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Nuclear DNA content, chromatin organization
and chromosome banding in brown and
yellow seeds of Dasypyrum villosum (L.)
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Banding patterns of metaphase chromosomes and nuclear DNA content in root meristematic cells
of yellow and brown seeds of Dasypyrum villosum were determined. Microdensitometric evaluation
of nuclear absorptions at different thresholds of optical density after Feulgen reaction indicated the
organization of the chromatin in interphase nuclei, and allowed an evaluation of the amount of
heterochromatin. These results were compared with those obtained after the application of banding
techniques.
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Introduction

Many species closely related to Triticum are known to
have agronomic characters that make them interesting
for wheat improvement, and many studies have been
carried out on the possibility of introducing alien genes
into cultivated wheats (Knott, 1987).

The genus Dasypyrum includes two Mediterranean
wild species: an annual outcrossing diploid, Dasypyrum
villosum (L.) P. Candargy (formerly Haynaldia villosa
Schur.), and a perennial tetraploid, Dasypyrum
breviaristatum (Lindb. f.) Frederiksen (formerly
Dasypyrum hordeaceum Candargy), with basic chrom-
osome number x 7 (Frederiksen, 1991).

The genome of Dasypyrum villosum was designated
as V by Sears (1953) and it is considered an important
source of genes for powdery mildew resistance (De
Pace et al., 1988) and seed storage protein content and
quality (Della Gatta et al., 1984; Blanco & Simeone,
1988).

D. villosum produces two types of caryopses in the
same ear: yellow (yellow 246; Seguy, 1936) and brown
(red 112; Seguy, 1936) seeds. The inheritance of the
seed colour does not show any dominance effect, nor
does it follow Mendelian segregation. Mature plants
developed from the two types of seeds do not show
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evident morphological differences; both of them are
able to produce ears with yellow and brown caryopses
(Stefani & Onnis, 1983).

A different behaviour of seed germination and
viability during ripening and ageing (Meletti & Onnis,
1961; Stefani & Onnis, 1983; De Gara et al., 1991)
and a different duration of the mitotic cycle (Innocenti
& Bitonti, 1983) have been reported for the two types
of caryopses.

Analyses of interphase nuclei chromatin organiza-
tion, using densitometric determinations at different
thresholds of optical density and of chromosome
heterochromatin distribution, by means of C-banding
and the fluorochromes Hoechst 33258, Chromomy-
cm A3 (CMA )/4',6-diamidino-2-phenylindol-dihydro-
chloride (DAPI) and Ag-NOR staining, were applied in
order to characterize the different fractions of the
nuclear genome.

In this paper we report on (1) nuclear DNA content,
(2) chromatin organization and (3) chromosome band-
ing patterns in root meristems from seedlings from the
two types of caryopses.

Materials and methods

Seeds of a natural population of D. villosum, collected
in Campobasso (Italy), have been propagated for eight
years in the experimental fields of the Department of
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Botanical Sciences in San Piero a Grado (Pisa). Seeds
harvested in 1991 were soaked in running tap water
overnight and yellow and brown caryopses were germi-
nated in 12 cm Petri dishes in an incubator at 22 1°C
in the dark.

For cytophotometric analyses, 1 cm long root tips
were fixed in ethanol:acetic acid (3:1 vjv). Squashes
were made under a coverslip in a drop of 45 per cent
acetic acid after treatment with a 5 per cent aqueous
solution of pectinase (Sigma) for 1 h at 37°C, with the
addition of 0.00 1 M EDTA in order to inhibit the acti-
vity of DNase, if present (Berlyn et al., 1979). After
coverslips had been removed by the dry-ice method,
squashes were hydrolysed in 1 N HC1 at 60°C for 7
mm and stained by Feulgen reagent. After staining the
slides were subjected to three 10 mm washes in SO2
water prior to dehydration and mounting in DPX
(Fluka). In addition, squashes of the shoot tips were
made in order to compare the nuclear DNA content in
the two meristematic regions of the seedlings and
squashes of secondary root meristems were also made.
Squashes of root tips of Vicia faba were concurrrently
stained for each group of slides and were used as inter-
nal standards. Absorptions measured in V. faba
preparations were also used to convert relative Feulgen
arbitrary units into picograms of DNA.

Feulgen DNA absorptions in individual cell nuclei in
postsynthetic condition (G2 phase), were measured at
550 nm using a Leitz MPV3 integrating microden-
sitometer equipped with a Halogen-Bellaphot lamp
(Osram).

With the same instrument and at the same wave-
length, the Feulgen DNA absorptions of chromatin
fractions with different condensation levels were
measured in the same nucleus, after selecting different
thresholds of optical density in the instrument accord-
ing to the methods of Havelange and Jeanny (1984)
and Cremonini et al. (1992). The instrument reads all
parts of the nucleus where the optical density is greater
than the preselected limit, and treats the parts below
this limit as a clear field. The results of this analysis are
reported as the percentage of Feulgen absorption in
comparison with the initial value of 100. Data process-
ing of the curves obtained was carried out by integral
calculation according to Simpson's rule.

For chromosome banding, actively growing roots
were excised and treated for 24 h with ice cold distilled
water in order to accumulate metaphases. These were
then fixed for 24 h in ethanol:acetic acid (3:1, v/v).
Root tip meristems were squashed under coverslips in
a drop of 45 per cent acetic acid and coverslips were
removed by the dry-ice method.

C-banding, Ag-NOR and fluorochrome staining
were performed according to Giraldez et al. (1979),

Bloom & Goodpasture (1976) and Galasso & Pignone
(1991), respectively. Slides stained with CMA were
counterstained with DAPI. A Leitz Aristoplan micro-
scope fitted with epiluminescence was used: the filter
combination A was used to observe Hoechst 33258
(H33258) staining; on the same metaphase, filter block
E3 was used to observe CMA fluorescence, and filter
block A was used to observe DAPI staining.

Results

Cytophotometry

The mean Feulgen absorptions of 4C interphase nuclei,
nuclear DNA content and the surface area are listed in
Table 1.

DNA content differs from one type of caryopsis to
the other: 23.7 pg for the yellow caryopses and 19.1 pg
for the brown ones in 4C interphase nuclei (Table 1). In
each type of caryopsis we analysed 20 nuclei from each
of five seedlings and carried out an analysis of variance
on the subsequent data (Table 2). Differences in the
DNA content of primary root nuclei occur between
seedlings within each type of caryopsis. However, no
significant difference in the nuclear DNA content of
early prophase exists between primary and secondary
root tips or between apical and root meristems of the
same seedling (data not reported).

In order to assess whether some chromatin fractions
were involved in cytophotometric differences between
the two types of caryopsis, measurements were taken
from interphase nuclei at different thresholds of optical
density. Interphase nuclei in each type, having absorp-
tion values corresponding to 4C and the same surface
area, were chosen and the results are reported in Table
3 and in Fig. 1. While the Feulgen absorption of brown
seeds is reduced to zero at optical density threshold 21,
the Feulgen absorption of yellow seeds is reduced to
zero at the higher threshold of optical density 24.

A mathematical elaboration based on Simpson's
rule, allows the determination of the point of
inflexion of the two curves optimized from the experi-
mental data. This point (9 for yellow and brown cary-
opses) makes it possible to discriminate two areas in
each curve. While the values of the first areas of the
caryopses are similar (454 and 448, for yellow and
brown, respectively), the values of the second areas are
different in the two types of caryopses, 229 and 184
for yellow and brown, respectively (Table 4).

Metaphase chromosomes

The general karyotype of D. villosum is analogous to
the one reported by Gill (1981), Friebe et al. (1987),
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Table I Feulgen absorptions (arbitrary units; mean S.E.), DNA content in early
prophase nuclei, and surface area of interphase nuclei (4C) in the root meristems of
the two types of caryopsis of Dasypyruin villosum; Feulgen absorption and surface
area are the mean of 100 determinations of interphase nuclei (20 nuclei for each of
five seedlings)

Caryopses

Feulgen absorption of
4C interphase nuclei

(a.u.; mean S.E.)

Mean DNA
content per

4C nuclei (pg)

Mean surface area
of 4C interphase

nuclei (urn2 S.E.)

Yellow 2615±32.4 23.7 330±4.7
Brown 2033±25.1 19.1 249±3.0

Table 2 Feulgen absorption (arbitrary units, mean S,E.)
and corresponding nuclear DNA content of early prophases
(4C) in the root meristems of five yellow and brown
caryopses of Dasypyrum villosum; each Feulgen absorption is
the mean of 20 early prophases for each seedling

Root Feulgen absorption
type (a.u.,mean±S.E.)

Nuclear DNA c
(pg)

ontent

Yellow

seedlings

1 2449.2±32.9 24.17
2 2443.0±34.5 24.11
3 2425.5±31.6 23.94
4 2410.3±34.0 23.79
5 2293.7±33.5 22.64

Brown
seedlings

1 2026.2±41.4 20.80
2 1923.1 43.3 19.74
3 1830.4±23.9 18.79
4 1818.5±29.5 18.66
5 1745.0±33.5 17.91

Source of Sum of Mean
variation d.f. squares squares F

Caryopsis colour 1 14520121.6 14520121.6 994*
Error 198 28908000.0 146000.0
Total 199 43428121.6

*significant at P <0.01.

Grilli et al. (1988) and Linde-Laursen & Frederiksen
(1991). The techniques of differential chromosome
staining allowed the identification of each pair of
chromosomes. The general karyotypes of the two types
of caryopsis were very similar and only a few differ-
ences were observed. A large amount of chromosomal
heterochromatin was observed using C-banding (Fig.
2); the chromosomal distribution of this heterochro-

matin was slightly variable between brown and yellow
caryopses and, to some extent, between chromosomes
of the same pair. H33258 staining allowed the identifi-
cation of only a part of the C-bandable heterochro-
matin; the distribution of this fraction was more
uniform (Fig. 2). In addition only the NOR region was
identified with both CMA/DAPI and Ag-NOR staining
(Fig. 3).

To avoid confusion with previously reported karyo-
types, the seven pairs of chromosomes were indicated
with small Roman numerals from ito vii.

Chromosome i. This has proved to be the most
variable chromosome, showing differences in the two
types of caryopsis and also heteromorphism within the
chromosome pair. The short arm is quite constant,
having two very close telomeric C-bands which are
H33258-positive. However, two centromeric C-bands
are present on only one chromosome of the pair in
both yellow and brown types. The long arm of the
yellow type, after C-banding, shows a subcentromeric
band and two telomeric bands; after H33258 staining
on the same arm two close telomeric bands are present.
Conversely, in the brown type, the long arm of the first
homologue shows a subcentromeric and a subtelo-
meric C-band with only the second being H33258-
positive. Only the long arm of the second homologue
shows two close telomeric C-bands and only the proxi-
mal reacts positively to H33258.

Chromosome ii. The short arm shows a telomeric
and somewhat heteromorphic C-band in both yellow
and brown types. Several intercalary bands are present
around the centromere, some of which show hetero-
morphism in the yellow type. After H33258 staining, a
telomeric band is visible in both types. In addition, a
centromeric band is observed on one homologue in the
yellow type only. The long arm is characterized by a
large subtelomeric C-band which is clearly seen after
H33258 staining in both yellow and brown types. This
chromosome resembles the D (4H) of Friebe et al.
(1987).
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Table 3 Percentage of Feulgen absorption (arbitrary units; mean SE.) at different
thresholds of optical density of 4C interphase nuclei (G2) in five seedlings for each
kind of caryopsis of Dasypyrum villosum (20 nuclei for each seedling were
measured); areas (from integral calculation by Simpson's rule) of each gap between
thresholds of optical density and their ratios are reported

Thresholds
of optical
density

Feulgen absorption (%)

Ratio
between

areas

Yellow Brown

% Area % Area

3 100 100
265.5 264.6 1.00

6 75.0±1.0 74.4±1.1
189.1 183.9 1.03

9 51.1±1.7 48.2±1.4
121.2 111.0 1.09

*12 29.7±1.2 25.8±1.6
67.5 54.0 1.25

*15 15.3±2.0 10.2±1.4
30.6 19.2 1.59

*18 5.1±0.9 2.6±0.7
9.9 — — —

*21 1.5±0.5

24 — —

*Threshold values where differences between Feulgen absorptions are significant at
P 0.05.

Fig. I Percentage of Feulgen absorption at different thres-
holds of optical density of 4C interphase nuclei in Dasypy-
rum villosum. (•)Yellow and (.) brown caryopses.

Chromosome iii. This chromosome is quite constant
in both yellow and brown types and is characterized by
a large C-band at the telomeres of both short and long
arms, which are also apparent after 1133258 staining;

Table 4 Areas (arbitrary units) from integral calculation by
Simpson's rule; the integral calculation was carried out on
the best fit curve obtained from three curves of optical
density for each type

Caryopses First area Second area

Yellow 454.6 229.8
Brown 448.5 184.2

sometimes the large C-band on the short arm is
resolved into two thin bands. This chromosome
resembles B (2H) of Friebe etal. (1987).

Chromosome iv. Similar to chromosome iii, this
chromosome can be distinguished because of a slightly
larger number of centromeric C-bands. The telomeric
band on the short arm sometimes appears as a doublet
in brown types. It is similar to chromosome F (6H) of
Friebe etal. (1987).

Chromosome v. This chromosome is quite constant
and characterized by large C-bands at the telomere of
the short arm, at the centromeric area, and near the
telomere of the long arm; the telomeric and subtelo-
meric bands fluoresce brightly after H33258 staining.

C0

20

0 6 9 12 5 18 21 24

Thresholds of optical density

27
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Fig. 2 C-banded and H33258 karyotypes of metaphase chromosomes of root tips from yellow (top two rows) and brown
(bottom two rows) types of caryopses. Ten metaphases for each of 20 seedlings of each type were analysed.

A thin telomeric C-band on the long arm is peculiar to
the brown type.

Chromosome vi. This chromosome shows little or
no heteromorphism. The centromeric region is the site
of several C-bands close to each other; the telomere of
the short arm is the site of a thin band, while the telo-
meric region of the long arm presents one block in the
yellow type or two blocks in the brown type. No differ-
entiaJ staining occurs after H33258 application. It
appears to be similar to chromosome G (7H) of Friebe
etal. (1987).

Cbromosome vii. This chromosome is satellited, is
variable and heteromorphic — especially in the satellite

area (Fig. 4). The satellite presents a telomeric band
and one band adjacent to the secondary constriction
after C-banding and H33258 staining. The band on the
satellite, which is adjacent to the secondary constric-
tion, is observed only on one of the two homologous
chromosomes in both the yellow and brown types. The
NOR area is positive to CMA and Ag-NOR staining
and negative to H33258 and DAPI staining. The CMA
and Ag-NOR staining intensity appears to be hetero-
morphic in the brown types (Fig. 3 d, f). The long arm
is quite constant showing two thin telomeric C-bands
also observed after H33258 staining. This chromo-
some resembles A (1H) of Friebe et al. (1987).
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Fig. 3 Metaphases stained with CMA, CMA/DAPI and Ag-NOR techniques: CMA bright bands at the NORs arrowed (filter
block E3; a, yellow type; d, brown type); same cells as a and d showing DAPI negative bands at the same sites (filter block A, b,
yellow type; e, brown type); silver labelling of NORs for different cells (c, yellow type; f, brown type).
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Fig. 4 Polymorphism of the satellite
chromosome (yellow type): in each
colunm are the two homologous
chromosomes from the same cell as
seen after different staining techniques;
the left column shows an idiotype of the
chromosome.
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Discussion

In plants, the term heterochromatin is applied to the
chromatin fraction that (1) is more deeply stained after
C-banding, (2) may be rich in satellite DNA and (3) is
usually transcriptionally inert. C-banding is a quick
method to identify heterochromatin cytologically and it
is therefore commonly used. Condensed chromatin at
interphase can exhibit different arrangements, making
it possible to distinguish different types of interphasic
nuclear organization (Tschermack-Woess, 1963; Nagl
&Fusenig, 1979; Cionini eta!., 1984).

Recently Cremonini et a!. (1992) and Ceccarelli et
a!. (1992) have improved the methods of Patankar &
Ranjekar (1984) and Havelange & Jeanny (1984) to
assess the amount of cytological heterochromatin
determined by densitometric analyses of Feulgen
absorption at different thresholds of optical density.
These analyses were carried out on meristematic cells
because the percentage of heterochromatin is higher in
meristematic cells than in differentiated ones, indicat-
ing underreplication of heterochromatin during differ-
entiation (Bassi, 1990 and references therein).

The determination of nuclear DNA content, which
we obtained by Feulgen densitometry, might be subject
to some reservations (Greithuber, 1986, 1988). Never-
theless, since nuclei were analysed in the same early
prophase condition, from the same tissues and at the
same stage of development, and all squashes were
stained together (with V. faba squashes used as an
internal standard, after pectinase-EDTA treatment),

these differences in Feulgen absorption values reflect
real differences in the DNA content.

The results of our cytophotometric analyses on the
two types of caryopses indicate values of nuclear DNA
content that contradict a previous report made by
Bennett (1972). The author did not specify which type
of kernel and population he analysed; divergences
might also be due to the different cytophotometric
method, since we used an integrated microdensito-
meter.

The difference in the organization of nuclear
chromatin in the two types of caryopsis is confirmed
by the results of measurements taken at different
thresholds of optical density. When, for example, the
residual Feulgen absorption of brown seeds is 10.2 per
cent, the Feulgen absorption in yellow seeds is 15.3 per
cent, which means, according to our interpretation,
more cytophotometrically determined heterochro-
matin in the yellow caryopses. Further evidence for this
was obtained from the ratios between the areas of each
gap of optical density as reported in Table 3. While the
ratio is near 1 at the lower thresholds, at the highest the
ratios are 1.25 and 1.59, confirming that there is more
dense chromatin in the meristematic cells of the yellow
caryopses.

Chromosome staining techniques have shown that
the karyotype of the population examined is variable.
D. villosum is an outbreeder and therefore a certain
degree of variation is expected as a result of the assort-
ment of parents, as previously observed in Secale
cereale (Weimarck, 1975). A similar observation was

CMA/DAPI
3258 AQNORC—Bondlnq Hoediet 3

Pilterblock (3 A

) )
( 8 1
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made by Friebe et at. (1987) for populations of D.
villosum of Italian and Greek origin, while he observed
that in D. villosum additions to 'Chinese Spring' wheat,
no variation was present, probably as a consequence of
the selection cycles and inbreeding required to develop
those lines.

It is noteworthy that polymorphism occurs for
different bands both in yellow and in brown types;
bands that are stable in one type may be polymorphic
in the other.

It is also rather interesting that on metaphase
chromosomes banding techniques do not bring out
striking evidence of a variation in heterochromatin
amount between yellow and brown types; the small
variations observed do not account altogether for the
difference in heterochromatin content as cytophoto-
metrically determined.

It is important to remember that the binding of
Giemsa to chromatin is non-stoichiometric; therefore,
bands with similar appearance could possess different
amounts of DNA. Moreover, C-banding and cyto-
photometry consider cells in different functional stages:
in the former, chromosomal heterochromatin repre-
sents a level of packaging of DNA into chromosomes,
and in the latter, nuclear heterochromatin represents
condensed DNA in interphase condition, and differ-
ences in heterochromatin amount may reflect differ-
ences in genome expression.

Once heterochromatin was considered as a homo-
geneous component of nuclear chromatin. Now, since
heterochromatic areas tend to have dissimilar staining
properties, researchers have been forced to define
different heterochromatin classes (Filion, 1980; Loidl,
1982; Pignone et at., 1989) that differ mainly in chemi-
cal constitution. The results we obtained demonstrate
that not all heterochromatin is involved in population
diversity. Therefore, it can be hypothesized that differ-
ent fractions might have a different functional 'tight-
ness', some being more stable and unaffected by
population variation, while others are more variable.
This could arise through a mechanism which leads to a
variability in the amount of repetitive sequences
between chromosomes of yellow and brown caryopses
(Frediani etat., 1991).
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