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Abstract

The present paper presents part of the author’s studies on the variability of
the genus Dactylis from Poland. The karyotypes and Giemsa heterochromatin banding
patterns of three population samples of Dactylis glomerata subsp. aschersoniana
(Graebner) Thell. (2n = 14) from Poland were studied in detail.
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INTRODUCTION

In the genus Dactylis diploid (2n= 14) and tetraploid (2n = 28) taxa
occur, exceptionally Borrill and Jones (1961) discovered a hexaploid taxon
(2n = 42) in material from Cyrenaica and from Western Egypt.

The diploids occur in particular geographical areas (Stebbins and Zoha-
ry 1959), but tetraploids are widely distributed in northern temperate
regions. The tetraploid complex contains a great number of ecotypes.
Sometimes the diploids and tetraploids are sympatric. Between these chromo-
some races there occur natural triploid hybrids (Miintzing 1937).

The biosystematic and evolutionary relationships between diploids and
tetraploids pose a great problem for taxonomists (Borrill 1961, Doro-
szewska 1961, 1963, Stebbins and Zohary 1959 and many others).
It seems that cytological and especially karyological studies might contribute
to a better understanding of these connections.

The studies of banding patterns were very useful in the determination
of phylogenetic relationships in some taxa, and during recent years such
investigations have dealt with a large number of plant genera and species
(Fiskesjo 1975, Lavania and Sharma 1980, 1983, Mizianty 1982).
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In the genus Dactylis from the south-eastern border of the Alps the hete-
rochromatin banding patterns were studied by Wetschnig (1983).

The present paper presents part of the author’s studies on the variability
of the genus Dactylis from Poland (biometrical and statistical studies,
experimental cultures, and cytological studies). In this country diploid taxa
of Dactylis are represented only by one subspecies — subsp. aschersoniana.

In the present paper the heterochromatin banding patterns of this taxon
are described.

MATERIAL AND METHuUDS

Three diploid population samples of Dactylis glomerata subsp. aschersoma-
na (Graebner) Thell. were studied:

1. Poznan province: Wiatrowiec near Wagrowiec, reservation “Debina”,

coll. M. Mizianty, 01.07.1977.

2. Lublin province: Dys near Lublin, woody, loessic ravine, coll. L. Frey,

16.06.1978.

3. Krakéw province: Niepolomicka Forest, between Chobot and Ispina,

coll. M. Mizianty, 01.07.1978.

Root tips were pretreated with a 0.01%, colchicine solution for 2 hours,
and fixed in glacial acetic acid:ethanol (1:3). After fixation the Giemsa
C-banding technique (Marks 1976) modified according Schwarzacher
et al. (1980) was used. Root tips were softened in a 19 solution of
pectinase plus 19, solution of cellulase in 0.01 M sodium citrate buffer,
_ after which they were squashed and the cover-slip was removed after freezing
on dry ice; next the slides were treated with acetic acid (459, at 58-60°C
for 60 minutes), barium hydroxide (at room temp. for 15 minutes), and
2x SSC (for 90 minutes at 60°C). After a final wash in distilled water the
slides were stained in 4%, Giemsa in phosphate buffer for 10-20 minutes.
All slides were mounted in Euparal.

All measurements were taken on drawings at magnification 100 x 10.
In order to restrict the errors in karyotype analyse: 1) All squashes, me-
asurements and drawings were made by one person. 2) Measurements for
each sample of population were made on 10 well-scattered metaphase plates.
3) The degree of contraction of the chromosomes was uniform and as high as
possible.

Arithmetical means (X), standard deviation (s), standard error (sE) and
coefficient of variability (V) were established for the following characteristics
of the chromosome:

1 — length of the longer arm,
s — length of the shorter arm,
1+ s — absolute length of the chromosome,



Numerical features of three population samples of D. glomerata subsp. aschersoniana

Table 1

E & Absolute length, pm Relative length Arm ratio Length of the shorter arm Length of the longer arm Length of the satellite
= E Ei (L) () (s) (U] (t)
& -] X sE s \'4 X sE s \'} X sE s A % sE s v X sE s ' X sE s \'
I 1 8.75 0.75 224 25.60 20.86 0.58 1.73 8.29 1.14 0.03 0.08 7.02 4.08 0.35 1.05 25.74 4.67 0.40 1.19 25.48 3.00 0.08 0.25 8.33
2 7.82 0.59 1.76 2246 |- 21.15 0.70 2.10 9.92 1.16 0.03 0.10 8.62 3.64 0.30 0.90 24.72 4.18 0.29 0.87 20.81 2.65 0.19 0.59 22.26
3 9.13 0.42 1.26 13.80 2122 0.73 2.20 10.37 1.45 0.04 0.13 8.96 3.75 0.28 0.83 22.13 5.37 0.30 0.89 16.57 2.75 0.19 0.56 20.37
II 1 8.35 0.70 2.11 25.27 | 19.91 0.51 1.54 133 1.13 0.03 0.08 7.08 3.92 0.29 0.87 22.19 4.43 0.41 1.24 2799 2.75 0.23 0.70 25.45
2 6.86 0.54 1.60 23.63 18.55 0.74 222 11.96 1.33 0.07 0.22 16.54 295 0.28 0.85 28.81 3.91 0.32 0.98 25.06 2.62 0.21 0.63 24.04
3 8.25 0.19 0.56 6.79 19.18 0.47 1.41 7.35 1.45 0.04 0.12 8.28 3.37 0.18 0.55 16.32 438 0.09 0.26 533 2.50 0.12 0.35 14.00
11 1 7.07 0.51 1.52 21.50 16.85 0.25 0.74 4.39 1.65 0.02 0.05 3.03 2.67 0.20 0.59 22.10 4.37 0.31 0.93 21.28
2 6.62 0.23 0.70 10.56 17.91 0.77 2.30 12.84 1.28 0.03 0.10 7.81 2.90 0.10 0.30 10.34 2 0.15 0.45 12.09
3 7.37 0.37 1.11 15.06 17.13 0.77 231 13.49 1.93 0.03 0.09 4.66 2.50 0.10 0.31 12.40 4.86 0.27 0.80 16.46
v 1 595 0.38 1.14 19.16 14.19 0.47 1.42 9.53 2.39 0.01 0.03 1.26 1.75 0.11 0.34 19.43 4.20 0.27 0.80 19.05
2 5.18 0.42 1.27 24.52 14.01 0.60 1.79 12.86 1.91 0.25 0.76 39.79 1.78 0.15 0.46 25.84 3.40 0.29 0.89 26.17
3 6.13 0.37 1.11 18.10 14.25 0.41 1.23 8.63 2.50 0.21 0.63 25.20 1.75 0.09 0.27 15.43 4.38 0.36 1.07 24.42
v 1 5.10 0.42 1.27 24.90 12.16 0.39 1.18 9.70 2.19 0.12 0.37 16.89 1.60 0.13 0.38 23.75 3.50 0.32 0.97 27.71
2 4.20 0.24 0.71 16.90 11.36 0.38 1.14 10.03 2.23 0.15 0.46 20.62 1.30 0.11 0.33 25.38 2.90 w4 0.44 15.17
3 4.51 0.11 0.32 7.10 10.48 0.22 0.65 6.20 299 0.14 0.42 14.05 1.13 0.07 0.20 17.54 3.38 0.15 0.44 13.02
VI 1 3.59 0.11 0.32 8.90 8.56 0.72 2.17 25.35 2.07 0.07 0.20 9.42 1.17 0.04 0.11 9.40 242 0.07 022 9.09
2 3.48 0.18 0.55 15.80 9.41 0.24 0.72 7.65 1.88 0.20 0.61 2.4 1.21 0.24 0.72 30.58 2.27 0.12 0.36 15.85
3 4.13 022 0.66 15.98 9.60 0.35 1.06 11.04 1.99 0.10 0.57 | 28.64 1.38 0.12 0.36 26.09 2.75 0.17 0.50 18.19
VII 1 3.13 0.08 0.25 799 7.46 0.52 1.55 20.77 1.40 0.12 0.35 25.21 1.33 0.07 0.22 16.54 1.80 0.07 0.21 11.39
2 2.81 0.21 0.64 22.77 7.60 0.48 1.43 18.82 1.28 0.12 0.35 27.34 1.23 0.12 0.36 29.26 1.58 0.12 0.38 24.05
3 3.50 028 0.83 23.71 8.10 035 | 105 12.96 1.33 0.09 0.27 20.30 1.50 0.11 0.32 21.33 2.00 0.18 0.55 27.50
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t— length of the satellite (the value was added to the length of the
arm to which the satellite was attached),

.1
r— arm ratio —,
S

L — relative length of the chromosome — n:71+_s_ x 100,

Z (I+35)

G — for the karyotype as a whole — gradient of chromosomes length —
(length of the smallest chromosome : length of the largest chromo-
some) x 100,

Chromosome nomenclature and analysis of the karyotype are given

according to Levan et al. (1964-65).

Banding patterns nomenclature:

proximal band — near the centromere,

terminal band — at the end of the chromosome arm,

intercalar band — between the centromere and the end of the chromosome arm.

Additionally the bands were classified in two categories: intensively stai-
ned and weakly stained.

Chromosomes in the karyotype were arranged in the following order:
first the satellite chromosomes followed by the remaining chromosomes
according to the shortening of the longer arm.

RESULTS

The heterochromatin banding patterns of three population samples of
D. glomerata subsp. aschersoniana are illustrated in three separate haploid
karyograms (Fig. 1).

The numerical features of these karyotypes are given in a Table 1.

The chromosomes of D. glomerata subsp. aschersoniana karyotype are
differentiated in size. This is illustrated by the gradient of chromosome
length, calculated for three population samples G, = 35.77, (sE = 3.48,
s = 1046, V = 29.24%); G, = 3593 (sE = 1.28, s = 3.84, V = 10.67)),
G, = 38.33 (sE = 1.70, s = 5.09, V = 13.28%).

Figure 2 illustrates the distribution of all heterochromatin banding
patterns observed in the individual pairs of chromosomes from I to VIL
It must be stressed that in each pair the chromosome with a typical
banding pattern is designated by the letter ,a”. The other banding pat-
terns, designated by the letters ,b”, ,c”,... were observed by the author
only very rarely (about 3-5%).

Pair I is one of the longest median chromosomes in the karyotype:

length of the longer arm — 4.18-5.37 um,

length of the sattelite — 2.65-3.00 pm,

length of the shorter arm — 3.64-4.08 um,
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Fig. 1. Karyograms of three population samples of D. glomerata subsp. aschersoniana.
I-VII — pairs of chromosomes
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arm ratio — 1.14-1.45,
relative length — 20.86-21.22.
The characteristic feature of this chromosome pair is the terminal heterochro-
matin band in the shorter arm (0.67-1.05 um) (Fig. 2Ia), looking sometimes
like two bands lying side by side (Fig. 2Ib). Sporadically, an intercalar band
(Fig. 2Ic) or small proximal band (Fig. 2Id) were observed on the same
arm. On the part of the longer arm between the satellite and centromere
frequently no bands were observed. An exceptionally weakly stained band
(Fig. 2le) was present. On the satellite a terminal band (Fig. 2If), or
sometimes an intercalar band (Fig. 2Ig), was present but this was very rare.

Pair II is also one of the longest median chromosomes in the karyotype:

length of the longer arm — 3.91-4.88 um,

length of the satellite — 2.50-2.75 um,

length of the shorter arm — 2.95-3.92 um,

arm ratio — 1.13-1.45,

relative length — 18.55-19.91.
These chromosomes are distinguishable from all the others in the karyotype
by the intensively stained proximal heterochromatin band (0.43-0.63 um)
in the longer arm of chromosome (Fig. 2Ila). On the shorter arm no
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heterochromatin patterns were observed. The satellite sometimes has a weakly
stained terminal band (Fig. 2IIb) or, exceptionally, a proximal band (Fig.
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Fig. 2. Heterochromatin banding patterns in particular chromosme pairs. I-VII — pair of
chgomosomes; a — typical banding patterns; b-g — other, rare banding patterns

Pair III consists of the longest median chromosomes of the karyotype
apart from the satellite chromosomes:

length of the longer arm — 3.72-4.86 um,

length of the shorter arm — 2.50-2.90 pm,

arm ratio — 1.28-1.93,

realtive length — 16.85-17.91.
A striking feature of this chromosomes is the absence of stained heterochro-
matin (Fig. 2I1Ia). Exceptionally, a weakly stained terminal band may be
observed on the longer arm (Fig. 2IIIb), sometimes visible only as two
points (Fig. 2IIIc). On the same arm, an intercalar band is present very
rarely (Fig. 2II1d). -

Pair IV contains submedian chromosomes of medium size:

length of the longer arm — 3.40-4.38 um,

length of the shorter arm — 1.75-1.78 pm,

arm ratio — 1.91-2.50,

relative length — 14.01-14.25.
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The large terminal heterochromatin band (0.88-1.40 pm) on the longer arm
(Fig. 21V a) is the characteristic feature of this pair. Exceptionally, it appears
as two adjacent bands (Fig. 2IVb) or three smaller bands lying not far
from each other (Fig. 2IVc). Occasionally on the shorter arm of the
chromosome there is a weakly stained terminal heterochromatin band (Fig.
21Vd), sometimes only in the form of dots (Fig. 2IVe).

Pair V consists of submedian chromosomes slightly smaller than those
of pair IV but also of medium size:

length of the longer arm — 2.90-3.50 pm,

length of the shorter arm — 1.13-1.60 pm,

arm ratio — 2.19-2.99,

relative length — 10.48-12.16.
The chromosomes of pair V are characterized by a small terminal hetero-
chromatin band (0.30-0.75 um) on the longer arm (Fig. 2Va). Exceptionally,
on this same arm there appears intercalar band (Fig. 2Vb). On the shorter
arm a weakly terminal band is very occasionally present (Fig. 2Vc).

Pair VI contains very small submedian chromosomes:

length of the longer arm — 2.27-2.75 pm,

length of the shorter arm — 1.17-1.38 pm,

arm ratio — 1.88-2.07,

relative length — 8.56-9.60.
This pair is the second in the karyotype of D. glomerata subsp. asche-
rsoniana without heterochromatin (Fig. 2VIa). Sporadically, a weakly stained
terminal heterochromatin band is present on the longer arm (Fig. 2VIb),
sometimes visible only as small dots (Fig. 2VIc).

Pair VII contains the smallest median chromosomes in the studied karyoty-
pe:
length of the longer arm — 1.58-2.00 pm,
length of the shorter arm — 1.23-1.50 pm,
arm ratio — 1.28-1.40,
relative length — 7.46-8.10.
These chromosmes have a large content of heterochromatin. On the longer
arm there is an intensively stained and very large terminal heterochromatin
band (0.87-1.06 um) and on the shorter arm a smaller (0.15-0.60 pm),
weakly stained terminal band (Fig. 2VIIa). Sometimes the band on the longer
arm appears as two bands (Fig. 2VIIb). In a few cases the band on the
shorter arm takes the form of large dots (Fig. 2VIIc).

DISCUSSION

In general the karyotype and banding patterns of D. glomerata subsp.
aschersoniana from Poland (Fig. 3) correspond with the karyotype of this taxon



g I III v v ¥ ¥ VII

o 3

Fig. 3. Banding patterns in the selected chromosomes of D. glomerata subsp.
aschersoniana from Poland. I-VIII — pairs of chromosomes. Scale — 10 um
Figs. 4, 5. Differentiation of chromosome size in karyotype of D. glomerata subsp.
aschersoniana from the Botanic Garden, Risskov-Aarhus, East Jutland, Denmark.
Arrows show the smallest chromosomes. Scale — 10 um
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from the south-ecastern border of the Alps determined by Wetschnig
(1983). However there are some differences.

SIMILARITIES

1. Two pairs of satellite chromosomes whose relative length is greatest,
one pair with the terminal heterochromatin in the shorter arms and
the other with proximal heterochromatin in the longer arms.

2. Two pairs of chromosomes without heterochromatin. One pair of median
(third in respect of relative length) and the other of submedian chro-
mosomes (almost the smallest in the karyotype).

3. Two pairs of submedian chromosmes with terminal heterochromatin in
the longer arm. They differ from each other in the size of the
heterochromatin bands.

DIFFERENCES

1. The gradient of chromosome length (G).

The chromosomes in the karyotype of Alpine plants are less differentiated
in respect of length (G = 75.50; s = 5.03) than those from Poland (G = 36.68;
s = 6.46). The Alpine sample was compared with aggregated sample from Po-
land. Three samples from Poland were treated as a single (aggregated) sample
because Two k-samples slippage tests (Puchalski 1980) at the 0.05 significance
level did not show significant differences between these three samples (m = 2,
k=3, n=10).

For statistical analysis of differences between Alpine and Polish samples
the statistical test cannot be used, because the size (n) of Alpine sample
was unknown. Only X and s were known. For this reason Alpine and
Polish samples were compared by so-called rule of three o (Perkal 1958).
From this comparision follows that they originate from populations dif-
ferentiated in respect of value G (Fig. 6).

Studies of Dactylis chromosomes carried aut by Christoff and Moskova
(1967), Fernandes and Queirds (1969), Kozhukharov and Nikolova
(1975) and Titz (1965) suggest a differentiation of chromosome length in this
karyotype. The present author also observed such differentiation in the ma-
terial received from Prof. W. Titz from Vienna, ie. D. glomerata
subsp. aschersoniana from the Botanic Garden, Risskov-Aarhus, East Jutland,
Denmark (Figs. 4, 5). '
2. The content of heterochromatin in two pairs of submedian chromosomes.

Differences in the content of heterochromatin between two pairs of sub-
median chromosomes are as follows: the longer chromosome in the material
studied by Wetschnig (1983) had a smaller quantity of heterochromatin
than that in the material studied by the present author. It may be that



176 M. Mizianty

o.h
1004
o | *
J Ll 5
{ """" 1
3
s0f . 'j
: |
A P lllPl.ll;

Fig. 6. Illustration of ,rule of three ¢", G — gradient of chromosome length, s — standard
deviation, A — Alpine sample, P — Polish aggregated sample

in Wetschnig’s material only a part of the heterochromatin was stained (see
description of banding patterns of chromosome pairs IV and V).

Errors commited during analysis of heterochromatin banding patterns are
the subject of papers by Bentzer and Landstrom (1975) and Shchapova
(1977). It is also possible that this difference may arise from the causes mentio-
ned by them. The different results were probably also caused by errors
made during karyotype analysis as a result of different arrangement of these
two chromosomes in the present author’s and in Wetschnig’s karyograms.
Some errors which could be made during karyotype analysis were described
by Bentzer et al. (1971) and Matern and Simak (1968). According to the
above-mentioned authors, chromosome morphology depends on numerous
factors, both biological and technical. Some of errors are inevitable.

3. The content of heterochromatin in the smallest median chromosomes.

According to Wetschnigs studies these chromosomes have terminal hetero-
chromatin only in the longer arm, while in the material from Poland
terminal heterochromatin appears in the longer as well in the shorter
arm. The last-mentioned banding pattern varies from weakly stained dots
to an intensively stained band (see description of banding patterns of chro-
mosome pair VII).

These cytological investigation suggest that there exists some polymorphism
of C-banding patterns in chromosome pair VII of the karyotype of
D. glomerata subsp. aschersoniana. This polymorphism is not uncommon
in other plant groups (Mizianty 1982).

In general, it may be stated that heterochromatin banding patterns in
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the karyotype of D. glomerata subsp. aschersoniana from the two studied
areas are similar, with the exception of one in the smallest pair of
median chromosomes.
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Wzory praikowe chromosomow roslinnych. III. Dactylis glomerata subsp.
aschersoniana (Graebner) Thell. z Polski

Streszczenie

Niniejsza praca jest fragmentem badan autorki nad zmienno$cia rodzaju Dactylis w Pol-
sce. Opisano w niej heterochromatynowe wzory prazkowe chromosomow D. glomerata subsp.
aschersoniana. Badania przeprowadzono na trzech prébach populacji z Polski. Analizowano
zmienno$¢ wzorow heterochromatynowych. Poréwnano otrzymane wzory prazkowe z wzorami
heterochromatynowymi dla D. glomerata subsp. aschersoniana z poludniowo-wschodnich Alp
ustalonymi przez Wetschnig (1983). Przeprowadzone badania cytologiczne sugeruja wystg-
powanie polimorfizmu wzorow prazkowych VII pary chromosoméw w kariotypie D. glomerata
subsp. aschersoniana.
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