
Although hopes for ancient DNA have been dashed,
molecular biology is having a profound effect on
palaeontology.  Much of this is to the good, not least in
terms of molecular phylogenies. Nevertheless, a critical
stance is valuable both to ensure the intellectual integrity
of palaeontology and to remind our molecular
colleagues they don’t hold all the cards. Here I will
briefly review three areas of relevance:  the utility of
molecular “clocks”, the extent to which molecular
“archetypes” are useful in understanding bodyplan
evolution, and the central role of palaeontology in
providing a historical record of bodyplan origin and
evolution, notably in the Cambrian “explosion”.  
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The calcitic shells of planktonic foraminifers are pre-
served as microfossils in the marine sediments and
provide a high resolution archive for past climate re-
construction. To do so the assumption is made that
each morphospecies (morphologically characterised)
has a specific environmental preference. Molecular
genetic analysis shows that this is incorrect as many
paleoceanographically important morphospecies
have been found to represent complexes of several
distinct genetic types which have different ecologies
and distributions. In the light of this evidence, it is
likely that climate proxies using stable isotope and
chemical analysis of planktonic foraminiferal shells
together with census-based transfer-function tech-
niques may include a significant level of noise if not
error. Palaeoceanographers may also have over-
looked a vast storehouse of information which could
provide a new level of precision for climate modeling.
To investigate these issues, it is necessary to obtain
a globally complete genotypic profile for each mor-
phospecies and determine their specific adaptations
in the present day. The question then remains
whether we can apply these data to the fossil record
by assuming that present adaptations are analogous
to past adaptations.

Planktonic foraminifers are ideal taxa for ad-
dressing these issues as their evolutionary history
can be traced back in time with high resolution using
their fossil record. In combination with paleocean-
ographic evidence, it is possible to interpret the
modern molecular studies in an historical oceano-
graphic context and gain an insight into the links with
global climate change. Neogloboquadrina pachy-
derma (sin) currently dominates the high latitude as-
semblage and has played a pivotal role in the recon-
struction of past climate in these regions. It first
appeared approximately 10 million years ago and
phylogeographic evidence indicates that it may not
have been a true polar adapted morphospecies
throughout its existence. The common ancestor of all
the modern day N. pachyderma (sin) genotypes was
bipolar and thus had a subpolar ecology. At the on-
set of Northern Hemisphere glaciation, Atlantic Arctic
and Antarctic populations became isolated and some
genotypes developed an extreme polar affinity. Oth-
ers retained a more subpolar ecology but with a
more restricted temperature range than the bipolar
subpolar morphospecies. Genetic diversity therefore
arose in N. pachyderma (sin) through a stepwise
progression of diversification associated with the on-
set of Northern Hemisphere glaciation and the gla-
cial-interglacial climate dynamics of the Quaternary
period.

Quaternary climate instability as the driver of genetic diversification
in high latitude planktonic foraminifers
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Evidence is accumulating that Pax 6 is a universal
master control gene for eye development; loss-of-
function mutants in both insects and mammals lead
to an eyeless phenotype and gain-of-function mu-
tants induce ectopic eye formation: The mouse Pax
6 gene can induce compound eyes in Drosophila,
and reciprocally the Drosophila Pax 6 homologs,
eyeless and twin of eyeless, can induce ectopic eye
structures in Xenopus.

Using DNA microarrays and affimetrix chips we
are analyzing the genetic hierarchy underlying eye
morphogenesis in Drosophila and comparing it to the
one in mice. A substantial number of transcription
factors and structural genes, like rhodopsins are
shared between vertebrates and invertebrates, but
there are also genes which are only found in the
vertebrate eye morphogenetic pathway and not in
insects, and vice versa.

In an attempt to understand the evolution of
morphogenetic pathways, we have proposed a
model of intercalary evolution, which assumes that
the various eye-types evolved from a common an-
cestral prototype in which minimally two cells, a
photoreceptor (containing rhodopsin) and a pigment
cell were assembled under the genetic control of Pax
6. Subsequently, different genes were intercalated
between the top (Pax 6) and the bottom (rhodopsin)
of the cascade to generate different eye-types.
Some of these genes are shared, but differentially
regulated, others are specific for a certain eye-type.

Several cases of intercalation will be presented,
including the duplication of the Pax 6 genes in Dro-
sophila, their subsequent divergence, and the evolu-
tion from a positive autokatalytic feedback loop into a
heterokatalytic regulatory loop. Furthermore, the re-
cruitment of a cuticle protein gene into the lens
pathway will be illustrated.

Cnidarian jellyfish are of particular interest since they
appear to have a Pax 6 precursor gene which com-
bines Pax 6 and Pax 2 functions in one gene. They
also lack a well developed brain which lead us to
propose that sensory organs like the eye evolved
before the brain. With respect to the origin of photo-
receptors I propose two alternative models:

The first hypothesis assumes that the metazoa
acquired photoreceptors from their single-celled an-
cestors when they became multicellular by cellular
differentiation.

The second hypothesis which I call the “Russian
doll” model assumes that photoreception orginated
in cyanobacteria, which subsequently became inte-
grated in an eukaryotic host cell as chloroplasts. The
first eukaryotic host became integrated into dinoflag-
ellates which possess chloroplasts surrounded by 3
membranes. Some dinoflagellates like Erythropsis
and Warnovia have lost their chloroplast and/or con-
verted it into a highly developed eye organelle. Such
dinoflagellates may have become symbionts of cni-
darians and transferred their photoreceptor genes to
their jellyfish host.

We are currently trying to test these hypotheses
by analyzing the cnidarian and dinoflagellate ge-
nomes.
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Past climatic changes have had a great impact on
both the distribution and the genetic composition of
plant populations (Hewitt, 2000). The autopolyploid
Biscutella laevigata, a representative species of al-
pine meadows, is a classical example of polyploidy
linked to glaciations (Manton, 1937) and is thus an
interesting model to explore migration and speciation
driven by climate changes. New chromosome counts
indicate that diploids (2n = 2x = 18) survived the last
glacial maximum (LGM) in some ice free parts of the
Alps, as well as deglaciated areas outside the alpine
chain. Tetraploids (2n = 4x = 36) are clearly domi-
nant in the central parts of the Alps and thus inter-
preted as having recolonised this area from refugia
(Parisod et al. in prep). Previous range-wide study
failed to identify the diploid parent(s) of the present
tetraploids and was unable to precisely determine
the polyploidisation mechanism. Classically,
tetraploids were thought to be derived from the Ger-
man lowland diploid taxon (sub-sp. varia), but a new
one (B. prealpina) has been recently described in It-
aly and questioned as a putative ancestor of the
polyploids (Tremetsberger et al., 2002). The aim of
this study is to highlight the phylogeographic rela-
tionships (i.e. in space and time) of maternal linea-
ges in the Western Alps.

Using trnSG and trnL-intron plastidic sequences
together with highly polymorphic cpDNA-SSR mark-
ers in 60 populations densely sampled throughout
the study area, as well as outgroup individuals sam-
pled outside the Alps, phylogenetic relationships
were assessed using Median-Joining Network and
phylogeographic pattern is viewed through Gst/Nst
comparison.

While some diploid haplotypes present in local
refugia seem not to have expended, Western Alps
tetraploids are phylogenetically linked to several
diploids taxa: the german varia sub-species, the B.
prealpina taxon, as well as diploids found in the
Western Alps. They display haplotypes belonging to

different lineages. The northern and the southern
parts of the Western Alps are inhabited by
tetraploids lineages derived from different diploid
taxa. Polytopic autopolyploidy out of refugia is thus
apparent at the study scale (figure 1). Furthermore,
in situ survival on Nunatacks seems probable in the
central Alps as shown by the presence of a third un-
related haplotype in the Val d’Anniviers.

No obvious isolation by distance is detectable and
Gst = Nst at the Western Alps scale, suggesting that
the species had a recent and rapid radiation, mainly
along recolonisation routes postulated by Delarze
(1987). Furthermore, when comparing such patterns
in formerly refugial vs. glaciated areas, Gst is greater
than Nst in refugia. Such a pattern indicates that
phylogenetically unrelated haplotypes tend to co-
occur in populations of refugia. Such a pattern
should be explained by the LGM contraction of un-
related lineages in refugia, followed by the expan-
sion of a few haplotypes during recolonisation.

Polytopic autopolyploidy and post-glacial recolonisation of
Buscutella laevigata in the Western Alps:

A cpDNA phylogeographic study
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Figure 1. Haplotypes found in the Western Alps: The frequent
one (dark grey) probably originated and expanded from the
northern Prealpine refugia, while the southern one (light grey)
is indicated as originated from Italy by the phylogenetic analy-
sis. A third haplotype (mid grey) is ancestral and shows a re-
stricted expansion in the central areas were nunatak have been
postulated. Relationships among populations in space and time
can be further discussed to depict recolonisation routes out of
the last glacial refuges.
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Over the past few years, several studies used mo-
lecular data to establish a timescale of eukaryote
evolution. These studies led to diametrically opposed
conclusions and provoked a hot debate about the
precision of molecular time estimates (Graur & Mar-
tin 2004; Hedges & Kumar 2004). On the one hand,
it has been suggested that eukaryotes originated
more than 2000 million years ago, based on mo-
lecular clock analyses of genomic data (Hedges et
al. 2004). On the other hand, the early diversification
of eukaryotes was dated to about 1000 million years,
according to relaxed clock analysis of combined
protein data (Douzery et al. 2004).

One of the main sources of the conflict between
molecular dates is an inaccuracy of the calibration
points. Many studies used a single fossil event as
the primary calibration point, sometimes adding sec-
ondary points inferred from molecular analyses (e.g.,
Hedges et al. 2004). The authors of these studies
claimed that multiple calibrations lead to an under-
estimation of dates and are practically impossible
when analysing large genomic databases with only
few available taxa. The importance of calibration er-
rors has been stressed by few authors (Graur &
Martin 2004). Three major sources of error associ-
ated with the imperfection of the fossil record used
for the calibration of molecular trees are (1) the non-
preservation of the earliest fossils of any lineage, (2)
uncertainties associated with the geological dating of
fossils, and (3) an incorrect taxonomic assignment of
some fossils.

In order to avoid some of these errors, we ex-
plored the potential of the well-documented, but
largely ignored in molecular studies, continuous
Phanerozoic microfossil record of protists as a
source of calibration points. We selected 26 time
constraints from fossil record of dinoflagellates, dia-
toms, and coccolithophorids and used them to date a
phylogeny of eukaryotes inferred from the small-

subunit ribosomal RNA gene. Using these multiple
calibration points in a Bayesian relaxed molecular
clock framework, we inferred that the early radiation
of eukaryotes occurred near the Mesoproterozoic-
Neoproterozoic boundary, about 1100 million years
ago.

Our study confirms the importance of accurate
fossil calibration for dating of molecular trees and
shows that the fossils, which cannot be confidently
assigned to extant lineages, should not be used as
calibration points in molecular dating. A rich and
continuous microfossil record offers a reliable source
of calibration points for timing the eukaryote mo-
lecular phylogeny, which importance shall increase
with development of genomic databases available
for the extant representatives of microfossil groups.
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 Fossil calibration of molecular trees.
How important it is?
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Life in extreme environments has been a subject of
study since the discovery of deep-sea hydrothermal
vents in the Galapagos region. The physico-
chemical conditions of these ecosystems are char-
acterized by high hydrostatic pressure, emission of
very hot fluids (until 400°C) rich in reduced com-
pounds, such as H2, CH4, H2S, etc., heavy metals
and CO2.  Thermophilic and hyperthermophilic mi-
croorganisms flourishing in these environments pro-
vide us clue about the last common ancestor (LCA)
because they are in general represented near the
base of the phylogenetic tree. Furthermore, thermo-
stable enzymes of these organisms are of great in-
terest for biotechnology.

To study the microbial diversity at deep-sea vents,
cultural techniques were first applied. Afterwards,
with the emergence of molecular techniques based
on the analysis of the "signature" gene coding the
16S ribosomal RNA, a large archaeal and bacterial
diversity was highlighted. Nevertheless, the diversity
of the hydrothermal microorganisms cultivated to
date remains much lower than the diversity de-
scribed with molecular tools.  Therefore, new meth-
ods should be developed to cultivate new microor-
ganisms, and also determine their metabolic
properties and potential role in the ecosystem.

In this study, a hydrothermal chimney, located on
ultramafic rocks at 2300 m depth at the Rainbow site
on the Mid-Atlantic Ridge, was sampled using the
Remotely Operated Vehicle (ROV) Victor.  A biore-
actor gas-lift was utilized to perform enrichment cul-
tures in continuous flow at 60°C and 90°C (thermo-
philic and hyperthermophilic conditions) in the
presence of organic matter and sulfur.  Surprisingly,
moderately thermophilic species were grown at
90°C, and also autotrophic strains were obtained in
co-culture with heterotrophic strains at 60°C. Several
new species, detected previously only by molecular
methods, have been successfully isolated from the
enrichment cultures in the bioreactor. They belong to
the first link of the hydrothermal trophic chain (autot-
rophic) or are involved in the degradation of organic
matter (heterotrophic). They, therefore, play a role in
the global carbon cycle, and also the sulphur cycle.
Future physiological and genomic studies (through
the use of functional genes) of the hydrothermal mi-
crobial community will give greater insight into the
evolution and role played by these microorganisms
in the context of their environment.

Microbial diversity at deep-sea hydrothermal black smoker,
Mid-Atlantic Ridge
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