Supplementary information.
The figure below shows the partial amino-acid sequence of a variable coil region of cytochrome c oxidase subunit I (positions 52 to 68, numbered by reference to the sequence of Thalassiosira pseudonana cytochrome c oxidase in GenBank accession NC007405) in Sellaphora and related genera. Amino-acids are referred to by standard abbreviations and colour-coded according to their properties. The end of helix 1 and the beginning of helix 2 of cytochrome c oxidase subunit I are marked by arrowheads. Note the marked difference in the distribution of charged (basic and acidic) amino-acids in clade 3, relative to other Sellaphora. At position 52, clades 1 and 2 are variable: S. marvanii, S. cf. marvanii and S. [pupula agg.] ‘rod’ possessing the basic amino acid histidine (H), whereas other clade 1 and 2 taxa (including S. [pupula agg.] ‘large’ and S. pupula have the polar amino-acids, threonine (T), asparagine (N) or glutamine (Q).
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Significance of amino-acid sequence variation in the region between positions 54 and 67 of cytochrome oxidase

The coil region between positions 54 and 67 in cytochrome oxidase subunit I has been identified as a cation (Ca++ or Na+) binding site in both mammals (Bos) and bacteria (Paracoccus denitrificans) and lies on the cytosolic side of the inner mitochondrial membrane (Yoshikawa et al., 1998; Kirichenko et al., 1998). To investigate this region in haptophytes and heterokontophytes, we aligned the cox1 sequences provided by Ehara et al. (2000) and established homology with bovine cox1 by matching the secondary structure predicted by PSIPRED, as for Sellaphora. The cytochrome c oxidases of haptophytes (Pavlova, Isochrysis, Phaeocystis and Diacronema) and some heterokonts (the xanthophytes Vaucheria and Botrydium, Mischococcus and Monodus; the eustigmatophyte Nannochloropsis; the raphidophyte Heterosigma; and the oomycete Phytophthora) seem likely to have the same cation-binding capacity as mammals and bacteria, since they possess the same conserved amino-acids that have been implicated in cation binding by Yoshikawa et al. (1998) and Kirichenko et al. (1998); these are Glu (D) at the end of helix 1 (equivalent to position 52 in Supplementary Fig. 7) and Gly (G) five positions further along the inter-helix coil (equivalent to position 57, where Fallacia and some Sellaphora also have Gly). In contrast, diatoms and brown algae generally lack the conserved Glu at position 52 but most do have at least one negatively charged amino-acid (Glu or Asp: Supplementary Fig. 7) in the coil region, for example at position 62 in our outgroup taxa and in most Sellaphora. However, in clade 3 (Supplementary Fig. 7) the distribution of acidic (one Glu and one Asp at positions 57 and 59) and basic amino acids (two adjacent His at positions 65 and 66) is unlike that in other Sellaphora and outgroup diatom species, and also unlike any of the brown algae and other Heterokontophyta and Haptophyta examined by Ehara et al. (2000). Since the distribution of charged amino-acids in this region is likely to affect the folding and cation binding properties of the peptide, it seems probable that the conserved changes that have occurred in amino-acids 54–67 during the evolution of clade 3 are adaptive. They are apparently also a useful taxonomic marker.
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