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Summary. Mitochondrial and chloroplast DNA were
characterized in three different combinations of somatic
hybrids produced between different species within Bras-
sicaceae. The fusions were made between B. campestris
and B. oleracea, B.napus and B.nmigra and between
B. napus and Eruca sativa. The combinations represent
interspecific hybridizations, but the phylogenetic dis-
tance between the species used in each instance is differ-
ent. Whereas the B. campestris (4) B. oleracea and the
B. napus (+) B. nigra hybrids are both examples of intra-~
generic hybrids, B. campestris is more closely related to
B. oleracea than B. napus is to B. nigra. The fusion of
B. napus and E. sativa represents an intergeneric hy-
bridization. Since hybrids were produced with repro-
ducible and uniform fusion and culture methods, a com-
parison of chloroplast and mitochondrial segregation
and mitochondrial DNA (mt-DNA) rearrangements
could be made between the combinations. The segrega-
tion of both chloroplasts and mitochondria was biased in
the B. napus (+) B. nigra and the B. napus (+) E. sativa
combination. The nonrandom segregation of chloro-
plasts and mitochondria could be due to the different
ploidy levels of the fusion partners and/or reflect differ-
ences in organelle replication rate. Furthermore, segrega-
tion of mitochondria was correlated to the differences in
phylogenetic distance between the species used in the
fusions. However, mitochondrial segregation, in contrast
to chloroplast segregation, could in all combinations also
have been affected by the cell type used as protoplast
source in the fusions. All different chloroplast types
could be established within each combination. Hybrids
containing chloroplast from one parent together with
mitochondria from the other parent were found in two of
the combinations, although the majority of the hybrids
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had mt-DNA that was altered compared to the parental
species. The rearranged mt-DNA found in most hybrids
was an effect of the heteroplasmic state following proto-
plast fusion rather than of the tissue culture methods,
since no mt-DNA rearrangements were found in B. na-
pus plants regenerated from protoplast culture. The mt-
DNA restriction patterns of the hybrids with rearranged
mi-DNA indicated that specific regions of the mt-DNA
were involved in the rearrangements following protoplast
fusion.

Key words: Somatic hybrids — Brassica — Phylogeny —
Organelle segregation — mt-DNA rearrangements

Introduction

In most higher plants cytoplasmic organelles are mater-
nally inherited. Biparental inheritance of organelles can
be achieved by protoplast fusions. Somatic hybridization
has enabled the production of plants with new and
unique combinations of cytoplasmic organelles. The
chloroplast genotype in most regenerated somatic hy-
brids has been observed to be either of one or the other
parental type (reviewed by Maliga and Menczel 1986).
Somatic hybrids produced between species that are sexu-
ally compatible have revealed random segregation of
plastids (Chen et al. 1977; Sidorov et al. 1981; Bonnett
and Glimelius 1983; Asahi et al. 1988), while somatic
hybrids obtained from fusions made between partially or
completely incompatible species have resulted in nonran-
dom chioroplast segregation (Bonnett and Glimelius
1983; Menczel et al. 1987; Primard et al. 1988; Levi et al.
1988). However, mitochondrial segregation is more diffi-
cult to correlate to phylogenetic distance, since mito-



chondrial DNA (mt-DNA) in somatic hybrids produced
both between or within different plant genera frequently
have rearranged mt-DNA (reviewed by Hanson et al.
1985). Furthermore, mt-DNA in contrast to chloroplast
DNA (cp-DNA) also sometimes undergoes alterations
during tissue culture (reviewed by Pelletier 1986), and the
use of different culture conditions and fusion techniques,
as well as the different methods applied for the mt-DNA
analysis, have made comparisons of mt-DNA segrega-
tion and rearrangements in different combinations of
hybrids or cybrids difficult to perform. However, results
have been obtained which demonstrate that the mito-
chondrial segregation in accordance with chloroplast
segregation is influenced by the phylogenetic distance
between the fusion partners (Thanh et al. 1988; Bonnett
and Glimelius 1990).

In this investigation, we have characterized and com-
pared mt-DNA and cp-DNA isolated from three differ-
ent combinations of somatic hybrids obtained with re-
producible and uniform protoplast fusion and culture
systems. All three fusion combinations represent inter-
specific hybridizations made within the family Brassi-
caceae. The fusions were made between Brassica campes-
tris and B. oleracea, B. napus and B. nigra, and between
B. napus and Eruca sativa. The B. campestris (+) B. olera-
cea and the B. napus (+) B. nigra hybrids both represent
interspecific hybrids within the same genus but, accord-
ing to cytogenetic (Robbelen 1960) and nuclear RFLP
(Songet al. 1988) studies, B. nigrais less closely related to
B. napus than B. campestris is to B. oleracea. The B. na-
pus (+) E. sativa combination represents an intergeneric
hybridization. In addition, mt-DNA was isolated from
plants regenerated from protoplasts of B. napus in order
to determine whether rearrangements were induced by
the tissue culture methods.

Materials and methods
Plant material

The investigation was performed on three different combina-
tions of somatic hybrids and on Brassica napus plants regenerat-
ed from protoplast culture. The B. campestris (+) B. oleracea
combination has been described by Sundberg et al. (1987), the
B. napus (+) B. nigra combination by Sjodin and Glimelius
(1989), and the B.napus (+) Eruca sativa combination by
Fahleson et al. (1988). The regeneration of B. napus plants from
protoplast culture was described by Glimelius (1984). The exper-
imental conditions and plant material used to produce these
hybrids were described in the cited publications. In this investi-
gation, the hybrids were designated 1-10 or 1-11 in each fusion
combination. These numbers correspond to the nomenclature in
the original references as follows: B. campestris (+) B. oleracea
hybrids 1-10 correspond to H12, H1, H14, H16, H4, H19, HS5,
Hé6, H7, and H17; B. napus (+) B. nigra hybrids 1-11 corre-
spond to H6, H11, H12, H13, H14, H16, H18, H21, H22, H26,
and H30; and B. napus (+) E. sativa hybrids 1-10 correspond to
J1, 74, 15, J6, J17, J18, J19, J26, J30, and J31.
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Organelle DNA analysis

DNA isolation. Mt-DNA was isolated, according to Hikansson
et al. (1988), from 5-10 plants obtained from each of the origi-
nal hybrids by backerossing with B. napus cv Hanna as the
pollinator. Mt-DNA of ten B. napus plants was studied, each
regenerated from a separate protoplast. After self-fertilization
of each plant, about ten seedlings were grown and used as
material for mt-DNA isolation.

For cp-DNA analysis, total DNA was also isolated from
plants of the F, generation, according to a modified procedure
of Bernatzky and Tanksley (1986). Young leaves, 2—3 g, were
frozen in liquid nitrogen and ground to a fine powder with a
mortar and pestle. Extraction buffer was added to a final vol-
ume of 10 ml and the homogenate was transferred to a 50-ml
tube. The suspension was adjusted to 1.0% CTAB (hexadecyl
trimethyl ammonium bromide, Sigma), 1 M NaCl, and 25 mM
EDTA using 10 ml of lysis buffer (200 mM TRIS, 50 mM ED-
TA, 2 M NaCl, and 20 g CTAB, pH 8.0). Chloroplasts were
lysed by the addition of 2 ml of 10% sarkosyl. The lysate was
extracted once with chloroform before the DNA was precipitat-
ed with isopropanol. The DNA was dissolved in 750 ml of TE
buffer (10 mM TRIS, 1 mM EDTA, pH 7.5) and treated with
15 yl of RNA:se (2mg/ml) for 1 h at 60°C. The DNA was
further purified by phenol/chloroform and chloroform extrac-
tions, reprecipitated, and finally dissolved in 100—200 ul of TE.

Restriction digests and electrophoresis. Mt-DNA was digested
with BamHI and PstI or total DNA with BamHI. The DNA was
electrophoresed in 0.5% agarose slab gels (35mA, 18-20h).
Cp-DNA restriction fragments could be distinguished easily
from the nuclear smear on EtBr-stained total DNA gels. Hybrid
cp-DNA patterns were compared to purified cp-DNA of the
parental species, isolated according to Sundberg et al. (1987), on
the same total-DNA gels.

Southern blot and hybridization. Separated mt-DNA fragments
were transferred to nylon filters (Pall Biodyne membrane) by the
Southern procedure (Maniatis et al. 1982). About 0.1 ug of mt-
DNA isolated from the parental species was radiolabeled with
50 uCi (**P) dCTP (Pharmacia oligolabeling kit) and used as
probes. Hybridizations were performed in 5xSSC, 40% for-
mamide, 50 mM Na,PO, (pH 6.5), 5x Denhardt’s solution,
0.1% SDS, 10% dextran sulphate, and 0.25% milk powder at
42°C overnight. Filters were washed twice with 2 x SSC, 0.2%
SDS for 5 min at room temperature and twice with 0.7% x SSC,
0.5% SDS for 25 min at 58 °C. Autoradiographs were obtained
by exposing Kodak X-Omatic or XAR-15 films to the filters
using intensifying screens at —~70°C for 6—40 h. The filters were
washed prior to rehybridization with 0.4 M NaOH at 42°C for
5-10 min, followed by two washes in 0.2 xSSC, 0.1% SDS,
0.2 M TRIS-HCI, pH 7.5, one at 42°C for 5—10 min, and the
final wash at room temperature for 10 min.

Results

Analysis of parental and hybrid mt-DNA
restriction patterns

Mt-DNA from parents and hybrids are shown as autora-
diographs in Fig. 1 a—c, after probing with mt-DNA of
B. campestris. Schematic presentations of the BamHI
and the Pstl banding patterns are shown in Fig. 2a—f.
All species could be distinguished by their restriction
pattern. The differences in the mt-DNA restriction pat-



778

221
=1
— .
5.1
4.9
4.2
v 2.0
P - -1.9

s g

l‘)c:—l

terns between B. nigra and B. napus (Figs. 1b and 2b, ¢)
and between E. sativa and B. napus (Figs. 1¢ and 2¢, f)
were larger than the differences between B. campestris
and B. oleracea (Figs.1a and 2a, d). The filters were
rehybridized with total parental mt-DNA from B. napus,
B. nigra and E. sativa, respectively. The same restriction
patterns were found in all cases (data not shown) and
were identical to the restriction profiles obtained when
B. campestris mt-DNA was used as probe.

B. campestris (+) B. oleracea hybrids. Few differences
were observed when comparing the mt-DNA restriction
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Fig. 1a—c. Southern blot hybridization of mt-DNA, digested
with BamHI, of parents and hybrids in the three different fusion
combinations. a 4. B. campestris; B: oleracea; 1-10: hybrids
1-10. The arrow in lane A indicates the extra mt-DNA fragment
found in B. campestris restriction profile compared to the mt-
DNA profile obtained for the B. napus variety. b A: B. napus; B:
B. nigra; 1-11: hybrids 1-11. The circles indicate the 6-kbp B.
nigra-specific fragments and the arrows indicate hybrid-specific
fragments of 2.5 kbp. ¢ A B. napus, B: E. sativa; 1-10: hybrids
1-10. The circles indicate the 5.5-kbp fragment common for both
parentals and the arrows indicate a hybrid-specific fragment of
8.0 kbp. The molecular weight standard, lambda-DNA, digest-
ed with EcoRI/HindlIII is indicated (kbp)

patterns of B. campestris and B. oleracea after digestion
with BamHI (Figs. 1a and 2a) and Pstl (Fig. 2d). All
hybrids except hybrid 10 had a rearranged mi-DNA
compared to the parents, when both restriction patterns
were taken into account. The mt-DNA restriction pat-
terns of hybrids 2, 3, 4, 5, and 8 were composed of a
complete set of mt-DNA fragments that comigrated with
B. campestris-specific fragments, together with addition-
al fragments comigrating with B. oleracea-specific frag-
ments. Hybrid 6 consisted of a complete set of mt-DNA
fragments comigrating with B. oleracea-specific frag-
ments, but had also one additional fragment that comi-
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Fig. 2a—f. A schematic presentation of the restriction profiles shown in Fig. 1a—c (a—c) and of the Southern blot hybridization of
mt-DNA digested with Pstl (d—I) of parent and hybrids in the three different fusion combinations. All fragments that were common
to both parents and all hybrids, according to migration rate, are omitted in the figure. Note that the hybrids have been arranged in
different order compared to Fig. 1. The letters given under the sofid line in the a—c denote the chloroplast genotype of the parentals
and the hybrids. a and d A: B. campestris; B: B. oleracea; 1-10: hybrids 1-10. b and e A: B. napus; B: B. nigra; I-11: hybrids 1-11.
cand f A: B. napus; B: E. sativa; 1-10: hybrids 1-10. Solid lines indicate B. campestris- or B. napus-specific fragments. The solid lines
marked with a solid circle indicate B. oleracea-, B. nigra- or E. sativa-specific fragments. Dashed lines indicate hybrid-specific
fragments. The solid lines marked with solid squares indicate fragments that were common to both parentals. The molecular weight
standard lambda-DNA cut with EcoRI/HindIII is indicated (kbp)
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grated with a B. campestris-specific fragment. The rear-
ranged mt-DNA in hybrids 1, 7, and 9 was composed of
mt-DNA fragments comigrating with parental-specific
fragments from both parents, but not the full set of frag-
ments from either of the parents.

B.napus (+ ) B. nigra hybrids. Out of 20-24 mt-DNA
fragments found in the parental restriction patterns, in
the BamHI (Figs. 1b and 2 b) and Pstl (Fig. 2¢) profile,
respectively, approximately half of the fragments were
specific for each parent. The B. rapus line used in this and
inthe B. napus (+) E. sativa combination had a mt-DNA
restriction pattern almost identical to B. campestris, ex-
cept for one fragment that was missing after digestion
with BamHI and Pstl, respectively. In this combination
all hybrids except hybrid 1 had a rearranged mt-DNA
restriction pattern in both restriction profiles. Hybrid 1
had a mt-DNA restriction pattern identical to B. nigra.
Hybrids 2, 4, 8, 9, and 11 had identical restriction pat-
terns, which corresponded to the B. rapus restriction
profile, but also contained additional fragments. In the
BamHI profile, one of the two additional fragments
comigrated with a B. nigra-specific fragment of about
6 kbp and the other was a hybrid-specific mt-DNA frag-
ment of about 2.5 kbp (Figs. 1b and 2b). In the Pstl
profile only one additional fragment, comigrating with a
B. nigra-specific fragment of about 16 kbp, was discov-
ered in these hybrids (Fig. 2¢). In both the BamHI and
Pstl profiles, hybrids 3, 5, and 7 also had a similar, but
incomplete, B.napus mt-DNA restriction pattern, to-
gether with the fragments comigrating with the B. nigra
fragment of 6 or 16 kbp, respectively. Moreover, in the
BamHI profile these hybrids contained a B. nigra frag-
ment of 3.2 kbp and a few novel mt-DNA fragments in
addition to the 2.5-kbp hybrid-specific fragment. Hy-
brids 6 and 10 had a similar mt-DNA restriction pattern
to B. nigra, but in the Pst] profile hybrid 10 contained
more fragments comigrating with B. napus-specific frag-
ments than hybrid 6. In the BamHI profile, no mt-DNA
bands comigrating with B. napus fragments were found
in hybrid 6.

B. napus (+ ) E. sativa hybrids. Approximately half of all
the E. sativa mt-DNA fragments found in the BamHI
(Figs. 1c and 2c¢) and the Pstl (Fig. 2f) profiles were
species specific. In the Pstl profile also about half of all
B. napus fragments were species specific, while only four
fragments were determined as B. napus-specific in the
BamHI profile. In both the BamHI and the Pstl profiles
hybrids 2, 4, 6, 7, and 8 had mt-DNA restriction patterns
identical to B. napus. In hybrids 1, 3, 5, 9, and 10 rear-
ranged mt-DNA was observed. In both the BamHI and
the Pstl profile hybrid 10 contained mt-DNA similar to
B. napus, but in the BamHI profile a mt-DNA fragment,
which was of about 5.5 kbp and common to both par-
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Fig. 3. Restriction pattern of mitochondrial DNA, digested with
Pstl, isolated from B. napus plants grown from seeds (lane 2) and
from plants regenerated from protoplasts (lane 3—12). Lane 1:
molecular weight standard lambda-DNA cut with EcoRI/
HindIII (kbp)

ents, was lost (Figs. 1c and 2¢). In addition, hybrid 10
contained novel hybrid-specific fragments in both restric-
tion profiles. The results from both restriction patterns
showed that the remaining hybrids 1, 3, 5, and 9 also had
mt-DNA similar to B. napus, together with one or a few
hybrid-specific mt-DNA fragments. In addition, one or a
few fragments comigrating with E. sativa-specific frag-
ments were found. The 5.5-kbp fragment common to
both parents that was absent in hybrid 10 was also absent
in hybrids 1 and 3 (Figs. 1c and 2c). In the BamHI
profile both hybrids 1 and 3 had a novel fragment of
about 8 kbp (Figs. 1¢ and 2¢).

Analysis of mitochondrial DNA restriction pattern
in protoplast and seed-derived plants of B. napus

All the B. napus plants regenerated from protoplasts had
an identical mt-DNA restriction pattern. A comparison
of plants regenerated from protoplasts with plants grown
from seeds revealed no differences in mt-DNA restriction
profiles (Fig. 3). Moreover, several preparations of mt-
DNA were made from plants grown from seeds of the
parental species used in all combinations, and no varia-
tion in mt-DINA restriction patterns was found between
different preparations within each species (data not
shown).

Chioroplast DNA analysis

Analyses of ¢p-DNA supplementary to earlier investiga-
tions were made in three of the B.campestris (+)
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Fig. 4. Restriction pattern of chloroplast and total DNA digest-
ed with BamHI. Lane 1: B. napus cp-DNA; 2: B. nigra cp-DNA;
3—6: total DNA of B. napus (+) B. nigra hybrids 2, 3, 4, and 5.
The molecular weight standard lambda-DNA cut with EcoRI/
Hind!II is indicated (kbp)

Table 1. A summary of the results obtained after cp-DNA anal-
ysis of all hybrids in all combinations. The number of hybrids
for each parental chloroplast genotype is given for each hybrid
combination

Hybrid Chloroplast genotypes
combination
B.cam B.ole B.nap B.nig E.sat
B.cam(+)B.ole 5 5
B.nap(+)B.nig 9 2
B.nap (+) E.sat 9 1

B. oleracea hybrids, eight of the B. napus (+) B. nigra
hybrids, and in two of the B. napus (+) E. sativa hybrids,
to determine cp-DNA genotypes of all hybrids for which
mt-DNA analyses were performed. All the hybrids had a
cp-DNA restriction pattern identical to either one of the
parental species. Total DNA digestions from some B. na-
pus (+) B. nigra hybrids and the restriction patterns of
purified cp-DNA from the parents are shown in Fig. 4.
The results from earlier cp-DNA investigations and from
the analysis performed in this study are summarized in
Table 1. In Fig. 2a—c the results of the cp-DNA analyses
are given for each hybrid. A combination of chloroplasts
from one parent together with unaltered mitochondria
from the other parent was found only in B. campestris
(+) B. oleracea hybrid 10 and in the B. napus (+) E. sa-
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tiva hybrid 2. In hybrid 10, B. oleracea chioroplasts were
combined with B. campestris mitochondria and in hybrid
2, E. sativa chloroplasts were found together with B. na-
pus mitochondria. In the B. napus (+) B. nigra combina-
tion, the hybrids contained B. napus or B. nigra chloro-
plasts together with a rearranged mt-DNA, except for
hybrid 1, which had B. nigra chloroplasts together with
B. nigra mitochondria.

Discussion

Our results demonstrate that rearrangements of mt-
DNA were obtained in several hybrids in each of the
different combinations. These results are in agreement
with earlier studies of mt-DNA in somatic hybrids and
cybrids (reviewed by Pelletier 1986). However, Kemble
et al. (1988) found no mt-DNA rearrangements in more
than 300 B. napus hybrid plants. In this investigation we
found no mt-DNA rearrangements in the B. napus plants
regenerated from protoplast culture. Such results have
also been reported by Morgan and Maliga (1987) and
Kemble et al. (1988). We conclude from our data that the
mt-DNA rearrangements found in all three combina-
tions of somatic hybrids resulted from interactions be-
tween the parental mt-DNA genomes in the heteroplas-
mic state following protoplast fusion. We found that all
rearranged B. napus (+) B. nigra and B. napus (+) E. sa-
tiva hybrids contained hybrid-specific mt-DNA frag-
ments, while the rearranged mt-DNA found in the
B. campestris (+) B. oleracea hybrids consisted of a mix-
ture of parental-specific fragments, without any hybrid-
specific mt-DNA fragments. Hybrid-specific mt-DNA
fragments have been interpreted as a result of intermolec-
ular recombination between the parental mt-DNA
genomes in the heteroplasmic state after protoplast fu-
sion (Belliard etal. 1979; Boeshore et al. 1983; Nagy
et al. 1983), and intermolecular recombination was con-
firmed in a Petunia somatic hybrid by Rothenberg et al.
(1985). In order to explain mt-DNA restriction patterns
consisting of a mixture, but not the sum, of parental-
specific fragments, an alternative model was suggested by
Boeshore et al. (1983), who proposed that separate DNA
molecules from the two parentals have assorted in the
same mitochondrion following protoplast fusion. Qur
results indicate that intermolecular recombination has
occured in all rearranged B.napus (+) B. nigra and
B. napus () E. sativa hybrids, since they contained hy-
brid-specific mt-DNA fragments. On the other hand, the
absence of hybrid-specific mt-DNA fragments in the re-
arranged B. campestris (+) B. oleracea hybrids could re-
sult from assortment of parental subcircles. However,
due to the fact that the parental mt-genomes were quite
similar as judged by the low number of parental-specific
fragments, the probability of regenerating hybrid-
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specific fragments by intergenomic recombination would
be low. Thus, the chance of detecting intermolecular re-
combination is low.

Biased segregation of organelles could be a result of
unequal input of organelles in the original fusion product
(Birky 1978). The protoplasts used in the fusions present-
ed here were derived from different tissues. In the B. cam-
pestris (+) B. oleracea combination, all hybrids except
hybrid 6 were obtained by fusing B. campestris hypocotyl
and B. oleracea mesophyll protoplasts. In the other two
combinations hypocotyl protoplasts were obtained from
B. napus. However, the cp-DNA analysis showed biased
segregation of chloroplasts in the B. napus (+) B. nigra
and the B. napus (+) E. sativa combinations, favoring
the B. napus type, while random segregation of chloro-
plasts was found in the B. campestris (+) B. oleracea
combination. Thus, protoplast type appeared not to have
affected chloroplast segregation in the different fusion
combinations.

However, it has been found that among vascular
plants, more nuclear DNA always involves more plastids
per cell (Butterfass 1989). The biased segregation, favor-
ing the B. napus chloroplasts, found in two of the combi-
nations in this study, could therefore be due to unequal
input of organelles resulting from the fusion between the
amphidiploid B. napus and the diploid B. nigra or E. sati-
va. In contrast, the fusion between the diploid species
B. campestris and B. oleracea resulted in random chloro-
plast segregation due to equal input of organelles in the
hybrid cell. Alternatively, the result from the chloroplast
analysis could reflect different plastid replication rates.
Analysis of interspecific crossings within Oenothera have
revealed species-specific plastid multiplication rates
(Kirk and Tilney-Bassett 1978). Our results could thus
imply that B. nigra and E. sativa chloroplasts have a low-
er replication rate compared to B. napus chloroplasts,
while B. campestris and B. oleracea chloroplasts seem to
have about the same replication rates. Another possibili-
ty for biased segregation of organelles in somatic hybrids
could be due to elimination of chromosomes from one of
the parental species, resulting in a preferential sorting-
out of the organelles of that parental type. According to
chromosome number and isoenzyme analysis, it was
found that many of the B. napus (+) E. sativa hybrids
were asymmetric, and a preferential elimination of E. sa-
tiva chromosomes was demonstrated (Fahleson et al.
1988). In contrast, most of the B.napus (+) B. nigra
hybrids showed hybrid character for the isoenzymes test-
ed and the expected chromosome number of symmetric
hybrids was found (Sjodin and Glimelius 1989). Yet both
combinations demonstrated biased chloroplast segrega-
tion. Thus, the nuclear constitution of the asymmetric
hybrids appears not to have influenced segregation of
chloroplasts in the B. napus (+) E. sativa combination.
Nevertheless, even though biased segregation was ob-

tained, all different chloroplast types could be estab-
lished within each combination.

Similar to the chioroplast segregation, the mt-DNA
analysis demonstrated biased segregation, favoring iden-
tical or slightly rearranged B.napus mitochondrial
genomes in both the B. napus (+) B. nigra and the B. na-
pus (+) E. sativa combinations. This could be an effect of
the different ploidy levels of the fusion partners. Howev-
er, a preferential segregation of identical or slighlty rear-
ranged mt-DNA obtained from hypocotyl protoplasts
was also indicated in the B. campestris (+) B. oleracea
combination. Thus, in contrast to the chloroplast segre-
gation, mitochondrial segregation could have depended
on the source of protoplasts used in the fusions.
Hypocotyls are composed of young dividing cells that
might contain large numbers of mitochondria, and there-
fore the hypocotyl protoplasts could contribute the ma-
jority of mitochondria to the hybrid cell. Moreover, dif-
ferences in mt-DNA segregation pattern were found be-
tween the B. napus (+) E. sativa and the other two com-
binations of hybrids. None of the B. napus (+) E. sativa
hybrids had mt-DNA similar or identical to E. sativa. In
the other combinations, hybrids were obtained that con-
tained mt-DNA similar or identical to either of the par-
ents. The number of hybrids with rearranged mt-DNA
was also lower in the B. napus (+) E. sativa combination
in comparison to the other two combinations. These re-
sults indicate a correlation of taxonomic differences be-
tween the fusion partners and differences of mitochon-
dria replication rate where the mitochondria of the most
remote species, E. sativa, are the least competetive. The
different mt-DNA segregation pattern found in the
B. napus (+) E. sativa combination could also be a result
of the preferential elimination of E. sativa chromosomes
observed in many of these hybrids. However, taking the
results together of chromosome number, isoenzyme, and
mt-DNA patterns, no correlation could be found be-
tween nuclear constitution and mt-DNA type in the
B. napus (+) E. sativa hybrids.

Our hybridization data demonstrated that B. campes-
tris, B. napus, B. nigra and E. sativa have mt-DNAs that
are very homologous at the primary sequence level, since
identical hybridization patterns were obtained regardless
of which parental mt-DNA was used as a probe. These
results are in accordance with Palmer and Herbon
(1988), who reported that mt-DNA in different Brassica
species has undergone many internal rearrangements,
while it is almost homologous in primary mt-DNA se-
quence. In contrast, at least one-fourth of the fragments
observed on an agarose gel containing N. tabacum mt-
DNA could not be found on the autoradiograph after
hybridization with B. campestris mt-DNA as probe (data
not shown). Even though B.campestris is less ho-
mologous to the mt-DNA of N. tabacum than to the
mt-DNA of the other Brassica species, intermolecular



recombination could occur in many mt-DNA regions
and is not limited to any specific repeated regions. Never-
theless, we found that somatic hybrids within each com-
bination shared several identical rearrangements, which
implies that the interaction of the parental mt-genomes
was biased to specific regions of the genome. For exam-
ple, B. campestris (+) B. oleracea hybrids 1 and 9 had
identical rearranged restriction patterns. B. napus (+)
B. nigra hybrids 2, 4, 8, 9, and 11 shared the same rear-
rangements. In the BamHI profile B. napus (+) E. sativa,
hybrids 1, 3, and 10 had all lost a mt-DNA fragment
common to both parents. Identical mt-DNA rearrange-
ments among somatic hybrids of the same combination
have also been reported in other investigations (Clark
et al. 1986; Kothari et al. 1986; Kemble et al. 1986; Pri-
mard et al. 1988; Bonnett and Glimelius 1990). The hy-
brids presented in this investigation are being evaluated,
using gene-specific probes, in order to elucidiate whether
specific regions are involved in the rearrangements found
in all three different combinations of somatic hybrids.
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