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Abstract: Cyanobacteria are cosmopolitan group of phototrophic microbes with significant contributions to 
global primary production. However, their biodiversity, especially in tropical areas, is still largely unexplored. 
In this paper, we used a combination of molecular and morphological data to characterize a filamentous 
cyanobacterium isolated from a soil crust in the Everglades National Park in Florida. It is morphologically 
similar to the ubiquitous, polyphyletic Leptolyngbya, but phylogenetic analysis of the 16S rRNA gene and 
secondary structures of the 16S–23S ITS region revealed that our isolates form a monophyletic clade unrelated 
to Leptolyngbya sensu stricto. Apart from its phylogenetic position, we found that the strain possesses a unique 
combination of morphological and molecular characters, which have not been found in any other Leptolyngbya 
species. Due to these characteristics, together with its subtropical origin, we erect new monospecific genus 
Chamaethrix.
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IntroductIon

The evolutionary history of the cyanobacteria is ex-
tremely entangled and interlaced with myriad exam-
ples of morphological and genetic convergence. These 
events have given rise to the polyphyletic relationships 
within a majority of cyanobacterial genera, necessitat-
ing taxonomic revisions and description of many new 
taxa (e.g. komárek et al. 2014; Dvořák et al. 2015). 
Moreover, morphologically simple genera with wide 
ecological and biogeographical ranges, such as the uni-
cellular Synechococcus or filamentous Leptolyngbya, 
may mask numerous polyphyletic lineages (OsOriO–
santOs et al. 2014; misCOe et al. 2016; Dvořák et al. 
2017). Mechanisms responsible for this pattern are 
largely enigmatic. However, Dvořák et al. (2014) pro-
posed a model of serial convergence, which assumes 
that the dynamic nature of cyanobacterial genomes, 
particularly due to extensive horizontal (lateral) gene 
transfer that generates frequent convergence events, 
may lead to this extensive polyphyly.

While most cyanobacterial diversity has been 
described from temperate zones, tropical and sub-
tropical areas may possess a rich biodiversity that has 
been underestimated by researchers (e.g. FiOre et al. 

2007). Recent acknowledgement of this hole in our 
knowledge of tropical and subtropical taxa has been 
recognized (Hašler et al. 2014, 2017; misCOe et al. 
2016), leading to the erection of numerous new lin-
eages (e.g., Potamolinea martins & BranCO (2016), 
Gloeomargarita mOreire et al. (2017)).

The genus Leptolyngbya was erected by 
anagnostiDis & komárek (1988), encompassing 
much of the LPP–group B earlier proposed by riPPka 
et al. (1979). It is a group of filamentous cyanobac-
teria with a cosmopolitan distribution. Filaments are 
thin (up to 3.5 µm), with some species possessing 
sheaths and pseudobranching, aerotopes are not pres-
ent, and reproduction by fragmentation or hormogonia 
production (komárek & anagnostiDis, 2005).  It has 
been noted by komárek & anagnostiDis (2005) that 
it is one of the most problematic cyanobacterial gen-
era in terms of systematic assessments, and needs to be 
subsequently divided into several genera. While some 
revisions of this wide–spread genus have begun (e.g., 
Nodosilinea Perkerson et al. 2011; Oculatella Zammit 
et al. 2012 and Stenomitos misCOe et al. 2016), much 
work remains.

In this paper, we present a new Leptolyngbya–
like cyanobacterium, isolated from a soil crust in 
Everglades National Park, Florida, USA, characterized 
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using a combination of molecular and morphological 
data.

MaterIal and Methods

Strain isolation. Samples were collected from a soil crust 
in the Grass Prairie from the Everglades National Park 
(GPS: N25°24'9.668"; W80°39'17.502") December 30, 
2013. Strains were isolated from fresh samples using stan-
dard isolation techniques (andersOn, 2005) and maintained 
in 90 mm Petri dishes under the following conditions: tem-
perature 26±1 °C, illumination 20 µmol.m–2.s–1, light regime 
12h light/12h dark, and liquid Zehnder medium (Z medium; 
stauB 1961).  

Morphological assessment. The morphology of the strains 
were analyzed using a light microscope Zeiss AxioImager 
(objectives EC Plan–Neofluar 40x/ 1.3 N.A., oil immersion, 
DIC; Plan–Apochromat 100x/ 1.4 N.A., oil immersion, DIC) 
with a high resolution camera (AxioCam HRc 13MPx). A 
total of 100 cells were measured for cell dimensions, mor-
phological assessment (e.g., cell shape, terminal cells, granu-
lation), reproduction, and sheath production. 

PCR amplification and sequencing. Genomic DNA was 
isolated from approximately 50 mg of fresh biomass using 
an UltraClean Microbial DNA Isolation Kit (MOBIO, Carls-
bad, CA, USA) following the manufacturer’s manual. DNA 
quality and consistency was inspected on GelRed (Biotinum 
Inc., Hayward, CA, USA) stained 1.5% agarose gel. DNA 
was quantified using the NanoDrop 1000 (Thermo Fisher 
Scientific, Wilmington, DE, USA).
Partial 16S rRNA and the whole 16S–23S ITS was amplified 
using the PCR primers forward P2 (5‘–GGGGAATTTTC-
CGCAATGGG–3‘) and reverse P1 (5‘– CTCTGTGT-
GCCTAGGTATCC–3‘), as previously described in BOyer et 
al. (2002). The PCR reaction, with a total volume of 40 µL, 
contained: 17 µL of sterile water, 1 µL of each primer (0.01 
mM concentration), 20 µL FastStart PCR Master (Roche Di-
agnostics GmbH, Mannheim, Germany), and 1 µL of tem-
plate DNA (50 ng·μL–1). PCR amplification was performed 
as described in Dvořák et al. (2012). PCR products were 
purified using GenElute PCR Clean–up Kit (Sigma–Aldrich, 
Prague, Czech Republic).
The same pair of primers as for PCR amplification was used 
for sequencing. Additionally, two other internal primers were 
added P5 (5‘–TGTACACACCGCCCGTC–3‘), and P8 (5’–
AAGGAGGTGATCCAGCCACA–3‘) (BOyer et al. 2001, 
2002). Sequencher 5.1 was used to assemble and proofread 
a sequence (Gene Codes Corporation, Ann Arbor, MI, USA), 
which was deposited to GenBank (http://www.ncbi.nlm.nih.
gov/) under the accession number MF133444.

Phylogenetic analyses. BLAST results (http://blast.ncbi.
nlm.nih.gov/Blast.cgi) from the NCBI database (http://www.
ncbi.nlm.nih.gov/) were used to select 16S rRNA sequences 
most similar to our strain, with additional reference sequenc-
es of Leptolyngbya added. Multiple sequence alignment was 
performed in MEGA 6 (tamura et al. 2013) using the Muscle 
algorithm (edgar 2004). The tree was rooted with Gloeo-
bacter violaceus. The most appropriate model for Bayesian 
inference was determined in jModelTest 0.1.1 (POsada 2008) 
based on both the Bayesian and the Akaike Information Cri-

terion as following:  HKY model with gamma distributed 
variation across sites. The Bayesian inference was performed 
in MrBayes 3.2.3 (ronquist & Huelsenbeck 2003) with 
two separate runs (each with 3 heated and 1 cold chains) for 
50,000,000 generations. The sampling frequency was each 
5000th generation and 25% trees were discarded as burn–in. 
The consensus tree was constructed using 50% majority rule. 
Maximum likelihood analysis was performed in RaxML 
8.0.2 (stamatakis 2006) with a GTRGAMMA model. Maxi-
mum parsimony analyses were performed in PAUP* 4.0b10 
(swOFFOrd 2002), with gaps treated as missing data. All anal-
yses were tested using bootstrapping with 1000 replicates. 
Genetic similarity of the sequences was compared using 
Clustal X 2.0 (larkin et al. 2007). The secondary structures 
of D1–D1´ helix and Box–B helix ITS regions were inferred 
with the Mfold web server version 3.5 (Zucker 2003) with 
temperature set to default (37 °C).

results

Chamaethrix gen. nov.
Description: Filaments solitary or in mats, straight or 
undulate, occasionally falsely branched (Scytonema 
type); sheaths usually colorless, distinct, firm, thin or 
thick, seldom intensely colored (brownish to black). 
Trichomes unconstricted or slightly constricted at 
cross–walls, without meristematic zones, occasionally 
two tightly attached in a common sheath (Blennothrix 
type). Cells rectangular, isodiametric to longer than 
wide. Apical cells rounded to conical. Reproduction by 
disintegration into short parts (hormogonia), usually 
by the help of necridic cells.
Type species: Chamaethrix vaginata spec. nov. 
Ethymology: the generic epithet Chamaethrix origi-
nates from Greek Chamae – on the ground, creeping 
and thrix – hair

Chamaethrix vaginata sp. nov. (Fig. 1)
Description: Thallus green, blue–green or blackish in 
fine mats or aggregates, filaments long, straight, bent 
to undulated, 4.15±0.52 µm in diameter, occasionally 
falsely branched (Scytonema type). Sheath usually col-
orless, distinct, firm, thin or thick when intensely violet 
to dark violet, brownish to black. Trichomes uncon-
stricted or slightly constricted at cross–walls, without 
meristematic zones, occasionally two tightly attached 
in a common sheath (Blennothrix type). Cells rectan-
gular, isodiametric to longer than wide, 3.74±1.34 µm 
length, 2.8±0.46µm width, blue–green with distinct 
peripheral chromatoplasma and inner centroplasma, 
often granulated. Apical cells rounded to conical. Re-
production by disintegration into short parts (hormogo-
nia), usually by the help of necridic cells.
Holotype: Holotype OLM Botany 24: Lichenes and 
others No. 9225, dried sample is deposited in Regional 
Museum in Olomouc, Czech Republic. 
Type strain: F12/109, deposited at the culture Collec-
tion of Department of Botany, Palacký University in 



Fig. 1. Morphological variability of Chamaethrix vaginata, holotype, iconotype: single filaments straight to undulated (e, f) with prominent 
sheath, colourless (a–d,g, i) or blackish (j); with necridic cell (h); empty sheath from died material (k); trichomes with thin sheath growing in 
parallel bundle (l); pseudo–branching (m); Blennothrix–like attachment of two trichomes in common sheath (n–q). Scale bar 10 µm.

Olomouc, Czech Republic.
Etymology: A species name refers to the distinct 
sheaths.
Type locality: Grass Prairie in Everglades National 

Park (GPS: N25°24'9.668"; W80°39'17.502"), Florida, 
United States of America
Habitat: soil crust
Iconotype: Fig. 1
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as other Leptolyngbya–like cyanobacteria (see Zammit 
et al. 2012 and OsOriO–santOs et al. 2014) character-
ized by unilateral bulge. However, Chaemothrix pos-
sesses both a large (22 bp) and small *8) loop, not seen 
in other taxa (Fig. 3). Both tRNA coding isoleucine and 
alanine are present.

dIscussIon

Leptolyngbya is amongst the most widely distributed, 
ecologically permissive, commonly encountered, yet 
polyphyletic genera of cyanobacteria. Recently, a sub-
stantial effort to revise the Leptolyngbya sensu lato has 
begun, with the erection of several new genera (e.g. 
Perkerson et al. 2011; OsOriO–santOs et al. 2014; mis-
COe et al. 2016). However, as our phylogenetic analysis 
shows (Fig. 2), revisions are far from complete. Only 
a handful of lineages have thus far been proposed (No-
dosilinea, Oculatella, and Stenomitos), still leaving 
>100 species. Furthermore, there is still undiscovered 
diversity in Leptolyngbya–like cyanobacteria and we 
propose a new monospecific genus found in subtropi-
cal soil crust. 

Several lines of evidence led us to establish a 
new monospecific genus. First, phylogenetic infer-
ence revealed that Chamaethrix forms a distant clade 
from Lepolyngbya sensu stricto within a group of Lep-
tolyngbya–like cyanobacteria without specific designa-
tion and Arthronema africana. The closest relative of 
Chamaethrix was Leptolyngbya sp. CR_17M. Based 
on the 16S rRNA similarity, these two strains may be 
included in one genus (stackerbranDt & eBers 2006; 
kim et al. 2014), which is also supported by the phy-
logeny. Unfortunately, we were unable to obtain any 
morphological data from Leptolyngbya sp. CR_17M 
since it has not been published, only the habitat (a ther-
mal spring).  However, this strain may be included in 
Chamaethrix in the future if warranted. 

Second, although we found five Leptolyng-
bya–like species forming thick blackish sheathes, 
Chamaethrix differed in one or more key morpho-
logical characteristics from all these taxa. Four of the 
taxa (L. nigracans, anagnostiDis & komárek 2005; 
L. nigrescens, komárek 2007; L. badia, JOHansen et 
al. 2008 and L. sieminskae, riCHter & matula 2013) 
had smaller cells width (0.8–1.5µm). In terms of cell 
dimension and morphology, the most similar species 
was Lyngbya fusco–vaginata (starmaCH 1995), which, 
based on the description belongs to the genus Leptolyn-
gbya sensu anagnOstidis & komárek (2005), but it has 
not been formerly transferred to Leptolyngybya. How-
ever, we cannot proceed with the revision without a 
culture and/or sequence data. Chamaethrix possesses 
cells 2.8±0.5 µm wide, which slightly overlaps with 
2–2.4 µm of Lyngbya fusco–vaginata, but Chama-
ethrix has thicker filaments (3.63–4.67 µm in contrast 

Differential description
Chamaethrix vaginata shares most morphological fea-
tures with members of the genus Leptolyngbya such 
as cell size and shape, trichome organization, presence 
of sheath, false branching, and necridic cells. In addi-
tion, C. vaginata exhibits a high variability of filament 
development. Filament aggregations contain a vari-
able number of individuals resembling several genera 
of filamentous cyanobacteria. Two or more trichomes 
in a common sheath make Chamaethrix different fea-
ture from Leptolyngbya. Specific formation of lateral 
trichomes in common sheath makes it similar to mem-
bers of the genus Blennothrix. On the other hand, cells 
correspond more to members of the order Synechococ-
cales than to Oscillatoriales (e.g., cell dimensions 
roughly isodimetric to longer than wide). With re-
spect to combination of features mentioned above, we 
consider Chamaethrix vaginata unique taxon among 
known cyanobacteria.   

Phylogenetic placement and ITS secondary struc-
tures
Generally, the 16S tree topology resembled previously 
published phylogenies (e.g. komárek et al. 2014; OsO-
riO–santOs et al. 2014; Fig. 2). For example, phyloge-
netically well–characterized genera such as Nodosilin-
ea, Oculatella, and Microcoleus formed monophyletic 
and well supported clades. On the other hand, our phy-
logeny provided more evidence of the polyphyletic na-
ture of the order Synechococcales (sensu komárek et 
al. 2014). In our analysis of the 16S gene, C. vaginata 
formed a moderately supported clade with Leptolyng-
bya sp. CR 17M, an isolate from a hot spring in Costa 
Rica, and distant from Leptolyngbya sensu stricto (Fig. 
2). 

The phylogeny revealed 13 polyphyletic lin-
eages within the genus “Leptolyngbya” sensu lato 
(as morphologically defined by komárek, anagnos-
tidis 2005). Chamaethrix appeared in one of those 
clades with other Leptolyngbya–like cyanobacteria 
(Leptolyngbya sp. strains – BN43, BN22, S1C4 and 
CR_17M), Oscillatoriales cyanobacterium JSC–12, 
one uncultured clone Mat–CYANO–S10 and Arthro-
nema africanum. The closest relative to Chamaethrix 
was Leptolyngbya sp. CR_17M with similarity in 16S 
rRNA 95.5%. The node connecting these two branches 
had maximal posterior probability support, but it was 
only weekly supported by bootstrap resampling tests. 
Chamaethrix is only distantly related to Leptolyngbya 
sensu stricto, with numerous intervening genera such 
as Tapinothrix, Plectonema, Pseudophormidium, Plec-
tolyngbya, and Phormidesmis, as well as phylogeneti-
cally uncertain Leptolyngbya–like strains, with no spe-
cies level identification.

An inference of 16S–23S ITS secondary struc-
ture provided another unique feature of Chamaethrix. 
The D1–D1’ helix is peculiar by both structure and un-
usual length (113 bp). It possesses a similar basal part 
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Fig. 2. Bayesian phylogenetic reconstruction of cyanobacteria focused on the genus Leptolyngbya based on 16S rRNA partial sequence of 
144 taxa. Node support are following: posterior probabilities from Bayesian inference/maximum likelihood/maximum parsimony; asterisk 
represent values above 98; only values higher than 90 (posterior probabilities) and 60 (bootstrap support) are listed. Studied strain is in bold.
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Fig. 3. A reconstruction of secondary structure of D1–D1’ helices within the 16S–23S ITS of Chamaethrix vaginata and related sister–taxa: 
(a) C. vaginata gen. nov.; (b) Schizothrix sp. (KU219724.1); (c) Phormidesmis sp. WJT36–NPBG18 (KJ939042.1); (d) Leptolyngbya boryana 
UTEX488 (KJ939016.1); (e) L. boryana PCC6306 (KJ939014.1).

274                                                                                                                            Dvořák et al.: Chamaethrix gen. nov.



with maximum 3µm in Lyngbya fusco–vaginata). 
Moreover, none of mentioned species possesses two 
trichomes tightly attached in a common sheath, which 
is a feature that distinguishes Chamaethrix among Lep-
tolyngbya–like cyanobacteria. This feature is typical 
for the genus Blennothrix, but Blennothrix belongs to 
Oscillatoriales (komárek et al. 2014), and all members 
are obligatorily larger (8 µm) and undertake a specific 
form of reproduction. Third, mentioned species were 
isolated from Antarctica (except of L. badia), which 
sharply contrasts with subtropical origin of Chamaeth-
rix. Fourth, 16S–23S ITS structures largely differ from 
available sequences from Leptolyngbya–like cyano-
bacteria and Leptolyngbya sensu stricto.
Higher level taxonomic units, such as orders and fami-
lies, are currently under revision and reorganization in 
the cyanobacteria.   Komárek et al. (2014) recognize 
five cyanobacterial orders, with Leptolyngbya clas-
sified in the order Synechococcales (parietal thyla-
koids) and family Leptolyngbyaceae (single filaments 
in a sheath). Considering the phylogenetic position of 
Chamaethrix, we may conclude that it belongs to the 
same family and order. However, we note that the Syn-
echococcales is not a monophyletic group, and there-
fore its status may be reevaluated in the future.
We report a new monospecific genus morphologically 
similar to Leptolyngbya–like cyanobacteria. It seems 
that relationships within this group are more compli-
cated than previously expected. Considering a number 
of polyphyletic lineages, Leptolyngbya exhibits similar 
pattern like Synechococcus (Dvořák et al. 2014). Thus, 
we may anticipate large revisions and possibly more 
new taxa arising within this enigmatic group.
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