
 

 
advances.sciencemag.org/cgi/content/full/6/37/eabb1611/DC1 

 
Supplementary Materials for 

 
Dimorphism in cryptophytes—The case of Teleaulax amphioxeia/Plagioselmis 

prolonga and its ecological implications 
 

A. Altenburger*, H. E. Blossom, L. Garcia-Cuetos, H. H. Jakobsen, J. Carstensen,  
N. Lundholm, P. J. Hansen, Ø. Moestrup, L. Haraguchi* 

 
*Corresponding author. Email: andreas.altenburger@uit.no (A.A.); lumi.haraguchi@ymparisto.fi (L.H.) 

 
Published 11 September 2020, Sci. Adv. 6, eabb1611 (2020) 

DOI: 10.1126/sciadv.abb1611 
 

This PDF file includes: 
 

Supplementary Materials and Methods 
Figs. S1 to S3 
Tables S1 and S2 
References 

 
 



 

 

Materials and Methods 

DNA extraction, PCR and sequencing  

DNA material: Cultures of Teleaulax acuta (SCCAP K-1486), T. amphioxeia (SCCAP K-

1837) and Geminigera cryophila (RCC5152) were acquired and kept in f/2 or L1 growth 

medium at salinity 30 (f/2, 15°C for Teleaulax spp.; L1, 4 °C for G. cryophila). The Roskilde 

isolates were grown in L1 medium (salinity 12) with soil extract added (41) and kept at 10 °C. 

All cultures were kept with saturated light intensity (100 µmol photons m−2s−1), in a light/dark 

cycle of 16/8 h. 

DNA extraction: Single cells were transferred to 0.2-mL PCR tubes containing 100 µl water 

and 10% (w/v) Chelex 100 (Sigma-Aldrich #C7901). For DNA extraction, the PCR tubes 

were vortexed for 5 s, spun down in a microcentrifuge for 10 s, and subsequently incubated at 

95 ⁰C for 20 min (42). After incubation, the tubes were centrifuged again for 10 s and stored 

at 4 ⁰C until further use. 

PCR: In the subsequent PCR reactions, 2 µL of the DNA extract was used as a template in a 

nested PCR approach. In the first PCR (25 µl reaction volume, 1.5 mM MgCl2, 0.8 mM 

dNTPs [VWR #733-1363], 0.8 mg/mL BSA [BioLabs #B9000S], 0.5 units polymerase [VWR 

#733-1301], 0.8 µM primers SSUF and LSUR2), the full SSU, ITS, and part of the LSU 

rRNA were amplified. Nested PCRs were run using 0.5 µl from the first PCR as a template 

with the following primer sets: SSUF-SR7; SR4-SR9p; SR6-SSUR; ITS1-ITS4 (see Table 

S2). The mastermix was the same as above but without BSA. The following PCR conditions 

were used for the second PCR: 2 min at 95 ⁰C, followed by 25 cycles: 95 ⁰C for 30 s; 56 ⁰C 

for 30 s; 72 ⁰C for 50 s; followed by 5 min at 72 degrees. The presence of PCR products was 

confirmed on a 2 % agarose gel. 

Sequencing: PCR products were sent to Macrogen (Macrogen Europe, Amsterdam, NL) for 

purification and sequencing in both directions. Sequence analysis (trimming, assembly, 

BLAST) was done with Geneious Prime version 2019.1.1 (Biomatters Ltd., Auckland, New 

Zealand). Accession numbers for the newly sequence strains are in Table 1. 

Phylogenetic analyses 

Cryptophyte sequences of 18S rDNA were downloaded from GenBank and aligned using 

MAFFT with subsequent alignment masking, as implemented in GUIDANCE2 (43, 44). 

GUIDANCE alignment score was 0.983883, the masked alignment (columns below 

confidence score of 0.93 were removed) was trimmed by hand, included 1570 characters and 

was uploaded to the ATGC bioinformatics platform for PhyML 3.0 analysis with Smart 

Model Selection (the best model was TN93 +G+I), using the Akaike Information Criterion 

and performing 1000 bootstrap replicates (45, 46). Bayesian Inference was performed with 

MrBayes 3.2.6  using a GTR+G+I model as implemented in Geneious Prime® 2019.1.1 (47). 

The following settings were used: four simultaneous Markov chain Monte Carlo (MCMC) run 

for 1,000,000 generations, sampling every 1000 generations. The first 25 % of trees were 

discarded as burn-in. Finally, a neighbour-joining tree was built, using the Jukes-Cantor 

genetic distance model and 10,000 bootstrap replicates as implemented in Geneious Prime 

version 2019.1.1. 



 

 

Ploidy  

Ploidy was determined from live material of P. prolonga and T. amphioxeia (Roskilde 

cultures). The cultures were checked for purity under the light microscope and by CytoSense 

before analysis. Due to the presence of stainable DNA materials other than the nuclei in the 

whole cells that would mask the ploidy signal, nuclei were isolated following a modified 

protocol from (48). Briefly, 15 mL of cultures in exponential growth phase were centrifuged 

(8944 g, 5 min.), the supernatant was removed, and the pellet was transferred to 2-mL 

Eppendorf tubes. The Eppendorf tubes were centrifuged (4930 g, 3 min), the supernatant was 

removed, and the pellet was resuspended in cold L1 media containing 0.1 % NP-40 (Sigma-

Aldrich), and the ressuspension/ centrifugation step was repeated three times. The final pellet 

containing the isolated nuclei was resuspended in cold, pure L1 media, which was stored at 

4°C until flow cytometric analysis (within 1 hour). The solution containing the isolated nuclei 

was stained for 10 min. with the nucleic acid stain SYBR green dye (1x final concentration) 

(49) and analyzed within 30 min. with CytoSense and CytoUSB, using a flow rate of 6 µL s-1 

and a trigger of 100 mV for the FLY sensor. Nuclei were discriminated from other cell 

materials by a relative high FLY and low scattering, using the software CytoClus3 to 

determine the clusters manually. The ploidy level was determined using the intensity of FLY 

as a proxy for the amount of DNA in the nuclei. For cluster definitions, the extracted nuclei of 

the two cultures were analyzed first separately in order to define the cluster features for each 

individual culture. For nuclei comparison between the two cultures, the material of both 

cultures was mixed, processed and analyzed following the steps described above, in order to 

generate comparable histograms with both haploid and diploid nuclei in the same sample. 

Differences in the nuclei of each culture were described using the mean and standard 

deviation of the FLY peak and the total FLY. 

Morphology 

The general morphological features of cryptophytes, such as cell size and shape, furrow 

length and flagella (position and length), were investigated using an inverted light microscope 

(Nikon TI-U, Nikon Instruments Europe, NL) or an upright light microscope (Olympus 

BX53, Olympus Denmark, DK). Cell surface features were investigated in a scanning electron 

microscope JSM-6335F (Jeol, Japan). For fixation, 800 µL culture was added to a fixation 

cocktail of 960 µL 4 % aq. OsO4, 960 µL growth medium and 480 µL saturated aq. HgCl2, 

and left for 30 minutes. Samples were then collected in filters with a pore size of 2 µm, rinsed 

with Milli-Q water, and dehydrated in a graded ethanol series. They were critical-point dried 

and subsequently coated with Au-Pd before examination in the scanning electron microscope. 

In some cases, cells were fixed in acid Lugol solution, dehydrated in a graded ethanol series, 

critical point dried and coated with platinum. 

CytoSense specifications  

CytoSense is designed for the analysis of phytoplankton and allows for the identification of 

different groups based on their optical signatures, reflecting characteristics such as volume, 

shape, and pigment composition (50, 51). The CytoSense used in this study has a 488-nm 

laser, and a filter set adjusted for three fluorescence bands (FLR, em.: 650−700 nm for 

chlorophyll a; FLO, em.: 600-650 nm for phycoerythrin; and FLY, em.: 550 nm for FITC 

dyes) and sideward (SWS) and forward (FWS) scatter sensors.  

 

 
 



 
Fig. S1. Scatterplot showing the relationship between nutrient concentrations and Rcrypto 

(ratio between P. prolonga to T. amphioxeia) in Roskilde Fjord (DK). (A) Dissolved 

inorganic nitrogen (DIN). (b) Dissolved inorganic phosphorus (DIP). Blue line represents the 

linear model and the shaded gray area represents the standard error. P value (α = 0. 05) and 

slope are provided in the graphs. Variables were log-transformed prior to analysis. 

  



 

 

 

Fig. S2. Phylogenetic analysis of cryptophyte ITS sequences. The tree is based on Bayesian 

inference and includes newly sequenced T. amphioxeia and P. prolonga sequences in bold. 

Support values at nodes show posterior probability of Bayesian inference / bootstrap values of 

maximum likelihood / bootstrap values of neighbor-joining. Branches with support values 

below 70 are marked with (-). The scale bar corresponds to 20 nucleotide substitutions per 100 

nucleotide positions. 

 

  



 

 
Fig S3. Example of Roskilde Fjord cryptophytes recorded by CytoSense. Pulse-shape 

optical profiles of representative cells and cytograms showing P. prolonga (light blue), T. 

amphioxeia (pink) and T. acuta (dark green, not discussed in this paper) clusters. Panels 

represent the phytoplankton communities in two contrasting seasons during the study period: 

March 2016 during a spring bloom (left panels), and July 2017, a period with low cryptophyte 

biomass in Roskilde Fjord (right panels). 



 

Table S1. Summary of morphological differences between T. amphioxeia and the P. prolonga 

stage. 

 T. amphioxeia P. prolonga stage 

Cell size 8-13 µm long, 3-6µm wide 6-8µm long, 3-5µm wide 

Flagella Ventral flagellum longer than the 

dorsal flagellum 

Ventral flagellum shorter than 

the dorsal flagellum 

Periplast Sheet like Hexagonal plates 

Mid-ventral band  Short, curved, passing in oblique 

direction from the antapex; ca. 

2.5µm in length 

Prominent mid-ventral band 

extending from the antapical end 

of the furrow to the cell antapex; 

ca 4 µm in length 

   

 

Table S2. Primer sequences used in PCR reactions. 

Name Sequence 5’ – 3’ Reference 

LSUR2 TCGGCAGGTGAGTTGTTAC (52) 

ITS1 TCCGTAGGTGAACCTGCGG (53) 

ITS4 TCCTCCGCTTATTGATATGC (53) 

SR4 AGGGCAAGTCTGGTGCCAG (54)  

SR6 GTCAGAGGTGAAATTCTTGG (54) 

SR7 TCCTTGGGCAAATGCTTTCGC (54) 

SR9p AACTAAGAACRGCCATGCAC (54) 

SSUF (1F) AACCTGGTTGATCCTGCCAGT (55) 

SSUR (1528R) TGATCCTTCTGCAGGTTCACCTAC (55) 
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