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(Benkwitt et al., 2020) 0.1%

25% (Reaka-Kudla, 1997, Shin et 

al., 2022)

(Cesar et al., 2003, Bruno et al., 2019)

(Hughes et al., 2017, Hughes et al., 2018)

(Fan & Dai, 1999, Loya et al.,



2 

2001)

(Sweet & Bythell, 2012)

(Cheng et al., 2021, Ravindran et 

al., 2022)

(Bourne et al., 2008, Ravindran et al.,

2022)

(Symbiodinium) (Sweet & Bythell, 2012)

(Harvell et al., 2007)

(Coral holobiont)

(Rohwer et al., 2002)

(Ritchie, 2006)

(Vega 

Thurber et al., 2020)

(Sweet 

& Bythell, 2012)
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(Vega Thurber et al., 2020)

(Sweet et al., 2011, 

Sweet & Bythell, 2012)
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1.

(1)

25°C 16

, ( google)

(2)

12,000 rpm pellet 20 

2O 95 10

PCR mix (10X Tag buffer 5µl 2.5mM dNTP 1µl primerF 1.5 µl

primerR1.5 µl Taq enzyme 0.3 µl dH2O 30.7 µl) 50 µl

4617f (5’-TCCTGCCAGTAGTCATAT GC-3’) 

4618r (5’-GATCCTTCTGCAGGTTCACCTAC-3’)(Michael Sweet and John 

Bythell, 2012) : 95 °C 3 95 °C 

30 55 °C 30 72 °C 1 35 72 °C 5 PCR 
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4°C 2 µl PCR PCR mix (10X Tag buffer 

5µl 2.5mM dNTP 1µl primer 384f-cil 1.5 µl primer 1147r-cil 1.5 µl Tag 

enzyme 5v/ml 0.3 µl dH2O 38.7 µl)

: 95 °C 3 95 °C 30 60°C 30 72 °C 1 35

72 °C 5 4°C 384F (5’-YTB GAT 

GGT AGT GTA TTG GA-3’) 1147R (5’-GAC GGT ATC TRA TCG TCT 

TT-3’) (Michael Sweet and John Bythell, 2012) PCR 1.5%

Agarose gel 100 30

(3)

NCBI

FASTA MEGA 12 Molecular 

Evolutionary Genetics Analysis IQ-TREE web server 

(http://iqtree.cibiv.univie.ac.at) Figtree v1.4.4 

(4)

50 mL 5g

100 L 0.1% yeast extraction 20 mL 3 mL

, 30 mL

yeast 

extraction 0 3 6 8

10 12 14 16 18 24 100 L

25% 5 L 3
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( )

0.2 m 300 L 700 L

500 L

DAPI (4',6-diamidino-2-phenylindole) 10 ( ) 10

( ) UV DAPI

10 20

2

( google)

2.

Pocillopora 2-5 nubbin

25 7 10 nubbin

(400 cells mL-1) 1 nubbin

0 100%



8 

-20

3. Genomic DNA 

DNeasy PowerSoil Pro Kits(50)

DNA pipetman

L CD1 pellet Powerbead Pro tube

parafilm 10 4 12,000 rpm 10

2mL L CD2 5 4

13,000 rpm 1 L 2mL L

CD3 5 L MB Spin Column 4

13,000 rpm 1 L

MB Spin Column 4 13,000 rpm 1

2mL Collection tube L EA MB Spin Column

4 13,000 rpm 1 L

C5 MB Spin Column 4 13,000 rpm 1

2mL Collection tube 2

MB Spin Column 1.5mL Elution tube L Q MB Spin 

Column 4 15,000 rpm 2

DNA -20 (NanoDrop; Thermo 

Scientific) 260 nm 280 nm DNA 

DNA U968F (5'-AACGCGAAGAACCTTAC-

3') U1391R (5'-ACGGGCGGTGWGTRC-3') DNA

16S rRNA V6-V8 424 bp PCR 

L 2.5 mM dNTP L M) L 5 U TaKaRa Ex 

Taq Takara Bio L 10×Ex Taq L 10–20 ng) 
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DNA PCR initiation 94°C 5 30

94°C denaturation 30 58°C annealing 20 

72°C extension 30 72°C extension10 

1.5% agarose gel QIAEX II Agarose Gel Extraction kit 

(QIAGEN, Hilden, Germany) PCR PCR 

NanoDrop (Thermo Fisher Scientific, Wilmington, Delaware, 

USA) PCR 1.5% agarose gel

Illumina MiSeq 2×300

4.

Quantitative Insights into Microbial Ecology (QIIME2) 16S 

rRNA FASTq (Bolyen et al., 2019)

DADA2 2019.1.0 chimeras denoise

(Callahan et al., 2016) amplicon sequence variants  

(ASV) 0.005% 

ASV 

classify-sklearn SILVA v138 (Quast et al., 2013)

R alpha- beta- diversity
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1.

A

30 m 20 µm B

80 m 40 µm

( )

1000
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2.

A

Aspidisca aculeata

B Euplotes vannus

Euplotes

A(Ciliate A) B (Ciliate B) (ML tree)

bootstrap value >60
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3.

Aspidisca aculeata yeast 

extraction ( ) Day 0-Day 4

40 cells/mL 1105 cells/mL

( A) Day 4-Day 7 Day4 1105 

cells/mL Day7 1405cells/mL

Day 7-Day 10 Day7 1405 Day10 585

cells/mL Day 10-Day 13 Day10 585

cells/mL Day13 810 cells/mL

Day 0-Day 4 40 cells/mL 930cells/mL

Day 4-Day 7

( B) Day4 930 cells/mL Day7 1040 cells/mL

Day 7-Day 13 Day7

1040 cells/mL Day13 660 cells/mL

Day 0-Day 4 40 cells/mL 950 cells/mL

Day 4-Day 7

Day4 950 cells/mL Day7 1295 cells/mL

Day 7-Day 13 Day7 1295

Day13 25 cells/mL( C)

Euplotes vannus yeast 

extraction ~

Day 0-Day 8

65 cells/mL Day6 150 cells/mL Day8 220 cells/mL
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Day 8-Day 16 Day16 313 cells/mL

Day 16-Day 24 Day16 313 cells/mL 

Day24 250cells/mL( A) A

Day 0-Day 6 60 cells/mL Day6 155

cells/mL Day 6-Day 12 Day12 435

Day 12-Day 16 Day12 435 cells/mL

Day16 346 cells/mL Day 16 Day24 505

cells/mL( B) Day 0-Day 6

65 cells/mL Day6 165 cells/mL Day 6-Day 

12 Day12 410 cells/mL Day 12-Day 16 Day12

410 cells/mL Day16 330 cells/mL Day 16-Day 

24 400 cells/mL ( C)

yeast extraction

Day 0-Day10 65 cells/mL

305 cells/mL Day 10-Day24 Day10 

Day16 Day18 

273 cells/mL 150 cells/mL( A)

Day 0-Day 8 Day0 55 cells/mL

Day8 245 cells/mL Day 8-Day 10 Day 8

245 cells/mL Day10 170 cells/mL

Day 10-Day 14 Day10 170 Day 14 280

cells/mL Day 14-Day 16 Day 14

280 cells/mL Day 16 223 cells/mL Day 16-Day 

24 Day 16 Day 18 320 cells/mL Day24
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380 cells/mL( B)

Day 0-Day 8 Day0 

75 cells/mL Day8 265 cells/mL

Day 8-Day 10 Day8 265 cells/mL Day10 160

cells/mL Day 10-Day 14 Day10

160 Day14 383 cells/mL

Day 14-Day 16 Day14 383 cells/mL Day16 223

cells/mL Day 16-Day 24 Day16

Day18 465 cells/mL Day24 520 cells/mL( C)

( ~ ) A~C Aspidisca 

aculeata Day10

~ Euplotes vannus

Day10 Day24
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: Aspidisca aculeata (cells/mL) (107

cells/mL) (A~C) yeast extraction
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Euplotes vannus (cells/mL) (106 cells/mL)

Euplotes vannus (cells/mL) (106 cells/mL)

yeast extraction

~ Euplotes vannus

Aspidisca aculeata

18 ; Aspidisca aculeata

4-7 Euplotes vannus
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4.

( Euplotes vannus) Euplotes 

vannus (1 2 3 4 5 )

Day0-Day12 Day0 Day3

Day6 Day9 Day12 Day12 1 2

Day0 3 4 Day0-Day10 Day10

5 Day0-Day12 Day12

( Euplotes vannus) Euplotes 

vannus (6 7 8 9 10 )

Day0-Day12 Day0 Day3

Day6 Day9 Day12 Day12 6 7 8

9 Day0-Day12 Day12 10

Day1 ( ) Day2-

Day3 Day3
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( Euplotes vannus) Euplotes vannus

(1 2 3 4 5 ) Day0-

Day12
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( Euplotes vannus) Euplotes vannus

(6 7 8 9 10 )

Day0-Day12



20

10 Day1
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5.

Euplotes vannus

(3 4 5 6 7 8 9 10 )

3 4 5 6 9

100 cells/mL 

Day2 Day7

7 8

Day5-7 Day10-11 200-300 cells/mL

— 10

Day3 600 cells/mL

Day3
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Euplotes vannus
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6.

3-9

3-9

3 Day1-4

cells/mL 3

10

Day2-3

10
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Euplotes vannus
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7.

(zooxanthellae)

3 4 9

5 6 ( Day 9)

7 8 Day3 Day

10 Day0 Day3

40000 cells/mL

10
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Euplotes vannus
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8.

genomic DNA Nanodrop

13-245 ng/ul genomic DNA

16s rRNA V6-V8 region PCR

DNA

Abs (260/280) Concentration (ng/ul)

3 1.84 245

5 1.87 98.8

8 1.87 68.4

10 1.67 13.1
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Euplotes vannus

10

10

(positive feedback loop)
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