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

Natalie Soliman, Brian Jusko, and Jeffrey R. Johansen
Department of Biology, John Carroll University, University Heights, Ohio

Introduction
San Nicolas Island:
• One of the eight Channel Islands located off the coast of Southern California, 

United States
• Contains over 35 different species of cyanobacteria from soil crusts, which are 

communities of microorganisms that grow on the soil surface
• Molecular study of these cyanobacteria provides insights into the ecological 

and evolutionary processes that shape these unique organisms
Tolypothrichaceae:
• A well-characterized monophyletic lineage of non-attenuated, false-branching 

heteropolar types containing the genera Spirirestis, Hassallia, Tolypothrix, 
Coleodesmium, and Rexia

Molecular Techniques: 
• Phylogeny of the 16S rRNA: 
• 16S rRNA: critical component of the small ribosomal subunit found in 

bacteria
• Highly conserved and useful for understanding evolution in group

• Shows the evolutionary relationships between the different taxa, with closely 
related cyanobacteria placed closer together on the tree and more distantly 
related cyanobacteria placed farther apart

• Phylogeny of the 16S-23S ITS (Internal Transcribed Spacer) region: 
• 16S-23S ITS region: segment of DNA located between the 16S and 23S rRNA 

genes in the ribosomal operon
• Has become a popular target for molecular identification and phylogenetic 

studies of bacteria because it contains variable regions that can be used for 
species-specific identification and evolutionary analysis

Main objective of this study: 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

Methods

• Conducted microscopic analysis and imaging of San Nicolas Islands strains (see 
Fig. 1 for example)

• Sequenced the 16S rRNA gene and associated ITS region for all species of 
falsely-branching cyanobacteria in the soils of San Nicolas Island

• Compiled an alignment of the taxa currently assigned to Tolypothrichaceae, 
including the sequences obtained from San Nicolas Island

• Completed phylogenetic analyses of the 16S rRNA gene and ITS region for the 
strains of interest

• Interpreted these analyses and proposed taxonomic decisions regarding 
taxonomic placement of our strains

Results
• The phylogenetic analysis based on 16S rRNA sequences (Fig. 2) showed clear 

separation of the desert soil clade Tolypothrichaceae (top polygon, red circle) 
and the aquatic/wet subaerial clades of Tolypothrichaceae (second polygon, blue 
/yellow circles). 

• The ecological signature of the expanded soil clade is very strong because all of
the strains were from desert crusts (Fig. 3).

• The aquatic clade, when expanded, contains a mix of Dactylothamnos, Kryptosia, 
Tolypothrix, and Tolypothrichaceae cyanobacteria (Fig. 4). 

• Molecular definition of cyanobacterial species has recently been achieved using a 
combination of phylogenetic analysis of aligned ITS regions as well as percent 
dissimilarity of ITS sequences (Table 1).
• 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.

• Based on these criteria, it appears we have nine species of Spirirestis in the soil 
clade, including the type species Spirirestis rafaelensis. These strains need to all 
be reassigned to Spirirestis to make a monophyletic taxon.

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, 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 Tolypothrichaceae.

01MK211232_Hassallia_byssoidea_K
02OK083626_Spirirestis_KH22_PS 12.7
03KY563664_Tolypothrix_JOH20C 11.8 6.7
04Spirirestis_SNI_TA17_ML2_clone 13.3 7.1 5.0
05Spirirestis_SNI_TA17_ML2_clone 13.1 7.5 5.4 1.5
06Tolypothrix_SNI.TA31.BJ5operon 12.7 6.9 5.2 2.3 1.5
07Hassallia_SNI.TA23.BJ7clone1 10.5 10.4 11.2 9.9 10.2 9.7
08Hassallia_SNI.TA23.BJ7clone2 10.5 10.4 11.2 9.9 10.2 9.7 0.4
09KF934148_Hassallia_ATA2.3.CV2 9.7 9.8 10.2 9.3 10.1 9.9 3.6 4.0
10KY411158_Tolypothrix_ATA2.1.CV 10.3 9.6 10.6 9.5 10.3 9.7 3.8 4.2 2.2
11Tolypothrix_SNI.TA17.BJ34CONS 11.5 12.3 12.0 10.1 10.0 9.0 5.2 5.2 4.6 4.2
12Tolypothrix_SNI.TA31.BJ5operon 11.7 11.5 12.0 9.3 9.2 8.1 4.8 4.8 4.6 3.8 1.0
13Hassallia_SNI_TA1_JJ1_cons 10.9 11.6 11.4 9.8 9.8 9.2 4.2 4.2 4.0 4.0 2.2 2.0
14Hassallia_SNI_TA34_BJ1_clone1 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
15MK478704_T_distorta_Mon65 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
16MK478703_T_distorta_Mon65 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 0.0
17MW403965_T_distorta_LSB87 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 2.3 2.3
18Tolypothrix_SNI.TA17.BJ30_clon 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 2.1 2.1 1.0
19Hassallia_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 4.2 4.2 3.4 3.6
20JQ083649_Hassallia_CM1.HA09 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 4.3 4.3 4.0 4.2 3.7
21JQ083651_T_tenuis_terrestris_U 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 4.1 4.1 3.8 4.0 3.5 0.2
22JQ083648_Hassallia_CM1.HA08 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 4.1 4.1 3.8 4.0 3.5 0.2 0.0
23JQ083650_Hassallia_CM1_HA11 8.2 9.2 8.8 9.1 10.0 9.8 5.4 5.4 4.5 4.7 5.3 5.3 5.5 5.3 4.5 4.5 4.2 4.4 3.9 0.6 0.4 0.4
24JQ083652_T_tenuis_terrestris_U 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 4.2 4.2 3.9 3.9 3.6 0.4 0.2 0.2 0.6
25KF934145_Microchaetaceae_CMT.3 10.1 10.5 10.5 11.5 12.1 11.9 7.1 7.1 6.5 6.7 7.3 7.2 7.5 7.2 6.4 6.4 5.4 5.6 5.9 1.6 1.4 1.4 1.8 1.7
26HQ847555_Hassallia_EM2_HA1 10.1 10.5 10.5 11.3 11.9 11.5 6.8 6.8 6.3 6.5 7.0 7.0 7.3 7.0 6.2 6.2 5.2 5.4 5.7 1.6 1.4 1.4 1.8 1.5 0.8
27KF934144_Microchaetaceae_CMT_3 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 6.4 6.4 5.4 5.6 5.9 1.6 1.4 1.4 1.8 1.7 0.8 0.8
28KF934147_Microchaetaceae_WJT2. 9.7 10.1 10.1 11.1 11.7 11.5 6.7 6.7 6.1 6.3 6.8 6.8 7.1 6.8 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
29KF934135_Microchaetaceae_CMT.1 9.9 10.3 10.3 11.3 11.9 11.7 6.9 6.8 6.3 6.5 7.0 7.0 7.3 7.1 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
30JQ083654_T_campylonemoides_FI5 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 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
31JQ083653_T_campylonemoides_FI5 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 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 0.4
32HQ847556_Hassallia_CNP3.B3.C04 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 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 1.5 1.9
33JQ083656_Spirirestis_rafaelens 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 5.4 5.4 5.2 4.6 5.0 2.7 2.4 2.4 2.9 2.3 3.8 3.6 3.8 3.4 3.6 1.5 1.9 2.0
34JQ083655_Spirirestis_rafaelens 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 5.4 5.4 5.2 4.6 5.0 2.7 2.4 2.4 2.9 2.3 3.8 3.6 3.8 3.4 3.6 1.5 1.9 2.0 0.0
35S_rafaelensis_WJT71_NPBG6_JQ08 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 5.4 5.4 5.2 4.6 5.0 2.7 2.4 2.4 2.9 2.3 3.8 3.6 3.8 3.4 3.6 1.5 1.9 2.0 0.0 0.0
36KF934143__Microchaetaceae_CMT. 9.8 10.7 10.4 10.1 10.6 10.2 6.1 6.1 5.5 5.5 5.3 5.3 5.9 5.7 4.1 4.1 4.2 4.0 4.5 2.9 2.7 2.7 3.1 2.8 4.7 4.4 4.7 4.2 4.4 2.5 3.0 2.7 2.4 2.4 2.4
37KY488019_T_distorta_symplocoid 13.4 12.7 13.2 12.5 13.0 13.0 8.9 8.9 6.5 7.6 8.4 8.5 8.6 8.6 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 6.3 6.3 6.9 7.6 7.6 7.6 7.3
38MN626663_Dactyl_antarcticus_CE 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 14.3 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 11.7 12.1 11.2 11.6 11.6 11.6 12.6 16.0
39MN626664_D_antarcticus_CENA433 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 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 11.6 12.1 11.2 11.6 11.6 11.6 12.6 16.0 0.2
40KM199732_D_antarcticus_CENA410 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 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 15.6 15.8 15.2 15.7 15.7 15.7 15.8 19.8 6.7 6.7
41OL847351_Tolypothrichaceae_BAC 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 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 12.3 12.7 11.8 12.5 12.5 12.5 13.2 15.9 3.4 3.6 9.0
42MT176722_Tolypothrichaceae_BAC 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 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 12.3 12.7 11.8 12.5 12.5 12.5 13.2 15.9 3.4 3.6 9.0 0.0
43OL847350_Tolypothrichaceae_BAC 14.2 17.0 16.0 16.6 17.0 17.0 13.4 13.8 14.1 13.9 15.2 15.0 14.8 15.0 14.0 14.0 11.8 12.2 13.3 11.2 11.0 11.0 11.4 11.1 11.5 11.3 11.5 11.1 11.3 11.5 12.0 11.0 11.8 11.8 11.8 12.5 15.2 3.3 3.5 9.0 0.0 0.0
44HG970653_T_fasciculata_ACOI310 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 14.8 14.8 13.3 14.0 14.5 12.5 12.3 12.3 12.7 11.7 13.4 13.2 13.4 13.0 13.2 12.7 13.1 12.6 13.2 13.2 13.2 13.5 16.6 4.9 5.1 11.4 4.7 4.7 4.5
45T_fasciculata_ACOI3104_HG97065 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 14.8 14.8 13.3 14.0 14.5 12.5 12.3 12.3 12.7 11.7 13.4 13.2 13.4 13.0 13.2 12.7 13.1 12.6 13.2 13.2 13.2 13.5 16.6 4.9 5.1 11.4 4.7 4.7 4.5 0.0
46T_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 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 12.9 13.3 12.6 12.8 12.8 12.8 13.7 17.0 3.9 4.1 9.8 5.9 5.9 5.9 3.9 3.9
47HG970655_T_tenuis_CCALA197 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 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 12.9 13.3 12.6 12.8 12.8 12.8 13.7 17.0 3.9 4.1 9.8 5.9 5.9 5.9 3.9 3.9 0.0
48KU161666_Tolypothrix_HA4964.CV 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 15.2 15.2 13.7 14.0 16.1 14.3 14.1 14.1 14.5 13.3 15.2 15.0 15.2 14.8 15.0 12.9 13.3 14.2 14.6 14.6 14.6 15.1 18.4 14.1 13.9 17.8 15.1 15.1 15.5 15.1 15.1 15.1 15.1
49OM732263_Tolypothrichaceae_BAC 16.7 18.0 19.4 20.1 20.2 19.8 17.8 18.2 18.2 17.8 18.7 18.9 18.7 18.1 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 13.8 14.2 15.4 15.8 15.8 15.8 16.5 20.1 14.2 14.2 17.1 14.8 14.8 15.2 14.1 14.1 14.5 14.5 8.3
50JQ083657_Tolypothrix_CNP3.B1.C 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 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 12.5 13.0 14.7 14.6 14.6 14.6 14.4 17.5 16.8 16.8 19.2 17.8 17.8 17.6 17.7 17.7 17.5 17.5 15.8 18.0
51JQ083658_Tolypothrix_CNP3.B1.C 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 15.3 15.3 14.5 14.9 15.0 13.8 13.6 13.6 14.0 13.7 14.6 14.4 14.6 14.2 14.4 12.3 12.8 14.5 14.4 14.4 14.4 14.2 17.3 16.4 16.4 19.0 17.4 17.4 17.2 17.3 17.3 17.1 17.1 15.8 18.0 0.6
52HE797727_Coleodesmium_HINDAK20 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 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 11.8 12.2 13.3 13.5 13.5 13.5 14.4 18.0 16.7 16.7 20.2 16.8 16.8 16.2 15.9 15.9 16.9 16.9 18.6 20.3 15.1 14.7
53LM992903_Tolypothrix_HanysB 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 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 14.2 14.7 15.2 14.4 14.4 14.4 15.0 18.8 8.3 8.1 10.8 9.1 9.1 9.1 9.9 9.9 9.9 9.9 14.7 13.7 18.8 18.4 15.6
54Tolypothrix_HA4266_MV1_JN38529 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 17.5 17.5 17.3 17.5 17.0 15.8 15.6 15.6 16.0 15.2 16.3 16.3 16.3 15.9 16.1 15.1 15.5 16.2 15.2 15.2 15.2 16.0 19.4 8.8 8.6 12.6 9.6 9.6 9.6 10.3 10.3 10.1 10.1 14.5 13.7 18.8 18.4 16.7 4.4

Fig. 1: Micrographs of a San Nicolas Island strain that has false-branching 

Fig. 2: Tolypothrichaceae tree with soil and aquatic groups collapsed in polygons

Fig. 3: Expanded soil clade Fig. 4: Expanded aquatic/subaerial clade 

Table 1: Percent dissimilarity among ITS regions of Tolypothrichaceae. Taxa at top 
are from soils, taxa in same highlighting are same species. Taxa in blue are aquatic.
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