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ABSTRACT

The main hypothesis proposed in this work intends to remove the difficulty that arises
from the conjecture that the RNA world may have left molecular relics that may still be
extant in the angiosperms.

We discuss whether it is possible to envisage a possible evolutionary pathway of the
RNA replicators spanning the vast time span separating the first appearance of the an-
giosperms, late in the Mesozoic era (the Lower Cretaceous), from the most likely suberas
in which the RNA world may have occurred, namely the Hadean/Early Archean.

In order to address this question we suggest that through horizontal gene transfer,
as well as through a series of symbioses of the precursor cells of the land plants, the
genes of the replicases (RNA-directed RNA polym.era.ses) associated with putative DNA-
independent RNA replicators may have been transferred vertically, eventually becoming
specific to the angiosperms.
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1. INTRODUCTION

It is widely believed that the chirality of amino acids and nucleic acids are relics
of the earliest stages of chemical evolution (Chela-Flores, 1991; Salam, 1991; Mason,
1992). Once the macromolecules of life were formed, the evolution of the earliest life
forms ('the early replicators') enhanced the importance of chirality. This led to the
highly asymmetric environment of the macromolecules of the living cell - the hallmark
of life itself. Chirality is not only a molecular relic of great interest in basic science, but
currently it is being used in the design of synthetic drugs (Crossley, 19921

We discuss, and evaluate, the general question of whether it is possible for
further relics of the earliest stages of evolution to have survived till the present This
question has been raised in the past by various authors. Some well known examples
are the antiquity of intron;, based on the finding that some group I introns are ancient
(Saldanha et al, 1993) ai d, more recently, the question of molecular relics from the
RNA world has been raised in the context of the origin of RNA plant pathogens, such
as viroids (Diener, 1993).

Some of the above examples of the DNA-independent RNA replicators are
largely specific to the angiosperms, which are recent additions (in geologic time) to the
biota. We, therefore, address the paradox that arises from the following conjecture:

The RNA world may have left molecular relics that may still be extant, in spite of
the vast time span separating the Mesozoic era from the most likely subera in which the
RNA world may have occurred.

We recall that the first appearance of the angiosperms was in the Lower
Cretaceous (cf., Sec. 3.1 below).

The main hypothesis proposed in this paper intends to remove the above
paradox: we suggest that through horizontal gene transfer, as well as through a series
of symbioses in the precursor cells of the land plants, the genes of the replicases
associated with RNA plasmids and other putative DNA-independent RNA replicators
may have been transferred vertically, eventually becoming specific to the angiosperms.

The series of symbioses postulated in this hypothesis implies that the gene for a
putative RNA-directed RNA polymerase (RdRPase), the replicase responsible for the
replication of the molecular relics, was transferred to a subsequent host cell during the
early Archean, when a pro! aryote (possibly a cyanobacterium) first became the host of
primordial RNA replicator-

Such replicases have already been suggested to exist in some angiosperms
(Fraenkel-Comat, 1983; 1986) such as cabbage (Brassica oleracea capitata), cowpea
(Vigna sinensis), cucumber (Cucumis sativus), and tobacco (Nicotiana tabacum).

2. ARE THERE MOLECULAR RELICS FROM THE RNA WORLD?

2.1 Aspects of the RNA world.

We should look for further insights into the RNA world by considering the
possible existence of molecular reucs.The discussion of whether such relics are extant
is the main topic of this work, which we now proceed to consider in some detail.

The antiquity of introns, or DNA sequences that are not represented in the
mRNA, has been discussed in several works (Cavalier-Smith, 1985; Lambowitz,
1989). Their discovery led to the general question of whether introns are ancient, and
whether they are related to viroids, putative relics of the RNA world, a topic that we
discuss in the next subsection.
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Diener has suggested that small circular pathogenic RNAs of plants may be relics
of precellutar evolution (Diener, 1989). Viroids have Iieen well studied, particularly
those with agricultural importance, since they may even affect, amongst others the
Solanaceae family, notably Solarium tuberosum (the potato). Viroids have been
shown to be specific to monocots (cf., Table 1)

TABLE 1: An example of a viroid specific to a monocot (Diener, 1991)

TABLE 2: A list of some viroids specific to dicots (Diener, 1991)
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GIOSPERM:
1ONOCOT)

Coconut

VIROID SPECIFIC TO
THE GENUS

Coconut cadang-cadang,
CCCVd

SUBCLASS/
ORDER/
FAMILY.

Arecidae/
Arecales/
Palmae

and to a wide variety of dicots (cf., Table 2)

ANGIOSPERM
(DICOT)

Avocado

Cucumber

Apple

Citrus

Grapevine

Potato

Tomato

Chrysanthemum

VIROID SPECIFIC TO
THE GENUS

Avocado
sunblotch.ASVBd

Cucumber pale fruit,
CPSVd

Apple scar skin, ASSVd

Citrus exocortis, CEVd

Grapevine yellow speckle,
GYSVd

Potato spindle tuber,
PSTVd

Tomato apical stunt,
TASVd

Chrysanthemum stunt,
CSVd

SUBCLASS/
ORDER/FAMILY.

Magnoliidae/
LaiualeV
Lauraccac

Dillcniidae/
Cucurbitales/
Cucurbiiaceae

Bosidae/
Rosalcs/
Rosaccae

Rosidae/
Rulales/
Ruuccae

Rosidae/
Rosales/
Rosaceae

Astcridae/
Scrophulari ales'

Solanaceae

Asteridne/
ScrophuiariaW

Solanaceae

Aaeridae/
Astcrales/

Compositae

The credits in favour of interpreting viroids as molecular fossils are abundant
(Diener, 1993).

2.2 Are RNA plasmids molecular relics of the RNA world?

In order to complete this line of discussion we should also evaluate whether
other RNA molecules, which may replicate independent of its DNA, may be
considered as molecular relics. The usual form of DNA used in bacterial
transformation is plasmid DNA. Plasmids are small autonomously replicating pieces of
DNA found in the cytoplasm; if, besides, the DNA is capable of inserting itself
reversibly into the main chromosome, the plasmid is called an episome.

A line of male sterile maize (Zea mays L.) is called S type according to the
fertility restoration pattern, characterized by the mediation of a single gene locus Rf

(Pring et d., 1977), other types of male sterility require more than one gene to recover
the normal phenotype.

It is for these reasons that the name "RNA plasmid" has been given to an
episomal system consisting of two species of autonomously replicating RNAs that



were reported to exist in the cytoplasm of mitochondria of healthy (i.e., vims free)
maize cells (Finnegan and Brown, 1986): there are two species in this episomal
system, the lenghts of which are 2850 bps and 900 bps,
respectively. These RNA plasm ids are synthesized in a DNA-independent way.

The origin and gene products of these plasmids remains unknown. However,
there is a variety of cellular RNA-depcndent RNA polymerases of no known function
(Levings III and Brown, 1989). Double-stranded RNAs have been isolated from
leaves of the variety of dicots, as shown in Table 3:

TABLE 3: Some examples of dicotyledonean double-stranded RNAs (replicases) of
no specific function (Fraenkel-Conrat, 1983; 1986; Ikegami and Fraenkel-Conrat,

1979, 1978) that may have been observed in a broad sample of dicots

PLANT

Cabagge

Cucumber

Cowpea

Tobacco

BINOMIAL
SYSTEMATICS

Brassica
oleracea

Cucumis
sativus

Vigna
sinensis

Nicoliana
labacum

FAMILY/
ORDER

Cruciferae/
Capparales

Cucurbitaceae/
Cucurbitales

Leguminosae/
Fabales

Solanaceae/
Scrophulariales

SUBCLASS

Dilleniidae

Dilleniidae

Rosidae

Asteridae

2.3. Possible evolutionary pathway for RNA replicators to become specific to the
monocot mitochondrial cytoplasm.

During evolution the process of horizontal gene transfer (cf.. Sec. 4.3 below for
an introduction) may have played a role of continually restricting the habitat of the
early RNA replicators:

First the replicators may have been imported into a cyanobacterium.
Subsequently, during the Proterozoic, the RNA replicators may have been imported
into an early purple bacterium by bacterial-bacterial conjugation. Mitochondria may
have arisen by the invasion of aerobic or anaerobic photosynthetic bacteria into
ancestral prokaryotic cells (Kuntzel and Kochel, 1981). Later, at an advanced stage of
protistan diversification algae emerged close to the metazoa-metaphyte radiation
(Perasso et a!., 1989).

2.4 On the descent of the angiosperms

In particular we shall discuss below (cf., Sec. 4.3 for references and further
details) some of the spore-fossil evidence that land plants may have emerged in the
Ordovician from charophycean algae.

It is generally agreed that the angiosperms descended from the
progymnosperms, whose first appearance goes back to at least 370 million years

before the present (Mybp). Finally, it is plausible that the monocot-dicot divergence
may have occurred some 200 Mybp (Wolfe et al., 1989).

In this manner, we introduce the following hypothesis:

By a combination of repeated symbiosis and horizontal gene transfer in the
ancestral lineage of the angiosperms, the DNA-independent RNA replicators may have
become specific to the dicots and monocols.

However, this point is discussed more fully for all putative RNA replicators in
Sec. 4, below.

3. A PARADOX ARISES FROM THE HYPOTHESIS THAT MOLECULAR
FOSSILS FROM THE RNA WORLD MAY BE REPRESENTED BY EXTANT

RNA REPLICATING INDEPENDENTLY OF THE NUCLEAR DNA

3.1 DNA-independent RNA replicators are specific to the angiosperms, whose first
appearance was rather late in geologic time.

A paradox arising from the assumed existence of molecular fossils may be put
in a clearer form in the following terms already discussed briefly in preliminary form
(Chela-Flores, 1994a, 1994b):

Where were the survivors of the Archean era - the DNA-independent RNA
replicators - before they became specific to higher plant taxa in the comparatively
recent Mesozoic era?

3.2 The first experimental challenge: a search for RdRPases in cyanobacteria and
purpule bacteria.

The means of importing the RNA plasmid into the cytoplasm of a precursor of
the mitochondria is not entirely clear, but a possible mechanism is discussed in Sec.
4.4.3 below. However, what has been shown is that viroids and RNA plasmids are
specific to plant cells, in which their chloroplasts are organelles arising from
cyanobacteria by symbiosis.

We recall that according to the serial endosymbiosis theory (Margulis, 1991,
1993), some chloroplasts originated through polyphyletic associations between
various cyanobacteria and the precursors of eukaryotic cells.

3.3 On a putative cyanobacterium RNA replicase

A property of viroids - passive replication due to a host enzyme - suggests that a
cyanobacterium RNA replicase be searched for from this perspective (i.e., an
RdRPase), which would be responsible for the replication of the DNA-independent
RNA replicators.

Specificity should also be studied in the various classes of cyanobacteria:
Coccogoneae and Hormogoneae.

These taxa should also be considered from this point of view, since there are
many examples of laminated stromatolites that were constructed by filamentous
organisms (cf., Sec. 5 below).

There are also examples of laminated fossil stromatolites where the constructing
organisms apparently were coccoid rather than filamentous (Walter, 1983).

Finally, specificity of the RNA replicators should also be tested in members of
Chloroxybacteria, since this class includes a putative cyanobacterium genus ancestral
to chloroplasts (Prochloron).



3.4. Some lessons may be learnt from Cyanophora paradoxa.

As mentioned in Sec. 1.1 the existence of RdRPase has been suggested in
cowpea, cucumber, and tobacco, but otherwise, we have little information on the
transcription repertoire of a cyanobacterium.

Some insight, nevertheless, was gained some time ago with the discovery of the
histone-like protein of size analogous to the Escherichia colt HU protein (Komberg
and Roberts, 1992).

We may assume that holobionts (symbionts and hosts) are new targets of
natural selection due to the interactions of the partners in the symbiosis. In this
manner, symbiosis may be an important driving force in evolution.

Such interactions between host and symbiont may be, for instance, horizontal
gene transfer (defined below in Sec. 4.3), or the adoption of whole symbionts as
organelles. Some intraceltular symbiotic bacteria have substantially reduced genomes.

For instance, Cyanophora paradoxa is a flagellated protist, a euglenoid
harboring cyanelles, which are cyanobacterium-like symbionts lacking cell walls.

Cyanelles are functional chloroplasts (Margulis, 1993) and arc known to have
only 10% the DNA content of a nonsymbiotic cyanobacterium (Maynard-Smith,
1991). These endosymbiotic prokaryotes may approach the stage reached by
chloroplasts, which retain their protein-synthesis apparatus, but many of whose
proteins are coded for by nuclear genes.

One possibility that is worthy of attention is that, in our postulated RNA
replicator-containing cyanobacterium, the replication of the relic molecule is due to the
prokaryotic host's putative RdRPase: After symbiosis the symbiont may have a much
smaller genome being constrained to rely on its host's genomic repertoire, as in the
above well-studied case of the cyanelles.

4. ORGANELLES MAY LOSE THE ABILITY OF THEIR PROKARYOTIC
PRECURSORS TO CODE FOR RdRPases

4.1 On the evolution of angiosperms.

What is already known about the integration of the cyanelle genomes with their
hosts may be a model of what to expect in our present case of interest:

Cyanobacteria, being the putative hosts of DNA-independent RNA replicators,
such as viroids, became chloroplasts of plant cells, the most likely precursor genus
being Prochioron. In this case the cyanobacterium becomes a de facto organelle. In so
doing, the chloroplast may lose the ability of its precursor (i.e., the cyanobacterium) to
code for the enzyme RdRPase.

The proposed work remaining in plant biology is not an easy task for a number
of reasons:

It is evident that bryophytes and tracheophytes arose from green algae, and that
the particular ancestral group was similar to extant Charophyta (Lewis, 1991).

Some support for this view is that flavonoid compounds, such as anthocyanin,
are probably present in all angiosperms, but are mostly absent from seedless vascular
plants.

Anihocyanin is a particularly significant biochemical indicator of angiosperms.
This is underlined by the observation that the expression of a monocot anthocyanin-
specific transcriptional activator R in dicots increases their anthocyanin biosynthesis.
The monocot is maize and the dicots are members of the subclass Dilleniidae
(Arabidopsis) and of the subclass Asteridae {Nkotiana) (Lloyd et at., 1992).

In this context it is interesting to remark that some flavonoid compounds are
present in charophycean green algae (Swain, 1992). This supports the hypothesis that
this group of seaweeds may have been ancestral to land plants.

On the other hand, chloroplasts may have evolved from photosynthetic bacteria
more than once. This is a consequence of considering the distribution and comparison
of chlorophylls.

Grass green plastids (chlorophyll a and b) indicate that they were acquired from
organisms of the Prochioron group of bacteria, whereas blue-green and red plastids
probably derived from another class of cyanobacterium (Coccogoneae, coccoid
cyanobacteria). This, however, does not alter our hypothesis.

4.2 A second experimental challenge: testing the vertical transfer of the RdRPase
gene in charophycean green algae.

A possible rationalization of the pathway of RNA replicators from the RNA
world to the angiosperms may be seen in the following terms:

RNA replicators may have been specific to coccoid cyanobacteria, then to
Prochioron, According to the above argument, some members of this cyanobacterium
genus later became organelles of higher eukaryotes, probably of charophycean green
algae that led to the origin of land plants.

One consequence of these comments is that specificity of the RNA replicators
should be studied in Coleochaete. This is the extant genus of charophycean green algae
which, as already emphasized in Sec. 4.1, most closely resembles the now extinct
ancestors of the land plants.

4.3. Can we rationalize the sequence of gene transfers from the early replicators to (he
angiosperms?

Some additional difficulties underlie the series of events that led from the first
prokaryotes in the Archean to single-cell eukaryotes in the Proterozoic, and to
multicellular organisms in the Phanerozoic.

In agreement with our hypothesis, the genes codifying for the proposed
RdRPase in the infected cell must have been transferred in a series of symbioses
during evolution:

4.3.1 While algae may have first appeared during the Riphean period late in the
Proterozoic eon, the oldest definitive evidence of tracheophytes (except for Ordovician
fossilized spore tetrads) is from the Late Silurian, some 410 Mybp (Gray and Shear,
1992).

4.3.2 Progymnosperms (intermediate plants between nonseed-bearing and seed-
bearing tracheophytes) were present during the Upper Devonian, and pteridosperms
(seed-bearing plants with fern-like foliage) were present in Permian and Carboniferous
flora of Gondwanaland.

4.3.3 The angiosperms themselves may have arisen from Bennettitales, an extinct
group related to living cycads.

At each of the underlying successive symbiotic events in the evolution of the
flowering plants, from its photosynthetic prokaryotic ancestors, plastids must have
shared genes with their hosts (in principle even the gene coding for the putative
RdRPase).



4,4 On horizontal (or lateral) gene transfer

In fact, it has been argued that factors other than mutation and natural selection
may have a role to play in the evolution of new species.

Direct acquisition of the genetic patrimony of foreign species by an organism
has been called: horizontal (or lateral) gene transfer (HGT).

This postulated mechanism has been discussed extensively (Smith et al., 1992):
HGT is a process by means of which genetic information may be implanted into a host
species from a donor species, or intracellularly between organelles, or between
organelles and the cell nucleus. HGT has been persuasively documented in the
prokaryote-eukaryote case and vkeversa (cf.. Table 4):

TABLE 4: Some cases of unicellular horizontal gene transfer (HGT)

DIRECTION ORGANISMS REFERENCES

Prokaryote-unicellular
eukaryote

Escherichia coti-
Entamoeba
histolytica

Smith etal., 1992

Prokaryote-unicellular
eukaryote

E. coli-Saccharomyces
cerevisiae

• Smith etal., 1992
- Marsh & Lebherz, 1992
• Heinemann & Sprague,

1989

Prokaryote-multicellular
eukaryote

Agrobacterium
tumefaciens-

Niconana

Fumer etal., 1986

Multiceltular eukaryote-
prokaryote

Eukaryote-
Bradyrhizobium

japonicum

Carlson etat., 1986

Multicellular eukaryote-
prokaryote

Clarkkt ungulata-
E. coli

Smiths al., 1992

Multicellular eukaiyote-
prokaryote

Eukaryotic donor-
enteric bacteria

(E. coli, Salmonella)

Nelson etal., 1991

HGT in metazoan has also been suggested (cf.. Table 5):

TABLE 5: Some examples of putative horizontal gene transfer (HGT) in two cases:
intracellularly, and between different species of metazoans.

•PUTATrVEHGT/
KINGDOM

Red alga parasite-
red alga host

PROTOCnSTA

Mitochondria-nucleus
FUNGI

Mitochondria-nucleus
FUNGI

Mitochondria-nucleus
FUNGI

Mitochondria-
mitochondria
ANIMALIA

Mitochondria-
mitochondria
ANIMALIA

ORGANISMS

Rhodophyta:
Plocamiocolax

pulvinatal Plocamium
canilagineum

Ascomycota:
(Saccharomyces)

Ascomycota:
(Neurospora crassa)

Ascomycota (Podospora
anserina)

Amphibians:
Anura

(Rana ridibundal Rana
lessonae)

Mammals: Rodentia
(Mus domesticus! M.

musculus)

REFERENCES

Goff, 1991

Farrelly & Buiow, 1983

van der Boogaart
etal., 19S2

Wright & Cummings,
1983

Spolsky & Uzzel, 1984

Ferris etal, 1983

HGT in metaphytes has also been suggested (cf., Table 6):

TABLE 6: Some cases of HGT in the Kingdom Plantae.

PUTATIVE HGT INTHE
KINGDOM
PLANTAE

Mitochondria-nucleus

Mitochondria-chloroplast

Chloroplast-nucleus

Mitochondria-chloroplast

Mitochondria-chloroplast

Mitochondria-nucleus

ORGANISMS

Monocot:
Commelindae

(Zea mays)
Monocot:

Commelindae
(Zea mays)

Dicots:
Caryophyllidae

(Spinatia)
Dicots:

Caryophyllidae
(Spinacia oleracea)

Dicots: Rosidae
(Pisum sativum, Vigna

radiaia)
Dicots: Rosidae

(Oenothera)

REFERENCES

Kemble£(a/., 1983

Stem & Lonsdale, 1986

Timmis & Steele Scott,
1983

Stern & Palmer, 1984

Stern & Palmer, 1984

Schuster & Brennicke,
1987

10
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The putative gene transfers in terms of the gene products have been well
documented in some special cases as we illustrate in Table 7:

TABLE 7: Some putative gene transfers

RECIPIENT ORGANISM

Entamoeba histolytica

GENE PRODUCT HOMOLOGY (H)

Fe-superoxide dismutase *65% to E. coli

• 38% to other eukaryotes

Bradyrkiiobium
japonicum

Escherichia coli

•Typical bacterial
glutamine synthetase

u 5 I

• GS not found in other
prokaryotes:

Glucose phosphate
isomerase (Gpi)

H between the bacterium
GS II and other GSs:

•Pisum sativum
47%'Nicotiana
plumbaginifolia 42%

'Anabaena7I20 24%

88% to Clarkia ungulata

4.4 Some comments on aspects of the experimental evidence

4.4.1 HGT between organelles and the nucleus.

(i) Some genes may have been exchanged between the chloroplast and the
nucleus. We may understand this argument as follows:

The complete sequence of the 156 kilobase pair (kbp) genome of the chloroplast
of a bryophyte (liverwort, Marchantia polymorpha) 1 as been established (Ohyama et
ai., 1986). Its DNA has some genes that are not txtected in the larger (121 kbp)
dicotyledonean tobacco chloroplast (Gray, 1986).

It may be argued that since these two genomes are nemarkably similar in gene
content and organization, such nonvascular and vascular plants contain the same
number of proteins. Some genes are present in the chloroplast DNA of one species and
in the nuclear DNA of the other (Darnell et at., 1990). An illustration of this remark is
provided by the fact that Euglena chloroplast codes for the elongation factor Tu, but in
both M. polymorpha and tobacco it must be codified by the nuclear genome, since its
gene does not appear in the chloroplast DNA (Gray, 1986).

This result implies that some genes have been exchanged between the
chloroplast and the nucleus of plants during the wide time span that separates the first
appearance of bryophytes, late in the Paleozoic era (Devonian period), from the first
appearance of the dicots in the Lower Cretaceous.

(ii) There is some evidence that the nuclei ii cells of spinach (Spinacia,
Chenopodiaceae, Caryophyilales) contain integraed sequences homologous to
chloroplast DNA sequences (Timmis and Scott, 1983]..

4.4.2 Some genes may have been exchanged between the mitochondrial genome and
the nucleus.

There are several experiments that suggest this possibility (cf.( Tables 5 and 6).
We consider some of them in turn:

(i) The presence of common DNA sequences in the maize nuclear and
mitochondrial genomes have been reported (Kemble el al., 1983)

(ii) There is clear evidence of active mobilization of genetic elements from the
mitochondrion to the nucleus of the ascomycete fungus Podospora anserina (Wright
and Cummings, 1983).

4.5 Hypothesis concerning the mechanisms for the physical transport of the genes
participating in HGT.

In the mitochondria of the North American herb Oenothera (Onagraceae,
Myitales), an open reading frame has been described with high homology lo reverse
transcriptase (Schuster and Brennicke, 1987). In spite of the fact that there is no direct
evidence for the mechanism of transfer of the nucleic acid from the organelles to the
host nucleus, it has been remarked that in higher plants only transcribed sequences
have been found in more than one subcellular compartment. This suggested the
Schuster-Brennicke hypothesis that interorganellar transfer of genetic information may
occur via RNA. Hence, by means of reverse transcriptase the exogenous RNA may be
integrated into the genome.

4.6 RNA replicator specificity should be tested in different taxa that are in the lineage
ancestral to the angiosperms

One consequence of these works (4.1.1 - 4.1.3), and the experiments suggested
in Sees. 3.2 and 4.2, is that in order to put on more solid basis the conjecture that
relics of the RNA world may be specific to angiosperms, the following possibility
should be considered: The gene coding for the putative RdRPase may have been
horizontally transferred in successive evolutionary stages in plant phylogeny from late
in the Proterozoic eon (algae) to the Lower Cretaceous (angiosperms), thereby making
DNA-independent RNA replicators specific to each of the various tracheophyte taxa in
the lineage of the angiosperms.

To sum up, RNA replicator specificity should be tested in different plant,
protist, and prokaryotic taxa hat are in the lineage ancestral to the angiosperms.

5. CONCLUSION

5.1 On the preservation of the relics of the primordial RNA World

If successful, the proposed extensive experimental work discussed in this paper
would remove the difficulty implied by the rather recent time of the fust appearance of
angiosperms. The preservation of the relics of the primordial RNA world may have
followed a possible pathway from cyanobacteria and purple bacteria to charophycean
green algae, and, to the tracheophytes. In other words, we cannot exclude the
possibility that DNA-independent RNA replicators could have had a continuous
pathway from the RNA world to the present.

5.2 Microfossils of the Early Archean

The earliest date assigned to fossils of the Archean is about 3.465 Gybp
(Schopf, 1993; Schopf, and Packer, 1987); the micropaleontological work has been
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done in the Warrawoona Group (part of the Lower Archean Pilbara Supergroup) in
northwestern Western Australia. Eleven taxa of filamentous dark brown carbonaceous
microfossils were identified in 1993. These microbes resemble cyanobacteria.

This microfossil-containing environment had produced earlier (reported in
1987) fossils in organosedimentary domes known as stromatolites, which we first
mentioned in Sec. 4.2. These rocks consist of regular laminated mats built up by
microbial communities, which are mainly cyanobacteria. However, the recent
discovery of the 11 taxa at the higher sedimentary unit (Apex Basalt) do not contain
stromatolite forming cyanobacteria.We assume that stromatolites are fossilized
cyanobacteria, due to the fact that extant stromatolites are constructed mainly by
cyanobacteria (Walter, 1983).

5.3 RNA replicators and the age of the Earth.

If cyanobacteria - the most ancient prokaryotes - may be shown to be capable of
being associated with DNA-independent RNA replicators, and this property may be
further shown to be possible in various taxa in the lineage of the angiosperms, then we
could interpret the data in terms of RNA relics that may have been present during the
major part of the duration of life on Earth.

However, we should remark that extant sedimentary rocks have been retrieved
from the Isua peninsula in western Greenland with dates prior to the earliest
cyanobacteria from the Pilbara Supergroup but, unfortunately, these ancient samples
are severely altered by metamorphism, thus barring any certain inferences from
paleobiological techniques.

To sum up, in spite of the progress in the studies of the carbon isotope record
the geochemical evidence for the pathway of life from Isua time (3.8 Gybp) to 3.5
Gybp requires further insights (Schidlowski and Aharon, 1992).
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