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A genus in the bacterial phylum Aquificota appears  
to be endemic to Aotearoa-New Zealand 



Reviewer #1 (Remarks to the Author): 

In Powers et al. the authors further investigate an interesting finding from their previous work in 

documenting community-wide patterns across 1000 geothermal springs. Notably, they found that 

an abundant and widespread taxa, Venenivibrio, was classified in their sites but absent in global 

databases. Generally, I find the work thorough as they document environmental distributions 

across the TVZ, provide genomic analyses to support abiotic factors structuring Venenivibrio 

distributions, validate those genomic and environmental findings with growth data, and search 

global databases for the presence of Venenivibrio, including the assembly of MAGs from 

metagenomic data. The prevailing conclusion is that Venenivibrio is geographically restricted to 

this regional area due to its specific environmental conditions for growth, while local dispersal 

facilitates sub-genus diversification evidenced by the ~100 OTUs identified across geothermal 

springs, also could be referred to as microdiversity and provide more context to these results (see 

Chase/Martiny. 2018. and/or Larkin/Martiny. 2017). 

While of interest, I have a few general comments and questions and additional specific questions 

that are outlined by section below. 

General. 

1. Given that prior reports of endemism could be explained by the level of genetic resolution 

applied (see Cho and Tiedje. AEM. 2000), it's unclear if the totality of the observations reported 

indicate an endemic genus or just an endemic strain/species. Specifically, it's unclear whether the 

databases queried have a formalized inclusion of Venenivibrio in their databases (e.g., GTDB did 

not have the type strain included and does not have any results for Venenivibrio in their 

database). Even if we assume EMP or the other databases classifies this genus (did not check all), 

it's also unclear if the results were related to divergent strains unrelated to the queried type strain 

(more details below in Methods) due to lack of %ID reported on both OTU and genome mapping 

from metagenomes. Given the genus could encompass a high degree of genetic differentiation, 

ranging to 75-80% ANI in some cases, what fraction of these reads might represent divergent 

strains/species? I understand parsing hundreds of metagenomes is computationally expensive, but 

kraken is a coarse read mapping tool and it's unclear how these results might be biased by the 

inclusion of a single strain in the custom reference database. 

2. Given the authors classification of 100 OTUs of Venenivibrio, why weren't these sequences also 

queried against some of the 16S reference databases? Also, was the reference strain 16S rRNA 

gene trimmed to just reflect the same variable region? The 16S rRNA can yield different results 

based on mapping alone especially if comparing full length to smaller variable regions. I would 

assume the OTUs would provide a more robust search against these queries since they are the 

same amplified region. Along these lines, was the EMP database open or closed reference? This 

could also contribute to the absence of Venenivibrio in other datasets. The authors might have 

accounted for these factors, but it was unclear in the reading whether they were implemented or 

not. 

3. I think it's imperative to distinguish between the multiple processes occurring at multiple spatial 

scales. There is widespread regional distribution of Venenivibrio across hundreds of springs with no 

evidence for dispersal limitation (distance decay R2 = 0). However, at the same time, there is sub-

genera diversification as evidenced by the 100 OTUs compiled and the reconstruction of divergent 

but related MAGs. This implies there are finer-level processes occurring (maybe biotic interactions 

of partitioning of pH, temp tolerances?). I think a big opportunity is to explore this part further 

with the "microdiversity" aspect of the Venenivibrio lineages. All the analyses are basically there 

already and it provides a framework to show local scale processes could promote diversification 

within this endemic genus across springs. Either way, there are multiple places throughout where 

these processes need to be clearly distinguished at global, regional, and local scales. 

4. The authors argue there is "no indication of genus-level endemism" - just a quick question. How 

do the authors reconcile that numerous environmental studies publish MAGs with zero relation to 

reference genomes/MAGs - this indicates that these MAGs represent novel lineages in these 

environments (even at the order, family, genus levels). Obviously these studies do not put the 

extensive work like the authors have done here, but trying to apply the same logic. 

5. Minor but important. If this genus is endemic to this region and given the GTDB has no 

genomes in their database, the authors should be required to upload their Venenivibrio MAGs to 

NCBI to increase the genomic catalog of Venenivibrio from 1 genome to 5. 



Specific Sections. 

Abstract 

1. lines 36-38. Can the authors reference the prior work here and clarify the number of study sites 

and the ones Venenivibrio is found in. As is, reads a bit confusing. Also, given the emphasis on 

temp and pH, how are these geothermal springs defined? 

2. lines 41-42. What is meant by "enhance habitat isolation"? 

3. lines 45-47. The concluding sentence could use some clarification. The geographic isolation is 

predominant because Venenivibrio is found in 100s of springs while at the same time limiting 

global dispersal to other favorable environments. 

Introduction 

1. line 50. Geographic isolation does not "enable" - gene flow is reduced allowing for diversification 

2. lines 51-54. Is the island biogeography model the most appropriate here as is mainly details 

species richness. Maybe change to the Wallace Line? Also has geographic relevance here? 

3. lines 56-58. I don't agree with the statement "microbial taxa in other non-extreme habitats 

present no limits to dispersal" - there are numerous population level analyses showing geographic 

isolation of clades in soils and host-associated habitats. 

4. line 72. "island-like habitats" - should also reference the Cadillo-Quiroz paper here, basically 

tests this idea in archaean populations. 

5. line 97. not sure what "exclusivity" refers to? endemism? 

6. lines 99-101. I would just highlight that the authors reconstructed MAGs from their sites as 

well. It provides extra information and validity to the phylogenomic analyses. 

Methods - generally well documented 

1. Mentioned above but how are the OTUs defined? I find an interesting component is associating 

the environmental distributions of the OTUs to relate to microdiversity. But it's unclear what 

genetic level we are working with. 

2. Throughout the paper. Why not convert read numbers to relative abundances? It's very difficult 

to cross-reference the values when it's a lot easier to conceptualize relative abundance numbers. 

Further, some parts of the manuscript have % abundances. Please make these consistent 

throughout. 

3. General removal of subjective language throughout. For instance, "scrutinize", "easily 

invalidated", "substantive", and others. 

4. lines 184-187. What is meant by "exclusivity" in this case? Could mean pan-genome (although 

not enough genomes unless you were to include the MAGs as well) or unique genes or metabolic 

pathways? Please elaborate. 

5. lines 233-234. How many metagenomes cleared this search filter? Also, why were marine 

metagenomes ignored? Plenty of examples of sub-genera differentiation in saline tolerances. 

6. lines 239-245. Mentioned above, but what are the mapping thresholds here? Also, were the 

reads mapped independently to each reference genome or mapped in parallel to the "best" hit? 

BBMap has a function bbsplit.sh to map to multiple references at the same time. 

7. lines 252-254. What were the parameters for de novo assemblies? 

8. lines 255-257. What methods were used for Illumina platforms? Why the differences? 

9. lines 252-257. In addition, were the assemblies performed with just the reads that mapped to 

the reference genomes or was the entire metagenome assembled? 

10. lines 276-277. What was the phylogenetic model used and how many bootstraps were 

simulated? 

11. lines 283-285. The molecular clock analyses are pretty rough, especially using the 16S rRNA 

gene. What are the calibration points? Why not just use the concatenated alignment from the 

phylogenomics? What are the error estimates (probably very large)? I would remove altogether. 

Results - all figures should be referenced with panels, not just Figure X but as Figure XA 

1. lines 290-291. and throughout. A lot of the Results are convoluted and hard to follow at times. 

For example, rewording here to "340 abundant Aquificota OTUs were detected..." makes it a lot 

easier to follow the sentence structure. 

2. lines 295-298. How is "exiguous" defined? 

2B. Also the legend in Figure 1B is confusing to me. Is it showing only samples with Aquificota in 

them? And then colored by diversity? But not abundance of them? 



3. Again, I would change to relative abundances from read number. And if I'm reading Figure 2 

correctly, then numerous communities were nearly 100% Aquificota, especially in high temp 

samples? 

4. Numbers don't always match up across sections and paragraphs. For example, line 293 and 307 

for number of Venenivibrio OTUs. lines 346 and 350 for number of samples. 

5. Figure 2. I don't really get the point of this figure altogether. Figure 1 should encompass 

Aquificota results (panel A could just be a stacked barplot) and move the relevant environmental 

parameters to a panel C. Then, Figure 3 shows the relevant Venenivibrio results, especially since 

the relationships were weak in Figure 2. 

6. Speaking of all these environmental variables. The authors perform a FDR correction but how 

are covariates considered? I imagine many of these are highly correlated. 

7. Figure 2 is unnecessary and then can remove lines 307-319. I think the only parameter 

discussed later on is salinity in the discussion? 

8. lines 323-326. Another example of unclear wording. As written it seems like only samples where 

Venenivibrio >50% abundance were considered but I think the authors mean when they are >50% 

there are certain patterns. 

9. lines 327-330. Doesn't this suggest the linear regression models in Figure 2 aren't appropriate? 

There is a polynomial relationship with peak pH and temp? Can we replot Figures 3A/B to show 

this instead of these boxplots? 

10. Similar to Figure 2, I don't fully understand Figure 4 and what's different than Figure 5? If you 

move the pH and temp data from Fig4 to Fig5 it shows the same thing? 

10B. Figure 5B is a bit misleading since it's showing the relative abundance within Venenivibrio not 

the entire community. But some of the communities are dominated by Aquificota right, like nearly 

100%? Could you just scale to entire community relative abundances? 

11. lines 338-341. It's unclear whether the distance decay was ran with all Venenivibrio OTUs and 

their relative abundances or just the 19 most abundant OTUs. 

12. line 343. What is the metric for evenness here? 

13. lines 368-370. It's unclear whether the analyses are discussing the type strain or the other 

strains as well. This section switches between them. Also, can there be context given here as well 

instead of just listing gene pathways? Why are these specific ones of interest? 

14. lines 381-383. What are the growth optima? Does this correspond to the results in Figure 3? 

Even if they can grow at a wider range, they are at way higher abundances within a specific range 

in the community data. 

15. lines 392-397. There lacks details in this section. Without constantly cross-referencing the 

Methods section, I can't follow very easily. 

16. lines 400-402 and 408-410. How were the "community read abundances" or "community 

composition analyses" calculated, by mapping? If so, not a robust method since it doesn't account 

for genome sizes. I don't think it's highly relevant to the results but clarification is needed. 

17. lines 406-408. Refer to Methods #5. If only 16 extra samples, seems to warrant an 

investigation? 

17B. Similarly, why were 4 metagenomes excluded? Went from 4 local and 6 global to 4 and 2. 

Discussion. 

1. lines 454-456, 472-476, and 510-514. Relevant results that were not highlighted in their 

sections, or too convoluted to pickup on them. Didn't notice any reference to flagella genomic 

analyses and the saline concentrations were buried in the list of environmental parameters in 

Figure 2. 

2. lines 458-461. Again see Results #14. They might be capable of growing across a wide range 

but abundances differ by orders of magnitude within a narrow range. 

3. lines 464-467. I think this is an excellent opportunity to discuss sub-genera diversification of 

"microdiversity" - you observe genus wide distributions, but there could be partitioning among 

microdiversity lineages. 

4. lines 476-479. unsure on the "promoting gene flow" - you do observe sub-genera diversification 

evidenced by 100 OTUs, this suggests there is depressed gene flow within lineages in this genus 

5. lines 488-491. I understand the rationale here but in the same dataset where Venenivibrio is 

highly abundant there is no detection in sediments, per lines 476-479. I find the lack of presence 

is likely due to the sampling biases, either from lack of geothermal metagenomes ("only" 188) 

and/or reference strains to characterize. 

6. line 503. remove "disadvantages" and generally revise text here. Highlight environmental 



selection and filtering instead. 

7. lines 532-535. Could turbidity be related to mixing rather than particles? Could fit in better with 

the dispersal mechanisms proposed in earlier sections 

8. lines 539-543 and 550-553. The lack of SOX pathway could indicate cross-feeding? Or other 

dependency on community members? Could be an explanation of diversification? Also the 6 new 

strains and physiological traits seem highly relevant but aren't included in the current paper. 

9. lines 585-590. I don't follow here since there are numerous papers showing regional endemism 

in populations and/or structured by host distributions. I would incorporate the Cho and Tiedje 

paper here to discuss endemism as a function of genetic resolution. 

10. lines 596-599. I'm not convinced by the molecular clock analyses, they are coarse and have 

massive error bars around the dates. It's unclear how relevant this would be here. 

Reviewer #2 (Remarks to the Author): 

The manuscript titled "Allopatric speciation in the bacterial phylum Aquificota enables genus-level 

endemism in Aotearoa-New Zealand," authored by Jean F. Power and colleagues, builds upon their 

previously published work which focused on characterizing the microbial diversity of approximately 

#""" 1/7;2/95,4 :89361: 36 ;2/ ),<8? *74-,63- +76/ 70 &/= +/,4,6. <:361 #$( 9'&% ,5843-76

sequences. In their earlier study, they observed a high abundance, diversity, and prevalence of 

Aquificota members. In this current manuscript, the authors aimed to delve deeper into the 

analysis of Aquificaceae and Hydrogenothermaceae families, specifically exploring Venenivibrio 

OTUs. Their investigation involved a comprehensive statistical analysis correlating these OTUs with 

physicochemical parameters and geographic distribution. 

One of the most notable findings, which forms the foundation of the entire article, is the discovery 

that Venenivibrio genus members were exclusively identified in New Zealand's hot springs and 

were absent in other databases containing similar environments. This observation suggests a high 

level of specialization to their biological niche and significant challenges in dispersal via marine or 

airborne routes. I believe the extensive comparisons made against public databases, particularly 

considering the inclusion of 1000 geothermal spring samples, strongly support the notion of this 

genus being endemic. Additionally, studying processes such as speciation, diversification, 

dispersion, and specialization in microbial communities holds great significance in the field of 

microbial ecology and evolution. 

Overall, the manuscript is well-organized and highly comprehensible, effectively presenting the 

authors' research findings. 

Minor comments: 

Line 334-336: Figure 5 does not accurately reflect the relative abundance of Venenivibrio OTUs, 

which ranges from 0.8% to 35% of the total abundance. I recommend that the authors consider 

modifying the numbers to represent percentages (modify 1000 and 3000 for percentages). 

Figure S3: If the circle size represents read abundance, I would like clarification on what the 

numbers in the legend represent. Do they indicate the number of reads assigned to Venenivibrio? 

The legend currently shows numbers ranging from 1000 to 9000. Please provide additional 

information to ensure clarity in the figure interpretation. 

Figure S4: The authors should specify whether the Bray-Curtis index was calculated using only the 

relative abundance of Venenivibrio OTUs or if it considered the entire microbial population. 

Specifically, it would be helpful to know if the abundance of Venenivibrio OTUs was normalized to 

100% for the calculation. 

Figure 4: Similar to Figure 5, it would be beneficial to indicate read abundance in percentages. For 



instance, the value of 6000 could represent 60% of the total microbial community. 

Line 341 – 350: The assessment of relative OTU abundance in individual samples solely based on 

Figure S5 poses some challenges in terms of clarity and comprehension. 

Table S17: The title of the table suggests that it represents relative metagenomic read abundance, 

while the accompanying table provides information on the number of aligned reads. 

Figure 6A: If I understand correctly, the figure represents the fraction of each contig that contains 

the genome represented by reads in the respective metagenomes. In that case, it may be 

necessary to modify the y-axis label to avoid misleading the reader into thinking it refers to the 

fraction of the total genome covered by metagenome reads. Typically, such values are represented 

based on the entire genome rather than individual contigs. I'm curious, for the Venenivibrio 

contigs that exhibit nearly 100% coverage in the global metagenomes, what types of genes do 

they encode? Are they essential and conserved genes, such as the 16S gene? 
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*# *'%25 "$/# 4')& 2+-#2; 6+3-#5 %6 &"#4 %6 +, &"# 5$&$ $,$2;)+) 3',5%3&#5 $) 6$(& '0 &"+) 
4$,%)3(+6&8 W/#, +0 5+/#(1#,& 2+,#$1#) $(# 5+)3'/#(#5 12'7$22; +, &"# 0%&%(#: U%#)&+',) *+22 (#4$+, 
', &"# )6#3+0+3 7+'1#'1($6"; '0 &"#)# &$G$ &"$& "$) 2#5 &' $, $7%,5$,3# '0 &"# 1#,%) +, 
?'&#$('$DF#* J#$2$,5 "'& )6(+,1) $1$+,)& $, $66$(#,& ($(+&; ', $ 12'7$2 )3$2#8 

9# 5' $66(#3+$&# $,5 $3-,'*2#51# &"# 3',3#(,) ($+)#5 7; &"# .#/+#*#(: $,5 )' +, (#)6',)#: *# 
"$/# $55#5 &"# 0'22'*+,1 &#G& &' &"# 0%&%(# 5+(#3&+',) 6$($1($6" '0 &"# 3',32%)+',A “!"#$%&'#
()*(+)*('#'(,'#)-#.-+/#%&)-*#'("#012#3456#*"-"#.7#,#&)-*+"#&'3,)-#'.#&",38(#7.3#9"-"-):);3).#
*+.;,++/<#=):"3*"-'#+)-",*"&#>)'()-#'("#*"-%&#$)*('#-.'#(,:"#;""-#="'"8'"=?#@("#A@B&#,-=#
C6D&#*"-"3,'"=#;/#'()&#&'%=/#)-=)8,'"#&%;&',-'),+#$)83.=):"3&)'/#>)'()-#'("#*"-%&<#
E,3')8%+,3+/#>)'()-#6.'",3.,F5">#G",+,-=<#,-=#7%'%3"#3"&",38(#>)++#)-:"&')*,'"#'()&#8.-8"E'#
'(3.%*(#'("#8(,3,8'"3)&,').-#.7#$%+')E+"#9"-"-):);3).#)&.+,'"&#,-=#>(.+"#*"-.$"#
&"H%"-8)-*” >S+,#) `T`D`R=@8 

Ø !' $,)*#( '&"#( 5+)3(#6$,3+#) ,'&#5 +, &"+) 3'44#,&A

! !"# .#/+#*#( )&$&#5: iit's unclear whether the databases queried have a formalized inclusion 
of Venenivibrio in their databases (e.g., GTDB did not have the type strain included and does 
not have any results for Venenivibrio in their database)”. !"# .#/+#*#( +) 3'((#3& +, &"$& 
I![\ 5'#) ,'& 3%((#,&2; "$/# V. stagnispumantis OC8\QT8 f'*#/#(: *# 5+5 ,'& %)# &"+) 
5$&$7$)# )6#3+0+3$22; +, '%( 12'7$2 )#$(3" 0'( Venenivibrio8 9# 5+5 $55 $22 I![\ 1#,'4#) 
&"$& 32$))+0+#5 $) f;5('1#,'&"#(4$3#$# &' '%( 6";2'1#,'4+3 $,$2;)+) $,5 3',0+(4#5 &"#; 
*#(# ,'& Venenivibrio8 ?) '%&2+,#5 +, &"# Y%662#4#,&$(; B,0'(4$&+', >.#)%2&) Y#3&+', Q8e@: 
&"# 0'22'*+,1 #+1"& 3%($&#5 (#0#(#,3# 5$&$7$)#) 5+5 +,32%5# )#U%#,3#) '0 Venenivibrio $& &"# 
&+4# '0 )#$(3"+,1A WKC: j++&$: YBSH?: I(##,1#,#): .[C: FO\Bk) F%32#'&+5# O'22#3&+',: 
BKIPK: $,5 BKFIY8 

! !"# .#/+#*#( $2)' )&$&#5: iIt's also unclear if the results were related to divergent strains 
unrelated to the queried type strain (more details below in Methods) due to lack of %ID 
reported on both OTU and genome mapping from metagenomesl8 C#(3#,&$1# +5#,&+&+#) '0 
7'&" &"# 2'3$2 $,5 12'7$2 4#&$1#,'4#) &' &"# (#0#(#,3# 1#,'4#) *#(# (#6'(&#5 +, !$72# 
Y=R: *+&" #G3#(6&) '0 &"#)# (#)%2&) '%&2+,#5 +, &"# .#)%2&) )#3&+', >'(+1+,$2 2+,#) c=`DcQ^@8 9# 
"$/# ,'* $2)' $55#5 ] B[ '0 #$3" M!N )#U%#,3# &' &"# =`Y (.F? 1#,# '0 OC8\QT &' !$72# 
Y` +, &"# Y%662#4#,&$(; B,0'(4$&+',8 

! .#/+#*#( = *$) 3',3#(,#5 $7'%& &"# )#,)+&+/+&; '0 &"# 4#&$1#,'4+3 32$))+0+#( m($-#,Q8 !"# 
$%&"'() )"$(#5 &"#)# 3',3#(,) $,5 '(+1+,$22; $55(#))#5 &"#4 7; $2+1,+,1 &#, 4#&$1#,'4#) 
*+&" &"# 1(#$&#)& ,%47#( '0 (#$5) 32$))+0+#5 $) Venenivibrio &' 0'%( f;5('1#,'&"#(4$3#$# 
(#0#(#,3# 1#,'4#)8 !"#)# $2+1,4#,&) 6('/+5#5 4'(# (+1'('%) 3',0+5#,3# +, +5#,&+0;+,1 &"# 
6(#)#,3# '( $7)#,3# '0 Venenivibrio +, 7'&" )#&) '0 4#&$1#,'4#)8 !"# 6#(3#,&$1# 3'/#($1# 
'0 &"# OC8\QT 1#,'4# *$) #G&(#4#2; 2'* 0'( &"# 12'7$2 4#&$1#,'4#) >7(#$5&"A E8== n 
=E8=T]g 5#6&"A E8EED=`8Q=Gg !$72# Y=R@: i+",=)-*#%&#'.#8.-8+%="#9"-"-):);3).<#.3#,-/#
=):"3*"-'#&'3,)-#>)'()-#'()&#*"-%&<#>"3"#-.'#E3"&"-'#)-#'("&"#$"',*"-.$"&l8 9# "$/# 
,'* $55#5 &"+) $0'(#4#,&+',#5 )#,&#,3# &' &"# .#)%2&) )#3&+', >S+,#) c^QDc^`@8 !"# 
'6#,+,1 2+,# &' &"# .#)%2&) 6$($1($6" +,&('5%3+,1 &"#)# $2+1,4#,&) "$) $2)' 7##, $2&#(#5 &' 
3',0+(4 &#)&+,1 &"# 32$))+0+3$&+', (#)%2&)8 B& ,'* (#$5) $) 0'22'*)A i@.#'"&'#'("#:,+)=)'/#.7#



'("&"#E%','):"#'3,8"&#73.$#'("#I3,J"-K#8+,&&)7)8,').-<#7.%3#+.8,+#,-=#&)L#*+.;,+#
$"',*"-.$"&#>)'(#9"-"-):);3).F,&&)*-"=#3",=&#>"3"#,+)*-"=#'.#;.'(#'("#9?#
&',*-)&E%$,-')&#MN?OKT#*"-.$"#,-=#'("#$.&'#8+.&"+/#3"+,'"=#P/=3.*"-.'("3$,8","#
QR)*%3"#16Sl >S+,#) cc`Dcca@8 

!' 0%(&"#( $))#)) &"# )#,)+&+/+&; '0 m($-#,Q: *# $2)' &#)&#5 &"# (#6'(&#5 32$))+0+3$&+', '0 &"# 
=` 2'3$2 $,5 =RR 12'7$2 4#&$1#,'4#) %)+,1 #+1"& );,&"#&+3 '( 4'3- 3'44%,+&+#) *+&" 
/$(;+,1 Venenivibrio: Sulfurihydrogenibium, $,5 Persephonella $7%,5$,3#)8 [#&$+2#5 
4#&"'5) $,5 (#)%2&) '0 &"+) 3$, 7# 0'%,5 +, &"# Y%662#4#,&$(; B,0'(4$&+', >!$72# YQE $,5 
Y%662#4#,&$(; K#&"'5) Y#3&+',) =8^8Q $,5 Q8c@ *"+3" *# 3+&# ', 2+,#) cTEDcTe '0 &"# 
4$,%)3(+6&8 aa8R] '0 Venenivibrio (#$5) *#(# 3'((#3&2; (#3'/#(#5 7; m($-#,Q 0('4 $ 
3'44%,+&; *+&" =EE] OC8\QT: *+&" ,' 3('))D'/#( &' '&"#( )+)&#( 1#,#($ '7)#(/#58 W/#, 
*"#, 4'3- 3'44%,+&+#) "$5 $ 4+G&%(# '0 f;5('1#,'&"#(4$3#$# 1#,#($: Venenivibrio (#$5) 
)&+22 5+5 ,'& 4+)32$))+0;8 !"# ',2; ,'&$72# +((#1%2$(+&; *$) &"$& )'4# Persephonella (#$5) 
32$))+0+#5 $) Venenivibrio8 

Q8 I+/#, &"# $%&"'() 32$))+0+3$&+', '0 =EE M!N) '0 H#,#,+/+7(+': *"; *#(#,X& &"#)# )#U%#,3#) $2)' 
U%#(+#5 $1$+,)& )'4# '0 &"# =`Y (#0#(#,3# 5$&$7$)#)_ ?2)': *$) &"# (#0#(#,3# )&($+, =`Y (.F? 1#,# 
&(+44#5 &' V%)& (#02#3& &"# )$4# /$(+$72# (#1+',_ !"# =`Y (.F? 3$, ;+#25 5+00#(#,& (#)%2&) 7$)#5 ', 
4$66+,1 $2',# #)6#3+$22; +0 3'46$(+,1 0%22 2#,1&" &' )4$22#( /$(+$72# (#1+',)8 B *'%25 $))%4# &"# M!N) 
*'%25 6('/+5# $ 4'(# ('7%)& )#$(3" $1$+,)& &"#)# U%#(+#) )+,3# &"#; $(# &"# )$4# $462+0+#5 (#1+',8 
?2',1 &"#)# 2+,#): *$) &"# WKC 5$&$7$)# '6#, '( 32')#5 (#0#(#,3#_ !"+) 3'%25 $2)' 3',&(+7%&# &' &"# 
$7)#,3# '0 H#,#,+/+7(+' +, '&"#( 5$&$)#&)8 !"# $%&"'() 4+1"& "$/# $33'%,&#5 0'( &"#)# 0$3&'(): 7%& +& *$) 
%,32#$( +, &"# (#$5+,1 *"#&"#( &"#; *#(# +462#4#,&#5 '( ,'&8 

Ø 9# %,5#(&''- $ 4'(# 3'46(#"#,)+/# )#$(3" 0'( #/+5#,3# '0 &"# 1#,%) $2',1 &"# 0%22 2#,1&" =`Y 
(.F? )#U%#,3# >L=^EE 76@: ,'& V%)& &"# )"'(&#(: 6$(&+$2 )#U%#,3#) >Q^E 76@ '0 &"# M!N)8 W$3" 
5$&$7$)# )#$(3" +,32%5#5 7'&" 0%22 2#,1&" $,5 6$(&+$2 2#,1&" )#U%#,3#) '0 &"# =`Y (.F? 1#,#: )' 
3',3#+/$72; $,; "+&) da^] '0 &"# Q^E 76 )#U%#,3#: (#6(#)#,&$&+/# '0 &"# M!N): *'%25 "$/# 
7##, (#&%(,#5 7; '%( )#$(3" 3(+&#(+$8 ?2)': M!N 32%)&#(+,1 3$, +,5%3# 5+/#()+&; +,02$&+',: )' &"# 
0%22D2#,1&" =`Y (.F? 1#,# 0('4 $ 3"$($3&#(+)#5 +)'2$&# '0 &"# 1#,%) 6('/+5#5 &"# 7#)& 3',0+5#,3# 
+, )#$(3"+,1 7'&" 0%22D $,5 6$(&+$2D2#,1&" )#U%#,3# )+4+2$(+&; 0('4 12'7$2 )$462#)8 !"#)# 3(+&#(+$ 
$(# '%&2+,#5 +, Y#3&+', =8c +, &"# Y%662#4#,&$(; B,0'(4$&+', >K#&"'5)@: *"#(# *# "$/# $2)' 
32$(+0+#5 i;.'(#7%++#,-=#E,3'),+#012#3456#*"-"#&"H%"-8"&l *#(# )#$(3"#5 >Y#3&+', =8c: C$1# e: 
C$($1($6" = '0 Y%662#4#,&$(; B,0'(4$&+',@8 

!"# (#0#(#,3# )&($+, OC8\QT *$) ,'& &(+44#5 0'( $,; 5$&$7$)# U%#(+#) $) 7'&" 0%22D2#,1&" $,5 
6$(&+$2 )#U%#,3#) *#(# )#$(3"#58 ?55+&+',$2 4$66+,1 *$) 6#(0'(4#5 *+&" &"# YBSH? YYN (=eR8= 
5$&$7$)#: *"#(# &"# YBSH? B,3(#4#,&$2 ?2+1,#( >YBF? /=8Q8==@ *$) (%, ', $,; )#U%#,3#) &"$& 
+,+&+$22; 32$))+0+#5 $) Venenivibrio8 [#&$+2) '0 &"+) $(# '%&2+,#5 +, &"# Y%662#4#,&$(; B,0'(4$&+', 
>Y#3&+',) =8c8e $,5 Q8e8e@8 

!"# 4%2&+62# WKC )#$(3"#) U%#(+#5 #+&"#( &"# 32')#5D(#0#(#,3# YBSH? '( 32')#5D(#0#(#,3# 
I(##,I#,#) 5$&$)#&)8 !"# 6(#)#,3# '0 Venenivibrio *$) 3',0+(4#5 +, $22 &"#)# (#0#(#,3# 
5$&$)#&) 7#0'(# )#$(3"+,1: $) '%&2+,#5 +, Y#3&+',) =8c8R $,5 Q8e8R +, &"# Y%662#4#,&$(; 
B,0'(4$&+',8 

e8 B &"+,- +&X) +46#($&+/# &' 5+)&+,1%+)" 7#&*##, &"# 4%2&+62# 6('3#))#) '33%((+,1 $& 4%2&+62# )6$&+$2 )3$2#)8 
!"#(# +) *+5#)6(#$5 (#1+',$2 5+)&(+7%&+', '0 H#,#,+/+7(+' $3(')) "%,5(#5) '0 )6(+,1) *+&" ,' #/+5#,3# 0'( 
5+)6#()$2 2+4+&$&+', >5+)&$,3# 5#3$; .Q o E@8 f'*#/#(: $& &"# )$4# &+4#: &"#(# +) )%7D1#,#($ 
5+/#()+0+3$&+', $) #/+5#,3#5 7; &"# =EE M!N) 3'46+2#5 $,5 &"# (#3',)&(%3&+', '0 5+/#(1#,& 7%& (#2$&#5 
K?I)8 !"+) +462+#) &"#(# $(# 0+,#(D2#/#2 6('3#))#) '33%((+,1 >4$;7# 7+'&+3 +,&#($3&+',) '0 6$(&+&+',+,1 '0 
6f: &#46 &'2#($,3#)_@8 B &"+,- $ 7+1 '66'(&%,+&; +) &' #G62'(# &"+) 6$(& 0%(&"#( *+&" &"# p4+3('5+/#()+&;p 
$)6#3& '0 &"# H#,#,+/+7(+' 2+,#$1#)8 ?22 &"# $,$2;)#) $(# 7$)+3$22; &"#(# $2(#$5; $,5 +& 6('/+5#) $ 
0($4#*'(- &' )"'* 2'3$2 )3$2# 6('3#))#) 3'%25 6('4'&# 5+/#()+0+3$&+', *+&"+, &"+) #,5#4+3 1#,%) $3(')) 



)6(+,1)8 W+&"#( *$;: &"#(# $(# 4%2&+62# 62$3#) &"('%1"'%& *"#(# &"#)# 6('3#))#) ,##5 &' 7# 32#$(2; 
5+)&+,1%+)"#5 $& 12'7$2: (#1+',$2: $,5 2'3$2 )3$2#)8 

Ø 9# $1(## *+&" &"# .#/+#*#( &"$& 0+,#( 2#/#2 6('3#))#) 3'%25 7# 6('4'&+,1 5+/#()+0+3$&+', *+&"+, 
&"# 1#,%) $3(')) !HJ )6(+,1)8 B5#,&+0;+,1 &"#)# 6('3#))#) *'%25 (#U%+(# 3%2&%(#) '0 5+00#(#,& 
Venenivibrio 2+,#$1#): $ )#,&+4#,& )%66'(&#5 7; &"# 4$,%)3(+6& 7; O"$)# q K$(&+,;: QE=R8 f#(# 
&"# $%&"'() )%11#)& 0%22 1#,'4# )#U%#,3#) $(# ,#3#))$(; &' #2%3+5$&# &"# #/'2%&+', '0 
4+3('5+/#()+&; *+&"+, $ 6'6%2$&+',8 !' &"+) #,5: *# "$/# $2(#$5; +)'2$&#5 ,+,# 5+/#(1#,& )&($+,) '0 
&"# 1#,%) 0('4 ?'&#$('$DF#* J#$2$,5 $,5 $(# +, &"# 6('3#)) '0 3"$($3&#(+)+,1 5+00#(#,& 
$&&(+7%&#) &"$& 3'%25 #G62$+, &"# 4+3('5+/#()+&; +,5+3$&#5 7; &"+) 4$,%)3(+6&8 ?) 6$(& '0 $ (#3#,&2; 
$*$(5#5 1($,& >K$()5#,: .';$2 Y'3+#&;@: *# $2)' 62$, &' )#U%#,3# )%7)&$,&+/# 4#&$1#,'4#) 
0('4 &"#)# )6(+,1) *"+3" *'%25 6('/+5# 4'(# #G&#,)+/# +,0'(4$&+', ', 7'&" &"# 6%&$&+/# 0%,3&+', 
$,5 7+'1#'1($6"+3 3',&('2) '0 &"#)# &$G$8  

!' "+1"2+1"& &"# .#/+#*#(k) '7)#(/$&+', $7'%& &"# 6'&#,&+$2 ('2# '0 4+3('5+/#()+&; +, 5#0+,+,1 )%7D
1#,%) 5+/#()+0+3$&+', 0'( Venenivibrio: *# "$/# ,'* $3-,'*2#51#5 &"# 3',3#6& &"(## &+4#) +, &"# 
&#G&A 

=8 ? 3'462#&# )#,&#,3# $7'%& 4+3('5+/#()+&; "$) 7##, $55#5 >2+,#) ^E=D^Ee@: *+&" &"# (#0#(#,3# 
'0 S$(-+, q K$(&+,;: QE=TA i@("#E3"&"-8"#.7#000#9"-"-):);3).#A@B&#,+&.#&%**"&'&#'(,'#
'("3"#)&#,#()*(#="*3""#.7#$)83.=):"3&)'/#>)'()-#'()&#*"-%&#Q4TRS<#>)'(#=):"3&)7)8,').-#
$.&'#+)J"+/#)-)'),'"=#;/#"-:)3.-$"-',+#E,3')').-)-*l8 

Q8 9# $55#5 &"# &#(4 i$)83.=):"3&)'/l &' 2+,#) ^TTD^R=: *+&" &"# (#0#(#,3# '0 O"$)# q K$(&+,;: 
QE=R8  

e8 9# "$/# $2)' $2&#(#5 &"# 3$6&+', '0 r+1%(# c &' +,32%5# &"# &#(4 i$)83.=):"3&)'/l8 B& ,'* 
(#$5)A iR)*%3"#U?#N3":,+"-8"<#3",=#,;%-=,-8"<#EP<#,-=#'"$E"3,'%3"#.7#E%','):"#
9"-"-):);3).#$)83.=):"3&)'/#:),#.E"3,').-,+#',L.-.$)8#%-)'&#QA@B&S”.

M%( 4$,%)3(+6& 0'3%)#) ', &"# 6(#)#,3# '0 Venenivibrio $& &*' 1#'1($6"+3 2#/#2)A 2'3$2 )3$2# 
>5#0+,#5 $) *+&"+, ?'&#$('$DF#* J#$2$,5@: $,5 12'7$2 )3$2# >5#0+,#5 $) '%&)+5# ?'&#$('$DF#* 
J#$2$,5@8 !"+) *$) 7(+#02; 5#)+1,$&#5 +, &"# K#&"'5) $,5 .#)%2&) )#3&+', &+&2#5 i283""-)-*#
$"',*"-.$"&#7.3#9"-"-):);3).l >S+,#) QQT: QeR: QRa: ce=: ceT@8 ?) $2(#$5; 5+)3%))#5 +, &"+) 
(#)6',)#: *# 5' ,'& #G6$,5 ', 0+,#( 2#/#2 )3$2#) &"$& 4$; 3',&(+7%&# &' 4+3('5+/#()+&; *+&"+, &"# 
1#,%)8 !"#(#0'(#: *# )%11#)& &"$& &"#)# &*' 5#0+,+&+',) $(# $5#U%$&# 0'( &"# 6%(6')# '0 &"+) 
4$,%)3(+6&8  

9# 5' $1(## *+&" &"# .#/+#*#( &"$& '%( )3$2#) ,##5 &' 7# 4'(# 32#$(2; 5+)&+,1%+)"#58 Y': &' 
(#5%3# $,; $47+1%+&;: *# "$/# $55#5 $, #G&($ 5#0+,+&+', '0 &"# 1#'1($6"+3 )3$2#) %)#5 &' &"# 
#,5 '0 B,&('5%3&+',8 !"# )&$(& '0 &"# 2$)& 6$($1($6" +, &"# B,&('5%3&+', ,'* (#$5)A i@.#)-:"&')*,'"#
'("#E.&&);)+)'/#.7#*"-%&F+":"+#"-="$)&$<#>"#%-="3'..J#,#="',)+"=#"8.+.*)8,+#&'%=/#.7#
6H%)7)8.',#,-=#9"-"-):);3).#,'#,#+.8,+#&8,+"#Q)?"?<#>)'()-#6.'",3.,F5">#G",+,-=S#%&)-*#;.'(#
012#3456#*"-"#,$E+)8.-#,-=#&(.'*%-#$"',*"-.$)8#=,',<#,&#>"++#,&#*".'("3$,+#&E3)-*#
E(/&)8.8("$)8,+#$",&%3"$"-'&<#>()+"#,+&.#&",38()-*#7.3#":)="-8"#.7#'("#9"-"-):);3).#
*"-%&#,'#,#*+.;,+#&8,+"#Q)?"?<#.%'&)="#6.'",3.,F5">#G",+,-=S#)-#E%;+)8+/#,:,)+,;+"#V56#
&"H%"-8"#=,',;,&"&l >S+,#) a`D=E=@8 

c8 !"# $%&"'() $(1%# &"#(# +) p,' +,5+3$&+', '0 1#,%)D2#/#2 #,5#4+)4p D V%)& $ U%+3- U%#)&+',8 f'* 5' &"# 
$%&"'() (#3',3+2# &"$& ,%4#('%) #,/+(',4#,&$2 )&%5+#) 6%72+)" K?I) *+&" Z#(' (#2$&+', &' (#0#(#,3# 
1#,'4#)PK?I) D &"+) +,5+3$&#) &"$& &"#)# K?I) (#6(#)#,& ,'/#2 2+,#$1#) +, &"#)# #,/+(',4#,&) >#/#, $& 
&"# '(5#(: 0$4+2;: 1#,%) 2#/#2)@8 M7/+'%)2; &"#)# )&%5+#) 5' ,'& 6%& &"# #G&#,)+/# *'(- 2+-# &"# $%&"'() 
"$/# 5',# "#(#: 7%& &(;+,1 &' $662; &"# )$4# 2'1+38

Ø !"+) $ 1''5 U%#)&+', $,5 ',# &"$& *# 1($662#5 *+&" *"+2# %,5#(&$-+,1 &"+) (#)#$(3"8 9# 

$,&+3+6$&# &"$& '&"#( #,5#4+3 1#,#($ '( #/#, 1(#$&#( &$G','4+3 ($,-+,1) $(# 2+-#2; &' 7# 



5+)3'/#(#5: $,5 +,5##5: *# 3$, 6'+,& &' $ ,%47#( '0 &"#(4'6"+2+3 +)'2$&#) $,5 K?I) &"$& *# 

"$/# 5+)3'/#(#5 &"$& "$/# ,'& 7##, (#6'(&#58 f'*#/#(: +, &"#)# 3$)#): &"# &$G$ $66#$( ($(#2; '( 

$(# ($(# +, FJ: )' +& +) $(1%$72# &"$& &"# (#$)', &"#; $(#,k& 5#&#3&#5 +) &"$& &"#; $(# $2)' ($(# 

12'7$22; $,5 V%)& "$/#,k& 7##, )$462#5 ;#&8 B& *'%25 7# 4'(# 5+00+3%2& &' $(1%# #,5#4+)4 +, &"#)# 

3$)#)8 

9"$& 4$-#) '%( )%11#)&+', &"$& Venenivibrio 1#,%) +) +,5##5 #,5#4+3: +) &"$& +& +) )%3" $ 
5'4+,$,& &$G', *+&"+, ?'&#$('$DF#* J#$2$,5g d TE] '0 $22 "'& )6(+,1) +, &"# !$%6s H'23$,+3 
J',# )%66'(& 4#$)%($72# Venenivibrio M!N) $,5 L==8Q ] >^8eK '0 &"# cT8=K (#$5)@ +, '%( 
=:EEE Y6(+,1) C('V#3& )%(/#; 32$))+0+#5 $) Venenivibrio >C'*#( et al8: QE=R@8 Venenivibrio +) 
32#$(2; ,'& ($(#: $,5 &"# #,/+(',4#,&$2 3',5+&+',) &"$& )%66'(& &"# &$G', $2)' $66#$( ,'& &' 7# 
($(# >)## '%( #G6#(+4#,& *"#(# *# )%33#))0%22; 1(#* Venenivibrio +, "'& )6(+,1 *$&#( 0('4 
b#22'*)&',# F$&+',$2 C$(- >M7)+5+$, C''2@ >S+,#) cEeDc=E: $,5 Y%662#4#,&$(; B,0'(4$&+', 
Y#3&+',) =8e: Q8Q q !$72# Y=Q@8 

9# 5': "'*#/#(: (#3'1,+)# &"$& i,' +,5+3$&+', '0 1#,%)D2#/#2 #,5#4+)4l +) $ 2+&&2# )&(',1 $,5 )' 
"$/# +,32%5#5 &"# 0'22'*+,1 &#G& &'A iW-=""=<#"-="$)&$#(,&#.7'"-#;""-#3"E.3'"=#,&#,#7%-8').-#
.7#*"-"')8#3"&.+%').-#Q4TRS#;%'#'("3"#(,&#/"'#'.#;"#,#="&83)E').-#.7#*"-%&F+":"+#"-="$)&$#
.7#$)83..3*,-)&$&#)-#")'("3#"L'3"$"#.3#-.-F"L'3"$"#"-:)3.-$"-'&” >S+,#) `ecD`e`@8

^8 K+,'( 7%& +46'(&$,&8 B0 &"+) 1#,%) +) #,5#4+3 &' &"+) (#1+', $,5 1+/#, &"# I![\ "$) ,' 1#,'4#) +, 
&"#+( 5$&$7$)#: &"# $%&"'() )"'%25 7# (#U%+(#5 &' %62'$5 &"#+( H#,#,+/+7(+' K?I) &' FO\B &' +,3(#$)# &"# 
1#,'4+3 3$&$2'1 '0 H#,#,+/+7(+' 0('4 = 1#,'4# &' ^8 

Ø 9# $1(## *+&" &"# .#/+#*#(8 !"# 1#,'4# '0 Venenivibrio stagnispumantis OC8\QT +) +, FO\Bk) 
.#0Y#U )' +& *+22 7# $55#5 &' I![\ +, 5%# 3'%()#8 f'*#/#(: *"+2# &"# $%&"'() $(# )%66'(&#() '0 
'6#, )3+#,3#: *# $(# 7'%,5 7; &"# $1(##4#,&) *+&" '%( Kt'(+ 6$(&,#() $,5 $(# )&(',1 
6('6',#,&) '0 +,5+1#,'%) 5$&$ )'/#(#+1,&;8 M%( $1(##4#,&) (#U%+(# &"$& *# 5#6')+& '%( 
Venenivibrio K?I) +, $ 2'3$2 5$&$ (#6')+&'(;8 !"+) 5'#) ,'& 6(#32%5# $,;',#k) $33#)) &' &"# 
5$&$: 7%& 5'#) (#U%+(# 6#(4+))+', &' 7# )'%1"& 0('4 &"# +,5+1#,'%) '*,#( 0'( $33#)) n *# )## 
&"+) $) $ )4$22 $55+&+',$2 )&#68 ? 2+,- &' &"+) (#6')+&'(; +) 4#,&+',#5 +, &"# 4$,%)3(+6& %,5#( [$&$ 
?/$+2$7+2+&; >2+,#) TeEDTec@ $,5 +, &"# 3$6&+', 0'( !$72# Y=a8

Specific Sections.

?7)&($3& 
=8 2+,#) e`DeR8 O$, &"# $%&"'() (#0#(#,3# &"# 6(+'( *'(- "#(# $,5 32$(+0; &"# ,%47#( '0 )&%5; )+&#) $,5 &"# 
',#) H#,#,+/+7(+' +) 0'%,5 +,8 ?) +): (#$5) $ 7+& 3',0%)+,18 ?2)': 1+/#, &"# #46"$)+) ', &#46 $,5 6f: "'* 
$(# &"#)# 1#'&"#(4$2 )6(+,1) 5#0+,#5_ 

Ø ?) 6#( V'%(,$2 1%+5#2+,#): (#0#(#,3#) $(# ,'& 6#(4+&&#5 +, &"# $7)&($3& )' *# 2#$/# &"$& 5#3+)+', &' 
&"# 5+)3(#&+', '0 &"# W5+&'(8 9# "$/#: "'*#/#(: $2&#(#5 &"# &#G& &' (#5%3# &"# 3',0%)+', 
"+1"2+1"&#5 7; &"# .#/+#*#( $,5 32$(+0+#5 &"# ,%47#( '0 )&%5; )+&#) $,$2;)#5 $1$+,)& &"# #G$3& 
,%47#( *"#(# Venenivibrio *$) 0'%,58 9# $2)' +,32%5#5 &"# 6f $,5 &#46#($&%(# ($,1#) '0 &"# 
`R` )6(+,1) *"#(# Venenivibrio *$) 0'%,5 &' $,)*#( &"# (#/+#*#(k) )#3',5 U%#)&+', ', )6(+,1 
5#0+,+&+',8 !"# 2+,#) ,'* (#$5A iN3":).%&#$)83.;),+#8.$$%-)'/#,-,+/&)&#:),#012#3456#*"-"#
&"H%"-8)-*#.7#XKY#*".'("3$,+#&E3)-*&#73.$#'("#@,%EZ#9.+8,-)8#G.-"#Q@9GS<#6.'",3.,F5">#
G",+,-=<#3":",+"=#>)="&E3",=#=)&'3);%').-#,-=#,;%-=,-8"#.7#,#&)-*+"#;,8'"3),+#*"-%&#
,83.&&#1[1#.7#'("&"#"8.&/&'"$&#QEP#0?KFX?1#,-=#0\?UFXX?[#]MS?#P"3"<#>"#E3"&"-'#":)="-8"#
'.#&%**"&'#'(,'#'()&#*"-%&<#9"-"-):);3).#QE(/+%$#6H%)7)8.',S<#)&#"-="$)8#'.#6.'",3.,F5">#
G",+,-=l >S+,#) ecDea@8

Q8 2+,#) c=DcQ8 9"$& +) 4#$,& 7; p#,"$,3# "$7+&$& +)'2$&+',p_ 



Ø !"# 6"($)# (#0#() &' +,3(#$)#5 +)'2$&+', '0 Venenivibrio "$7+&$&) 0('4 ,#+1"7'%(+,1 7+'4#): 5%# 
&' &"# ,$(('* ($,1# '0 #,/+(',4#,&$2 3',5+&+',) +,5%3+/# &' 4$G+4$2 1('*&"8 9# "$/# 3"$,1#5 
&"# *'(5 ienhancesl &' i)-83",&"&l &' 32$(+0; +,&#(6(#&$&+', >S+,# ea@8 

e8 2+,#) c^DcT8 !"# 3',32%5+,1 )#,&#,3# 3'%25 %)# )'4# 32$(+0+3$&+',8 !"# 1#'1($6"+3 +)'2$&+', +) 
6(#5'4+,$,& 7#3$%)# H#,#,+/+7(+' +) 0'%,5 +, =EE) '0 )6(+,1) *"+2# $& &"# )$4# &+4# 2+4+&+,1 12'7$2 
5+)6#()$2 &' '&"#( 0$/'($72# #,/+(',4#,&)8 

Ø 9# "$/# $5V%)&#5 &"# 3',32%5+,1 )#,&#,3# $33'(5+,12;A i!"#8.-8+%="#'(,'#*".*3,E()8#
)&.+,').-<#8.$E+"$"-'"=#;/#E(/&)8.8("$)8,+#8.-&'3,)-'&<#(,&#3"&%+'"=#)-#'("#
"&',;+)&($"-'#.7#,-#"-="$)8#;,8'"3),+#*"-%&l >S+,#) cTDca@8

B,&('5%3&+', 

=8 2+,# ^E8 I#'1($6"+3 +)'2$&+', 5'#) ,'& p#,$72#p D 1#,# 02'* +) (#5%3#5 $22'*+,1 0'( 5+/#()+0+3$&+', 

Ø 9# "$/# 3"$,1#5 &"# )#,&#,3# &' +,32%5# &"# .#/+#*#(k) 3'44#,&A i6#8"-'3,+#'"-"'#.7#;).+.*/#
)&#'(,'#*".*3,E()8#)&.+,').-#3"=%8"&#*"-"#7+.>#>()8(#8,-#3"&%+'#)-#'("#":.+%').-#.7#-">#
&E"8)"&#Q)?"?<#,++.E,'3)8#&E"8),').-Sl >S+,#) ^QD^e@8 9# "$/# $2)' (#62$3#5 &"# *'(5 ienablesl +, 
&"# 4$,%)3(+6& &+&2# *+&" i7,8)+)','"&l8 B& ,'* (#$5)A i6++.E,'3)8#&E"8),').-#)-#'("#;,8'"3),+#
E(/+%$#6H%)7)8.',#7,8)+)','"&#*"-%&F+":"+#"-="$)&$#)-#6.'",3.,F5">#G",+,-=”. 

Q8 2+,#) ^=D^c8 B) &"# +)2$,5 7+'1#'1($6"; 4'5#2 &"# 4')& $66('6(+$&# "#(# $) +) 4$+,2; 5#&$+2) )6#3+#) 
(+3",#))8 K$;7# 3"$,1# &' &"# 9$22$3# S+,#_ ?2)' "$) 1#'1($6"+3 (#2#/$,3# "#(#_ 

Ø !"# $%&"'() &"$,- &"# .#/+#*#( 0'( &"+) )%11#)&+', $,5 "$/# $55#5 &"# '(+1+,$2 (#0#(#,3# &' &"# 
9$22$3# S+,# >9$22$3#: =R`e@ "#(#8 !"# $5V%)&#5 )#,&#,3# (#$5)A iP)&'.3)8,+#$.="+&#(,:"#
E3.E.&"=#'(,'#'("#E(/&)8,+#;,33)"3#.7#'("#.8",-#8,-#+)$)'#$)*3,').-#'.#)&+,-=#"8.&/&'"$&#
Q4TR2S<#E3.:.J)-*#'("#=):"3*"-8"#.7#=)&')-8'#&E"8)"&#'(,'#,3"#*".*3,E()8,++/#&"E,3,'"=#
,-=#)-)'),')-*#'("#7.3$,').-#.7#"-="$)8#',L,”. >S+,#) ^eD^`@8 9# )&+22 +,32%5# $ (#0#(#,3# &' &"# 
+)2$,5 7+'1#'1($6"; 4'5#2 $) *# 0##2 &"+) +) 4'(# )6#3+0+3 &' &"# 4+1($&+', 6('3#))#) '0 +)2$,5D
7$)#5 #3');)&#4): 2+-# &"')# 0'%,5 +, &"# ?'&#$('$DF#* J#$2$,5 $(3"+6#2$1'8 

e8 2+,#) ^`D^R8 B 5',X& $1(## *+&" &"# )&$&#4#,& p4+3('7+$2 &$G$ +, '&"#( ,',D#G&(#4# "$7+&$&) 6(#)#,& ,' 
2+4+&) &' 5+)6#()$2p D &"#(# $(# ,%4#('%) 6'6%2$&+', 2#/#2 $,$2;)#) )"'*+,1 1#'1($6"+3 +)'2$&+', '0 32$5#) 
+, )'+2) $,5 "')&D$))'3+$&#5 "$7+&$&)8 

Ø 9# $1(## &"$& &"# 1#,#($2+)$&+', '0 &"+) 3'44#,& *$) &'' )*##6+,1 $,5 "$/# 4'5+0+#5 &"# 
)#,&#,3# *"+3" ,'* (#$5)A iC)83.;),+#',L,#)-#.'("3#-.-F"L'3"$"#(,;)','&#,3"#E3"&"-'"=#>)'(#
7">"3#+)$)'&#'.#=)&E"3&,+#Q4TR2S<#3")-7.38)-*^?l >S+,#) ^RD^a@8 

c8 2+,# TQ8 p+)2$,5D2+-# "$7+&$&)p D )"'%25 $2)' (#0#(#,3# &"# O$5+22'Dj%+('Z 6$6#( "#(#: 7$)+3$22; &#)&) &"+) 
+5#$ +, $(3"$#$, 6'6%2$&+',)8 

Ø 9# $55#5 $ )#,&#,3# $7'%& &"+) )%11#)&#5 (#0#(#,3# +44#5+$&#2; $0&#( '(+1+,$2 2+,# TQA 
iAquificota are also predominantly microaerophilic, further restricting the range of environmental 
conditions amenable to growth and successful dispersal between ‘island-like’ habitats. W-=""=<#
"8.+.*)8,+#=)77"3"-'),').-#(,&#":"-#;""-#&%**"&'"=#'.#)-=%8"#&/$E,'3)8#&E"8),').-#>)'()-#
,-#,38(,",+#E.E%+,').-#.7#,#&)-*+"#(.'#&E3)-*l >S+,#) TQDT^@8 

^8 2+,# aT8 ,'& )%(# *"$& p#G32%)+/+&;p (#0#() &'_ #,5#4+)4_ 

Ø b#): *# $(# (#0#((+,1 &' #,5#4+)4 "#(# )' *# "$/# 32$(+0+#5 '%( +,&#,5#5 +,&#(6(#&$&+', +, &"# &#G& 
7; $55+,1 ?'&#$('$DF#* J#$2$,5A iD"-.$"#,-,+/&)&#)="-')7)"=#=)&')-*%)&()-*#8(,3,8'"3)&')8&#
'(,'#$,/#"LE+,)-#'("#"L8+%&):)'/#.7#'()&#',L.-#'.#6.'",3.,F5">#G",+,-=…l >S+,#) =E=D=Ec@8 



`8 2+,#) aaD=E=8 B *'%25 V%)& "+1"2+1"& &"$& &"# $%&"'() (#3',)&(%3&#5 K?I) 0('4 &"#+( )+&#) $) *#228 B& 
6('/+5#) #G&($ +,0'(4$&+', $,5 /$2+5+&; &' &"# 6";2'1#,'4+3 $,$2;)#)8 

Ø 9# "$/# $66#,5#5 &"# 0'22'*+,1 &#G& &' &"# $0'(#4#,&+',#5 )#,&#,3#A i…>()8(#>,&#
8.33.;.3,'"=#;/#'("#3"8.-&'3%8').-#.7#7.%3#9"-"-):);3).#C6D&#73.$#@9G#&E3)-*&l >S+,#) 
=EcD=ER@8

K#&"'5) D 1#,#($22; *#22 5'3%4#,&#5 
=8 K#,&+',#5 $7'/# 7%& "'* $(# &"# M!N) 5#0+,#5_ B 0+,5 $, +,&#(#)&+,1 3'46',#,& +) $))'3+$&+,1 &"# 
#,/+(',4#,&$2 5+)&(+7%&+',) '0 &"# M!N) &' (#2$&# &' 4+3('5+/#()+&;8 \%& +&X) %,32#$( *"$& 1#,#&+3 2#/#2 *# 
$(# *'(-+,1 *+&"8 

Ø ?) +& +) "$(5 &' 5#0+,# &"# #G$3& 1#,'&;6#) &"# M!N) (#6(#)#,& >+8#8: )6#3+#): )&($+,: '( )%7D)&($+, 
2#/#2@: *# 5#3+5#5 &' 0'3%) '%( $,$2;)#) $& &"# 1#,%) 2#/#28 9"+2# +,/#)&+1$&+,1 4+3('5+/#()+&; 
*+&"+, &"+) 1#,%): &"('%1" #,/+(',4#,&$2 5+)&(+7%&+',) '0 +,5+/+5%$2 M!N): +) 5#0+,+&#2; '0 +,&#(#)&: 
*# 0##2 &"$& &"+) 3',3#6& 0$22) '%&)+5# &"# )3'6# '0 &"# 3%((#,& 4$,%)3(+6&8 9# "$/# +)'2$&#5 ,+,# 
,'/#2 )&($+,) '0 Venenivibrio 0('4 !HJ )6(+,1) &"$& $(# 3%((#,&2; 7#+,1 3"$($3&#(+)#5 $,5 &"#)# 
+)'2$&#): $2',1 *+&" &"# 0'%( Venenivibrio K?I) 1#,#($&#5 "#(#: *'%25 6('/+5# $ 7#&&#( $/#,%# 
0'( +,/#)&+1$&+,1 &"# 4+3('5+/#()+&; 3',3#6& 6('6')#5 7; &"# (#/+#*#( +, 0%&%(# 4$,%)3(+6&)8

Q8 !"('%1"'%& &"# 6$6#(8 9"; ,'& 3',/#(& (#$5 ,%47#() &' (#2$&+/# $7%,5$,3#)_ B&X) /#(; 5+00+3%2& &' 
3('))D(#0#(#,3# &"# /$2%#) *"#, +&X) $ 2'& #$)+#( &' 3',3#6&%$2+Z# (#2$&+/# $7%,5$,3# ,%47#()8 r%(&"#(: 
)'4# 6$(&) '0 &"# 4$,%)3(+6& "$/# ] $7%,5$,3#)8 C2#$)# 4$-# &"#)# 3',)+)&#,& &"('%1"'%&8 

Ø ?22 0+1%(#) $,5 (#)%2&) "$/# 7##, 3"$,1#5 &' (#2$&+/# $7%,5$,3# +, 6#(3#,&8

e8 I#,#($2 (#4'/$2 '0 )%7V#3&+/# 2$,1%$1# &"('%1"'%&8 r'( +,)&$,3#: p)3(%&+,+Z#p: p#$)+2; +,/$2+5$&#5p: 
p)%7)&$,&+/#p: $,5 '&"#()8 

Ø iScrutinisel "$) 7##, 3"$,1#5 &' i"L,$)-"l: ieasilyl $,5 isubstantivel "$/# 7##, (#4'/#5: $,5 
isubstantivelyl "$) 7##, (#62$3#5 *+&" i8.-&)="3,;+/l8 

c8 2+,#) =RcD=RT8 9"$& +) 4#$,& 7; p#G32%)+/+&;p +, &"+) 3$)#_ O'%25 4#$, 6$,D1#,'4# >$2&"'%1" ,'& 
#,'%1" 1#,'4#) %,2#)) ;'% *#(# &' +,32%5# &"# K?I) $) *#22@ '( %,+U%# 1#,#) '( 4#&$7'2+3 6$&"*$;)_ 
C2#$)# #2$7'($&#8 

Ø 9# *#(# (#0#((+,1 &' &"# 6(#)#,3# '( $7)#,3# '0 %,+U%# 1#,#) '( 4#&$7'2+3 6$&"*$;) +, &"# 
OC8\QT 1#,'4#: 3'46$(#5 &' '&"#( 0$4+2; 4#47#(): &"$& 4+1"& #G62$+, *"; &"# 1#,%) +) 
#,5#4+3 &' ?'&#$('$DF#* J#$2$,58 9# "$/# $5V%)&#5 &"# &#G& &' 32$(+0; &"+)A iD"-"&#.7#)-'"3"&'#
73.$#'("#MN?OKT#*"-.$"#>"3"#,+&.#$,-%,++/#8.$E,3"=#'.#,++#,:,)+,;+"#
P/=3.*"-.'("3$,8","#*"-.$"&#)-#WCD#%&)-*#'("#R%-8').-#2",38(#'..+#'.#)="-')'/#
=)&')-*%)&()-*#8(,3,8'"3)&')8&#Q:),#%-)H%"#*"-"&#.3#$"',;.+)8#E,'(>,/&S#'(,'#$)*('#"LE+,)-#
'("#E%','):"#"L8+%&):)'/#.7#9"-"-):);3).#'.#6.'",3.,F5">#G",+,-=l >S+,#) =RaD=ae@8 

^8 2+,#) QeeDQec8 f'* 4$,; 4#&$1#,'4#) 32#$(#5 &"+) )#$(3" 0+2&#(_ ?2)': *"; *#(# 4$(+,# 
4#&$1#,'4#) +1,'(#5_ C2#,&; '0 #G$462#) '0 )%7D1#,#($ 5+00#(#,&+$&+', +, )$2+,# &'2#($,3#)8 

Ø !"# &'&$2 ,%47#( '0 4#&$1#,'4#) )3(##,#5 "#(# >noQE:QE`@ *$) +,32%5#5 +, &"# .#)%2&) 
)#3&+',: *+&" =RR '0 &"#)# )$462#) &$G','4+3$22; 32$))+0+#5 %)+,1 m($-#,Q8 9# "$/# $55+&+',$22; 
$55#5 &"+) ,%47#( &' &"# K#&"'5): $) 6#( &"# (#/+#*#(k) U%#(;8 

!"# !#((#)&(+$2 K#&$1#,'4# [$&$7$)# &"$& *$) %)#5 0'( &"+) )6#3+0+3 4#&$1#,'4# )#$(3" 5+5 ,'& 
+,32%5# 4$(+,#D$))'3+$&#5 4#&$1#,'4#): #G3#6& 0'( )+G ";5('&"#(4$2 /#,& )$462#)8 9# 5#3+5#5 
&' 0'3%) ',2; ', )%(0$3# 0#$&%(#) 0'( &"+) 6$(&+3%2$( $,$2;)+) $) *# 6('6')#5 "'& )6(+,1) *'%25 7# 
&"# 4')& 2+-#2; #,/+(',4#,& &' "$(7'%( Venenivibrio '%&)+5# '0 ?'&#$('$DF#* J#$2$,58 !"+) $2)' 



$22'*#5 $ &($3&$72# ,%47#( '0 )$462#) 0'( 4#&$1#,'4+3 32$))+0+3$&+', *"#(# "+1" 6#(0'(4$,3# 
3'46%&+,1 >fCO@ +) (#U%+(#58 

f'*#/#(: 4$(+,# 4#&$1#,'4#) were +,32%5#5 +, '%( )3(##,+,1 '0 Y.? %)+,1 &"# Y#U%#,3# 
!$G','4+3 ?,$2;)+) !''2 >5#&$+2) 0'%,5 +, &"# Y%662#4#,&$(; K#&"'5) Y#3&+', =8c8Q@ 
?55+&+',$22;: 4$(+,# $462+3', )$462#) $,5 =`Y (.F? 1#,# )#U%#,3#) *#(# $,$2;)#5 0('4 #$3" 
'0 &"# '&"#( #+1"& 5$&$7$)#) )3(##,#5 +, &"# )#3&+', &+&2#5 iGlobal search for 16S rRNA genes 
reported as, or closely related to, Venenivibriol: *"+3" +,32%5#5 cTQ )$462#) 0('4 &"# !$($ 
M3#$,) C('V#3& +, &"# B,&#1($&#5 K+3('7+$2 FIY 62$&0'(48 K'(# 5#&$+2) $7'%& &"#)# )#$(3"#) 3$, 
7# 0'%,5 +, Y#3&+',) =8c $,5 Q8e +, &"# Y%662#4#,&$(; K#&"'5) $,5 Y%662#4#,&$(; .#)%2&): 
(#)6#3&+/#2;8

`8 2+,#) QeaDQc^8 K#,&+',#5 $7'/#: 7%& *"$& $(# &"# 4$66+,1 &"(#)"'25) "#(#_ ?2)': *#(# &"# (#$5) 
4$66#5 +,5#6#,5#,&2; &' #$3" (#0#(#,3# 1#,'4# '( 4$66#5 +, 6$($22#2 &' &"# p7#)&p "+&_ \\K$6 "$) $ 
0%,3&+', 77)62+&8)" &' 4$6 &' 4%2&+62# (#0#(#,3#) $& &"# )$4# &+4#8 

Ø 9# %)#5 &"# )'0&*$(# 6('1($4 7'*&+#Q &' 4$6 0'%( 2'3$2 $,5 )+G 12'7$2 4#&$1#,'4#) &' 0'%( 
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4#&$YC?5#) 0'( $))#472;: $,5 7'&" K#&$\?!Q $,5 4$G7+,Q 0'( 7+,,+,18 9# "$/# $55#5 i>)'(#
="7,%+'#E,3,$"'"3&l &' &"+) )#,&#,3# >2+,# Q`=@8 
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$"',*"-.$"F,&&"$;+"=#*"-.$"&#QC6D&S?#@("#6@_62#:K?1,`#>.3J7+.>#Q4TRS#Q>)'(#="7,%+'#
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r$)&!(##Q 3$, 7# 0'%,5 +, C(+3# et al., QE=E *"+3" *# "$/# $55#5 &' &"# $0'(#4#,&+',#5 2+,#: 
$2',1 *+&" 7''&)&($66+,1 +,0'(4$&+',8 !"# )#3&+', ,'* (#$5)A i6-#,EE3.L)$,'"#$,L)$%$F
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&"+) 4$,%)3(+6& $& &"# #,5 '0 &"+) 2+,# >,'* 2+,#) ca=Dcae@8 

S+,#) cTQDcT`8 9# &"$,- &"# (#/+#*#( 0'( &"+) '7)#(/$&+', $,5 *# "$/# $55#5 &"# &#G& *+&" 
i,--.',').-#,+&.#8.-7)3$"=#7+,*"++,3#,&&"$;+/#,-=#,#3,-*"#.7#8("$.',L)&#*"-"&#Q@,;+"#
200Sl &' &"# I#,'4# ?,,'&$&+', )#3&+', '0 &"# .#)%2&) >,'* 2+,#) eREDeR=@8 

S+,#) ^=ED^=c8 I('*&" '0 OC8\QT +, F$O2 *$) (#6'(&#5 +, &"# .#)%2&) >2+,#) eTaDeRe +, &"# 
'(+1+,$2 )%74+&&#5 4$,%)3(+6&@ $,5 *# 6'+,& &"# (#$5#( &' !$72# Y=Q 0'( 5#&$+2#5 (#)%2&) ', &"+) 
)#3&+',8 B, $55+&+', &' 3',5%3&+/+&; >$) $ 6('G; 0'( )$2+,+&;@ 6(#)#,&#5 +, r+1%(# Q: *# 4#,&+',#5 
F$ )6#3+0+3$22; +, 2+,#) eQc $,5 eQ` +, &"# .#)%2&)8 !"# Y%662#4#,&$(; !$72#) YTDY=E $2)' 
3',&$+, )6#3+0+3 (#)%2&) $)3(+7+,1 &' &"# (#2$&+',)"+6 7#&*##, )$2+,+&; >(#6'(&#5 $) F$@ $,5 
Venenivibrio8 

Q8 2+,#) c^RDc`=8 ?1$+, )## .#)%2&) <=c8 !"#; 4+1"& 7# 3$6$72# '0 1('*+,1 $3(')) $ *+5# ($,1# 7%& 
$7%,5$,3#) 5+00#( 7; '(5#() '0 4$1,+&%5# *+&"+, $ ,$(('* ($,1#8 

Ø 9# "$/# $55#5 &"# *'(5 iE"3&)&'"-8"l &' &"+) 2+,# $) &"+) "+1"2+1"&) *# $(# ,'& (#0#((+,1 &' 
"$7+&$&) *+&" 4$G+4$2 $7%,5$,3# '0 &"# &$G', >2+,# ca`@8

e8 2+,#) c`cDc`T8 B &"+,- &"+) +) $, #G3#22#,& '66'(&%,+&; &' 5+)3%)) )%7D1#,#($ 5+/#()+0+3$&+', '0 
p4+3('5+/#()+&;p D ;'% '7)#(/# 1#,%) *+5# 5+)&(+7%&+',): 7%& &"#(# 3'%25 7# 6$(&+&+',+,1 $4',1 
4+3('5+/#()+&; 2+,#$1#)8 

Ø 9# $55#5 &"# 0'22'*+,1 )#,&#,3# +44#5+$&#2; 7#0'(# '(+1+,$2 2+,#) c`cDc`T: *+&" &"# (#0#(#,3# '0 
S$(-+, q K$(&+,;: QE=TA i@("#E3"&"-8"#.7#000#9"-"-):);3).#A@B&#,+&.#&%**"&'&#'(,'#'("3"#)&#
,#()*(#="*3""#.7#$)83.=):"3&)'/#>)'()-#'()&#*"-%&#Q4TRS<#>)'(#=):"3&)7)8,').-#$.&'#+)J"+/#
)-)'),'"=#;/#"-:)3.-$"-',+#E,3')').-)-*l >S+,#) ^E=D^Ee@8

c8 2+,#) cT`DcTa8 %,)%(# ', &"# p6('4'&+,1 1#,# 02'*p D ;'% 5' '7)#(/# )%7D1#,#($ 5+/#()+0+3$&+', 
#/+5#,3#5 7; =EE M!N): &"+) )%11#)&) &"#(# +) 5#6(#))#5 1#,# 02'* *+&"+, 2+,#$1#) +, &"+) 1#,%) 

Ø 9# "$/# 3"$,1#5 igene flowl &' i=)&&"$)-,').-l $) &"+) +) 4'(# (#6(#)#,&$&+/# '0 &"# +,&#,5#5 
4#$,+,1 0'( &"# )#,&#,3# n &"$& &"# 62$,-&',+3 2+0#)&;2# '0 Venenivibrio 6('4'&#) 5+)6#()$2 '0 $22 
6'6%2$&+',) $('%,5 &"# !HJ8 !"# $%&"'( +) 3'((#3& +, &"$& *# 5' ,'& ;#& -,'* &"# 2+4+&+,1 0$3&'() 
'0 1#,# 02'* $& $ 4+3('D"$7+&$& 2#/#2 >S+,# ^=R@8

^8 2+,#) cRRDca=8 B %,5#()&$,5 &"# ($&+',$2# "#(# 7%& +, &"# )$4# 5$&$)#& *"#(# H#,#,+/+7(+' +) "+1"2; 
$7%,5$,& &"#(# +) ,' 5#&#3&+', +, )#5+4#,&): 6#( 2+,#) cT`DcTa8 B 0+,5 &"# 2$3- '0 6(#)#,3# +) 2+-#2; 5%# &' 



&"# )$462+,1 7+$)#): #+&"#( 0('4 2$3- '0 1#'&"#(4$2 4#&$1#,'4#) >p',2;p =RR@ $,5P'( (#0#(#,3# )&($+,) &' 
3"$($3&#(+Z#8 

Ø S+,#) cT`DcTa (#0#((#5 &' $ 5+00#(#,& 5$&$)#&P)&%5; ', )#5+4#,&) 0('4 &"# )$4# '( )+4+2$( "'& 
)6(+,1) +, &"# !HJ >'%( )&%5; 0'3%)#5 )'2#2; ', *$&#( 3'2%4,)@8 9# $2)' )&$&# &"$& Venenivibrio
*$) not reported as an abundant community member +, &"# )#5+4#,& )&%5; *"+3" 4#$,) 
5#&#3&+', 3'%25 7# 6'))+72# +, 5#3(#$)#5 $7%,5$,3# *+&"+, &"#)# )#5+4#,& )$462#)8 9"#&"#( 
)$462+,1 7+$) +) &"# 4$+, (#$)', 0'( 2$3- '0 5#&#3&+', '%&)+5# '0 ?'&#$('$DF#* J#$2$,5 (#4$+,) 
&' 7# )##,8

`8 2+,# ^Ee8 (#4'/# p5+)$5/$,&$1#)p $,5 1#,#($22; (#/+)# &#G& "#(#8 f+1"2+1"& #,/+(',4#,&$2 )#2#3&+', $,5 
0+2&#(+,1 +,)&#$58 

Ø 9# "$/# (#62$3#5 &"# *'(5 idisadvantagesl *+&" i3"&'3)8'&l8 !"+) )#3&+', '0 &"# &#G& +) 5+)3%))+,1 
&"# 3$6$7+2+&; '0 Venenivibrio &' 5+)6#()# '%&)+5# '0 ?'&#$('$DF#* J#$2$,5 $,5 *# 6('6')#5 &"$& 
&"# +)'2$&#5 1#'1($6"; '0 &"# $(3"+6#2$1' +, &"# C$3+0+3 M3#$, +) $ 4$V'( 3',&(+7%&'( &' (#)&(+3&+,1 
&"+) 6('3#))8 !"#(#0'(#: *# "$/# ,'& (#/+)#5 &"# (#)& '0 &"# )#,&#,3#: 7%& *# "$/# $55#5 &"# 
6"($)# “…, ,++.>)-*#"-:)3.-$"-',+#7)+'"3)-*#'.#+)$)'#=)&E"3&,+#*+.;,++/l: $) 6#( &"# (#/+#*#(k) 
)%11#)&+', >S+,#) ^c=D^ce@8

T8 2+,#) ^eQD^e^8 O'%25 &%(7+5+&; 7# (#2$&#5 &' 4+G+,1 ($&"#( &"$, 6$(&+32#)_ O'%25 0+& +, 7#&&#( *+&" &"# 
5+)6#()$2 4#3"$,+)4) 6('6')#5 +, #$(2+#( )#3&+',) 

Ø !"# .#/+#*#( ($+)#) $ /$2+5 6'+,& 7%& 7$)#5 ', '7)#(/$&+',) '0 &"#)# "$7+&$&) +, &"# 0+#25: 4+G+,1 
'33%() $3(')) $22 &;6#) '0 1#'&"#(4$2 )6(+,1) +, &"# !HJ >#818: 7'&" $3+5D)%20$&# $,5 $2-$2+,#D
3"2'(+5# )6(+,1)@8 !"# $%&"'() #G6#3& &%(7+5+&; +) 4'(# 2+-#2; $))'3+$&#5 *+&" &"# 6f ($,1# >6f cD
`@ *"#(# 4$G+4$2 $7%,5$,3# '0 Venenivibrio +) 0'%,5 n )6(+,1) *+&"+, &"+) 6f ($,1# $(# &;6+3$22; 
)'%(3#5 0('4 7'&" 5##6 ";5('&"#(4$2 02%+5) $,5 )"$22'*#( 1('%,5*$&#( +,6%&)8 !"+) 2#$5) &' 
+,3(#$)#5 3',&$3& *+&" ,#+1"7'%(+,1 )'+2) $,5 )#5+4#,&) &"$& (#)%2& +, &%(7+5 *$&#( 3'2%4,) 0('4 
6(#3+6+&$&+', '0 4#&$2 )'2%&#): $,5 &"# )%)6#,)+', '0 /#(; 0+,# $4'(6"'%) $)" $,5 32$;) *+&"+, 
&"#)# 0#$&%(#)8

R8 2+,#) ^eaD^ce $,5 ^^ED^^e8 !"# 2$3- '0 YMu 6$&"*$; 3'%25 +,5+3$&# 3('))D0##5+,1_ M( '&"#( 
5#6#,5#,3; ', 3'44%,+&; 4#47#()_ O'%25 7# $, #G62$,$&+', '0 5+/#()+0+3$&+',_ ?2)' &"# ` ,#* )&($+,) 
$,5 6";)+'2'1+3$2 &($+&) )##4 "+1"2; (#2#/$,& 7%& $(#,X& +,32%5#5 +, &"# 3%((#,& 6$6#(8 

Ø !"# ,+,# (#3#,&2; +)'2$&#5 )&($+,) '0 Venenivibrio $(# )&+22 %,5#(1'+,1 3"$($3&#(+)$&+', $,5 $(# ,'& 
(#$5; &' 7# 0'(4$22; 6%72+)"#58 !"#; (#6(#)#,& &"# ,#G& )&$1# +, #2%3+5$&+,1 &"# #3'2'1+3$2 
4#3"$,+)4) '0 Venenivibrio $,5 $ )%7)#U%#,& 4$,%)3(+6& +) 7#+,1 6(#6$(#5 *+&" &"#)# 0+,5+,1)8 

9# $1(## &"$& 3('))D0##5+,1 '( 5#6#,5#,3; *+&" '&"#( 4#47#() '0 &"# 4+3('7+$2 3'44%,+&; 
3'%25 7# '33%((+,1 )' *# "$/# $55#5 &"# 0'22'*+,1 &#G& +, 7'25A iEither initial characterisation did 
not capture the full growth capabilities of the type strain<#&.$"#'/E"#.7#83.&&F7""=)-*#.3#
="E"-="-8/#)&#.88%33)-*#>)'(#.'("3#8.$$%-)'/#$"$;"3&, and/or there is much more 
diversity and physicochemical preferences at species/strain level represented by the 111 
Venenivibrio-assigned OTUs found in our analysisl >S+,#) ^TTD^R=@8 

a8 2+,#) ^R^D^aE8 B 5',X& 0'22'* "#(# )+,3# &"#(# $(# ,%4#('%) 6$6#() )"'*+,1 (#1+',$2 #,5#4+)4 +, 
6'6%2$&+',) $,5P'( )&(%3&%(#5 7; "')& 5+)&(+7%&+',)8 B *'%25 +,3'(6'($&# &"# O"' $,5 !+#5V# 6$6#( "#(# &' 
5+)3%)) #,5#4+)4 $) $ 0%,3&+', '0 1#,#&+3 (#)'2%&+',8 

Ø !"# 4$,%)3(+6& 5+)3%))#5 "#(# >S'%3$: QEQQ@ 7$)+3$22; (#+&#($&#) &"# )$4# 0+,5+,1 )&$&#5 7; &"# 
(#/+#*#(: &"$& 4+3('7+$2 #,5#4+)4 3$, '33%( $& $ /#(; 0+,# 1#,#&+3 (#)'2%&+',8 f'*#/#(: $,$2;)+) 
'0 e`:Ta^ *"'2# 1#,'4#) 0('4 T:EEE 2'3$&+',) $('%,5 &"# *'(25 0'%,5 4')& 4+3('7+$2 )6#3+#) 
$,5 )&($+,) $(# 12'7$22; 5+)&(+7%&#5: *"+3" 1(#$&2; +,3(#$)#) &"# ,'/#2&; '0 Venenivibrio $) $ 
6%&$&+/# #,5#4+3 1#,%)8 



9# "$/# +,32%5#5 O"' q !+#5V#: QEEE: $) )%11#)&#5 7; &"# (#/+#*#(A iEndemism has long been 
suggested for thermophiles in geothermal springs, where physical constraints and extreme 
physicochemistry create discrete, isolated microbial islands (REFS). W-=""=<#"-="$)&$#(,&#
.7'"-#;""-#3"E.3'"=#,&#,#7%-8').-#.7#*"-"')8#3"&.+%').-#Q4TRS#but there has yet been a 
description of genus-level endemism of microorganisms in either extreme or non-extreme 
environments” >S+,#) `ecD`e`@.

=E8 2+,#) ^a`D^aa8 BX4 ,'& 3',/+,3#5 7; &"# 4'2#3%2$( 32'3- $,$2;)#): &"#; $(# 3'$()# $,5 "$/# 4$))+/# 
#(('( 7$() $('%,5 &"# 5$&#)8 B&X) %,32#$( "'* (#2#/$,& &"+) *'%25 7# "#(#8 

Ø !"# .#/+#*#( +) 3'((#3& +, )&$&+,1 &"$& 4'2#3%2$( 32'3- $,$2;)#) %)+,1 &"# =`Y (.F? 1#,# 0'( 
4+3('7+$2 &$G$ $(# #G&(#4#2; 3'$()#: "#,3# *# "$/# ',2; +,&('5%3#5 &"+) 3',3#6& +, &"# 2$)& 
6$($1($6" '0 &"# [+)3%))+', )#3&+',8 B& +) $, $66('G+4$&+', ',2; $,5 *# 5' ,'& 32$+4 &"$& &"+) 
$,$2;)+) +) 5#0+,+&+/#8 B& +,+&+$&#) $, +,&#(#)&+,1 5+)3%))+', 6'+,& $('%,5 &"# ('2# '0 1#'2'1+3$2 
2$,54$)) )#6$($&+', +, &"# 5+/#()+0+3$&+', '0 4+3(''(1$,+)4) #)6#3+$22; +, FJ: *"+3" +) #G&(#4#2; 
(#2#/$,& &' &"# *#22D6('/#, 4$3('#3'2'1; 3',3#6& &"$& 1#'1($6"; 3$, 5(+/# &"# #/'2%&+', '0 2+0# 
', &"+) 62$,#&8 



.#/+#*#( <Q >.#4$(-) &' &"# ?%&"'(@A 

!"# 4$,%)3(+6& &+&2#5 p?22'6$&(+3 )6#3+$&+', +, &"# 7$3&#(+$2 6";2%4 ?U%+0+3'&$ #,$72#) 1#,%)D2#/#2 
#,5#4+)4 +, ?'&#$('$DF#* J#$2$,5:p $%&"'(#5 7; x#$, r8 C'*#( $,5 3'22#$1%#): 7%+25) %6', &"#+( 
6(#/+'%)2; 6%72+)"#5 *'(- *"+3" 0'3%)#5 ', 3"$($3&#(+Z+,1 &"# 4+3('7+$2 5+/#()+&; '0 $66('G+4$&#2; =EEE 
1#'&"#(4$2 )6(+,1) +, &"# !$%6s H'23$,+3 J',# '0 F#* J#$2$,5 %)+,1 =`Y (.F? $462+3', )#U%#,3#)8 B, 
&"#+( #$(2+#( )&%5;: &"#; '7)#(/#5 $ "+1" $7%,5$,3#: 5+/#()+&;: $,5 6(#/$2#,3# '0 ?U%+0+3'&$ 4#47#()8 B, 
&"+) 3%((#,& 4$,%)3(+6&: &"# $%&"'() $+4#5 &' 5#2/# 5##6#( +,&' &"# $,$2;)+) '0 ?U%+0+3$3#$# $,5 
f;5('1#,'&"#(4$3#$# 0$4+2+#): )6#3+0+3$22; #G62'(+,1 H#,#,+/+7(+' M!N)8 !"#+( +,/#)&+1$&+', +,/'2/#5 $ 
3'46(#"#,)+/# )&$&+)&+3$2 $,$2;)+) 3'((#2$&+,1 &"#)# M!N) *+&" 6";)+3'3"#4+3$2 6$($4#&#() $,5 
1#'1($6"+3 5+)&(+7%&+',8 

M,# '0 &"# 4')& ,'&$72# 0+,5+,1): *"+3" 0'(4) &"# 0'%,5$&+', '0 &"# #,&+(# $(&+32#: +) &"# 5+)3'/#(; &"$& 
H#,#,+/+7(+' 1#,%) 4#47#() *#(# #G32%)+/#2; +5#,&+0+#5 +, F#* J#$2$,5X) "'& )6(+,1) $,5 *#(# $7)#,& +, 
'&"#( 5$&$7$)#) 3',&$+,+,1 )+4+2$( #,/+(',4#,&)8 !"+) '7)#(/$&+', )%11#)&) $ "+1" 2#/#2 '0 )6#3+$2+Z$&+', 
&' &"#+( 7+'2'1+3$2 ,+3"# $,5 )+1,+0+3$,& 3"$22#,1#) +, 5+)6#()$2 /+$ 4$(+,# '( $+(7'(,# ('%&#)8 B 7#2+#/# &"# 
#G&#,)+/# 3'46$(+)',) 4$5# $1$+,)& 6%72+3 5$&$7$)#): 6$(&+3%2$(2; 3',)+5#(+,1 &"# +,32%)+', '0 =EEE 
1#'&"#(4$2 )6(+,1 )$462#): )&(',12; )%66'(& &"# ,'&+', '0 &"+) 1#,%) 7#+,1 #,5#4+38 ?55+&+',$22;: 
)&%5;+,1 6('3#))#) )%3" $) )6#3+$&+',: 5+/#()+0+3$&+',: 5+)6#()+',: $,5 )6#3+$2+Z$&+', +, 4+3('7+$2 
3'44%,+&+#) "'25) 1(#$& )+1,+0+3$,3# +, &"# 0+#25 '0 4+3('7+$2 #3'2'1; $,5 #/'2%&+',8 

M/#($22: &"# 4$,%)3(+6& +) *#22D'(1$,+Z#5 $,5 "+1"2; 3'46(#"#,)+72#: #00#3&+/#2; 6(#)#,&+,1 &"# $%&"'()X 
(#)#$(3" 0+,5+,1)8 

Ø !"# $%&"'() &"$,- &"# (#/+#*#( 0'( &"#+( 6')+&+/# 3'44#,&) ', &"# 4$,%)3(+6&8

K+,'( 3'44#,&)A 

S+,# eecDee`A r+1%(# ^ 5'#) ,'& $33%($&#2; (#02#3& &"# (#2$&+/# $7%,5$,3# '0 H#,#,+/+7(+' M!N): *"+3" 
($,1#) 0('4 E8R] &' e^] '0 &"# &'&$2 $7%,5$,3#8 B (#3'44#,5 &"$& &"# $%&"'() 3',)+5#( 4'5+0;+,1 &"# 
,%47#() &' (#6(#)#,& 6#(3#,&$1#) >4'5+0; =EEE $,5 eEEE 0'( 6#(3#,&$1#)@8 

Ø !"# $/#($1# (#2$&+/# $7%,5$,3# '0 Venenivibrio "$) 7##, 3"$,1#5 0('4 (#$5 ,%47#() &' 
6#(3#,&$1# +, r+1%(# ^ >6$,#2 ?@ $) (#U%#)&#5 7; 7'&" .#/+#*#()8

r+1%(# YeA B0 &"# 3+(32# )+Z# (#6(#)#,&) (#$5 $7%,5$,3#: B *'%25 2+-# 32$(+0+3$&+', ', *"$& &"# ,%47#() +, 
&"# 2#1#,5 (#6(#)#,&8 [' &"#; +,5+3$&# &"# ,%47#( '0 (#$5) $))+1,#5 &' H#,#,+/+7(+'_ !"# 2#1#,5 
3%((#,&2; )"'*) ,%47#() ($,1+,1 0('4 =EEE &' aEEE8 C2#$)# 6('/+5# $55+&+',$2 +,0'(4$&+', &' #,)%(# 
32$(+&; +, &"# 0+1%(# +,&#(6(#&$&+',8 

Ø b#): 7'&" &"# 3'2'%( $,5 )+Z# '0 3+(32#) (#0#() &' &"# ,%47#( '0 (#$5) $))+1,#5 &' Venenivibrio8 
9# "$/# 3"$,1#5 &"#)# &' 6#(3#,&$1# &' 7# 3',)+)&#,& *+&" &"# (#)& '0 &"# 4$,%)3(+6&8 !"# 
2#1#,5 &+&2# "$) $2)' 7##, 4'5+0+#5 0('4 iVenenivibrio abundance (reads)l &' “9"-"-):);3).#
3"+,'):"#,;%-=,-8"#QhS” &' $+5 32$(+&;8 

r+1%(# YcA !"# $%&"'() )"'%25 )6#3+0; *"#&"#( &"# \($;DO%(&+) +,5#G *$) 3$23%2$&#5 %)+,1 ',2; &"# 
(#2$&+/# $7%,5$,3# '0 H#,#,+/+7(+' M!N) '( +0 +& 3',)+5#(#5 &"# #,&+(# 4+3('7+$2 6'6%2$&+',8 Y6#3+0+3$22;: +& 
*'%25 7# "#260%2 &' -,'* +0 &"# $7%,5$,3# '0 H#,#,+/+7(+' M!N) *$) ,'(4$2+Z#5 &' =EE] 0'( &"# 
3$23%2$&+',8 

Ø !"# 5+)&$,3#D5#3$; 6$&&#(, *$) 3$23%2$&#5 %)+,1 ',2; Venenivibrio 6'6%2$&+',): 7$)#5 ', &"# 
(#2$&+/# $7%,5$,3#) '0 VenenivibrioD$))+1,#5 M!N)8 !"# M!N $7%,5$,3#) *#(# ,'& ,'(4$2+)#5 
6(+'( &' &"+) 3$23%2$&+',8 9# "$/# $55#5 “-.-F'3,-&7.3$"=” 7#0'(# $,5 “.-+/” $0&#( &"# 6"($)#
“9"-"-):);3). E.E%+,').-&” +, &"# 0+1%(# 3$6&+',8 

r+1%(# cA Y+4+2$( &' r+1%(# ^: +& *'%25 7# 7#,#0+3+$2 &' +,5+3$&# (#$5 $7%,5$,3# +, 6#(3#,&$1#)8 r'( 



+,)&$,3#: &"# /$2%# '0 `EEE 3'%25 (#6(#)#,& `E] '0 &"# &'&$2 4+3('7+$2 3'44%,+&;8 

Ø [',# $) (#U%#)&#58 

S+,# ec= n e^EA !"# $))#))4#,& '0 (#2$&+/# M!N $7%,5$,3# +, +,5+/+5%$2 )$462#) )'2#2; 7$)#5 ', r+1%(# 
Y^ 6')#) )'4# 3"$22#,1#) +, &#(4) '0 32$(+&; $,5 3'46(#"#,)+',8 

Ø !"# $%&"'() $1(## &"$& +5#,&+0;+,1 +,5+/+5%$2 )$462#) +, r+1%(# Y^ *"#(# c`T 1#'&"#(4$2 )6(+,1) 
$(# 6(#)#,&#5 5'#) 6(#)#,& )'4# 5+00+3%2&;8 M!Nw^ >4#5+%4 72%#@ $& `^ $,5 TT ] (#2$&+/# 
$7%,5$,3#: $) 4#,&+',#5 +, 2+,# ec^: 3$, 7# '7)#(/#5 +, &"# 9$+'&$6% 6$,#2 '0 r+1%(# Y^8 
f'*#/#(: M!NwQ```= >5$(- 72%#@: 4#,&+',#5 +, '(+1+,$2 2+,#) ecRDeca: (#4$+,) +,5+)&+,1%+)"$72# 
5%# &' &"# 1(#$& ,%47#( '0 )6(+,1) )$462#5 0('4 &"# .'&'(%$ 1#'&"#(4$2 0+#258 We have 
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Reviewer #1 (Remarks to the Author): 

In Powers et al. the authors further investigate an interesting finding from their previous work in 

documenting community-wide patterns across 1000 geothermal springs. Notably, they found that 

an abundant and widespread taxa, Venenivibrio, was classified in their sites but absent in global 

databases. 

Thank you to the authors for their responses and edits based on my original review. Many of the 

edits provided clarity on the manuscript. However, I am unsure on how much the revised version 

addresses my main critiques, mainly addressing processes governing microbial diversification. As 

the other reviewer also mentioned, the major significance of this paper is the investigation into 

speciation and diversification, not necessarily the observation of an endemic bacterial lineage. 

Even in their response, the authors state: "this manuscript proposes an endemic microbial genus, 

diversification within the genus was not a main focus". As currently presented, the revised version 

did not expand on the potentially interesting and novel findings that I found compelling in the 

original draft. Rather, the authors focused on smaller edits to clarify results and streamline the 

text. Given the SI is comprised of 59 pages (with 21 supplemental tables), it was difficult to track 

relevant results not presented in the main text, even in places the authors note in their responses 

are found in the supplement. 

Furthermore, as previously mentioned, I'm not convinced that an endemic genus is a novel result 

warranting publication in Nature Comm. as most assembled MAGs from environmental 

metagenomes could be inferred to be endemic due to the lack of reference genomes or 16S rRNA 

sequence in reference databases. This is a major over-simplification, as previously mentioned in 

my original review, given the authors did substantial analyses to document this genus. Ultimately, 

I am unconvinced that the present results, without addressing diversification, is expanding on prior 

knowledge in the field. For example, the community data (from the very impressive sampling of 

1000 springs) was presented in a prior report with this subsetting OTUs of interest for detailed 

figures showing relative abundances. Even the physiological data is constrained to one strain 

(N=1) questioning the robustness of the physiochemical constraints on growth, especially given 

the authors refusal to include other strains/genomes in these analyses to save for another 

publication. Finally, I understand the constraints in making data public due to reasons mentioned 

in the response, but the classification of an endemic species warrants inclusion in public databases 

without needing special approval. Without this, it precludes any other group investigating this 

bacterium from either a genomic or environmental perspective, as it would remain absent in future 

reference databases. 

Reviewer #2 (Remarks to the Author): 

The authors have revised and modified the manuscript according to the reviewer comments and all 

my concerns have been addressed. 



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

In Powers et al. the authors further investigate an interesting finding from their previous work 
in documenting community-wide patterns across 1000 geothermal springs. Notably, they 
found that an abundant and widespread taxa, Venenivibrio, was classified in their sites but 
absent in global databases.

Thank you to the authors for their responses and edits based on my original review. Many of 
the edits provided clarity on the manuscript. However, I am unsure on how much the revised 
version addresses my main critiques, mainly addressing processes governing microbial 
diversification. As the other reviewer also mentioned, the major significance of this paper is 
the investigation into speciation and diversification, not necessarily the observation of an 
endemic bacterial lineage. Even in their response, the authors state: "this manuscript 
proposes an endemic microbial genus, diversification within the genus was not a main 
focus". As currently presented, the revised version did not expand on the potentially 
interesting and novel findings that I found compelling in the original draft. Rather, the authors 
focused on smaller edits to clarify results and streamline the text. Given the SI is comprised 
of 59 pages (with 21 supplemental tables), it was difficult to track relevant results not 
presented in the main text, even in places the authors note in their responses are found in 
the supplement.

The authors thank Reviewer 1 for providing further critique to the manuscript. As the study is 
the first to suggest an endemic microbial genus, we focused on diversification between sister 
genera within the family Hydrogenothermaceae, not on diversification within the genus 
Venenivibrio itself. We highlighted genomic differentiation between these sister genera (via
comparative genomics and phylogenomics), while additionally investigating the geographic 
and environmental aspects that could have induced and promoted diversification within the 
family. These aspects are thoroughly discussed in the text. The authors still advocate 
diversification or “microdiversity” within the genus Venenivibrio is outside the scope of this 
current manuscript and will be dealt with in subsequent research. We note here, and below, 
that we have removed the text about other Venenivibrio isolates from the manuscript, which 
will be subject of future studies related to microdiversity in this genus.

We agree with the Reviewer that the substantial number of supplementary materials provide 
some difficulty in tracking relevant results. Adding even more results through analysis of 
diversification within the genus would further complicate an already data-rich manuscript. 
After adding supplementary methods to the main methods, and changing supplementary 
tables to supplementary data files as per editorial changes, the supplementary file is now 
reduced to 21 pages and is much easier to follow.

Furthermore, as previously mentioned, I'm not convinced that an endemic genus is a novel 
result warranting publication in Nature Comm. as most assembled MAGs from 
environmental metagenomes could be inferred to be endemic due to the lack of reference 
genomes or 16S rRNA sequence in reference databases. This is a major over-simplification, 
as previously mentioned in my original review, given the authors did substantial analyses to 
document this genus. Ultimately, I am unconvinced that the present results, without 
addressing diversification, is expanding on prior knowledge in the field. For example, the 



community data (from the very impressive sampling of 1000 springs) was presented in a 
prior report with this subsetting OTUs of interest for detailed figures showing relative 
abundances. Even the physiological data is constrained to one strain (N=1) questioning the 
robustness of the physiochemical constraints on growth, especially given the authors refusal 
to include other strains/genomes in these analyses to save for another publication. Finally, I 
understand the constraints in making data public due to reasons mentioned in the response, 
but the classification of an endemic species warrants inclusion in public databases without 
needing special approval. Without this, it precludes any other group investigating this 
bacterium from either a genomic or environmental perspective, as it would remain absent in 
future reference databases.

We acknowledge the Reviewer’s point regarding any MAGs being considered endemic due 
to lack of reference genomes/16S rRNA gene sequences in databases, but disagree that this 
opinion applies to the narrative of this manuscript. While we acknowledge that novel MAGs 
could be new genera and also be endemic to the country of origin, these MAGs are not 
characterised and (currently) do not have the same volume of evidence that supports 
endemicity that we have provided in this manuscript. Most importantly, the majority of MAGs 
found to be novel are due to rarity, whereas we clearly demonstrate that Venenivibrio is both 
widespread and abundant within Aotearoa-New Zealand. In our opinion, this makes the 
study suitable for publication in Nature Communications. 

The Reviewer is correct that the data used in this manuscript was collected during our prior 
study (Power et al., 2018), where analyses focused entirely at the community level. This 

current study has provided additional, stand-alone analyses on phylum- and genus-specific 
data, with results specifically relevant to our interpretation of genus-level endemism 
occurring within the Hydrogenothermaceae family.

Additionally, the genome of the type strain for Venenivibrio, V. stagnispumantis CP.B2T, is 
currently available in NCBI and IMG/G, which allows the genus to be investigated by other 
groups and thus will not preclude its use in future reference databases. The four local MAGs 
generated for this study are deposited in the Aotearoa Genomic Data Repository for reasons 
stated in the Data Availability statement; we defer to the Editor/Nature Communications with 
respect to the suitability for this arrangement.

Finally, we acknowledge that reporting that we have isolated novel Venenivibrio strains 
creates an expectation that characterisation data is made public as part of this manuscript. 
In response, we have removed all mentions of these additional isolates from the manuscript 
text. We have also modified the title to align with editorial suggestions. 

Reviewer #2 (Remarks to the Author):

The authors have revised and modified the manuscript according to the reviewer comments 
and all my concerns have been addressed.

The authors thank Reviewer 2 for their positive and concise assessment.


