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Measuremsnt of nuclear DNA contents in Rauwolfia serpentina Benth. and
R. canescens L. revealed significant differences at both inter and intra-
specific levels, the variations being more marked in the former than in the
latter.

The DNA content of R. canescens 2n=66 was nearly double that of R.
serpentina (2n=22).

The amount of heterochromatin as measured from the interphase blocks in
the different populations of the species, was found to bear a more or less
constant relation to their nuclear DNA contents. The elimination of
heterochromatic segments in the polyploid species does not necessarily

involve the centromeric heterochromatin which only was measured.
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Introduction

Variations in DNA content in plants both
at inter and intraspecific levels are well
documented (Benuett 1970, Bullen & Rees
1972, Chooi 1971, Furuta et al. 1975, Jones
& Rees 1968, Kadir 1974, Mukhopadhyay &
Sharma 1984, Narayan & Rees 1976, Price
et al. 1980, 1981, Sharma 1983, Sharma &
Chattopadhyay 1983, Sharma & Mukho-
padhyay 1984).

The vast difference in DNA contents
often noted among related species has bzen

attributed to the supplementary DNA
(Ayonoadu 1974, Bennett et al. 1977, Rees
et al. 1979, Resslar et al. 1981). According
to these authors, this DNA contains mainly
amplified non-coding sequences, but also to
some extent coding sequences arising through
mutational events. This supplementary
DNA has a specific organization with a
distinct range of tolerance.
Notwithstanding the differences in DNA
content noted in different species and
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populations, precise information about the
nature of sequences involved in such varia-
tions is lacking. Since heterochromatin
may have a role in conferring adaptability
to a species, a correlation of the total amount
of heterochromatin with the total amount
of DNA may lead to an insight into the
functioning of the former.

The present investigation was undertaken
with a view to analyse the DNA content,
both at intra- and inter-specific levels and to
determine the relationship with heterochro-
matin. With regard to the latter, only those
heterochromatic segments which appear as
dark spots at interphase were taken into
consideration. The heterochromatic seg-
ments which do not show allocycly and/or
do not appear as brightly stained bodies
during the interphase could not be included
within the scope of the present investigation
due to their obvious limitation. It was
deemed also worthwhile to measure the
size and volume of chromosomes in so far
as these are related to the total hetero-
chromatic DNA content.

Materials and Methods

The present investigation was carried out
on 18 wild and cultivated  populations’ of
Rauwolfia serpentina Benth., R. canescens L.
and R. vomitoria Afz. collected from
different parts of India.

Estimation of nuclear DNA and heterochro-
matin as interphase blocks

For cytophotometric estimation of nuclear
DNA, freshly collected root tips were fixed
in glacial acetic acid:ethanol (1:3) for
3 hr. They were then hydrolyzed in (IN)
HCI solution at 60°C for 12 to 14 min,
thoroughly washed in distilled water, stained
in Schiff’s reagent for 1 hr and finally
squashed in 459, acetic acid. A Reichert
Zetopan microspectrophotometer was used
and the single wavelength method (Sharma &
Sharma 1980) was adopted. Nuclear DNA

values were calculated on the basis of optical
density in terms of arbitrary units of rela-
tive absorbances. For each population
50 observations were recorded from somatic
metaphase plates.

To measure the amount of heterochro-
matic DNA as interphase blocks, feulgen-
stained preparations made in a similar way
were used. In the interphase nuclei, the
constitutive heterochromatin appears as
dot-like particles, the number of which
varied from 9 to 16 per nucleus in different
populations and species of Rauwolfia.
Optical measurements of individual dots
were made for each population and the
average absorbance value of an individual
dot multiplied by the mean number of dots
gave the total absorbance value of hetero-
chromatic DNA measured per interphase
nucleus. Finally, the percentage of hetero-
chromatic DNA as interphase blocks was
calculated against total nuclear DNA.

Determination of chromosome volume and

size

Chromosome volume was calculated
assuming each chromosome to be a cylin-
drical structure using the formula : volume
7 r3x 1, where ‘r’ denoted mean radius
of chromosome and ‘I’ denoted total
length of chromosome. The total chromo-
some length at metaphase of each cell was
measured and a mean estimate of chromo-
some width was obtained from a random
measurement of ten chromosomes per cell.
All measurements were made from stained
preparations under oil immersion objective.

The average chromosome size was deter-
mined by dividing the total chromosome
length per cell by the total chromosome
number per cell.

Results and Discussion

Polyploidy, chromosome size and the amount
of nuclear DNA
Altogether 12 populations of R. serpentina,
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5 of R. canescens and 1 of R. vomitoria were
studied. Except R. canescens populations
which are hexaploid with 2n==66 chromo-
somes, all the other populations studied by us
were diploid with 2n=22 chromosomes
_(Banerjee 1982).

Inspite of the uniformity in chromosome
number in the different populations of R.
serpentina, the amount of nuclear DNA
showed a considerable degree of variation,
ranging between 1.1685 (population II)
and 2.0440 units (population 1) (table I).
The mean value was 1.6082, but one-third of
the populations fell within the range 1.31 and
1.50 units and another one-fourth of the popu-
lations in the range 1.91 and 2.10 units, thus
showing a bimcdal distribution pattern. If
this distribution pattern is real, it indicated a
genetic heterogeneity of the populations used
for thisstudy. The variation cf nuclear DNA
content within a single species is an index of

genetic variability -and it plays a' significant
role’ in diversification. Such variation at
intraspecific level has already been reported
for other species (Furuta et al. 1975, Miksche
1971, Price et al. 1980).

The amount of nuclear DNA. in the 5 popu-
lations of R. canescens was found to range
between 2.3754 in population XV to 3.0958
in the population XVIII (table 2). In view
of the high chromosome number (2n=¢6),
this variation is not high. In fact, it is
smaller than that in R. serpentina. The
mean content of nuclear DNA in R. canes-
cens is 2.7714 in terms of arbitrary units
which is only 1.7 times that of the mean value
found in the populations of R. serpentina.

R. vomitoria (2n=22) of which only a
single population was dealt with, showed
similarity with R. serpentina in nuclear DNA
content and chromosome size and volume
(table 1). Variation of DNA content of

Table 1 Variations in the ranges of chromosome size, chromosome volume, nuclear DNA and heterochromatin
content among the populations of Rauwolfia serpentina Benth

Popula- Average Chromosome Total nuclear Heterochromatin* % heterochro-
tions chromosome volume DNA (arbitrary (arbitrary units) matin in
2n=22 size (pm) (cu. pm) units) Mean+SE Mean +SE total nuclear
DNA
I 2.54 49.28 2.044040.0123 0.6024+0.0181 29.47
I 2.28 42.68 1.1685+0.0154 0.62491-0.0296 53.47
141 2.93 66.43 1.88524-0.0105 0.7790£0.1322 41.32
18% 2.66 54.99 1.6769:£0.0007 0.5619+0.0224 33.50
A 2.76 64.44 1.5042-£0.0102 0.56811.0.0182 37.76
VI 2.99 63.90 2.01624-0.0095 0.60071-0.0236 29.79
vII 2.57 48.06 1.381240.0075 0.59174-0.0236 39.81
viln 2.79 69.49 1.40264-0.0089° 0.5096+0.0141 36.33
X 3.39 60.51 1.285640.0077 0.56531-0.0065 43.97
X 2.52 69.50 1.317740.0086 0.6460+0.0122 49.02
XI 2.98 63.63 1.66981-0.0081 0.64601-0.0122 38.77
X1 2.87 63.12 1.9482:1:0.0098‘,

0.8538--0.0347

43.82

*Heterochromatin measured as interphase blocks.
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Table 2 Variations in the ranges of chromosome size, chromosome volume, nuclear DNA and heterochromatin
content among the populations of Rauwolfia canescens L. and R. vomitoria Afz.

Popula- Average Chromosome Total puclear Heterochromatin* ¢, heterochro-
tions of chromosome volume DNA (arbitrary (arbitrary unit) matin in total
R. canescens size (pm) (cu./pm) unit) Mean+-SE Mean+SE nuclear DNA
2n=66
b 44 1.79 78.25 2.595740.0052 1.2764+0.0346 49.17
XV 1.54 76.79 2.93504-0.0086 1.271840.0332 43.33
XVI 1.67 70.45 2.3754-40.0044 1.1726+0.0655 49 .36
XVIl 1.61 63.45 . 3.0958-+0.0082 1.18184+0.0223 38.17
XVIII 1.60 58.51 2.8338-+-0.0074 1.3793-+-0.0806 48.67
R, vomitoria
(2n=22)
Population
X1 2.57 54.99 1.42484-0.0071 — —_

*Heterochromatin measured as interphase blocks

different species of a genus has bzen studied
by many others (Ayonoadu 1974, Bennett
et al. 1977, Bullen & Rees 1972, Chooi 1971,
Gupta 1976, Jones & Brown 197¢, Jones &
Rees 1968, Kadir 1974, Narayan & Rees
1976, Resslar et al. 1981, Sharma & Mukho-
padhyay 1984).

So far as chromosome size is corcerned,
R. canescens populations show an overall
reduction in comparison to the populations
of R. serpentina and R. vomitoria (table
1 & 2). Whereas, the average chromosome size
ranges from 1.60 to 1.79 um in the canescens
populations, it is'between 2.28 to 3.39 ym in
the populations of the other two species.
Reduction in chromosome size in polyploids
is, however, not uncommon in plant systems
(Sharma & Sharma 1959, Sharma 1972),
though the mechanism through which reduc-
tion is achieved is not well known. Various
factors, like heavy condensation and inacti-
vation of gene segments in polyploids, loss of
heterochromatic - segments, or differential
polynemy have been. supposed. to- be-the
causes.

From the data, it is difficult to state how
far polynemy is responsible for reduction of
chromosome size in the polyploid species
(R. canescens), but a comparison of the

values of mean radius and chromosome

volume of the diploids and the hexaploid at

-least does not indicate any such behaviour.

Condensation of the chromosome thread and
deletion of heterochromatic segments might
have played a role in the overall reduction
of chromosome size in the polyploid species
of Rauwolfia.

Contents of DNA and heterochromatin in

species of Rauwolfia

It is remarkable that in R. canescens in
which the chromosome number is three times
that of R. serpentina or R. vomitoria, the total
amount of DNA is not three-fold (tables
1&2). The ratio varies rather widely
between 1.16 to 2.60 in different populations
of these species. The absence of a propor-
tionate increase in DNA content commen-
swrate with the chromosome number in the

-hexaploid species may be due to the elini-

nation of heterochromatic segments. It has
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been- reported for AMium stracheyii, where
heterochromatic segments become completely
eliminated in polyploids (Sharma & Aiyanger
1961). It has been assumed that the adaptive
advantage conferred by the heterochromatic
regions becomes redundant in the polyploids
where the same function is performed by
the increased gene dosage. However, R.
canescens has probably a hybrid origin, as
indicated by the absence of multivalent for-
mation (Banerjee 1982).

To probe into the cause of a lower content
of DNA than the expected level in the hexa-
ploid species, i.e. whether it can be explained
by the loss of heterochromatic segments, the
amounts of DNA in heterochromatin appear-
ing as heterochromatic blocks in the inter-
phase nuclei in the diploids and hexaploids
were compared (tables 1 & 2). It can be
observed from the data that the amounts of
heterochromatic DNA." do not ‘show any
marked difference. In fact, the percentage of
heterochromatic DNA in total DNA shows
a much wider variation within the popu-
lations of R. serpentina (29.47%, to 53.47%)
than between R. serpentina and R. canescens.
It should be remembered, however, that
absence of a difference in heterochromatin
measured as interphase blocks does not
totally preclude the possibility of elimination
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