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Abstract

The genome contains all the genetic information of a given organism. Decoding the genome
therefore provides the molecular basis for understanding every biological phenomenon. Since
2009, the Marine Genomics Unit (MGU) has conducted research in the realm of genome-
based biological sciences. By decoding genomes of target marine organisms (mainly
invertebrates), we wish to understand genetic and developmental mechanisms underlying
diversity of marine organisms. The major research fields are (a) evolutionary and
developmental genomics of marine invertebrates, (b) environmental genomics of coral reefs,
and (c) functional genomics of marine organisms, including pearl oyster and algae. To date,
we have decoded genome of a coral in 2011, a pearl oyster in 2012, and symbiotic
dinoflagellate (Breviolurm) in 2013. We further decoded genomes of hemichordates and a
brachiopod in 2015, a brown alga (Okinawa-mozuku) in 2016, Crown-Thorns-Starfish in
2017, a nemertean, phoronid, and two dinoflagellate clades in 2018, and jellyfish, dicyemid,
acoel flatworm, siphonous macroalga (umi-budo), and brown alga (ito-mozuku) in 2019. This
year we obtained genome sequences of a hydra, a Durusdinium (coral symbiotic
dinoflagellate), and four strains of “Okinawa mozuku” brown alga. A main result of this year

research shall be reported below.

1. Staffs and Students

e Professor Noriyuki Satoh
e Staff Scientists
o FEiichi Shoguchi (Group Leader)
o Keisuke Nakashima
o Konstantin Khalturin
o Takeshi Takeuchi
o  Koki Nishitsuiji
o Yuna Zayasu
e Postdoctoral Scholars
o Hitoshi Tominaga

e Technical Staffs



o Kanako Hisata
o Sakura Kikuchi
o Haruhi Narisoko
e Research Assistants
o Yoshie Nishitsuiji (AIMS project)
o Mayuki Suwa (Part time)
e Research Administrators
o Shoko Yamakawa

o Tomomi Teruya

e Students

o Ph.D students (co-superviser)
= Kun-Lung Li (Supervisor: Assistant Prof. Watanabe, H.)
= Christina Ripken (Supervisor: Prof. Shannon, N.)

o Lab rotation students
= Margarita Dronova
= Michael Izumiyama

o Internship Students
= Nanako Okabe (ICU)

2. Collaborations

2-1 Genome scientific studies of chordate evolution

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Daniel Rokshar, OIST

2-2. Molecular biological study of COTS communications

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Scott Cummins, Univ. Sunshine Coast, Australia

2-3. Genome scientific study of dinoflagellates



e Type of collaboration: Scientific collaboration

e Researchers: Prof. Pengchen Fu, Hainan University

2-4. Genome scientific study of coral-dinoflagellate symbiosis

e Type of collaboration: Scientific collaboration

e Researchers: Profs. Shigeki Fujiwara & Kaz Kawamura, Kochi University

2-5. Genome scientific study of left-right asymmetry of snails

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Takehiro Asami, Shinshu University

2-6. Genome scientific study of acoel development

e Type of collaboration: Scientific collaboration

e Researchers: Profs. Kunifumi Tagawa & Tatsuya Ueki, Hiroshima University

3. Research activities and findings

We report here decoding genomes of four strains of “Okinawa mozuku” brown alga in 2020.
The brown alga, Cladosjphon okamurarnus, is one of the most important edible seaweeds,
and it is cultivated for market primarily in Okinawa, Japan. Four strains, denominated the S-
strain, the K-strain, the O-strain and the C-strain, with distinctively different morphologies,
have been cultivated commercially since the early 2000s (Fig. 1). We previously reported a
draft genome of the S-strain. To facilitate studies of seaweed biology for future aquaculture,

we here decoded and analyzed genomes of the other three strains (K, O, and C).
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Fig. 1 a Four strains (S, K, O and Q) of Cladosiphon okamuranus have distinctive morphologies. Scale bars, 5 cm. b Locations from which the four
strains were isolated since 2008 in Okinawa, Japan. Scale bar, 10 km. ¢ A diagram showing the life cycle of C. okamuranus. This alga has n and 2n
generations. C. okamuranus is cultivated and sporophytes are harvested for market. Genomic DNA was extracted from 2n germlings, while RNA
was extracted from 2n germlings and 2n sporophytes.
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The genome size and the estimated number of genes in the S-strain (ver. 2) were 130 Mbp
and 12,999 genes, the K-strain, 135 Mbp and 12,511 genes, the O-strain, 140 Mbp and
12,548 genes, and the C-strain, 143 Mbp and 12,182 genes, respecitively. Molecular
phylogenies, using mitochondrial and nuclear genes, showed that the S-strain diverged first,

followed by the K- strain, and most recently the C- and O-strains.

Comparisons of genome architecture among the four strains document the frequent
occurrence of inversions (Fig. 3). In addition to gene acquisitions and losses, the S-, K-, O-,
and C- strains possess 457, 344, 367, and 262 gene families unique to each strain,
respectively. Comprehensive Blast searches showed that most genes have no sequence
similarity to any entries in the non-redundant protein sequence database, although GO
annotation suggested that they likely function in relation to molecular and biological processes

and cellular components.
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Fig. 3 Comparison of genomic architecture in Nemacystus decipiens, four Cladosiphon okamuranus strains, and Ectocarpus siliculosus. a Genomic
architecture of six brown algal genome sequences. Line color represents the percentage of linked sequence identity. b-f Dot-plot analysis
L between N. decipiens and C. okamuranus S-strain, S- and K-strains, K- and O-strains, O- and C-strains, and C okamuranus C-strain and E. siliculosus.

Due to global environmental changes, including temperature increases, acidification, and
pollution, brown algal aquaculture is facing critical challenges. Genomic and phylogenetic
information reported by the present research provides useful tools for isolation of novel

strains.
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5. Seminar



No seminars in FY2020 due to COVID-2019.



