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Integration mechanism of endosymbiotic algae as organelles through secondary
endosymbioses
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The hypothesis that the plastids drive the evolution and parasitization of
organism has been studied in three organisms with different stages of secondary plastids: Hatena
arenicola, chlorarachnio thes, and Perkinsus marinus. Comparative transcriptome analysis and genome
analysis in Hatena, which has a kleptochloroplast, discovered 30 genes for possible endosymbiotic gene
transfer (EGT) and provide an estimate for the level of integration. In the chlorarachniophytes with
permanent secondary plastids, a part of cooperation mechanism between the endosymbiont and nucleus and
the evolution of endosymbiont nuclear genome has been clarified, which greatly contributed to
understanding the gain and maintenance mechanisms of secondary plastids. In Perkinsus, an oyster
parasite, an efficient isolation method for the reduced plastids, which is essential for uncovering its
function, has been established. This opens the door to clarifying the principle of parasitism
acquisition.



LIFE 2 PR U, SERR IR BB 4 5 L %

2
7
Bigelowiella
natans
B. natans
3
1
Hatena
arenicola
Nephroselmis
5% EST

12,811 7,730



RNA CDNA

RNA-seq
RNA-seq
380
GC
EGT Endsymbiotic
gene transfer

30
EGT

EGT
Nephroselmis

DNA

18.5Gbp

Amorphochlora amoebiformis
Lotharella vacuolata Partenskyella
glossopodia

P. glossopodia
1 Mbp
P. glossopodia  Nm Nm
2 Bigelowiella

natans
Nm

Bigelowiella natans gPCR
RNA-seq
cpn60 bnatcher2110
B. natans
BERRAR—X
ftsZ
PCR
DNA
DNA
B.
natans
7000
8
DNA
B. natans



RNA
RNA
RNA

10

Sakamoto H, Kita K, Matsuzaki M “ Drug
selection using bleomycin for
transfection of the oyster-infecting
parasite Perkinsus marinus’ Parasitology
International (2016) in press
DO1:10.1016/j -parint.2016.04.003

Suzuki S., Hirakawa Y., Kofuji R.,
Sugita M., Ishida K. Plastid genome
sequences of  Gymnochlora stellata,
Lotharella vacuolata, and Partenskyella
glossopodia reveal remarkable structural

conservation among chlorarachniophyte
species. Journal of Plant Research (2016)
in press DOl :

10.1007/s10265-016-0804-5

Goodman CD, Siregar JE, Mollard V,
Vega-Rodriguez J, Syafruddin D, Matsuoka H,
Matsuzaki M, Toyama T, Sturm A, Cozijnsen
A, Jacobs-Lorena M, Kita K, Marzuki S,

McFadden GI. Parasites resistant to the
antimalarial atovaquone fail to transmit
by mosquitoes. Science 352, 349-353 (2016)
DOI: 10.1126/science.aad9279.

Suzuki S., Shirato S., Hirakawa Y.,
Ishida K. Nucleomorph genome sequences of
two chlorarachniophytes, Amorphochlora
amoebiformis and Lotharella vacuolata.
Genome Biology and Evolution
7(6):15336-1545. (2015) DOl :
10.1093/gbe/evv096.

Hirakawa Y., Ishida K. Polyploidy of
endosymbiotically derived genomes in
complex algae. Genome Biology and
Evolution 6(4):974-980. (2014) DOI:
10.1093/gbe/evu071.

Yamaguchi H., Nakayama T., Hongoh Y.,
Kawachi M., Inouye 1. Molecular diversity
of endosymbiotic Nephroselmis
(Nephroselmidophyceae) in Hatena
arenicola (Katablepharidophycota).
Journal of Plant Research, 127 (2), 241-247.
(2014) DOI: 10.1007/s10265-013-0591-1.

Hirakawa Y, Suzuki S, Archibald JM,
Keeling PJ, Ishida K. Overexpression of
molecular chaperone genes in nucleomorph
genomes. Mol Biol Evol 31, 1437-1443
(2014) DOI: 10.1093/molbev/msu092.

HirakawaY, ( 73 10 ), Ishida
K( 35 ) et al. Algal nuclear genomes
reveal evolutionary mosaicism and fate of
nucleomorphs. MNature 492, 59-65 (2012)
DO1:10.1038/naturel1681.

Kashiyama Y, Yokoyama A, Kinoshita Y,
Shoji S, Miyashiya H, Shiratori T, Suga H,
Ishikawa K, Ishikawa A, Inouye I, Ishida
K, Fujinuma D, Aoki K, Kobayashi M, Nomoto
S, Mizoguchi T, Tamiaki H. Ubiquity and
qguantitative significance of
detoxification catabolism of chlorophyll
associated with protistan herbivory. Proc
Natl Acad Sci US A 109, 17328-17335 (2012)
DOI: 10.1073/pnas.1207347109.

Ishida K., Endo H.,
Partenskyella glossopodia
(Chlorarachniophyceae) possesses a
nucleomorph genome of approximetely 1 Mbp.

Koike S.

Phycol. Res. 59(2):120-122. (2011)
DOI: 10.1111/j.1440-1835.2011.00608.x.
48
Hatena arenacola
40
2016.3.19
40
2016.3.19



Prototheca
40 2016.3.19
85
2016.3.19
85
2016.3.19
DNA 85
2016.3.19
BMB2015
2015.12.4

Matsuzaki M, Sakamoto H, Kita K
Characterization of endosymbiotic
organelles in the oyster-infecting
parasite Perkinsus marinus. 2"
International Symposium on
Matryoshka-type Evolution of Eukaryotic
Cells, 2015.10.1, University of Tsukuba

Ibaraki Tsukuba

Matsuzaki M, Kuroda M, Masuda 1,
Sakamoto H, Sakamoto K, Inaoka DK, Kita K
Mitochondrial respiratory chain of an
oyster parasite Perkinsus marinus. V11
European Congress of Protistology,
2015.9.9,

Spain

Sakamoto H, Kita K, Matsuzaki M

Development of a drug selection system for

transfection of the oyster parasite
Perkinsus  marinus  (Alveolata). VII
European Congress of Protistology,
2015.9.9,
Spain
79
2015.9.7
DNA
POP 39
2015.3.22

39 2015.3.22

84
2015.3.22

Nucleomorph
genome evolution as a model system of
genome compaction in endosymbiosis

2014.11.24

2014.11.1

47
2014.10.31

Perkinsus marinus
78
2014.9.12

Partenskyella glossopodia

78 2014.9.12

2014.9.4 ;
@D Matsuzaki M, Hata M, Masuda I, Kita K
RNA-seq analysis on randomly-fragmented
linear mitochondrial genome of an oyster
pathogen Perkinsus marinus. Protist2014,
2014.8.5,( )-
@ Sakamoto H, Suzuki S, Nagamune K, Kita
K, Matsuzaki M Abscisic  acid
biosynthetic pathways have been lost in a
non-photosynthetic plastid of Perkinsus
marinus, a protozoan parasite of oyster.
Protist2014, 2014.8.5,(

)-
@  Hirakaw Y Plastid division
proteins of chlorarachniophyte algae. ESF
conference: Biology of Plastids - Towards
a Blueprint for Synthetic Organelles,
2014.6.24, Polonia Castle (Puttusk
Poland) .
@ Yamaguchi H, Suzuki S, Ishida K, Inouye
1 Mitochondrial gene expression 1is
suppressed after symbiosis?: A case study
of Hatena arenicola symbiont. 5th Congress
of the International Society for Applied
Phycology, 2014.6.24, Australian
Technology Park (Australia Sydney).
@




2014.5.22

83
2014.3.27
@
Ftsz
38 2014.3.16
38 2014.3.16
2013.12.5
DNA
77 2013.9.14
@D

Perkinsus marinus
77 2013.9.14

62 Hata M, Masuda I, Kita K, Matsuzaki M
Perkinsus marinus mitochondrial genome is
mixture of randomly fragmented linear DNAs,
12t International Colloquium on
Endocytobiology and Symbiosis, 2013.8.20,
Dalhousie University (Canada Halifax).
63 Sakamoto H, Hata M, Kita K, Matsuzaki
M Characterization of secondary plastid
membrane  transporter homologs in
Perkinsus marinus, 12" International
Colloquium on  Endocytobiology and
Symbiosis, 2013.8.20, Dalhousie
University (Canada Halifax).
@9 Matsuzaki M, Hata M, Masuda I, Kita K
Mitochondrial genome of oyster pathogen
Perkinsus  marinus is composed of
randomly-fragmented linear DNA molecules,
ICOPX1V, 2013.7.29, University of British
Columbia (Canada Vancouver).
@ Hirakawa Y, Akiyama M, Ishida K. The
plastid division of complex algae,
chlorarachniophytes, ICOPX1V, 2013.7.29,
University of British Columbia (Canada
Vancouver).

13

2015
166-174

2012 170-73

http://ww.matryoshka-evolution. jp

@
ISHIDA, Ken-ichiro

@
INOUYE, Isao

MATSUZAKI, Motomichi

HIRAKAWA, Yoshihisa



