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Motto: “I consider the human endeavour to discover new processes and regularities in nature, completed by 
requirement and satisfaction in logical arrangement of discovered facts into the objective and regular order, as 
a main stimulus of the noble evolution of the human society.” – Albert Einstein.

Abstract: The problem of identification and evaluation of new described cyanobacterial taxa, particularly of 
the genera established after molecular sequencing, is discussed. Numerous new taxonomic units were defined 
according to molecular analyses in the last 20 years, but their later identification by biological community 
(particularly by ecologists) is often hardly possible. The molecular sequencing and evaluation must be surely 
a basis of the modern and future taxonomic classification, but the application of polyphasic approach to the 
definition of single taxa and enabling the orientation and later recognition of all described taxonomic units is 
quite necessary and inevitable.
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The taxonomy of prokaryotic cyanobacteria was tradition-
ally based on cytomorphological and ecological markers, 
similarly as of other groups of simplest phototrophic, 
unicellular algal, eukaryotic organisms (phytoflagellates, 
coccal algae, etc.). Cyanobacteria were originally called 
“blue–green algae” in respect to their morphological 
similarity to simple algae and their morphology and 
ecological diversity. The substantial changes in their 
nomenclature and terminology started with the clear 
recognition and statement of their phylogenetic bacte-
rial origin and prokaryotic (bacterial) structure of cells. 
The name “blue–green algae” was uncompromisingly 
changed in “cyanobacteria” and this term was commonly 
accepted by scientific community over the world for 
the designation of this special group of phototrophic 
microorganisms (cf. Rippka et al. 1979; Rippka & 
Cohen–Bazire 1983; etc.). 

The next, very important progress in this field 
was the introduction of genetic methods, mainly the 
molecular sequencing, to the study of organismal popula-
tions. The great amount of studies in several last years 
appeared, based on sequencing of numerous isolated 
strains of cyanobacteria. The result of this progress in 
taxonomic studies was creation and definition of many 
new cyanobacterial genera, based exclusively on their 
isolated or separated positions in phylogenetic trees (in 
many cases as cryptogenera). The present review of 
cyanobacteria is now therefore unfortunately confused 

and unclear, and relations between different published 
taxa on the generic and specific levels are undefinable 
and undeterminable.

Of course, the determination of the genetic rela-
tions must be the basis of the correct classification of 
cyanobacteria (and all organisms) and the modern method 
of molecular sequencing of cyanobacteria must be ac-
cepted as the evident and obvious method and basis of 
their taxonomic organization. However, they exist several 
not yet solved problems in new introduced methods:

•	 The authors evaluate recently arbitrary selected 
cultured strains by molecular methods (sequenc-
ing) without their comparison with the common 
(and often precisely described) natural populations.

•	 Their results are surely phylogenetically correct, 
but among the used strains lack lot of other related 
strains and described species, and the results are 
therefore incomplete. 

•	 The different authors use the different strains to their 
analyses and usually also the various materials, and 
their results are not reciprocally comparable. 

•	 Almost in all traditional genera, described before 
2000, is usually impossible to sequence the type 
material. Therefore are used the later isolated strains 
to molecular treatments. It does not exist usually 
any proof that the strains correspond really to the 
designated type species of the traditional and/or 
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classification into the existing (or any new) system. 
•	 The natural material (populations) and important 

ecology of species are usually quite omitted in such 
studies. However, the system of cyanobacteria must 
be usable also for field ecological and pedagogical 
studies.

•	 Several authors ignore the majority of nomencla-
tural rules, which are obligatory and mandatory 
for description of new taxa (particularly genera 
and species). It is, e.g., the main disadvantage of 
the study of Walter et al. (2017), who designate 
invalidly 33 new genera and 28 new species only on 
the basis of genomic analysis, without descriptions 
and typification.

The result of this practice is that we have now lot of new 
genera and species, the identification of which is almost 
impossible without repeating of the same molecular 
method and the same strains, as were used by the origi-
nal author. Only the position in the phylogenetic tree is 
insufficient for taxonomy and later identification.  It is 
therefore usually impossible to compare such new taxa 
(strains and populations) with the traditional system and 
to identify them. 

A good example of new described cryptogen-
era are, e.g., the unicellular Crocosphaera, Zehria and 
Rippkaea (Mareš et al. 2019). The cells of these genera 
(described from cultured strains, with about 8 defined 
units on the species level) are cytomorphologically very 
similar and differ only slightly in position in authors´ 
phylogenetic tree. The strains were isolated only from 
two habitats, marine/oceanic littoral and rice fields. If 
you find similar population in nature, you have no chance 
to find any diacritical character and to identify even its 
generic position. 

From this situation follows also the existence 
of various groups of incomparable and not identifiable 
cyanobacterial taxa in literature. One is identical with the 
traditional classification, based on the old morphological 
criteria (which is commonly used for identification, but 
evidently already outdated and not in agreement with 
correct evolutionary trends) and, on the other hand, the 
heterogeneous agglomeration of new defined taxa, sup-
ported by their molecular position, but without possibility 
to organize them in a logical system (not later identifiable 
and comparable with the commonly known traditional 
taxa). This hopelessness results from the necessity to 
register and classify the whole known diversity of the 
cyanobacterial group. The situation is complicated by 
the common use of all old traditional names and nomen-
clatural rules, which are arbitrarily used also in modern 
studies, and what overfill the present cyanobacterial 
system by not determinable, not recognizable and not 
comparable taxa.

On the contrary, other conclusion, following from 
molecular analyses, is the unification of very similar and 
genetically unique (very related) groups, which differ 
by one or few, but important qualitative feature (e.g., 

compared studied genera and species. (At least, 
the later selected strains should correspond to the 
diagnoses – descriptions of corresponding types as 
much as possible.)

•	 Many authors use to their conclusions the traditional 
nomenclature in different degree, but the correct-
ness of several used names is questionable.  The 
authors use usually the names, by which were the 
experimental strains designated by their isolators, 
although their identification was based often only on 
the provisory marking of the isolating author, accord-
ing to the superficial morphological observation. It 
is even difficult to say, if the used strains represent 
really the corresponding traditional species, which 
are marked on the label of the compared taxon. The 
comparison with the characters of the type species 
of the cited higher taxon is usually lacking and the 
majority of results are therefore problematic. The 
strains can be incorrectly identified and almost 
never are controlled. 

•	 The all taxa (families, genera, species) must be 
based on the types. The modern authors usually 
designate the type species in new described genera, 
but it is based only on one type strain, without wider 
characteristics of the whole species. The comparison 
of diacritical features with characters of the type 
species of related, traditional and compared species 
is usually lacking. 

•	 When the authors revise the traditional, sooner de-
scribed genera, they usually use only one selected 
(or few) later strain from the whole genus. In most 
important traditional genera never are included 
and compared all species, described (according to 
morphology and ecology) as members of the whole 
higher taxon – genus. 

•	 The position of the originally described compared 
genera remains always unclear and the characters 
of all up to now published species are incomplete 
and quite insufficient. In spite of it, the authors 
combine often automatically all described species 
into the new revised genus without their knowledge.

•	 Taxa, from which does not exist any isolated strain, 
have no chance to be revised.

•	 In published new genera are presented explicitly 
only exceptionally markers, according to which 
is possible to recognize the new established units, 
following from molecular sequencing, by the later 
users and researchers. Usually are not presented the 
diacritical features (and sometime also ecological 
characteristics) of all species of the whole revised 
genus (traditional or new). 

•	 The new established generic entities remain solitary, 
without any knowledge, if other up to date described 
species belong to the same phylogenetic line, and 
also without possibility to organize the new defined 
taxa into the whole system and order. From 2000, 
more than 140 new genera were defined, mainly 
according to genetic criteria, but often without 



presence or absence of any important character, charac-
teristical part of the life cycle, etc.), which are, however, 
important from the diversification point of view. They 
do not exist directives or prescription of evaluation of 
such distinct differences, which were used as diacritical 
features between taxa. Example is the case of the genera 
Cylindrospermopsis and Raphidiopsis, which differ by 
the obligatory presence or absence of heterocytes (also 
after cultivation with or without nitrogen) (Aguilera 
et al. 2018). The authors sequenced two own isolated 
later strains of the type species R. mediterranea (but not 
isolated from type material), compared them with a wide 
set of other strains of Cylindrospermopsis raciborskii 
(type species, but not type material) and Raphidiopsis 
from previous studies, and concluded that after 16S–23S 
ITS and cpcBA–16S sequences are these two genera 
virtually identical. In spite that they did not studied the 
type material, that just the statistical limit of less as 30% 
is quite artificial, that they differ in presence/absence of 
the phylogenetically important qualitative feature (ability 
to form heterocytes) and that other (about 15) described 
and morphologically very characteristical species from 
the genus Cylindrospermopsis were not studied.

Walter et al. (2017) published a modern study 
“Ecogenomics and taxonomy of cyanobacteria phylum” 
based on the precise analysis of cyanobacterial genomes 
of more than one hundred strains, with fascinating table 
with 33 proposals of new generic and 87 proposals of 
specific names. Moreover, they use 4 traditional cyano-
bacterial generic names with content, different from the 
originally defined taxa. However, all these “new” taxa 
are not described respecting nomenclatural rules and 
concern only solitary strains. It is difficult to expect that 
somebody would be able to identify any cyanobacterial 
population from nature (or new isolated strain) accord-
ing to this scheme. In spite of it, the authors “strongly 
recommend that the modern cyanobacterial taxonomy 
should be based on WGS” (whole genomic sequenc-
ing). It is surely the very sophisticated proposal, but the 
reorganization of the whole cyanobacterial taxonomy is 
at present hardly possible by this way. Firstly, it should 
be useful to publish methodology of the transfer of the 
whole up to now known cyanobacterial diversity into this 
new cyanobacteria genomic taxonomy system (CGT). 
System, which enables also to identify taxonomy of all 
natural populations of “water blooms” from eutrophised 
localities, populations from extreme habitats, wetted 
stony walls, soils etc. 

	 It is necessary to find therefore the method-
ological guide, leading to the possibility to organize the 
modern completed cyanobacterial system, in which the 
genetic relations (genomic characters) will be the basis, 
but obligatory completed with all other stable markers, 
which must be also respected. This system, based on 
polyphasic approach must enable the orientation and 
determination of all cyanobacteria (sooner described or 
new defined) occurring in natural ecosystems, as well as 
isolated strains (which can change often their properties 

and features after long cultivation under stable culture 
conditions). It means therefore that it must be applied 
consistently the polyphasic approach with the phyloge-
netic classification as the basis, but with the convenient 
combination and addition of all cytomorphological and 
ecological important data and with the adequate use of 
nomenclature prescriptions. 

	 Of course, we are not able to propose a conve-
nient method of classification, which can change at once 
this situation. However, we have tried to summarize all 
the new validly described cyanobacterial genera, com-
pleted by documented cytomorphological characters 
and prepared the review of the modern cyanobacterial 
system, based on modern, mainly molecular methods 
combined with old (presented) common criteria. In this 
list are included almost all genera described after 2000 
(more than 140, but without 33 proposals of Walter et 
al. 2017), in which was possible to find other features, 
important for polyphasic evaluation (Tab. 1 in appendix). 
However, the identification and characterization of new 
populations, corresponding to these taxa is impossible 
without complicated molecular procedures copying 
the used strains from the original authors. If we intend 
to modernize the necessary system usable for the all 
progress in the science, for the later users and for any 
determination, this system must be radically revised 
and accomplished. The method leading to the simple 
identification of new defined taxa is quite necessary for 
ecology. It is impossible to wait on the situation, when 
all related laboratories will use corresponding easy 
molecular procedures, enabling the identification of all 
taxa. 

The possible way for improvement of this situa-
tion would be the obligatory observing and keeping of 
the nomenclatural rules prescribed for the publishing of 
new taxa of cyanobacteria. And also a slight modification 
of nomenclatural rules for description of new cyanobac-
terial taxa: All new diagnoses of cyanobacteria must 
describe the genetic position (at least the comparison 
with most related taxa), but include also the markers, 
according to which is possible to identify and recognize 
the described taxa (not only strains) and must be placed 
into the existing modern system on the level of species, 
genus and family. All taxa published without this in-
formation must be considered as invalid and should be 
supplied subsequently by this information (validated). 
The authors should elaborate also obligatory proposal 
of a key, containing their new taxa and enabling their 
later identification. Cryptogenera and cryptospecies must 
be described in connection (compared or attached) to 
the oldest name of most related generic/specific taxon. 
All results without these data are invalid and cannot be 
accepted and included in any cyanobacterial system.
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