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Summary. Direct selection of cybrids by simultaneous
selection for “donor” chloroplasts and for the “recipi-
ent” nuclei is described. Mesophyll protoplasts of two
tobacco (Nicotiana tabacum) mutants, SR1 (streptomy-
cin resistant) and Val-2 (valine resistant), were fused
by polyethylene glycol treatment. Streptomycin resis-
tance in the SR1 mutant is a maternally inherited
chloroplast trait while valine resistance is a Mendelian
(nuclear) digenic recessive character. The fused proto-
plast population was cultured and colonies were se-
lected for resistance to valine (1 mM) and streptomycin
(343 uM). The efficiency of selection has been con-
firmed in three clones by demonstrating seed trans-
mission of both streptomycin and valine resistances. In
one subclone both streptomycin resistant and sensitive
plants were obtained indicating that the streptomycin
sensitive chloroplasts had not been totally eliminated
by growth on the selective medium.

Key words: Cybrid — Streptomycin resistance — Valine
resistance — Tobacco

Introduction

Protoplast fusion and subsequent segregation of nuclei
and chloroplasts in the heterokaryons lead to the one-
step transfer of chloroplasts from one parental line to
another (Belliard etal. 1978; Glimelius and Bonnett
1981). This procedure results in cytoplasmic hybrids (or
cybrids) with chloroplasts (and/or mitochondria) from
the “donor” and a nucleus from the “recipient”. If the
nuclei fuse, somatic hybrids are obtained.

Elimination of the donor nuclei in the heterokaryons has
been facilitated by irradiation of donor protoplasts with X- or

gamma-rays before fusion (Zelcer etal. 1978; Sidorov etal
1981; Menczel etal. 1982). Another alternative to prevent
hybrid formation is the use of enucleated protoplasts or
cytoplasts (Maliga etal. 1982). However, cytoplast prepara-
tions contain protoplasts and nuclei in X-irradiated proto-
plasts can be reactivated following fusion with untreated cells.
In experiments designed to follow the fate of chloroplasts or to
select for their transfer, these techniques were combined with
the use of a donor line carrying a selectable cytoplasmic trait
of resistance to streptomycin (Maliga et al. 1975) or lincomycin
(Cséplo and Maliga 1982; Medgyesy et al. 1980; Menczel et al.
1983, Fluhr etal. 1983; Cséplo etal. 1984). Screening for
antibiotic resistance does not, however, discriminate between
cybrids and somatic (nuclear) hybrids. Consequently, in most
instances, somatic hybrid clones were also obtained in ad-
dition to cybrids (e.g. Menczel et al. 1982).

In this paper we describe direct selection for cybrids

by simultaneous selection for streptomycin resistant
“donor” chloroplasts and for “recipient” nuclei dis-
playing valine resistance, a recessive marker.

Materials and methods

Plant material

SR1, a streptomycin resistant line of Nicotiana tabacum cv.
‘Petit Havana’ was obtained by Maliga et al. (1973). Val™-2, a
valine resistant line derived from the wild type haplo-di-
ploidized line XHFD8 of N.tabacum cv. ‘Xanthi’ nc was
obtained in our laboratory (Bourgin 1978).

Protoplast preparation and fusion

Mesophyll protoplasts were prepared from the leaves of
greenhouse-grown plants according to the method of Chupeau
etal. (1978), except that the protoplasts were washed in the
WO.6 salt medium of Meyer and Abel (1975). Protoplast
fusion was induced by polyethylene glycol (PEG) essentially
as described by Chupeau etal (1978), with the following
modifications: the PEG 6000 solution (20% (w/v)) was pre-
pared in 0.245 M CaCl, and the pH was adjusted to 7.0 before
autoclaving (Chupeau, personal communication). The fusion
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Fig. 1. Test for streptomycin resistance of seedlings obtained through self-fertilization of a plant of the Val™-2 streptomycin-sensitive

parental line (a) and of the A1-10 cybrid clone (b)

mixture was diluted after 30 min with 10 ml of medium TO,
the medium in which the protoplasts were subsequently
cultured.

Plant regeneration

Plants were regenerated from the selected colonies by in-
ducing shoot formation on medium R4 and the resulting
shoots were rooted on medium B (Bourgin et al. 1979).

Tests for resistance

Seeds of the various lines were germinated on medium B
containing respectively 2 mM valine (0.234 g/1) or 0.69 mM
streptomycin sulphate (1 g/1). These concentrations allow nor-
mal development of resistant seedlings whereas development
of valine sensitive seedlings is arrested after germination
(Bourgin 1978) and streptomycin sensitive seedlings are
bleached (e.g. Medgyesy et al. 1980).

Streptomycin and valine resistance of protoplast-derived
cells was determined by the ability to form colonies in
medium T8 (100 cell/ml) supplemented with various concen-
trations of valine or streptomycin sulphate (Bourgin etal.
1980; Caboche 1980).

Results

Selection of clones resistant to streptomycin and valine

After 10 days of culture, protoplast-derived microcolo-
nies were subcultured at an initial density of about
200 colony/ml in medium T8 supplemented with ap-
propriate volumes of filter-sterilized stock solutions of
valine and streptomycin suifate. Two combinations of
streptomycin and valine concentrations were devised
from preliminary experiments (Table I). Out of ap-
proximately 3X 10* original microcolonies, 4 colonies
were recovered 3 months later from plates of series A
containing 0.5 mM valine and 343 uM streptomycin
sulphate, whereas no colony was recovered from plates
of series B containing the same concentration of strep-
tomycin sulfate but 1 mM valine. One colony did not
give rise to transferable shoots even after repeated
subculture on medium R4. Plants were regenerated
from the 3 other colonies (labelled Al to A3).



Table 1. Effect of valine and streptomycin on the plating ef-
ficiency of protoplast-derived cells from the cybrid clone A1-10
and from the parental lines

Line Relative plating efficiency
(% of control)
SR1 Val'-2 Al-10
Supplement:
Control 100* 100*® 100°
Valine (uM) 30 42 100 80
100 0 111 84
300 0 111 87
600 0 91 76
1,000 0 75 79
Streptomycin 34 32 81 77
sulphate (uM) 69 37 47 46
172 24 6 21
343 14 0 19
687 0 0 0
Plating efficiency ar1322  b:29%3  c:25+4
(% of cells forming

colonies in the absence of
selection pressure; mean
of 3 replicates £ SD)
(1,200 cells plated per
series)

Table 2. Inheritance of streptomycin and valine resistance in
plants regenerated from the selected clones. Labeling of the
plants derived from the selected clones (e.g. Al-1): the letter
indicates the series in which the colony was obtained; the first
numeral the code attributed to the colony from which the plant
derived; the second numeral the code attributed to different
shoots derived from the same colony

Cross No. of seedlings

Sensi- Resis- Sensi- Resis-

tive tant tive tant

to streptomycin to valine
SR1 selfed 0 40 41 0
Val™2 selfed 45 0 0 46
SR1x Val'-2 0 48 50 0
Al-1 selfed 18 0 0 44
Al-3 selfed 0 42 0 39
Al-5 selfed 0 50 0 40
Al-6 selfed 0 47 0 35
A1-9 selfed 0 39 0 45
Al1-10 selfed 0 37 0 44
A2-1 selfed 0 30 0 26
A2-2 selfed 0 17 0 35
A2-4 selfed 0 30 0 29
A3-1 selfed 0 35 0 34
Al-10x Val=-2 0 40 0 47
Val“2x Al1-10 42 0 0 45
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Classification of the selected clones by the resistance of
their progeny

Resistance of the clones was tested on progeny seed-
lings obtained from self-fertilization of regenerated
plants. One plant was grown to flowering from clone
A3 and several (labelled by the name of the clone,
followed by a second numeral, e.g. Al-1) from in-
dependently regenerated shoots in the case of clones Al
and A2. Results of the progeny tests (Table 2, Fig. 1)
showed that 9 plants transmitted both valine and
streptomycin resistance, whereas the subclone Al-1
transmitted only valine-resistance. An additional test of
the randomly chosen doubly resistant clone Al-10
confirmed the maternal inheritance of the streptomycin
resistance trait. It was also confirmed that this trait was
transmitted to the next generation through self-fertiliza-
tion for all the doubly resistant clones. Plants of all
these clones displayed a phenotype characteristic of the
“Xanthi’ cultivar, which was expected from their Val*-2
nuclear background. Resistance to valine and to strep-
tomycin of the doubly resistant clone Al-10 was con-
firmed by a test with protoplast-derived cells (Table 1).

Discussion

Reconstruction experiments were not carried out to
assess the efficiency of the selective procedure on mixed
cell populations. Calculations based on the plating
efficiencies observed in the study on the resistance to
valine and to streptomycin of protoplast-derived cells
of the doubly resistant clone A1-10 (Table 1), however,
allow one to estimate the plating efficiency of these
cells in selective series A as about 4%. Accordingly, the
frequency of recovery of selected clones (4) corresponds
to about 3% of the potential colonies under these condi-
tions (120). This is much higher than the frequency of
spontaneous mutation to streptomycin resistance which
one might expect. For instance, in the control experi-
ment described in Table 1 the frequency of streptomy-
cin resistant colonies from protoplast-derived cells of
the Val™-2 line is less than 1/360. The doubly resistant
clones can thus be considered as cybrids obtained
through protoplast fusion followed by nuclear and
chloroplast segregation. Loss of the streptomycin resis-
tance trait in the Al-1 subclone could be ascribed to a
segregation in favor of the sensitive chloroplast type
during the subsequent culture step without selection for
streptomycin resistance.

The feasibility of selecting colonies from protoplast-de-
rived cells of the Val™2 line has been demonstrated in earlier
studies (Bourgin etal. 1980; Grandbastien etal. 1985). In
contrast, screening for the streptomycin resistance trait has
previously been carried out at a later stage, based on the lack
of bleaching on a streptomycin-containing medium rather
than on the lack of growth inhibition (e.g. Medgyesy et al.
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1980; Fluhr et al. 1983; Menczel et al. 1983), although differ-
ential response to streptomycin of the growth of SR1 and wild
type seedling-derived calli had been reported (Maliga et al.
1975). In the present work, we carried out in a single step the
selection for both valine and streptomycin resistance by
growth at low cell density on selective media. Our results show
that under these conditions streptomycin resistance can confer
a slight but selectable growth advantage over the wild type.

Under the conditions used no nuclear hybrids were
recovered in spite of the fact that according to previous
experiments (Bourgin etal. 1982) cells heterozygous for the
mutant alleles involved in the Val™-2 trait displayed a slight
resistance to valine. This result suggests that, after a treatment
inducing chromosome loss in heterozygous hybrid cells (Roth
and Lark 1984), selection for valine resistance could be used in
experiments designed to determine the chromosomal localiza-
tion of the loci involved in this trait (Bourgin et al. 1985).

Seedlings of the new streptomycin resistant lines
obtained on the ‘Xanthi’ Val-2 background are indis-
putably resistant to streptomycin, since they stay green
in the presence of a drug concentration that bleaches
their wild type counterpart. Their growth, however,
seems to be more affected by streptomycin than that of
seedlings of the original SR1 line on the ‘Petit Havana’
nuclear background (results not shown). This difference
is most probably due to the nuclear background rather
than to putative differences in the mitochondrial popu-
lations, since growth of seedlings with a SR1 cytoplasm
and hybrid ‘Xanthi’X ‘Petit Havana’ nuclear genome
display a level of resistance to streptomycin inter-
mediate between that of SR1 seedlings of the original
‘Petit Havana’ line and that of cybrid seedlings (data
not shown). Conversely, Val-2 protoplast-derived cells
displayed a decreased sensitivity to low doses of strep-
tomycin than SRI1 cells (Table 1). These observations
point to the probable involvement of nucleus-chloro-
plast interactions and the type of culture on the
response to streptomycin.
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