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Summary. The organization of the mitochondrial ge-
nome in somatic hybrids and cybrids regenerated follow-
ing fusion of protoplasts from cultivated tomato, Lyco-
persicon esculentum, and the wild species, L. pennellii,
was compared to assess the role of the nuclear genotype
on the inheritance of organellar genomes. No organellar-
encoded traits were required for the recorvery of either
somatic hybrids or cybrids. The organization of the mito-
chondrial genome was characterized using Southern hy-
bridization of restriction digestions of total DNA isolat-
ed from ten cybrids and ten somatic hybrids. A bank of
cosmid clones carrying tomato mitochondrial DNA was
used as probes, as well as a putative repeated sequence
from L. pennellii mitchondrial DNA. The seven cosmids
used to characterize the mitochondrial genomes are pre-
dicted to encompass at least 60% of the genome. The
frequency of nonparental organizations of the mitochon-
drial genome was highest with a probe derived from a
putative repeat element from the L. pennellii mitochon-
drial DNA. There was no difference in the average fre-
quency of rearranged mitochondrial sequences in somat-
ic hybrids (12%) versus cybrids (10%), although there
were individual cybrids with a very high frequency of
novel fragments (30%). The frequency of tomato-specific
mtDNA sequences was higher in cybrids (25%) versus
somatic hybrids (12%), suggesting a nuclear-cytoplasmic
interaction on the inheritance of tomato mitochondrial
sequences.
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Introduction

Frequently, following protoplast fusion, the nuclear and
mitchondrial organelles fuse and produce hybrid geno-

types (review Galun and Aviv 1983). Plastid organelles
rarely fuse to result in hybrid genotypes (Medgyesy et al.
1985; Thanh and Medgyesy 1989); instead, one or the
other parental genotype predominates in the regenerated
fusion product, presumably the result of sorting of the
parental organelles during cell division in the callus or
microcallus stage. The fate of the mitochondrial and nu-
clear genomes following fusion is more complex. De-
pending on the relatedness of the fusion partners, the
nuclear genomes may be stably inherited in the regenerat-
ed fusion products, or the genetic information of one of
the parents may be preferentially lost. Tetraploid somatic
hybrids can be recovered in intrageneric fusions; loss of
genetic information is more frequent with intertribal or
wider fusion combinations (Dudits et al. 1980).
Analysis of the genotype of the mtDNA in fusion
products is complicated by the dynamic nature of the
mitochondrial genome. Higher plant mitochondrial
genomes are relatively large, 200-2,400 kbp (Ward et al.
1981), and multipartite (Palmer and Shields 1984; Lons-
dale et al. 1983). The circular elements of the mitochon-
drial genome can recombine through direct and indirect
repeat sequences to create a complex organization of
subgenomic species in varying stoichiometries. Subge-
nomic molecules present in very low amounts have been
named sublimons (Small et al. 1987). Further complicat-
ing the characterization of the mtDNA in fusion prod-
ucts is the effect of somaclonal variation. Alterations in
the organization of plant mtDNA have been induced by
tissue culture (Brears et al. 1989; Hartmann et al. 1989;
McNay et al. 1984; Shirzadegan et al. 1989).
Mitchondrial genomes of the fusion partners may be
inherited in a manner similar to that of the chloroplast,
i.e., one parental genotype may predominate. This has
been observed in interspecific fusions in Brassica (Kem-
ble et al. 1988; Jourdan et al. 1989), as well as in fusions
between tomato and potato (Shepard et al. 1983). More
frequently, fusion products contain mitochondrial
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Table 1. Description of the tomato somatic hybrids and cybrids. The protoplasts used as fusion partners are listed; UC82-iodo
indicates that the protoplasts were treated with iodoacetamide prior to fusion, L. penn-100 k, -3 k indicates that the protoplasts were
exposed to 100 k rad or 3 k rad of radiation prior to fusion. The genotypes arc designated E for L. esculentum, P for L. pennelli, and
H for heterozygous; the number in parentheses indicates the number of loci scored

Cybrids Fusion partners Chromosome Chloroplast Nuclear
no. genotype genotype

81 UC82-iodo+ L. penn-100 k 24 E E (2)
92A UC82-iodo+ L. penn-100 k 24 E E (11)
92B UC82-iodo+ L. penn-100 k 24 E E (8)
100A UC82-iodo+ L. penn-100 k 24 E E (11)
100B UC82-iodo+ L. penn-100 k 24 E E (0
100C UCB82-iodo + L. penn-100 k E E (O
100D UC82-iodo + L. penn-100 k 24 E E (-
100E UC82-iodo+ L. penn-100 k 24 E E (O
121 UC82-iodo + L. penn-100 k 24 E E (5
122 UC82-iodo + L. penn-100 k 24 E E (1)
Somatic hybrids

1 Early Girl+ L. penn - E H(2)
2 Early Girl+ L. penn 68 E+P H ()
3A Early Girl+ L. penn 54 E H (%)
3B Early Girl+ L. penn - E H (5)
3C Early Girl+ L. penn - E H (5)
4 UC82+ L. penn - E H (2)
5 UC82+ L. penn - E H (2)
6 UC82+ L. penn-3 k - E H (5)
7 UC82+ L. penn-3 k 44 E H (%)
8 Early Girl+ L. penn - P H (5)

genomes that are apparently the result of recombination
between the two parental genomes (Belliard et al. 1979;
Boeshore et al. 1983; Chetrit et al. 1985; Jourdan et al.
1989; Bonnema et al. 1990). MtDNA restriction frag-
ment length polymorphisms (RFLPs) for each fusion
parent as well as novel fragments can be detected in a
single regenerant. These novel fragments may be the re-
sult of either intergenomic recombination (Rothenberg et
al. 1985) or sublimons.

The organization of the mitochondrial genome in
plants can be affected by the nucleus (Laughnan and
Gabay-Laughnan 1985). Characterization of the struc-
ture of the mtDNA in plant somatic hybrids and cybrids
presents an approach to systematically investigate the
effects of particular nuclear genotypes on the organiza-
tion of the mitochondrial genome. While the mtDNA in
cybrids and somatic hybrids has been described for a
number of different plants, a comparison of the organi-
zation of the mtDNA present in fused cytoplasm with
controlled differences in nuclear genotype has not been
presented. Tomato somatic hybrids and cybrids formed
following fusion of tomato cultivars with Lycopersicon
pennellii have been described (O’Connell and Hanson
1987; Bonnema et al. 1990). These fusion products were

recovered without the use of selectable traits encoded in
organellar genomes, i.c., streptomycin resistance, al-
binism. This report describes the comparative organiza-
tions of the mtDNA in tomato somatic hybrids and cy-
brids.

Materials and methods

Plant material

The construction and initial characterization of the somatic hy-
brids between tomato and L. pennellii were described previously
(O’Connell and Hanson 1987). The construction and initial
characterization of the cybrids between tomato and L. pennellii
have been described (Bonnema et al. 1990). The genotypes of the
individual somatic hybrids and cybrids used in this study are
listed in Table 1. In both fusion experiments, leaf mesophyll cells
were the source of the tomato protoplasts and a suspension cell
culture was the source of the L. pennellii protoplasts.

DNA isolation and Southern hybridizations

Total DNA was isolated from the somatic hybrids and cybrids
as described by Bonnema et al. (1990). DNA was restricted with
an excess of the indicated endonuclease for at least 3 h at 37°C.
The restricted DNA was electrophoresed through a 0.8%
agarose gel, stained with ethidium bromide, photographed, de-
natured, and transferred to Zetabind nylon membrane. The con-
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ditions for hybridization and washing were essentially as de-
scribed by O’Connell and Hanson (1987); the membranes were
hybridized with probes oligolabelled with [**P]-dCTP (Feinberg
and Vogelstein 1983).

Purified chloroplast DNA was isolated from tomato leaf
tissue as described by Saltz and Beckmann (1981). Purified mito-
chondrial DNA was isolated from either tomato leaf tissue or
suspensions cells of L. pennellii, as described by Hanson et al.
(1986).

Description of probes

Tomato mtDNA was partially digested with Mbol and cloned
into the BamH1 site on the cosmid vector pHC79 (Hohn and
Collins 1980). Individual recombinants were isolated and char-
acterized. A description of the cosmid clones used in this study
is provided in Table 2. Plasmid 2D4 contains a 2.1-kb Sal frag-
ment cloned from L. pennellii mtDNA (McClean and Hanson
1986). Purified tomato cpDNA was restricted with Sall and the
fragments were cloned into pUCS8. A recombinant clone carry-
ing the 27-kb Sal cpDNA fragment was identified by screening
restriction digest of DNA minipreps of individual clones.

Results and discussion
Characterization of tomato mitochondrial cosmid clones

A cosmid library of tomato mtDNA was constructed.
From this library, seven cosmid clones were selected for
analysis of the mtDNA in the tomato somatic hybrids
and cybrids. A description of these cosmid clones is pre-
sented in Table 2. The insert size of the cosmids ranged
from 35 to 42 kb, with an average size of 38.3 kbp. Using
heterologous probes, the presence of several mitochon-
drial genes have been assigned to the cosmids. The genes
for the ATPase subunits o, 6, and 9 have been identified
using heterologous probes form corn (Braun and Levings
19835; Dewey et al. 1985) and petunia (Young et al. 1986).

Table 2. Description of the cosmid clones used to characterize
the mtDNA. The insert size of the cosmids was determined from
restriction mapping, the presence of mitochondrial genes was
determined by Southern hybridization with heterologous genes,
and the total number of parental-specific fragments identified
with each cosmid clone using four restriction enzymes — BamH1,
Smal, Sall, and HindIII — was determined for tomato (E) and
L. pennellii (P)

Cosmid Insert mt Genes No. of
size parental
(kbp) fragments
E P
Al 38.6 26S, ATPase 9 2 2
A2 39.1 18S + 58S, ATPase o, 6 3 2
A3 36.0 3.2 kb “‘repeat” 4 8
Bl 35.1 ATPase 6, Cox II 2 2
B3 35.6 18S+ 58S 6 9
C3 42.0 26S 7 9
D9 41.8 ATPase 9 3 8

The genes for the ribosomal RNAs 185+ 5S and 26S
{Chao et al. 1984; Stern et al. 1982), and cytochrome
oxidase subunit 1I (Fox and Leaver 1981) were identified
using heterologous probes from corn. The gene identified
in Table 2 as ‘3.2 kb repeat’ is an EcoRI fragment identi-
fied by us to be present in at least three different organi-
zations of the tomato mitochondrial genome (data not
shown).

Restriction mapping of the cosmid clones and cross
hybridizations of Southern blots of restricted cosmid
DNA were used to determine the extent of overlap in
sequence of the seven cosmid clones (data not shown).
Only two of the clones showed an appreciable overlap in
sequence, A2 and B1; the five other cosmid clones — B3,
D9, A1, A3, and C3 — carried unique sequences. Tomato
cpDNA and mtDNA were also included on these South-
ern blots. While there was hybridization between some of
the cosmids and cpDNA, none of the cosmid clones con-
tained fragments that comigrated with cpDNA. The total
mtDNA sequence estimated to be characterized by these
seven cosmid clones was at least 230 kb.

The size of the tomato mitochondrial genome has
been estimated to be 250 kb (Hause et al. 1986) and 350
kb (McClean and Hanson 1986). Both estimates are based
on summation of restriction fragments observed in ethid-
fum-bromide-stained gels of restricted mtDNA. This
technique is expected to give an underestimate based on
the complexity of the digestion. Our results in character-
izing cosmid clones and phage clones carrying tomato
mtDNA suggest that a genome size estimate of 250 kb is
an underestimation. The genome size is probable in the
range of 350 to 400 kb. Using this larger size estimate,
screening 230 kb of the genome with the cosmid probes
should permit characterization of at least 60% of the
total genome.

Determination of mtDNA RFLPs

To identify useful RFLPs, total DNA isolated from
‘UC82 or L. pennellii was restricted with four different
endonucleases — BamH1, Smal, Sall, HindIIl — and
replicate Southern blots were prepared. These blots were
probed with a number of cosmids, and examples of these
analyses are shown in Fig. 1. The seven cosmids used in
the characterization of the mtDNA in fusion products
were all shown to identify RFLPs between the two
parental species (Table 2). On average, 2.4 RFLPs were
observed per cosmid per restriction digestion. For exam-
ple, of the four enzymes tested with the probe cosmid A2,
two revealed polymorphisms (Fig. 1). There were no dif-
ferences between the two species when the DNA was cut
with Sall or HindIll, three differences when the DNA
was cut with BamH1, and two differences when the DNA
was cut with Smal.
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Fig. 1. Comparison of the similarity of the two parental mito-
chondrial genomes. Total DNA was isolated from leaf tissue of
either UCS82 (E) or L. pennellii (P), restricted with the indicated
endonucleases, and Southern blots were prepared following
electrophoresis. The blots were probed with oligolabelled cos-
mid clones, A2 or C3. The position of lambda DNA markers is
indicated in kilobases, the presence of species-specific RELPs is
noted by arrowheads

Description of the nuclear and chloroplast genotypes
of the regenerants

The individuals listed as somatic hybrids in Table 1 were
characterized to be hybrid based on heterozygous
isozyme banding patterns for at least two activities locat-
ed on two different chromosomes (O’Connell and Han-
son 1987). In addition, the morphological appearance of
the regenerated plants was intermediate between the two
parental plants. Three different tomato cultivars were
used in the construction of the somatic hybrids, ‘Early
Girl,” ‘Manapal,” and ‘UC82.” No differences were ever
observed in the somatic hybrids that could be attributed
to the different cultivar sources. Two different tomato
cultivars are represented in the sampling of the somatic
hybrids used in this comparison (Table 1). The individu-
als listed as cybrids in Table 1 were characterized to have
only tomato nuclear alleles at two or more loci (Bonnema
et al. 1990). In addition, the appearance of the regenerat-
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ed cybrids was similar to the ‘UC82" parent, and the
regenerated cybrids did not display any specific L. pen-
nellii morphological characters.

The chloroplast genotype in all the regenerants was
determined using a cloned fragment of tomato chloro-
plast DNA, the 27-kb Sal fragment present in the invert-
ed repeat region of the chloroplast genome (Phillips
1985). There is a species-specific polymorphism in this
region of the genome that can be detected using a HindIIl
digestion (Palmer and Zamir 1982). Total DNA isolated
from the regenerants was restricted with HindIlI, and a
Southern blot of the digested DNA was probed with the
27-kb Sal fragment of tomato cpDNA. Based on the
species-specific RFLPs, a chloroplast genotype was as-
signed to each regenerant and the results are listed in
Table 1. All of the cybrids inherited the cpDNA of the
tomato parent (Bonnema et al. 1990; Table 1), whereas
some of the somatic hybrids inherited the cpDNA of the
L. pennellii parent (Table 1). In one case, somatic hybrid
no. 2, both of the parental cpDNAs were present. The
plant tissue that was used for the DNA isolation of the
somatic hybrids had been vegetatively propagated for at
least 3 years from the time of the fusion. It is remarkable
that the two chloroplast genotypes have persisted in
equal abundance in somatic hybrid no. 2 for such a long
period of time; the heterozygous state of the chloroplasts
in this somatic hybrid is apparently stable.

Analysis of the mitochondrial DNA in tomato
somatic hybrids

The total DNA isolated from tomato somatic hybrids
formed between several different cultivars and the wild
species L. pennellii was restricted with a variety of en-
donucleases, and Southern blots of these digests were
probed with cloned fragments of tomato mtDNA. Exam-
ples of the autoradiograms obtained by this method are
provided in Fig. 2 and 3, and a summary of the results
obtained with seven cosmid clones and two plasmid
clones, 2D4 and a clone carrying only the tomato
18S+5S mitochondrial ribosomal RNA genes (Es-
tabrook and O’Connell 1986) is listed in Table 3.

Cosmid clone A2 hybridizes to two tomato-specific
BamH1 fragments, 1.8 and 1.0 kbp, and one L. pennellii-
specific BamH1 fragment, 1.5 kbp (Fig. 2). The organiza-
tion of the homologous mtDNA sequences in somatic
hybrids 2, 4, 6, 7, and 8 is identical to the L. pennellii
parent (Fig. 2). In somatic hybrids 3A, 3B, 3C, and 5,
only one of the two tomato-specific fragments was ob-
served. In somatic hybrid 1, a summation of both
parental-specific fragments, 1.8, 1.5, and 1.0 kbp, was
detected (Fig. 2). No novel nonparental bands were iden-
tified with this probe.

When DNA from L. pennellii is probed with plasmid
clone 2D4, three L. pennellii-specific Sall fragments can
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Fig. 2. Identification of mitochondrial sequences homologous
to cosmid clone A2 in tomato somatic hybrids. Total DNA was
isolated from leaf tissue of UC82 (E), L. pennellii (P), and the
somatic hybrids 18, and purified cpDNA isolated from tomato
(Cp) was also analyzed. The DNA was restricted with BamH1
and a Southern blot was prepared following electrophoresis.
The blot was probed with oligolabelled cosmid clone A2. The
position of lambda DNA size markers is indicated in kilobases,
the position of species-specific fragments is indicated with ar-
rowheads

be identified — 11, 4.5, and 2.1 kbp (McClean and Han-
son 1986; Fig. 3). There are no fragments uniquely pres-
ent in the mtDNA of tomato. We have hypothesized that
the sequences on the 2.1-kb Sal fragment clone designat-
ed 2D4 are repeated sequences, since they hybridize to a
number of Sal fragments. In addition, the stoichiometry
of the fragments that hybridize to clone 2D4 vary with
the source of the DNA. When total DNA isolated from
leaf tissue of L. pennellii is used for the Sal digestion, 2D4
hybridizes strongly to the 4.5- and 9.8-kb fragments and
the signal from the 11-kb fragment is very weak (Fig. 3).
The source of the mtDNA in Fig. 3, lane Pm, and for the
clone 2D4 was suspension-cultured cells of L. pennellii.
The variation in the stoichiometry of the fragments,
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Fig. 3. Identification of mitochondrial sequences homologous
to plasmid clone 2D4 in tomato somatic hybrids. Total DNA
was isolated from leaf tissue of L. pennellii (P) and the somatic
hybrids 1-8, purified cpDNA was isolated from tomato (Cp),
and purified mtDNA was isolated from leaf tissue of tomato
(Em) and from suspension cells of L. pennellii (Pm). The DNA
was restricted with Sall and a Southern blot was prepared fol-
lowing electrophoresis. The blot was probed with oligolabelled
plasmid clone 2D4. The position of the Sal fragments in L,
pennellii mtDNA which hybridize to 2D4 are indicated in kilo-
bases. The position of novel fragments in the somatic hybrids is
indicated with an arrowhead

which hybridize to 2D4 in DNA isolated from leaf versus
cell suspensions, may reflect varying abundances of the
origanizations of the mtDNA that give rise to these Sal
fragments.

The organization of the DNA sequences homologous
to 2D4 in the somatic hybrids is different from either
parental organization. All of the somatic hybrids have a
3.8-kb Sal fragment present in the mtDNA of both par-
ents, and all of the somatic hybrids have the 2.1-kb L.
pennellii-specific Sal fragment. The presence or absence
of the other Sal fragments varies with the individual
somatic hybrid. For example, the hybridization patterns
of somatic hybrid 3A, 3B, and 3C are quite different.
Two of the three regenerants have a novel nonparental
band indicated in Fig. 3 with an arrowhead. The relative
abundance of the different Sal fragments also varies be-
tween the three regenerants, 3A-C. For example, the
most abundant fragment in sample 3C is the 2.1-kb frag-
ment, while in 3B the most abundant sequence is the
4.5-kb fragment. The rearrangments in the mtDNA of
the somatic hybrids identified by probe 2D4 may reflect
its possible function as a site of recombination in the L.
pennellii mitochondrial genome.



425

Table 3. Comparison of the organization of mtDNA in tomato cybrids and somatic hybrids. Cosmid clones A1, A2, A3, B1, B3, C3,
and D9, as well as the plasmid clones 2D4 and 18S 4 5S genes, were used as probes. The endonucleases used to identify the RFLPs
are indicated as H3, HindIII. The species-specific patterns and the percent of mtDNA RFLPs are indentified as L. pennellii-specific
(P and % P), tomato-specific (E and % E), and of novel RFLPs (R and % R)

2D4 Al A2 A3 B1 B3 B3 C3 C3 DY D9 188 mtDNA

Cybrids Sal H3 Bam  H3 Sma Bam H3 Sal H3 H3 Sal H3 %E %P %R
81 P+R P P P P P p P P P P P 0 92 8
92A E E E E+R E E4+R R E E+R E E P 66 7 27
92B E E E E+R E E+R R E+R E+R E E P 63 6 31
100A P+R P E P E P+E P+E P P - P P 29 64 7
100B P+R P E P E P+E P+E P P P P P 26 67 7
100C P+R P P P P P P+E P P P P P 7 86 7
100D P+R P E P E P+E P+E P P P P p 26 67 7
100E P+R P E P E P+E P+E P P - P P 29 64 7
121 P+R P P P+R P P P P P P P P 0 86 14
122 P+R P P P P P P P P - p | 0 92 8
Somatic hybrids

1 P+R P E+P E E P+E E E E P+E E - 60 30 10
2 P+R P P P P p P P p p P P 0 92 8
3A P+R P E P E P p P P P P E 23 69 8
3B P+R P E P+R - P P p P P P P 8 77 15
3C P+R P E P+R E P P P P P p P 15 70 15
4 P+R P P P P P P P P P P - 0 92 8
5 P+R P E P - P P P P P P - 9 82 9
6 P+R P P P P P P P P P P P 0 92 8
7 P+R P P P - P P P P P P - 0 91 9
8 P+R P P P+R P P P+E P P P P - 7 79 14

Comparison of the mtDN A organization in tomato somatic
hybrids and cybrids

In an attempt to determine if the organization of the
mtDNA in tomato fusion products is influenced by the
nuclear genotype, a direct comparison of the mtDNA in
tomato somatic hybrids and cybrids was performed. The
organization of the mitochondrial genome in the tomato
cybrids has already been described (Bonnema et al.
1990), and a summary of the results of that analysis has
been reproduced in Table 3. Altogether, seven cosmids
and two plasmid clones were used to characterize the
organization of the mtDNA in the somatic hybrids and
cybrids. Using the same combinations of probes and re-
striction endonuclease digestions, the relative abun-
dances of tomato-specific and L. pennellii-specific orga-
nizations of mtDNA in the regenerants can be gauged.
The relative frequencies of tomato-specific RFLPs (%E),
L. pennellii-specific RFLPs (%P), or novel nonparental
patterns (%R) were calculated from the E, P, or R scores
listed in Table 3.

With the exception of two cybrids, 92A and 92B,
more than 50% of the species-specific RFLPs detected

were from L. pennellii. Most of the species-specific
mtDNA sequences in the fusion products, somatic hy-
brids and cybrids, were L. pennellii-specific (63—-77% on
average). There is probably more mtDNA/cell in the
suspension cells than in the leaf mesophyll cells used in
the initial fusion construction for the production of both
the somatic hybrids and the cybrids (Hanson et al. 1986).
Consequently, initially there was probably more L. pen-
nellii mtDNA per fused cell. This might account for the
higher amount of L. pennellii-specific mtDNA sequences
in both types of fusion products.

In general, the cybrids had more tomato-specific
mtDNA sequences than did the somatic hybrids. On av-
erage, 25% of the species-specific mtDNA RFLPs in the
cybrids were tomato-specific versus 12% in the somatic
hybrids (Table 3). One explanation for the difference in
the amount of tomato-specific mtDNA in the cybrids
versus the somatic hybrids is the influence of the nuclear
genome. The persistence of more L. pennellii mtDNA in
the somatic hybrids could be a reflection of the presence
of L. pennellii nuclear genes in the somatic hybrids.

The ten somatic hybrid plants, selected for the analy-
sis of the organcllar genomes, were chosen at random
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from a larger population of somatic hybrids. The ten
cybrid plants selected for comparison, were identified
from a larger population of regenerants that displayed
only L. esculentum molecular markers in nuclear, chloro-
plast, and mitochondrial genomes (Bonnema et al. 1990).
Many, if not most, of the regenerants in the cybrid exper-
iments, which scored as L. esculentum, were also fusion
products, but they had lost all of the L. pennellii cpDNA
and apparently lost most, if not all, of the L. pennellii
mtDNA. The recovery of such a large number of regen-
erants with no detectable L. pennellii organellar DNA
further supports the hypothesis that nuclear genes may
contribute to the inheritance of organellar genomes in an
initially mixed cytoplasm.

Novel nonparental fragments were found in the ten
cybrids and ten somatic hybrids analyzed. On average,
the somatic hybrids and cybrids had the same frequency
of novel fragments, 10—12%. Two cybrids, 92A and 92B,
had a much higher frequency of novel fragments: 30%.
All of the fusion products, with the exception of 92A and
92B, had nonparental hybridization patterns with the
probe 2D4, a putative repeated sequence in L. pennellii
mtDNA.

While novel fragments have been reported in somatic
hybrids and cybrids, the percent of the mitochondrial
genome organized in nonparental forms has not fre-
quently been derived. Using the published descriptions of
the mtDNA in several examples of cybrids and somatic
hybrids (Jourdan et al. 1989; Morgan and Maliga 1987;
Boeshore et al. 1983), the frequency of novel fragments
in the tomato cybrids appears to be higher than reported
in other systems. One explanation for a higher frequency
of novel fragments could be the divergence of the
parental mtDNAs. McClean and Hanson (1986) report-
ed the mtDNA divergence between L. esculentum and
L. pennellii to be 18.5 bp differences per kilobase pair.
Palmer and Hebron (1988) reported that the Brassica
mtDNAs have evolved at a much slower rate, 4 bp per
kilobase pair. If novel fragments arise through interge-
nomic homologous recombination, then fusions of spe-
cies with similar mitchondrial genome organizations
should result in a low frequency of novel fragments in the
mtDNA of the fusion products. In this case there could
be a high frequency of intergenomic recombination, but
most of these events would be silent, using RFLP analy-
sis to detect the recombination. Using these assumptions,
then one would predict that the frequency of novel
parental RFLPs should be higher in fusion combinations
where the parental mtDNAs differed in organization and
sequence, but were similar enough to support interge-
nomic homologous recombination.
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