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Abstract
Reef corals are especially sensitive to environmental change since their survival is dependent
on a delicate balance between the coral host and its algal endosymbiont. Predicting the
responses of reef ecosystems to global climate change requires a detailed understanding of
the diversity of both partners in this symbiosis. The current perception of coral-inhabiting
symbiont diversity at nuclear ribosomal DNA is shown in this issue of Molecular Ecology
to be a significant underestimate of the wide diversity that in fact exists. Apprill & Gates
(2007) reveal eight- to tenfold greater diversity than previous methods had identified. The
authors underline the importance of detailed knowledge of such diversity if we are to predict,
or possibly manage, the acclimatization and adaptation of reef corals to climatic change.

The obligate symbiosis between corals and dinoflagellates
of the genus Symbiodinium (zooxanthellae) is an essential
attribute of modern coral reefs. Up to ∼95% of the corals’
nutritional requirement is met through photosynthesis by
the zooxanthellae. Furthermore, zooxanthella photosynthesis
enhances calcification rates in stony corals; in fact, without
the coral–algal symbiosis there would be no coral reefs as we
know them today (Fig. 1). However, in many reefs throughout
the world this symbiosis has been disrupted, a phenomenon
known as coral bleaching. Coral bleaching is a stress response
resulting in the loss of zooxanthellae from the coral tissues
and/or the loss of photosynthetic pigments from the
zooxanthellae, and can lead to extensive coral mortality if
bleaching conditions persist for prolonged periods of time.
Due to its morphological simplicity, the genus Symbiodinium
was originally believed to consist of a single species. However, it is now well documented that the genus is extremely
diverse and comprises at least eight extant phylogenetic
lineages or clades and a vast number of species and strains
or types (reviewed in Coffroth & Santos 2005). In recent years
it has become evident that the physiological performance
(including bleaching susceptibility) of a coral colony is largely
contingent on the type of algal symbiont harboured, and that
conspecific coral colonies harbouring distinct zooxanthellae
can differ in their physiological characteristics. Individual coral
colonies sometimes associate with more than one zooxanthella type simultaneously. It has been shown for some coral
populations that the relative abundance of each of these types
can change in response to environmental perturbations,
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and this change may be accompanied by an increase in
stress tolerance (e.g. Berkelmans & van Oppen 2006).
In order to understand how coral–algal associations will
respond to environmental change, it is therefore pertinent
to accurately describe the diversity of the endosymbionts,
both within individual coral colonies as well as within coral
populations and species. However, the accuracy of the
various genetic methods available to identify zooxanthellae
is contentious, with sequencing of clone libraries often
being dismissed because of associated polymerase chain
reaction (PCR) and cloning errors. Instead, the two electrophoretic methods, denaturing gradient gel electrophoresis
(DGGE) and single-strand conformational polymorphism
(SSCP) analysis, are widely accepted approaches to describe
Symbiodinium diversity based on nuclear ribosomal DNA
genes and internal transcribed spacer (ITS) regions.
Apprill & Gates (2007) show that previously documented
Symbiodinium ITS2 sequence diversity may be vastly underestimated, and that existing DGGE protocols may not reliably
detect dominance of certain sequence types. Using direct
sequencing of clone libraries, they report a six- to eightfold
greater diversity in algal endosymbiont ITS2 sequences
isolated from two species of reef coral compared to that
resolved by DGGE analysis and direct sequencing of gelexcised bands. ITS2 PCR products differing by as many as
15 nucleotide substitutions comigrated in DGGE, while
some products differing by only a single base change
displayed very different gel migration behaviour. A similar
technical limitation has previously been reported for the
SSCP technique (van Oppen et al. 2005). Most colonies of
the two coral species examined by Apprill & Gates appeared
to harbour a single Symbiodinium ITS2 type when analysed
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occur at abundances below the detection limits of the genetic
methods commonly used for identification (Ulstrup & van
Oppen 2003). The results presented by Apprill and Gates
indicate that electrophoretic methods, such as DGGE, should
be employed with extreme caution and should be validated
by cloning and sequence analysis, at least for a subset of the
samples in any particular study. DGGE studies on organisms
other than Symbiodinium are expected to be equally affected
by these methodological shortcomings.
One extremely important but not unambiguously resolved
issue is whether these newly revealed and distinct ITS2
sequences represent novel symbiont taxa, intragenomic variants, or a combination of those. Future efforts should be
directed towards sequence analysis of clone libraries constructed with PCR products obtained from single Symbiodinium cells and these should be compared to clone libraries
obtained from the symbiont community isolated from a tissue
sample of the same coral colonies. Alternatively, single copy
nuclear DNA markers can be developed and employed to
address this issue. Finally, Apprill and Gates draw an analogy
between Symbiodinium and free-living marine microbial
communities and propose that the common assumption that
zooxanthella taxa with low abundance are ecologically unimportant is not necessarily valid. It appears that much can be
learned from other microbial systems, some of which are
extremely well studied; coral biologists interested in coral–
algal symbioses should draw on this wealth of knowledge.
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Fig. 1 All reef-building corals form an obligate association with
dinoflagellate endosymbionts of the genus Symbiodinium. (Photo
credit: Madeleine van Oppen)

with DGGE, while up to eight sequence types were resolved
from a single coral colony using direct sequencing of clone
libraries. Almost all of the latter sequence types are new to the
public sequence databases. Furthermore, the DGGE band
with the highest intensity was not necessarily the dominant
ITS2 sequence type in that particular coral colony’s symbiont
community as assessed by sequencing of clone libraries, a
result that is expected if apparently single DGGE bands are
comprised of a mix of sequence types. It is possible that SSCP
also suffers from this dominance/band intensity problem,
but this remains to be experimentally verified.
These findings have potentially far-reaching consequences
in terms of our understanding of Symbiodinium diversity,
host–symbiont specificity and the potential of corals to
acclimatize to environmental perturbations through changes
in the composition of their algal endosymbiont community.
It is generally believed that the majority of coral colonies
harbour only a single Symbiodinium strain (Goulet 2006), but
most of the data underlying this notion have been obtained
using electrophoretic techniques, suggesting that this perception may be incorrect. Furthermore, some zooxanthellae
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