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Summary. Restriction endonuclease cleavage pattern
analysis of chloroplast DNA (cpDNA) of three dif-
ferent interspecific somatic hybrid plants revealed that
the cytoplasms of the hybrids contained only cpDNA
of P. parodii. The somatic hybrid plants analysed were
those between P. parodii (wild type)+ P. hybrida (wild
type); P. parodii (wild type)+P. inflata (cytoplasmic
albino mutant); P. parodii (wild type)+ P. parviflora
(nuclear albino mutant). The presence of only P. pa-
rodii chloroplasts in the somatic hybrid of P. parodii+
P. inflata is possibly due to the stringent selection used
for somatic hybrid production. However, in the case of
the two other somatic hybrids P. parodii+ P. hybrida
and P. parodii+ P. parviflora it was not possible to
determine whether the presence of only P. parodii
chloroplasts in these somatic hybrid plants was due to
the nature of the selection schemes used or simply
occurred by chance. The relevance of such somatic
hybrid material for the study of genomic-cytoplasmic
interaction is discussed, as well as the use of restriction
endonuclease fragment patterns for the analysis of
taxonomic and evolutionary inter-relationships in the
genus Petunia.
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Introduction

Somatic hybridization by induced protoplast fusion,
with subsequent selection of viable heterokaryons
capable of plant regeneration, provides a means of
obtaining heterozygosity of extra-chromosomal genes
(Gleba 1978; Maliga 1980, Cocking 1981).

With the increasing availability of biochemical and physi-
cal markers on DNA it has been possible to analyse in recent
years the inheritance pattern of cytoplasmic organelles in
greater detail (Kung 1976; Gatenby etal. 1980; Vedel et al.
1976; Quétier et al. 1977; Wettstein et al. 1978; Gillham 1978).
Characterization of chloroplast organelles in somatic hybrids
suggests that in most cases so far analysed there is a rapid,
apparently random, sorting out until homogeneity for one or
the other type of parental chloroplasts is reached (Chen et al.
1977; Melchers et al. 1978; Belliard etal. 1978; Aviv etal.
1980; Iwai etal. 1980; Poulsen etal. 1980; Scowcroft and
Larkin 1981; Douglas et al. 1981). By contrast there are also
other reports where the chloroplast sorting out is always
unidirectional to one parental type (Kung et al. 1975; Evans
etal. 1980; Maliga etal. 1980; Kumar etal. 1981). Hence,
these results indicate that chloroplast segregation is to homo-
geneity for each hybrid plant but the entire hybrid population
produced can contain individuals homogenous for either
parental type or homogenous, entirely for one parental chloro-
plast type. This sorting out process of the parental chloroplasts
in the somatic hybrid plant population is likely to be greatly
influenced by many factors encountered during protoplast
fusion and subsequent selection and regeneration of somatic
hybrid cells.

We report here the fate of chloroplast DNA
(¢cpDNA) in three different somatic hybrid combina-
tions; the somatic hybrid between Petunia parodii and
P. hybrida, P. parodii and P. inflata and P. parodii and
P. parviflora. These somatic hybrids were produced
using a stringent selection (see Materials and Methods)
and combine sexually compatible, unidirectional
sexually compatible and sexually incompatible species
of Petunia respectively. These three different somatic
hybrid combinations have previously been charac-
terized for their hybrid nature on the basis of their
growth habit, morphology, floral pigmentation and
chromosome number. Additionally, the hybrid of
P. parodii and P. hybrida, and P. parodii and P. parvi-
flora, has been analysed for isoenzyme and Fraction 1
protein profiles respectively (Power et al. 1976; Kumar
et al. 1981). However, it was not possible to determine
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the amount of chloroplast heterozygosity from the
Fraction 1 protein profiles because the large subunit
polypeptides (coded by chloroplast DNA) of the
Fraction 1 protein are indistinguishable by isoelectric
focussing in these four Petunia species (Gatenby and
Cocking 1976). Restriction endonuclease cleavage pat-
terns of chloroplast DNA were therefore analysed in
order to characterize the composition of the chloroplast
genomes in these three types of somatic hybrids.

Materials and Methods

Production of Somatic Hybrids

1) Somatic hybrid plants were regenerated following fusion
between leaf mesophyll protoplasts of P. parodii and P. hybrida.
The selection scheme involved a differential growth response
to actinomycin D, coupled with an inability of wild-type
protoplasts of P. parodii to develop beyond the small colony
stage in certain media (Power et al. 1976).

i) Somatic hybrid plants were regenerated following the
fusion of leaf mesophyll protoplasts of P. paredii with cell
suspension protoplasts of a cytoplasmic albino mutant of P.
inflata (Power et al. 1979). Selection of somatic hybrid plants
was possible since protoplasts of P. parodii would not develop
beyond the cell colony stage, whilst those of the somatic
hybrid and the cytoplasmic albino P. inflata, produced cal-
luses. Green somatic hybrid calluses were visible against a
background of albino cells/callus and could therefore be
picked up and transferred to shoot regeneration media.

iii) A similar selection scheme has been used to produce
somatic hybrid plants using leaf mesophyll protoplasts of
P. parodii and cell suspension culture protoplasts of a nuclear
albino mutant of P. parviflora (Power et al. 1980).

Sufficient cloned plant material for chloroplast DNA
analyis was produced by vegetative propagation from the
many somatic hybrid plants regenerated from a single hybrid
callus produced from each of the three fusion experiments (1)
(ii) (iii). Plants were grown in the greenhouse at 27°C with
daylight supplemented with mercury vapour lamps (10,000 lux).
Plants of the four parental species, P. hybrida, P.parodi,
P. inflata, P. parvifiora were grown from seeds (produced by
self-fertilization of inbred lines).

Preparation of Chloroplast DNA

Chloroplast DNA was prepared according to the method
described by Bovenberg et al. (1981) with some modifications:
about 40 g of young, fully expanded leaves were washed in
ice-cold water containing 20 mM KCl and homogenized in
HM-1 buffer (0.05 M Tris-HCI pH 8.0, 0.35 M sucrose, 7 mM
EDTA and 5mM 2-mercaptoethanol) by using a Braun
blender. The homogenate was filtered through nylon gauze
(30 um). Chloroplasts were isolated from the filtrate by cen-
trifugation at 1,500 X g. Chloroplasts were lysed in 2% sarkosyl
and cpDNA was purified from the lysate by two different
procedures: i) The lysate was made 5 M to cesium chloride
and subjected to CsCl-EtBr equilibrium density gradient cen-
trifugation. Chloroplast DNA was recovered from the gra-
dients, dialyzed and concentrated as described by Bovenberg
et al. (1981); ii) For the rapid screening of cpDNA genotypes,
cpDNA was prepared by a second, simpler method. This
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method involved the isolation of cpDNA from the lysate by
two phenol and two phenol-chloroform (1:1) extractions.
Nucleic acid was precipitated from the resulting water layer
using cold ethanol and then pelleted by centrifugation and
dissolved by soaking in 5 mM Tris-HClI pH 8.0 and 0.5 mM
EDTA.

Digestion of cpDNA with Restriction Endonucleases and
Agarose Gel Electrophoresis

Chloroplast DNA was digested with restriction endonucleases
(Boehringer, Mannheim) and subjected to electrophoresis
using horizontal slab gels (25X20Xx0.4cm) containing
0.5-1.5% agarose. Molecular weights of cpDNA restriction
fragments were estimated using Hind III fragments of 1 phage
DNA (Bovenberg et al. 1981).

Densitometric Tracing

Polaroid photographic negatives (Polaroid 4X5 land film
type 55) of ethidium bromide stained agarose gels were
scanned with a Kipp densitometer, type DD2, equipped with a
Kipp BD8 multirange recorder.

Results

From cesium chloride-ethidium bromide gradient
centrifugation of the chloroplast lysate, two fractions of
cpDNA were obtained: the lower band in the gradient
contained pure covalently closed circular cpDNA and
the upper band contained open circular and linear
cpDNA. This upper band usually contains a small
amount of nuclear DNA (nDNA). The presence of this
nuclear DNA, however, does not interfere with the
restriction endonuclease analysis of cpDNA. DNA
prepared by the second, simplified method is con-
taminated with some nDNA. Upon restriction enzyme
analysis of these preparations of cpDNA, the presence
of nDNA results in a slight smear when the digested
DNA is analyzed by electrophoresis on agarose gels. In
most cases, however, the presence of nDNA in these
preparations does not inferfere with the analysis of
c¢pDNA with restriction endonucleases. Therefore, this
second method was used to obtain ¢cpDNA for the
rapid screening of the parental cpDNA genotypes with
various restriction endonucleases. The restriction
endonuclease cleavage patterns of cpDNA isolated by
CsCl-ethidium bromide density gradient centrifugation
did not differ from thosec obtained from the phenol
extracted DNA. .

Chloroplast DNA isolated from the parental plants
was analyzed with the restriction endonucleases: Sall,
Bam HI, EcoRI, Hpa I, Bgl I, Xho I, PstI, Xba I, Sac 1,
Hind III, Hpall, Kpnl, and Sau3A to determine
which enzymes were suitable to distinguish the parental
cpDNA species from each other. Upon digestion with
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Fig. 1. Cleavage pattern of chloroplast DNA from parental
plants with restriction endonuclease Sall: lane 1, P. inflata;
lane 2, P. parvifilora; lane 3, P. parodii; lane 4, P. hybrida; on
the right hand side of the figure the DNA restriction frag-
ments are numbered according to Bovenberg et al. 1981

Sal I (Fig. 1) the cleavage patterns of the cpDNAs from
parental and hybrid plants appeared to be similar,
indicating that the molecular weight of the cpDNAs
were the same and that major differences among the
cpDNAs of the parental plants do not exist. With most
of the other enzymes mentioned above, the cleavage
patterns of cpDNA from P. parviflora and from
P. parodii differed. Differences distinguishing the
cpDNAs of P. parodii, P. hybrida and P. inflata could
only be detected with the enzymes Bam HI and Hpa II.
These results are presented in the next sections.

Restriction Endonuclease Analysis of cpDNA from
P. parodii, P. parviflora and Their Somatic Hybrids

The cleavage patterns of cpDNA from P. parodii and
P. parviflora with the endonucleases Hpa I, Eco RI (not
shown), Bgl I (Fig. 2A), Bam HI (Fig. 2B) and Hpa Il
(Fig. 4) were species specific. Using Bgl I endonuclease,
the cleavage pattern of cpDNA from P. parviflora
contained one high molecular weight fragment of
25 Md which was absent from the P. parodii pattern.
The P. parodii pattern, however, contained three other
fragments: B3 (14.4 Md), B7 (5.3 Md) and B8 (5.3 Md)
that were missing from the P. parviflora pattern. Using
Bam HI endonuclease, the cpDNA pattern of P. parvi-
flora contained fragments of molecular weights
13.5Md, 6.4Md and 2.7Md. These fragments were
missing from the P. parodii pattern but instead at least

four other fragments with molecular weights 8.7 Md,
49 Md, 4.1 Md and 4.0 Md were present. With Hpa II
endonuclease, P. parviflora contained two fragments of
molecular weights 3.7 Md and 1.2 Md that were not
present in the P. parodii pattern. The P. parodii pattern,
however, contained two fragments of molecular weights
1.7 and 1.3 Md that were missing in the P. parviflora
pattern. Digestion of cpDNA from somatic hybrid
plant material sampled from approximately 10 plants
of an original somatic hybrid population, maintained
by vegetative propagation (see Materials and Methods)
resulted in only the P. parodii type of cleavage pattern,
indicating that in the hybrid plant, only P. parodii
chloroplasts are present.

Restriction Endonuclease Analysis of cpDNA from
P. parodii, P. hybrida, P. inflata and their Somatic
Hybrids

Among the cleavage patterns of cpDNA from P. parodii,
P. hybrida or P. inflata with restriction endonucleases
Sall (Fig. 1), Bgll (Fig.2A), EcoRI, Hpal, Xhol,
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Fig. 2A and B. Cleavage pattern of chloroplast DNA from
parental plants and somatic hybrid plants with BglI and
Bam HI restriction endonucleases. A Bgl1 cleavage pattern:
lane 1, P. parviflora+ P. parodii hybrid; lane 2, P. parviflora;
lane 3, P. parodii; lane 4, P. hybrida; the arrow indicates the
additional Bgl I fragment of mol. wt. 25 Md in the cpDNA of
P. parviflora (lane 2). B Bam HI cleavage pattern: lane 1,
P._inflata; lane2, P.parviflora; lane3, P. hybrida; lane 4,
P. parodii; lane 5, P. inflata+ P. parodii hybrid; lane 6, P. par-
viflora+ P. parodii hybrid; lane 7, P. hybrida+ P. parodii hy-
brid; the arrow indicates the additional Bam HI fragment in
the cpDNA of P. parodii (lanc 4)
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Fig. 3A-C. Densitometric tracing of the restriction endonu-
clease Bam HI cleavage pattern of cpDNA from: A P. hybrida;
B P. parodii; C P. hybrida+ P. parodii hybrid; the additional
Bam HI fragment in the cpDNA of P. parodii and the hybrid
is indicated by an arrow. The numbers under the various
peaks indicate the relative molar ratio of the corresponding
Bam HI fragment

PstI, Xbal, Sacl, Hind IIl and Sau 3A (not shown)
no differences could be detected. However, a difference
in the cleavage patterns was observed when the enzyme
Bam HI was used: the Bam HI cleavage pattern of
cpDNA from P. parodii contained one fragment of
molecular weight 4.9 Md that was absent in the cleav-
age pattern of cpDNA from P. hybrida or P.inflata
(Fig. 2B). The cpDNA of the somatic hybrid plant
materials sampled from approximately 10 plants of
each individual somatic hybrid population also con-
tained this additional Bam HI fragment, indicating the
presence of P. parodii chloroplasts in these hybrids. The
Bam HI cleavage pattern of cpDNA from P. hybrida
and P. inflata contained no other fragments that dis-
tinguish these cpDNAs from P. parodii cpDNA. There-
fore, these results do not exclude the possibility that
P. hybrida or P. inflata chloroplasts are also present in
the hybrids, together with the P. parodii chloroplasts.
To test this possibility densitometric scanning of the
Bam HI cleavage patterns of cpDNA from the somatic
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hybrids and P. parodii was performed to determine the
molar ratio of the 4.9 Md Bam HI fragment versus the
other Bam HI fragments. This ratio appeared to be the
same for the Bam HI pattern of P. parodii and the
hybrids P. hybrida+ P. parodii and P. inflata+ P. parodii
(Fig. 3). Therefore, these scannings did not give any
indication for the presence of P. hybrida or P. inflata
chloroplasts in the somatic hybrids.

This result was confirmed by analysis of the Hpa II
cleavage patterns of cpDNAs from the somatic hybrid
and parental plants (Fig. 4). The Hpa Il cleavage pat-
tern of P. parodii, P. hybrida and P. inflata differed with
respect to at least two fragments: a fragment with a
molecular weight of about 19 Md present in the
P. hybrida and P. inflata patterns was missing in the
P. parodii pattern (Fig. 4, arrow b) and a fragment with
a molecular weight of about 2.1 Md (Fig. 4, arrow a)
present in the P. parodii pattern, was missing in the
P. hybrida and P.inflata patterns. Digestion of the
cpDNA, sampled from approximately 10 plants of each
individual somatic hybrid population, yielded the
P. parodii type cleavage pattern, indicating that in the
somatic hybrids only the P. parodii chloroplasts are
present.
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Fig. 4. Cleavage pattern of chloroplast DNA from parental
plants and somatic hybrid plants with restriction endonuclease
HpaIl: lane 1, P. parodii; 2, P. parviflora+ P. parodii hybrid;
3, P. parviflora; 4, P. hybrida+ P. parodii hybrid; 5, P. parodii;
6, P.inflata+P. parodii hybrid; 7, P.inflata; 8, P. hybrida;
arrow a: additional Hpa II fragment in the cpDNA cleavage
pattern of P. parodii and hybrids; arrow b: additional Hpa II
fragment in the cpDNA cleavage pattern of P. hybrida and
P. inflata
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Discussion

Characterization of the Chloroplasts in the Cytoplasm
of the Somatic Hybrid Plants

The three different inter-species somatic hybrid plants,
initially characterized for their hybrid nature by nu-
clear markers and morphological characters (Power
et al. 1976, 1979, 1980; Kumar et al. 1981), were shown
in the present investigation to contain only P. parodii
chloroplasts in their cytoplasms on the basis of cpDNA
restriction cleavage pattern analysis. The presence of
only P. parodii chloroplasts in the somatic hybrid be-
tween P. inflata and P. parodii (wild type) is possibly
due to the use of a cytoplasmic albino mutant of
P.inflata. The available evidence for an absence of
recombination between cpDNAs (Belliard et al. 1978;
Aviv et al. 1980; Scowcroft and Larkin 1981) and for an
absence of chloroplasts with two different genotypes co-
existing in a common cytoplasm at the plant level
(Chen et al. 1977; Iwai et al. 1980; Poulsen et al. 1980;
Douglas et al. 1981) suggested that it would be unlikely
for albino plastids of P. inflata to become genetically
corrected or to green due to complementation. This is
further supported by our own results where we found
only the restriction cleavage pattern of P. parodii
cpDNA; there was no mixed cpDNA or any change in
cpDNA restriction cleavage pattern in the somatic
hybrid plants analysed. It is important to note, how-
ever, that as the selection was based on a visual
selection of green colonies, only colonies containing
solely P. parodii chloroplasts or both P. parodii and
P. inflata chloroplasts or genetically corrected P. inflata
chloroplasts could be picked up. As we mentioned
above, our results suggest that only the P.parodii
chloroplasts persist — there is no co-existence of two
chloroplasts types and no cpDNA recombination.
However, by this method of selection we miss out the
chance to detect instances where the callus is a nuclear
hybrid but has only P. inflata albino mutant chloro-
plasts. From our available data then we cannot say that
this type of hybrid callus and therefore, pattern of
chloroplast segregation does not occur.

In the case of the P.hybrida (wild type) and
P. parodii (wild type) somatic hybrid, a possible ex-
planation for the presence of only P. parodii chloro-
plasts could be due to the use of actinomycin D for
selection. Actinomycin D is an intercalating compound
which inhibits both DNA synthesis and DNA de-
pendent RNA synthesis in nuclei and organelles, and
P. parodii is known to be less sensitive to actinomycin
D than P. hybrida (Power et al. 1976).

In the somatic hybridization between P. parodii and
P. parviflora, the P. parviflora used for fusion with the
wild type P. parodii was a nuclear albino mutant and
the hybrid was selected as a green colony. Since the

hybrid contained only P. parodii chloroplasts it remains
unknown if P. parodii contains a nuclear gene which
can substitute for the P. parviflora albino gene, but this
is likely. The possibility that P. parviflora chloroplasts
cannot be stably maintained in the hybrid of P. parvi-
flora+P. parodii cannot be investigated in sexual
hybrid plants because P. parviflora and P. parodii are
sexually incompatible.

We have investigated the possibility that P. parodii
plastids survive in the hybrids by protection of the
P. parodii cpDNA by specific methylation, as occurs
with cpDNA in Chlamydomonas during zygote forma-
tion (Royer and Sager 1979; Sager et al. 1981). For this
purpose we have analysed the degree of methylation of
the cpDNAs by using the enzyme Hpa II. This enzyme
cuts only at non-methylated sequences. Consequently,
if the cpDNA of P. parodii is heavily methylated, then
the Hpa II will cut the DNA less frequently than non-
methylated cpDNA. Results showed (Fig. 4) that the
Hpa II cleavage pattern of P. parodii cpDNA is almost
identical with that of P. hybrida and P.inflata, and
differs only slightly from that of P. parviflora. This
indicates that major differences in the degree of meth-
ylation between P. parodii cpDNA and the other
Petunia cpDNAs, which could protect P. parodii
cpDNA from being degraded in the somatic hybrids,
are not present. Since these experiments were per-
formed at the full grown plant level, we cannot exclude
the possibility that methylation occurred only during,
or just after, hybrid cell formation, and disappeared
during subsequent callus formation and regeneration of
plants. However, since in an entire somatic hybrid
population, a hybrid plant can contain either of the
parental chloroplasts, it would appear that the degrada-
tion of one particular cpDNA is not species specific in
the higher plant. It should also be noted that cpDNA
degradation as is known in Chlamydomonas may not be
occurring at all, instead, segregation of the two geno-
types chloroplasts may be responsible for the presence
of one or the other but not both parental chloroplasts
in the somatic hybrid plant.

Several other explanations for unidirectional sorting
out of chloroplasts in favour of P. parodii in the three
different interspecies somatic hybrids are possible. By
chance, the plants analysed may have been sampled
from calluses containing only P. parodii chloroplasts
since only a single hybrid callus was regenerated into
plants for each fusion experiment. It may also be
possible that only plants with P. parodii chloroplasts
were capable of being regenerated from the hybrid
calluses. Alternatively, a selective advantage of P. parodii
chloroplasts over those of the other three Petunia
species may be involved, paralleling those known in
Oenothera and Pelargonium (Tilney-Bassett and Birky
1981). Therefore, it is not possible to unambiguously
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determine the reason why only P. parodii chloroplasts
are present in the three types of interspecies somatic
hybrid plants. It may not be possible to obtain a
phototrophic somatic hybrid containing only P. inflata
fully functional chloroplasts for the reasons explained
earlier. However, it might be possible to obtain a
somatic hybrid plant containing either P. hybrida or

P. parviflora chloroplasts if more hybrids were available

for study. Other studies where comparatively similar
selection schemes have been used to produce somatic
hybrid plants have shown an approximately equal
number of somatic hybrid plants expressing one or the
other but not both parental chloroplast genes (Melchers
etal. 1978; Poulsen etal. 1980; Iwai etal. 1980;
Douglas et al. 1981). Furthermore, in the intraspecific
somatic hybrid plants of Nicotiana debneyi produced in
the absence of any strong selection, a similar sitnation
has been reported by using cpDNA cleavage pattern
analysis methods (Scowcroft and Larkin 1981). How-
ever, it should be interesting to produce a somatic
hybrid/cybrid callus/plant by using single hetero-
karyon isolation and culture technique (Patnaik et al.
1981) with two different fluorescent markers for identi-
fication of interspecific heterokaryons formed by fusion
of mesophyll cell protoplasts or cell suspension proto-
plasts or both mesophyll cell and cell suspension
protoplasts (Galbraith and Mauch 1980). The available
somatic hybrid/cybrid material would provide a good
opportunity to study in great detail the fate of both
parental chloroplasts by using a combination of Frac-
tion 1 protein and cpDNA analysis methods in the
somatic hybrid callus/plant. Mitochondrial DNA re-
combination has been reported in tobacco somatic
hybrid plants (Belliard et al. 1979) and we are currently
attempting to examine the inheritance pattern of mito-
chondrial DNA of these three interspecific somatic
hybrids in Petunia.

Evolution of cpDNA in the Genus Petunia

Analysis of the cleavage patterns of cpDNA from the
various Petunia species with a number of restriction
endonucleases revealed no major differences among
these species except in the case of P. parviflora. This
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Fig. 5. Part of the Sall (S) and BglI (B) restriction endonu-
clease cleavage site map of the cpDNA from P. hybrida,
showing the small copy region (A) and the inverted repeat
(IR) regions (from Bovenberg etal. 1981). In the Bgl I
cleavage pattern of P. parviflora, fragments B3, B7 and B8
have disappeared and one large fragment B is formed (see also
Fig. 2 A). Molecular weights are given in Md

Theor. Appl. Genet. 62 (1982)

gives evidence for rather close conservation of chloro-
plast DNA among the genus Perunia beyond that
suggested by identical isoelectric focusing profiles of
the primary structure of FractionI protein large sub-
unit polypeptides in the genus Petunia (Gatenby and
Cocking 1977).

The origin of some of the differing cpDNA restric-
tion fragments could be determined. In the Bgll
cleavage pattern of P. parvifiora cpDNA, a Bgl1 frag-
ment of molecular weight 25 Md was observed (in-
dicated by an arrow in Fig. 2 A lane 2). The presence of
this fragment is accompanied by the absence of the Bgl
fragments B3 (14.4 Md), B7 (5.3 Md) and B8 (5.3 Md)
in DNA of P. hybrida/inflata/parodii (Fig. 2 A
lane 1, 3 and 4). The fragments B7 and B8 are part of
the inverted repeat region of the cpDNA (Bovenberg
etal. 1981; Fig. 5). Most likely a small modification in
both inverted repeat regions of the cpDNA has resulted
in the disappearance of the two recognition sites in-
dicated by arrows in Figure 5. This leads to the fusion
of the B7, B3 and B8 fragments and the appearance of
the observed fragment B* of molecular weight 25 Md
(Fig. 5). Recently Gordon, Bohnert, Crouse and Herr-
mann obtained evidence for similar modifications oc-
curring in both inverted repeat regions of Oenothera
cpDNA (personal communication). Since Fraction 1
analysis of the genus Petunia suggests that probably
P. parviflora is the most recently evolved species (Ku-
mar et al. 1981) we assume that the P. parviflora cpDNA
originated from parodii/ hybrida/inflata cpDNA group.
The fact that these modifications are located on the
same position in both inverted repeats suggest that this
modification occurred at a time in evolution when the
chloroplast DNA contained only one copy of this
region. Subsequently, when duplication of this region
occurred during the development of the species both
contained the modified Bgl I restriction site region. A
second, and in our opinion less likely, possibility is that
the modification occurred in only one of the two
inverted repeats. Subsequently, this modification was
duplicated e.g. by intermolecular recombination be-
tween inverted repeat regions or because heterologies
occurring in the stem structure formed between the two
inverted repeat regions were recognized and removed.
The origin of the additional Bam HI fragment in the
cleavage pattern of P. parodii cpDNA is under current
investigation. This fragment is most likely the result of
a small modification just in, or close to one of the
inverted repeat regions leading to the joining of two
Bam HI fragments and to the presence of the addi-
tional Bam HI fragment of molecular weight 4.9 Md.

Acknowledgement

A XK. thanks the A.R.C. for providing the travel expenses for
his trip to Amsterdam and Mr. I. Gilder for technical assis-
tance.



A.Kumar et al.: Restriction Endonuclease Analysis of Chloroplast DNA in Interspecies Somatic Hybrids of Petunia 383

Literature

Aviv, D; Fluhr, R;; Edelman, M.; Galun, E. (1980): Progeny
analysis of the inter-specific somatic hybrids: Nicoriana
tabacum (CMS)+ Nicotiana sylvestris with respect to
nuclear and chloroplast markers. Theor. Appl. Genet. 56,
145-150

Belliard. G.: Pelletier. G.: Vedel, F.: Quetier. F. (1978):
Morphological characteristics and chloroplast DNA  dis-
tribution in different cytoplasmic parasexual hybrids of
Nicotiana tabacum. Molec. Gen. Genet. 165, 231-237

Belliard, G.; Vedel, F.; Pelletier, G. (1979): Mitochondrial
recombination in cytoplasmic hybrids of Nicotiana taba-
cum by protoplast fusion. Nature 281, 401-403

Bovenberg, W.A.; Kool A.J.; Nijkamp, H.J.J. (1981): Isolation,
characterization and restriction endonuclease mapping of
the Petunia hybrida chloroplast DNA. Nucleic Acid Res.
9 (3), 503-517

Chen, K.; Wildman, S.G.; Smith, HH. (1977): Chloroplast
DNA distribution in parasexual hybrids as shown by
polypeptide composition of Fraction 1 protein. Proc. Nat.
Acad. Sci. (USA) 74, 5109-5112

Cocking, E.C. (1981): Opportunities from the use of proto-
plasts. Phil. Trans. R. Soc. (Lond.) B 292, 557568

Douglas, G.C.; Wetter, L.R.; Keller, W.A.; Setterfield, G.
(1981): Somatic hybridization between Nicotiana tabacum
and N. tabacum L. IV. Analysis of nuclear and chloroplast
genome expression in somatic hybrids. Can. J. Bot. 59,
1509-1513

Evans, D.A.; Wetter, L.R.; Gamborg, O.L. (1980): Somatic
hybrid plants of Nicotiana tabacum and Nicotiana glauca
obtained by protoplast fusion. Physiol. Plant. 46, 225-230

Galbraith, D.W.; Mauch, T.J. (1980): Identification of fusion
of plant protoplasts II: conditions for the reproducible
fluorescence labelling of protoplasts derived from meso-
phyll tissue. Z. Pflanzenphysiol. 98, 129-140

Gatenby, A.A.; Zapata, F.J.; Cocking, E.C. (1980). Molecular
markers for the identification of nuclear and organelle
genomes in somatic hybrid plants of the Solanaceae. Z.
Pflanzenziicht. 84, 1-8

Gatenby, A.A.; Cocking, E.C. (1977): Polypeptide composi-
tion of FractionI protein subunits in the genus Petunia.
Plant Sci. Lett. 10, 97-101

Gillham, N.W. (1978): Organelle Heredity. New York: Raven

Gleba, Y.Y. (1978): Extra-nuclear inheritance investigated by
somatic hybridization. In: Frontiers of the Plant Tissue
Culture 1978, (ed. Thorpe, T.A.), pp. 95-102, Calgary: Intl
Ass. Plant Tissue Culture

Iwai, S.; Nagao, T.; Nakata, K.; Kawastrima, N.; Matsuyama,
S. (1980): Expression of nuclear and chloroplastic genes
coding for Fraction 1 protein in somatic hybrids of Nico-
tiana iabacum rustica. Planta 147, 414-417

Kumar, A.; Wilson, D.; Cocking, E.C. (1981): Polypeptide
composition of Fraction 1 protein of the somatic hybrid
between Petunia parodii and P. parviflora. Biochem. Genet.
19, 255-261

Kung, S.D. (1976): Tobacco Fraction1 protein: a unique
genetic marker. Science 191, 429434

Kung, S.D.; Gray, J.C.; Wildman, S.G.; Carlson, P.S. (1975):
Polypeptide composition of Fraction I protein from para-
sexual hybrid plants in the genus Nicotiana. Science 187,
353-356

Maliga, P. (1980): Isolation, characterization and utilization of
mutant cell lines in higher plants. In: Int. Rev. of Cytol-
ogy: Perspectives in Plant Cell and Tissue Cultures, (ed.
Vasil, LK.), Vol. I1A, pp. 225-253

Maliga, P.; Nagy, F.; Xun, L.T.; Iss, Zs.R.; Menczel, L,;
Lazar, G. (1980): Protoplast fusion to study cytoplasmic
traits in Nicotiana. In: Adv. Protoplast Res. (eds. Ferenzy,
L.; Farkas, G.L.), pp. 341-348. Budapest: Publ. House Hun-
garian Acad. Sci.

Melchers, G.; Sacristan, M.D.; Holder, A.A. (1978): So-
matic hybrid plants of potato and tomato regenerated
from fused protoplasts. Carlsberg Res. Commun. 43,
203-218

Patnaik, G.; Cocking, E.C.; Hamill, J.; Pental, D. (1981): A
simple procedure for the manual isolation and identifica-
tion of plant heterokaryons. Plant Sci. Lett. 24, 105-110

Poulsen, C.; Porath, D.; Sacristan, M.D.; Melchers, G. (1980):
Peptide mapping of the ribulose bisphosphate carboxylase
small subunit from the somatic hybrid of tomato and
potato. Carlsberg Res. Commun. 45, 249267

Power, J.B.; Berry, S.F.; Chapman, J.V.; Cocking, E.C. (1980):
Somatic hybridization of sexually incompatible Petunias:
Petunia parodii, Petunia parviflora. Theor. Appl. Genet. 57,
1-4

Power, J.B.; Berry, S.F.; Chapman, J.V.; Cocking, E.C.; Sink,
K.C. (19790): Somatic hybrids between unilateral cross-
incompatible Petunia species. Theor. Appl. Genet. 55,
97-99

Power, J.B.; Frearson, B.M.; Hayward, C.; George, D.; Evans,
P.K,; Berry, S.F., Cocking, E.C. (1976): Somatic hybridiza-
tion of Petunia hybrida and Petunia parodii. Nature 263,
500-502

Quétier, F.; Vedel, F. (1977). Heterogeneous population of
mitochondrial DNA molecules in higher plants. Nature
268, 365-368

Royer, H.D.; Sager, R. (1979): Methylation of chloroplast
DNA in the life cycle of Chlamydomonas. Proc. Nat. Acad.
Sci. (USA) 76, 5794-5798

Sager, R.; Grabowy, C.; Sano, H. (1981): The mat-1 Gene in
Chlamydomonas regulates DNA methylation during
gametogenesis. Cell 24, 41-47

Scowcroft, W.T., Larkin, P.J. (1981): Chloroplast DNA assorts
randomly in intra-specific somatic hybrids of Nicotiana
debneyi. Theor. Appl. Genet. 60, 179—184

Tilney-Bassett, R A.E.; Birky, C.W. Jr. (1981): The mechanism
of the mixed inheritance of chloroplast genes in Pelar-
gonium. Theor. Appl. Genet. 60, 43-53

Vedel, F.; Quétier, F.; Bayen, M. (1976): Specific cleavage of
chloroplast DNA from higher plants by Eco RI restriction
nuclease. Nature 263, 440442

Wettstein, D. von; Poulsen, C.; Holder, A.A. (1978): Ribulose-
1,5 bisphosphate carboxylase as a nuclear and chloroplast
marker. Theor. Appl. Genet. 53, 193197

Received November 30, 1981
Accepted April 22, 1982
Communicated by D. von Wetistein

Dr. A.Kumar

Dr. E.C. Cocking

Plant Genetic Manipulation Group
Department of Botany

University of Nottingham
Nottingham, NG7 2RD (England)

Dr. W.A.Bovenberg

Dr. A.J.Kool

Department of Genetics

Biological Laboratory

Vrije Universiteit

1007 MC Amsterdam (the Netherlands)



