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Karyological studies on the four Ornithogalum L. (Asparagaceae) taxa from Eskisehir (Central

Anatolia, Turkey)

Dervis Oztiirk, Onur Koyuncu*, O. Koray Yaylaci, Kurtulus Ozgisi, Okan Sezer and Siileyman Tokur

Eskisehir Osmangazi University, Science and Art Faculty, TR- 26480 Megelik, Eskisehir, Turkey

In the current study, karyotypes of four taxa in the genus of Ornithogalum L. were examined. These taxa grow naturally
in Eskisehir (Central Anatolia). Studies were carried out on somatic chromosomes, using the root tips squash technique
and based on staining with acetic orcein stain, for the most actively dividing meristematic cells of the collected root tips.
Their counts were based on chromosomes observed during mitotic division. For species included in the Ornithogalum L.
(Asparagaceae) genus, O. montanum Cirillo has 2n = 14 with basic chromosome number x = 7; O. comosum L. has
2n = 20, basic chromosome number x = 10, O. pyrenaicum L. has 2n = 24, basic chromosome number x = 12; and
O. sigmoideum Freyn & Sint. has 2n = 14, basic chromosome number x = 7; it was found that they have diploid chro-
mosomes. O. montanum and O. sigmoideum chromosome numbers are 2n = 14 (diploid races), but their basic karyo-
types are different, including chromosome size, and position of centromere. Mean chromosomal length of the all taxa
subject to the study is 1.20-7.63 um. Chromosomal morphologies of all taxa include median, submedian and subtelocen-
tric chromosome pairs. In addition to, karyograms and idiograms of all studied taxa were done.

Keywords: chromosome numbers; Ornithogalum taxa; Asparagaceae; karyotype analysis; Eskisehir; Turkey

Introduction

According to recent phylogenetic studies, the genus
Ornithogalum L., belonging to the Asparagaceae family
(APG MII 2009), is distributed almost all around the
world. It is especially widely distributed in Europe,
around the Mediterranean and Balkan Peninsula, Asia
(reaching Afghanistan in the East), Africa (except the
Tropic of Cancer) and Madagascar (Zahariadi 1980;
Uysal et al. 2005; Martinez-Azorin et al. 2010a, 2010b,
2011; Meri¢ et al. 2011). Ornithogalum is a taxonomi-
cally difficult genus, while its morphology is poorly cor-
related with the variation in chromosome number and
karyotype (Garbari et al. 2003; Dalgig and Ozhatay
1997; Merig et al. 2011; Mousavi et al. 2013).

The number of species included in Ornithogalum,
and hence its circumscription and taxonomy, is still a
matter of controversy (Martinez-Azorin et al. 2009,
2010a, 2010b, 2011). Ornithogalum comprises about
120-130 species (Landstrom 1989), or even 200
according to Obermeyer (1978). However, Miiller-
Doblies and Miiller-Doblies (1996) recognized 123
species from southern Africa, forty of which were
described as new taxa. Therefore, the total number of
species in the world could be 200-300 or higher
(Martinez-Azorin et al. 2007, 2010a). On the basis of
floral and reproductive characters, 17 subgenera have
been recognized in the Ornithogalum genus (cf. Baker
1873; Zahariadi 1980; Obermeyer 1978; Martinez-
Azorin et al., 2007).

It was reported in the revision conducted by Cullen
(1984) for the Flora of Turkey that Ornithogalum was

represented by 23 taxa in Turkey. However, a few new
taxa were added afterwards (Cullen 1984, Ozhatay 2000;
Diisen and Deniz 2005; Uysal et al. 2005; Ozhatay and
Kiiltir 2006; Varol 2008; Bagci et al. 2009, 2011;
Dogru-Koca and Yildirimli 2010). Today, Ornithogalum
is represented by about 50 taxa in the flora of Turkey,
20 of these species are endemics and endemism ratio is
c.40% (IUCN 2001). Anatolia is an important diversifi-
cation center of Ornithogalum genus with about 50 taxa
(Cullen 1984; Davis et al. 1988; Merig et al. 2011). This
genus is represented in Eskisehir by 14 taxa in two sub-
genera (subgen. Ornithogalum and subgen. Beryllis)
(Ocak et al. 2010).

As already pointed out by Peruzzi et al. (2011) and
Bedini et al. (2010, 2012a, 2012b, 2012c¢), plant chromo-
some number databases are a useful tool for systematic
comparisons of geographical or taxonomical groups of
plants (Peruzzi et al. 2012). Karyotypes are an important
distinguishing feature in biosystematics. Karyotype fea-
tures including chromosome number, structure and
behavior can be used as taxonomic evidence for biosys-
tematic classification at the level of species, genus and
even family (Stace 1980; Odah and Oran 2007). In addi-
tion, interspecific variation in the karyotype, for example
in chromosome number, differences in size and propor-
tion among chromosome arms, and the position of satel-
lite regions, has proved to be an important source of
cytological data, and is considered as a complementary
tool to other taxonomic studies, such as morphology,
anatomy and palynology (Stace 1980; Odah and Oran
2007).
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Anatomical, morphological, palynological, karyologi-
cal, taxonomic, systematic, pharmacological, chorological
and ethnobotanical studies, as well as studies of the antiox-
idant activity and conservational status have been
conducted in Ornithogalum genus (Jensen 1962; Czapik
1968; Ashley 1979; Cullen 1984; Davis et al. 1988; Stedje
1988; Griesbach et al. 1993; Ozhatay et al. 1996; Dalgic
and Ozhatay 1997; Barbujian and Pigliucci 1989; Cosku-
ncelebi et al. 2000, 2002; Ozhatay 2000; Diisen and
Stimbiil 2002, 2003; Herrman 2002; Garbari et al. 2003;
Diisen and Deniz 2005; Uysal et al. 2005; Martinez-
Azorin et al., 2007, 2009, 2010a, 2010b; Varol 2008;
Bednorz and Czarna 2008; Bagci et al. 2009, 2011; Dalgig
et al. 2009; Manning et al. 2009; Peruzzi et al. 2009;
Ebrahimzadeh et al. 2010; Ciler et al 2011; Hua 2011;
Maria 2011; Meri¢ et al. 2011; Heydarian et al 2012;
Karagiizel et al. 2012).

We aimed to find karyological features in addition to
morphological characters to distinguish O. comosum, O.
montanum, O. sigmoideum and O. pyrenaicum species.
We hope that this study will make contributions to the
taxonomy of the Ornithogalum genus.

Materials and methods
Plant materials

The samples of Ornithogalum were collected from
Eskisehir (Central Anatolia, Turkey) province and its
close environs, for this study in 2006-2007 (Figure 1).
Taxonomic descriptions of the plants were made accord-
ing to Cullen (1984), Zahariadi (1980) and Davis et al.
(1988). In order to ensure a systematic study of the
material obtained, herbarium samples were prepared and
these samples were protected as herbarium samples at
the OUFE (Eskisehir Osmangazi University Herbarium
Center).

Localities of collected plant samples (origin of the
examined taxa)

(1) O. comosum L.: Turkey, B3 Eskisehir; Bozan
reforestation site, 39°47'55.4" N, 31°07'13.7" E,
878 m, 17 June 2006, OUFE: 16587.

(2) O. montanum Cirillo: Turkey, A3 Eskisehir; Em-
resultan-Sazak road, 40°04'07.0" N, 31°23'43.5"
E, 399 m, 5 May 2006, OUFE: 16583.

(3) O. sigmoideum Freyn & Sint.: Turkey, B3
Eskigehir; Tandir village, 39°55'27.6” N, 30°41’
33.3" E, 1273 m, 23 April 2006, OUFE: 16584.

(4) O. pyrenaicum L.: Turkey, A3 Eskigehir; Lagin-
Mayislar road, 40°01'3.4" N- 30°43'35.1" E, 234
m, 5 May 2006, OUFE: 16585.

Karyological studies

Karyotype studies were carried out on somatic (on mitotic
metaphase) chromosomes using the root tip squash tech-
nique, as described by Azzioui et al. (1990), Griesbach
(1998) and Vosa (1997). The root tips were pretreated with
8-hydroxyquinoline solution at 4°C for 6 h. After washing
with distilled water, the material was fixed in fresh Carnoy’s
solution (3:1 ethanol and glacial acetic acid) overnight at
4°C and stored in 70% ethanol at 4°C. This material was
hydrolyzed with 1 N HCI for 10 min at 60°C, washed with
distilled water, stained with 2% acetic orcein, and squashed
in 45% acetic acid. Chromosome measurements including
long arm, short arm, total length of chromosome set, arm
ratio index and relative chromosome length were made
from at least five enlarged well-spread metaphase cells of
same population for each taxon. The homologous chromo-
somes were paired by their similarity in size and shape. The
best five metaphase plates were used to construct the
respective ideogram according to the relative chromosome
length. Chromosomes were classified using the nomencla-
ture established in Levan et al. (1964). The preparations
were photographed by using a Kameram™ digital camera
(Micro System Computer Aided Microscope Systems
Co.Ltd. Maslak/Istanbul) and a Nikon 80i type microscope
(Nikon Instruments, Melville, NY) in our department.

Results

In this study, chromosome numbers and karyotype mor-
phology are given for four Ornithogalum taxa.

O. comosum L.

From cytological evaluations made with meristematic
cells of O. comosum, it was found that the plant is com-
prised of diploid plants with 2n = 20 chromosomes and
the principal chromosome number is x = 10 (Figure 2a).
No mitosis anomaly was determined in meristematic
cells. On the mitotic metaphase of the meristematic cells,
karyotype and idiograms were prepared since the chro-
mosomes were on the sample plane and they segregated
(Figures 3a, 4a). It was determined by karyotype analysis
that this taxon has a chromosome number of 2n = 20
(Figure 2a). The shortest chromosome length is 2.84 pm,
and the longest is 8.3 pm. Of the metaphase chromo-
somes, five pairs are of the subtelocentric (subterminal)
type, four pairs are submetacentric (sub-median) and one
pair is metacentric (median). Chromosome proportional
lengths were measured as 3.16—8.78 um. The centromeric
index values vary between 16.65 and 52.27 pum, and the
arm index values vary from 0.02 to 0.91 um (Table 1).
The chromosomes have no satellites. The results of the
karyological analysis are presented in Table 1 and Figures
2a, 3a and 4a. Our results of chromosome counts and
karyotype morphology agree with the previous counts
and karyotype reported by Ozhatay (2002).
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Figure 1. Map of the area where plant samples were collected.
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Figure 2. (Color online) Somatic metaphase in investigated

Ornithogalum taxa: (a) O. comosum 2n = 20; (b) O. montanum
2n = 14; (¢) O. pyrenaicum 2n = 24; (d) O. sigmoideum
2n = 14. Bar = 10 pm.

O. montanum Cirillo

From cytological evaluations made with meristematic
cells of O. montanum, it was found that the plant is
comprised of diploid plants with 2n = 14 chromosomes.
The principal chromosome number is x = 7 (Figure 2b).

Wpm

c d

Figure 3. Idiograms of somatic chromosomes in investigated
Ornithogalum taxa: (a) O. comosum 2n = 20; (b) O. montanum
2n = 14; (¢) O. pyrenaicum 2n = 24; (d) O. sigmoideum
2n = 14. Bar = 10 pm.

No mitosis anomaly was determined in meristematic
cells. On the mitotic metaphase of the meristematic cells,
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Figure 4. Karyograms of somatic chromosomes in investi-
gated Ornithogalum taxa: (a) O. comosum 2n = 20; (b) O.
montanum 2n = 14; (¢) O. pyrenaicum 2n = 24; (d) O. sigm-
oideum 2n = 14. Bar = 10 um.

karyotype and idiograms were prepared since the chro-
mosomes were on the sample plane and they segregated
(Figures 3b, 4b). It was determined by karyotype analy-
sis that this taxon has a chromosome number of 21 = 14

(Figure 2b). The shortest chromosome length is 1.56 pum,
and the longest is 4.75 pm. Of the metaphase chromo-
somes, one pair is of the subtelocentric (subterminal)
type, four pairs are submetacentric (sub-median) and two
pairs are metacentric (median). Chromosome propor-
tional lengths were measured at 1.73—-5.42 um. The cen-
tromeric index values vary between 20.61 and 52.28 um,
and the arm index values vary from 0.22 to 0.7 um
(Table 1). The chromosomes have no satellites. The
results of the karyological analysis are presented in
Table 1 and Figures 2b, 3b and 4b.

O. pyrenaicum L.

From cytological evaluations made with meristematic
cells of O. pyrenaicum, it was found that the plant is
comprised of diploid plants with 2n = 24 chromosomes.

Table 1. Measurements (um) of somatic chromosomes of investigated Ornithogalum taxa.
. ChL (um) PL (um) Al CI
Chromosome pair

Taxa number A Min Max A Min Max A Min Max A Min Max Type

O. comosum I 784 739 830 836 793 878 024 0.15 035 19.87 16.65 23.09 st
I 658 624 692 701 6.69 734 037 026 049 2735 2419 3051 st
I 6.05 563 647 645 6.19 670 029 0.17 042 2272 1943 26.01 st
v 586 552 620 624 588 6.61 032 0.17 048 2481 2144 28.18 sm
\% 555 529 581 591 565 6.18 035 0.02 068 3536 33.03 37.69 st
VI 504 453 555 537 500 574 030 020 042 23.65 19.89 2741 st
VII 446 474 468 475 427 523 029 021 037 2260 1934 2586 sm
X 435 396 474 4.63 437 490 031 022 041 24.02 2037 27.67 sm
IX 4.12 3.64 461 439 374 505 037 030 045 27.12 2286 3138 sm
X 3.08 284 332 328 316 340 0.84 0.78 091 4539 3851 5227 m

O. montanum I 4.64 453 475 516 490 543 0.57 053 062 3645 3633 3897 sm
I 420 3.89 450 4.67 433 500 047 044 050 3039 2061 2473 m
I 368 344 391 409 394 424 066 0.62 0.71 3992 2826 33.54 sm
v 331 316 347 3.69 337 401 050 047 053 3334 2206 28.10 sm
v 3.00 264 336 334 3.09 359 026 022 0.29 2048 43.82 5228 st
VI 288 250 327 321 3.04 337 029 023 035 2252 2252 2496 sm
VII 1.84 156 2.11 206 1.74 239 0.54 0.50 0.58 3498 3849 4357 m

O. pyrenaicum I 1050 939 11.60 835 822 847 120 1.09 130 43.75 41.69 4581 m
11 728 6.14 843 558 544 571 219 2.08 229 30.12 27.12 33.12 sm
I 7.05 538 872 549 538 5.69 341 330 3.51 21.71 2070 2272 st
v 6.78 541 815 537 524 549 249 239 259 27.06 25.03 29.09 sm
\% 628 486 7770 5.18 497 538 253 242 263 2746 2640 2852 sm
VI 596 428 7.64 462 452 473 330 3.19 340 2275 21.55 2395 st
VII 446 3.17 575 340 329 350 1.17 1.07 127 4426 4324 4528 m
X 439 2.60 6.18 343 333 354 131 1.16 146 40.85 39.66 42.04 m
IX 348 192 504 3.12 3.02 323 250 239 260 2816 27.11 2921 sm
X 291 150 432 256 256 266 1.66 155 1.76 36.74 33.04 4044 sm
XI 268 069 467 210 199 220 159 149 1.69 37.15 3507 3923 m
XII 1.60 147 272 122 1.11 132 135 129 140 40.86 3684 4474 m

O. sigmoideum I 780 7.60 8.00 471 461 482 060 0.58 0.63 32.63 3142 3385 sm
I 6.64 640 687 401 371 432 029 027 032 272 2592 2848 sm
I 651 641 6.62 393 329 458 445 0.63 0.70 2431 237 2493 sm
v 622 609 634 376 327 424 033 029 038 41.08 41.03 41.13 sm
\% 570 558 581 344 277 411 094 0.89 1.00 4628 447 4786 m
VI 520 509 530 3.14 229 399 031 029 034 26.16 2581 2651 st
VII 420 3.04 526 254 212 296 0.70 0.66 0.73 31.71 3127 32.15 m

Abbreviations: ChL, chromosome length; PL, proportional length; Al, arm index; CI, centromere index; A, average; st, subterminal; m, median; sm,

submedian.
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The principal chromosome number is x = 12 (Figure 2c).
No mitosis anomaly was determined in meristematic
cells. On the mitotic metaphase of the meristematic cells,
karyotype and idiograms were prepared since the chro-
mosomes were on the sample plane and they segregated
(Figures 3c, 4c). It was determined by karyotype analysis
that this taxon has a chromosome number of 2n = 24
(Figure 2¢). The shortest chromosome length is 0.68 um,
and the longest is 11.59 pm. Of the metaphase chromo-
somes, two pairs are of the subtelocentric (subterminal)
type, five pairs are submetacentric (sub-median) and five
pairs are metacentric (median). Chromosome propor-
tional lengths were measured at 1.11-8.47 um. The cen-
tromeric index values vary between 20.7 and 45.81 um,
and arm index values vary from 1.06 to 3.5 um (Table 1).
The chromosomes have no satellites. The results of the
karyological analysis are presented in Table 1 and
Figures 2c, 3c and 4c.

0. sigmoideum Freyn & Sint

From cytological evaluations made with meristematic
cells of the O. sigmoideum, it was found that the plant is
comprised of diploid plants with 2n = 14 chromosomes.
The principal chromosome number is x = 7 (Figure 2d).
No mitosis anomaly was determined in meristematic
cells. On the mitotic metaphase of the meristematic cells,
karyotype and idiograms were prepared since the chro-
mosomes were on the sample plan and they segregated
(Figures 3d, 4d). It was determined by karyotype analy-
sis that this taxon has a chromosome number of 2n = 14
(Figure 2d). The shortest chromosome length is 3.04 pm,
and the longest is 7.99 pum. Of the metaphase chromo-
somes, one pair is of the subtelocentric (subterminal)
type, four pairs are submetacentric (sub-median) and two
pairs are metacentric (median). Chromosome propor-
tional lengths were measured at 2.12-4.81 pm. The cen-
tromeric index values vary between 23.7 and 47.86 um,
and arm index values vary from 0.26 to 0.99 pm
(Table 1). The chromosomes have no satellites. The
results of the karyological analysis are presented in
Table 1 and Figures 2d, 3d and 4d.

Discussion

In the last few decades, karyological studies have played
an important role in solving taxonomic problems. Chro-
mosome number variation and karyological analysis,
play very important role for an understanding of plant
evolution and diversification, especially the relationship
between each of the ploidy level, biogeography and ori-
gin of the basic chromosome number (Badr et al. 1997;
Abou-El-Enain 2002; Arslan et al. 2012). The differ-
ences in the number of the chromosome numbers are
useful in evaluating the taxonomic position of a plant
(ismailoglu and Meral 2011).

The current study examined cytotaxonomic features
of four species of the Ornithogalum genus, which is a

member of Asparagaceae family growing naturally in
Eskisehir. Chromosome number and karyotype were ana-
lyzed for O. comosum L., O. pyrenaicum L., O. monta-
num Cyr. and O. sigmoideum Freyn & Sint. For
karyotype analysis, root tips were used which were
obtained by germination of bulbs. The results show that
O. montanum is 2n = 14, O. comosum is 2n = 20, O.
pyrenaicum is 2n = 24 and O. sigmoideum is 2n = 24,
indicating that they are diploid plants.

The chromosome numbers of species are consistent
with chromosome numbers of some species which grow
outside Turkey, as investigated previously by some
researchers. No mitosis anomaly was found.

A lot of chromosome count studies were performed
in O. comosum, which is also subject to the current
study, are 14, 16, 18, 18+B and 20 (Federov 1974;
Ozhatay 2002; Bedini et al. 2010). The results of this
study are consistent with the results of the study con-
ducted by Ozhatay (2002). In the current study the chro-
mosome number was 2n = 20 (Figure 2d). Karyograms
and idiograms were studied and morphological details of
chromosomes were obtained (Figures 3d, 4d). Here a
detailed karyotype analysis is given for the first time.
Based on chromosome analysis, it was observed that
chromosome pairs II and X were metacentric, while
chromosome pairs I, III, IV and VI were submetacentric
and chromosome pair V was subtelocentric (Table 1).

A lot of chromosome count studies were performed
in O. montanum, which is also subject to the current
study, are 14, 18, 18+B, 30 (Federov 1974; Ozhatay
2002; Bedini et al. 2010). In the current study the
chromosome number was 2n = 14 (Figure 2b). A differ-
ence in the number of chromosomes is considered as
normal even in different populations of the same species.
Here, a detailed karyotype analysis is given for the first
time. Karyograms and idiograms were studied and
morphological details of chromosomes were obtained
(Figures 3b, 4b). Based on chromosome analysis, it was
observed that chromosome pairs II and VII were
metacentric, while chromosome pairs I, III, IV and VI
were submetacentric and chromosome pair V was
subtelocentric.

In previous studies, the reported chromosome num-
bers of O. pyrenaicum are 16, 16+B, 18 and 24 (Federov
1974; Ozhatay 2002; Bedini et al. 2010). The results of
this study are consistent with the results of Ozhatay
(2002). In the current study, chromosome number was
2n = 24 (Figure 2c). Karyograms and idiograms were
studied and morphological details of chromosomes were
obtained (Figures 3c, 4c). Here, a detailed karyotype
analysis is given for the first time. Based on chromo-
some analysis, it was observed that chromosome pairs II
and VII were metacentric, while chromosome pairs I, 111,
IV and VI were submetacentric and chromosome pair V
was subtelocentric (Table 1).

In previous studies, the reported chromosome num-
bers of O. sigmoideum are 12, 14, 16, 16+B 18, 20, 24
and 34 (Federov 1974; Ozhatay 2002; Bedini et al.
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2010). In the current study, chromosome number was
2n = 14 (Figure 2a). Difference in the number of chro-
mosomes is considered as normal even in different popu-
lations of the same species. Karyograms and idiograms
were studied and morphological details of chromosomes
were obtained (Figures 3a, 4a). Here, a detailed karyo-
type analysis is given for the first time. Based on chro-
mosome analysis, it was observed that chromosome pairs
V and VII were metacentric, while chromosome pairs 1,
II, III and IV were submetacentric and chromosome pair
VI was subtelocentric (Table 1).
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