
Phyton (Horn, Austria) Vol. 31 Fasc. 1 35-55 9. 8. 1991

Karyotype Morphology of Some Diploid Subspecies of
Dactylis glomerata L. (Poaceae)

By

Wolfgang WETSCHNIG*)

With 13 Figures

Received February 26, 1990

Key words : Gramineae, Poaceae, diploid Dactylis glomerata subspecies. —
Karyology, chromosome morphology.

Summary

WETSCHNIG W. 1991. Karyotype morphology of some diploid subspecies of Dacty-
lis glomerata L. (Poaceae). - Phyton (Horn, Austria) 31 (1): 35-55, with 13 figures. -
English with German summary.

Chromosome numbers and morphology of metaphase chromosomes (idiograms!)
of 11 diploid subspecies out of approximately 16 diploid taxa of Dactylis glomerata L.
are given.

Based on chromosome morphology three groups of haploid idiograms can be
formed: One group consists of the idiograms of D. g. subsp. smithii (LINK) STEBBINS &
ZOHARY, D. g. subsp. ibizensis STEBBINS & ZOHARY, D. g. subsp. aschersoniana
(GRAEBNER) THELLUNG, D. g. subsp. judaica STEBBINS & ZOHARY and D. g. subsp.
juncinella (BORY) BOISSIER. A further group is formed by the idiograms of D. g. subsp.
lusitanica STEBBINS & ZOHARY and D. g. subsp. santai STEBBINS & ZOHARY. The third
group is formed by D. g. subsp. "parthiana PARKER & BORRILL" and D. g. subsp.
himalayensis DOMIN. The idiograms of the remaining two subspecies — D. g. subsp.
mairei STEBBINS & ZOHARY and D. g. subsp. reichenbachii (HAUSMANN) STEBBINS &
ZOHARY - are rather different, but both own a certain kind of chromosome which is
not present in any other subspecies.

A quantitative comparison of the idiograms using the cluster analysis method
underlines the similarity between the five idiograms of the first group. There is a
remarkable difference between the idiograms of D. g. subsp. aschersoniana and D. g.
subsp. himalayensis, two subspecies rather similar in morphology as well as in
chemistry.

*) Dr. Wolfgang WETSCHNIG, Institut für Botanik der Universität Graz, Hol-
teigasse 6, A-8010 Graz (Austria).
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Zusammenfassung

WETSCHNIG W. 1991. Karyotypmorphologie einiger diploider Unterarten von
Dactylis glomerata L. (Poaceae). - Phyton (Horn, Austria) 31 (1): 35-55, mit
13 Abbildungen. - Englisch mit deutscher Zusammenfassung.

Chromosomenzahlen und Morphologie der Metaphasechromosomen (Idio-
gramme!) von 11 diploiden Subspecies der schätzungsweise 16 diploiden Taxa von
Dactylis glomerata L. werden angegeben.

Auf grund der Chromosomenmorphologie ergeben sich drei Gruppen von haploi-
den Idiogrammen: Eine Gruppe bilden die Idiogramme von D. g. subsp. smithii (LINK)
STEBBINS & ZOHARY, D. g. subsp. ibizensis STEBBINS & ZOHARY, D. g. subsp. ascherso-
niana (GRAEBNER) THELLUNG, D. g. subsp. judaica STEBBINS & ZOHARY und D. g. subsp.
juncinella (BORY) BOISSIER. Eine weitere Gruppe bilden die Idiogramme von D. g.
subsp. lusitanica STEBBINS & ZOHARY und D. g. subsp. santai STEBBINS & ZOHARY. Die
dritte Gruppe wird von D. g. subsp. "parthiana PARKER & BORRILL" und D. g. subsp.
himalayensis DOMIN gebildet. Die Idiogramme der restlichen beiden Unterarten — D.
g. subsp. mairei STEBBINS & ZOHARY und D. g. subsp. reichenbachii (HAUSMANN)
STEBBINS & ZOHARY - passen nicht gut zusammen; beide haben jedoch einen Chromo-
somentyp, der in den Idiogrammen der übrigen Subspezies nicht zu finden ist.

Ein quantitativer Vergleich der einzelnen Idiogramme mittels Clusteranalyse
unterstreicht die Ähnlichkeit der fünf Idiogramme der ersten Gruppe. Bemerkens-
wert ist die Verschiedenheit zwischen den Idiogrammen von D. g. subsp. ascher-
soniana und D. g. subsp. himalayensis, zwei Unterarten, die sowohl in ihrer Morpho-
logie als auch in ihren Inhaltsstoffen sehr ähnlich sind.

1. Int roduct ion

Within the genus Dactylis L. — one of the best-known examples of a
natural polyploid complex — four levels of ploidy are known up to now.
Hexaploid (2n = 42) populations of Dactylis were found in Western Egypt
and in the Cyrenaica (BORRILL & JONES 1961). Tetraploids (2n = 28) are
widley distributed in the northern hemisphere and have been spread almost
worldwide by man. Natural triploids (2n =21) have also been found by
SYLVEN (MÜNTZING 1937) in Sweden. With exception of D. g. subsp. ascher-
soniana the diploids (2n = 14) occure in rather small, particular areas (Fig.
12). B-chromosomes have been found in tetraploid as well as in diploid taxa
(JONES, CARROLL & BORRILL 1961, BORRILL & CARROLL 1969).

The present study is restricted to the chromosome morphology of the
diploid subspecies. 12 diploid subspecies have been described up to now.
Four further names of diploid subspecies - D. g. subsp. "castellata", D. g,
subsp. "galician diploid", D. g. subsp. "lebanotica" and D. g. subsp. "par-
thiana" - are frequently used in literature, but are - as far as I know — not
published till now (BORRILL & CARROLL 1969 announced the publication of
D. g. subsp. "castellata", D. g. subsp. "lebanotica" and D. g. subsp. "par-
thiana" by PARKER & BORRILL). Out of these 16 taxa, 11 were available for
my karyological studies. No seeds of D. g. subsp. "castellata", D. g. subsp.
"galician diploid", D. g. subsp. "lebanotica" and D. g. subsp. sinensis were
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available and all seeds of D. g. subsp. woronowii proved to produce tetra-
ploid plants.

Although Dactylis is one of the best-documented examples of a poly-
ploid complex (see list of references in MIZIANTY 1986 and LUMARET 1988),
there are only a few articles dealing with chromosome morphology. For the
diploids LEVAN 1930 investigated the karyotype of D. g. subsp. ascher-
soniana. The same subspecies has also been studied (idiograms, giemsa
C-banding) by WETSCHNIG 1983, 1984 and MIZIANTY 1985. Chromosome
morphology of D. g. subsp. reichenbachii has been studied by WETSCHNIG

1983.
The object of this paper is to describe and compare the chromosome

morphology of 11 diploid subspecies of Dactylis glomerata L. and to contri-
bute this feature to the evolutionary studies within this genus.

2. Mater ia l

With exception of D. g. subsp. juncinella (caryopses were kindly provided by R.
LUMARET), D. g. subsp. aschersoniana and D. g. subsp. reichenbachii (living plants
were collected and taken into cultivation by the author) all Dactylis-plants were
grown from seeds obtained by the international seed exchange of botanical gardens.

All plants werde cultivated in the Botanical Garden of the Karl-Franzens-
University of Graz in clay pots (diameter: 10 cm) with garden mould, which were
sunk in outdoor-garden-beds. Because of lack of space, three to five seedlings had to
be planted in one pot, so that each pot contained several individuals of a single
subspecies.

Voucher specimens of the subspecies investigated will be deposited at the
herbarium of the Institute of Botany, University of Graz.

List of sites of original collections

D. g. subsp. aschersoniana (GEAEBNEB) THELLUNG

Austria: Carinthia, NW of Klagenfurt, 600 m; (46°38'N/14°17'E).

D. g. subsp. himalayensis DOMIN

India: Gangi, Tehri; (30°20'N/78°30'E). Caryopses received from the Bot.
Gard. Aberystwyth.

D. g. subsp. ibizensis STEBBINS & ZOHARY

Ibiza: Island of Ibiza; (38°55'N/1°31'E). Caryopses received from the Bot.
Gard. Aberystwyth.

D. g. subsp. judaica STEBBINS & ZOHARY

Lebanon: Yuntah; (34°22'N/36°00'E). Caryopses received from the Bot.
Gard. Aberystwyth.

D. g. subsp. juncinella (BORY) BOISSIER

Spain: Top of Sierra Nevada, 3200 m; (37°03'N/3°6'E); leg. R. LUMARET.

D. g. subsp. lusitanica STEBBINS & ZOHARY

Portugal: Sierra de Cintra; (38°47'N/9°25'W). Caryopses received from the
Bot. Gard. Aberystwyth.
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D. g. subsp. mairei STEBBINS & ZOHARY
Algeria: Gorges de Kerrata, SE of Bougie; (36°34'N/4°52'E). Caryopses
received from the Bot. Gard. Aberystwyth.

D. g. subsp. "parthiana PARKER & BORRILL"
Iran: Elburz Mountains; (36°00'N/51°00'E). Caryopses received from the
Bot. Gard. Aberystwyth.

D. g. subsp. reichenbachii (HAUSMANN) STEBBINS & ZOHARY
Italy: Province Bolzano (Bozen), Tires (Tiers) E of Bolzano, 1200 m; (46°29'N/
11°33'E).

D. g. subsp. santai STEBBINS & ZOHARY
Algeria: Above Zemmora on Relizane-Tiaret road; (35°35'N/0°21'E). Cary-
opses received from the Bot. Gard. Aberystwyth.

D. g. subsp. smithii (LINK) STEBBINS & ZOHARY
Tenerife: Icod el Alto; (28°24'N/16°30'W). Caryopses received from the Bot.
Gard. Aberystwyth.

3. Methods

Meristems of root-tips were used for chromosome morphology studies. Root-tips
were pretreated for 4 hours in a 0,002 molare solution of 8-hydroxyquinoline
(0,058 g/200 cm3; soluted in aqua destillata at 60°C; LÖVE & SARKAR 1956) at room
temperature.

After pretreatment, the root-tips were fixed in ethanol:acetic acid (3:1). After
fixation the material was stored in the fixative in the refrigerator at about -25° C.

For chromosome staining carmine acetic acid was used. Root-tips were boiled in
carmine acetic acid for about 2 minutes, and were then left there for 3 to 5 hours.
After staining the root-tips were moved into acetic acid (45%). Meristems than were
isolated, dissected and finally squashed.

Drawings of the metaphase plates were made with the Reichert Polyvar micro-
scope (Ok. 10 x; Obj. 100x/Ap. 1,32), using the drawing-equipment of this micro-
scope. Photographs were made with the same microscope using an Agfa-Ortho film
(15 Din/25 Asa).

All measurements for the idiograms were taken from drawings of metaphase
chromosomes. After the production of a diploid idiogram, a haploid one was con-
structed out of this. For each subspecies 5 well scattered metaphase plates were
investigated and haploid idiograms of them were used for the construction of a
middled idiogram of the subspecies. Calculation of r-, Lr-, G r and Sj-value, %-values
of long and short chromosome arms and drawing of the idiograms were done by the
computer programme CHROM, originally written in Fortran for a DEC/VAX compu-
ter by the author; the programme then was transformed into Basic for an Atari Mega
ST2 microcomputer.

Concerning the presentation of idiograms, the method used by TEPPNER in
teaching and in his studies of Onosma and Poaceae (TEPPNER 1974, 1991, TEPPNER &
WETSCHNIG 1980) was modified and adapted by me for the purposes in Dactylis.

Within the haploid idiograms (Figs, l a - l la ) the chromosomes were numbered
and arranged according to their r-value. Within the chromosomes, the longer arms
were always positioned below the shorter ones.
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The following features were used to characterize chromosomes and idiograms:
s...length of the shorter arm.
1...length of the longer arm.
r...arm ratio of the chromosome: longer arm of the chromosome/shorter arm of

the chromosome.
Lr...relative length of the chromosome: ((l+s)/sum total of all chromo-

somes) x 100.
Sj...symmetry-index: (sum total of shorter arms/sum total of longer arms) x 100.
Gi...gradient of chromosome length index: (total length of the smallest chromo-

some/total length of the largest chromosome) x 100.
The following values are given in the idiograms: Above the chromosomes the

figures of the uppermost row indicate the numbers of the chromosomes. If there are
satellites at the shorter chromosome arm, their length-values are given in \im in the
first row; below these values, the %-values of the satellites - (satellite/sum total of all
chromosomes) x'100 - are given in brackets. The values of the next row indicate the

' length-values of the shorter arms (or satellite-bearing parts of the shorter arms) in jam
(%-values in brackets below the fxm-values). Beneath the box-diagramms of the
chromosomes, the length-values of the longer arms (or satellite-bearing parts of the
longer arms) are given in |xm- and in %-values (%-values in brackets below the
|xm-values). If there are satellites at the longer arms of the chromosomes, their values
are given in further rows. The next row of boxes shows the r-values, with the numeric
r-values below. At last the Lr-values are given as boxes with their numeric values
beneath them.

In Figs, la—lla the chromosomes are drawn according to their (xm-values. In
Fig. 12 chromosomes are plotted according to their %-values to make comparison
more easily.

Nomenclature of chromosomes and centromeric positions are given according to
LEVAN, FREDGA & SANDBERG 1964.

For the quantitative comparison of the haploid idiograms the chromosomes were
arranged within the idiograms as shown in Fig. 12. In this arrangement, the sum of
differences between all features of all idiograms is a minimum (tested and proved by a
computer programme written by the author). Each subspecies was characterized by
42 features: length of the longer and shorter arm of chromosome, length of the
satellite at the longer and shorter chromosome arm, value of arm ratio und relative
length of each of the 7 chromosomes of the haploid idiogram were used. Comparison
of the idiograms was done by the cluster analysis method. The routine 2M of the
'software package BMDP (DIXON 1977, BOLLINGER, HERRMANN & MÖNTMANN 1983) was

used on a DEC/VAX785 computer of the computer centre at the University of Graz.
Euclidian distance was used and no standardization of data was made. Several other
combinations of features (for example r- and Lr-value were excluded or satellite and
satellite-bearing arm were added up) were tested, as well as standardization of data,
but the options mentioned above proved to be appropriate.

4. Morphology of Metaphase Chromosomes

4.1. D. glomerata L. subsp. aschersoniana (GRAEBNER) THELLUNG

Karyotype morphology of this subspecies has already been investigated
by LEVAN 1930, WETSCHNIG 1983, 1984 and MIZIANTY 1985; the idiogram
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s 0 . 9 4 1 . 0 3 1 . 0 3 1 . 0 6 1 . 5 0 1 . 4 1 1 . 5 3 um
( 4 . 2 3 ) ( 4 . 6 5 ) ( 4 . 6 5 ) ( 4 . 7 9 ) ( 6 . 7 6 ) ( 6 . 3 4 ) ( 6 . 9 0 ) %

1 2 . 2 5 2 . 1 9 1 . 7 5 1 . 7 2 2 . 0 6 0 . 5 6 0 . 6 3 um
( 1 0 . 1 4 ) ( 9 . 8 6 ) ( 7 . 8 9 ) ( 7 . 7 5 ) ( 9 . 3 0 ) ( 2 . 5 4 ) ( 2 . 8 2 ) %
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5.77) ( 5 .63) %

D D D D • • D
r 2 . 4 0 2 . 1 2 1 . 7 0 1 . 6 2 1 . 3 8 1 . 3 1 1 . 2 2

D U D 0
L r 1 4 . 3 7 1 4 . 5 1 1 2 . 5 4 1 2 . 5 4 1 6 . 0 6 1 4 . 6 5 1 5 . 3 5

Fig. 1. Dactylis glomerata subsp. aschersoniana. a. Idiogram of the haploid chromo-
some set. — b, c metaphase plates.

s 1 . 1 1 1 . 0 7 1 . 3 7 1 . 3 3 1 . 5 5 1
( 4 . 4 3 ) ( 4 . 2 7 ) ( 5 . 4 6 ) ( 5 . 3 1 ) ( 6 . 1 8 ) ( 6

54 1.30 um
14) ( 5 . 1 9 ) %

1 2 . 3 3 1.93 0 . 8 1 0 . 5 6 0 . 6 9 2 . 4 2 1 . 9 6 urn
( 9 . 2 9 ) ( 7 . 7 0 ) ( 3 . 2 3 ) ( 2 . 2 3 ) ( 2 . 7 5 ) ( 9 . 6 5 ) ( 7 . 8 2 ) %

1 . 6 5 1 . 6 2 1 . 8 3
( 6 . 5 8 ) ( 6 . 4 6 ) ( 7 . 3 0 )

um

D D D D D •
r 2.10 1.80 1.80 1.64 1.63 1.57 1.51

D •

8 * -

L r 1 3 . 7 2 1 1 . 9 7 1 5 . 2 8 1 4 . 0 0 1 6 . 2 3 1 5 . 8 0 1 3 . 0 0

Fig. 2. Dactylis glomerata subsp. himalayensis. - a. Idiogram of the haploid chromo-
some set. - b, c metaphase plates.
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1 . 7 4 1 . 5 5 pm
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• u D
L r 1 4 . 4 2 1 1 . 9 6 1 4 . 0 9 1 2 . 6 9 1 6 . 0 5 1 5 . 9 7 1 4 . 8 2 4 f t C

Fig. 3. Dactylis glomerata subsp. ibizensis. - a. Idiogram of the haploid chromosome
set. — b, c metaphase plates.
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1 V
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D D D D

1 . 4 8
( 6 . 4 2 )

•

1 . 2 5 pm
( 5 . 4 3 ) %

r 2.36 1.99 1.71 1.64 1.39 1.23 1.13
t

D D D

\ V u

L r 1 3 . 2 8 1 2 . 9 8 1 2 ' . 5 9 1 5 . 1 0 1 6 . 6 2 1 4 . 0 2 1 5 . 4 1 •

Fig. 4. Dactylis glomerata subsp. judaica. ~ a. Idiogram of the haploid chromosome
set. - b, c metaphase plates.
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presented in this paper is based on further metaphase plates. The diploid
chromosome set (2n = 2x = 14) is shown in Figs, lb, c. The haploid idiogram
(Fig. la) consists of two satellite-bearing chromosomes (6, 7) with centro-
meres in the median region, and five chromosomes without satellites. Three
of the latter (3, 4, 5) have the centromere in the median region, and in two
chromosomes (1, 2) the centromere is inserted in the submedian region.

In addition to the two satellite-bearing chromosomes, chromosome 5 is
very characteristic for the chromosome set of this subspecies. With a
relative length of 16,06 it is the longest chromosome of the set, and with an
r-value of 1,38 it is the most symmetric of the five chromosomes without
satellites.

Without giemsa C-banding it is rather difficult to seperate chromosome
1 from 2 and 3 from 4.

The Gi-value of this subspecies ist 78,07, the S rvalue is 62,10.

4.2. D. glomerata L. subsp. himalayensis DOMIN

Metaphase plates of the diploid chromosome set (2n = 2x = 14) are
shown in Figs. 2b, c. The haploid idiogram (Fig. 2a) contains three satellite-
bearing chromosomes (3, 4, 5). Two of the four remaining chromosomes have
the centromere in the median region (6, 7), whereas the centromere of
chromosome 1 and 2 is situated in the submedian region.

Among all the idiograms investigated till now, those of D. g. subsp.
himalayensis and D. g. subsp. "parthiana" are the only two having three
satellite chromosomes, whose satellites exceed the length of the satellite-
bearing arms. The longest chromosome of the set is chromosome 5 (Lr =
16,23), followed by chromosome 6 (Lr = 15,80).

The chromosomes of this subspecies are rather easy to distinguish with
the exception of the satellite chromosomes 3 and 5.

The Gi-value is 73,71, the S rvalue is 58,67.

4.3. D. glomerata L. subsp. ibizensis STEBBINS & ZOHAEY

Metaphase plates of the diploid chromosome set (2n = 2x = 14) are
shown in Figs. 3 b, c. The haploid idiogram (Fig. 3 a) consists of two satellite
chromosomes with the centromere in the median region (6, 7). A centromere
in the median region is also evident in chromosome 4 and 5, whereas the
chromosomes 1, 2 and 3 have the centromere in the submedian region.

Characteristic for this chromosome set is chromosome 5. With an Up-
value of 16,05 it is the longest, and with r = 1,45 also the most symmetric
chromosome of the set.

It is rather difficult to distinguish the chromosomes 2 and 3. This is
most easily possible by means of the length of the short arms.

The Gi-value is 74,55, the Si-value is 64,21.
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4.4. D. glomerata L. subsp. judaica STEBBINS & ZOHAEY

The morphology of the diploid chromosome set (2n = 2x = 14) is shown in
the metaphase plates of Figs. 4b, c. The haploid idiogram is shown in Fig.
4 a. It contains two satellite-bearing chromosomes (5, 7) with the centromere
in the median region. With Lr-values of 16,62 and 15,41 they are the longest
chromosomes of the set. Two of the remaining satelliteless chromosomes
have the centromere in the median region (4, 6). The chromosomes 1, 2 and 3
have the centromere inserted in the submedian region.

In addition to the satellite chromosomes, the symmetric chromosomes
(4, 6) are characteristic for the idiogram of this subspecies.

The Gi-value is 75,72, the S rvalue is 64,34.

4.5. D. glomerata L. subsp. juncinella (BORY) BOISSIER

The diploid chromosome set (2n = 2x = 14) is shown in Figs. 5b, c. The
haploid idiogram (Fig. 5 a) contains two satellite chromosomes (4, 7) with
the centromere in the median region and five satelliteless chromosomes.
Three of them (3, 5, 6) have the centromere in the median region, whereas
the centromere of the chromosomes 1 and 2 is inserted in the submedian
region.

Most characteristic are the two satellite chromosomes (4,7) which are
the longest chromosomes of the set (Lr = 16,74 and 15,57).

The Gi-value is 74,94, the S rvalue is 65,70.

4.6. D. glomerata L. subsp. lusitanica STEBBINS & ZOHARY

Figs. 6 b, c are showing metaphase plates of the diploid chromosome set
(2n = 2x = 14). The haploid idiogram is shown in Fig. 6 a. Only one satellite-
bearing chromosome (7) has been found. With an r-value of 1,19 this
chromosome is the most symmetric of the set. Among the six satelliteless
chromosomes two (5, 6) possess the centromere in the median region, while
the rest (1, 2, 3, 4) have the centromere inserted in the submedian region.

The chromosomes 1, 3 and 5 are rather similar and hard to distinguish
as well as the chromosomes 2 and 4.

The Gi-value is 76,28, the Si-value is 61,40.

4.7. D. glomerata L. subsp. mairei STEBBINS & ZOHARY

The diploid chromosome set (2n = 2x = 14) is shown in Figs. 7b, c. The
haploid idiogram (Fig. 7 a) consists of two satellite chromosomes (5, 7) with
the centromere in the median region and five satelliteless chromosomes.
Two of the satelliteless chromosomes (4, 6) have the centromere in the
median region, three (1, 2, 3) have the centromere inserted in the submedian
region.

The two satellite chromosomes are very characteristic. Chromosome 5
has a long arm consisting of a bearing arm which is shorter than the satellite

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



s 1 . 0 5 1 . 3 5 1 . 2 9 1 . 7 3 1 . 5 7 1 . 3 7 1 . 8 5 pm
( 4 . 0 8 ) ( 5 . 2 4 ) ( 5 . 0 1 ) ( 6 . 7 2 ) ( 6 . 1 0 ) ( 5 . 3 2 ) ( 7 . 1 8 ) %

1 2 . 2 2 2 . 3 4 2 . 1 0 1 . 0 1 2 . 2 8 1 . 8 6 0 . 7 7 pm
( 8 . 6 2 ) ( 9 . 0 9 ) ( 8 . 1 6 ) ( 3 . 9 2 ) ( 8 . 8 5 ) ( 7 . 2 2 ) ( 2 . 9 9 ) %

1 . 5 7
( 6 . 1 0 )

1 . 3 9 pm
5 . 4 0 ) %
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L r 1 2 . 7 0 1 4 . 3 3 1 3 . 1 7 1 6 . 7 4 1 4 . 9 5 1 2 . 5 4 1 5 . 5 7 V C

Fig. 5. Dactylis glomerata subsp. juncinella. - a. Idiogram of the haploid chromo-
some set. - b, c metaphase plates.
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5 . 8 9 ) %

D D • •
2.09 1.95 1.73 1.70 1.51 1.50 1.19

D D U D

b

L r 1 3 . 1 0 1 5 . 1 0 1 2 . 3 7 1 5 . 0 0 1 2 . 9 6 1 6 . 2 2 1 5 . 2 5 W Q

Fig. 6. Dactylis glomerata subsp. lusitanica. - a. Idiogram of the haploid chromo-
some set. - b, c metaphase plates.
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Fig. 7. Dactylis glomerata subsp. maire'i. - a. Idiogram of the haploid chromosome
set. - b, c metaphase plates.

on it. In opposition to that, the shorter arm of chromosome 7 bears a very
short satellite (mean value = 0,3 \xm). Chromosome 7 is the most symmetric
chromosome of this subspecies (r = 1,18) too. Among the satelliteless
chromosomes the symmetric chromosome 6 (r = 1,40) and the chromosome 2
with its distinctive long arm are remarkable.

The G rvalue is 77,21, the S rvalue is 64,81.

4.8. D. glomerata L. subsp. "parthiana PARKER & BORRILL"

Metaphase plates of the diploid chromosome set (2n = 2x = 14) are
shown in Figs. 8b, c. The haploid idiogram (Fig. 8 a) consists of three
satellite-bearing chromosomes (5, 6, 7) with the centromere in the median
region and four satelliteless chromosomes (1, 2, 3, 4) with the centromere
inserted in the submedian region.

Two of the satellite chromosomes (5, 6) are the largest chromosomes
(Lr = 16,18 and 16,30) of the set.

The Gi-value is 70,41, the Si-value is 63,80.

4.9. D. glomerata L. subsp. reichenbachii (HAUSMANN) STEBBINS & ZOHARY

The karyotype morphology of this subspecies has already been investi-
gated in a previous work (WETSCHNIG 1983). The idiogram in the present
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some set. — b, c metaphase plates.
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Fig. 9. Dactylis glomerata subsp. reichenbachii. - a. Idiogram of the haploid
chromosome set. - b, c metaphase plates.
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paper is based on further metaphase plates. Figs. 9b, c are showing meta-
phase plates of the diploid chromosome set (2n = 2x = 14). The haploid
chromosome set (Fig. 9 a) contains three satellite chromosomes with the
centromere in the median region (4, 5, 7) and four chromosomes without
satellites. One of the satelliteless chromosomes (6) has the centromere in
the median region, whereas all the others (1, 2, 3) have the centromere
inserted in the submedian region.

The satellite chromosomes are characteristic for the chromosome set of
this subspecies. In two of them (4, 7) the satellite-bearing arm plus the
satellite is shorter then the other arm. The satellite is very small in chromo-
some 4, whereas in chromosome 7 the satellite exceeds the length of the
satellite-bearing arm. In case of chromosome 5 the satellite-bearing arm
plus the satellite is longer than the other arm.

The Gi-value is 80,51 and the S rvalue is 64,00.

4.10. D. glomerata L. subsp. santai STEBBINS & ZOHARY

The diploid chromosome set (2n = 2x = 14) is shown in Figs. 10b, c. The
haploid idiogram (Fig. 10 a) consists of only one satellite chromosome (6)
with the centromeric position in the median region and of five satelliteless
chromosomes. Four of them (3, 4, 5, 7) have the centromere in the median
region, the remaining two (1, 2) have the centromere in the submedian
region.

Besides the idiogram olD.g. subsp. lusitanica this is - so far as I know -
the only subspecies investigated till now with only one satellite-bearing
chromosome in the haploid set.

The G rvalue is 74,43, the Si-value is 62,57.

4.11. D. glomerata L. subsp. smithii (LINK) STEBBINS & ZOHARY

Metaphase plates of the diploid chromosome set (2n = 2x = 14) are
shown in Figs. 11 b, c. The haploid idiogram (Fig. l l a ) contains two satellite
chromosomes (6, 7) with the centromeric position in the median region and
five satelliteless chromosomes. Two of them (4, 5) have the centromere in the
median region, whereas the centromere of the remaining (1, 2, 3) is inserted
in the submedian region.

The satellite-bearing chromosomes (6, 7) are rather similar in their
morphology. With an r-value of 1,22 and 1,10 they are the most symmetric
chromosomes of the set. Among the satelliteless chromosomes the longest (4)
with an Lr-value of 16,07 and the smallest (5) with Lr = 12,23 are
noteworthy.

The Gi-value is 76,14, the Si-value is 64,31.

5. Comparison of Middled Id iograms

For a qualitative comparison of the haploid idiograms of the eleven
subspecies (Fig. 12) number and morphology of the satellite-bearing
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12 D.g.subsp. "gallician"
13 O.g.subsp. "castellata
14 D.g.subsp. woronowii
15 D.g.subsp. sinensis

D.g.subsp. santa
3

D.g.subsp. lusitanica

4

subsp. juncinella D.g.subsp. smithii

Fig. 12. Primary distribution of diploid Dactylis glomerata subspecies and haploid
idiograms of eleven diploids. In case of taxa no. 12-15 no material has been available

for karyological investigations.

chromosomes are most useful. The most common type of these chromosomes
has the centromere in the median region and a longer satellite on a shorter
bearing arm; the length of the bearing arm plus the satellite exceeds the
length of the other arm.

Within the haploid idiograms three distinct groups may be formed: The
first group (Fig. 12, idiograms number 7-11) consists of the idiograms of D.
g. subsp. aschersoniana, D. g. subsp. ibizensis, D. g. subsp. judaica, D. g.
subsp. juncinella and D. g. subsp. smithii. The idiograms are rather similar
and are characterized by two satellite chromosomes. One of these chromo-
somes is always the most symmetric of the set. The other one is also rather
symmetric with the centromere in the median region.

The second group (Fig. 12, idiograms number 3 and 4) consists of the
idiograms of D. g. subsp. santai and D. g. subsp. lusitanica. The idiograms of
these two subspecies are characterized by only one satellite chromosome
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which represents the common type of morphology of the satellite chromo-
somes.

The idiograms of D. g. subsp. himalayensis and D. g. subsp. "parthiana"
may be regarded as a third group (Fig. 12, idiograms number 5 and 6). Both
possess three satellite chromosomes, but on the other side they differ in
many aspects, for example in the length of the short arms of the satellite
chromosomes.

The idiograms of the remaining two subspecies - D. g. subsp. mairei and
D. g. subsp. reichenbachii (Fig. 12, idiograms number 1 and 2) - are showing
only little correspondence. They both own a type of satellite chromosome
not to be found in other subspecies. In these satellite chromosomes the
length of the short satellite plus the bearing arm does not exceed the length
of the other arm.

These observations based on qualitative features were checked up by a
quantitative procedure, namely by cluster analysis. For this reason the
sequence of the chromosomes within the idiograms was changed by a
computer programme until the sum of differences between all features of all
idiograms proved to be a minimum. The result of this procedure is shown in
the arrangement of chromosomes within the idiograms of Fig. 12.

The results of the cluster analysis made afterwards are shown in
Figs. 13a and 13b. The existence of the first group of idiograms (consisting
of the idiograms of D. g. subsp. aschersoniana, D. g. subsp. ibizensis, D. g.
subsp. judaica, D. g. subsp. juncinella and D. g. subsp. smithii) as statet
above (qualitative observation) is now confirmed by the cluster analysis
(quantitative observation). Within this group D. g. subsp. ibizensis and D. g.
subsp. smithii are most similar (agglomeration value of 53). Together with

,D. g. subsp. aschersoniana they form a subcluster within this group at an
agglomeration value of 55. A second subcluster within group 1 is formed by
D. g. subsp. juncinella and D. g. subsp. judaica agglomerating at a value of
54.

The existence of the second group of idiograms (consisting of the
idiograms of D. g. subsp. santai and D. g. subsp. lusitanica) is also confirmed
by cluster analysis. The agglomeration value of these two idiograms is 58.

Group 1 and group 2 agglomerate at a level of 68, forming a single
cluster. The idiograms of the remaining subspecies are forming no further
clusters, but agglomerate with the cluster formed by group 1 and 2 one after
another at the following agglomeration levels: D. g. subsp. reichenbachii at
73, D. g. subsp. himalayensis at 81, D. g. subsp. mairei at 91 and with D. g.
subsp. "parthina" all subspecies are agglomerated.

6. Discussion

As WETSCHNIG 1983 pointed out, it is possible to distinguish certain
subspecies of D. glomerata by idiograms of their chromosomes (carmine
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Fig. 13. a. Three dimensional phenogram showing relations of eleven diploid sub-
species based on chromosome morphology. The positions of the subspecies are
reflecting their geographical distribution, the places of branching off sign the
agglomeration levels. — b phenogram showing relations of eleven diploid subspecies
based on chromosome morphology. — c phenogram showing relations of ten diploid
subspecies based on enzymatic polymorphism (redrawn and transformed from

LUMAEET 1984).

stained as well as giemsa C-banded); the differences of chromosome mor-
phology between several populations within D. g. subsp. aschersoniana and
D. g. subsp. reichenbachii proved to be very slight. MIZIANTY 1985 studied
the chromosomes of D. g. subsp. aschersoniana from Poland using giemsa
C-banding. She found minor differences to the material studied by
WETSCHNIG 1983 in the gradient of chromosome length and in the content of
heterochromatin in two pairs of submedian chromosomes. On principle it is
desirable to study the chromosome morphology of several populations of
each subspecies. For lack of seed-material this has to be delayed to further
studies, which will include chromosome banding of the different diploid
subspecies too.

Despite the differences in chromosome morphology, all diploid sub-
species can be crossed and fertile seeds will be obtained (BORRILL 1961,
PARKER 1968, PARKER & BORRILL 1968 and JONES & BORRILL 1962), although
a decrease in fertility was recorded over two (Fl and F2) generations.
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LUMARET 1988 gave an excellent summary and discussion of previous
studies on Dactylis of various fields of botany. Therefore it is not necessary
to discuss the whole spectrum of previous studies in detail. So I restrict the
discussion to a comparison of the results of the present study with the
classical observations on morphology, plant geography and evolution of the
genus made by STEBBINS & ZOHARY 1958, and with the studies of enzymatic
polymorphism and diversity for flavonoid compounds presented by
LUMARET 1988.

STEBBINS & ZOHARY 1958 stated that morphologically four extreme
types can be recognized within the diploid subspecies of D. glomerata: D. g.
subsp. himalayensis, D. g. subsp. juncinella, D. g. subsp. ibizensis and D. g.
subsp. smithii. The remaining subspecies are intermediate between these
extreme forms. Based on the geographical distribution and the plants with
which the various diploid subspecies are associated, they arrived at the
conclusion, that D. g. subsp. aschersoniana, D. g. subsp. himalayensis and
D. g. subsp. smithii are the oldest subspecies within the genus and probably
date back from the Miocene period. According to them, there is reason to
believe, that D. g. subsp. ibizensis also dates from the Miocene. D. g. subsp.
juncinella may be derived from D. g. subsp. ibizensis, but it is probably also
of Tertiary age. In the opinion of LUMARET 1988 D. g. subsp. "parthiana"
and D. g. subsp. sinensis also belong to the old diploid taxa and maybe date
from the Miocene. All the other diploids grow in floras with a more modern
aspect and with or near to the more aggressive and abundant tetraploids.

More recently, the study of flavonoid variability (for a list of references
see LUMARET 1988) has provided a phylogenetic groundplan for the Dactylis
complex. As result of these studies three groups may be formed within the
diploids. A first primitive group consists of D. g. subsp. aschersoniana, D. g.
subsp. himalayensis, D. g. subsp. woronowii and D. g. subsp. smithii. Within
this group D. g. subsp. aschersoniana and D. g. subsp. himalayensis evi-
dently have more primitive molecules than the other two subspecies.
A second group is formed by D. g. subsp. ibizensis, D. g. subsp. juncinella,
D. g. subsp. mairei, D. g. subsp. "castellata" andD. g. subsp. santai. Probably
D. g. subsp. ibizensis is a rather primitive element, whereas D. g. subsp.
santai and D. g. subsp. "castellata" likely are of a more recent origin. A
third group with the most advanced molecules consists of D. g. subsp.
judaica, D. g. subsp. reichenbachii, D. g. subsp. lusitanica and the "galician
diploid". There is biochemical evidence, that D. g. subsp. judaica has
undergone important evolutionary change quite recently. LUMARET 1988
suggests, that D. g. subsp. judaica may be derived from a northern sub-
species e. g. D. g. subsp. aschersoniana. In D. g. subsp. "parthiana" two
different phenolic pathways, one close to D. g. subsp. aschersoniana, the
other close to D. g. subsp. juncinella are existing.

Enzymatic polymorphism was also used to compare the diploid sub-
species (e. g. LUMARET 1984). Fig. 13 c (redrawn and transformed from
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LUMARET 1984) shows the result of a numerical comparison of enzymatic
polymorphism between 10 diploid subspecies. Like in morphology and in
flavonoid composition, D. g. subsp. himalayensis shows many similarities
with D. g. subsp. aschersoniana. In allozyme characters D. g. subsp. jun-
cinella is very distinct from all the other subspecies (Fig. 13 c).

As a result of the present study of chromosome morphology at least two
groups can be formed within the observed diploids (Fig. 13 a, b). The group 1
consists of D. g. subsp. aschersoniana, D. g. subsp. ibizensis, judaica, D. g.
subsp. juncinella and D. g. subsp. smithii. With the exception of D. g. subsp.
judaica (which probably is a rather young taxon as shown by flavonoid
variation (LUMARET 1988)), all the subspecies of this group are believed to be
of ancient origin, dating back to the Miocene period (STEBBINS & ZOHARY

1958). The type of idiogram represented by the subspecies of group 1
(Fig. 12, idiograms no. 7 to 11) is therefore probably the more primitive one
and the other types have derived from it. Within group 1 D. g. subsp.
aschersoniana and D. g. subsp. smithii are belonging to LUMARET'S first
group of subspecies (LUMARET 1988), which is characterized by the most
primitive molecules. D. g. subsp. himalayensis, which also belongs to this
primitive group has an idiogram differing from those of the other members
of LUMARET'S first group and from those of the subspecies regarded as the
oldest ones by STEBBINS & ZOHARY 1958. D. g. subsp. ibizensis and D. g.
subsp. juncinella, two members of my group 1, are regarded as old by
STEBBINS & ZOHARY. They belong to LUMARET'S second group with advanced
molecules, which differ from the members of her first group by degree of the
expression of a flavonol pathway. D. g. subsp. judaica, a further member of
my group 1, has most advanced molecules (LUMARET'S third group) and is
regarded as a rather young subspecies. The idiograms of group 2 (D. g.
subsp. lusitanica and D. g. subsp. santai (Fig. 12, idiograms no. 3, 4)) with
only one satellite chromosome maybe descended from the D. g. subsp.
smithii — D. g. subsp. ibizensis group or from D. g. subsp. juncinella.
According to LUMARET 1988 D. g. subsp. santai belongs to the group of taxa
with advanced molecules, while D. g. subsp. lusitanica is one of the taxa of
LUMARET'S third group with most advanced molecules. The chromosome
morphology of D. g. subsp. mairei (Fig. 12, idiogram no. 1) could have
derived from that of D. g. subsp. santai, a subspecies rather close to the
former e. g. in enzymatic polymorphism. In contrast to that, the idiogram of
D. g. subsp. reichenbachii probably is a more direct descent of one of the
members of group 1.

The most striking difference in the results of chromosome morphology
and other (morphological and biochemical) investigations is, that D. g.
subsp. himalayensis has a chromosome morphology rather different from
that of D. g. subsp. aschersoniana, whereas in all other studies these two
subspecies proved to be the closest relatives. In this context D. g. subsp.
"parthiana" is also worth to mention. This subspecies is regarded to be very
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closely related to D. g. subsp. aschersoniana and could have derived from it
as LUMARET 1988 stated, but the chromosome morphology of this subspecies
is rather different from D. g, subsp. aschersoniana. Like in D. g. subsp.
himalayensis, the idiogram of D. g. subsp. "parthiana" is characterized by
three satellite chromosomes. Biochemically D. g. subsp. "parthiana" is
marked by an extraordinary differentiation of flavonoid compounds, show-
ing two phenolic pathways (LUMARET 1988). In enzymatic polymorphism
this subspecies is also rather different from the rest of the diploids
(LUMARET 1984) as shown in Fig. 13 c.
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