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Summary. Organ culture, plant regeneration from cal-
lus culture, and hairy root disease caused by Agrobac-
terium rhizogenes were utilized as methods of rapid in
vitro propagation in Lycopersicon peruvianum Mill. A
detailed and comparative karyotype analysis of the
resulting material under such in vitro conditions
revealed karyotypic stability under organ culture
method, ploidy change in callus derived plants, and
minor structural alterations of chromosomes in roots
transformed by A. rhizogenes.
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Introduction

Ploidy changes and chromosomal instability in callus
cultures or in plants regenerated from callus (directly or
by suspension culture) have been commonly reported
(Novak 1974; Liu and Chen 1976; Orton 1980; Larkin
and Scowcroft 1981), whereas, organ culture has been
assumed to be a method of stable, clonal propagation
(David et al. 1984).

Hairy root disease of dicotyledonous plants, caused by
virulent strains of Agrobacterium rhizogenes (Smith and
Townsend 1907; Smith 1909), involves the transfer of a portion
of the bacterial plasmid DNA into the host nuclear DNA and
results in transformed roots which lack geotropism and produce
opines (Chilton etal. 1982; Byrne etal. 1983; David et al.

Abbreviations: BAP=N6-benzylaminopurine; NAA=naph-
thaleneacetic acid; MS=Murashige and Skoog medium;
RG=regeneration medium; SDS=sodium dodecyl sulfate

1984). The possibility of using 4. rhizogenes as a vector for the
introduction of genes into higher plants (Schell and Van
Montagu 1983) and the ability to regenerate shoots in vitro
directly from roots (Norton and Boll 1954; Lazzeri and
Dunwell 1984) has heightened interest in root organ culture.
During the course of the present investigation, in
addition to organ culture, and plant regeneration from
callus culture, hairy root disease caused by A. rhizo-
genes was utilized as a method for rapid in vitro propa-
gation in Lycopersicon peruvianum Mill. A detailed and
comparative karyotype analysis of L. peruvianum was
undertaken to evaluate the effects of in vitro culture
techniques and A. rhizogenes at the chromosomal level.

Materials and methods

Lycopersicon peruvianum seeds (supplied by Glasshouse Crops
Research Institute, Littlehampton, Sussex, England) were
grown in soil and were maintained as control group at 27°C
with 16 h of low intensity illumination and 8 h of darkness.

The various techniques applied for in vitro propagation
and cytological studies in L. peruvianum are as follows.

In vitro technigues

1 Roots from seeds. Seeds were surface sterilized with 20%
commercial bleach (Clorox) plus 0.1% SDS for 20 min; im-
mersed in 70% ethanol for 2 min; and then rinsed in sterile,
distilled water. After germination on water agar, roots were
excised and transferred to 125 ml Erlenmeyer flasks containing
25 ml of R3B liquid medium (Meredith 1979) without hor-
mones under both static and shaker (100 rpm) conditions and
on the same medium solidified with 0.9% agar in 100X 25 ml
Petri dishes. All cultures were maintained under the same
temperature and photoperiod as the control group.

2 Transformed roots. L. peruvianum seeds were grown in soil
under greenhouse conditions. Internodal stem segments,
2-4 cm long, were surface sterilized and embedded in 12 ml of
LSS agar medium (Linsmaier and Skoog 1965) with no hor-



mones 1n culture vials, leaving a cut surface exposed. The
exposed cut surface was inoculated with Agrobacterium rhizo-
genes CssClpR;15834 (supplied by Max-Planck-Institut fiir
Zichtungsforschung, Koln, FRG). Inoculation was directly
from colonies grown for 2 days on yeast extract peptone (YEP)
agar (Barton et al. 1983). Roots developed on the cut surface
after 7d and were transferred to R3B liquid medium with
100 mg/L carbenicillin and no hormones. Bacteria-free trans-
formed roots were maintained on R3B (no hormones) liquid
medium in both static and shaker conditions and on the same
medium solidified with 0.9% agar. The transformation of such
roots was confirmed as the preliminary electrophoresis of the
root extracts indicated the presence of specific silver nitrate
positive substances one of which was most likely mannopine.

3 Roots from callus. Petiole explants of L. peruvianum were
surface sterilized and placed on R3B agar with 2 mg/L NAA
and 1 mg/L BAP. Callus was apparent after 10 days and was
subsequently maintained on this medium. Shoots were re-
generated from callus on the RG medium of Zapata etal.
(1977). Roots were induced by placing the regenerated shoots
on MS+0.1 mg/L NAA (Morgan and Cocking 1982). These
roots were then grown on R3B (no hormones) liquid medium
in both static and shaker conditions, and on the same medium
solidified with 0.9% agar.

Cytological techniques

For the study of the somatic chromosomes, root tips were
collected from soil grown control plants and from those
resulting from all the culture conditions mentioned above. The
root tips were pretreated in half saturated paradichlorobenzene
solution for 3h at 10°C with an initial 3 min shock treatment
at 0-5°C. Overnight fixation in an acetic acid: ethanol mix-
ture (1:3) was followed by 15min of cold hydrolysis in
5 N'HCl at 10°C (Chattopadhyay and Sharma 1983). This was
followed by thorough washing in water, 5 min treatment with
45% acetic acid and subsequent overnight staining in 2%
aceto-orcein. The root tips were finally squashed in 45% acetic
acid following the usual technique (Sharma and Sharma
1982).

Results

The somatic chromosome number of the soil grown
control plants of L. peruvianum was found to be 24
(Fig. 1a). This number was also prevalent in both the
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roots either transformed in origin or from seeds, ir-
respective of the culture conditions (Fig. 1b and c). All
the roots from callus derived plants, grown under the
three different culture conditions were found to be
tetraploid (Fig. 1d).

Variation in the number of chromosomes were more
prevalent in roots grown in liquid than those grown in
solid medium (Fig. le-1). In the liquid medium, the
percentage of variation was almost the same under static
or shaker conditions (Table 1). However, the karyotype
analysis revealed a general morphological similarity
between the complements of the different materials
studied and provided the basis from which six chromo-
some types were formulated.

Type A. Chromosome with secondary constriction
whose distal part was widely separated from the rest
and remained attached by a DNA positive thread, the
exact nature of which was unknown. The distal segment
and the median segment were almost equal in size. This
was a characteristic chromosome of L. peruvianum
found in all the materials studied.

Type B. Chromosome with two constrictions, one median
and the other sub-median in position.

Type B’. Chromosome with two constrictions with the
distal segment smaller than the other two arms which
were equal in size.

Type C. A secondarily constricted chromosome, with an
end segment larger than the other one, and the middle
segment still larger than the two distal ones.

Type D. Chromosome with a nearly submedian primary
constriction.

Type E. Chromosome with a nearly median to median
primary constriction.

The chromosome numbers and the karyotype
formulae of the different samples investigated are as

Table 1. Variations in chromosome number and percentage of variant nuclei under different in vitro

conditions

Name of sample Variation no. of chromosomes

% of variant nuclei

Solid in liquid medium Solid in liquid medium
medium medium
Static Shaker Static Shaker
Roots from plants 9; 32 12; 20 5; 14; 2% 2% 5%
regenerated from callus 20; 36
Roots from transformed X 11 11; 20; 23 0 1% 3%
plants by
A. rhizogenes
Roots from seeds X 11; 12; 12;20;22; O 4% 4%
germinated under 14; 16 48;

in vitro conditions
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Fig. 1a-1. Somatic metaphase nuclei of Lycopersicon peruvianum Mill. a control roots, 2n=24; b transformed roots by A. rhizo-
genes, 2n=24; c roots from in vitro germinated seeds, 2n=24; d roots from callus derived plants with 2n=48; e~g variation num-
bers in roots from in vitro germinated seeds showing 12 chromosomes (solid medium), 14 and 20 chromosomes (liquid medium)
respectively; h variation number in transformed root showing 11 chromosomes (solid medium); i-1 variation numbers in roots from
callus derived plants showing 5, 12, 20 chromosomes (liquid medium) and 9 chromosomes (solid medium), respectively

e b b



follows:

Roots from soil (Control) (Diploid)
Roots from seed (Diploid)
Transformed roots (Diploid)
Roots from callus-derived plants  (Tetraploid)

If we consider the basic karyotype or genome as,
X=A+2B+2C+5D+2E, the karyotype formulae will
appear to be:

Roots from soil (Control)

Roots from seed

Transformed roots

Roots from callus-derived plants
XXXX+2B'+2E-2B-2C

The karyotype formulae were found to be constant
within each sample growing either on solid or in liquid
medium and either in static or shaker condition. As
such, one karyogram of each sample has been represented
in Fig. 2. The chromosome size, in this investigation,
ranged from 3.93 pm to 1.96 pm.

Discussion

The somatic chromosome number of L. peruvianum was found
to be 2n=24. This was reported earlier by Luckwill (1943).
Under the prevalent culture conditions, the roots from seed-
lings and the transformed roots represented the diploid num-
ber, ie., 2n=24, as their modal numbers. All the callus
derived plants revealed tetraploidy with 2n=48 chromosomes.
Tetraploidy in callus derived tomato plant was reported earlier
by Evans etal. (1984). High probability of chromosomal
variation is well documented in case of calius culture but the
final genotypic constitution of regenerated plants depends
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Fig. 2. Comparative karyogram of L. peruvianum under dif-
ferent culture conditions. I=Control plant; II=Roots from in

vitro germinated seed; III=Transformed roots by A. rhizo-
genes; IV=Roots from callus derived plants
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2n=2x=24=2A+4B+4C+ 10D +4E
2n=2x=24=2A+4B+4C+ 10D +4E
2n=2x=24=2A+2B+6C+ 10D +4E
2n=4x=48=4A+6B+2B" +6C+20D + 10E

2n=24=2(A+2B+2C+5D+2E)=XX
2n=24=2(A+2B+2C+5D +2E)=XX
2n=24=2(A+2B+2C+5D +2E)+2C-2B=XX +2C-2B
2n=48=4(A+2B+2C+5D+2E)+2B +2E-2B-2C=

more on the relative competitive abilities of different geno-
types than on the frequency of their origin (Bayliss 1980).
Since all the callus derived plants so far studied in this species
were found to be tetraploid, the selective advantage of the
tetraploid cells over all other variant cells is apparent.

Roots from seedlings cultured on solid or liquid
medium, displayed exactly the same karyogram as the
control. This indicates that, at least in this case, the
culture conditions were not inducing any karyotypic
alterations. A similar result was also reported in
Tradescantia, where tissue culture media, regardless of
its hormonal composition, was found to have no direct
effect on induction of mutations (Dolezel and Novak
1984).

The karyogram of transformed roots revealed two B
and six C chromosomes as opposed to four B and four
B in control plants. Such structural alterations might
have been induced during transformation by A. rhizo-
genes. A DNA probe of Ri origin should be utilized to
investigate such chromosomal alterations.

The karyogram of callus derived plants, although
displaying tetraploidy, the chromosome types were
not the exact multiples of the diploid set. This suggests
the influence of structural alterations of chromosomes
associated with polyploidy. The appearance of two new
B’ type chromosomes were further indicative of the role
of structural alterations which might have involved two
B and two C type chromosomes and resulted into two
B’ and two E types.

Besides the modal numbers of each group studied,
wide range of variations in chromosome numbers were
noted during the present course of investigation.
Comparatively higher frequency of variant nuclei was
observed amongst the liquid grown cultures than in the
solid grown ones. The probable mode of origin and fate
of such variant nuclei were extensively reviewed by
Bayliss (1980). The liquid grown roots, either in static
or shaker condition, appeared to grow more vigorously
which eventually involved rapid cell division. Non-
dysjunction of chromosomes and such rapid growth rate
may account for the high frequency of variant nuclei in
liquid grown roots.
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The results reported here suggest that transformed
roots (by A. rhizogenes) were most effective for rapid in
vitro micropropagation, as, in addition to their faster
growth rate, they retained the normal diploid karyotype
with minor structural alterations between the comple-
ments.
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