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A free-living ciliate, Trimyema compressum, found in anoxic freshwater environments harbors methanogenic archaea and
a bacterial symbiont named TC1 in its cytoplasm. Here, we report the complete genome sequence of the TC1 symbiont,
consisting of a 1.59-Mb chromosome and a 35.8-kb plasmid, which was determined using the PacBio RSII sequencer.
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Trimyema compressum (Protozoa, Ciliophora) is an anaerobic
free-living ciliate widely distributed in anoxic freshwater envi-

ronments (1–3). T. compressum harbors a bacterial symbiont
named TC1, which is a member of the Firmicutes and is distantly
related to any known cultured strains, as well as methanogenic
symbionts (4). The antibiotic treatment experiment suggested
that the TC1 symbiont was crucial for vigorous growth of the
ciliate, indicating that the relationship is mutualistic rather than
parasitic (4). However, except taxonomic information, almost
nothing is known about the TC1 symbiont to date. In the present
study, we attempted to determine the genome sequence of the
TC1 symbiont in order to understand its metabolism, physiolog-
ical function, and evolution.

The cells of the TC1 symbiont were prepared from a total of
24 liters of ciliate cultures as follows. T. compressum was grown in
synthetic medium supplemented with food bacteria (4). The cili-
ate cells were harvested at maximum cell density by centrifugation
at 1,000 rpm for 5 min. After three times of washing with new
medium, ciliate cells were ruptured by brief freezing at -80°C. The
cell suspension was fractionated by passing through membrane
filters with different pore sizes (in order of 60 �m, 11 �m, and
3 �m) to separate symbiont cells from the host’s cell debris. The
symbiont cells in the flowthrough were collected by centrifuga-
tion. The genomic DNA of the symbiont was prepared by ly-
sozyme and proteinase K treatments, according to the standard
protocol (5).

Two micrograms of genomic DNA was subjected to 20-kb
fragment library preparation and sequenced on PacBio RSII
sequencer (Pacific Biosciences) using 16 single-molecule real-
time (SMRT) cells and P6-C4 chemistry. De novo assembly
using the HGAP/Quiver (6) workflow constructed two self-

overlapping contigs. Each of the contigs was circularized with
Minimus2 (7) and then was polished again with Quiver. In
the final assembly, a 1,586,453-bp circular chromosome and
35,795 bp of plasmid sequences were obtained with 839� and
10,829� mean coverage, respectively. In the present study,
any archaeal genome was not found in the contigs, although a
number of short contigs derived from food bacteria were gen-
erated.

The G�C content of the chromosome was as low as 32.8%,
which is a typical feature of the genome of intracellular symbionts.
Preliminary gene annotation estimated the number of protein-
cording genes in the chromosome to be 1,694. In addition, two
rRNA gene operons and 36 tRNA genes were found in the
chromosome. On the other hand, the plasmid also had a very
low G�C content (29.7%) and encoded 40 proteins, including
several phage-related genes, such as major capsid protein, tail
proteins, and phage head maturation protease. A survey of in-
sertion sequences (ISs) using ISfinder (8) predicted numerous
IS-related open reading frames (ORFs) (35 complete and 147
partial ISs) in the chromosome. These results suggested that
the TC1 symbiont is in the course of genome reduction process
under the symbiotic lifestyle (9). Its complete genome se-
quence will give insight into the physiological role of the TC1
symbiont and evolutionary history of this tripartite symbiotic
association.

Accession number(s). This whole-genome shotgun project
has been deposited in DDBJ/ENA/GenBank under the accession
numbers CP014606 (chromosome) and CP014607 (plasmid).
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