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Abstract Electrofusion was used to obtain somatic hy- 
brids between Solanum etuberosum (2n=2x=24) and two 
diploid potato lines. These hybridizations were conducted 
to determine if haploid• species hybrids are better fu- 
sion partners than conventional S. tuberosumGp. Tubero- 
sum haploids. Restriction fragment length polymerase 
(RFLP) analyses of the putative somatic hybrids confirmed 
that each parental genome was present. The somatic hy- 
brids between S. e tuberosum and a haploid S. tuberosum 
clone, US-W730, were stunted and had curled, purple 
leaves. In contrast, somatic hybrids between S. e tuberosum 
and a haploidxwild species hybrid (US-W 730 haploid• 
berthault i i ,  were vigorous and generally tuberized under 
field conditions. These hybrids were designated as E+BT 
somatic hybrids. Analyses of 23 E+BT somatic hybrids re- 
vealed a statistically significant bias towards the retention 
of S. e tuberosum chloroplasts. Stylar incompatibilities 
were observed when the E+BT somatic hybrids were used 
as pollen donors in crosses with S. tuberosum cultivars. Re- 
ciprocal crosses did not show this incompatibility. The 
progeny were vigorous and had improved tuber traits when 
compared to the maternal E+BT parent. RFLP analyses of 
three sexual progeny lines confirmed the presence of all 
12 S. e tuberosum chromosomes. In two of these lines, 
RFLPs that marked each of the 24 chromosome arms of S. 
etuberosum were present. However, RFLP markers spe- 
cific for regions on chromosomes 2, 7, and 11 were miss- 
ing from the third clone. Because other markers for these 
chromosomes were present in the progeny line, these re- 
sults indicated the likelihood of pairing and recombination 
between S: e tuberosum and S. tuberosum chromosomes. 
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Introduction 

Solanum etuberosum, a diploid (2n=2x=24) species, has 
virus and frost resistances that could be useful to breeders 
of the cultivated potato, S. tuberosum Gp. Tuberosum 
(2n=4x---48). Classified as 1EBN according to the endo- 
sperm balance number hypothesis (Johnston and Hanne- 
man 1982), this species cannot be readily crossed with tet- 
raploid (4EBN) or diploid (2EBN) forms of S. tuberosum. 

The use of bridge species has been one means of cir- 
cumventing crossability barriers (Hermsen and Taylor 
1979). Bridging crosses, however, require a careful mon- 
itoring of the desired trait at each step to ensure that it is 
not lost prior to final sexual hybridization with S. tubero- 
sum. Somatic hybridization, a procedure that directly com- 
bines the genome of the wild species with S. tuberosum, is 
an alternative to the use of bridge species (Helgeson 1989). 
In many cases, somatic hybrids can be crossed directly to 
S. tuberosum (Ehlenfeldt and Helgeson 1987). 

Tubers of tetraploid somatic hybrids between non-tu- 
ber bearing Solanum species and Gp. Tuberosum species 
are often very small and misshapen (Austin et al. 1985 ). 
Poor tubers and reduced vigor are also often seen in hap- 
loids of Gp. Tuberosum (n---2x=24). However, hap- 
loid• species hybrids often show improved vigor and 
tuberization in comparison with their respective haploid 
parents (Hermundstad and Peloquin 1986). The somatic 
hybridizations reported here were conducted to determine 
if haploid• species hybrids are also better fusion part- 
ners than conventional Gp. Tuberosum haploids. 

Using electrofusion, we hybridized a clone of S. etube- 
rosum to two diploid potato lines. The first potato line was 
a S. tuberosum Gp. Tuberosum haploid, US-W 730 
(2n=2x=24)" the second line was a sexual hybrid between 
US-W 730 and S. berthaulti i .  Thus. the two diploid lines 
differed only by the addition of 12 chromosomes of S. ber- 
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t hau l t i i .  F o l l o w i n g  s o m a t i c  hyb r id i za t i ons ,  r e s t r i c t ion  
f r a g m e n t  l e n g t h  p o l y m o r p h i s m  ( R F L P )  ana ly se s  w e r e  con-  
d u c t e d  to v e r i f y  the  h y b r i d i t y  o f  the  r e g e n e r a t e d  c lones  and 
to d e t e r m i n e  i f  any  losses  o f  c h r o m o s o m e s  or  sets o f  ch ro -  
m o s o m e s  had  occur red .  S o m a t i c  hyb r id s  and the i r  s exua l  
p r o g e n y  f r o m  c rosses  wi th  t e t r ap lo id  S. t u b e r o s u m  l ines  
w e r e  a lso  e v a l u a t e d  unde r  f i e ld  cond i t i ons .  

Materials and methods 

Plant material 

Solanum etuberosum ( 'PI 245939') was obtained from the Inter-Re- 
gional Potato Introduction Project (IR- 1) at Sturgeon Bay, Wis. Seeds 
were germinated in vitro on propagation medium (Haberlach et al. 
1985), and one clone (designated 16-I) was selected for use in so- 
matic hybridizations because it readily regenerated plants from pro- 
toplasts. 

The S. tuberosum, Gp. Tuberosum haploid, US-W 730, was es- 
tablished in vitro on propagation medium from the surface-sterilized 
eyes of tubers supplied by R. E. Hanneman Jr., USDA/ARS-Madi- 
son, Wis. Clone 463-4, a haploidxwild species hybrid derived from 
the cross of US-W 730 with S. berthaultii ( 'P1265857') was provid- 
ed by S. J. Peloquin and Lisa Darmo, University of Wisconsin, Mad- 
ison 

When combined in somatic hybrids, the S. etuberosum genome 
component was designated as "E," the contribution of the S. tubero- 
sum, US-W 730 clone was designated as "T", and the portion con- 
tributed by the S. tuberosum x S. berthaultii hybrid (clone 463-4) was 
designated as "BT." Thus, somatic hybrids between S. etuberosum 
and US-W 730 were designated as E+T hybrids. Somatic hybrids 
between S. etuberosum and clone 463-4 (US-W 730 • S. berthaultii) 
were designated E+BT hybrids. Following the same notation, the 
sexual progeny from crosses of E+BT hybrids with S. tuberosum 
were designated EBTxT. 

V/cm, 500-KHz alternating current for approximately 30-45 s. Fu- 
sion of the protoplasts then proceeded following a direct current pulse 
(100 ~ts, 1250 V/cm). The alternating current was then slowly de- 
creased to zero over 20-30 s. 

The protoplast density was adjusted to 1.65• protoplasts/ml 
by the addition of liquid SKM-A medium, a modified version of Hunt 
and Helgeson's (1989) SKM medium. The modification consisted of 
adding an additional 5.0 g/1 of glucose and 10 g/1 of D-mannitol, 
bringing the osmolarity to approximately 490 mOsm/kg. Petri dishes 
containing the possible hybrid cells were wrapped with parafilm and 
incubated for 16-17 h in darkness at 21~ 

After 16-17 h incubation, protoplasts were plated onto agar-so- 
lidified SKM-A according to the bi-layer procedure of Hunt and 
Helgeson (1989). Newly plated protoplasts were kept in darkness for 
16-17 h. Then, a low light regime (20 laE m -2 s -1) was created by 
covering plates with cheesecloth and illuminating them with cool- 
white fluorescent lights. Incubator temperatures were 24~ during 
the day (16 h) and 21~ at night (8 h). The cheesecloth covering was 
removed 7-10 days after plating to give a light level of 50-60 gE 
m -2 s - I  By that time, viable protoplasts had formed cell walls and 
some had undergone cell division. 

When the microcalli were visible to the naked eye, the medium 
in the hi-layer plates was cut into six equal pie-shaped wedges. Two 
wedges each were layered onto 20 ml of agar-solidified culture me- 
dium (the culture medium of Haberlach et al. 1985 to which 2 mg/1 
zeatin was added) in a 100x15 mm plastic petri dish. Light illumi- 
nation was then increased to 90 g E m  -2 s -1. Under these conditions 
calli turned green. When they had grown to about 1 mm in diame- 
ter, calli were transferred to fresh culture medium at a density of 50 
calli/plate for further growth. Green calli which grew to 2-3 mm 
were then transferred (50 calli/plate) to differentiation medium (Ha- 
berlach et al. 1985) to promote shoot morphogenesis. Calli with shoot 
initials were placed upon proliferation medium to promote shoot el- 
ongation. The proliferation medium (PM-M#2) was modified from 
the version of Austin and Cassells (1983) by decreasing sucrose by 
5.0 g/l, adding 10.0 g/1 additional mannitol, including 1.0 g/1 of case- 
in hydrolysate, and providing 2.0 rag/1 (rather than 10 rag/l) GA 3. 
Shoots were removed and allowed to root in test tubes containing 
propagation medium. 

Protoplast isolation, electrofusion and regeneration 

Plant cultural conditions and protoplast isolation procedures were as 
described by Haberlach et al. (1985) except where indicated. For pro- 
toplast isolation, plants were grown in vitro at 20~ on 15 ml of prop- 
agation medium in 25 x 150-ram test tubes for 3-4 weeks (because 
of its slower growth in vitro, it was necessary to use 5- to 6-week- 
old S. etuberosum plants). The flotation step was not used; leaves ex- 
cised from plants were immediately placed in conditioning medium. 
After 24 h at 4~ the leaves were filtered from the conditioning me- 
dium, chopped finely with a straight-edged blade, and placed in en- 
zyme digest medium for 16 h at 28~ The digest medium of Haber- 
lach et al. (1985) was modified by adding fatty acid-free bovine ser- 
um albumin (0.2% BSA; Sigma A-7030), deleting PVR and utiliz- 
ing sucrose at 120 g/1. The rinse medium contained only sucrose 
(125 g/l) and BSA (0.2%) at pH 6.5. This was necessary because the 
concentration of salt in the standard rinse solution was too high for 
electrofusion. Following two rinses, the protoplast density was di- 
luted to approximately 106/ml by the addition of fusion medium con- 
taining sucrose (20 g/l), mannitol (71.6 g/l) and CaC12 (73.5 rag/l). 

5 A dilution of protoplasts to a final concentration of 5•  was 
done with the same medium after the actual protoplast density was 
determined with a hemacytometer. 

Electrofusion of protoplasts was conducted with the use of a Cell- 
Electrofusion Processor #001002 (DEP Systems) with 2x35 mm 
stainless steel electrodes resting in a petri dish. The electrodes were 
sterilized in a 100x25 mm petri plate by soaking in 70% ethanol for 
5 rain. After air-drying, they were placed in a 100• sterile pe- 
tri dish. A drop (440 gl) containing protoplasts to be fused was then 
added to the gap between the electrodes. Protoplasts were aligned 
into short chains between the electrodes by the application of a 90 

Genomic and chloroplast analyses 

Total cellular DNA was isolated from frozen young leaves by the 
method of Saghai-Maroof et al. (1984). Subsequent digest, electro- 
phoresis, and blotting of DNA are as described by Williams et al. 
(1990). For blots, each lane contained approximately 6 t~g of DNA. 

Hybridization probes for nuclear analyses were a subset of the 
single-chromosome specific probes used in mapping the tomato and 
potato genomes (Bonierbale et al. 1988; Tanksley et al. 1992). Twen- 
ty-five probes were selected which provided at least 2 probes/chro- 
mosome and which showed DNA polymorphisms between S. etube- 
rosum and US-W 730 (Fig. 1). 

Chloroplast analyses were done with a Petunia probe (P3) by the 
method of Spooner et al. 1991. Radiolabeling of the probe DNA and 
subsequent hybridization and washing were as described by Williams 
et al. (1990). 

Field assessment of somatic hybrids 

Three somatic hybrid clones from each fusion, the fusion parents, 
and cultivars 'Kennebec' and 'Atlantic' were evaluated at the Uni- 
versity of Wisconsin Agricultural Research Stations at Hancock and 
Sturgeon Bay, Wis. The E+BT clones were obtained from three sep- 
arate calli; the E+T clones were taken from two different caUi. The 
experimental design was a randomized complete block with three 
replicates. Each experimental unit consisted of five transplants 
spaced at 30 cm with 92 cm between rows. Evaluated traits includ- 
ed tuber number, yield, tuber weight, and survival. Survival was as- 
sessed 1.5 months after transplanting to the field. 



Fig. 1 Schematic representa- 
tion of SoIanum chromosomes 
with locations of markers used 
in the genomic analysis of so- 
matic hybrids and sexual proge- 
ny. Each probe/enzyme combi- 
nation detected polymorphisms 
between S. etuberosum and the 
fusion parents 463-4 and US-W 
730, IIl HindIII, I EcoRI, V 
EcoRV. The estimated distance 
between markers is given in 
centiMorgans (cM), and was 
based on the summation of two 
point distances between the 
intervening markers presented 
in the Cornell University potato 
molecular map (Tanksley et al. 
1992) 
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Cytology and stylar analyses 

Ploidy levels of somatic hybrids and their sexual progeny was deter- 
mined by root tip or flower bud chromosome counts as described by 
Novy and Hanneman (1991). 

Stylar analysis was done using aniline blue (0.05% aniline blue 
in 0.1 N K2PO4) as described by Novy and Hanneman (1991) except 
that pistils or styles were collected 2 or 3 days after pollination. Pol- 
linated styles treated with aniline blue showed fluorescent pollen 
tubes when exposed to UV light (356 nm). 

Crosses 

Crosses were performed in a greenhouse or growth room. Green- 
house light was supplemented by high pressure sodium vapor lights; 
growth rooms were illuminated with cool-white fluorescent lights�9 
An attempt was made to maintain photoperiods of 15-16 h and tem- 
peratures of 18 ~ under both regimes, however the temperature fluc- 
tuated +_4~ in the greenhouse. Plants to be used as females were 
emasculated 1 day prior to anthesis. Either fresh or refrigerated pol- 
len (no more than 1 week old) was used in crosses. Fruit were al- 
lowed to mature on the plant for 1-1.5 months following pollination. 
Harvested fruit were then allowed to ripen an additional month prior 
to the extraction of seed. Seed were then aseptically extracted from 
the mature fruit and soaked in a sterile aqueous solution of 1500 to 
2000 rag/1 of GA 3 for 24 h. Seeds were germinated aspectically in 
test tubes containing propagation medium (Haberlach et al. 1985). 

Results 

Callus culture and regenerat ion 

S. e tuberosum protoplasts and those from the potato par- 
ents, US-W730  and 463-4  were plated in the experiments  
along with the fusion products. S. e tuberosum protoplasts 

and some cells that had undergone the electrofusion pro- 
cedure gave visible calli 2 weeks after the electrofusion 
and plating. On the other hand, neither U S - W  730 nor 
463-4 protoplasts showed cell divis ion when plated by 
themselves.  

Shoots were first removed from calli 3 months after 
electrofusion, and the majori ty were obtained over an ad- 
dit ional  6-week period. Since regenerat ion from US-W 730 
and 463-4 cells was not expected, regenerated shoots were 
expected to be either: (1) S. e tuberosum diploids derived 
from non-fused cell lines, (2) S. e tuberosum tetraploids, or 
higher-ploidy types from auto-fusions or spontaneous dou- 
bl ings in culture, or 3) tetraploid and higher-ploidy somatic 
hybrids. 

Initially, all shoots that formed were removed from calli 
and placed on med ium for rooting. During this process it 
was observed that regenerat ing shoots on calli could be cat- 
egorized on the basis of tr ichome density and pigmenta-  
tion of stems and leaves. Most  shoots were green and had 
few or no trichomes, traits characteristic of regenerated 
shoots of S. etuberosum. However, some shoots had pur- 
ple p igmenta t ion  and abundant  trichomes. Once rooted, 
these purple-pigmented  shoots with tr ichomes developed 
into in vitro plants with morphologies differing from S. etu- 
berosum. These were selected as possible fusion hybrids.  

RFLP analyses of somatic hybrids 

Three chromosome-specif ic  RFLP probes, TG68 (chromo- 
some 12), TG259 (ch. 1), and TG422,(ch.  6) were used to 
analyze 23 possible somatic hybrids (Fig. 2). In general,  
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Fig. 2 Autoradiograms from 
Southern blots of genomic 
DNA from fusion parents 
(463-4, 16-1) and four of their 
E+BT somatic hybrids hybri- 
dized with A probe TG68 from 
chromosome 12. Genomic 
DNA had been digested with 
EcoRV. Somatic hybrid 3 is 
missing the upper diagnostic 
band of 463-4. B Probe TG259 
from chromosome 1; genomic 
DNA had been digested with 
EcoRI. C Probe TG422 from 
chromosome 6; genomic DNA 
had been digested with HindIII 

Fig. 3 Autoradiogram from the hybridization of a Southern blot of 
total DNA (HindlII digests) with chloroplast probe P3. E+BT somat- 
ic hybrids 2, 4, 8, 11, and 14 display only the bands of the 463-4 par- 
ent, while the remaining hybrids show the bands of the S. etubero- 
sum parent (16-1). DNA of hybrid 23 had incomplete digestion with 
HindIII that did not allow for a conclusive chloroplast categoriza- 
tion 

agnostic band; 2 lacked TG 68 (ch. 12) and 2 lacked TG56 
(ch. 3) and TG 194 (ch. 1 1 ) ,  respectively. The remaining 
clone lacked bands for both TG 68 (ch. 12 ) and TG 438 
(ch. 7). 

Chloroplast analyses of somatic hybrids 

Chloroplast analyses of 24 E+BT somatic hybrids with 
probe P3 identified 18 hybrids with S. etuberosum chloro- 
plasts and 5 hybrids with S. tuberosum chloroplasts (Fig. 
3). (DNA of 1 somatic hybrid was incompletely digested 
and thus a definitive categorization of its chloroplast type 
was not possible.) The observed deviation from an ex- 
pected 1:1 ratio was statistically significant at the 2.5% 
level (Z 2 value of 6.26 with 1 dy'). 

the putative somatic hybrids, which had been selected on 
the basis of morphology, had all of the diagnostic bands of 
both fusion parents. The exceptions were 3 somatic hy- 
brids that lacked 463-4 (BT) marker bands when probed 
with TG68 (ch. 12) and 1 somatic hybrid that lacked the 
TG422 (ch. 6) marker bands of the 463-4 parent. 

A more detailed genomic characterization of 14 E+BT 
and 4 E+T somatic hybrids was conducted with 25 probes 
covering all 12 chromosomes. All somatic hybrids carried 
all of  the bands unique to S. etuberosum. The 4 E+T hy- 
brids also had all of the US-W730 diagnostic bands. At 
least one 463-4-specific RFLP was present for each chro- 
mosome in each E+BT hybrid. However, the loss of 
463-4 marker bands was observed in 5 of the 14 E+BT 
somatic hybrids. Four of  these clones lacked one 463-4 di- 

Description of somatic hybrid plants 

Test tube plants of E+BT somatic hybrids were vigorous 
with an upright growth habit similar to that of the fusion 
parent 463-4. S. etuberosum plantlets tended to have a 
bushier growth habit. The growth of these somatic hybrids 
in the field and greenhouse was typically vigorous with a 
sprawling, indeterminate growth pattern. Leaves were 
darker green and larger than those of the diploid parents. 
Flowering was profuse, with 5-8 dark purple, pentagonal 
flowers per inflorescence. 

Chromosome counts of  13 E+BT hybrids indicated that 
all but 1 were at or near the expected tetraploid level (45-48 
chromosomes).  The exception, althoUgh difficult to assess 
cytologically, had many more than 48 chromosomes, as 
well as improved tuberization with respect to the tetra- 
ploids. Thus, it was probably a hexaploid (2n=6x=72) de- 
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Table 1 Location means for yield (g/hill), tuber number, tuber weight, and % survival of three parental clones, their respective somatic 
hybrids, and two commercial cultivars 

Clone Description Grams/hilP Tubers/hill a Tuber weight a (g) Survival a (%) 

Hancock St. Bay Hancock St. Bay Hancock St. Bay Hancock St. Bay 

463-4 US-W 730 • her 1048a c 294a 18.2a 6.5bc 58c 45b 100a 93a 
US-W 730 Tuberosum haploid 227c 60b a 6.6c 4.5bc ~ 35d 14C d 93a 40cd 
16-1 S. etuberosum (etb) 0.0 0.0 0.0 0.0 0.0 0.00 93a 60bc 
Atlantic Cultivar l140a 261a 7.5c 3.7c 152a 72a 100a 100a 
Kennebec Cultivar 1126a 368a 12.7b 6.6bc 89b 58ab 100a 87ab 
2-7-4A E+BT fusion hybrid 391b 110b 18.6a 18.6a 21e 7d 93a 87ab 
2-9-1A E+BT fusion hybrid 226c 79b 22.0a 13.7ab 10f 6d 100a 93a 
2-1-3A E+BT fusion hybrid 0.0 0.0 0.0 0.0 0.0 0.0 60b 40cd 
1-1-1A E+T fusion hybrid 0.0 0.0 0.0 0.0 0.0 0.0 93a 27de 
1-1-6A E+T fusion hybrid 0.0 0.0 0.0 0.0 0.0 0.0 100a 7e 
1-1-1C E+T fusion hybrid 0.0 0.0 0.0 0.0 0.0 0.0 0 0 

Entries with 0.00 values were not included in data analyses due to their biased effect (reduction) on the error variance 
b S. berthaul t i i  
~ Trait means followed by the same letters are not significantly different at P=0.05 (Fisher's LSD) 
d Missing one entry. Values in the LSD comparison were adjusted using harmonic means 

rived from the fusion of two 463-4 protoplasts with one S. 
e tuberosum protoplast. 

Of 34 E+BT somatic hybrids tested, 7 (21%) shed pol- 
len. Pollen staining of these 7 hybrids ranged from 45% to 
75%. Male sterility was not associated with chloroplast 
type or the presence or absence of a particular RFLP band. 

As with the E+ BT hybrids,growth of the E+T somatic 
hybrids in test tubes was generally good, with hybrids dis- 
playing the erect growth of the haploid parent US-W 730. 
When these somatic hybrids were transplanted to the 
greenhouse or field, however, their leaves curled and de- 
veloped purple coloring on the underside of the leaves. 
Shoot and root growth was severely retarded. Of ten lines 
counted, seven had 45-48 chromosomes, at or near the ex- 
pected tetraploid level. Three clones were hexaploids, or 
nearly so (65-72 chromosomes).  

Tuber Traits 

All 3 E+BT somatic hybrids were late maturing; green 
vines and flowers were present 3.5 months after planting. 
Tuberization occurred in 2 of the 3 (Table 1 and Fig. 4A). 
Tubers from these 2 E+BT clones were produced in large 
numbers, and no significant differences for tubers/hill were 
found between clones. However, clone 2-7-4A with larger 
tubers, gave a significantly higher yield at Hancock (g/hill, 
Table 1). 

The E+T somatic hybrids did not tuberize nor did they 
even form stolons. At harvest, surviving plants showed 
only swelling at the base of the plant. Due to the poor vigor 
and complete lack of tuberization in the E+T hybrids, com- 
parisons with E+BT hybrids were not repeated a second 
year. 

Field analyses of somatic hybrids 

A field study with 3 tetraploid somatic hybrids of each type 
was designed to evaluate survival, tuber weight, tuber num- 
ber, and yield (Table 1). Survival of the transplanted clones 
was 93 -100% (with 2 exceptions) at Hancock, Wis., where 
fields were regularly irrigated every 2-3 days. The excep- 
tions were 2-1-3-A (60% survival) and clone 1-1-1C (0% 
survival). Survival rates at Sturgeon Bay, where water was 
only supplied after transplanting and during periods of pro- 
longed dryness, were generally lower. Under these condi- 
tions, E+T somatic hybrids 1-1-1A and 1-1-6A showed a 
dramatic decrease in survival when compared to their 
counterparts at Hancock. As at Hancock, clone 1 - 1-1C also 
did not survive under field conditions at Sturgeon Bay. The 
E+BT somatic hybrids did not show this marked difference 
in survival between locations, although 2 clones showed a 
6-7% decrease in survival at Sturgeon Bay and 1 clone 
showed a 20% decrease. 

Crossing of somatic hybrids 

Sexual hybridization between E+BT somatic hybrids and 
4x Gp. tuberosum cultivars was attempted. Five hundred 
and three pollinations utilizing 22 4x somatic hybrid 
clones as females produced 99 berries and 24 seeds. 
Reciprocal crosses using Gp. Tuberosum cultivars as the 
female parent yielded few berries and no seeds. 

It was hypothesized that poor seed set might reflect sty- 
lar incompatibilities. To test this possibility, stylar analy- 
ses were conducted to assess pollen-tube growth in each 
of the two crosses. When somatic hybrids were used as fe- 
males, no obstruction of Gp. tuberosum pollen tube growth 
was seen. In contrast, blockage of pollen tube growth was 
seen in the reciprocal crosses. Generally, pollen tubes were 
stopped in the upper one-third of the Gp. tuberosum styles; 
a few tubes sometimes managed to reach three-quarters of 
the length of the style. None traversed the entire length. 
Similar findings were seen in self-pollinations of somatic 
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of purple pigmentation in the stems and leaves of the so- 
matic hybrids and the sexual progeny. 

In the greenhouse, only 2 EBTxT clones flowered: 
1 was male,sterile, and the other, EBTxT-3, had 38% stain- 
able pollen. These 2 clones were used as females in crosses 
with Gp. tuberosum cultivars. The male-sterile plant was 
also female sterile. However, EBT• produced an aver- 
age of 6 seeds/berry (from 29 pollinations and 21 berries). 

Molecular analyses of the sexual progeny clones 

Three clones, including the fertile clone mentioned above, 
were analyzed with 25 RFLP probes to assess the sexual 
transmission of S. etuberosum chromosomes from the 
E+BT parent. The somatic hybrid parents of these 3 clones 
had all 25 etuberosum marker bands, indicating that at least 
one copy of each S. etuberosum chromosome arm had prob- 
ably been present. 

No loss of S. etuberosum diagnostic bands were ob- 
served for 2 of the clones. The remaining clone, EBTx 
T-3, showed the loss of regions on chromosomes 2, 7, and 
l 1 (identified by the molecular probes TG31, TG438 and 
TG194, respectively). Markers mapping to other regions 
of each of these chromosomes were present, indicating that 
only partial losses of chromosomes 2, 7, and 11 had oc- 
curred. 

Fig. 4 A Field tubers of 463-4 (left), E+BT hybrid 2-7-4A (middle), 
and US-W 730 (right). B Greenhouse tubers of four EBTxT clones. 
E+BT hybrid 2-7-4A was the maternal parent of the EBTxT clone 
that produced the tubers in the top right 

hybrids, where cessation of tube growth occurred in the 
upper one-half of the style. 

Sexual progeny of E+BT somatic hybrids 

Only 5 of the 24 seeds obtained from crosses of E+BT 
clones with Gp. Tuberosum cultivars germinated and pro- 
duced plants. Chromosome counts of 4 of these EBTxT 
progeny indicated they were at or near the tetraploid level 
(47-48 chromosomes). Under greenhouse conditions, 4 of 
the 5 displayed normal growth patterns. The fifth had nor- 
mal early development. Later, its apical meristem produced 
twisted, distorted leaves, and meristematic growth eventu- 
ally ceased. 

Tuberization occurred in all EBT• clones under green- 
house conditions. A noticeable improvement in tuber size 
and appearance was observed (Fig. 4B) when comparisons 
were made to tubers of the somatic hybrid parents. All 
progeny showed intense purple pigmentation of stolons 
and less intense pigmentation of tubers. This pigmentation 
trait was apparently derived wholly or in part from the S. 
etuberosum parent, which also influenced the expression 

Discussion 

Selection of somatic hybrids directly from calli was facil- 
itated by shoot pigmentation and the presence of trichomes 
on newly regenerated shoots. Also, the inability of the pro- 
toplasts of parental US-W 730 and 463-4 lines to divide on 
the selected medium greatly reduced the number of non- 
hybrid calli regenerated. As in studies with S. brevidens 
(Austin and Helgeson 1987), the ability of one partner (S. 
etuberosum) to regenerate from protoplasts allowed pro- 
duction of somatic hybrids with the non-regenerating pa- 
rental lines. 

The preferential loss of chromosomes or sets of chro- 
mosomes has been reported in some somatic hybrids (Pen- 
tal et al. 1986; Pijnacker et al. 1987). RFLP analyses 
showed that this was not the case with the somatic hybrids 
examined in this study. Only 5 of the E+BT hybrids showed 
loss of parental diagnostic bands. Of these, 4 had lost one 
marker; the remaining line lost two. In no case had a so- 
matic hybrid lost all of  the markers for a given chromo- 
some .  

Chloroplasts in somatic hybrids generally are of one pa- 
rental-type, and not both types (Pelletier 1986; Kumar and 
Cocking 1987). This was also observed in the E+BT so- 
matic hybrids, where either the S. etuberosum or the S. tu- 
berosum Gp. Tuberosum chloroplast, but not a mix of the 
two, predominated. However, in contrast to other studies 
(Austin and Helgeson 1987; Pehu et al. 1989), a statisti- 
cally significant preferential retention of S. etuberosum pa- 



rental chloroplasts was observed. S. etuberosum chloro- 
plasts were even retained in a hexaploid E+BT clone, the 
probable product of two potato cells fusing with one S. etu- 
berosum cell. With somatic hybridizations of Nicotiana, 
Bonnett and Glimelius (1983) found that species with only 
slight chloroplast genome divergence exhibited a random 
chloroplast segregation pattern in their somatic hybrids. 
Conversely, those Nicotiana species with a greater dispar- 
ity between chloroplast genomes were more likely to show 
a selective advantage for one type of chloroplast in the so- 
matic hybrid cells. Considering the large dissimilarity (>21 
mutational differences) between S. tuberosum and S. etu- 
berosum chloroplast genomes (Hosaka et al. 1984), the ob- 
servations of Bonnett and Glimelius may help to explain 
the biased retention of S. etuberosum chloroplasts. 

Pronounced differences in vigor and yield were seen 
between the E+T and E+BT somatic hybrids. The poor 
vigor of the E+T hybrids may be an expression of hybrid 
lethality or semi-lethality similar to what has been previ- 
ously reported in SoIanum (Emme 1937; Propach 1940). 
The improved performance of the E+BT somatic hybrids 
appears to be the result of the substitution of 12 S. tubero- 
sum chromosomes with S. berthaultii  chromosomes. This 
chromosome substitution may have removed gene(s) of S. 
tuberosum responsible for the poor vigor of the E+T hy- 
brids. Conversely, the allelic diversity and heterozygosity 
contributed by the 12 S. berthaultii chromosomes may have 
masked the expression of the etuberosum-tuberosum in- 
compatibility in E+BT somatic hybrids. 

Crosses of the E+BT somatic hybrids with S. tubero- 
sum Gp. Tuberosum cultivars were possible, but limited by 
stylar incompatibilities and seed lethality. Stylar incom- 
patibilities have been reported for the self-compatible Etu- 
berosa species and their hybrids when used as males in 
crosses (Hermsen et al. 1981; Ehlenfeldt and Helgeson 
1987; Novy and Hanneman 1991). Ehlenfeldt and Helge- 
son (1987) reported no inhibition of pollen tube growth 
upon selfing of the S. brevidens+S, tuberosum Gp. Phu- 
reja-Stenotomum tetraploid somatic hybrids. This was not 
the situation when E+BT somatic hybrids were selfed, as 
pollen tube growth was arrested in the upper one-half of 
the style. 

Four of five sexual progeny were vigorous plants with 
improved tuber traits as compared to their somatic hybrid 
parents. The marked improvement of tuber characteristics 
following one cross to Gp. tuberosum cultivars is a trend 
generally observed with somatic hybrids involving the se- 
ries Etuberosa species (Austin and Helgeson 1987; Helge- 
son et al. 1993). All five progeny appeared to be at, or near, 
the expected tetraploid level. Molecular analyses of two of 
the progeny lines indicated that each had a complete set of 
12 S. etuberosum chromosomes. This was probably due to 
preferential intra-genomic pairing of S. etuberosum chro- 
mosomes during meiosis of the E+BT parent. A third prog- 
eny line was missing some diagnostic bands for chromo- 
somes 2, 7, and 11. This suggests the possibility that inter- 
genomic pairing and recombination may have occurred, a 
prerequisite for effective introgression of traits from S. etu- 
berosum into potato breeding lines. Further crosses of 
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clone EBTxT-3 with a Gp. Tuberosum cultivar were suc- 
cessful. Thus, it appears that the somatic hybrid-derived 
materials will have the fertility necessary for their effec- 
tive use in breeding programs. 
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