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ABSTRACT 

Cycloheximide resistance (CHr) was shown to be a function expressed in 
differentiated plant tissues, but not in unorganized callus tissues. A variant, 
WCHlO5, expressing CHr in the callus, as well as i n  regenerated plantlets, 
was isolated from a cell line derived from a wild carrot plant. The plantlets 
regenerated from WCHIO5 are green, but do not produce normal, dissected 
leaves. Protoplasts of WCHlO5 were fused with that of a cycloheximide- 
sensitive (CHs) cell line derived from an albino, domesticated carrot. Hybrid 
selection was based on (1) irreversible growth inhibition of WCH105 proto- 
plasts by iodoacetamide, and ( 2 )  restoration of green plants producing dis- 
sected leaves.-Analysis of the CHr trait as an unselected marker in the 
callus cells of the somatic hybrids indicated that it behaved as a recessive. The 
combined recessive and resistant phenotype of this trait allowed the recovery of 
CH' segregants from CHs hybrids at a frequency of 10-4, 1000 times higher 
than the spontaneous frequency of CHr. The recovery of CHr somatic 
segregants confirmed the recessiveness of the CHr trait. 

INCE CARLSON'S reports on the isolation of mutants and production of somatic 
hybrids from tobacco tissue cultures (CARLSON, SMITH and DEARING 1972; 

CARLSON 1970), there has been interest in the development of somatic cell ge- 
netic systems in plants. Increasing numbers of biochemically selectable markers 
have been reported in the past ten years (MALIGA 1978) ; protoplast fusion and 
plant regeneration have become useful tools for generating interspecific and in- 
tergeneric hybrid plants (VASIL, AHUJA and VASIL 1979). These techniques al- 
low the combining of genetic material from different somatic cells. In addition 
to permitting genetic exchange, an efficient genetic system should provide op- 
portunities for gene mapping, e.g., by somatic recombination and chromosome 
elimination. Somatic segregation by means of chromosome elimination has been 
exploited extensively fo r  mapping gene functions on specific chromosomes in 
animal tissue cultures (RUDDLE 1973). Although chromosome elimination has 
been observed in plant somatic hybrids (BINDING and NEHLS 1978; MALIGA et al. 
1978; WETTER and KAO 1980), definitive proof for  somatic segregation requires 
recessive markers that are selectable in culture. 
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Cycloheximide resistance (CH') is a function related to the differentiated 
state of tissues. CH' is expressed only in embryos and plantlets regenerated from 
callus cultures of carrots, not in the callus per se (SUNG, LAZAR and DUDITS 
1981). Normally, growth of callus cultures is inhibited by 10 pg/ml CH. A 
variant (WCHlO5) resistant to CH was isolated, SUNG 1976b); it expressed CH' 
both in the undifferentiated callus and in the plantlets. The mechanism of Cw', 
in both plantlets and WCHlO5 callus was found to be CH-inactivation (CH') 
(SUNG, LAZAR and DUDITS 1981). This work reports the characterization of the 
CH' variant by somatic hybridization. Use of somatic hybridization is discussed 
as a means of studying the mechanisms regulating the expression of differentiated 
functions. 

MATERIALS AND METHODS 

The isolation and genetic characterization of the albino mutant ( A , )  from a biennial diploid 
domesticated carrot (Daucus carota, cv. Nantaise Slendero) has been described (DUDITS et al. 
1977; DUDITS et al. 1977a, b). The albinism is the result of a nuclear mutation and reverts at a 
frequency less than 5 X lC-9. The CHI' cell line (WCH105) was isolated from a cell line, WOOIC, 
initiated from a diploid wild carrot, Daucus carota L. (SUNG 1979). Spontaneous appearance of 
CHr colonies occurred at a frequency of 5 x 1G-8 (SUNG 1976b). The characterization of CHr in 
the plantlets and callus of WCHIO5 and in the callus of WOOlC was provided by SUNG, LAZAR 
and DUDITS (1981). Cultures were maintained in MS medium (MURASHIGE and SKOOG 1962) 
supplemented with 0.1 or 0.5 mg/l 2,4-dichlorophenoxyacetic acid (2,4-D) . Growth was moni- 
tored as dry weight increase or by the sidearm-turbidity method (SUNG 1976a). To initiate em- 
bryogenesis and regenerate plants from the culture, cells were transferred to the MS medium 
free of 2,4-D (regeneration medium), according to procedures described previously (SUNG, SMITH 
and HOROWITZ 1979). WCHIO5 forms green plantlets, but they do not develop mature dissected 
leaves, nor do they flower. Hence, genetic characterization was attempted by means of somatic 
hybridization. 

Protoplasts were isolated from both cultured cells and leaf material according to published 
procedures (DUDITS et al. 1976). To reduce the survival of parental cells, protoplasts prepared 
from WCH105 cell cultures were inactivated with 30 mM iodoacetamide for 30 min at 0" 
(NEHLS 1978), Leaf protoplasts of WCH105 were prepared from aseptically cultivated plantlets. 
Since leaf protoplasts of carrot plants could not divide in culture (DUDITS et al. 1979a), this 
property can be used to counterselect unfused WCHIO5 protoplasts and its homokaryons. 

In fusion experiments, protoplasts were mixed in  a 1:l ratio a t  2 x 106 cells/ml and 
treated with polyethylene glycol (PEG) Mw: 1540 according to published methods ( G o  and 
MICHAYLUK 1974). Parental cultures and mixed protoplast cultures without PEG treatment were 
established in each experiment to serve as controls. 

Protoplasts were cultured in plastic petri dishes in MS/VI medium prepared from MS 
medium with the following supplements: (mg/l) yeast prepared from MS medium with the 
following supplements: (mg/l) yeast extract, 200; L-glycine, 10; L-glutamine, 100; L-trypto- 
phan, 10; L-cysteine, 10; L-methionine, 5; choline, 10; coconut milk, 100 ml; conditioned cell 
culture medium, 100 ml, obtained from a 10-day-old A,  culture grown at the logarithmic phase. 
The osmotic stabilizer was glucose (0.38 M).  Naphthalene acetic acid (0.18 mg/l), 2,4-D (0.55 
mg/l) and zeatin (0.11 mg/l) were used as plant hormones. 

Two weeks after fusion, cultures were gradually diluted with cell culture medium at two-day 
intervals. Each culture was divided after one month. One part was further cultivated under 
hormone-free conditions to induce embryogenesis. The regenerated small embryos were trans- 
ferred into large Erlenmeyer flasks and were subcultured every month. Aseptically cultured 
plants were grown in a photoperiod of 16/8 hr, with approximately 1500 lux illumination. Plant- 
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lets thus produced were potted and grown in a greenhouse. The other parts of the PEG-treated 
cultures were plated on agar plates containing 10 ag/ml CH for direct selection of CHr colonies. 

Cycloheximide-inactivation tests were performed by agar-gel diffusion bioassay based on the 
growth of Saccharomyces cerevisiae (MALIGA et al. 1976). Callus or plantlets were incubated in 
liquid medium containing 10 ag/ml CH (SUNG, LAZAR and DUDITS 1981). Media from liquid 
cultures (0.1 ml), water extracts of agar media, and washed callus homogenates were applied in a 
well punctured in a YEPD medium inoculated with yeast. After 20 hr incubation at  30", a zone 
of growth inhibition was formed around the well if the media contained active CH. The amount 
of CH was estimated by the size of the inhibition zone. A zone of inhibition with a diameter of 
1.8 cm is equivalent to 1 gg CH. 

Chromosome counting of the cultured cells and the root tips was performed according to 
published procedures (DUD~TS et al. 1976). Thirty metaphases were counted for each sample. 

RESULTS 

Somatic hybridization through protoplast fusion: Fusion between protoplasts 
from callus suspension or primary leaves of WCHlO5 and from callus of the 
albino carrot ( A , )  was achieved by PEG treatment. The nuclear chlorophyll- 
deficient mutation in A ,  and the failure to differentiate normal leaves in 
WCHlO5 were characters shown to be highly stable and presumed to be reces- 
sive. A subsequent selection scheme for somatic hybrids was devised based on the 
restoration of these two recessive traits. Colonies were isolated that produced 
green plantlets capable of differentiating normal, dissected leaves (Figure 1). 

Predominantly nondividing leaf protoplasts or iodoacetamide-treated cell cul- 
ture protoplasts of the WCHlO5 line were used in order to reduce the survival 
of WHClO5. Three hybrids were obtained by fusion between leaf protoplasts of 
WCHlO5 with A,  protoplasts, and 57 hybrids were obtaked by fusion between 
iodoacetamide-treated WCHlO5 protoplasts with A, protoplasts. Hybrids ob- 
tained from the two kinds of fusion experiments behaved similarly, but the ex- 
periments employing iodoacetamide-treated WCHlO5 yielded 20 times more 
fusion products than did the ones employing leaf protoplasts. For simplicity, 
only the experiments employing iodoacetamide-treated WCH105 are reported in 
Table 1. 

In a total of four experiments, approximately 4 X lo6 albino protoplasts and 
4 X lo6 WCHlO5 protoplasts were treated with PEG to effect fusion. Although 
285 green plantlets were recovered from the fused protoplasts, only 57 of them 
developed normally (Figure 1 ) . 

These 57 plants exhibited hybrid morphology: they were biennial, like the 
domesticated carrot-none bolted in 6 months as does the wild carrot-but they 
developed dissected, mature green leaves and white roots with a morphology 
intermediate between the domesticated and the wild carrot. Sexual hybrids be- 
tween different varieties of carrots often exhibit a morphology intermediate be- 
tween the parents (MCCOLLUM 1977). No differences were observed between 
plants selected after fusion with callus or with leaf protoplasts of WCHlO5. 

Callus cultures were initiated from 30 of the 57 plantlets, and their sensitivity 
to CH was tested. All 30 callus cultures were found to be CH". The growth rate 
of cell suspension cultures initiated from two of the hybrid plants (no. 25-12 




