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INTRODUCTION

Cyanobacteria are associated with at least 2 band
diseases that are differentiated macroscopically pri-
marily based on color: black band disease (BBD), the
first coral disease to be identified (Antonius 1973); and
red band disease (RBD), first reported by Rützler et al.
(1983) and later by Richardson in the Bahamas
(Richardson 1992, 1998). BBD is a band of filamentous
cyanobacteria that progresses across live coral tissue,
causing mortality of the coral along the advancing
front (Antonius 1981). It has been recorded worldwide
and is found on 21 species in the Caribbean (Weil
2004) and 40 species on the Great Barrier Reef (Page &
Willis 2006, this issue). RBD has been considered a
separate disease category (Santavy & Peters 1997, Gar-

zon Ferreira et al. 2001) and has been recorded to
affect 14 coral species in the Caribbean (Weil et al.
2002, Weil 2004). However, researchers have had little
success in culturing the cyanobacteria associated with
these putatively different coral diseases and, thus, it
has not been possible to evaluate the significance of
their color differences.

Early studies suggested that the causative agent of
BBD is a consortium of microorganisms (reviewed in
Richardson 2004). Phormidium corallyticum, a fila-
mentous cyanobacterium from the genus Oscillatoria,
was initially identified as the species forming the mat
or band on infected corals (Ruetzler & Santavy 1983,
Taylor 1983). The band’s black appearance was sug-
gested to be caused by a high concentration of cells
containing the light-harvesting red photosynthetic pig-
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ment phycoerythrin (Richardson 1997). Recent mole-
cular analyses have failed to identify P. corallyticum
and other proposed consortium members, such as the
sulfide-oxidizing bacteria Beggiatoa sp., in the black
mat of BBD-infected corals (Frias Lopez et al. 2004b).
Another ribotype of cyanobacteria from the genus
Oscillatoria was shown to be associated with BBD-
infected corals from the Caribbean and Indo-Pacific
(Cooney et al. 2002, Frias-Lopez et al. 2002, 2003).
These conflicting findings have led to an uncertainty
regarding the identity of the cyanobacteria associated
with BBD and their role in causing infections (Frias-
Lopez et al. 2004a,b). 

Morphological observations of the cyanobacteria
associated with red bands identified 2 filamentous
strains within the genus Oscillatoria (Richardson 1992,
1998). These strains were reported as being visually
distinct from Phormidium corallyticum, yet never iden-
tified to a species level. Rützler et al. (1983) visually
identified Schizothrix calcicola and S. mexicana on
corals displaying red bands. Sutherland et al. (2004)
claimed that, due to lower prevalence in the field, red
band might be grouped together with black band as a
single classification. Harvell et al. (2004) were the first
to publish a red band photo of an infected Pachyseris
speciosa colony from Palau, emphasizing the need for
further investigations. In recent surveys on the Great
Barrier Reef, Willis et al. (2004) classified red bands
and other cyanobacterial syndromes as part of a gener-
alized cyanobacterial category, due to uncertainty
regarding their taxonomic identity. Needless to say,
not all cyanobacteria found on corals constitute a
threat to coral health (see Lesser et al. 2004).

The aims of this study were to develop methods for
culturing cyanobacteria associated with band diseases
in corals and to determine whether cyanobacteria iso-
lated from red bands and BBD are genetically differ-
ent. Isolation and culturing of cyanobacteria from 1
black and 2 red bands on corals sampled from reefs in
Palau (Micronesia) tested whether pigmentation was:
(1) independent of strain-host interaction, and (2) sta-
ble under identical growth conditions. The results of
this study establish the first link between color, mor-
phology and molecular-based taxonomic identification
of cyanobacterial strains isolated from both red band-
and BBD-infected corals.

MATERIALS AND METHODS

Sample collection. Samples from 2 corals infected
with red bands (Porites sp. and Pachyseris speciosa)
and 1 infected with BBD (Montipora sp.) were col-
lected using SCUBA on Indo-Pacific reefs surrounding
the island of Palau in January 2004. Samples were

sealed in plastic bags immediately after collection and
transported to a laboratory at the Palau International
Coral Reef Center (PICRC). Samples were processed
within 2 h of collection. Red and black cyanobacteria
associated with the microbial mat of each disease were
sampled from the corals using sterile forceps, and
transferred to agar plates. 

Media and conditions of growth. Optimized condi-
tions for growth of isolated cyanobacterial strains were
determined by comparison of growth responses in 13
different media (see Table 1) under 2 light regimes.
Media were chosen based on published recommenda-
tions for optimizing cyanobacterial growth in cultures
(reviewed in McLachlan 1973). Cultures were incu-
bated at 26°C under either a 12:12 h light:dark fluores-
cent light regime or 24 h of constant fluorescent illumi-
nation, both at 15 µE m–2 s–1. Half the plates used in this
trial were scored (Vaara et al. 1979). Scoring assists in
purifying cultures from contaminants while selecting
for motility, which is a key characteristic of cyano-
bacteria found on BBD- and red band-infected corals.
Cultures were inspected daily and graded for growth
on a scale from low growth (+) to highest growth
(+++++) after a 7 d incubation period. The most suc-
cessful media (Grund and ASN-III) and conditions
(constant lighting/scored plates) (see Table 1 for sum-
mary of results) were chosen for studies of color
expression under constant growth conditions. 

Grund media (von Stosch 1963, 1969) consisted of
enriched seawater (enriched with 10 mg l–1 CaCl2,
4 mg l–1 Na2HPO4, 1 g l–1 NaNO3, 2 mg l–1 disodium
EDTA, 20 mg l –1 Na2CO3) to which were added 1 ml
micronutrient solution (A5 + CO) and 1 ml vitamin solu-
tion (S-3) per liter of medium. The micronutrient solu-
tion A5 + CO (Rippka et al. 1979) was made of a 1000×
stock solution and filter sterilized (2.86 g l–1 H3BO3 ,
1.81 g l–1 MnCl2 · 4H2O, 0.22 g l–1 ZnSO4 · 7H2O,
0.39 g l–1 Na2MoO4 · 2H2O, 0.079 g l–1 CuSO4 · 5H2O,
0.049 g l–1 Co(No3)2 · 6H2O). The vitamin solution S-3
(Provasoli 1963) was made as a 1000× stock solution
filter sterilized and kept in the dark (100 mg l –1 nico-
tinic acid, 500 mg l –1 thiamine · HCl, 100 mg l–1 Ca ·
pantothenate, 10 mg l–1 para-aminobenzoic acid
(PABA), 1 mg l–1 biotin, 5 g l–1 i-inositol, 2 mg l–1 folic
acid, 1 mg l–1 cyanocobalamin, 3 g l–1 thymine). In addi-
tion, 8 µM of Na2-EDTA/FeCl3 were added to each liter
of medium (Rippka et al. 2000). ASNIII, a synthetic
medium developed by Waterbury & Stanier (1981) was
revised and made up of 1 l double-distilled water
(DDW), 427 mM NaCl, 6.7 mM KCl, 3.4 mM CaCl2,
14.2 mM MgSO4, 9.8 mM MgCl2, 0.09 mM K2HPO4,
1 mM NaNO3, 0.19 mM Na2CO3. Eight µM of Na2-
EDTA/FeCl3, 1 ml micronutrient solution (A5 + CO)
and 1 ml vitamin solution (S-3) were added to each liter
of medium. Agar plates were prepared using washed
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agar (Waterbury & Willey 1988). A ×1.33 concentration
(in 750 ml) of liquid media (Grund or ASN-III) was fil-
tered using Millipore 1000 ml Stericup©, preheated to
50°C and added to 250 ml of autoclaved DDW with 6 g
washed agar. Once dry, plates were scored with paral-
lel lines using a flamed glass slide (Vaara et al. 1979)
and incubated under unidirectional light. A liquid
medium prepared from live coral tissue in seawater
was also tested and found to enhance growth. This
medium was autoclaved for 30 min and then sterile
filtered (as above). 

DNA extraction, PCR amplification and sequencing.
DNA extraction was performed by a modified protocol
from Wu et al. (2000). Following an initial growth
phase of 10 to 14 d, filaments from liquid media flasks
were inspected under light microscopy for strain
purity, color and morphology. A total of 200 mg of
cyanobacteria culture RMS1 (Pachyseris speciosa),
RMS2 (Porites sp.) and BMS1 (Montipora sp.) were col-
lected from each flask and placed in 2 ml tubes with
1 ml buffer A (100 mM Tris, 50 mM EDTA, 100 mM
NaCl at pH 8) for 10 min at room temperature. N-lau-
roylsarcosine (sarkosyl) was added to a final concen-
tration of 0.1% and the samples incubated overnight at
4°C. Filaments were collected by centrifugation at
8000 × g for 10 min, washed in 2 ml of TES (50 mM Tris,
5 mM EDTA, 50 mM NaCl at pH 8), centrifuged again
for 5 min and resuspended in 1 ml TES. Lysozyme was
added to a final concentration of 0.5 mg ml–1 and the
sample incubated with RNase (20 µg ml –1 ) at 37°C for
30 to 90 min with shaking. Sodium dodecyl (lauryl) sul-
fate (SDS) was added to a final concentration of 1%,
stirred thoroughly, and kept at 37°C for 10 min. 50 µg
ml–1 Proteinase K was added and the sample was incu-
bated overnight at 4°C (or alternatively at 37°C for 1 h).
Extraction was performed using the Promega Wizard
Genomic DNA purification kit© starting with protein
precipitation (Step 4 of Gram-negative protocol). After
isopropanol and 70% ethanol precipitations, pellets
were dried in a DNA110 Speed Vac (Savant) for 15 min
and rehydrated overnight at 4°C. PCR amplification
was performed following the protocol of Nübel et al.
(1997). Cyanobacterial specific primers used were the
CY106F forward primer (CGG ACG GGT GAG TAA
CGC GTG A) and an equimolar mixture of CYA 781Ra
(GAC TAC TGG GGT ATC TAA TCC CAT T) and
CYA 781Rb (GAC TAC AGG GGT ATC TAA TCC
CTT T) reverse primers. Reactions (50 µl) were made of
10 pmol of each primer, 5 µl of 10× PCR buffer (Taq
PCR Core Kit, Qiagen with 15 mM MgCl2), 50 nmol
dNTP, 10 ng of template DNA (1:10 dilution of stock).
Q-Solution (Qiagen; 10 µl) was added to each tube and
DDW to the volume of 50 µl. Taq (1 U) was added at
80°C to minimize nonspecific annealing of primers fol-
lowing a 5 min hot start at 94°C. An Eppendorf Mas-

tercycler© was used for template amplification with 35
cycles of 1 min at 94°C, 1 min at 60°C and 1 min at
72°C. A final 5 min extension step at 72°C was per-
formed. Reaction products were purified using DNAce
Quick-Clean© and sequenced using ET-Terminators
(Amersham Biosciences) on MegaBACE 1000 from
Amersham Biosciences. Sequences were visualized
using CHROMAS© and aligned (Altschul et al. 1990)
with existing database using BLAST (www.ncbi.nlm.
nih.gov). Multiple alignments were performed using
Baylor College of Medicine (BCM) multiple sequence
alignments (www.imgen.bcm.tmc.edu). Partial 16S
rDNA gene sequences were entered into the GenBank
database under the following accession numbers:
AY839639, AY839640, AY839641 (for further details
see Table 2).

Light microscopy. Cyanobacterial filaments were
examined using the Zeiss Axioshop 2 Mot Plus micro-
scope equipped with an AxioCam MRC5 digital cam-
era using AxioVision 4© software. Cyanobacterial fila-
ments were photographed prior to the sampling for
DNA extraction. Since this study aims to compare
pigmentation among cynaobacterial strains, no further
software manipulation of AxioVision 4© calibrated
images has been undertaken, and they appear as
identical replications of originals.

RESULTS

Media and conditions of growth. Thirteen different
variations of solid and liquid media were evaluated in
an attempt to isolate and grow filamentous cyano-
bacteria associated with infected corals. Cultures grew
best in either Grund media (with seawater) or ASN-III
media (Table 1). Cyanobacteria did not grow on, or in,
any of the media devoid of nitrogen (PCR-S8, PCR-
S11, PCR-Tu2). This demonstrates that cyanobacteria
found on red band- and BBD-infected corals do not fix
nitrogen. Highest growth in liquid media (score:
+++++) was achieved in a zooxanthellae broth consist-
ing of coral tissue autoclaved in seawater. At 26°C and
using fluorescent lights (15 µE m–2 s–1), continuous
(24 h) lighting provided better results than a 12:12 h
light:dark regime. 

Washing agar with ethanol and acetone, as sug-
gested by Waterbury & Willey (1988), and scoring
plates (Vaara et al. 1979) facilitated the motility of
cyanobacteria towards a unidirectional light source
placed at an angle away from the plates. Both red and
black cyanobacterial filaments in scored plates pro-
gressed along grooves at a speed of up to 5 cm d–1.
Non-scored plates placed directly under light exhib-
ited no growth. Supplementing the agar with 0.1%
(w/v) Na2S and raising pH to 9 (Vaara et al. 1979) did
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not result in enhanced motility. Nevertheless, strains
isolated from infected corals demonstrated an ability to
survive in higher concentrations of Na2S (750 mg
Na2S · 9H2O l–1 of medium). In liquid media, filaments
concentrated in clumps on the glass walls of flasks.
They formed a straight line at the interface between
media and air while orienting towards the light. Place-
ment of a sterile piece of coral skeleton in the flasks
initiated settlement of the filaments onto the skeleton. 

Pigmentation and morphology of strains. Both BBD-
(Fig. 1a) and red band- (Fig. 1b) infected corals sam-
pled in Palau exhibited a clear band at the interface
between coral tissue and skeleton. High light magni-
fication (×1000) of cyanobacterial filaments derived
from both BBD (Fig. 2a) and red bands (Fig. 2b) show
clear segmentation between individual cells. Fila-
ments appear to be similar in diameter, with rounded
cells along the edges and at the ends of filaments. The
length of individual cells within a filament is variable.
Filaments isolated from BBD appear to gain pigmen-
tation from black/brown granulation within each cell

(see Fig. 2a). Red pigmentation in filaments isolated
from red band-infected corals (Fig. 2b) is more
evenly distributed, making it  more difficult to discern
whether this is caused by granulation. 

Isolates from red band-infected corals remained red
in liquid culture (ASN-III, continuous illumination at
26°C) for 10 to 12 wk until initial signs of chlorosis be-
gan to appear. At this point, red pigmentation paled to a
light red color. Isolates from BBD-infected coral main-
tained under the same growth conditions, remained
dark in culture for a shorter period (4 to 6 wk) before
undergoing chlorosis. They became pale green before
turning completely colorless and transparent. 

Taxonomic identity of strains. All 3 cyanobacterial
cultures isolated from corals in Palau produced identical
partial 16S rDNA gene sequences (582 bp) (Table 2). All
3 isolated cyanobacteria demonstrated 99% 16S rDNA
sequence identity with an uncultured cyanobacterial
strain (AF473936) associated with BBD-infected corals
in the Caribbean that has been previously identified by
molecular analyses (Cooney et al. 2002).
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Media Sea- DDW Scored platesl Non-scored plates Liquid media pH
water 12:12 h 24 h 12:12 h 24 h 24 h

light:dark light light:dark light light

Grunda v (++) (+++) (+) (+) (+++) 8.1–8.3
ASN-IIIb v (++) (++++) (+) (+) (+++) 8.1–8.3
f/2c v (–) (+) (–) (–) (–) 8.1–8.3
MNd v (–) (+) (–) (–) (–) 8.1–8.3
SNe v v (–) (+) (–) (–) (–) 8.1–8.3
BG-11 Na2Sf v v (–) (+) (–) (–) (–) 9
Na2Sg v (–) (+) (–) (–) (–) 8.1–8.3
PCR-S8h v (–) (+) (–) (–) (–) 8.1–8.3
PCR-S11h v (–) (–) (–) (–) (–) 8.1–8.3
PCR-Tu2h v (–) (–) (–) (–) (–) 8.1–8.3
BG-11i v v (–) (+) (–) (–) (–) 8.1–8.3
Erdschreiberj v (–) (+) (–) (–) (–) 8.1–8.3
Zoox. brothk v (+++++) 8.1–8.3

avon Stosch (1963, 1969) supplemented with 1 g l –1 NaNO3 
bWaterbury & Stanier (1981) supplemented with 1 g l –1 NaNO3 
cGuillard & Ryther (1962)
dWaterbury & Stanier (1981)
eWaterbury & Willey (1988); 1 l medium was prepared by mixing 750 ml of filtered seawater with 250 ml autoclaved DDW
fBG-11 supplemented with 0.1% (wt/vol) Na2S · 9H2O (Vaara et al. 1979) and adjusted to pH 9
gCohen et al. (1975). Medium is prepared with filtered seawater, 750 mg l –1 Na2S · 9H2O at pH 8.1–8.3 
hRippka et al. (2000). Seawater was filter sterilized
iBG11 is a freshwater medium (Allen & Stanier 1968). For this study BG-11 was prepared by mixing 750 ml of filtered sea-
water with 250 ml autoclaved DDW

jSchreiber (1927), Føyn (1934)
kZooxanthelae broth was prepared by autoclaving coral tissue in seawater and filtering through a 0.22 µm filter. Solution was
supplemented with 1 ml × 1000 vitamin mix and 1 ml micronutrient mix

lPlates were scored (Vaara et al. 1979) with parallel lines using a flamed glass and kept under unidirectional light

Table 1. Media and conditions of growth employed in this study to culture cyanobacteria associated with red band- and
black band disease (BBD)-infected corals from Palaun reefs. Growth of cyanobacteria was scored qualitatively as follows:
(–)=no growth; (+) = low growth; (+++++) = highest growth. DDW: double-distilled water. Vitamin S-3 × 1000 solution was filter-
sterilized and kept in the dark. Volume of vitamin solution added: 1 ml l–1 medium. Volume of micronutrient A5+Co added: 1 ml l–1

medium. For further details see ‘Materials and methods’ section



Sussman et al.: Cyanobacteria and coral disease

DISCUSSION

Results reported here represent the first successful
isolation and culturing of filamentous cyanobacteria
associated with both red band- and BBD-infected
corals. Our molecular studies show that cyanobacterial
filaments isolated from corals infected with red band
and BBD share the same taxonomic identity. Observa-
tions of cyanobacteria in culture suggest that a single

cyanobacterial ribotype associated with a coral disease
can exhibit dual pigmentation under similar light and
growth conditions. Previous studies of cyanobacterial
pigmentation have demonstrated that complementary
chromatic adaptation allows cyanobacteria to revers-
ibly alter their pigmentation from green-blue to red
in response to light (see reviews by Grossman et al.
1993a,b). This has been demonstrated in the filamen-
tous cyanobacterium Fremyella diplosiphon (Kehoe &
Grossman 1994). The color of cells can also be a
response to other environmental factors, such as ele-
vated or low nutrient levels (nitrogen, phosphorus and
sulfur; Collier & Grossman 1992).

Consistency of color, either red or brown/black, of
cyanobacteria cultured over the 12 wk of our study
suggests that complementary chromatic adaptation
does not adequately explain our observations. Had
light and growth conditions determined color expres-
sion, a complementary chromatic adaptation should
have occurred and both red and brown/black
cyanobacterial cultures would have converged to a
similar pigmentation. The only shift in pigmentation
suggestive of a complementary chromatic adaptation
that we observed was from red to light green in some
cultures growing on agar plates. This change was usu-
ally rapid and irreversible. Red cyanobacteria from red
band-infected corals never exhibited the dark brown/
black pigmentation seen in the cultures originating
from BBD-infected corals. Synechococcus sp. strain
SH-94-5 reacts to nitrogen depletion by upregulating
the accumulation of beta-carotene, thus resulting in a
pigmentation change to red. During exponential
growth, this strain down regulates production of phy-
cobiliproteins and becomes green (Miller et al. 2002).
Whether such pigmentation changes occur in cyano-
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Fig. 1. Montipora sp. and Pachyseris speciosa. Cyanobacterial infections on corals collected from Palaun reefs. (a) Montipora sp.
with black band disease (BBD); (b) P. speciosa with red band

Fig. 2. Filamentous cyanobacteria isolated and cultured from
(a) Montipora sp. with BBD and (b) Pachyseris speciosa with red
band. (a) Dark granulation observed in individual cells. Segmen-
tation in both filaments is clear. Red pigmentation in (b) is main-
tained under identical growth conditions as (a). Red pigmentation

is more evenly distributed along the filament

20 µm

20 µm

a b
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bacteria infesting coral tissue in the field remains
unknown. Currently, there are no reports of BBD-
infected corals transforming into red bands, or red
bands transforming into black bands. 

Two lines of evidence suggest that cyanobacterial
growth in culture is optimized by the presence of sub-
strate for settlement. First, cyanobacterial strains
grown in liquid cultures settled on the glass flasks
along a line at the interface between the liquid media
and air and starting at the side closest to the light.
Secondly, addition of a sterile piece of coral skeleton
to the media flasks initiated immediate settlement of
the filaments. This preference for substrate might
explain why shaking of cultures in liquid media has
proven unsuccessful for growth. However, settlement
of cyanobacterial filaments on coral skeletons in the
laboratory was different from settlement observed in
the field, where filaments concentrate only at the inter-
face between coral tissue and skeleton, leaving a white
exposed skeleton behind the moving front (as in
Fig. 1). The settlement pattern observed in the labo-
ratory is possibly explained by the distribution of nutri-
ents inside media flasks. Cyanobacteria progressing
along the border of degrading coral tissue are exposed
to high nutrient levels (Taylor 1983). The high density
of filaments forming the bands on infected corals also
results in shading (Richardson et al. 2001), although
there are conflicting reports of bands progressing
either towards the light or away from it (Antonius
1981). Filament aggregation was suggested by Casten-
holz (1982) as a mechanism adopted by cyanobacteria
to increase shading in order to attain lower light levels
needed for optimal photosynthetic activity. In our labo-
ratory trials, in contrast, filaments tended to dissociate
when placed in grooves on scored agar plates, with
individual filaments separating and traveling up to
5 cm d–1 towards the light, eventually spreading over
the entire agar surface rather than aggregating. 

The speed with which cyanobacterial filaments iso-
lated from both red band- and BBD-infected corals
travel across agar indicates that band-progression in

the field (only 0.3 to 1 cm d–1) might be limited by other
factors. The degree of motility of filaments in this study
might explain how members of this taxonomic ribotype
outcompete other cyanobacteria when settling on
corals. Further study should be directed at determining
the relationship between motility towards light and the
propensity for aggregation and at how these might be
affected by variation in light and nutrient levels.

As in previous studies that have attempted to deter-
mine the identity of filamentous cyanobacteria associ-
ated with BBD (Cooney et al. 2002, Frias-Lopez et al.
2002, 2003), this study used partial sequencing of the 16S
rDNA gene. Given that we sampled only 2 red bands
from the field, our results do not imply that all red band
infections carry the same cyanobacteria; further samples
from red bands are required to test the generality of our
results. Although we have shown that dual pigmentation
can be exhibited by a single ribotype, other less domi-
nant cyanobacterial strains that we were unable to iso-
late and culture on the media used may have been pre-
sent in our original field samples. Our aim in this study
was to isolate and culture the dominant color-forming
strains from infected corals in the field, and to establish
a reference point in the relation between cyanobacterial
color, taxonomic identity and disease classification,
rather than to identify the entire microbial complexity of
cyanobacterial mats on infected corals. Cloning of
extracted DNA from field samples using universal
primers targeted at a larger region of the 16S rDNA gene
would provide a more comprehensive analysis of
cyanobacterial populations associated with both red
band- and BBD-infected corals. If pathogenicity and vir-
ulence are to be studied, an attempt should be made to
explore the genes linking identity and function, as has
been recently demonstrated for BBD by Frias-Lopez et
al. (2004a). In the case of Vibrio cholera it has already
been shown that the 16S rDNA based identity of strains
does not necessarily relate to virulence (Colwell & Huq
1994, Singh et al. 2001). 

This study has identified dual pigmentation ex-
pressed by a single ribotype found on both red band-
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Coral species Field observation        Isolated cultures Taxonomic identity
Disease Color Strain Color Accession no. Closest match % match Multiple bp

type alignment (%)b

Pachyseris speciosa Red band Red RMS1 Red AY839639 AF473936a 99 100 582
Porites sp. Red band Red RMS2 Red AY839641 AF473936a 99 100 582
Montipora sp. BBD Black BMS1 Black AY839640 AF473936a 99 100 582

aCooney et al. (2002)
bMultiple alignment of partial 16S rDNA gene sequences from RMS1, RMS2 and BMS1 was performed using Baylor College of Medicine
(BCM) multiple sequence alignments

Table 2. Properties of cyanobacterial strains associated with red band- and BBD-infected corals from Palau
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and BBD-infected corals but did not determine the
mechanism involved. The fact that red bands are far
less prevalent in the field than BBD, might point
towards a genetic variation that results in both a
common and a rare phenotype. 

The strains isolated and cultured by this study be-
long to a ribotype that has been previously identified by
molecular tools on BBD-infected corals in the
Caribbean (Cooney et al. 2002, Frias-Lopez et al. 2002).
The strains isolated from both red bands and BBD in
this study were found by BLAST to share less than 90%
match-identity with Phormidium corallyticum, previ-
ously suggested as the causative agent of BBD. The re-
sults of this study support the call for re-examination of
the role of P. corallyticum in BBD infections by compar-
ing its ability to infect healthy corals with the newly iso-
lated strains presented here (RMS1, RMS2 and BMS1). 

The maintenance of new cultures associated with
coral disease opens many doors for further research,
including examining the potential virulence and toxic-
ity of these new strains isolated from red bands and
BBD, their geographical distribution and the ways in
which strains are transmitted. Based on the results of
this study, we strongly urge postponing the classifica-
tion of red cyanobacterial bands as a separate coral
disease until further evidence is collected.
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