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An open reading frame (ORF) preceding the cytochrome oxidase subunit II (CO II) gene in Oenothera mito- 
chondria has four nucleotides in common with this gene. The last two nucleotides of the CO II initiation 
codon ATG are the first two nucleotides of the TGA termination codon in the upstream ORF. Both reading 
frames are cotranscribed in a bicistronic mRNA species of 1250 nucleotides in length in Oenothera. The 
open reading frame codes for a protein of 58 amino acids with structural homology to the ATPase subunit 
8 genes in fungal and mammalian mitochondria. Using coding space optimally though overlapping genes 
appears to be without economical reason considering the large size of higher plant mitochondrial genomes. 

(Oenothera) Mitochondria Overlapping reading frame Cytochrome oxidase subunit II ATPase subunit 8 
Promotor sequence 

1. INTRODUCTION 

Gene order is generally well conserved in the 
mitochondrial genome of mammalian species 
[1,2]. The organisation of mitochondrial DNA 
(mtDNA) in insects or fungi can be related through 
a few rearrangements of DNA segments [3,4]. The 
position of unidentified reading frames (URFs) 
relative to known genes has been useful in the iden- 
tification of new coding regions, for example, the 
analogy between aapl and URFABL reading 
frames coding for the ATPase subunit 8 [5,6]. 

Very little information is available about the 
relative orientation of genes in higher plant 
mitochondrial DNA, where only the ribosomal 
genes have been mapped in detail in wheat [7] and 
maize [8]. The coding regions for the ribosomal 
genes and cytochrome oxidase subunit II (CO II) 
have been associated with sequences involved in 
recombination processes [7,9]. Rearrangements of 
gene order in higher plants are to be expected from 
the frequent recombination events in comparison 
to the organisation of mammalian and fungal 
mtDNAs. The present data show an overlapping 
arrangement of 2 open reading frames in the 
mitochondrial genome of Oenothera. The 

cytochrome oxidase subunit II gene has been iden- 
tified previously in Oenothera, the other open 
reading frame could encode a polypeptide of 58 
amino acids in length. 

2. MATERIALS AND METHODS 

Mitochondrial nucleic acids from Oenothera 
tissue cultures were isolated as described [lo]. 
Restriction and gel techniques followed standard 
procedures. Nuclease digestions for Si protection 
[I l] experiments were sized along sequencing lad- 
ders obtained through controlled chemical 
modification [ 121. 

3. RESULTS AND DISCUSSION 

The CO II gene in Oenothera mitochondria is 
transcribed in a single mRNA of 1250 nucleotides 
[lo]. The homogenous 5 ’ -end of this transcript has 
been mapped at the nucleotide level to the T/A at 
positions - 210/ - 211 upstream of the CO II gene 
(fig.1). An open reading frame (ORF) starts with 
an ATG initiation codon 173 base pairs (bp) 
upstream from the CO II gene and extends for 4 
nucleotides into the CO II reading frame with a 
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shifted triplet assignment. The TGA termination 
codon of the preceding ORF has the TG 
dinucleotide in common with the initiation ATG of 
the CO II gene. In contrast to al1 other mitochon- 
drial translation systems analysed so far only 
higher plant mitochondria use the triplet TGA as 
a termination codon [ 13,141. No CGG tryptophan 
codon is found within this open reading frame; the 
single Trp residue is encoded by the classic TGG. 

Both ORFs (CO II and the upstream ORF) are 
preceded in Oenothera by consensus sequences 
proposed to be involved in ribosome binding and 
initiation of translation [15,16]. In the putative 
ribosome binding recognition sites 5 out of 8 
nucleotides are possibly involved in binding to the 
3 ‘-terminus of the 18 S rRNA as indicated by 

Fig.1. St protection maps the 5’-end o If the single 1250 nucleotides to the T/A at positions - 210/ - 211 upstream of 
the CO II initiation codon. (a) St-protected DNA sized along a sequencing ladder and (b) a sequencing gel of this region, 

where the position of the &-protected fragment is indicated by the arrow. 
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asterisks in fig.2. The sequence block 
5 ’ -AAAAGAA(A)-3 ’ , found repeatedly in plant 
mitochondrial protein coding presequences be- 
tween the proposed ribosome binding site and the 
initiation codon, is present in front of both ORFs 
in Oenothera with comparable spacing indicating 

functional initiation sites for translation of both 
ORFs. The CO II signal sequences are entirely 
within the preceding ORF. A long mRNA leader 
5 ’ - to the protein coding regions does not appear 
to be generally essential for accurate translation, as 
there are only 22 nucleotides for the preceding 
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Fig.2. Nucleotide sequence of the region upstream of the 
cytochrome oxidase subunit II gene in Oenothera 
mitochondria. The 5’-end of the transcript is indicated 
by the arrow pointing in the direction of transcription. 
The putative ribosome binding sites are underlined and 
the 5 out of 8 possibly pairing nucleotides are indicated 
by asterisks. Amino acids for the upstream ORF are 
given above the nucleotide sequence, the translated 

cytochrome oxidase subunit II ORF underneath. 

ORF and 17 for the CO II gene between the 
putative ribosome binding site (and the following 
AAAGAAA theme) and the initiation codon. The 
proposed ribosome recognition sequence of the 
preceding ORF starts immediately at the 5 ’ -end of 
the single bicistronic transcript. 

The unprocessed transcript covering both ORFs 
is probably transcribed alternatively into each of 
the polypeptides encoded, as the existence of the 2 
putative ribosome binding sites indicates. 

The sequence around the 5’-terminus of the 
mRNA shows strong homology to the sequences 
around the 5 ’ -termini of the major transcript from 
the cytochrome oxidase subunit I gene in maize 
mitochondria [17] and the 2 transcripts from the 
CO II locus observed in pea mitochondria [ 181. 
Alignment of homologies is shown in fig.3 with a 
possible consensus sequence of the available data. 

The significance of these sequence homologies 
with respect to their identification as transcription 
initiation signals and/or processing sites can only 
be decided through experiments more specific to 
detect promotor sequences like in vitro capping or 
in vitro transcription assays. The primary 
transcript might be far longer and remain 
undetected in these experiments, if present at very 
low levels only. 

The amino acid sequence deduced from the 

DNA level shows structural homology to the genes 
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Oe co II S’- AAATCTCGT’ATG -3’ 
Pea co II Site I 5’- AAATCACGT’AAG -3’ 

Site II S’- AAATTTACT’AAC -3’ 
Zm CO I S’- AAACTA--T AAG -3’ 

COnSenSUS S’- AAATYNNNT’AAG -3’ 

Fig.3. A consensus sequence derived from the nucleotide 
identities around the 5’-termini of the Oenothera (Oe), 
the pea cytochrome oxidase subunit II and the maize 
(Zm) cytochrome oxidase subunit I transcripts could 
possibly function as a recognition signal for the mRNA 
beginning, i.e. promotor, if these mRNAs are indeed 

initiated at this position. 

for the ATPase subunit 8 in fungal and mam- 
malian mitochondria (fig.4). The overall length of 
the amino acid chain (58 residues) in Oenothera 
corresponds to a polypeptide of intermediate size 
in comparison with this polypeptide from other 
organisms. The human [6] (68 amino acids), mouse 
[18] (67 amino acids) and bovine [2] (66 amino 
acids) ‘URFA6L’ are longer, the yeast [5] ‘aap 1’ 
(48 amino acids) and the Aspergillus [19] ‘URFx’ 
(48 amino acids) are shorter than the Oenothera se- 
quence. The Drosophila URFA6L [21] encodes an 
ATPase subunit 8 of intermediate length (53 amino 
acids). 

Amino acid sequence homology for this subunit 
is much lower than for the other polypeptides iden- 
tified in the mitochondrial genomes of different 
species, 61.8% for URFA6L and 79.2% for CO I 
between human and bovine mitochondria [2]. Only 
the terminal amino acids and an 8-10 amino acid 
covering sequence domain are conserved at varying 
sites in the polypeptides [5]. The average 
hydropathy of the presumptive ATPase subunit 8 
polypeptides varies widely between species: - 0.22 
in Oenothera, 1.27 in Saccharomyces, 0.08 in 
bovine, -0.36 in human and 0.26 in Drosophila 
mitochondria [22]. 

An intimate proximity of the CO II and the 
ATPase subunit 8 genes in Oenothera mitochon- 
dria would be strikingly different from the 
organisation in mammalian and insect mitochon- 
dria, where the ATPase subunit 8 gene (URFA6L) 
is closely associated with the ATPase subunit 6 
coding sequence [ 1,2,6,21,23]. The subunit 8 gene 
(aap 1) is located in yeast between the genes for 
cytochrome oxidase subunit I (oxi 3) and ATPase 
subunit 6 [5], in Aspergilfus between the genes for 
ATPase subunit 6 and URF 4 [24]. 
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