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Evolutionary genomic change paralleled by differential responses of 2 x and 4 x calli cultures
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Summary. A comparative account of numerical chromosome variation in 2 x and 4 x callus cultures of Hyoscyamus
muticus examined at monthly intervals reveals that both types of calli tend to attain a genomic flux around 4 x.
Parallels apparently exist between the course of ploidy change and chromosomal flow in culture and evolutionary
processes in nature, suggesting the utility of the in vitro system as a rapid approach for recognizing trends in genome

evolution.
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The detection of somatic polyploidy as being the rule
rather than the exception in many animals and plants?,
and in transposable elements in maize?, has led to the
development of new ideas about genome variability and
fluidity. Plants show far more changes at the DNA and
chromosome levels than animals 3. Such changes are even
more evident when tissues or cells are removed from the
plant and cultured on artificial media, when they fre-
quently give rise to somatic cells showing a high inci-
dence of both gross and subtle genetic changes* >, The
changed DNA sequences and chromosomes can pass
through meiosis and contribute to evolution *°. Since in
an in vitro system such changes can be studied much
more rapidly than in an in vivo one, the relative flow of
chromosome variation was explored in callus cultures of
two ploidy levels, with a view to simulating evolutionary
divergence. ‘

Materials and methods

Callus cultures were developed from stem explants of
germinating seedlings of diploid Hyoscyamus muticus
(2n = 2x = 28) and its stable autotetraploid (4 x = 56,
strain CIMAP/HMT-1)"%: Both 2 x and 4 x calli were
regularly subcultured on fresh medium?® at monthly in-
tervals and concurrently examined for somatic chromo-

some number variation, using the aceto-orcein squash
technique. The data (table) on chromosome variation
were recorded on a total of approximately 100—150 well-
analyzable cells in each case.

Results

Both 2 x and 4 x calli in the initial stages of subculture
exhibited primarily the chromosomal mode of the start-
ing material, but subsequently acquired a heterogenous
status, with cells with chromosome numbers varying
from the 2 x to the 8 x level. However, a genomic level
of 4 x was preponderant in the cell population. With the
passage of time the 2 x callus culture tended to attain the
4 x genomic level whereas the 4 x callus culture tended
to maintain it. Nevertheless, the frequency of 4 x cells
went on gradually decreasing in the 4 x callus culture,
until after 8 —9 months of subculture a genomic equilibri-
um was established similar to that in the 2x callus
derived cell population. The observations on the frequen-
cy of cells with 4 x chromosome level in cell populations
derived from 2 x and 4 x callus are depicted in figure 1,
to illustrate the relative chromosome flow in the callus
cultures of the two ploidy levels during the process of
repeated subculturing.

Trends in numerical chromosome variation in callus cultures of diploid and autotetraploid Hyoscyamus muticus over a period of one year at monthly

subculture intervals

Passage of  Frequency of cells (%) in particular chromosome variant class

subculture  Diploid callus Tetraploid callus

{no. of 2x 3x 4x 4x —8x 8% 2x 3Ix 4x 4x —-8x% 8 x

months) (22-35) (36—49) (50-63) (64-112) (>112) (22-35) (36—49) (50-63) (64-112) (>112)
1 69.2 28.9 1.9 - - 13.1 274 54.1 54 -
2 62.8 30.2 4.7 2.3 - 6.7 213 57.3 14.7 -
3 429 35.7 16.1 3.5 1.8 6.0 2941 50.5 14.4 -
4 51.0 338 8.4 541 1.7 6.7 24.4 48.7 20.2 -
5 40.7 27.7 18.7 12.9 - 71 26.1 48.1 17.2 1.5
6 36.9 34.8 26.1 22 - 10.6 15.6 4.8 27.3 1.7
7 331 25.5 35.2 4.3 1.9 2.9 34.9 44.3 17.9 —
8 331 29.8 30.1 7.0 - 51 355 371 19.8 25
9 26.0 29.9 28.2 9.9 6.0 6.1 24.0 36.1 28.6 52

10 16.6 333 40.2 4.9 5.0 7.0 24.1 320 29.6 7.3

11 15.0 31.7 43.3 6.7 3.3 6.5 312 33.5 20.1 8.9

12 20.0 314 429 2.9 2.8 9.1 22.3 33.2 253 10.1

Numbers in parentheses indicate range in chromosome number; 2x =28 £ 7; 3x = 42+ 7,4x =56+ 7;2n=28.



Research Articles

Tetraploid callus

104 Diploid callus

frequency of 4x cells (%)

Experientia 46 (1990), Birkhéuser Verlag, CH-4010 Basel/Switzerland

323

1 2 3 y 5
Monthly passage of subculture

Figure 1. Relative sequential flow of 4 x cells in diploid- and autote-
traploid-derived callus cultures of Hyoscyamus muticus.
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Figure 2. Callus cytology of Hyoscyamus muticus (2x = 28) showing
numerical chromosome variation: a 42 chromosomes; & 50 chromo-
somes; ¢ 63 chromosomes.
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Discussion

Most phylogenetic changes in the genome are brought
about by the same mechanism as ontogenetic changes, i.e.
polyploidization, DNA amplification and elimination,
mutation and rearrangement, followed by fixation of the
new genomic and karyotypic state. Of these, chromoso-
mal structural alterations coupled with polyploidization
are major contributors to evolution and divergence, at
least in plants. Because genomic changes and their fixa-
tion occur rapidly in cell and tissue cultures, these tech-
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niques could serve as useful models for evolutionary
events. Culture conditions which might be stressful for
the cells may reflect a changing environment in nature 3.
The mechanisms that generate rapid genomic changes
can be envisaged as a metabolic feedback process which
may induce adaptation, or as the response to genetic
stress % 10,

Numerous reports available in the literature dealing with
a wide range of species reveal that a tremendous amount
of variation in chromosome number and structure can
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arise as a consequence of callus and suspension cul-
ture **. The occurrence of all sorts of chromosomal vari-
ations, including numerical, ploidy, structural and also
polytenic ones has been elegantly demonstrated in sus-
pension cultures of wheat>. All such changes have been
widely documented in the literature to account for the
chromosomal basis of speciation. It was not possible to
precisely study structural changes in the chromosomes in
the present study on Hyoscyamus callus, owing to the
very small size of its somatic chromosomes *2 (fig. 2). The
present information is relevant for genome evolution via
polyploidization — one of the major factors considered to
be responsible for divergence and speciation in plants,

The predominant occurrence of tetraploid cells in both
2 x and 4 x calli cultured over a period of time indicates
that the 2 x acquires the genomic dosage of 4x as a
sequel to the stress enforced during artificial culture.
Since this ampflified genome dosage appears to help to
overcome the stress of culture, it seems reasonable to
suppose that it is in order to overcome stress that the
evolution of plants has taken place primarily in the for-
ward direction by elevation of the ploidy level and en-
hancement of chromosome number. This theory is also
consistent with the observation that polyploids are less
vulnerable to induced mutagenic variation or evolution-
ary change compared to diploids. The present compara-
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tive study of 2 x and 4 x genotypes suggests that the 4 x
genotype is less constrained in artificial cultures, as ge-
nome multiplication brings about a buffering action. The
artificial culture conditions could be assumed to resemble
in some ways the stressful environment which enforces
speciation and adaptation in nature.
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Sylvaticin: A new cytotoxic and insecticidal acetogenin from Rollinia sylvatica (Annonaceae)
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Summary. Sylvaticin (I), a new tetrahydroxy annonaceous acetogenin with nonadjacent tetrahydrofuran rings, has
been isolated from the dried fruits of Rollinia sylvatica St. Hil. (Annonaceae). This compound is extremely cytotoxic
to human tumor cells and shows promising insect control properties.

Key words. Sylvaticin; acetogenin; Rollinia sylvatica; Annonaceae; brine shrimp; cytotoxicity; insecticidal; striped

cucumber beetle; European corn borer.

The tetrahydrofuran acetogenins represent a new group
of diversely bioactive (antitumor, cytotoxic, antimicro-
bial, and antimitotic) natural compounds®~*&. Our re-
port of the pesticidal activity of the bistetrahydrofuran
acetogenin, asimicin, from Asimina triloba Dunal. (An-
nonaceae) ’, further expanded the spectrum of biological
activities of this new class of natural compounds. More
recently we have reported promising pesticidal activity
for the bistetrahydrofuran acetogenin, bullatacin, from
Annona bullata Rich. (Annonaceae) ' %, and lesser pestici-
dal activity for the monotetrahydrofuran acetogenins,
goniothalamicin and annonacin, from Goniothalamus

giganteus Hook. f., Thomas (Annonaceae) '°. Also, we
have recently patented the pesticidal uses of the aceto-
genins .

The crude hexane extract of Rollinia sylvatica St. Hil.
(Annonaceae) fruit produced high mortality when fed to
European corn borer larvae [Ostrinia nubilalis (Hibner)]
in an artificial diet and was very toxic to brine shrimp
larvae [Artemia salina (Leach)]. Fractionation of the ex-
tract was guided by the brine shrimp lethality bioassay **
and by thin-layer chromatographic monitoring. After
solvent partitioning and repeated column and thin-layer
chromatographic separations, sylvaticin (I), one of the



