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Geneticc variation within Symbiodinium clade B 
fromm the coral genus Madracis in the Caribbean 

(Netherlandss Antilles) 
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Abstract t 

Thee internal transcribed spacer (ITS) region was sequenced in symbiotic 
dinoflagellatess (zooxanthellae) from five morphospecies in the genus Madracis. 
Thee phylogeny of the symbionts is congruent with a companion phylogeny of the 
corall  host. Comparison with known Clade B symbiont ITS types reveals that M. 
mirabilismirabilis contains the B13 symbiont and that the other morphospecies contain the 
B77 symbiont. Madracis formosa also contains a previously undescribed type. The 
B77 and B13 symbionts appear to be highly specific to morphospecies in the genus 
Madracis.Madracis. The host-specificity between the B13 symbionts and its coral host may 
bee the result of co-evolution of the coral-symbiont association and suggests that the 
broodingg species, M. mirabilis, is reproductively isolated. Microhabitat 
differentiationn associated with light utilization independent of depth is discussed. 
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Introductio n n 

Coralss are dependent on symbiotic dinoflagellates of the genus Symbiodinium 
Freudenthall  (1962) for their growth and survival (Muscatine and Porter 1977). 
Initially ,, only one symbiont species, Symbiodinium microadriaticum, was 
recognized.. Numerous studies, however, including biochemical, physiological, 
morphological,, behavioral studies (Blank and Trench 1985,1986 Trench and Blank 
1987,, Blank et al. 1988) and molecular genetic studies (Rowan & Powers 1991a,b) 
havee determined that Symbiodinium forms a diverse group. The genus Symbiodinium 
hass been divided into phylogenetic clades designated A, B, C, D, E and F (Rowan 
andd Powers 1991, Baker and Rowan 1997, Rowan 1998, Pawlowski et al. 2001) 
andd comparative sequencing studies using small subunit (SSU) and large subunit 
(LSU)) ribosomal DNA (rDNA) have revealed that host-symbiont relationships are 
nott host-specific (Rowan and Knowlton 1995, Rowan et al. 1997). Instead, coral-
algall  associations were found to be habitat-correlated in the Montastraea annularis 
speciess complex (Rowan and Knowlton 1995) and in Acropora cervicornis (Baker 
ett al. 1997). There was a strong correlation between symbiont type and the depth at 
whichh the coral host was found. In contrast, Montastraea cavernosa did not show 
anyy correlation between symbiont type and depth (Billinghurst 1997). Similarly, 
fivee species of Madracis that were examined across a depth range of 1-45 m at 
Curacaoo showed no significant variation in their Symbiodinium LSU rDNA, which 
alll  belonged to Clade B (Diekmann et al. 2002). Because Madracis occurs over 
suchh a wide depth range, we decided to re-evaluate the symbionts from these hosts 
usingg a different marker. The aim of the present study was to look for habitat 
correlationn within Symbiodinium clade B, using the faster evolving, internal 
transcribedd spacer (ITS) region of the ribosomal DNA (rDNA). 

Material ss and Methods 

Wee sampled small fragments of colonies of five different morphospecies of Madracis 
Milnee Edwards and Haime 1849 from the Buoy I reef site on Curacao, Netherlands 
Antilless (Bak 1977): M. mirabilis Duchassaing and Melotti, M. decactis Lymann 
1859,, M.formosa (Wells 1973a), M. pharensis Heller 1868 and M. senaria (Wells 
1973b)) (Table 1, see pictures on inside cover flap). Total DNA was extracted as 
describedd previously (Diekmann et al. 2001) and the ITS1-5.8S-ITS2 fragment was 
amplifiedd using universal primers (TW5 forward and J06 reverse) (Table 2). The 
amplificationn product contained a mixture of coral and symbiont DNA fragments, 
whichh were cloned using the pGEM-T Easy Vector system (Promega). Colony PCR 
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Tablee 1. The five morphospecies of Madracis sampled at Buoy 1 site, Curasao, Netherlands 
Antilles. . 

Morphospecies s 

M.M. mirabilis 

M.M. decaclis 

M.M. formasa 

M,M, senaria 

M.M. pharensis 

Ind# # 

55 5 

4 4 

9 9 

3 3 

14 4 

15 5 

25 5 

13 3 

3 3 

8 8 

14 4 

2 2 

4 4 

Clonee # 

a a 

a a 

a a 

a,bx x 

a a 

a,b.c,d d 

a a 

a a 

a a 

a a 

a a 

a a 

a,b b 

Genbankk Accession number 

AF458597 7 

AF458595 5 

AF458596 6 

AF458598,, AF458599. AF458600 

AF458602 2 

AF458603,, AF458604, AF4566Ü5. AF456606 

AF4586Ü7 7 

AF4586Ü1 1 

AF458608 8 

AF458609 9 

AF4586IÜ Ü 

AF458613 3 

AF458611.. AF458612 

Depthh (m) 

2.2 2 

3.0 0 

19 9 

4.7 7 

32.3 3 

38.8 8 

39.6 6 

46.0 0 

10.8 8 

13.4 4 

32.9 9 

4.3 3 

7.0 0 

Tablee 2. Primers used for amplification, colony PCR and sequencing of the ITS1-5.8S-ITS2 rDNA 
region.. Primer OED58R is Madracis specific. 

Primer r 
TWS" " 
J06h h 

Clh h 

OED58F" " 

Directio o 
forward d 
reverse e 
forward d 
forward d 

Sequence e 
S'-CTTAAAGGAATTGACGGAAG '̂ ' 
5-ATATGCTTAAGTTCAGCGGGT-3" " 
55 -GTACACACCGCCCGTCGCTCC-3" 
55 -GTCTGTCTGAGTGTCGGATAT-3' 

Position n 
11299 Ln (18S)" 
488 in (28S)C 

1624in(18S)t t 

inn 5.8S 
aWhiteetal.{1990) ) 
bOurr laboratory 
Nucleotidee position from start of gene in Chiamydomonas reinhardtii 

wass performed on positive clones using a coral-specific primer (OED58F, Diekmann 
ett al 2001) that separated coral from symbiont DNA. Nineteen symbiont fragments 
weree sequenced using universal primers (TW5, C1 and J06) (Table 2) and separated 
onn an 8% denaturing poly-acrylamide gel using an ABI310 Autosequencer (PE 
Appliedd Biosystems, Perkin Elmer, CA, USA). Sequences were submitted to 
Genbankk (Table 1). 

SymbiodiniumSymbiodinium sequences from Madracis were aligned using Navigator and 
Facturaa Software (ABI- Perkin Elmer, CA, USA). To determine the position of 
MadracisMadracis symbionts within the Symbiodinium clade B, four ITS types within this 
cladee ( LaJeunesse, 2001) were included in the alignment (Table 3). The data set 
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Tablee 3. ITS type sequences used in Clade B phylogeny following the nomenclature of LaJeunesse 
(2001). . 

ITSS e u- . - /-  Accession „  t . . Symbtontt species Geographic origin , Host ongin typee _ _ number _ 

Bll  Symbiodinium pulehrorum Central Pacific Hawaii AF333511 Aiptasia pufchelia 

B22 Caribbean Florida AF333512 Aiptasia pallida 

B2.11 A i Bermuda AF333513 Oculina diffusa 
Atlantic c 

B33 Caribbean Jamaica AF333514 Dichotomia sp. 

B44 Symbiodinium muscatinei East Pacific N-America AF333510 Anthopleura elegantissima 

wass analyzed using Maximum Parsimony settings in PA UP 4.0*  (Swofford, 1999) 
usingg heuristic search settings with stepwise addition of taxa and the TBR branch 
swappingg algorithm. Insertion and deletions were treated as missing but those that 
weree phylogenetically informative were recoded as nucleotide changes and placed 
att the end of the alignment. Bootstrap resampling analysis was done in PAUP (1000 
replicates)) with the heuristic search setting. The resulting symbiont ITS tree was 
comparedd with the Madracis phylogenetic tree based on polymorphism parsimony 
off  the ITS1-5.8S-ITS2 rDNA region from Diekmann et al. (2001). 

Resultss and Discussion 

Thee ITS region of the Symbiodinium in this study ranged from 622 to-648 bp. Overall 
lengthh of the alignment was 649 bp, with 63 variable sites and 3 that were 
phylogeneticallyy informative: a 4-bp duplication, one single nucleotide change and 
onee gap. Comparison of the symbiont ITS tree with the Madracis phylogeny shows 
thatt all Madracis symbionts form a phylogenetically unresolved clade except for 
thee three symbionts associated with M. mirabilis (Fig.1). This bolsters previous 
resultss suggesting reproductive isolation of M. mirabilis (Diekmann et al. 2001) by 
showingg similar isolation of its symbionts. 

Regardlesss of habitat, all of our Madracis species contain Symbiodinium Clade 
BB based on LSU rDNA data. The ITS data, however, identify three clade B variants. 
Onee type was found exclusively in M. mirabilis (Fig. 1). Morphospecies in the 
genuss Madracis are brooders (Vermeij et al. 2002) whose larvae obtain their algal 
symbiontss directly from the mother colony. In case of introgressive hybridization, 
ass has been hypothesized for Madracis (Diekmann et al. 2001), one would expect 
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Dinoflagellatee Symbiodinium Corall  Madracis species 

99 9 

90 0 

90 0 

58 8 

61 1 

ii  M. mirabilis4a 

 M. mirabilis1) a f*~ B 13 
M.M. mirabilisSSa 

M.M. mirabilis 1 
M.M. mirabilis 55 
M.M. mirabilis 6 
M.M. mirabilis 9 

66 6 

>B7 7 

M.M. decaclis3a 

M.M. decaclis3b 

~~ M. decaclis3c 

-- M. pharensis4b 

M.M. pharensis4a 

—M.. pharensisla 

j —— M.formosal4a 

-- \1.formosal5c 

M.M. formosa I5d 

M.M. formosalSa 

M.formosalSb M.formosalSb 

~~~~ M. formosa 13a 

M.M. senaria3a 

II  M. senarial4a 

M.M. senariaSa J 

151 1 

M.formasal5aM.formasal5a New T y p e 

M.M. decaclis 100 
M.M. decaclis 103 
M.M. decaclis 107 
M.M. decaclis 12 

M.M. decaclis 2 
M.M. decaclis 3 

M.M. pharensis 4 
M.M. pharensis 60 

M.M. pharensis 62 
M.M. pharensis 2 

M.M. pharensis 61 

M.pharensisM.pharensis HI 
M.M. formosa 11 

M.M. formosa 12 
M.M. formosa 15 

M.M. formosa 35 

M.M. decaclis 11 
M.M. decaclis 13 

99 9 

M.M. formosa 13 
M.M. formosa 14 
M.formosaM.formosa 25 

94 4 

M.M. senaria 13 
M.M. senaria 3 
M.M. senaria 4 

i7 i7 

*rB 2 2 
B2.1 1 

B3 3 
B4 4 

—— I change 

Figur ee 1. Comparison of ITS trees from Symbiodinium types and Madracis morphospecies. Left 
panell  shows one of three most parsimonious trees (length=74, CI=0.892, Rl=0.849, RC=0.757) 
off  19 symbiont ITS sequences from Madracis morphospecies. combined with five Symbiodinium 
IT SS sequences that represent four ITS types (B1-B4) used in a phylogeny of clade B symbionts 
byy I.aJeunesse (2001). Gaps were treated as missing data but phylogenetic informative gaps were 
recodedd as single nucleotide changes. The right panel is one of 4960 phylogenetic trees based on 
polymorphismm parsimony analysis using coral ITSI-5.8S-ITS2 sequences from Diekmann et al. 
(2001).. Numbers above the branches represent bootstrap values (1000 replicates). 

file:///1.formosal5c
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alll  morphospecies to harbor the same symbionts. The finding of a M. mirabilis-
specifïcc ITS type suggests host specificity as a result of reproductive isolation and 
co-evolutionn of the symbiotic relationship. However it remains unclear why we do 
nott observe a distinct ITS type for M. senaria given that it also forms a monophyletic 
groupp implying reproductive isolation (see pictures on inside cover flap). 

Anotherr explanation for the observed symbiont ITS types in Madracis might be 
relatedd to habitat. Although M. mirabilis occurs over a wide range of depths (2 to 
20m),, it is most abundant on shallow reefs at 5- 10 m. Other morphospecies of 
MadracisMadracis also occur in shallow areas but tend to inhabit cryptic and low-light 
environmentss (Vermeij and Bak, 2002). It is, therefore, possible that the difference 
inn symbionts between M. mirabilis and the other Madracis morphospecies can be 
attributedd to different irradiance levels independent of depth. To test this, future 
researchh should be directed towards the characterization of physiological traits of 
SymbiodiniumSymbiodinium types that can be distinguished based on ITS sequences. 

LaJeunessee (2001, 2002) has identified several Symbiodinium ITS types within 
Cladee B by sequencing and DGGE analysis of ITS rDNA. In Figure 1 Madracis 
symbiontss were compared with the LaJeunesse Clade B Symbiodinium types. M. 
mirabilismirabilis is clearly associated with symbionts of type B13 (LaJeuness pers. comm.). 
Thiss symbiont type was found in M. mirabilis collected from the Bahamas 
(LaJeunessee unpublished data). The other morphospecies all have symbionts very 
similarr to a B7 type that was extracted from M. decactis specimens collected from 
Mexicoo and the Bahamas (LaJeunesse 2002). The symbiont type associated with 
M.formosalSaM.formosalSa appears to be a new type not previously described. Whether or not 
itt is exclusively specific to M.formosa needs to be confirmed by comparative DGGE 
analyses. . 

Considerablee sequence variation remains within the B7 and B13 clade. Although 
thiss might be real variation, the existence of paralogous loci (Buckler et al. 1997) or 
intragenomicc variants (Scholin et al. 1993) in the ribosomal repeat domain is probably 
aa better explanation. Our cloning and sequencing procedure probably over estimates 
thee relevant ITS variation at this level. 

Inn conclusion, the use of more rapidly evolving ITS sequences increases the 
geneticc resolution of our growing understanding of Symbiodinium diversity and 
ecology,, and reveals patterns that can not be observed using LSU sequence data. 
Thee coral genus Madracis harbors three distinct types of Symbiodinium at the ITS 
level.. One symbiont type, B13, is typically associated with M. mirabilis and suggests 
hostt specificity and possible reproductive isolation. The three symbiont types found 
inn Madracis morphospecies appear, at least so far, to be highly specific to this 
genus. . 
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Notee added in proof 
Extractss from Madracis symbionts were analysed using PCR-DGGE of the ITS 2 
regionn (Diekmann and LaJeunesse, unpublished data). These results confirmed the 
presencee of three host-specific Symbiodinium ITS types associated with Madracis 
speciess in the Caribbean. Symbiodinium type B13 is specific for Madracis mirabilis. 
Typee B7 can be found in association with all Madracis species including one 
individuall  of M. mirabilis. The Symbiodinium type associated with M.formosalSa 
(Fig.. 1) is a new type not previously described and has been designated B15. 
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