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1. INTRODUCTION

STUDIES on quantitative variation in the nuclear DNA content of species
from several genera of higher plants and animals, show that in general, there
exists a correlation between the amount of nuclear DNA at interphase, and
chromosome volume measured at metaphase of c-mitosis (McLeish and
Sunderland, 1961; Keyl, 1964; Keyl, 1965; Rees et al., 1966; Rothfels et al.,
1966; Martin, 1966;John and Hewitt, 1966; Lima de Faria, 1959). This is
not to say of course, that detailed studies on certain chromosomes within
complements, or between whole complements of certain species, would not
reveal some differences in the DNA amount per unit volume of chromosome,
or chromosome complement. Indeed several such instances have been
reported. Lima de Faria (1959) has shown that heterochromatin at inter-
phase may contain two or three times more DNA per unit area than euchro-
matin. Jones and Rees (in press) have indicated that heterochromatic
supernumerary B-chromosomes in rye contain l5 times as much DNA per
unit volume as A-chromosomes. Nirula, Bhaskaran and Swaminathan
(1961) studied the effect of linear differentiation of chromosomes on the
proportionality between chromosome length and DNA content in three
species of Sorghum. They found that the DNA content per micron of chromo-
some varied between the species and ascribed this variation to differences in
the amount of heterochromatin relative to euchromatin. They concluded
that no regular relationship between DNA content and chromosome length
may thus occur in species with varying amounts of heterochromatin. It
does not follow of course that measurements involving the volume of chromo-
some complements, rather than length of chromosomes, would give the same
result.

The opportunity to investigate this relationship between DNA content
and chromosome volume (with reference to heterochromatin) exists in two
Allium species, cepa and puichellum. They do not differ much with regard to
their nuclear DNA content and chromosome size, but differ considerably in
respect of heterochromatin, A. cepa having relatively little heterochromatin in
comparison with A. puichellum.
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2. METHODS

(i) Estimation of DNA by Feulgen Microspectrophotometry
The fixation and staining technique used was that described by McLeish

and Sunderland (1961) and Sunderland and McLeish (1961). Photometric
measurements were made on a Barr and Stroud Integrating Microdensito-
meter. All measurements were made on 2C telophase and early interphase
nuclei (of root tips).

(ii) Ivleasurement of Chromosome Volume

For calculating chromosome volumes, the total chrornatid length was
measured at metaphase (c-mitosis in root tips) in each cell by means of a
micrometer eyepiece, and a mean estimate of chromatid width obtained
from a random sample of five chromatids per cell. The calculation of the
total chromosome volume assumes each chromatid to be cylindrical in form.
Metaphases were scored following coichicine treatment and Feulgen staining.

Root tips of both species were taken from mature plants at similar stages
of development, which were growing in John Innes potting compost in an
unheated glasshouse.

3. OBSERVATIONS

The results of the DNA estimations for the two species are given in table I.
Analysis of the data confirms that the difference in nuclear DNA is significant

TI.E I
Mean DNA values of 2c nudei in the two Allium species

(arbitrary units)

Allium cepa Allium puichellum

Rep. I 1375±O23 II75±O38
2 l335±O32 1I•45±O24
3 l24O±O27 ll•5O±O27
4 l3OO±O•37 1O•48±O24
5 12•78±O•50 1l4O±O3l

Mean l3O7±OI5 II31±Ol4

(P < 0.01). The data for chromosome dimensions and calculated chromo-
some volumes (table 2) indicate that the two species are identical in respect
to their chromosome volumes (although the relative proportions of length
to width of chromatids can be seen to differ). The chromosome comple-
ments are represented in fig. 1. These results suggest that A. puichellum,
characterised by the presence of heterochromatin at interphase, has less DNA
per unit volume of metaphase chromosome than A. cepa, which lacks hetero-
chromatic chromocentres.

4. Dxscussioi'i

There are two possible explanations for these results, both of which merit
further investigation.

(a) That the DNA results are not true estimates and merely reflect
differences in the state of organisation of the chromatin in the nuclei of the
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TABLE 2

Chromosome dimensions and calculated chromosome volumes in the two Allium species (in microns)

Alliurn cepa Allium pulchellum

Total Average Total Total Average Total
chromatid chromatid chromosome chromatid chromatid chromosome
length (js) width (pS) volume (ps) length (es) width (es) volume (s1)

Cell— 1 30l22 0964 2197 32623 0714 1306
2 25154 I•086 2384 30927 0•866 l82l
3 27731 0•946 194•8 32855 O•933 2245
4 25962 0'842 1445 382•96 0866 2255
5 26364 l•000 2070 374•17 0•878 226•4
6 22753 0•921 l51•5 345•63 0824 184•2
7 198•37 ll77 2l57 377•71 0842 210•2
8 298•17 0•872 l780 28925 0•927 1749
9 330•01 0830 l78•5 31232 092l 2080

10 285•24 0.939 1974 31l•7l 0842 l73•5
11 28841 0•927 l94•6 340•75 0•836 l869
12 32245 0830 1744 341•36 0805 173•6
13 296•70 0•964 2l64 30646 0•964 223•6
14 257•18 0946 l807 284•63 0.903 1822
15 28267 0•964 2062 29536 0•939 2O44

Mean 27640±884 0947±0024 l932±66 32642±9O6 087l l94O±69

/
AL

A. cepa

IOAL.

A. pukhellurn

FIG. 1.—Chromosome complements of Allium cepa and A. puichellum.
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two species, i.e. that the DNA is underestimated in nuclei with deeply
staining heteropycnotic chromocentres (pulchellum) as opposed to those with
the more diffuse and evenly distributed nuclear DNA (cepa). Mittwoch
(1968) has provided evidence which supports this kind of explanation. She
finds that in human fibroblast-like cultured cells the estimated DNA values
are slightly lower in cells with multiple chromocentres as compared with
cells lacking chromocentres, and has attributed this difference in DNA to
an underestimation in the case of cells with chromocentres, rather than to
any real difference in DNA amount.

(b) That there is a real difference in nuclear DJ'/A amount between the
two species, and that A. pulchellum has therefore less DNA per unit volume of
metaphase chromosome than A. cepa.

It is known of course that there are differences in the coiling behaviour
of heterochromatin relative to euchromatin at certain phases of the cell cycle.

Dyer (1964) working with certain Trillium species, finds that hetero-
chromatin is present as densely staining chromocentres in interphase nuclei,
and easily distinguishable from euchromatin. At metaphase of mitosis on
the other hand the heterochromatin and euchromatin were exactly synchro-
nised in their behaviour and thus indistinguishable under the light micro-
scope, as far as staining intensity is concerned. At low temperatures
however heterochromatin is visibly understained and probably undercoiled
relative to the euchromatin. Such a condition (negative heterochromatin)
gives rise to an increase in the length of metaphase chromosomes at these low
temperatures. It is not impossible therefore that in the present experiment,
the lower amount of DNA/unit volume in A. pulchellum chromosomes, as
compared with the largely euchromatic cepa ones, reflects a certain degree of
"negative heterochromaticity ". (Such an effect would presumably be
exaggerated at low temperatures).

If this finding can be established, it is of interest in that it contrasts with
the situation pertaining in rye B-chromosomes (Jones and Rees, in press)
(and probably those of maize), which show" positive heterochromaticity"
at metaphase of mitosis, and as such it merits further investigation.

5. SUMMARY

1. The relationship between DNA content and chromosome volume was
investigated in two species of Allium, A. cepa and A. puichellum, which differ
considerably in respect of the amount of heterochromatin they reveal at
interphase of mitosis but do not differ much with regard to their nuclear DNA
content and chromosome size.

2. The results suggest that A. pulchellum, characterised by the presence of
heterochromatin at interphase of mitosis, has less DNA per unit volume of
metaphase chromosome.

3. Two hypotheses are advanced to explain those results, one of" nega-
tive heterochromaticity ", the other of underestimation of DNA content in
nuclei with heteropycnotic chromocentres.
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INTRODUCTION

IT would be an advantage to be able to predict the conditions that will give
the best chance of success when an insect species is introduced into an area to
control a pest. Remington (1968) has produced a model which, he suggests,
enables such predictions to be made. However, some inconsistencies appear
in his paper.

Remington's model and predictions
Remington summarises his model of the structure of an insect population

as follows:

there are two opposite genetic structures and their intermediates.

1. The ecologically marginal portions of the population are small inbred
units with high homozygosity and a very low frequency of deleterious
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