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1. I~t~d~ction 

The mitochondrial genome units of wild-type 
Saccharomyces cereuisiae cells are characterized by 
the presence of: (a) long AT-spacers, which form 
350% of each 50 X 106 (76 000 base pairs) genome 
unit and consist of short alternating and non-alternat- 
ing A;T sequences; (b) 100 or so short CC clusters 
which are embedded in the AT-spacers and are formed, 
in most cases, of CCGG sequences clustered with 
GGCC or other GC-rich sequences (reviewed [ 11). The 
existence of a very large number of homologous or 
quasi-homologous sequences accounts for the enor- 
mous instability of the mitochondrial genome of yeast, 
which is known to generate spontaneously, at 1 -S%/ 
generation, ‘petite’ mutants with defective mitochon- 
drial genomes. These genomes arise by a mechanism 
involving the excision of a segment from one of the 
50-100 mitochondrial genome units of the parental 
wild-type cells, and its amplification into tandem repeat 
units [ I]_ In general, the ‘petite’ genome unit so formed 
will segregate into one of the buds of the parental wild- 
type cell and give rise, in a few generations time, to the 
mitochondrial genome of ‘petite’ mutant cells. 

Restriction mapping of the repeat units of the mito- 
~hond~al genomes from several spont~eous ‘petites’ 
and hybridization of these genomes on restriction 
fragments from the parental wild-type genomes have 
shown that these ‘petite’ genomes fall into two classes 
[ 21: (i) repeat units excised at CC clusters which appear 
to be more frequent; (ii) repeat units excised elsewhere, 
most probably in the AT-spacers. Sequence work on 
the repeat units of two ‘petites’ of class (ii) has shown 
that they had been excised at two pairs of direct 
repeats located in the AT-spacers. In both cases 
[3-51, the direct repeats were 13nucleotides long, 
with one mismatch in one case. 

Here we have studied the excision sequence of the 
repeat unit of a ‘petite’ of class (i), with the double 
aim of defining precisely the excision sequences used 
and of understanding the reasons of the preferential 
excision at GC clusters relative to sequences in the 
AT-spacers. 

2. Materials and methods 

The two ‘petite’ genomes studied here are a3j1 and 
abli7,& These genomes had been investigated in detail 
[2]. The methods used are in [2,3]. 

3. Results and discussion 

The restriction maps of ‘petites’ ayl and a*l[7!8 
are given in fig.1. In spite of their completely indepen- 
dent origin from a common parental wild-type strain 
(A) the repeat unit of a*1,7j8 corresponds to the cen- 
tral part of the repeat unit of a3j1; all mapped restric- 
tion sites of a*1/7/a are also found on a3/1, and eXCi- 
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F&l. Restriction maps of the repeat units of the mitochon- 
drial genomes of ‘petite’ mutants a3!1 and a*1/7/8. Filled-in 
and open triangles indicate Hpa II and Hoe III sites, respec- 
tively . Short horizontal bars indicate the regions which have 
been sequenced. Original code number subscripts follow the 
hyphen in fig.1 and 2. 
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sion Of a*J,7,S appears t0 have taken J&e at, or very 
near, two GCclusters containing both Hpa II and 

Hae III sites (CCGG and GGCC) of the wild-type 

parental genome. 
Since there is ample evidence for sequence con- 

servation in the repeat units of spontaneous ‘petites’ 
relative to the segment of the wild-type parental 

genome from which they arose [2], our approach was 
to sequence around the putative excision sites on a3/J 

(instead of A) and inside the outermost Hpa II sites 
of a*Ji7,S, as indicated in fig.2. The left side sequence 

(127 nucleotides long) of a3i1 contains a G&lusters 
46 nucleotides long; the right-hand side sequence 

(101 nucleotides long) of a3/1 contains a GC cluster 

56 nucleotides long. The two clusters have a common 

stretch of 23 nucleotides, containing a Tat I (5’7~~ I), 
a Hpa II and a Hue III site. This sequence is also found 

at one end of the repeat unit of a*J/7/S. 

The boxed sequence of fig.2 defines the excision 

sequence of a*J/7/S. As in the two previous cases stud- 

ied, this sequence can be visualized as starting the 

repeat unit of a*I/7/S and being repeated just after its 
end. It should be pointed out, however, that the 

beginning of the repeat unit of a*J/7/S can be put at 

any position within the 23 base pair repeat. The two 
main differences with the two previous results [3-51 
are its length, 23 instead of 13 nucleotides, and that 

it is 80% in GC instead of 100% in AT. We suggest 
that these are the features which favor illegitimate 

site-specific recombination events at GC clusters 

rather than at sequences in the AT-spacers. That is, 
the higher stability of the heteroduplex formed at 

recombination seems to us to be the main reason for 

this preference. 
Another feature of interest in the sequences 

investigated is that a*J,7,S differs from a3j1 in two 

basepair changes and in the deletion of one base pair. 
These changes have occurred in the common parental 

genome over the time (several years) separating the 

excision of the two ‘petite’ genomes because they 

exist on all repeat units, indicating that the changes 

preceded the amplification process. Other changes 
may have occurred in the two ‘petite’ genomes after 

their formation, but they are not detectable because 

they are not present in all repeat units. 
In conclusion, the present investigations: 

(1) 

(2) 

(3) 

Provide sequence information on two GC clusters, 
fitting with our predictionsof sequence homology 

in these sequences and are similar to those for 
three other GC clusters [6]; 

Confirm our prediction on the use of such clusters 
in the excision of ‘petite’ genomes [2,7]; 

Appear to account for the higher frequency of 

excision at GC clusters versus AT-spacers. 
Finally ,it should be mentioned that the ‘physiological’ 

role of GC cluster, and excision sequences in general, 

has been discussed in [ 51, and that the sequences of 

a*1/7/8 and a3/I contain an origin of replication [8]. 
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a- 311 

5’ TAAATAAAATAAATAAAAAGGGGGTTCGGGCTCCTTUdiiTCC 
ATTTATTTTATTTATTTTTCCCCCAAGCCCGAGGAAGCCCCAGJ 

i . 50 

TTATTAAT CCGOCGGGGCGGEG~CTATT~AJ~T~TTATTATTGTAAATAAT~TATATAAATATTT 3' 
AATAATTA GGC~CCCCGCC~~GC~TGATFLAPTTATTAATAATAA~TTTA~ATTATATATTTATMA 

lil 50 100 

Fig.2. Primary structure around the putative excision sequences used in the formation of the repeat unit of a*l/T/g. Lozenges 
indicate an Ava II site, the open circle a Tut I site, fiied-in and open triangles Hpa II and Hue III sites, respectively. The a*1,7,8 
sequence is identical to that of a2j1 in the region indicated by the continuous line, except for two base pair changes (A:T and 
G:C replace T:A and A:T) and one deletion (G:C) at the positions indicated by asterisks. (See Text.) 
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