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Summary. Somatic hybrid plants were regenerated fol-
lowing calcium-high pH fusion of the unidirectional,
sexually incompatible cross of Petunia parodii wild-type
leaf mesophyll protoplasts with protoplasts from a
cytoplasmic determined chlorophyll-deficient mutant of
P. inflata. Genic complementation to chlorophyll syn-
thesis and sustained growth in the selective medium
was used to visually identify hybrid calluses. Hybrid
calluses were subsequently regenerated to shoots,
rooted, and confirmed as somatic hybrids by their
intermediate floral and leaf morphology based on com-
parison to the 2n =4x =28 sexual counterpart, dominant
anthocyanin expression in the corolla, chromosome
number, and peroxidase and maleic dehydrogenase
isozyme patterns. Certain cytologically stable somatic
hybrids displayed aberrant reproductive and floral
morphologies including subtle to moderate corolla and
leaf pigment variegation, floral dimension changes and
reduced pollen viability. In contrast, cytologically
unstable somatic hybrids showed various degrees of
aneuploidy coupled with corolla splitting, and irregu-
larities in reproductive organs such as double stigmas
and styles in addition to reduced pollen viability.
Postulated mechanisms to account for these phenotypic
changes in stable and unstable somatic hybrids include
nuclear-cytoplasmic genomic incompatibility, chromo-
some loss in a biparental cytoplasm, or a phenomenon
similar to hybrid dysgenesis occurring as a result of
somatic fusion.
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Introduction

Somatic hybridization offers the possibility of bypassing
interspecific or intergeneric sexual incongruity to allow
more extensive use of wide hybridizations in crop im-
provement.

Present breeding constraints such as seasonal flowering
differences, maturation periods and ecological restrictions
could theoretically become secondary as protoplast fusion
technologies are perfected and exploited (Thomas et al. 1979;
Shepherd et al. 1980; Larkin and Scowcroft 1981). However, it
has become increasingly evident from published research that
such vast application to breeding so far is, at most, conjectural.
In reality, genetic problems associated with cell culture derived
plants are not trivial and direct benefits to plant improvement
have yet to be realized in any major crop species that could
have been more quickly and economically obtained using con-
ventional mutagenesis and breeding techniques.

In attempting to extend the range of hybridization possible
by using protoplast fusion, the breeder is faced with difficulties
in recovering the highest efficiency of quantitative traits im-
portant in determining yield and guality components. In many
species, regenerated plants have subtle changes in flowering
time, plant height, heading dates, and chlorophyll content sug-
gesting major changes in photosynthetic efficiency which,
when coupled with reproductive irregularies such as lower
pollen viability and seed set, lead to reductions in the major
quantitative components of crop productivity. Years of ideo-
type breeding of a crop species apparently can be successfully
undone by one regeneration cycle in in vitro culture. On the
other hand, contributions of tissue culture to the area of
disease resistance (Krishnamurthi 1974; Matern etal. 1978;
Shepherd etal. 1980) is undeniable. However, in order for
tissue culture to be a viable breeding tool in the next decade,
identification and quantification of factors leading to pheno-
typic changes in culture derived plants must be made and
channeled toward desired breeding goals.
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Toward this end, we have quantified phenotypic changes,
particularly floral and reproductive organ differences, in
hybrid plants regenerated after calcium-high pH fusion treat-
ment. The regenerated plants have been proven to be hybrid
based on isozyme patterns, chromosome numbers, morpho-
logical characteristics, subsequent breeding behavior (Schnabel-
rauch and Sink 1984), and organellar DNA restriction frag-
ment analysis (Clark et al. 1984).

The phenotypic spectrum of reproductive and mor-
phological changes in plants derived from the somatic
combination of P. parodii leaf mesophyll protoplasts
and P. inflata chlorophyll deficient cell line have been
quantified and suggest, in a broad sense, that nuclear-
cytoplasmic genome incompatibility may be responsible
for the phenotypic irregularities observed.

Materials and methods

Seeds of P. parodii were germinated biweekly on V.S.P. planting
medium (Bay Houston Towing Co.) and maintained at25+2°C
under a photon fluence flux of 80 umol Em~?s~! (400—700nm)
(GE96T12CW) on a 16 h photoperiod. After transplanting to
6-cell plastic packs, vegetative growth continued under green-
house conditions of 25+ 2 °C minimum night temperature and
fluctuating day temperatures supplemented with 680 umol
Em™2s™ (400-700 nm) (GE96T12CW) 10 h daily. Plants were
fertilized at each watering with 150 ppm 20N-8.6P-16.6K
aqueous solution adjusted to pH6.5 with phosphoric acid.
Leaf harvesting, sterilization using a 10% solution of commer-
cial 5.25% NaClO, and abaxial epidermis removal were fol-
lowed as described (Hayward and Power 1975).

Protoplast isolation

Extensive trials indicated that optimum yield and viability of
leaf protoplasts of P.parodii were obtained using 1.5%
Meicelase (Meiji Seika Kaisha, Ltd), 0.1% Macerase (Calbio-
chem) and 13% mannitol in CPW salts (Frearson et al. 1973)
at pH5.8. The protoplast isolation procedure for P. inflata
(Power etal. 1979) was modified to produce more efficient
and reliable yields in our laboratory (Schnabelrauch et al.
1981). The isolation enzyme was 2% Cellulysin (Calbiochem),
1% Macerase, 1% Driselase (Kyowa Hakko, Kogyo Co. Ltd)
and 8% Mannitol in CPW salts at pH 5.8. Protoplasts were col-
lected, counted, and diluted in culture medium consisting of
Murashige and Skoog (1962) inorganic salts and vitamins,
2.0mg/1 a-naphthaleneacetic acid, 0.5mg/l 6-benzylamino
purine and 9% mannitol at pH 5.8.

Protoplast fusion

Calcium-high pH fusion (Keller and Melchers 1973) of P. parodii
with P. inflata protoplasts was conducted with both species at
a starting density of 2.0 X 10° pplts/ml. After fusion, the proto-
plasts were plated in liquid medjum at a final density of 5x 10*
pplts/ml in 5 cm plastic petri dishes and cultured at 25+ 2°C
under a continuous photon fluence flux of 18-22 umol
Em™2s™ (400-700 nm) (GE96T12CW). Aliquots of culture
medium containing 6% and 3% mannitol were added after 44
and 65 days, respectively. Calluses were transferred to solidified
(0.8% agar) MS medium with 2 mg/] trans-zeatin to regenerate
shoots. Such shoots were removed and rooted in 25 days on

MS-0, established in soil and transferred to a greenhouse for

subsequent growth, flowering and evaluation.

Chromosome determination

Chromosome counts of somatic hybrid plants were made
using pollen mother cells. Immature flower buds, approximately
0.2 cm in length, were fixed in Carnoy’s solution, followed by
the removal of the anthers and subsequent staining with aceto-
propiocarmine.

Pollen viability

Pollen viability was determined by counting the dark, fully
round grains mounted in an aqueous solution of iodine-potas-
sium-iodide. Flowers were collected one day before anthesis
and placed in vials of water until anther dehisence. Counts of

Table 1. Phenotypic variability in regenerated plants from the
fusion of P. parodii + P. inflata

Leaf morphology Percent Parental phenotype
hybrid
plants P.inflata  P. parodii
Shape
Ovate 100 + +
Apex
Rounded 3.8 - -
Obtuse 84.6 + +
Acute 11.6 - -
Base
Rounded 26.9 - -
Acute 38.5 + -
Attenuate 34.6 - +
Margins
Entire 73.1 - +
Undulate 154 + -
Revolate 11.5 - -
Pigmentation
Variegated 26.9 - -
Green 73.1 + +
Trichomes
Hirsululous 42.3 - -
Hirtellous 53.9 + +
Subglabrous 3.8 - -
Corolla morphology
Limb
Symmetrical 64.3 - +
Assymmetrical 357 + ~
Lobe
Pointed 57.1 - +
Round 42.8 + -
Throat area
Pigmentation
Dark 64.3 + -
Light 214 - +
Halo 14.3 — -
Limb variegation
Acyanic flecks 28.6 - -
Acyanic sectors 28.6 - -
Pale/dark magenta 50 - -
Cyanic sectros
Uniform color 14.3 + +
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Fig. 1. a Sectored corolla of somatic hybrid plant 11-1; b Anthocyanin variegation patterns (left ro right): stable, acyanic sectored,
minute acyanic flecks; ¢ Anthocyanin variegation patterns consisting of pale and dark mottled areas; d Acyanic petaloid structure
(arrow); e Tobacco-like flower arrays from somatic hybrid plant 15-2; f Split blossom classes (eft to right): narrow split blossom,

wide split blossom, deeply lobed blossom

5—-10 random microscopic fields (100X ) were made on a mini-
mum 500 pollen grains.

Morphological traits

Total floral length, corolla tube length, limb diameter, style
length and anther filament attachment length were measured
using the procedures applied to the sexual hybrid (Sink et al.
1978). In addition, variant phenotypes were noted including
morphological changes in reproductive organs and in the dis-
tribution of anthocyanin in corolla limbs. Quantitative mea-
sures of floral organs were made for the variant morphological
phenotypes. Leaf characters were evaluated as to shape,
chlorophyll variegation patterns, presence of trichomes, ruffled
or undulating margins, and developmental anomalies.

Isozymes

Based on differences between the parental species, peroxidase
and maleic dehydrogenase isozyme patterns were selected as
biochemical markers to confirm putative somatic hybrid
plants. Plant material preparation, starch gel electrophoresis
and the staining procedures of Scandalios (1970) were fol-
lowed.

Results

Leaf characters

Regenerated plants displayed a range of leaf apex and
base shapes, pigmentation and epidermal trichomes
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(Table 1). The predominant leaf shape was ovate, but
leaf apex varied being round, obtuse or acute. Leaf
bases ranged from round, acute to attenuate. Regen-
erated plants also showed revolate leaf margins, a trait
frequently seen in plants regenerated from in vitro
culture (Barbier and Duleiu 1980) but not normally
expressed by either parent. One obvious character
change in some hybrids was a variegated leaf pattern
consisting of a light green mid-rib area outlined by a
band of ivory colored tissue, juxtaposed to a dark green
leaf margin. Regenerates also displayed varying degrees
of surface hairness (Table 1).

Corolla morphology

The corolla of P. inflata is symmetrical, magenta, with
round lobes and a short floral tube. In contrast, the
corolla of Petunia parodii is slightly asymmetric, white,
has pointed lobes, and the tube is long. Petunia parodii
also has a faint purple veination in the outer throat
area (Sink et al. 1978).

Corollas of all somatic hybrids displayed the domi-
nant magenta coloration and varied from slight to pro-
nounced asymmetry. The hybrids also segregated for
round or pointed corolla lobes (Table 1). In addition,
the majority or regenerants produced phenotypes with
anthocyanin variegation in the corolla limbs (Figs.1a—c)
and are discussed in detail elsewhere (Schnabelrauch
and Sink 1984).

Floristic data taken on magenta somatic hybrids,
white-flowered presumably P. parodii parental types,

Table 2. Variation in corolla characteristics in somatic hybrid plants

the tetraploid sexual hybrid (MSU 77-17) and tetra-
ploid P. parodii (MSU 77-22-4) indicated that white
flowered regenerants (43-1, 43-7 and 48-2) differed
from the magenta-flowered sexual hybrid 77-17 2n=4x
in three categories: the ratio of total floral length/tube
length, style length/tube length, and filament attach-
ment as a percentage of floral tube length (Table 2).
These plants had floral dimensions that were not sig-
nificantly different from tetraploid P. parodii, except for
slightly smaller limb diameter in the regenerates. How-
ever, it is clear from mitochondrial DNA restriction
fragment analysis that these plants have some cyto-
plasmic contributions from both parents (Clark etal.
1984). Stable 2n=4x=28 somatic hybrids (5-4, 15-1,
15-4, 15-5, 15-6 and 21-5) were not significantly different
from 77-17 in the ratio of style length/tube length.
Generally, total corolla length/tube length and filament
attachment tended to be greater in stable somatic
hybrids compared to the tetraploid sexual hybrid.

Unstable (less than 28 chromosomes) magenta-
flowered types differed from 77-17 primarily in total
corolla length/tube length and filament attachment.
Total length/tube length was generally greater for these
hybrids than tetraploid P. parodii or 2n=4x sexual
hybrids, indicating the short floral tube contribution
from P. inflata. Filament attachment percentage varied
from values approaching 57.6% for the 2n=4x=28
P. parodii to less than 29%.

Chromosome numbers of regenerated plants varied
between 20 and 36 (Table 3). Stable 2n=4x =28 hybrids
remained so even after prolonged greenhouse culture.

Plant no. Total length (cm) Limb Style length (mm) % Filament
W diameter (cm) W attachment
5-4 1.85% 52%* 0.732 332
11-1 1.44* 4.5 0.766 392
14-3 1.59 4.9 0.883 51.7%
15-1 1.69* 4.1% 0.774 39.0
15-2 1.73* 4.5 0.780 438%*
15-3 1.74* 44 0.744 43.5%*
15-4 1.62 5.0 0.741 377
15-5 1.73* 4.2% 0.769 41.5%*
15-6 1.70* 5.0 0.775 28.5%
15-7 1.65 4.0%* 0.752 38.5
21-1 1.71* 4.0* 0.805* 349
21-5 1.82% 48 0.754 383
28-1 1.66 4.5 0.592* 35.0
38-5 1.51 3.6% 0.731 45.7*
43-1 1.34* 5.2% 0.912* 59.2*
43-7 1.37* 49 0.868 * 55.3*%
48-2 1.33* 3.9% 0.825* 53.1*
77-22-4 1.31* 5.1 0.892* 57.6*
77-17 1.58 47 0.734 35.6

* Means are significantly different (P=0.05) compared to the 2n=4n=28 sexual hybrid (77-17) us-
ing Dunnett’s procedure



Table 3. Chromosome number and morphological character-
istics of somatic hybrid plants

Plant Chromo-  Phenotype
no. some no.
Pollen Compati- Pollen
color bility* viability (%)

77-1 14 Blue SI 92.0
77-a 14 Yellow SC 99.0
77-17 28 Purple SC 90.6

5-4 28 Yellow S1 27.8
14-3 36 Ivory SC 717
15-1 28 Blue SC 64.6
15-2 26-28 Blue SC 444
15-3 27 Ivory SI sterile
15-4 28 Ivory SC 65.3
15-5 28 Ivory SC 66.3
15-6 28 Blue SC 83.6
15-7 26-28 Ivory SC 452
20-1 - Blue SI -
21-1 26 Ivory SC 424
21-5 28 Ivory SC 44.4
28-1 20 Blue St 318
38-5 26 Ivory SI 45.4

¢ SI=Self incompatible; SC = Self compatible

Pollen color, viability, and self-compatibility alleles also
differed in these plants, giving the same range of
variation shown by aneuploid types.

Biochemical analyses

Peroxidase (Fig. 2) and maleic dehydrogenase (Fig. 3)
isozyme profiles were analyzed from leaves of in vitro
shoot cultures of somatic hybrids and parental P. inflata
and P. parodii plants. For both enzymes, hybrid extracts
shared specific bands of both P. parodii and P. inflata.
The hybrid nature of calluses satisfying the selection
criteria was also substantiated by peroxidase and
maleic dehydrogenase isozyme profiles of regenerated
plants. When stained for peroxidase, P.parodii
(2n=2x=14, wild type) leaf material from shoot cul-
ture resolved 4 bands. Petunia inflata cytoplasmic
albino resolved 3 of the slower migrating bands of
P. parodii, but, in addition, had 2 faster migrating
bands that were not observed for P. parodii. Somatic
hybrids possessed the 4 P. parodii peroxidase bands
and frequently had the 2 fast migrating bands of
P.inflata. For the mitochondrial marker isozyme
maleic dehydrogenase, the banding pattern between
parental lines was very distinctive. Hybrids shared the
slow and fast migrating band differences seen in the
parental lines and, in addition, had faster bands indi-
cating perhaps smaller fragments in hybrids which
remained as larger fragments in the parental lines.
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Phenotypic developmental abnormalities

Pigment intensity changes. In addition to flecking in the
corollas, several somatic hybrids also showed pigment
intensity changes. Some plants initially flowered with
traces of very pale pink, initially classified as white
flowered type, but progressively darkened to the stan-
dard magenta color of the sexual hybrid after pro-
longed greenhouse growth (5-4). Such a situation
mimics the rabbit ear rogue described by Burr and
Burr (1981). The reverse situation was also found; dark
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Fig. 2. Peroxidase isozyme patterns of leaf extracts from pa-
rental and somatic hybrid lines following starch gel elec-
trophoresis. Lanes 1-3: P. inflata (wild type), P. inflata (cy-
toplasmic albino), P. parodii (wild type). Lanes 4-10: somatic
hybrids 11-1, 14-3, 15-1, 43-1, 48-2 and 48-13
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Fig. 3. Maleic dehydrogenase isozyme patterns from leaf ex-
tracts of parental and somatic hybrid lines following starch gel
electrophoresis. Lanes 1-3: parents P. parodii (wild type), P.
inflata (cytoplasmic albino), and P. inflata (wild type). Lanes
4-10: somatic hybrid plants 21-5, 15-2, 15-3, 48-2, 15-6, 48-18
and 48-8

4 5 6 7 8 910
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Table 4. Reproductive characteristics of chloripetalous flowers of somatic hybrid 15-2

Flower phenotype Reproductive conditions (%)
Pistils® Anthers® Pollen Chromosomes
viability no.
P1 P2 P3 S S2
Narrow split 100 - - 100 - 573 24
blossom
Wide split 90 - 10 100 - 70.1 24
blossom
Deeply lobed -~ 10 90 - 100 84.2 28
blossom
Restored 15 20 65 - 100 157 2628
ruffled
blossom
Normal - - 100 10 90 56.7 26--28
blossom
Sexual hybrid - - 100 - 100 90.6 28
77-17 (4x)

2 P1=(2) separate ovaries and styles, styles shorter in length than “normal”, with stigmatic somewhat

cupped and elliptical in shape
P2=(1) large ovary with a fasciated double style culminating in a bipartate stigmatic surface
P3=(1) ovary and one style, usual dimensions

® S1=terminal anther sac degenerate, some proliferation of subterminal tissue

52 = terminal anther sac normally developed

Table 5. Quantitative measurements of floral traits in modified corolla phenotypes sectoring from somatic hybrid 15-2

Flower

Mean organ dimensions (cm) (= SE)
phenotype
Chromo- Pollen Total Tubular Limb Total Filament Filament
some no. viability corolia base diameter style attach attach
(%) length length length length (%)
Narrowly
split
blossom 24 51.3 4.44 2.74 3.75 1.46 1.36* 49.6
0.38) (0.25) (0.65) (0.18) (0.05)
Widely
split
blossom 24 70.1 5.09 2.93 4.40 1.71 1.35% 46.1
(0.23) {0.18) (0.49) (0.29) 0.1D
Deeply
lobed
blossom 28 842 5.24 3.05 4.76 2.12 1.25 41.1
0.24) (0.13) (0.55) (0.27) (0.09)
“Normal”
blossom 26-28 56.7 5.47 3.16 4.98 2.52 1.32 40.2
0.26) (0.10) (0.38) 0.10) (0.06)
77-17
4x sexual
hybrid 28 90.6 6.15 3.92 4.72 2.87 1.40 35.7
(0.33) (0.28) (0.45) 0.12) 0.19)
HSD (0.01) 0.59 032 0.79 0.44 0.16

* Means are not significantly different (P=0.01) when compared by Tukey’s method



magenta flowering plants sectored out branches of light
pink flowers (15-3, 11-1, 15-2).

Split blossom phenotypes. A further floral modification
observed was a split blossom type in some of the
hybrids (15-2, 38-2, and 11-1). The degree of splitting
was found to follow a linear progression from finely
divided to ‘restored’ or typical floral phenotype in one
hybrid plant. Plant 15-2 upon further growth in the
greenhouse sectored out branches which displayed
flowers with chloripetalous characteristics, morphologi-
cally similar to the split blossom described in Nicotiana
(Clayton 1950).

Flowers with narrowly split blossoms (Fig. 1f) were
significantly (P=0.05) correlated with degenerate
anthers and double ovaries and styles (Table 4). Ninety
percent of widely split blossoms were associated with
degenerate anthers, double ovaries and styles. A single
instance of a flower with three ovaries and three styles
was encountered in this split flower class. Flowers that
had ruffled margins with no corolla splitting (i.e.
“restored”) had viable anthers, but the ovary and style
varied between two and the normal condition of one
ovary and one style. Flowers of the normal unruffled
phenotype on hybrid 15-2 still had 10% anther degener-
ation.

Quantitative measures of five floral organ dimen-
sions in flower samples from the various chloripetalous
corolla types showed significant (P=0.01) mean dif-
ferences, supporting the hypothesis of a successive
developmental sequence of the split blossom pheno-
types to the normal phenotype (Table 5). Of the floral
organs analyzed, total corolla length and total style
length showed significant (P=0.01) linearity when
regressed on the corolla classes (r=96.12 and 99.11,
respectively). Only the filament attachment length
showed low correlation to corolla type.

Reproductive structure changes. Along with corolla
variegation and splitting, other morphological abnor-
malities were apparent upon examination of somatic
hybrids. Various abnormalities associated with repro-
ductive structures such as stigmoid anthers were found
in 14-3 and in progeny of the sexual sib mating of
15-2x21-5. A single instance of anther sac formation
on a stigmatic surface was noted in 15-3. Flowers of 38-
5 had anther sac formation at the corolla lobe junctions
on the limb surface, with adnate filaments extending up
the corolla tube. As mentioned previously, bipartate
stigmas (15-2), fasciated styles (15-2 and 38-5) and
double stigmas, styles and ovaries (15-2) were observed,
and often associated with corolla splitting. The occur-
rence of six anthers and six corolla lobes together with
anther fasciation were found in one flower on plant
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15-6. Anthers were also seen with feather-like tissue
projections midway up the filament (20-1, 15-3).

Other types of flower modifications were frequently
observed in somatic hybrids. Acyanic petaloid struc-
tures were found along the midveins of plants 38-5, and
28-1 (Fig. 1 d). Suture-like vein incisions were common
to corolla lobes of 38-5 and 28-1. Ruffled margins, and
asymmetric corollas were frequently associated with
corolla variegation and various combinations of rufiled
margins, split corollas, acyanic sectors and petaloid
structures were found in some plants (38-5, 20-1). One
common corolla limb anomaly was the occurrence of
acyanic ear-shaped projections at the junction of corolla
lobes (15-2, 21-1, 21-5, 15-3, 15-5, 5-4, 15-6, and TC
progeny). Such projections were frequently found at all
5 lobe junctions, but cases of projections at only 1 or 2
lobes were also seen.

Tobacco-like flower form. Hybrid 15-2 sectored branches
that produced flowers which phenotypically resembled
Nicotiana flowers in size and shape (Fig. 1e). These
flowers were produced on glabrous green shoots.
Flowers with varying degrees of anthocyanin variega-
tion and Nicotiana-like morphology were frequently
observed during the course of branch development
resulting in flowers which were half sectored and half
changed in shape. Albino branches were also observed
which produced flowers with extremely cupped corollas
and dilute anthocyanin pigmentation extending from
the lobe junctions into the center of the corolla.

Discussion

Genetic and epigenetic changes frequently appear in
tissue culture-derived plants and it is possible to produce
an array of mutants and variants in many species
(Meins 1983; Shepherd 1982; Evans et al. 1983; Larkin
and Scowcroft 1981). One potential contribution of
these plant types to breeding programs and cell genetics
lies in developing an understanding of the control
mechanisms responsible for these altered phenotypes.
Interesting changes in floral characteristics of Petunia
somatic hybrids have allowed us to quantitatively com-
pare a variety of phenotypes that may have resulted
from somaclonal variation, nuclear-cytoplasmic incom-
patibility or a hybrid dysgenic-type response induced
by somatic fusion of a reciprocally incompatible sexual
Cross.

Wide crosses have been shown to cause morphological
abnormalities attributable to chromosomal-cytoplasmic in-
compatibilities. Disruptions in nucleo-cytoplasmic interaction
resulting in split corollas were observed by Clayton (1950) in
the first backcross generation of the amphiploid N. debneyi-
tabacum to N. tabacum as the male parent. Such disruptions
took the form of male sterility and corolla splitting with
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associated anther abnormalities. Further backcrosses sub-
stantiated that N. debneyi cytoplasm interacting with the
N. tabacum genome resulted in morphological aberrants (Sand
and Christoff 1973), as if the regulatory mechanism for
developmental and structural features of the corolla had been
upset by some type of incompatible reaction between cyto-
plasmic factors and nuclear chromosomal elements leading to
altered differentiation.

One frequently observed incompatibility reaction in inter-
specific plastome/genome hybrid plants is chloroplast variega-
tion. In the genus Oenothera which has biparental transmis-
sion of plastids, phenotypically distinct species can be crossed
easily and the resulting interspecific genome/plastome hybrids
show various forms of developmental disturbances but main-
tain stable diploid karyotypes with a chromosome number of
14 and are usually fertile (Stubbe and Herrmann 1982). The
incompatibility between the genetic components of the nucleus
and cytoplasm is thought to cause bleaching of one of the two
wild type plastids from the parents resulting in a variegated
leaf. A similar incompatibility phenomenon has been de-
scribed in Pelargonium (Kirk and Tilney-Bassett 1978).

Incompatibility in progeny tests of Nicotiana was mani-
fested as a split corolla phenotype; corolla splitting was inter-
preted as an effect of quantitative genes for broader floral
tubes present in the chromosomes of the recurrent parent
(Sand 1968; Sand and Christoff 1973).

In our study, corolla modifications were observed
without the type of male sterility described in Nicotiana
(i.c. stigmoid anthers), but conversely, the number of
ovaries and styles varied from the normal one ovary-
one style to bipartate stigmas with fasciated styles to
two ovaries-two styles.

Flowers of plant 15-2 separated into an ordered
series of corolla splitting. This phenotypic array sug-
gests that there exists a series of related effects, in-
creasing quantitatively toward normal. There was also a
correlation between the degree of corolla splitting and
the particular pistil and stamen modification observed
in the flower. The reduction in chromosome number
occurring in the split corollas of 15-2 supports the con-
tention that nucleo-cytoplasmic incompatibilities can
be produced as one of the parental genomes is prefer-
entially lost upon successive mitotic divisions, followed
by the adverse reaction of the remaining chromosomes
in a hybrid cytoplasm. Plant 15-2 had only the cp-
DNA of the wild-type P. parodii parent (Clark et al.
1984), but retained restriction fragments unique to both
P. parodii and P. inflata mt-DNA in varying amounts.

The progression from split corolla through ruffled
sectored corollas in 15-2 along with the occurrence of
distinct non-pubescent branches of tobacco-like flowers
was correlated with chromosome reduction. Flowers
resulting in a phenotype consisting of half-sectored and
ruffled half tobacco-like flowers indicated that chromo-
some elimination occurred early in floral primordia
development, specifically at the first few cell divisions
in the floral meristem. These phenotypes too may have
been conditioned by directional chromosome loss in
the presence of only P. parodii chloroplasts.

The interaction of genic, chromosomal and cyto-
plasmic factors in the induction of unstable mutations
in interspecific crosses parallels the germ line phenome-
non of hybrid dysgenesis in Drosophila. Hybrid dysgen-
esis and transposition of p elements results from chro-
mosomal-cytoplasmic interactions in certain interstrain
crosses, and produces several aberrant traits including
temperature sensitive sterility, segregation distortion,
sex ratio distortion, and high frequencies of mutation,
male recombination, chromosome rearrangement and
non-disjunction (Engels 1981; Engels and Preston 1980;
Bingham 1981; Kidwell et al. 1977). These traits are not
observed in homozygous strains, but are limited to
specific hybrid combinations and are conditioned by
the direction of the cross. Activation of transposable
clements has been determined to be the cause of the
mutated phenotypes.

An analogous dysgenic mechanism functioning in
the incompatible reactions in plants has been suggested
(Burr and Burr 1981). The sexual cross of P. parodii X
P. inflata is successful only if P. parodii is used as the
female parent for bud-pollination. The incompatible
reaction in this cross is prezygotic (Sink et al. 1978).
Therefore, it is possible that dysgenic mechanisms
become activated in fusion products, especially since
heterokaryons and subsequent cell hybrids require co-
functioning of both parental cytoplasms and nuclei.
Disruption of nuclear organization upon fusion of a cell
in G1 phase with cells actively synthesizing DNA, each
of which is assumed to have specific organizational
relationships with the nuclear membrane and to each
other, may result in the induction of mutability or
chromosomal rearrangements (Sved 1976). Such rear-
rangements could cause structural genes to be inserted
near heterochromatin, resulting in partial suppression
of gene activity. McClintock (1950) proposed that
disturbances in the quantity and organization of hetero-
chromatic elements could give rise to a series of
changes in chromosome structure, behavior, and genic
reactions that could drastically alter phenotypic ex-
pression. The frequency of transposition of controlling
elements in maize has been shown to increase in tissue
culture (Evola et al. 1984).

In contrast to Petunia somatic hybrids produced
previously (Power etal. 1979) which were typically
intermediate for vegetative and floral traits, and segre-
gated as did their 2n=4x =28 sexual counterpart, some
of the hybrids in this study exhibited corolla flecking,
streaking, color intensity changes and irregular segrega-
tion ratios (Schnabelrauch and Sink 1984). Thus,
nuclear-cytoplasmic genomic incompatibility expressed
as split corollas with the associated male sterility found
in this study may limit the types of somatic fusion com-
binations that can be realistically attempted.
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