Editorial Note: This manuscript has been previously reviewed at another journal that is not
operating a transparent peer review scheme. This document only contains reviewer comments and
rebuttal letters for versions considered at Nature Communications.

Reviewer #1 [Editor: this reviewer signed off when this manuscript was under consideration by
another Nature family journal.]

Reviewer #2 (Remarks to the Author):

The use of English in the revised manuscript is much improved and several of my previous points
have been addressed, however some minor issued remain.

Q25

The authors have compared mapping rates with different software as requested. I agree that
parameters and filtering are important, however the results presented clearly show that there is a
major difference in mapping rate between BWA, which tends to overmap, and Bowtie (default)
which is more conservative in how it places reads. From my experience, Bowtie results more
accurately reflect true read mapping in plant genomes, which are often polyploid and highly
complex. The authors should understand for read mapping, larger numbers are not always better
and should account for this in their analysis.

Q27

The authors have performed several tests to support the view that tea has very large genes,
however I remain unconvinced. For example, the long gene sample has 42% of exon junctions
confirmed while the short gene list has 50% of exons conserved. Given that these are highly
expressed genes, I would expect more exons to be conserved in both samples. Having fewer exons
conserved in long genes does support the view that many of these are concatenated. The
comparison of 16 genes does not make sense the way it is written and it is unclear exactly what
was done. The comparison of genes with other species is flawed as the genes are filtered for
coverage (concatenated genes would naturally only have partial coverage).

Regarding so many genes not being on pseudomolecules, the authors address this by comparing
repeat content with that of maize. Presumably comparing gene content on maize pseudomolecules
and additional contigs would be more relevant. Continuing to claim that the assembly is
fragmented due to polyploidy and complexity without comparison of fragmentation with other
complex genomes such as wheat fails to support the claim.

Reviewer #3 (Remarks to the Author):

I have read over comments from the authors related to the previous review. Thank you for the
revised version of the manuscript. In this limited time I have been able to read things over I think
most of my concerns have been addressed. One thing that should be discussed however, is the
recent publication of another tea genome with 81 diverse accessions resequenced. I realized this is
a recent publication while this manuscript has been in review, but it must be addressed in this
publication. Specifically, novelty in the current manuscript not presented and how the genomes
now compare.

Xia et al 2020 Molecular Plant: The reference genome of tea plant and resequencing of 81 diverse
accessions provide insights into genome evolution and adaptation of tea plants
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Reviewer #4 (Remarks to the Author):

Tea plant (Camelia sinensis) has a rich, long and complex history that generated the extant
populations of the major producing countries such as China and India, However, little is known on
about the wild ancestor of this species (M. K. Meegahakumbura et al. 2016; Muditha K.
Meegahakumbura et al. 2017; Yao et al. 2012; Kingdom-Ward 1950). Despite its diploid genome
efforts to assembly its genome have been overwhelmed by the complexity of the genome adding
the factor that it is self-incompatible making it highly heterozygous factor that increase the
difficulty of the assembly (Wei et al. 2018). To this date, tea still a interesting model to study
selection dynamics that lead to the local adaptation of the different populations as result of this
wide dispersion.

In this manuscript, Xinchao Wang and co-authors achieved an improvement of the genomic
reference when compared to the previous reference published in PNAS by Wei et al 2018, by using
long read sequencing and the physical interaction provided by Hi-C data. Increasing the N50 size
of the scaffolds from less than 1.4 Mb to 143.85 Mb, increasing the amount of core genic
annotations by 7.8%, and anchoring around 2.3 Gbp out of 3.26 Gbp to chromosomal level. Also,
they attempted to disentangle the domestication history of the crop by sequencing of 134 tea
accessions that were grouped in 3 different populations (CSS, C. sinensis var. sinensis; CSA, C.
sinensis var. assamica and CSR, C. sinensis-related species). They presented a evidence showing
in the form of a PCA that the first two principal components explained 13.08% of the total variance
observed between all the sampled individuals. Maximum Likelihood phylogenetic tree that
suggested the group CSR as ancestral to the rest of the groups (CSS and CSA).

This manuscript provides a noticeable improvement of Camelia sinensis genome resources and
also gives a complete insight of the evolution of the Chinese tea accessions and its dispersal across
many countries.

Even that the analysis conducted in your manuscript were conducted with high quality and
standards, the discussion section can benefit from the argumentation provided in this review.

for the discussion section I suggest you to consider the limitations of the sampling in regard to the
India origin and the exploit the opportunities that the sampling has in terms of the expansion of
the origin of two main populations of China tea and its dispersal across the world.

Major comments

Main text line 370 to 372. the argument claiming that the breeding of the plants has largely been
determined by the environment rather than human behavior is attributed to a lack of severe
domestication is not supported by clear evidence. the Supplementary Figs 20 and 21 show
changes in population size through out time for the CSA and CSS clusters, however this is not an
evidence that the environment created the given tendencies. in contrast Your F4 analysis suggest
a strong gene flow between the accessions and is a evidence that the genetic diversity reduced by
any bottleneck may be recovered as result of recombination masking any previous bottleneck.

To improve the discussion and overall interpretation of the Supplementary Fig. 20 I would include
the CSR cluster into the Ne analysis to see the moment in which the populations from CSA and
CSS change in size respect CSR. If the change of CSR respects the other groups occurred at a
point where CSA and CSS where very similar that may be another evidence to suggest the origin
of CSA and CSS happened at a similar time point. Also please make clear the X axis of that figure
to clearly see the age before present of the time points; the given exponential notation
complicates the interpretation.

Main test line 380 to 389. in these lines you describe that the evidence that CSR is ancestral to
CSS and CSA make doubtful the observation of a probably independent domestication event in
China and India provided by Meegahakumbura et al. 2016. I do not agree with your claim, as not a
single accession from India was included in your analysis. Therefore, the possibility of an
independent event still valid. What is very interesting about having CSR as ancestor of CSS and



CSA is that it may be an evidence of a unique origin of the CSR and CSA clusters that may be
dispersed after this event as far as Africa, Georgia or Hawaii.

Supplementary materials 356 to 364. please include the error values for K clustering in the
admixture analysis to confirm that choosing a K=3 is the most likely scenario of clustering and
that there are not other more likely clusters.



REVIEWER COMMENTS

Reviewer #1 [Editor: this reviewer signed off when this manuscript was under consideration
by another Nature family journal.]

Reviewer #2 (Remarks to the Author):

The use of English in the revised manuscript is much improved and several of my previous
points have been addressed, however some minor issued remain.

Q1: The authors have compared mapping rates with different software as requested. | agree
that parameters and filtering are important, however the results presented clearly show that
there is a major difference in mapping rate between BWA, which tends to overmap, and
Bowtie (default) which is more conservative in how it places reads. From my experience,
Bowtie results more accurately reflect true read mapping in plant genomes, which are often
polyploid and highly complex. The authors should understand for read mapping, larger
numbers are not always better and should account for this in their analysis.

Author response: We are very grateful for sharing your valuable experience about the
mapping tool. Before the starting of our project, we reviewed the plant resequencing
articles published in high-level journalsin recent years, and found that BWA was
widely used, for examples, for the whole genome resequencing of apple (Duan et al.
2017), cotton (Du et al. 2018), upland cotton (Ma et a. 2018), pigeonpea (Varshney et
a. 2017), silver birch (Salojarvi et a. 2017), and rice (Wang et al. 2018). Thus BWA
was selected for our analysis. Bowtie was also an excellent mapping tool for NGS and
had been used by many papers published. We aready realized high mapping ratio is
not necessarily good, so we had applied strict filtering rules to ensure the accuracy of
SNP (manuscript lines 483-498). We will use Bowtie for our future whole genome
sequencing projects according to your valuable suggestion.

Q2: The authors have performed several tests to support the view that tea has very large
genes, however | remain unconvinced. For example, the long gene sample has 42% of exon
junctions confirmed while the short gene list has 50% of exons conserved. Given that these
are highly expressed genes, | would expect more exons to be conserved in both samples.
Having fewer exons conserved in long genes does support the view that many of these are
concatenated. The comparison of 16 genes does not make sense the way it is written and it
is unclear exactly what was done. The comparison of genes with other species is flawed as
the genes are filtered for coverage (concatenated genes would naturally only have partial
coverage).

Regarding so many genes not being on pseudomolecules, the authors address this by
comparing repeat content with that of maize. Presumably comparing gene content on maize
pseudomolecules and additional contigs would be more relevant. Continuing to claim that
the assembly is fragmented due to polyploidy and complexity without comparison of
fragmentation with other complex genomes such as wheat fails to support the claim.



Author response: This question was actually made of 4 sub-questions, and we will response
point to point to make it clearer.

Q2-1: The authors have performed several tests to support the view that tea has very large
genes, however | remain unconvinced. For example, the long gene sample has 42% of exon
junctions confirmed while the short gene list has 50% of exons conserved. Given that these
are highly expressed genes, | would expect more exons to be conserved in both samples.
Having fewer exons conserved in long genes does support the view that many of these are
concatenated.

Author response: Thank you for your high accurate intuitive feeling to help us debug
our analysis pipeline. Actually, when we get the value of exon junctions supported by
RNA-seq, we also have the feeling that there should have something wrong with it,
however, since most of the result for this analysis was as expected, we did not
double-check the whole process. According to your valuable suggestion, we checked
the analysis of exon junctions and found that we input the process file instead of our
final file for genome annotation, in one step of our exon junction analysis. We
apologize for this low-level mistake, and the corrected analysis is described here. We
also double checked al of our analysisto ensure that there was no other mistake.

Our logic was that if the long gene among our gene annotation was reliable and not
concatenation arose from error during genome assemble and annotation, the
exon-exon conjunction in the longest and shortest gene set should have similar ratio
supported with RNA-seg. Thus, we selected genes with highly expressed (FPKM
values >= 20) in any tissue or period with more than two exons (14,698 genes).
Among them, the top 1,000 longest genes contain 11,446 exon-exon conjunctions,
and 9,289 (81.15%) were supported by RNA-seq reads. The 1,000 shortest genes
contained 1,270 exon-exon conjunctions, and 932 (73.39%) were supported by
transcription reads (in our previous analysis, we input the wrong file in this step). The
exon-exon conjunctions in longer genes occupied higher percentage with RNA-seq
support than shorter ones, this maybe the intrinsic character of transcriptome
assembly with Hlumina RNA-seq data (Adiconis et al. 2013; Nam et al. 2002), where
the coverage at both of ends of the mRNA was lower than the gene body region (Fig 1
and 2). Thus the shorter gene will have higher percentage of exon-exon junction
located at the gene' s ends than the longer one.

We also selected genes with higher expressed (FPKM >=100) in any tissue or period
with more than two exons (4,060 genes). Among them, the top 1,000 longest genes
contain 7204 exon-exon conjunctions, and 5925 (82.25%) were supported by
RNA-seq reads. The 1,000 shortest genes contained 1,738 exon-exon conjunctions,
and 1,434 (82.50%) were supported by transcription reads.

For genome de novo annotation, usually the gene model obtained with the support of
RNA-seq data was regarded as most credible. The average genes length of
transcriptome assembly was 11,417.3 bp, which was similar to final genes average



length (10,815.1 bp). Moreover, the average CDS length of LJ43 (1,205 bp) was
similar to SCZ (1,345 bp) and YK 10 (1,131 bp), if LJ43 contained many concatenated
genes, the average CDS length would be significantly longer than SCZ and Y K10.
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Fig 1 The average relative coverage is shown at each relative position along
the transcripts length(Adiconis et al. 2013)
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Fig 2 The average RNA-seq depth of relation position in genes of LJ43. X axis was the relation

position in gene.

Q2-2: The comparison of 16 genes does not make sense the way it iswritten and it is unclear
exactly what was done.

Author response: The comparison of the 16 genes as well as the DAM2 was used to
support the LJ43 genome annotation was reliable and better than SCZ and YK 10, we
agreed that this was not a valid proof and just want to use it as an extra proof. We
selected these genes because thislist was al of the current available gene with wet lab

validation, most of these gene were validated by EST or RACE with reliable gene
structure.

Q2-3: The comparison of genes with other speciesis flawed as the genes are filtered for
coverage (concatenated genes would naturally only have partial coverage).



Author response; Thank you for pointing this out. We did not used coverage to filter
the potential concatenated genes. We apologize for not supplying detailed information.
We test the exon-exon junctions of suspected concatenated genes, if all exon-exon
junctions were supported by RNA-seq reads, the suspected concatenate genes were
excluded.

Q2-4: Regarding so many genes not being on pseudomolecules, the authors address this by
comparing repeat content with that of maize. Presumably comparing gene content on maize
pseudomolecules and additional contigs would be more relevant. Continuing to claim that
the assembly is fragmented due to polyploidy and complexity without comparison of
fragmentation with other complex genomes such as wheat fails to support the claim.

Author response: Thank you for pointing this out. For the question about anchor rate,
in the beginning of using Hi-C to improve the genome assembly, high anchor ratio
(>92%, Supplementary material lines 133-163, Supplementary Fig 3 and 4) could be
obtained, but after visual inspection, we found that there were many mistakesin the
resulted scaffolds (Supplementary Fig 3 and 4), which indicated that the high anchor
ratio did not mean high quality and accuracy, so in the balance between the accuracy
and the high contig anchor rate (longer Scaffold N50) of genome assembly, we
preferred its accuracy for it will be more critical for further application in tea
genomics and breeding research.

We agreed that the comparison of the assembly result between the tea and a more
complex genome like wheat could support our opinion. However, the genome of
whesat islarger than tea's, but the heterozygosity of wheat genome (AABBDD) is
0.0014 (Hussain et al. 2018), which was lower than LJ43 (0.0061). More importantly,
the genome assembly strategies of wheat and tea were different, we listed the
assembly strategies of wheat (Table 1). Thus, it was not suitable to compare the
assembly result. The high heterozygosity and the exist of long repeat sequence of tea
limited the continuity of genome assembly, the further improvement of the continuity
of tea genome must rely on the development of sequencing technology in the future.

Table 1 The genome assembly strategies of wheat.

Wheat Assembly strategies Reference

Triticumurartu BAC-by-BAC sequencing, Pacific Biosciences SMRT, (Ling et al. 2018)

BioNano genome map, 10x Genomics linked reads

Triticum Urartu Illumina next-generation sequencing, BAC, EST sequences, (Ling et al. 2013)
and validation by PCR amplification

Chinese Spring Flow-cytometric sorting, Illumina next-generation sequencing  (Mayer et a. 2014)

Aegilopstauschii  (Illumina next-generation sequencing (Jiaeta. 2013)



Durum wheat genetic map, lllumina HiSeq2500 platform, HisegX (Maccaferri et al.
instrument, and chromosomes conformation capture 2019)

sequencing (Hi-C)

Reviewer #3 (Remarks to the Author):

Q3: | have read over comments from the authors related to the previous review. Thank you
for the revised version of the manuscript. In this limited time | have been able to read things
over | think most of my concerns have been addressed. One thing that should be discussed
however, is the recent publication of another tea genome with 81 diverse accessions
resequenced. | realized this is a recent publication while this manuscript has been in review,
but it must be addressed in this publication. Specifically, novelty in the current manuscript
not presented and how the genomes now compare.

Xia et al 2020 Molecular Plant: The reference genome of tea plant and resequencing of 81
diverse accessions provide insights into genome evolution and adaptation of tea plants

https://www.cell.com/action/showPdf?pii=S1674-2052%2820%2930134-9

Author response: We are happy to see the publish of Xia's article on Molecular Plant
during the process of our manuscript's critical review. We had read that fantastic
paper and discussed in the discussion. The publication of multiple papers related to
the similar field showed the critical role of tea genome research.

For plant, extensive experience from simple genome like rice, soybean, and maize
have showed that more high quality reference genomes will facilitate the genome,
functional genomics and breeding research, this was also true for a complex genome
like tea, with the improvement of genome sequencing technology, we hope to see
more tea genomes are assembled in the future, the methods we and others have set up
will definitely with high reference value.

According to the suggestion, we cited the paper of Xia et a 2020 in line 326. It
happened that similar paper published during the review process of another one. We
also want to thanks the reviewers again for their rounds of critical review to help usto
enhance the innovation and quality of our manuscript. We expect that our article will
benefit the tea functional genomics and breeding research in the future.

Reviewer #4 (Remarks to the Author):

Tea plant (Camelia sinensis) has a rich, long and complex history that generated the extant
populations of the major producing countries such as China and India, However, little is
known on about the wild ancestor of this species (M. K. Meegahakumbura et al. 2016;
Muditha K. Meegahakumbura et al. 2017; Yao et al. 2012; Kingdom-Ward 1950). Despite its



diploid genome efforts to assembly its genome have been overwhelmed by the complexity
of the genome adding the factor that it is self-incompatible making it highly heterozygous
factor that increase the difficulty of the assembly (Wei et al. 2018). To this date, tea still a
interesting model to study selection dynamics that lead to the local adaptation of the
different populations as result of this wide dispersion.

In this manuscript, Xinchao Wang and co-authors achieved an improvement of the genomic
reference when compared to the previous reference published in PNAS by Wei et al 2018, by
using long read sequencing and the physical interaction provided by Hi-C data. Increasing
the N50 size of the scaffolds from less than 1.4 Mb to 143.85 Mb, increasing the amount of
core genic annotations by 7.8%, and anchoring around 2.3 Gbp out of 3.26 Gbp to
chromosomal level. Also, they attempted to disentangle the domestication history of the
crop by sequencing of 134 tea accessions that were grouped in 3 different populations (CSS,
C. sinensis var. sinensis; CSA, C. sinensis var. assamica and CSR, C. sinensis-related species).
They presented a evidence showing in the form of a PCA that the first two principal
components explained 13.08% of the total variance observed between all the sampled
individuals. Maximum Likelihood phylogenetic tree that suggested the group CSR as
ancestral to the rest of the groups (CSS and CSA).

This manuscript provides a noticeable improvement of Camelia sinensis genome resources
and also gives a complete insight of the evolution of the Chinese tea accessions and its
dispersal across many countries.

Even that the analysis conducted in your manuscript were conducted with high quality and
standards, the discussion section can benefit from the argumentation provided in this

review.

Q4: for the discussion section | suggest you to consider the limitations of the sampling in
regard to the India origin and the exploit the opportunities that the sampling has in terms of
the expansion of the origin of two main populations of China tea and its dispersal across the
world.

Author response: We appreciate for the constructive comments and suggestions for
our manuscript! We had considered the limitations of the sampling in India, it could
not rule out other possibilities when more comprehensive samples were involved, so
we had weakened the origin results in the discussion. The collection of more India
sample in the future will be benefit for the origin and evolution analysis, and we
emphasized it in the discussion (lines 322-325).

Major comments

Q5: Main text line 370 to 372. the argument claiming that the breeding of the plants has
largely been determined by the environment rather than human behavior is attributed to a
lack of severe domestication is not supported by clear evidence. the Supplementary Figs 20
and 21 show changes in population size through out time for the CSA and CSS clusters,
however this is not an evidence that the environment created the given tendencies. in
contrast Your F4 analysis suggest a strong gene flow between the accessions and is a



evidence that the genetic diversity reduced by any bottleneck may be recovered as result of
recombination masking any previous bottleneck.

To improve the discussion and overall interpretation of the Supplementary Fig. 20 | would
include the CSR cluster into the Ne analysis to see the moment in which the populations
from CSA and CSS change in size respect CSR. If the change of CSR respects the other groups
occurred at a point where CSA and CSS where very similar that may be another evidence to
suggest the origin of CSA and CSS happened at a similar time point. Also please make clear
the X axis of that figure to clearly see the age before present of the time points; the given
exponential notation complicates the interpretation.

Author response: Thanks for the valuable suggestion. We agreed with you that a
strong gene flow between the accessions and is an evidence that the genetic diversity
reduced by any bottleneck may be recovered as result of recombination masking any
previous bottleneck. We had deleted the previous speculation of “breeding of tea
plants has largely been determined by environmental influences rather than human
behavior”, and added the discussion in lines 365-369. “ There is no population
bottleneck during the history of tea cultivation (Supplementary Material,
Supplementary Figs. 20 and 21), this maybe due to the widespread gene flow between
different tea that may mask the recent bottlenecks or the tea plants have not
experienced strong domestication selection, which aso indicated the complex history
of tea evolution and domestication.”

We supplied the CSR in the Supplementary Fig. 20, and adjusted the x axis to see the
age clearly (Supplementary Fig. 20).

Q6: Main test line 380 to 389. in these lines you describe that the evidence that CSR is
ancestral to CSS and CSA make doubtful the observation of a probably independent
domestication event in China and India provided by Meegahakumbura et al. 2016. | do not
agree with your claim, as not a single accession from India was included in your analysis.
Therefore, the possibility of an independent event still valid. What is very interesting about
having CSR as ancestor of CSS and CSA is that it may be an evidence of a unique origin of the
CSR and CSA clusters that may be dispersed after this event as far as Africa, Georgia or
Hawaii.

Author response: Thank you for pointing this out. According to the opinion described
in Choi and Purugganan, 2018; Civan et a. 2016, and many similar papers, the
domestication analysis should be based on the phylogenetic tree of domesticated gene
in a species. For tea, the genomic and functional genomics research was still at the
very beginning stage and it was difficult for its domestication analysis. Thus, our
manuscript only discussed the evolution of tea. We think it is far from the conclusion
for how many times of origin and how many times of domestication with the current
data. The opinion of independent domestication events is different to ours of one
origin event. It is also possible that had one origin event but multiple domestication
ones if you definite domestication as breeding and localization. The CSR may be the



ancestor of CSS and CSA was based the phylogenetic tree.

In the present study, we only have one accession from India (ASM, Supplementary
Table 16) clustered to CSA (Supplementary Fig 14). The limitations of the sampling
in India could not rule out other possibilities when more comprehensive samples were
involved. We did not agree the opinion of three independent domestication event in
China and India provided by Meegahakumbura et a. 2016, first, they did not use the
outgroup in their phylogenetic tree, one could not get the conclusion of three
independent domestication by three clusters without the outgroup. Second, their result
was based on the phylogenetic tree of SSR marker, not domesticated gene, and was
not suitable to draw any conclusion for domestication.

Q7: Supplementary materials 356 to 364. please include the error values for K clustering in
the admixture analysis to confirm that choosing a K=3 is the most likely scenario of
clustering and that there are not other more likely clusters.

Author response: Thank you for pointing this out. We had supplied the figure in
supplementary material line 354. We run admixture with K values (number of
assumed ancestral components) ranging from 1 to 10, and the results shown k=3 had
the lowest cv-errors (Supplementary Fig 13).
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Reviewer #2 (Remarks to the Author):

Many thanks for your comprehensive response to my questions. These minor issues have now
been resolved and I have no further questions. Overall, the manuscript is much improved and
represents a significant understating of the genomics and evolution of this important species.

Reviewer #4 (Remarks to the Author):

Dear editor
I have finished reviewing the manuscript entitled “Population sequencing enhances understanding
of tea plant evolution ” submitted to nature communications by Wang et al.

This work attempts to investigate the domestication history of the cultivated tea plants (Camellia
sinensis); by generating a improved genomic reference, sequencing and phylogenetic analysis of
134 tea accessions and the identification of divergent selection on 3 different populations (CSS, C.
sinensis var. sinensis; CSA, C. sinensis var. assamica and CSR, C. sinensis-related species ) in the
form of positive selection.

In this manuscript the authors explore at a genome wide level the phylogenetic relationship of a
wide sampling of tea populations dispersed mainly in China but also some populations as far as
Africa, Georgia or Hawaii. They also identify one population to be ancestral to all the sampled
accessions and at the same described the complex demographics of the populations.

During 4 reviews of this manuscript the authors have polished the arguments supported by their
evidences giving an interesting perspective on the understanding of the tea plant evolution.
Therefore, I recommend this manuscript to be published in Nature Communications after attending
a couple of minor comments.

Thank you again for the opportunity of reviewing this interesting manuscript.

Best wishes

Miguel Vallebueno

[Editor: In remark to Editor section, Reviewer #4 points out that the discussion would be enriched
by describing the extent of admixing between the Chinese accessions using the Africa, Georgia or
Hawaii as a contrast. In addition, (s)he recommends to shade the argument “There are no
population bottleneck” to “Our results show no signs of a clear bottleneck occurring in the last 20K
years” in line 365.]
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Africa, Georgia or Hawaii as a contrast. In addition, (s)he recommends to shade the
argument “There are no population bottleneck” to “Our results show no signs of a clear
bottleneck occurring in the last 20K years” in line 365.]
Author response: According to the valuable suggestion from reviewer 4, we have
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