
   

 

 

 

347 

ISSN 0868-854 (Print) 

ISSN 2413-5984 (Online). lgologia. 2016, 26(4): 347—371 

doi.org/10.15407/alg26.04.347    

 582.26:581.5/.9(477) 

 . .1,  . .1,  .2,  .2 

1   . . .   , 

. , 2, , 01004,   
2  . , -  . ,  .   , 

.  , 3,  D-18057,  

t-mikhailyuk@ukr.net 

       

    

CYANOPROKARYOTA/CYANOBACTERIA 

         

  .   - -

         

 Synechococcales (Oculatella Zammit, Bille et Albertano  Nodosilinea Perkerson 

et Casamatta)  Nostocales (Roholtiella Bohunická, Pietrasiak et Johansen).  

      16S   

         

        

.       

         

    Roholtiella.     16S , 

   16S-23S ITS,    12  

 Roholtiella ,      , -

  R. edaphica Bohunická et Lukešová.    

   16S-23S ITS,    ,  

        R. edaphica. 

   Oculatella  Nodosilinea Perkerson et Casamatta  

        16S 

,      ,      

 16S-23S ITS      ,  

        , , 

    .    

          

        

  .  

 : Oculatella, Nodosilinea, Roholtiella, ,  

, ,  , 16S , 16S-23S ITS,  

 16S-23S ITS. 
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  ,    

 ,    ,   

        -

 ,     

(Algae of Ukraine, 2006–2014).    

  -   -

    -   

      (  

    ,  , 

     ).   

  64     (33   31 

  ).     

 . .       

    , 

 Cyanophyta ( , 1968;   ., 1984), 

     

    .  2005 .  

      

 : 626 ,  781 

 (    )  77 .  

, ,       

    « »    

  .     

     ,  

    ,    , 

       

. 

      

          

.    —     

      . 

,      , 

       

   (  . .    , 

-  , ,   

    .).   

      

       -

  (Polz et al., 2013; Sogge et al., 2013; 

Dvo ák et al., 2015),    ,   

     .  

   16S    16S-23S ITS 

         

,       
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  (Bover et al., 2002; Casamatta et al., 2003). , 

      , 

     , 

    ,    

     , 

    .  

     (Komárek, Anagnostidis, 2005)   

       

(   ),    , 

       

  .      

      -

   ,  -

       

(Nubel et al., 2000; Abed et al., 2002; Taton et al., 2003; Gugger et al., 2005; 

 .),        .     

.   .  (Johansen, Casamatta (2005),   

      

    -

,      :  —  

  ,   ( . . 

  ,     

 ).       

  .  (  —   ,  

  ),     

     

 ,      ( ), 

         

 « - »     -

  (Donoghue, 1985; Wheeler, Meier, 2000). 

    .   .  

   ( )       

       

 (   ,   ),  

   ,     

  (Dvo ák et al., 2015).   , 

       

    ,   

   .    

      

      

(Komárek et al., 2014).  

        

     (www.algaebase.org). 

    ,     

  , . .     



 . .  . 
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    . ,  Coleofasciculus 

M. Siegesmund, Johansen et Friedl     -

   Microcoleus,    — 

Coleofasciculus chthonoplastes (Gomont) M. Siegesmund Johansen et Friedl 

(Siegesmund et al., 2008).  ,   Microcoleus 

chthonoplastes — ,      

   ( , 2012).    

   ,      .  , 

 ,   ,  Oculatella Zammit, Billi et 

Albertano, Nodosilinea Perkinson et Casamatta  Roholtiella Bohunická, 

Pietrasiak et Johansen,       

   ,    

   .      

 .  

   

 ,  .    

  ,    

 ,        

   (  - , )  

      (  

- ,  .).      

,   ,    -

    (     ) 

( . 1). 

  (   6 × 6 )  , 

 ,        

   .      

  .   ,  

,   -  

,       

  .  ( ). 

 ,  ,  -

.       

   (1N BBM) (Bischoff, Bold, 1963),  

    ,  12-  

       25  

 • -2 • -1   +20±5 º .   

  ,   Olympus 

ZS40 (Tokyo, Japan)      

.       ,   

1N BBM  BG-11 (Stanier et al., 1971).   

 (2–4 )   (2–6 )   

     Olympus IX70  BX51  

 -    (DIC). 
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      ColorView II  

Olympus UC30,   ,    

   analySIS  cellSens Entry. 

 1 

    ,     

    

    

Nodosilinea 

 

Prim-5-5 

  ,     

,   ,  

    , 

     

  

 

01.09.2013 

 

Ru-6-11 

  , . ,  , 

  ,    

 Microcoleus vaginatus Gomont ex Gomont  

Klebsormidium flaccidum (Kütz.) Silva, Mattox et Blackwell. 

 

08.10.2013 

 

WD-4-2 

  , ,  

   ,   

,     

 

 

05.03.2013 

 

Us-2-1 

  , . ,  , 

  ,  -

-      

 

08.10.2013 

Oculatella 

 

KZ-5-4-1 

  ,   

 ,   , 

 ,  10    , 

-   c 

 Nostoc edaphicum Kondrat. 

 

08.08.2012 

 

KZ-7-1-4 

  ,   

 ,   , 

 ,  10    , 

-    

 Nostoc edaphicum  Hassalia sp. 

 

08.08.2012 

Roholtiella 

 

KZ-5-4-5 

  ,   

 ,   , 

 ,  10    ,  

   Nostoc edaphicum  

 

08.08.2012 



 . .  . 
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 ,   .    

       

DNeasy Plant Mini Kit (Qiagen GmbH, Hilden, Germany),  

  .    

16S    16S-23S ITS  (  1700  2300 ) 

     Taq PCR Mastermix Kit 

(Qiagen GmbH)   SSU-4-forw  ptLSU C-D-rev (Marin et al., 

2005)   T gradient Thermoblock (Biometra, Germany).  

 30 :   — 3   96 °C, 

   — 1   96 °C,  —  

2   55 °C,    — 3   68 °C.  

    — 7   68 °C. 

       Qiagen PCR 

purification kit (Qiagen GmbH),    . 

       

 Qiagen,    SSU-4-forw, Wil 6, Wil 

12, Wil 14, Wil 5, Wil 9, Wil 16  ptLSU C-D-rev (Wilmotte et al., 1993; 

Marin et al., 2005).    

        

 . 2.      

    Geneious (  8.1.8; 

Biomatters).    GenBank    

KY098843-KY098849. 

 2 

    

     

SSU-4-forw 
GATCCTKGCTCAGGATKKACGCTGGC

Marin et al., 2005 

ptLSU C-D-rev GCCGGCT CATTCTTCAAC Marin et al., 2005 

Wil 6 GCCAGCAGCCGCGGTAA Wilmotte et al., 1993 

Wil 12 GYAACGAGCGCAACCC Wilmotte et al., 1993 

Wil 14 TGTACACACCGCCCGTC Wilmotte et al., 1993 

Wil 5 CTGCTGCCTYCCGTA Wilmotte et al., 1993 

Wil 9 GGGGTATCTAATCCC Wilmotte et al., 1993 

Wil 16 AAGGAGGTGATCCAGCCGCA Wilmotte et al., 1993 
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 .    7  

   58   

  Synechococcales  67 Nostocales    

GenBank (NCBI).    -

     16S    

   Mafft (  7, Katoh, Standley, 2013)  

     BioEdit (  

7.2).      16S-23S ITS  

  BioEdit,       . 

 ,      

  ,      

 AIC (Akaike, 1974),    MEGA (  6, 

Tamura et al., 2013).  

     MrBayes 3.2.2 

(Ronquist, Huelsenbeck, 2003),     

GTR+G+I,  5,000,000 .      

   -    ,  

,   500 .   

       0.01. , 

  ,     , 

  .    

    (ML), -

   GARLI 2.1 (March, 2011). 

  .     

 16S-23S ITS   Roholtiella   

    (Bohunická et al., 2015). 

         mfold 

(Zuker, 2003),       Pseudoviewer 

(Byun, Han, 2009). 

   

     -

,          

 Synechococcales (Oculatella  Nodosilinea)  Nostocales 

(Roholtiella),     .  

      , 

        ( . 1). 

 -    

    .  

    . 

 



 . .  . 
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. 1.   ,     

 . Nodosilinea sp.:  —   , ,  —  

,      ; Oculatella sp.:  

,  —     ,    ( ),  —    

,     ,    

  ; Roholtiella edaphica:  —   ,  

 —   ( )   ,  —           

  ( ).  5  

 
 Nodosilinea Perkerson et Casamatta 2011 ( . 1, – ) 

     -

  Synechococcales,      

  ,   ,  

  Leptolyngbya,       

 (Perkerson et al., 2011).      

   :  

     .     

       Leptolyngbya 

nodulosa Z. Li et J. Brand,      Nodosilinea. 

     ,      

   Leptolyngbya (N. nodulosa (Z. Li et J. Brand) Perkerson 

et Casamatta  N. bijugata (Kong.) Perkerson et Kovácik),   —  

  .       - 
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       .  

  : 

 -      ,  

        . 

 ,   ,    

,      . 

  .   , , 

   .  - , , 

(1,1)1,3-1,7(2,1)  .,     , 

 ,   ,    

  ,    , ,  

    .    

.  - ,   

,  ,   1,7–2,6 ,    

 .   .  

        

 ,    Nodosilinea —  

       

.        

     16S  ( . 2). 

 ,    Synechococcales  

,  ,   -

   (Perkerson et al., 2011; Mühlsteinová et al., 

2014; Osorio-Santos et al., 2014; Patzelt et al., 2014;  .).  , 

      Nodosilinea,  

        

  ,    ( . . 2).  

  ,   Nodosilinea,  , 

  ,       

   16S .  

      

 .        

  Nodosilinea,      -

    16S-23S ITS  , . .  

      

       . 

 Oculatella Zammit, Billi et Albertano 2012 ( . 1, – ). 

      -

        -

     . 

   ,   

  16S ,  , 

   ,     

     (99%  ). 

 



 . .  . 
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. 2.   Synechococcales     

  16S .    

       (Bayesian 

Posterior Probabilities (PP), )       

 (Maximum Likelihood bootstrap support (BP), ).   

 PP  0,8  BP  50%.    

   .     

 Osorio-Santos et al., 2014; Miscoe et al., 2016.  —  -
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 ,      , 

   Oculatella,      

,      : -  

   ,    

       

        

  (Zammit et al., 2011).    

 Oculatella subterranea Zammit, Billi et Albertano,    

Leptolyngbya «Albertano/Kovacik » 1997 (     

  «    »; Komárek, 2005).  

      Oculatella 

 .    ,  

   ,   -    

    , -

        ,  

   ,   

  (Osorio-Santos et al., 2014).   

  ,   7   

Oculatella,    —   ,   — 

   ,   .  

,       

Oculatella      

 .  

       ,   

 ,     . 

      .  

     -     

.  , , (3,0)4,3—6,5  . 

  ,    ,  

,     .  -

, ,    , 1,1—1,8(2,5)  .,  

    (   )   

,   .  .  

   (    —   ), 

(2,5)3,0—6,5 ,   ,  , 

,    .    

   .    

 ,  ,  , 3,2—7,1  .,  

-     . 

   (   16S , . . 2) 

      Oculatella 

(Zammit et al., 2011).   Oculatella  

     16S ;  

      ,  

     . -

     16S-23S ITS (  ) 



 . .  . 
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        , 

,       Oculatella.  

      

Oculatella     . 

 Roholtiella M. Bohunická, N. Pietrasiak et J.R. Johansen 2015  

( . . 1, – ) 

     16  

      

  ,   .   

,    ,   -

     Nostocales:  Nostocaceae – 

     ,   

         

;  Scytonemataceae —    

   ,   Rivulariaceae —  

,     .   

    ,  

   ,  

 ,   ,  -

 ,     (Rajaniemi et al., 2005; 

Johansen et al., 2014).       

   ,  

   .   ,   

   -      

,         

Calothrix C. Agard,    Tolypothrix Kütz.,    Calochaete 

Hauer, Bohunická et Mühlsteinová (2013),   ,   

     ,   

  (Bohunická et al., 2015).  

     

  ,     

    .   

    Roholtiella. 

   -   -   

- , , ,    

   ,     -

    ,   , 

      -  . 

    ,  ,   

 ,   .  

,  ,     -

, ,   ,    

  - .     

,      ,  

  ,     5,3–7,1(8,9)  . 
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      - ,  

    , -

  ,  ,   

  , 2,9–6,4(7,9)  .   

-   , 2,9–6,4  ., 3,6–7,5  . 

   , ,  

-  , 4,3–5,3  ., 3,6–4,3  . 

 ,   5,3–6,4  ., 3,6–5,7  . 

  ,  5,3–6,8  ., 4,3– 

5,3  .,      .  

       Roholtiella 

( . 3) ,     ,    

,         

 Roholtiella — R. edaphica Bohunická et Lukešová.    

     (    

   ,      ) 

 ( ),  ( : )    

( ).    ,     R. edaphica 

      , 

      .   

         

   R. mojaviensis,     

 - -   ,     

  ,      

    .    

     Roholtiella ( . . 2):  , 

 ,   ,     

,        , 

      .   

      

   -  .  

     

Nostocales     16S  ( . 3), 

   ,    

   (Casamatta et al., 2006; Hauer et al., 2013, 2014; 

Bohunická et al., 2015; Berrendero et al., 2016;  .).  , 

      Roholtiella,   

,   .     

  ,    Nostocaceae,  

     .   . (Bohunická et al., 

2015).  ,     

   Roholtiella.  

       



 . .  . 
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    16S ,   

 16S-23S ITS.     , 

    16S ,   

 ,    , 

     16S   97,5% (Osorio-Santos 

et al., 2014). 

 

. 3.   Nostocales     

  16S .    

       (Bayesian 

Posterior Probabilities (PP), )       

 (Maximum Likelihood bootstrap support (BP), ).   

 PP  0,8  BP  50%.    

   .     

 Hauer et al., 2013; 2014.  —    
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 3 

     (KZ-5-4-5)     

(Bohunická et al., 2015)   Roholtiella 
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 ,       

 16S   97,5%   ,  , 

   ,   (Johansen, 

Casamatta, 2005). ,      

      

,    16S      

,        , 

     ( eháková et al., 2007; 

Osorio-Santos et al., 2014; Bohunická et al., 2015). ,    

Roholtiella     97,9%,     

    ,     

       16S-

23S ITS (Bohunická et al., 2015).  

     16S-23S 

ITS   Roholtiella     . 

,            

        

    ,     (Bohunická et al., 2015). 

    16S-23S ITS     

  ,     . 

    16S ,    

16S-23S ITS,    12   

Roholtiella ( . 4), ,      , 

  R. edaphica,     

    CCALA 1063.  

       -

   16S-23S ITS (    ) 

   KZ-5-4-5    R. edaphica — 

CCALA 1063 ( ,  ), CCALA 1060 ( )  

CCALA 1062 ( ).  . 5 ,    Box B 

       

;          

 .  CCALA 1062     

                   

Box-B.    V3    R. edaphica 

 .    ,    

      R. edaphica (CCALA 

1063).    V3      

           

  ,      . 

 ,   .  (Bohunická et al., 2015)  

     16S-23S ITS  

 CCALA 1063     .   

       

16S-23S ITS    R. edaphica. 
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. 4.    Roholtiella     

  16S ,   16S-23S ITS . 

        

  (Bayesian Posterior Probabilities (PP), )   

     (Maximum Likelihood bootstrap 

support (BP), ).    PP  0,8  BP  50%. 

      

.     Bohunická et al., 2015.  — 

   

 

   (Bohunická et al., 2015),    

Roholtiella      

,    Box-B  V3  16S-23S ITS:  

          

.  ,     -

,    R. bashkiriorum  R. mojaviensis, 

   ,  ,                   

R. edaphica — .   -

   CCALA 1055-1060  CCALA 1062  

     133  345 ( . 4).  

  ,    

Box-B  V3  16S-23S ITS    -

 , ,     

   R. edaphica:  11   

  ,    (129, 144, 186, 228  

345)     .    

  R. mojaviensis:   ,    

  . ,      

, R. fluviatilis  R. bashkiriorum,     

  10  11   ( . . 4).  

 



 . .  . 
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 4 

        

,    Box-B  V3,   (KZ-5-4-5)  

  Roholtiella 

    * ,  

129 133 136 141 144 148 155 186 228 339 345 

R. fluviatilis, 

CCALA 1058 

T C TAC G TT A AA TTAT— —AA — TTGTTTAA 

R.bashkiriorum, 

CCALA 1057, 

1059 

G C CAA G CA G AC AGAA— AAA — ——TGAATT 

R. mojaviensis, 

CCALA 1055, 

1056 

C C ARA C CT G G— TAATR —AA — T—TGTTTA 

R. edaphica, 

CCALA 1055-

1060 

A C AAA C CT G G— TATTG TTT C A—TGTATW 

R. edaphica, 

CCALA 1062 

A G AAA C CT G G— TATTG TTT C A—TGTATT 

R. edaphica, 

KZ-5-4-5 

C C AAA C TT G G— TATTT AAA C A—TGTATA 

*   .   . (Bohunická et al. 2015, . 5, . 94).  

     R. edaphica   

  . 

 

 

 ,      

    16S ,   

 16S-23S ITS,   Roholtiella   

  R. edaphica.   -

 ,    Box-B  V3  16S-

23S ITS      ,  

 .   , 

,      R. edaphica (   

 ),     « » 

   ,     ,  

         

.  
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. 5.        16S-

23S ITS   Roholtiella (KZ-5-4-5)     

   R. edaphica.   ( ),  

( )       

( )      

 

 ,     , 

      , -

 ,      

    Synechococcales (Oculatella Zammit, Billi et 

Albertano  Nodosilinea Perkerson et Casamatta)  Nostocales (Roholtiella 

Bohunická, Pietrasiak et Johansen).    

   16S  ,   

        

  .    -

       



 . .  . 
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        Roholtiella: 

    16S ,    

16S-23S ITS, ,      , 

  R. edaphica Bohunická et Lukešová.  

  ,    

Box-B  V3  16S-23S ITS,    -

      , , 

,                   

R. edaphica. 

   Oculatella  Nodosilinea  

      -

  16S ,      ,   

    16S-23S ITS   

   ,     

     , ,  

   .  

       

        

      -

  .  ,     

       

. 
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NEW TAXA FOR THE FLORA OF UKRAINE, IN THE CONTEXT OF MODERN 

APPROACHES TO TAXONOMY OF CYANOPROKARYOTA/CYANOBACTERIA 

In biological soil crusts from coastal sites of Ukraine a number of interesting cyanobacterial 

morphotypes were recorded. Characterization of seven original strains using molecular, 

morphological, and ecological information revealed that they belong to newly described 

genera of the orders Synechococcales (Oculatella Zammit, Billi et Albertano and Nodosilinea 

Perkerson et Casamatta) and Nostocales (Roholtiella M. Bohunická, Pietrasiak et Johansen). 

In phylogenetic analyses using sequences of the 16S rRNA gene, all Ukrainian strains could 

be assigned to clades of the corresponding genera with a high degree of support in the 

Bayesian and Maximum Likelihood analyses. However, their species-level identification has 

been successful only for one strain of the genus Roholtiella. The phylogeny based on the 16S 

rRNA gene concatenated with the 16S-23S ITS region of the original strain and 12 

published strains of Roholtiella showed that the Ukrainian strain is closely related to                     

R. edaphica Bohunická et Lukešová. Its rRNA secondary structure of the Box B and V3 

helices of the 16S-23S ITS region, and of nucleotide sequences flanking them, in main 

features correspond to R. edaphica. Original strains of genera Oculatella and Nodosilinea 

were quite similar to each other by the nucleotide sequences of the 16S rRNA gene. But, 

phylogenetic trees based on the 16S-23S ITS region of both original and published strains of 

these genera indicated that our isolates might represent new species as they form highly 

supported distinct clades. The findings of three new genera for the flora of Ukraine 

demonstrate the importance of using modern approaches for the assessment of real diversity 

of cyanobacteria in nature. 

K e y  w o r d s : Oculatella, Nodosilinea, Roholtiella, cyanobacteria, new records, Ukraine, 

molecular phylogeny 16S rRNA, 16S-23S ITS, secondary structure of 16S-23S ITS. 


