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Summary. Plants were regenerated from callus arising 
from protoplast fusion of  two S. tuberosum diploids. 
Tetraploid progeny from the fusion of  the two diploid 
partners had increased vigor. Isozyme analysis conf rm-  
ed the presence of  proteins from both partners in the 
fusion progeny. Pigmentation o f  tubers and anthers was 
heightened substantially in the fusion products. This 
fusion, the first intra-specific fusion within S. tuberosum, 
indicates that somatic fusion may be useful for transfer- 
ring traits within this group. 
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Introduction 

Interspecific fusions o f  leaf mesophyll protoplasts can 
provide a means by which the genomes of  sexually in- 
compatible species may be combined (Evans 1983; 
Shepard et al. 1983). To this end, we have been examin- 
ing interspecific fusions within the genus Solanum, the 
common  potato and its relatives. Incompatibility can al- 
so occur within the same species. In addition, male or 
female sterility o f  one or both of  the partners may ham- 
per breeding efforts. In these cases, somatic fusions 
might provide combinations that are highly desirable. If  
the crop is clonally propagated, as is potato, these novel 
gene combinations could be useful even if passage of  
the combination through meiosis proved difficult. 
Therefore, we undertook the fusion of  two S. tuberosum 
diploids to evaluate the potential for intraspecific 
hybridization. 

The two lines chosen for fusion possessed distinctive 
morphological characteristics. This was essential for 
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easy recognition of  parental lines should self-fusions or 
regeneration of  unfused materials occur in addition to 
somatic fusion. Also, these lines had different behavior 
in culture. One clone (US-W9545.99) gave protoplasts 
which were capable of  sustained division, but in only 
one of four experiments was the clone capable o f  lim- 
ited shoot regeneration under our standard cultural 
conditions (Haberlach et al. 1985). In contrast, approxi- 
mately 10% of  calli from the other fusion partner (US- 
W9310.3) yielded shoots. Thus, any shoot-producing 
calli obtained from a fusion experiment o f  the above 
lines would be expected to be either US-W9310.3 or the 
result of  a fusion event. It was also anticipated from all 
our earlier results (Baer et al. 1984; Austin et al. 1985) 
that the additional vigor of  tetraploids resulting from 
the fusion of  two different diploid lines would favor sur- 
vival of  fusion progeny. 

Methods 

Plant material and protoplast fusion 

Diploid hybrids US-W9545.99 and US-W9310.3 from Gp. 
Tuberosum - Gp. Phureja crosses were obtained from the In- 
ter-Regional Potato Introduction Project, Sturgeon Bay, WI. 
Leaf mesophyll protoplasts were isolated from shoot tip cul- 
tures and cultured following the procedure of Shepard (1980) 
as modified by Haberlach et al. (1985). Protoplast fusion was 
achieved by a refinement (Austin et al. 1985) of the procedure 
used by Melchers et al. (1978). Our method generally resulted 
in the production of approximately 2-3% heterokaryons as de- 
termined by dual fluorescent labelling (Galbraith and Gal- 
braith 1979). After fusion and subsequent culture, representa- 
tive plantlets were excised from any calli that produced shoots. 

Plant establishment and morphological assessment 

Shoots taken from different calli were individually transferred 
to propagation medium for rooting (Haberlach et al. 1985). Af- 
ter 3-4 weeks, rooted plantlets were established in small peat 



cylinders ("Jiffy-7") under greenhouse conditions for 3 weeks 
before transplantation to the field at the Hancock Experiment 
Station. Clonal representatives of each parent and protoplast- 
derived plants of US-W9310.3 that had not been subjected to 
fusion conditions were also included in field evaluations. The 
morphology of plants was assessed throughout the growing 
season and tubers were harvested from all of the plants. 

Chromosome counting and isozyme analyses 

Chromosome counts were done on root tips treated with an 
8-hydroxyquinioline solution (0.29 g/l) and fixed in a 3:1 
(v:v) solution of methanol and acetic acid. Root tips were 
stained with a solution of 1% (w : v) acetocarmine. 

Polyacrylamide gels were prepared and run according to 
Laemmli (1970) and Hagar and Burgess (1980). Peroxidase 
staining was performed according to Quiros (1981). 
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Results 

Eleven shoot-producing calli were recovered.  Represen-  
tative plants  from each callus (a total  o f  89 plants) were 
assessed under  field condit ions (Table 1). Ten o f  the 11 
calli yielded plants  that  clearly had  the morpho logy  of  
the parent  US-W9310.3. However,  the two representa-  
tive plants  o f  the remaining  callus had  a distinctive 
morphological  appearance  that was different from 
either parent.  The most  spectacular  feature o f  the 
hybr id  plants  was the product ion of  dark-purp le  skinn- 
ed tubers with flesh that had  a heavy purple  mott le  or 
was solid purple  (Fig. 1). The hybr id  plants  appea red  to 
possess the purple  skin p igment  from one parent  (US- 

Table 1. Vegetative characteristics of parent lines and fusion progeny 

US-W9545.99 Fusion progeny US-W9310.3 

Green stems 
Thick, mid-green leaves 
with crinkled edges 
Pentagonal white flowers 
with pale pink acumen 
on lower surfaces 
Red-orange anthers 
Red-purple fruit 
Tubers with red skin 
Tuber flesh mottled red 

Purple stems 
Thick dark-green leaves 
with smooth edges 
Intermediate pentagonal-stellate 
lavender-purple flowers with 
green-yellow star 
Dark orange-brown anthers 
Black-purple fruit 
Tubers with black-purple skin 
Tuber flesh heavy solid purple or 
mottled purple 

Green stems with purple axils 
Thin mid-green leaves with 
smooth edges 
Stellate purple flowers with 
green-yellow star 

Yellow anthers 
Red-purple fruit 
Tubers with yellow skin and purple splashes 
Tuber flesh solid gold-yellow 

Fig. 1. Details of external (lower row) 
and internal (upper row) tuber appear- 
ance in 1 Diploid clone US-W9310.3 
(left), 2 Tetraploid somatic hybrid (cen- 
ter), 3 Diploid clone US-W9545.99 
(right) 
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Table 2. Ploidy levels of plants obtained from several protoplast-derived calli either after fusion at- 
tempt or from clone US-W 9310.3 alone 

Protoplast derived calli 
from fusion experiment 

Ploidy of plants Protoplast-derived calli Ploidy of plants 
examined from unfused material of examined 

clone US-W 9310.3 

Callus 1 Fusion type 4x ,  4x 
2 US-W 9310.3 type 4 x , 4 x  
3 US-W 9310.3 type 4 • 2 1 5  
4 US-W 9310.3 type 2 x , 2 x  
5 US-W9310.3 type 2 x , 4 x  
6 US-W 9310.3 type 2 • 2 1 5  
7 US-W 9310.3 type 4 x , 4 x  
8 US-W9310.3 type 4 •  
9 US-W 9310.3 type 4 • 2 1 5  

Callus 1 4 x  
2 4X 
3 4X 
4 4X 
5 4X 
6 4X 

Fig. 2. Flower morphology of 1 Diploid clone US- 
W9545.99, 2 Tetraploid somatic hybrid, 3 Diploid 
clone US-W9310.3 

W9310.3) and pigment distribution from the other (US- 
W9545.99). Figure 2 shows details o f  flower morpholo-  
gy. Hybrid flowers had a clearly intermediate shape as 
compared to parents; their most striking feature was 
heavily pigmented anthers. 

The result of  the polyacrylamide gel electrophoresis 
(peroxidase stain) is shown in Fig. 3. Plants displaying 
the hybrid morphology possessed peroxidase bands for 
both parents. 

Ploidy levels of  plants obtained either from calli af- 
ter the fusion experiment or from the regeneration of  
protoplasts from clone US-W9310.3 that were not sub- 
jected to fusion conditions are given in Table 2. Plants 
from 9 calli originating from the fusion experiment were 
assessed. Of  these, 5 calli produced only tetraploids; 2 
produced only diploids and 2 produced both tetraploids 
and diploids. As expected, plants showing morphology 
different from either parent were tetraploids. Surpris- 
ingly, however, plants from protoplasts that had not 
been subjected to fusion conditions were also tetraploid 
even though the clonal plants from which the pro- 
toplasts were isolated were diploids. 

Fig. 3. Peroxidase isozymes separated by polyacrylamide gel 
electrophoresis using extracts from 1 Diploid clone US- 
W9545.99, 2 Tetraploid somatic hybrid, 3 Diploid clone US- 
W9310.3 

Discussion 

Morphological markers have been used by several 
workers as an indication of  protoplast  fusion (e.g. 
Schieder 1978). In our study, which is the first report  of  
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fusion between two tuber-bearing diploid hybrids of  
S. tuberosum,  the very different morphological markers 
of  parents and fusion progeny made hybrid identifica- 
tion simple. For this reason, these two lines could be 
very useful in future studies to evaluate alternative 
fusion methods. 

There are several reports of  spontaneous chromo- 
some doubling during the culture o f  potato protoplasts 
(e.g. Karp et al. 1982). Even though we examined only a 
relatively small sample (18 out o f  89) of  plants, the data 
show that an individual callus can give rise to plants o f  
different ploidy. This is in agreement with the results 
shown by Ramulu et al. (1983) and Karp et al. (1982). 

In this fusion experiment, in contrast with other ex- 
periments, (Austin et al. 1985; Helgeson et al., in prep- 
aration) progeny from parental plants as well as somatic 
hybrids were recovered. Since we obtained only one 
fusion callus from this experiment, we cannot determine 
whether or not fused material in this case had a strong 
cultural advantage over unfused parental material 
which we would expect from our other work. 

Wenzel (1980) suggested a novel potato breeding 
strategy in which the final step would be protoplast fu- 
sion o f  two highly selected diploids with desirable 
disease resistances and agronomic traits to give rise to 
a tetraploid plant to be considered as a cultivar. He 
anticipated that heterosis exhibited by fusion products 
at the callus stages would aid in their selection. Our  re- 
sults to date would support the feasibility o f  this system. 
It also appears that a specific marker  such as antibiotic 
resistance may not be required for selection o f  fusion 
products ofS.  t uberosum lines. 
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