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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript reports two chromosome level genome assemblies of the Medusozoa Turritopsis 

rubra (a hydrozoan) and Aurelia coerulea (a scyphozoan). In addition there is a single cell dataset of 

       nal single cell data from Aurelia hair 

cells. The authors use these data to address questions of statocyst formation, swimming strategies 

and reverse development (in Turritopsis). Although the data are interesting, there are serious 

problems with the manuscript that prevent me being enthusiastic about it. 

The genomes are of high quality (i.e. chromosomal level), but they are not adequately placed in 

context. Another Turritopsis rubra genome has been published (Pascual-Torner et al. PNAS, 2022). 

Clearly this is relevant. Although this paper is cited the genome is not mentioned. No comparision 

is done to show that the assembly of the current work is better. The Pascual-Torner paper also 

includes a T.dohrnii genome and there is a further published T.dohrnii genome from Hasegawa et al. 

2023 of somewhat better quality. The Hasegawa paper is not cited. These data should clearly be 

reviewed in the introduction, and as much of the present manuscript concerns patterns of 

evolution in T.rubra, including gene loss and positive selection, it seems likely that they would be 

useful for testing and validation purposes. Similarly prior work on Aurelia is not cited. 

Beyond this, the analyses are poorly and confusingly presented. For instance, in the section 

"Genetic basis of statocyst and movement regulation [...]", there is no objective description prior 

knowledge of what genes are known to be involved in cnidarian statocyst formation. Instead a list of 

positively selected genes (PSG) is asserted to be relevant (CHSY1, LOXHD1, USH2A, PLS1) and 

referred to supplementary data tables with GO term enrichments and p-values for positive 

selection (but no dN/dS ratios). The methods describing these analyses are split between the main 

           

exactly what has been done. Further, I am not sure that the table numbering is correct (e.g. the 

spreadsheet labelled internally in row 1 as Supplementary Data 5 seemd to be referred to in the 

manuscript as Supplementary 6). Genes are referred to by human names in the text, but not in the 

                 

not LOXHD1, USH2A or PLS1. 

Given the centrality of the PSG analysis, all alignments should be made available, as misalignment 

              



All the core analyses involve testing large numbers of genes and then focussing on particular 

candidates, with no compelling case being argued for their genuine involvement in the relevant 

processes. Cited literature used as support is from unrelated species. Rather, it looks as though 

genes have been picked from lists based on keywords. The p-values given in the tables are generally 

                

carried out. Genes appear randomly in the discussion (e.g. "convergent amino acid substitutions" in 

            

I think this manuscript demands a great deal of further work to turn it into either a useful 

presentation of the data generated, or an unbiased investigation in statocyst and/or bahavioural 

evolution. 

      

introduction 

--- 

L.75: "primitive species" - problematic - all extant species are equally evolved and non can be 

regarded as primitive. Find another phrasing. 

L.76-77: "rendering it an ideal model" - not really, as striated muscle has been argued to be 

convergent in medusae (Steinmetz et al. Nature, 2012) and doubtful too about the nervous system 

as the swimming behaviour is unique to the medusae within Cnidaria - unlikely to be 

plesiomorphic. 

L.80-84: "ambush predators" etc. These terms need further explanation as they are unlikely to be 

               

escape and therefore rejuvination is a survival strategy is purely speculative and unconvincing. 

results 

--- 



           

used for this analysis - no. of genes, no of positions, missing data. I can't see this information here, 

or in the methods. 

               

freely" - apropos of a Clytia/Turritopsis clade being compared to a scyphozoan clade, what is the 

relevance of this remark? 

L.136 Figure 2a - it is not clear how the zoomed regions relate to the tentacle bulb / statocyst. Can 

they be boxed? The paragraph talks about "a small, stone-like object" but it is not clear if this is 

pictured or not (I don't think it is). 

genome annotation methods 

--- 

L.489-492: the choice of cnidarian species for homology-based analysis appears inconsistent e.g. 

             

L.498: why was MAKER used for A.coerulea but not T.rubra? 

Supplementary methods, genome annotation L.64: embryophyta_odb10 for a BUSCO database is 

clearly inappropriate as this is a plant dataset. 

Reviewer #2 (Remarks to the Author): 

            

with other cnidarian genomes, focusing on the genes related to the statocysts and hair cells of 

            

employed transcriptomic and scRNA-seq analyses and found that genes involved in motile cilia and 

hair cell function were lower expressed in the sensory organs and hair cells of Turritopsis rubra. 



              

discovery of a potential gene family “OM” is quite interesting from a developmental and genomics 

evolutionary perspective. Generally, the manuscript is well-crafted, demonstrating considerable 

           

strategies. The data presented in this study would enhance our understanding of the evolutionary 

lineages of movement and adaptation within the animal kingdom. I have a few clarifying questions 

and some comments aimed at enhancing the manuscript. 

This study mainly focuses on the genetic basis of the absence of statocyst in Turritopsis rubra, 

however the title refers to the “specialised swimming pattern”, is there a direct/or indirect link 

            

provide some references. 

               

also analyzed and discussed in the single cell comparisons of nerve and muscle cells, why did you 

study them? A brief explanation of their selection will shed light on their relevance to the research 

objectives. 

Single-cell transcriptomic analyses revealed the enrichment of diapause formation-related genes 

in the cyst during the reverse development of Turritopsis rubra, were any genomic comparisons 

made to support this at the genomic level? In addition, you mentioned to the fact that there have 

been comparative genomic analyses to study the reverse development of two Turritopsis. Have you 

also made genome comparisons in your study to obtain similar or opposite conclusions? This issue 

should also be discussed. 

           

           

              

detect positive selection. Also, it is unclear how reliable of the lost genes found in this study. 

             

species were compared using MEGA-X v10.1.8. CellRanger v1.3 software pipeline, following the 

manufacturer’s guidelines. 

        

Line 186: I think “CEP141” should be “CFAP141” according to the pictures and discussion? 



Line 203: again, CFAP141. 

Line 252: the phrase "substantial enrichment" is somewhat vague. 

Line 270: the use of "changed" is preferred over "altered" for a clearer implication of variance in the 

study's context. 

Line 286-288: add the relevant literature to support your claims. 

Line 371-372: given the complexity of Wnt, mTOR, Hippo, and FoxO signaling pathways, please 

            

    

Line 420: polyps. 

Line 420: “Ephyra” should be “ephyrae”. 

Line 490: the correct form of Aurelia sp1 should be Aurelia sp.1. 

Line 507: T. rubra 

Line 543: provide version information for DeppTE. 

  

Line 646: are the cells retained on or passed through a 40-µm strainer? 

Line 665: ensure consistency in the reference to functions. It is helpful to have them in quotes, and 

might also help to add the word “functions” after “FindNeighbors” and “FindClusters”. 



Line 647: How to determine it? 

Line 655-657: why you setting this criteria? Is there any citations? 

Line 710: Verify the accession code PRJNA1014582, as the datasets are currently not accessible. 

The indicator lines in Figure 1b are not in the correct position, check and correct them. 

Reviewer #3 (Remarks to the Author): 

In this manuscript, Dong and colleagues sequenced one new hydrozoan and one new scyphozoan 

genomes, analysed the expansion and loss of genes, and carried out single-cell transcriptomic 

             

               

manuscript has intriguing results in its gene loss and single-cell data analyses. 

                  

the authors should provide multiple lines of evidence to support their claims. For instances, are 

these genes also not contained in the transcriptomes in respective and related species? How about 

genomes of other related species that are not included in the current analyses, can the authors 

look into them and ensure they are also not there? Other additional analyses could also be 

included such as syntenic and gene pathway (than individual gene) analyses. These will make the 

claim much more solid. 

Reviewer #4 (Remarks to the Author): 

Dong et al. conducted a study investigating the comparative genomic and single-cell 

           

            

         

           



              

PSGs) that may be involved in swimming patterns, and the diapause formation-related genes in the 

cyst during the reverse development of Turritopsis rubra, respectively. While this manuscript 

             

               

comments: 

1. In the section of sequencing and genome assembly, it is mentioned that A. coerulea was directly 

             

               

It is also important to provide information about the assembly software or pipelines used, including 

version numbers and parameters. Additionally, an explanation is needed for why the Hi-C data of 

the two species were pr          

            

instance, it is worth investigating why the contig N50 of Aurelia coerulea assembly is notably longer 

than that of Turritopsis rubra, and why the complete BUSCOs of Aurelia coerulea exhibit relatively 

lower completeness and higher fragmentation compared to Turritopsis rubra. 

     -cell sequencing platforms, namely 10X Genomics and BD 

Rhapsody, to generate single-cell transcriptomic data for T. rubra and A. coerulea. However, the 

        ologies in the comparative cellular 

analysis should be thoroughly evaluated. Additionally, the author mentioned the dynamic changes 

           

necessitates increased biological replication due to potential bias introduced by two scRNA-seq 

          

          

              

              

              

T. rubra. 

Minor comments: 

1. Figure 2a is positioned before Figure 1d in the text and requires adjustment in terms of layout. 

And the two ordinate labels in Figure 1d are placed closely together, potentially causing confusion. 

       

                

               

divergence time of these species, the authors should carefully examine the alignment results of 



selective amino acid loci and their upstream and downstream sequences in these PSGs. This is 

           

4. In lines 186-187, the authors mentioned in the manuscript that "the loss of CFAP141 and cep97 

                 

This appears to be a spelling error that needs correction. 

5. It is important to assess the loss genes shown in Figure 3a, including CFAP141, CEP97, KCNK1, 

NSMF, and MAOA, due to the fact that they exhibit only 1-2 gene copies in other comparative 

species. The evaluation should consider potential sequencing bias, assembly integrity, gene 

annotation integrity, or use PCR experimental data. 

6. In lines 193-195 and Figure 3b, considering the substantial divergence time between the used 

              

and downstream amino acid sequences of these conserved sites. 

7. The in situ hybridization results in Figure 4c appear to be fuzzy and unclear. It is recommended to 

         

8. In Supplementary Figure 5, the overlapping and illegible names of the samples needs to be 

addressed for improved readability. 

9. In Supplementary Figure 10a, the color of the cell type numbers does not correspond to the color 

          

              

example, the gene MEIG1 is marked for both cells 8 and 2. 

11. It is suggested to use a semicolon to indicate numerical values in the supplementary tables, 

with two decimal places retained. For instance, Supplementary Tables 11 and 14 should follow this 

formatting recommendation. 



Point-by-point response to reviewer’s comments 
 
Reviewer #1 (Remarks to the Author): 
 
          
Turritopsis rubra    Aurelia coerulea     
          Turritopsis  
     Aurelia         
         
Turritopsis           
        
            
            
           
 
Questions for clarifications: 
 
Comment 1:            
      Turritopsis rubra    
             
               
          T.dohrnii  
     T.dohrnii        
             
            
  T.rubra           
            Aurelia 
  
Response:             
          
1.        Turritopsis  Aurelia    
            
       Turritopsis  
         Aurelia     
               
       
            
         
 Turritopsis  Aurelia  
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2. In addition, we strongly agree with your point about testing using these published 
genomes to verify that immediate homologous genes are conserved between different 
species in these same genera in order to increase the credibility of our result. Therefore, 
we first downloaded the other three published genome sequences of the genus 
Turritopsis from NCBI (Turritopsis_dohrnii_S001: GCA_025167195.1, 
Turritopsis_dohrnii_TUR: GCA_027922465.1, and 
Turritopsis_rubra_GCA_025167575.1). Since NCBI did not provide the gene 
prediction gff3 files, we downloaded the raw sequencing data of the transcriptomes (72 
samples for T. dohrnii , and our transcriptomic data for T. rubra) and used transcriptome 
prediction (Hisat2, StringTie, Scallop2, TrandDeCoder, PASA2) and homology 
prediction (GeMoMa) to predict the gene models. EVidenceModeler (EVM) software 
was used to integrate the final genes.  

Since the number of genes predicted by Turritopsis_dohrnii_TUR was only half 
of that in our study, to ensure the accuracy of the results, we added only two genomes 
of T. dohrnii to re-run a version of the positive selection and gene loss analyses for 
testing and validation, and the results are also uploaded separately as support for the 
responses.  

For the positive selection, fewer PSGs were obtained when three Turritopsis were 
used as the foreground (Turritopsis_rubra-as-foreground.PSG.xls), possibly due to 
interspecific differences resulting in different third codons for the same amino acid, 
which prevented them from being screened. When two T. dohrnii were used as 
foreground, most of the selected genes obtained overlapped with the results of our 
original analysis (Turritopsis_dohrnii-as-foreground.PSG.xls). For gene loss analysis, 
a total of 126 gene families were lost in the genomes of three Turritopsis, and key 
candidate genes were absent in all genomes, indicating the confidence of our gene loss 
results and the results are also uploaded separately as support for the responses 
(Geneloss.AddSpe2.xls). 

 
3. To further increase the confidence of our analyses, we also used these published 
genomes to test and validate our key genes on positive selection and gene deletion  

Key genes of positive selection: the protein sequences of these three species were 
compared to the positively selected genes from our study, the optimal comparison was 
added to the homologous gene sequence set, the homologous gene sequences were 
compared, and the comparison was not de-gapped to ensure that the sequences upstream 
and downstream of the positively selected locus were available. The upstream-
downstream comparison of the key genes listed in Figure 3b is shown in the flowing 
Figure A. The selected amino acid sites were almost all conserved in the genus 
Turritopsis, except CDH23, which was conserved in T. dohrnii and T. rubra, 
respectively, but the corresponding amino acid sequences were also different when 
compared to jellyfish possessing statocyst, providing high confidence in our results. 



 

             
   
 
Key genes of gene loss: The other three genome sequences of the genus Turritopsis 
were also used to validate our gene loss results in Figure 3a. Genomic DNA sequences 
were compared using the tblastn software to rule out the possibility of gene loss due to 
gene prediction. The sequence comparison result files and the distribution of blast score 
values are provided in file GeneLoss_Blast.xlsx, and "Homolog" is the blast score value 
for comparison between homologous sequences. The results indicated that these loss 
genes are indeed absent from T. rubra and related species such as T. dohrnii. 
 



 
Figure B. Sequence matching and distribution of blast score values. 
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REVIEWER COMMENTS 

Reviewer #2 (Remarks to the Author): 

              

genetic basis for the swing pattern. It remains unclear how the absent and positive-selection genes 

are involved in determining the swimming pattern. Additionally, the author only investigated the 

functional impact of OM genes on statocyst development using the siRNA approach. To provide a 

             

            

         

                

rubra and A. coerulea" be either reduced or removed. This adjustment would allow the author to 

place a greater focus on exploring the relationship between genetic changes and single-cell data in 

relation to the swing pattern. By prioritizing this aspect, a more coherent and concise presentation 

      

The text still contains grammar errors that need to be addressed. For example, "We further 

            

involved in statocyst formation" should be corrected to "We further conducted in situ hybridisation 

              

the manuscript be polished by a native speaker before publication to ensure such errors are 

corrected. 

Reviewer #3 (Remarks to the Author): 

In this revised manuscript, the authors have carried out de novo assemblies of transcriptomes from 

Turritopsis species, as well as checking other three other Turritopsis genomes, in order to address 

the claim of the gene loss concern as suggested in the previous round of comments. While this has 

                

necessary to carry out the syntenic analyses (together with non-Turritopsis genomes) as suggested 

in the previous round of comments, in order to ensure the genes are really lost rather than as very 

fast evolving genes. 



Reviewer #4 (Remarks to the Author): 

             

             

challenge in achieving a single cell experiment with biological replication. The results presented in 

the manuscript regarding cell types and gene expression are credible. However, the conclusions 

           -294) are highly 

uncertain. It is strongly recommended that these results should be removed from the manuscript. 

Additionally, I suggest that the authors can conduct the pseudotime analysis with single-cell RNA-

          tween cell 

 



Point-by-point response to reviewer’s comments 
 
Reviewer #2 (Remarks to the Author): 
 
Comment 1: The author has addressed most of my concerns, but one final concern

remains regarding the genetic basis for the swing pattern. It remains unclear how the

absent and positive-selection genes are involved in determining the swimming pattern.

Additionally, the author only investigated the functional impact of OM genes on

statocyst development using the siRNA approach. To provide a more comprehensive

understanding, it would be beneficial for the author to integrate all the findings

(including absent genes, PSGs, and single-cell data) and present a cohesive picture

demonstrating how these genetic differences contribute to the swing pattern. 
Response: Thank you for your insightful comments which made us realize the need for

a comprehensive picture to present our findings more fully. Therefore, we have

integrated the main results of our genomic and transcriptomic analyses (Figure 1) to

show the absent genes, PSGs, and down-regulated or specifically non-expressed genes

in the hair cells of T. rubra, which may be involved in statolith formation and normal

hair cell function, both of which are essential for statocyst formation. As the statocysts

of free-swimming jellyfish work as a feedback system that sense gravity and regulates

the orientation of the body to control swimming and removal of statocyst results in the

jellyfish losing its sense of orientation and being unable to perform righting movements

(Satterlie, 2018). The genetic differences between the two representative jellyfish, i.e.,

T. rubra and A. coerulea, may contribute to the presence or absence of statocysts and

different swimming patterns. This image is also provided in the revised manuscript as

Extended Data Figure 8. 

 



Figure 1. Genetic basis for the swimming patterns of T. rubra and A.coerulea. Lost

genes (grey), positively selected genes (orange), and downregulated- or non-expressed

genes and pathways (blue) in the hair cell of T. rubra, which are related to statocyst

formation and cilium function, may result in the loss of statocyst and straight swimming

patterns in T. rubra. 
 
References: 
Satterlie R. Jellyfish locomotion. Oxford Research Encyclopedia of Neuroscience,

(2018). 
 
 
Comment 2: I suggest that the section discussing the "Genetic profiles of hair, neural,

and muscle cells in T. rubra and A. coerulea" be either reduced or removed. This

adjustment would allow the author to place a greater focus on exploring the relationship

between genetic changes and single-cell data in relation to the swing pattern. By

prioritizing this aspect, a more coherent and concise presentation of the research

findings can be achieved. 
Response: Thank you for your comment. We have appropriately streamlined some

discussion in this section according to your suggestions and have removed some results

that are not directly relevant to the conclusions. We believe that now the possible

relationship between the data and the swimming pattern is presented more clearly and

simply in the revised manuscript (Lines 236-258). 
 
Comment 3: The text still contains grammar errors that need to be addressed. For

example, "We further conducted in situ hybridisation analysis was conducted to confirm

whether these genes were involved in statocyst formation" should be corrected to "We

further conducted in situ hybridisation analysis to confirm whether these genes were

involved in statocyst formation". It is suggested that the manuscript be polished by a

native speaker before publication to ensure such errors are corrected. 
Response: Thanks to your reminder, we have invited a native speaker to re-touch up

the revised manuscript and carefully correct all grammatical and spelling errors in order

to keep the language of the manuscript regular and to enhance its readability.

Grammatical corrections are highlighted in green in the text. 
  



Reviewer #3 (Remarks to the Author): 
 
Comment: In this revised manuscript, the authors have carried out de novo assemblies

of transcriptomes from Turritopsis species, as well as checking other three other

Turritopsis genomes, in order to address the claim of the gene loss concern as suggested

in the previous round of comments. While this has certainly improved the confidence

of the claim, and I personally also appreciate the effort, it is still necessary to carry out

the syntenic analyses (together with non-Turritopsis genomes) as suggested in the

previous round of comments, in order to ensure the genes are really lost rather than as

very fast evolving genes. 
Response: Thank you for your insightful comment, we agree with you that syntenic

analyses are important to confirm gene loss and have performed the syntenic analyses

with other jellyfish species according to your suggestion at the level of the genome and

at the level of key genes. 
1. Genomic syntenic analyses: The genomic synteny is not significant due to the

small number of jellyfish species for which genomic data are currently available and

the distant affinities of these jellyfish with T. rubra, which belong to separate orders

(Figure 2). The positions of genes upstream and downstream of the key genes were also

manually examined, and none of them were on the syntenic block. 

 

Figure 2. The genomic synteny of T. rubra and other jellyfish. 
2. Local gene syntenic analysis: The results showed that local gene synteny is

more significant in jellyfish that are more closely related (scyphozoans), but not

significant when compared to jellyfish that are distantly differentiated (Figure 3).

Considering the distant divergence of species currently available for comparison, we

suggest that using syntenic analyses to confirm gene loss may not be a very beneficial

approach for T. rubra. 
 
 



Figure 3. Local gene synteny of key candidate genes.

3.3. To further ensure that the genes are lost instead of being very fast evolving genes 

or selected genes, we pulled out the amino acid sequences of the candidate genes in 

other jellyfish and performed amino acid comparisons with the whole genome sequence 

of  T.  rubra using  BLASTp  (E-value  of  1e 5),), and  in  the  results,  none  of  the 

corresponding sequences were found, which suggested that the candidate genes were were 

indeed lost in the genome of T. rubra

4.4. In addition, our gene loss analyses are based on the comparison of amino acid 



sequences of selected species. Gene loss analyses in some teleost is generally set at a

threshold of 1E-10 (Bian et al., 2016; Solbakken et al., 2016; Policarpo et al., 2021).

However, in our analyses, considering the more distant divergent relationships of the

jellyfish species, the threshold was set at 1E-5, which is broader compared to that used

for teleost fish. However, at this broad threshold, homologous sequences of the

candidate gene were identified in all other jellyfish but were still not found in T. rubra. 
Combined with our analyses of the transcriptomes and genomes of Turritopsis

species and the results of PCR validation of key genes in our previous response, and

the functional validation result that the key lost gene OM indeed affects biological

function, we believe that our results of gene loss in T. rubra are relatively convincing. 
 
References: 
Solbakken M, et al. Evolutionary redesign of the Atlantic cod (Gadus morhua L.) Toll-

like receptor repertoire by gene losses and expansions. Sci Rep 6, 25211 (2016). 
Bian C, et al. TheAsian arowana (Scleropages formosus) genome provides new insights

into the evolution of an early lineage of teleosts. Sci Rep 6, 24501 (2016). 
Policarpo M, et al. Evolutionary dynamics of the OR gene repertoire in teleost fishes:

evidence of an association with changes in olfactory epithelium shape. Mol Biol Evol

38, 3742-3753 (2021).  



Reviewer #4 (Remarks to the Author): 
 
Comment: In this revised manuscript, the authors have effectively addressed and

resolved my questions, with the exception of a few points. Obtaining samples at

different developmental stages presents a challenge in achieving a single cell

experiment with biological replication. The results presented in the manuscript

regarding cell types and gene expression are credible. However, the conclusions drawn

about changes in cell proportion at different developmental stages (Line 292-294) are

highly uncertain. It is strongly recommended that these results should be removed from

the manuscript. Additionally, I suggest that the authors can conduct the pseudotime

analysis with single-cell RNA-sequencing at different developmental stages to better

understand the relationship between cell type differentiation. 
Response: Thank you for your valuable feedback. In response to your suggestions, we

have made the following modifications to our manuscript: 
1. We have omitted the sections pertaining to changes in cell composition across

different developmental stages to ensure the rigor of our conclusions. 
2. To address the challenge of obtaining samples at various developmental stages

for single-cell experiments with biological replication, we employed the LIGER (Liu

et al., 2020) package for data integration across stages, aiming to minimise batch effects. 
3. In response to the recommendation, we have expanded our analysis to include

pseudo-time analysis of cell differentiation at different developmental stages using

single-cell RNA-sequencing (Figure 4 and 5). This analysis was performed using a suite

of pseudo-time analysis packages, including monocle 3, monocle 2, and cytoTRACE.

The specifics of these analyses are detailed in the manuscript (Lines 286-302, Lines

385-394). 



 
Figure 4. Cell differentiation trajectories at different stages in T. rubra.  
 

 



Figure 5. Analysis of the cell differentiation trajectory at different stages in T. rubra. 
4. The figures relevant to this analysis (Figure 5 and Extended Data Figure 7) have

been updated. Additionally, we have enriched the manuscript by detailing the analytical

methods and adding pertinent references in the Materials and Methods section (lines

791-798) and the References section, respectively. 
 
Reference: 
Liu J, Gao C, Sodicoff J, Kozareva V, Macosko EZ, Welch JD. Jointly defining cell

types from multiple single-cell datasets using LIGER. Nat Protoc 15, 3632-3662 (2020). 



REVIEWERS' COMMENTS 

Reviewer #2 (Remarks to the Author): 

The author has successfully addressed all of my concerns, leaving me with no further questions. 

Reviewer #3 (Remarks to the Author): 

The authors have addressed my concerns on the claim of gene loss by performing additional 

analyses. 

Reviewer #4 (Remarks to the Author): 

The authors have addressed all of my concerns. 


