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Determination of taxonomic placement of falsely-branched taxa in soils of San Nicolas Island and
reassessment of the Tolypothrichaceae.
Abstract:

This study was conducted to determine the taxonomic placement of falsely-branched taxa in the
soil crusts of San Nicolas Island, which is the largest of the Channel Islands lying off the coast of
California. After microscopic analysis of the strains collected from the island, a phylogenetic analysis of
16S rRNA genes, and an analysis of the 16S-23S ITS region, we have identified that these strains belong
to the soil genus Spirirestis, which is in the Tolypothrichaceae family. The Tolypothrichaceae is a well-
characterized monophyletic lineage of non-attenuated, false-branching heteropolar types containing the
genera Spirirestis, Hassallia, Tolypothrix, Coleodesmium, and Rexia. The strains analyzed specifically
belonged to the genus Spirirestis, which is characterized by having heterocyte formation, false branching,
presence of sheath, and tightly spiraled trichomes. In addition to determining the taxonomic placement of
the falsely- branched taxa in the soils of San Nicolas Island, we reassessed the Tolypothichaceae family.
Based on our results, there was a clear distinction between the soil and the aquatic clades in the family.
However, the family should not be split into two families due to high similarity of the 16S rRNA genes.

The Tolypothrichaceae needs revision based on the presence of many polyphyletic genera.

Introduction:



Biological soil crusts consist of water stable aggregates composed of cyanobacteria, eukaryotic
algae, fungi, lichens, and mosses. As the name implies, they are a living soil that creates a crust over the
landscape. Biological soil crusts can be found worldwide, but they are best developed in desert
ecosystems. They play an important role in preventing soil erosion, increasing soil fertility, improving
water relations, etc. (Johansen 1993).

The taxonomy of components of crusts have long been of interest. Recently, with the advent of
molecular methods, many taxa, particularly cyanobacteria, have been described from biological soil crusts
(Boyer et al. 2002). The taxonomy of cyanobacteria is rapidly expanding. In fact, there have been 80 new
genera described since 2000.

Scientists have employed molecular techniques to answer questions about cyanobacterial
taxonomy. The ribosomal RNA (rRNA) operon, which consists of three rRNA molecules (16S, 23S, and
5S) are separated by internal transcribed spacer (ITS) regions and can serve as a popular target for
sequence analysis. Sequence determination of the entire 16S rRNA gene has provided insight into the
phylogenetic relationships of genera within the different families. The ITS region is particularly
interesting because there are sequences present that encode structural genes for tRNA and intervening
sequence (IS) regions that do not encode products incorporated into the ribosomes (Flechtner et al. 2002).
Within these latter sequences, the greatest incidence of sequence divergence exists. The ITS regions are
designated as 16S-23S ITS (between the small subunit or 16S and the large subunit or 23S) and as the
23S-5S ITS (between the 23S and 5S subunits). The 16S-23S ITS has been used extensively both for
phylogeny of species within a single genus and for generating thresholds based on sequence dissimilarity
for recognizing species. We have used a polyphasic approach that combines extensive morphological
characterization with DNA sequence data from the 16S rRNA gene and the 16S-23S ITS region to
determine the taxonomic position of genera within the family Tolypothrichaceae.

In 2021, Dr. Johansen secured a contract from the US Navy to study all algae occurring in

biological soil crusts of San Nicolas Island. This work is meant to build on the study by Flechtner et al.
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(2008), which described several new algal species, but did not include any molecular characterizations.
The Navy wants to use metagenomic approaches to characterize soil crust communities, and needs
molecular barcodes for all algae to conduct this work. So far, the lab has characterized 78 strains of
cyanobacteria isolated from the soils of San Nicolas Island. Early sequencing was conducted on simple
filamentous taxa (Synechococcus and Oscillatoriales) and unbranched heterocystous taxa (Nostocaceae in
the Nostocales). The false branching strains were most recently sequenced as part of the present project.
However, based upon previous work (Hauer et al. 2014, Johansen, personal communication), it appears
that the soil forms of false branching taxa (Hassallia, Spirirestis, Tolypothrix) may be phylogenetically
separate from the aquatic forms (Tolypothrix, Rexia, Hassallia, Coleodesmium). All these taxa are
presently in Tolypothrichaceae. However, this group needs revision based upon previously observed
polyphyly in most genera. The goal of the present work is to examine the soil forms from San Nicolas
Island and determine to which taxa they are most closely related. Then we will examine the combined
phylogeny of the soil and aquatic Tolypothrichaceae to see if they form a monophyletic group. A
monophyletic group is a group of taxa or strains that all have a common ancestor, and includes all
descendents of that ancestor. If the Tolypothricaceae is shown to be monophyletic, then it will be
preserved intact. However, if members fall into two different clades that lack a common ancestor but
contain other taxa as part of the descendants of that ancestor, it is polyphyletic, and may need to be
revised so that the soil forms will comprise a new family in the Nostocales. Resolution of the genera in

Tolypothrix sensu lato will also be undertaken.

Objectives:

The goal of this study was to classify the falsely-branched taxa on San Nicolas Island as well as
reassess the family Tolypothrichaceae and determine if it should be retained as presently
understood, or split into two families, one for aquatic forms and one for soil forms. This project

had several objectives:



1). Sequencing the 16S rRNA gene and associated ITS region for all species of false-branching
cyanobacteria in the soils of San Nicolas Island.

2). Compiling an alignment of the taxa currently assigned to Tolypothrichaceae, including the
sequences obtained from San Nicolas Island

3). Completing phylogenetic analyses of the 16S rRNA gene and ITS region for the strains of

interest

4). Interpreting these analyses and making taxonomic decisions regarding taxonomic placement of our

strains.

Research Methods:

Cultivation and characterization of strains. Eight cyanobacterial strains were used in this study
and obtained from San Nicolas Island. The strains were grown on nitrogen-free media to stimulate
production of heterocytes. The strains were then observed under a microscope to characterize the
morphology. This characterization included measurements of all cell types, characterization of branching
types, color of sheath material, polarity of trichomes, tapering of trichomes, end cell morphology, and any
other distinctive morphological feature not presently anticipated. All strains were photographed, and
photographic plates were assembled.

Molecular analyses. Total genomic DNA was extracted from cultures using the UltraClean
Microbial DNA lIsolation Kit (MO BIO Laboratories, Carlsbad, CA, USA; analog to the modern day
DNeasy UltraClean Microbial Kit, Qiagen, Hilden, Germany) employing vortex cell disruption and
following the manufacturer’s protocols. A partial 16S rRNA sequence (1162 nucleotides) with associated
16S-23S ITS region was amplified using polymerase chain reaction (PCR). The forward primer used was
primer VRF2 5°-GGG-GAA-TTT-TCC-GCA-ATG-GG-3’ and reverse primer VRF1 5°-CTC-TGT-GTG-

CCT-AGG-TAT-CC-3’ (Wilmotte et al. 1993, Niibel et al. 1997, Boyer et al. 2001, 2002). Amplification
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reactions were as follows: 50 IL PCR reaction mix containing 19 reaction buffer, 1.5 mM MgCI2, 2.5U of
Tag DNA polymerase, 0.2 IM of each primer, 0.2 mM dNTPs (ThermoFisher Scientific, Waltham, MA,
USA), and 10 ng of genomic DNA. PCR was run in a Bio-Rad PCR Thermocycler with a 3-min
incubation at 94°C to minimize non-specific DNA amplifications. Following PCR, products were cloned
with the StrataClone PCR cloning kit (La Jolla, CA, USA) according to manufacturer recommendations.
At least two E. coli colonies per strain were picked. Plasmid DNA was extracted and purified with QIA-
Prep Miniprep Spin kit (Qiagen, Carlsbad, CA, USA). EcoRlI digestion was performed to select successful
clones. Selected clones were sequenced using Sanger sequencing technology with five internal sequence
primers including M 13 forward, M 13 reverse, primer 5 (5’-TGT-ACA-CAC-CGG-CCC-GTC-3’;
Wilmotte et al. 1993), primer 7 (5°-AAT-GGG-ATT-AGA-TAC-CCC-AGT-AGT C-3’) and primer 8 (5’
AAG-GAG-GTG-ATC-CAG-CCA-CA-3’; Niibel et al. 1997) by Functional Biosciences, Inc. (Madison,
Wi, USA). For each submitted clone, associated raw sequence reads were aligned, error proofed, and
assembled to contigs using Chromas. Replicate clones for each strain were sequenced so that sequences
could be proofed for PCR error and yield consensus sequences. Assembled clone sequences were
submitted to NCBI’s GenBank database.

Sequence analysis. To find sequences phylogenetically close to our strains, BLAST searches were
conducted for each strain as well as for known aquatic and subaerial strains purportedly in the family
Tolypothrichaceae. The related sequences identified on the NCBI GenBank database were then aligned
using CLUSTAL-W. Once we had an alignment, we used the SHOWDIST command in PAUP to
determine p-distance for both the 16S alignment and the ITS alignment so that percent similarity and
percent dissimilarity could be determined, respectively. We then conducted phylogenetic analyses
(Bayesian Inference Analysis = BA, and Maximum Likelihood analysis = ML) of the 16S rRNA sequence
alignment to obtain phylogenetic trees. For ITS, we conducted Bayesian Inference Analysis coding indels
as standard data, and Maximum Parsimony analysis (= MP) with indels counted as a fifth base. Once the

trees were made, we determined the relationships among strains and to what family the falsely-branched
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taxa belonged. Using the phylogenetic trees made, we provided an assessment of the Tolypothrichaceae
family, including which species could be recognized as belonging to the family. Assessment of the genera

was also conducted.

Results:

The phylogenetic analyses based on 16S rRNA sequence (Fig. 1) both showed clear separation of
the desert soil clade Tolypothrichaceae (top polygon, red circle) and the aquatic/wet subaerial clades of
Tolypothrichaceae (second polygon, blue and yellow circles). The strains from desert soils, including
those from San Nicolas Island, were mostly separated from the clades with aquatic forms. The family
Tolypothrichaceae was monophyletic with high support. A few soil forms fell out of the
Tolypothrichaceae clade (Roholtiella sp., Halotia wernerae, Halotia longispora, and Calothrix sp.), and
so likely belong to a different family along with strains from aquatic and subaerial habitats. Godleya, also
from soils, was clearly distinguished by a long branch, but is still in the Tolypothrichaceae. Most genera
in the phylogeny showed polyphyly. This is evidence that this family needs revision.

The ecological signature of the expanded soil clade is very strong because all of the strains were
from desert crusts (Fig. 2). Despite all of these strains belonging to desert soils, this group was also
polyphyletic as it was a mix of Tolypothrix sp., Hassallia sp., Spirirestis sp., and unidentified
Microchaetaceae cyanobacteria (the former family containing members of Tolypothrichaceae). However,
all strains in this clade had percent similarity of 16S rRNA sequence > 97.0, well above the 94.5%
threshold accepted for recognizing different genera. Thus, the desert forms all belong to the same genus.
Hassallia and Tolypothrix are found in wet subaerial and aquatic habitats, respectively, so should not be
used for this clade of terrestrial forms. Spirirestis was described from desert soils, and its reference strain,
S. rafaelensis SRS70, is in this clade. Consequently, it is the genus epithet that should be used for all

members of this clade in order to have a monophyletic taxon. Only two strains in the clade have the



characteristic spiral coiling for which this genus was named, SRS70 and WJT71-NPBGS®, so this group of
Tolypothricoid species (Spirirestis) should be defined by ecology rather than by morphology.

The aquatic clade, when expanded, contains a mix of Dactylothamnos, Kryptousia, Tolypothrix,
and Tolypothrichaceae cyanobacteria (Fig. 3). In order for this clade to be monophyletic, all these taxa
would have to be either placed in Tolypotrhix, or a new genus would be needed for the clade containing
Tolypothrichaceae cyanobacterium, Kryptousia macronema, Tolypothrix HanysB and Tolypothrix
preslic8. In either scenario, it appears that Dactylothamnos antarcticus should be combined into
Tolypothrix as Tolypothrix distorta is the type species of the genus and its reference strain is T. distorta
ACOI 731. While the family is well-defined, the genera are problematic. As a result, this group requires a
great deal of revision. Below this clade are a number of paraphyletic strains, including Hassallia,
Tolypothrix, Coleodesmium. Rexia, Godleya, and Toxopsis do not require revision based on our analysis,
but the other three aquatic and subaerial taxa require redefinition.

Molecular definition of cyanobacterial species has recently been achieved using a combination of
phylogenetic analyses of aligned ITS regions as well as percent dissimilarity of ITS sequences.
Dissimilarities below about 3.0% can be taken as evidence that strains are in the same species, while
percent dissimilarities above 7% can be taken as strong evidence that strains are in different species.
Dissimilarities between 3 and 7% are ambiguous, although recently values above 4 have been used to
distinguish species with different ecologies or morphology as supporting evidence. For example, in this
study, the three strains from San Nicolas Island highlighted in light orange are considered to be the same
species (Table 1). Likewise, the pairs of strains highlighted in green and blue are considered to be two
species, respectively. The eight strains highlighted in darker orange, which contain five strains from San
Nicolas Island represent another species and the largest group of strains highlighted in yellow represent
Spirirestis rafaelensis, as that set contains the reference strain for that species. The five unhighlighted
strains in the soil clade that are not represented by multiple strains, and each represents a species distinct

from the rest. Consequently, there are nine species represented in our phylogeny, including the named



type of Spirirestis, and nine Spirirestis needing to be described, which include four new species from San
Nicolas Island. Phylogenetic analyses based on the 16S-23S ITS region showed evolutionary relationships
among species in the genus (Fig. 5). There was agreement between this phylogeny with the percent
dissimilarity of ITS sequences. For example, Spirirestis sp. SNI-TA17-ML2 and Spirirestis sp. SNI-
TA31-BJ5 formed a supported clade. Hassallia sp. ATA2-3-CV2 and Tolypothrix sp. ATA2-1-CV also

formed a supported clade.

Discussion:

Determination of taxonomic placement of falsely-branched taxa in soils of San Nicolas
Island: Our results showed that the stains from San Nicolas Island belonged to the genus Spirirestis,
which is part of the family Tolypothrichaceae. After a phylogenetic tree analysis was performed, all of the
San Nicolas Island strains belonged in the soil clade. Based on the 16S rRNA phylogeny and ITS
dissimilarity matrix, the soil clade should all be a single genus. In terms of naming this clade, Spirirestis
has priority. Tolypothrix and Hassalia were described a long time ago but are aquatic and wet subaerial.
Tolypothrix is typically aquatic and Hassalia is typically subaerial. Thus, we can conclude that the strains
are from the genus Spirirestis as they are from the desert soils.

Reassessment of the Tolypothrichaceae family: The phylogenetic analysis performed in our
study supported that there was a clear separation between the soil and aquatic forms. However, there was
a mix of Hassalia, Tolypothrix, Dactylothamnos, Kryptousia and Coleodesmium in the tree, which leads
to the conclusion that these genera were not monophyletic. All of these genera are in the aquatic clade.
When they appear in the soil clade, they are misidentified, and they will need to be transferred to
Spirirestis. Even after excluding the soil representatives in these incorrect genera, it is apparent that the
aquatic and wet subaerial taxa need revision as well. The reference strain for Tolypothrix distorta, the type
species of that genus, is in the Dactylothamnos clade, and consequently, Dactylothamnos is a later

synonym of Tolypothrix and should be subsumed into that genus. Other Tolypothrix are confused with
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Kryptousia, and Kryptousia itself is not monophyletic. This can solved in one of two ways. The
Tolypothrix species confused with Kryptousia could be transferred into that genus, thus very narrowly
defining the genus Tolypothrix. The more likely solution is that one or both species of Kryptousia will be
transferred into Tolypothrix.

Conclusion: The phylogenetic analysis performed in our study supports that the falsely-branched
taxa on San Nicolas Island can be classified as Spirirestis. The phylogenetic tree also depicts that there is
a clear separation between the soil and the aquatic clade. However, the family Tolypothrichaceae cannot
be split into two families—one for the aquatic forms and one for the soil forms. While nine species need
to be represented in Spirirestis, the other members of the Tolypothrichaceae family clade need revision.
The percent similarity of the 16S sequences for all strains in the family are very high and indicate that the

Tolypothrichaceae should remain a single family.
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Table 1. Percent dissimilarity among ITS regions of Tolypothricaceae. Part 1A. Pairwise comparisons
among strains from desert soils (all belong in Spirirestis based on this metric). Strains in same color
highlight belong to the same species based on low (generally less than 3.5%) dissimilarity. The type
species of Spirirestis (Spirirestis rafaelensis) is highlighted in yellow. Aquatic forms (blue highlight) are

shown for comparison.

T D = D D [22) D (%] T = D D (%] D
o =5 =X = = =t = = ) =X =l =t = =t
a =) = =) =) = =3 = o = = =3 = =
= 3 3 3 3 3 3 3 g 3 3 3 3 3
5 a S a | a a 2 & s = Z a a Q
= @ =3 @ @ 7 @ @ 2 = @ @' @ @'
< (%) = 8 3 3 8 3 b=l E3 a 82 4 1
2 B8 5 © © © © © = 4 © © © ©
= |2 |5 | 2|2 |2 |22 |3 |5 |2 |2 |2 |¢2
5 |8 |8 O T I I~ T BT T T
clzlzzlz |z |8l eS|z |z |2 |3
Sle g | 22 E (8B |s|ela |k |E |5
- I FlEe | |S|s |=|s |8 |& |3g |8
a = > N = ) o o T o3 = o =] o
z | g | *® 2 |2 |38 s |5 |8 |2 |8 |8 a g
3 i S | 3 S 3 3 = s 2 S 3
4 © © S = N & = = =
S = N =Y o] g N
%
Hassallia byssoidea KZ-7-1-5 MK211232
Spirirestis sp. KH22-PS OK083626 12.7
Tolypothrix sp. JOH20C KY563664 11.8 6.7
Spirirestis sp. SNI-TA17-ML2 clone 1 13.3 7.1 5.0
Spirirestis sp. SNI-TA17-ML2 clone 2 13.1 7.5 5.4 1.5
Spirirestis sp. SNI-TA31-BJ5 operon 1 12.7 6.9 5.2 2.3 1.5
Spirirestis sp. SNI-TA23-BJ7 clone 1 10.5 104 | 112 9.9 10.2 9.7
Spirirestis sp. SNI-TA23-BJ7 clone 2 10.5 104 | 112 9.9 10.2 9.7 0.4
Hassallia sp. ATA2-3-CVV2 KF934148 9.7 9.8 10.2 9.3 10.1 9.9 3.6 4.0
Tolypothrix sp. ATA2-1-CV KY411158 10.3 9.6 10.6 9.5 10.3 9.7 3.8 4.2 2.2
Spirirestis sp. SNI-TA17-BJ34 cons 11.5 12.3 12.0 | 10.1 10.0 9.0 5.2 5.2 4.6 4.2
Spirirestis sp. SNI-TA31-BJ5 operon 2 11.7 11.5 12.0 9.3 9.2 8.1 4.8 4.8 4.6 3.8 1.0
Spirirestis sp. SNI-TA1-JJ1 cons 10.9 116 | 114 9.8 9.8 9.2 4.2 4.2 4.0 4.0 2.2 2.0
Spirirestis sp. SNI-TA34-BJ1 clone 1 10.7 11.3 11.7 10.1 10.1 9.4 5.0 5.0 3.8 3.2 2.2 1.8 2.6
Tolypothrix distorta Mon65 MK478704 10.1 11.1 10.8 9.3 9.2 9.0 3.4 3.4 3.0 3.4 2.8 2.8 2.2 2.2
Tolypothrix distorta Mon65 MK478703 10.1 11.1 108 | 9.3 9.2 9.0 3.4 3.4 3.0 3.4 2.8 2.8 2.2 2.2
Tolypothrix distorta LSB87 MW403965 7.8 8.0 8.8 5.5 5.9 6.1 2.9 2.9 2.7 2.7 2.9 2.3 2.5 2.7
Spirirestis sp. SNI-TA17-BJ30 clone 2 8.4 8.3 8.8 5.1 6.3 6.5 3.2 3.1 2.9 2.9 3.1 2.5 2.7 2.9
Spirirestis sp. SNI-TA2-AZ3 cons 8.7 9.7 9.9 9.5 10.1 | 9.5 4.7 4.7 3.6 4.2 5.0 4.8 4.8 4.4
Hassallia sp. CM1-HA09 JQ083649 7.9 9.0 8.6 9.3 9.9 9.6 5.2 5.2 4.3 4.5 5.1 5.1 5.3 5.1
Tolypothrix tenuis f. terrestris UFS-BI-NPMV-1A2-F06 JQ083651 7.7 8.8 8.4 9.1 9.6 9.4 5.0 4.9 4.1 4.3 4.9 4.9 5.1 4.9
Hassallia sp. CM1-HA08 JQ083648 7.7 8.8 8.4 9.1 9.6 9.4 5.0 4.9 4.1 4.3 4.9 4.9 5.1 4.9
Hassallia sp. CM1-HA11 JQ083650 8.2 9.2 8.8 9.1 10.0 9.8 5.4 5.4 4.5 4.7 53 53 5.5 53
Tolypothrix tenuis f. terrestris UFS-BI-NPMV-1A2-F06 JQ083652 8.1 8.9 8.8 8.8 9.4 9.2 4.9 4.9 4.3 4.1 4.9 4.9 5.3 4.9
Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934145 10.1 10.5 105 | 115 12.1 119 | 71 7.1 6.5 6.7 7.3 7.2 7.5 7.2
Hassallia sp. EM2-HA1 HQ847555 10.1 10.5 10.5 11.3 11.9 115 6.8 6.8 6.3 6.5 7.0 7.0 7.3 7.0
Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934144 10.1 10.5 10.5 11.5 12.1 11.9 7.1 7.0 6.5 6.7 7.3 7.2 7.5 7.2
Microchaetaceae cyanobacterium WJT2-NPBG8 KF934147 9.7 101 | 101 | 111 | 117 | 115 | 6.7 6.7 6.1 6.3 6.8 6.8 7.1 6.8
Microchaetaceae cyanobacterium CMT-1BRIN-NPC34 KF934135 9.9 10.3 103 | 113 11.9 11.7 | 69 6.8 6.3 6.5 7.0 7.0 7.3 7.1
Tolypothrix campylonemoides FI5-MK38 Q083654 8.6 9.4 9.3 9.0 9.2 9.1 5.7 5.7 5.3 5.3 5.5 5.5 6.1 5.9
Tolypothrix campylonemoides FI5-MK38 JQ083653 9.1 9.9 9.8 9.4 9.6 9.6 6.2 6.2 5.7 5.7 5.9 5.9 6.6 6.3
Hassallia sp. CNP3-B3-C04 HQ847556 8.6 8.8 9.5 8.9 9.5 9.3 6.0 6.0 5.9 5.7 6.3 5.9 6.5 6.7
Spirirestis rafaelensis WJT71-NPBG6 JQ083656 9.3 10.8 11.0 10.2 11.1 10.7 6.6 6.6 6.3 6.1 6.2 6.2 7.3 6.6
Spirirestis rafaelensis WJT71-NPBG6 JQ083655 9.3 10.8 11.0 10.2 11.1 10.7 6.6 6.6 6.3 6.1 6.2 6.2 7.3 6.6
Microchaetaceae cyanobacterium CMT-2BRIN-HLNPC9 KF934143 9.8 10.7 104 | 10.1 10.6 102 | 6.1 6.1 5.5 5.5 5.3 5.3 5.9 5.7
Tolypothrix distorta var. symplocoides UTEX-B-424 KY488019 13.4 12.7 13.2 125 13.0 13.0 8.9 8.9 6.5 7.6 8.4 8.5 8.6 8.6
Dactylothamnos antarcticus CENA412 MN626663 14.2 16.3 15.9 16.6 16.9 16.9 13.6 14.0 14.5 14.1 15.2 15.0 14.9 15.0
Dactylothamnos antarcticus CENA433 MN626664 14.2 16.3 159 | 16.6 16.9 16.9 136 | 14.0 | 145 14.1 15.2 15.0 | 149 | 15.0
Dactylothamnos antarcticus CENA410 KM199732 17.4 19.8 20.0 20.2 20.2 20.1 16.7 17.2 17.9 17.4 18.4 18.4 18.7 18.2
Tolypothrichaceae cyanobacterium BACA0441 OL847351 14.9 17.4 16.6 17.3 17.6 17.6 14.1 14.5 14.8 14.6 15.9 15.7 15.5 15.7
Tolypothrichaceae cyanobacterium BACA0066 MT176722 14.9 17.4 | 16.6 | 17.3 17.6 17.6 14.1 145 | 14.8 14.6 15.9 15.7 | 15.5 | 15.7
Tolypothrichaceae cyanobacterium BACA0098 OL847350 14.2 17.0 | 16.0 | 16.6 17.0 | 17.0 13.4 | 138 | 141 13.9 15.2 15.0 | 14.8 | 15.0
Tolypothrix fasciculata ACOI3104 HG970653 14.8 17.4 16.5 17.8 17.5 17.7 14.8 14.8 15.5 15.0 16.0 15.9 15.8 15.8
Tolypothrix tenuis CCALA197 HG970655 14.6 16.7 16.5 17.4 17.7 17.3 14.5 14.9 16.1 15.5 16.4 16.0 15.8 16.4
Tolypothrix sp. HA4964-CV2 KU161666 15.7 14.0 16.2 15.6 15.8 16.2 15.6 16.1 16.4 16.0 16.8 16.9 16.5 16.7
Tolypothrichaceae cyanobacterium BACAQ0722 OM732263 16.7 18.0 | 194 | 20.1 20.2 19.8 17.8 | 182 | 18.2 17.8 18.7 18.9 18.7 | 18.1
Tolypothrix sp. CNP3-B1-C1 JQ083657 13.0 12.5 15.1 14.9 14.9 14.7 16.0 16.0 15.8 15.4 16.5 16.3 17.2 16.0
Tolypothrix sp. CNP3-B1-C1 JQ083658 12.6 12.3 14.8 14.7 14.6 14.5 15.8 15.8 15.6 15.2 16.3 16.1 17.0 15.8
Coleodesmium sp. HINDAK 2000/24 HE797727 9.7 17.3 17.1 18.5 18.6 18.5 15.8 15.8 14.9 14.6 16.0 16.4 16.2 15.6
Tolypothrix sp. HanysB LM992903 15.8 18.4 19.3 20.1 19.8 19.7 16.1 16.6 17.4 17.4 17.5 17.8 17.5 17.8
Tolypothrix sp. HA4266-MV1 JN385291 15.6 19.1 19.4 21.0 20.7 20.7 17.2 17.6 17.6 18.0 18.3 18.7 18.6 18.5
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Table 1 (Continued). Part 1B.

Y0L8LYMIN SQUOIN bLI03SIP X11y30dA[0 |

€0L8LYNIN SUOIN DHOISIp X14y30dA[0]

S96E07MIN £88ST PHOISIp X14y10dA[0]

7 9U0 OErg-LTVL-INS “ds sasa.11/ds]

SU0D £7V-ZVL-INS "ds s/s2.4141ds|

659€800F 60VH-TIAID “ds bJjjossDH

TS9EB00I 904-2VT-ANAN-18-S4N SH3153443] °} SINU3} X14y0dA[0

8Y9E80DF OVH-TIND “ds bJjj0ssoH|

0S9€800( TTVH-TIND “ds 0lj/0ssoH

7S9€800( 904-2VT-AINJN-18-S4N SMIS2.4137 °} SINUSY X14Y300A]0 |

SETYE6AN 8TDdN-NIMSE-LIND u.m;_lameqouel\:: 9E30e19BY20.01IA|

SSS/LY8OH TVH-ZIN3 *ds bJj[ossop

¥ TYEGIN 8TIIN-NIMSE-LIND WNLIS1oeGOURAD 58331982001 A|

LYTYE6I 899dN-CLIM UJFI!JBIDEqOIJE/\D 2e32e319eYd0J0I Al

SETYEGIN PEDIN-NIYET-LIND WnL1oeqoURA) 983013 YI0.IA|

Tolypothrix distorta Mon65 MK478703 0.0

Tolypothrix distorta LSB87 MW403965 2.3 2.3

Spirirestis sp. SNI-TA17-BJ30 clone 2 2.1 2.1 1.0

Spirirestis sp. SNI-TA2-AZ3 cons 4.2 4.2 3.4 3.6

Hassallia sp. CM1-HA09 JQ083649 4.3 4.3 4.0 4.2 3.7

Tolypothrix tenuis f. terrestris UFS-BI-NPMV-1A2-FO6 JQ083651 4.1 4.1 3.8 4.0 3.5 0.2

Hassallia sp. CM1-HA08 JQ083648 4.1 4.1 3.8 4.0 3.5 0.2 0.0

Hassallia sp. CM1-HA11 JQ083650 4.5 4.5 4.2 4.4 3.9 0.6 0.4 0.4

Tolypothrix tenuis f. terrestris UFS-BI-NPMV-1A2-F06 JQ083652 4.2 4.2 3.9 3.9 3.6 0.4 0.2 0.2 0.6

Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934145 6.4 6.4 5.4 5.6 5.9 1.6 1.4 1.4 1.8 1.7

Hassallia sp. EM2-HA1 HQ847555 6.2 6.2 5.2 5.4 5.7 1.6 1.4 1.4 1.8 fI85) 0.8

Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934144 6.4 6.4 5.4 5.6 5.9 1.6 1.4 1.4 1.8 1.7 0.8 0.8

Microchaetaceae cyanobacterium WJT2-NPBG8 KF934147 6.0 6.0 5.0 5.2 5.5 1.2 1.0 1.0 1.4 1.3 0.4 0.4 0.4
Microchaetaceae cyanobacterium CMT-1BRIN-NPC34 KF934135 6.2 6.2 5.2 5.4 5.7 1.4 1.2 1.2 1.6 1.5 0.6 0.6 0.6 0.2
Tolypothrix campylonemoides FI5S-MK38 JQ083654 4.6 4.6 4.3 4.1 4.2 1.5 1.3 1.3 1.7 1.3 1.9 1.7 1.9 1.5 1.7
Tolypothrix campylonemoides FI5-MK38 JQ083653 5.1 5.1 4.8 4.6 4.7 1.9 1.7 1.7 2.1 1.8 2.3 2.1 2.3 1.9 2.1
Hassallia sp. CNP3-B3-C04 HQ847556 5.5 5.5 4.6 4.4 5.1 2.2 2.0 2.0 2.4 2.1 2.0 1.8 2.0 1.6 1.8
Spirirestis rafaelensis WJT71-NPBG6 JQ083656 5.4 5.4 5.2 4.6 5.0 2.7 2.4 2.4 2.9 25 3.8 3.6 3.8 3.4 3.6
Spirirestis rafaelensis WJT71-NPBG6 JQ083655 5.4 5.4 5.2 4.6 5.0 2.7 2.4 2.4 29 25 3.8 3.6 3.8 3.4 3.6
Microchaetaceae cyanobacterium CMT-2BRIN-HLNPCS KF934143 41 41 42 4.0 45 2.9 2.7 2.7 3.1 2.8 4.7 4.4 4.7 4.2 4.4
Tolypothrix distorta var. symplocoides UTEX-B-424 KY488019 7.7 7.7 6.1 6.3 7.0 5.9 5.7 5.7 5.7 5.5 7.6 7.4 7.6 7.4 7.6
Dactylothamnos antarcticus CENA412 MN626663 143 14.3 12.4 12.6 13.8 11.6 11.4 11.4 11.8 10.7 12.4 12.2 12.4 12.0 12.2
Dactylothamnos antarcticus CENA433 MN626664 14.2 14.2 12.3 12.6 13.8 11.6 11.4 11.4 11.8 10.7 12.4 12.2 12.4 12.0 12.2
Dactylothamnos antarcticus CENA410 KM 199732 17.7 17.7 15.9 15.9 17.2 15.3 15.0 15.0 15.5 15.2 16.4 16.6 16.9 16.4 16.7
Tolypothrichaceae cyanobacterium BACA0441 OL847351 14.7 14.7 12.6 13.0 14.0 12.0 11.8 11.8 12.2 11.1 12.2 12.1 12.3 11.8 12.1
Tolypothrichaceae cyanobacterium BACA0066 MT176722 14.7 14.7 12.6 13.0 14.0 12.0 11.8 11.8 12.2 11.1 12.2 12.1 12.3 11.8 12.1
Tolypothrichaceae cyanobacterium BACA0098 OL847350 14.0 14.0 | 11.8 12.2 13.3 11.2 11.0 | 11.0 11.4 11.1 11.5 11.3 115 11.1 11.3
Tolypothrix fasciculata ACOI3104 HG970653 14.8 14.8 133 14.0 14.5 12.5 12.3 12.3 12.7 11.7 13.4 13.2 13.4 13.0 13.2
Tolypothrix tenuis CCALA197 HG970655 15.4 15.4 13.8 14.0 15.1 12.7 12.5 12.5 12.9 12.1 13.4 13.2 13.4 13.0 13.2
Tolypothrix sp. HA4964-CV2 KU161666 15.2 15.2 13.7 14.0 16.1 14.3 141 | 141 14.5 13.3 15.2 15.0 | 15.2 14.8 15.0
Tolypothrichaceae cyanobacterium BACA0722 OM732263 17.3 17.3 15.8 15.8 17.7 15.4 15.2 15.2 15.6 14.6 15.5 15.7 15.9 15.5 15.7
Tolypothrix sp. CNP3-B1-C1 JQ083657 15.5 15.5 14.7 15.1 15.2 14.0 13.8 13.8 14.2 13.9 14.8 14.6 14.8 14.4 14.6
Tolypothrix sp. CNP3-B1-C1 Q083658 15.3 15.3 14.5 14.9 15.0 13.8 136 | 136 14.0 13.7 14.6 144 | 146 14.2 14.4
Coleodesmium sp. HINDAK 2000/24 HE797727 14.6 14.6 12.9 13.4 14.3 12.9 12.7 12.7 12.7 12.5 14.3 14.1 14.3 13.9 14.1
Tolypothrix sp. HanysB LM992903 16.6 16.6 16.4 16.7 16.8 14.9 14.7 14.7 15.1 14.3 15.2 15.4 15.4 15.0 15.2
Tolypothrix sp. HA4266-MV1 JN385291 17.5 17.5 17.3 17.5 17.0 15.8 156 | 156 16.0 15.2 16.3 16.3 16.3 15.9 16.1
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Table 1 (continued ). Part 1C. Tolypothrix sensu stricto, Coleodesmium sensu stricto, and Dactylothamnos

sensu stricto are all in the aquatic clade (blue highlight).
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Tolypothrix campylonemoides FI5S-MK38 JQ083653 0.4
Hassallia sp. CNP3-B3-C04 HQ847556 1.5 1.9
Spirirestis rafaelensis WJT71-NPBG6 JQ083656 15 1.9 2.0
Spirirestis rafaelensis WJT71-NPBG6 JQ083655 1.5 1.9 2.0 0.0
Microchaetaceae cyanobacterium CMT-2BRIN-HLNPC9 KF934143 2.5 3.0 2.7 2.4 2.4
Tolypothrix distorta var. symplocoides UTEX-B-424 KY488019 6.3 6.3 6.9 7.6 7.6 7.3
Dactylothamnos antarcticus CENA412 MN626663 11.7 12.1 11.2 11.6 11.6 12.6 16.0
Dactylothamnos antarcticus CENA433 MN626664 11.6 12.1 11.2 11.6 11.6 12.6 16.0 0.2
Dactylothamnos antarcticus CENA410 KM199732 15.6 15.8 15.2 15.7 15.7 15.8 19.8 6.7 6.7
Tolypothrichaceae cyanobacterium BACA0441 OL847351 12.3 12.7 11.8 12.5 12.5 13.2 15.9 3.4 3.6 9.0
Tolypothrichaceae cyanobacterium BACAOO66 MT176722 12.3 12.7 11.8 12.5 12.5 13.2 15.9 3.4 3.6 9.0
Tolypothrichaceae cyanobacterium BACA0098 OL847350 11.5 12.0 11.0 11.8 11.8 12.5 15.2 3.3 3.5 9.0
Tolypothrix fasciculata ACOI3104 HG970653 12.7 13.1 12.6 13.2 13.2 13.5 16.6 4.9 5.1 11.4
Tolypothrix tenuis CCALA197 HG970655 12.9 133 12.6 12.8 12.8 13.7 17.0 3.9 41 9.8
Tolypothrix sp. HA4964-CV2 KU161666 12.9 13.3 14.2 14.6 14.6 15.1 18.4 14.1 13.9 17.8
Tolypothrichaceae cyanobacterium BACA0722 OM732263 13.8 14.2 15.4 15.8 15.8 16.5 20.1 14.2 14.2 17.1
Tolypothrix sp. CNP3-B1-C1 Q083657 12.5 13.0 14.7 14.6 14.6 14.4 17.5 16.8 16.8 19.2
Tolypothrix sp. CNP3-B1-C1 JQ083658 12.3 12.8 14.5 14.4 14.4 14.2 17.3 16.4 16.4 19.0
Coleodesmium sp. HINDAK 2000/24 HE797727 11.8 12.2 13.3 13.5 13.5 14.4 18.0 16.7 16.7 20.2
Tolypothrix sp. HanysB LM992903 14.2 14.7 15.2 14.4 14.4 15.0 18.8 8.3 8.1 10.8
Tolypothrix sp. HA4266-MV1 JN385291 15.1 15.5 16.2 15.2 15.2 16.0 19.4 8.8 8.6 12.6
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Table 1 (continued). Part 1D. Tolypothrix sensu stricto, Coleodesmium sensu stricto, and Dactylothamnos

sensu stricto are all in the aquatic clade (blue highlight).
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0.88/47

0.90/62

0.74/44)

01"

Soil isolates (49 OTUs)@
Coleodesmium wrangelii AF334703 ©
Coleodesmium wrangelii AF334701©
Coleodesmium wrangelii AF334702 ©
Tolypothrix sp. NIES-515 LC215279 ©

Tolypothrichaceae cyanobacterium BACA0515 OM7322430

muatic and subaerial isolates (23 OTUs)@QO

Hassallia andreassenii ULC149 OK576195 O
Hassallia andreassenii ULC153 OK576196 O
Coleodesmium sp. ANT.L52B.5 AY493596 O
. Tolypothrix carninoi HA7290-LM1 KU161668 O

Tolypothrix sp. SF LN901340 O
Rexia erecta CAT4.SG4 KF9341810Q

,,,[ Toxopsis calypsus PLF JN695682 O
Toxopsis calypsus PLF JN6956810

_{— Godleya alpina LCR-CYTOL HQ012539 @
0.80"L Godleya alpina LCR-CY2 HQ012540 @
*/aL—Tolypothrix sp.CNP3-B1-C1 JQ083657 @
Tolypothrix sp.CNP3-B1-C1 JQ083658 @

e

— Tolypothrichaceae cyanobacterium BACA0722 OM732263 @
—— Tolypothrix sp. Ru-0-3 MH688856 @

L— Hassallia byssoidea CCALA 823 AM905327@
Tolypothrix distorta SAG 93.79 GQ2876510

— Tolypothrix sp. PAL-MK40 KY488003 O

Hassallia antarctica FR822753 @
Hassallia antarctica FR822752 @
Hassalia antarctica NR117192 ©

Coleodesmium sp. HINDAK 2000/24 HE7977270

*/_|- Nostoc sp. SAG 2409 MK953015 O

0.85/60

“195|

—— Roholltiella sp. K7 ON555483 @

L Desmonostoc muscorum KM0199340
Nostoc sp. “Peltigera” KF359700 O

Halotia wernerae CENA160 KC695854 @
Halotia longispora CENA420 KJ843313 @

ﬂiiCalothrix sp. KF761555 @

Scytonema bohneri SAG 255.80 KM019923 O

Aphanizomenon cf. gracile 271 AJ293125 ©
— Anabaena flos-aquae AJ293102 ©

Anabaena flos-aquae 1tu31s11 AJ293102 ©

~s——— Sphaerospermopsis torques-reginae ITEP-024 HQ730086 ©
1

03

Raphidiopsis sp. D9 EU552070 @

Figure 1. Bayesian Inference analysis (BA) with posterior probabilities at the nodes, and bootstrap

support values from the Maximum Likelihood analysis mapped to the nodes after posterior probabilities.

Strains from soils have red dots, strains from aquatic habitats have blue dots, and strains from wet

subaerial habitats have yellow dots.
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0.61/52

0.93/77

j=]

~i90f Tolypothrix distorta var. symplocoides UTEX B424 LC215278 @
Tolypothrix distorta var. symplocoides UTEX B424 KY488019 @
Tolypothrix sp. SNI-TA17-BJ30 clone 2 @
Tolypothrix distorta ATE717 MK247975.1 @
Tolypothrix sp. SNI-TA31-BJ5 operon 1@
Tolypothrix sp. SNI-TA31-BJ5 operon 2 @
Tolypothrix sp. SNI-TA23-BJ7 clone 1@
Tolypothrix sp. SNI-TA23-BJ7 clone 2 @
Tolypothrix distorta LSB87 MW403965 @
Spirirestis sp. SNI-TA17-ML2 clone 1@

0.767 Spirirestis sp. SNI-TA17-ML2 clone 2 @

Hassallia sp. SNI-TA1-JJ1 @
0.74/ Spirirestis sp. KH22-PS OK083626 @

Tolypothrix distorta CANT1 MG641907 @

ol [ Hassallia sp. ATA2-3-CV2 KF934148 @

0.93/.[ Tolypothrix tenuis f. terrestris JQ083651 @
Tolypothrix tenuis f. terrestris JQ083652 @

_ﬁt— Spirirestis rafaelensis WJT71-NPBG6 JQ083655 @

Spirirestis rafaelensis WJT71-NPBG6 JQ083656 @

— Michrochaetaceae cyanobacterium CMT-1BRIN-NPC34 KF934135 @

— Hassallia sp. CM1-HA09 JQ083649 @

— Hassallia sp. CM1-HA11 JQ083650 @

— Microchaetaceae cyanobacterium CMT-2BRIN-HLNPC9 KF934143 @
— Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934144 @

0.69/-[ Microchaetaceae cyanobacterium WJT2-NPBG8 KF934147@

0.74/-

0.98

0.9

Rest of taxa

0.67

0.90/51

— Hassallia sp. CM1-HA08 JQ083648 @

- Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934145 @
- Hassallia sp. EM2-HA1 HQ847555 @

- Microchaetaceae cyanobacterium CMT-1SZIN-NPC20 KF934141 @
— Spirirestis rafaelensis SRS6 AF334690 @

— Tolypothrix distorta ACT712 MK247973 @

Tolypothrix distorta CAU13 MG641916 @

Tolypothrix distorta CAU1 MG641913 @

- Tolypothrix sp. SNI-TA17-BJ34 @

— Tolypothrix sp. ATA2-1CV29 KY411158 @

Tolypothrix distorta CAU3 MG641914 @

- Tolypothrix distorta ATE705 MK247974 @

— Hassallia sp. SNI-TA2-AZ3 @

)‘gg/g‘_/_[ Tolypothrix campylonemoides F15-MK38 JQ083654 @

Tolypothrix campylonemoides F15-MK38 JQ083653 @
Hassallia sp. CNP3-B3-C04 HQ847556 @

- Hassallia sp. Us1-4 MH688855 @

— Tolypothrix sp. JOH 20C KY563664 @

Hassallia cf. pseudoramosissima ACSSI 158 KY283057 @
Hassallia byssoidea KZ-7-1-5 MK211232 @

Tolypothrix distorta Mon65 MK478704 @

8/84

Tolypothrix distorta Mon65 MK478703 @
%Tolypothrix sp. ACSSI 331 MT425945 @

Hassallia sp. SNI-TA34-BJ1 clone1 @

Figure 2. Expanded node from Fig. 1 showing strains from desert soils.
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8182 — Ssoilisolates (49 OTUs)@®

0.90/-—— Coleodesmium wrangelii AF334703 ©

AS1r 0-91L~ﬁ— Coleodesmium wrangelii AF334701@
197 L Coleodesmium wrangelii AF334702 @

-~ Tolypothrix sp. NIES-515 LC215279

Tolypothrichaceae cyanobacterium BACA0515 OM7322430
0.99/85[ Dactylothamnos antarcticus CENA410 KM199732 ©
— Dactylothamnos antarcticus NR177793 ©
Dactylothamnos antarcticus CENA412 MN626663
0.07/56| - Dactylothamnos antarcticus CENA433 MN626664
— Tolypothrix sp. HA4266-MV1 JN385291 ©
Tolypothrix distorta ACOI 731 HG970652
0.53/- Tolypothrix tenuis HG970655 ©
[ °-98’8§% Tolypothrix tenuis TAU-MAC 0318 OL310684
Tolypothrix tenuis HG970655
_[ Tolypothrix fasciculata HG970653
0.611]0.63]  */98L Tolypothrix fasciculata HG970653 @
Tolypothrix sp. HA4964-CV2 KU161666
~9or Kryptousia microlepsis CENA354 KY508612 O
Kryptousia microlepsis CENA354 NR157979 O
Kryptousia microlepsis CENA334 KY508608 O
Kryptousia microlepsis CENA343 KY508611 O
olypothrichaceae cyanobacterium BACA0441 OL8473510

0.97/90

D.78/

T

/29 Tolypothrichaceae cyanobacterium BACA0098 OL847350
Tolypothrichaceae cyanobacterium BACA0066 MT176722©

*/*[ Kryptousia macronema CENA338 KY508610 O

Kryptousia macronema CENA338 NR157980 0
—— Tolypothrix sp. HanysB LM992903

—— Tolypothrix sp. Preslic8 HG970654 ©

o
©
[ :

D.90/36

0.91/42

Rest of taxa

Figure 3. Expanded node of strains from aquatic and wet subaerial habitats. The collapsed node of soil

forms is shown for reference.
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Bayesian Inference Analysis of 165-23S ITS region.
Nodal support is posterior probabilities from
Bayesian Analysis and bootstrap values from
Maximum Likelihood analysis.

Hassallia sp. CM1-HA09 JQ083649

. Tolypothrix tenuis f. terrestris UFS-BI-NPMV-1A2-F06 JQ083651
Tolypohrix tenuis f. terrestris UFS-BI-NPMV-1A2-F06 JQ083652
Hassallia sp. CM1-HA08 JQ083648

oseis7l - Hassallia sp. CM1-HA11 JQ083650

0.73/

*/80

o.71520 Microchaetaceae cyanobacterium WJT2-NPBG8 KF934147

Microchaetaceae cyanobacterium CMT-1BRIN-NPC34 KF934135
o097+ Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934145

Microchaetaceae cyanobacterium CMT-3SWIN-NPC18 KF934144
0860 Hassallia sp. EM2-HA1 HQ847555

Tolypothrix campylonemoides FI5-MK38 JQ083654
081 g Tolypothrix campylonemoides FI5-MK38 JQ083653
— Hassallia sp. CNP3-B3-c04 HQ847556
Spirirestis rafaelensis SRS70
479l 7 Spirirestis rafaelensis WJT71-NPBG6 JQ083656
Spirirestis rafaelensis WJT71-NPBG6 JQ083655

Microchaetaceae cyanobacterium CMT-2BRIN-HLNPC9 KF934143

0.96/- [ Tolypothrix distorta LSB87 MW403965
Tolypothrix sp. SNI-TA17-BJ30
Hassallia sp. SNI-TA2-AZ3
o.67/55r— Tolypothrix sp. SNI-TA31-BJ5
098/ 0.54/- Hassallia sp. SNI-TA34-BJ1
Tolypothrix sp. SNI.TA17.BJ34CONS
Hassallia sp. SNI-TA1-JJ1
1 Tolypothrix distorta Mon 65 MK478704

0677} gps Tolypothrix distorta Mon 65 MK478703
— Hassallia sp. ATA2-3-CV2 KF934148
Tolypothrix sp. ATA2-1-CV KY411158

0.79/-

0.54/-

0.75/-

*/82

[ Hassallia sp. SNI-TA23-BJ7 clone1
Hassallia sp. SNI-TA23-BJ7 clone2
Tolypothrix distorta var. symplocoides UTEX B 424 KY488019
093/64 — Spirirestis sp. SNI-TA17-ML2 clone 1
i Spirirestis sp. SNI-TA31-BJ5
L Spirirestis sp. SNI-TA17-ML2_clone 2

Spirirestis sp. KH22-PS OK083626
Tolypothrix sp. JOH20C KY563664
o — Tolypothrix fasciculata ACOI3104 HG97065
/88 Tolypothrix tenuis CCALA197 HG970655
[ Tolypothrichaceae cyanobacterium BACA0441 OL847351

Tolypothrichaceae cyanobacterium BACA0066 MT176722
Tolypothrichaceae cyanobacterium BACA0098 OL847350
Dactylothamnos antarcticus CENA412 MN626663
ST ssT Dactylothamnos antarcticus CENA433 MN626664

' Dactylothamnos antarcticus CENA410 KM199732

il ++— Tolypothrix sp. HanysB LM992903

0.92/78

0.96/66

——— Tolypothrix sp. HA4266-MV1 JN38529

Wil Tolypothrix sp. HA4964-CV2 KU161666
(I— Tolypothrichaceae cyanobacterium BACA0722 OM732263

‘/"l_ Tolypothrix sp. CNP3-B1-c1 JQ083657
To/ypothr/x sp. CNP3-B1-c1 JQ083658

Hassallia byssoidea KZ-7-1-5 MK211232 ~ oo3

Coleodesmium sp. HINDAK 2000/24 HE797727

Figure 4. Baysian inference analysis based on an alignment of ITS regions for available sequences of that

region, with Maximum Parsimony bootstrap values mapped to nodes. The reference strain for Spirirestis

rafaelensis is SRS70. The two major nodes are for soil forms (top) and aquatic and wet subaerial forms

(bottom).
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