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Summary.  Microspore mother  cells of  dihaploid Solanum 
tuberosum plants were mutagenically treated during the 
stage of  meiosis. Mutagenesis was performed either by  ir- 
radiation with x- or -/-rays or by  the applicat ion of  nitro- 
somethylurethane or methylni t roni trosoguanidine.  Then, 
by  use of  the anther culture technique,  913 functional  
plants and 442 untreated control  plants were regenerated. 
F rom the exposed plants seven distinct mutants  could be 
isolated, predominant ly  chlorophyll  deficient lines, while 
from the controls  no clear-cut mutants  arose. One mutant  
turned out  to  be photomorphogenet ic  in addit ion to having 
a chlorophyll  defect.  In addi t ion to the product ion o f  mu- 
tants  the treatments significantly increased the frequency 
of  multicellular structure format ion from microspores.  

material for mutagenesis were carried out  with tobacco 
(Devreux and Saccardo 1968; Nitsch 1972; Sunderland 
1973). While Sunderland could not  detect  mutants ,  Nitsch 
found a white flowered plant  after ni t rophenylurea t reat-  
ment .  As in po ta to  regeneration o f  functional plants from 
microspores in certain dihaploid genotypes is possible 
with a reasonable frequency (Sopory et al.  1978; Wenzel 
et al. 1979), we used pollen mother  cells and descending 
microspores to investigate the action o f  irradiation and 
chemical mutagens. The aim of  this work was to test this 
system, and to find markers which will be useful for chro- 
mosome mapping and for the identif icat ion o f  somatic 
fusion products  and not  to  produce mutants  for direct 
variety product ion.  
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Introduction 

One of  the major drawbacks in the mutat ion breeding o f  
higher plants is the format ion of  chimeras, following the 
mutagenic t reatment  of  a multicellular organism. Using 
polyploids ,  such as the autote t raploid  pota to  with 2n = 
4x = 48 chromosomes,  the formation of  stable mutants  
is even more restricted. Up until  now,  only one new mu- 
tant  variety in Solanum tuberosum has been released (see: 
van Harten 1978). The format ion of  chimeras may be over- 
come by producing plants from one mutan t  cell, e ~ .  from 
protoplasts  or microspores.  Starting with haploid material ,  
i.e. in po ta to ,  by taking microspores from dihaploid plants 
(2n = 2x = 24) with 12 chromosomes,  also permits the 
detect ion of  recessive mutants  in the monohaploid  off- 
spring. The first experiments using microspores as starting 

Materials 

The microspores were cultured within the anthers and these were 
harvested from two different interdihaploid potato clones: H 3 
3-703 and H 2 258. Further, several clones of the F 1 hybrid family 
H I, a cross between H 2 236 and S. phure]a were used as anther 
donor material. The potato plants were grafted on tomato stocks, 
to guarantee flowering all through the year, and were grown under 
a 16 h fight regime (illumination if necessary extended by HQI-T 
1,000 W Osram lamps, with an intensity of 12.000 lux at the 
growing point of the plants) at a temperature of 18+_2~ Irradia- 
tion was performed by an x-ray machine (Richard Seifert & Co., 
Hamburg, F.R. Germany), adjusted to 180 kV, 15 mA at a rate of 
1,000 R (35 cm distance; time: 10 min), or by v-rays (137Cs; dis- 
tance 3 m; with 25 R min -i ). As the chemical mutagen, N-nitro- 
so-N-methylurethane (NMU) or N-methyl-N-nitro-N-nitrosoguan- 
dine (NMG) was used. 

Methods 

The irradiation was performed at the top of the plants, in the area 
of the inflorescenses at the developmental stage of the pollen 
mother cells prior to meiosis. The other parts of the plants were 
protected by lead shields. ~/-ray irradiation was given at doses of 
200; 500; 1,000; 2,000 and 3,000 R. For chemical mutagenesis 
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aqueous solutions of NMU and NMG in concentrations of 0.13; 
0.25; 1.0; 1.2 and 2.0 mM and 0.05; 0.1; 0.5; 1.0; and 2.0 mM, 
respectively, were applied. Inflorescenses with microspore mother 
cells were dipped into the mutagen solution for 3 h. Control plants 
were dipped for the same time into tap water. After treatment all 
exposed parts of the plants were thoroughly washed under running 
tapwater, and then returned to normal greenhouse conditions. At 
the time of the first microspore mitosis (normally one week after 
mutagenic treatment), the buds were harvested, the anthers disect- 
ed and handled as described previously (Sopory et al. 1978). 

R e s u l t s  

In total,  in this experimental series 1355 plants were re- 
generated from microspores of dihaploid S. tuberosum 

clones. All androgenetic plants doubled up spontaneously 
during culture and turned out to be dihaploid again when 
checked for their ploidy level in the functional stage by 
plastid counts in the stomata. Most probably they can be 
termed as homozygous since a marker being heterozygous 
in the anther donor material segregated in a 1:1 manner 

(Wenzel et al. 1979). Also other characters, like leaf 
shape, stem colour and tuber skin, showed strong pheno- 
typic variation. From nearly all plants tubers could be 
harvested, and from these, plants were grown in the field 

in the next generation. Comparison of the 913 treated and 
the 442 control plants did not  show, however, a striking 
difference in the frequency of phenotypic variants, but  it 
is probable that additional effects due to the mutagenic 

treatment appeared amongst the segregants, where already 
a high amount  of variability was present because of pure 
random meiotic distribution. 

Besides those plants with no distinct mutations,  seven 
clear mutants could be isolated in vitro, which means 
about 1% mutants  in relation to the number of regenerated 

treated plants. Six mutants were derived from the clone 
H 3 3-703, five of which arose after irradiation either with 
1,000 kR or 2,000 kR, and one from the clone H 2 258 
after NMU treatment at a concentration of 1.0 mM (Table 
i) .  Three mutants were chlorophyll deficient (Fig. 1 A, C), 
three were viridis and one showed very small fdiforme 
leaves (Fig. 1B). One of the chlorophyll deficient mutants 
(Fig. 1C) had, in addition, a drastically changed pheno- 
type: it looked like a moss when grown on agar at 500 lux 
for 16 h (white fluorescent tubes). By stronger iUumina- 

Fig. IA-D. Mutants obtained after treatment of pollen mother 
cells of dihaploid Solanum tuberosum plants. A Chlorophyll de- 
ficient type; B Filiforme mutant; C Moss-like chlorophyll deficient 
strain under 500 lux and D under 3.000 lux illumination 

Table 1. Synopsis of significant results obtained after mutagenic treatments of microspores of dihaploid Solanum tuberosum clones 

Number of 

Clone Mutagen Dose plated macroscopic regenerated distinct Type 
anthers structures plants mutants 

Control - - 2.035 1.457 72% 

H 33-703 NMU 0.05mM 960 825 86% 
NMU 0.1 mM 725 1.388 191% 
NMU 0.5 mM 805 1.310 163% 
NMU 1.0 mM 980 581 59% 
NMU 2.0 mM 920 127 14% 

x-ray 1.000R 1.030 438 43% 

x-ray 2.000R 1.120 140 10% 

H 2 258 NMU 1.0 mM 580 14 2% 

102 0 - 

4 4  0 - 

1 0 1  0 - 

8 6  0 - 

1 4  1 fillforme 
9 0 - 

62 3 viridis 
albino 
albino/photomorph 

27 2 viridis 

3 1 albino 
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tion (3,000 lux Natura fluorescent tubes) normal morpho- 
logy could be induced, but it remained albino (Fig. ld). 
Most probably this mutant is a photomorphological mu- 
tant in addition to having the chlorophyll defect. Further- 
more, this mutant showed a strong variability in its antho- 
cyanin content, which was dependent on the phytohor- 
mone concentration in the culture medium: It was highest 
when no cytokinins were added; the plant turned com- 
pletely white, when, e.g., 1 mg 1-1 BAP was present. As 
the albino mutants could not be transferred from in vitro 
culture into the greenhouse, there exists no data about 
their mode of inheritance, eg., via the plastome or the 
nuclear genome. The chlorophyll deficient mutants are, 
however, most probably of nuclear origin, as no chimeras 
were found. 

In addition to these findings, the mutagenic treatment 
acted as an unspecific shock which increased the rate of 
macroscopic structure formation from microspores devel- 
oping in the plated anthers. This was true for irradiation, 
but more enhanced after chemical treatment, particularly 
after exposure to 0.1 or 0.5 mM NMU. Here, the percen- 
tage of macroscopic structure development could be in- 
creased from 71% to 191% (Table 1). 

Discussion 

Up until now, for mutation work in potato, dihaploid ma- 
terial has only occasionally been used, and here predomi- 
nantly shoot apices served as tissue sources, having the dis- 
advantage ofa multicellular nonhaploid-system (van Harten 
1978). Starting with microspore mother cells or with 
microspores from dihaploid potatoes, both the ploidy 
problem as well as the multi cell nature could be avoided. 
From such material it was possible to obtain, via mutage- 
nesis, mutant lines which become homozygous and diha- 
ploid via spontaneous doubling, as they most probably 
arose from monohaploid microspores. From the albino 
mutants, protoplasts could be isolated and grown into 
small calluses. Experiments are now in progress, to use 
such chlorophyll deficient lines as nurse culture for me- 
chanically isolated fusion products amongst mesophyll and 
callus derived S. tuberosum protoplasts (Schieder, Prze- 
wo~ny and Wenzel, in preparation) according to the sys- 
tem proposed by Menczel et al. (1978). 

The comparison of the different ways of mutant induc- 
tion indicates that irradiation is a more powerful tool: from 
the 7,515 anthers isolated from irradiated inflorescences 
528 plants could be regenerated from clones H a 3-703 and 
H 2 258, five of which turned out to be mutants. From the 
10~80 anthers which were treated with NMU, 390 plants 
and 2 mutants arose. In this experimental series, from the 
10,775 NMG treated anthers amongst 311 regenerants, no 
distinct mutant was found. These results indicate, on the 

one hand, a higher mutagenic capacity of irradiation, as 
described by Schieder (1976) and Krumbiegel (1979) for 
chlorophyll deficient mutants obtained from Datura.  On 
the other hand, the more severe alteration of mutants 
derived from irradiation underline that here chromosome 
mutations with some disadvantages for application (see 
review Nitzsche and Wenzel 1977) are produced. Besides 
the mutagenic effect, all treatments increased at certain 
concentrations the number of regenerated androgenetic 
macroscopic structures. This is quite probably an unspeci- 
fic shock similar to those that would be produced by pre- 
treatment or other physical stresses (Nitsch and Norreel 
1973; Wenzel et al. 1977). Both irradiation and chemical 
mutagens, acted similarly; the strongest increase was, how- 
ever, after NMU treatment. Unfortunately, this enhance- 
ment - like many other parameters in microspore culture 
- was dependent on the genotype. Again, the final result 
is influenced by genetical, physiological and environmental 
factors. 
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