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Early steps prerequisite for evolution from aerobic eukaryotes to anaerobes
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This study aimed to unveil early stages of adaptive evolution of eukaryotes
to anaerobiosis, using a eukaryote that is capable of thriving in both aerobic and anaerobic
conditions. Mitochondria-targeting proteins were identified by transcriptome analyses followed by
localization studies. Comparative transcriptome analyses revealed that mitochondrial energy
producing pathways are drastically different between aerobic and anaerobic conditions. Molecular
phylogenetic analyses suggested those genes encoding the mitochondrial anaerobic energy production
had been acquired by lateral transfers. On the basis of findings in this study, important steps for
early stages of evolutionary adaptation to anaerobiosis in eukaryotes were suggested to be
acquisition of genes for mitochondrial anaerobic energy production and transcriptional regulation of

those genes in different oxygen concentrations.



ATP
ATP
ATP
ATP
KY003 KY003
KY003
KY003
ATP
KY003
ATP

KY003

[al
]
KY003
ATP
ATP
ATP
i I lumina Hiseq2000
RNA RNA
KY003
PCR
PCR
[a2 1
ATP
al
ATP KY003
B. ATP
ATP
ATP
ATP

ATP



KY003 ATP

[b1 1
KY003

ATP

ATP

GFP

[b2 in silico

N

TargetP

KY003

SSU rRNA

o

18S rRNA
Brevimastigomonas

GFP

26.5 kb
I I I Y %
11 v cytb coxl
ATP
1l
®
MRNA
ATP
(©)) ATP
ATP
Brevimastigomonas sp.
ATP
(PFO) NADPH
PFL
CoA
ASCT
TCA

ATP



*

ATP
GFP C
PFO PFL ASCT
ATP
ATP
®)
Brevimastigomonas sp . KY003
KY003
SSU rRNA

(©)

ATP
ATP

ATP
ATP

ATP

17
1. Tanifuji G, Takabayashi S, Kume K,
Takagi M, Nakayama T, Ryoma Kamikawa,

Inagaki Y, Hashimoto T. 2018. The draft
genome of Kipferlia bialata reveals that
a gain of function conversely contributed
to reductive evolution 1in Metamonada
parasites. PLoS One 13(3): e0194487

doi: 10.1371/journal .pone.0194487

2. Brown MW, Heiss AA, Ryoma Kamikawa,
Inagaki Y, Yabuki A, Tice AK, Shiratori T,
Ishida KI, Hashimoto T, Simpson AGB, Roger
AJ. 2018. Phylogenomics places orphan
protistan lineages in a novel eukaryotic
super-group. Genome Biol Evol 10(2)
427-433.

doi: 10.1093/ghe/evy014

3. Yang J, Harding T, Ryoma Kamikawa,
Simpson AGB, Roger AJ. 2017. Mitochondrial
genome evolution and a novel RNA editing
system in deep-branching heteroloboseids.
Genome Biol Evol 9 (5) 1161-1174

doi: 10.1093/gbe/evx086

4. Leger MM, Kolisko M, Ryoma Kamikawa,
Stairs CW, Kume K, Cepicka I, Silberman JD,
Andersson JO, Xu F, Yabuki A, Eme L, Zhang
Q, Takishita K, Inagaki Y, Simpson AGB,
Hashimoto T, Roger AJ. 2017. Organelles
that illuminate the origins of Trichomonas
hydrogenosomes and Giardia mitosomes.
Nature Ecol Evol 1:0092

doi: 10.1038/s41559-017-0092

5. Roger AJ, Mufioz-Gémez SA, Ryoma
Kamikawa. 2017. The origin and

diversification of mitochondria. Curr
Biol 27 (21) R1177-R1192.

doi: 10.1016/j.cub.2017.09.015

6. Gawlyruck R, Ryoma Kamikawa, Stairs CW,
Silberman JD, Brown MW, Roger AJ. 2016. The

earliest stages of  mitochondrial
adaptation to low oxygen revealed in a
novel rhizarian. Curr Biol 26(20):
2729-2738

doi: 10.1016/j.cub.2016.08.025.

7. Ryoma Kamikawa, Shiratori T, Ishida K,
Miyashita H, Roger AJ. 2016. Group 11
intron-mediated trans-splicing 1in the
gene-rich mitochondrial genome of an
enigmatic eukaryote Diphylleia rotans.
Genome Biol Evol 8(2):458-466.

doi: 10.1093/gbe/evw0ll.



8. Nishimura Y, Tanifuji G, Ryoma Kamikawa,
Yabuki A, Hashimoto T, Inagaki Y. 2016.
Mitochondrial genome of Palpitomonas
bilix: Derived genome structure and
ancestral system for cytochrome c
maturation. Genome Biol Evol 8 (10)
3090-3098.

Doi: 10.1093/gbe/evw217

31

1.

19

2017
2.
. Giardia
Dysnectes brevis  MRO
86 2017

3.

Brevimastigomonas sp. KY003

30
. 2015

4. Ryoma Kamikawa. The dynamics of
mitochondrial metabolism .in a cercozoan
capable of growth 1in aerobic and
low-oxygen conditions. 2nd International
Symposium Matryoshka-type Evolution of
Eukaryotic Cells 2015

5. Ryoma Kamikawa. The dynamics of
mitochondrial metabolism .in a cercozoan
capable of growth 1in aerobic and
low-oxygen conditions. VIIECOP-1SOP joint
meeting 2015

6. Ryoma Kamikawa. Two cercozoans from
low-oxygen environments reveal the early
stages of mitochondrial adaptation to
anaerobiosis. Integrated Microbial
Biodiversity Program meeting, Canadian
Institute for Advanced Research 2015

@
KAMIKAWA, Ryoma

40627634

&)

®

*



