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Abstract

A detailed karyotypic investigation by Giemsa C-
banding in three species of Quercus: Q. robur, Q. petraea
and @. rubra has revealed a general interspecific uniform-
ity with respect to C-banded patterns and karyomorpho-
logy. However, the different chromosomes can be iden-
tified and paired on the basis of C-bands. A similar
constancy in nuclear DNA amounts is also noticed. One
B-chromosome has been found in all the three species
of oak investigated.

Key words: Quercus, oak Fagaceae, Giemsa C-banding, Karyo-
type analysis, nuclear DNA, B-chromosome.

Introduction

Quercus belongs to the family Fagaceae which repre-
sents the most important source of timber among the
broad-leaved species of the northern hemisphere. Oak
wood is specially known for its strength, durability and
all-round usefulness. A good amount of work has been
done in population genetics, hybridization and speciation
in North America and Europe. However, cytological stud-
ies are restricted to only chromosome numbers. No
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thorough karyological studies using modern banding
methods are available for Quercus. Proper identification
of chromosomes with the help of C-bands, on the one
hand, is essential in the systematics of the species and,
on the other hand, for a clear understanding of the chro-
mosomal basis of somaclonal variation in the micre-
propagated plants. Micropropagation is being increasingly
carried out in oak for clonal propagation and conserva-
tion of elite genotypes (Anuja, 1986). The present study
deals with a detailed karyotypic analysis of three oak
species.

Materials and Methods

Three species of oak, viz, @. robur L., @. petraea LiesL.,
and @. rubra L. were employed for cytological studies.
Root tips were taken from potted plants grown at the
Institute of Forest Genetics and Forest Tree Breeding ai
Grosshansdorf. These were pretreated in 0.002 M agueous
solution of 8-hydroxy-quinoline at 15° to 16° C for three
hours and fixed in 1:3 acetic alcohol overnight. After
washing twice for 30 minutes each in 0.1 M citrate buffer
pH 4.7, root tips were macerated in 1% w/v pectinase at
37° C for two hours, and subsequently in 0.25% w/v
cellulase for 15 minutes, again washed in 0.1 M citrate
buffer (ph 4.7) for 10 minutes and squashed in 45% acetic
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acid. Cover slips were removed by the dry ice method.
Slides were stored dry at room temperature following
ethanol treatment. These were then transferred to 45%
acetic acid at 60° C for 15 minutes, washed in running
tap water, then transferred to saturated solution of
barium hydoxide for ten minutes at room temperature
and washed extensively in running tap water. Slides were
then incubated in 2X SSC (0.3 M sodium chloride + 0.03
M trisodium citrate, pH 7.0) at 60 °C for 90 minutes, then
rinsed in 0.067 M citrate buffer pH 6.7 and stained in
freshly prepared Giemsa stain in 0.067 M citrate buffer
(pH 6.7) for 10 minutes. Following staining, slides were
rinsed in distilled water, air dried, dipped in xylene and
mounted in Euparol.

For the measurement of nuclear DNA amounts, root
tips were fixed in 1:3 acetic alcohol for 2 hours. Following
a thorough wash the root tips were then hydrolysed in
5 N hydrochloric acid for 30 minutes at room temperature

and stained in leuco-basic fuchsin at pH 3.6 for 2 hours.
Then they were given three washes of 10 minutes each
in sulfur dioxide water, and finally squashed in a drop of
glycerol. Four slides of each material were prepared using
a single root tip. The relative absorption at 565 nm of
individual Feulgen stained nuclei was measured using a
Vickers M86 Scanning Microdensitometer. Measurements
of at least 10 early telophase nuclei per replication of
each taxon was made. The absolute values were calculated
using Allium cepa, whose nuclear DNA value is 33.55 pg,
as a standard.

Results and Discussion

All the investigated species of Quercus have a chromo-
some complement of 2n = 24, which corroborates earlier
reports (Feporov, 1969). This possibly represents a paleo-
polyploid number. It is conceivable that the karyotype
has diploidized during evolutionary history following sev-
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Figure 1. — Giemsa C-banded karyotypes in three species of Quercus; (a) Q. petraea; (b) Q. rubra;

(c) Q. robur.
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eral structural changes. Therefore, it is rather difficult
to speculate on a base number in Quercus.

Karyomorphology

The chromosome pairs have been identified and ar-
ranged on the basis of chromosome length, arm ratio
and banding pattern. The different condensing behaviour
of chromosome arms from prometaphase to metaphase
does not allow a really accurate measurement of arm
length and ratio. Nevertheless, some of the chromosomes
can be identified easily. The biggest pair is ca. 6.24
um long and metacentric, the second chromosome pair
has secondary constriction on the long arm. The eleventh
pair is very characteristic in being sub-telocentric in all
the three species. The ratio between the longest and the
smallest chromosome is about 2.49 and rest of the chro-
mosomes are of continuously decreasing size. The karyo-
types of the three species seem to be identical and are
characterised by 5 metacentric (m), 6 submetacentric (sm)
and 1 subtelocentric (st) chromosome pairs ( Figure 1). Ac-
cordingly, these karyotypes belong to the 2b category of
StesBiNs (1958) which indicates a moderate degree of
asymmetry. Even on the basis of Giemsa C-banding
patterns, the corresponding pairs of the three species
remain indistinguishable. The C-banding reveals that most
heterochromatin  is localised as proximal heavy blocks
and all chromosomes contain heterochromatin. Individual
C-banded chromosomes in the three species are character-
ised as fallows:
6.24 um to 6.26 um long; metacentric.
It has one centromeric band and one
intercalary band on each arm.
4.78 um to 5.24 um long; submetacentric.
The long arm bears a satellite which is
fully heterochromatic. Besides, a cen-
tromeric band there is a telomeric band
on the short arm.
4.28 um to 4.31 um long; submetacentric.
It seems to possess much more hetero-
chromatin than euchromatin. Possibly
the whole chromosome consists of
heterochromatin.
3.57 um to 3.92 um long; metacentric.
The proximal arm is fully heterochro-
matic, while the lower arm has a cen-
tromeric band and an intercalary band.
3.57 um to 3.83 um long; metacentric.
This chromosome is characterised by
one very prominent centromeric band.

Chromosome 1:

Chromosome 2:

Chromosome 3:

Chromosome 4:

Chromosome §:

Chromosome 6: 3.57 um to 3.76 um Ilong; submeta-
centric. The short arm is fully hetero-
chromatic while the long arm has a cen-
tromeric band.

3.39 um to 3.45 um long; submetacentric.
The short arm is fully heterochromatic
while the long arm has a centromeric
and an intercalary band.

321 um to 328 um long; submeta-
centric. The short arm is fully hetero-
chromatic while one centromeric band
is present on the long arm.

296 um to 3.10 um long; submeta-
centric. One very thick centromeric
band.

285 pum to 2.87 um long; metacentric.
One thick centromeric band.

2.78 um to 2.80 um long; subtelocentric.
It has fully heterochromatic short arm
and one narrow centromeric band on
the long arm.

249 ym to 2.68 um long; metacentric. It
is characterised by one centromeric
band.

Nuclear DNA amount

A perusal of Table 1 shows that 2C DNA amounts
among the three species vary insignificantly from 1.58 pg
to 1.61 pg. This is quite comparable with the value
obtained in @. petraea by Gremnuser (1988). This shows
that the three species investigated have very stable
genomes with respect to nuclear DNA amounts, C-band
patterns and karyotypic features. This underlines their
close affinity. Such interspecific similarity of banding
patterns is known in certain woody species (EHRENDORFIR,
1982). Furthermore, the presence of 6 sm and 1 st pairs
indicates a high degree of structural rearrangements
during evolution (c. f. Jones, 1978). It can therefore be
argued that structural changes in karyotype, evolution of
nuclear DNA amounts, and alteration in position and
amount of heterochromatin are much older than actual
speciation events among the species studied. It is signifi-
cant to note here that @. rubra is geographically distinct
(distributed in the western U.S.A.) from other two species
(distributed in Europe) (Rouric, 1980).

A further point of discussion is the very low DNA
values as observed in the three Quercus species. An-
giosperm trees are in general known to possess very low
and much less variable DNA values than herbs (Onr! and

Chromosome 7:

Chromosome 8:

Chromosome 9:

Chromosome 1G:

Chromosome 11:

Chromosome 12:

Table 1. — Chromosome number and 2C DNA*) amounts in Quercus species.

Taxon 2n DNA in pg DNA/Chromosome
X + SE in pg

Q. petraea 24+1B 1.58 + 0.03 0.063

Q. robur 24+1B 1.59 + 0.04 0.064

Q. rubra 24+1B 1.61 + 0.03 0 064

*) (Allium cepa taken as standard, 2C DNA = 33.55 pg)

218



Figure 2. — C-banded metaphase in Q. robur showing intensely
heterochromatic B-chromosome (arrow) (x 1500).

Figure 3. — Anaphase in @. robur showing
late dividing B-chromosome (x 1500).

KuMmAR, 1986; Ouri and Kosuoo, 1987). Significant inter-
specific variation as encountered in many herbaceous
groups (c. f. Ourr and Kuosnoo, 1986) has not been found
in tree species except for Cassia (Ouri et al., 1986). De-
tailed studies are: therefore needed in more species of
Quercus to assess the extent of intra- and interspecific
variation in DNA amounts.

B-Chromosomes

One B-chromosome is present in all the three species
of Quercus investigated. This seems to be the first report
of B-chromosomes in any temperate hardwood species.
The B-chromosome is much smaller than the smallest
chromosome of the complement and is very intensely
heterochromatic as revealed by C-banding (Fig. 1a, b, c;
Fig. 2). This would mean that DNA amount per unit
volume for B’s is considerably higher than for A chromo-
somes on average (Jones and Rees, 1982). At anaphase the
B-chromosome can be seen to be late dividing (Fig. 3).

For the first time Meura and Bawa (1968) reported the
occurence of B-chromosomes in six eastern Himalayan

woody species. According to the recent information, B’s
are represented in about 3,9% of the chromosomally
known 862 woody species from the Himalayas and central
India (Bepr et al., 1985). Quite contrary to earlier concepts,
the percentage (3,9%) of woody species with B-chromo-
somes is almost double that of the overall percentage
(1.9%) for flowering plants in general (Jonges, 1981).

In this regard, it is an interesting observation that all
three species of oak investigated show B-chromosomes.
This would indicate that these chromosomes may actually
be very widespread among temperate hardwoods. There-
fore, detailed investigations are needed on the population
basis to understand relationship, if any, between the
presence of B-chromosomes and growth characteristics,
phenological factors, and ecological tolerance.
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Summary

Data from a Douglas-fir [Pseudotsuga menziesii (Migrs )
FraNco var. menziesii] open-pollinated progeny test in
Oregon were used for evaluating methods of selection for
bole volume. Tree height and bole diameter at breast
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