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Complete Genome Sequence of Methanosphaerula palustris E1-9CT, a
Hydrogenotrophic Methanogen Isolated from a Minerotrophic Fen
Peatland

Hinsby Cadillo-Quiroz,a,b Patrick Browne,a Nikos Kyrpides,c Tanja Woyke,c Lynne Goodwin,d Chris Detter,d Joseph B. Yavitt,e

Stephen H. Zinderf

School of Life Sciences, Arizona State University, Tempe, Arizona, USAa; Swette Center for Environmental Biotechnology at the Biodesign Institute, Arizona State
University, Tempe, Arizona, USAb; Department of Energy, Joint Genome Institute, Walnut Creek, California, USAc; Los Alamos National Laboratory, Los Alamos, New
Mexico, USAd; Department of Natural Resources, Cornell University, Ithaca, New York, USAe; Department of Microbiology, Cornell University, Ithaca, New York, USAf

Here, we report the complete genome sequence (2.92 Mb) of Methanosphaerula palustris E1-9CT, a methanogen isolated from a
minerotrophic fen. This is the first genome report of the Methanosphaerula genus, within the Methanoregulaceae family, in the
Methanomicrobiales order. E1-9CT relatives are found in a wide range of ecological and geographical settings.

Received 16 September 2015 Accepted 28 September 2015 Published 5 November 2015

Citation Cadillo-Quiroz H, Browne P, Kyrpides N, Woyke T, Goodwin L, Detter C, Yavitt JB, Zinder SH. 2015. Complete genome sequence of Methanosphaerula palustris E1-9CT, a
hydrogenotrophic methanogen isolated from a minerotrophic fen peatland. Genome Announc 3(6):e01280-15. doi:10.1128/genomeA.01280-15.

Copyright © 2015 Cadillo-Quiroz et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.

Address correspondence to Hinsby Cadillo-Quiroz, hinsby@asu.edu.

Methanosphaerula palustris E1-9CT, a hydrogenotrophic
methanogen, isolated from a minerotrophic fen (1), was

identified as a novel species and genus (2) in the family Methano-
regulaceae (3). All five species of the Methanoregulaceae were iso-
lated from different environments, including acidic or neutral
peatlands, bioreactors, or rice fields (3). Physiological variability
has been observed across the five species, and the genetic basis of
these differences is not yet clearly understood. For instance, E1-
9CT and Methanoregula boonei 6A8T were isolated from contrast-
ing peatlands, and showed significant morphological and growth
differences (2). Moreover, the abundance of their related phylo-
types showed differential distribution in nearby peatlands: E1-
9CT types were dominant in minerotrophic fen and minimal in
acidic oligotrophic bog, while 6A8T had the opposite pattern (1).
The functional and genomic basis for their differential distribu-
tion requires further evaluation. Here, we provide the first ge-
nome report in the genus Methanosphaerula.

The E1-9CT genome was completed by Sanger sequencing (6-
and 40-Kb fosmid libraries) and 454 pyrosequencing, producing a
9� coverage of the final genome. The Phred/Phrap/Consed soft-
ware was used for sequence assembly and quality assessment (4–
6). Possible misassemblies were corrected with Dupfinisher (7) or
transposon bombing of bridging clones (Epicentre). Gaps be-
tween contigs were closed by Consed editing, primer walking, or
PCR amplification. Evaluation of functional annotations and
comparative analyses were done using the Integrated Microbial
Genomes (IMG-ER) platform (8).

The genome sequence length was 2,922,917 bp with a G�C
content of 55.35%. The genome contains 2,792 protein-coding
sequences, 137 pseudogenes, 55 tRNA genes, and 3 complete
rRNA operons. A total of 64.5% of the open reading frames
(1,844) are protein-coding genes with function predictions.

Analysis of NCBI Clusters of Orthologous Groups (COG) cat-
egories showed the presence of all genes involved in hydrog-

enotrophic methanogenesis, as well as genes for formate dehydro-
genase and formate transport. This supports observations of only
H2/CO2 and formate utilization for growth and methane produc-
tion (2). A new putative trait, also recently identified in M. boonei
6A8T (9), is the presence of three redundant mechanisms for K�

transport (trk, kup, and kdp). The ATP-driven kdp K� uptake
system is common in bacteria and its presence in methanogens has
been suggested as the product of horizontal gene transfer (9). The
E1-9CT genome shows the presence of 244 putative transporters,
where some have no homology to equivalent transporters in close
relatives, as in the case of two sets of molybdate transporters (loci:
Mpal_210-212, Mpal_1582-1585) in the ABC transporters super-
family. Molybdenum is required for early enzymatic steps of some
hydrogenotrophic or formate-utilizing methanogens (10), and
structural differences in transporters could play roles on specific-
ity or affinities with possible consequences in the microbe’s life-
style.

The E1-9CT genome includes one CRISPR locus, along with
nine CRISPR-associated genes. This feature is absent in 6A8T, al-
though it is present in the close relative Methanolinea tarda NOBI-
1T. This suggests differential dynamics for genomic interactions
with exogenous sources, including viruses or plasmids (11),
among closely related methanogens.

Further comparative analyses of multiple Methanoregulaceae
genomes, or species within other taxa, will provide insights into
diverse traits of methanogens.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited in DDBJ/EMBL/GenBank un-
der the accession number CP001338. The version described in this
paper is the first version, CP001338.1.

ACKNOWLEDGMENTS

This work was performed under the auspices of the U.S. Department of
Energy’s Office of Science, Biological and Environmental Research Pro-

crossmark

Genome AnnouncementsNovember/December 2015 Volume 3 Issue 6 e01280-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01280-15&domain=pdf&date_stamp=2015-11-5
http://genomea.asm.org


gram, and by the University of California, Lawrence Berkeley National
Laboratory under contract no. DE-AC02-05CH11231, Lawrence Liver-
more National Laboratory under contract no. DE-AC52-07NA27344, and
Los Alamos National Laboratory under contract no. DE-AC02-
06NA25396.

We would also like to acknowledge and thank the following individu-
als for their contributions to different steps of the genome sequencing: S.
Lucas, A. Copeland, A. Lapidus, T. Glavina del Rio, E. Dalin, H. Tice, D.
Bruce, S. Pitluck, H. Kiss, M. Lu, T. Brettin, C. Han, F. Larimer, M. Land,
L. Hauser, and G. Ovchinnikova.

REFERENCES
1. Cadillo-Quiroz H, Yashiro E, Yavitt JB, Zinder SH. 2008. Characteriza-

tion of the archaeal community in a minerotrophic fen and terminal re-
striction fragment length polymorphism-directed isolation of a novel hy-
drogenotrophic methanogen. Appl Environ Microbiol 74:2059 –2068.
http://dx.doi.org/10.1128/AEM.02222-07.

2. Cadillo-Quiroz H, Yavitt JB, Zinder SH. 2009. Methanosphaerula palus-
tris gen. nov., sp. nov., a hydrogenotrophic methanogen isolated from a
minerotrophic fen peatland. Int J Syst Evol Microbiol 59:928 –935. http://
dx.doi.org/10.1099/ijs.0.006890-0.

3. Sakai S, Ehara M, Tseng I-, Yamaguchi T, Bräuer SL, Cadillo-Quiroz H,
Zinder SH, Imachi H. 2012. Methanolinea mesophila sp. nov., a hydrog-
enotrophic methanogen isolated from rice field soil, and proposal of the
archaeal family Methanoregulaceae fam. nov. within the order Methano-
microbiales. Int J Syst Evol Microbiol 62:1389 –1395. http://dx.doi.org/
10.1099/ijs.0.035048-0.

4. Gordon D, Abajian C, Green P. 1998. Consed: a graphical tool for se-

quence finishing. Genome Res 8:195–202. http://dx.doi.org/10.1101/
gr.8.3.195.

5. Ewing B, Hillier L, Wendl MC, Green P. 1998. Base-calling of automated
sequencer traces using Phred, I: accuracy assessment. Genome Res
8:175–185. http://dx.doi.org/10.1101/gr.8.3.175.

6. Ewing B, Green P. 1998. Base-calling of automated sequencer traces using
Phred, II: error probabilities. Genome Res 8:186 –194. http://dx.doi.org/
10.1101/gr.8.3.186.

7. Han CS, Chain P. 2006. Finishing repeat regions automatically with Dup-
finisher, p 26 –29. In Arabnia HR, Valafar H (ed), Proceedings of the 2006
International Conference on Bioinformatics and Computational Biology.
CSREA Press, Las Vegas, NV.

8. Markowitz VM, Korzeniewski F, Palaniappan K, Szeto E, Werner G,
Padki A, Zhao X, Dubchak I, Hugenholtz P, Anderson I, Lykidis A,
Mavromatis K, Ivanova N, Kyrpides NC. 2006. The integrated microbial
genomes (IMG) system. Nucleic Acids Res 34:D344 –D348. http://
dx.doi.org/10.1093/nar/gkj024.

9. Bräuer S, Cadillo-Quiroz H, Kyrpides N, Woyke T, Goodwin L, Detter
C, Podell S, Yavitt JB, Zinder SH. 2015. Genome of Methanoregula
boonei 6A8 reveals adaptations to oligotrophic peatland environments.
Microbiology 161:1572–1581. http://dx.doi.org/10.1099/mic.0.000117.

10. Glass JB, Orphan VJ. 2012. Trace metal requirements for microbial en-
zymes involved in the production and consumption of methane and ni-
trous oxide. Front Microbiol 3 . http://dx.doi .org/10.3389/
fmicb.2012.00061.

11. Banfield J. 2013. CRISPRs in the Microbial Community Context, p
287–291. In Barrangou R, van der Oost J (ed), CRISPR-Cas systems.
Springer, Berlin.

Cadillo-Quiroz et al.

Genome Announcements2 genomea.asm.org November/December 2015 Volume 3 Issue 6 e01280-15

http://genomea.asm.org

	Complete Genome Sequence of Methanosphaerula palustris E1-9CT, a Hydrogenotrophic Methanogen Isolated from a Minerotrophic Fen Peatland
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES



