes REST/NRSF occupancy in developing heart [Zhang et al., 2017], 
DNA hypo-methylation may inhibit REST/NRSF binding. Alternatively, REST/NRSF binding may 
facilitate DNA hypo-methylation, as reported in embryonic stem cells [Stadler et al., 2011]. 
Relatedly, we added Extended View Fig.10 showing that REST mRNA is predominantly 
expressed in testicular stem cells (i.e., type A spermatogonia) based on a reanalysis of previous 
microarray data [Namekawa et al., 2006]. Although we could not uncover the molecular 
mechanism how DNA hypo-methylation occurs within REST/NRSF binding motives, our findings 
include biological significance, since it is not occurred randomly. 

We followed the Reviewer #1's suggestion, discussed how DNA hypo-methylation affects gene 
expression, because most of the DMRs were located in intergenic regions. As supportive 
evidence, recently published interactome studies have revealed variants in noncoding regions 
that may impact on induction of phenotypes through perturbations in promoters and enhancers 
[Gallagher et al., 2018; Nott et al., 2019]. Likewise, functional cis-elements located hundreds of 
kilobases away from the coding regions can affect gene expression [Bulger and Groudine, 2011; 
Sanyal et al., 2012; West and Fraser, 2005]. Therefore, we can assume that the DMRs located in 
the intergenic regions may impact on gene expression. Accordingly, the references were 
numbered 



As a result, we were able to reconstruct our manuscript to be straightforward by focusing on the 
molecular mechanisms involving REST/NRSF among various phenotypes due to paternal aging. 
The constructive comments by the reviewers allowed us to identify significant points in our 
manuscript that needed modification and clarification. Therefore, we consider that our revised 
manuscript has become much improved and is suitable for publication in EMBO J. 

The revised text is indicated in red. Attached, please also find point-by-point responses to the 
reviewer’s comments.  
Due to the transfer of some of the authors have to another positions and contributions of 
additional experiments, the order of the authors has been changed. 

We look forward to your editorial consideration. 
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Referee #1: 

 

Yoshizaki et al. investigate the impact of advanced parental age on the developing brain 

in the offspring. They compare offspring from 3 (YFO) and aged 12 month old fathers 

(AFO) and observe that AFO exhibit reduced ultrasound vocalization and mild 

alterations of cortical development at PND6. At the same time the analysis of sperm 

DNA from YF and AF revealed alterations in DNA-methylation, representing mainly 

hypo-methylation. The affected genomic regions are enriched for REST binding motifs. 

Gene-expression analysis of the developing forebrain (E14.5) reveals only very subtle 

changes in gene-expression, but GSEA hints towards the deregulation of REST target 

genes and other neuronal development pathways. Finally the authors treat young 

fathers with 5-AZA to mimic hypo-methylation and observe that the corresponding 

offspring exhibit ultrasound vocalization impairments. 

 

The study addresses a very interesting topic. The finding that sperm DNA-methylation is 

affected by paternal age is not new, so the novelty of this study stems from the analysis 

of the related mechanisms. The data appears sometimes somewhat preliminary and a 

number of questions should be addressed before the study can be published in EMBO J.  

 

We appreciate the overall positive attitude of this reviewer for our manuscript. 

 

- Fig 1. The authors perform a number of tests on offspring from young fathers (YF0) 

and aged fathers (AFO). However, rather than reporting the "n" of the offspring used 

and litter sized greater than 6, they should consider the fact that phenotypes may vary 

due to the litters/mother. With other words, the fact that offspring come from different 

litters has to be considered in the statistical analysis. 

Thank you for your constructive comment. In the current version, we showed in 

Extended View Fig. 1 individual USV data for each mother. As you suggested, USV 

phenotypes varied among litters/mothers, suggesting a possible presence of 

confounding factors, and we used virgin female mice for mating with young or aged 

male mice to avoid possibilities that parenting experience affects USV calls in their 

pups. In our preliminary study, we noticed the number of littermates affected the USV 

phenotypes; the number of USV was decreased when the litter size was less than 6 as 

shown in Extended View Fig.1. That is why we only used data obtained from the 

offspring with the litter size of 6 or more. Therefore, we clarified the corresponding 

explanation in Results (p.5, line 86-97) and Figure legend (p.35, line 896-907).  

 

- Fig. 2. Its not clear when the analysis was performed. It says " ...at the stage when 

impairment in vocal communication was observed...". Was it PND6? 

Analyses of the brain structure (current Fig. 4) was performed at postnatal day 6 

(PND6) when we measured USV. The information was added in the results (p.9, line 

218-220). 
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- Fig. 3. The message to be communicate by the figure is at present not clear and 

appears to be out of context. How would the analysis of the 3 brain regions link to the 

defects seen in cortical development and cortical thickness? Is this also PND6? 

Moreover the panels are really misleading. It takes a while to understand that the 3 

brain images shown in a-c should most likely simply reflect the brain regions analyzed. 

However, the images show an adult brain and analysis was done at PND6? Its 

furthermore unclear what panel d-e should show. What does Imi stand for and are we 

looking at the data from YFO or AFO? Same is true for panels g-i. I guess that panels 

J-o represent cFOS positive cells at baseline?  

We are sorry for the confusion in the previous manuscript. We omitted the c-Fos data 

(previous Fig.3) in anxiety-related brain regions (i.e., the paraventricular thalamus 

(PVT), basolateral amygdala (BLA) and piriform cortex (Pir) in pups (PND6) 

[Kurumaji et al., 2003]), which was independent with the defects seen in cortical 

development in AFO. Relatedly, we reassigned new figure numbers (Fig.2-5). As a 

result, our revised manuscript became more logical and easier to understand. For your 

reference, the previous Figs. 3a-c show the three brain regions, and Figs. 3d-f show the 

number of c-Fos positive cells (i.e., activated neurons) immediately (Imi) and 2 hours 

after USV recording in the YFO. Figs. 3g-h show c-Fos positive cells in the PVT are 

correlated with USV. Figs. 3j-l show that the number of c-Fos positive cells was 

significantly decreased in PVT and BLA than those of AFO.  

 

- Are the phenotypes described in Fig 1-3 affected by the gender of the offspring. 

We totally agree that gender difference is one of the most important issues especially in 

ASD research. However, we did not observe significant gender difference in USV 

phenotypes in our preliminary experiments, and analyzed only male offspring here. We 

consider that this issue is the next most important challenge. Thank you for your 

suggestion. 

 

- The changes observed in sperm DNA-methylation are interesting due to the specificity 

of the effect linking to the REST target genes. The effects are comparatively mild. I 

suggest the authors have a look at previous study looking into sperm DNA from aged vs. 

young fathers (although father were older in these studies) also reporting reduced 

DNA-methylation (e. g. PMID 29467291). 

Thank you for your constructive comment and suggestion for the reference [PMID 

29467291, Xie et al., PNAS, 2018]. Consistent with our results and those in a previous 

literature [Milekic et al., 2015], they found high levels of DNA hypo-methylation 

(299/484, ~62%) in promoter regions of the sperm DNA from old male mice. They 

showed a list of genes with hypo-methylated promoters (in their Table S1). 

Unfortunately, we could not find common genes with our gene sets near the hypo- 

DMRs. A reasonable explanation is a methodological difference; while they used a 
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conventional method, i.e., reduced representation bisulfite sequencing (RRBS), we 

applied a more modern technique, i.e., SureSelect Methyl-Seq, Agilent Technology 

covering a wider range of genome sequences than RRBS [Koike et al., 2016; Miura et 

al., 2015]. Therefore, we added detailed explanation by referring Xie et al. (2018), (p.11, 

line 281-296, reference #46). As a result, we were able to discuss in more depth how 

DNA hypo-methylation of sperm due to paternal aging affects gene expression in the 

next generation. 

 

- Selected DNA-methylation changes should be confirmed via other techniques, e.g. 

qPCR based methods.  

Thank you for your comments. In this study, we have chosen a DNA methylome 

analysis method (SureSelect Methyl-Seq) to minimize the amplification bias by PCR 

cycle. In addition, multiple samples were analyzed for each group to ensure 

reproducibility of the results. Given these facts, we do not consider verification by 

qPCR, which is prone to amplification bias, to be reasonable as a follow-up to the 

present analysis. Your suggestion encouraged us to notice that our methods are more 

appropriate. Relatedly, we have cited reference to motif analysis in Results (p.6, line 

136-139, reference #24). 

 

- Fig. 4: As for the DMRs found in intergenic regions. How where they linked to 

corresponding genes. 

As you pointed out, most of the DMRs are in intergenic regions. Actually, it is difficult 

to examine impact of DMRs on expression of corresponding genes without deletion or 

modification experiments. However, several supporting papers have been reported. One 

is recently published interactome research, in which GWAS-identified risk variants in 

noncoding regions of the genome could exert phenotypic effects through perturbation of 

transcriptional gene promoters and enhancers [Gallagher et al., 2018; Nott et al., 2020]. 

Another evidence is that, many functional cis-elements are located hundreds of kilobases 

away from the coding region of target genes [Bulger and Groudine, 2011, Sanyal et al., 

2012, West and Fraser, 2005]. In addition, our GSEA also revealed that gene sets near 

the DNA hypo-methylated regions (DMRs) were enriched in up-regulated genes in 

AFO (current Fig.3i, j). Therefore, we favor to imagine that DMRs could link to the 

nearest corresponding genes. This important discussion was added in the main text (p.11, 

line 310-p.12, line 318, reference #52-56). 

 

- Fig. 5 I could not find information about the number of mice used for the RNA-seq. 

Also in the methods it states that embryonic telencephalons were isolated at E11.5 and 

E14.5. In the these it says that data from E14.5 is shown. Please clarify. 

We conducted RNA-seq analyses using three telencephalic samples at both E11.5 and 

E14.5, each of which from different mothers. In contrast to data at E14.5, we did not 

detect enrichment of “late fetal genes”, “autism-related genes” etc. in E11.5 samples. In 

https://www.sciencedirect.com/science/article/pii/S0925477313000798?via%3Dihub#b0020
https://www.sciencedirect.com/science/article/pii/S0925477313000798?via%3Dihub#b0150
https://www.sciencedirect.com/science/article/pii/S0925477313000798?via%3Dihub#b0150
https://www.sciencedirect.com/science/article/pii/S0925477313000798?via%3Dihub#b0220
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the current version, we showed E11.5 and 14.5 data as Extended View Fig.7 and Fig.3, 

respectively. The corresponding explanation was added in Results and Legends for Ex 

View 7 (p.8, line 192-206, and p.8, line 212- p.9, line 215). In addition, we also 

described the results of E14.5 in detail (p.7, line 179-181). Thanks to this comment, we 

believe that our current version of the manuscript showing additional RNA-seq analyses 

data of E11.5 samples has become much improved. 

 

- Fig.5. The changes observed in gene-expression are very mild. At present its unclear 

how the gene-expression data is linked to the sperm DNA-methylation. The authors try 

to confirm DNA hypo-methylation in sperm and increased gene-expression in the E14.5 

forebrain for genes detected by DNA-methylation analysis and present the data as EV7. 

Its not clear what is plotted in EV7. Is this qPCR data as stated in the text but not in the 

figure legends or methods? Why are there in contrast to EV4 only 6 genes linked to 

REST? 

We apologize that EV7 in the previous manuscript was misleading. The qPCR analyses 

using 94 genes related with DNA hypo-methylated regions (i.e., hypo-DMRs) in sperm 

was performed to determine the suitable embryonic stage for RNA-seq analyses. Since 

we found a clear tendency of leaky expression in E14.5 telencephalon, we actually 

performed RNA-seq at this stage. Because the data was less important, we omitted them 

data from the current version. As a result, our revised manuscript became more logical 

and easier to understand. 

 

- Another possibility is that the data is diluted due to the fact that whole embryo 

forebrain was used, whereas the data suggest that specifically proliferating 

neuroprogenitor cells may be affected. Can the authors sort for such cells? 

As you have wisely surmised, REST/NRSF specifically expressed in Sox2+ neural stem 

cells (NSCs) [Nechiporuk et al., 2016], and thus it would be ideal if we could enrich 

NSCs for RNA-seq analyses. However, a similar analysis has been performed by other 

group in the case of an autism model using the heterozygous Chd8 knockout mice 

[Katayama et al., 2016]. From the same GSEA, they observed that early-fetal genes 

were enriched and abnormal activation of REST target genes. Therefore, our strategy is 

acceptable for comprehensive gene expression analyses.  

 

- Fig 6: This is an interesting experiment. To strengthen the link between global changes 

induced by 5-AZA and the rather specific alterations observed in sperm from old fathers 

it would be helpful to see which genomic regions are affected by 5-AZA treatment.  

Thank you for your constructive comment. We have added results showing global DNA 

hypo-methylation by 5-hydroxymethylcytosine staining of the testis (p.9, line 242-243, 

p.37, line 973-978, Fig.EV8). Relatedly, we reassigned new figure numbers 

(Fig.EV9-13). Additionally, we conducted DNA methylation analyses of sperm obtained 

from male mice treated with a de-methylation drug, 5-Aza. Eleven DMRs were selected 
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from 96 DMRs based on possible REST/NRSF binding sites by our in sillico ChIP 

analysis as well as differential gene expression by RNA-seq analyses. We revealed that 

the most of the target regions (8 in 11 targets) seemed to be hypo-methylated in sperm 

DNA from 5-Aza-treated male mice, in which a significant reduction of DNA 

methylation was detected at a CpG site of M2_hypo_003 (i.e., corresponding to Nav1) 

and M2_hypo_046 (corresponding to Shank2). Indeed, both Nav1 (Scn2a) and Shank2 

are autism-related genes. We added the Extended View 9 and 10 and its corresponding 

explanation in Abstract (p.3, line 42-45), Introduction (p.4, line 77-80), Results (p.9, 

line 245-p.10, line 256), Materials and Methods (p.21, line 590-p.22, line 610, reference 

#75, 76), and Figure legend (p.37, line 980- p.38, line 1002). We have changed the 

literature numbers, since we referred methodological papers. Thanks to this comment, 

we were able to confirm that DNA hypo-methylation due to paternal aging could be 

reproduced by 5-Aza administrations. 

 

- Fig.6: What is the impact of 5.AZA on the developing brain (see Fig 2)?  

Thank you for your comments. This issue was beyond the scope of the current study 

and considered as the next challenge. Therefore, we did not mention the brain 

development in pups derived from father with 5-Aza injections.  

 

- Can the authors discuss why specifically REST target genes would be affected by 

hypo-methylation in sperm?  

We appreciated the comment from this reviewer. At this moment, we cannot provide 

actual data to answer his/her question. However, here are several references that we 

think informative. By analyzing a previous study [Namekawa et al., 2006], we found 

that Rest mRNA is actually expressed in male germline cells and the expression level 

was highest in testicular stem cells (i.e., type A spermatogonia) as shown in Extended 

View Fig.10. Recent single-cell RNA sequencing data from testicular cells have also 

confirmed a distinct high expression of Rest in the most immature sub-population of 

spermatogonia [Green et al., 2018]. It is reported in embryonic stem cells that 

REST/NRSF binding induces DNA hypo-methylation in the neighboring genome region 

[Stadler et al., Nature, 2011]. In the developing heart, DNA methyltransferase 3b 

promotes REST/NRSF occupancy [Zhang et al., 2017]. Although our current study 

could not reveal how DNA hypo-methylation occurs within REST/NRSF binding 

motives, our findings clearly demonstrated that DNA hypo-methylation in sperm from 

aged mice does not occur randomly, but is biologically significant. It will be the next 

challenge how REST/NRSF molecules are recruited within DNA hypo-methylated 

regions. The point suggested by this reviewer has provided us with new knowledge and 

we could discuss in more depth. We added this important discussion in Discussion (p.11, 

line 297-309, reference #48-51) and Figure legend (p.38, line 1004-1007).   
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Referee #2:  

 

How the parental aging affects the behavior in next generation and the association with 

psychiatric diseases has been still largely unclear. In this paper, the authors presented 

that paternal aging in mice caused altered USV both in quantity and quality and it 

seemed to be one of the robust behavioral phenotypes related with psychiatric disorders 

caused by parental aging. The authors also found the DNA hypomethylation in sperm 

from aged male mice and the induction of DNA demethylation in young males also 

recapitulated the altered USV in the offspring. These findings may give a clue of the 

molecular mechanism that explains the risk of paternal aging in developmental 

disorders such as autism.  

 

The authors found the thinner cortex of AFO, which recapitulates the observations in 

human ASD cases. This fact itself is very interesting and may be worth further 

investigating. However, it was not convincing to discuss the relationship with the altered 

USV in parallel. Fig. 2 suggested the cortical abnormality and Fig. 3 suggested the 

other brain regions as potential target brain regions. These different brain regions in 

the same study may become confusing. Although the reviewer agrees that c-fos 

phenotype is related to altered USV, discussing the abnormal brain structure and the 

neural activity in the other brain regions in parallel is difficult to follow the story.  

 

This has also been pointed out by Referee #1. The brain regions focused in the previous 

manuscript (i.e., the paraventricular thalamus (PVT), basolateral amygdala (BLA) and 

piriform cortex (Pir)) are related with anxiety in pups [Kurumaji et al., 2003], and 

different from the cortex, in which we revealed abnormal structures. To avoid confusion, 

we omitted the data in the present manuscript in the current manuscript. Relatedly, we 

reassigned new figure numbers (Fig.2-5). As a result, our revised manuscript became 

more logical and easier to understand. 

 

A logic or the flow of this study is not smooth in this manuscript. As described in the 

above comment, Fig. 2 is split into the story of USV (Fig. 1 and 3). Gene set enrichment 

analyses in Fig. 5d-f are also related to the cortex story. It might be better to change the 

construction of figures. The order of figures will be, for example, Fig. 1, 3, 4, and 5a-c, 

g, h, these are related to a story of USV and REST, and after Fig. 5d-f and before the 

final in vivo experiment (Fig. 6), Fig. 2 (maybe as a supplemental figure) can be 

inserted. 

Thank you for your constructive comments. Since abnormal and ectopic expressions of 

REST/NRSF target genes and late-fetal gene implicate impaired development of the 

brain, your suggestion is logical and easy to understand. Therefore, we revised the order 

of figures and the corresponding text between results of DNA methylome and RNA-seq 

analyses (p.7, line 160-167). Relatedly, we reassigned new figure numbers (Fig.2-5). In 

relation, we added the proportion of cortical hypoplasia and statistical values (p.9, line 

221-227), and added references that show a link between smaller brain and impairment 
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in REST pathways (p.9, line 229-230, reference #40, 41). Accordingly, we revised 

Figure numbers and legend (p.33, line 853-p.34, line 883) in manuscript.  

 

Did the authors confirm c-fos expression and the brain morphology in the pups born 

from 5-Aza treated young father? Because the authors suggested the difference of 

neural activity and brain morphology underlying the altered USV, they should be also 

addressed in this experiment. Ideally REST manipulation should be performed instead 

of 5-Aza treatment but it might be technically difficult. At least the authors should check 

the phenotypes of pups born from 5-Aza male animals besides USV. 

We agree with your suggestions. It would be ideal to analyze brain morphology and 

behaviors other than USV in the offspring derived from 5-aza treated mice. REST itself 

and its related molecules have already been proven its importance in brain development 

and neurodevelopmental diseases [Ballas et al., 2005; Lunyak et al., 2005]. However, it 

would technically difficult to manipulate REST in male germline cells and to observe its 

effect in the next generation. These issues were thus beyond the scope of the current 

study and considered as the next challenge. 

 



Dear Noriko,  
 
Thank you for submitting your revised manuscript to The EMBO Journal. I am sorry for the 
delay in getting back to you with a decision, but I have now received the two referees reports 
on the revised version and I am afraid that the overall opinion is not very positive.  
 
Both the referees appreciate the added data, but referee #1 is also not convinced that the 
revisions go far enough to address the raised concerns. In particular, we still gain too limited 
mechanistic insight into how aging selectively effects DNA methylation within REST/NRSF 
binding motives. I know that addressing this issue is not straight forward and we wouldn't 
need the whole mechanism but some further understanding of this would be needed for 
consideration here.  
 
I have discussed the manuscript further with my colleague Esther Schnapp at EMBO Reports 
and EMBO Reports is interested in the manuscript. They would involve one additional 
advisor to get input on the study and the conclusiveness of the 5-Aza experiment. If you are 
interested in this option please contact Esther eschnapp@wiley.com to discuss this further.  
 
I am very sorry that I can't be more positive for The EMBO Journal, but I hope that you will 
consider the EMBO Reports option.  
 



18th Aug 20201st Editorial Decision

Dear Dr. Osumi,

Thank you for the t ransfer of your research manuscript  to EMBO reports. I now went through your
manuscript , the referee reports from The EMBO Journal (at tached again below), and your final
revision plan. Both referees acknowledge that the findings are of interest . Nevertheless, mainly
referee #1 has raised a number of concerns and suggest ions to further improve the manuscript , or
to strengthen the data and the conclusions drawn. 

EMBO reports emphasizes novel funct ional over detailed mechanist ic insight, but  asks for strong in
vivo relevance of the findings, and clear experimental support  of the major conclusions. Thus, we will
not  require that points regarding more refined mechanist ic details experimentally be addressed. In
that light , it  will be necessary that in final revised manuscript  you address the points 1-3, 5 and 6 of
referee #1 experimentally and/or by implement ing the suggested changes (as indicated in your p-b-
p-response). 

I agree with referee #1 (his/her point  4), though, that  the data showing that 5-AZA treatment
phenocopies the age by derepressing/demethylat ing the RSET signature genes is weak. It  seems
there is only one CpG in Shank1 that is contained in the RSET binding sequence that shows clear
demethylat ion (Fig. EV9). I would have expected a stronger and more general effect  here, if it  is the
hypomethylat ion of these genes that causes the phenotype. Thus, the real causal targets that get
demethylated by 5-AZA to copy the phenotype might be completely different. I understand that
extensive further experimentat ion would be needed to address this in more detail. Thus, in case
you do not have more convincing data, I would ask you to tone down very explicit ly the conclusion
that 5-AZA-treatment induces hypo-methylat ion of the same genes that show altered expression
in the embryonic forebrain of the offspring of aged fathers (and remove that statement from the
abstract). In that  light , please also modify the discussion.

Given the construct ive referee comments, we would like to invite you to revise your manuscript  with
the understanding that all referee concerns must be addressed in the revised manuscript  and/or in
a detailed point-by-point  response. Acceptance of your manuscript  will depend on a posit ive
outcome of the next, final round of review. 

Revised manuscripts should be submit ted within three months of a request for revision. We are
aware that many laboratories cannot funct ion at  full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protect ion policy' to cover the
period required for full revision. Please contact  me to discuss the revision should you need
addit ional t ime, and also if you see a paper with related content published elsewhere.

When submit t ing your revised manuscript , please also carefully review the instruct ions that follow
below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an init ial quality
control prior to exposit ion to re-review. Upon failure in the init ial quality control, the manuscripts are
sent back to the authors, which may lead to delays. Frequent reasons for such a failure are the lack
of the data availability sect ion (please see below) and the presence of stat ist ics based on n=2 (the
authors are then asked to present scatter plots or provide more data points).

When submit t ing your revised manuscript , we will require: 



1) a .docx formatted version of the final manuscript  text  (including legends for main figures, EV
figures and tables), but  without the figures included. Please make sure that changes are highlighted
to be clearly visible. Figure legends should be compiled at  the end of the manuscript  text .

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure), of main figures and EV
figures. Please upload these as separate, individual files upon re-submission. You can have up to 8
main figures.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible
format, has replaced the Supplementary informat ion. You can submit  up to 5 images as Expanded
View. Please follow the nomenclature Figure EV1, Figure EV2 etc. The figure legend for these
should be included in the main manuscript  document file in a sect ion called Expanded View Figure
Legends after the main Figure Legends sect ion. Addit ional Supplementary material should be
supplied as a single pdf file labeled Appendix. The Appendix should have page numbers and needs
to include a table of content on the first  page (with page numbers) and legends for all content.
Please follow the nomenclature Appendix Figure Sx, Appendix Table Sx etc. throughout the text ,
and also label the figures and tables according to this nomenclature. 

For more details please refer to our guide to authors: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparat ion

See also our guide for figure preparat ion: 
ht tp://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

4) a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14693178/authorguide). Please insert  page numbers in
the checklist  to indicate where the requested informat ion can be found in the manuscript . The
completed author checklist  will also be part  of the RPF.

Please also follow our guidelines for the use of living organisms, and the respect ive report ing
guidelines: ht tp://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

5) that  primary datasets produced in this study (e.g. RNA-seq, ChIP-seq and array data) are
deposited in an appropriate public database. This is now mandatory (like the COI statement). If no
primary datasets have been deposited in any database, please state this in this sect ion (e.g. 'No
primary datasets have been generated and deposited').

See also: ht tp://embor.embopress.org/authorguide#datadeposit ion 

Please remember to provide a reviewer password if the datasets are not yet  public.

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Methods) that follows the model below. Please note that the Data



Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:

6) We strongly encourage the publicat ion of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript  and will be linked to the
relevant figure. If you would like to use this opportunity, please submit  the source data (for example
scans of ent ire gels or blots, data points of graphs in an excel sheet, addit ional images, etc.) of your
key experiments together with the revised manuscript . If you want to provide source data, please
include size markers for scans of ent ire gels, label the scans with figure and panel number, and send
one PDF file per figure. 

7) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at :
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quant ificat ion and stat ist ics, can you please specify, where applicable, the
number "n" for how many independent experiments (biological replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test  used to calculate p-values in the respect ive figure
legends. Please provide stat ist ical test ing where applicable, and also add a paragraph detailing this
to the methods sect ion. See: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#stat ist icalanalysis

9) Please note our new reference format:
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Please have your final revised manuscript  carefully proofread by a nat ive speaker.

11) Please make sure that all microscopic images have scale bars that are defined in the respect ive
figure legend. 

12) Please reduce the number of key words on the t it le page to 5.



Please note that all corresponding authors are required to supply an ORCID ID for their name upon
submission of a revised manuscript . Please find instruct ions on how to link the ORCID ID to the
account in our manuscript  t racking system in our Author guidelines:
ht tp://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

In addit ion I would need from you: 
- a short , two-sentence summary of the manuscript  (less than 40 words)
- two to three bullet  points highlight ing the key findings of your study 
- a schematic summary figure (in jpeg or t iff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that  can be used as a visual synopsis on our website. 

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,

Achim

--------------------
Achim Breiling
Editor
EMBO reports
--------------------

Referee #1:

Yoshizaki et  al. present this manuscript  as a resubmission. The presented data is st ill very
interest ing and the authors t ried to address all issues raised by the reviewers and performed a
substant ial amount of new experiments, which I really appreciate. However, I st ill have the feeling
that the phenotypes and sperm DNA-methylat ion changes - which are not ent irely novel - are not
yet backed by the mechanist ic studies, which would be the excit ing novelty of this study. The key-
message of this manuscript  is in my view that being and old (mouse) father affects the expression
of REST-linked gene-expression in the offspring embryonic brain in a DNA-methylat ion dependent
manner which affect  brain development at  the structural level and that this can be phenocopied by
systemic administrat ion of a DNA-methylat ion inhibitor. Unfortunately, I think even the novel data
do not really strengthen this interpretat ion. However, I appreciate the importance of
t ransgenerat ional experiments and understand how t ime consuming these experiments are so I am
happy to be convinced otherwise by my fellow reviewers. 

Here are some st ill remaining quest ions:

1. A previous suggest ion was, that  the authors should take into account the lit ter size in the
stat ist ical analysis of the USV data. I appreciate that the author addressed this point  and ident ify
"lit ter size" as a confounding factor. As a consequence, the authors state that only data from
mothers with a lit tersize n>6 was considered. I am not sure this would be a proper approach. As can
be seen from novel FIG EV1 the variability in USV is even greater in offspring from young fathers
when the lit tersize is n>6 when compared to n<6. Maybe my previous comment was not ent irely
clear. Rather than using an arbit rary cut  off it  would be more feasible to use all data but correct  for
lit ter size as a confounding factor in a stat ist ical analysis. This approach is often used in



t ransgenerat ional studies and would help to gain confidence in the observed changes, that  are - as
in most t ransgenerat ional datasets - comparat ively mild. 

2. Fig 2B. I guess the heat map is based on hierarchical clustering. Please add the dendrogram to
the panel. 

3. I appreciate the data shown in what now became Fig 3. I am also willing to accept that  the very
mild changes (no significant changes are observed via diff expression analysis) observed could have
relevant impact on the pathways presented. In the previous version of the manuscript  the number
of samples employed in the RNA-seq experiment was not presented. We now learn that n=3 was
used for the experiments which I would consider "borderline" of what would now be acceptable for
such type of experiments. I suggest that  the authors present at  least  a PCA analysis and consider
confounding factors such as batch effects etc. to strengthen their data and address these issues
in more detail in the methods sect ion. 

4. I am glad to see that the authors t ried to address the quest ion if systemic administrat ion of 5-
Aza affect  DNA-methylat ion in sperm. However, I do not think that the semi-quant itat ive analysis of
5mC via immunohistochemistry as shown in the main figure 5 is helpful in this regard. The authors
performed targeted bisulfite sequencing for 11 genes linked to hypo-methylat ion and REST binding.
In contrast  to the text  I do not see changes in any of the genes shown in Fig EV10 and only in 2 of
the 11 genes, namely Nav1 and Shank there are significant changes, but only if the authors bin the
genomic region a somewhat biased manner. At  least  in my view, the presented data does not
provide strong evidence that 5-Aza acts via the mechanism described in Fig. 1-4. 

5. The sentence "line 166-169 should be re-writ ten. Its not clear at  present that  AFO was
compared to YFO and that the message would be that there are NO significant changes. 

6. Typo line76 "mail mice"

---------------
Referee #2:

First  of all, there are mistakes and insufficient  responses in a point-by-point  response. For example,
page and line numbers the authors described are not corresponded to the final text . In my last
comment, I suggested showing other phenotypes of pups born from 5-Aza male animals besides
USV. Actually the authors seemed to check DNA methylat ion in the selected hypo-DMRs by
bisulfite sequencing and found significant reduct ion of the DNA methylat ion rat io in aut ism-related
genes, but they did not ment ion it  in the response. Overall, the authors basically responded to my
comments and the revised version has improved. 

Typo: in the of selected hypo-DMRs (p.8, line 243)



Referee #1: 

Yoshizaki et al. present this manuscript as a resubmission. The presented data is still very 

interesting and the authors tried to address all issues raised by the reviewers and 

performed a substantial amount of new experiments, which I really appreciate. However, 

I still have the feeling that the phenotypes and sperm DNA-methylation changes - which 

are not entirely novel - are not yet backed by the mechanistic studies, which would be the 

exciting novelty of this study. The key-message of this manuscript is in my view that being 

and old (mouse) father affects the expression of REST-linked gene-expression in the 

offspring embryonic brain in a DNA-methylation dependent manner which affect brain 

development at the structural level and that this can be phenocopied by systemic 

administration of a DNA-methylation inhibitor. Unfortunately, I think even the novel data 

do not really strengthen this interpretation. However, I appreciate the importance of 

transgenerational experiments and understand how time consuming these experiments 

are so I am happy to be convinced otherwise by my fellow reviewers.  

Here are some still remaining questions: 

1. A previous suggestion was, that the authors should take into account the litter size in

the statistical analysis of the USV data. I appreciate that the author addressed this point 

and identify "litter size" as a confounding factor. As a consequence, the authors state that 

only data from mothers with a littersize n>6 was considered. I am not sure this would be 

a proper approach. As can be seen from novel FIG EV1 the variability in USV is even 

greater in offspring from young fathers when the littersize is n>6 when compared to n<6. 

Maybe my previous comment was not entirely clear. Rather than using an arbitrary cut 

off it would be more feasible to use all data but correct for litter size as a confounding 

factor in a statistical analysis. This approach is often used in transgenerational studies 

and would help to gain confidence in the observed changes, that are - as in most 

transgenerational datasets - comparatively mild.  

Thank you for your critical comments for improving our manuscript. We 

performed additional analysis of the rest of USV data from those with less than 

six littermates and combined all the data. Consistently, we could confirm that the 

6th Oct 20201st Authors' Response to Reviewers



number of USV (Fig.1C), the number of syllable types (Fig.1I) and normalized 

entropy scores (Fig.1J) were decreased in aged father-derived offspring (AFO) 

compared with young father-derived offspring (YFO). Likewise, most of the 

syllable types were similarly changed; the percentage of “Downward” was 

increased, while those of “One jump”, “Chevron, “Upward”, “More jump”, “Wave”, 

and “More jump + Harmonics” syllables were decreased (Fig.1H). In this 

analysis, however, the average of body weight in AFO was not statistically 

different from that in YFO (Fig.1B). We accordingly revised our manuscript in 

Results (p.5, line 111-114, p.5, line 118-p.6, line 134) and Figure Legends (p.36, 

line 955-966). 

 

2. Fig 2B. I guess the heat map is based on hierarchical clustering. Please add the 

dendrogram to the panel.  

Genome regions shown as a heat map (Figure 2B) were not “clustered” but just 

aligned according to their chromosomal regions, and therefore, we cannot draw 

a dendrogram. To avoid misleading, we added the explanation in Results (p.6, 

line 147-149) and Figure Legends (p.36, line 979-980). 

 

3. I appreciate the data shown in what now became Fig 3. I am also willing to accept that 

the very mild changes (no significant changes are observed via diff expression analysis) 

observed could have relevant impact on the pathways presented. In the previous version 

of the manuscript the number of samples employed in the RNA-seq experiment was not 

presented. We now learn that n=3 was used for the experiments which I would consider 

"borderline" of what would now be acceptable for such type of experiments. I suggest that 

the authors present at least a PCA analysis and consider confounding factors such as 

batch effects etc. to strengthen their data and address these issues in more detail in the 

methods section.  

We appreciate that this reviewer is positive for our transcriptomic data. We paid 

close attention to collect embryos for RNA-seq at the same developmental stage 

based on the number of somites, even though they were isolated from different 

mothers (see Materials and Methods, p.20, line 570-572). Therefore, variations 

between samples causing “batch effects” are considered to be relatively small.  



According to this reviewer’s suggestion, we additionally performed principal 

component analysis (PCA), and found globally distinct expression profiles 

between YFO and AFO (see additional new Fig. EV2). We thus revised our 

manuscript describing this key finding in Results (p.8, line 196-198), Materials 

and Methods (p.20, line 591-592) and Figure Legends (p.40, line 1068-1075). 

We would like to thank the reviewer for his/her great insight. 

 

4. I am glad to see that the authors tried to address the question if systemic administration 

of 5-Aza affect DNA-methylation in sperm. However, I do not think that the 

semi-quantitative analysis of 5mC via immunohistochemistry as shown in the main figure 

5 is helpful in this regard. The authors performed targeted bisulfite sequencing for 11 

genes linked to hypo-methylation and REST binding. In contrast to the text I do not see 

changes in any of the genes shown in Fig EV10 and only in 2 of the 11 genes, namely 

Nav1 and Shank there are significant changes, but only if the authors bin the genomic 

region a somewhat biased manner. At least in my view, the presented data does not 

provide strong evidence that 5-Aza acts via the mechanism described in Fig. 1-4.  

We admit that this part is insufficient to draw a firm conclusion. We searched a 

comprehensive DNA methylome analysis dataset in sperm from mice treated 

with a de-methylation drug (5-Aza) and found a public dataset using reduced 

representation bisulfite sequencing (RRBS) (Kläver et al, 2015). Unfortunately, 

due to sparce signals in RRBS, only 21 DMRs were calculable among 96 

hypo-DMRs that we identified by our SureSelect Methyl-Seq, Agilent Technology 

(Koike et al, 2016).  

Interestingly, however, 12 of the DMRs, including those within Nav1, were 

significantly hypo-methylated in 5-Aza-treated sperm. From our analysis, we 

found that Nav1 actually has a hypomethylated CpG site containing not the REST 

binding site itself but a binding motif of Specificity Protein1 that can interact with 

REST for regulating expression of its target genes (Paonessa et al, 2013; see 

revised Fig. EV4A). Relatedly, we noticed that Shank2 contains CpG site 

neighboring the REST binding motif (Fig. EV4B). 



Longitudinal cohort analyses in the US have previously suggested that 

methylation status of sperm DNA is associated with autism risk in offspring 

(Feinberg et al, Int J Epidemiol, 2015). A study has also observed that 

de-methylation of genome regions is transmitted from father to offspring (Atsem 

et al, Human Mol Genet, 2016). We consider that our paternal aging model is 

more natural than genetically engineered mice that have deficiency in certain 

genes. However, the most struggling issue is that we cannot precisely correlate a 

hypo-methylation at a certain genome region of sperm from aged father with its 

outcome at the level of the developmental program and subsequent behavioral 

phenotypes in the offspring. Since we cannot perform additional experiment at 

this time point, we would of course agree to tone down our interpretation.  

We described above issues in Results (p.10, line 274-287) and Discussion (p.14, 

line 386-394). In relation, we have toned down our arguments in Abstract (p.3, 

line 51-56), Introduction (p.4, line 85-p.5, line 101) and Discussion (p.14, line 

414-p.15, line 429) 

 

5. The sentence "line 166-169 should be re-written. Its not clear at present that AFO was 

compared to YFO and that the message would be that there are NO significant changes.  

We agree that expression changes of individual genes between YFO and AFO 

were very little. Therefore, we applied to GSEA, as in the case of a previous 

study on a genetically engineered autism model mice (Katayama et al, Nature, 

2016). Fortunately, we were able to detect global changes in expression of gene 

sets, which actually resulted in identification of interesting phenotypes such as 

common genes with REST target genes, ASD related genes and genes related 

with precocious neurogenesis. We rewrote the manuscript in Results (p.8, line 

193-196). 

 

6. Typo line76 "mail mice" 

We revised our typo (p.5, line 98). 

 



--------------- 

Referee #2: 

 

First of all, there are mistakes and insufficient responses in a point-by-point response. 

For example, page and line numbers the authors described are not corresponded to the 

final text. In my last comment, I suggested showing other phenotypes of pups born from 

5-Aza male animals besides USV. Actually the authors seemed to check DNA methylation 

in the selected hypo-DMRs by bisulfite sequencing and found significant reduction of the 

DNA methylation ratio in autism-related genes, but they did not mention it in the 

response. Overall, the authors basically responded to my comments and the revised 

version has improved.  

We apologize that the numbers for pages and lines were not corresponding to 

the final text, which may be due to the conversion when we uploaded the text file. 

Since two top authors have already left our laboratory, it is very difficult to 

perform additional experiments to observe other behavior phenotypes of the 

offspring derived from the male mice treated with a de-methylation drug. We did 

describe about our data on bisulfite sequencing data (in new Figs.EV4,5), in 

Results (p.10, line 274-287), and Figure Legend (p.40, line 1090-p.41, line 1122). 

 

Typo: in the of selected hypo-DMRs (p.8, line 243) 

We revised the typo as “in the selected hypo-DMRs” (p.10, line 274). 



21st Oct 20201st Revision - Editorial Decision

Dear Prof. Osumi,

Thank you for the submission of your revised manuscript  to our editorial offices. As the original
referee #1 was unresponsive to my invitat ions to re-assess the study, we have discussed the
revised manuscript  and your point-by-point  response in the team. We think that the remaining
concerns of the referees have been adequately addressed, either by addit ional data or by text
changes, and have thus decided to proceed with the manuscript .

Before formal acceptance, I ask you to address the following editorial requests in a final revised
manuscript :

- I would suggest this shortened t it le:
Paternal age affects offspring via an epigenet ic mechanism involving REST

- Please provide the abstract  writ ten in present tense.

- The key words are shown twice. Please remove these from the t it le page. It  is fine to show the key
words after the abstract . Please restrict  these to 5.

- There are st ill several typos and grammatical errors in the text . Please have your final manuscript
carefully proofread by a nat ive speaker.

- Please make sure that the datasets indicated in the Data Availability Sect ion (DAS) are indeed
deposited and accessible. Please also add the URL for each dataset to the DAS.

- Regarding data quant ificat ion and stat ist ics, please make sure that the number "n" for how many
independent experiments were performed, their nature (biological versus technical replicates), the
bars and error bars (e.g. SEM, SD) and the test  used to calculate p-values is indicated in the
respect ive figure legends (also of the EV figures). Please also check that all the p-values are
explained in the legend, and that these fit  to those shown in the figure. Please provide stat ist ical
test ing where applicable. For example, in Fig. EV5 it  is completely unclear how many replicates are
shown, and why no stat ist ics is shown. 

- The figure legends are often very short  (see e.g. those for Fig. 1). Please add more details that
also non-expert  readers can follow. E.g. please explain better what is shown in 1B-1G. 

- Please call out  the single panels if Figs. EV2, EV4 and EV5 in the manuscript  text .

- Please name the Tables S1-S5 'Dataset EV1 - Dataset EV5' and change their callouts in the
manuscript  text . Please also provide a legend for each dataset file and put this on the first  TAB of
the excel file (not in the main manuscript  text).

- Please check that all microscopic images have scale bars and that their size is defined in the
respect ive figure legend (e.g. Fig. EV3A has no scale bars).

- Could the images in Fig. 6A and 6C be shown in the same size?

- For those diagrams where stat ist ical test ing has been done, but the differences are not



significant, please indicate this using 'n.s.' as in Fig. EV3D/E.

- For Fig. EV3C you indicate that data from two replicates are shown. Thus, please do not combine
the datasets, but show them as individual bars and remove the error bars.

- Finally, please find at tached a word file of the manuscript  text  (provided by our publisher) with
changes we ask you to include in your final manuscript  text , and some queries, we ask you to
address. Please provide your final manuscript  file with t rack changes, in order that we can see any
modificat ions done.

In addit ion, I would need from you: 
- a short , two-sentence summary of the manuscript  
- two to four bullet  points highlight ing the key findings of your study 
- a schematic summary figure (in jpeg or t iff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that  can be used as a visual synopsis on our website. 

Please note that all corresponding authors are required to supply an ORCID ID for their name upon
submission of a revised manuscript . Please do that for corresponding author Kono. Please find
instruct ions on how to link the ORCID ID to the account in our manuscript  t racking system in our
Author guidelines:
ht tp://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

I look forward to seeing the final revised version of your manuscript  when it  is ready. Please let  me
know if you have quest ions regarding the revision. 

Kind regards,

Achim

--------------
Achim Breiling
Editor
EMBO Reports
--------------
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Tohoku University School of Medicine
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2-1, Seiryo-machi
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Japan

Dear Prof. Osumi,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 
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All further communicat ions concerning your paper should quote reference number EMBOR-2020-
51524V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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