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Dear Dr. Kucera, 

It is with great pleasure that I provide this external review of Radka Hauerova’s Dissertation: Contribution to the taxonomic revision of the order Oscillatoriales.  I am very familiar with excellent work of the colleagues in her laboratory in general and had an opportunity to previously read the two chapters already published.  

The cyanobacteria are an interesting lineage of organisms.  Ubiquitous in nearly all habitats, they have an ecological range unmatched by any other algal group.  They are also amongst the oldest clades and have had vast lengths of geological time to radiate into myriad habitats.  On the other hand, assessing taxonomy and systematic relationships is very challenging given their rather character-poor morphologies, phenotypic plasticity (at least in some lineages), and extensive cryptic diversity.  They are further complicated in the Codes by which they are governed: although technically Bacteria, most cyanobacterial researchers employ the International Code of Nomenclature for Algae, Fungi, and Plants for naming.  While not an insurmountable hurdle, it does mean that many of the types are dried herbaria pieces and thus difficult to apply to modern systematic assessments (e.g., 16S sequencing, at a minimum).  I note this because this is one of the great aspects of Radka’s work: tracking down and articulating the type (an epitype in this case) for Oscillatoria.  

Over the last several decades we have seen seismic shifts in how scientists perceive the evolutionary relationships and biodiversity of cyanobacteria.  For the better part of a century, many cyanobacteriologists assumed that cyanobacteria had a more-less cosmopolitan distribution within permissible habitats (e.g., Geitler).  With very few expectations (e.g., Desikachary in India, Tilden in the US), most researchers were in European lands and the biodiversity was assumed to match globally.  In the 1950s, an over-enthusiasm for the concept of phenotypic plasticity by Drouet in the US led to the collapsing of many taxa (later undone by numerous other scientists), and more significantly a reticence to erect new taxa until a “more complete” picture of the diversity of this lineage could be assessed.  In the 1970’s a more “microbiological” approach was undertaken, providing the framework for testable hypotheses.  These early attempts at reconstruction were shown to be rather erroneous, but by the 2010’s the framework for the modern era of biological diversity was set.  Three major innovations occurred: the markers used for phylogenetic reconstruction have been more/less set (e.g., 16S and ITS sequences), 2) we have coalesced around a more/less “unified” species concept (the phylogenetic species concept), and 3) we started looking in many additional habitats for novel biodiversity.  While all excellent endeavors, this did lead to some issues such as numerous “orphan” lineages (e.g., distinguishable from a molecular perspective but likely not morphology differentiated), difficulties in sequencing types, and taxonomic confusion at higher levels. 

I note all of this because this is what Radka’s Dissertation addresses: seeking to cement our systematics assessments of the relationships amongst the cyanobacteria.  Thus, I will go through each chapter in turn.

Chapter 1: Introduction

	In this, Radka presents an excellent overview of the history and current state of cyanobacteria, from species concepts to higher order taxonomy.  She also clearly outlines the challenges with this lineage and why there are so many unanswered questions pertaining to the assessments.  Well written and thorough, it serves as an excellent overall introduction and clearly demonstrates her base of knowledge in the field.

Questions: 
1. Given that the cyanobacteria are such a diverse lineage, and so old in evolutionary terms, does it still make sense to employ traditional Linnean hierarchical levels (e.g., Family, Genus, species, etc.)?  Is there a better/different method?  Rank-less systems (e.g., the Phylocode) occasionally make appearances in the literature; is this something that may be appropriate?
2. Given the prokaryotic nature of cyanobacteria, how does this impact what we perceive as a lineage?  For example, recent studies of cyanophages have shown that these viruses contain exogenous DNA samples that transfer horizontally from lineage to lineage.  Does this impact how we perceive the relationships among and between the cyanobacteria?



Chapter 2: Seeking the true Oscillatoria

	Oscillatoria has long been a mainstay of “popular” cyanobacteria: the large, non-differentiated filaments are relatively easy to find, identify, and work with, often growing well in culture and nature.  In addition, the lack of distinguishing features means that many filaments fit into the description sensu lato, so researchers often identify “Oscillatoria” in studies.  However, the morphological simplicity also masks a tremendous potential for cryptic diversity.  Thus, the purpose of this chapter was to establish and evaluate an epitype for Oscillatoria.  

	This paper is actually pretty significant for cyanobacterialogists.  When most of the genera were first erected, no molecular methods were available, and microscopy was vastly inferior to modern approaches.  Following the descriptions from the first taxon erected (O. princeps), Radka et al. were able to apply modern methods to their proposed epitype (e.g., 16S sequencing, careful, detailed microscopy [both light and SEM/TEM]), and a more thorough, robust species description.  This paper has already been published and referenced by other researchers (including myself).  It is also a fantastic paper for establishing the type to help facilitate related endeavors (such as Radka’s Chapter 3).  

Questions:
1. Given how well this paper worked out, what other genera might be the best (e.g., most urgently in need of assessment) candidates?
2. Other researchers have had success in employing museum specimens (as noted in your introduction): is there a current project to continue this endeavor? 

Chapter 3: Tenebriella gen. nov. – the dark twin of Oscillatoria
    
A very interesting chapter in that this is a companion piece to Chapter 2 (and a great title!).  Now that Oscillatoria has been defined, what can one do with the numerous “orphan” lineages (e.g., those without any clear taxonomy at this point)?  Well, one can begin the arduous task of naming/describing them, which is exactly what Radka does.  Using a true polyphasic/total evidence approach of molecular (multiple loci), morphological, and ecological data, Radka erects a new genus.  This is pretty significant as one of the newly proposed taxa is a transfer from one of the better known species of “Oscillatoria”: O. princeps.  This taxon is widely distributed (we find it frequently here in North America as well), and I always assumed it was a “real” Oscillatoria (it fits all of the features).  Alas, this is where it gets interesting: even this seemingly cosmopolitan, planktonic (a habitat which many felt was already so sampled we would never find new taxa) organism exhibits cryptic diversity.  Further, it falls well outside of the “true” Oscillatoria the authors recently erected, indicating convergent evolution at play.  The author employed the same character sets for her phylogenetic work, and I have little doubt that her paper currently submitted will be accepted for publication in the near future.  

Questions:
1. Does ecology matter for cyanobacterial systematics?  As noted in the discussion, this taxon is frequently reported in water quality assessments.  If this is wrong, does that invalidate other studies?  Does morphology matter much? 
2. Given that we are likely entering the genomics age, how can one use genomic markers to differentiate and identify cyanobacterial lineages?  Does the presence of a single gene mean a different species?  How different do lineages need be before they are considered different species?  Orders?  Does genomic data just provide more nucleotides, or is there something fundamental we can assess?   

Chapter 4: The woes of “Arthrospira”

	I give credit to Radka: she is not afraid to challenge our taxonomic concepts and erect natural, monophyletic lineages.  Arthrospira is a classic amongst the biotech folks, and changing names is always difficult.  Using the same approach as the previous papers, she was able to clearly demonstrate the polyphyly of the commercially significant genus Arthrospira, and erected a new genus to encompass the majority of species.  Also, this paper has some of the best quality EM images I have ever seen: very well done!

Overall Evaluation:

	I was already aware of Radka’s work from the literature and thus it was with pleasure that I read her concatenated dissertation.  Radka is already off to an excellent start as a cyanobacterial researcher and I have every confidence she will continue to make meaningful contributions to the field.  The revision to Oscillatoria alone is fantastic, and I hope that she continues to provide taxonomic and systematic anchor points for other problem genera in the future.

In the end, I am happy to suggest that this body of work is sufficient for a Dissertation and provides ample evidence that Radka has a deep understanding of her field. 

General questions:
1. You have clearly shown that morphology alone is not sufficient for assessing cyanobacterial taxonomy, and note the possibility of genomics circumventing these issues in the future (presumably due to the vast amount of phylogenetic information possible).  What does this mean for endeavors such as routine ecological monitoring?  Does cryptic variance mean similar toxin levels?  Does it matter at all?  Should managers migrate away from morphological examinations in favor of molecular methods?

2. How many species of cyanobacteria do you think there may be?  Is there an upper limit?  Does it matter?  What about the chloroplast; where does it fit in?

3. What does your work reveal about the notion of cyanobacterial endemism?  Is everything really everywhere?  How can we tell?  Are there current methods sufficient to answer questions about global patterns?

4. GenBank is rife with mis-identified taxa and poorly sequenced strains.  How can one get around these sorts of issues?




With regards, 

Dale Casamatta, Professor
Department of Biology
University of North Florida

Past-President, Phycological Society of America
Board of Directors, International Phycological Society    
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