Review History
First round of review
Reviewer 1

Are you able to assess all statistics in the manuscript, including the appropriateness of statistical tests used? Yes, and I have assessed the statistics in my report. 

Comments to author:
In this paper, Yang and colleagues explore the role of RNA structure in modulating subgenome asymmetry at the translational level. The quality of the work and of the presented experiments is extremely high. The findings are presented in a clear and convincing way.
I would really like to see this manuscript published, and I have only a major concern, that, however, I would like to see the authors addressing in their revised manuscript, and this concerns the way structural analyses have been performed. All the structural analyses presented by the authors are based on the "interpretation" of the SHAPE signal, by using this as a constraint to drive structure prediction (i.e. the calculation of BPPs, the in vivo vs. in silico comparison, etc.). This approach introduces large biases, as it heavily relies on the ability of thermodynamics-driven structure prediction tools to correctly interpret the experimental constraints. For example, the choice of the slope and intercept parameters is crucial when performing experimentally-informed structure modelling. What slope and intercept values did the authors choose and why? To avoid these issues, I would like the authors to repeat their analyses, in particular the ones comparing homoelogs, by directly comparing the SHAPE reactivities. A way to account for the different lengths of different homoelogs, would be to use sequence alignment between 2 homoelogs, to align the SHAPE profiles to each other.
Furthermore, rather than comparing the in vivo-derived structure to the in silico structure, it would be much more interesting to understand whether the same asymmetry reported for the homoelogs in vivo, is also present when refolding the RNA in vitro, or whether this is something that is regulated by in vivo-specific factors. This is not essential, as I can understand the cost of such an experiment might be prohibitive, but it would provide additional insights into the phenomenon here described. Maybe this can be done for 2-3 selected RNAs?
Reviewer 2

Are you able to assess all statistics in the manuscript, including the appropriateness of statistical tests used? No, I do not feel adequately qualified to assess the statistics. 

Comments to author:
In their work entitled "Wheat in vivo RNA structure landscape reveals a prevalent role of RNA structure in modulating translational subgenome expression asymmetry", Yang and colleagues have explored the relationships between translation efficiency and mRNA structure in wheat. By comparing the translation efficiency (measured by estimating ribosome association), and the mRNA structure at the whole genome level, they conclude that mRNA structure has a strong impact on translation efficiency (TE) in wheat.
This work represents an important resource for the community by providing a translatome and structurome of wheat mRNAs, and gives very interesting insight on the determinants of translation efficiency. Overall the data are quite compelling, and goes very nicely from genome-wide approach to the functional validation of the impact of mRNA structure on one selected candidate gene.

I have however a few comments that I think should be addressed to make the article easier to follow, and to further support the authors' conclusions. One first very general comment is that the methods for statistical analyses or calculation of some indexes are not sufficiently described. For example how was the conservation ratio used on Figure 5 calculated? How was the F(st) calculated? (authors do refer to a paper, but it describes different methods to estimate it). Likewise for the dual luciferase assay, how was TE calculated? Likewise CAI and tAI should be better described, as readers will not necessarily be familiar with these parameters.

1- In the abstract, and in the introduction L.49, authors write that mRNA structure "modulates" TE. Maybe the world modulate is a bit strong as it would imply that the mRNA structure can change and that this would modify TE in return, "modulating" implies the possibility of tuning the process, which is not explored here (and wouldn't be easy to explore). Maybe better to phrase it as mRNA structure has a strong impact on TE. Another instance where the text should maybe be toned down is in the discussion. Authors write that a "moderate" anti-correlation between base pairing probability and TE suggested that RNA structure is a "crucial" player in modulating translation. If the correlation is moderate, than maybe the phenomenon is not that crucial (which does not mean it is irrelevant).

2- In Figure 1, and actually throughout the manuscript, authors study individual correlation relationships between TE and various parameters (GC content, codon usage, mRNA structure etc..). Would there be a way of analyzing these data with a PCA or similar to determine what part of the variability is actually explained by each parameter?

3- Figure 2: what is the overlap between the 3 gene sets seen on panel f (BPP higher in subgenome A, higher in subgenome B or not different between sub-genomes) and the gene sets defined on Fig 1 e (TE higher in subgenome A, higher in subgenome B or not different). Does it significantly differ from what one by chance?

3- L214-215 I am not sure I quite get why authors are interested in the 3-nt periodicity of SHAPE reactivity. Can they explain a bit more the point they are trying to make here? 

4- L215 and after, BPP actually refers to the average BPP for each gene, maybe best to specify this?

5- Authors mention in several places in the manuscript that GC content positively correlates with TE? but never discuss what could be the explanation for this observation.

6- L 257-263: On Figure 4, it is true that the mRNA with the highest TE seems to have the weakest structure, but only if one looks at the 5' region. If one compares the 3', it's actually the opposite. Maybe better to specify this in the text.
7- L 267-270. The notion the homeologs of genes involved in specific cellular processes might favour RNA-structure mediated translational regulation is interesting but highly speculative. Notably, the use of "regulation" would imply that the structure can be regulated, and there is no evidence for this in the paper.

8- L 314-315, authors write the "ribosnitches were highly enriched in the 5'UTR region compared to those in the CDS and 3'UTR regions". However this is not supported by any kind of statistical analysis (what would be the expected values? Is the enrichment really significant?)

9- Figure 5d. How vas the conservative ratio measured? Isnt it surprising that seemingly nearly identical values observed in the CDS differ with a very low p-value (indicated by ***), whereas much more obvious differences in the 3'UTR appear to be less significant?

10- In the discussion, authors highlight a number of interesting observations, but do not really offer an explanation for them. For example, how come CAI but not tAI correlates well with TE? Genes with different TE between the A and B subgenomes belong to distinct GO categories, are those the same that would be found by comparing mRNA abundance? How come the in vivo mRNA structure is so poorly predicted in silico? How does GC content affect TE? 

Authors Response
Point-by-point response to Reviewers
[bookmark: _GoBack]
Reviewer #1: 
In this paper, Yang and colleagues explore the role of RNA structure in modulating subgenome asymmetry at the translational level. The quality of the work and of the presented experiments is extremely high. The findings are presented in a clear and convincing way.
RESPONSE
	We thank the Referee for their appreciation of our paper:“The quality of the work and of the presented experiments is extremely high. The findings are presented in a clear and convincing way.” We are very appreciative of the time and effort that the Referee has spent assessing our work and for their suggested improvements. We have fully addressed all the comments and improved our manuscript accordingly.

Comment 1 
I would really like to see this manuscript published, and I have only a major concern, that, however, I would like to see the authors addressing in their revised manuscript, and this concerns the way structural analyses have been performed. All the structural analyses presented by the authors are based on the "interpretation" of the SHAPE signal, by using this as a constraint to drive structure prediction (i.e. the calculation of BPPs, the in vivo vs. in silico comparison, etc.). This approach introduces large biases, as it heavily relies on the ability of thermodynamics-driven structure prediction tools to correctly interpret the experimental constraints. For example, the choice of the slope and intercept parameters is crucial when performing experimentally-informed structure modelling. What slope and intercept values did the authors choose and why? To avoid these issues, I would like the authors to repeat their analyses, in particular the ones comparing homoelogs, by
directly comparing the SHAPE reactivities. A way to account for the different lengths of different homoelogs, would be to use sequence alignment between 2 homoelogs, to align the SHAPE profiles to each other.
RESPONSE
	We are very grateful to the Referee for their constructive suggestions. The reason we calculated BPPs is because BPP presents the likelihood of single-strandedness, whereas SHAPE reactivity indicates the modification efficiency. The folding parameters we used are the default settings in the RNAfold module (slope m: 1.9; intercept b: -0.7), showing high performance in RNA structure modeling consistent with other studies[1, 2].
We followed the Referee’s suggestion and repeated our analyses based on SHAPE reactivities, with our results shown in Rebuttal Figure 1. As expected, our SHAPE reactivity results were in high agreement with those based on BPP. We found a significant correlation between average SHAPE reactivity and TE in both 5’UTR and CDS regions, with correlation coefficients of 0.27 and 0.41, respectively (Rebuttal Figures 1A-B), indicating mRNAs with weaker structures in the 5’UTR or CDS regions tend to be highly translated (Rebuttal Figures 1A-B). Average SHAPE reactivity in 3’UTR shows lower correlation with the translation efficiencies (TEs), suggesting 3’UTR structures have less effect on translation (Rebuttal Figure 1C). We also found that SHAPE reactivity differences positively correlated with TE differences, whereby the bigger the difference of RNA structure between homoeologs, the greater the difference of TEs (Rebuttal Figure 1D), agreeing with the result shown in Fig. 4a.
  [image: ]
Rebuttal Figure 1 Relationship between RNA structure and translation efficiency. A-C Scatter plots showing the correlation between translation efficiency and SHAPE reactivity across 5’UTR, CDS and 3’UTR, respectively. D Scatter plot showing the correlation between translation efficiency difference of homoeologs and SHAPE reactivity of homoeologs of the full-length transcript. 
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Rebuttal Figure 2 Comparison of SHAPE reactivities in vivo for homoeologous pairs in wheat. A Normalized SHAPE reactivity profile in vivo for the homoeologous pair: protein translation factor SUI1, TRITD2Av1G085990 in the A subgenome and TRITD2Bv1G091150 in the B subgenome, with higher TE in the A subgenome than in the B subgenome. B Normalized SHAPE reactivity profile in vivo for the homoeologous pair: cytochrome b6-f complex iron-sulfur subunit, TRITD2Av1G078520 in the A subgenome and TRITD2Bv1G086350 in the B subgenome, with higher TE in the A subgenome than in the B subgenome. C Normalized SHAPE reactivity profile in vivo for the homoeologous pair: 60S ribosomal protein L18a, TRITD1Av1G210460 in the A subgenome and TRITD1Bv1G213890 in the B subgenome, with lower TE in the A subgenome than in the B subgenome. D Normalized SHAPE reactivity profile in vivo for the homoeologous pair: ribosomal protein L35, TRITD2Av1G164780 in the A subgenome and TRITD2Bv1G137850 in the B subgenome, with lower TE in the A subgenome than in the B subgenome.

	As suggested, we plotted the corresponding SHAPE reactivity profiles for the illustrated homoelogs (Rebuttal Figure 2), that show high agreement with the RNA structure models in our manuscript, elucidating the relationship between RNA structure difference and TE difference. Protein translation factor SUI1 in the A subgenome with a TE significantly higher than that in the B subgenome also had greater single-strandedness in its A subgenome RNA structure and higher SHAPE reactivities compared to that in the B subgenome (Rebuttal Figure 2A). In contrast, 60S ribosomal protein L18a in the A subgenome with TE values significantly lower than those in the B subgenome had less single-strandedness in its A subgenome RNA structure with lower SHAPE reactivities, compared to that in the B subgenome (Rebuttal Figure 2C). SHAPE profiles of additional homoeologous pairs are shown in Rebuttal Figures 2B and 2D, corresponding to the RNA structure models in Figures S6A-B. The profiles of SHAPE reactivities of homoeologs in Rebuttal Figure 2 are shown in New Figure S7 in the revised manuscript. 


Comment 2 
Furthermore, rather than comparing the in vivo-derived structure to the in silico structure, it would be much more interesting to understand whether the same asymmetry reported for the homoelogs in vivo, is also present when refolding the RNA in vitro, or whether this is something that is regulated by in vivo-specific factors. This is not essential, as I can understand the cost of such an experiment might be prohibitive, but it would provide additional insights into the phenomenon here described. Maybe this can be done for 2-3 selected RNAs?
RESPONSE
	We thank the Referee for this comment. Our previous studies, alongside others in multiple species, have shown that in vitro RNA structure is more like the in silico predicted thermostable RNA structure, which is very different from the in vivo RNA structure [3, 4]. Before generating the in vivo RNA structurome, we probed individual wheat 18S rRNA (Rebuttal Figures 3A-B) for its in vitro and in vivo RNA structures. Consistent to previous reports in other species[5, 6], the in vivo SHAPE profile is very different from the corresponding in vitro SHAPE profile, with a correlation coefficient of 0.41(Rebuttal Figure 3C). Thus, our work focused on the in vivo RNA structurome, allowing a broad investigation of the functional roles of RNA structure in living plants. 
	For the Referee’s interest, we sequenced our in vitro libraries. Due to the large size of the wheat transcriptome, the sequencing depth of the in vitro libraries is relatively lower than the in vivo libraries, resulting in 3204 transcripts with nucleotide-resolution RNA structure information. We found that the in vivo RNA structural differences between the two homoeologs are very distinct when compared to the in vitro RNA structural differences (Rebuttal Figure 3D). The individual examples are illustrated in Rebuttal Figures 3E-H. These observations further suggest that RNA structural differences between the homoeologs in living cells are very specific, associated with their molecular functions such as translation. 
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Rebuttal Figure 3 Comparison of SHAPE reactivities in vitro for homoeologous pairs in wheat. A-B NAI probing of tetraploid Kronos 18S rRNA structure in vivo and in vitro. NAI modification was performed at 22 °C with 150 mM NAI for 15 min in vivo, or 150 mM NAI for 5 min in vitro. The modification signal was captured using reverse transcription stalling and gel-based analysis. The Seq Lanes of A/C/G/U indicate the sequence of the corresponding stalling.  C Scatter plot showing the relationship between in vivo signal and in vitro signal, with the signals shown in Rebuttal Figures 3A-B, the raw signal of individual nucleotide was normalized using the total signal of all nucleotides of the whole lane, resulting in the relative signal. D Scatter plot showing relationship between differences of in vivo SHAPE reactivities of homoeologs and differences of in vitro SHAPE reactivities of homoeologs. E Normalized SHAPE reactivity profiles in vitro for the homoeologous pair: protein translation factor SUI1, TRITD2Av1G085990 in the A subgenome and TRITD2Bv1G091150 in the B subgenome, with higher TE in the A subgenome than in the B subgenome. F Normalized SHAPE reactivity profiles in vitro for the homoeologous pair: cytochrome b6-f complex iron-sulfur subunit, TRITD2Av1G078520 in the A subgenome and TRITD2Bv1G086350 in the B subgenome, with higher TE in the A subgenome than in the B subgenome. G Normalized SHAPE reactivity profiles in vitro for the homoeologous pair: 60S ribosomal protein L18a, TRITD1Av1G210460 in the A subgenome and TRITD1Bv1G213890 in the B subgenome, with lower TE in the A subgenome than in the B subgenome. H Normalized SHAPE reactivity profiles in vitro for the homoeologous pair: ribosomal protein L35, TRITD2Av1G164780 in the A subgenome and TRITD2Bv1G137850 in the B subgenome, with lower TE in the A subgenome than in the B subgenome.




Reviewer #2: 
In their work entitled "Wheat in vivo RNA structure landscape reveals a prevalent role of RNA structure in modulating translational subgenome expression asymmetry", Yang and colleagues have explored the relationships between translation efficiency and mRNA structure in wheat. By comparing the translation efficiency (measured by estimating ribosome association), and the mRNA structure at the whole genome level, they conclude that mRNA structure has a strong impact on translation efficiency (TE) in wheat.
This work represents an important resource for the community by providing a translatome and structurome of wheat mRNAs, and gives very interesting insight on the determinants of translation efficiency. Overall the data are quite compelling, and goes very nicely from genome-wide approach to the functional validation of the impact of mRNA structure on one selected candidate gene.
RESPONSE
	We are very thankful to the Referee for their appreciation of our work as articulated above. We are grateful for the time and effort that the Referee has spent in helping us strengthen our manuscript. We have fully addressed all the comments as follows: 

Comment 1 
I have however a few comments that I think should be addressed to make the article easier to follow, and to further support the authors' conclusions. 
One first very general comment is that the methods for statistical analyses or calculation of some indexes are not sufficiently described. For example how was the conservation ratio used on Figure 5 calculated? How was the F(st) calculated? (authors do refer to a paper, but it describes different methods to estimate it). Likewise for the dual luciferase assay, how was TE calculated? Likewise CAI and tAI should be better described, as readers will not necessarily be familiar with these parameters.
RESPONSE
[bookmark: OLE_LINK1]	We thank the Referee for these comments. We have added the details below into the method section of our revised manuscript, from lines 701-706, lines 730-739, lines 753-771.
To calculate the conservation ratio, we first calculated the frequency of each nucleotide of a given SNP from 13 tetraploid T.turgidum spp. Durum groups using the  VCF files [7, 8]. 


Where N represents the number of different nucleotides observed at the polymorphism and c denotes the counts. The nucleotide with the maximum allele frequency on a given SNP is regarded as the major allele. 


For individual transcript, the conservation ratio of riboSNitch SNP denotes to the rate of riboSNitch SNP counts which are major alleles, regarding to the total counts of riboSNitch SNPs. The conservation ratio of non-riboSNitch SNP denotes to the rate of non-riboSNitch SNP counts which are major alleles, regarding to the total counts of non-riboSNitch SNPs.


The FST value was calculated according to the following equation:

where  is the mean allele frequency, is the variance in allele frequency among populations[9]. 
The translation efficiency (TE) of our dual luciferase assay was calculated as described [10, 11]. The protein level or mRNA abundance of Firefly luciferase (F-luc) was normalized to that of the internal control Renilla luciferase (R-luc). The normalized F-luc protein level was scaled relative to normalized mRNA abundance to generate the raw translation efficiency for the C allele and the A allele. The relative translation efficiency was further calculated through normalization to that of the raw translation efficiency of the C allele.
The tRNA adaptation index (tAI) was calculated using the formula:

where wk denotes the relative adaptiveness of codon k [12], and n denotes the length of CDS. 

The codon adaptation index (CAI) was calculated using the formula:


where  denotes the frequency of codon i and  denotes the most frequent synonymous codon amino acid j [13].

Comment 2 
1- In the abstract, and in the introduction L.49, authors write that mRNA structure "modulates" TE. Maybe the world modulate is a bit strong as it would imply that the mRNA structure can change and that this would modify TE in return, "modulating" implies the possibility of tuning the process, which is not explored here (and wouldn't be easy to explore). Maybe better to phrase it as mRNA structure has a strong impact on TE. Another instance where the text should maybe be toned down is in the discussion. Authors write that a "moderate" anti-correlation between base pairing probability and TE suggested that RNA structure is a "crucial" player in modulating translation. If the correlation is moderate, than maybe the phenomenon is not that crucial (which does not mean it is irrelevant).
RESPONSE
	We thank the Referee for their constructive suggestions. We have toned down all these words as suggested in our revised manuscript, for example, we have changed “modulates” to “may have a strong impact on” as shown in abstract page and introduction section lines 49-50, and changed “crucial” to “important” in line 502, highlighted in yellow.

Comment 3

2- In Figure 1, and actually throughout the manuscript, authors study individual correlation relationships between TE and various parameters (GC content, codon usage, mRNA structure etc..). Would there be a way of analyzing these data with a PCA or similar to determine what part of the variability is actually explained by each parameter?
RESPONSE
	We thank the Referee for their comments. We performed the principal component analysis of TE and other variables. We found that tAI contributes the least to the principal component and BPP has the greatest effect among all other variables (Rebuttal Figure 4). The arrows of both GC content and CAI were pointed in the same direction and were close together, indicating that they have similar effects. These results are consistent with our correlation analyses: 1) BPP negatively correlated with TE; 2) The factors of GC, CAI, and RNA abundance each positively correlated with TE; 3) tAI had the least correlation with TE. 
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Rebuttal Figure 4 Principal component analysis of the variables relevant to translation efficiency. The contribution of each variable is coloured using the colour gradient as shown.

Comment 4

3- Figure 2: what is the overlap between the 3 gene sets seen on panel f (BPP higher in subgenome A, higher in subgenome B or not different between sub-genomes) and the gene sets defined on Fig 1 e (TE higher in subgenome A, higher in subgenome B or not different). Does it significantly differ from what one by chance?
RESPONSE
	We thank the Referee for this comment. Of the13294 homoeologous pairs included for TE comparison and 7271 homoeologous pairs for BPP comparison, an overlap of 6941pairs were found, as shown in Rebuttal Figure 5A. We then classified these pairs into 9 categories according to the TE or BPP comparison between the A and B homoeologs (A<B, A=B and A>B, respectively). As listed in Rebuttal Figure 5B we saw a similar number of overlapped pairs in categories A>B and A<B, for both TE and BPP comparisons, ruling out the possibility of a significant difference by chance.
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Rebuttal Figure 5 Overview of the number of homoeologs for TE and BPP comparisons. A Venn plot showing the overlap between homoeologous pairs included for TE and BPP comparisons, as listed in Tables S1 and S2, respectively. B Table showing the number of overlapped homoeologs between different categories of TE and BPP comparisons between A and B subgenomes.

Comment 5
3- L214-215 I am not sure I quite get why authors are interested in the 3-nt periodicity of SHAPE reactivity. Can they explain a bit more the point they are trying to make here? 
RESPONSE
	We thank the Referee for this comment. The 3-nt periodicity of RNA structure pattern was first predicted by in silico analysis of human and mouse mRNA folding, that suggested this 3-nt periodicity in mRNA secondary structure may facilitate the formation of intramolecular helices and a more compact transcript folding. This, in turn, may enhance resistance of the genetic message to degradation and modification [14]. Following this in silico work, a previous in vitro RNA structure analysis, based on structure-specific enzymes, confirmed this 3-nt periodicity RNA structure pattern [15]. Our previous study in plants, found that this 3-nt periodicity exists in vivo where the 3-nt periodicity RNA structure pattern only appears in the coding region and is absent in UTR regions [3]. Notably, this periodic signal was intensified in high TE transcripts and absent from low TE transcripts, suggesting that a hidden code in the in vivo RNA structure may influence polyribosome association and, by inference, translation [3]. To make this point easier to follow, we have added the sentence: “We then examined the 3-nt periodicity, an RNA structure feature indicative of high translation”, as shown in lines 214-215. 

Comment 6
4- L215 and after, BPP actually refers to the average BPP for each gene, maybe best to specify this?
RESPONSE
	We thank the Referee for this comment and have specified average BPP where needed throughout the revised manuscript with 11 changes, such as that line 177 as highlighted in yellow. 

Comment 7
5- Authors mention in several places in the manuscript that GC content positively correlates with TE? but never discuss what could be the explanation for this observation.
RESPONSE
	We thank the Referee for this comment. “GC content positively correlates with TE” was first found in rice, another monocot[16], where it was suggested that GC content might affect RNA structure and the selection by tRNAs. In our previous work in rice, we ruled out the effect of GC on the in vivo RNA structure [17]. Therefore, GC content is likely to affect the preference of certain tRNAs which will be interesting to investigate in the future. We have added more discussion on this observation, in lines 510-511, lines 513-515 highlighted in yellow in our revised manuscript.

Comment 8
6- L 257-263: On Figure 4, it is true that the mRNA with the highest TE seems to have the weakest structure, but only if one looks at the 5' region. If one compares the 3', it's actually the opposite. Maybe better to specify this in the text.
RESPONSE
	We thank the Referee for this suggestion. We have further specified the differences of features between 5’UTR and 3’UTR, by adding the sentence: “Of note, the link between high TE and weak RNA structure is more obvious in 5’UTR and less obvious in 3’UTR, emphasizing a predominant role of RNA structure in 5’UTR affecting translation efficiency” in lines 267-269, highlighted in yellow in our revised manuscript. 

Comment 9
7- L 267-270. The notion the homoeologs of genes involved in specific cellular processes might favour RNA-structure mediated translational regulation is interesting but highly speculative. Notably, the use of "regulation" would imply that the structure can be regulated, and there is no evidence for this in the paper.
RESPONSE
	We thank the Referee for this comment. We have toned down the wording as suggested, with: “We found that the homoeologs with biological functions related to abiotic stress response, biotic stress response, metal ion response and phytohormone signalling display significantly higher correlations between RNA structure difference and TE difference (Fig. 4d), implying a close link between RNA structure and translation efficiency in these homoeologs”  in our revised manuscript, as highlighted in yellow in lines 276-277. 

Comment 10
8- L 314-315, authors write the "ribosnitches were highly enriched in the 5'UTR region compared to those in the CDS and 3'UTR regions". However this is not supported by any kind of statistical analysis (what would be the expected values? Is the enrichment really significant?)
RESPONSE
	We thank the Referee for this comment. We calculated the ratio of the riboSNitches in different genic regions, and specified the results thus: “Among different genic regions, we found that the ratio of riboSNitches in 5' UTR was over three times higher than those in CDS and 3' UTR regions” in our revised manuscript, in lines 320-321, highlighted in yellow in our revised manuscript.

Comment 11
9- Figure 5d. How vas the conservation ratio measured? Isnt it surprising that seemingly nearly identical values observed in the CDS differ with a very low p-value (indicated by ***), whereas much more obvious differences in the 3'UTR appear to be less significant?
RESPONSE
	We thank the Referee for this comment. For individual transcript, conservation ratio of riboSNitch SNP denotes to the rate of riboSNitch SNP counts which are major alleles, regarding to the total counts of riboSNitch SNPs. The conservation ratio of non-riboSNitch SNP denotes to the rate of non-riboSNitch SNP counts which are major alleles, regarding to the total counts of non-riboSNitch SNPs, as explained in Response to Comment 1.

            The lower P-value in the CDS region compared to that in the 3'UTR region is mainly due to the number of identified riboSNitches (3424 riboSNitches in the CDS region and 52 riboSNitches in the 3’UTR region, as listed in Table S4).

Comment 12
10- In the discussion, authors highlight a number of interesting observations, but do not really offer an explanation for them. For example, how come CAI but not tAI correlates well with TE? Genes with different TE between the A and B subgenomes belong to distinct GO categories, are those the same that would be found by comparing mRNA abundance? How come the in vivo mRNA structure is so poorly predicted in silico? How does GC content affect TE?
RESPONSE
	We thank the Referee for these comments. The different correlations for CAI and tAI might be due to the limitation of the current wheat genome annotation, which requires further effort from the wheat community. 
Genes with different mRNA abundances between the A and B subgenomes are only partially overlapped with genes with different TEs between the A and B subgenomes (Rebuttal Figure 6A). We further performed gene ontology analysis based on the genes with different mRNA abundances between the A and B subgenomes and found a significant different enrichment of GO terms for homoeologous pairs with A > B or A < B for mRNA abundance comparison (Rebuttal Figures 6B-C). As shown, these GO categories for genes with different mRNA abundances are also quite different from those for genes with different TEs as shown in Fig. 1f.
         In vivo mRNA structure tends to be more single-stranded than in silico predicted RNA structure, which is the most thermostable structure. Our observation is consistent with previous findings in yeast, mouse, human cell, rice, Arabidopsis and zebrafish [3, 5, 17-19]. It is likely that factors in living cells such as RNA binding proteins might affect in vivo RNA structure folding, leading to the differences between in vivo RNA structure and in silico predicted RNA structure. 
[bookmark: _Hlk85718527]         Based on previous studies in rice[16, 17], which is a close species to wheat, the GC content is likely to affect the preference of certain tRNAs, thereby, translation, rather than via in vivo RNA structure. 
         To further articulate these possible explanations as suggested, we have added sentences into the discussion section, in lines 487-489, lines 510-511, lines 513-515. 
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Rebuttal Figure 6 Gene ontology analysis on the homoeologous pairs with significant difference in mRNA abundance in wheat. A Venn plot showing the overlap between homoeologous pairs with different TE and that with different mRNA abundance. B The 20 gene ontology items that were most significantly enriched for homoelogous pairs with mRNA of A subgenome greater than that of B subgenome (A>B). C The 20 gene ontology items that were most significantly enriched for homoelogous pairs with mRNA of A subgenome smaller than that of B subgenome (A<B).
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