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> Three domains of life

v' Archaea, Bacteria &
Eukarya
» Diversity of the three
domains are too far
underrepresented
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» We have overlooked a large
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Diversity of archaea

_—l Korarchaeota

Bathyarchaeota

100 Thorarchaeote AB_25 [ThorAB25_15650 + ThorAB25_15640]
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Odinarchaeote LCB_4 [OdinLCB4_05890 + OdinLCB4_05880] | Odinarchaeota
Heimdallarchaeote LC_2 [HeimC2_27340 + HeimC2_01950]
Heimdallarchaeote AB_125 [HeimAB125_02760 + HeimAB125_02750]
Heimdallarchaeote LC_3 [HeimC3_44670] | Heimdallarchaeota
Fungi

Holozoa

Embryophyta

Chlorophyta

Amoebozoa

Glaucocystis nostochinearum [Q30BD9]
Thecamonas trahens [AOAOLODPK7]
Alveolata

37 Rhizaria

Stramenopiles

100

69 | Euryarchaeota @
36| 143 |Micrarchaeum/AltiarchaeumIDiapherotrites

Woesearchaeota

Parvarchaeum acidophilus [326422563 + 326422562]
Nanosalina sp. JO7AB4 [339757633 + 339757634]

Zaremba-Niedzwiedzka et al. Asgard archaea illuminate the origin of eukaryotic cellular
complexity. Nature 2017 541:353-358
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I Thorarchaeota
Lokiarchaeum GC14_75 [Lokiarch_36630 + Lokiarch_36620] ] Lokiarchaeota

I Heimdallarchaeota

» We have overlooked
a large proportion of
archaeal diversity

» Two domains, not
three domains
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Diversity of eukaryotes
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» Diversity of
eukaryotes have been
underestimated

» Interested in
reconstructing the
tree of eukaryotes

v Number of major
groups

v’ Branching order of the
major groups
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Cover the diversity
of eukaryotes

Well resolved tree
of eukaryotes

Robust methods Generate large

for phylogeny sequence data
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Importance to understand the true eukaryotic diversity

Blind men (researchers who are investigating the tree of eukaryotes)

and the elephant (the diversity of eukaryotes)

£

This is
2 YOpe

International Journal of Computer Applications 140(3):6-14
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Sequence data for phylogeny

hemoglobin a chains from four vertebrates

Human
dog
chicken
carp

human
dog
chicken
carp

human
dog
chicken
carp

60
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* k% * % * * * * * % * * kkkkk *x *kk K%k * %
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*identical residues among the four organisms

Amino acid residues vary among the four vertebrates

= substitutions occurred during vertebrate evolution



MoL EvoL
Maximum-likelihood method for phylogeny V S

Xh : time reversible Markov process, independent evolution for each branch i

Based on the formula of Chapmann-Kolmogorov,

f (Xl, Xy, X3, X4| 7 ) <« probability for getting data of h’th site
with a given Pij(t) and a given tree topology

= 2.2 P{Xo = i}P{Xt; = X;, Xt, = X,, Xts=j|Xo =i}
| ]

Transition rate matrix Q
X P{Xts+t; = X5, Xtgtt, = X, | Xt; = Xy, Xt = X,, Xt; =], X0 =1} | = Transition

probability matrix

= 2 {ﬂi Pix,(t,)Pix,(t) 2. Pij(ts) Pixs(ts) ij4(t4)} Py(t) = €%
! ]
7z, . composition of the base (amino acid) i On internal nods (ancestral species),
all possibilities for the base (amino acid)
S, X; S i or j are summed over
3

In case of base, iorj=A,C,G,T

XS
\I J 3 S,,...,S, :extantspecies
i t X...., X4 . Sequence data of h’th site
t2 4 .
for extant species

I : sequence data for ancestral species
X, S
S, X 4 T4 t,...,t:  :branch lengths
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Importance of data size
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Major groups of eukaryotes

» 8 major groups have been recognized
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Major groups of eukaryotes Al

» 8 major groups have been recognized

Tsukubamonas -]
Palpitomonas -]
diphylleids =g

Rigifila ———]

SRT312 —=all
Mantamonas =]

=] fornicates —=ul]

® ® ®

» “Orphans” can be members of the 8 groups or
represent novel groups
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University of Tsukuba: Home of Tsukubamonas globosa S Tainien

Image taken from Google Maps

» Isolated from Hyoutaro-pond

» Maintained in UR-YT medium at 20°C since October
2002



MoL EvoL
MICROBES

s: How it looks like
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Yabuki et al. 2011 J Eukaryot Microbiol.
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Tsukubamonas: phylogenomic analyses e

001 |®

83

d
Thecamonas trahens ~ Apusozoa 157 genes, 41’372 a3 positions i;/
ML method, LG + I + F model
Bayesian method, CAT + I model

Opisthokonta

I Amoebozoa

| Rhizaria

» Tg is basal to
, . — Strarr:lenopiles euglenozoa ns +

®
e

. —— | Hacrobia heteroloboseans

» Tg is a novel member
of Discoba

_’_‘—.—|_._7': Hacrobia

92

1.00
99
100

63
51

DISCOBA
Tsukubamonas globosa

0.1 substitutions/site Kamikawa et al. 2014 Genome Biol Evol
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Palpitomonas bilix: Yabuki, Inagaki, Ishida 2010 Protist 161:523-38

Image taken from Google Maps

Manila
A

thppmfs Palau islands

¥ o
L.
Indonesia i
Papua New.
I Guinea ;

A

» Isolated from seawater sampled on
Macharchar island, on July 2006

» Maintained in EMS medium at 20°C

___,/" 10 pm

Yabuki et al. 2010 Protist ; _



Palpitomonas: Phylogenomic analysis

Thecamonas trahens Apusozoa

4'_‘_._‘_‘_{_’_‘— Opisthokonts

Amoebozoa

s

| Rhizaria

[r——

‘ Stramenopiles

T (e —

|

Polypiacocystis (Raphidiophrys) contractilis

Haptophyta

Telonema subtilis
Rhodomonas sal

 ——— " cryptophytes

Palpitomonas bilix

0.1 substitutions/site

Collodictyon triciliatum Diphyllatea

MoL EvoL

L
157 genes, 41,372 aa positions i

ML method, LG4X model
Bayesian method, CAT + I model

» Pb is a basal to a clade
of kathablepharids,
goniomonads and
cryptophytes

» Pb is a novel member
of Cryptista

Roombia trum:G:a _-____f___g_c_,p_l_gmg_r]—a-g ---- kathablepharid CRYPTISTA

Yabuki et al. 2014 Sci Rep.
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.nce of a new group tentatively named as ‘CRuMs’ T

» Diphylleids, Rigifila and
Mantamonas have been
classified as “orphan” eukaryotes

» Phylogenomic study by
collaboration with institutes in
the US and Canada

diphylleids
Collodictyon tricilatum

Mantamonas
plastica

—

https://www.apollon.uio.no/english/articles/2012/microorganism.html Glucksman et al. 2011 Protist

http://tolweb.org/Protists_of uncertain_placement/2383
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Vannella sp.

Vexillifera sp.
Acanthamoeba castelianii, .
Trichosphaerium sp.
Mastigamoeba balamuthi
cephalum =~

ostelium discoideum

Homo sapiens )
Amphimedon queensiandica
Monosiga brevicollis
Capsaspora owczarzaki

- Ministeria vibrans

- Amoebidium parasiticum
Spizellomyces punciatus .

Coprinus cinereus
Fonticula alba
., _Thecamonas trahens — Apusomonada
hon = Pygsuia biforma Breviatea

Physarum 50
i

Opisthokonta

., g;iﬁ!a ramosa
O3 Py - Collodictyon tricillatum

L——— Diphylieia rohrggs

- n

r Malawimonas jakobiformis
Malawimonad sp. 249
Fabomonas tropica
Nutomonﬁs longa omoich
ncyromongs sigmo
Ci %rﬂ?rimas%i pyriformis

Trimastix marina

Naegleria gruberi .
utrepliella gymnastica

ergence of a new group tentatively named as ‘CRuMs’

AMOEBOZOA

_MI “CRuMs”

77111 —
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AMORPHEA
OBAZOA

Percolomonas cosmopolitus

Bodo saltans

Tsukubamonas globosa .
Andalucia godoyi
ChRecgmomqnas americana
onarus crispus
Aecchaste wirockt Galdieria sulphuraeia |F‘h‘""""’|"”Ia
loeochaete witrockiana
Cyanophora paradoxa | Glaucophyta
Chiamydomonas rein
Arabidopsis thaliana
Roombia truncata
— Guillardia theta )
Cgptomanas paramecium
aviovales sp.
Prymnesium parvum _ |H
Emiliania huxleyi

hardtii IChIoruplastida

Cryptista

Toxoplasma gondij o
Cryptosporidium parvum

Trypanosoma brucei

351 genes, 97,002 aa positions
ML method, LG +C60 + ' + PMSF model
Bayesian method, CAT-GTR + I model

Perkinsus marina
Symbiadinium sp. Aveclata
r Tetrahymena thermophila _
k - aramecium letraurelia
Phytophthora infestans
Ectocarpus siliculosus |Stramenopiles
‘Cafeteria sp.’ .
Bigelowiella natans
Paulinella chromatophora Rhizaria

Guttulinopsis vuigaris

Brown et al. 2018 Genome Biol Evol
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Free-living fornicates iy

Vs

» Free-living species have been
isolated from various
anaerobic/microaerophilic
environments

Ultrastructure and Ribosomal RNA Phylogeny of the Free-Living Heterotrophic
Flagellate Dysnectes brevis n. gen., n. sp., a New Member of the Fornicata

Yubuki et al. J Eukaryot Microbiol 2007 57:191-200

Diversity of microbial eukaryotes in sediment at a deep-sea
methane cold seep: surveys of ribosomal DNA libraries
from raw sediment samples and two enrichment cultures

Takishita et al. Extremphiles 2007 11:563-576

A wide diversity of previously undetected
free-living relatives of diplomonads isolated from
marine/saline habitats

Kolisko et al. Environ Microbiol 2010 12:2700-2710

Multigene Phylogenies of Diverse
Carpediemonas-like Organisms Identify the
Closest Relatives of ‘Amitochondriate’
Diplomonads and Retortamonads

Takishita et al. Protist 2010 163:344-355
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Relationship among fornicates b

» To model how eukaryotes adapted to i
anaerobic/microaerophilic environments, the robust
relationship among fornicates

» Phylogenomic study by collaboration with institutes in
the US, Canada, Czech Republic and Sweden

namre

. ARTICLES

Organelles that illuminate the origins of Trichomonas
hydrogenosomes and Giardia mitosomes

Michelle M. Leger'*, Martin Kolisko'™, Ryoma Kamikawa?", Courtney W. Stairs', Keitaro Kume?,
Ivan Cepiéka®, Jeffrey D. Silberman?®, Jan O. Andersson®, Feifei Xu®, Akinori Yabuki’, Laura Eme",
Qiangian Zhang?, Kiyotaka Takishita’, Yuji Inagaki®*®, Alastair G. B. Simpson™, Tetsuo Hashimoto®°*
and Andrew J. Roger™
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Relationship among fornicates

» Fornicata tree was fully resolved
» Proposed the evolution of reduced mitochondria

a Ancestar of Parabasalia and Farnicata
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159 genes, 39,089 aa positions
ML method, LG + I + F model
Bayesian method, CAT-GTR + ' model

Legar et al. Nat Ecol Evol 2017 1:0092
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Summary

» ldentify new “orphans” in natural environments

» Clarify the placements of orphans by phylogenomic studies

» Challenge to resolve “the backbone”



MoL EvoL
MICROBES

Iterate the process from the field to the HPC

Culturing

v\

@ Sampling

https://www.forbes.com/

https://assets.illumina.com/

N Sequencing

Phylogenomic analyses
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Major groups of eukaryotes

» 4 published works; highlighted in blue
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