Reviewer#1
Q1 The MS performed a comprehensive metagenomic analysis for bacteria, archaea and
viruses in meromictic Lake Shunet. The potential metabolic function of bacterioplankton
in biogeochemical cycling were elucidated. Interesting virus-host interactions were
shown as well.
Q2 1. The lacking of microbial abundance data. I hope it is easy for the authors to add
in. It is better if they have biogeochemical rate measurements to test the function
revealed by sequences but maybe this is hard.
Response: Thank you for the suggestion. We suppose that the reviewer means
microbial cell counts. Indeed, we did conduct cell count. The bacterial and archaeal cell
numbers ranged 2.2 x105-2.8 x 106 cells ml-1 and 8.4 x 104-1.2 x106 cells ml-1 along the
depth using the FISH method with bacterial and archaea probes, respectively (please see
the Figure below). However, from microscopic observations revealed many microbial
clusters or aggregates in the samples. It is extremely hard for us to be confident with the
cell count results. We believe that the microbial abundance was largely underestimated
and we decided to discard the cell count results.

2. Writing. There are too many short paragraphs and the logic among them is lacking.
Response: We have edited many of these short paragraphs to make them more logical,
either merging them into other paragraphs or reconstructing the paragraph. For example,
L102-108, L120-123, L532-547, L562-570, L619-630, L727-732. L810-822, L835-837.

Q3 OK
Q4 The authors introduced the major reason to perform this study was “technical”. Such
as, deep metagenomics were not applied for meromictic lakes. This is not a good reason
and please introduce from “scientific” aspect. What kind of ecological and
biogeochemical questions need to be addressed in Lake Shunet or even meromictic
lakes?
Response: Thank for the suggestion. We changed and introduce more from the scientific
aspect; please see L120-129
P3 L120-129: […] Studies on marine viruses have demonstrated their contributions to
the microbial community and the regulation of biogeochemical cycling (Suttle, 2007;
Breitbart, 2012). Furthermore, the interaction between bacterioplankton populations and
those of its phages have been uncovered in freshwater lakes and reservoir ecosystems
(Roux et al., 2012; Skvortsov et al., 2016; Ghai et al., 2017), but still few studies have
been employed on the ecologically important meromictic salt lakes. Meromictic salt lake
ecosystems are known to have specific hydrochemical parameters and harbor particular
microorganisms, providing excellent sedimentary archives of possible global
paleoclimatic events (Dix et al., 1999), however they have received less attention than
other aquatic ecosystems (Degermendzhy et al., 2010). Therefore, we chose to study
Lake Shunet, a high-latitude meromictic salt lake in central Asia. […]
L87: it is not clear what data in Lake Shunet is “second only to Lake Mahoney”.
Response: We have reworded the sentence. Please see L85-88.
P3 L85: […] and a dense population of anoxygenic phototrophic (purple sulfur) bacteria
in the chemocline zone, which is comparable to that of Lake Mahoney (Canada), known
for having the most purple sulfur bacteria of any lake in the world (Overmann et al.,
1991; Rogozin et al., 2012).[…]
L92: please let the readers know what the major findings in previous studies of Lake
Shunet and what are unknown.
Response: The information was added in the introduction. Please see L92-99.
P3 L92-99: […] Microscopic techniques, pigment analysis, culture, FISH-TSA
techniques and PCR-DGGE have been used to disentangle the seasonal changes of
anoxygenic photosynthetic bacterial community, sulfate reduction and methanogenesis
and ecophysiology of phototrophic sulfur bacteria at the chemocline of Lake Shunet

(Kallistova et al., 2006; Lunina et al., 2007; Rogozin et al., 2009; Rogozin et al., 2010;
Rogozin et al., 2012). However, these approaches are limited in providing a fine-scale,
comprehensive insight into the microbial assemblages and their potential functions.
Therefore complete microbial community composition still remain unknown along the
three zones. […]
L124: the objectives of this study were too many. Please figure out the novel ones,
compared to previous studies in Lake Shunet.
Response: Thank you for the suggestion. We have modified the objectives. Please see
L130-135.
P4 L130-135: […] 1. explore the relationships between gene content or limnological
parameters and microbial community structures over a depth profile; 2. reconstruct
elemental nutrient cycles and investigate the potential role of the prevalent unclassified
bacterial and archaeal groups in nutrient cycles; 3. unravel the history of potential
interactions among viral, bacterial, and archaeal assemblages on the basis of the
detection of clustered regularly interspaced short palindromic repeats (CRISPRs) and
correlation of abundance profiles.
L281: please provide details about TEM analysis. It seems the authors did not use a
qTEM analysis and it is hard to obtain statistically meaningful size data.
Response: Thank you for the comment. Yes, it is very hard to obtain viral size data using
TEM analysis. It depends upon the resolution and quality of viral particles after CsCl
gradient ultracentrifugation and subsequent manipulations. The values of viral size were
estimated using direct measuring according to bar sizes in electronic micrographs.
L356: Salinity does not have a unit.
Response: We change “%” to “g L-1” throughout the manuscript, as reference used.
Please see L365.
Rogozin, D.Y., Zykov, V.V., and Degermendzhi, A.G. (2012). Ecology of purple sulfur bacteria in the
highly stratified meromictic Lake Shunet (Siberia, Khakassia) in 2002–2009. Microbiology 81, 727-735.

P8 L 365: […] (approximately 71 g L-1) […]
P29 Table 1
L376, L431, L445, L631: remove NA
Response: NA has been removed. Please see L385, L438, L452, L636.
P9 L385: Euryarchaeota,
P10 L438: Desulfuromonadaceae,
P10 L452: Desulfobacteraceae,
P14 L636: Desulfobacteraceae,
L389-395: the sentence is too long.
Response: We shortened the sentence. Please see L398-402.
P9 L398: […] Bacterial assemblages were dominated by Cyanobacteria in the
mixolimnion and Gammaproteobacteria in both chemocline and monimolimnion in
Lake Shunet, which differs from other lakes where Actinobacteria,
Gammaproteobacteria, and Chloroflexi were predominant along the layers in Sakinaw
Lake (Gies et al., 2014) and either Gammaproteobacteria or Deltaproteobacteria in
Ursu and Fara Fund lakes (Andrei et al., 2015). […]
L396, L616: misleading sentence;
Response: The sentence has been revised. Please see L403-407, L622-623.
P9 L403: […] The bacterial community compositions of these four meromictic lakes,
each have their own dominant genera. Lake Shunet, for example, has dominant bacteria
that the other lakes do not, including Thiocapsa, Candidate division OD1, and
Halomonas (Figure 1C). In terms of archaeal compositions, Lake Shunet and Sakinaw
Lake were more similar to each other than the Ursu and Fara Fund Lakes; both groups of

lakes harbored common archaeal groups (Figure 1D).
P13 L621: […] It might be because the environment surrounding Lake Shunet is
different from the other three lakes.

L413-415: I am not sure whether these data can be directly compared.
Response: The Shotgun-FunctionalizeR package is for functional comparisons of
metagenomes. Microbial metagenomes sampled from the Hawaii Ocean Time-series
(HOT) station in the Pacific Ocean by DeLong et al. (2006) were applied with
ShotgunFunctionalizeR using the approach of gene-centric analysis such as gene
families COG profiles in Kristiansson et al. (2009), including the functional diversity of
metagenomic data. We applied exactly the same analysis strategy for our metagenomics
data. Therefore, we think it is applicable for comparison.
L519-523: I do not think there will have a relationship between size of VLP and size of
viral contig.
Response: Thank you for the point. The virus size results are shown without any further
discussion. In marine water, larger microbial genomes were found in deeper water
regions (Tseng et al., 2013). The exact reason for this remains unknown, but some
speculations were made, such as that more nutrient transporters are required in deep
water microbes because more nutrients are available in deeper water regions compared
with surface water.
L556-558: Is this statistic analysis valid? Only three samples.
Response: Yes, the statistical analysis is acceptable with at least three samples. We
understand your point that three samples is not much and described the tendency in a
more conservative way.
L570: unclear “did not exhibit host specificity’.
Response: We changed to “did not show host specificity to any bacteria”. Please see
L575.
P12 L575: […] did not show host specificity to any bacteria. […]
L577: I suggest the authors give a name to the Nonlabens sp found in viral sample to
avoid confusing in the results and discussion.
Response: We changed “Nonlabens sp.” to “Nonlabens sp. sh3vir”.

L605-610: how to directly compare these lakes with totally different sequencing
techniques and depth.
Response: Studies conducted on Sakinaw Lake (Gies et al., 2014) as well as Ursu and
Fara Fund lakes (Andrei et al., 2015) also used the 16S rRNA amplicon library for
microbial community surveys; this library has also been used in other comparative
studies in order to enlarge the comparative framework in meromictic lakes. We
downloaded the original 16S amplicon sequences from the Sakinaw, Ursu, and Fara
Fund lakes and used the same bioinformatics strategy (described by Gies et al. [2014])
for comparison with Lake Shunet. The prevalent microbial community compositions
(>1% relative abundance) at the genus level from the four lakes were clustered for the
comparison. The heat map shows that the four lakes harbored different abundant
bacterial and archaeal groups, especially Lake Shunet, which harbored unique bacteria
and archaea. It is possible to directly compare these lakes, but we cannot exclude some
of the differences that might have been caused by the bias of different variable regions
of the 16S rRNA gene and the PCR bias caused by primer efficiency among studies.
L628, L630: it is hard to say “were enriched by” based on only sequencing data.
Response: We changed to “were increased by”. Please see L633 and 635.
L710: please note that sinking particles should contribute the photoautotrophs observed.
Response: Thank you for this point. We added this explanation into the discussion.
Please see L716-718.
P15 L716-718: […] We suppose that dominant photoautotrophic Thiocapsa and
Cyanobacteria were detected in the monimolimnion because they attached to the sinking
particle and some weak light penetrated into the bottom layer. […]
L730: the discussion with 2003 data should be removed.
Response: The discussion with 2003 data has been removed. Please see L733.
L801: again, can not directly compare diversity index here.
Response: Thank you for the comment. However, we did not try to compare the
diversity index in this paragraph, but focused on the numbers of viral families detected
in Lake Shunet and other studies. In order to avoid the confusing, we reworded the
sentences. Please see L 801.
P17 L801: […] 15877). We have detected more viral families than other aquatic

ecosystems, most of which had […]
L805: Did the TEM data also show Siphoviruses were major group at 3.0m?
Response: We did see Siphovirus-like particles in the electronic micrographs. However,
it is very hard to confirm whether they were major groups according to TEM as
suggested by metagenomic analyses. To explain this inconsistent result, there are at least
two reasons. First, the resolutions of viral particles—including filamentous, rod and
icosahedra viruses—are not easily distinguished in electronic micrographs. Furthermore,
tails might be dissociated from siphoviral heads during our manipulation and that might
underestimate the number of Siphoviruses. This situation is pretty common for TEM
analysis with pure viral particles. Hence, we cannot tell whether Siphoviruses are a
major group in the TEM data. Second, metagenomic analysis might also have some bias
from gene prediction against the database. Many viral ORFs did not have corresponding
sequences in the database. The prediction for composition might be biased. We so far
adopt the most common way in viral metagenomic studies to describe the composition
of viral community in other reports, though some caution should be taken when
regarding the composition results. For this unavoidable error, we added a sentence to
remind readers be cautious to the result. Please see L285-287.
P7 L285-287: […] However, many viral ORFs were not found to have any
corresponding sequences in the databases; the composition prediction might be biased
due to limited information. […]
L819: not understand why they accumulated at the bottom due to “small size”.
Response: We thank the reviewer for the comment. We changed the speculation. Please
see L819-821.
P17 L819-821: […] probably due to their attachment to the sinking particles. […].
L840-843: do not agree. Please consider viruses sinking with particles.
Response: We revised the speculation and merged the paragraph with the previous one.
Please see L836-838.
P18 L836-838: […] Microbial bins at 5.0 and 5.5 m, but not at 3.0 m, seemed to be
randomly infected by viruses from both depths, we predicted that viruses attached to
particles and sank into the bottom layer. […]
Reviewer#2

Q1 The present study on Lake Shunet, central Asia (one of the three meromictic lakes)
provides insights into the bacterial, archaeal, and viral assemblages. The Lake was found
to harbor diverse bacterial, archaeal and viral communities that interact to shape the
indigenous physicochemical parameters.
Q2 The introduction is crisp and well written.
The study site is unique and insight provided will further strengthen our understanding
of these environments.
Q3 Methods
Amplification of viral DNA
Did the authors consider running negative controls for amplification protocols?
Response: Yes, we did run negative controls for each of DNA amplification. It was
known that some Genomiphi reactions might amplify irrelevant DNAs from random
primers provided in the kit. Our results clearly showed that no product was amplified
from the kit itself. The electrophoresis results were uploaded to the following link:
http://biodiv.sinica.edu.tw/~sltang/pages/research_detail.php?title=op&cate=&rp=1&id=
20180702152039
Sequencing, assembly, and annotation of metagenomes
1. The author mentions the quality trimming parameters but does not mention if he used
any available bioinformatic tool or was the quality trimming of reads was performed
using lab developed bioinformatic tool?
Response: We used CLC Genomics Workbench, a bioinformatics tool as mentioned in
original L245. We reworded the paragraph to make it clearer. Please see L228-230.
P6 L228-230: Metagenomic reads with ambiguous nucleotides (>2) and short lengths
(<35 bp) were removed and assembled through a de novo assembly algorithm within the
CLC Genomics Workbench using a 40-bp minimum overlap and 99% consensus.
2. The authors used amplified viral DNA for sequencing, did the authors screen them for
know contaminants in the kit during bio-informatic analysis? (Thoendel et al., 2017).
Response: Thank you for the comments and suggestions. We did screen for the
contaminants and removed them for the subsequent analysis. There are some means of
detecting viral identity in genomic analysis. In the present study, we chose a more
difficult method of detecting viruses. Through time-consuming filtration using a 0.2-μm

membrane, concentration using a 50-kDa filter, purification through cesium chloride
gradient ultracentrifugation (an image of 3.0-m viral solution is provided below), and
removal of free DNA before unpacking viral particles for viral DNA isolation and
purification, we could obtain a more comprehensive picture of viral assemblages in our
samples. Those viral particles with specific particle density determined by
ultracentrifugation should be reliable. We confirmed isolated viral particles using
electron microscopy. In addition, we applied BLASTp to blast ORFs predicted from
viral metagenomes against NCBI RefSeq Viruses (August 3, 2017) with an e-value
cutoff of 10−5, >30% identity, and >100 bit score to maintain the rea viral DNA for the
subsequent analysis.

3. The authors mention the size of the viruses decreases with increase in depth, but is not
0.22um filtrate was used also plays a role in such a finding as giant viruses will not pass
through the filter used. Can the authors comment on that?
Response: The 0.22 µm is a cutoff that is meant to remove those larger viruses from our
samples. There is a possibility that the bottom water actually accommodates viruses
larger than 0.22 µm and that would lead to different conclusions from ours in this
manuscript. We thus added a sentence and to made it more precise. Please see L151.
P4 L151: […] viruses larger than 0.22 µm were excluded in the analysis.[…]
Q4 The introduction section is well written and clearly lays down the goals of the study.
Methods are clear but the incorporation of few details will further enhance the
manuscript. Comments have been provided under Q3 of the review.
Results and discussions are also crisp.
The data needs to be made publically available.
Reviewer#3

Q1 This study used the combination of shotgun sequencing and 16S rRNA profiles to
investigate the archaeal, bacterial and viral profiles of Lake Shunet in Asia.
The authors found high diversity and binned novel genomes. They also investigated
interactions between bacteria and archaea and virus.
It is an interesting study.
Q2 They have deep sequencing and have managed to bin all the most abundant members
of the top layer (3.0m). However it seems that their binning method did not recover the
most abundant bins on the other two layers.
They could improve their characterisation of the bins by using a few more tools.
Response: We thank the reviewer for the kind comment. The binning method used has
previously been validated on both simulated and real-world data similar to the data sets
explored in this study (Saeed et al., 2012). The binning method takes advantage of
unsupervised machine learning to group related sequences into phylogenetic clusters (a
technique that relies less on training data, which can skew results, and more on
extracting common patterns in the data itself). The two-tiered nature of the algorithm (a
coarse grouping, followed by a more refined grouping) was demonstrated to group
sequences at a higher resolution and with better accuracy than other comparative
methods. Moreover, the unsupervised characteristics of the binning method make it
highly aligned with metagenomic studies, such as this one, where a complete set of a
priori information about the underlying communities is not always available. Therefore,
the selected binning method was an ideal candidate to aid in the analysis of raw
sequence data, and that the results obtained using the binning method are representative
of the underlying microbial communities that we expected to find. In addition, we
subjected each bin to a conservative BLAST/MEGAN analysis to confirm that bins were
meaningful.
According to Figure 1, the 5.0 m-depth was dominated by Thiocapsa, Pantoe,
Enterobacter and Bacteroidetes while the 5.5 m-depth was dominated by Thiocapsa,
Halomonas, and Firmicutes, among which most were recovered with the binning
strategy except Enterobacter. We applied additional analysis as the reviewer suggested,
such as functional annotation based on functional COG profiles, and found that Pantoe
from 5.0 m depth was supposed to be bin 5-5 (Enterobacteraceae) (Table 2).
Saeed I, Tang SL, Halgamuge SK. 2012. Unsupervised discovery of microbial
population structure within metagenomes using nucleotide base composition.
Nucleic Acids Res 40:e34.

They have statistical analysis on the functional level. Figure 4 is very informative.
Q3 I did not find any objective errors.
At times they turn a bit speculative, but most of their conclusions are supported by their
data.
Q4 Line 49 - This sentence is very ambiguous "Notably, several predominant yet
unknown and uncultured bacteria were potentially capable of nutrient cycling"
Response: We edited the sentence. Please see L48-50.
P2 L48-50: According to the gene annotation, several predominant yet unknown and
uncultured bacteria also play potentially important roles in nutrient cycling
Line 112 - Seems the ecosystems picked can be expanded by adding some reference to:
* rivers. Ghai, Metagenomics of the Water Column in the Pristine Upper Course of the
Amazon River
* acidic lakes. Bendall, Genome-wide selective sweeps and gene-specific sweeps in
natural bacterial populations
* eutophic lakes. Garcia, Contrasting patterns of genome-level diversity across distinct
co-occurring bacterial populations
It might be wise in any case to finish this sentence with the words "among others"
Response: We thank the reviewer for the comment. We added these three references.
Please see L114-118.
P3 L114-118: […] Amazon river (Ghai et al., 2011), acidic lake (Bendall et al., 2016),
eutrophic lake (Garcia et al., 2018), meromictic lakes (Lauro et al., 2011; Comeau et al.,
2012; Yau et al., 2013; Gies et al., 2014), underwater cave systems (Tetu et al., 2013)
and among others.
Line 122 - A positive statement in which you argue on the importance of salt lakes
would be a nice addition.
Response: Agreed. We added a statement about the importance of salt lakes as the
reviewer suggested. Please see L125-128.
P3 L125-128: Meromictic salt lake ecosystems are known to have specific
hydrochemical parameters and harbor particular microorganisms, providing excellent
sedimentary archives of possible global paleoclimatic events (Dix et al., 1999), however
they have received less attention than other aquatic ecosystems (Degermendzhy et al.,

2010). […]
Line 124 - how is Lake Shunet typical? Please explain, otherwise please remove the
word.
Response: We removed the word. Please see L129.
P4 L129: […] Lake Shunet, a high-latitude meromictic salt lake. […]
Line 136 - "which is 1.2 × 0.4 km2" in this line km are not squared.
Response: We changed it. Please see L139.
P4 L139: […] 1.2 × 0.4 km in size […]
Line 144 - How long was the transportation? What temperature was the
transportation? ... Even when the containers were sterile, a lot of things could have
happened with a long transportation at environmental temperature.
Response: We agree that long transportation time and largely changed conditions during
transportation might influence the nature of the samples. However, our entire sampling
time was only approximately 2-2.5 hours, including transportation of the samples back
to the field station at Shira, after which we filtered the samples immediately in the
station. Doing this largely reduced the potential for bias in our samples involving
transportation. The sampling site (Lake Shunet) is only 31.2 km from the research
station at Shira. The temperature of the sampling day was around 20-18 degree Celsius
at the beginning to less 10 degree Celsius during filtration processing at night.
Line 379 - "At the genus level, Methanococcoides and Thiocapsa were the most
abundant archaea" ... Actually from figure 1A it appears that Euryarchaeota:NA is the
most abundant genus, not Methanococcoides.
Response: The reviewer is right. We originally intended to show the defined genus since
Euryarchaeota:NA is an unknown genus. In order to avoid the confusion, we changed it
to Euryarchaeota:NA as reviewer comments. Please see L388.
P9 L388: […] an unknown genus of Euryarchaeota […]
Line 407 - "as well as microbial and viral sequences with total approximate sizes of 132
and 133 Gb, respectively. Consequently, contigs with sizes between 121 Mbp and 14
Gbp were assembled in each of the six metagenomes." For example what do yuo mean
by 14 Gbp contig size.

Response: We rewrote the sentence. We actually wanted to say that the contigs of the six
metagenomes ranged between 121 Mbp (5.0- microbial metagenomics) and 14 Gbp
(3.0m- viral metagenomics) in length. Please see the L 414-415.
P9 L414-415: […] Consequently, total bases of contigs were between 121 Mbp and 14
Gbp in length for the six metagenomes. […]
Line 462 - "unknown bacteria (3-6)"Look into a method such as PhyloPhlAn to place
your bins into a taxonomical group. All newly discovered phyla such as Parcubacteria
and TM7 are not part of their database, so please also include such new genomes in their
database. There is a high chance that bin 3-6 is placed within this newly discovered
phyla
Response: We ran PhyloPhlAn for the bin; however the bin was assigned to
Proteobacteria but with a low confidence value.

Line 583 - Please use CheckM to determine completeness
Response: We used CheckM to determine completeness as reviewer suggested and
added the results in the text. Please see L301-302, 586-588.
P7 L301: […] Hidden Markov models using TIGRFAM/Pfam libraries (Finn et al.,
2010; Haft et al., 2003) and CheckM (Park et al., 2015) were used to estimate genome
completeness. […]
P13 L586: […] Over 90% of the genome completeness of the flavobacteria in the viral
samples was estimated using bacterial single-copy genes (Table S3) and up to 99.8%
completeness using CheckM. […]
Line 602 - I think this is an intersting findind. It would be better visualized of you
actually provided the richness and diversity estimates of your study Vs the ones you cite.
Response: Thank you for the suggestion. We added the information to the text. Please
see L 611-615.

Lake
Ursu Lake
Fara Fund Lake
Yellowstone Lake
Freshwater reservoirs
Marine and mesohaline sites
Shunet

Reference
Andrei et al., 2015
Andrei et al., 2015
Clingenpeel et al., 2011
Tseng et al., 2013
Hugoni et al., 2015
This study

Diversity
archaea: 3.34, bacteria: 5.45
archaea: 4.06, bacteria: 3.74
not provided
bacteria: 5.34
archaea: 4.2
archaea: 6.24, bacteria: 5.46

OTU richness

Chao1:1074

Chao1:1406

Line 616 - "Because Lake Shunet is the only lake located in the northern polar region". I
find this contrasting to your earlier statement that Lake Shunet is a "typical" highlatitude meromictic salt lake.
Response: We reworded the sentence. Please see L623-624.
P13 L623 […] It might be because the environment surrounding Lake Shunet is different
from the other three lakes.
Line 783 - "was 0.2 µm wide", please speculate just that the wideness is bellow 0.22µm
rather than an exact measurement.
Response: Yes, we reword the sentence. Please see L782.
P17 L782: […] smaller than 0.2 µm in wide […]
Line 840 and 845 - These paragraphs are kind of redundant. Please merge.
Response: Yes, we merged these paragraphs. Please see L836-838.
P18 L836-838: […] Microbial bins at 5.0 and 5.5 m, but not at 3.0 m, seemed to be
randomly infected by viruses from both depths, we predicted that viruses attached to
particles and sank into the bottom layer.
Figure 1. Legen of part C and D is somehow requiring more information. I am unable to
understand what those panels are saying. Also the font in the panels is so small is
impossible to read.
Response: We have modified the Figure 1 C and D including the font and presentation of
bacterial names. In addition, information was also added in the legend of Figure 1.
Please see modified Figure 1 and L1267-1273.
L1267: […] (>1% relative abundance) at the genus level across the three depths of Lake
Shunet. Heat map and functional clustering based on relative abundance (>1%) of (C)
archaeal and (D) bacterial assemblages (against SILVIA database) of meromictic Shunet,

Sakinaw, Ursu, and Fara Fund lakes along the depths at the genus level. sh: Lake
Shunet, sak: Sakinaw Lake, ursu: Ursu Lake, farafund: Fara Fund Lake. Bacterial
community compositions of the four meromictic lakes respectively cluster while Lake
Shunet and Sakinaw Lake harbored common archaeal groups.[…]
Figure 4. In line 1294 reads "number denotate bins" ... please rewrite. Numbers inside
the grey circles denotate bins. Also move this sentence "Please refer to Table 2 for
information regarding each bin" to the end of the figure 4 description.
Response: We rewrote the sentence as reviewer suggested. Please see L1325, 1339.
Figure 8. PLease make the legend more descriptive. It is missing details.
Response: We added more details. Please see L1357.
P28 L1357: […] The completeness of draft genome of Nonlabens sp sh3vir is about
99.8% and the size is approximately 4.2 Mb, comprising 113 contigs. […]
Table 2 * Please add quality check for your bins. For example CheckM information on
completeness, contamination and heterogeinity. For guide on quality of genomes you
could turn to Bowers et al (Minimum information about a single amplified genome
(MISAG) and a metagenome-assembled genome (MIMAG) of bacteria and archaea).
Response: We thank the reviewer for the suggestion. We subjected each bin to a
conservative BLAST/MEGAN analysis to confirm that bins were meaningful. The
binning method used has previously been validated on both simulated and real-world
data, similar to the data sets explored in the NAR 2012 paper. The binning method takes
advantage of unsupervised machine learning to group related sequences into
phylogenetic clusters (a technique that relies less on training data, which can skew
results, and more on extracting common patterns in the data itself). The two-tiered
nature of the algorithm (a coarse grouping, followed by a more refined grouping) was
demonstrated to group sequences at a higher resolution and with better accuracy than
other comparative methods. Moreover, the unsupervised characteristics of the binning
method make it highly aligned with metagenomic studies, such as this one, where a
complete set of a priori information about the underlying communities is not always
available. Therefore, the selected binning method was an ideal candidate to aid in the
analysis of raw sequence data, and that the results obtained using the binning method are
representative of the underlying microbial communities is a result that we expected to
find.

Saeed I, Tang SL, Halgamuge SK. 2012. Unsupervised discovery of microbial
population structure within metagenomes using nucleotide base composition.
Nucleic Acids Res 40:e34.
We also ran CheckM to get information on the completeness of each bin, as the reviewer
suggested, and added in Table 2. Please see Table 2.
The following are the CheckM results

* Also "Taxonomic assignments were predicted according to BLASTp results (e-value <
10−5) using MEGAN", do you mean you blasted contigs? I suggest using a method such
as PhylophlAn to place your bins on a whole genome tree, Segata et al,(PhyloPhlAn is a
new method for improved phylogenetic and taxonomic placement of microbes).
Response: We have run PhyloPhlAn for all 39 bins as the reviewer suggested. The
output is shown below.

We merged the results with the table shown below for the comparison and found that the
taxonomic assignment of 21 bins are dissimilar. The results with PhylophlAn do not
always demonstrate the better assignment; for example, bin 3-7 was assigned to
Pseudomonadaceae using PhylophlAn, whereas it was assigned to Pseudomonas
stutzeri-like bacteria using Megan; bin 3-12 was assigned to Cyanobacteria using
PhylophlAn, but was assigned to Chroococales using Megan; bin 5-6 and 5.5-18 were
assigned to Chromatiales using PhylophlAn, but assigned to Thiocapsa using Megan.
PhylophlAn indeed provides some good results such as bin 3-3 Pseudoalteromonas
haloplanktis and bin 5-5 Enterobacter. Taken together, we thank the reviewer’s
suggestion. But considering the results, the original Table 2 was kept. However, we
added a sentence in Materials and Methods to remind readers the potential variation in
taxa assignments. Please see L 267-268.

Depth

3.0m

5.0m

5.5m

GC (%)

Bin

Length (bp)

3-1

5,320,493

42.62

Cytophagales

Assignment (PhylophlAn)

Bacteroidetes (with hits to Cyclobacterium marinum DSM 745)

Assignment (BLAST/MEGAN)

3-2

4,794,946

38.62

Bacteroidetes

Flavobacteria

3-3

1,367,999

40.41

Pseudoalteromonas haloplanktis

Pseudoalteromonas

3-4

1,817,139

49.62

Flavobacteriales

Unknown bacterium

3-5

320,919

48.99

Pseudoalteromonas

Gammaproteobacteria /Rheinheimera

3-6

2,895,826

57.63

Pseudomonadaceae

Unknown bacterium

3-7

616,028

57.66

Pseudomonadaceae

Pseudomonas stutzeri -like bacteria

3-8

3,571,362

56.35

Oceanospirillaceae

Gammaproteobacteria

3-9

498,520

57.30

Halomonas

Halomonas

3-10

829,727

65.51

Rhodobacteraceae

Rhodobacteraceae

3-11

991,406

64.10

Hyphomonadaceae

Hyphomonas neptunium -like bacteria

3-12

591,555

66.11

Cyanobacteria

Chroococcales

3-13

1,175,729

65.17

Alcanivorax

Gammaproteobacteria /Alcanivorax

3-14

506,831

63.41

Verrucomicrobiaceae

Verrucomicrobia /Chthoniobacter flavus

5-1

1,745,731

34.09

Unknown bacterium

Firmicutes /Clostridia

5-2

207,265

33.78

Staphylococcus

Staphylococcus

5-3

1,149,980

44.71

Bacteroidales

Bacteroidetes (with hits to Anaerophaga thermohalophila DSM 12881)

5-4

1,769,280

43.68

Bacteroidales

Bacteroidetes (with hits to Anaerophaga thermohalophila DSM 12881)

5-5

4,105,682

55.09

Enterobacter

Enterobacteriaceae

5-6

1,626,616

64.30

Chromatiales

Thiocapsa

5.5-1

233,710

28.74

Unknown bacterium

Uncultured bacterium (with hits to Halanaerobiales )

5.5-2

1,215,938

31.03

Halanaerobium

Uncultured bacterium (with hits to Halanaerobium )

5.5-3

1,005,967

35.40

Elusimicrobia

Uncultured bacterium (with hits to Bacteroidetes , Firmicutes and Proteobacteria )

5.5-4

451,924

35.33

Halanaerobium

Halanaerobium

5.5-5

435,003

36.34

Unknown bacterium

Uncultured bacterium (with hits to Firmicutes )

5.5-6

1,084,706

37.25

Unknown bacterium

Uncultured bacterium (Candidatus Cloacamonas acidaminovorans str. Evry)

5.5-7

503,708

39.05

Desulfobacteraceae

Uncultured Desulfobacterium sp. (with hits to delta proteobacterium NaphS2)

5.5-8

361,955

38.51

Bacteroidales

Bacteroidales /Marinilabiaceae

5.5-9

1,017,801

44.56

Spirochaetales

Deltaproteobacteria

5.5-10

1,029,185

47.56

Unknown bacterium

Uncultured candidate division OP1 bacterium

5.5-11

605,053

45.43

Spirochaeta

Sphaerochaeta pleomorpha -like bacteria

5.5-12

1,051,753

47.58

Desulfobacteraceae

Desulfobacteraceae

5.5-13

1,216,430

47.17

Bacteroidales

Bacteroidetes /Marinilabiaceae

5.5-14

271,285

53.82

Unknown bacterium

Unknown bacterium

5.5-15

300,891

53.73

Deltaproteobacteria

Desulfobacteraceae

5.5-16

419,569

54.53

Clostridiales

Clostridiaceae

5.5-17

1,317,006

56.70

Halomonas

Halomonas

5.5-18

1,692,070

64.65

Chromatiales

Thiocapsa

* I would like to see a row where you add all the relative abundance per layer so we get
an overview of what percentage from the reads are not assigned to any bin.
Response: We added the relative abundance per layer in a new column of Table 2. Please
see Table 2.

