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Abstract

Mutualistic relationship between Symbiodinium and coralsis crucial importance for the coral reef
ecosystem. Using ITS rDNA sequences, we reconstructed the phylogeny of the Symbiodinium. The
lengths of the sequences were 526 to 576 bp and the G+C contents were 47.5 to 53.8%. There were four
major clades A to D with the genetic distances of 0.283 to 0.677 among the clades and 0.00 to 0.052
among the species within the clades, indicating that there was long divergence among the four clades.
A phylogenetic neighbor-joining tree displayed a step-wise differentiation from Clade A, the basal
lineage, through Clades D and B to Clade C. The minimum spanning network also revealed that Clade
A was ancestral form and clades B, C and D were its evolutionary trajectories. The phylogenetic relationship
of thefour clades expressed the divergent evolution of Symbiodiniumfrom parasitism to mutualismin corals.
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Table 1. A list of sample codes and NCBI accession numbers of four Symbiodinium clades (A-D)

A B C D
Code NCBI Code NCBI Code NCBI Code NCBI
S1 AF186055 S33 AF458607 S58 DQ068038 S85 EU074902
S2 AF186058 S34 AF458608 S59 DQ068040 S86 EUQ74898
S3 AF186059 S35 AF458609 S60 DQ068042 S87 EU074901
4 AF186060 S36 AF458611 S61 DQ068044 S88 AF174553
S5 AF186061 S37 AF458612 S62 DQ480631 S89 AF174554
S6 AF186062 S38 AF458613 S63 DQ889737 S90 AF174556
S7 AF186063 S39 AY 876596 S64 DQ889741 91 AF174566
S8 AF186069 40 AY 876598 S65 DQ889743 S92 AF174574
SO AF195149 Al AY 876599 S66 DQ889744 S93 EU333710
S10 AB253789 42 AY 876600 S67 EUQ74885 S94 EU333714
Sl11 AF333505 A3 AY 894809 S68 EU074887 S95 AF174544
S12 AF333508 44 AY 894810 S69 EUQ74892 S96 AF174545
S13 AF427466 45 AY 894812 S70 EU634159 S97 AF174546
Sl4 AB190281 $46 DQ238587 S71 EU074965 S98 AF174547
S15 AB190282 47 EU074863 S72 AB207190 S99 AF174551
S16 AB190285 S48 EUQ74864 S73 AF427469 S100 AF174552
S17 AB207200 49 EU074865 S74 DQ068025 S101 AF174562
S18 AB190283 S50 EU074866 S75 DQ068043 S$102 EU074903
S19 AB207201 S51 EU074867 S76 DQ335307 S103 EU074904
S20 AB207202 S52 EU074868 S77 DQ335355 S104 EUQ74905
S21 AB207205 S53 EU074870 S78 DQ335356 S105 EU074909
S22 AB207206 S54 EU074871 S79 DQ335357 S106 EU074911
S23 AB207208 S55 EU074872 S80 DQ480598 S107 EUQ74912
S24 AB207209 S56 EU074874 81 DQ480616
S25 EU074856 S57 EU074875 S82 DQ480618
S26 EU074858 S83 EUQ074963
S27 EU074859 S84 EU074964
S28 EU074860
S29 EU074861
S30 EU074862
S31 EU074867
S32 EU074962
ITS1 ITS2
— 18S 5.8S 288

1. ITSIDNA RERE(ITSrDNA f 5 ITS1-5.85-1TS2 [# E%) °
Fig. 1. The ITS1-5.85-1TS2 region of ITSrDNA sequences.
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{1 NCBI B [KI &t EH Ffr #4025 28] () i 3 4 A
¥ ITSIDNA » &tz A ER 53 18SHIEL 4> 28S
rDNA » JP5I[#E R &) 730 bp » {1Fk 18SrDNA
R 28S rDNA F-EXF5] » ITS IDNA 5674y
WE /1 2 526-576 bp s f14 ITSL & ~ 5.8
[EFITS2 |5 o Hrp ITSL 7P R AR 202-227

bp ~ ITS2 [# /1 /* 164-198 bp ~ 5.8SrDNA [& HI|
11 156-158 bp Z[H PR KRR D R
(576 bp) » FwFERS A REE(526 bp) - HIf 1TS2
I iy 4 SRR 0 KK PR space HE (R I A
ITS rDNA #8 5B £ 547 bp o 734751 4 #d
W B LA > (£ B% ITSTDNA [ 41 » %5
FET IR G+C 77 LUy Rl 47.5% (A R EF)
53.8% (B % #+) ~ 54.2% (C % #F) Jx 52.9% (D %
i) > 4 ML A AR T G+C Bt R
52.1% » #& 7 #7 5.8SrDNA E Ky G+C H 47 bt
/1% 50.6-61.6% 5 ITSL J¢ ITS2 [~ G+C
S BIAT A 47.7-55.8% ) 44.3-51.9%,7 [t
(£2)-

A TR A2 358 1TS rDNA [8 B 2 8 (iR
Bt #E B9 7F 0.00-0.677 Z [ » A RE B/ )\ i
{& A 1E 7% 0.00 (datanot shown) » 5 A 3E {3
PHEERS AR IRy 0.052 (S15-S28) - A fFHIE
PR/ NS B AREFICRRE 5 JH{HIRREE R
0.283 (S52-S58) ° fx KHYRE A LREM D RRE »
A8 {H EEAE E £ 0.677 (S15-S99) (3 3) »

LA neighbor-joining (NJ)i# sz maximum par-
simony (MP){Z: iy 2 f oy [ IR & A > R
FERIRE RAS 1 5 2 AH IR - CEAShIRIE] b > AR
B AR - B SRR CRBE AL R AHIAEE -
oy D 28 BEEW 7{[(B, C), D], A}
R A (18] 2) o BLAS IR & 1 F bootstrap {i
B 75% o By 7 ER ST AR B AL B
& » S — 28 FI] F minimum spanning network »

2. HAEECRTE ITSIDNA |55 517829 K Bl GC 5 77 k.
Table 2. Sequence sizes (bp) and G+C contents (%) of four Symbiodinium clades (A-D) of the ITSTDNA

Symbiodinium ITS1 ITS2 5.8 Total length
clade : : ' '
Size G+C Size G+C Size G+C Size G+C
A 202 41.7 164 44.3 158 50.6 526 475
B 211 55.8 198 51.9 156 53.6 567 53.8
c 223 54.0 192 47.0 157 61.6 574 54.2
D 227 55.6 190 50.4 157 52.7 576 52.9
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Fig. 2. The neighbor-joining tree reconstructed
from the ITS rDNA sequences of Symbiodinium
(A-D, four major clades).
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# %

IDNA fEA W) & FVE & R ) i 2 8
WA BBEEYIER - 88 S HEHY)
fig(Graveset al. 1994) - fEAMFFERY LA BT »
ITS rDNA B3R EE B 561 bp » A ZREET
PRI 526 bp » BIEA(KAS R {H - 5.8SH[K]
[ 51 R JEE 11 i 156-158 bp 2 (K 2) » 5.8S
I S ) 7 22 5 PR A (LB (simiilarity) - 76.6% »
JBHS R SFRY IS > (HAE ITSL BLITS2 s 4 > A
[F] T2 P 91 R B e ALl I 72 52 > 5.8S5
BADIREMER rDNA B » 1E)RERRH (Functional
constraint) ()8 /] 5z & R - Fe dllHY s
FAMR » {H2 TS ANTS2 a8 KA 52 I Re R
il BEE AL IR AT PR B 2 1Y S
& WEL ITSIDNA A IR AIBI SR - It
R AE H MY A=) R R A7 A£ (Gardes et al.
1991; Kasuga et al. 1993) -

ITSIDNA #3ll.2 G+C 5 4kt » £ K% 8
e 7 4E GC 7R (GC balance) [ (L
(coevolution) ¥ £k (Torres et al. 1990) - fR{BfE
REUR(K 2) » &4 m ITSLEL 1TS2 HEHH
WHIG+CH 7 kL » 15 & GO i e A (LAY B
R oo IR A RN G+C oy LKL 4 R AR
REFHIRE T 91 (52.1%) - B ~ C~ D A G+C
H o LA S A SRRE  GHCH 70 ELHY SN »
A RE R A Py e ST BR 5 B — FLE JEE B 2R (Nazar et
al. 1987) -

ABFELLITS rDNA Bk (K 734 4 fe i 250
AR R A LA o S SRR A A v A At
W& B IE BT RRE » BRI R 25
{[(B, C), DI, A} ytatizfilif » Lff 2R Bid nrl8S
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