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Summary. We compared Brass ica  campes t r i s  mitochon- 
drial and chloroplast DNAs from whole plants and from 
a 2-year-old cell culture. No differences were observed in 
the chloroplast DNAs (cpDNAs), whereas the culture 
mitochondrial DNA (mtDNA) was extensively altered. 
Hybridization analysis revealed that the alterations are 
due entirely to rearrangement. At least two inversions 
and one large duplication are found in the culture 
mtDNA. The duplication element is shown to have the 
usual properties of a plant mtDNA high frequency 
"recombination repeat". The culture mtDNA exists as a 
complex heterogeneous population of rearranged and 
unrearranged molecules. Some of the culture-associated 
rearranged molecules are present in low levels in native 
plant tissue and appear to have sorted out and amplified 
in the culture. Other mtDNA rearrangements may have 
occurred de novo. In addition to alterations of the main 
mitochondrial genome, an 11.3 kb linear mtDNA plas- 
mid present in whole plants is absent from the culture. 
Contrary to findings in cultured cells of other plants, 
small circular mtDNA molecules were not detected in the 
B. campes t r i s  cell culture. 
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Introduction 

Most plant mitochondrial DNAs (mtDNAs) examined so 
far exist as a heterogeneous population of circular mole- 
cules, which interconvert via recombination across direct 
repeats (Lonsdale et al. 1984; Palmer and Shields 1984). 
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Despite its heterogeneity and large size, the mitochon- 
drial genome of higher plants appears to be stable with 
extremely low levels of intraspecific variability (Oro et al. 
1985; Palmer 1988). Tissue culture manipulations, how- 
ever, can promote extensive alterations in plant 
mtDNAs. Restriction fragment analysis o f m t D N A  from 
a variety of plant systems, including tobacco (Dale et al. 
1981), wheat (Hartmann et al. 1987), and V i c i a f a b a  (Ne- 
gruk et al. 1986), has revealed quantitative differences in 
the stoichiometry of restriction fragments in mtDNA 
from whole plant and cell culture. Transposition of spe- 
cific DNA fragments (Chourey and Kemble 1982), the 
complete loss of a subgenomic molecule (Rode et al. 
1987), as well as the appearance of novel mtDNA types 
in somatic hybrids (Belliard et al. 1979; Kemble et al. 
1986 a; Ozias-Akins et al. 1987) are further evidence for 
rapid mtDNA alteration in vitro. However, mtDNA al- 
teration does not always occur following tissue culture. 
In several cases, upon visual inspection of restriction 
fragment patterns, no variation could be detected in the 
mtDNA of cultured cells compared to whole plants 
(Galun etal. 1982; Hanson 1984; Kool etal.  1985). 
McNay etal. (1984) suggested that the intensity of 
mtDNA rearrangement depends on the species, mor- 
phology, and age of the cultures. 

The small size (218 kb) of the mitochondrial genome 
in Brassica eampestr is ,  together with the availability of 
detailed clone banks and physical maps (Palmer and 
Shields 1984), make this a highly suitable species for 
studying the nature and dynamics of mtDNA rearrange- 
ments in cultured plant cells. In this report, we show that 
the mitochondrial genome of B. campes t r i s  has become 
drastically altered in organization after 2 years of  in vitro 
cell culture. Hybridization experiments with probes 
covering 96% of the genome were used to deduce the 
nature and extent of culture-associated mtDNA rear- 
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rangements.  In addit ion,  our da ta  provide evidence for 
the pre-existence in whole plants of  rearranged forms of  
the genome that  have been amplified to high copy num- 
ber in cultured cells. 

Materials and methods 

The B. campestris L. cell culture was established from hypocotyl 
tissue of a rapid cycling, self-compatible line (CrGc no. 66, Cru- 
cifer Genetics Cooperative) in September, 1984 (Lentini et al. 
1986). The hypocotyl explants (1-2cm long) were cultured 
horizontally on callus induction medium (Linsmaier and Skoog 
1965) containing 5.0 rag/1 benzylaminopurine(BP) and 5.0 mg/l 
naphthaleneacetic acid (NAA). Friable callus was maintained 
on Linsmaier and Skoog salts +3% sucrose, 1.0 rag/1 NAA, 
5.0 mg/1 BA, 0.1 mg/1 2.4-dichlorophenoxyacetic acid (2,4-D), 
and 200 mg/1 enzymatic casein hydrolysate (M medium). Cell 
suspensions were obtained from hypocotyl calli maintained for 
3-5  months. Callus culture was derived from this suspension by 
plating cells onto solid media in August 1986 and was subcul- 
tured every 3 weeks. 

In January 1987, mtDNAs were isolated from B. campestris 
tissue culture and whole plant by the DNAase-I procedure of 
Kolodner and Tewari (1972). Two sources of seed were used: the 
turnip variety 'Torch' and the rapid cycling line CrGc no. 66, 
from which the tissue culture was established. Whole plant 
mtDNAs were prepared from green leaves of 1-2 month-old 
plants. MtDNA restriction profiles and hybridization patterns 
were identical for the two plant lines with every restriction en- 
zyme or probe used. Chloroplast DNA (cpDNA) was isolated 
using the procedure described by Kolodner and Tewari (1975). 
Plasmids containing B. campestris mtDNA PstI and SalI frag- 
ments are from the library described by Palmer and Shields 
(1984). Plasmid DNAs were isolated by the procedure of Birn- 
boim and Doly (1979). 

After electrophoresis on 0.7% agarose gels, DNAs were 
transferred bidirectionally to Zetabind nylon filters (AMF Cuo- 
no). The labelling of recombinant plasmids by nick-translation 
and filter hybridizations was performed as previously described 
by Palmer (1986). Filters were washed in 2 • SSC (0.3 M NaC1/ 
30 mM trisodium citrate) and 0.5% SDS at 65 ~ prior to auto- 
radiography. 

Results 

Extrachromosomal mitoehondrial DNA molecules 

In cultured cells of  several plant  species examined in 
previous studies, m t D N A  has been shown to exist as a 
heterogeneous popula t ion  o f  predominant ly  small circu- 
lar D N A  molecules (see, for example, Bailey-Serres et al. 
1987). However,  such molecules were not observed in 
m t D N A  isolated from the 2-year-old B. campestris cell 
culture line used for this investigation, nor  in whole plant  
m t D N A .  Minicircular  D N A s  were not  detected either as 
a supercoiled fraction in CsCl-ethidium bromide density 
gradients  or as discrete, low molecular  weight bands in 
e thidium bromide-s ta ined agarose gels of  undigested 
m t D N A  (Fig. 1). Hybr id iza t ion  of  m t D N A  clones cover- 
ing the mi tochondr ia l  genome to filters containing un- 
digested m t D N A  also failed to reveal small m t D N A  mo- 

Fig. 1. Agarose gel electrophoresis of chloroplast DNA (Cp) 
and mtDNA from whole plant (P) and cultured cells (C) of 
B. campestris. Numbers to the left of gel lanes indicate the size of 
the whole plant fragments that are diminished or increased in 
intensity in the cultured cells. Numbers to the right of the lanes 
indicate novel fragments in cultured cells that are not visibly 
present in the P or Cp lanes. Stars indicate an 11.3 kb linear 
plasmid-like DNA species in the whole plant mtDNA (Palmer et 
al. 1983) 

lecules (data  not  shown). Fur thermore ,  the 11.3 kb lin- 
ear m t D N A  plasmid previously noted in B. campestris 
plants (Palmer et al. 1983) is absent from m t D N A  of  
cultured cells (Fig. 1). Hybridizat ion experiments dem- 
onstrate that  this molecule was originally present in the 
variety 'Torch'  (P1) as well as the control  parental  line 
(P2), but  has been eliminated during the 2 years of  tissue 
culture (Fig. 2D). 

Comparison of mtDNA restriction patterns 

M t D N A s  from whole plants and cultured cells were 
compared with four restriction enzymes, PstI (not shown), 
Sall,  BglI, and NruI  (Fig. t). The culture m t D N A  was 
heavily contaminated with cpDNA.  Therefore, purified 
c p D N A  isolated from plant  material  was included in a 
lane next to the culture m t D N A  in order to control  for 
c p D N A  contaminat ion and allow detection of  novel 
fragments arising from alterations of  m tDNA.  Hybridi-  
zation with purified c p D N A  to a filter blot of  the gel 
shown in Fig. 1 reveals that this genome is unchanged in 
the culture compared to the native plant (data not shown). 

Al though restriction pat terns of  m t D N A  from cul- 
tured cells and control  plant  display considerable overall 
similarity, several significant differences can be detected. 
These are of  three types. First,  NruI  fragments of  11.9, 
9.4, 9.1, 7.4, and 4.7 kb, as well as the corresponding 
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fragments produced with SalI, BglI, and Psti, all appear 
submolar in the culture mtDNA relative to the whole 
plant. Second, and conversely, certain fragments (e.g., 
SalI 6.2, BglI 2.1, and NruI 4.5 kb) are present in super- 
molar concentration in the culture line compared to na- 
tive plants. Third, mtDNA from callus culture contains 
several novel fragments lacking in the mitochondrial ge- 
nome of the intact plant (Fig. 1). 

Hybridization analysis of mtDNA rearrangements 

In order to determine the location and nature (i.e., point 
mutation, inversion, transposition, duplication, etc.) of 
m tDNA alterations in the culture, a clone bank contain- 
ing 96% of the B. campestris mitochondrial genome was 
used to probe Southern blots of  gels similar to the one 
illustrated in Fig. t. Each of 37 mtDNA clones was hy- 
bridized to digests with PstI, SalI, BglI, and NruI. Inter- 
pretation of the hybridization data is complicated by a 
series of factors. First, several faint bands are observed in 
equal intensity in mtDNA of both genomes (e.g., P2.9, 
Fig. 2B). Based on studies to be reported elsewhere, 
these bands reflect the presence of small dispersed repeats 
in the mitochondrial genome of B. campestris. Second, 
due to homologies between cpDNA and mtDNA, several 
clones tested here cross-hybridize to a number of non- 
parental bands resulting from cpDNA contamination of 
the culture mtDNA preparation (e.g. P2.0, Fig. 2A). An- 
other source of artefactual variability is observed in PstI 
digests of plant mtDNA (e.g., P7.7, Fig. 2A). The addi- 
tional small fragments designated with an "x" appear to 
be caused by a "star activity" of PstI (Malyguin et al. 
1980). 

Although all cloned fragments formed hybrids with ex- 
pected fragment size classes, indicating a general conser- 
vation of the mitochondrial genome of the callus culture, 
several fragments are found to be altered (Fig. 2). Note 
that each of these clones (i.e., S10.1, $4.4, P9.7, P12.2, 
P4.4, $6.2, S1.1) hybridize strongly to the parental frag- 
ments as well as at least one extra fragment in the culture 
mtDNA. In the case of SalI fragments of 6.2 kb and 
1.1 kb, the extra fragments are the same size as the pa- 
rental fragments and in fact result from duplication (see 
below). These results reveal that the mitochondrial ge- 
nome of cultured cells is heterogeneous, containing both 
molecules that retain their original genomic organization 
and ones that have been altered. 

Further analysis reveals that several independent rear- 
rangements have occurred in the mitochondrial genome 
of this B. campestris cell culture (Fig. 3). We focus our 
attention on the two most clear-cut of  these events. 
Cloned fragments S10.1 and P12.2, which in the native 
plant genome lie 63 kb apart (Fig. 4), hybridize to the 
same two novel bands (e.g., PstI fragments of 16.8 kb 

and 14.5 kb) in the culture mtDNA (Fig. 3A and C). 
Note also that the two novel bands resulting from this 
rearrangement sum to the same size as the two parental 
fragments (e.g., NruI: 11.3 kb + 9.7 kb = 11.9 kb + 9.1 kb). 
The simplest interpretation of these results is that a large 
inversion having end points in S10.1 and P12.2 is present 
in a subset of the culture mtDNA molecules (Fig. 4). 
Similarly, SalI and PstI fragments of 4.4 kb hybridize to 
a single common fragment (i.e., SalI 6.6, BglI 15.0, and 
NruI 6.4) in the culture mtDNA (Fig. 3B and E). The 
detection of only one novel fragment homologous to 
these clones could be due to a transposition event. How- 
ever, this is unlikely, since no consistent pattern of in- 
crease or decrease in fragment size can be observed. We 
feel that an inversion is more likely, and that the failure 
to see two novel fragments hybridizing to $4.4 and P4.4 
results from two complicating factors. First, one of the 
endpoints of the putative inversion maps extremely near 
the site of the restriction enzymes used (i.e., PstI 10.2, 
SalI 4.4, BglI 3.7). Second, there is another independent 
rearrangement within the PstI fragment of 4.4kb 
(Fig. 4). 

Another complex alteration in the genomic organiza- 
tion of the cultured cells is evident upon hybridization of 
$6.2 and SI.1 to the SalI digests of plant and culture 
mtDNAs. An increase in the hybridization signals of the 
parental bands is detected in the mtDNA of cultured cells 
(Fig. 2D). Given that equal amounts of DNA are loaded 
in each track, we conclude that the SalI fragments of  
6.2 kb and i . l  kb are duplicated in the culture mtDNA. 
Further hybridization analysis with $6.2 and SI.I  (Fig. 5) 
reveals the appearance of two novel fragments (e.g., PstI 
fragments of 15.0 and 13.6 kb) which were observed in 
the P4.4 hybridization (Fig. 3E). This suggests that the 
SalI 6.2-1.1 duplication might lie close to P4.4 or a 
rearranged region containing part of P4.4. 

All large duplications in plant mtDNA have been 
shown to be involved in high frequency intragenomic 
recombinations (e.g., Palmer and Shields 1984 and 
Fig. 2A, probe P4.8). To examine whether the SalI 
6.2-1.1 duplication is also engaged in intragenomic 
recombination, $6.2 and SI.1 were hybridized to South- 
ern blots of culture mtDNA digested with SacII, HpaI,  
and BstEII. Although none of these enzymes cleaves 
within this region, four restriction fragments show ho- 
mology to each clone (data not shown). In each case, the 
largest and smallest fragments sum in size to the two 
intermediate ones. Based on these observations, we feel 
that this culture-specific duplication is active in recombi- 
nation and meets the definition (Stern and Palmer 1984) 
of a high frequency "recombination repeat", 

An additional rearrangement is evident by the weak 
hybridization of P9.7 to PstI fragments of 28.0 and 
15.0 kb (Fig. 2A). Although the exact nature of this rear- 
rangement is unclear, there appears to be some physical 
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Fig. 2 A - D .  Filter hybridization analysis of mtDNA variation. Total mtDNAs from whole plants (P) and a 2-year-old callus 
culture (C) were digested with PstI and SalI, separated on a 0.7% agarose gel, transferred bidirectionally to Zetabind filters, and 
hybridized with the indicated cloned fragments covering 96% of the mitochondrial genome of B. campestris. The clone designations 
indicate the type of fragment cloned (P for Pstl and S for Sall) and its size in kb. Sizes of mtDNA fragments (but not fragments resulting 
from cpDNA contamination) are indicated to the left of each filter strip, while novel fragments in the culture mtDNA are denoted 
to the right according to the following conventions. Fragments containing the 2 kb recombination repeats of B. campestris are 
designated as rr. Fragments resulting from cpDNA contamination are designated as Cp. The extra bands x noted only in PstI digests 
of the plant mtDNA result from putative "star activity" of this enzyme. Rearranged fragments of culture mtDNA are designated with 
an R. R* marks a 10.2 kb novel fragment that comigrates with a native fragment of the same size (panel A). Faint bands (r) of equal 
intensity in both P and C lanes reflect the presence of small dispersed repeats. Rr designates hybridization to an altered mtDNA 
fragment that is mediated by these dispersed repeats. In panel D, the extrachromosomal plasmid described previously (Palmer et al. 
1983) was hybridized to two sources of whole plant mtDNA: the variety 'Torch ~ (Pt) and the rapid cycling line 84-143 (P2), from which 
the callus culture (C) was established 

l inkage be tween  P9.7, P4.4, and  $6.2 (Fig. 2A, C, and 5). 
These  c lones  all hybr idize  to a novel  PstI f ragment  o f  

15.0 kb,  suggest ing that  a r ea r ranged  f o r m  of  the genome  
con ta ins  sequences f rom all three clones in a single re- 
gion. 

One  intr iguing result  is the detect ion in the whole  
plant  m t D N A  of  minor  hybr id iza t ion  signals to non-  
parenta l  f ragments  that  are character is t ic  o f  the cul ture  
m t D N A  (e.g., SalI 14.0, and 13.0 kb, Fig. 3C; BglI 9.2 
and 8.1 kb, Fig. 3D). This obse rva t ion  suggests that  the 
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Fig. 2 C, D 

parental plant mtDNA contains low levels of at least 
some of the culture-associated rearrangements. 

Discussion 

The results of this investigation, combined with other 
observations reported previously (Gengenbach et al. 
1981; Kemble et al. 1982; McNay et al. 1984; Hartmann 
et al. 1987), suggest that tissue culture increases the labil- 
ity of the higher plant mitochondrial genome. Restriction 
pattern analysis, as well as molecular hybridization using 
a nearly complete mtDNA clone library, allowed us to 
detect several inversions and one duplication in the mito- 
chondrial genome of B. eampestris cell culture. Figure 4 

summarizes a tentative outline of these events. We postu- 
late that approximately four rearrangements have oc- 
curred in the culture mtDNA. One rearrangement is de- 
tected within PstI fragments of 19.4 kb (encompassing 
the cloned fragment $10.1) and 12.2 kb. The endpoints of 
another inversion lie within the SalI and PstI fragments 
of 4.4 kb. However, the variable intensity of the hybridi- 
zation signals of $4.4 (approximately 50%) and P4.4 
(90%) to their parental fragments indicates that a por- 
tion of the molecules (approximately 40%) contain a 
second separate rearrangement involving the P4.4 region 
(see Fig. 3B and E). Note that P4.4 contains a number of 
small repeated sequences (see SalI digestion in Fig. 3E), 
which could account for the multiple inversional events 
confined to this region. 
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Fig. 3 A - E .  Hybridization analysis of mtDNA rearrangements. MtDNAs  from whole plants (P) and cultured cells (C) were 
restricted, electrophoresed in a 0.7% agarose gel, transferred to a Zetabind filter, and hybridized with the indicated cloned fragments. 
Sizes are given for parental and rearranged fragments, but not for fragments indicated in Fig. 2 by r, Rr, Cp, or x 
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Fig. 4. Restriction site and gene map of the master chromosome of B. campestris mitoehondrial DNA. The arrows indicate the 
location, as bounded by the dashed lines, of rearrangement endpoints in the mitoehondrial genome of the cultured cells 
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Fig. 5. Duplication of SalI fragments of 6.2 kb and 1.1 kb in 
mtDNA of cultured cells. The indicated restriction fragments 
from plant (P) and culture (C) were separated on a 0.7% agarose 
gel, blotted, and hybridized with the indicated clones 

Sail fragments of 6.2 kb and 1.1 kb, which contain 
part of the only 26S rRNA gene in Brassica, are dupli- 
cated in culture mtDNA. This gene is also present in 
multiple copies in mtDNAs of wheat, spinach, and poke- 
weed (Stern and Palmer 1984; Falconet et al. 1985). 
The presence of large duplications in the plant mitochon- 
drial genome has been shown to be associated with high 
frequency intragenomic recombinations (Stern and Pal- 
mer 1984). Our results suggest that the SalI 6.2-1.1 dupli- 
cation in culture mtDNA has the usual properties of a 
plant mtDNA "recombination repeat" and is active in 
intragenomic recombination. 

The minor hybridization signals of P9.7 to two non- 
parental PstI fragments of 28.0 and 15.0 kb reveal the 
occurrence of a fourth rearrangement in the culture 
mtDNA. However, due to the apparent complexity of 
the alterations occurring in the B. campestris culture 
mtDNA, the exact nature of this rearrangement could 
not be assessed. 

A comparison between the location of the culture- 
associated rearrangements reported here (Fig. 4) and the 
three evolutionary inversions distinguishing the mito- 
chondrial genomes of B. campestris and B. oleracea 
(Palmer and Herbon 1988) reveals that three of the pos- 
tulated endpoints of the evolutionary inversions fall with- 
in the same fragments also affected by alteration of the 
culture mtDNA (i.e., $10.1, P12.2, P4.4). This compari- 
son suggests that certain regions of the B. carnpestris 
mitochondrial genome are more susceptible to change 
and tend to promote inversional recombination and re- 
structuring of the genome. Since intramolecular recombi- 

nation might be linked to the prevalence of short, dis- 
persed repeats (Bowman and Dyer 1986), sequencing 
studies are currently in progress to clarify the relation- 
ship between short repeats and inversional events in the 
mitochondrial genome of B. campestris. 

The fact that each cloned fragment corresponding to 
an altered region also hybridizes to a parental fragment 
(Figs. 2 and 3) indicates that the mitochondrial genome 
of cultured cells is a mixed population of rearranged and 
unrearranged molecules. MtDNA heterogeneity could 
occur within each individual cell or within a given cell 
population. The existence of a heterogeneous population 
of mtDNA molecules has been reported within tissues of 
individual dairy cows (Hauswirth et al. 1984). A compar- 
ison of the restriction patterns of mtDNA from callus 
clones derived from protoplasts will enable us to deter- 
mine whether the heterogeneity of the culture mtDNA is 
a characteristic of each individual cell or perhaps reflects 
the existing variation within the cell population. 

In contrast to findings with many other plant cultures 
where small circular mtDNA molecules are quite abun- 
dant (Synenki et al. 1978; Sparks and Dale 1980; Bren- 
nicke and Blanz 1982; Negruk et al. 1986; Bailey-Serres 
et al. 1987), no small circular DNA molecules are de- 
tected in the mitochondrial genome of the B. carnpestris 
culture examined here. Hause et al. (1986) also failed to 
observe such minicircles in the mitochondrial genome of 
Lycopersicon esculentum. This may have resulted from 
the nicking of closed circular molecules during mtDNA 
isolation. Another plausible explanation is that the vari- 
able abundance of supercoiled fraction in the mtDNA 
preparations of different cultures reflects the situation in 
vivo. Greyburn and Bendich (1987) applied the same 
mtDNA extraction technique described by Sparks and 
Dale (1980) to two different cultivars of Nicotiana taba- 
cure; however, no supercoiled mtDNA molecules were 
obtained from suspension cultures of one cultivar (Turk- 
ish samsun). 

Another change in the mtDNA of cultured ceils ex- 
amined here is the disappearance of the 11.3 kb plasmid- 
like molecule previously reported in B. campestris (Palm- 
er et al. 1983). The loss and possible transposition of $1 
and $2 plasmid-like molecules have also been reported in 
callus cultures derived from the S type male-sterile maize 
(Chourey and Kemble 1982; Earl et al. 1987). No close 
association exists between the presence of this extra- 
chromosomal molecule and cytoplasmic male sterility in 
Brassica (Erickson et al. 1986). Furthermore, the plasmid 
lacks any significant homology to both chloroplast and 
mitochondrial genomes (Kemble et al. 1986 b). Whether 
any functional importance can be attributed to the loss 
or gain of this molecule is questionable; our studies, how- 
ever, do indicate that this molecule is highly unstable. 

Unlike the restriction patterns of mtDNA, those of 
the chloroplast genome have remained unchanged dur- 
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ing 2 years of in vitro culture. This observation illustrates 
the high stability and low apparent rate of structural 
rearrangement of cpDNA reported in whole plants 
(Timothy et al. 1979; Palmer and Zamir  1982; Kung  et al. 
1982; Palmer and Stein 1986) and in cell cultures (Seyer 
et al. 1982; Kemble et al. 1986 a). 

An intriguing outcome of our study is the detection of 
minor  hybridization signals to novel fragments also visi- 
ble in the m t D N A  sample of control plants. This obser- 
vation suggests that at least some of the culture-derived 
modified molecules are already present in the plant, but 
in much lower abundance ( 1 % - 5 % ) .  Trivial factors or 
accidental results (e.g., contaminat ion from adjacent 
lanes or carry-over from re-using a filter) that could pro- 
duce similarities in the hybridization patterns of cell cul- 
ture and whole plant  have been ruled out. One possible 
explanation for this observation could be that the seed 
stock of B. campestris used to initiate the cell suspension/ 
callus culture contained a mixture of cytoplasms with 
rearranged and unrearranged genomes. However, plant 
m t D N A  utilized throughout  this investigation is isolated 
from an unrelated cultivar (i.e., 'Torch'). Therefore, this 
possibility is rather unlikely to account for the presence 
of low levels of some of the rearranged molecules noted 
also in the mitochondrial  genome of the control plants. 
Sub-stoichiometric molecules characteristic of male ster- 
ile cytoplasms are also observed in the m t D N A  of male 
fertile maize plants probed with atpA-speci f ic  sequences 

(Small et al. 1987). Our data are in accordance with 
theirs, suggesting that the products of recombination 
events may be retained in the mitochondrial  genome for 
many generations at low levels. Exceptional circum- 
stances (e.g., in vitro culture) might lead to amplification 
and assortment of subliminal molecules already present 
in the plant  tissue. 
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