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Eukaryotic phylogeny Origins & evolutions of bacterium-

derived organelles 

Our research interests

➢ Precise diversity of eukaryotes
○ Search for novel protists in the 

natural environments

➢ Phylogenomic analyses 
○ Subject large-scale multigene 

alignments to phylogenetic analyses

○ Assess the relationship among the 

major groups (i.e. ancient splits) in 

the tree of eukaryotes

➢ Detailed process of 

organellogenesis
○ Mitochondria and plastids

○ Obligate bacterial endosymbionts

➢ Endosymbiosis-derived genome 

evolution 
○ Endosymbiotic gene transfer

○ Reduction of endosymbiont 

genomes
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➢Based on the difference in 

amino acid/DNA sequences

➢External nodes represent 

extant organisms (sequences)

➢Internal nodes are 

hypothetical ancestor 

(ancestral sequences)

➢Branch length between nodes 

represents the number of 

substitutions
Kaessmann & Pääbo. J Intl Med 2002 251:1-18.

An example of 

A phylogenetic tree



4

Sequence data for phylogeny

➢Amino acid residues vary 

among the four sequences
○ Substitutions occurred during the 

evolution of vertebrates
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Maximum-likelihood method for phylogeny
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Importance of data size in phylogeny

➢Larger the data, higher the 

accuracy
○ Only in the ideal conditions

➢A large amount of sequence 

data is available
○ Genome data

○ Transcriptome data

➢Technology is rapidly growing
○ We can generate sequence data 

quickly & reasonable price
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➢Primary (1о)
○ Between a bac & an euk

○ Very early

➢Plastid replacements
○ Within dinoflagellates

○ Quite recent

○ Multiple time

➢Secondary (2о) 
○ Between two euks

○ Fairly early but later 

than primary

○ Multiple times
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Dinoflagellates are uni-cellular algae

➢Marine & fresh water
○ One of the major primary 

producers

➢Photosynthetic, 

heterotrophic or parasitic

➢Plastids containing an 

unique carotenoid, 

peridinin

➢Red alga-derived plastids
○ Several lineages have non-

canonical plastids containing 

no peridinin
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Lepidodinium chlorophorum has 

a non-canonical, green-colored plastid

Takishita et al. Gene 2008 410:26-36.

➢Plastids possess 

their own genome

➢Phylogeny based on 

the plastid gene(s) 

indicates the origin of 

the plastid
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Lepidodinium chlorophorum has 

a pedinophyte-derived plastid

Takishita et al. Gene 2008 410:26-36.

Kamikawa et al. Genome Biol Evol 2015 7:1133-

1140.

➢52 genes were used 

for the phylogeny



Two green-colored dinoflagellates were isolated
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MRD-151

TRD-132

Green algal plastid 
containing Chl a+b

Green algal plastid 
containing Chl a+b



How did the three dinoflagellates establish the 

green-colored plastids?

➢Origins of the plastids in the new green-colored dinoflagellates
○ Sequenced their plastid genomes

○ 52-gene phylogeny

➢Host relationship among the three green-colored dinoflagellates
○ Relationship among the three dinoflagellates

○ A single-gene (ribosomal RNA) phylogeny

○ 75-gene phylogeny

Illustration by Dr. E. Matsuo



Plastid genomes of MRD & TRD

➢Analyzed together with 

another green-colored 

dinoflagellate Lepidodinium 

chlorophorum
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A single origin of green-

colored plastids

➢Three plastids grouped 

together

➢Showed a specific affinity to a 

small group of green algae, 

Pedinophyceae
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➢Three plastids grouped 

together

➢Showed a specific affinity to a 

small group of green algae, 

Pedinophyceae

➢Three dinoflagellates were 

evolved from a single 

dinoflagellate with a 

pedinophyte-derived plastid

A single origin of 

green-colored dinoflagellates?
Illustration by Dr. E. Matsuo
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Host relationship among of Lc, MRD & TRD

➢Relationship deduced from a 

standard marker gene
○ Large subunit ribosomal RNA

➢Three dinoflagellates were 

separated from each other

➢Relationship between TRD & 

MRD is unclear
○ Higher resolution required
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Host relationship among of Lc, MRD & TRD

➢Analyzed 75 genes

➢Three dinoflagellates were 

separated from each other by 

highly supported nodes
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Lc, MRD & TRD 

established their plastids 

separately from the 

same alga or closely 

related green algae

Illustration by Dr. E. Matsuo



Conclusion & perspective

➢Lepidodinium, MRD & TRD possess pedinophyte-derived plastids

➢The three pedinophyte-derived plastids were established independently

➢Additional cases of independently established, pedinophyte-derived 

plastids probably exist among dinoflagellates
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