Centrohelida is still searching for a
phylogenetic home

—analyses of seven Raphidiophrys contractilis genes-
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Phylogeny of eukaryotes
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8- Classification of Heliozoa

Sarcodina (RIE H%E)

Rhizopoda (1R @ ®%8)
Lobosea
Amoeba, Naegleria, Entamoeba, etc.
Acarpomyxea
Acrasea
Eumycetozoea
Plasmodiophorea
Filosea
Nuclearia, Gromia, etc.
Granuloreticulosea
Foraminiferida, etc.
Xenophyophorea

Actinopoda (F#h{x E%8)
Acantharea
Astrolithium, etc.
Polycystinea
Spongaster, etc.
Phaeodarea
Aulosphaera, etc.
[Fielozoa (A=)
Desmothoracida
Taxopodida (Sticholonche)
Actinophryida
Centrohelida

(MR RER)

Levine et al. (1980)

I

Amoebozoa (7 *—HRYV 7)
Tubulinea
Amoeba, Leptomyxa, Arcella, etc.
Flabellineaea
Acanthamoeba, Enfamoeba, Mastigamoeba, etc.
Eumycetozoea

Opisthokonta (F#EX ka2 %)
Mesomycetozoa
Nuclearia, etc.

Excavata (T XA F v RN—|)
Heterolobosea
Acrasis, etc.

Rhizaria ()41 7)
Gromia
Foraminifera
Cercozoa

Silicofilosea
Euglyphida, etc.
Clathrulinidae, Gymnosphaerida
Phaeodarea
Aulosphaera, etc.
Acantharea
Astrolithium, etc.
Polycystinea
Spongaster, etc.
Sticholonche

|Chromalveolata (DALTFTILALFS—42) |

Stramenopiles
| Actinophryidae |

Centrohelida ’?

Adl et al. (2005) n




8- Aim of this study

— To clarify the phylogenetic position of
Centrohelida...

ML combined analyses of Centrohelida
¢ 7-gene data sets

(SSU rRNA, actin, a-tubulin, p-tubulin,
EF2, HSP70, HSP90)

¢ ‘concatenate model’ & ‘separate model’




D= Multi-gene ML analysis -concatenate model-
O

6-protein: a-tubulin, B-tubulin, actin, EF2, HSP70, HSP90

Drosophila melanogaster
Homo sapiens
Caenorhabditis elegans

100 Cryptococcus neoformans Opisthokonta
Neurospora crassa
Y Saccharomyces cerevisiae
86 78 1 Schizosaccharomyces pombe
7? ‘ : — Entamoeba histolytica I Amoebozoa
70 Dictyostelium discoideum
Raphidiophrys composite " Centrohelida
100 I Thalassiosira pseudonana I Stramenopiles
™ 85 Phytophthora sojae
98 I Spirotrichea composite
Tetrahymena composite
58 99 100 Cryptosporidium parvum
Toxoplasma gondii Alveolata
31 Plasmodium falciparum
— 7_9| 100 = Theileria annulata
— k= Theileria parva
96 75 Cyanidioschyzon merolae ll Rhodophyta
100 Chlamydomonas reinhardtii
100 g Qryza sativa I Viridiplantae
— b Arabidlopsis thaliana
Naegleria gruberi l Heterolobosea
50 100 Leishmania composite
_:Trypanosoma brucei I Kinetoplastida
96 Trypanosoma cruzi
71 I Trichomonas composite B Parabasalia

Giardia intestinalis Ml Diplomonadida
0.1 substitution/site

proml
2937aa sites



Rhodophyta

Viridiplantae

Stramenopiles
Alveolata

Centrohelida

Amoebozoa

Opisthokonta

Diplomonadida
Parabasalia

Euglenozoa
Heterolobosea

= Multi-gene ML analyses -separate model-

/-gene

a-tubulin, p-tubulin, Actin, EF2
HSP70, HSP90, SSU rRNA

Centrohelida branched with...
Rhodophyta
Viridiplantae
Stramenopiles/Alveolata

But, the RELL BP support for
this clade was weak




|3= Gene-specific signals -a—tubulin-
O

‘

Opisthokonta | Opisthokonta

S-gene
ATbb

AAct Diplomonadida
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Centrohelida Amoebozoa

Diplomonadida

Parahacalia Centrohelida
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D= Gene-specific signals -a—tubulin-

Opisthokonta AEF2 Opisthokonta

S-gene

Diplomonadida

Diplomonadida ]
Parabasalia

Parabasalia

Amoebozoa Amoebozoa

Centrohelida Centrohelida

Stramenopiles

Alveolata Rhodophyta
Rhodophyta Viridiplantae
Viridiplantae glt{laerglg?:piles
Euglenozoa Euglenozoa

Heterolobosea Heterolobosea



Cl= Gene-specific signals -a—tubulin-

Opisthokonta |

Amoebozoa

Centrohelida

Diplomonadida
Parabasalia

Viridiplantae

Rhodophyta

Stramenopiles
Alveolata

Euglenozoa
Heterolobosea

Multi-gene analyses...

— including a-tubulin

The Dip/Par union formed a clade
with the Opisthokonta with high
RELL BP support

— excluding o-tubulin
The Dip/Par union did not cluster
with the Opisthokonta

The affinity between the Dip/Par
union and the Opisthokonta is
attributed solely to the a-tubulin
signal
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8- Gene-specific signals —-EF2-

Rhodophyta
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Alveolata

Centrohelida

Amoebozoa

Opisthokonta

Diplomonadida
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Multi-gene analyses...

— including EF2
Rhodophyta and Viridiplantae
formed a monophyletic clade

(Plantae) with high RELL BP
support

The robust clade is attributed
to the EF2 signal...?



8- Gene-specific signals -EF2-
O

Stramenopiles
6_gene AEF2

AEF2 Alveolata S-gene

Opisthokonta

99

Diplomonadida

Viridiplantae ! Parabasalia

68
F 25

Rhodophyta + Amoebozoa
9

Centrohelida

Centrohelida‘

Amoebozoa Rhodophyta
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Alveolata
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8- Gene-specific signals -EF2-

5_gene Opisthokonta

AEF2

99

Diplomonadida
Parabasalia

68

Amoebozoa

Centrohelida

Rhodophyta

4
Viridiplantae

Stramenopiles
Alveolata

Euglenozoa
Heterolobosea

Multi-gene analyses...

— including EF2

The Rhodophyta formed a clade
with the Viridiplantae with high
RELL BP support

— excluding EF2
The Rhodophyta did not cluster
with the Viridiplantae

Other genes do not support
the monophyly...?



8- Gene-specific signals -EF2-

O
23-gene’t o Viridiplantae

Rhodophyta
80

Euglenozoa
73 Heterolobosea

79

Stramenopiles
Alveolata

Amoebozoa

Opisthokonta

Diplomonadida
Parabasalia

Multi-gene analyses...

— excluding EF2
Rhodophyta formed a clade with
Viridiplantae

Other genes support the
monophyly of the Rhodophyta

and Viridiplantae

Burger et al. (1999)
Rodriguez-Ezpeleta et al. (2005)

The phylogenetic signals in our
data sets without EF2 are
iInsufficient...
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Yebest QP 20.05 ©0.01<P<0.05 @P<0.01




8 Conclusion

0 Multi-gene combined analyses of Centrohelida
—concatenate model (ASSU rRNA)
—separate model

—AU test
the phylogenetic position of Centrohelida is
unclear
O single-gene jackknifing
strong gene-specific signals are predominant in
our multi-gene data

|

Larger scale multi-gene phylogenies are necessary to
clarify the origin and evolution of Centrohelida




Cl= Gene-specific signals -SSU rRNA-

O
Rhodophyta ASSU Opisthokonta
6-gene 09
Viridiplantae 81 DipIPHIoNasda
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D= Gene-specific signals -SSU rRNA-

O
Rhodophyta 6-gene’tr? Aot Plles
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Cl= Gene-specific signals -SSU rRNA-
O

6-gene

ASSU Opisthokonta

99

Multi-gene analyses...

81 Diplomonadida ‘

Parabasalia

— including SSU rRNA
The Dip/Par union formed a clade

Amoebozoa with the Eug/Het union
— excluding SSU rRNA
Centrohelida The Dip/Par union did not cluster

with the Eug/Het union
Viridiplantae

Rhodophyta The Excavata clade is
supported only by SSU rRNA

Stramenopiles
Alveolata

Euglenozoa
Heterolobosea




Cl= Gene-specific signals -a—tubulin-

6-gene

ASSU

Opisthokonta

Diplomonadida
Parabasalia

Amoebozoa

Centrohelida

Viridiplantae

Rhodophyta

Stramenopiles
Alveolata

Euglenozoa
Heterolobosea

Multi-gene analyses...

— excluding SSU rRNA

The Dip/Par union did not cluster
with the Eug/Het union, but
branched with the Opisthokonta

The Dip/Par union has a sister
relationship with the
Opisthokonta...?
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