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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 comprehensively genetic and developmental
mechanisms 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 algae. We have decoded genome
of a coral in 2011, a pearl oyster in 2012, and symbiotic dinoflagellate (Symbiodinium) in 2013,
respectively. We further decoded genomes of hemichordates and a brachiopod in 2015, and
a brown alga in 2016. In FY2017, in collaboration with Australian researchers, we decoded
the genome of the Crown-Thorns-Starfish, a pest of coral reefs. Main results of this year

research shall be reported below.
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2. OIST PhD Graduation

We congratulate three students for their OIST PhD Graduation.

i-dyun Luo

Thesis: Insights into lophotrochozoan evolution and the origin of morphological novelties from

brachiopod, phoronid, and nemertean genomes

Graduation Date: 2017 August 14



iKenneth Baughman

Thesis: Decoding and analysis of the Crown-of-Thorns Starfish Acanthaster planci genome

Graduation Date: 2017 August 25

eita lkegami

Thesis:Comparative transcriptome analysis of basal deuterostomes and its implications for the

phylotypic stage

Graduation Date: 2018 February 9



3. Research activities and findings

3.1. Environmental genomics

The crown-of-thorns starfish (COTS, the Acanthaster planci species group) is a highly fecund
predator of reef-building corals (Fig. 1a). COTS population outbreaks cause substantial loss of
coral cover, diminishing the integrity and resilience of reef ecosystems in Indo-Pacific area
(Fig. 1c). In collaboration with Australian researchers, we sequenced genomes of COTS from
the Great Barrier Reef, Australia and Okinawa, Japan (approximately 380-Mbp genome that
contains ~24,500 protein coding genes). We challenged to identify gene products that
underlie species-specific communication and could potentially be used in biocontrol
strategies. We especially focused on water-borne chemical plumes released from aggregating
CQOTS, which make the normally sedentary starfish become highly active (Fig. 1a, b). Peptide
sequences detected in these plumes by mass spectrometry are encoded in the COTS
genome and expressed in external tissues. The exoproteome released by aggregating COTS
consists largely of signaling factors and hydrolytic enzymes, and includes an expanded and
rapidly evolving set of starfish-specific ependymin-related proteins (EPDRs). These secreted
proteins may be detected by members of a large family of olfactory-receptor-like G-protein-
coupled receptors that are expressed externally, sometimes in a sex-specific manner.
Therefore, our study provides insights into COTS-specific communication that may guide the

generation of peptide mimetics for use on reefs with COTS outbreaks.



Fig, 1.1. a, Adult COTS predating on coral. White coral skeleton (foreground), unconsumed

coral (background). Photo by the Australian Institute of Marine Science. b, A COTS
(foreground) and its predator, the giant triton. Photo by Oceanwide Images. ¢, Global
distribution of COTS and the collection sites of the two individuals sequenced. Blue, yellow,
pink and green, Pacific Ocean, north Indian Ocean, south Indian Ocean and Red Sea clades,

respectively.
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Fig. 1.2. a, Tissue expression of the COTS EPDR genes. b, Phylogeny of EPDR proteins.
COTS genes are labelled and are marked with red lines; other asteroids, two shades of
orange and yellow lines; sea urchins, dark green; hemichordates, light green; molluscs,
pink; annelids, purple; cnidarians, black; and vertebrates, blue. The three clades to which
COTS sequences belong are indicated by the outer circle. The asterisk denotes the fish-
specific true ependymin clade. ¢, One of the COTS EPDR gene clusters on scaffold 218, with
exons (grey bars and arrowheads), intergenic regions and introns (thin black lines) and
direction of transcription (arrowhead at end of coding sequence) shown. Scale bar, 10 kb. In

all panels, EPDRs secreted by COTS into the seawater are highlighted by red or green.

3.2 Developmental and evolutionary genomics

Of approximately ten publications in the field of Developmental and Evolutionary Genomics
this year, we wish to report here a study of phylogenetic position of dicyemids. Dicyemids
have long fascinated biologists because of their highly simplified body organization, but their
phylogenetic position remains poorly known. We newly sequenced transcriptomes of Dicyema
Japonicum (Fig. 2.1), which were complemented with published transcriptomic data. Based on
comparison of 348 orthologs and 58,124 amino acids, Maximum likelihood and Bayesian
inference analyses both placed D. japonicum in a clade with Orthonectida with strong
statistical support (Fig. 2.2). Furthermore, maximum likelihood analyses placed the Dicyemida
+ Orthonectida clade within the Gastrotricha, while in Bayesian inference analyses, this clade
is sister group to the clade of Gastrotricha + Platyhelminthes (Fig.2.2). This suggests that
dicyemids may share a common ancestor with gastrotrichs and platyhelminths, rather than
with mollusks and annelids. Thus our analysis supports the traditional acoeloid—planuloid

hypothesis of a nearly microscopic, non-coelomate common ancestor of spiralians.



Fig. 2.1. Morphology of dicyemids. a, Dicyemid embryos (em) develop inside the central
axial cell (a, white line), which is covered by a single layer of ciliated epidermal cells. Stained
nuclei, plasma membrane, and cilia, showing the simple morphology of a sexually
reproductive adult Dicyema japonicum with no coelom, gut, or other organs. Sperm cells and
eggs produced by hermaphroditic gonads (g) fertilize, and embryos develop inside the
central axial cell. Anterior is to the left. b, The central axial cell is covered with a single layer
of ciliated epidermal cells (ep). ¢, Developing larvae produced sexually, possess long cilia for
motility to reach a new host. Fluorescence: yellow, plasma membrane labeled with CellMask

Deep Red; blue, nuclei labeled with DAPI; red, acetylated tubulin. Scale bar, 20 um
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Fig. 2.2. Maximum likelihood analyses suggest that the Dicyemida have a close affinity to

the Orthonectida, and are nested within the Gastrotricha. a, The maximum likelihood (ML)

tree inferred from a dataset covering 29 taxa, with 348 orthologs, 58,124 amino acids, and

6% missing data. This tree topology is consistent with ML trees from analyses of two sub-

datasets filtered to remove systematic biases. Analyses were executed under the GAMMA

model of rate heterogeneity with 100 bootstrap replicates using RAXML. The Dicyemida

displays close affinity to the Orthonectida, and both are nested within the Gastrotricha.



Bootstrap values for three datasets (left to right): Datasets 1-3, respectively. Red triangles
indicate different groupings from Bayesian analyses. b, ML tree, inferred from Dataset 3
covering 26 taxa for the taxon-exclusion experiment, indicates that the nesting of D.
Jjaponicum within the Gastrotricha probably does not reflect long-branch attraction artifacts.

Filled green circles indicate >95% bootstrap support for all datasets
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