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Molecular Phylogeny of the Genera Staurastrum and Staurodesmus
(Zygnematophyceae, Streptophyta) Based on Nuclear (18S rDNA) and
Chloroplast Gene (atpB) Sequences

Byeong Ryeol Moon and Ok-Min Lee*

Department of Biology, Kyonggi University, Suwon 443-760, Korea

To gain insights into the phylogenetic relationships of genus Staurastrum and Staurodesmus, we analyzed nuclear-
encoded small subunit rDNA of 82 strains, and chloroplast atpB gene sequences of 44 strains belonging to three
genera (Staurastrum, Staurodesmus, Cosmarium). Excluding the Staurastrum muticum and S. orbiculare, forty five
strains of genus Staurastrum formed a well supported clade. It was shown that with no cell wall sculpture and
processes, these two species have a strong phylogenetic relationship with genus Staurodesmus. Therefore, it is
strongly recommended to transfer Staurastrum without processes and cell wall sculpture into Staurodesmus. S.
obsoletus is a taxa that is transferred from Cosmarium. But, from this study, it has shown a phylogenetic relationship
with Cosmarium. Therefore, this species is strongly recommended to transfer back to Cosmarium instead of
Staurodesmus. As it was studied before, genus Staurastrum has shown monophyletic. Since the genus Staurodesmus
groups with Cosmarium, they were shown to be polyphyletic.
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Table 1. Sample information and GenBank accession numbers for taxa included in the phylogenetic analysis

Division-  CenBank Acc. No. Reference
Taxon Source Section
185 rDNA atpB 185 rDNA atpB

Ingroup taxa

Genus Staurastrum

S. affine West et West TACKU 2-011 II-K EF507551 DQ028273 this study Moon et al. 2005

S. alternans (Bréb.) Ralfs 2M 2118 I-C AJ829638 N.A. Gontcharov & Melkonian 2005 N.A.

S. arctiscon (Ehrenb. ex Ralfs) 3SVCK 152 1I-] AJ829642 N.A. Gontcharov & Melkonian 2005 N.A.
Lundell

S. arctiscon (Ehrenb. ex Ralfs) M 1885 1I-] AJ428105 N.A. Gontcharov & Melkonian 2005 N.A.
Lundell

S. asteroideum West et West ACKU 2-038 II-K EF507556  DQ028290 this study Moon et al. 2005

S. avicula var. inerme Irénée-Marie ACKU 2-030 I-F EF507555 DQ028302 this study Moon et al. 2005

S. brachycerum Brébisson M 2218 II-K AJ829647 N.A. Gontcharov & Melkonian 2005 N.A.

S. brebissonii Archer ACKU 2-171 I-E EF507560  EF507579 this study this study

S. capitulum Brébisson 4ASW 07233 I-C AJ829636 N.A. Gontcharov & Melkonian 2005 N.A.

S. cerastes Lundell ACKU 2-039 II-K EF507559  DQO028286 this study Moon et al. 2005

S. crenulatum (Nag.) Delponte ACKU 2-021 II-K EF507545 N.A. this study N.A.

S. cristatum (Nag.) Archer ACKU 2-164 I-E EF507548  EF507583 this study this study

S. cyclacanthum West et West ACKU 2-025 II-K EF507567 DQO028286 this study Moon et al. 2005

S. dilatatum (Ehrenb.) Ralfs ACKU 2-044 I-C EF507564 DQ028291 this study Moon et al. 2005

S. dispar Brébisson M 2117 I-C AJ829631 N.A. Gontcharov & Melkonian 2005 N.A.

S. gemelliparum Nordstedt ACKU 2-046 I-G EF507558  DQ028293 this study Moon et al. 2005

S. gracile Ralfs ACKU 2-032 II-K EF507568 DQO028303 this study Moon et al. 2005

S. hantzschii Reinsch ACKU 2-024 II-1 EF507565 DQO028275 this study Moon et al. 2005

S. hexacerum var. aversum ACKU 2-019 II-K EF507552 DQ028274 this study Moon et al. 2005
West et West

S. iotanum Wolle ACKU 2-027 II-K EF507563  DQ028301 this study Moon et al. 2005

S. javanicum (Nordst.) Turner ACKU 2-092 II-K EF507569  DQ028296 this study Moon et al. 2005

S. lneve var. lativergence Scott et ACKU 2-118 II-H EF507566  DQ028280 this study Moon et al. 2005
Gronblad

S. lunatum Ralfs ACKU 2-078 I-E EF507547 DQO028294 this study Moon et al. 2005

S. lunatum Ralfs SVCK 15 I-E AJ428106 N.A. Gontcharov & Melkonian 2005 N.A.

S. maamense Archer SVCK 377 I-D AJ829646 N.A. Gontcharov & Melkonian 2005 N.A.

S. margaritaceum Ralfs ACKU 2-013 -G EF507562 DQ028298 this study Moon et al. 2005

S. monticulosum Brébisson ASW 07238 I-C AJ829639 N.A. Gontcharov & Melkonian 2005 N.A.

S. muticum (Bréb.) Ralfs ACKU 2-082 I-B EF507543  DQO028292 this study Moon et al. 2005

S. ophiura Lundell M 1027 II-K AJ428104 N.A. Gontcharov & Melkonian 2005 N.A.

S. orbiculare (Ehrenb.) Ralfs M 2217 I-B AJ829660 N.A. Gontcharov & Melkonian 2005 N.A.

S. paradoxum Meyen ex Ralfs M 1129 I1-] AJ829629 N.A. Gontcharov & Melkonian 2005 N.A.

S. pingue Teiling Gontcharov, II-K AJ428109 N.A. Gontcharov et al. 2003 N.A.

unpublished

S. pinnatum var. reductum Krieger = ACKU 2-165 II-K EF507550  EF507582 this study this study

S. polymorphum Brébisson SVCK 119 II-K AJ829632 N.A. Gontcharov & Melkonian 2005 N.A.

S. pseudosebaldi var. ACKU 2-183 II-K EF507546  EF507584 this study this study
basidenticulatum Hinode

S. pseudotetracerum (Nordst.) ACKU 2-101 II-K EF507549  DQ028298 this study Moon et al. 2005
West et West

S. punctulatum (Bréb.) Ralfs 5SAG 679-1 I-C AF115442 N.A. Gontcharov & Melkonian 2005 N.A.

S. punctulatum (Bréb.) Ralfs ACKU 2-034 I-C EF507554 DQO028282 this study Moon et al. 2005

S. punctulatum var. pygmaeum ACKU 2-029 I-C EF507553  DQO028281 this study Moon et al. 2005
(Bréb.) West et West

S. pyramidatum West SVCK 131 I-C AJ829637 N.A. Gontcharov & Melkonian 2005 N.A.

S. quadricornutum Roy et Bissett ~ ACKU 2-156 II-H EF507561  EF507581 this study this study

S. rosei var. stemmatum Playfair ACKU 2-175 II-H EF507575  EF507585 this study this study
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Table 1. continued

Division-  CenBank Acc. No. Reference
Taxon Source Section
185 rDNA atpB 185 rDNA atpB

S. simonyi Heimerl M 2219 I-E AJ829645 N.A. Gontcharov & Melkonian 2005 N.A.

S. spongiosum Brébisson ex Ralfs ASW 07228 I-D AJ829648 N.A. Gontcharov & Melkonian 2005 N.A.

S. subavicula (West) West et West ~ ACKU 2-006 I-G EF507544 DQO028300 this study Moon et al. 2005

S. taylorii Gronblad ACKU 2-145 -] EF507570  EF507580 this study this study

S. thunmarkii Teiling ACKU 2-047 II-J EF507557 DQ028279 this study Moon et al. 2005

Genus Staurodesmus

Std. bulnheimii (Racibo.) Brook SVCK 84 N.A. EF507573  DQ028288 this study Moon et al. 2005
(Arthrodesmus bulnheimii
Raciborski

Std. clepsydra (Nordst.) Teiling 35VCK 87 I-B EF507577  DQ028289 this study Moon et al. 2005
(Staurastrum clepsydra Nordstedt)

Std. convergens (Ehrenb.) Teiling SVCK 40 N.A. EF507571  DQ028283 this study Moon et al. 2005
(Arthrodesmus convergens
Ehrenberg ex Ralfs)

Std. cuspidatus (Bréb.) Teiling ACKU 2-182 I-E EF507538  EF507586 this study this study
(Staurastrum cuspidatum
(Bréb.) Ralfs)

Std. cuspidatus var. curvatus (West) ACKU 2-179 I-E EF507542  EF507587 this study this study
Teiling (Staurastrum curvatum
West)

Std. dejectus (Bréb.) Teiling ACKU 2-050 I-E EF507540 DQO028295 this study Moon et al. 2005
(Staurastrum dejectum (Bréb.)
Ralfs)

Std. dickiei (Ralfs) Lillieroth ACKU 2-103 I-E EF507541 DQO028278 this study Moon et al. 2005
(Staurastrum dickiei Ralfs)

Std. isthmosus (Heimerl) Croasdale SVCK 466 I-E EF507574  DQ028285 this study Moon et al. 2005
(Staurastrum isthmosum
(Heimerl) Coesel)

Std. o'maerii (Archer) Teiling SVCK 467 I-E EF507578 DQ028277 this study Moon et al. 2005
(Staurastrum o’'maerii Archer)

Std. obsoletus (Hantzs.) Teiling ACKU 1-183 N.A. EF507576  DQ028287 this study Moon et al. 2005
(Cosmarium obsoletum Hantzsch)

Std. subulatus var. subaequalis SVCK 106 N.A. AJ829652 N.A. Gontcharov & Melkonian 2005 N.A.
(West et West) Thomasson
(Arthrodesmus subulatus var.
subaequalis West et West)

Std. triangularis (Lagerh.) Teiling SVCK 427 N.A. EF507572 DQ028284 this study Moon et al. 2005
(Arthrodesmus subulatus Kiitzing)

Std. tumidus (Bréb.) Teiling SVCK 85 I-B AJ428108 N.A. Gontcharov & Melkonian 2005 N.A.
(Staurastrum tumidum (Bréb.) Ralfs)

Std. validus (West et West) SVCK 457 N.A. EF507539 DQO028276 this study Moon et al. 2005
Thomasson (Arthrodesmus validus
Scott et Gronblad)

Genus Cosmarium

C. angulosum f. rotundatum ACKU 1-041 N.A. AY964122  EF507588 Lee et al. unpublished this study
Irénée-Marie

C. auriculatum Reinsch ACKU1-142  N.A. AY964140  EF507589 Lee et al. unpublished this study

C. bisphaericum Printz SVCK 436 N.A. AY964149 N.A. Lee et al. unpublished N.A.

C. costatum Nordstedt ACKU 1-082  N.A. AY964126 N.A. Lee et al. unpublished N.A.

C. debaryi Archer SVCK 454 N.A. AY964145 N.A. Lee et al. unpublished N.A.

C. dentatum Wolle SVCK 149 N.A. AY964144 N.A. Lee et al. unpublished N.A.
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Table 1. continued

éDivision- GenBank Acc. No. Reference

Taxon Source Section

185 rDNA atpB 185 rDNA atpB
C. depressum Lundell ACKU1-212 N.A. AY964141 N.A. Lee et al. unpublished N.A.
C. exiguum Archer ACKU1-120 N.A. AY964139 N.A. Lee et al. unpublished N.A.
C. humile (Gay) Nordstedt ACKU 34-1 N.A.  AY964152 N.A. Lee et al. unpublished N.A.
C. isthmium West SVCK 229 N.A.  AY964148 N.A. Lee et al. unpublished N.A.
C. lneve Rabenhorst ACKU1-032 N.A.  AY94136 EF515086 Lee et al. unpublished this study
C. levinotabile Croasdale ACKU1-108 N.A.  AY964137 N.A. Lee et al. unpublished N.A.
C. obtusatum Schmidle ACKU1-173 N.A.  AY964153 N.A. Lee et al. unpublished N.A.
C. pseudoconnatum Nordstedt SVCK 150 N.A. AY964150 N.A. Lee et al. unpublished N.A.
C. sexangulare Lundell ACKU 1300 N.A. AY964142 N.A. Lee et al. unpublished N.A.
C. subcucumis Schmidle ACKU 30-2 N.A. AY964134 N.A. Lee et al. unpublished N.A.
C. subprotumidum Nordstedt ACKU 1-011  N.A. AY964121 N.A. Lee et al. unpublished N.A.
C. subtumidum Nordstedt ACKU1-066 N.A.  AY964124 N.A. Lee et al. unpublished N.A.
C. tenue Archer ACKU 1-104 N.A. AY964127 N.A. Lee et al. unpublished N.A.
Genus Actinotaenium
A. curtum (Bréb.) Teiling ex SVCK 382 N.A. AY964129 N.A. Lee et al. unpublished N.A.

Rizicka & Pouzar

Outgroup taxa

Gonatozygon monotaenium de Bary ~ SVCK 415/ N.A.
UTEX LB 1253

Netrium digitus (Ehrenb. ex Ralfs) SVCK 48 N.A.

Itzigson et Rothe

AJ428084

AJ428070 N.A.

AF408796 Gontcharov et al. 2003 Karol et al. 2001

Gontcharov et al. 2003 N.A.

1 ACKU-Algal Culture collection of Kyonggi University of Suwon-si, Korea

2 M-Culture Collection Melkonian, Botanical Institute, University of Cologne, Germany

3 SVCK-Sammlug von Conjugaten-Kulturen, University of Hamburg, Germany

4 ASW-Sammlung von Algen-Kulturen, University of Vienna, Austria

5 SAG-Sammlung von Algenkulturen, University of Gottingen, Germany

6 Taxonomic treatment followed Prescott ef al. (1982)
7 N.A.-not applicable

Table 2. Sequences of oligonucleotide primers used for PCR amplification and sequencing

Primer Sequence (from 5 to 3') Direction Reference
18S rDNA

M18F TACCATGGTGGTAACGGGTAA Forward this study
M18M2 GCTCTGAATACATTAGCATGG Forward this study
M18R GTACAAAGGGCAGGGACGTA Reverse this study
atpB

MAF GAGTGCTACTGATGGTTTAAT Forward Moon et al. 2005
MAR AAATTCCTTTTGCTGCTAAACCAC Reverse Moon et al. 2005

program} MacClade 4.07(Maddison and Maddison 2005)
program< ©]-g-sto] FH3AT AV|ME A8E B 2
R e ASHAH#A 42 98 PAUP*4.0b10
(Swofford 2002)2] &1+-2] (Neighbor Joining analysis) 2}
4 A (Maximum Parsimony analysis) 22|31 2t
FAHEA] (Maximum Likelihood analysis) & A A] 131 o1
o] Wl Aojx nE FAS T3 Fho = ALE-5to] heuristic

searchE 2 A| S} T},

185 rDNA 72} G714 E & 53 82strainsel] o g+ 7|5
FABA EA oA E Kimura 2-parameter (Kimura 1980)
algorithm= 283 2 %2 (Neighbor Joining analysis) =
AAstglen, o] wf Z £x9] A=E FH5] fs)
1,000%] bootstrap 2] (Felsenstein 1985)7} jackknife £
= AT

B AFelA 7 clade®] nodedl] that HEd& A

dstel 7 &% YESHE RRTE(EFLLE BERL,
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2
3} He) A e Anssin $Ael ARmE 22 1,000
3] 9] bootstrap 2] (Felsenstein 1985)3} jackknife #2-2
Ball Toieich Teln HuaekA A3t doldl thel A
STEFH HAY AFTE Tl f1ske 1,0008] 2] RELL
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