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Chromosome numbers of eleven angiosperm species, five dicots and six monocots from Georgia and Azerbaijan are
reported. The chromosome number of Cruciata coronata (Rubiaceae) is provided for the first time (2n = 22).
Additionally, karyotypes are presented for five species, those of Danae racemosa (Ruscaceae), Paris incompleta
(Trilliaceae), and Ruscus hyrcanus (Ruscaceae) for the first time. The new data are compared with previous
karyological information, and both are discussed in a biosystematic context.
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INTRODUCTION

Karyological features are appreciated as very im-
portant taxonomic characters which do not simply
provide an additional character but often allow con-
clusions about evolutionary events in the group of
interest (e.g., Greilhuber and Speta, 1978; Greil-
huber, 1982; Cerbah et al., 1998). In recent decades,
vast amounts of data on chromosome numbers have
been collected (Stace, 2000). However, these data
are very unevenly distributed over plant groups and
over geographical areas. In many taxa more than
one ploidy level is reported; nowadays it is generally
acknowledged that at least several counts per
species are desirable. Although most frequently
used for (karyo)systematic purposes, the chromo-
some number alone is often not sufficient to unam-
biguously trace the evolutionary history of the
group. In such cases, more detailed information
about the karyotype is necessary.

We report chromosome numbers of eleven an-
giosperm species from Georgia and Azerbaijan. One
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species is counted for the first time, and other data
are first reports for certain ploidy levels. For three
of those species the karyotypes are presented for the
first time. The new data are compared with previous
karyological information, and both are discussed in
a biosystematic context.

MATERIALS AND METHODS

Eleven species were collected in Georgia (G) and
Azerbaijan (A) in May 2001 by G.M. Schneeweiss
and A. Tribsch. Vouchers are deposited in the Schons-
wetter and Tribsch herbarium (S&T) in the Botani-
cal Institute of the University of Vienna (WU), the
Natural History Museum of Vienna (W) and the
Oberosterreichisches Landesmuseum of Linz (LI).
The specimens were analyzed karyologically (Tab.
1). Chromosomes were obtained either from flower
buds fixed in the field or from root tip meristems
obtained from plants transferred to and grown in the
Botanical Garden of the University of Vienna (HBV).
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TABLE 1. Plant material for cytological investigations

Taxon

Locality

Coordinates Deposition

Brassicaceae

Alliaria petiolata (Bieb.) Cavara & G: Minor Caucasus, Trialetic Mountains, Bakuriani; E 43°31'18” WU (S&T 6924)

Grande 1750-1850 m N 41°45'39”

Alyssum hirsutum Bieb. G: Minor Caucasus, Trialetic Mountains, Kura Valley, E 43°09'58” WU (S&T 6987)
between Akaltsikhe and Atsquri; 950-1100 m N 41°41'11”

Alyssum strigosum Banks & Soland. G: Minor Caucasus, Trialetic Mountains, Kura Valley, E 43°09'58” WU (S&T 6975)
between Akaltsikhe and Atsquri; 950-1100 m N 41°41'11”

Hyacinthaceae

Bellevalia paradoxa (Fisch. & C. A. G: Minor Caucasus, Trialetic Mountains, Tskhatsgaro E 43°31'02” LI (S&T 6671)

Mey.) Boiss. ugheltekhili S of Bakuriani; 2100-2500 m N 41°42'04”

Othocallis rosenii (C. Koch) G: Minor Caucasus, Trialetic Mountains, Tskhatsqaro E 43°31'02” WU (S&T 6687)

F. Speta ugheltekhili S of Bakuriani; 2100-2500 m N 41°42'04”

Poaceae

Dactylis hyrcana (Tzvel.) Musajev  A: Talysh, Hyrcanian Forest Reservation Qirgan - WU (S&T 6825)
gorugu (10-12 km SW Léankéaran), 200-300 m

Rubiaceae

Cruciata coronata (Sibth. & Smith) G: Minor Caucasus, Trialetic Mountains, Kura Valley, E 43°09'58” WU (S&T 6985)

Ehrend. between Akaltsikhe and Atsquri; 950-1100 m N 41°41'11”

Phuopsis stylosa (Trin.) Hook. f. A: Talysh, Hyrcanian Forest Reservation Qirgan E 48°43'51” W (S&T 6817)
gorugu (ca. 10-12 km SW Léankaran); 200—250 m N 38°40'15”

Ruscaceae

Danae racemosa (L.) Moench A: Talysh, Hyrcanian Forest Reservation Qirgan E 48°43'45” WU (S&T 6809)
gorugu (10-12 km SW Léankaran); 200-300 m N 38°39'49”

Ruscus hyrcanus Woronow A: Talysh, Hyrcanian Forest Reservation Qirgan E 48°45'30” W (S&T 6784)
gorugu (SW Lankaran); 130—-250 m N 38°40'00”

Trilliaceae

Paris incompleta Bieb. G: Minor Caucasus, Trialetic Mountains, between E 43°30'34” WU (S&T 6704)

Bakuriani and Tskhatsgaro ugheltekhili; 1750-1900 m N 41°44'07”

Flower buds were directly fixed in 3:1 ethanol:acetic
acid, stored for several days at room temperature
and then at -20°C until use. Root tips were pre-
treated with 0.1% colchicine for 24 h at 4°C in
darkness and fixed in 3:1 ethanol:acetic acid for 24 h
at room temperature and then stored at -20°C until
use. Feulgen staining with Schiff's reagent was per-
formed following the standard protocol. Briefly, ma-
terial was hydrolyzed in 5N HCI for 20 min at room
temperature, washed with tap water and stained
with Schiff's reagent (SIGMA, Germany) in dark-
ness for 1 h. Squash preparations were made in a
drop of 45% acetic acid. Preparations with a mini-
mum five well-spread metaphases were analyzed
with a light microscope (Polyvar, Reichert-Jung).
The number of plates chosen for chromosome num-
ber determination varied from 4 to 10.

The chromosomes in the karyotypes were or-
dered by decreasing length. Chromosome type ter-
minology follows that of Levan et al. (1964).
Photographs were taken on Technical Pan 100 ASA
film (Kodak). Photos were scanned and karyotypes
cut out using Corel Photo-Paint 7.0.

RESULTS AND DISCUSSION

DICOTYLEDONS

Alliaria petiolata (Brassicaceae) possesses 2n = 14
small chromosomes (1-1.5 pum; Fig. 1). Individually
they are almost unidentifiable during both mitotic
and meiotic divisions. Among the populations of
A. petiolata counted so far, based on x = 7, diploids
(2n = 14) and hexaploids (2n = 42) are known. The



Karyology of selected angiosperms 51

Figs. 1-7. Meiotic (1-6) and mitotic (7) chromosomes. Fig. 1. Alliaria petiolata (n = 7; arrow indicates two overlapping
chromosomes). Figs. 2-3. Alyssum hirsutum (n = 8). Fig. 4. Alyssum strigosum (n = 8). Fig. 5. Phuopsis stylosa (n = 10; note
two overlapping bivalents). Fig. 6. Cruciata coronata (n = 11). Fig. 7. Dactylis hyrcana (2n = 14). Bar =5 pm.

deviating counts of 2n = 36 presented by Gadellaand
Kliphuis (1963, and references therein) require con-
firmation. Diploids are known from Western Asia
(Nagshi and Javeid, in: Léve, 1976; Maassoumi,
1980), whereas hexaploids are reported for Western
and Central Europe and from introduced popula-

tions in North America (e.g., Queiros, 1973; Hill,
in: Stace, 1989; Dobes et al., 1997; Montgomery et
al., 1997). Our data strengthen this geographical
pattern, and the accession from Minor Caucasus
analyzed here is so far the westernmost diploid
A. petiolata. Investigations of material from South-
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east Europe and Turkey would be necessary to
(1) determine the borders of the distribution areas
of the two cytotypes, (2) check the likely occurrence
of tetraploids, and (3) allow a better judgement of
whether these cytotypes can be distinguished as
separate (intraspecific) taxa.

Alyssum hirsutum (Brassicaceae) is a diploid
species (2n = 16; Figs. 2, 3). Its chromosomes are
small (1-2 pm), most of them being meta- and sub-
metacentrics. Meiosis is regular, and in metaphase
I eight bivalents (mostly rod-shaped) can be seen.
We present the first record of diploid A. hirsutum,
previously reported to be hexaploid (2n = 48,
I'yn’ska, 1986) and hypohexaploid (2n = 46, Ancev,
in: Love, 1981) based on x = 8, a number present in
many genera of the tribe Alysseae (Contandriopou-
los, 1969). The occurrence of diploid and polyploid
cytotypes within one species is known for other
annual taxa of Alyssum, such as A. alyssoides (L.) L.
(e.g., Contandriopoulos, 1969) and A. desertorum
Stapf (= A. turkestanicum Regel & Schmalh.; e.g.,
Podlech and Dieterle, 1969; Polatschek, 1968; 1971).
The East Mediterranean and Southwest Asian
A. hirsutum is closely related to A. strigosum (see
below) and A. simplex Rudolphi [syn. A. minus (L.)
Rothm.] but differs morphologically by the presence
of long simple hairs on the silicule.

Alyssum strigosum (Brassicaceae) is also a di-
ploid specieswith 2n =16 (e.g., Al-Shehbaz, in: Love,
1982; Diaz Lifante et al., 1992; Fig 4). The chromo-
some size and pairing behavior of this species are
very similar to that of A. hirsutum discussed above.
A. strigosum is widespread and frequent from the
Eastern Mediterranean region to Southwest Asia,
where it partly replaces the closely related circum-
mediterranean diploid A. simplex (e.g., Ancev, in:
Love, 1975; Maassoumi, 1980; Luque and Diaz Li-
fante, 1991).

Cruciata coronata (Rubiaceae) possesses 2n =
22 chromosomes which are very small (1-1.5 pum)
and similar in size and shape (Fig. 6). Meiosis is very
regular. Mostly 11 bivalents are observed, each with
one or occasionally two chiasmata. This is the first
chromosome number report for C. coronata. Crucia-
ta is sometimes treated as a section of the large
genus Galium, with which it shares the chromoso-
mal base number of x = 11 (e.g., Ehrendorfer, in:
Moore, 1982). C. coronata belongs to the Southwest
Asian C. coronata agg., comprising several not al-
ways clearly separable taxa (Ehrendorfer, 1962).
The closely related C. taurica (Pall.) Ehrend. is
reported to be tetraploid with 2n = 44 (Ehrendorfer,
in: Moore, 1982). However, putatively hybridogenic

forms between C. coronata and C. taurica have also
been reported (Ehrendorfer, 1962), leaving the
correlation of morphological and karyological separ-
ation to be corroborated.

Phuopsis stylosa (Rubiaceae) is a diploid with
2n =20 chromosomes (Fig. 5). Despite their relative-
ly small size, (2-2.5 pm), most of the chromosomes
can be identified as metacentrics and submetacen-
trics. Meiosis is very regular, with 10 bivalents,
mostly rod-shaped with two chiasmata. Phuopsis is
a monotypic genus restricted to Southwest Asia. Re-
cent molecular investigations have shown that Phuop-
sis nests within Crucianella (Natali et al., 1995,
1996), supporting earlier treatments of Phuopsis
stylosa as Crucianella stylosa (Sugiura 1937, 1939).
The chromosome number report for Phuopsis
presented here confirms those by Fagerlind (1934,
1937). A deviating count of n =9 (Sugiura, 1937) was
later corrected by the same author to n = 11 (Su-
giura, 1939), a number also found by Homeyer
(1936). The chromosome number of x = 11 would
support the relationship of Phuopsis and Crucianel-
la, since the latter possesses the same chromosome
base number (e.g., Homeyer, 1936; Ehrendorfer, in:
Moore, 1982; Queirds, 1986). It remains to be seen
whether the genus Phuopsis really has two base
chromosome numbers (x = 10 and x = 11). Possibly
the earlier reports of x = 11 result from misinterpre-
tation due to the small size of the chromosomes, or
were biased by expectations of that chromosome
number inferred from the taxonomic relationship.

MONOCOTYLEDONS

Bellevalia paradoxa (Hyacinthaceae) is a diploid
species with 2n = 8 chromosomes (Fig. 8). The chro-
mosomes are long, ranging from 5 pm to 9 um. The
analyzed individual of B. paradoxa is a diploid, but
polyploids are also known in this species, as in other
species of the genus (Ozhatay et al., 1991). Ka-
ryotypes of several species of the genus published so
far (e.g., Ozhatay et al., 1991; Tzanoudakis et al.,
1991) reveal uniform karyotype morphology. Each
chromosome pair is easily distinguishable by chro-
mosome morphology alone. The karyotype consists
of one metacentric pair, two submetacentric pairs
and one subtelocentric pair. No satellites are visible,
although, as in other species, it is very likely that
the second chromosome pair bears a NOR (Ozhatay
et al., 1991). B. paradoxa and other species of the
genus morphologically resemble Muscari species,
butdiffer significantly karyologically. Bellevalia has
a chromosome base number of x = 4, while Muscari
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Figs. 8-12. Mitotic chromosomes and karyotypes. Fig. 8. Bellevalia paradoxa (2n = 8). Fig. 9. Danae racemosa (2n = 40).
Fig. 10. Othocallis rosenii (2n = 12). Fig. 11. Paris incompleta (2n = 10). Fig. 12. Ruscus hyrcanus (2n = 40). Bar =5 um.
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reveals x = 9 (Speta, 1998a). Additionally, the chro-
mosomes of Bellevalia are much larger than those of
Muscari. The report of 2n = 18 for B. paradoxa by
Saito and Matsuzawa (1969) is thus very likely due
to confusion with a Muscari species.

Dactylis hyrcana (Poaceae) is a diploid species
(2n =14; Fig. 7). The chromosomes of D. hyrcana are
small (1.5-3.5 um), but within the complement sev-
eral groups of morphological types of chromosomes
can be distinguished: larger metacentrics and sub-
metacentrics and smaller subtelocentrics. Our rec-
ord is the second for D. hyrcana; it confirms the
chromosome number reported by Sokolovskaya and
Probatova (1979). D. hyrcana belongs to the group
of diploid races within the polyploid complex of the
D. glomerata aggregate. The diploids are disjunctly
distributed over the whole range from the Maca-
ronesian Islands to China (Stebbins and Zohary,
1959). D. hyrcana is an endemic species of deciduous
woods in Talysh (Azerbaijan, Iran), morphologically
well characterized by a dense indumentum of short
but soft hairs in the upper part of the panicle (Tsve-
lev, 1983). There are two conflicting concepts about
the taxonomic treatment of the diploids: (1) diploids
are always treated as taxa separate from polyploids,
whether or not they are distinguishable morphologi-
cally, ecologically or geographically (e.g., Stebbins
and Zohary, 1959; Jones et al., 1961; Borrill and
Carroll, 1969); and (2) ploidy level alone is not suffi-
cient to treat races as different taxa, so that taxa
with more than one ploidy level do occur (e.g., Do-
roszewska, 1963; Speranza and Cristofolini, 1987,
Ortiz and Rodriguez-Oubifa, 1993). Individuals
with different ploidy levels often grow sympatrically
(Zohary and Nur, 1959; Borrill and Lindner, 1971,
Ortiz and Rodriguez-Oubifia, 1993), and some tetra-
ploids have been shown to be of autopolyploid origin
(Borrilland Lindner, 1971; Lumaret and Barrientos,
1990), supporting the second concept.

Analysis of somatic chromosome number in
Danae racemosa (Ruscaceae) revealed that the
species possesses 2n =40 chromosomes (Fig. 9). The
karyotype, presented here for the first time, is bimo-
dal, with several bigger and the rest smaller chro-
mosomes (2-6 pm). The first pair is large and
metacentric, five are medium-sized and mostly sub-
metacentric, and 14 are smaller and predominantly
metacentric. Secondary constrictions (SCs) are
clearly visible on at least one chromosome pair (pair
no. 1). This is the second count for D. racemosa, and
it confirms the report of Satd (1942). Danae has the
same chromosome number as Ruscus (e.g., Satd,
1942; Vijayavalli, 1986), towhich itis closely related

(Jang and Pfosser, 2002). The karyotypes of the two
genera are somewhat similar, as also indicated by
Sen (1975). However, while in Danae the SCs are
clearly visible on the longest chromosome pair, they
are not detectable in Ruscus.

Othocallis rosenii (syn. Scilla rosenii; Hyacin-
thaceae) is diploid with 2n = 12 chromosomes (Fig.
10). They are big (6—10 pm), the largest pair being
metacentric and the remaining ones submetacen-
trics to subtelocentrics. The karyotype consists of
one pair of the largest, metacentric chromosomes,
two pairs of submetacentrics and three pairs of
smaller subtelocentrics. All chromosome pairs are
easily distinguishable by their morphology. Despite
the very stable basic chromosome number x =6 (with
polyploids occurring: Greilhuber, 1982), karyotypes
of other Othocallis species, particularly O. siberica
and O. amoena, reveal strong intraindividual poly-
morphism in the size of homologous chromosomes
due to localization of heterochromatin blocks (Greil-
huber and Speta, 1978). The population of O. rosenii
analyzed in the present study also reveals poly-
morphism in the length of chromosome pairs 1 and
2 (Fig. 10). The genus Othocallis comprises about 20
species, distributed mainly in Southwest Asia
(Speta, 1998a). Formerly it was included in Scilla,
but recently has been split from that genus based on
morphological and karyological characters (Speta,
1998b) also supported by molecular data (Pfosser
and Speta, 1999).

Paris incompleta (Trilliaceae) is a diploid
species with 2n = 10 chromosomes (Fig. 11). The
karyotype of P. incompleta is presented here for
the first time. The karyotype consists of one pair
of metacentric chromosomes, two pairs of sub-
metacentrics, one pair of subtelocentrics and one
pair of telocentrics. The chromosomes are relative-
ly large (7.0-11.5 pm). One of the subtelocentric
pairs (no. 4) carries a satellite, indicating the
presence of at least one active NOR pair. This is the
third count for P. incompleta; it confirms earlier
reports of Tifonova in Fedorov (1969) and Gagnidze
et al. (1985). Karyotypes of other Paris species
(Miyamoto et al., 1992) reveal considerable vari-
ation in the length and type of chromosomes of
corresponding pairs in related species, mostly in
regard to chromosome pairs 4 and 5. In the present
study, polymorphism in chromosome length and
heterochromatin distribution was also observed
between individuals within the same species, for
almost all chromosome pairs, especially pair 1.
Intraindividual polymorphism in the relative
length of homologous chromosomes was also de-
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tectable in the karyotype of the specimens analyzed
in the present study.

Karyological analysis of Ruscus hyrcanus (Rus-
caceae) revealed the presence of 2n = 40 chromo-
somes in somatic cells (Fig. 12). The karyotype of
R. hyrcanus is presented here for the first time and
consists of one metacentric pair, the biggest, five
smaller submetacentric pairs, and 14 pairs of small,
mostly metacentric and submetacentric chromo-
somes. The chromosomes are medium-sized (2-5 pm).
This is the second count for R. hyrcanus, and it
confirms the report of Abramova in Fedorov (1969).
In the Hyrcanian region (Azerbaijan, Iran) this
species replaces the very closely related, widespread
R. aculeatus, which also has 2n = 40 (e.g., Capineri
et al.,, 1978; Popova and Ceschmedjiev, in: Love,
1978). The karyotype of R. aculeatus (2n = 40) pub-
lished by Capinerietal. (1978) exhibits chromosome
types similar to those of R. hyrcanus.
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