Decoding Genomes of Corals and Symbiodinium

A possible contribution toward coral reef
preservation
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1. Decoding genome of a coral, Acropora digitifera
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2. Population genetics of Acropora digitifera
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3. Decoding genome of Symbiodinium minutum
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Present condition of coral reefs in Okinawa main islands
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Preservation and restoration of coral reefs are urgent subject
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e Nearly one-thirds of coral reefs in the world
now under critical condition due to climate
changes and human activities: bleaching
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Research of Coral Biology is

essential to coral preservation
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What are reef-building corals? (&E#Y>d&id?)

Corals are a group of cnidarians. U > (3#IfAENN) : V5514 VF > F v I DM
Symbiosis with dinoflagellates : #H®i% (EAifFEEZFEDMRE) &HERR
Making reefs: > 0E&®D< S
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Genome contains all genetic information &' J A2 TDEEIBRESD
Coral Genome Decoding : Y >34 J LAODfiEs:

Nature 2011€8H18H= (2011, August 18, issue)

LETTER

Using the Acropora digitifera genome to understand
coral responses to environmental change

Chuya Shinzato', Eiichi Shoguchi'*, Takeshi Kawashima'*, Mayuko Hamada'*, Kanako Hisata', Makiko Tanaka', Manabu Fujie?,
Mayulki Fujiwara', Byo Koyanagi', Tetsuro Ikuta', Asao Fujivama®, David 1. Miller! & Nori Satoh'

doi:10.1038/ nature 10249

Despite the enormous ecological and economic importance of
coral reefs, the keystone organisms in their establishment, the
scleractinian corals, increasingly face a range of anthropogenic

challenges including ocean acidification and seawater temperature b r
rise’' . To understand better the molecular mechanisms underlying f »
coral biology, here we decoded the approximately 420-megabase- ¢
pair genome of Acropora digitifera using next-generation sequen- =
cing technology. This genome contains approximately 23,700 gene L]
models. Molecular phylogenetics indicate that the coral and the
sea anemone Nematostella vectensis diverged approximately ~500 7
million years ago, considerably earlier than the time over which -

i

modern corals are represented in the fossil record (~240 million
o
£ 1

vears ago)”. Despite the long evolutionary history of the endosym- Hydra (Hydrs)
biosis, no evidence was found for horizontal transfer of genes from
symbiont to host. However, unlike several other corals, Acropera
seems to lack an enzyme essential for cysteine biosynthesis, imply-
ing dependency of this coral on its symbionts for this amino acid.
Corals inhabit environments where they are frequently exposed to
high levels of solar radiation, and analysis of the Acropora genome
data indicates that the coral host can independently carry out de novo
synthesis of mycosporine-like amino acids, which are potent ultra-
violet-protective compounds. In addition, the coral innate immunity
repertoire is significantly more complex than that of the sea anemone,

indicating that some of these genes may have roles in symbiosis or Sponge {Amphimecian) E =
coloniality. A number of genes with putative roles in calcification Chnanctagslate Mancsias 3 A\
were identified, and several of these are restricted to corals. The coral anoteaplae Moncsi [ m u

genome provides a platform for understanding the molecular basis of Plant (Arabicopais)

T e = 23700 genes (iE{5F)

J1E=RUALS (Acropora digitifera)
Most popular but damaged in 1998
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What we learn from the coral genome:
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Acropora lost a gene for an amino-acid synthesis
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A possible reason why Acropora were so much damaged in1998
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Restoration of coral reefs by transplantation of corals
(Oklnawa Pref. Pro ect)
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A question is whether populations of coral are

genetically same or not.
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« Populations of Okinawa main islands and/or Kerama and

Yaeyama islands
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Population genetics at genome level
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SNP: the most abundant type of genetic variation in eukaryotic genome
Small nucleotide changes can generate the different traits

DNA Sequence
extraction data
Coral sampling from
_____________ different points
L L [

Reference genome
Short read —— e e——— | RS R

mapping e SNP
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millions of SNPs to be investigated
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Detection of single nucleotide polymorphism
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Sampling locations of Acropora
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A population genetic study suggests no significant

genetic difference among the corals of the main island
HRABICHETEIESFULL OERERENEZRITIERIT/IEL

STRUCTURE (MCMC; Markov Chain Monte Carlo) "2iReference
188,000 SNPs used
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Fst between two (red and green) population:
0.08~0.09

Low (no) population divergence within Okinawa island

Fst (The fixation index): measure of population differentiation, genetic distance,
based on genetic polymorphism data, such as SNPs or microsatellites. Fst=0

indicates no divergence between population
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We are now analyzing populations
between Okinawa and Yaeyama Islands
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« Although populations of Okinawa Island look similar, how
about between Okinawa and Yaeyama islands
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Decoding of Symbiodinium genome is essential to understand

coral biology
Y OANORMYILEEBRY H7=DIc: Ric HRERRROT/LRR CHK

Symbiodinium
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Symbiosis
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The genome of Symbiodinium is quite unusual among eukaryotes
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Symbiodinium minutum-Mf1.05b scafioid 11.1: 1-200000
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Tetrahymena thermophila sct_s254010:1.200000
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Decoding Genomes of Corals and Symbiodinium

A possible contribution toward coral reef
preservation
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1. We have now genomic information of both coral and
Symbiodinium.
YO ABSUVHERBROMG DT/ LARBEADIEHTE:.
2 . Population genetics of corals
JIEIR)1 Y ORELR ¥R
3. Studies of mechanisms involved in the establishment
and collapse of symbiosis
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