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ASTROBIOLOGISTS WIDELY VIEW LIFE AS IT OCCURS ON

Earth to have arisen from a predecessor “RNA
World.” This conclusion is based in large part on the

pervasive role RNA plays in modern living systems. The key
element of the modern protein world is the ribosomal machin-
ery which synthesizes proteins according to the genetic code.
It is an RNA machine. The fundamental building blocks of
DNA, the dNTPs, are not synthesized directly but are rather
made by the reduction of ribonucleotides. The same ribonu-
cleotides are precursors of a large variety of coenzymes.
Moreover, RNA serves as the primer in DNA replication.
Many catalytic RNAs are known to exist. Most recently,
small microRNAs have been discovered to be pervasive in
eukaryotic gene regulation.

When the first genomes were sequenced, researchers quick-
ly observed that only a small number of operons were univer-
sally distributed, most of which coded for proteins that were
associated with the ribosomal machinery. In essentially every
case, these operons were known to be regulated by mecha-
nisms that involved structures found upstream from the first
gene when the mRNA was produced. Subsequently, addition-
al riboswitches/riboregulator regions have been discovered
and characterized.

Most bacterial genes are thought to be regulated by feed-
back mechanisms in which proteins bind to the encoding
DNA and prevent or facilitate transcription. However, histor-
ically the RNA World would have been followed by an
RNA/protein World in which RNA was the storage medium.
Under such conditions, DNA level regulation would not be
possible because of the absence of DNA. RNA-level regula-
tion would thus be essential and once established as a work-
ing mechanism unlikely to be easily replaced. Hence, the list
of genes that has RNA level regulation may define that por-
tion of modern organisms that existed before DNA was estab-
lished as the genetic material. As remnants of the late RNA
World, structural elements found in leader RNAs can provide
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Abstract—The immediate objective
of the project was to identify strate-
gies to find additional examples of
structural elements associated with
non-coding regions of bacterial
genome that have meaningful struc-
tures when transcribed into RNA.

at last, a picture of the true complexity of early organisms as
well as insight into the relative age of various pathways and
processes. Further, the structures found in these RNA regula-
tory regions may provide insight to the types of RNAs that
were present in the late RNA World.

As a first step in identifying additional RNA World rem-
nants, we identified all genes associated with protein synthe-
sis. We next examined the distribution of each of these genes
in all completely sequenced bacterial genomes. The genomic
context of the widely distributed and hence likely oldest
genes was examined in over 60 representative bacterial
genomes in order to identify possible conserved operon struc-
ture. Approximately 20 gene clusters were identified and
ranked by relative conservation of gene order. We are current-
ly in the process of extracting and aligning the leader regions
of these gene clusters in appropriate examples in order to
facilitate a comparative search for conserved RNA level reg-
ulatory elements.
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