Previous phylogenetic studies of chromalveolates

The chromalveolate hypothesis [1, 2] posits that four major lineages of protists —
cryptophytes, haptophytes, heterokonts, and alveolates (dinoflagellates, apicomplexans,
and ciliates) — form a monophyletic superassemblage (Chromalveolata) that is uniquely
defined by a single secondary endosymbiosis between the putative common ancestor of
this supergroup and an engulfed red alga. A key corollary of this hypothesis is that
plastids were independently lost on numerous occasions within the chromalveolates, in
the common ancestor of ciliates and from the basal lineages of the cryptophytes,
heterokonts, dinoflagellates, and apicomplexans. The chromalveolate hypothesis was
developed by Cavalier-Smith [2, 3] and is based largely on the number and types of
membranes enclosing the plastid and the possession of chlorophyll ¢, as well as a desire
to minimize the number of plastid symbioses.

Although several phylogenetic studies have found support for the monophyly of
chromalveolate plastids [4-8] studies using cytosolic huclear genes have not supported
their monophyly. The chromalveolate hypothesis should at present be regarded as
tenable but distinctly unproven (see ref. [9] for a strong challenge to this hypothesis).
Although it is a reasonable possibility that host cells and nuclei of the chromalveolates
do not form a monophyletic group, analyses using formally cytosolic nuclear genes
adopted to function in the plastid [5, 7] provide strong evidence that the plastids in the
chromalveolate lineages descended from a single red algal plastid.

Despite support for chromalveolate plastid monophyly the relationships between the
various lineages remains uncertain. Cavalier-Smith [3] has argued, based on
ultrastructural and pigment similarities, that haptophytes and heterokonts are sister
lineages (forming the “chromobiotes”), that chromobiotes and cryptophytes together
comprise the “chromophytes”, and thus that alveolates are sister to chromophytes.
Although phylogenies based on concatenated plastid genes tend to group the
haptophytes and heterokonts [6, 8], when dinoflagellates are included to represent
alveolates [8], they tend to group specifically with either haptophytes or heterokonts,
which is inconsistent with the chromobiote hypothesis [3]. Whereas cryptophytes are
sister to the other chromalveolate lineages in the limited plastid analyses [6, 8], in
analyses using formally cytosolic nuclear genes adopted to function in the plastid
cryptophytes group with heterokonts with weak [7] to strong [5] support. Studies using
six cytosolic nuclear genes group cryptophytes with haptophytes with weak support [10].
Although there is considerable support from multi-gene nuclear phylogenies for a close
relationship of heterokonts and alveolates [10-13], in most cases no haptophytes or
cryptophytes were included.
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