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Phormidium etoshii sp. nov. (Oscillatoriales, Cyanobacteria) described from 
the Etosha Pan, Namibia, based on morphological, molecular and ecological 
features
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Abstract: An edaphic, filamentous, nonheterocytous cyanobacterium was collected from the Etosha Pan, Namibia. Based 
on multilocus sequencing of the 16S rRNA gene, beta and alpha subunits (cpcBA–IGS) of the phycocyanin operon and 
morphological and ecological features, we describe the new species Phormidium etoshii (Oscillatoriales). The taxon was 
differentiated from the phylogenetically closest taxa in morphological features and ecology. 
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IntroductIon

Cyanobacteria are the most widespread, diverse 
oxygenic photosynthetic prokaryotes, and are found in 
a wide range of habitats due to their broad ecological 
tolerances (Whitton & potts 2000; Waterbury 2006). 
It is estimated that cyanobacteria account for ca. 2.32 × 
1014 g fixed C on a global scale, representing 1/2000 of 
the global biomass (Garcia–pichel et al. 2003).  Despite 
their prevalent occurrence and ecological importance, 
however, the alpha–level taxonomy of cyanobacteria is 
currently in the state of chaos (perKerson et al. 2011).

Cyanobacteria play important roles in terrestrial 
environments, especially in arid and semi–arid regions 
(cameron 1966; belnap 2003; yeaGer et al. 2007). 
Some of their ecological impacts include weathering, 
moisture retention, dust trapping, carbon and nitrogen 
fixation, influencing vascular plant establishment 
and stabilizing soils (see belnap 2003 for further 
discussion).  Cyanobacteria tend to dominate 
microalgal populations in hot deserts (De chazal 
et al. 1992), with some taxa described as putatively 
endemic to these habitats (e.g., Mojavia, Spirirestis) 
(Flechtner et al. 2002; Řeháková et al. 2007). 
However, there remains a great degree of confusion 
over the alpha–level biodiversity in these habitats due 
to past inconsistencies in cyanobacterial taxonomy 
(Wynn–Williams 2000; belnap 2003).  For example, 
members of the Oscillatoriales (filamentous forms 
lacking specialized cells) are common in desert soils, 
but have historically been identified in the literature 

as the “Schizothrix” group sensu Drouet (1968). 
In his sweeping revisions, Drouet collapsed several 
cyanobacterial genera into S. calcicola, regardless 
of ecology in order to address phenotypically plastic 
taxa.  These revisions were widely accepted in the 
United States as they greatly simplified cyanobacterial 
taxonomy.  However, these revisions have repeatedly 
been shown to be overly simplistic (see comments by 
komárek & AnAgnostidis 2005). 

The taxonomy of oscillatorian taxa is 
challenging due to their simple morphology and the 
lack of conspicuous traits (AnAgnostidis & komárek 
1988; komárek & AnAgnostidis 2005). 16S rRNA gene 
analyses are commonly used to examine phylogenetic 
relationship within the cyanobacteria (Wilmotte et al. 
1992; nelissen et al. 1996; turner 1997; marquarDt 
& palinsKa 2007; palinsKa et al. 2011), which has 
indicated that narrow, non–heterocystous filamentous 
are polyphyletic (Wilmotte 1994; ishiDa et al. 2001; 
comte et al. 2007; Johansen et al. 2008). Since the 
16S rRNA gene may not be appropriate for resolving 
species relationships (casamatta et al. 2005), other 
molecular marker such as the phycocyanin operon 
and ITS regions are being investigated to distinguish 
different taxa sharing similar morphological features 
(ballot et al. 2004; tenevA et al. 2005; premananDh 
et al. 2006; ballot et al. 2008; stüKen et al. 2009; 
DaDheech et al. 2010).

One of the most phylogenetically puzzling and 
misidentified genera of filamentous non–heterocystous 
cyanobacteria in need of phylogenetic revision is the 
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classic genus Phormidium (casamatta et al. 2005; 
komárek 2010; lopes et al. 2012).  This genus has 
been described from freshwater, marine and terrestrial 
habitats. There are the terrestrial habitats which 
have received the least amount of research attention.  
Thus, the purpose of this manuscript is to describe 
a novel species of Phormidium collected from an 
understudied habitat: soils and water bodies of the 
Etosha Pan, Namibia. This region encompasses > 
5,000 km2 in its saline, endorheic basin which is the 
main habitat of the Etosha National Park. To find out 
the taxonomic identity and phylogentic position of the 
cyanobacterium prevailing as monospecific in a natural 
sample of Etosha Pan, we investigated the material 
using multilocus sequencing such as 16S rRNA gene, 
cpcBA–IGS locus and cyanotoxin producing genes 
along with morphological and ecological features.

MaterIals and Methods

Sample collection and light microscopy. Samples were 
collected on 12 November 2008 at Okandeka Spring 
(temperature 32 °C, pH 9.55, conductivity 8.8 mS.cm–1 and 
salinity 4.8 ‰), 20 km north of Okaukuejo, Etosha Pan, 
Namibia (GPS 18° 59’ 39” S, 15° 52’ 05 E).  Okandeka is a 
contact spring, with water seeping out above break points of 
the rock–layers of the underground and watering about 600 
m into the pan (Fig. 1).  

The clonal culture of the studied cyanobacterium 
(KR2008/49) was established by isolating filaments with 
micropipettes and culturing in modified Bourrelly medium 
(Krienitz & Wirth 2006) at room temperature under a 14 
h:10 h light–dark regime. Initially, the strain started to grow 
well but unfortunately due to unknown reasons, we were 
unable to maintain living cultures for a long time. Thus, dried 
monospecific samples on cotton tissue were preserved as type 
material and deposited at the Botanical Museum in Berlin, 
Germany (B400040890).  For additional comparisons to our 
Okandeka isolate, morphologically similar samples were 
collected from wet soil and water puddles at nine different 
sites of Etosha Pan. 

Light microscopy studies were performed with 
samples fixed in formaldehyde using a Nikon Eclipse 
E600 microscope (Nikon Corporation Tokyo, Japan). 
Microphotographs were taken with a Nikon Digital camera 
DS–Fil and Nikon software NIS–Elements D. At least 50 
measurements were conducted for calculating the size of 
cells. 

Molecular methods: DNA extraction, PCR amplification, 
sequencing and phylogenetic analyses. The genomic 
DNA from initially grown strain (KR2008/49) and 
monospecific dried sample was extracted using Dynabeads 
DNA DURECT System I (Invitrogen/Dynal Biotech, Oslo, 
Norway) following the steps outlined in the manufacturer’s 
manual. PCR of 16S rRNA gene, and cpcBA–IGS locus 
was performed in a Peltier Thermal Cycler PTC 200 (MJ 
Research Inc., San Francisco, USA). Each 20 μl PCR 
cocktail contained 14.4 μl of sterile water, 2.0 μl of 10× PCR 
buffer A (Qiagen, Hilden, Germany), 0.5 μl of 20 mM dNTPs 
(Qiagen) in an equimolar ratio, 1 μl of a 10 μM concentration 

of the forward primer, 1 μl of a 10 μM concentration of the 
reverse primer, 0.1 μl of Taq DNA polymerase enzyme (5 
U/μl from Qiagen), and 1.0 μl of sample DNA. The amount 
of template DNA was adjusted when necessary to generate 
sufficient PCR products for DNA sequencing. The forward 
primer pA and reverse primer B23S (cyanobacterial specific) 
were used for the amplification of 16S rRNA gene (eDWarDs 
et al. 1989; GKelis et al. 2005) with an annealing temperature 
of 50 °C for PCR protocol (ballot et al. 2008).  The primers 
PCßf and PCαr (neilan et al. 1995) were employed to obtain 
a partial sequence of cpcBA–IGS locus of Etosha sample 
and P. cf. terebriforme KR2003/25. The PCR protocol 
for the amplification of phycocyanin operon was used 
as described previously (ballot et al. 2008). Amplified 
products were purified through Qiaquick PCR purification 
columns (Qiagen) according to manufacturer’s protocol. 
Cleaned PCR products of dried sample were cloned using 
the Zero Blunt® Topo® PCR cloning kit 149 (Invitrogen, 
Germany) according to manufacturer’s instructions. Positive 
colonies were selected, clones were PCR amplified and then 
cycle sequenced to retrieve the sequence of 16S rRNA gene 
fragment and cpcBA–IGS locus.

The purified PCR product of 16S rRNA gene was 
sequenced using the primers pA, pC, pE, pDr, pFr, pHr 
(eDWarDs et al. 1989) and cpcBA–IGS region was sequenced 
using the same primers as used for the PCR on ABI 3100 
Avant Genetic Analyzer using BigDye Terminator v3.1 
Cycle Sequencing Kit (Applied Biosystems, Applera, 
Deutschland, GmbH, Darmstadt, Germany) as described in 
the manufacturer’s manual.

The cyanobacterial sequences of 16S rRNA gene 
were retrieved from nucleotide database of NCBI and 
aligned using software MUSCLE (eDGar 2004). Alignment 
was checked visually using the Manual Sequence Alignment 
Editor Align v05/2008 (hepperle 2008). Sequence similarity 
(identity matrix) of the closest sequences was calculated 
from all positions of the alignment including gaps using the 
program Align. The closest relatives to our sequences were 
detected using BLASTN (www.ncbi.nlm.nih.gov/blast). 
For the phylogenetic analyses, we initially selected a large 
group of sequences (> 1100 bp), and later a smaller subset 
was selected based on the relatedness of the sequences 
and excluding taxa of uncertain affiliation. For a synoptic 
view of the phylogenetic tree, only sequences from the 
Oscillatoriales, particularly Phormidium spp., were chosen. 
A tree was constructed by the maximum likelihood (ML) 
method using the program MEGA 5 (tamura et al. 2011) 
with default settings, applying a K2+G+I model of nucleotide 
substitution, which gave the best fit to this dataset according 
to the Bayesian Information Criterion (BIC). Confidence 
values for the edges of the maximum–likelihood tree were 
computed by bootstrapping of 1000 replications. Maximum 
parsimony and neighbor joining trees were constructed 
using MEGA 5 (tamura et al. 2011) and compared the 
topologies of the obtained trees to establish and validate the 
phylogenetic position of the studied strain (data not shown). 
Anabaenopsis eleninii AB2006/20 (AM773307) was chosen 
as the outgroup taxon.

The phylogenetic tree of cpcBA–IGS was 
constructed using the closest sequences to our sequences in 
BLASTN and following the steps employed for 16S rRNA 
gene analysis. The tree was prepared with K2 + G model of 
nucleotide substitution, which gave the best fit to this dataset 
according to the Bayesian Information Criterion (BIC) using 
Arthrospira indica PD2002/gca (AY575944) as the outgroup 



taxon.
The genetic potential of the studied Phormidium–

taxon to produce a variety of toxins was assessed using 
different primer sets: HEPF/HEPR for mcyE (JunGblut & 
neilan 2006), FAA/RAA for mcyB (neilan et al. 1999), 
AnaC–genF/AnacC–genR for anacystin (rantala–ylinen 
et al. 2011) and sxtA–F/sxtA–R for saxitoxin (al–tebrineh 
et al. 2010). The PCR cycling protocol for each primer 
pairs was applied as previously described by the authors. 
The nucleotide sequences reported in this study have been 
deposited in the NCBI database under the GenBank accession 
numbers KC014068 (16S rRNA gene) and KC014069–
KC014070 (cpcBA–IGS).

results

Phormidium etoshii dadheech, casaMatta, 
casper et KrIenItz sp. nov. (Figs 2, 5–8) 
Diagnosis: Filamentae longae rectae vel undulatae, 
aeruginosae. Vagina incolorata vulgo invisibilis. 
Cellulae 4–7 µm latae, 2–4 µm longae. Filamentae 
ad septae inconstrictae vel plus minusve constrictae. 
Septae granulatae. Trichomata rotundatae vel 
attenuate ad apices sine calyptra. Reproductio 
hormogonis formatae cellulis necridis.

Filaments long, straight or curved, pale bright blue–
green. Sheath colourless mostly not visible. Cells 5.5 
(±1.5) µm wide and 3.0 (±1.0) µm long. Filaments not 
or slightly constricted at the cross wall. Granulated at 
cross–walls. Apices of trichomes rounded or conical, 
without calyptra. Propagation by hormogonia formed 
by necridic cells.
Habitat: Hyposaline water puddles, springs and wet 
soil.
Type locality: Okandeka Spring, Etosha National 
Park, Namibia.
Holotype (designated here): monospecific dried 
sample (B400040890) in the Herbarium at the 
Botanical Museum at Berlin, Dahlem, Germany. An 
isotype is deposited at the herbarium of the National 
Botanical Research Institute at Windhoek, Namibia.
Etymology: the specific epithet (etoshii) reflects the 
occurrence of this species in the Etosha Pan in the 
Etosha National Park, Namibia.
Icona typica: a drawing of P. etoshii from the locus 
classicus (Fig. 9).

Morphologically most similar to Phormidium formosum 
(bory ex Gomont) anaGnostiDis et komárek, but with 
undulating wider trichomes, and different phylogeny 
and ecology.  Based on 16S rRNA gene sequence data, 
most similar to Phormidium acuminatum (Gomont) 
anaGnostiDis et komárek, but differing in cell shape, 
formation of apical cell and ecology.

Phenotypic features
Phormidium etoshii is an edaphic cyanobacterium 

distributed through wide areas of the Etosha Pan (Fig. 
1). On wetted soil of the saline–alkaline pan, P. etoshii 
contributed to the pale blue–green appearance of the 
clay (Fig. 3). In water puddles, the cyanobacterium 
established a brownish–green film at the bottom, later 
these aggregations came up to the water surface as thick 
mats. Filaments may produce dense, pale–green skins 
on the water surface with gas bubbles that gave a frog–
skin–like appearance (Fig. 4) and may be found as a 
free floating mass of filaments or attached to substratum 
of the pan. Filaments were variable from straight 
to curvy (Fig. 2). Trichomes were not attenuated or 
slightly attenuated in a few cases. Sheath was firm and 
rarely visible (Fig. 6). Cells were mainly wider (5.5 
±1.5 µm) than long (3.0 ±1.0 µm). Filaments were not 
(Figs 2, 6, 7) or occasionally slightly constricted at the 
cross wall (Fig. 8). The shape of apical cell was quite 
variable as it was observed round (Figs 5, 6), conical–
straight (Fig. 7), conical–bent (Fig. 8) without calyptra. 
The multiplication was documented by hormogonia 
formation with the help of necridic cells (Fig. 8). The 
phenotypic features of Phormidium etoshii and its 
phylogenetical closest taxa are summarized in Table 1.

Phylogenetic analysis
Identical sequences of the 16S rRNA gene and cpcBA–
IGS locus were obtained from our isolated strain 
(KR2008/49) and clones of dried samples (data not 
shown) illustrating the monospecificity of the collected 
sample. A partial 16S rRNA gene sequence (1268 bp) 
was obtained and compared with closely related taxa 
retrieved from GenBank database. Sequence analysis 
revealed that the sample showed 99% similarity in 
16S rRNA sequence with Phormidium cf. terebriforme 
KR2003/25, uncultured bacterium clone TX4CB_70, 
Phormidium sp. LEGE 06072, Oscillatoria acuminata 
PCC6304 and Phormidium sp. LEGE 06078. A ML 
tree revealed that Etosha sequence took position in a 
well defined clade mainly composed of other members 
of the genus Phormidium (Fig. 10).  This clade 
encompassed taxa originated from varied habitats. Our 
sample formed a clearly separate lineage among taxa of 
this sub–clade (Fig. 10). Phormidium cf. terebriforme 
KR2003/25 was reported from hot springs at Lake 
Bogoria, Kenya while the origin of Oscillatoria 
acuminata PCC 6304 is not known. 

We were able to get sequences of 458 bp and 
464 bp of cpcBA–IGS locus amplicon from the Etosha 
and P. cf. terebriforme taxon. Significantly comparable 
sequence of cpcBA–IGS to the sequence of Etosha 
Pan taxon was not available in GenBank database. 
Moreover, the sequence of Etosha Pan strain exhibited 
94% similarity to Oscillatoria acuminata PCC6304 
(AJ401186) and 96% similarity to Phormidium cf. 
terebriforme (KR2003/25) sequenced in this study. 
This formed a distinct lineage in a well supported clade 
consisting O. acuminata and P. cf. terebriforme (Fig. 
11).
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Figs 1–8. Habitat and microphotopraphs of Phormidium etoshii: (1) satellite view (from Google Earth) of the collection site at Okandeka 
Spring, Etosha Pan, Namibia. The spring (blue–green colored ) is meandering into the pan. White star indicates the sampling point; (2) 
microphotograph of curvy filaments collected from wet soil; (3)overview on the Okandeke Spring which is covered with a skin of P. etoshii; (4) 
water surface with gas bubbles giving the cyanobacterial mat a frog–skin–like appearance; (5) filament with rounded slightly bent apical cell; 
(6) trichome with sheath; (7) filament with conical apical cell; (8) filament with conical–bent apical cell and necridic cell. Scale bars 10 µm.
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To detect potential cyanotoxins, PCR analyses were 
performed using several specific primer pairs. We did 
not get amplification for any genetic loci responsible 
for production of cyanotoxins such as microcystin, 
anatoxin–a and saxitoxin. 

dIscussIon

Cyanobacteria are among the most ubiquitous, 
ecologically important photo–autotrophs, yet their 
identification is problematic due to their lack of 
distinguishing characteristics and poorly articulated 
alpha–taxonomy (casamatta et al. 2005; komárek 
2010). Numerous systematic revisions have been 
proposed to deal with issues relating to phenotypic 
plasticity, few distinguishing morphological features, 
and lack of habitat sampling.  Recent surveys have 
revealed copious new taxa from previously unsampled 
habitats (e.g., komárek & anaGnostiDis 2005; 
turicchia et al. 2009). It is from one such previously 
unsurveyed habitat, the Etosha National Park, Namibia, 
that we sampled and studied P. etoshii sp. nov.

One of the most problematic cyanobacterial 
genera in terms of phylogenetic assessment is 
Phormidium (marquarDt & palinsKa 2007; comte 
et al. 2007; komárek 2010). This genus encompasses 
over 150 species, whose identifications often rely on 
environmentally inducible characters (e.g., sheaths) 
or transient forms, and numerous cryptic species have 
been postulated (casamatta et al. 2005). However, 
recent molecular analyses have shown certain clades 
to share a high degree (97.5% based on the 16S rRNA 
gene) of genetic similarity (marquarDt & palinsKa 
2007; comte et al. 2007).

Many modern researchers advocate a total 
evidence or polyphasic approach to the elucidation of 
cyanobacterial systematic placements (comte et al. 

2007; sciuto et al. 2011). In the polyphasic approach, 
the characterization of genera should be preliminarily 
based on molecular separation considering dissimilarity 
in 16S rRNA gene sequence (about 95% or less genetic 
similarity) combined with at least one diacritical 
autapomorphic character (komárek 2010). Some new 
oscillatorian genera have been described and revised 
using this approach (abeD et al. 2002; suDa et al. 
2002; sieGesmunD et al. 2008; perKerson et al. 2011; 
strunecKý et al. 2011; taton et al. 2011; casamatta et 
al. 2012; DaDheech et al. 2012a, b; zammit et al. 2012). 
However, species concepts are more complicated and 
as yet unclear in the cyanobacteria (komárek 2010). 
Fox et al. (1992) demonstrated that 16S rRNA gene 
similarity data are not sufficient to absolutely identify 
species in prokaryotes. It has been suggested that a 
single species of a cyanobacterium must be genetically, 
ecologically and morphologically uniform (komárek 
& mareš 2012).

The sequence (1268 bp) of our taxon shows 98–
99% 16S rRNA gene similarity to other Phormidium 
taxa. The Etosha sequence forms a separate lineage in a 
big clade in that most of the taxa are genetically similar 
but with uncertain identification (Fig. 10). However, P. 
etoshii exhibits phylogenetic closeness to Phormidium 
acuminatum but it shows considerable morphological 
dissimilarities in cell size, cell shape and apical cell 
(Table 1). Likewise, our taxon also differs from P. 
terebriforme (komárek & AnAgnostidis 2005) and P. 
cf. terebriforme (ballot et al. 2004) in morphological 
features such as constriction at cross wall, shape 
and attenuation of filament and shape of apical cell 
(Table 1). On the basis of terminal cell morphology, 
P. etoshii falls in group III of the Phormidium, while 
P. acuminatum and P. terebriforme belong to group I 
and II, respectively (komárek & AnAgnostidis 2005). 
P. etoshii shows morphological similarities with P. 
richardsii but differs ecologically and in shape of 
apical cell as P. richardsii belongs to group I (komárek 
& anaGnostiDis 2005), while P. etoshii fits in group III. 
Our taxon is also morphologically more similar to P. 
formosum but displays undulating rather than straight 
filaments (komárek & AnAgnostidis 2005). Recently, 
five strains of P. formosum were isolated from epipelic 
habitat (Czech Republic) and sequenced for 16S rRNA 
gene (hašler et al. 2012). Phylogenetic analysis reveals 
that P. etoshii and P. formosum are highly evolutionary 
divergent from each other (Fig. 10). Furthermore, the 
ecology of Etosha taxon is different from these strains. 
Though P. formosum has been recorded in brackish 
and saline habitats, this is regarded as an uncertain 
observation (komárek & AnAgnostidis 2005). 
Additionally, P. acuminatum mainly reported from 
hypersaline thermal springs (komárek & AnAgnostidis 
2005) while P. cf. terebriforme was collected from 
hyposaline hot springs (ballot et al. 2004). Some new 
species of oscillatorian genera have been described 
those sharing >99% sequence similarity of 16S rRNA 

Fig. 9. Icona typica of Phormidium etoshii showing different shapes 
of apical cell. The iconotype is indicated by an asterisk. Scale bar 
5 µm.
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gene but differed in morphology and ecological 
preferences (casamatta et al. 2005; Bohuniká et al. 
2011). P. etoshii is not only distinct in morphological 
features from phylogentically related taxa but also 
has different ecology as it is originated from a unique 
saline–alkaline pan.

The IGS region and flanking subunits beta 
(cpcB) and alpha (cpcA) can be used as a marker for 
characterization of various members of cyanobacteria 
(neilan et al. 1995; bolch et al. 1996; bittencourt–
olivierA et al. 2001; ballot et al. 2008; stüKen et 
al. 2009), including Phormidium (tenevA et al. 2005; 
premananDh et al. 2006).  Sequences of cpcBA–IGS 
locus of phycocyanin operon were used as suitable 
markers for distinguishing Nostoc species or strains 
(tenevA et al. 2012) and suggested as a marker to assign 
a molecular species concept in the genus Arthrospira 
(DaDheech et al. 2010). We compared cpcBA–IGS 
sequence of our taxon with the only closest sequence 
(94%) of a taxon P. acuminatum available in GenBank 
and newly sequenced P. cf. terebriforme KR2003/25 
(96%) in this study. The sequence of Etosha sample 
showed considerable difference in percent similarity 
and also has a distinct lineage in phylogenetic tree. 
In the cpcBA–IGS phylogeny, the Etosha sequence 
exhibit relatedness to P. cf. terebriforme whereas it is 
more related to P. acuminatum in the 16S rRNA gene 
phylogeny.

The Etosha pan is hypo–saline, but salinity 
values vary considerably depending on evaporation 
(hammer et al. 1983). Therefore, water sources with 
lower salt content are essential for the survival of 
the numerous animals in the Etosha National Park. 

Okandeka Spring is the only waterhole north of 
Okaukuejo. The spring water is slightly hyposaline 
and the water supply is relatively stable and attracts 
wildlife for drinking (osBorne & versfeld 2004). 
Even flamingos are coming occasionally to drink and 
wash the feathers.

Etosha Pan is a breeding site of the Lesser 
Flamingos (berry 1972; versfeld 2006). Worldwide, 
only six sites are used for breeding by the Lesser 
Flamingos: Lake Natron (Tanzania), Etosha Pan 
(Namibia), Makgadikgadi–Pan (Botswana), Kamfers 
Dam (South Africa) as well as two pans in the ‘Little 
Rann of Kachchh’ (India) (chilDress et al. 2008). 
The feeding grounds of Lesser Flamingos in Namibia 
are beside Etosha Pan several water bodies and 
lagoons near Walvis Bay. At both sites the main food 
resource consists of benthic diatoms and filamentous 
cyanobacteria (Krienitz 2009). Mass developments 
of the cyanobacterium Arthrospira fusiformis which 
is the main food resource of Lesser Flamingos in the 
soda lakes of East Africa, are missing in Namibia. 
Therefore, P. etoshii can act as an alternative food 
for flamingos. PCR–based detection of potential 
cyanotoxins production by cyanobacteria is being 
successfully employed as a tool for characterization 
of oscillatorian taxa (DaDheech et al. 2012b; lopes 
et al. 2012). In our investigations, we used selective 
primers to detect genes for the synthesis of cyanotoxins 
(microcystin, anatoxin–a and saxitoxin), but did not 
find any of these genes in P. etoshii. 

We describe Phormidium etoshii as a new species 
of Oscillatoriales based on differential phylogeny in 
16S rRNA gene and cpcBA–IGS locus; morphological 

Table 1. Morphological and habitat characters of Phormidium etoshii and its phylogeneticaly closest relatives.

Feature Phormidium etoshii Oscillatoria acuminata PCC 
6304 (=Phormidium acumina-
tum)1

Phormidium cf. terebri-
forme2

Filament Solitary, straight or curvy Solitary, usually straight or ir-
regularly screw like coiled at the 
ends

Solitary, straight to undulat-
ing

Sheath Hyaline, colorless Hyaline, colorless Detail not available

Cell width (µm) 5.5 ±1.5 5.0 ±1.0 5.5 ±0.5 

Cell length (µm) 3.0 ±1.0 6.0 ±2.0 3.0 ±1.0

Cell shape Mainly wider than long Mostly longer than wide Mainly isodiametric 

Apical cell type Round, conical; straight or bent; 
without calyptra

Acute–conical, thorn–like or 
needlelike; without calyptra

Rounded; without calyptra

Constriction at cross 
wall

Not or slightly constricted Not or slightly constricted Constricted 

Habitat Saline–alkaline Hypersaline thermal springs Hyposaline hot springs
1 komárek & AnAgnostidis (2005); 2 ballot et al. (2004).

240                                                                                                                            DaDheech et al.: Phormidium etoshii sp. nov.



Fig. 10. Maximum likelihood phylogenetic tree based on 16S rRNA gene sequences (size ~1000 bp). Numbers above branches indicate 
bootstrap support (>50%) from 1,000 replicates and are given in the following order: maximum likelihood/neighbor joining/maximum 
parsimony. The novel species is in bold font.

Fottea, Olomouc, 13(2): 235–244, 2013                                                                                                                             241



and ecological dissimilarities to phylogentically close 
taxa.
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