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Abstract

The family Oocystaceae is a group of morphologycahd ultrastructurally distinct green algae that
constitute a well-supported clade in the class duelbphyceae. Family possesses the clear
delimitation, based on the presence of specifit wall. Despite this, only few of the Oocystaceae
members were examined using data other than magical. After the establishment of molecular
phylogeny, the generic classification of the familsas called into question. The genOscystis
proved to be paraphyletic; some of the taxa wertuded, and few other species newly redefined as
members of this family. | investigated 53 straissigned to the Oocystaceae using morphological,
ultrastructural and molecular data (the SSU rRNAI d@he rbcl genes).Oonephris obesa and
Nephrocytium agardhianurduster within the Chlorophyceae and thus areongér members of the
Oocystaceae. Conversely, | confirmed transfer ef dbenobiaWillea vilhelmiito the Oocystaceae
from the Scenedesmaceae. | placed another coersbiziad Komarekia rotundédo the Chlorellaceae.
The division of the family into three subfamilieadainto five morphological clades, and 2 new
species combinations were suggested. On the Hasmlomolecular and morphological data, | expect
further taxonomical changes in the gen@racigeniella Crucigenia Ecballocystis, Echinocoleum
Elongatocystis Eremosphaera Franceig Lagerheimia Neglectella, Oocystidium Oocystis

OoplanctellaandWillea.
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1. Introduction

1.1. Why Oocystaceae - Current situation
Green algae with a coccal thallus were associaietid order Chlorococcales for decades.
With the introduction of the molecular phylogenpettaxonomic system has undergone
significant changes. The order Chlorococcales disdoand subsequently most coccal
Chlorophytes are distributed within the classeso@ighyceae and Trebouxiophyceae. The

family Oocystaceae Bohlin clusters within the Tnekiophyceae (Hepperle et al. 2000).

The delimitation of the family varied in severalepious studies (Smith 1950, Fott 1967,
Komérek and Fott 1983, Melkonian 1983). Komarek7@9redefined the family as an
independent unit on the basis of characteristit wall ultrastructure that is multi-layered
with the cellulose fibrils in each layer perpendiauto that of the adjoining layer (Fig. 1).
However, the ultrastructural data is available oriyr some genera:Amphikrikos,
EremosphaeraFranceia Lagerheimia Makinoellg NeglectellaOocystis, Siderocystopsis
and recently examinecballocystisandEcballocystopsigBowen 1965, Crawford and Heap
1978, Hegewald et al. 1978, Quader et al. 1978¢ttalyl et al. 1980, Hegewald et al. 1999,
Schagerl 1993, Schnepf et al.1980 and Xia et dl3R0
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Figure 1: 1 Cell wall structure of the species Neglectella peisonis (Schagerl 1993) and
2 the cross-section of the cell wall of the species Oocystis solitaria (Quader 1983).



Differential characteristics of the family Oocystae according to Komarek (1979): cells +/-
spherical, oval, elliptical to spindle-shaped, sbmes irregular; cell wall multilayered;
propagation by autospores; daughter cells remaiadme time to all their life enclosed in the
expanded mother cell wall. Description: cells swiitor in 2-, 4-, 8-, 16- to multicellular
colonies, daughter cells mainly in the expandedherotell wall enclosed. Cells typically oval
or elliptical, sometimes spherical, rhombic, spadhaped, bean-shaped or a little bit
irregular. Inside the cell one, a few or many cbpasts, mostly cup-shaped or girdle—shaped,
sometimes radial or spongiomorph, with or withoytemoid. Cell wall smooth, warty or
spiny, often with polar thickness, multilayeredopagation by autospores. Daughter cells
usually stay longer time of all their life enclogedhe mother cell wall. Type gene@mcystis

A. Braun. Three subfamilies were established; oitl large cells, numerous chloroplast and
smooth cell wall Eremosphaeroideae and two smadlécdtesubfamilies: Lagerheimioideae

with spiny cell wall, and Oocystoideae with smoo#l wall (Komarek 1979).

Traditionall definition of the families, genera asgdecies was based on morphology. Yet,
microscopic coccal green algae possess only aelmaimount of morphological traits and
some of them occured far more than once in evolutio some cases ultrastructural
examination can help to recognize monophyletic gadlyphyletic origins e.g. spines
(Hegewald and Schnepf 2002, Préschold et al. 26)vever, some features are doubtful
e.g. cell shape (Luo et al. 2010, Bock et al. 20Therefore morphological species (and
generic) concept can hardly work among the unitallalgae. Biological species concept by
Mayr (1942) the most widely accepted criterion$pecies delimitation in eukaryotes can not
by applied either, because many of the coccal grgae are considered as asexual,
especially inside Trebouxiophyceae. Cryptic sexearoduction was found by analysis of
genomes of the Trebouxiophyta (e.g. Blanc et alO20Nevertheless, only a few species
were observed to propagate sexually (Kies 1967,z&was and Mehra 1959, lyengar and
Ramanathan 1940, lyengar and Ramanathan 1974)hantequired circumstances are not
explained. The phylogenetic species concept basedhe simulation of the evolution,
established by Mishler and Theriot (2000) provedbeosufficient for systematics of asexual
green coccal algae.

With the establishment of the molecular phylogeting traditional generic concept of all
families of Chlorophyta more or less changed (@/glf et al. 2003, Luo et al. 2010). Generic
conception of Oocystaceae based on morphologitalltlaKomarek and Fott (1983) proved

to be inaccurate. Four speckskatothrix viridis, Nephrochlamys subsolitarRhombocystis
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complanataandTrochiscia hystrixvere transferred to the class Chlorophyceae (Bziohlet
al. 2001, Krienitz et al. 2011). SpinyDiacanthos belenophorusmoved inside
Trebouxiophyceae to the genudicractinium (Chlorellaceae) (Krienitz 2004). Within
Oocystaceae two new genera formé&tiongatocystisand Ooplanctella. (PaZzoutova et al.
2010, Krienitz and Bock 2011) Coenobial stra@rsicigeniella rectangularis, Ecballocystis
hubeiensisEcballocystopsis dichotomullakinoella tosaensjsTetrachlorella alternansand
Willea vilhelmii were newly redefined as members of the family (pézle et al. 2000,
Krienitz et al. 2003, Krienitz and Bock 2011, Stené 2011, Xia et al. 2013). The expanded
family also contains together clustering takmphikrikossp., Quadricoccus ellipticusand
Schizochlamydella capsulat@gdepperle et al. 2000, Wolf et al. 2003, Kriendgnd Bock
2011). Some authors suggest including three bapaties - coenobialTetrastrum
heteracantum andl. staurogeniiformeand simply filamentoug’lanctonema lauterbornii
inside the family (Krienitz and Bock 2011, Bockakt2013).

Taxa with irregular shape of the cdtlakatothrix viridis Rhombocystis complanatand
Nephrochlamys subsolitariexcluded from the family (Buchheim et al. 2001jedrtz et al.
2011) suggest that the shape of the cell coultelsvant to distinguish whether taxa include
to the family. Coenobial taxa new to the familyisates that the family Oocystaceae have a
wider definition, than previously expected (Krienit al. 2003). The family Oocystaceae
needs a precise definition. (Komarek and Fott 98B the changes and polyphyletic state of

the Oocystisspecies suggest that a revision of all the famihgquired.



1.2. Objectives

1.2.1. Review
The first step is a comprehensive study of scienliterature of genera assigned to the family
Oocystaceae and family Scenedesmaceae subfamilgigénoideae to reveal potential
members of Oocystaced@ocystisA. Braun is the type genus of the family; therefdarwas

under particular interest and was examined on spéevel.

1.2.2. Delimitation
On the basis of the review, strains chosen to cagemuch variability as possible were
examined through polyphasic approach. | focuseddetection of the delimitation of the

family Oocystaceae.

1.2.3. Definition
Provide improved morphological definition of therfidy Oocystaceae on the basis of the

multi-approach taxonomical revision is necessary.

1.2.4. Internal structure
| aim to compare inner structure proposed by Kokaed Fott (1983) with results of
molecular phylogeny and morphological observatieuarther, | focus on the importance of
morphological characters: spines, mucilage covéts ev without projections, granula on the
surface of the cell wall, coenobia character of ted arrangement, cell dimension and

number of chloroplasts for the structure of theifgm

1.2.5. Generic and species concept
Purpose of this study is also generic concept effémily and species concept inside some
genera. Especially th@enera Crucigeniella Crucigenig Ecballocystis, Echinocoleum
Elongatocystis EremosphaeraFranceia Lagerheimia Neglectella,Oocystidium Oocystis

OoplanctellaandWillea are under interest.



1.3. Review

1.3.1. Coenobial genera
Algae that dispose crucigenoid coenobial morpholagye traditionally assembled in the
family Scenedesmaceae subfamily Crucigenoideae. afekn (1974) described the
complicated history of the taxonomy of this groupdarecognized inside subfamily
Crucigenoideae gener@rucigenig Crucigeniella, Hofmania, Tetrachlorella, Tetrastrum
Westella andWillea. Komarek and Fott (1983) assigned to subfamilyc@enoideae genera
Crucigenia, Crucigeniella, Didymogenes, Gilbertdndi Makinoella, Suxenella,

Tetrachlorella, Tetrastrum, WesteladWillea.

Some taxa from this group were moved inside Oocgsia by molecular phylogeny.
Hepperle et al. (2000) include gentigtrachlorella Korshikov with the type species.
alternans(G.M.Sm.) Korshikov in Oocystaceae. According todék (1980), belongs to this
genera monotypic genuBotterella R.Buck with the only specie&. tetrachlorelloides
R.Buck. Genusvakinoella Okada with only specielsl. tosaensifOkada was placed to the
Oocystaceae by Okada (1949). Komarek and Fott ({18€&3sidered the coenobial character
of Makinoella and proposed its assignation to the family Scesredeeae subfamily
Crucigenoideae. Both the molecular phylogeny amstructure of the cell wall confirmed
the original placement to the Oocystaceae (Hegew8rP, Hepperle et al. 2000). Third
coenobial taxon analysed in Hepperle et al. (20@ycigeniella rectangularis(Nageli)
Komarek is only one species of the gen&mricigeniella Lemmerm. in Oocystaceae.
Tsarenko et al. 2002 proposed a transfer of the ggecies oWillea, Willea irregularis
(Wille) Schmidle to theCrucigeniellaasCrucigeniellairregularis (Wille) P.M. Tsarenko and
D.M. John and Hegewald et al. (2010) recommendetudimg Crucigeniellaas well as

morphologically similawillea Schmidle to the Trebouxiophyceae.

GenusCrucigeniellaseems to be polyphyletic. Bock et al. (2013) cldirat some of the
Crucigeniellaspecies cluster together with soi@eucigeniaMorren species including type
speciesCrucigenia quadrataMorren in the Chlorophyceae as a new lineage rststehe

Scenedesmudeyensensu latqPazoutova, Bock and Krienitz, unpublished re3ults

Crucigenia proved to be polyphyletic, as welC. tetrapedia(Kirchner) Kuntze clustered
inside Trebouxiophyceae together witetrastrum komarekiindak, T. triangulare(Chodat)

Komérek,and T. punctatun{Schmidle) Ahlstrom as a member of the re-estabtisgenus
Lemmermannia(Chodat) C. Bock & Krienitz sister to the Botryocas clade. New
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combinationsLemmermannia tetrapediéirchner) Lemmerm.L. komarekii (Hindak) C.
Bock & Krienitz, L. triangularis (Chodat) C. Bock & KrienitzandL. punctata(Schmidle) C.
Bock & Krienitz were createdTl. heteracantun{Nordst.) Chodat and. staurogeniiforme
(Schroder) Lemmerm. remained in the gematrastrumChodat clustering near Oocystaceae

or on the basis of the Oocystaceae (Bock et al3R01

On the basis oHofmaniaChodat, new genusomarekiaFott was established by Fott (1981)
with type specieK. appendiculata(Chodat) Fott. Komarek and Fott (1983) classiféd
genus inside Scenedesmacdaelauterbornii (Schmidle) Fott was signed as synonymic to
the Crucigenia lauterbornii(Schmidle) Schmidle (Komarek and Fott 1983), theoved it to

be a member of Chlorellaceae and left without taxaical conclusion (Bock et al. 2013).

WestellaDe Wild. with the type specie®/. botryoides(West) De Wild. clustered in the
family Scenedesmaceae subfamily ScenedesmiodeageViid&l et al. 2010) whereas
DidymogenesSchmidle with the type speci€3. palatina Schmidle was transferred to the
family Chlorellaceae (Proschold et al. 2010). T®oxenellaP.Srivast. & M.Nizamuddin
specieswere splitted into the gener@rucigeniaas C. mitrii G.L.Tiwari & D.C.Pandey
(Tiwari and Pandey 1971) amkkterarcysA.Comas Gonzaleas A. quadricellulare(Behre)
Hegewald & Schmidi{Hegewald et al. 2010). Coenobial monotypic gefikertsmithia
M.O.P.lyengar with typeG. grandesM.O.P.lyengar stays designated to Scenedesmaceae
Crucigenoideae (Komarek and Fott 1983) and géittliella Hindak with the type specids
tetrasporaHindak inside Oocystaceae (Hindak 1988).

1.3.2. Genera with large dimension and numerous chloroplds

Subfamily EremosphaeroideaensuKomarek and Fott (1983) includes three genera with
numerous chloroplast and large cell dimensioBsemosphaera, Excentrosphaeiand
OocystaeniumOocystaeniumGonzalves & K.R.Mehra with only one speci®s elegans
Gonzales & K.R.Mehra, and one species of gdfresnosphaerde Bary with the typeE.
viridis De Bary were observed to reproduce sexually by hbaticc oogamy (De Bary 1858,
Gonzales and Mehra 195%. viridis so far only one sequenced member of this group
clusters on the basis of the family Oocystaceagditava et al. 2010)Excentrosphaera

G.T.Moore is monotypic genera with the type speEbesviridisG.T.Moore.

Similar morphology as Eremosphaeroideae possessesieglectellaVoden. & Benderl.
described by Vodenicarov and Benderliev (1971) whthtype specied. eremosphaerophila
Voden. & Benderl.. The genus was revised and orb#ses of morphology split into three
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genera:Neglectella, Neglectellopsiand Skujaster(Vodenicarov 1989). An ultrastructural
study executed by Schagerl 1993 WNeglectella peisonisSchagerl confirmed the genera
Neglectellainside Oocystaceae. Affiliation of the monotypengsSkujaste’Voden. with the
type speciesSkujaster asteriferugFott) Voden. andNeglectellopsisvoden. with only one

specieNeglectellopsis skujagoden. is not resolved.

Another two monotypic gener@onephrisFott (type specie®. obesaWest & G.S.West)
Fott) and similarChondrosphaeraSkuja with the type of the genuS. lapponicaSkuja
belongs to this group according the morphology.

1.3.3. Spiny genera

Komarek and Fott (1983) summarized all spiny geradréhe family Oocystaceae to the
subfamily Lagerheimioideae. Subfamily comprised deneraChodatellopsis, Cryocystis,
Dendrocystis, Diacanthos, Franceia, Lagerheimia, lidRcystis, Pseudobohlinia,
Mycotetraedron, Micracantha, TrochisciAuthors notice that genudycotetraedrorHansg.
dispose of doubtful validity and propose its eliation from Chlorococcales. Komarek and
Fott (1983) also remarked that the gerfésaudobohliniaBourr.,MicracanthaKorshikov and
Cryocystis Kol are morphologically similar to the Xanthophyeaa algaeGaumiella

bellifontanaBourr..

The type species of the gentlimochisciaKitzing was not established. Koméarek and Fott
(1983) argued that the genus needs thorough revaid distinguished only four specids (
aciculifera (Lagerh.) Hansg.T. hystrix(Reinsch) HansgT. granulata(Reinsch) Hansg. and
T. americanaol) from the many of described taxaTfochiscia One member of the genera
Trochiscia hystrixwas sequenced and found its position among Volesg@Buchheim et al.
2001). Diacanthos Korshikov monotypic genera with the type specis belenophorus
Korshikov was removed from Oocystaceae (Komarek &att 1983) to the family
Chlorellaceae, as a new combinatiitractinium belenophorunKorshikov) Proschold, C.
Bock, W.Luo & Krienitz (Proschold et al. 2010).

So far only one taxa of morphologically integratgaup LagerheimiaChodat Franceia
Lemmerm. andChodatellopsigKorshikov -Lagerheimia genevensf€hodat) Chodat the type
species of the genusagerheimiaKorshikov was sequenced. Affiliation to the Ooeystae
was confirmed (Krienitz et al. 2003). Individualngea, as well as species inside genera, are
distinguished according to the placement, numberranrphology of the spine§pines of

Lagerheimiaand Franceia dispose of the unique ultrastructure composed fibrdlar axis
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covered by amorphous matter. (Hegewald et al. 198@narek and Fott (1983) noticed that
spines of DendrocystisM.O.P.lyengar possesse a different ultrastructtineyefore, its

position is unclear.

Komarek and Fott (1983) suggest that to the g#ilidiocystis Bohlin with the type species
Pilidiocystis endophyticaBohlin should be assigne@urococcus multisporus.Bisch. &
H.C.Bold as Pilidiocystis multispora (B.Bisch. & H.C.Bold) H.Ettl & G.Gartner. No
molecular data is available to date.

1.3.4. Granulated genera
According to Komérek and Fott (1983) only two grated generaGranulocystisHindak
(type speciesranulocystis verrucoséy.V.Roll) Hindak) andGranulocystopsigtype species
G. pseudocoronatdorshikov) belong to the family Oocystaceae. Hgyf1i991) established
new genusOocystopsisHeynig with only one membe®ocystopsis granulatgHortob.)
Heynig. Further granulated taxa were assigned & family by molecular phylogeny.
Granulated algaé&iderocelis(Naumann) Fott (type speci€iderocelis minor(Naumann)
Fott) was placed to the Chlorellaceae the subfaiBiljerocelidoideae Komarek and Fott
(1983) with also granulatedmphikrikos Korshikov with the type specieAmphikrikos
minutissimuKorshikov. Affiliation of Amphikrikosto the Oocystaceae confirmed molecular
phylogeny and ultrastructure (Crawford and HeapBl®#€pperle et al. 2000).

Komérek and Fott (1983) classified gen@uadricoccus Fott with the type species
Quadricoccus verrucosusott to the Botryococcaceae. Molecular analysesrporated it to
the Oocystaceae (Krienitz and Bock 2011). Komarekd aFott (1983) included
SiderocystopsisSwale genus described on the basis Sadlerocystis fuscakorshikov
(SiderocystiKorshikovis currently not recognized genera) with type speSiderocystopsis
fusca(Korshikov) Hegewald & Schnepf to the Micractireae. Molecular analyses assigned
Siderocystopsispunctifera (Bolochonzew) Hegewald & Schnepf to the Oocystacea

(Proschold et al. 2010) in accord with ultrastruakwbservation (Schnepf et al. 1980).

SestosomaHortob. with only one specieSestosoma villosuniHortob. bears analogous
morphology. Its cell wall is irregularly litteredith the wrinkled processes of variable length.
Incrustations producing@sloeotaeniumHansg. (type specieS. loitlesbergereanuntiansg.)

can be also assigned to the group (Komarek andlB8g).



1.3.5. Mucilage producing genera

Palmeloid genus€oenochlorisKorshikov seems to be deeply polyphyletic. TypecspsC.
pyrenoidosaKorshikov andC. signiensisg(Broady) Hind&k clustered within Chlorophyceae
(authors unpublished datd}. Planoconvexalindak clustered within Oocystaceae and was
recently combined aoplanctella planoconvex@lindak) PaZoutova, Skaloud & Nemjova to
the new genusOoplanctella PaZoutova, Skaloud & Nemjova (PaZoutova et al. 010
Pazoutova et al. (2010) demonstrated mucilage epgeWith projections typical for the
species. Krienitz and Bock (2011) assigr@dplanctellato one strain ofOocystidiumsp.
Korshikov, in accordance with the morpholog®ocystidium polymammilaturiortob.
exposes similar a mucilage cover with projectiadgdak and Horeckd (1987) combined
Oocystidium polymammilatunas Echinocoleum polymammilatuniHortob.) Hindak &
Horecka on the basis of similarity of the mucilagpyer with Echinocoleum elegan$ao &

Lee the type species Bthinocoleundao & Lee.

1.3.6. Other genera
Ecballocystis Bohlin with the type specie€. pulvinata Bohlin and Ecballocystopsis
M.O.P.lyengar with the type specids indica M.O.P.lyengar preliminary assigned to
Chlorodendraceae (Fritsch 1956) or Botryococca¢Kaenarek and Fott 1983) were to the
Oocystaceae placed by molecular phylogeny andstitreture (Xia et al. 2013). Wolf et al.
(2003) placed to Oocystace&ehizochlamydella capsulat&uillard, H.C.Bold & MacEntee)
S.Watan. Some authors suggest including simply filamentdgaesPlanctonemaSchmidle
with the type specieRlanctonemdauterbornii Schmidle to the Oocystaceae (Krienitz and
Bock. 2011).

Komarek and Fott (1983) included four genera wip&al or irregular shape of the cell to
the family.Nephrochlamy&orshikovwith the type specieN. subsolitaria(West) Korshikov
and RhombocystigkKomarek with the type speciés complanateKomarek was excluded by
molecular phylogeny (Krienitz et al. 2011). MonatygenusFusola J.Snow with the type
speciesFusola viridis J.Snow is a basionym d@lakatothrix viridis (J.Snow) Printz. It was
analyzed in (Buchheim et al. 2001) and placed éovblvocalesJuranyiellaHortobagyi with
the type specied. javorkae (Horto.) Hortob. (by Hindédk 1978 assigned to thenuge
Nephrochlamys and NephrocitiumNageli (type speciebl. agardhianumNageli) were not
examined by molecular phylogeny. Edelstein and deteg1964) established new genus
RayssiellaEdelst. & Prescott with the type speciRRshemisphaeric&delst. & Prescott and
listed it to the Oocystaceae. Authors discussedithdarity with the genuslephrocytium
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1.3.7. GenusOocystis A. Braun
GenusOocystisA. Braun is under particular interest of this tlse€locystisproved to be a
wide genus with enormous variability Komarek andt K&983). Serious changes occurred
since the genus was established; therefore, spaggsally assigned to th@ocystisare now
widespread in various gener®ocystis eremosphaerid&s.M.Sm. and Oocystis gigas
W.Archer belong to the genuEremosphaeraDe Bary Oocystis asteriferaSkuja is
recognized asSkujaster asteriferugFott) Voden. SpinyOocystis echidnaBohlin is now
Franceia echidna(Bohlin) Bourr., Oocystis polychaetaSchirsch. Franceia polychaeta
(Schirsch.) Korshikov and@ocystis ciliataLagerh. Lagerheimia ciliata(Lagerh.) Chodat.
Oocystis verrucosa'.V.Roll is basionym ofGranulocystis verrucosgY.V.Roll) Hindak.
Oocystis pseudocoronatgorshikov is a synonym oBranulocystopsis decoratéSvirenko)
P.M.TsarenkoOocystis ornata-ott is recently recognized &derocelis ornatgFott) Fott.
(Komarek and Fott 1983).

Oocystis alpinaReisigl was newly combined to the gertdysichlamyss Ecdysichlamys
alpina (Reisigl) Koméarek & Comas (Komarek and Comas 1984hdak 1988 established
new genusCatenocystigdindak with the type speci€satenocystis cohaereriSkuja) Hindak

on the basis oDocystis cohaerenSkuja.Oocystis granulatddortob. is according to Heynig
(1991) member of new gen@ocystopsidHeynig Oocystopsis granulatéHortob.) Heynig.
Oocystis ecballocystiformisM.O.P.lyengar was excluded and established as & ne
combination Elongatocystis ecballocystiformigM.O.P.lyengar) Krienitz & C.Bock by
Krienitz and Bock 2011. Hepperle et al. (2000) ssgghatO. solitaria Wittrock should be
excluded on the basis of molecular phylogeny amdntiorphological dissimilarity with the

type species dDocystis O. naegelA. Braun.

According to the original incomplete descriptiGn naegeliidoes not possess pyrenoid, and
its descriptions vary in several observation. SK@g64) found only one or two chloroplasts
per cell on the type material which does not exhilyirenoid. Therefor&ehakova (1969)
suggested as a type of the geris lacustris Chodat. Despite, subsequent studies (e.g.
Komarek and Fott 1983) recognif® naegeliias the type, on the basis of Skujas (1964)
thorough examination. The presence of the pyremoidsidered as valuable trait Hindak
(1988) following the concept of Lemmermann (19089 @roposed the split of the genus to
the generaDocystisand OocystellaLemmerm. (type specigdocystella natankemmerm.)

He transferred 1®ocystisspecies that possessed a pyrenoid to the g@oagstellaand

found 4 new species of the gembsecystella:O. carpaticaHindak, O. oogamaHindak, O.
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piscinalis Hindak andO. radiosaHindak. On the contrary, Koméarek and Fott (19830l a
followers (e.g. John and Tsarenko 2002) recognitg ane genuocystis(Table 1).

Table 1. Comparison of the conception@dcystis/Oocystellspecies according to Hindak
and Komarek and Fott. *Species excluded frowcystis ** Does not contain 16 doubtful

(incompletely described or difficult identifiablegxa.

Oocystis sensu Hindak 1988

Oocystella sensu Hindak 1988

Oocysdtis sensu Komarek and Fott 1983

0. apiculata O. bispora 0. apiculata
0. ecballocystiformis* O. borgeii O. bispora
O. elliptica O. carpatica O. borgei
O. hunanensis O. heteromucosa O. cohaerens *
O. irregularis O. lacustris O. ecballocystiformis*
0. kumanensis O. marssonii 0. elliptica
O. marina O. natans O. heteromucosa
0. naegelii O. nephrocytioides O. hunanensis
O. novae-semliae O. oogama O. irregularis
O. pelagica O. panduriformis O. kumanensis
O. pusilla O. parva O. lacustris
O. pyriformis O. piscinalis O. marina
O. rupestris O. radiosa O. marssonii
O. socialis O. rhomboidea O. natans
O. solitaria O. naegelii
O. submarina O. nephrocytioides
O. tainoensis O. novae-semliae
O. panduriformis
O. parva
0. pelagica
O. pusilla
O. pyriformis
O. rhomboidea
O. rupestris
O. socialis
O. solitaria
O. submarina
O. tainoensis
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2. Materials and Methods

2.1. Material
| obtained isolated single-species algae straixenja or with bacterial/fungus contamination)
from the public collections Culture Collection ofutdtrophic Organisms Academy of
Sciences of the Czech Republic irebar (CCALA), A National Center for Marine Algae
and Microbiota (NCMA formerly CCMP), Culture Collsan of Algae of the Charles
University of Prague (CAUP), Culture Collection Afgae at the University of Gottingen
(SAG), Coimbra Collection of Algae (ACOI), Cultu@ollection of Algae and Protozoa
(CCAP) and from the private collection of Marvin.\Wawley, Christina Bock, Lothar

Krienitz and Marie PaZoutova (Appendix 1).

Undetermined strains provided from the private emibns were designated following
Komarek and Fott (1983). Determined strains from glablic collections were authenticated
according to Komarek and Fott (1983) to revise Ilrexi strain determination.

Appropriateness of the names of the taxa in thsisheas checked by Index Nominum
Algarum and the forms of authors names by The that®rnal Plant Names Index.

2.2. Cultivation
| kept strains in bottles with solid BBM medium gBhoff and Bold 1963) (paved with 1,5%
agarose) under standard cultivating conditionsadiance 22umol m? s* and constant
temperature 16.°C. Some strains were additionailjivated in a liquid medium, because of

better conservation of significant morphologicaits: mucilage covers and spines.

2.3. Morphology

All strains were repeatedly observed by light msoape Olympus BX to capture all stages of
algal life cycle. Magnifications 400x and 1000x hvilmmersion oil were used. | stained

strains by methylene blue to detect potentiallyaattve cell walls and mucilage covers. |

made morphological descriptions of fifty observéaiss. (Appendix 3) The observation was
documented by camera Olympus DP 71, a part of ti@ostope, using software DP

controller DP manager. Picture plates were constduby the graphic program CorelDraw
X6. (Appendix 4)
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2.4. Ultrastructure

Fourteen strains were chosen for transmissionreleehicroscopy (TEM), to observe cell

wall ultrastructure. Samples were prepared by wsrké Laboratory of Electron Microscopy

- Institute of Parasitology. Samples were washati @05 M phosphate buffer and postfixed
with 2% osmium tetroxide in 0.05 M phosphate bu#feroom temperature for 2 hours. Then
was samples repeatedly washed with 0.05 M phosyihudter. Cells were dehydrated with a
concentration gradient of isopropanol solutiong] paured in the Spurr’s resin (Spurr 1969)
afterwards, with propylene oxide as an intermeds#ge. Thin sections were stained with
uranyl acetate and lead citrate. | observed theagpeel samples in a Jeol JEN 1010
transmission electron microscope at an accelerattigge of 80 kV. | made picture plates

documenting the examination by CorelDraw X6 (F&}S).

2.5. Molecular data
DNA was extracted using Invisorb Spin Plant Minit Kinvitek) following the official
instructions, and by modified xanthogenate-SDSdyugixtraction protocol with the addition
of 3% PVPP and PEG-MgCI2 precipitation Yilmaz et(2D09). This method was devised for
cyanobacteria, however, it works perfectly for gredgae, either for mucilage producing

strains and strains with a rigid cell wall.

| chose SSU rRNAjene anabcl gene for my analysis. Both genes dispose of tpeoppiate
number of the polymorphism on the family and genével. There are also a large number
of the sequences of the SSU rRNA gene in the publiatabase NCBI
(http://www.ncbi.nlm.nih.gov/). For thebcl gene dispose NCBI at least of some data, and

moreover it is a housekeeping gene.

| have amplified both genes with PCR reaction cstirtgy of 10 ng of template DNA with 2,5
pmol of forward and reverse primer and 10ul Plaih BRaster Mix (Top Bio, the Czech
Republic) using cyclers XP Cycler - Bioer T 300 frhecycler - Biometra. Primer
combination for amplification SSU rRNA was NS1F FSUR or 1650R, when to obtain
unfragmented gene was possible, and combinatiddSdfF — 1150R and 1170F — ITS4 or
1650R, when the first choice was not successfulog@m information: prefatory
denaturation: 95°C, 1min, (denaturation: 95°C, Inainnealing 52-55°C, 1min; elongation
72°C, 3min) 35x, final elongation: 72°C, 10 min. eTkemperature of the annealing was
estimated of Tm of both primers (Checked by Oligahmer 3.1 - Integrated DNA

Technologies). Amplification of thebcl gene was successful using primer combination
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ORB1F — ORB1R. Program information: prefatory daration: 95°C, 1min, (denaturation:
95°C, 1min; annealing 52°C, 1min; elongation 723in) 35x, final elongation: 72°C,

10min.

Successfully amplified DNA was proved on gel eleghoresis 1% agarose gel in TBE
buffer. DNA stained by GEL RED was visualized by W\ansilluminator ULTRA LUM.
INC — gel imager with software Scion VisiCaptur€RPproducts were refined JetQuick PCR
Purification Kit (Genomed). The manufacturer’s rastions were followed.

Samples for sequencing were analysed by the Lalrgrat Genomics, Biology Centre of the
Academy of Sciences of the Czech Repultfieské Budjovice (with the sequence analyser
ABI PRISM 3130 XL, Applied Biosystems, Life Techogies Corp., CA, USA) or processed

by commercial companies Macrogen and SegMe. Atheriinformation is written in table 2.

Table 2.: Primers used in the present study. Pgrmsed only for sequencing are marked by

an asterisk. Tm was checked by OligoAnalyzer Jiiefrated DNA Technologies).

Gen Name Sequence F/IR Tm References

rbcl ORB1F CCACAAACTGAAACAAAAGCA F 48,5 KoSnar unpublished
rbcl  ORB1R CCTTGGGGTAATGCTCCAG R 53,2 Kosnar unpublished
SSU NS1F GTAGTCATATGCTTGTCTC F 47.2 Friedl unpublished
SSU  402F* GCTACCACATCCAAGGAAGGCA F 59.5 Katana et al. 2001
SSU 1150R ACGCCTGGTGGTGCCCTTCCGT R 68.1 PazZoutova et al. 2010
SSU 1170F CTGTGGCTTAATTTGACTCAACACG F 56.6 PaZoutova et al. 2010
SSU 1500AF* GCGCGCTACACTGATGC F 57.3 Helms et al. 2001
SSU 1650R vivi TCACCAGCACACCCAAT R 54.2 Kipp 2004

ITS ITS1F* TCCGTAGGTGAACCTGCGG F 59.5 White et al 1990

ITS ITS4R TCCTCCGCTTATTGATATGC R 52.1 White et al 1990

2.6. Alignment
| fold each sequence of both genes by SegAssenpgiep2004). The approximate position
of each strain was checked by BLAST against allusages contained in NCBI
(http://blast.ncbi.nim.nih.gov/Blast.cgi). Alignmisn consisted of authors sequences and

sequences obtained from the public database GenBdGBI.

Alignments for outside Oocystaceae excluded taxeevessembled following the previous
studies (Bock et al. 2011, Bock et al. 2013, - GHlaceae, Rikova et al. 2011, Rikova
and Lewis 2012, Riikova et al. 2013 - Sphaeropleales and Buchheind 20@l., Nakada et
al. 2008 - Volvocales) to select suitable sequertbhas cover the main lineages of each
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examined group and reasonable outgroup. SSU rRN#e geas sufficient to determinate
approximated position of this taxa. Alignments bé tOocystaceae (the SSU rRNA gene
alignment, thebcl gene alignment and concatenated SSU rRNdct dataset) include all
reasonable sequences of the Oocystaceae from ti@a@le and sequences used as outgroup
(Chlorellaceae). All analysed sequences are redardéhe table (Appendix 5). Datasets was
aligned using ClustalW (Larkin et al. 2007) andtediimanually in Mega 5.2.2 (Tamura et al.
2011).

2.7. Molecular phylogeny

The phylogenetic trees were inferred for all datassing algorithms Maximum likelihood by
PHYML 3.0 (Guindonet al. 201). Generalised time-reversible (Tavaré 1986) maufel
evolution with gamma distribution and invariabléesi (GTR++1) was chosen. The gamma
shape parameter, as well as, the proportion of invariable sitesweatimated from the data
set. Nonparametric bootstrap support was calculfi®®d repetition) to distinguish the
probability of the branches. Secondly | used Bayesiference by Mr.Bayes 3.2.2. (Ronquist
et al. 2012). Two runs with both four MCMC chaineres executed with setting of the default
parameters for 2 000 000 (simple dataset) or 300@0(concatenated dataset) generations.
Two analysis of concatenated alignment was execukedfirst without partitions and the
second with partitions. For the second one, foutitppns were established, one for 18S and

three forrbcl, separated by codon position. Posterior probaslf branches were recorded.
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3. Results

All the results of this thesis are summarized ipé&pdix 2.

3.1. Morphology
5 strains names were revealed as incorrect whérrmtitated according to Komarek and Fott

(1983), therefore changes were made (Appendix 1).

For all 50 observed strains, | made morphologiesicdptions (Appendix 3). Photos of these
50 strains were made by author and photos of twainst were obtained from Marie
PaZoutova. | chose four photos of those 52 stramts made picture plates (Appendix 4). |
have not documented strain CCMP Zé&hizochlamydella capsulat&uillard, H.C.Bold &
MacEntee) S.Watan.. Original images from the CCMRection are shown. Picture plates
demonstrated a comparison of strains examined ig thiesis with strains investigated in
previous studies. Some additional pictures fromliputesources were used. Three plates
compare strains excluded from Oocystaceae compaitbdrelation algae. One plate shows
basal strains in with doubtful assignation to thecydtaceae. One plate shows gr@Qgzystis

sensu latand the rest of the plates represent strainsreiivant morphological traits.

3.2. Ultrastructure
| examined the structure of the cell wall for 1dasts by transmission electron microscopy.
Cell wall of the three strains SAG 20&bmarekia rotundatgTeiling) Fott, SAG 34.81
Nephrocytium agardhianurilageli and CCALA 398Jonephris obesgWest & G.S.West)
Fott does not possesses@acystislike ultrastructure (Fig. 2).

Figure 2: TEM examination of the cross-section of the cell wall. 1. SAG 2082 Komarekia rotundata, 2. SAG
34.81 Nephrocytium agardhianum, 3. CCALA 398 Oonephris obesa.
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Examination of the ultrastructure Bfanctonemaschmidle and etrastrumChodat strains did

not revealOocystislike structure of the cell wall (Fig. 3).

Figure 3: TEM examination of the
cross-section of the cell wall. 1.
SAG 24.81 Tetrastrum
heteracantum, 2. KR 1996/3
Tetrastrum staurogeniiforme,
3. SAG 45.81 Tetrastrum
staurogeniiforme, 4. SAG 11.95
Planctonema lauternbornii, 5.
SAG 68.94 Planctonema
lauternbornii.

Strains SAG 208Crucigeniella rectangularigNageli) Komarek SAG 56.81Granulocystis
verrucosa(Y.V.Roll) Hindak, CCALA 961 Makinoella tosaensjsOkada Tow 6/3 P-lou
Oocystiscf. parva W.West & G.S.West, SAG 42.8Ietrachlorella alternandG.M.Sm.)
Korshikov and CCALA 515 Willea vilhelmii (Fott) Komarek bears th&ocystislike

ultrastructure (Fig. 4).
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Figure 4: TEM examination of the cross-section of the cell wall. 1. SAG 2081 Crucigeniella rectangularis,
2. SAG 56.81 Granulocystis verrucosa, 3. CCALA 961 Makinoella tosaensis, 4. Tow 6/3 P-1ou Oocystis
cf. parva, 5. SAG 42.81 Tetrachlorella alternans, 6. CCALA 515 Willea vilhelmii.

3.3. Molecular phylogeny
SEQUENCES

Totally | obtained 27 new sequences of SSU rRNAegamd 48 new sequencesrbtl gene
(Appendix 2). 4 SSU rRNA sequences are obtaineth fooevious authors study (Stenclova
2011) and the rest from the public database GenB&NCBI.

ALIGNMENT

Six datasets were aligned. Alignments based on A gene sequences were made for
taxa excluded from the family Oocystaceae. Thel faggnment of the Chlorellaceae
comprises 1552bp, alignment of Sphaeropleales ¥6&iin Volvocales 1710bp. fbcl

sequences of strains excluded from Oocystaceaeneeanalysed.

Three datasets were made of sequences of Oocystaldea final alignment of SSU rRNA
gene includes 1568bp, thibcl alignment 1108bp and the concatenated alignmeitott
genes 2676bp.
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PHYLOGENETIC TREES

Phylogenetic trees were constructed for each dataisé phylogenetic position of all strains

was found. Three strains are moleculary distamhftioe family Oocystaceae. All other strains

make monophyletic cluster.
KOMAREKIA ROTUNDATA SAG 2082

Strain SAG 208Xomarekia rotundatgTeiling) Fott clustered within Chlorellaceae sidie
Crucigenia lauterborni{Schmidle) Schmidl¢Fig. 5).

Chlorella chlorelloides HQ111432

Chlorella singularis HQ111435

Actinastrum hantzschii AF288365 %3\
761100, S
s0.9d 'Crucigenia’ lauterbornii JQ356710 ¢l

Micractinium belenophorum AY323837 n _\‘}’

Chlorella volutis HQ111434
Coronastrum ellipsoideum GQ507370
Hindakia tetrachotoma GQ867590
Chlorella vulgaris FR865683
Chlorella rotunda HQ111433
Chlorella variabilis AB260893
Meyerella planktonica AY543042
[ Heynigia dictyosphaerioides GQ487221
[~ Chlorella sorokiniana AB731602
Didymogenes sphaerica AB731603
H Micractinium pusillum AF364102
Micractinium pusillum AF364101
Chlorella pituita GQ176853 u CHLORELLACEAE
68/ icloster acuatus FM205848
Kalenjinia gelatinosa HG322129
Closteriopsis acicularis FM205847
Dictyosphaerium ehrenbergianum GQ487213
Dictyosphaerium libertatis GQ487211
Compactochlorella dohrmannii GQ477058
Parachlorella hussii HM 126551 PARACHLORELLA CLADE
Parachlorella kessleri JQ797561
Marasphaerium gattermannii GQ477057
Masaia oloidia HQ322128
Compactochlorella kochii HQ322126
Mucidosphaerium sphagnale GQ487218
Mucidosphaerium palustre GQ487217

WAHOQZOS Marvania geminata AF124336
-rCatena viridis
Gloeotila contorta AY422074 OUTGROUP - OOCYSTACEAE

Planctonema sp. AF387148 -

Tetrastrum staurogeniaeforme JQ356702

| Eremosphaera_viridis SAG 39.92
1 — Lagerheimia genevensis AY 12233
——————— Oocystis heteromucosa KR 210

0.01

Figure 5: Phylogenetic analyses of SSU rRNA gene sequences of members of Chlorellaceae with
Oocystaceae as outgroup. Numbers at the branches indicate bootstrap support from maximum likelihood
(ML, 1000 replicates) and Bayesian posterior probabilities (Bl). Support 250% for ML and =0.95 for MB is
shown. ML/BI. Drawing of Crucigenia lauterborniiis shown.
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NEPHROCYTIUM AGARDHIANUM SAG 34.81

SAG 34.81Nephrocytium agardhianuageli was placed in the Sphaeroplealeertae

sedisas the sister to the tax®seudomurielldN.Hanagata sp. (Fig. 6).

Scenedesmus obliquus X56103
Scenedesmus bajacalifornicus HQ246321
Scenedesmus rubescens X74002
Scenedesmus regularis FR865732

Enallax acutiformis AB037089

Coelastrum morus AF388374

82/1.0¢ Asterarcys-quadricellulare AF388375
Graesiella emersonii FR865687

Graesiella vacuolata FR865685

Coelastrum astroideum var. rugosum AF388377
Coelastrum sphaericum AF388376
Polyedriopsis spinulosa AY780667

Neochloris vigenis M74496
Chlorotetraedron bitridens AY663043
Sorastrum spinulosum AY663041
Hydrodictyon reticulatum HE610123
Pediastrum duplex JQ315560
[|——— Pseudoschroederia antillarum AF277649

Pseudomuriella sp. AY 195974
Ankistrodesmus bibraianus Y16938
Selenastrum bibraianum HM483514 SPHAEROPLEALES
Kirchneriella obesa HM483513
Monoraphidium saxatile AY846385
Ankistrodesmus fusiformis X97352
Monoraphidium contortum AY 846382
Ankistrodesmus gracilis Y16937
Pseudomuriella aurantiaca AB005748
Pseudomuriella engadinensis HM852442
Pseudomuriella cubensis HQ292770
o7/0j99] Dictyococcus schumacherensis HM852439
Dictyococcus schumacherensis HQ292769
M‘: Follicularia texensis JN630516
Radiococcus polycoccus AF388378
1oo/1.oo| Mychonastes zofingiensis GU827478
Chlorella zofingiensis X74004

_I_i Schizochlamys gelatinosa AY781662

Planktosphaeria gelatinosa AY044648
Bracteacoccus pseudominor JQ259953
Bracteacoccus minor JQ259944
Bracteacoccus sp. JQ259940

Bracteacoccus ruber JQ259919

Bracteacoccus aerius JQ259915 .
Chlamydomonas reinhardtii JX888472

Chlamydomonas monadina JN903976
) OUTGROUP - VOLVOCALES
Characium vacuolatum M63001
Dunaliella salina EU589200

0.01
Figure 6: Phylogenetic analyses of SSU rRNA gene sequences of members of Sphaeropleales with
Volvocales as outgroup. Numbers at the branches indicate bootstrap support from maximum likelihood
(ML, 1000 replicates) and Bayesian posterior probabilities (Bl). Support 250% for ML and =0.95 for
MB is shown. ML/BI. Drawing of Nephrocytium agardhianum is shown.

96/1.00|
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OONEPHRIS OBESA CCALA 398

CCALA 398 Oonephris obeséWest & G.S.West) Fott clusters as a sisteCytindrocapsa
geminellawolle within the Volvocales Treubarinia cladensuNakada et al. (2008) (Fig. 7).

Chlorosarcinopsis arenicola AB218701
Chlorogonium euchlorum AB278610
Polytoma uvella U22943
Dunaliella salina EU589200
I_ Characiosiphon rivularis AF395437
Lobocharacium coloradk AF395436
Characiochloris sasae AB360741
Phacotus lenticularis AY009897
Tetracystis vinatzeri JN903998
Tetracystis pampae JN903997
Chlamydomonas monadina JN903976

100/1.00] Yy

_ Chlamydomonas noctigama AB701503
% Chloromonas brevispina AF517092
Chloromonas reticulata GU117583
Oogamochlamys ettlii AJ410469
Oogamochlamys gigantea AJ410466
Dunaliella lateralis DQ009762
[¢] i iensis AJ410472
1001.00 Lobochlamys segnis AB701525
Chlamydomonas fimbriata U70784
Chlamydomonas culleus U70594
Chlamydomonas reinhardtii N903984
Lobochlamys culleus AJ410461

100/1.00 : Carteria lunzensis JN904001
Carteria radiosa D86500

100/1.00 Hafniomonas reticulata AB248250
TREUBARINIA
_I: Hafniomonas conica AB248251

100/1.00f

is aeria U41175

100/1.00] Cylindrocapsa geminella U73471
L

o —98/100( Cylindrocap inella AF387159
Oonephris obesa CCALA 398

1001.00
b Elakatothrix viridis AY008844
’— Trochiscia hystrix AF277651

100/1.00
ME'reubaria schmidlei U73474

Treubaria setigera U73475

100/1.00 Carteria crucifera D86501
Carteria U70595
Golenkinia ispicula JN968588 |
Bract ber JQ259919
racteacoccus ruber VOLVOCALES

Bracteacoccus minor JQ259943
Scer obliquus AJ249515
Pediastrum duplex JQ315560

OUTGROUP - SPHAEROPLEALES

0.02

Figure 7: Phylogenetic analyses of SSU rRNA gene sequences of members of Volvocales with Sphaeropleales as
outgroup. Numbers at the branches indicate bootstrap support from maximum likelihood (ML, 1000 replicates) and
Bayesian posterior probabilities (Bl). Support 250% for ML and 20.95 for MB is shown. ML/BI. Drawing of
Oonephris obesais shown.
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OOCYSTACEAE

All remaining strains made monophyletic clade witle strong support. Trees made from
sequences of SSU rRNA gene, rbtl gene and of the concatenated alignment of the both
genes is shown on Figs. 8-10. Three subfamiliesnBsphaeroideae, Makinelloideae and

Oocystoideae and 5 morphological clades are predent
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Figure 8: Phylogenetic analyses of SSU rRNA gene sequences of members of Oocystaceae with
Chlorellaceae as outgroup. Numbers at the branches indicate bootstrap support from maximum
likelihood (ML, 100 replicates) and Bayesian posterior probabilities (Bl). Support 250% for ML and 20.95
for MB is shown. ML/BI (Bold taxa = one sequence added.). Drawings demonstrate typical morphology

of the individual clades.
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Figure 9: Phylogenetic analyses of rbcl gene sequences of members of Oocystaceae with
Chlorellaceae as outgroup. Numbers at the branches indicate bootstrap support from maximum
likelihood (ML, 100 replicates) and Bayesian posterior probabilities (Bl). Support 250% for ML and
>0.95 for MB is shown. ML/BI. (Bold taxa = one sequence added.) Drawings demonstrate typical
morphology of the individual Lagerheimialineages.
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Figure 10: Phylogenetic analyses concatenated dataset of SSU rRNA and rbcl sequences of members of
Oocystaceae with Chlorellaceae as outgroup. Numbers at the branches indicate bootstrap support from
maximum likelihood (ML, 100 replicates) of unpartitioned alignment and Bayesian posterior probabilities of
unpartitioned (Bl) and partitioned (PBI) alignment. Support >50% for ML and >0.95 for MB is shown
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4. Discussion

4.1. Morphology

Strains names were corrected according the Komarek Fott (1983) and appropriate
changes were made (Appendix 1). 5 names were ctiaBgmmpleted and 9 unknown strains
determined. 5 strains were determined only to #r@ug, when the presence of one or more
determining traits was missing or uncertain. Twarheidentical observed strains of genus
Quadricoccus Fott were defined afQuadricoccussp. due an unclear state of cell
arrangement. Nam@®ocystidiumsp. Korshikov was established for strain with utaia
presence of mucilage projections of mucilage co@mly Siderocystopsisp. Swale was
chosen for granulated strain because the arrandeshéime granula on the surface of the cell
wall was not sufficiently investigate@ocystissp. A.Braun was chosen because of the high

variability of cell dimensions and shape of thd.cel

Some of these complications were probably causedebyrmations maintaining them under
culture conditions. Cultivation can influence spipeduction of spiny algae. Two spiny
strains (CCALA 365 Lagerheimia marssoniLemmerm. and SAG 48.94agerheimia
genevensigChodat) Chodat were examined many times to capgpines and spiny cells of
SAG 11.92Lagerheimia hindakiHegewald & Schmidt were not detected at all. ilddbe
caused by the small dimension of cells and spirfethise algae. Spines should be better
examined by scanning electron microscopy as execHitegewald et al. (1980). Hindak
(1978) discussed the elimination of the coenobiaanization during cultivation. Two
observed strains of gen@uadricoccusFott lack the arrangement in the typical tetrads i
accord with observation @uadricoccugperformed by Krienitz and Bock (2011). According
to PaZzoutova et al. (2010) the mucilage is notalabde at standard conditions. In strains of
the genusOocystidiumKorshikov were visible. Bock and Krienitz (unpudtied results)
assumed that for some coccal green algRetfosphaerium granulatunmHinddk and
Raphidocelis div. spgcgranula are only phenotypic features.

Importance of authentication of the species nanedsotistrates changes made in the present
study. Strain SAG 208@&beled ad agerheimia longisetdLemmerm.) Printz were corrected
to L. ciliata (Lagerh.) Chodat. These species differ only in taege of the spines and
according to Hindak (1978) both species represensame algae.
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Granulated strain CCALA 39@belledasOocystiscf. lacustrisChod. bears granules that are
not in accord with the descriptions of the spediesy nameSiderocystopsis spor the strain
was designated according to Koméarek and Fott (1988xin CCMP 24%5chizochlamydella
capsulata(Guillard, H.C.Bold & MacEntee) S.Watan. was nathenticated. Description of
the species does not mention granule on the sudadee cell visible on the photo of the
strain from NCMA (CCMP). Verification of the detemmation of the strain is required.
Original descriptions of the granulated strain C8 Qocystis bisporaKomarek do not
mention granula. Speci€ocystis bisporas uncompromisingly typical by its propagation by

2 autospores; therefore no doubt is about itsdétetion.

Strain SAG 81.8@ocystidiumsp. was incorrectly determined @ecystis lacustrisChodat
which seems to be a common mistake in the liteeafRehakova 1969, Stoyneva 2007).

Additional 20ocystisstrains were determined inaccurately, and onegdason is uncertain.

4.2. Ultrastructure
Excluded strains do not possé&3scystislike ultrastructure of the cell wall as expectétie
cell walls of two basal genefieetrastrumChodat andPlanctonemaSchmidle were examined
to determine, whether it is proper to include thgseera into the family Oocystaceae. The
desired ultrastructure was not found; accordinglgre is no reason to assign them to the

family.

Six studied strains of Oocystaceae SAG 208dcigeniella rectangularigNageli) Komarek,
SAG 56.81Granulocystis verrucoséY.V.Roll) Hindak, CCALA 961 Makinoella tosaensis
Okada, Tow 6/3 P-loocystiscf. parva W.West & G.S.West, SAG 42.8Letrachlorella
alternans(G.M.Sm.) Korshikovand CCALA 515 Willea vilhelmii (Fott) Komarek beard the
multi-layered structure with cellulosic fibrils amged crosswise to that in the adjoining layer.
In comparison with preliminary research (Bowen 1,96Bawford and Heap 1978, Hegewald
et al. 1978, Quader et al. 1978, Hegewald et 880,1%chnepf et al. 1980, Schagerl 1993,
Hegewald et al. 1999 and Xia et al. 2013) is euideat cell wall of taxa with large cells as
EremosphaeraDe Bary, Oocystis solitaria Witrock and Neglectella peisonisSchagerl
composed of larger amounts of layer, then cell waBmall celled algae a&/illea vilhelmii

or Granulocystisverrucosaand especiallpocystiscf. parva
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4.3. Molecular phylogeny
SEQUENCES

Two combinations of primers used for the PCR angalifon of all gene were needed as well
as two combination of primers for fragmented PC&ju&nces of 6 strains were not obtained,

despite several tried primer combinations.

One possible complication is occurrence of numenouiens in sequence of SSU rRNA gene
enormously extending the sequence. For exampleieseg of the strain Hegewald 1995-26
Amphikrikoscf. nanus(Fott and Heynig) Hindak includes 5 introns andthpete sequence is
3600bp long (Hepperle et al. 2000); sequence airs8AG 37.9F chinocoleum elegankao

& Lee possess 6 introns and sequence 4257bp loago@®ova et al. 2010). The other
possibility is an intron or some mutation in plaxfethe annealing of the primer. Mutation
hypothesis supports rapid mutation rate among SRINA gene of Oocystaceae as compared
with the rest of Trebouxiophyceae.

Rbclsequences were far easier to amplify than seqaesfc8SU rRNA gene. Only 5 strains
were not amplified. Lack abcl sequences of CCAP 274E3ongatocystis ecballocystiformis
and SAG 2181Crucigeniella rectangularigNageli) Komarek is caused by death of the
strains before successful DNA isolation. Contertheffurther work is obtaining sequences of
both genes of all strains by trying other primembmnations.

COMPARISION OF THE TREES

Phylogenetic trees of two different genes were ttanted: SSU rRNA treepcl tree and tree
based on concatenated alignment of both genesleVheof resolution of each gene differs,

therefore, concatenated tree disposes of the bpgbHd.

Sample sorting of both genes differs, yet topolegie not exclude each other except the
situation on the basis of the trees. SSU rRNA geradysis showl etrastrumChodat closer
then PlanctonemaSchmidle to the family Oocystacedgbcl gene and concatenated trees
proposePlanctonemaloser themetrastrum(Figs. 8 — 10)

Especially the tree of the SSU rRNA gene is charasd by disproportionately different
lengths of the branches. Strains of Eremosphaaeidend especially Makinoelloideae

possess extremely long ones and the strains irBmgystoideae, especially in the group
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Oocystissensu lateshort ones. In the tree constructed on the badisesbcl gene sequences

are not the differences so significant as in thel #SNA tree.

Neither tree was able to distinguish relationshyihin strains ofOocystis sensu latgroup.
Additional strains and more sequenced genes cgnrbsblve the situation inside the group.
As suitable gene, | propose ITS region consistedlT8fl, 5,8S rRNA and TIS2 region or
some housekeeping gene, which will be designateth@rbasis of the intended research of

the respected literature.

Some relations among subfamily Eremosphaeroidemeaardetermined either. Tree of SSU
rRNA gene showed it as paraphyletic and treesbof gene and concatenated dataset as
monophyletic. However, neither state is well supguabrin the subfamily occur long branches
caused probably due to the incomplete lineage ngprtiong branches entail numerous
homoplasies and therefore long branch attractiaursg especially in maximum likelihood
analyses. Long branch attraction complicates aeeonstruction of the phylogeny. Long
branch attraction was noticeable in the case ofsthean ACOI 1918Eremosphaera gigas
(W.Archer) Fott & Kalina. Its position varies acdorg to the type of analyses. ML analysis
assigned it to the Makinelloideae without supp@&i;to the Neglectellaclade moderately
supported. Advanced taxa selection will probableadlr the long branches and provide
explicit results.

4.4. Delimitation
Three morphologically and ultrastructurally Oocysi@e unlike taxa SAG 208omarekia
rotundata (Teiling) Fott, SAG 34.8INephrocytium agardhianuiageli and CCALA 398
Oonephris obesé@West& G.S.West) Fott were excluded from the family. #hitee taxa lack

Oocystislike ultrastructure of the cell wall (Fig. 2).

Komarekia rotundatanew member of the family Chlorellaceae clustershwsufficient
support as a sister to tRrucigenia lauterborni{Schmidle) Schmidle analyzed by Bock et al.
(2013). The authors left their finding without tawammical conclusion. In this thesis, |
recommend including both taxa in the ger{mmarekia Fott asKomarekia lauterbornii
(Schmidle) Fott andKomarekia rotundata(Teiling) Fott as proposed Fott (1981).
Morphological similarity of both taxa is demonseadtby Fig. 11 (Appendix 4).

Nephrocytium agardhianurns placed in the Sphaeroplealiesertae sedisas the sister to

PseudomuriellaN.Hanagata sp.. These two taxa present new sepalateage within
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Sphaeropleales. Without any more data, | canndagonomical conclusion. Morphological

comparison of some Sphaeropleales species is sbiowhe Fig. 12 (Appendix 4).

Oonephris obesalusters as a sister @ylindrocapsa geminell&Volle within the Volvocales
clade TreubarinissensuNakada et al. (2008). Group disposes of disprapmately long
branches (Fig. 7). See Fig. 13 (Appendix 4). fomparison of the morphology of these

Oonephris obesandCylindrocapsa geminella

The remaining strains constitute monophyletic cladgide Trebouxiophyceae including
coenobialWillea vilhelmii (Fott) Komarek originally placed in Scenedesmac@ammarek
and Fott 1983) and previously transferred to theySmceae (Stenclova 2011). Ultrastructure
of the cell wall similar to other members of thed@staceae supports the positionVdillea
vilhelmii (Fig. 4).

Whether to include to the family two basal genBtanctonemaSchmidle andTletrastrum
Chodat is controversial. The presence of multi-layerelll wall was not confirmed (Fig. 3).
Both genera also dispose of differences in somephabogical features (Fig. 14, Appendix
4). Planctonema lauterbornischmidle has a filamentous thallus and does mbdeice by
autospores, but by fragmentation of the filamewrh(Sidle 1903). Parietal chloroplast and the
cylindrical cell shape are in agreement to the kaahefinition. In contraryTetrastrumspecies
propagate with autospores and make crucigenoidoti@nas some taxa in coenobial clade of
Oocystaceae. Cell shape is similar to @recigeniaMorren species and structure typically
Chlorella-like with one parietal chloroplast and small roedgyrenoid. There is a possibility

that both genera belong to two separate lineages.

4.5. Definition
In accord with previous molecular studies (Buchheamal. 2001, Krienitz et al. 2011),
changes presented in this thesis indicate thati¢fiaition of the family regarding the shape
of the cell is rather robust. All analysed membefghe family possess lemon-like, oval,
cylindrical or nearly spherical cell shape. No gu&ar-shaped taxa stayed inside family, so
far. Conversely, coenobial and pseudo filamentoambers, new to the family, show larger
diversity of the cell arrangement. The family stasmiable in traits cell dimensions and
number of chloroplasts. However, it seems to beddrike criteria for internal division of the

family.

29



4.6. Internal structure
SUBFAMILIES

Komérek and Fott (1983) divided family Oocystaceedo the three subfamilies:
Eremosphaeroideae, Lagerheimioideae and Oocystiddalecular phylogeny combined
with a morphology of the cell support different cept consisted of three subfamilies
Eremosphaeroideae, Oocystoideaand Makinelloideae subfamily novaThe name of the
subfamily was chosen on the basis of clear defiseciesMakinoella tosaensi®kada.
Taxonomic relations around specieSoticigeniellaLemmerm. andVillea Schmidle, as well

asEcballocystisBohlin andElongatocystiKrienitz & C.Bock, is not clear.

SubfamilyMakinelloideae well supported by molecular phylogeny represeenobial clade
comprised of strainSAG 2081Crucigeniella rectangularigNageli) Komarek CCALA 515
Willea vilhelmii (Fott) Komarek, CCALA 397 Oocystis cf. nephrocytioideSott & Cado,
CCAP 274/3Elongatocystis ecballocystiformi@ienitz and C. BockEcballocystis hubeiensis
Hu & Liu, Ecballocystopsis dichotomudu & Bi, SAG 28.97Makinoella tosaensi®©kada
and CCALA 961Makinoella tosaensidvain part of the strains were preliminary classifaes
members of Scenedesmaceae Crucigenoideae. Oneauaigeroid coenobial algae SAG
42.81 Tetrachlorella alternans G.M.Sm.) Korshikov was not includedletrachlorella
Korshikov varies from other coenobial taxa of Odageae in the spindle shaped cells. The
rest of the strains possesses oval to ellipticls agith rounded endsTetrachlorella is
included into the grou®ocystissensu latocomprised ofOocystisspecies with unresolved

relations.

In addition to the coenobial strains, three straihdifferent morphology were included into
the subfamily MakinelloideaeEcballocystis hubeiensis, Ecballocystopsis dichoind
Elongatocystis ecballocystiformidll three strains possess long cylindrical cellarigzed in
tetrads and enclosed in the mother cell wall. Téteatls ofEcballocystis hubeiensiand
Ecballocystopsis dichotomase arranged into simple filamenkdorphological characters of
the subfamily Makinelloideae are visualized onfing 15 (Appendix 4).

Subfamily Eremosphaeroideae contains two generaNeglectella Voden. & Benderl.
(includedNeglectella solitaria Witrock) Stenclovacombination noveandEremosphaerde
Bary. Monophyly is not significantly supported byolecular analyses. It can be caused by
narrow species sample accompanied by long brarasfae$heir attraction probably caused by

homoplasies. Incomplete lineage sorting in commooblem in phylogeny to sequence
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additional taxa is recommended. Still, clear motpgizal delimitation based of presence of
numerous chloroplasts and large size of the celfgparts recognition of the subfamily.
Morphological characteristics of the subfamily an®wn on the Fig. 16 (Appendix 4).

Newly defined subfamilyDocystoideaencludes Oocystoideae (excéyeglectellavoden. &
Benderl.) and Lagerheimioideasensu Komarek and Fott (1983). It is divided to four
morphologically and phylogenetically well defineldisters.Oocystidiumclade, spiny clades
1 and 2, granulated clade 1 and 2. Remaining strassigned to the gen@ocystisand
Tetrachlorellawere entitled a®ocystis sensu latgroup.

SPINY CLADES

Group containing taxa preliminary in Lagerheimi@desensuKomarek and Fott (1983).
Some analysis shows it as monophyletic other aappatetic. Neither state is well-supported.
Even if monophyly of the spiny taxa is not suppdiy molecular phylogeny, its existence as
classification unit is acceptable. Some paraphyletka have a predictive value because the
members of such group share a common evolutionkeutithe polyphyletic taxa (Hérandel
and Stuessy 2010). Moreover, the group is suppdotedstrong synapomorphy: spines.
Variability of spiny strains is demonstrated on Ehg. 17 (Appendix 4). Analysis abcl gene

sequences distinguish&go spiny clades
GRANULATED CLADES

For Oocystaceae, granula seems to be systemat&fl despite suggestion of Bock and
Krienitz (unpublished results) that for some coapaden algae are granula only phenotypic
features. Granulated strains inside Oocystaceae nate monophyletic but formtwo
granulated clades Variability of granulated strains is demonstrabedthe Fig. 18 (Appendix
4).

Granulated clade 1consisted of strains with spindle-shaped or étigtcells with granula
irregularly arranged on all cell surfaces. Claddudes 5 strainsCCALA 396 Siderocystopsis
sp. Chodat, SAG 28.81Siderocystopsis punctiferéBolochonzew) Hegewald & Schnepf,
SAG 56.81 Granulocystis verrucosgqY.V.Roll) Hindak, SAG 3.960ocystella oogama
Hindak and CB 990ocystis bisporaKomarek. Oocystis bisporaclusters sister to
Siderocystopsis punctiferétype species) an@ocystella oogamasister to Granulocystis
verrucosa Further taxonomical changes among this group@peosed. Granulated clade 1 is

not supported by maximum likelihood analysisrb€l gene. Bayesian inference put three
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strains CCALA 396 Siderocystopsis spChodat, SAG 28.81Siderocystopsis punctifera
(Bolochonzew) Hegewald & Schnepf and SAG 56@hnulocystis verrucosdY.V.Roll)
Hind&k together with posterior probability of 0.9Differences are caused by long branch

attraction the result of incomplete lineage sorting

Granulated clade 2consisted of strain with oval to nearly spherisahpe of the cell and
subpolar arrangement of granula. Clade cont@umadricoccusspp., two strains of the species
Amphikrikos nanusand CCMP 245Schizochlamydella capsulatgGuillard, H.C.Bold &
MacEntee) S.Watan. with strong support. Clear ompmmlogy based affiliation of the strain
SAG 33.81 Granulocystopsis coronatdLemmerm.) Hindak to the clade stays without

molecular support.
OOCYSTIDIUM Korsikov CLADE

Well supportedOocystidiumKorsikov clade include®ocystidiumspecies an@oplanctella
planoconvexgHindak) Pazoutova, Skaloud & Nemjova. Shared molgmical traits as the
wide mucilaginous envelope support natural charaote¢he clade. Unexpected is pending
position of SAG 37.93Echinocoleum eleganslao & Lee that possesses a similar
mucilaginous envelope. Its relationship with f@ecystidiumclade and other Oocystaceae
remains unclear, despite the phylogenetic analyased of sequences of two genes. Analyse
of SSU rRNA gene and combined dataset shows itgiggoglose to the@ocystidiumclade
(SSU rRNA) or to the group ddocystidiumclade with the spiny strains (combined dataset);
though without significant support. Similar muckagover with the projections was also
described forOocystis lacustrisChodat Rehakova 1969) antagerheimia ciliata(Lagerh.)
Chodat(Hindak 1978)LagerheimiaChodat strains are close @ocystidiumclade according
the molecular phylogeny. Relationship of tBecystis lacustrisand Oocystidiumsp. is not

resolved. Variability of mucilage forming strairssdemonstrated on the Fig. 19 (Appendix 4).
OOCYSTIS SENSU LATO GROUP

The rest of the strains are assigned to the g@ugystisA. Braun Position of the strains
remains unclear except two cladé€3ocystis heteromucosklegewald clade an@ocystis
parvaW.West & G.S.West clade.

4.7. Generic and species concept

Inside some genera species concept changed goestex to be changed in the close future.
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WILLEA Schmidle

Additionally to the traditional species of genMdllea Schmidle Willea vilhelmii (Fott)
Komérek andwillea irregularis (Wille) Schmidle, Gonzales et al. (1984) estaldilspecies
Willea komarekiiA.Comas Gonzales. GeneYdillea and Crucigeniella Lemmerm. share
similar cell morphology and arrangement into thecaenoid coenobia and both were
traditionally assigned into the family Scenedesmacesubfamily Crucigenoideae.
Crucigeniella rectangularis (Nageli) Komarek andWillea vilhelmii cluster inside
Oocystaceae as sisters to each other with satisfiggbort. John and Tsarenko (2002)
proposed the transfer &¥Villea irregularis (Wille) Schmidle to the genuSrucigeniella as
Crucigeniella irregularis (Wille) P.M. Tsarenko and D.M. John. The type s$pec
Crucigeniella lunarisLemmerm. (nowCrucigenia lunaris(Lemmerm.) Wille) has to be

sequenced to make taxonomical conclusion of tlatsin.
ECBALLOCYSTIS Bohlin andECBALLOCYSTOPSIS M.O.P.lyengar

Genus Elongatocystis Krienitz & C.Bock with the type species€Elongatocystis
ecballocystiformisKrienitz & C.Bock recently established by Krieniend Bock (2011)
possesses similar morphology as genuscballocystis Bohlin.  Elongatocystis
ecballocystiformiglusters close t&cballocystis hubeiensidu & Liu, however, distant from
Ecballocystopsis dichotomitdu & Bi that represents different lineage (Xiaakt2013). The
strain CCALA 397 designated @ocystiscf. nephrocytioidesott & Cado probably belongs
to the genusEcballocystopsisM.O.P.lyengar. To resolve relationship among ga&ner
Elongatocystis, Ecballocystis and Ecballocystopsisis necessary to sequence additional
members of the genuScballocystisincluding the type speciel. pulvinata Bohlin and

Ecballocystopsiscluding the type specids indicaM.O.P.lyengar.
NEGLECTELLA Voden. & Benderl.

In this thesis, | propose transfer @bcystis solitariaWittrock inside the genulleglectella
Voden. & Benderl. as a new combinatidweglectella solitaria (Wittrock) Stenclova
combination nova.Molecular phylogeny and morphological similariti@srangement of
numerous chloroplasts, cell dimensions, shapeeotétl and staying in the mother cell walls.
The ecology ofOocystis solitarialittoral of the acidic freshwaters is also clogerthe

Neglectellalittoral of the acidic freshwater than to tkocystis planktonic in freshwater

33



(Schagerl 1993). Synonymity ddeglectella solitariavar. major with Neglectella solitaria

was proposed on the basis of morphology and maeghylogeny.
Neglectella solitariaWittrock) Stenclova&ombination nova

Basionym:Oocystis solitariaWittrock in Wittrock and Nordsted (1889, p. 24omotype figs
1-5). Homotypic SynonymOocystella solitaria(Wittrock) Hindak, Heterotypic Synonyms:
Oocystis solitariavar. notabile West & G.S.WestOocystis crassaVittrock, Heterotypic

Synonym: (established in present stu@gcystis solitariavar. major (Wille) P.M.Tsarenko.
EREMOSPHAERA De Bary

On the basis of morphological observati@memosphaera gigaéN.Archer) Fott & Kalina
will be probably included intdNeglectellaVoden. & Benderl.. The cell structure, especially
chloroplast arrangement, differs from tBeemosphaera viridibe Bary whose cells contain
large central vacuole traversed by radial strafid¢ytoplasm with chloroplasts which connect
central nucleus to periphery part of the cell wittmerous chloroplasts. No such structure
was found inEremosphaera gigasArrangement of the chloroplast Neglectellalike:
stacked in the surface layer of the cell. Long bn@s complicate reconstruction of the
phylogeny of all Eremosphaeroideae. Data of adufictrains of thegenetaremosphaera
and Neglectella principally N. eremosphaerophil&oden. & Benderl., type species of the

genus is required for better taxonomical revision.
LAGERHEIMIA ChodatandFRANCEIA Lemmerm.

Eight spiny strains were analysed in the presesgish Molecular phylogeny combined with
morphology supports three types of spiny groupiongiseta(Lemmerm.) Printz clade —
spiny clade 1. genevensifChodat) Chodat clade — spiny clade 2, and sehsatain ofL.

marssoniiLemmerm..

Inside spiny clade 1clustered four specigSranceia amphitricha(Lagerh.) Hegewaldl..
ciliata (Lagerh.) Chodat.. subsalsd.emmerm, andL. longiseta(Lemmerm.) Printz form a
monophyletic clade according all three trees. Adde is characterised by plurality of spines

and different species are distinguished by theigtle, number and placement.

Spiny clade 2consisted of strainkagerheimia genevens{€hodat) Chodat and. hindakii
Hegewald & Schmidt clusters together as showmbmh tree. Synapomorphy of the clade is
arrangement of spines, two on each pole of the mlated subpolar. The placement of
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Lagerheimia marssondisposes of poor support. This alga differentiaiedoth spiny clades

by a few spines arranged polarly and equatorial.

There are several possibilities of classificatidribos situation. One of the possibilities is to
recognize one large gendragerheimia sensu latthat includes all these spiny taxa. In the
case of paraphyly accept it despite the paraphygcond possibility is to include spiny
species an@ocystidiumclade into one group. Both group together clusasraell-supported
monophyletic clade. These actions disagree todbent trend to establish small genera that
differentiate only in few features and include aarmumber of species (Luo et al. 2010).
GenusLagerheimiawill be presumably split into two or three geneBpiny clade 2 contains
type speciesf Lagerheimia L. Genevensiberefore it will remairLagerheimia.Spiny clade

1 represents another genus, probdbignceiaLemmerm. According to one of the included
strains (SAG 10.8Eranceia amphitrichgLagerh.) Hegewald). The sequencing more species
of both generdagerheimianadFranceia,including the type speciésanceia ovaligFrance)
Lemmerm.,is recommended for the resolution of this taxon@aissue. More data can help

to resolve the position dfagerheimia marssonii
OOCYSTIDIUM Kaorsikov

Two strains determined a®ocystidium polymammilatuniortob. Were included into
Oocystidium Korsikov clade with two strains marked &ocystidiumsp.. Hinddk and
Horecka (1987) transferredocystidium polymammilatumewly combined a&chinocoleum
polymammilatum(Hortob.) Hindak and Horecka into the geritshinocoleumJao end Lee.
Phylogenetic analyses in this thesis rejected ctet®ionship; therefore | recommend old

combinationOocystidium polymammilatukfortob.

Inside the cluster ofOocystidium species appeared strai@oplanctella planoconvexa
(Hindak) PaZzoutova, Skaloud & Nemjova 2010 (Paz¢utet al. 2010). Analyses reveal tight
relationship ofOoplanctellaandOocystidiumstrains. | suggest this clade probably represents
one genus. On the basis of the molecular phylogexymorphological similarity of mucilage

covers, | suggest new combinati@ocystidium planoconvexufHindak) Stenclova.
Oocystidium planoconvexum (Hindék) Stenclov&ombination nova

Basionym: Coenochloris planoconvexa Hindak (197722 iconotype PI. 5 fig. 1). Epitype:
The strain CAUP H5502 permanently cryopreservetti@iCulture Collection of algae of the
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Charles University in Prague, Czech Republic (CA@3zoutova et al. 2010). Homotypic
Synonym:Ooplanctella planoconvex@lindak) PaZoutova, Skaloud & Nemjova.

OOPLANCTELLA PaZoutovéa, Skaloud & Nemjovéa

GenusOoplanctellaand specie®oplanctella planoconvex@lindak) PaZoutova, Skaloud &
Nemjova as well aoenochloris planoconvexBindak is proposed to be recognized as

synonymous t@ocystidiumKorsikov andOocystidium planoconvexufHindak) Stenclova.
ECHINOCOLEUM Jao & Lee

By rejecting of the combinatiofcchinocoleum polymammilatur(Hortob.) Hindak and
Horecka in the genuschinocoleumlao & Lee remaiichinocoleum elegan¥ao & Lee and
recently describedchinocoleum flocculosurVujek (Wujek 2012). Species differ of all
Oocystaceae species by its spherical shape arafiliation to the genugchinocoleums
doubtful.

OOCYSTIS A. Braun andOOCYSTELLA Lemmerman

First clade contains the strains SAG 82@fcystis parvaV.West & G.S.West and Tow 6/3
P-louOocystisct. parvathat cluster sister to each other.

Second cluster consisted of four strains. Two is$ralesignated a®ocystis parvaand
Oocystissp. (not authenticated) cluster together with strains ofOocystis heteromucosa
Hegewald In this clade appeared authentic strain SAG D66ystis heteromucoshpropose

all the members of the clade are representativedbeobpecie©ocystis heteromucosdhe
Strain KR 96/10 labeled a3ocystis marssoniiemmerm. Clusters as a sister to the clade.
Strain was sequenced by Hepperle et al. (2000)itamgtermination was not verification.

Another strain SAG 2085 designatedQ@uacystis heteromucossa was labeled a®ocystiscf.
marssoniiwhen authenticated following to Komarek and F&f83). On the contrary, strain
CAUP H 1110 labeled a@ocystis marssonis probably different species. Strain was labeled

asOocystis sp

Characteristics of the strain STE 7 responds tahia@acteristics of speci€ocystis naegelii
except the presence of the pyrenoid. In some tasaproblematic recognize whether a taxon
bears a pyrenoid. In some speciddakinoella tosaensifOkada Hegewald et al. 1999)

pyrenoid is presented, yet not clearly visibleha tight microscope. Examination under TEM
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is recommended. Skuja (1964) found in the cellhaf type species dDocystis O. naegelii

chloroplasts both with and without pyrenoid. Straums labelled a®ocystiscf. naegelii

Complex examination of the presence of pyrenoichesessary, because Hindak (1988)
suggested splitting the genus into two gen&acystis and Oocystellaon the basis of
possession of pyrenoiddocystis species without pyrenoid is not available in thel
culture collections. The main future aim is to &eladditional strains of the gendscystis,
especially theDocystisspecies without pyrenoid (if exist) including ttype specie®ocystis
naegelii and on the basis of molecular and morphologiceh dorovide comprehensive

revision of the genus.

So far | propose to transf€@ocystis solitariawittrock to the genudleglectellaVoden. &
Benderl. On the basis of molecular, morphologicgad acological similarity in accord with
the previous suggestions (Schagerl 1993, Heppéréd. 2000).0ocystis bisporaKomarek
andOocystella oogaméalindak clustered outsid@ocystis sensu latgroup within Granulated
clade 1; therefore is appropriated to exclude Bp#ties fronDocystisandOocystellagroup.
Strain labelled agOocystis cf. nephrocytioidesoccurred inside the Coenobial clade. Its
determination as all description of the ta@acystis nephrocytioidels uncertain, and both
need a revision. It is certain that the strainraft®lecular analyses does not belong to the

genusOocystis

Strain of realOocystis lacustrisvas not sequenced so far, because two examiredsstf
"Oocystis lacustris”were incorrectly determined. This species is unddgerest and

particularly its relationship to the morphologigatiose genu®ocystidium.

The wrong determined taxa shows that distinct ataretics to recognize individual species
are missing. Komarek and Fott (1983) stated 28 Hhidncompletely described species,
sometimes with several varieties and accordinghéoauthors determination key, individual
Oocystisspecies often are distinguished only by one tRehakova (1969) pointed out the
wide synonymity among th@ocystisspecies. Conversely, Komarek and Fott (1983) aotic
that is presumable that some not distinctly desdrilspecies e.gOocystis marssonii
Lemmerm. AndOocystis lacustrisChodat can comprise few species. Stoyneva (2007)
demonstrated the wide morphological variability tbk Oocystis species on the species
Oocystis lacustrimnd complicated state inside the genus on the geanh specie®©. borgei
J.Snow,O. lacustris, O. marssonii, O. nephrocytioidestt & Cado, O. parvaW.West&
G.S.West.
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All these facts indicate that the situation indide genugocystisis complicated even among
typical Oocystisspecies and moreover, was demonstrateddbaystiswas traditionally used
as collecting genus for spindle-shaped and ovglesthalgae now assigned to the various
genera. TrueOocystis is rather smaller genus than was traditionally eexgd. The

comprehensive revision of the gerdscystisis essential.
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5. Conclusion — taxonomy and systematic of green codedgae
Green coccal algae dispose of a wide variability anmerous described (and undescribed)
species. Only a fraction of them were sequencearsd/olecular phylogeny proved to be a
useful tool to find out cryptic diversity within epies and genera (Boyer et al. 2002) or reveal
polyphyletic origin of genera designated on commuorphological traits. The result is the
disintegration of traditionally defined species ajaheric concept and establishment of small
genera, as shown e.g. in genBiatyosphaeriunNageli (Krienitz et al. 2010) an@hlorella
Beyerinck (Bock et al. 2011). Small genera app#aiply reflect molecular variability among
taxa and seems to be more natural. Oocystaceabavitobably divided into smaller genera

as demonstrated on gen@acystisA. Braun and_agerheimiaChodat.

The situation inside Oocystaceae was shown torbiasly confused as the situation in other
families of Chlorophyta. Serious problems occurthe reconstruction of the generic and
species concept of the family. The type materiaasavailable in most cases, and the strains
are often wrongly determined, or is difficult toteenine them, because of the confused
descriptions of the species; therefore the majootythe relations of the family stays

undefined.

The main results of the thesis is the changedriatestructure of the family Oocystaceae and
partly revised generic concept, as well as spewiexept of some genera, especially type
genus of the family -OocystisA. Braun. Two new combinations were established] an
prospective taxonomical revisions of several gemaee proposed. The present study is the

basis for future research.
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7. Appendix

7.1.

Table 4: review of the strains names. The straiith whanged names according to the

Appendix 1: List of the strains

morphological observation are labeled by bold fodhanges made after analyses are
presented in the third column. Ex = excluded fil@otystis/Oocystella

STRAIN ORIGINAL NAME DETERMINATION TAXONOM. CHANGES
SAG 30.96  Amphikrikos sp. Amphikrikos nanus

SAG 2074  Amphikrikos sp. Amphikrikos nanus

SAG 2081  Crucigeniella rectangularis Crucigeniella rectangularis

SAG 37.93  Echinocoleum elegans Echinocoleum elegans

CCAP 274/3 Elongatocystis Elongatocystis

ACOI 1819 Eremosphaera gigas Eremosphaera gigas

SAG 228-1 Eremosphaera viridis Eremosphaera viridis

SAG 39.92 Eremosphaera viridis Eremosphaera viridis

SAG 10.81  Franceia amphitricha Franceia amphitricha

SAG 56.81  Granulocystis verrucosa Granulocystis verrucosa

SAG 33.81 Granulocystopsis coronata Granulocystopsis coronata

SAG 2082  Komarekia rotundata Komarekia rotundata

SAG 1194  Lagerheimia longiseta Lagerheimia ciliata

SAG 2083  Lagerheimia ciliata Lagerheimia ciliata

SAG 48.94 Lagerheimia genevensis Lagerheimia genevensis

SAG 11.92 Lagerheimia hindakii Lagerheimia hindakii

SAG 57.81 Lagerheimia longiseta Lagerheimia longiseta

CCALA 365 Lagerheimia marssonii Lagerheimia marssonii

SAG 2084  Lagerheimia subsalsa Lagerheimia subsalsa

SAG 28.97 Makinoella tosaensis Makinoella tosaensis

CCALA 961 Makinoella tosaensis Makinoella tosaensis

SAG 37.96  Neglectella peisonis Neglectella peisonis

SAG 34.81 Nephrocytium agardhianum Nephrocytium agardhianun

SAG 3.96 Oocystella oogama Oocystella oogama Oocystella oogamax
AN9-1 - Oocystidium

AN2/29-4 - Oocystidium

SAG 81.80 Oocystislacustris Oocystidium sp.

CH 99 - Oocystis bispora Oocystis bispora ex
SAG 1.99 Oocystis heteromucosa Oocystis heteromucosa

KR 210 - Oocystis heteromucosa

SAG 2085  Oocystis heteromucosa Oocystis cf. marssonii

MP STE7 - Oocystis cf. naegelii

CCALA 397 Oocystis cf. nephrocytioides Oocystis cf. nephrocytioide: Oocystis cf.nephrocytioidex
SAG 82.80 Oocystis parva Oocystis parva

SAG 83.80 Oocystis solitaria Oocystis solitaria Neglectella solitariaex
CAUP H Oocystis solitariavar. major  Oocystis solitariavar. major Neglectella solitariaex
Tow 6/3 P- - Oocystis cf. parva

W Twin - Oocystis cf. rhomboidea
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CAUP H
CAUP H
CCALA 398
SAG 11.95
SAG 68.94
MDL6-7
As7-C
CCMP 245
SAG 28.81
CCALA
SAG 24.81
SAG 45.81
KR 1996/3
SAG 42.81
CCALA

Oocystis marssonii
Ooplanctella planoconvexa
Oonephris obesa
Planctonema lauterbornii
Planctonema lauterbornii

Schizochlamydella capsulat
Siderocystopsis punctifera
Oocydtis cf. lacustris
Tetrastrum heteracantum
Tetrastrum staurogeniiforme
Tetrastrum staurogeniiforme
Tetrachlorella alternans
Willea sp.

Oocystis sp.

Ooplanctella planoconvexa Oocystidium planoconvexum
Oonephris obesa
Planctonema lauterbornii
Planctonema lauterbornii
Quadricoccus sp.
Quadricoccus sp.
Schizochlamydella
Siderocystopsis punctifera
Siderocystopsis sp.
Tetrastrum heteracantum
Tetrastrum

Tetrastrum

Tetrachlorella alternans
Willea vilhelmii
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7.2

Table 5: assumed results of the strains examinesept thesis. Des. = description, Plate =
picture plate, Ultra = examined ultrastructure loé all wall, SSU = obtained SSU rRNA
sequenceRbcl = obtainedrbcl gene sequence. P = present thesis. B = authotelbac
thesis. * Picture obtained from Marie PaZoutov&lGMA.

Appendix 2: Table of results

STRAIN NAME Des. Plate Ultra SSU Rbd
SAG 30.96 Amphikrikos nanus P P - - P
SAG 2074 Amphikrikos nanus P P - - P
SAG 2081 Crucigeniella rectangularis P P P - -
SAG 37.93 Echinocoleum elegans - p* - - P
CCAP 274/3  Elongatocystis ecballocystiformis P P - - -
ACOI 1819 Eremosphaera gigas P P - P P
SAG 228-1 Eremosphaera viridis P P - P P
SAG 39.92 Eremosphaera viridis P P - P P
SAG 10.81 Franceia amphitricha P P - P P
SAG 56.81 Granulocystis verrucosa P P P P P
SAG 33.81 Granulocystopsis coronata P P - - P
SAG 2082 Komarekia rotundata P P P P P
SAG 1194 Lagerheimia ciliata P P - P P
SAG 2083 Lagerheimia ciliata P P - P P
SAG 48.94 Lagerheimia genevensis P P - - P
SAG 11.92 Lagerheimia hindakii P P - - P
SAG 57.81 Lagerheimia longiseta P P - P P
CCALA 365 Lagerheimia marssonii B P - B P
SAG 2084 Lagerheimia subsalsa P P - P P
SAG 28.97 Makinoella tosaensis P P P P P
CCALA 961 Makinoella tosaensis P P - - P
SAG 37.96 Neglectella peisonis P P - P P
SAG 34.81 Nephrocytium agardhianum P P P P P
SAG 3.96 Oocystella oogama P P - P -
AN9-1 Oocystidium polymammilatum P P - P P
AN2/29-4 Oocystidium polymammilatum P P - - P
SAG 81.80 Oocystidiunsp. P P - P P
CH99 Oocystis bispora B P - B -
SAG 1.99 Oocystis heteromucosa P P - - P
KR 210 Oocystis heteromucosa B P - B P
SAG 2085 Oocystiscf. marssonii P P - P P
MP STE7 Oocystiscf. naegelii P P - P P
CCALA 397 Oocystis cf. nephrocytioides B P - - P
SAG 82.80 Oocystis parva P P - P P
Tow 6/3 P-lou Oocystiscf. parva P P P - P
W Twin SlisT. Oocystiscf. rhomboidea P P - P P
SAG 83.80 Oocystis solitaria P P - - P
CAUP H 1106 Oocystis solitariavarmajor B P - P P
CAUP H 1110 Oocystissp. B P - P P
CAUP H 5502 Ooplanctella planoconvexa - p* - - P
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7.3. Appendix 3: Morphological descriptions

SAG 30.96Amphikrikos nanus: Cells oval to cylindrical with the rounded endigheut thickness of
the cell wall. Granula arranged into the ring ie #guatorial of the cells. In cells 1 parietal [pyrie-

bearing chloroplast. Propagation by 4 autosporel .i@eadth 2-4um; cell length 3-7um.

SAG 2074Amphikrikos nanus: Cells oval to cylindrical with the rounded endighout thickness of
the cell wall. Granula arranged into the ring ie #guatorial of the cells. In cells 1 parietal [pyrie-

bearing chloroplast. Propagation by 4 autosporel i@eadth 2-4um; cell length 3-Gum.

SAG 2081Crucigenidlla rectangularis: Cells elliptical with the rounded ends withoue thell wall
thickness, arranged in the typical flat crucigenociétnobia. Each cell contains 1 parietal chlordplas
with the extensive pyrenoid. The small rhombic gapurs between the tetrad of the cells. The cells

propagate by 4 autospores (daughter coenobia)béatth 5-1um; cell length 7-1Qm.

CCAP 274/3 Elongatocystis ecballocystiformis: Cell long cylindrical to oval with rounded ends
without cell wall thickness. Cell breadth 3:6; cell length 13-28um. 4 cells coenobial-like enclosed

in mother cell wall. 1-4 chloroplasts with pyrengier cell. Propagation observed by 4 autospors.

ACOI 1819 Eremosphaera gigas: Spherical cells occur mainly in pairs enclosesida the spindle-
shaped mother cell wall. Numerous chloroplastsnaed at the surface of the cell wall. Propagation

by 2 autospores that stay longer time inside thineraell wall. Cells have in diameter 75-118.

SAG 228-1Eremosphaera viridis: Cells large and spherical with thick cell walluierous discoid
chloroplasts with pyrenoid are arranged at theasarof the cell and inside plasmatic strings cragsi
cell and holding the nucleus. Rest of the celilisd by a vacuole. Cell propagate by 2-4 autospors

Oogamy was not observed. Cell in diameter 90450

SAG 39.92Eremosphaera viridis: Cells large and spherical with thick cell wallutderous discoid
chloroplasts with pyrenoid are arranged at theasarof the cell and inside plasmatic strings cragsi
cell and holding the nucleus. Rest of the celilisd by a vacuole. Cell propagate by 2-4 autospors

Oogamy was not observed. Cell diameter 120460

SAG 10.81Franceia amphitricha: Cells elongated, oval to spindle-shaped with ritvended ends
without polar thickness of the cell wall. All suciof the cell wall cover spines. Cells often inugps
of 2-4 cells enclosed in a mucilaginous mother edll. In cells 1-2 parietal chloroplasts wit
pyrenoid. Cell breadth 448m; cell length 7-13um.
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SAG 56.81Granulocystis verrucosa: Cells clearly spindle-formed with tipped endsll®@all on the
poles thickened bears granula irregularly widespr@a all surface. 1-2 pyrenoid-bearing chloroplast
per cell. Propagation by 4 autospores that stap fonger time enclosed in the broadened mothér cel

wall and are released by its mucilaginous. Celabte 4-15um; cell length 7-2.um.

SAG 33.81Granulocystopsis coronata: Cells cylindrical with rounded ends without potaickness.
On the cell wall surface, occur granula arrangedhenpoles of the cells. Cells contain 1 chloraplas
with a pyrenoid. Propagation by 4, rarely 2 autospoDaughter cells are not enclosed in the mother

cell wall for a long time. Cell breadth 3g8n; cell length 5-§im.

SAG 2082Komarekia rotundata: Cells nearly spherical to wide elliptical withureded ends without
thickness on the poles. In each cell, one chlostpléth big pyrenoid, that fills almost all cellefore
autosporulation divided into 4 chloroplast. Proganeby 4 autospores containing 1 chloroplast. ell

arranged in four-celled coenobia. Cell breadth uh0 cell length 8-12um.

SAG 1194Lagerheimia ciliata: Cells broadly elliptical to slightly spindle-skegp without cell wall
thickness. 4-5 thick short spines on each polehdényoung cells 1 and the adult cells 2 chloroplast
before autosporulation 4 chloroplasts. Pyrenoidédoh chloroplast. Propagation by 2 or 4 autospores
shortly released from the mother cell wall. Onlgdrcells possess spines. Cell breadth @rscell

length 8-17um.

SAG 2083Lagerheimia ciliata: Cells broadly elliptical to slightly spindle-skeg without cell wall
thickness. 4-5 thick short spines on each polehdényoung cells 1 and the adult cells 2 chloroplast
before autosporulation 4 chloroplasts. Pyrenoidédoh chloroplast. Propagation by 2 or 4 autospores
shortly released from the mother cell wall. Onlgdrcells possess spines. Cell breadth @riscell

length 7-17um.

SAG 48.94 Lagerheimia genevensis. Cells elliptical to oval with rounded ends witlioapical
thickness of the cell wall, with 2 spines on eadhelaced little subapical. In the cells 1 patieta
chloroplast with a pyrenoid. Propagation by 4 aquboss. Cell breadth 248n; cell length 3-11um.

SAG 11.92Lagerheimia hindakii: Cells small and oval to spindle-shaped with retednds without
apical thickness of the cell wall. Spines were detiected. In the cells 1 parietal chloroplast veith

pyrenoid. Propagation by 4 autospores. Cell bre2adtium; cell length 3-um.

SAG 57.81Lagerheimialongiseta: Cells broadly elliptical to slightly spindle-shegbwithout cell wall
thickness. 6-8 long spines on each pole. In theagaiells 1 and the adult cells 2 chloroplasts; teefo
autosporulation 4 chloroplasts. Pyrenoid in eadbroplast. Propagation by 2 or 4 autospores shortly
released from the mother cell wall. Young cellsdasmother cell wall bear spines. Cell breadth 6-11

um; cell length 7-15um.
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CCALA 365 Lagerheimia marssonii: Cell shape oval to spindle-shaped, cell wall vaitthickness on
the poles, cell occur solitary. Spines arrangedhenpoles (one on each) and a few on the equatorial
plane. Each cell with only one parietal chloroplagh the pyrenoid, two or four chloroplasts before
autosporulation. Autospores two or four early reéehfrom the mother cell wall by its rupture.

Mucilage covers not detected. Cell breadthi4¥8 cell length 6-12um.

SAG 2084Lagerheimia subsalsa: Cells oval (young cells) to spindle-shaped, witpilla-like polar

thickness (old cells). On each pole mostly two, stimmes 3 or 4 short spines. In young cells 1, in
adult cells 2 and before autosporulation 4 parietdbroplasts with visible pyrenoid. Autospores
mainly 4, stay for a longer time inside the widevedope of mother cell wall. Young cells inside

mother cell wall bear spines. Cell breadth 34T cell length 8-15um.

SAG 28.97Makinoela tosaensis: Young cells spherical, older cells wide oval witle rounded ends
and without the cell wall thickness. Cells arranged-celled coenobia. Propagation by 4 autospores
forming daughter coenobia. In each cell, 2-moremhilasts with pyrenoid. Cell breadth 1441m;

cell length 20-29m.

CCALA 961 Makinodlla tosaensis: Young cells spherical, older cells wide oval witte rounded
ends and without the cell wall thickness. Cellsamged in 4-celled coenobia. Propagation by 4
autospores forming daughter coenobia. In each 2etipre chloroplasts with pyrenoid. Cell breadth
15-17pm; cell length 19-3@um.

SAG 37.96Neglectella peisonis: Cells typically spindle-shaped to lemon-shapethwiointed ends
with the cell wall thickness crossed by the chasin€kll solitary or associated for 2 in the mottedt
wall. In the each cell numerous chloroplast withrgmpid arranged at the surface of the cell wall.

Propagation was observed by 2 autospores. Celiittr@2-31um; cell length 39-54m.

SAG 34.81Nephrocytium agardhianum: The roll-shaped or moon-shaped cells with thendewd
ends and without cell wall thickness arranged id,2or 8 celled colonies enclosed in the enlarged
mother cell wall. In each cell 1 parietal chlorcldilling nearly all cell. Pyrenoid is massive and
rounded. Propagation by 2, 4 or 8 autospores.itedidth 6-1Qum; cell length 10-2Gum.

SAG 3.9600cystella oogama: Cell spindle-shaped with pointed ends with pagike polar thickness
of the cell wall. Cell wall irregularly covered wwitnumerous granula. Cells solitary or in 2-4 celled
colonies. Propagation by 2 or 4 autospores relgasom the mother cell wall by its mucilaginous.
The rests of the cell walls occurred often in théture. Cell breadth 4-@m; cell length 6-9um.

Oogamy was not observed.

AN9-1 Oocystidium polymammilatum: Cells oval to spindle-shaped without the celllvlgicknesses.

Cell arranged solitary or in pairs or tetrads ie thucilage covers, sometimes multi-layered with a
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lobed border. In the cells 1-2 parietal pyrenoid#io®y chloroplasts. Propagation by 2 or 4 autospore
that are shortly released from the mother cell v@dlll breadth 4-Gum; cell length 7-1Qum.

AN2/29-4 Oocystidium polymammilatum: Cells oval to spindle-shaped without the cell lwal
thicknesses. Cell arranged solitary or in pairgdetrads in the mucilage covers, sometimes multi-
layered with a lobed border. In the cells 1-2 gatipyrenoid-bearing chloroplasts. Propagation by 2
or 4 autospores that are soon released from thisemogll wall. Cell breadth 346m; cell length 6-11

um.

SAG 81.8000cystidium sp.: Cells oval to spindle-shaped without the cellivtlalicknesses. Cells are
arranged solitarily, or in the pairs or tetradsthie mucilage covers. In the cells 1-2 parietakpgid-
bearing chloroplasts. Propagation by 2 or 4 autespthat are shortly released from the mother cell
wall. Cell breadth 3-fum; cell length 5-1Qum.

CH 99 Oocystis bispora: Cells solitary or in pairs. Small cells elliptica spindle shaped with pointed
ends and small polar thickness. In cells preseotedchloroplast with (not always distinctly visiple
pyrenoid. Autospores observed only 2, sometimegrgidn the mother cell wall are released by its
rupture. Cell breadth 24m; cell length 4-7um.

SAG 1.9900cystis heteromucosa: Cells widely oval with polar tip shaped thicknesscell breadth 5-

9 um; cell length 8-18um. Adult cells contain 1-4 parietal chloroplastcleavith one distinct
pyrenoid. Cells solitary or most frequently, makimgp or four celled colonies bounded by enlarged
mucilaginous mother cell wall. Cells inside colaiéree. Reproduction most often by 2 or 4
autospores. Daughter cells stay closed in motHewed for a long time, and release by mucilagisou

of the mother cell wall.

KR 210 Oocystis heteromucosa: Cells widely oval with polar tip shaped thicknessesl breadth 4-
10 um; cell length 8-21um. Adult cells contain 1-4 parietal chloroplastsleavith one distinct
pyrenoid. Cells solitary or most frequently, makimgp or four celled colonies bounded by enlarged
mucilaginous mother cell wall. Cells inside colaniéree. Reproduction most often by 2 or 4
autospores. Daughter cells stay closed in motHewed for a long time, and release by mucilagisou

of the mother cell wall.

SAG 2085 0ocystis cf. marssonii: Cells oval to elliptical with slightly thickenedell wall on the
poles. 2-8 cells arranged in regul@ocysts-like colonies enclosed by broad elliptical motlseti
wall. Mother cell wall and older cells have somedgron the poles small tips. In the cells 2-4 palriet
chloroplasts with pyrenoid, in autospores 1-2 abtasts. Propagation by 2-8 autospores. Cell
breadth 10-1%um; cell length 15-24im.
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MP STE7 Oocydtis cf. naegelii: Cells spindle-shaped to lemon-shaped with pointetd wall
thickness on the ends of the cell. Cells usual¥ i2-the mucilaginous mother cell wall enclosed.
Inside the cells occur 1-4 parietal chloroplastshwpoorly visible pyrenoid. Propagation by 2-4
autospores. Cell breadth 8-if; cell length 12-2Gm.

CCALA 397 Oocystis cf. nephrocytioides: Cell in colonies 2 or 4. Cell shape is long ditpl,
sometimes asymmetrical with rounded ends withod&rpthickness. 1-4 parietal chloroplasts with
massive pyrenoid occur per cell. Autospores madnitaying for some time enclosed in mother cell
wall. Cell breadth 7-1Qm; cell length 9-18um.

SAG 82.800acystis parva: Cells oval to spindle-shaped with slightly tippldtkened cell wall on the
poles. Vegetativ cells with 1 pyrenoid-bearing cbfiast. Propagation by 2 or 4 autospores. Daughter
cells stay enclosed for a longer time in the eddngother cell wall. Cell breadth 24m; cell length
5-10um.

Tow 6/3 P-louQOocystis cf. parva: Cells oval to spindle-shaped with slightly tipptdckened cell
wall on the poles. Vegetativ cells with 1 pyrenbigaring chloroplast. Propagation by 2 or 4
autospores. Daughter cells stay enclosed for aelotige in the enlarged mother cell wall. Cell
breadth 2-1um; cell length 5-11um.

W Twin SlisT. Oocystis cf. rhomboidea: Cells oval to elliptical with rounded ends withaell wall
thickness. In cells 1 chloroplast with not cleasibie pyrenoid. Propagation by 2 or 4 autospor&anof
enclosed for more generation in the multiple mottedr walls. Cell breadth 3-gm; cell length 6-10

um.

SAG 83.8000cysdtis solitaria: Cell shape spindle-like or lemon-like with coresigble thickness on
both poles crossed by channels. Cells solitaryranged in 2-8celled colonies. Cells closed insie
enlarged mother cell wall for a longer time, somes for more generations, are released by its
rupture. Numerous chloroplasts are parietal witkgular shape with clearly detectable pyrenoid.
Autospors at most 2, sometimes 4 or 8 with morerdplasts. Identical t®ocystis solitaria Cell
breadth 10-3@m; cell length 21-52im.

CAUP H 1106 Oocystis solitaria var. major: Cell shape spindle-like or lemon-like with sigognt
thickness on both poles crossed by channels. Gelisry or arranged in 2-8celled colonies. Cells
closed inside the enlarged mother cell wall fooager time, sometimes for more generations, are
released by its rupture. Numerous chloroplastparietal with irregular shape with clearly detet¢ab
pyrenoid. Autospors at most 2, sometimes 4 or & witore chloroplasts. Identical t@ocystis
solitaria. Cell breadth 8-28m; cell length 15-5@m.
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CAUP H 1110 Oocystis sp.. Cell solitary with spindle-like, oval or elliptit shape. Young cells
contain 1, adult 2-4 parietal chloroplasts withytegmoid. Propagation by 2-8 autospoi@sll breadth
4-14um; cell length 8-2um.

CCALA 398 Oonephris obesa: Cells nearly spherical to broadly oval with roeddends without cell
wall thickness. Cells solitary or 2 or 4 enclosedhick mother cell wall. Chloroplast spongiomorph
with the big central pyrenoid and many smaller wjtead for the chloroplast. Propagation by 2 or 4
autospores. Cell breadth 15-2@; cell length 18-3Gum.

SAG 11.95Planctonema lauterbornii: Cells long oval to cylindrical arranged in simglEment.
Chloroplast 1 with not clearly visible pyrenoid.cBloroplasts observed in dividing cells. Filametns
grow by transversal dividing and propagate by fragtation of the filaments. Cell breadth 3u;
cell length 6-8um.

SAG 68.94Planctonema lauterbornii: Cells long oval to cylindrical arranged in simglEment.
Chloroplast 1 with not clearly visible pyrenoid.cBloroplasts observed in dividing cells. Filametns
grow by transversal dividing and propagate by fragtation of the filaments. Cell breadth 2¢;
cell length 4-8um.

MDL6-7 Quadricoccus sp.. Cell oval to elliptical with rounded ends withocell wall thickness.
Arrangement in the typical tetrads close to mottadt wall is missing in the culture. 1-2 parietal
chloroplasts per cell. Propagation by 4 autospaoesasing by the rupture of the cell wall. Lottloé
rests of the cell wall occur in the culture. Grlarmwas not studied in detail. Cell breadth gr; cell
length 4-6um.

As7-C Quadricoccus sp.. Cell oval to elliptical with rounded ends withoaell wall thickness.
Arrangement in the typical tetrads close to mottedt wall is missing in the culture. 1-2 parietal
chloroplasts per cell. Propagation by 4 autospossasing by the rupture of the cell wall. Lottloé
rests of the cell wall occur in the culture. Grlarmwas not studied in detail. Cell breadth 3r; cell
length 4-8um.

SAG 28.81Siderocystopsis punctifera: Solitary cells oval to elliptical with cell wathickness on the
poles. Numerous granula coverall surface of thé wall. In the cells 1 parietal chloroplast with

presented pyrenoid. Propagation by 4 autospordisb@adth 3-4um; cell length 5-7um.

CCALA 396 Siderocystopsis sp.: Cell solitary or arranged in groups of 2-8, tllpe oval to spindle-
shaped conspicuously thickened in poles. Cell vradigularly granulated. In cells 1-4 parietal
chloroplasts with one pyrenoid. Propagation by &uospores, which stays for some time in wide
mother cell wall. Cell breadth 6-16n; cell length 3-Qum.
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SAG 24.81Tetrastrum heteracantum: Cells bun-shaped arranged in the tetrads. Bsistiéh various
length occurred on the surface of the cell walach cell contains 1 chloroplast with rounded pgrén
filling almost all cell. Cells propagate by 4 aytoses arranged to the daughter coenobia. Cell tiread

2-4 um; cell length 2-5um.

SAG 45.81Tetrastrum staurogeniiforme: Cells bun-shaped arranged in the tetr&isort stumps
occurred on the surface of the cell walach cell contains 1 chloroplast with rounded pgiefilling
nearly all cell. Cells propagate by 4 autosporearsed to the daughter coenobia. Cell breadth 2-6
um; cell length 2-Gum.

KR 1996/3 Tetrastrum staurogeniiforme: Cells bun-shaped arranged in the tetréisort stumps
occurred on the surface of the cell wall. Each cefitains 1 chloroplast with rounded pyrenoidridji
nearly all cell. Cells propagate by 4 autosporearsed to the daughter coenobia. Cell breadth 2-6
um; cell length 2-Gum.

SAG 42.81Tetrachlorella alternans: Cells clearly spindle-shaped with pointed endéhhickness of
the cell wall. Cells arranged in the regularly aes joined by the mother cell wall. The tetradsallgu
formed 4-32 celled coenobia. The old cell wallsnded into irregularly arranged mucilage. In each
cell occur one parietal chloroplast with the pyredndropagation by 4 autospores produced by two

consecutive divisions. Cell breadth 54irb; cell length 13-18m.

CCALA 515 Willea vilhelmii: Cells elliptical to cylindrical with rounded endsithout cell wall
thickness.. Two celled unit with cells connectenigtbwise arranged to the flat and rigid 4-16 celled
coenobia.The four-celled (sub)coenobia have a small rhomglbig. Older cells are bounded by wide
mucilage envelopes. Each cell contains one pargdlaroplast; in older cells were more chloroplasts
observed. Pyrenoid occurs in every chloroplastiamdassive and clear visible. Cells reproduce by 2-
4 autospores that stay for a long time enclosethénmother cell wall. Cell breadth 9-13n; cell
length 4-5um.
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7.4. Appendix 4: Photographic documentation of the indivdual strains

Fig. 11: Morphological comparison of Komarekia rotundata and Crucigenia lauternbornii. 1 SAG 2082
Komarekia rotundata, 2 Crucigenia lauternbornii (Bock et al. 2013). Scale bar indicates 20um 1 and
10um 2.

1

Fig. 12: Morphological comparison of algae assigned to Sphaeropleales. 1 SAG 34.81 Nephrocytium
agardhianum, 2 Sphaeropleales (1 NIES-246 Schroederia 2 NIES-480 Monoraphidium, 3 NIES-798
Desmodesmus, 4 NIES-232 Polyedriopsis, 5 NIES-301 Pediastrum) http://lwww.shigen.nig.ac.
jp/algae_tree/SphaeroplealesE.html . Scale barindicates 20um.
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Fig. 13: Morphological comparison of two algae assigned to Chlamydomonadales. 1. CCALA 398
Oonephris obesa. 2. Cylindrocapsa geminella http://protist.i.hosei.ac.jp/PDB7/PCD0009/
htmls/01.html. Scale bar indicates 20um.

Fig. 14: Basal strains. 1 KR
1996/3 Tetrastrum
staurogeniiforme, 2 SAG 45.81
Tetrastrum staurogeniiforme, 3
SAG 24.81 Tetrastrum
heteracantum, 4 SAG 11.95
Planctonema lauterbornii, 5
SAG 68.94 Planctonema
lauterbornii. Scale bar indicates
20pm.
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Fig. 15: Strains with large dimensions of the cell and numerous chloroplasts assigned to the subfamily
Eremosphaeroideae. 1 ACOI 1819 Eremosphaera gigas, 2 SAG 228-1 Eremosphaera viridis, 3 SAG 39.92
Eremosphaera viridis, 4 SAG 37.96 Neglectella peisonis, 5 SAG 83.80 Oocystis solitaria, 6 CAUP H 1106
Oocystis solitaria. f. major. Scale barindicates 20um.
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Fig. 16: Strains with coenobial
arrangement oft the cells assigned to
the subfamily Makinelloideae. 1 SAG
2081 Crucigeniella rectangularis, 2
CCALA 515 Willea vilhelmii, 3
CCALA 397 "Oocystis’ cf.
nephrocytioides, 4 CCAP 274/3
Elongatocystis
ecballocystiformis, 5 Ecballocystis
hubeiensis (Xia et al. 2013), 6
Ecballocystopsis dichotomus (Xia
et al. 2013), 7 CCALA 96 Makinoella
tosaensis, 8 CCALA 961 Makinoella
tosaensis. Scale bar indicates 20pm
(1,2,3,4,7,8).
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Fig. 17: Spiny strains including
Spiny clade 1and 2. 1 CCALA 365
Lagerheimia marssonii, 2 SAG
48.94 Lagerheimia
gemenevensis, 3 SAG 11.92
Lagerheimia hindakii, 4 SAG
2083 Lagerheimia ciliata, 5 SAG
1194 Lagerheimia ciliata, 6 SAG
57.81 Lagerheimia longiseta, 7
SAG 2084 Lagerheimia
subsalsa, 8 SAG 10.81Franceia
amphitricha. Scale bar indicates
20um.
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Fig. 18: Granulated strains assigned to the Granulated clade 1 and 2. 1 SAG 30.96 Amphikrikos nanus, 2 SAG 2074
Amphikrikos nanus, 3 SAG 33.81 Granulocystopsis coronata, 4 MDL6-7 Quadricoccus sp., 5As7-C Quadricoccus
sp., 6 Quadricoccus ellipticus (Krienitz and Bock 2011), 7 SAG 56.81 Granulocystis verrucosa, 8 CCALA 396
Siderocystopsis sp., 9 SAG 3.96 Oocystella oogama, 10 CH 99 Oocystis bispora, 11 SAG 28.81Siderocystopsis
punctifera, 12 CCMP 245 Schizochlamydella capsulata. Scale bar indicates 20um, except picture 6 (10um). Arrow
pointogranula.

12

64



Fig. 19: Strains with mucilage
covers and projections including
Oocystidium clade.1 AN9-1
Oocystidium polymammilatum,
2AN2/29-4 Oocystidium
polymammilatum, 3 SAG 81.80
Oocystidium sp., 4 SAG 37.93
Echinocoleum elegans, 5 CAUP
H 5502 Ooplanctella
planoconvexa. Scale bar
indicates 20um.



Figure 20: Strain assigned to the Oocystis sensu lato group. 1 SAG 1.99 Oocystis heteromucosa, 2 KR 210
Oocystis heteromucosa, 3 SAG B42.81 Tetrachlorella alternans, 4 Tow 6/3 P-1ou Oocystis cf. parva, 5 W Twin
SlisT-7d Oocystis cf. rhomboidea, 6 SAG 82.80 Oocystis parva,7 CAUP H 1110 Oocystis sp., 8 STE7 Oocystis
cf. ndgelii, 9 SAG 2085 Oocystis cf. marssonii. Scale bar indicates 20pm.
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7.5. Appendix 5: Table of analysed sequences

7.5.1. Oocystaceae

Table 6: Sequence of the SSU rRNA aritl genes used for molecular analysis of

Oocystaceae. * HEG. 1995-26, P = present thestsaBthors bachelory thesis.

STRAIN NAME SSU rRNA Rbcl Concatenated
SAG 30.96 Amphikrikos nanus - P -
SAG 2074 Amphikrikos nanus AF228690* P YES
SAG 2081 Crucigeniella rectangularis AH012990 - -
SAG 37.93 Echinocoleum elegans FM881776 P YES
CCAP 274/3  Elongatocystis HQO008713 - -
ACOI 1819 Eremosphaera gigas P P YES
SAG 228-1 Eremosphaera viridis P P YES
SAG 39.92 Eremosphaera viridis P P YES
SAG 10.81 Franceia amphitricha P P YES
SAG 56.81 Granulocystis verrucosa P P YES
SAG 33.81 Granulocystopsis coronata - P -
SAG 2082 Komarekia rotundata P P NO
SAG 1194 Lagerheimia ciliata P P YES
SAG 2083 Lagerheimia ciliata P P YES
SAG 48.94 Lagerheimia genevensis AY122336 P YES
SAG 11.92 Lagerheimia hindakii - P -
SAG 57.81 Lagerheimia longiseta P P YES
CCALA 365 Lagerheimia marssonii B P YES
SAG 2084 Lagerheimia subsalsa P P YES
SAG 28.97 Makinoella tosaensis P P YES
CCALA 961 Makinoella tosaensis AF228691 P YES
SAG 37.96 Neglectella peisonis P P YES
SAG 34.81 Nephrocytium agardhianum P P NO
SAG 3.96 Oocystella oogama P - -
AN9-1 Oocystidium polymammilatum P P YES
AN2/29-4 Oocystidium polymammilatum AY195966 P YES
SAG 81.80 Oocystidiunsp. P P YES
CH99 Oocystis bispora B - -
SAG 1.99 Oocystis heteromucosa AF228689 P YES
KR 210 Oocystis heteromucosa B P YES
SAG 2085 Oocystiscf. marssonii P P YES
MP STE7 Oocystiscf. naegeli P P YES
CCALA 397 Oocystis cf. nephrocytioides - P -
SAG 82.80 Oocystis parva P P YES
Tow 6/3 P-1lou Oocystiscf. parva AY197635 P YES
W Twin SlisT. Oocystiscf. rhomboidea P P YES
SAG 83.80 Oocystis solitaria AF228686 P YES
CAUP H 1106 Oocystis solitariavar. major P P YES
CAUP H 1110 Oocystissp. P P YES
CAUP H 5502 Ooplanctella planoconvexa FM881777 P YES
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CCALA 398 Oonephris obesa P P NO
SAG 11.95 Planctonema lauterbornii - - -
SAG 68.94 Planctonema lauterbornii P P YES
MDL6-7 Quadricoccussp. AY197626 P YES
As7-C Quadricoccussp. P P YES
CCMP 245 Schizochlamydella capsulata P P YES
SAG 28.81 Siderocystopsis punctifera P P YES
CCALA 396 Siderocystopsis sp. - P -
SAG 24.81 Tetrastrum heteracantum JQ356709 P YES
SAG 45.81 Tetrastrum staurogeniiforme  JQ356703 P YES
KR 1996/3 Tetrastrum staurogeniiforme  JQ356702 P YES
SAG 42.81 Tetrachlorella alternans AF228687 P YES
CCALA 515 Willea vilhelmii B P YES
GENBANK
- Ecballocystis hubeiensis JX018185 JX018187 YES
- Ecballocystopsis dichotomus JX018184 JX018186 YES
KMMCC 1544 Lagerheimia longiseta JQ315525 - -
CCAP 222/49 Oocystidiunmsp. HQO008711 - -
KRI. 96/10 Oocystis marssonii AF228688 - -
KMMCC 443  Oocystis parva JQ315649 - -
KMMCC 356  Oocystissp. JQ315800 - -
GR35 Planctonema lauterbornii - EF113462 -
M110-1 Planctonemasp. AF387148 EF113463 YES
CCAP 286/1  Quadricoccus ellipticus HQO008712 - -
OUTGROUP (GENBANK)

- Auxenochlorella protothecoide FN29893 EU038285 YES
- Chlorella variabilis AB206549 AB260903  YES
- Chilorella vulgaris FR865658 AB260909 YES
- Micractinium pusillum AF364101 EF113451  YES
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7.5.2. Other
Table 7: Sequence of the SSU rRNA gene used foecutdr analysis of Chlorellaceae. 1

added sequence is marked by bold.

CHLORELLACEAE

Actinastrum hantzschii AF288365 Hindakia tetrachotoma GQ867590
Catena viridis AH012205 Kalenjinia gelatinosa HG322129
Chlorella chlorelloides HQ111432 Komarekia rotundata SAG 2082
Chlorella pituita GQ176853 Marasphaerium gattermannii GQ477057
Chlorella rotunda HQ111433 Marvania geminata AF124336

Chlorella singularis HQ111435 Masaia oloidia HQ322128

Chlorella sorokiniana AB731602 Meyerella planktonica AY543042
Chlorella variabilis AB260893 Micractinium belenophorum AY323837
Chlorella volutis HQ111434 Micractinium pusillum AF364101
Chlorella vulgaris FR865683 Micractinium pusillum AF364102
Coronastrum ellipsoideum GQ507370 Mucidosphaerium palustre GQ487217
Closteriopsis acicularis FM205847 Mucidosphaerium sphagnale GQ487218
Compactochlorella dohrmannii GQ477058 Parachlorella hussii HM126551
Compactochlorella kochii HQ322126 Parachlorella kessleri JQ797561
Crucigenia” lauterbornii JQ356710 OUTGROUP

Dicloster acuatus FM205848 Eremosphaera viridis SAG 39.92
Dictyosphaerium ehrenbergianum GQ487213 | Lagerheimia genevensis AY122336
Dictyosphaerium libertatis GQ487211 Oocystis heteromucosa KR 210
Didymogenes sphaerica AB731603 Planctonema sp. AF387148

Gloeotila contorta AY422074 Tetrastrum staurogeniaeforme JQ356702
Heynigia dictyosphaerioides GQ487221

Table 8: Sequence of the SSU rRNA gene used foeentdr analysis of Sphaeropleales. 1
added sequence is marked by bold.

SPHAEROPLEALES

Ankistrodesmus bibraianus Y16938 Neochloris vigenis M74496
Ankistrodesmus fusiformis X97352 Nephrocytium agardhianum SAG 34.81
Ankistrodesmus gracilis Y16937 Pediastrum duplex JQ315560
Asterarcys-quadricellulare AF388375 Planktosphaeria gelatinosa AY044648
Bracteacoccus aerius JQ259915 Polyedriopsis spinulosa AY780667
Bracteacoccus minor JQ259944 Pseudomuriella aurantiaca AB005748
Bracteacoccus pseudominor JQ259953 Pseudomuriella cubensis HQ292770
Bracteacoccus ruber JQ259919 Pseudomuriella engadinensis HM852442
Bracteacoccus sp. JQ259940 Pseudomuriella sp. AY195974

Chlorella zofingiensis X74004 Pseudoschroederia antillarum AF277649
Chlorotetraedron bitridens AY663043 Radiococcus polycoccus AF388378
Coelastrum astroideum var. rugosum AF38837 Selenastrum bibraianum HM483514
Coelastrum morus AF388374 Scenedesmus bajacalifornicus HQ246321
Coelastrum sphaericum AF388376 Scenedesmus obliquus X56103
Dictyococcus schumacherensis HM852439 Scenedesmus regularis FR865732
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Dictyococcus schumacherensis HQ292769
Enallax acutiformis AB037089

Follicularia texensis JIN630516

Graesiella emersonii FR865687

Graesiella vacuolata FR865685
Hydrodictyon reticulatum HE610123
Kirchneriella obesa HM483513
Monoraphidium contortum AY846382
Monoraphidium saxatile AY846385
Mychonastes zofingiensis GU827478

Scenedesmus rubescens X74002
Schizochlamys gelatinosa AY781662
Sorastrum spinulosum AY663041
Schizochlamys gelatinosa AY781662
Sorastrum spinulosum AY663041

OUTGROUP

Characium vacuolatum M63001
Chlamydomonas reinhardtii JX888472
Chlamydomonas monadina JN903976
Dunaliella salina EU589200

Table 9: Sequence of the SSU rRNA gene used foecutar analysis of Volvocales. 1 added

sequence is marked by bold.

VOLVOCALES

Carteria cruciferaD86501

Carteria eugametosl70595

Carteria lunzensigN904001
Carteria radiosaD86500
Characiochloris sasa@&B360741
Characiosiphon rivulariAF395437
Chlamydomonas culleii$70594
Chlamydomonas fimbriatd70784
Chlamydomonas monadid&903976
Chlamydomonas noctigam#eB701503
Chlamydomonas reinhardiN903984
Chlorogonium euchlorurAB278610
Chloromonas brevispinAF517092
Chloromonas reticulat&U117583
Chlorosarcinopsis arenicolaB218701
Cylindrocapsa geminell)73471
Cylindrocapsa geminellAF387159
Dunaliella lateralisDQ009762
Dunaliella salinaEU589200
Elakatothrix viridisAY008844
Golenkinia longispiculaIN968588
Hafniomonas conic&B248251

Hafniomonas reticulat&B248250
Lobocharacium coloradoenge€-395436
Lobochlamys culleuaJ410461
Lobochlamys segnisB701525
Oogamochlamys ettlAJ410469
Oogamochlamys giganteel410466
Oogamochlamys zimbabwiensi3410472
Oonephris obesa CCALA 398

Phacotus lenticulari®\Y009897
Polytoma uvelld)22943

Tetracystis aeridJ41175

Tetracystis pampadN903997
Tetracystis vinatzetdIN903998
Treubaria schmidleU73474

Treubaria setigerdJ73475

Trochiscia hystribxAF277651

OUTGROUP

Bracteacoccus minafQ259943
Bracteacoccus ruberQ259919

Scenedesmus obliquAd249515
Pediastrum dupledQ315560
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