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The draft genome sequence of Chlorobium limicola strain Frasassi was assembled from metagenomic sequencing of a green mat
in an artificially lighted aquarium inside the Frasassi caves in Italy. The genome is 2.08 Mbp in size and contains the necessary
genes for anoxygenic photosynthesis and CO2 fixation.
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Historic cave sites face defamation problems from growth of
photosynthetic microorganism communities growing under

artificial lights termed lampenflora (1). In 2010, an aquarium with
dim lighting (6.5 �mol photon/m2/s) was mounted inside the
tourist-accessible Frasassi cave system, Italy. Water from the deep
sulfidic groundwater table is periodically pumped into the aquar-
ium to maintain stratified conditions. Since 2012, a 1-cm-thick
green mat has been perennially present in the tank and was sam-
pled for genetic analyses.

We extracted DNA using the PowerBiofilm DNA isolation kit
(Mo Bio Laboratories, Inc., Carlsbad, CA) and sequenced the
DNA using Illumina HiSeq PE150 (San Diego, CA). The reads
were trimmed with Trimmomatic (2) and assembled with IDBA
(3). Metagenomic binning and preliminary identification were
performed using Metawatt (4) based on tetranucleotide compo-
sition. A putative Chlorobium bin was split into a high-coverage
and a low-coverage bin, discernible by the existence of two clusters
in a plot of coverage versus the G�C content. The high-coverage
putative Chlorobium bin was annotated with RAST (5, 6), KEGG
(7, 8), and BLAST, with an e-value cutoff of 1e-5.

Genome completeness was estimated at 95% based on genes
for ribosomal proteins and tRNA-synthetases. The total genome
length is 2.08 Mbp, captured in 258 contigs, with an N50 of
16,277 bp. Coverage is approximately 3,000�. Phylogenetic trees
based on 16S rRNA sequences support the classification of this
microorganism as a strain of Chlorobium limicola (99.9% similar-
ity), designated strain Frasassi.

C. limicola strain Frasassi has the genes necessary for perform-
ing anoxygenic photosynthesis using reduced S species. Oxidation
of sulfide can be catalyzed by SqrD (9), while elemental sulfur
oxidation can be catalyzed by rDsrAB. Strain Frasassi also contains
the complete pathway for the synthesis of bacteriochlorophyll c
(BChl c) and the carotenoid chlorobactene and for carbon dioxide
fixation through the reverse tricarboxylic acid (TCA) cycle.

The genome of strain Frasassi is about 0.7 Mbp smaller than
the genome of the species type strain, C. limicola DSM 245 (10). In
total, 2,697 genes are absent in strain Frasassi relative to DSM 245.
Thirty-three percent of those genes encode hypothetical proteins

or proteins with unknown functions. The other missing genes
include the Sox pathway genes (for oxidizing thiosulfate), the
dsrMKJOP cluster, vitamin B12 synthesis, and some DNA repair
and replication and sugar biosynthesis genes. Lastly, strain
Frasassi has clustered regularly interspaced short palindromic re-
peat (CRISPR) type III, while C. limicola DSM 245 has CRISPR
type I.

The unexpected appearance of an obligate phototroph and an-
aerobe with no known resting stages in a tourist cave is surprising.
Further genetics-enabled biogeographic studies of this strain and
strains retrieved from the sunlit environment outside the cave
system have the potential to reveal the origin of the lampenflora
population and the time scale and mode of its dispersal to the
artificial aquarium.

Nucleotide sequence accession numbers. The genome se-
quence of C. limicola strain Frasassi has been deposited in DDBJ/
EMBL/GenBank under the accession no. LMBR00000000. The
version described here is version LMBR01000000.
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