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PROBLEM: Little is known about the physiological mechanisms underlying
calcification processes in corals [1]. Here we utilize a transcriptomics approach
at a critical, early life history stage in the weedy coral Porites astreoides to
identify genes that are up-regulated when a newly-settled larva begins building
a calcium carbonate skeleton.
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Porites astreoides and larval traps in La Parguera.
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Ion transporters
Electrogenic sodium bicarbonate
cotransporter (SLC4A4)
Proton gradient regulation (Pgr5)
Sodium/potassium-transporting
ATPase(Atp1a4)
Proton ATPase
Sodium/potassium/calcium exchanger
Mechanosensitive ion channel protein (SLC24A4)
Acid-sensing ion channel (Asic1, 2)
Transient receptor potential cation
channel (TrpV, TrpA, TrpM, TrpC)
Calcium-transporting ATPase (Atp2b3)
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Newly settled larvae were
collected from seasoned tiles
after skeleton production was
visible (3 days post-settlement).

Illumina HiSeq with 4 x 10
base pair paired-end reads.
Larvae = 26.65 Gbases and
Settled = 21.32 Gbases of
sequence.

khmer-protocols (Trinity Platform
& UniProt BLAST)[2]

EBSeq generated 120,592 transcript
families with 30,024 (25%) annotated. In
annotated transcripts, 71% identified as
animal, 19% plant, 3% bacteria, protozoan,
and yeast, and 1% fungus and virus.

Carbonic anhydrase
Bifunctional monodehydroascorbate
reductase and carbonic anhydrase
nectarin-3
CA2

Carbonic anhydrase

Multidrug resistance exporter
ABC transporter
Metal tolerance protein
Pleiotropic drug resistance protein

Multidrug resistance exporter
ABC transporter

Oxidative stress resistance
Superoxide dismutase
Catalase-peroxidase
Universal stress protein
Endoplasmic oxidoreductin

Oxidative stress resistance
Superoxide dismutase
Peroxiredoxin (PRDX5)

Ongoing Studies
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Xenopus
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Thermal stress resistance
Universal Stress Protein (Slr1101)

Measurement of calcification rate and
photosynthesis in live, newly-settled
corals using brightfield and fluorescence
microscopy (Nikon AZ100 Multizoom and
Walz Microscopy PAM). Individual polyps
can then be harvested for expression
studies.

http://prcen.upr.edu/

Animal
Thermal stress resistance
Heat Shock Proteins (HSP70)

Heat Shock Proteins (HSP70, 80, 82, 18)
Sacsin

Apoptosis pathways
Caspase
Metacaspase

Apoptosis pathways
Caspase
Cathepsin
Apoptosis-inducing factor (AIFM2)
Sphingosine-1-phosphate phosphatase 1

Photosystem proteins
Skeleton formation
Photosystem II (PsbS)
Bone morphogenetic protein (Bmp2)
Photosystem I (Psb, Psa)
Insoluble matrix shell protein
Chlorophyll a-b binding protein (Lhcb, Cab)
Perlucin-like protein
Oxygen-evolving enhancer (PsbO, PsbQ)Cartilage matrix protein
Carotene biosynthesis (Cbr)
Adhesive plaque matrix protein
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Neuronal pentraxin
Carbonic Anhydrase (CA2)
Chlorophyll a-b binding protein (Cab)
Transient receptor potential cation
channel (TrpA)
Proton ATPase
Anemone Toxin CgNa
Electrogenic sodium bicarbonate
cotransporter (SLC4A4)
Bone morphogenetic protein (Bmp2)
Superoxide dismutase
ABC transporter
Apoptosis-inducing factor (AIFM2)
Perlucin-like protein
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Larvae and newly settled larvae
show highly similar gene
expression levels, with a higher
proportion of differentially
expressed genes in settled
relative to free-swimming larvae.
Carbonic anhydrase and the
sodium bicarbonate cotransporter
are both highly expressed and
highly upregulated in newly settled
larvae.
Genes involved in photosynthesis
and control of oxidative stress
(e.g., ROS produced by symbiotic
zooxanthellae) are also highly
upregulated, along with genes
involved in multi-drug resistance
that may help rid the holobiont of
harmful compounds.
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Live adult Porites polyp showing red
zooxanthellae autoflourescence.

Expression of electrogenic bicarbonate
transporters or other channels in oocytes
will be used to study kinetics and impact of
external or internal pH, DIC, as well as
temperature, etc.

Two microelectrode voltage clamp

Transcriptomics is a powerful tool
to study multiple aspects of the
physiology of corals and their
photosynthetic symbionts without
the need of a fully sequenced
genome.

CA1, CA2, CA3, CA12

Normalized gene expression
levels, sorted highest to lowest
differential.

RNA In situ hybridization will be used to identify the location of transporters,
exchangers, and other genes important in calcification processes. Real-time
PCR will be used to confirm differential expression in larvae and newly settled
corals and can also be used to monitor expression under stressful or variable
conditions.

Conclusions

Genes of interest with > 10-fold upregulation in settled larvae
Plant
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Model of calcification processes in the three regions close to the
skeleton that are involved in coral calcification: mesoglea,
calicoblastic epithelial layer, and extracellular calcifying medium.
It is assumed that cell volume can change and Ca+ enters the
calicoblastic space by both para- and transcellular transport.
Seawater pH = 8.2 [1]. Developed in collaboration with M. Marcano,
UPR Río Piedras.
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