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Thermotolerant symbiont species

Abstract

The binary designation 'Symbiodinium thermophilum' was invalid due to the absence of an
illustration as required by Article 44.2 of the ICN. Herein, it is validated. This species is the
most common symbiont in reef corals in the southern Persian/Arabian Gulf (PAG), the

world’s hottest body of water sustaining reef coral growth.

Key index words:

adaptation; heat tolerance; symbiosis; coral bleaching, taxonomy

Abbreviations:

chloroplast 23S ribosomal RNA gene, cp23S; internal transcribed spacer 2, ITS2;
mitochondrial cytochrome b, cob; non-coding region of the chloroplast psbA gene, psbAncr;

nuclear ribosomal DNA, ntDNA; Persian / Arabian Gulf, PAG;
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Hume et al. 2015 inadvertently published ‘Symbiodinium thermophilum' as a binary
designation and not a valid name under the International Code of Nomenclature for Algae,
Fungi, and Plants (ICN, McNeill et al. 2012) due to the absence of an illustration as required
by Article 44.2. Here, a holotype is designated along with a description and photographic

image to validate Symbiodinium thermophilum.

Symbiodinium thermophilum B. Hume, D*'Angelo, E.G. Smith, J.R. Stevens, J.Burt, &

Wiedenmann sp. nov.

Holotype: Sample of cells preserved in a permanently inactive state (Fig. 1) extracted from a
Porites lobata colony from 4 m depth collected in May 2010 by John A. Burt (New York
University Abu Dhabi) and submitted to the Natural History Museum London, UK

(BM000794154).

Description. Intracellular symbiont in scleractinian host coral species; cells spherical to
ovoid ~9-11.5um diameter; heat tolerant up to 35°C, experiencing strong annual temperature
fluctuations (~20°C); salinity of habitats of host corals 40 to 43 (practical salinity scale 1978);
diagnostic nucleotide sequences: i) nuclear ribosomal DNA (nrDNA) internal transcribed
spacer 2 (ITS2) partial sequences (nrDNA ITS2 region type C3 and C3-Gulf ITS2 variant,
Genbank accession numbers KM487748 and KP234524), ii) the chloroplast 23S ribosomal
RNA gene (cp23S) partial sequence (Genbank accession number KP234523), iii) the
mitochondrial cytochrome b (cob) gene partial sequence (Genbank accession number
K234522) and iv) sequences in the non-coding region of the chloroplast psbA gene (psbAncr)

(Genbank accession number KM458273-KM458294).

Type locality: “Saadiyat reef”, Abu Dhabi, United Arab Emirates (2435056.400N,

5425017.400E).
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Discussion: Symbiodinum thermophilum is the most common symbiont of heat and high
salinity-tolerant reef corals and other cnidarians in the Southern PAG but can be also
encountered less frequently in the Gulf of Oman and the Red Sea (D’ Angelo et al. 2015,
Hume et al. 2016). In the Southern PAG, S. thermophilum can cope with exceptionally high
seasonal temperature maxima and fluctuations (Hume et al. 2013, Shuail et al. 2016). Corals
hosting S. thermophilum exhibit the highest known bleaching threshold, up to around 35°C
(Shuail et al. 2016, Hume et al. 2015), the temperature at which the coral-Symbiodinium
mutualism breaks down, causing coral mortality in severe cases (Goreau and Hayes 1994,
Brown 1997). The salinity of habitats of S. thermophilum-hosting corals in the Southern PAG
is also unusually high (around 40 to 43) (D’Angelo et al. 2015). The high-level production of
the osmolyte floridoside that is accumulated by this species in response to elevated salinities
may also counter reactive oxygen species produced under heat stress (Ochsenkiihn et al.
2017), thereby potentially contributing to the thermotolerance of S. thermophilum. Both,
maximal temperature and salinity are lower in the marginal habitats in the Gulf of Oman and

the Red Sea (Hume et al. 2013, D’ Angelo et al. 2015).

Symbiodinium thermophilum belongs to a cryptic genus of dinoflagellates with no morpho-
anatomical features that reliably distinguish species. Species delimitation is achieved
primarily through the analysis of DNA sequence data, including the nuclear ribosomal
internal transcribed spacers 1 and 2, single copy microsatellite flanker Sym15, mitochondrial
cytochrome b, the chloroplast 23S rRNA gene and the psbA non-coding region (LaJeunesse
and Thornhill, 2011, LaJeunesse et al. 2012, 2014). Symbiodinium spp. in their symbiotic
stage are characterised by the absence of thecal plates that could be identifying features for
free-living species (Fensome et al. 1993). Other morphological features of Symbiodinium sp.
such as cell size, structure of the accumulation body and the size of lipid bodies can be highly

variable depending on the nutrient environment and are rarely suitable to identify species
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(Rosset et al. 2015, 2017). However, genetic data along with accompanying physiological
traits unambiguously distinguish S. thermophilum from other Symbiodinium species in Clade
C, the most prevalent and species diverse clade in Symbiodinium (Hume et al. 2015, Hume et

al. 2016, LaJeunesse 2017).
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Figure 1: Light micrograph of Symbiodinium thermophilum holotype following isolation from
the tissue of the host coral Porites lobata from “Saadiyat reef” in Abu Dhabi, United Arab

Emirates. Scale bar indicates size.



