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Summary. Plantlets were regenerated from calli derived 
from leaf explants of  three genotypes of  Solanum 
melongena (two parental  genotypes and their hybrid). 
The cytological analysis showed that a) plants regen- 
erated were all mixoploid,  b) toxic med ium (basal 
med ium added with filtrate culture o f  Verticillium 
dahliae) was able to evidence karyotypic differences 
between genotypes not displayed by plants regenerated 
from callus grown on control medium,  c) chromosomal  
mosaicism persists up to plant matur i ty  and also in the 
selfed progeny. The results are discussed in terms of  a 
selective process involving genes controlling chromo- 
some number  and /o r  a direct effect o f  toxic med ium on 
the activity of  the same genes. 
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Introduction 

There is general agreement  on the cytological in- 
stability of  callus cultures al though contrasting reports 
are available concerning the chromosomal  number  in 
regenerated plantlets. Many authors have found that in 
some species the changes of  ploidy have such dele- 
terious effects as to prevent  plant  regenerat ion (Torrey 
1967; Murashige and Nakano  1965, 1967) and actually 
only diploid plants have been regenerated in m a n y  
species independent ly from the degree of  stability at 
the diploid level in the callus culture. On the other 
hand, findings by Sacristan and Melchers (1969), who 
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have obtained polyploid and aneuploid plants regen- 
erated from tobacco callus, have not confirmed the 
relationship between the increase of  chromosome varia- 
tion and loss o f  regenerative potential.  

Mixoploidy in regenerated plants has been recently 
reported by Liu and Chen (1976), Sheridan (1975), Ogura 
(1976), Bennici (1978), Bennici and D'Amato (1978) and Mix 
etal. (1978). The presence of haploid, polyploid and aneu- 
ploid cells in regenerated plants suggests various considera- 
tions which need to be thoroughly examined: 

a) the heterogeneous cell population in regenerated plants 
may reflect a similar chromosome number mosaicism in the 
callus; 

b) the final chromosome distribution in regenerated plants 
may be determined either by selective equilibria (genetic, 
epigenetic and environmental) or by random drift; 

c) a diplontic selection may take place throughout plant 
development for the euploid chromosome number. 

Research was under taken to evaluate some of the 
above considerations and in part icular  the relation 
between a cell selection for resistance to a fungal toxin 
and the successive chromosome dynamics in regen- 
erated plants and in their selfed progeny. 

Materials and methods 

Two fines of Solanum melongena (Lunga violetta di Romagna, 
LVR, and a plant introduction, P.I. 23327) and their F1 hybrid 
were analyzed. Seeds were surface-sterilized with Na hypo- 
chlorite (5% w/v) and germinated on a filter paper bridge 
soaked in LS liquid medium (Linsmayer and Skoog 1965). 
Young leaves were excised from seedlings, cut into small pieces 
and put on solid medium LS plus 2,4 D 0.4 mg/1. After about 
one month callus was separated from the explant and sub- 
cultured every three weeks. 

Callus at the fourth transfer was placed on a toxic medium 
obtained adding the filtrate culture of the fungus Verticillium 
dahliae to LS+2,4 D (control medium). In a previous work 
(Alicchio et al., submitted) we have demonstrated that the 
filtrate is able to inhibit callus growth of Solanum melongena 
and to induce, in young plants (by inoculating roots), some 
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symptoms of wilt disease caused "in vivo" by the fungus. The 
isolation and purification of toxins from the filtrate culture of 
Verticillium has been reported by Pegg (1965), Stoddard and 
Carr (1966), Keen et al. (1970) and Nachmias et al. (1982). 

The pieces of resistant callus which grew on toxic medium 
after one month were twice subcultured on control medium 
and then placed on a differentiating medium (without hor- 
mones) under 4000 lux with a 16/8 light/dark cycle at 25 ~ 
Buds appeared on the surface of the callus which, once 
separated from the callus and transferred onto fresh medium, 
gave origin to plantlets: these were placed in an unsterile 
bottle on a filter paper bridge soaked in tap water in order to 
develop roots (Alicchio et al. 1982). Plants were also regen- 
erated from callus grown on control medium following the 
same culture procedure (subculturing, environmental condi- 
tions and media). 

Chromosome counts were performed on the root tips of 
regenerated plants (R) pretreated with 8-hydroxyquinoline 
0.02% for 5 h at 18 ~ fixed in ethanol-acetic acid 3 : 1 (v/v) 
and stained with aceto-orcein. Counts were obtained from a 
minimum of five cells and from at least two root apices for 
plant. 

From a sample of LVR plants regenerated from toxic 
medium, only three plants survived when planted in soil; they 
were allowed to self pollinate and produced berries which 
gave a total yield from one to three hundred seeds for each 
plant. To control the karyotypic constitution of the selfed 
progeny (S), chromosome counts were made on root apices of 
germinated seeds belonging to different berries. 

found that "in vitro" regenerat ion frequently produces  
a mixoploid  condit ion in root apical  meristems. 

In Fig. 2 the distr ibution of  grouped chromosome 
number  is drawn for regenerated plants; the modal  
karyotype of  plants regenerated from callus grown on 
control medium is diploid (2n = 24) in the three geno- 
types. Mean chromosome numbers  repor ted  in Table 1 
are always lower than 24, the distance from diploid 
number  being higher in hybr id  genotype than in the 
two parental  ones. 

When  plantlets are regenerated from callus grown 
in the toxic medium an increase in chromosome num-  
ber  variabil i ty and mean  value in LVR and hybrids  is 
evident (Table 1). In the first genotype the moda l  
karyotype becomes hyperdip lo id  with a fairly large dis- 
persion of  low values, in the second one the moda l  
karyotype is diploid but  coexists with relat ively high 
frequencies of  chromosome numbers  ranging from 
values lower than haploid  and higher than tetraploid.  
The comparison among mean  chromosome number  of  
plants regenerated from control  and toxic media  are 

Table 1. Comparison of mean and distribution of chromosome 
number among plants regenerated from callus grown on con- 
trol (Co) and toxic (T) medium 

R e s u l t s  
Genotypes Medium No. of Mean SD "t" 

mitoses chromo- 
some no. 

The cytological analysis, per formed on root  apices of  LVR Co 214 22.54 5.06 11.17" 
plants regenera ted  from callus grown on control  and T 210 31.51 10.58 

toxic media  reveals that  no p lant  from each genotype P.I. 23327 Co 69 22.52 7.18 0.108 
consists exclusively of  d iploid  cells, whereas the condi-  T 147 22.41 7.54 
tion of  mixoplo idy  and aneusomaty  within each plant  F~ Co 59 21.66 5.57 4.60* 
and each root  is the rule (Fig. 1 a, b). These findings T 45 31.20 14.61 
agree with the observat ions o f  various authors who * P<O.O1 

Fig. 1. Karyotypic variability in plants regenerated from leaf callus ofSolanum melongena (LVR genotype) a hypodiploid cell, 
b hyperdiploid cell 
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Fig. 2. Distribution of grouped chromosome numbers in root 
tip cells of plants regenerated from callus grown on control 
medium (A) and toxic medium (13) 

highly significant in these two genotypes. The situation 
is quite different in the other genotype (P.I. 23327): in 
fact mean chromosome numbers and standard devia- 
tion values are very similar in plantlets regenerated 
from the two types of  callus. 

A cytological analysis was made to test if the toxic 
medium has a direct effect on cell division: root apices 
f rom germinated seeds soaked in a filtrate culture of 
Verticillium dahliae at 24, 36, 48, 72 and 96 h intervals 
have  shown that in no instance were there changes in 
mitotic phase proportions which generally accompany 
a disturbance of spindle assembly. 

The extensive variation and mixoploidy observed in 
chromosome numbers of  regenerants from toxic medi- 
um is still present in their selfed progeny (S) (Fig. 3), 
where it is to be noticed that the modal karyotype is 
shifted from hyperdiploid to diploid values. No differ- 
ence is detectable among seeds belonging to different 
berries. 

D i s c u s s i o n  

The results reported in the present paper can be 
summarized as follows: 

a) plants regenerated from callus grown on non- 
toxic medium show a similar degree of chromosomal 
mosaicism and a modal diploid karyotype in the three 
genotypes considered; 

b) in a parental line (LVR) and in the hybrid, when 
callus was grown on toxic medium we observed an 
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Fig. 3. Distribution of grouped chromosome numbers in root tip cells of three regenerated plants (R) and of their first selfed pro- 
geny (S) - LVR genotype 
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increase in the mean value and variability o f  chromo- 
somal number  during regeneration. No significant 
changes were observed in the other parental genotype; 

c) chromosomal  mosaicism persists up to plant 
maturity and it is also found in the selfed progeny. 

The observations reported at this point suggest that 
mixoploidy in regenerated plants must reflect a genetic 
heterogeneity proper  o f  callus culture; furthermore the 
similar chromosomal  distribution and the presence o f  a 
diploid modal  karyotype can be explained assuming a 
selective advantage of  diploid cells rather than a 
random drift which might occur when inocula were 
transferred. 

Points (a) and (b), on the whole, show that the toxic 
medium is able to evidence differences between geno- 
types which are not displayed by plants regenerated 
from callus grown on control medium. The possibility 
exists that toxic medium acts as a selective factor at the 
cellular level allowing hyperdiploid cells to divide more 
rapidly than diploid ones; the difference in competi- 
tivity originates a cell population able to regenerate 
plants with a more extensive chromosomal  hetero- 
geneity than populations not grown in the toxic medi- 
um. Lazar et al. (1981) have also found a correlation 
between the increase in variability of  chromosome 
numbers o f  calli and their ability to grow in the 
presence o f  a chemical growth inhibitor. 

The rble of selection during regeneration on the ex- 
pression of chromosomal variability has been extensively 
demonstrated in the work of many authors (Shimada and 
Tabata 1967; Sacristan and Melchers 1969; Yamane 1974; 
Novak and Vystot 1975; Bennici 1978; Orton 1980; Lupi et al. 
1981). 

The results reported in the present paper suggest 
that the toxic medium may affect the chromosomal 
number  by interacting with cell genotypes. This may be 
explained both by a selective process involving genes 
controlling chromosome number  and /o r  a direct effect 
on the activity o f  the same genes. The existence of  a 
genetic control on spindle abnormalities which may 
lead to chromosomal  mosaicism in intact higher plants 
is reported by various studies (Vaarama 1949; Wata- 
nabe 1962; Mok and Peloquin 1975). Unfortunately we 
do not have enough data to discriminate between the 
two hypotheses. Cytological observations on root apices 
of  seeds soaked in fungal filtrate culture allow us only 
to exclude a direct effect o f  the toxic substances on cell 
division o f  meristematic tissues. Of  course the test does 
not exclude that the toxic medium has a direct in- 
fluence on callus divisions. The response to toxic 
substances, we observed, conveys the hypothesis that 
these compounds  interact with different genes control- 
ling mitosis. 

The question is oIten raised as to whether mosaicism of 
regenerated plants, which is a clear-cut proof of multicellular 
origin of "in vitro" regenerated shoots and roots, is maintained 

in successive generations. Many authors have found a persis- 
tence of mixoploid condition during plant development, but 
plants were highly or completely sterile (Sacristan and Mel- 
chers 1969; Sheridan 1975; Mix et al. 1978); in other cases a 
diplontic selection has taken place (Orton 1980; Lupi et al. 
1981). Little information on the chromosome behaviour of 
selfed progeny is available so far. In our experiments the 
persistence of mosaicism observed in the first selfed progeny 
of LVR parental line, even if associated with a partial 
diplontic selection, could be explained by supposing that the 
altered genic control of division induced by fungal toxic 
substances has resulted in a stabilization of cytological insta- 
bility. Similar results were reported by Ogura (1976, 1978) who 
found that the variation of chromosome number persisted at 
least for three generations being under genic control involving 
cytoplasmatic factors. 

More extensive studies are in progress regarding the 
persistence in successive selfing generations o f  chromo- 
somal mosaicism of  plants regenerated from callus of  
other genotypes exposed or not to the fungal toxic 
substances. 
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