SCIENTIFIC CORRESPONDENCE

Evolutionary fixation of RNA editing

SIR — Gene sequences encoded in the
organellar genomes of many organisms
are incompatible with function of the
gene product. The ‘errors’ in the
sequence are corrected after transcription
of the gene by processes described by the
term ‘RNA editing’’. The persistence
throughout evolution of organellar RNA
editing is perplexing, because it might
have been expected that back-mutations
would have quickly removed the need for
RNA editing systems.

In the mitochondrial genome of
marsupials, the transfer (t)RNA*P gene
carries the anticodon GCC, which po-
tentially recognizes two glycine codons®.
The second position of the anticodon
(position 35) is changed post-transcrip-
tionally so that the canonical aspartate
anticodon GUC is created in approxi-
mately 50% of the tRNA pool™’. Con-
sidering that this seems to be the only
edited position in this genome*, and in
view of the high rate of evolution of the
mammalian mitochondrial genome® that
should allow for frequent back-mutations,
it is particularly puzzling why this
nucleotide has come to be corrected by
an RNA editing event rather than by a
simple substitution in the gene.

It is known that whereas the edited
version of the tRNA*? (anticodon GUC)
gets aminoacylated with aspartate, its
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FIG. 1 Alignment of anticodon loop sequences
(nucleotides 32-38) of the tRNA®Y from two
marsupials (ref. 4 and M. Dorner, personal
communication) and some representative
animals®*?. The U at position 32 is green;
identical bases are indicated by a dashed line.

unedited version (anticodon GCC) is
aminoacylated with glycine®, suggesting
that the unedited tRNA™?(GCC) func-
tions as a glycyl-tRNA. At the same time,
a functional tRNAY with the expected
anticodon UCC exists in marsupial mito-
chondria*®. Whereas the tRNA®Y(UCC)
will recognize all four glycine codons
(GGN)’, the unedited version of
tRNA™P(GCC) will recognize only two
of these (GGY). Considering that the
mitochondrial translation machinery of
animals contains a limited set of only 22
tRNAs, it is surprising that two tRNAs
recognizing an overlapping set of glycine
codons should exist in marsupials.

A comparison of the marsupial

tRNAY(UCC) gene sequences with
those of other animals® (Fig. 1) shows
that at position 32, two nucleotides 5' of
the anticodon, marsupials carry a U
residue whereas most other metazoans
have a C residue. In an Escherichia coli
translation system, it has been shown that
a C-to-U substitution at that position
restricts the decoding capacity of
tRNA“Y(UCC) to the
codons GGA and GGG’.
Thus, it is likely that the
marsupial tRNAY(UCC)
decodes only the codons
GGA and GGG, and that
the remaining glycine
codons GGC and GGU
are read by the unedited

tRNA™P(GCC). Conse-
quently, the decoding
capacities of the two

glycyl-tRNAs would not
overlap (Fig. 2).

These findings suggest
the following evolutionary
pathway for the fixation
of RNA editing in marsupial mito-
chondria: the first mutation was a T-to-C
transition in the anticodon of tRNAMP,
Because this mutation would have been
lethal for the organism, a ‘precursor’
editing activity probably existed. Such
an activity could have been related to,
for example, the de-amination of other
biomolecules'. The adaptation of this
activity to the editing of tRNA*P was
presumably made possible by the multi-
copy state of the mitochondrial genome,
which can allow the selection of adap-
tory changes to take place. At first,
the function of the unedited form of
tRNAMP as a glycine isoacceptor would
have been redundant. But it would
have then created a situation where the
substitution at position 32 of the
tRNASY(UCC) could occur, limiting its
decoding capacity to the two glycine
codons not decoded by the unedited form

of tRNAMP(GCQ).
Once fixed in the germ line, the
secondary substitution in the

tRNA®Y(UCC) gene would have made
an elimination of the tRNA™P substitu-
tion by a back-mutation lethal, as such a
mutation would leave two out of four
glycine codons without a decoding tRNA
(Fig. 2). Thus, the elimination of the
editing would require two back-muta-
tions in the same mitochondrial lineage.
In effect, the secondary mutation in the
tRNA®Y has therefore caused the editing
of tRNA”Y to become fixed in marsupial
mitochondria.

We suggest that such combinations
of mutations represent ‘genetic gridlocks’
that could be responsible for the oc-
currence of RNA editing in organellar
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genomes. Because in other systems
many positions have become dependent
on RNA editing subsequent to the initial
events, the initial mutations that have
caused the evolutionary fixation of edit-
ing are probably indiscernible today.

An additional fascinating aspect of
this system is that the primary transcript
of the marsupial tRNA™P gene rep-
resents a naturally occurring tRNA that,
depending on its state of editing, is
assigned to one or the other codon
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FIG. 2 Schematic illustration of the putative functions of
tRNA®Y and tRNA*" in marsupials. The tRNA®Y(UCC) is re-
stricted to two glycine codons owing to the substitution at
position 32. The remaining two glycine codons can be
recognized by the unedited version of tRNA**"(GCC).
Subsequent to anticodon editing, this tRNA recognizes the
two aspartate codons.

family. When such cases of RNA editing
of anticodons are not accompanied by a
change in tRNA identity, they may
have been instrumental in the reassign-
ments of codons to new amino acids
in mitochondria'.
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Correction

In the reply by D. Tilman, C. Lehman, R. May
and M. Nowak to S. Budiansky in Scientific
Correspondence of 18 July 1996 (Nature 382,
215-216; 1996), the third full paragraph, line
two, the number that appeared as ‘104’
should in fact have been ten raised to the
fourth power, or 10,000. O
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