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SUMMARY

I. Title
Molecular Responses to the Climate Change in the East China Sea shared Coral

II. Purpose and Necessity

In the last decades, corals have been threatened by overfishing, urban and agricultural runoff
and water pollution. Coral ecosystem is the home for over 1500 species of fish, 800 of
reef-building corals, and millions of invertebrates, algae, and microbes. It is estimated over 8-9
millions undescribed, unknown, and unable to know marine species in the ocean, and majority
of them are associated with coral reefs. The productivity of coral reefs are high that makes
coral reefs critical to the survival of tropical marine ecosystems and hence of local people.
The loss of coral reef biodiversity is further exacerbated by climate change, ocean acidification
and other anthropogenic impacts. Due to the increasing need for coral conservation strategies,
it is important to identify and deal with emerging environmental stress and coral diseases.
However, many of the fundamental aspects of the coral holobiont—environment relationship
remain poorly understood. This study purposed to get basic information about the relationship
between bacterial communities and environmental conditions, using common coral species from
different latitudes.

I. Content and Scope
- Information search of East China Sea shared coral species and its distribution
- East China Sea shared coral collection

- Exploring of thermal stress related genes in coral

IV. Results and Conclusions

- Coral collection and coral RNA extraction
- Coral microarray analysis
- Gene expression profiling

Keywords: coral, stress response, gene expression, climate change, East China Sea
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1 Sungsan 2972
2 Munsom 580.4
G, Kenting 618.0
4 GI 2012.05 3232
5 GI 2012.12 116.5
6 Wakayama 2938
7 Tatsukushi 81.6

27§ WAFL NG B0 S FHE BASAT, AT 2D ABF I
Fo| B vholaz ojyold] AFFL YFaAvt

LEsEY s W] BAWRE AL FAA vhA, LEFET =B AU FA
A sel mBE £70o] W] BQ WEHE AAL fAA HAS 247 2AFAY
2%, 93 LRSI wEANGE BA 27 BTo| wEdte] So] WAL wI FA%
BAE Zehlol, Zzke] 2N FEHOE So| WAL B F44 AT Ausgch

HslE Hel FAAES Zetdlo] 159 77 75E ERA A ol A, 4050
9o information storage and processing, cellular processes and signaling, metabolism
281 poorly characterized & ¥R/ttt (29 9),

o]+ t}A] translation, RNA processing, transcription, chromatin structure 7]% 3}, cell cycle,
nuclear structure, defense mechanism, signal transduction, cell motility, cytoskeleton,
extracellular structure, intracellular trafficking, posttranslational modification 7|5, energy
production and conversion, carbohydrate transport, amino acid transport, nucleotide

transport, lipid transport, coenzyme transport, inorganic ion transport, secondary metabolite
biosysthesis 7] o2 A|&3l% o] 7% AT}

Zkz2bo]l {FHAAET 7S R8T iAWY &Ex FA4AY V5ol il F -9+ general
fuction and prediction only, function unknown1& o 2 H 73}



TR 2EH 2 =FE AdsdA Od WstE 7 FAAES Ve HE EA45A T (
1, ¥ 2) 2545 (28C) 3 NS 7]+ (24h, 48h) Z+7He #2413 A3} RNA
Signal transduction mechanism (T) 7)< 713

processting and modification (A),

frodAbE el skl 7Hg A e

DEG profiling of 5. graciflimum exposed to various

stress

=5



=51

26C - 24n 28C - 24h 30C - 24h
KOG No % No % No %

_ J 158 294 83 231 82 235
Information A 584 10.88 437 12.17 415 11.91
storage and K 196 3.65 107 2.98 93 2.67
processing L 86 1.60 32 0.89 33 0.95

B 51 0.95 31 0.86 35 1.00

D 186 346 133 3.70 109 313

y 16 030 12 033 15 043

Vv 50 093 31 0.86 40 1.15

Cellular T 735 13.69 493 13.73 487 13.97
processes M 33 061 18 0.50 15 043
and N 17 032 7 0.19 9 0.26
cignaling i 314 5.85 219 6.10 201 5.77
W 72 134 53 148 55 158

U 260 4.84 168 468 173 496

0 448 8.35 299 833 306 878

C 145 270 82 228 75 215

G 114 212 59 1.64 58 1.66

E 148 276 97 270 9% 275

Vetabolism F 50 093 32 0.89 34 0.98
H 34 063 20 056 22 0.63

1 307 5.72 211 5.88 213 6.11

p 96 1.79 77 214 88 253

Q 124 231 99 2.76 90 258

Poorly R 677 1261 429 11.95 416 11.94
characterized S 467 870 361 10.06 325 9.33
Total -0 100 3590 100 3485 100

(456) (293) (286)
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2. EEATl BAT =E2H s FF Td FHAe Ve £ F

26C - 48h 28C - 48h 30C - 48h
KOG No % No % No %

_ J 120 270 103 348 114 357
Information A 488 11.00 387 13.06 413 12.95
storage and K 144 3.24 88 2.97 98 3.07
processing L 45 101 28 0.94 45 141

B 47 1.06 24 0.81 26 0.82

D 150 338 95 321 108 339

y 13 0.29 10 034 15 0.47

Vv 51 115 36 121 34 1.07

Cellular T 650 14.65 395 13.33 411 12.88
processes M 21 047 16 0.54 16 0.50
and N 15 034 7 0.24 8 0.25
cignaling i 254 5.72 150 5.06 156 4.89
W 69 1.55 60 202 54 1.69

U 190 428 115 3.88 120 3.76

0 352 7.93 279 9.41 300 9.40

C 119 268 82 277 93 292

G 88 198 51 1.72 48 1.50

E 117 264 74 2550 72 226

Vetabolicm F 34 0.77 25 0.84 26 0.82
H 22 0.50 14 047 18 0.56

1 268 6.04 180 6.07 202 6.33

p 92 207 53 1.79 52 1.63

Q 107 241 74 2550 84 263

Poorly R 567 12.78 316 10.66 370 11.60
characterized S 415 9.35 302 10.19 312 9.78

4438 2964 3190
Total 100 100

(363) ! (239) (265)




1200 1200

100.0
80.0
60.0
40.0
20.0
0.0
28%C + pH 7.0 - 24h28°C + pH 7.5 - 24h28°C + pH 7.8 - 24h 28°C + pH 7.0 - 48h28°C + pH 7.5 - 48h28°C + pH 7.8 - 48h
B Poory characterized B Poorly characterized
® Metabolism & Metabolism
B Cellular processes and signaling B Cellular processes and signaling
W information storage and processing B Information storage and processing

g 9. 22480 =2E =M T RUASS EF

° =
oA el wdo] 2wl o] T7FR A el 5070, o] 2uf o) A
A

T3 2RSS 2Ed 2o 24N w2 AtE oA Bd F3he fHAk
Description FC KOG

1 Calpain small subunit 1 putative mMRNA 1794.6 D
2 sll1483 precursor putative mRNA 581.2 s
3 Cytochrome c oxidase subunit VIb isoform 1 putative mRNA 372.7 0]
4 Transcription factor PAX1/9 324.0 K
5 snRNA-associated Sm-like protein 297.7 A

Gamma-interferon-inducible lysosomal thiol reductase precursor
6 ) 252.8 O

putative mRNA

DNA-directedRNApolymeraselllsubunit  subunit RPC7-like putative 2384 N

MRNA
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15
16
17
18
19

20

21

22
23
24

25

26
27
28
29
30
31
32

33

34
35
36
37
38
39

Mitogen-activated protein-binding protein-interacting protein
putative mRNA

Suberites domuncula mRNA for dermatopontin (derm gene)
Fibrillins and related proteins containing Ca2+-binding EGF-like
domains

Splicing factor, arginine/serine-rich 3 putative mRNA

Myosin light polypeptide 6 putative mRNA

Glutathione S-transferase

Cynops pyrrhogaster RPE65 mRNA for retinal pigment
epithelium abundant protein

Immunoglobulin C-2 Type/fibronectin type III domains
Aphanomyces euteiches cDNA

Inward rectifier K+ channel

Ficolin and related extracellular proteins

60S ribosomal protein L22 putative mRNA

Vacuolar-sorting protein SNF8 putative mRNA Css39.8 (clona9
gene)

extracellular matrix-related protein, kinesin light chain-like
protein, and CR1 retrotransposon endonuclease/reverse
transcriptase genes; presenilin (PS) gene, exons 1 through 9
Lysophospholipase

Mitochondrial processing peptidase, alpha subunit
Vacuolar-sorting protein

Ca2+-dependent phospholipid-binding protein Synaptotagmin,
required for synaptic vesicle and secretory granule exocytosis
bZIP transcription factor NRF1

CWC15 homolog putative mRNA

Meprin A metalloprotease

Ferric reductase, NADH/NADPH oxidase and related proteins
Transcription factor OCT-1, contains POU and HOX domains
G protein-coupled receptor

Anguilla japonica relaxin 3¢ precursor (RIn3c) mRNA

39S ribosomal protein L41, mitochondrial precursor putative
mRNA

Glutaredoxin and related proteins

Dynactin subunit 1 putative mRNA

Trypsin

Transcription factor zerknullt and related HOX domain proteins
Cytokine-inducible SH2 protein

Ran-binding protein RANBP3

236.6

202.3

184.9

170.4
145.0
100.7

93.7

934
91.9
87.9
77.5
69.6

69.5

68.6

67.0
65.5
65.1

60.8

54.7
53.5
50.5
48.9
48.8
46.9
459

45.9

449
43.6
40.5
404
40.3
40.1
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40
41
42
43
44
45

46

47
48
49
50
51
52

53

54

55

56
57
58

59

60

61
62
63

64

65

66

67
68
69
70
71
72

von Willebrand factor and related coagulation proteins
Predicted E3 ubiquitin ligase

acyl-CoA delta-9 desaturase (npve gene)

Deoxycytidylate deaminase

precursor putative mRNA

Dynein light chain

Sulfate/bicarbonate/oxalate exchanger SAT-1 and related
transporters (SLC26 family)

Nemopilema nomurai mRNA for lectin

Culex quinquefasciatus conserved hypothetical protein
Ras-related GTPase

60S ribosomal protein L7A

Novel protein containing IQ calmodulin-binding motif
Transcription factor PAX1/9

Polymerase delta-interacting protein PDIP1 and related proteins,
contain BTB/POZ domain

chromosome 2, complete sequence

Tribolium castaneum actin related protein 1 (Arpl), transcript
variant 2

MIx interactors and related transcription factors

Triglyceride lipase-cholesterol esterase

RNA helicase nonsense mRNA reducing factor (pNORF1)
Fenneropenaeus chinensis Kazal-type serine proteinase inhibitor
1 mRNA

Vacuolar-sorting protein SNF8 putative mRNA Css39.8 (clona9
gene)

Uncharacterized conserved protein HEN1/CORYMBOSA?2
Mitochondrial F1FO-ATP synthase, subunit c/ATP9/proteolipid
NADH dehydrogenase, subunit 4

SNAP-25 (synaptosome-associated protein) component of
SNARE complex

Lumbricus terrestris mRNA for SCBP2 protein

Syllis nipponica 16S ribosomal RNA gene, partial sequence;
mitochondrial

chromosome 16, complete sequence

Perinereis vancaurica tetradentata TnC gene for troponin C
von Willebrand factor and related coagulation proteins
Cytokine-inducible SH2 protein

Hirudo medicinalis intermediate filament filarin mMRNA
Malate dehydrogenase

388
37.7
35.8
354
343
341

339

333
326
318
314
-100.0
-100.0

-100.0

-100.0

-99.9

-88.6
-85.2
-79.0

-66.2

-66.0

-63.3
-54.6
-52.3

-51.3

-50.0

-49.8

-46.8
-46.8
-43.1
-40.7
-40.2
-40.1
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73
74
75
76
77
78
79
80
81
82

83

84
85
86
87

88

89
90
91
92
93
94
95
96
97

98

99
100

TPR and ankyrin repeat-containing protein 1-like
Lumbricus terrestris mRNA for SCBP3 protein
Serine/threonine protein phosphatase 2A, catalytic subunit
Calreticulin

Preprotein translocase, gamma subunit

Translation elongation factor EF-1 alpha/Tu
NADH-ubiquinone oxidoreductase, NUFS7/PSST/20 kDa subunit
Saldula arsenjevi mitochondrion, complete genome
Cytochrome ¢ oxidase, subunit IV/COX5b

60s ribosomal protein L30 isolog

RNA polymerase 1II transcription elongation factor Elongin/SIII,
subunit elongin C

40S ribosomal protein S3A

Thymosin beta

Cytochrome ¢ oxidase, subunit I

Danio rerio interferon regulatory factor 1 (irfl)
Chromatin remodeling complex WSTF-ISWI, large subunit
(contains heterochromatin localization, PHD and BROMO
domains)

Danio rerio thrombospondin-4-like

40S ribosomal protein S29

60s ribosomal protein L34

S-adenosylhomocysteine hydrolase

Creatine kinases

Translation initiation factor 5A (eIF-5A)

Adaptor protein Enigma and related PDZ-LIM proteins
Discoidin domain receptor DDR1

Ribosomal protein RPL1/RPL2/RL4L4

Equus caballus similar to Rieske iron-sulfur protein
(LOC100053634)

Histones H3 and H4

60s ribosomal protein L23

-38.1
-35.9
-35.7
-35.3
-35.0
-335
-33.2
-331
-32.8
-32.6

-314

-31.0
-30.3
-29.8
-29.1

-28.9

-28.2
-28.1
-28.1
-27.7
-27.6
-26.8
-25.9
-24.7
-24.5

-24.4

-24.2
-231
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F A 24 2EY 2 BAES mEE ASoA e wHd S FHA
Description FC KOG
1 sll1483 precursor putative mRNA 2558.2 S
2 Myosin light polypeptide 6 putative mRNA 386.1 z
3 HMU24122 Hirudo medicinalis destabilase T mRNA 338.1 R
4 DNA-directedRNApolymeraselllsubunit subunit RPC7-like 2995 A
putative mRNA
5 Transcription elongation factor 1 homolog putative mRNA 260.6 K
6 snRNA-associated Sm-like protein 257.6 A
7 Mitogen-activated protein-binding protein-interacting protein 1929 T
putative mRNA
8 Transcription factor PAX1/9 165.8 K
9 Eilgrrrlwlalxli?s and related proteins containing Ca2+-binding EGF-like 1305 T
10 \g/gglé;)lar—sor‘cing protein SNF8 putative mMRNA Css39.8 (clona9 1032 S
11  Gelatinase A and related matrix metalloproteases 94.3 oW
12 Helicases 82.7 L
13 Calpain small subunit 1 putative mRNA 79.0 D
14 Meprin A metalloprotease 67.4 @)
15  Carbon-nitrogen hydrolase 65.1 E
16  chromosomel8predictedprotein(THAPS_11039) 63.5 S
17  Cytochrome c oxidase subunit VIb isoform 1 putative mRNA 62.6 0]
18  Aphanomyces euteiches cDNA 59.6 S
19  TPR and ankyrin repeat-containing protein 1-like 57.5 @)
20  60S ribosomal protein L22 putative mRNA 56.4 A
21  NADH dehydrogenase iron-sulfur protein 5 putative mRNA 516 C
22  LRR-containing protein 50.3 S
23 Serine/threonine protein phosphatase 50.3 T
24 TNF receptor-associated factor 474 T
25  Glutathione S-transferase 47.0 @)
26 Mitochondrial processing peptidase, alpha subunit 454 @)
27 Anti-apoptotic Bcl-2 family proteins, prevent opening of 422 T
mitochondrial porin channel :
28  Transcription factor OCT-1, contains POU and HOX domains 421 K
29  Cytochrome ¢ 420 C
30 relaxin 3c precursor (RIn3c) mRNA 38.2 S
extracellular matrix-related protein, kinesin light chain-like
31  protein, and CRL retrotransposon endonuclease/reverse 35.6 R
transcriptase genes; presenilin  (PS) gene, exons 1 through 9
32 Ubiquitin fusion-degradation protein 344 @)
33 Transcription factor zerknullt and related HOX domain proteins 337 R



34
35
36
37
38
39
40
41
42
43

44

45
46
47

48
49
50
51
52
53
54
55
56
57
58
59
60
61

62

63
64
65
66
67
68
69
70

Ficolin and related extracellular proteins

retinal pigment epithelium abundant protein

C-C motif chemokine 28 precursor putative mRNA
Cytokine-inducible SH2 protein

delta-9 desaturase (npve gene)

Dmcl homolog (LOC100177038)

von Willebrand factor and related coagulation proteins
Kazal-type serine protease inhibitor domain
Vacuolar-sorting protein

E1-9¢, complete genome

Mitochondrial import inner membrane translocase subunit TIM14

putative mRNA

Fibroblast/platelet-derived growth factor receptor and related

receptor tyrosine kinases
Uncharacterized conserved protein

Sulfate/bicarbonate/oxalate exchanger SAT-1 and related
transporters  (SLC26 family)

Immunoglobulin C-2 Type/fibronectin type III domains
Troponin T, fast skeletal muscle putative mRNA
Fumarase

RP23-348019 on chromosome 2, complete sequence
16S ribosomal RNA gene, partial sequence; mitochondrial
40S ribosomal protein S11

40S ribosomal protein S24

40S ribosomal protein S29

40S ribosomal protein S3A

60S ribosomal protein L28

60s ribosomal protein L34

Ca2+/Mg2+-permeable cation channels (LTRPC family)
transferrin mRNA, partial cds

NADH dehydrogenase, subunit 4

Tribolium castaneum actin related protein 1 (Arpl), transcript

variant 2

Ribosomal protein RPL1/RPL2/RL4L4

60S ribosomal protein L30

60s ribosomal protein L23

Nattectin precursor putative mRNA

40S ribosomal protein S2/30S ribosomal protein S5
40S ribosomal protein S7

Euperipatoides rowelli isolate Lec4 lectin mRNA
Mannose-6-phosphate isomerase

327
317
309
30.5
28.3
28.0
27.9
26.4
26.2
26.1

254

25.1
245
24.4

22.8

22.6

222
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0

-100.0

-99.5
-97.1
-90.8
-78.6
-77.1
-62.0
-60.7
-60.4
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—

71  Translation elongation factor EF-1 alpha/Tu -60.0

72 40s ribosomal protein S27 -59.6 J
73 Ubiquitin-like/40S ribosomal S30 protein fusion -554 JO
74  Hirudo medicinalis intermediate filament filarin mMRNA -54.5 R
75  S-adenosylhomocysteine hydrolase -53.5 H
76  60S ribosomal protein L11 -51.1 J
77  Glutamine synthetase -50.6 E
78  Cytochrome c oxidase, subunit I -44.6 C
79  MVZ236484 mitochondrion, complete genome -43.4 S
80  40S ribosomal protein S15/522 -42.8 J
81  Protein phosphatase 1, regulatory subunit, and related proteins -42.6 T
82  mannan-binding lectin gene, exon 4 and complete cds -42.2 R
83 ribosomal protein S8 (LOC100204649) -42.0 A
84 norvegicus stefin A2 (Stfa2) -41.5 R
85  60S ribosomal protein L36 -41.2 J
86  Mitochondrial/chloroplast ribosomal protein S11 -39.3 J
87  Mitochondrial ADP/ATP carrier proteins -39.2 C
88  mitochondrion, complete genome -39.1 S
89  60S ribosomal protein L18A -38.6 J
90 Macaca mulatta c-type lectin domain family 4 member G-like 376 R
(LOC704872), miscRNA

91  thrombospondin-4-like (LOC100334686) -374 (@)
92  Ran-binding protein RANBP3 -34.6 u
93  60S ribosomal protein L3 and related proteins -33.5 J
94  DNA-binding transcription factor, interacts with stathmin -33.5 KRT
95  40S ribosomal protein S3 -314 J
96  60S ribosomal protein L13a -30.3 J
97 FﬁQIQeAropenaeus chinensis Kazal-type serine proteinase inhibitor 1 295 o
98  Polycomb-like PHD Zn-finger protein -29.3 R
99  Lumbricus terrestris mRNA for SCBP3 protein -28.0 S
100  40S ribosomal protein S8 -28.0 J
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