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ABSTRACT The genome sequence of Blastochloris sulfoviridis is 3.85 Mb with a GC
content of 68%. Its nearest relative is B. tepida (average nucleotide identity [ANI],
91.5%), followed by B. viridis (ANI, 83%). According to ANI and whole-genome-based
phylogenetic analysis, the nearest relatives of Blastochloris are Rhodoplanes and Rho-
dopseudomonas, confirming the recognition of distinct genera.

Blastochloris is a small genus of purple photosynthetic bacteria, distinguished by
using bacteriochlorophyll b as its photosynthetic pigment and absorbing light near

1,000 nm as opposed to the bacteriochlorophyll a-containing purple bacteria, which
absorb in the region of 860 nm (1). Currently, there are only four species recognized,
Blastochloris viridis (2), B. sulfoviridis (3), B. gulmargensis (4), and B. tepida (5, 6). They
were originally placed in the genus Rhodopseudomonas but were transferred to the
new genus, Blastochloris, by Hiraishi (7). In addition to its unusual bacteriochlorophyll,
B. sulfoviridis uses thiosulfate as a growth substrate. In fact, a reduced sulfur source is
essential for growth because it lacks assimilatory sulfate reduction. B. viridis was the first
photosynthetic species to have the structure of its reaction center solved (8), for which
a Nobel Prize was awarded. The genome sequences for B. viridis and B. tepida had
previously been determined (6, 9).

Blastochloris sulfoviridis DSM 729 was originally isolated from a sulfur spring (in
the former USSR) (3). Cells were grown and genomic DNA was prepared by DSMZ
(Deutsche Sammlung von Mikroorganismen und Zellkulturen, GmbH). Qubit and
NanoDrop DNA analysis showed an A260/A280 ratio of 1.80. The sequencing library was
prepared using the Illumina Nextera DNA Flex library prep kit. The genome was
sequenced with an Illumina MiniSeq using 500 �l of a 1.8 pM library. Paired-end (2 �

150-bp) sequencing generated 2,355,376 reads and 183.3 Mbp (35� coverage). Quality
control of the reads was performed using FastQC within BaseSpace version 1.0.0
(Illumina), using a k-mer size of 5 and contamination filtering. We assembled the
genome de novo using SPAdes version 3.10.0 (10) through PATRIC (11). This assembly

TABLE 1 ANIb comparisons of Blastochloris sulfoviridis and its closest relatives

Organism

% avg nucleotide identity with:

B. sulfoviridis
DSM 729T

B. tepida
DSM
106918T

B. viridis
DSM 133T

Rhodoplanes
elegans
DSM 11907

B. tepida DSM 106918T 91.5
B. viridis DSM 133T 83.0 82.9
Rhodoplanes elegans DSM 11907 73.4 73.6 72.9
Rhodopseudomonas palustris DSM 123T 71.4 71.6 71.7 72.0
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yielded 91 contigs (�300 bp), the largest being 221,883 bp with an N50 value of
108,240 bp. The genome was 3,845,334 bp long, and the GC content was 68.1%. The
genome was annotated using RASTtk (12) within PATRIC (11). This showed our strain to
have 3,759 coding sequences and 46 tRNAs.

A JSpecies comparison (13) of average percentage nucleotide identity (ANIb) be-
tween the B. sulfoviridis genome and its nearest relatives yielded 91.5% identity with
the B. tepida genome and 83.0% with B. viridis (Table 1). The ANI values with the
Rhodopseudomonas and Rhodoplanes genomes were below 75%. The ANI numbers for
B. sulfoviridis are below the 95% cutoff for the genomic definition of a species (13).
Phylogenetic analysis of the B. sulfoviridis genome using RAxML within PATRIC (14, 15)
showed B. tepida as the closest relative, followed by B. viridis, and clearly different from
the genera Rhodopseudomonas and Rhodoplanes (Fig. 1).

Both Blastochloris and Rhodoplanes species presumably utilize a small cytochrome c2

as the electron donor to the photosynthetic reaction center, but Rhodopseudomonas
species use an extra-large cytochrome c2 and are lacking the pufC cytochrome subunit
of the reaction center (the extra-large c2 has 3 and 14 residue insertions compared with
small c2; 16). The B. sulfoviridis and B. tepida genomes contain the sox operon for
dissimilatory thiosulfate oxidation, but B. viridis does not. All of the Blastochloris
genomes apparently have two sets of genes for assimilatory nitrogen fixation, the
normal Mo/Fe (Nif) and the less common Fe/Fe (Anf) enzyme, and they also have the
MtrAB/high-potential iron-sulfur protein (HiPIP) operon for dissimilatory Fe(II) oxidation.

Data availability. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number VWPL00000000. The version de-
scribed in this paper is version VWPL01000000. The raw sequencing reads have been
submitted to SRA, and the corresponding accession number is SRR11362080.

ACKNOWLEDGMENT
This work was sponsored by the Wilson Enhancement Fund for Applied Research in

Science at Bellevue University.

REFERENCES
1. Kempher ML, Madigan MT. 2012. Phylogeny and photoheterotrophy

in the acidophilic phototrophic purple bacterium Rhodoblastus aci-
dophilus. Arch Microbiol 194:567–574. https://doi.org/10.1007/s00203
-012-0790-5.

2. Drews G, Giesbrecht P. 1966. Rhodopseudomonas viridis, nov. spec., ein
neu isoliertes, obligat phototrophes Bakterium. Arch Mikrobiol 53:
255–262. https://doi.org/10.1007/BF00446672.

3. Keppen OI, Gorlenko VM. 1975. Characteristics of a new species of purple

budding bacteria containing bacteriochlorophyll b. Mikrobiologiia 44:
258 –264. (In Russian.)

4. Venkata Ramana V, Kapoor S, Shobha E, Ramprasad EVV, Sasikala C,
Ramana CV. 2011. Blastochloris gulmargensis sp. nov., isolated from an
epilithic phototrophic biofilm. Int J Syst Evol Microbiol 61:1811–1816.
https://doi.org/10.1099/ijs.0.025965-0.

5. Resnick SM, Madigan MT. 1989. Isolation and characterization of a mildly
thermophilic nonsulfur purple bacterium containing bacteriochlorophyll

FIG 1 Phylogenetic tree of whole-genome comparison of Blastochloris sulfoviridis to its closest relatives. The phylogenetic tree was generated using the codon
tree method within PATRIC (10), which used PGFams as homology groups and analyzed 634 aligned proteins and coding DNA from single-copy genes using
RAxML (14, 15). The support values for the phylogenetic tree were generated using 100 rounds of the “Rapid bootstrapping” option of RAxML (14).
Rhodospirillum rubrum ATCC 11170 was added as an outgroup. iTOL was used for the tree visualization (17). The tree scale is defined as the mean number of
substitutions per site.

Kyndt et al.

Volume 9 Issue 18 e00313-20 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/VWPL00000000
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR11362080
https://doi.org/10.1007/s00203-012-0790-5
https://doi.org/10.1007/s00203-012-0790-5
https://doi.org/10.1007/BF00446672
https://doi.org/10.1099/ijs.0.025965-0
https://mra.asm.org


b. FEMS Microbiol Lett 65:165–170. https://doi.org/10.1111/j.1574-6968
.1989.tb03616.x.

6. Madigan MT, Resnick SM, Kempher ML, Dohnalkova AC, Takaichi S,
Wang-Otomo Z-Y, Toyoda A, Kurokawa K, Mori H, Tsukatani Y. 2019.
Blastochloris tepida, sp. nov., a thermophilic species of the bacteriochlo-
rophyll b-containing genus Blastochloris. Arch Microbiol 201:1351–1359.
https://doi.org/10.1007/s00203-019-01701-4.

7. Hiraishi A. 1997. Transfer of the bacteriochlorophyll b-containing pho-
totrophic bacteria Rhodopseudomonas viridis and Rhodopseudomonas
sulfoviridis to the genus Blastochloris gen. nov. Int J Syst Bacteriol
47:217–219. https://doi.org/10.1099/00207713-47-1-217.

8. Deisenhofer J, Michel H. 2004. The photosynthetic reaction centre from
the purple bacterium Rhodopseudomonas viridis. Biosci Rep 24:323–361.
https://doi.org/10.1007/s10540-005-2737-4.

9. Liu L-N, Faulkner M, Liu X, Huang F, Darby AC, Hall N. 2016. Revised
genome sequence of the purple photosynthetic bacterium Blastochloris
viridis. Genome Announc 4:e01520-15. https://doi.org/10.1128/genomeA
.01520-15.

10. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.

11. Wattam AR, Davis JJ, Assaf R, Boisvert S, Brettin T, Bun C, Conrad N,
Dietrich EM, Disz T, Gabbard JL, Gerdes S, Henry CS, Kenyon RW, Machi
D, Mao C, Nordberg EK, Olsen GJ, Murphy-Olson DE, Olson R, Overbeek
R, Parrello B, Pusch GD, Shukla M, Vonstein V, Warren A, Xia F, Yoo H,

Stevens RL. 2017. Improvements to PATRIC, the all-bacterial Bioinformat-
ics Database and Analysis Resource Center. Nucleic Acids Res 45:
D535–D542. https://doi.org/10.1093/nar/gkw1017.

12. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

13. Richter M, Rosselló-Móra R, Oliver Glöckner F, Peplies J. 2016. JSpeciesWS:
a Web server for prokaryotic species circumscription based on pairwise
genome comparison. Bioinformatics 32:929–931. https://doi.org/10.1093/
bioinformatics/btv681.

14. Stamatakis A, Hoover P, Rougemont J. 2008. A rapid bootstrap algorithm
for the RAxML Web servers. Syst Biol 57:758 –771. https://doi.org/10
.1080/10635150802429642.

15. Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics 30:1312–1313.
https://doi.org/10.1093/bioinformatics/btu033.

16. Rayyan A, Meyer T, Kyndt J. 2018. Draft whole-genome sequence of the
purple photosynthetic bacterium Rhodopseudomonas palustris XCP.
Microbiol Resour Announc 7:e00855-18. https://doi.org/10.1128/MRA
.00855-18.

17. Letunic I, Bork P. 2019. Interactive Tree Of Life (iTOL) v4: recent updates
and new developments. Nucleic Acids Res 47:W256 –W259. https://doi
.org/10.1093/nar/gkz239.

Microbiology Resource Announcement

Volume 9 Issue 18 e00313-20 mra.asm.org 3

https://doi.org/10.1111/j.1574-6968.1989.tb03616.x
https://doi.org/10.1111/j.1574-6968.1989.tb03616.x
https://doi.org/10.1007/s00203-019-01701-4
https://doi.org/10.1099/00207713-47-1-217
https://doi.org/10.1007/s10540-005-2737-4
https://doi.org/10.1128/genomeA.01520-15
https://doi.org/10.1128/genomeA.01520-15
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/nar/gkw1017
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1128/MRA.00855-18
https://doi.org/10.1128/MRA.00855-18
https://doi.org/10.1093/nar/gkz239
https://doi.org/10.1093/nar/gkz239
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENT
	REFERENCES

