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Abstract

The genome contains all the genetic information of a given organism. Decoding the genome
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 sequencing genomes of target marine organisms (mainly
invertebrates), we wish to understand genetic and developmental mechanisms underlying
evolution and diversification 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 reported draft genomes of a coral in 2011, a pearl oyster
in 2012, and coral-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;
jellyfish, dicyemid, acoel flatworm, siphonous macroalga (umi-budo), brown alga (ito-mozuku)
in 2019; and hydra and four four strains of “Okinawa mozuku” brown alga in 2020. This year
we have reported sequenced genome of 19 coral species (collaboration with Tokyo Univ.), the
kuruma shrinp (collaboration with Tokyo U. of Marine Sci. Tech.), and nearly complete
genome of the tunicate Ciona (collaboration with Kyoto U.). In addition, we have advanced

genome-based coral research this year, and one research result shall be reported below.

1. Staffs and Students

e Professor Noriyuki Satoh
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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
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o Haruhi Narisoko
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e Research Administrators
o Shoko Yamakawa
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e Students
o Ph.D students (co-superviser)
= Kun-Lung Li (Supervisor: Assistant Prof. Watanabe, H.)

= Rio Kashimoto (Supervisor: Prof. Laudet, V.)

2. Collaborations



2-1 Genome scientific studies of chordate evolution

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Daniel Rokshar, OIST

2-2 Genome sequencing of marine invertebrates at haplotype-resolution level

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Gene Myers, OIST

2-3. Molecular biological study of COTS communications

e Type of collaboration: Scientific collaboration

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

2-4. Genome scientific study of dinoflagellates

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Pengchen Fu, Hainan University

2-5. Genome scientific study of coral-dinoflagellate symbiosis

e Type of collaboration: Scientific collaboration

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

2-6. Genome scientific study of left-right asymmetry of snails

e Type of collaboration: Scientific collaboration

e Researchers: Prof. Takehiro Asami, Shinshu University

2-7. 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 an interesting result of research collaboration with local peoples involved in

coral reef preservation of the Okinawa coast. That is, color polymorphism of the



coral, Acropora tenuis, is likely involved in different responses to environmental stress via

different expression profiles of fluorescent-protein genes (see publication #4).

Corals of the family Acroporidae are key structural components of reefs that support the most
diverse marine ecosystems. Due to increasing anthropogenic stresses, coral reefs are in
decline. Along the coast of Okinawa, Japan, three different color morphs of Acropora tenuis
have been recognized for decades. These include brown (N morph), yellow green (G), and
purple (P) forms (Fig. 1). The tips of axial polyps of each morph exhibit specific fluorescence
spectra (Fig. 4). This attribute is inherited asexually, and color morphs do not change

seasonally.

Figure 1 Color morphs of A. tenuis along the Okinawa coast. (A and B) Colonies with different color morphs are growing in shallow water along the coast
of Okinawa. (A) Healthy condition of corals and (B) bleaching of some colonies during summer season. (C and D) Two “wild-type” morphs, NO (C) and
NB (D). Both appear generally brownish while the tips of axial polyps are orange in NO (C') and blue in NB (D’). (E and F) Two greenish morphs, GO (E)
and GB (F). Tips of axial polyps are orange in GO (E’) and blue in GB (F). (G) A purple colony (P) and tips of its axial polyps (G').
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Figure 4 Spectral imaging of fluorescent emission at the tips of axial bodies of NB, GB, and P morphs in A. tenuis. Morphology of tip regions of axial
bodies of NB (A), GB (B), and P (C) color morphs. Lasers of four different wavelengths, 405 nm (D-F), 488 nm (G-I), 561nm (J-L), and 633 nm (M-O), were
used for excitation. Spectra data are displayed with wavelength color codes. Three-dimensional images were constructed with ImageJ

In Okinawa Prefecture, during the summer of 2017, N and P morphs experienced bleaching,
in which many N morphs died. Dinoflagellates (Symbiodiniaceae) are essential partners of
scleractinian corals, and photosynthetic activity of symbionts was reduced in N and P

morphs. In contrast, G morphs successfully withstood the stress (Figs. 2 and 3).
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Figure 2 Bleaching and subsequent death of A. tenuis color morphs in the summer of 2017 along the Yomitan, Okinawa coast. The projected surface
area of color morphs that exhibit bleaching appears white, with that of healthy areas is green. Dead areas after bleaching are red. Colonies that
disappeared due to wave action or unknown causes are shown in gray. Note that because the numbers of each color morph examined differ, areas have
very different values on the y-axis (m?). It is evident that GO (C) and GB (D)were little affected by environmental stresses, compared to NO (A) and NB
(B). (E) Purple.
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Figure 3 Photosynthetic activity (Fu/Fm) of five-color morphs of A. tenuis during the summer of 2017. (A) Activity profiles in June, July, August,
September, and November (data for all observation points are shown in Supplementary Figure S3). Differences in activity were evident in July among
the five-color morphs. (B) Comparison of activities in July among the five-color morphs. Bold bars indicate mean values and error bars indicate one

standard deviation. *Denotes statistically significant differences (P < 0.05) between NB and GO, NB and GB, and BG and P, examined using the Steel-
Dwass method.

Examination of the clade and type of Symbiodiniaceae indicated that the three color-morphs
host similar sets of Clade-C symbionts, suggesting that beaching of N and P morphs is

unlikely attributable to differences in the clade of Symbiodiniaceae the color morphs hosted
(Fig. 5).
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Figure 5 Symbiotic zooxanthellae or Symbiodiniaceae hosted by five-color morphs of A. tenuis. Symbiodiniaceae clades were identified based upon ITS-
2 sequences of rDNA. Numbers of sequencing reads are shown by color density (right upper column) as log2 (number of valid alignments +1). All five-
color morphs hosted only clade C Symbiodiniaceae (Cladocopium), numbers of which were largely maintained during the summer examined.

Fluorescent proteins play pivotal roles in physiological regulation of corals. Since the A. tenuis
genome has been decoded, we identified five genes for green fluorescent proteins (GFPs),
two for cyan fluorescent proteins (CFPs), three for red fluorescent proteins (RFPs), and seven

genes for chromoprotein (ChrP) (Fig.6).
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Figure 6 Genes for FPs in the A. tenuis genome. The A. tenuis genome
contains 13 FP-related genes. (A) Three scaffolds, s0077, s0297, and
s0366, contain one, three, and one gene for GFP (shown in green). Other
genes (gray) in scaffolds are named if the gene was annotated.
Arrowheads indicate the transcription direction. (B) Two scaffolds, s0010
and s0025, contain one gene each for CFP (shown in black). (C) Two
scaffolds, s0024 and s0217, contain two and one gene, respectively, for
RFP (shown in red). (D) Three scaffolds, s0096, s0152, and s0182, contain
three, three, and one gene for chromoproteins (shown in purple).
Molecular phylogeny of these genes is shown in Supplementary Figure
S3.



A summer survey of gene expression profiles under outdoor aquarium conditions
demonstrated that (a) expression of CFP and REP was quite low during the summer in all
three morphs, (b) P morphs expressed higher levels of ChrP than N and G morphs, (c) both N
and G morphs expressed GFP more highly than P morphs, and (d) GFP expression in N
morphs was reduced during summer whereas G morphs maintained high levels of GFP

expression throughout the summer (Fig. 7).
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Figure 7 Expression profiles of genes for FPs in five A. tenuis color morphs during the summer of 2017. Expression levels of five GFP genes (green), two
CFP genes (black), three RFP (red), and seven chromoprotein genes (purple) are shown with their densities (right upper column) as log2 (number of valid
alignments +1). Gene IDs are identical to those in Figure 6. NO1 and 2 are two genotypes of the NO morph, NB1, 2, and 3 are three genotypes of the NB
morph, GB1 and 2 are two genotypes of the GB morph, GO1, 2, and 3 are three genotypes of the GO morph, and P2 and 3 are two genotypes of the P
morph.

Although further studies are required to understand the biological significance of these color
morphs of A. tenuis, our results suggest that thermal stress resistance is modified by genetic

mechanisms that coincidentally lead to diversification of color morphs of this coral.
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