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Abstract. Plasticity of the tobacco genome was studied by testing the DNAs of protoplast-derived
regenerants with three different repetitive DNA sequences by the method of quantitative DNA/DNA
hybridizations. A large population of 91 regenerants belenging to 35 different protoclones was
analysed and a high degree of heterogeneity in the contents of the different DNA repeats was
detected. The contents of middle repetitive sequences of two types were more stable or changed
in the same direction, while the highly repetitive sequence varied independently and displayed
a significant reduction in comparison with the two other sequences. Comparing the variation within
the subpopulations of plants of the same clonal origin and the variation among the protoclones
led to a conclusion that the pre-existing DNA variability in the starting plant material and/or the
in vitro stress during the very early stages of protoclone regeneration played a decisive role in the
formation of modified genomes in regenerants.
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Plant genomes are generally large and a great part of the DNA is repeated.
The role of repetitive sequences, if any, 1s essentially unknown. Despite of this,
one can speculate that homology between multiple copies of repetitive DNA
sequences could promote recombination events. These sequences are easily
prone to change in structure and copy number which can influence the genome
as an integrated system. The most likely causes of such genome changes are
unequal crossing over, gene conversion, slippage DNA synthesis, DNA ampli-
fication, transposition, and retrotransposition (for a review see, e.g. Flavell
1985). It is generally assumed that the changes in copy number of DNA
sequences and complexity of genome are a stochastic process which can be
induced by various kinds of stress. Conditions of in vitre culture are a good
example of such a stress resulting in a great genome variation in both cell
cultures and regenerated plants (somaclonal variation, Evans and Sharp 1986).

The first evidence for the somaclonal variation at the moiecular level was
a rDNA deficiency in protoplast-derived potato plants (Landsmann and Uhrig
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1985). Since that time a variation in the copy number of various nuclear repeats
was frequently detected in tissue culture regenerants of triticale (Brettell et al.
1986), rice (Zheng et al. 1987), in vitro derived wheat x rye hybrids (Lapitan
et al. 1988) or in flax calli (Cullis and Cleary 1986). A number of models have
been suggested explaining the mechanisms of their amplification or reduction.
Quite recently an evidence was also given for an extrachromosomal circular
DNA molecule harbouring tandemly repeated units amplified in cell cultures
of rice (Cuzzoni et al. 1990).

The aim of this work was to study the changes in the content of repetitive
DNA sequences in tobacco plants regenerated from protoplasts. The variation
in copy numbers of three different middle or highly repetitive sequences were
analysed and the causes of this variation were discussed.

MATERIAL AND METHODS
Plant Material

The plant material used was Nicotiana tabacum L. cv. Vielblattriger. The
protoplast isolation, culture, and plant regeneration were described by Vyskot
et al. (1991).

Content of Specific DNA Sequences in Genomic DNAs

Total DNAs from tobacco leaves were isolated using a modified procedure
of Murray and Thompson (1980). The method of Labarca and Paigen (1980)
was used to estimate DNA concentrations. To measure contents of repetitive
DNA sequences in plant DNA samples a technique of quantitative filter-bound
hybridization called “slot-blotting™ was used (Rivin 1986). Samples of denatured
DNA from the individual plants were applied onto nitrocellulose using
a Schleicher and Schuell Minifold 1I slot-blot apparatus. After hybridization
with ¥P-labelled probes (DNA repeats) the autoradiograms were scanned on
a laser scanning densitometer.

Three different nuclear tobacco repeated DNA sequences isolated in this
laboratory were used to monitor genomic changes in protoplast-derived plants
- HRS60.1 (a 184bp member of the HRS60 family of tandem DNA repeats,
Koukalova et @l 1989), R8.1 (a 2.4kbp middle repetitive DNA sequence,
Kuhrova ez al. 1991), and R8.3 (a 5.5kbp middle repetitive sequence, Kuhrova
et al. 1991). The number of copies per tobacco haploid genome are 1.6 x 107,
1.0x 10°, and 1.6 x 10° for HRS60, R8.1, and R8.3, respectively.

RESULTS AND DISCUSSION

Samples of DNA were isolated from the R; plants and the contents of the
individual repeated sequences were estimated using the siot-blot DNA/DNA
hybridizations. We evaluated relative amounts of the R8.1, R8.3, and HRS60
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sequences in the R, plants compared with the control T3 plant and the ratios
of R8.1 /R8.3, R8.1/ HRS60, and R&.3/HRS60 instead of direct evaluation of
copy numbers of individual repetitive sequences. The reference values of the
T3 plant represent average values for mesophyll cell populations, Only the
protoclones which yielded three or more plants were used for statistical analysis
of the results.

RELATIVE AMOUNTS
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Fig. 1. Distribution of the relative amounts of the repetitive DNA sequences in the protoplast-derived
plants as detected by slot hybridizations. Three different DNA probes were used — R8.1 (a), R8.3
(b), and HRS60.1 (c). All the values are expressed as multiples of the amounts present in the
original T3 plant. The symbols representing the plants originated from the same protoclone are
Joined together.

The slot-hybridization data showed that the relative contents of two middle
repetitive sequences R8.1 and R8.3 were increased in most cases, while the
abundance of the highly repetitive sequence was generally lower (Fig. 1). The
ratio of R8.1/R8.3 was constant in most protoclones and was close to 1, while
the other two ratios were more variable among the individual protoclones and
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their values were higher than | (Fig. 2). These data imply that the contents of
sequences R8.1 and R8.3 are constant or changed (i.e., amplified or reduced)
in the same direction, while the HRS60 content varies more often and

independently on the previous ones.
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Fig. 2. Demonstration of mutual ratios of the repetitive DNA contents in the clones of R, plants:
{(a) R8.1/RR.3, {b) RE.1/HRS60, (c) R8.3/HRS60. The columns representing the plants of the same
protoclone origin are joined together.

The interclonal and intraclonal differences in the contents of repeated
sequences were evaluated by the F-test (Tab. 1). The results show that the
variation in the contents of the repeats is significantly higher between the
protoclones than within the protoclones. It means that most of the genetic
variation observed is the result of events which occured during the first steps
of the in vitro culture or reflect the variation already present in the parental
mesophyll cells. This conclusion was also suppported by comparing the different
clones using the multiple f-test (data not mentioned). A statistically very
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TABLE 1.

The contents of the three repetitive sequences R8.1, R8.3 and HRS60 in the DNA of R, plants
belonging to 11 protoclones. The contents are related to the standard plant T3 where all three
values are given as 1 and the sum of all of them to three. The table shows the averages for each
protoclone and the corresponding standard errors, the results of F tests for the null hypothesis
(that the relative contents of the three repetitive sequences within the clone are unchanged). The
last line shows the F values for comparisons of intraclonal and interclonal variance in the whole
set of data for each of the sequences and the corresponding P values.

No. of clone repetitive sequence

(number of F-test

plants) R&.1 R3.3 HRS60

No. 10 (5) 1,085 + 0.13 098 1+ 0086 094 + 0.091 Foyy = 2.23
P>01

No. 11 (3) 0.75 + 0.052 1.61 + 0.10 0.65 £+ 0.060 Fps = 989
P < < 0.0005

No. 20 {4) 1.29 + 6.19 0965 + 0.12 0.75 + 0.090 Fog = 119
P < 0.005

No. 33 (4) 1.40 4+ 0.15 1.30 £ 0.13 0.30 + 0.035 Fog =773
P < < 0.0005

No. 34 (6) 1.20 4 0.050 1.10 + 0.073 070 + 0.10 Fz15 = 61.6
P < < 0.0005

No. 38 (7) 1.03 £ 017 1.20 + 0.20 0.69 + 0.046 Feig = 188
P < < 0.0005

No, 48 (5) 115 £ 025 0945 + 0.20 091 + 0.093 Fpip = 1.94
P> 010

No. 68 (4) 1.26 4+ 0.19 1.06 + 0.080 0.69 + 0.15 Faos = 11.05
P < 0.05

No. 78 (4) 1.20 4 0.031 1.45 + 0.058 0.355 + 0.054 Foy = 407.7
P << 0.0005

No. 79 (5) 1.03 + 0.045 1.52 + 0.046  0.44 4+ 0.030 Fpin = 703.0
P << 0.0005

Neo. 112 (3) 1.275 £ 0.025 1.35 £ 0,002  0.37 £ 0.015 Fogn = 3119.0
P << 0.0005

F- tests F(m‘]g) = 399 F(m’gg) = 12.] F(IO.E) = 25.4

P = 0001 P << 00001 P << 00001
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significant decline in the content of the HRS60 sequence compared with the
R&.1 and R8.3 in most of the clones was proved again as well as the same or
similar relative abundances of the R8.1 and R8.3 sequences.

It has already been shown that quantitative DNA changes also take place
in plant tissues in vivo and they can influence morphogenetic capacity of these
tissues in vitro {Altamura et al. 1987). It is worth to stress that the protoclones
yielded rather homogenous populations of plants. This indicates that the Ry
genomes remained stable during the later stages of callus culture and plant
morphogenesis. The ratios of the content of the three repetitive sequences
indicate that the variability was of different extent for each repeat and that the
changes in the sequences R8.1 and R8.3 were coupled (i.e. constant or changed
in the same direction), but that the highly repetitive sequence HRS60 varied
independently and most of all. This sequence also displayed a very significant
reduction compared with R8.1 and R8.3.

The DNA probes used in this work to monitor genome changes in protoplast-
-derived tobacco plants correspond to both the middle and highly repetitive
DNA sequences. In situ hybridization analyses showed that their homologous
genomic sequences were localized on a majority of tobacco chromosomes thus
covering a significant part of the N. fabacurn genome and represent suitable
probes for monitoring overall structural genomic changes (Bezd€k ef al., 1991,
Kuhrova et al., 1991). The widespread genomic heterogeneity reported in this
paper is in a good correlation with the data published by Braown et al. (1990)
where DNA polymorphism for many gene probes representing different
functional domains were detected.
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The most of cell processes is induced and controlled by the external stimuli - i.e. by the signals.
These signals ~ generally of either chemical or physical nature — are recognized by the receptors
and transduced to the efficient structures inside the cell.

This publication offers a comprehensive account of the fields of membrane receptore (special
interest is paid to receptors for neurotransmitters in Part II: “Membrane receptors and neurotran-
smitters“). The general principles of signal transduction pathways are presented in Part It
“G-proteins, adenylate cyclase and protein phosphorylation”. The conversion of hormonal signal
into appropriate intracelltular metabolic signals, detection, integration and amplification of the
external signals and the role of G-proteins in these processes are discussed here in context of specific
cellular processes, In Part ITT: “Membrane transport and bioenergetics”, transport processes mainly
in various bacteria are discussed in relation to the signal transduction and to the growth.

This book covers recent development in membrane receptor research and signal transduction
and membrane transport mechanisms in the context of current knowledge of the structure and
function of membranes. It should be very useful to researchers and students interested in the fields
of mechanism of action of hormones, signal transduction, membrane transport and generally in
cell growth and development.
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