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The skeletal organic organic matrix:
Key to understanding the biomineralization reaction

e Contains a suite of proteins,
lipids and polysaccharides

 Composed of two fractions: the
soluble (SOM) and insoluble
organic matrix (IOM)

* Proteins of the IOM form a
framework for crystal growth

e Proteins of the SOM play a role
in nucleation and crystal
e growth

Pocillopora verrucosa SOM and IOM after decalcification of
coral skeleton (photo: I. Brikner)



Previous work in Falkowski lab:

» Establish a culture system that functions similar to corals (study biomineralization
under controlled conditions)

e Characterize skeletal organic matrix proteins (36) that play a role in calcification
* Understand their role in nucleation and crystal growth

e Study the impact of seawater pH on these proteins

Proteomic analysis of skeletal organic matrix
from the stony coral Stylophora pistillata
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Cell cultures “proto-polyp”
formation: Tali Mass

Seriatopora sp.: T,

e Coral “zoo”
— Proteobacteria
— Bacteria
— Fungi
— Archaea
— Protozoa-ciliates

Culture medium - m — —

Extracellular organic matrix

Aragonite crystals
Calicoblastic
ectoderm

Endoderm

Zooxanthellae

Dissociated tissue consists of a mixture of cell types including free zooxanthellae. and
individual endoderm and ectoderm cells.
These cultures are a challenge to keep viable over a period longer then a month.



Proteomic Analyses of Stony Coral SOM

Coral Specific Other Non-
Biomineralizers biomineralizers

Cadherins
Carbonic anhydrase - + .
CARP4 + - _

Collagens + - i}

Galaxin + - .
Laminin G domains - - +

LDL-receptor - + +
domains

Other highly acidic + - ;
proteins

Zona pellucida - - +

Drake et al. 2013 PNAS,
Ramos-Silva et al. 2013 Mar. Biol. Evol.



Zooxanthellae-free Coral DNA

 Opti-Prep gradient followed by
cell culture of the zooxanthellae-
free fraction

e DNA extraction and PCR
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Approach - Genomic

Genomic DNA: 131,845,772 high quality reads (17.1 Gbp) used for
genome assembly.

~530,000 contigs = 450 Mbp; average coverage of 40x

The mRNA-Seq was 44,880,704 (3.8 Gbp) high quality reads,
assembled into 44,219 contigs with a N50 = 871 bp and average
coverage >5x.

A total of 21,683 gene models were predicted using AUGUSTUS;

assembled transcripts and lllumina RNA-seq data were
iIncorporated as hints to aid in building these models.

39% GC content

*» Similar to the genome of Acropora digitifera (420 Mbp, 23,700
gene models)

Where do we start the search for putative biomineralization
proteins?

Mass et al. Current Biology, 2013




Acidic proteins in biomineralization:

>30% aspartic and glutamic acids

J "g Aspein, Pif: A shell-matrix protein (Tsukamoto et al. 2002, Suzuki et al. 2009)
Pinctada fucata

MG MSP-1: A shell-matrix protein (Sarashina and Endo 1998)

Patinopecten yessoensis

’N' Asprich family: A shell-matrix protein (Gotliv et al. 2004)
Atffﬁﬁigf&a

@\‘Wﬂ Crustocalcin: Ca?* binding protein (Endo et al. 2000)

Panaeus japonicus

———_ Starmaker: Otolith biomineralization (Soellner et al. 2003)

-

Danio rerio

N Dentin sialophosphoprotein (Ritchie et al. 1994)

Rattus norvegicus

L
Dentin sialophosphoprotein (Gu et al. 2000)
Bone sialoprotein (Fisher et al. 1990)

Homo sapiens



Genome-wide search for acidic
macromolecules

* Protein is longer than 100 amino acids
e contains >35% aspartic or glutamic acids
* exhibits an N-terminal secretion signal peptide
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Stylophora pistillata (Seriatopora sp.)



Coral Acid-Rich Protein (CARPs)

* CARP1

MFHSWWMTLLILGSTVSFVFTEGDHLKPGHSEDEHDEDEHDEEMADHADEQNPADEEETEDEE
KDDDKMEDDSDDDEEDESQGDDEGEDENDQSHLEHDAFLDKDGKVSWEEFKKGHFSDDGKDE
DAKEQMKEDEEKFKFADEDGDGKLDLEEYMAFYHPGDNPRMTEFTIEDSLKKHDKDKDGQVSK
KEFLATFSDVNDDAKEEMEKDFNNNFDKDKNGRLNKEEMKSWLFPDDDFSTEEPKTLIKEADED
KDGKLTMDEIMKNYKVFIEDEPEDSSHDEL

* CARP2

MVLVLIQATHLLCSVLILVSSAPVENEIRIRGPKLEDEEEGNFPPIMPAQLELKEREFPKKEEERKEAK
EDENMLREELKHFRDEESLKNVITRLERELAFEKTEREENRETEDLSNEELVERELPEEVDEIPEEKG
ARELKEENGLEMFYRNLQRKLKEKQERDMPVKEMEYESPEDQEEEMQERELDEEFKEKSKRELEE
EDLEETGAEEREDKRELAEEVSSREELEENEEELALKRKRGEENMATEWEIPESVEHYDENKRSKH
PPKHMREREAERERERFDDHGHKEREREEFRERQRELALSNGGKLHERELEGRKQRQEIGLHGVR
REESERFRFRVRGE

* CARP3

MRNFLIALALIAIFAAVQSMPADTHEDKARNYVPESANATDPAVAEPSEAENDPAQSETEPAAEE
ASTDAASDTKEDDSAAADDSSDDDLDDDSVDENDEDDEDDEDDEDDEDDEDDEDDEDDEDDS
DDSDDGDDGDDENDGDDEDDGDDEDDGDDE

* CARP4

AKMLSKSGKIMIVRDNDDDDDDDDDDDDDDDDDDDDDDDFSDDNEEMLSFEVDEVEEKDVN
GNDVDKRQRHSVDSFDDVDFTFTKVDTQAKYDGLPVTNVNLSATLLGFSSLEIMVYLFRQAGKYV
AFGNETFRVEKGTVKFNIR

Mass et al. Current Biology, 2013



Coral Acid-Rich Protein

. CARP1- isoelectric point=4.23

AFEGDHLKPGHSEDEHDEDEHDEEMADHADEQNPADEEETE
DEEKDDDKM EDDSDDDEEDESQGDDEGEDENDQSHLEHDAFLDKDGKVSWEEFKKGHFS
DDGKDEDAKEQMKEDEEKFKFADEDGDGKLDLEEYMAFYHPGDNPRMTEFTIEDSLKKHD
KDKDGQVSKKEFLATFSDVNDDAKEEMEKDFNNNFDKDKNGRLNKEEMKSWLFPDDDFST
EEPKTLIKEADEDKDGKLTMDEIMKNYKVFIEDEPEDSSHDEL

* CARP2- isoelectric point=4.78

MAAAHGATHEEESHHNSSAPVENEIRIRGPKLEDEEEGNFPPIMPAQLELKEREFPKKEEERK
EAKEDENMLREELKHFRDEESLKNVITRLERELAFEKTEREENRETEDLSNEELVERELPEEVDE
IPEEKGARELKEENGLEMFYRNLQRKLKEKQERDMPVKEMEYESPEDQEEEMQERELDEEFK
EKSKRELEEEDLEETGAEEREDKRELAEEVSSREELEENEEELALKRKRGEENMATEWEIPESV
EHYDENKRSKHPPKHMREREAERERERFDDHGHKEREREEFRERQRELALSNGGKLHERELE
GRKQRQEIGLHGVRREESERFRFRVRGE

 CARP3- isoelectric point=3.04

MBRNFHALALAHRAAMOQSMPADTHEDKARNYVPESANATDPAVAEPSEAENDPAQSETEPA
AEEASTDAASDTKEDDSAAADDSSDDDLDDDSVDENDEDDEDDEDDEDDEDDEDDEDDE
DDEDDSDDSDDGDDGDDENDGDDEDDGDDEDDGDDE

 CARP4- isoelectric point=3.99

AKMLSKSGKIMIVRDNDDDDDDDDDDDDDDDDDDDDDDDFSDDNEEMLSFEVDEVEEK
DVNGNDVDKRQRHSVDSFDDVDFTFTKVDTQAKYDGLPVTNVNLSATLLGFSSLEIMVYLFR
QAGKVAFGNETFRVEKGTVKFNIR

Mass et al. Current Biology, 2013



In-vitro CaCO, precipitation at pH 8.2 and 7.6 in
the presence of CARPs

pH 7.6 ,
Left (SEM)
= Images of CaCO,
=3 crystals grown in artificial
CARP1 = seawater containing 0.1
£ uM CARP 1-4 at pH 8.2
and 7.6.
1 2Energy (kevs) ) ’ Right (elemental
T T . T composition)
CARP2 c s *Ye Top — protein-free
~ _ artificial seawater;
sl
| I Middle - artificial
£ v A seawater containing
CARP3 L L L L J BSA;
£8 [ 7 ! ' fnewev,) l Bottom - artificial
i seawater containing
N\ A = CARPs 1-4.
AL | N T The Au and Pd peaks
CARP4 b & ER I L. derive from the gold
- ‘ =00 . N . coating and the Si peak
| . A ca derives from the silica
e, . | | | |
_ T 2 3 z s | wafer base.
Mass et al. Current Biology, 2013 Energy (keV)




CARP Evolution
CARP1 gene-fusion

*
20 60 80

i

Stylophora pistillata CARP1 MEHSWWMT BEENEGSTHSEN GIIIIPGISIIIIIIIIIIIIMAIHAIIGN PAllllTlllllll- - - IIMIIISIIII 77

Favia sp. comp226469_c0_seq1 MERSWWESEENEGHTUNUY - DBEPPGHSEDEHDE- - - - - EPEDQADEQHP- DEDESENEEKDDSNEEEEEEDNDQEE 73
Acropora digitifera aug_v2a.23189 MSRWWWHAEENSVANMCESAANSHBNEPPGHSEDEHDE- - - - - DPEDQEDEQDSBTEE

Acropora millepora gi89132448 MSRWWWIAEENSUANMCENAAMSHENEPPGHSEDEHDE- - - - - DPEDCEDECDSBTEEKEEDEEKEETDDKNEDDEBDEGE 75

l(IJO 120 140 * 16_0_

Stylophora pistillata CARP1 EBE- - - - - SaGBBEGEBENBQ llIlAllGlNITlllGlSPllAlTll QllllllllNllGllTIllllGllllTTll 152
Favia sp. comp226469_c0_seq! EBDE- - - - - SQGB- - - ESDBPQSHEEHDAEEGDNNTEEKGESPE DENKDGEETEDENRCRERMTTKE

Acropora digitifera aug_v2a.23189 XXXXXXXXSQGBE- - GBETBNTNNEHDAEEGBNNTEEKGE DONKDGNETEDENRAREHMTTKE
Acropora millepora gi89132448 EEBGEBE- SQGBE- - GBETBNTNNEHDAEEGBNNTEEKGESPEEAQTKENCQENKDENDONKDGNETEDENRAREHMTTKE 152

180 200 220 240

Stylophora pistillata CARP1 llllllMlTMlOIlllllGll llllGIlsllGllllAIIQMlllllllllAlllGlGlllllllMAll!PGINPlMT 232
Favia sp. comp226469_c0_seq1 MRKKEMMETMKQHDEDKBGKM HESDDGKDDDNKEQVKEDEEKEK 225
Acropora digitifera aug_v2a.23189 MRRKEMMETMKQHDEBKBGKM 233
Acropora millepora gi89132448 MRRKEMMETMKQHBEBKBGKNM 199

260 280 300 320

I I I |

_Stylophora pistillata CARP1 EETHEBSEKKHBKBKBGOMSKKEEEATESBUNDBAKEEVEKDENNNEDKDKNGRENKEEVK SWEEPDDDESTEEPKTHEK 312
Favia sp. comp226469_c0_seq1 EETHEBSEKKHBDKBRBGQNSKKEEEATESBDUNDDAKEEVEKDET TNEDKDKSGKEDKKEMKSWEEPDDDESHEEPKTENK 305
Acropora digitifera aug_v2a.23189 GETHQBSEKKHBKDKBGONSKKEEEATESDUNDDAKEEVEKDENNNEDKDSSGKEDKDEVKEWERPDDDESTEEPKTENK 313
Acropora millepora gi89132448 - - = = = = - - - - e e e ettt ettt ettt ettt sttt sttt 199

340
i

Stylophora pistillata CARP1 EABEBKBGKETVBENVENNKVENEDEPEDSSHBER 347

Favia sp. comp226469_c0_seq(1 lA||NﬂlGllTMlllMlNlll==lll0llsuﬂlll 340

Acropora digitifera aug_v2a.23189 EADEBKBGKESVBENKKNYKVEVEDEADDSNHBER 348
Acropora millepora gi89132448 - - - « = = = e e e e e e e e 199

Favia sp S. pistillata A. digitifera A. millepora
Mass et al. Current Biology, 2013



Evolution of CARP1: a Calcium binding acidic protein

Stylophora pistillata 6464 = P P
5 Sez,a?p?o,aﬁ,ystﬁ);17683366 3 o tree showing the phylogenetic
70 Seriatopora sp. < iti
9’seudo_ ipIoriapstrigosa 12073 @ & position of CABP1 among
97 |sq—Madracis auretenra 6245 a ~ | other calumenin-related
— Montastraea cavernosa 6381 | g O )
ofir Pseudodiploria strigosa 1440 3 > homologs in corals (green
81L Platygyra carnosus 38255 Y
100 Acropora tenuis 8031 = U | text) and other taxa (red text).
Acropora digitifera 8061 = RAXML bootst I h
Acropora millepora isotig0919 X ootstrap values, when
100 yNematostella vectensis ATRFA2

INematostella vectensis gi156408676

99

99

Pastreides isotig01520
100 Pocillopora damicornis 1120
Pocillopora damicornis 2798
57+ Pocillopora damicornis 56279
Nematostella vectensis A7T654

Nematostella vectensis gi156354160
Astreopora sp. 22315

Crassostrea gigas gi405952353
100 rAcropora millepora DY584521
1 Acropora millepora DY580502

100 ;Acropora digitifera 05162 8403
9_|4 I—Acropora millepora GO002033

Maximum likelihood (RAxXML)

greater than 50%, are shown at
the nodes.

Genome region that encodes CARP1,
showing intron/exon structure,
coverage using mRNA-seq, and

98 4100|Nematoste//a vectensis gi156368855 genome coverage in the draft
Nematostella vectensis A7SKE6
100 Bos taurus gi115497628 assembly. Note the strong support for
100 I:A/luropoda melanoleuca gi301786683 .
L Crotalus adamanteus gi387018050 the N-terminal exon that encodes the
— 1k°° Zgﬁzggfgggé: miiebore Dy 288533 acidic domain (shown with the purple
accoglossus kowalevskii gi291 P
2 Daphnia pulex gi321456925 box). The EF hand-encoding exons are
_'I 68i Drosophila ananassae gi194748539 i
64 Tribolium castaneum gi91081545 shown with the blue boxes.
100 jAcropora digitifera 21940 e
1Acropora digitifera 07367 Qggg‘in EF-hand
85

Calumenins and Reticulocalbins

0.2 substitutions/site

152x
0 _nadhiiin

67x

0

I I
2000 4000 bp

//\F'\m

RNAseq coverage

DNA coverage



100 56— Platygyra carnosus 1685
Favia sp. 24967
Pseudodiploria strigosa 22901
100 100 rPorites australiensis 3369
71 Porites lobata 21745 )
100 r—Acropora millepora 28003

81 —93]— — Acropora millepora 18376
Astreopora sp. 21300
100 Montastraea cavernosa 87640
4IE Favia sp. 53500
atygyra carnosus

90 77 Platygy 34468

89 Fungia scutaria 7257
—lj_Q_:SenaZopora sp. 24998

Stylophora pistillata 17235

08 Madracis auretenra 14325
ophora pistillata
Stylopt tillata 16791
Seriatopora sp. 19057
Seriatopora sp. 31295
100' Seriatopora hystrix 48524
Pseudodiploria strigosa 23580
Favia sp. 34447
Montastraea cavernosa 8912
Montastraea cavernosa 2049
Pseudodiploria strigosa 1689
Platygyra carnosus 43891
— Seriatopora sp. 2926
95 Madracis auretenra 59026
100 | 59 Seriatopora sp. 11526
I

Acropora millepora 12217

Acropora palmata 2557

Acropora digitifera 2051

79, Porites lobata 16183

Porites australiensis 31214

0 P%rggsAastreOIdeg_5£;?4 13003

cropora digitifera

87 100 Acropora m%/epora 18688

Acropora palmata 2974

68 Astreopora sp. 7904
72 100 S6[Porites australiensis 45651
Porites lobata 16157
Porites astreoides 4114

Acropora digitifera 13904

94— Stylophora pistillata 7324
eriatopora sp. 1
91 Leri sp. 10595
Pocillopora damicornis 13941
0 tylophora pistillata 17591
Seriatopora sp 10594
Madracis auretenra 33851
Madracis auretenra 33852
Montastraea cavernosa 91901
Pseudodiploria strigosa_16349
Platygyra carnosus 37674
Acropora digitifera 16908
Acro;)ora millepora 11128
Astreopora sp. 31526
87 Porites lobata 15419

Astreopora sp. 29657

Porites australiensis 46007
Montastraea cavernosa 7160
Platygyra carnosus 42253
Pseudodiploria strigosa 7427
Madracis auretenra 57114

100

100

65
100 86 Seriatopora hystrix 99883

Seriatopora sp. 10596
Stylophora pistillata 16373

100 Anthopleura elegantissima 41406
_I I:Anemonia viridis 269

Anthopleura elegantissima 57295

0.2 substitutions/site

CARP 5

RAXML tree shows
extensive history of CARPS
gene duplications that
predates the split of robust
(brown text) and complex
(green text) corals.




Stylophora pistillata - CARP3
Porites astreoides - 19472_4
Acropora hyacinthus - isotig07357
Acropora tenuis - isotig36709
Acropora millepora - isotig13947
Atrina rigida - Asprich_a

Stylophora pistillata - CARP3
Porites astreoides - 19472_4
Acropora hyacinthus - isotig07357
Acropora tenuis - isotig36709
Acropora millepora - isotig13947
Atrina rigida - Asprich_a

Stylophora pistillata - CARP3
Porites astreoides - 19472_4
Acropora hyacinthus - isotig07357
Acropora tenuis - isotig36709
Acropora millepora - isotig13947
Atrina rigida - Asprich_a

Pinctada rigida P. astreoides

CARP3

* 20, 40 60 80

| | |
---AN- ATBPANMAEPSEAENBPAQSETE- PAAEEASTBAASBET
---AN- ATBPGAAEPSEABDNBSTQSEPE- PTSEEASSBN- TEP
-- - ANNATBEAAAEPSEAESBPAQSEAE- PAABEAGSBA- TEP
MENEVHAEAEEAVEAANQSVPA- - - EPKARNENPES- - - - ANNATBEAAAEPSEAESBPAQSEAE- PAABDEAGSBA- TEP
MENEVNAEAEEAVMEAANQSVPA- - - EPKARNENPES- - - - ANNATBEAAAEPSEAESBPAQSEAE- PAABEAASBA- TEP
MEGEANENANAABEAVSHPKPUE- - - - - IISISIPSIIGGANllAllllAlAAlllllll0llllNlllllllAlllAlG

1%
MENEENAEAENANEAAVQSMPABTHEBKARNNVPES-
MENVEVIEAENANNAANQSVPADTQBAKABNNNPES-
MENEVEAEAEEAVEAAMQSVPA- - - EPKARNEVPE

100 120 140 160

IIIIIIIIIIISIISII ---------------------

DBADBEDDEEDSEBGODEEDSBEGBBEADSEBSBBATE
BBBBPBEEREEEBEBEBENEEEBBGGEBBASABEABEA

GBBGBBENBGBBEBBGBBEBBGBE- - - E----- - - - 157
------------------------------------ 117
------------------------------------ 109
------------------------------------ 109
SBBGBBETBSBBGBBKBBGEDSAD- - - E- - - - - - - - 176

BABEABABEABABNBAABETBAABUGTEAEBVABBE 191

S. pistillata A. tenuis A. millepora A. hyacinthus

Mass et al. Current Biology
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Conclusions

The Seriatopora sp. draft genome provides a tool
to investigate biological processes in corals.

CARPs bind Ca*? and precipitate calcium
carbonate in vitro in seawater at pH 8.2 and 7.6.

The evolutionary history of CARPs indicates a

coral-specific toolkit that has its roots deeper in
metazoan evolution.
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Coral genomic data used in analysis

Species Number of sequences

Acropora digitifera 16977
Acropora hyacinthus 11589
Acropora millepora 28463
Acropora palmata 7522

Acropora tenuis 18419
Astreopora sp. 23921
Favia sp. 26627
Fungia scutaria 28265
Madracis auretenra 42119
Montastraca cavernosa 30038
Montastraca faveolata 5565

Platygyra carnosus 66449
Pocillopora damicornis 20509
Porites astreoides 15755
Porites australiensis 19567
Porites lobata 21062
Pseudodiploria strigosa 24345
Seriatopora hystrix 27680
Seriatopora sp. 35409
Stylophora pistillata 21810

http://comparative.reefgenomics.org/




Pseudodiploria strigosa
Favia sp.

100
100
Platygyra carnosus

100I100
Montastraea faveolata
100|L pontastraea cavernosa |
Fungia scutaria 8.
100 . . 1<
- Pocillopora damicornis § &
100 Seriatopora hystrix -~
100-{{ | 190 .
Seriatopora sp.
100 Stylophora pistillata
Madracis auretenra
100
100 Acropora hyacinthus

98[ Acropora millepora
100t Acropora digitifera

1001 Acropora palmata

Acropora tenuis

Porites lobata
100
Porites australiensis

100

xajdwo)

100

Porites astreoides
100

Astreopora sp.
Anthopleura elegantissima

Anemonia viridis

100
100

Nematostella vectensis
0.2 substitutions/site

2
o
)
1
0
(2]
=
—
o

Genome-based maximum
likelihood tree inferred
from analysis of 391
orthologs (63,901 amino
acids) that was used as
the reference tree to

study coral evolution.

On average, >2-fold more acidic
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Comparison of coral (green text) and non-coral (red text) genomes
with respect to percent of encoded proteins that contain either >30%
or >40% negatively charged amino acid residues (i.e., aspartic acid
[D] and glutamic acid [E]). The average composition and standard
deviation of D + E is shown for the two cut-offs of these estimates.
On average, corals contain >2-fold more acidic residues than
non-corals. This acidification of the coral proteome is postulated
to result from the origin of biomineralization in this lineage.




Rare but interesting examples of HGT in the coral animal...

A. digitifera and Seriatopora sp.

proteomes used as queries in
automated pipeline with 90%
bootstrap support as cut-off.

This resulted in 13,256 and
19,700 alignments of which 21
and 43, respectively, supported
HGT (64/32,956 trees = 0.2%).

After accounting for gene
duplicates and redundancy
between the trees, we ended
up with 42 unique instances
of foreign gene acquisition
from bacteria and algae; 14
specific to corals.

Major targets of HGT were
DNA repair (e.g.,
polynucleotide kinase 3
phosphatase [PNK3P] and
uracil-DNA glycosylase) and
reactive species
detoxification (glyoxalase |
[methylglyoxal from sugar
metabolism]).
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Non-coral metazoans

-Amoebozoa-Entamoeba dispar SAW760-GI-167.389215
Metazoa-Gorgonia ventalina 50733
Fungi-Coprinopsis cinerea okayama7130-GF-299753805
Fungi-Schizophyflum commune H4-8-GR302692418
Fungi-Laccaria bicolor S238N-H82-GI-170094878
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Gene contribution from these lineages suggests
M a long history of interaction with the anthozoan
 lineage. Many of these HGTs may have
9y occurred in corals before Symbiodinium sp.
became thelr domlnant symbiotic partner.
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CARP expression during development
in Pocillopora damicornis

Ruth Gates Hollie Putnam‘
(HIMB) Motile larvae Settled and calcifying spat (H!MB)

A

The different stages of brooded P. damicornis larvae that were used for our
comparative analyses. Pictured are: A) stages | and Il motile larvae and

B) stage lll settled and calcifying spat. Mass et al. (In prep)
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RNAseq data generated using triplicate samples

of the 3 P. damicornis developmental stages; 100 - long
giving 104,402,226 high quality reads. B round
50 - settled

Reads used for de-novo transcriptome
assembly, yielding 141,211 contigs with a 5x O
average coverage and N50 = 1,104bp. &

9 libraries (3 stages x 3 replicates) mapped to -504

transcriptome assembly and unique reads used s

as input to DESeq2. Results show a strong -1004 "o

correlation in gene expression within each T T T T T T
developmental stage database, which supports =Ny == PC150 e diL

the existence of stage-specific signal.

DE: stage lll vs. stage Il, stage Ill vs. stage |, and stage Il vs. stage |. We collected all
genes with DE in at least one of the comparisons.

Applied a fold-change (FC) cut-off of log2 (FC) > 3.5 (i.e., 11.31 fold difference) and
log2 (1/FC) < -3.5 and a False Discovery Rate (FDR) < 0.001.

DE set was 9,986 genes, of which 3,429 had a BLASTP hit to metazoans,

and 341 had hits with e-value <1e-20 to skeletal matrix proteins previously
reported in Stylophora pistillata and Acropora millepora.




Gene expression clusters from RNAseq analysis of 3,429 DE genes in P.
damicornis. These clusters are used to pose hypothesis about gene

function.
Cluster 1 809 transcripts Cluster 2 503 transcripts
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Gene expression clusters from RNAseq analysis of CARPs and 82
other novel acidic proteins.

cluster A1l 14 transcripts cluster A2 10 transcripts
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Stage | . Stagell | Stage IlI Model based on differential

A) Structural Proteins gene expression (DE) and

| | protein immunolocalization
Cadherin Sushi domain containing protein | Cadherin Novel basic | Cadherin Novel basic . .
Zallla);n-like Hl‘)';qui:in pond! : :iallla);n-like f.llll:sl::;tm i containing proteln : 5A" g ‘?’.:.Shi dLomfin Cﬁmaining proteln d u rl ng ea rly d eve I O p m e nt I n
Hemicentin  von Wilebrand factor 1 Hemicentin  von Wilebrand factor I Cys-rich Ubiquitin . .

I MAM/LDL : Galaz(in-li!(e von Wilebrand factor P. damlcornls.

: : :Ininl:l:jflr)\tm Zonadhesion

B) Role of Structural Proteins

A) The identity of DE

- inhibition of crystal nucleation - extracellular function - nucelation and CaCOj precipitation

ealtcellinteractions | eeleel mteraction | “adhestonto the ubstiate. 7 structural proteins during
1 I -adhesion of the calicoblastic cells to the
| | shetsten the three stages of coral
C) % Upregulated Acidic Proteins development;
| | B) the roles of these
15% : 25% | 58%

, proteins in the animal;
D) Gene ExpreSSion of CARPs C) the percent up_regulaﬁon
of novel acidic proteins;

i ifjf D) the relative expression
| levels of CARPs during
N s s development; and
——ee E) immunolocalization of
E) Larval Structure and Localization of CARPs | CARPs across the three
life history stages. CARP
CARP2 ™ CARP4,5 aboral 4 and 5 share high
mesentery sentery epidermis protein similarity and are

immunolocalized by the
same antibody.
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Upcoming events in our group:

Pocillopora damicornis development manuscript to be
submitted.

Follow-up study using RNA-seq data from adults is underway.
Coral genome consortium paper to be submitted.

Additional coral genomes underway: Montipora capitata and
others at Genome Cooperative with Ruth Gates and Hollie
Putnam (HIMB). lllumina 600 cycle and mate-pair
approaches, as well as PacBio data for scaffolding.

HHMI Janelia Farm Advanced Imaging Center opportunity to
visualize coral crystal growth using live cell imaging
(Structured lllumination Microscope, SIM).

Work with Jess Adkins (CalTech) using NanoSIMS to localize
CARP4 in newly precipitated CaCo3 to study the spatial
relationship of the protein to the mineral.




