- . . . . MoL EvoL
External Review on Center for Computational Sciences, University of Tsukuba MICROBES

Feb. 18-20, 2014 UNIV.TSUKUBA
ﬂ 4

Large-scale phylogenetic analyses elucidate
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two novel microbial eukaryotes,
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Our goal is sl

A well-resolved global eukaryotic phylogeny

» Model the evolutions of traits in eukaryotic cells

v’ Mitochondria, plastids, other bacterial endosymbionts,
translation systems, etc.

» Novel microbial eukaryotes, which have not been
observed (or studied in detail)
v’ lots of them in environments
v Find & isolate

Next-generation

v’ Cultivate sequencing
v’ Characterize
v’ Generate large-scale sequence data ‘Phylogenomic’

v’ Determine the phylogenetic position analysis
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How we find, characterize, and analyze novel eukaryotes

h Microscopic

Culturing

observation

Small-scale
DNA sequencing

Phylogenomic analyses
Uit v Small subunit

Next-generation sequencing rRNA gene

Large-scale transcriptomic data
And/or genome data



MoL EvoL
MICROBES

UNIV.TSUKUBA

Glaucophyta

7:4 Tsukubamonas
globosa

Chloroplastlda

Rhodophyceae
;5\T’A

alawimonas

Photo by N. Yubuki
Metamonadu

f;%

@ @ Fungi

Nuclearia

>
O
% Ichthyospona
S
&'

Palpitomonas
bilix

Cercozoa @ 91
Foraminifera @

Polycystinea

-
,I

LR

ol L s

,’Telonema
\\ Haptophyta @’

\ Centrohelida ':"
\  Cryptophyta @
\ Kathab!epharld

\

Ri ilida
\

\ , Collodictyonidae § Breviatea

/

/
/
]
I

€

@ Choanomonada
l ¢‘ Metazoa

% c{@ 6‘

Ancyromonadida

Axye

x?‘

-3 E..' ’7!_ /’\j}:‘};,\/@r :
ARCHAEBACTERIA EUBACTERIA  Adl et al. 2012 J Eukaryot Microbiol 59:429-493



MoL EvoL

University of Tsukuba: Homo of Tsukubamonas globosa ST

» Isolated from Hyoutaro-pond

» Maintained in UR-YT medium at 20°C since October
2002
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s: How it looks like
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Yabuki et al. 2011 J Eukaryot Microbiol 58:319-331



Tsukubamonas: Excavate-like flagellar apparatus

Dysnectes brevis
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Yubuki et al. 2007
J Eukaryot Microbiol
54:191-200

» Is Tg a member of Excavata?
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Yabuki et al. 2011
J Eukaryot Microbiol
58:319-331
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Tsukubamonas: phylogenomic analyses
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Y I
Thecamonas trahens ~ Apusozoa age
P 157 genes, 41,372 aa positions i

Opisthokonta ML m?thOd' LG + I+ F model
Bayesian method, CAT + I model

I Amoebozoa

| Rhizaria

» Tg is basal to
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—— | Hacrobia heteroloboseans
» Tg is a novel member
I of Discoba
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DISCOBA
Tsukubamonas globosa

Kamikawa et al. 2014
0.1 substitutions/site

Genome Biol Evol 58:319-331
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Members of Discoba have large mt genomes
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Burger et al. 2013 Genome Biol Evol 5:418-438
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Tsukubamonas: mt genome
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L(c.‘a(gam . .
e genome by rolling circle
URF375 ; cob | . r .
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amplified DNA

Euglenozoans
rps19

nad11

rpl35
sdh4
URF153
E(uuc) atps
tgaa:atpg

Tsukubamonas globosa”

rps3 (kinetoplastids)
ose [P0 48,463 bp rpl16 jakobids 6
L(uaa) P 114 nad10
o) -3 rpls .
i) rp5814 120 B rpoB
S(geu) . rpS
ps2 41 functionally rol6 P8 ST o iz
. ps13 cox15 rpl34 ‘
nad2 assignable genes rps1 poD
rpl35 nad4 nad1
A L rpl19 nad3 nad2 nad7
rpl36 nad5 nad8
rps16 nad9 cox1 cox2
nade cox3 cob atp6é atp1
rps12
nad4L nad11
atp3 atp8 rps3  rps4
nadgath cox?2 nade URF131 rps7 rps8 atp9 rps11
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(Naegleria)
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» Tg is important to infer the gene content evolution in
discobid mt genomes

» Tg is a new member of Discoba

» Tg can be important to infer the evolution of life-style
v’ Heteroloboseans are free-living
v’ Euglenozoans do ‘everything’ el

* Kinetoplastids are parasites
e Euglenids are phototrophs

* Diplonemids are free-living

Images were taken from Wikipedia

Trypanosoma Euglena Diplonema
~ oy . -
' ‘r; ‘ '
- / . ) o Y 5
«6? f : =5y
<
ToL website (tolweb.org) http://www.fcps.edu/islandcree Image taken from Micro*scope

kes/ecology/euglena.htm
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Palpitomonas bilix: Yabuki, Inagaki, Ishida 2010 Protist 161:523-38

Image taken from Google Map

? Yabuki et al. 2010
Papua New .
. Guinea AS

MLS-like structure

L-shaped

Mitochondrial
lobes
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» Isolated from seawater sampled on
Phiprioe Palau islands

Macharchar island, on July 2006
» Maintained in EMS medium at 20°C

Protist 161:523-538

Is Pb a relative of
cryptophytes?




Palpitomonas: SSU rRNA phylogeny
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> Position of Pb was

unresolved

» Conducted a

transcriptmic analysis
v’ 454 Titanium sequencing

v' 104,136 reads
8,586 large contigs

ML & Bayesian methods
GTR + I model
1,335 nuc positions

Yabuki et al. 2010 | ;
Protist 161:523-538 :
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Thecamonas trahens Apusozoa “ i
99
B - +L_L‘_<—o—<— Olsthokont 157 genes, 41,372 aa positions
N pISthokonts ML method, LG4X model
ey Bayesian method, CAT + I model
78
irLH Amoebozoa
S | Rhizaria

» Pb is a basal to a clade

{ — | svamenopies of kathablepharids,

goniomonads and
cryptophytes

l : > Pb is a novel member

Hatonhyte of Cryptista
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Polyplacocystis (Raphidiophrys) contractilis

b

C aaen =" cryptophytes
Roombia {runcGaoz G_nlo_n_a“;:“ggrllgmgrla_g ----- kathablepharid CRYPTI STA

Palpitomonas bilix

wop s

! Yabuki & Kamikawa et al. 2014
Collodictyon triciliatum Diphyllatea Sci Rep in revision.

0.1 substitutions/site




MoL EvoL

Ialpitomonas: Summary Vo

» Pb is a basal lineage of Cryptista

» Diversity of cryptophytes and their relatives has been
underestimated

v Will continue surveying potential cryptist members

Photo by Yoshida

~ Telonema
m Palpitomonas

,'

Photo by Yabuki

mage taken
from Micro*scope

Raphidiophrys

Rappemonads
-

Picomonas judraskeda

SRT149
(2011)

Image taken
Photo by Nakayama from Micro*scope

Seenivasan et al.
(2013)



Future works
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» Subject culture strains for novel eukaryotes to n jf—
generation sequencing and phylogenomic analyses

Microheliella maris Rigifila ramosa SRT149 PAP020 SRT312
v Ky
S ——7‘2
» o 4 S
A ik oo 100 ym
Yabuki et al. 2011 Yabuki et al. 2013
Protist 163:356-388 Protist 164:75-88

» Continue surveying environments for more novel

eukaryotes
v

A well-resolved global eukaryotic phylogeny
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