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ABSTRACT Cyanobacteria are ubiquitous microorganisms with crucial ecosystem func-
tions, yet most knowledge of their biology relates to aquatic taxa. We have constructed
metagenomes for 50 taxonomically well-characterized terrestrial cyanobacterial cultures.
These data will support phylogenomic studies of evolutionary relationships and gene
content among these unique algae and their aquatic relatives.

Cyanobacteria, or blue-green algae, are found in nearly all aquatic and terrestrial
habitats exposed to sunlight, ranging from marine systems, freshwater bodies, and

thermal springs to soils and rock surfaces. They represent important ecosystem compo-
nents, which perform crucial roles in biogeochemical cycling. However, knowledge of
their taxonomy, phylogenomics, and physiology has been largely based on aquatic taxa. In
the past 20years, our team has discovered and described terrestrial cyanobacteria collected
from extreme environments, including desert soils, ephemerally wet rock walls, and tropical
damp cave walls, greatly enriching our understanding of cyanobacterial systematics (1–15).
Reference strains of genus and species types are maintained in two algae culture collections
at John Carroll University (JCU) and New Mexico State University (NMSU). The cultures are
nonaxenic and represent unialgal polycultures containing primarily cyanobacteria and het-
erotrophic microbial associates. We used shotgun metagenomics of selected strains to sup-
port future investigation of the phylogenomic relationships of these unique algae.

Fifty unialgal polycultures of cyanobacterial reference strains from the JCU and NMSU
culture collections were selected, representing species taxonomically evaluated within the
last 2 decades (Fig. 1). Detailed protocols for biomass growth, tissue harvesting, and DNA
extraction can be found at protocols.io (dx.doi.org/10.17504/protocols.io.brg4m3yw). Briefly,
biomass of each taxon was grown in liquid Z8 medium (16) and harvested after several
weeks to months depending on the growth rate. Harvesting included cleaning, biomass
concentration, biomass flash-freezing in liquid nitrogen, and storage at280°C. We extracted
DNA using the Qiagen DNeasy PowerLyzer microbial kit. The extraction procedure included
an initial bead-beating step in a Precellys homogenizer for 45 s at 5,000 rpm, repeating four
times. Samples were then processed following the manufacturer’s protocol for the kit and
stored at220°C until mailing to the Joint Genome Institute (JGI).

Plate-based DNA library preparation for Illumina sequencing was performed using
KAPA Biosystems high-throughput library preparation kit p/n KK8235 on a PerkinElmer
Sciclone next-generation sequencing (NGS) robotic liquid handling system. Then,
200 ng of sample DNA was sheared to 300 bp using a Covaris LE220 focused
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ultrasonicator. The sheared DNA fragments were size selected by double solid-phase
reversible immobilization (SPRI), and then the selected fragments were end repaired, A
tailed, and ligated with Illumina-compatible sequencing adaptors from IDT containing
a unique molecular index barcode for each sample library. The prepared libraries were
quantified with a KAPA Biosystems quantitative PCR (qPCR) kit on a Roche LightCycler
480 real-time PCR instrument. Genomic libraries were sequenced with a NovaSeq
instrument (Illumina, San Diego, CA) using NovaSeq XP V1 reagent kits and an S4 flow
cell following a 2 � 150-bp indexed run recipe. Demultiplexed reads were processed
with BBDuk v38.87 (17) to remove contaminants, trim adapter sequence and “G”
homopolymers $5 in size at the ends, quality trim reads, and remove reads with $4
“N” bases, with an average quality score of ,3, or with a length of ,51 bp. After proc-
essing, 2,021,674,638 reads remained (per sample range, 24,625,170 to 59,843,005;
mean6 standard deviation, 40,433,4936 8,547,361).

Cleaned reads were assembled with metaSPAdes v3.13.0 (18) (--meta option) into
contigs with parameters for a minimum contig length of 2 kb (-m 2000 option) and

FIG 1 Light micrographs of representative cyanobacterial species maintained in unialgal cultures and
studied in this project. Images represent cell morphologies in the stationary phase of the cyanobacterial life
cycle. Wet mounts of cyanobacterial biomass were observed using a Zeiss AxioImager.A2 microscope equipped
with Nomarski differential interference contrast optics and a Zeiss Axiocam 305 color camera at �400 or
�1,000 magnification. (A) Nodosilinea sp. strain WJT8-NPBG4; (B) Myxacorys chilensis ATA2-1-KO14; (C)
Trichocoleus desertorum ATA4-8-CV12; (D) Cyanosarcina radialis HA8281-LM2; (E) Aphanocapsa lilacina HA4352-
LM1; (F) Pleurocapsa minor HA4340-MV1; (G) Kastovskya adunca ATA6-11-RM4; (H) Hormoscilla sp. strain CMT-
3BRIN-NPC48; (I) Microcoleus vaginatus WJT46-NPBG5; (J) Mojavia pulchra JT2-VF2; (K) Spirirestis rafaelensis WJT71-
NPBG6; (L) Brasilonema octagenarum HA4186-MV1. Bars, 10mm (A–E, G–I, and K) and 20mm (F, J, and L).
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default kmer options for paired 150-bp reads. Across all assemblies, 745,331 metage-
nomic contigs were retained after quality control using AAFTF vecscreen v0.2.3 (19)
(range of assembly GC content, 40.09% to 66.57%; GC content mean 6 standard devia-
tion, 59.94% 6 4.96%; range of assembly N50, 10,169 to 456,261 bp; N50 mean 6 stand-
ard deviation, 133,4666 100,540 bp).

Data availability. All reads and assemblies were deposited under the NCBI acces-
sion numbers listed in Table 1. We also provided accession identifiers linking to JGI
projects associated with each sample, including available IMG (20) data (Table 1).
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