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ABSTRACT

We report the 4.55-Mbp genome of “CandidatusFluviicola riflensis” 
(Bacteroidetes) that was manually curated to completion from Illumina data. 
“Ca. Fluviicola riflensis” is a facultative anaerobe. Its ability to grow over a range
of O2 levels may favor its proliferation in an aquifer adjacent to the Colorado 
River in the United States.

GENOME ANNOUNCEMENT

We used genome-resolved metagenomics to investigate a bacterium that is 
abundant in an aquifer near Rifle, CO, USA. Previously, ~1,300 unique draft and 
6 complete genomes were reported from the groundwater and sediments of this
site, making it one of the most comprehensively genomically described 
environments to date (1  –  5  ). Groundwater was collected during an episode in 
which dissolved O2concentrations were seasonally elevated for a short duration. 
Cells were captured onto 1.2-, 0.2-, and 0.1-µm filters. Using IDBA-UD, 150-bp 
paired-read Illumina data were assembled (3).
The initial genomic bin comprised six scaffolds of 107 to 1.7 Mbp (3). Local 
assembly errors were investigated using ra2 
(https://github.com/christophertbrown/fix_assembly_errors) and unresolved 
problems corrected by manual analysis. A large repeat-bearing gene was 
deciphered based on paired-read information, and two rRNA operons were 
recovered by sequential sequence extension. All scaffolds were joined based on 
sequence overlap with paired-read support. The rRNA genes shared highest 
similarity with those of Fluviicola taffensis DSM 16823, for which there is a 
complete genome (96% 16S rRNA identity [6]). The complete (circularized, no 
gaps) genome is 4.551 Mbp (42.82% GC content), has 36 tRNA genes, and has 
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3,910 predicted proteins. To our knowledge, complete curation of such a large 
genome from metagenomic short-read data is unprecedented. Genome 
accuracy was confirmed based on the cumulative GC skew from the origin to the
terminus of replication. The proposed species name, “Candidatus Fluviicola 
riflensis,” honors the history of microbiology at the Rifle site.
We used iRep and bPTR to evaluate the in situreplication rate (7). Both values 
were ~1.1, indicating that a minority of cells were actively growing. Given its 
already high abundance, this may reflect substrate limitation.
We predict that “Ca. Fluviicola riflensis” can make nucleic acids and most amino
acids and produce a Gram-negative cell envelope containing phosphatidyl 
ethanolamine, phosphatidylcholine, and lycopene (possibly with O-antigen 2,3-
diacetamido-2,3-dideoxy-α-D-mannuronate). It has genes for pili and gliding 
motility, 41 PKD domain proteins, and many other large putative cell surface 
proteins, including a 2,692-amino acid FG GAP domain-containing repeat protein
probably involved in adhesion.
Unlike F. taffensis, we infer that “Ca. Fluviicola riflensis” is a facultative 
anaerobe. Encoded is the potential for breakdown of cellulose, cellobiose, 
hemicellulose, and chitobiose; the glycolysis pathway; complete tricarboxylic 
acid (TCA) cycle; and an aerobic electron transport chain. The genome encodes 
enzymes for radical detoxification, including alkyl hydroperoxide reductase, 
superoxide dismutase, and multiple cytochrome c peroxidases. It appears to 
have genes for conversion of nitroalkanes to nitrite, the degradation of aromatic
compounds, and two operons involved in the degradation of phenylacetate via 
an oxygenase (aerobic pathway [8]). Consistent with the ability to grow without 
O2, it synthesizes menaquinone (normally involved in an anaerobic electron 
transport chain [9]) and has the capacity for fermentation to acetate and D-
lactate. Also present are genes involved in amino acid degradation, which could 
represent a primary energy source.
Accession number(s).The genome of “CandidatusFluviicola riflensis” is 
available at the DDBJ/EMBL/GenBank database under accession 
number CP022585 (version CP022585.1) and at ggKbase.

ACKNOWLEDGMENT

This work was supported by the Lawrence Berkeley National Laboratory’s 
Genomes to Watershed Scientific Focus Area funded by the U.S. Department of 
Energy, Office of Science, Office of Biological and Environmental Research under
contract DE-AC02-05CH11231.

FOOTNOTES

 Address correspondence to Jillian F. Banfield, jbanfield@berkeley.edu.

mailto:jbanfield@berkeley.edu
http://www.ncbi.nlm.nih.gov/nuccore/CP022585
https://mra.asm.org/content/5/47/e01299-17#ref-9
https://mra.asm.org/content/5/47/e01299-17#ref-8
https://mra.asm.org/content/5/47/e01299-17#ref-7


 Citation Banfield JF, Anantharaman K, Williams KH, Thomas BC. 2017. 

Complete 4.55-megabase-pair genome of “Candidatus Fluviicola riflensis,” 

curated from short-read metagenomic sequences. Genome Announc 5:e01299-

17. https://doi.org/10.1128/genomeA.01299-17.

 Received 17 October 2017.

 Accepted 23 October 2017.

 Published 22 November 2017.

 Copyright © 2017 Banfield et al.

This is an open-access article distributed under the terms of the Creative 
Commons Attribution 4.0 International license.

REFERENCES

1. 1.↵

1. Castelle CJ, 

2. Wrighton KC, 

3. Thomas BC, 

4. Hug LA, 

5. Brown CT,

6. Wilkins MJ, 

7. Frischkorn KR, 

8. Tringe SG, 

9. Singh A, 

10. Markillie LM,

11. Taylor RC, 

12. Williams KH, 

13. Banfield JF

. 2015. Genomic expansion of domain archaea highlights roles for organisms from new phyla in 

anaerobic carbon cycling. Curr Biol 25:690–701.doi:10.1016/j.cub.2015.01.014.

CrossRef  PubMed  Google Scholar  

2. 2.↵

1. Wrighton KC, 

2. Thomas BC, 

3. Sharon I, 

4. Miller CS, 

https://mra.asm.org/lookup/external-ref?access_num=10.1016/j.cub.2015.01.014&link_type=DOI
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=CJ+Castelle&author%5B1%5D=KC+Wrighton&author%5B2%5D=BC+Thomas&author%5B3%5D=LA+Hug&author%5B4%5D=CT+Brown&author%5B5%5D=MJ+Wilkins&author%5B6%5D=KR+Frischkorn&author%5B7%5D=SG+Tringe&author%5B8%5D=A+Singh&author%5B9%5D=LM+Markillie&author%5B10%5D=RC+Taylor&author%5B11%5D=KH+Williams&author%5B12%5D=JF+Banfield&title=Genomic+expansion+of+domain+archaea+highlights+roles+for+organisms+from+new+phyla+in+anaerobic+carbon+cycling&publication_year=2015&journal=Curr+Biol&volume=25&pages=690-701
https://mra.asm.org/lookup/external-ref?access_num=25702576&link_type=MED&atom=%2Fga%2F5%2F47%2Fe01299-17.atom
https://mra.asm.org/content/5/47/e01299-17#xref-ref-1-1
https://mra.asm.org/content/5/47/e01299-17#xref-ref-2-1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/genomeA.01299-17


5. Castelle CJ,

6. VerBerkmoes NC, 

7. Wilkins MJ, 

8. Hettich RL, 

9. Lipton MS, 

10. WilliamsKH, 

11. Long PE, 

12. Banfield JF

. 2012. Fermentation, hydrogen, and sulfur metabolism in multiple uncultivated bacterial 

phyla.Science 337:1661–1665. doi:10.1126/science.1224041.

Abstract/FREE Full TextGoogle Scholar

3. 3.↵

1. Anantharaman K, 

2. Brown CT, 

3. Hug LA, 

4. Sharon I, 

5. Castelle CJ,

6. Probst AJ, 

7. Thomas BC, 

8. Singh A, 

9. Wilkins MJ, 

10. Karaoz U, 

11. BrodieEL, 

12. Williams KH, 

13. Hubbard SS, 

14. Banfield JF

. 2016. Thousands of microbial genomes shed light on interconnected biogeochemical processes 

in an aquifer system. Nat Commun 7:13219.doi:10.1038/ncomms13219.

CrossRef  PubMed  Google Scholar  

4. 4.↵

1. Hug LA, 

2. Thomas BC, 

3. Sharon I, 

4. Brown CT, 

5. Sharma R,

6. Hettich RL, 

https://mra.asm.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6Mzoic2NpIjtzOjU6InJlc2lkIjtzOjEzOiIzMzcvNjEwMi8xNjYxIjtzOjQ6ImF0b20iO3M6MjM6Ii9nYS81LzQ3L2UwMTI5OS0xNy5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=K+Anantharaman&author%5B1%5D=CT+Brown&author%5B2%5D=LA+Hug&author%5B3%5D=I+Sharon&author%5B4%5D=CJ+Castelle&author%5B5%5D=AJ+Probst&author%5B6%5D=BC+Thomas&author%5B7%5D=A+Singh&author%5B8%5D=MJ+Wilkins&author%5B9%5D=U+Karaoz&author%5B10%5D=EL+Brodie&author%5B11%5D=KH+Williams&author%5B12%5D=SS+Hubbard&author%5B13%5D=JF+Banfield&title=Thousands+of+microbial+genomes+shed+light+on+interconnected+biogeochemical+processes+in+an+aquifer+system&publication_year=2016&journal=Nat+Commun&volume=7
https://mra.asm.org/lookup/external-ref?access_num=27774985&link_type=MED&atom=%2Fga%2F5%2F47%2Fe01299-17.atom
https://mra.asm.org/lookup/external-ref?access_num=10.1038/ncomms13219&link_type=DOI
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=KC+Wrighton&author%5B1%5D=BC+Thomas&author%5B2%5D=I+Sharon&author%5B3%5D=CS+Miller&author%5B4%5D=CJ+Castelle&author%5B5%5D=NC+VerBerkmoes&author%5B6%5D=MJ+Wilkins&author%5B7%5D=RL+Hettich&author%5B8%5D=MS+Lipton&author%5B9%5D=KH+Williams&author%5B10%5D=PE+Long&author%5B11%5D=JF+Banfield&title=Fermentation,+hydrogen,+and+sulfur+metabolism+in+multiple+uncultivated+bacterial+phyla&publication_year=2012&journal=Science&volume=337&pages=1661-1665
https://mra.asm.org/content/5/47/e01299-17#xref-ref-2-1
https://mra.asm.org/content/5/47/e01299-17#xref-ref-2-1


7. Wilkins MJ, 

8. Williams KH, 

9. Singh A, 

10. Banfield JF

. 2016.Critical biogeochemical functions in the subsurface are associated with bacteria from new 

phyla and little studied lineages. Environ Microbiol 18:159–173. doi:10.1111/1462-2920.12930.

CrossRef  Google Scholar  

5. 5.↵

1. Brown CT, 

2. Hug LA, 

3. Thomas BC, 

4. Sharon I, 

5. Castelle CJ,

6. Singh A, 

7. Wilkins MJ, 

8. Wrighton KC, 

9. Williams KH, 

10. Banfield JF

.2015. Unusual biology across a group comprising more than 15% of domain 

Bacteria. Nature 523:208–211.doi:10.1038/nature14486.

CrossRef  PubMed  Google Scholar  

6. 6.↵

1. Woyke T, 

2. Chertkov O, 

3. Lapidus A, 

4. Nolan M, 

5. Lucas S, 

6. Del Rio TG, 

7. Tice H, 

8. Cheng JF, 

9. Tapia R, 

10. Han C, 

11. Goodwin L, 

12. PitluckS, 

13. Liolios K, 

14. Pagani I, 

https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=CT+Brown&author%5B1%5D=LA+Hug&author%5B2%5D=BC+Thomas&author%5B3%5D=I+Sharon&author%5B4%5D=CJ+Castelle&author%5B5%5D=A+Singh&author%5B6%5D=MJ+Wilkins&author%5B7%5D=KC+Wrighton&author%5B8%5D=KH+Williams&author%5B9%5D=JF+Banfield&title=Unusual+biology+across+a+group+comprising+more+than+15%25+of+domain+Bacteria&publication_year=2015&journal=Nature&volume=523&pages=208-211
https://mra.asm.org/lookup/external-ref?access_num=26083755&link_type=MED&atom=%2Fga%2F5%2F47%2Fe01299-17.atom
https://mra.asm.org/lookup/external-ref?access_num=10.1038/nature14486&link_type=DOI
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=LA+Hug&author%5B1%5D=BC+Thomas&author%5B2%5D=I+Sharon&author%5B3%5D=CT+Brown&author%5B4%5D=R+Sharma&author%5B5%5D=RL+Hettich&author%5B6%5D=MJ+Wilkins&author%5B7%5D=KH+Williams&author%5B8%5D=A+Singh&author%5B9%5D=JF+Banfield&title=Critical+biogeochemical+functions+in+the+subsurface+are+associated+with+bacteria+from+new+phyla+and+little+studied+lineages&publication_year=2016&journal=Environ+Microbiol&volume=18&pages=159-173
https://mra.asm.org/lookup/external-ref?access_num=10.1111/1462-2920.12930&link_type=DOI
https://mra.asm.org/content/5/47/e01299-17#xref-ref-6-1
https://mra.asm.org/content/5/47/e01299-17#xref-ref-5-1


15. Ivanova N, 

16. Huntemann M, 

17. Mavromatis K,

18. Mikhailova N, 

19. Pati A, 

20. Chen A, 

21. Palaniappan K, 

22. Land M, 

23. Hauser L,

24. Brambilla EM, 

25. Rohde M, 

26. Mwirichia R, 

27. Sikorski J, 

28. Tindall BJ,

29. Göker M, 

30. Bristow J, 

31. Eisen JA, 

32. Markowitz V, 

33. Hugenholtz P, 

34. KlenkHP, 

35. Kyrpides NC

. 2011. Complete genome sequence of the gliding freshwater bacterium Fluviicola taffensis type 

strain (RW262). Stand Genomic Sci 5:21–29.doi:10.4056/sigs.2124912.

CrossRef  PubMed  Google Scholar  

7. 7.↵

1. Brown CT, 

2. Olm MR, 

3. Thomas BC, 

4. Banfield JF

. 2016.Measurement of bacterial replication rates in microbial communities. Nat 

Biotechnol 34:1256–1263.doi:10.1038/nbt.3704.

CrossRef  Google Scholar  

8. 8.↵

1. Teufel R, 

2. Mascaraque V, 

3. Ismail W, 

https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=CT+Brown&author%5B1%5D=MR+Olm&author%5B2%5D=BC+Thomas&author%5B3%5D=JF+Banfield&title=Measurement+of+bacterial+replication+rates+in+microbial+communities&publication_year=2016&journal=Nat+Biotechnol&volume=34&pages=1256-1263
https://mra.asm.org/lookup/external-ref?access_num=10.1038/nbt.3704&link_type=DOI
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=T+Woyke&author%5B1%5D=O+Chertkov&author%5B2%5D=A+Lapidus&author%5B3%5D=M+Nolan&author%5B4%5D=S+Lucas&author%5B5%5D=TG+Del%20Rio&author%5B6%5D=H+Tice&author%5B7%5D=JF+Cheng&author%5B8%5D=R+Tapia&author%5B9%5D=C+Han&author%5B10%5D=L+Goodwin&author%5B11%5D=S+Pitluck&author%5B12%5D=K+Liolios&author%5B13%5D=I+Pagani&author%5B14%5D=N+Ivanova&author%5B15%5D=M+Huntemann&author%5B16%5D=K+Mavromatis&author%5B17%5D=N+Mikhailova&author%5B18%5D=A+Pati&author%5B19%5D=A+Chen&author%5B20%5D=K+Palaniappan&author%5B21%5D=M+Land&author%5B22%5D=L+Hauser&author%5B23%5D=EM+Brambilla&author%5B24%5D=M+Rohde&author%5B25%5D=R+Mwirichia&author%5B26%5D=J+Sikorski&author%5B27%5D=BJ+Tindall&author%5B28%5D=M+G%C3%B6ker&author%5B29%5D=J+Bristow&author%5B30%5D=JA+Eisen&author%5B31%5D=V+Markowitz&author%5B32%5D=P+Hugenholtz&author%5B33%5D=HP+Klenk&author%5B34%5D=NC+Kyrpides&title=Complete+genome+sequence+of+the+gliding+freshwater+bacterium+Fluviicola+taffensis+type+strain+(RW262)&publication_year=2011&journal=Stand+Genomic+Sci&volume=5&pages=21-29
https://mra.asm.org/lookup/external-ref?access_num=22180807&link_type=MED&atom=%2Fga%2F5%2F47%2Fe01299-17.atom
https://mra.asm.org/lookup/external-ref?access_num=10.4056/sigs.2124912&link_type=DOI
https://mra.asm.org/content/5/47/e01299-17#xref-ref-8-1
https://mra.asm.org/content/5/47/e01299-17#xref-ref-7-1


4. Voss M, 

5. Perera J,

6. Eisenreich W, 

7. Haehnel W, 

8. Fuchs G

. 2010. Bacterial phenylalanine and phenylacetate catabolic pathway revealed.Proc Natl Acad Sci 

U S A 107:14390–14395.doi:10.1073/pnas.1005399107.

Abstract/FREE Full TextGoogle Scholar

9. 9.↵

1. Jiang M, 

2. Cao Y, 

3. Guo Z-F, 

4. Chen Minjiao, 

5. Chen X, 

6. Guo Z

.2007. Menaquinone biosynthesis in Escherichia coli: identification of 2-succinyl-5-enolpyruvyl-6-

hydroxy-3-cyclohexene-1-carboxylate as a novel intermediate and re-evaluation of MenD 

activity. Biochemistry 46:10979–10989.doi:10.1021/bi700810x.

CrossRef  PubMed  Web of Science  Google Scholar  
View Abstract 

https://mra.asm.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6NDoicG5hcyI7czo1OiJyZXNpZCI7czoxMjoiMTA3LzMyLzE0MzkwIjtzOjQ6ImF0b20iO3M6MjM6Ii9nYS81LzQ3L2UwMTI5OS0xNy5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=M+Jiang&author%5B1%5D=Y+Cao&author%5B2%5D=Z-F+Guo&author%5B3%5D=Minjiao+Chen&author%5B4%5D=X+Chen&author%5B5%5D=Z+Guo&title=Menaquinone+biosynthesis+in+Escherichia+coli:+identification+of+2-succinyl-5-enolpyruvyl-6-hydroxy-3-cyclohexene-1-carboxylate+as+a+novel+intermediate+and+re-evaluation+of+MenD+activity&publication_year=2007&journal=Biochemistry&volume=46&pages=10979-10989
https://mra.asm.org/lookup/external-ref?access_num=000249560200022&link_type=ISI
https://mra.asm.org/lookup/external-ref?access_num=17760421&link_type=MED&atom=%2Fga%2F5%2F47%2Fe01299-17.atom
https://mra.asm.org/lookup/external-ref?access_num=10.1021/bi700810x&link_type=DOI
https://mra.asm.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author%5B0%5D=R+Teufel&author%5B1%5D=V+Mascaraque&author%5B2%5D=W+Ismail&author%5B3%5D=M+Voss&author%5B4%5D=J+Perera&author%5B5%5D=W+Eisenreich&author%5B6%5D=W+Haehnel&author%5B7%5D=G+Fuchs&title=Bacterial+phenylalanine+and+phenylacetate+catabolic+pathway+revealed&publication_year=2010&journal=Proc+Natl+Acad+Sci+U+S+A&volume=107&pages=14390-14395
https://mra.asm.org/content/5/47/e01299-17#xref-ref-9-1
https://mra.asm.org/content/5/47/e01299-17.abstract

	Complete 4.55-Megabase-Pair Genome of “Candidatus Fluviicola riflensis,” Curated from Short-Read Metagenomic Sequences
	ABSTRACT
	GENOME ANNOUNCEMENT
	ACKNOWLEDGMENT
	FOOTNOTES
	REFERENCES




