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Appendix S2. Molecular methods 

PCR amplification and sequencing 

For molecular analyses, twenty cells of Gymnodinium gracile were micropipetted with a 

fine capillary into a 0.2 mL microcentrifuge tube filled with absolute ethanol. The samples 

were kept at room temperature and in darkness until the molecular analyses could be 

performed. The 0.2 mL microcentrifuge tubes containing the isolates of Gymnodinium 

gracile were briefly centrifuged and then opened to allow the ethanol to evaporate 

overnight on the benchtop in a covered container. Cells were resuspended in 10 μL 

extraction buffer (final concentration: 1 mg mL−1 bovine serum albumin, 10 mM Tris pH 

7.4, 100 mM KCl, 1 mM EDTA, 50% glycerol). A negative extraction control was 10 μL 

of extraction buffer in a sterile 0.2 mL microcentrifuge tube. The tubes were frozen at 

−80 °C for 20 min followed by rapid warming to room temperature for 20 min. A 2 μL 

aliquot of the extracted product was used as DNA template for polymerase chain reaction 

(PCR) amplification. To amplify the SSU rRNA gene fragment, the primers EukA1 and 

EukB2 (Table 1) were used in a reaction with GoTaq polymerase (Promega Corp., 

Madison, WI, USA). For this reaction, the following thermocycler program was 

performed: initial denaturation at 94 °C for 5 min; 40 cycles of denaturation at 94 °C for 

30 s, annealing at 54 °C for 30 s, and extension at 72 °C for 2 min; then final extension 
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at 72 °C for 7 min. No product was obtained, so 1 µl of the reaction was re-amplified 

using primer pairs Euk A1/1200R and 373F/Euk B2. The cycles were the same as before.   

To amplify the ITS/5'-LSU rRNA gene region of sample FG3, primers 570F and 

TW14 (Table 1) were initially used with the same conditions as the first round SSU rRNA 

gene amplification. A nested amplification was accomplished using the primer pair 

1200F/TW14 (Table 1) using the same cycling parameters and 1 µl of the prior PCR 

reaction as template. For sample FG6, the ITS/LSU region was amplified using the primer 

pair A1/TW14 followed by reamplification with 892F/TW13. This product was cloned 

using the TOPO® TA Cloning® Kit for Sequencing (pCR™ 4-TOPO vector) (Invitrogen, 

Carlsbad, CA, USA), transformed into TOP10 competent cells and 6 colonies picked for 

sequencing. 

The PCR products were cleaned up using the MinElute PCR Purification Kit 

(Qiagen Inc. Germantown, MD, USA) while cloned products were isolated using alkaline 

lysis and ethanol precipitation. All sequencing was accomplished by GENEWIZ Inc. 

(South Plainfield, NJ, USA). Chromatograms were checked and assembled using 

Sequencher v.5.4.6 (Gene Codes Corp., Ann Arbor, MI, USA), and the contigs exported 

as FASTA files. The sequences for samples FG3 (18S, ITS and 5’ LSU) and FG4 (18S 

only) were assembled from direct PCR product sequences, and the sequence for sample 

FG6 (18S, ITS and 5’ LSU) is a combination of direct PCR products and 5 plasmid clones. 

Final sequences were deposited in DDBJ/EMBL/GenBank under accession numbers 

MW077537, MW077541−MW077542. 
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Table 1. List of primers used for initial amplification, nested PCR, and sequencing of the 

isolates of Gymnodinium gracile from the English Channel. 

 

Primer 

name 

Sequence (5´-3´) Use Reference 

EukA1  AAY CTG GTT GAT YCT 

GCC AG 

Initial amplification, nested 

PCR, sequencing 

Modified from Medlin et al. 

(1988) 

EukB2 GAT CCT KCT GCA GG 

TTC ACC TA 

Initial amplification,  nested 

PCR, sequencing 

Modified from Medlin et al. 

(1988) 

373F  GAT TCC GGA GAG GGA 

GCC T 

Nested PCR, sequencing Gast et al. (1994) 

570F GTA ATT CCA GCT CCA 

ATA GC 

Nested PCR, sequencing Gast et al. (1994) 

892R CCA AGA ATT TCA CCT 

CTG AC 

sequencing Gast et al. (1994) 

892F GTC AGA GGT GAA ATT 

CTT GG 

Nested PCR, sequencing Gast et al. (1994) 

1200F  CAG GTC TGT GAT GCC C Nested PCR, sequencing  Weekers et al. (1994) 

1200R  GGG CAT CAC AGA CCT G sequencing Weekers et al. (1994) 

TW13  GGT CCG TGT TTC AAG 

ACG 

Nested PCR, sequencing https://nature.berkeley.edu/bru

nslab/tour/primers.html 

TW14  GCT ATC CTG AGG GAA 

ACT TC 

Initial amplification, 

sequencing 

https://nature.berkeley.edu/bru

nslab/tour/primers.html 

 

 

Phylogenetic analyses 

The small and large subunit rRNA gene sequences of Gymnodinium gracile were 

analysed using Basic Local Search Tool (BLAST, http://blast.ncbi.nlm.nih.gov/Blast.cgi 

) against the GenBank database. The closest matches of the SSU rRNA gene sequence 

were environmental sequences (KJ763198, KJ763422, KJ763407, KJ76326) with a 

http://blast.ncbi.nlm.nih.gov/Blast.cgi


4 
 

percentage of similarity higher than 98%. The closest documented sequence was 

Pentapharsodinium tyrrhenicum (AF022201) with only 96% of identity. When the first 

1/3 of the sequence is trimmed (remaining the last 1200 base pairs), the closer relatives 

were also the sequence of Balechina pachydermata (KR139789–92) with a similarity that 

higher than 99%. Based on these results, SSU rRNA gene sequence alignments were 

constructed with the new sequences and those of Balechina pachydermata, and 

representatives of the main clades of unarmoured dinoflagellates, and other dinokaryotic 

dinoflagellates. In a second alignment, we included all the environmental sequences 

closer to the new sequences of Gymnodinium gracile according to a BLAST search using 

the full sequence or fragments.  

The closest matches of the LSU rRNA gene sequence were two sequences named 

Karenia sp. (in: Dinophyceae) strain DAB07 (KU999990) and DAB08 (KU999991) with 

a percentage of similarity of 99.8%, followed by sequence of Takayama acrotrocha 

(DQ656115) with a similarity of only 82.9%. Using a trimmed sequences of species of 

the thecate dinoflagellate Pentapharsodinium spp. and Ensiculifera with a percentage of 

similarity 88%, the thecate dinoflagellate Heterocapsa and unarmored species of 

Karenia, Karlodinium and Takayama with similarity of 85%. The identical sequences 

KU999990-1 to our sequence of Gymnodinium gracile. These sequences published in 

Baytut et al. (2016) are not strains, they are isolates that were directly sequenced. The 

morphology is not documented with micrographs. A BLAST search of the sequences 

KU999990-KU999991 showed as closer hits the sequences of the genera Karlodinium 

and Karenia, with a percentage of similarity of only 86% and 85%, respectively. These 

percentage are too low to assign these isolates to the genus Karenia or allied taxa. Based 

on these results, LSU rRNA gene sequence alignments were constructed with the new 

sequences of Gymnodinium gracile, the closer BLAST hits, and representatives of the 
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main clades of unarmoured dinoflagellates, and other dinokaryotic dinoflagellates. The 

sequence of Perkinsus marinus was used as outgroup. 

SSU- and LSU rRNA gene sequence alignments were accomplished by ClustalW 

(Larkin et al. 2007) and the evolutionary history was inferred by using the Maximum 

Likelihood method based on the General Time Reversible model with Gamma 

Distributed (G) rates in MEGA7 software (Kumar et al. 2016). Bootstrap values were 

obtained after 1000 replications. The sequences of Syndinium turbo and Perkinsus 

marinus were used for rooting the SSU- and LSU rRNA gene phylogenetic trees, 

respectively. 
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