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Circular DNAs in mitochondria of Vicia faba
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Electron microscopic analysis of Vicia faba mitochondrial DNA revealed two different types of circular

DNA molecules. The class of small DNA molecules consisted mainly of circles near 1.6 kb in size, although

a number of molecules were 2—3-times longer. Large molecules ranged from 27 to 120 kb, and the majority
of large circular DNA was represented by the molecules ranging from 37 to 67 kb.
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1. INTRODUCTION

Electron microscopic analysis has revealed the
existence of a heterogeneous population of circular
and linear DNA molecules in higher plant mito-
chondria [1—4]. Different ratios of circular and
linear DNA molecules have been demonstrated in
a number of plant species. It is not yet clear
whether the existence of linear molecules is a
natural distribution or a result of endonuclease
activity. Nevertheless, it was shown that linear
plasmid-like DNAs existed in the mitochondrial
genomes of sorgum and maize [1,5]. Analysis of
the length distribution of mitochondrial circular
DNAs revealed that the patterns of circular DNA
molecules in different plant species differed. After
we discovered small minicircular DNAs in V. faba
mitochondria [6] it was necessary to clarify the size
of other molecules found. We knew [7] that V.
Jaba bean mitochondria contained circular DNA
$o it was interesting to determine its length distri-
bution. We present here the results of electro-
phoretic and electron microscopic analysis of V.
JSaba mitochondrial DNA (mtDNA). mtDNA was
isolated by alkaline extraction and consequently
was significantly enriched with circular molecules.
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Two general classes of heterogeneous circular
molecules with sizes ranging from 25 to 120 kb and
about 1.6 kb were found.

2. MATERIALS AND METHODS

V. faba L. var. Russian Blacks were used. Mito-
chondria were isolated from 6-day-old etiolated
seedlings as in [3). mtDNA was extracted accor-
ding to [8] and by an alkaline procedure [9] with
some modifications. mtDNA preparations were
analysed on 1-1.5% agarose gels as in [10].

The restriction enzyme preparations were kindly
supplied by Dr C.A. Puntegis and Dr V.1
Tanyashin. The restriction analysis was performed
according to the supplier’s instructions. Minicircu-
lar DNA was eluted as in [6].

Spreading of DNA for electron microscopy was
performed as in [11]. The hyperphase contained
50 mM Tris—HCI, 5 mM EDTA, 50% formamide
and 50 #g/ml of cytochrome c (pH 8.5). Deionized
water was used as hypophase. The grids were
shadowed with platinum at an angle of 7° and
analysed with a Philips 400 electron microscope at
a magnification of x6000. Length measurements
of the molecules were done on an HP 9825A digi-
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tizer (Hewlett Packard, USA) with a programme
kindly provided by Dr E.I. Golovanov. DNA of
pBR322 and ColE1 were used as length standards.

3. RESULTS AND DISCUSSION

We used a modified alkaline extraction pro-
cedure [9] for the isolation of V. faba circular
mtDNA. In fig.l1 the electropherogram of an
mtDNA preparation extracted by this method (A)
is compared with an mtDNA preparation (B) iso-
lated by the usual procedure [8]. Comparing the
slots A and B it is clear that the preparations iso-
lated by the alkaline procedure were enriched with
minicircular mtDNA. Electron microscopic analy-
sis also showed the increased proportion of cir-
cular molecules in the slow-moving fraction of V.
Jaba mtDNA. As preferential losses of large DNA
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Fig.1. Agarose gel electropherogram of V. faba mtDNA.
(A) mtDNA isolated with the alkaline procedure; (B)
mtDNA isolated with the CsCl procedure; (C) EcoRI
digest of CsCl-isolated DNA; (D) EcoRI digest of
alkaline-isolated DNA; (E) EcoRI digest of A DNA.
Electrophoresis was done in 1% agarose gel. CCC1 and
CCC2: supercoiled minicircular DNAs; OCI1 and L1:
relaxed CCC1 and linear CCCl, respectively. As shown
earlier, CCC1 consisted of CCC1A and CCI1B circles [6].
CCC1B was not cut by EcoRI. CCC1A as found was cut
by EcoRl into IA’ and IA” fragments with sizes of about
0.9 and 0.7 kb, respectively (not shown).
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molecules could occur it was important to compare
alkaline-prepared mtDNA with the mtDNA iso-
lated by the usual CsCl procedure. As shown in
fig.1C,D the content of small DNA fragments was
much higher in alkaline-prepared DNA. These
species were found to consist of linear and open
circular derivatives of minicircular DNAs CCCl
and CCC2 (fig.1). In addition, we cannot exclude
some other differences in small DNA fragments
although in general the patterns of EcoRI restric-
tion fragments of these two DNA preparations
were very close.

Electron microscopic analysis of V. faba mtDNA
isolated by the alkaline procedure revealed two
different classes of circular molecules with lengths
less than 2xm and more than 8 m. The class of
minicircular DNA was represented mainly by
0.5 xzm molecules (fig.2A). Restriction analysis of
the circles revealed the existence of 3 types of mole-
cules with similar sizes [6]. In addition to 0.5 zm
(1.6 kb) circles a small number of molecules with
lengths 1-2 4m (3.1-6.2 kb) were also found. Pos-
sibly these molecules were oligomers of 0.5xm
circles as found in other plants [12].

More detailed electrophoretic analysis of alka-
line-isolated mtDNA also revealed zones that pos-
sibly corresponded to oligomeric forms of mini-
circular DNA (fig.3). Two of the zones migrating
slower than covalently closed circular DNA 1
(CCC1) were relaxed and linear forms of CCCl.
This was confirmed by elution of bands CCC1 and
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Fig.2. Histogram of the circular mtDNA lengths (ex-

pressed in xm). (A) Histogram of minicircular DNA

lengths; 1009 molecules were measured. (B) Histogram

of the large circular DNA lengths; 273 molecules were
measured.
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Fig.3. Comparative electrophoretic analysis in 1%
agarose gel. (A) mtDNA isolated with the alkaline pro-
cedure; (B) minicircular DNAs eluted from an agarose
gel by the freeze—squeeze procedure. One of the CCC2
derivatives is shown by an arrow. Minicircular DNA
oligomers are indicated by double arrows.

CCC2 (covalently closed circular DNA 2) from an
agarose gel by the freeze—squeeze procedure
(fig.3B). Part of the supercoiled DNA was broken
during elution which led to zones of relaxed and
linear molecules on a gel. A weak zone between
linear forms of CCC1 and CCC1 is a CCC2 deriva-
tive.

Large molecules ranged from 8.5m (27 kb) to
38xm (120kb). The majority of large circular
DNA was represented by molecules ranging from
12 4m (37 kb) to 21 zm (67 kb) as seen in fig.2B. It
is worth mentioning that the standard deviation
from the real length of these molecules is propor-
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tional to the square root of their length which pre-
vents full separation of single peaks. In independent
experiments with T7 DNA the standard deviation
was 5—-10%. Based on these results we assume that
the region of 37—67 kb consists of at least 5-7
species of molecules that belong to different size
classes.

Thus, electron microscopic examination of V.
JSaba mtDNA isolated with the alkaline procedure
reveals that the mitochondrial genome of V. faba
beans also comprises a heterogeneous population
of circular DNAs that can be subdivided into
several classes.

However, it is not excluded that the absence of
discrete size classes on the histogram of the large
circular DNA (fig.2B) reflects a real situation and
could be a result of intensive rearrangements in the
V. faba mitochondria genome.
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