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EXF P M RAT BARRR, REBTEDRS B . BAFR)FRUNKZRRFELE RE R
ML F AT PTAT R L SR AR AT TS Bl 4k X UR L -TR )M ) 0Bl BKE % A& M (polymerase
chain reaction-restriction fragment length polymorphism, PCR-RFLP)»#7, #-4& M 4ExkE @R 2
(internal transcribed spacer 2, ITS2)#= X I ¥ (large subunit, LSU)R 5 #ATHF ST R A G L F o
M. (4R KA LR T R E M B 64 58 B A M (Acropora pruinose)Fa o 1) B By b A A& 25 7 3 3
(Galaxea fascicularis) B e i M3 (Acropora tenuis)F 2B . 3EHIFE) 3 /N RETEMRE, HTH
A4 AP21C1. GF21D1 #= AT21A113. 3 #riked ITS2 KRB A 551542 % C1. DI A Al13 T £ #,
AAKEAHFAENANLE & L0 REF%E Cladocopium goreaui. Durusdinium trenchii % Symbiodinium
natans A —E ., 3 PR @A RCAE RIHH Az o) A WEAEM, L+ AP2ICI #rA 69 R &%
mL R E AT PR EAER, (4% ] KRBT —FF & 2b ¥ 3 4 R R AT B RIT R
7k, ¥ EEMEAE RTEMRTRGIR K. FIUA . A= R FRAA A B AR L.
KR REE; ®BEWMMH,; BIRZS, Cladocopium; Durusdinium; Symbiodinium
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Abstract: [Objective] To develop an efficient method for isolating and cultivating
zooxanthellae from reef-building corals and lay a foundation for the research on germplasm
banking and physiological functions of zooxanthellae species associated with corals.
[Methods] The zooxanthellae were isolated and enriched from reef-building coral tissues by
micro-strainer filtration and density gradient centrifugation, and the cells were cultured in
96-well plates with the modified L1 medium. Single clones of zooxanthellae were obtained by
single cell isolation, culture, and/or plate streaking. The species and phylogenetic relationship
were identified by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) analysis in combination with internal transcribed spacer 2 (ITS2) and large
subunit (LSU) sequences. [Results] Three zooxanthellae strains were isolated from Acropora
pruinose of Weizhou Island, Galaxea fascicularis and Acropora tenuis of Xisha Islands and
numbered AP21C1, GF21D1, and AT21A113, respectively. The three strains showed the ITS2
genotypes of CI, D1, and A113 and the sequences basically consistent with Cladocopium
goreaui, Durusdinium trenchii, and Symbiodinium natans, respectively. All the three strains
demonstrated self-spinning motion and adherence during the logarithmic growth phase, and
strain AP21C1 was unable to grow on agar plates. [Conclusion] This study develops an
efficient method for the in vitro culture of zooxanthellae associated with corals and provides a
technical and theoretical basis for the research on the germplasm banking and physiological
functions of zooxanthellae species associated with corals.

Keywords: zooxanthellae; reef-building coral; in vitro culture; Cladocopium; Durusdinium;
Symbiodinium
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Cladocopium . Durusdinium . Effrenium . Fugacium .
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A Symbiodinium Breviolum . Cladocopium .
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1 Cladocopium J& HUHE P& FEIHT B EE - RF- 3
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WA BRI 20, IR B 2R 1
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LR K AT] 25%00) B AT LIAE ASP-8A By
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FRAEEPEAT U B B AR SR, KRR DB
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B AR SR AR I B 2 R R i R
FEHe, WM, CSI, ASP-8A. /2, ES. K. EMS,
ISM, IMK %P Hij F2M4H 12, K.
ASP-8A | IMK #5575 o R i g 5L 3 =0
T HUET PR B AR E IR TR AR, 2005 HEAAE
HEXF 3 MRS I N A B A T B AR SR
JE fER AL ASP-8A B JR R AEIE T 7 d2,
TERAE ] ASP-8A 1 £/2 15 3R LK 57 th 3
2oy PR P TR 7 HO A s S R K AT
15d™, BT, EABEARESEH 72 KH
MR B FREE L1, Z1 S8R T AR SR
TERY U D0,

AR LRE T HETA I A e i gy
PREE IR Bt AT A, DAY & 1 5 4
RE 1 M B (Acropora pruinose) F1 ¥ & 2 Hif 1
(Porites lutea). VD & A9 DA A= 257 )
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tenuis) ) MU B BE B IR R R . B
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AR, JE TR G X R
(15°46'-17°08'N, 111°11'-112°54") i F 74 ¥ H
JEH, & T X g 3 A e Al
TG F v 0 e 4 R R I U R T 3
FEY Cladocopium J& W) HL g s A: | Horh g
EEIHS C15 R B AT = B e At A
o F UABTTG vb R B U 0 A 25 S
Durusdinium J& W B A B | R G F I AT
fit5 Cladocopium B Durusdinium )& H 25 %
AP ARG S 2o e IO A G
B v AN AR IBCER SRR R L T ARAS AN [ R 1 1
BB, N RST B AR SN BRI S 0 A B 3
A D RE AL R F S EAT IR AR R, JF R
e ] B o S5 B A

1 MHEI

1.1 HEZRMAMI S EIESR

SR FH K i 98 7K 19 757 2 DA e 8T S ) BT 5
i R B R R SRR R v B T, b BT
R PG 0 R I v R A DA A= 25 TR B ) R S A R
M. R B AR SRS ) MiriamP |
Grossman®®"! | Xiang 261271 Chakravarti 2%
TSP I e T e . A BRIN T
WSEEC S P R AT K 2 L1 B3R L0
GUAERAWE T RIRER 50 pg/mL, A NE
723K 100 pg/mL | HE% K 50 pg/mL ., MIPEER b
2.5 ug/mL), B 2-3 e I T 0%, H
0.22 pum 1 VK Mk 3 RGN TG K,
MICEBT TR MW H BT HE, 40 pm o)
TALUE M BEA T 2% it 0k, BT 2 v A
IR FIGSE a. b AL BREAE,

(a) T HEARLAY L IR 1 200xg B0 5 min
JEFE B, S B AE R TR T K DR A
DUJE 3 W, BRERAR I8, A L1 B i
R ANMLTTVE -

(b) R FH %8 B A B g o0 T X i v v 1) A
BT E S, M 1.5% NaCl @& Hil &
40%. 60%. 80%. 100% Percoll fi)%&% 5 & 1%
W, 4 000xg /K47 850> 10 min J5, MR
S0 ST R VR IR (60%-80%) , A TC i g
JKF5 BE Percoll, 1200xg &.0> 5 min 55 ik,
i L1 53R LR AN ioE 3 K, A L1 8%
FRILH B IEITIE 5

Bl R e an B A S L1 R
96 fLARH HEFE 24 il HUBCEEAMIZE L1 5
FE o FRHEE 35%0 . PRI (25+1) °C. JGHEGR
90 umol/(m*-s), WG EI A 14 h:10 h A9 FRIE 51
TR
1.2 BEEfEEREERRE

W E BB 11 P E R
HUEHEAN N, BEICE AT R A & 24 AL
Mk 6 Ltk R EEFR 2-4 i o Af PR T4
PR B3 I QR A i, PRy 22 LUE LA 24
20-50 um BN, 7EEE BAES T RBCRAS LT
() BAAS HUBE SR AN I T8 96 FLAR TR 3%, A EH
FAE 1%BUR 1 L1 853530001 7 A R 2 55 5% DA
AT Rl ek, difk 2-3 WERZEY 2
HEIE AL AR 3%

1.3 ET 18S rRNA £ [E #J PCR-RFLP 73

B0 ISR BRI 240 L R, FiAE ) DNA $2
BUAF] £ (OMEGA Plant DNA Kit)id B 45 o #5
VEXF LB LR 24 DNA BEFTHRE . 28 5 B A4l
JERGI , SR ECAY DNA 1E 584 Wit =X 5 v
(polymerase chain reaction, PCR)f 4 ., PCR 7E
20 pL A RWAR R P T, 754 25 ng DNA |
10 puL %4 4 X /2 B Bk WK (TaKaRa Tag
Version 2.0 plus dye). I 5 [#7(10 pmol/L)#5 1 uL
1 ddH,O, #BA/N I KL (nuclear small subunit,
nss) 18S rRNA KK B i 514 ss5 (5-GGTT
GATCCTGCCAGTAGTCATATGCTTG-3)#l ss3z
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(5'-AGCACTGCGTCAGTCCGAATAATTCACC
GG-3")*"W 38 R )T A - 94 °CTHAS M 5 min;
94 °CZEME 1 min, 55 °CiE K 2 min, 72 °CHZEfH
3 min, 30 MEH; 72 °CHELEMH 10 min, PCR
P P 1 % e Ji L TR A

PR 1 1 N VDl B K B 22 25 1 (restriction
fragment length polymorphism, RFLP)/3#r: H
10 pL PCR 7475, FHBR 4 N VI Tag 1 (TaKaRa)
TE 65 °CHFYI 4 ho BEY1 79008 FH 1%BRe e e
HLUK ARSI, FRVK R MRk I XTAE ¥ . TV S
HL UK 25 45 S 55 Santos 2511945 B 4T % HE U2
1.4 EFITS2 & LSU F5IH 51

PL1.3 SR d s AL P 2H DNA i
f§if ITS intfor2 (5'-GAATTGCAGAACTCCGT
G-3")F1 ITS2 reverse (5-GGGATCCATATGC
TTAAGTTCAGCGGGT-3")"*I %} it # ¥ P 5%
[6] f [X (internal transcribed spacer, ITS) ITS2 %
K Beiff 4t PCR ¢34, (AR 1.3, BT
9. 94 °CTHARYE 5 min, 94 °C7AEYE 30's, 51 °CiE
K 1 min, 72 °CZE{# 305, 30 MEH, F)5 72 °C
SAEAH 10 min®", B HEIA K I % (large subunit,
LSU) 28S rRNA H:[H B fifi 54 28S forward

(5'-CCCGCTGAATTTAAGCATATAAGTAAGCG
G-3")H1 28S reverse (5'-GTTAGACTCCTTGGTC

CGTGTTTCAAGA-3)IgfT4 1, (K &[] 1.3,
FORERERF 4 : 90 °CTHUAEME: 5 min; 94 °C7E: 1 min,
60 °CiR Kk 1 min, 72 °CEEfit 1 min, 30 MG ;
)5 72 °CE LM 5 min, PCR =¥l 1%
FERREE I L DK A D J 6 A T AR W) TR (B i) i
A7 B2 w0 o
1.5 DREERRFEEDR

BERR ITS2 BENAYTEAR TUAY LB ITS2 %
P&/% Sym-ITS2 (http:/sym-its2.marinegenomics.cn)
PEAT HEXTIO ) B4ES NCBI (National Center for
Biotechnology Information) %4 /% (https://blast.
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ncbi.nlm.nih.gov)Xf ITS2 HI LSU X [X 41 Y
BLAST [A] i Fb X 45 5 UL I R 50 & & 43 X i
BT R BIIA . T MEGA X, Sk H]
L84 (neighbor-joining, NJ)F&F Kimura
Bk (Kimura 2-parameter, K2)45 1 Fl 5 KISk
#: (maximum likelihood, ML)t F Hasegawa-
Kishino-Yano (HKY)BAEIIH I RAELE
AR, DL A 28K 55 (bootstrap test)fli i1 R 4GE &
RS> AEAFRE, K 1000 K.
1.6 EIREREESFENE
1.6.1 XFREMBEMNE

HUYE PN B SRS 3] BB (Nikon,
CKXS3)#EAT %S, 4 A 28 1 Ot 2% B i i
(Nikon, ECLIPSE Ni-E)M£H 41108, ] Image]
A FREGIF LR R ]S, 43 E 30 -4t
1.6.2 EHEFREMBENE

HU 30 mL 80 KB O OKE e+
800xg, 10 min) X HE4H 1, 0.1 mol/L () PBS (pH
7AW 2K, R 10 min, AN CBE-Z 5
F % (2.5%—2.0%) (P1116, JbaiRERRHTA R
AN, FIREOLHE 2 h 5 4 CCIRFER . B
L [ 4 e fd 1 PBS M9k 3 ¥k, K 15 min.
JIA PBS Ll i) 1%4 R 2 kG 2 h, #
WA 2 L5 FH PBS BE% 3 K, AFIK 15 min,
FERR 2 LR K(30% ., 50%. 70%. 80%.
95%7F1 2 I 100%, FUX 20 min), ffiH 812 {U
HER(SP) L  . WdHe2: EM UCT Y] F il
(Leica)Vl i, SRJG LR AUR Sl FIAT I BR A e 1
e HT7800 3% 4 Hi + i 7358 (HITACHI)
WAL AR

2 BER54M

21 HEERVITEIRIESR
22558 IR R T 0 i ) I 3 A M R
T 60%-80% 511, /DEBITHE 80%—100% F1H]
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(Kl 1A), IR R AT ge A A & AT
TE SRR A S UTVE TSI . fGE L 40 um JE
UL 108 X e U0 (R 28 A B 0 T A 1Y) L
AN Z (K 1B); B EMEE.OEE
Ji Y H B e A e A (B 1C) o SR 2 FlAN[F]
A PRPEA T HURCEE I SRR IR, R T I Y
AR U BOR RS IR, At 3 R e ik
BRSSP AR BRI R, AT TR
TERE BRI S
2.2 HEREBRMEREKIESR K PCR-RFLP
v
et P ol 35 T8 FQ A8 A e e e B 0 i )
B R R AERK RO R B AR, P
Me 5 32 29 4—8 Jil A O R A K
(Bl 2A-2B), >k A F&JE MM Cladocopium
J& R E AN TE R A BN AR B A K
PCR-RFLP 7 #r 45 R Bn, EIRKEFRS2M R
T 18S rRNA KK v BX 11 Taq 1EGVI LR R

Sample—40%
40%—60%

60%—80%

80%-100%

1 E,\,;:ﬁr_*fﬁr_ﬁ%'u&: Qﬂiﬂﬂi"?%

Figure 1 Density gradient centrifugation results of
zooxanthellae and algal cell culture. A: Density
gradient centrifugation results. B: Algal cells
without density gradient centrifugation. C: Algal
cells with density gradient centrifugation.

3F, 490k Durusdinium Jg |
F Symbiodinium J& (&l 2C).
23 HEE Mﬁiém&?%&aﬁﬁ
PR RAY 3 AR BRI T, 1TS2
st R RHA 9k Cladocopium J&(C1 Y,
100%, OP265700) . Durusdinium J& (D1 %Y ,100%,
OP265699)F11 Symbiodinium J&(A113 Y, 97%,
OP265701), #i 1TS2 /741 3k K 43 5 4 5y
AP21C1. GF21D1 Ml AT21A113 (¥ 1, LSU J¥41]
GenBank 741553 512l OP265697, OP265696
OP265698), ITS2 F1 LSU 4] BLAST [&] i
K45 R W oR HE 90 AR AL B i a3
Cladocopium goreaui (100%, 100%) . Durusdinium

Cladocopium J&

Marker b bp

2 B EAEEMRAYE S

Figure 2 Establishment of monoclonal cell algal
strains. A: Symbiodinium agar plates. B: Durusdinium
agar plates. C: Gel electrophoresis of 7ag I digestion
of zooxanthellae 18S rRNA gene PCR products. a:
Durusdinium; b: Cladocopium; c: Symbiodinium.

F1 HEERERISEEEEXRIE
Table 1 Taxonomic and source information of
zooxanthellae strains

Strain Genus ITS2 Isolation source
number types

AP21C1 Cladocopium  C1 Acropora pruinosa
GF21D1 Durusdinium D1 Galaxea fascicularis
AT21A113  Symbiodinium A113 Acropora tenuis
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trenchii (100%, 100%) . Symbiodinium natans
(99.22%, 100%), R4t & & AL # 0L I& 3 FlE 4.
2.4 A [EERERMAEASHIE

TE BT AT 15 97 1 BRI B PR 4 35 8 v T o B
Tizshaiil . Z R A FERIRASh AN 5).
ek B s R A (E SAL, B, C.HERHIE
AN BOE Eoemg R TEEIE Foe, EF
EERIR Z 8] th RV AR e s K B 2y A i

Ky 1.5 %5 e RS bR, Sn7Eai
WREIN S, 5 B2 o A — A B R Bk
WREAE; AT LS, FRiBEs N5,
A AT21A113 Wiz M4 (11.7£1.1) pm, &
(8.2+1.3) um; ERIE A SN ML EAE(9.9£1.3) pum;
PR GF21D1 E3 44 (10.5+1.0) pm, T
(7.4+1.1) pm; BRIE A Sh 40 M EH42(10.0+1.2) pm;
PR AP21Cl iz3h 404 (10.6+0.8) pm, TE

Cladocopium pacificum (MW757035)

67/34 Cladocopium latusorum (MW757029)

Cladocopium goreaui (MT174582)
99/100

AP21C1 (OP265700)

Cladocopium thermophilum (MW915622)

Durusdinium glynii (MW024234)

100/100
Durusdinium trenchii (MK478818)

GF21D1 (OP265699)

—— Svmbiodinium pilosum (FI823607)
98/99

AT21A113 (OP265701)
100/100
Symbiodinium natans (AB704010)

Symbiodinium tridacnidarum (LC718591)

99/99 Symbiodinium linucheae (MH931834)

Symbiodinium microadriaticum (ON259685)

93/70 Symbiodinium necroappetens (ON259686)

— Pelagodinium beii (DQ195376)

B3 ETEREAEREORXATS)FIMEMRAZLZEHLN RELFHRAERMAR LML)
SR (ND S, ZEM node value K ML, £l node value {54 NJ. Pelagodinium beii NNERE, W]
{HEERI 1 000 K ; WARFESHFS . GenBank &3¢S ; /03 SiBUE: PEHALM bootstrap 1H; Fr R %
& PSRN SCKE. T

Figure 3 Maximum likelihood and neighbor-joining phylogenetic tree based on ITS2 region with
Pelagodinium beii as outgroup. Numbers in parentheses represent the sequences’ accession number in

GenBank. Bootstrap values (1 000 replicates) are shown next to the branches as ML/NJ. Bar is sequence
divergence. The same bellow.
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56/73

100/100

96/9‘1{

99/99

62/96

89/95

—
0.050

& 4

Cladocopium latusorum (MW711732)
Cladocopium pacificum (MW711734)
Cladocopium thermophilum (MH685426)

AP21CI (OP265697)

Cladocopium goreaui (FI939581)

Durusdinium trenchii (MK692915)

100/100

GF21D1 (OP265696)

Durusdinium glynii (KY131781)

AT21A113 (OP265698)

Symbiodinium natans (AB704057)
Symbiodinium tridacnidarum (ON263283)
Symbiodinium pilosum (MK692876)
Symbiodinium linucheae (MK692538)

98/90 |1 Symbiodinium microadriaticum (KM972549)
Symbiodinium necroappetens (MK692866)

Pelagodinium beii (AF060900)

ETHRERKTELSU)FIMEMAR LB HLH

Figure 4 Maximum likelihood and neighbor-joining phylogenetic tree based on LSU sequences with

Pelagodinium beii as outgroup.

(7.3+1.1) pm; FRIE ARSI EAE(9.8+1.3) pm,
s S FE MR IR ST, FEF /N R P ke
% = By (B A ) B3t 3 — B R B8 05 kAT H

i85, TG, #Etk AT21A113 A4
%meﬁ@ﬁ RZNHEIZEE, W6
B H 6 GF21D1 Rz, HUB 40
AP21C1 IR B8 f 13 H B 43 356 4 e o # 1k
R S I CRREE AT ], 35 4 A o 00 R 3
%, R IB)ER A 20 Mk A BRCIROR s (B 5A3.
B.3. C.3).

BT T RO R A [R] J HE EA

() A5 AFRL B4 R B 25 4 o T R TR DR A 0 D £ -t
AT tE AN A BE L L s AR N T 1 2
i JER R AR IAREUE AR T
200 i R A 1) B R 1A B B AR AT 1 4
TR b, FF i — AR 20 )2 A (18] 6A-6C).
2R AR P R BE AR Ry = 26— 3 (1%l 6D—6F),

3 W
b2 A A A TR, R S T R f

PLRITT SIS A o SEAE SR v A L et 7 3
A PRBE R A2 AR BT TR AR, ARG R
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Algal liquid Mastigote Doublet Coccoid

GF21D1 AT21A113

AP21Cl1

E5 TRKAHFZAMSFERDERAFEHR T AR
Figure 5 Color and cell morphology characteristics of different strains of zooxanthellae cells in liquid
culture. Lf: Longitudinal flagella; Py: Pyrenoid.

0.5 pm

E6 ARKABEZMMESTBTRMER

Figure 6 Transmission electron micrographs of different strains of zooxanthellae cells. A: AT21A113. B: GF21D1.
C: AP2ICI1. D: Chloroplast and thylakoid of AT21A113. E: Chloroplast and thylakoid of GF21D1. F: Chloroplast
and thylakoid of AP21C1. n: Nucleus; ¢: Chromosome; Ch: Chloroplast; Py: Pyrenoid; m: Mitochondrion; s:
Starch; a: Adminccumulation body; w: Cell wall, paired arrows indicate the thickness of the cell wall.
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