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Introduction

Although modern phylogenetics enabled us to understand the
evolution of many traditionally problematic groups, there are still
some gaps and uncertainties in our knowledge of the whole “tree of
life” topology. One of the areas where the gaps are relatively abundant
is the eukaryote branch. The term “eukaryotes” is used here as the
equivalent of “numerous and diverse lineages of protists plus a few
multicellular groups”. The fact that our knowledge of protist
phylogeny is not as robust as the knowledge of phylogeny of animals
or plants, 1s not very surprising. First, there is a relative lack of
interest. Second, unicellular organisms are often not so easily obtained
and manipulated, thus the quantity of samples is lower. Third, there
are many isolated, very old lineages of protists and the phylogeny-
reconstructing methods may have problems with their substitutionally
saturated sequences.

The author wants to introduce his and his colleagues' attempts to
solve phylogenetic position of several protist taxa in this work. These
are mainly parasitic/commensal protists. Opalinids are long known
frog commensals. They are large, multiciliated and multinucleated.
Nonetheless, the phylogenetic position of these interesting creatures
was long uncertain. In 1985, Patterson noticed similarities in the
ultrastructure of opalinids and a group of intestinal flagellates, the
proteromonadids. He postulated that the two families belong to a
common group (Slopalinida) and also that the latter is paraphyletic

(i.e., that opalinids evolved from within proteromonadids). There are



molecular data available of Proteromonas only. In phylogenetic
analyses, its sister group was rather enigmatic protist, Blastocystis. It
is non-flagellated spherical organism inhabiting intestine of a wide
spectrum of hosts. Another interesting protist group with hitherto no
molecular data available is Chilomastix, a flagellate belonging among
Eopharyngia with Retortamonas and diplomonads (including
enteromonads). Chilomastix was believed to be a sister group of
Retortamonas, but our results are in disagreement with this
assumption.

Recently, the author collaborated on the reconstruction
phylogeny of aquatic amoebae. They are more tricky than most of
other eukaryotes as their identification might be problematic. It is,
however, crucial for phylogenetics. There are several examples known
of misidentified amoebae a sequence of which was used in
phylogenetic analyses. The authors of the two “amoebae papers”, on
which the author of this thesis participated, dedicated great effort to
determine and morphologicaly characterise the studied amoebae
species.

Another contribution of the author and his colleagues is
programming of the program SlowFaster, a tool for slow-fast analysis
of sequence datasets. Slow-fast analysis is a method that is able to
suppress negative effects of substitution saturation of alignment
positions. Although lowering the risk of some artifacts, such as long
branch attraction artifact, is very useful, this method can be quite time-

consuming when applied manually.



Aims of the thesis

. Use the methods of molecular phylogenetics to verify Patterson's
hypotheses based on morphology:

e Are slopalinids (Opalinidae + Proteromonadidae) a

monophyletic group?

e Are Proteromonadidae paraphyletic?

e Do Slopalinids belong among stramenopiles?
. Elucidate the position of Blastocystis with regard to Slopalinida
. Check the phylogenetic position of Chilomastix within
Eopharyngia and Fornicata.
. Obtain and analyse molecular data from morphologically
carefully characterised amoebae.
. Develop a software that will automate the slow-fast analysis that
will allow deeper analyses of phylogenetic position of long-

branched protists or other organisms.



Results

1. We sequenced SSU rDNA of Protoopalina intestinalis,
representative of opalinids, and Karotomorpha, a
proteromonadid with hitherto no molecular data available.
Analyses of these data confirmed close affinity of the two
families and also the paraphyly of proteromonadids — the
resulting topology was (Proteromonas + (Karotomopha +
Protoopalina)). Slopalinids belonged within stramenopiles in our
analyses.

2. In our analyses, the genus Blastocystis, genetically quite
variable, formed a sister group of slopalinids within the group of
Stramenopila.

3. We sequences SSU rDNA of two Chilomastix isolates. The
sequences differed substantially in length and composition, but
formed a monophylum in resulting phylogenetic trees.
Surprisingly, Retortamonas was not reconstructed as a sister
group of Chilomastix, but the two genera formed a paraphyletic
group from which the diplomonads evolved (with Retortamonas
closer to diplomonads). This result implies that the ancestor of
diplomonads (including enteromonads) was retortamonadid-like.

4. We sequenced and analyses SSU rDNA of two morphologically
well defined amoebae, Mayorella gemmifera and Saccamoeba
limax. We have found that another sequence ascribed to S. limax

and used in some analyses probably originates from a



misidentified organism.

5. We have programmed the program SlowFaster. It is a unique
user-friendly tool leading a user step-by-step through the whole
process of slow-fast analysis. We believe that this tool will allow

other authors to better exploit their datasets.
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Uvod

Ackoli diky moderni fylogenetice rozumime evoluci mnoha tradi¢né
problematickych skupin, v celkovém obrazu ,,stromu Zivota* stale
zlstavaji bila mista. Jednou z takovych oblasti, kde jsou mezery v
nasem poznani fylogeneze hojnéjsi, je vétveni v ramci eukaryot.
Pojem ,,eukaryota‘ je zde pouzit ve vyznamu ,,po¢etné a rozmanite
linie prvoki plus par mnohobunécnych skupin®. To, Ze fylogenezi
pvokill nerozumime tak dobfte jako tfeba fylogenezi rostlin nebo
zivoCichtl, neni zcela piekvapivé — chybi zde takovy zajem o prvoky,
navic jednobunécné organizmy se Casto hire ziskavaji a Spatné se s
nimi manipuluje, takZe neni k dispozici takovy pocet vzorka. V
neposledni fad¢ jsou ale problémy zpuisobeny také tim, Ze v ramci
prvokil najdeme prastaré, izolovan¢ linie, jejichZ sekvence mohou byt
substitucné saturovane a pusobit tak vznik artefaktl pti uziti
molekularné fylogenetickych metod.

Cilem autora je predstavit v této praci prispévek tymu (resp.
dvou tymi), jehoz (jichz) je Clenem, k vyfeSeni problematiky
fylogenetickeho postaveni nékolikataxonti prvoki. Jedna se predevsim
o parazitické ¢i komenzalni prvoky. Opalinky jsou dlouho znami
komenzalove Zab. Jsou velké, mnohobicikaté a mnohojaderné. Piesto,
Ze jsou zvlastni a zajimavé, jejich fylogeneticka pozice byla dlouho
nejasna. Az v r. 1985 si Patterson povSimnul podobnosti v
ulatrastrukture opalinek a jedné skupiny stfevnich bi¢ikovcii,

proteromonadidil. Zatadil ob¢ ¢eledi do jedné skupiny, Slopalinida, a



dale vyslovil domnénku, ze ¢eled’ Proteromonadidae je parafyleticka —
ze se z ni vyvinuly opalinky. Molekularni data vSak byla k dispozici
pouze z prvoka rodu Proteromonas. Ve fylogenetickych analyzach se
jako jeji sesterska skupina objevil pon¢kud zdhadny prvok
Blastocystis. Jedna se o bezbicikaté sfericke organismy Zijici ve
sttevech Sirokého spektra hostitelll. Jinou zajimavou skupinou prvoki
pro né¢Z dosud nebyla k dispozici Zadné molekularni data, je
Chilomastix, bi¢ikovec patiici mezi Eopharyngia spolu s rodem
Retortamonas a diplomonadami (v¢etné enteromonad). Véfilo se, Ze
Chilomastix a Retortamonas jsou si vzajemn¢ sesterske, nase vysledky
vSak tento predpoklad nepotvrdily.

V posledni dob¢ spolupracuje autor na problematice fylogeneze
vodnich améb. Ty jsou oproti jinym prvokiim zradn&;si I diky tomu, ze
jejich ptfesna determinace miize byt problematicka. je znamo nékolik
piipadi, kdy byly ve fylogenetickych analyzach pouzity sekvence z
nespravné ur¢enych ameéb. Autofi dvou ¢lankli o amébach, na nichz se
podilel I autor této prace, vénovali znacné Usili pravé determinaci a
morfologické charakterizaci studovanych améb.

DalSim piispévkem autora a jeho spolupracovnik je
naprogramovani programu SlowFaster, coZ je néstroj pro slow-fast
analyzu datasetll. Slow-fast analyza je metoda potlacujici negativni
vliv substitu¢ni saturace pozic v alignmentech. Ackoli sniZeni rizika
vzniku artefaktu pfitahovani dlouhych vétvi je velmi uzitecné, je tato

dosti ¢asoveé naro¢na, je-li aplikovana manualné.



Cile prace

. S vyuZitim molekularné fylogenetickych metod ovéfit platnost
Pattersonovych hypotéz zaloZenych na morfologickych datech:
e Jsou slopalinidi (Opalinidae + Proteromonadidae)
monofyletickou skupinou?
e Je Celed Proteromonadidae parafyletickd?
o Patii Slopalinida mezi Stramenopila?
. Vyjasnit pozici Blastocystis vzhledem k slopalinidiim
. Ovétit fylogenetickou pozici rodu Chilomastix v ramcei skupin
Eopharingia a Fornicata
. Ziskat a analyzovat molekularni data morfologicky dobie
charakterizovanych ameb
. Vyvinout program pro automatizaci slow-fast analyzy, jez
umozni hlubsi analyzu fylogenetické pozice prvoki a jinych

organismi s dlouhymi vétvemi



Vysledky

1. Ziskali jsme sekvenci SSU rDNA z prvoka Protoopalina
intestinalis, reprezentujiciho opalinky, a Karotomorpha, coz je
proteromonadid z néhoZ zatim nebyla zddna molekularni data k
dispozici. Analyzy téchto dat potvrdily blizkou ptibuznost obou
skupin I parafylii proteromonadidii — vysledna topologie byla
(Proteromonas + (Karotomorpha + Protoopalina)). Slopalinidi
se v naSich analyzach zatadili do skupiny Stramenopila.

2. Blastocystis, geneticky pomérné variabilni rod, se v naSich
analyzach vyskytoval jako sesterska skupina k fadu Slopalinida
v ramci stramenopil.

3. Ziskali jsme sekvenci SSU rDNA ze dvou izolati rodu
Chilomastix. Ob¢ sekvence se od sebe vzajemné dosti liSily
delkou I sloZenim, ale presto ve fylogenetickych stromech
tvotily dobte podpofenou monofyletickou skupinu. Piekvapivé
vSak Retortamonas nebyla sesterskou skupinou tohoto rodu, byla
blizsi diplomonadam — ¢eled’ Retortamonadidae zahrnujici oba
tyto rody je tedy zieymé parafyleticka. Takovy vysledek by
znamenal, Ze prapiredek diplomonad (v€etné enteromonad) byl
retortamonadidniho typu.

4. Ziskali jsme sekvence SSU rDNA dvou morfologicky dobte
charakterizovanych améb, Mayorella gemmifera a Saccamoeba
limax. Ukéazali jsme, Ze sekvence pfipisovana S. limax a

pouzivana v n€kterych fylogenetickych analyzach, patfi ziejmée



Spatné ur¢enému organismu.

5. Vytvofili jsme program SlowFaster. Jde o unikétni jednoduse
ovladatelny nastroj, ktery uzivatele provede celym procesem
slow-fast analyzy. V&fime, Ze pomlZe dalSim autoram lépe

vyuzit jejich data.

Grantova podpora

Tato prace byla financovana nasledujicimi granty a projekty:
GA CR:
206/05/0371
GA UK:
269/2004/B-BIO/PrF
MSMT:
MSM 0021620828
MSM 6007665801
MSM 6007665806
Parazitologicky tstav AV CR:
760220518
LC522



Seznam publikaci

Clanky:

Kostka M, Hampl V, Cepicka I, Flegr J (2004): Phylogenetic position
of Protoopalina intestinalis based on SSU rRNA gene sequence.
Molecular Phylogenetics and Evolution 33: 220-224.

Kostka M, Cepicka I, Hampl V, Flegr J (2007): Phylogenetic position
of Karotomorpha and paraphyly of Proteromonadidae. Molecular
Phylogenetics and Evolution 43: 1167-1170.

Cepicka I, Kostka M, Uzlikova M, Kulda J, Flegr J (2008): Non-
monophyly of Retortamonadida and high genetic diversity of the

genus Chilomastix suggested by analysis of SSU rDNA. Molecular
Phylogenetics and Evolution 48: 770-775.

Dykova I, Peckova H, Kostka M (2008): Introduction of Mayorella
gemmifera Schaeffer, 1926 into phylogenetic studies of Amoebozoa.
(Sent to Acta Protozoologica).

Dykova I, Kostka M, Peckova H (2008): SSU rRNA-based
phylogenetic position of the genus Saccamoeba Frenzel, 1892
(Amoebozoa). (Sent to Acta Protozoologica).

Kostka M, Uzlikova M, éepiéka I, Flegr J (2008): SlowFaster, a user-
friendly program for slow-fast analysis and its application on
phylogeny of Blastocystis. BMC Bioinformatics (accepted).

Vybrané konferencni prispévky (abstrakty):

Kostka M, Hampl V, Cepicka I, Flegr J (2005): Phylogenetic position
of Protoopalina intestinalis based on SSU rDNA sequence.
International Congress of Protozoology 2005. Guangzhou, China.

Kostka M, Cepicka I, Hampl V, Flegr J (2006): Phylogeny of
slopalinids. 16™ ISEP Meeting, Wroclaw, Poland.



Obhajoba

Komise:

prof. RNDr. Jaroslav Kulda, C.Sc. (predseda)

Karlova univerzita, Praha

prof. RNDr. Petr Horak, Ph.D.
Karlova univerzita, Praha

prof. RNDr. Petr Volf, Csc.
Karlova univerzita, Praha

prof. RNDr. Jan Tachezy, Ph.D.
Karlova univerzita, Praha

doc. Ing. Miroslav Obornik, Ph.D.
Biologické centrum AV CR, Ceské Budéjovice

RNDr. Eva Nohynkova, Ph.D.
Karlova univerzita, Praha

RNDr. Ivan Hrdy, Ph.D.
Karlova univerzita, Praha

Oponenti:

Alastair G.B. Simpson, PhD.
Dalhousie University, Halifax

Doc. Ing. Miroslav Obornik, Ph.D.
Biologicke centrum AV CR, Ceské Budejovice

Prace bude obhajovana v pondé&li 15. zati 2008 ve 13:00 na katedie

parazitologi PiF UK, Viniéna 7, Praha 2, CR.



	Charles University, Prague
	Charles University, Prague
	Charles University, Prague

