RNA (1997), 3:335-336. Cambridge University Press. Printed in the USA.

Copyright © 1997 RNA Society.

LETTER TO THE EDITOR

RNA editing missing in mitochondria
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Since the discovery of myriad forms of RNA editing
in eukaryotes, there has been investigation into the
origins and distribution of each type of editing (Benne,
1993; Landweber & Gilbert, 1994; Maslov et al., 1994;
Yokobori & Paidbo, 1995). RNA editing is the inser-
tion, deletion, or substitution of nucleotides in the
primary sequence of transcripts. These events create
initiation and termination codons, alter structural
features of transcripts, and generate more than 90%
of the amino acid codons in some mitochondrial genes
(Benne, 1993; Landweber & Gilbert, 1993) (Fig. 1).
These different types of RNA editing are identified
by differences between RNA and genomic DNA
sequences.

We investigated the mitochondrial genomes of the
nematode Caenorhabditis elegans (Okimoto et al., 1992)
and the ciliate Paramecium tetraurelia (Pritchard et al.,
1990) for evidence of editing, because several unusual
features of these fully sequenced mitochondrial ge-
nomes have been explained by editing in other organ-
isms. We examined transcripts of 12 genes considered
the most likely candidates for editing in C. elegans and
P. tetraurelia (Fig. 1) based on the observation that: (1)
all but one (ORF12) lack encoded AUG start codons;
(2) many have extremely divergent predicted protein
sequences, particularly at the N-terminus (P. tetraurelia
CYb; ND2 in both species); (3) homologues are edited
in other organisms; (4) one locus (ORF12/13) contains
two overlapping reading frames that could be joined
by an insertional editing event, similar to kinetoplas-
tid editing of COII; and (5) C. elegans tRINAs (Okimoto
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Abbreviations: CYb, cytochrome b; CO, cytochrome oxidase; ND,
NADH dehydrogenase; ORF, open reading frame; SSU-rRNA, small
subunit ribosomal RNA.
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et al,, 1990) and SSU-rRNAs (Okimoto et al., 1994) are
the smallest known for metazoa and lack many con-
ventional features. Primer extension of the SSU-rRNA
indicated single-base size heterogeneity in the first 70
nt (Okimoto et al.,, 1994), making this gene a candidate
for insertional editing. In addition, C. elegans shares
with Euglenozoa—including the kinetoplastids noto-
rious for extensive RNA editing —another aberrant form
of RNA processing: trans splicing, which has some sim-
ilarities to kinetoplastid editing (Benne, 1993).

In all cases, the cDNA sequences matched the DNA
sequences exactly, with the exception of single nucle-
otide differences among some clones. These were within
RT-PCR error (Landweber et al., 1993), and there was
no common pattern to suggest editing. The only change
we observed in the C. elegans SSU-rRNA was a single
nucleotide discrepancy at the 5’ terminus. Thus, we
conclude that editing does not play a role in the mat-
uration of these transcripts.

These data thus provide the strongest support for
use of noncanonical initiation codons in these organ-
isms (AUA, AUU, UUG assigned to C. elegans COIII,
COII, ND2, respectively; AUC, UUG, GUG assigned to
P. tetraurelia CYb, ND2, and COII [Pritchard et al., 1990]),
including the first usage of UUG in metazoa (Okimoto
et al., 1990) (Fig. 2). Editing of the tRNAM¢* anticodon,
which could improve recognition of non-AUG initia-
tion codons, was not found. These data suggest that
the unusual features of these two mitochondrial
genomes—including missing AUG start codons
(Okimoto et al., 1990; Pritchard et al., 1990), and miss-
ing genes or 5' portions of genes (Pritchard et al.,
1990)—do not prevent the expression of functional
genes. The possibility of finding RNA editing in other
systems can only be tested by the examination of RNA
sequences against DNA sequences in the expanding
database.
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Type of editing

Marsupials C-U
Monotremes (platypus)

Land snails, squid

C. elegans

Land plants

Acanthamoeba castellani

P. tetraurelia (ciliates)

= L Physarum polycephalum

Kinetoplastids

U-oAUSCASC
C,T,orGo A
none detected
C-oUU=SC
U-A UG A-SG
none detected

C, U, mixed dinucleotide
insertions, C —» U

U insertions, deletions

A.T. Orr et al.

Genes & edited homologues used in this study

tRNAs (anticodon)

tRNAs (acceptor stem)

tRNAs (acceptor stem)

COll, COlll, ND2, SSU-rRNA, tRNAMet and tRNAGlY

CYb, COIl, COIll, ND2, rRNA, tRNAs

tRNAs (acceptor stem)

COll, CYb, ORF400 (ND7), ND2, ORF12 and 13
Protists

CYb, rRNA, tRNAs

CYb, COIl, COIll, ND7

FIGURE 1. Distribution of RNA editing in mitochondria. Listed are taxa that contain mitochondrial editing systems and
their edited homologues of genes investigated in this study. Branch lengths and order are schematic and based on
published SSU-rRNA trees (Cavalier-Smith, 1993; Wainright et al., 1993; Winnepenninckx et al., 1995). cDNA sequences
were obtained from P. tetraurelia (ATCC 30567) and C. elegans by 5'-RACE or RT-PCR (Landweber & Gilbert, 1993) using
a Thermolyne Amplitron 1I thermocycler, followed by either direct sequencing or cloning and sequencing of several
transcripts derived from total RNA. Primers were chosen from conserved regions to avoid bias against transcripts that
might be edited in these regions. Sequences of primers and clones available upon request. The ORF12/13 DNA and cDNA
sequences (GenBank accession no. U71284) differed from the published genomic sequence (Pritchard et al., 1990) at 14 nt,
implying an error in the original sequence or polymorphism in this strain. One of these differences, a C insertion at position
27089, joined the two reading frames. 5'-RACE mapped the 5’ end of P. fetraurelia ND2 to position 13,478; CYDb to 19,310;
COII to 23,742 on X15917 (Pritchard et al., 1990), and the 5' end of most C. elegans transcripts to the start codon.

RNA UUGAUUGUUUUUAUUUCUUUAUUU
DNA TTGATTGTTTTTATTTCTTTATTT

RNA UUUUUGAAUCUCCUUAUGAUAAAUCUU
DNA TTTTTGAATCTCCTTATGATAAATCTT

FIGURE 2. Alignment of 5’ ends of the ND2 transcript. Compari-
son of 5" ends of representative RACE clones with the mtDNA for C.
elegans (top) and P. tetraurelia (bottom). Lack of a 5" untranslated
region is typical for C. elegans mitochondrial genes. The UUG start
codon (underlined) in the Paramecium sequence is located 69 nt
downstream of the one assigned by Pritchard et al. (1990).
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