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ABSTRACT

We discuss a difficulty that may be raised against the Diener hypothesis that viroids may

be interpreted as molecular fossils of the RNA world. We provide a possible way of removing

such a difficulty (hence supporting the Diener hypothesis). Our reasoning entails further work by

plant pathologists on a proposed search for a well defined molecular process. It is shown that such

process would be of biological and evolutionary significance.
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1. THE RNA WORLD

Some successes of the hypothesis of the RNA world (Gilbert, 1986) have

recently been summarized (Schuster, 1993). Prominent amongst these are:

(i) The phenotype-genotype duality of RNA. These macromolecuies are

considered both genotypes and phenotypes in the cell-free evolution experiments

(Spiegelman, 1971; Biebricher et al, 1985); The nucleotide sequence of bases is the

genotype, while the spatial structure of the RNA molecule is its phenotype, as

illustrated by the well-known tertiary structure of tRNA with their anticodons.

(ii) The evolution of a new quasi-species along a gel capillary, providing an

example of spatial selection in the work of Bauer, McCaskill, and Otten (Bauer et al,

1989)

(iii) The self-splicing introns in protozoan genomes (Cech, 1987) may be

interpreted as remnants of the RNA world.

In this respect it is worth noticing that in the hierarchy of evolutionary stages

leading to the origin of life, the RNA world may have been a late development. Earlier

stages may be cited: The work of De Duve on the thioester world (De Duve, 1991) and

the pyrophosphate world (Baltscheffsky, 1990).

However, going from these early stages in the prenucleotide world to the

nucleotide world, perhaps useful hints may still be inferred from molecular fossils

existing in contemporary cells.

2. PATHOGENIC UNAS OF PLANTS MAY BE RELICS OF

PRECELLULAR EVOLUTION

It is in this context that we should view Diener's suggestion that small circular

pathogenic RNAs of plants may be relics of precellular evolution (Diener, 1989). The

viroids have been well studied, particularly those with agricultural importance, since

they may even affect, amongst others the Solanaceae family, notably Solarium

tuberosum (the potato). For instance, the first viroid to be recognized was the potato

spindle tuber viroid (PSTVd, 359 nts) (Diener, 1971). and the earliest complete

sequence found was that of PSTVd (Gross et al, 1978).



The credits in favour of interpreting viroids as molecular fossils are abundant.

In view of the importance of this suggestion it is urgent to address some criticisms

raised against the hypothesis. As we shall show below some of these difficulties may

be removed with further experiments in plant pathology. First of all, some aspects of

the supporting evidence in favour of viroids as relics of the RNA world are:

(a) Their short length (246-375 nts),

(b) Some viroids exhibit self-cleaving in which a very interesting phenomenon

occurs: Host RNases are not involved. Indeed, the cleavage process occurs in the total

absence of proteins. On the other hand, in the case of non-self-cleaving viroids some

trans factors, possibly RNases supplied by the host cells, are implicated (Diener,

19S9).

(c) Their built-in UV defense mechanism, since they are single-stranded circles

with extensive base pairing allowing this RNA to form an almost correct double helix

of a dimension which makes them UV resistant (Watson el at, 1987).

(d) The nucleolide sequence of viroids displays little or no mRNA activity; in

PSTVd, for instance there are frequent stop codons in all reading frames (Watson et al,

1987).

3. A PARADOX ARISES FROM THE HYPOTHESIS THAT VIROIDS

MAY BE MOLECULAR FOSSILS FROM THE RNA WORLD

3.1 Viroids are specific to the angiosperms whose first appearance was

in the Cretaceous Period.

A paradox arising from Ihe interpretation of viroids as molecular fossils may be
put in the following terms:

The earliest fossils of the angiosperms date from the end of the Mesozok Era;

they consist of Lower Cretaceous 1100 - 140 million years before the present (Mybp)j

pollen and leaf impressions (Dilcher et al., 1976). Reports of angiosperm

reproductive parts (Crepet et al., 1992) date from the Late Cretaceous and are of

Turonian age (van Eysinga, 1975), some 90 Mybp; earlier deposits of plant-bearing

clays which are lowermost Cenomanian and uppermost Albtan (some 100 Mybp),

have yielded reproductive structures (Dilcher et al., 1976). Yet the RNA world first

occurred at least in the Early Archean (3.3 - 3.9 Gybp), if not earlier. Nevertheless,

the viroids, putative relics of the Archean Era, seem to be specific to life in the

Cretaceous Period, namely, to the angiosperms.

In order to address the paradox we first consider the question:

Where were these survivors of the Archean Era, before they became specific to

plants in the comparatively recent Mesozoic Em?

Although the means of pathogenicity of the viroids is not entirely clear, one

possibility considered by Diener and coworkers is that:

-The alteration in protein levels in the plant cell may be responsible for symptom

induction in the infection, or that,

-Proteins may be posttranslationally modified in the host cell as, for instance, by

phosphorylation.

The above two possibilities may, to a large extent, be also specific to

cyanobacteria as free-living prokaryotes: This has not been shown so far. However,

what has been shown is that viroids 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 some chloroplasts originated through

polyphyletic associations between various cyanobacteria and the precursors of

eukaryotic cells (Raven, 1970).

3.2 Search for cyanobacteria specificity

In this respect, amongst various available options in the search for

cyanobacteria specificity, we may mention that the property of viroids of passive

replication due to a host enzyme, suggests that a cyanobacteria RNA replicase be

searched for from this perspective (i.e., an RNA-dependent RNA poiymerase, which

would be responsible for the viroid replication; henceforth we refer to this protein as

the X factor). We have little information on the transcription repertoire of

cyanobacteria, except for the histone-like protein of size analogous to the Escherichia

colt HU protein (Komberg and Roberts, 1992).

We may recall the serial endosymbiosis hypothesis (Margulis, 1991);

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 is an important driving force in evolution, as extensively

documented by Lynn Margulis and coworkers. Such interactions between host and



symbiont may be, for instance, genetic transfer, or the adoption of whole symbionts as

organelles.
Against this background in relation with the viroids, an interesting possibility

may arise:

Some enzymes are known to transcribe viroids (for instance Qfl replicase).

Some intracellular symbiotic bacteria have substantially reduced genomes.

For instance, Cvanophora paradoxa is a flagellated protist, a euglenoid

harboring cyanelles, which are cyanobacterium-like symbionts lacking cell walls; they

are functional chloroplasts (Margulis, 1993). Cyanelles are known to have only 10%

the DNA content of nonsymbiotic cyanobacteria (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.

In the case thai interests us here, one possibility that is worthy of attention is

that, in our postulated viroid-containing cyanobacterium, the replication of the viroid

is due to the X factor: After symbiosis the symbiont may have a much smaller genome,

as in the above well-studied case of the cyanelles. Viroids may have to rely on the host

genome for the synthesis of the X factor.

4. DISCUSSION AND CONCLUSIONS

We have discussed how experimental work, attempting to show that viroids may

be specific to cyanobacteria, would be of biological or evolutionary significance. We

have done this in terms of the serial endosymbiotic hypothesis.

What is already known about the integration of the cyanelle genomes with their

hosts may be a model of what to expect in our case of interest:

Cyanobacteria, being the putative hosts of viroids, become organelles of plant

cells. This direct means of transmission of the symbiont (cyanobacteria) into the host

(the precursor of the plant cell) makes the holobiont (the plant cell, including the

chloroplast) the target of natural selection. In this case the cyanobacterium becomes a

de facto organelle, and in so doing the chloroplast may lose the ability of its precursor

(i.e., the cyanobacteria) to code for the "X factor", which may be the enzyme which

we have argued has been inducing viroid replication in cyanobacteria since at least 3.5

Gybp.

This argument removes the importance, in the preservation of the relics of the

RNA world, of the time of the first appearance of angiosperms. This would imply that

viroids have a continuous pathway from the RNA world to the present. The date

assigned to the earliest fossils of the Archean (the regular laminated mats known as

stromatolites) is about 3.5 Gybp (Schopf, and Packer, 1987). This date corresponds

to the Warrawoona Group stromatolites from Western Australia. We assume, in the

conventional view, that stromatolites are fossilized cyanobacteria, due to the fact that

extant stromatolites are constructed mainly by cyanobacteria (Walter, 1983).

Finally, if shown to be associated with cyanobacteria, viroids could have been

present during the major part of the duration of life on Earth. Prior to the date of the

earliest stromatolites, extant sedimentary rocks have been retrieved.

However, the pathway of life from lsua time (3.8 Gybp) to 3.5 Gybp, for the

moment, remains to be understood, since the corresponding Lower Archean

sedimentary rocks that are now available from Western Greenland may have been

altered by metamorphism.
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