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Abstract

A total of 16 strains phylogenetically placed within the Nostocaceae were found to possess morphological features of the 
Rivulariaceae and Tolypothrichaceae (tapering trichomes and single false branching, respectively) in addition to their typi-
cal Nostocacean features (production of arthrospores in series). These strains formed a strongly supported clade separate 
from other strains that are phylogenetically and morphologically close. We describe four new species within the genus 
Roholtiella gen. nov. The four species include three distinguishable morphotypes. Roholtiella mojaviensis and R. edaphica 
are morphologically distinct from each other and from the other two species, R. fluviatilis and R. bashkiriorum. Roholtiella 
fluviatilis and R. bashkiriorum are cryptic species with respect to each other. All four species are easily distinguished based 
on the sequence of the 16S-23S ITS regions, in particular the flanking regions to the conserved Box-B and V3 helices. The 
species are further established by the elevated p-distance between species that is much reduced among strains within the 
same species. Calochaete cimrmanii, a recently described tapering species from tropical biomes, is the most likely sister 
taxon to Roholtiella.

Key words: 16S rRNA gene, 16S-23S ITS, cryptic species, morphology, new genus, Nostocophycideae, polyphasic ap-
proach, taxonomy

Introduction

With the advent of molecular sequencing and the polyphasic approach to cyanobacterial taxonomy, there has recently 
been considerable advance made in the systematics and taxonomy of cyanobacteria, including the description of 
numerous cyanobacterial genera and species. The first genera to be described with a combination of morphological and 
molecular methods appeared in 2002 (Abed et al. 2002, Flechtner et al. 2002, Suda et al. 2002). Since that time, over 
40 genera have been described using a polyphasic approach that includes both morphology and molecular sequence 
data.
	T he heterocytous taxa have proven difficult to characterize and numerous morphologically well-defined genera 
have been found to be polyphyletic based on molecular phylogenetic analyses. Over the past century, characteristics 
such as tapering and false branching were thought to have evolved very seldom, and so most filaments that tapered 
were identified as Calothrix Agardh ex Bornet & Flahault (1886: 345) or Rivularia Agardh ex Bornet & Flahault 
(1887: 345), and false branching forms were commonly placed in either Tolypothrix Kützing ex Bornet & Flahault 
(1888a: 118) or Scytonema Agardh ex Bornet & Flahault (1888a: 85). When strains that were incorrectly assigned to 
these genera began to be sequenced (Rajaniemi et al. 2005), it created a good deal of taxonomic confusion, some of 
which persists to the present (Hauer et al. 2014). 
	T he Nostocaceae have traditionally consisted of the heterocytous taxa that do not possess false branching or 
tapering (Geitler 1932, Komárek 2013). They form arthrospores that are solitary, or in series and are produced 
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as more extensive taxon sampling to resolve the genera that likely exist within the clade. By describing Roholtiella 
using a polyphasic approach, we hope to have made progress towards this end.

Acknowledgements

The research was supported by grants GA CR P506/12/1818, GA CR 15-11912S, MŠMT/AMVIS LH12100, 
CZ.1.07/2.3.00/30.006 (E. Berrendero Gomez), internal grant 11.01 of M. Akmullah Bashkir State Pedagogical 
University, Ministry of Education and Science of the Russian Federation programme for supporting scientific research 
in M. Akmullah Bashkir State Pedagogical University (L.A. Gaysina), funds of the Desert Legacy Fund, California 
Desert Research Program at the Community Foundation serving the counties of Riverside and San Bernardino (N. 
Pietrasiak) and long-term research development project no. RVO67985939. Access to computing and storage facilities 
owned by parties and projects contributing to the National Grid Infrastructure MetaCentrum, provided under the 
programme “Projects of Large Infrastructure for Research, Development, and Innovations” (LM2010005), is greatly 
appreciated. We would also like to thank to Michael & Wendy Guiry for their great effort in collecting taxonomic 
information on algae and cyanobacteria through World-wide electronic publication AlgaeBase (http://www.algaebase.
org) and to two anonymous reviewers, who provided helpful advice for improvement of the manuscript.

References

Abed, R.M.M., Garcia-Pichel, F. & Hernández-Mariné, M. (2002) Polyphasic characterization of benthic, moderately halophilic, 
moderately thermophilic cyanobacteria with very thin trichomes and the proposal of Halomicronema excentricum gen. nov., sp. nov. 
Archives of Microbiology 177: 361–370.

	 http://dx.doi.org/10.1007/s00203-001-0390-2
Anagnostidis, K. & Komárek, J. (1988) Modern approach to the classification system of Cyanophytes 3 - Oscillatoriales. Algological 

Studies 50–53: 327–472.
Bornet, É. & Flahault, C. (1886) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France. [Septième 

série] Annales des Sciences Naturelles, Botanique 3: 323-381.
Bornet, É. & Flahault, C. (1887) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France. [Septième 

série] Annales des Sciences Naturelles, Botanique 4: 343–373.
Bornet, É. & Flahault, C. (1888a) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France. [Septième 

série] Annales des Sciences Naturelles, Botanique5: 51–129.
Bornet, É. & Flahault, C. (1888b) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France. [Septième 

série] Annales des Sciences Naturelles, Botanique 7: 177–262.
Berrendero, E., Perona, E. & Mateo, P. (2011) Phenotypic variability and phylogenetic relationships of the genera Tolypothrix and Calothrix 

(Nostocales, Cyanobacteria) from running water. International Journal of Systematic and Evolutionary Microbiology 61: 3039–51. 
http://dx.doi.org/10.1099/ijs.0.027581-0

Bischoff, H.W. & Bold, H.C. (1963) Phycological studies. IV. Some soil algae from Enchanted Rock and related algal species. University 
of Texas Publications 6318, Austin, 95 pp.

Boyer, S.L., Flechtner, V.R. & Johansen, J.R. (2001) Is the 16S–23S rRNA internal transcribed spacer (ITS) region a good tool for use in 
molecular systematics and population genetics? A case study in cyanobacteria. Molecular Biology and Evolution 18: 1057–1069.

	 http://dx.doi.org/10.1093/oxfordjournals.molbev.a003877
Brito, A., Ramos, V., Seabra, R, Santos, A., Santos, C.L., Lopo, M., Ferreira, S., Martins, A., Mota, R., Frazăo, B, Martins, R., Vasconcelos, 

V. & Tamagnini, P. (2012) Culture-dependent characterization of cyanobacterial diversity in the intertidal zones of the Portuguese 
coast: A polyphasic study. Systematic and Applied Microbiology 35: 110–119. 

	 http://dx.doi.org/10.1016/j.syapm.2011.07.003
Carmichael, W.W. (1986) Isolation, culture, and toxicity testing of toxic freshwater cyanobacteria (blue-green algae). In: Shilov, V. (Ed.) 

Fundamental research in homogenous catalysis 3. Gordon & Breach, New York, pp. 1249–1262.
Casamatta, D.A., Gomez, S.R. & Johansen, J.R. (2006) Rexia erecta gen. et sp. nov. and Capsosira lowei sp. nov., two newly described 

cyanobacterial taxa from the Great Smoky Mountain National Park (USA). Hydrobiologia 561: 13–26.
	 http://dx.doi.org/10.1007/s10750-005-1602-6
Darriba, D., Taboada, G.L., Doallo, R. & Posada, D. (2012) jModelTest 2: more models, new heuristics and parallel computing. Nature 

Methods 9: 772.
	 http://dx.doi.org/10.1038/nmeth.2109



Bohunická et al.102   •   Phytotaxa 197 (2) © 2015 Magnolia Press

De Toni, G. (1936) Noterelle di nomenclatura algologica. VIII. Terzo elenco di Missoficee omonime. Tip. Morcelliana, Brescia, pp. 1–6.
Desikachary, T.V. (1948) On Camptylonema indicum Schmidle and Camptylonemopsis gen. nov. [Section B] Proceedings of the Indian 

Academy of Sciences 28: 35–50.
Erwin, P.M. & Thacker, R.W. (2008) Cryptic diversity of the symbiotic cyanobacterium Synechococcus spongiarum among sponge hosts. 

Molecular Ecology 17: 2937–2947. 
	 http://dx.doi.org/10.1111/j.1365-294X.2008.03808.x
Fiore, M.F., Sant’Anna, C.L., de Paiva Azevedo, M.T., Komárek, J., Kaštovský, J., Sulek, J. & Lorenzi, A.S. (2007) The cyanobacterial 

genus Brasilonema, gen. nov., a molecular and phenotypic evaluation. Journal of Phycology 43: 789–798.
	 http://dx.doi.org/10.1111/j.1529-8817.2007.00376.x
Flechtner, V.R., Boyer, S.L., Johansen, J.R. & DeNoble, M.L. (2002) Spirirestis rafaelensis gen. et sp. nov. (Cyanophyceae), a new 

cyanobacterial genus from arid soils. Nova Hedwigia 74: 1–24. 
	 http://dx.doi.org/10.1127/0029-5035/2002/0074-0001
Geitler, L. (1932) Cyanophyceae. In: Rabenhorst, L. (Ed.) Kryptogamenflora von Deutschland, Österreich und der Schweiz. Akademische 

Verlagsgesellschaft m. b. H., Leipzig, 1196 pp.
Geitler, L. (1933) Diagnosen neuer Blaualgen von den Sunda-Inseln. [Supplement] Archive für Hydrobiologie 12: 622–634.
Gouy, M., Guindon, S. & Gascuel, O. (2010) SeaView Version 4: A multiplatform graphical user interface for sequence alignment and 

phylogenetic tree building. Molecular Biology and Evolution 27: 221–24.
	 http://dx.doi.org/10.1093/molbev/msp259
Guindon, S., Dufayard, J.-F., Lefort, V., Anisimova, M., Hordijk, W. & Gascuel, O. (2010) New algorithms and methods to estimate 

maximum-likelihood phylogenies: Assessing the performance of PhyML 3.0. Systematic Biology 59: 307–321.
	 http://dx.doi.org/10.1093/sysbio/syq010
Hauer, T., Bohunická, M. & Mühlsteinová, R. (2013) Calochaete gen. nov. (Cyanobacteria, Nostocales), a new cyanobacterial type from 

the “páramo” zone in Costa Rica. Phytotaxa 109: 36–44.
	 http://dx.doi.org/10.11646/phytotaxa.109.1.4
Hauer, T., Bohunická, M., Johansen, J.R., Mareš, J. & Berrendero Gómez, E. (2014) Reassessment of the Cyanobacterial family 

Microchaetaceae and establishment of new families Tolypothrichaceae and Godleyaceae. Journal of Phycology 50: 1089-1100.
	 http://dx.doi.org/10.1111/jpy.12241
Hollerbach, M.M. & Shtina, E.A. (1969) Soil algae [Pochvennyje vodorosli]. Nauka, Leningrad, 228 pp.
Johansen, J.R., Kovacik, L., Casamatta, D.A., Fučíková, K. & Kaštovský, J. (2011) Utility of 16S-23S ITS sequence and secondary 

structure for recognition of intrageneric and intergeneric limits within cyanobacterial taxa: Leptolyngbya corticola sp. nov. 
(Pseudanabaenaceae, Cyanobacteria). Nova Hedwigia 93: 283–302.

	 http://dx.doi.org/10.1127/0029-5035/2011/0092-0283
Johansen, J.R., Bohunická, M., Lukešová, A., Hrčková, K., Vaccarino, M.A. & Chesarino, N.M. (2014) Morphological and molecular 

characterization within 26 strains of the genus Cylindrospermum (Nostocaceae, Cyanobacteria), with description of three new 
species. Journal of Phycology 50: 187–202.

	 http://dx.doi.org/10.1111/jpy.12150
Kaštovský, J. & Johansen, J.R. (2008) Mastigocladus laminosus (Stigonematales, Cyanobacteria): phylogenetic relationship of strains 

from thermal springs to soil-inhabiting genera of the order and taxonomic implications for the genus. Phycologia 47: 307–320.
	 http://dx.doi.org/10.2216/PH07-69.1
Kaštovský, J., Berrendero Gomez, E., Hladil, J. & Johansen, J.R. (2014) Cyanocohniella calida gen. et sp. nov. (Cyanobacteria: 

Aphanizomenonaceae) a new cyanobacterium from the thermal springs from Karlovy Vary, Czech Republic. Phytotaxa 181 (5): 
279–292. 

	 http://dx.doi.org/10.11646/phytotaxa.181.5.3
Katoh, K. & Standley, D.M. (2013) MAFFT multiple sequence alignment software version 7: Improvements in performance and usability. 

Molecular Biology and Evolution 30: 772–80. 
	 http://dx.doi.org/10.1093/molbev/mst010
Komárek, J. & Anagnostidis, K. (1989) Modern approach to the classification system of Cyanophytes 4 - Nostocales. Algological Studies 

56: 247–345.
Komárek, J. (2013) Cyanoprokaryota 3. Teil / 3rd Part: Heterocytous Genera. In: Büdel, B., Gärtner, G., Krienitz, L., & Schagerl, M. (Eds.) 

Süßwasserflora von Mitteleuropa Bd. 19/3. Springer Spektrum, Berlin, Heidelberg, 1030 pp.	
Komárek, J., Kaštovský, J., Mareš, J. & Johansen, J.R. (2014) Taxonomic classification of cyanoprokaryotes (cyanobacterial genera) 

Taxonomic classification of cyanoprokaryotes (cyanobacterial genera) 2014, using a polyphasic approach. Preslia 86: 295–33.
Korelusová, J., Kaštovský, J. & Komárek, J. (2009) Heterogenity of the cyanobacterial genus Synechocystis and description of a new 

genus Geminocystis. Journal of Phycology 45: 928–937. 
	 http://dx.doi.org/10.1111/j.1529-8817.2009.00701.x
Kostikov, I., Romanenko, P., Demchenko, P., Darienko, T.M., Mikhayljuk, T.I., Rybchinskiy, O.V. & Solonenko, A.M. (2001) Soil algae 

of Ukraine [Vodorosti gruntiv Ukrajiny]. Phytosotsiologichniy center, Kiev, 300 pp.
Lukešová, A. (1993) Soil algae in four secondary successional stages on abandoned fields. Algological Studies 71: 81–102.



Roholtiella, gen. nov. Phytotaxa 197 (2) © 2015 Magnolia Press   •   103

Lukešová, A. (2001) Soil algae in brown coal and lignite post-mining areas in Central Europe (Czech Republic and Germany). Restoration 
Ecology 9: 341–350.

	 http://dx.doi.org/10.1046/j.1526-100X.2001.94002.x
Lukešová, A., Johansen, J.R., Martin, M.P. & Casamatta, D.A. (2009) Aulosira bohemensis sp. nov.: further phylogenetic uncertainty at 

the base of the Nostocales (Cyanobacteria). Phycologia 48: 118–129.
	 http://dx.doi.org/10.2216/08-56.1
Nübel, U., Garcia-Pichel, F. & Muyzer, G. (1997) PCR primers to amplify 16S rRNA genes from cyanobacteria. Applied and Environmental 

Microbiology 63: 3327–3332.
Osorio-Santos, K., Pietrasiak, N., Bohunická, M., Miscoe, L.H., Kovacik, L., Martin, M.P. & Johansen, J.R. (2014): Seven new species of 

Oculatella (Pseudanabaenales, Cyanobacteria): taxonomically recognizing cryptic diversification. European Journal of Phycology 
49(4): 450–470.

	 http://dx.doi.org/10.1080/09670262.2014.976843
Perkerson, R.B. III, Johansen, J.R, Kovácik, L., Brand, J., Kaštovský, J. & Casamatta, D.A. (2011) A unique pseudanabaenalean 

(cyanobacteria) genus Nodosilinea gen. nov. based on morphological and molecular data. Journal of Phycology 47: 1397–1412.
	 http://dx.doi.org/10.1111/j.1529-8817.2011.01077.x
Pietrasiak, N., Mühlsteinová, R., Siegesmund, M. & Johansen, J.R. (2014) Phylogenetic placement of Symplocastrum (Phormidiaceae, 

Cyanobacteria) with descriptions of two new species: S. flechtnerae and S. torsivum. Phycologia 53(6): 529–541.
	 http://dx.doi.org/10.2216/14-029.1
Rajaniemi, P., Hrouzek, P., Kaštovská, K., Willame, R., Rantala, A., Hoffmann, L., Komárek, J. & Sivonen, K. (2005) Phylogenetic 

and morphological evaluation of the genera Anabaena, Aphanizomenon, Trichormus and Nostoc (Nostocales, Cyanobacteria). 
International Journal of Systematic and Evolutionary Microbiology 55:11–26.

	 http://dx.doi.org/10.1099/ijs.0.63276-0
Řeháková, K., Johansen, J.R., Casamatta, D.A., Xuesong, L. & Vincent. J. (2007) Morphological and molecular characterization of selected 

desert soil cyanobacteria: Three species new to science including Mojavia pulchra gen. et sp. nov. Phycologia 46: 481–502. 
	 http://dx.doi.org/10.2216/06-92.1
Řeháková, K., Mareš, J., Lukešová, A. Zapomělová, E., Bernardová, K. & Hrouzek, P. (2014) Nodularia (Cyanobacteria, Nostocaceae): a 

phylogenetically uniform genus with variable phenotypes. Phytotaxa 172: 235–246.
	 http://dx.doi.org/10.11646/phytotaxa.172.3.4
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Hohna, S., Larget, B., Liu, L., Suchard, M.A. & Huelsenbeck, J.P. 

(2012) MrBayes 3.2: Efficient Bayesian Phylogenetic Inference and Model Choice Across a Large Model Space. Systematic Biology 
61: 539–42. 

	 http://dx.doi.org/10.1093/sysbio/sys029
Spurr, A.R. (1969) A low-viscosity epoxy resin embedding medium for electron microscopy. Journal of Ultrastructure Research 26: 

31–43.
	 http://dx.doi.org/10.1016/S0022-5320(69)90033-1	
Stackebrandt, E. & Goebel, B.M. (1994) Taxonomic note: a place for DNA-DNA reassociation and 16S rRNA sequence analysis in the 

present species definition in bacteriology. International Journal of Systematic Bacteriology 44: 846–849.
	  http://dx.doi.org/10.1099/00207713-44-4-846
Stanier, R.Y., Kunisawa, R., Mandel, M. & Cohen-Bazire, G. (1971) Purification and properties of unicellular blue-green algae (order 

Chroococcales). Bacteriological Reviews 35: 171–205.
Suda, S., Watanabe, M.M., Otsuka, S., Mahakahant, A., Yongmanitchai, W., Nopartnaraporn, N., Liu, Y. & Day, J.G. (2002) Taxonomic 

revision of water bloom–forming species of oscillatorioid cyanobacteria. International Journal of Systematic and Evolutionary 
Microbiology 52: 1577–1595.

	 http://dx.doi.org/10.1099/ijs.0.01834-0
Swofford, D.L. (2002) PAUP*. Phylogenetic analysis using Parsimony (*and other methods). Sinauer Associates, Sunderland.
Usher, K.M., Sutton, D.C., Toze, S., Kuo, J. & Fromont, J. (2004) A new species of cyanobacterial symbiont from the marine sponge 

Chondrilla nucula. Symbiosis 36: 183–192.
West, G.S. (1907) Report on the freshwater algae, including phytoplankton of the Third Tanganyika Expedition, conducted by Dr. W.A. 

Cunnington 1904-1905. Journal of the Linnean Society of London, Botany 38: 81–197.
Wilmotte, A., Van der Auwera, G. & De Wachter, R. (1993) Structure of the 16S ribosomal RNA of the thermophilic cyanobacterium 

Chlorogloeopsis HTF (‘Mastigocladus laminosus HTF’) strain PCC7518, and phylogenetic analysis. FEBS Letters 317: 96–100.
	 http://dx.doi.org/10.1016/0014-5793(93)81499-P
Zuker, M. (2003) Mfold web server for nucleic acid folding and hybridization prediction. Nucleic Acids Research 31(13): 3406–3415.
	 http://dx.doi.org/10.1093/nar/gkg595




