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Abstract

In the present study. the chromosome number and morphology of four Lifivan 1. (Liliaceac)
taxa distributed in Northeast Anatolia. Turkey, were studied. Karyotype analysis was carried out or
the following taxa: L. carniolicum Bemh subsp. poniicuns var. pomicun (C.Koch) Davis &
Henderson and var. arfvinense (Miscez) Davis & Henderson, L. monadelphinm Bieb  var.
scovitsianum (Fischer & Ave-Lall.) llwes and /. kessclringiciman Miscz. The chromosome number
was found 2n 24 in all taxa. The karyotype analysis showed that the chromosomes of these taxa
consist of median, submedian. subterminal and terminal centromere.

Introduction

The genus Lilium L. (Liliaceae) includes up to 100 species widely distributed across
Temperate Asia, Europe, and North America (Woodcock & Stearn, 1950: Synge. 1980).
According to the records in FFlora of Turkey, the genus represented by 10 taxa and most
of the species of this genus are distributed in North Anatolia (Davis, 1984).

A more detailed classification was proposed by Comber (1949) who defined seven
sections on a combination of 15 traits. Particular importance was placed on seed weight
and germination patterns, leaf arrangement, and the habit of the bulb and bulb scales in
addition to the fact that floral characters were also considered (Smyth ef af., 1989).

The genus Lilium includes many beautiful ornamental specics. Their cultivars are
derived from intra-as well as interspecific hybridization and are now widely cultivated in
the world. A recent large increase in the consumption of flowers and ornamental plants is
now triggering demand for novel types of flowers in the lilics. For the production of such
novel cultivars, interspecific hybridization is expected o be one of the most means (Mii
et al., 1994).

Liliuin species are important for their economic value and used for cosmetic industry
and medical science (Yilmaz & Korkut, 1998). Also Baytop (1984) and Zeybek &
Zeybek (1994) reported that the genus has saponin glikozide used in the treament of skin
discases.

The relevance of chromosomal information to the knowledge of the systematics and
evolution of the genus Liium was noted long ago. But, chromosomal data on Turkish
populations arc scarse. The aim of the present study is to provide karyological data for
Lilium species. We also discuss some systematic and evolutionary aspects of the genus in
light of the karyological data.
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Material and Methods
Plant material

L. carniolicum Bernh subsp. ponticum var. pomticum and var. arivinense, L.
monadelphum var. szovitsianum and L. kesselringianum were  collected  from  the
mountains of Northeast Anatolia, Turkey. between June and July in 1997 and 2000
(Table 1).

Karyotype analysis

Root tip meristems were obtained from germinating bulbs in pots. The root tip
meristems were pre-treated with 0.05% colchicine for 3-4 h and then fixed in an ethanol-
acctic acid (3:1), solution for at least 24 h at 4°C (Hayirlioglu & Beyazoglu, 1997). The
root tips were hydrolyzed in 1 N HCl at 60°C for 13-15 nun and then rinsed with tap
waler for a minimum of 5-6 min. Staining was carricd out in Feulgen for | h. Squashing
was done in 45% acetic acid and the preparations were mounted in Entellan.

Of each population, 20-25 specimens for each taxa were collected and of these more
than 15 permanent slides were prepared. The well-spread 10 metaphase plates about 10
permanent slides were photographed with an Olympus BI{-2 camera and drawn {from
permanent  slides deposited at the Department of Biology, Karadentz Technical
University, Trabzon.

Karyotype analysis was performed according to Levan et of., (1964).

Results and Discussion

The present study deals with chromosome number and morphology of the following
specics.

L. carniolicum Bernh subsp. ponticum var. ponticum (C.Koch) Davis & Henderson:
It is an BEuxine element. It grows on mountain meadows, bushy slopes, stream sides, often
in shady places, on igueous substrata. usually above tree line at 1800-2400 m.

The chromosome number of this taxon is 2n= 24. Chromosome I is median and
chromosome 2 is submedian-centromeric. Chromosomes 9, 10 and 11l are subterminal
and chromosomes 3, 4. 5, 6, 7. 8 and 12 are terminal-centromeric. No satellite is present
on the karyotype of this species (Table 2, Fig la & 2a). Nucleolus organizing region
(NOR) is present on the chromosomes 2 and 4. Chromosomal features of this taxon has
been determined in this study firstly.

L. carniolicum Bernh subsp. ponticum var. artvinense (Miscz) Davis & Henderson:
It is an endemic and Euxine element. It grows in Picea-Rhododendron forest, dense scrup
and woodlands, below tree line at 1500-1800 m.

The chromosome number of this taxon is 2n= 24. Chromosome | is median and
chromosome 2 is submedian. Chromosomes 8 and 11 are subterminal centromeric.
Chromosomes 3, 4, 5,6,7,9,10 and 12 are terminal centromeric. The satellite is prescut
on short arm of chromosome 7. NORs are present on the chromosomes 4, 6 and 8 (Table
3, Fig. 1b & 2b). Chromosomal features of this species have been determined in this
study for the first time.
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Table 1. Localities of Lilium L. taxa studied.

Taxa

Localities

Voucher

L. carniolicum subsp. ponticun

var. ponficum

L. carniolicum subsp. ponticum

var. arivinense

L. monadelphum var. szovitsianunm

L. kesselringianum

A8 Rize: Tkizdere to ispir. Sivrikayva

Koy, 1850 m.

A8 Rize: [kizdere. Camlik Koyi

1500 m.

A7 Trabzon: Zigana Pass, 1800 m.

A9 Artvin: Yalmz ¢am Daglari
1800 m.

Inccer 3a
inceer 4

Inceer 5
Inceer 96

Table 2. Chromosomes types, chromosome length and arm ratio of

Lilium carniolicum subsp. ponticum var. ponticum.

Chromosome C L S SAT L/S | R Centromeric
pairs (1m}) (Lm) (umj  (um) %o position
o 1485 865 620 - 139 41.75 11.85 median region
2 13.56 9.00 4.50 - 2.0 3333 10.77 submedian region
3 12.45 11.27 1.18 - 9.55 9.47 9.94 terminal region
4 10.90 9.62 1.28 - 7.5 11.74 8.70 terminal region
5 10.50 9.2 1.3 - 7.0 12.38 8.38 terminal region
G 9.93 9.13 0.80 - 11.41 8.05 7.92 terminal region
7 9.77 8.95 0.82 - 10.91 8.39 7.80 terminal region
8 9.206 8.52 0.74 - 11.51 7.99 7.39 subterminal regiou
9 8.99 7.49 1.50 499 16.68 7.17 subterminal region
10 8.81 7.60 1.21 - 6.28 1373 7.03  subterminal region
11 §.46 7.21 1.25 - 576 14.77  6.75 subterminal region
12 7.82 7.00 0.82 - 8.53 1048 6.24 terminal region

C: Total chromosome length, L: Long arm length, S: Short arm length, L/S: Arm ratio. SAT:
Satellite, I: Centromere index, R: Relative length.

Table 3. Chromosomes types, chromosome length and arm ratio of

Lilium carniolicum subsp. ponticum var. artvinense.

Chromosome C L S SAT L/S I R Centromerie
pairs (um)  (um)  (um)  (um) (um) % position
1 13.75 8.00 5.75 - 139 4181 11.56 median region
2 13.25 9.25 4.00 - 231 30.18 11.14 submedian region
3 10.50 9.50 1.00 - 950  9.52  8.83 terminal region
4 10.38 9.38 1.00 - 938 9.63  8.73 terminal rcgion
5 10.26 9.38 0.88 - 10.65 8.57 8.63 terminal region
6 9.75 9.00 0.75 - 12.00 7.69 8.20 terminal region
7 9.63 8.63 1.00 0.88 8.63 10.38 8.10 terminal region
8 9.38 7.38 2.00 - 3.69 21.32 7.89 subterminal region
9 8.50 8.00 0.50 - 16.00 588  7.15 terminal region
10 8.38 7.38 1.00 - 7.38 11.93 7.05 terminal region
11 8.25 7.00 1.25 - 5.60 1515  6.94 subterminal region
12 6.88 6.25 0.63 - 992 9.16  5.79 terminal region
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I'ig. [. Mitotic metaphase chromosomes of 7./fum L. taxa studied.
L. carniolicum subsp. ponticum var. ponticunt: b. L. carniolicun subsp. ponticum var. artvinense:
L. monadelphum var. szowitsianum,; d. L. kesselringianunr Bar: 10 pm.

a
C
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L. monadelphum Bieb var. szovitsianum (Fischer & Ave-lall.) Elwes: It is an Suxine
clement. 1t grows on edge of forests (Fagus, Picea), scrup (Rhododendron, Corvius) at
1700-1800 m.

The chromosome number of this taxon is 2n= 24. Chromosomes 1 and 2 ar¢c median-
centromeric.  Chromosomes 3, 4, 5, 8 9, 10 and [2 are terminal centromeric.
Chromosomes 6, 7 and 11 arc subterminal centromeric. The satellite is present on the
long arms of the chromosome 5. NORs are present on the chromosome 5 and 10 (Table
4, Fig. 1¢ & 2¢).

Table 4. Chromosomes types, chromosonie length and arm ratio of
Lilinm monadelphun var. sszowitsianiim.

Chromosome C L. S SAT L/S 1 R Centromeric
pairs (ttm) (Lm) (tm)  (pm) (L) Yo position
1 12.13 7.38 4.75 - 1.55 39.16 11.45 median region
2 11.88 7.25 4.63 - 1.57 3897 11.21 median region
3 9.38 8.63 0.75 - I1.50 8.0 8.85 terminal region
4 9.13 8.63 0.5 - 1726 548 8.62 tcrminal region
5 8.76 8.13 063 0.6 12.90 7.19 8.27 terminal regson
6 8.26 7.13 1.13 - 630 13.68 7.80 subterminal region
7 8.13 7.0 1.13 - 6.19  13.90 7.70  subterminal region
8 3.01 7.13 0.88 - 8.10  10.99 7.56 terminal region
9 7.88 7.25 0.63 - 11.50 799 744 terminal region
10 7.75 7.0 0.75 - 933  9.07 7.32 terminal region
11 7.5 6.25 1.25 - 5.0 16.67 7.08 subterminal region
12 7113 0.63 0.5 - 13.26 7.01 6.73 terminal region

L. kesselringianum Miscz.: This is an Euxine clement. Tt grows on wooded slopes.
meadows at edge of Picea forest, igneous bare spots and cornfields at 1450-2400 m.

The chromosome number of this species is 2n= 24, Chromosomes 1 and 2 arc
median-centromeric. Chromosomes 3, 4. 5. 7. 8 and 9 are terminal centromeric.
Chromosomes 6, 10, 11 and 12 are subterminal centromeric. The satellite is present on
the short arms of the chromosome 6. NORs are present on the chromosome 2 and 10
(Table 5, Fig. 1d & 2d).

Table 5. Chromosomes types, chromosome length and arm ratio of
Lilium kesselringianun.

Chroniosome C L S SAT L/S 1 R Ceutromeric
pairs  (um) (pLm) (ptm)  (um) (L) Yo position
1 14 8.0 6.0 - 1.33 42,86 12.23 median region
2 115 7.0 +.5 - 1.56  39.13  10.05 median region
3 11.18 9.88 1.3 - 7.6 11.63 9.77 terminal region
4 10.75 9.5 1.25 - 7.6 11.63 9.39 terminal region
5 9.5 8.75 0.75 - 11.66 7.89 8.30 terminal region
6 9.38 7.25 2.13  0.88 340 2271 8.19 subterminal region
7 9.25 8.25 1.0 - 825 1081 8.08 terminal region
8 9.01 8.13 0.88 - 924  9.77 7.87 terminal region
9 8.38 7.88 0.5 - 15.76 5.97 7.32 terminal region
10 7.88 6.5 1.38 - 4.7 1751 6.88 subterminal region
11 7.63 6.25 1.38 - 453 18.09  6.67 subterminal region
12 6.01 4.88 1.13 - 432 1880  5.25 subtcrminal region
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Fig. 2. Haploid idiograms of Lilium L. taxa studied.
a. L. carniolicum subsp. ponticum var. ponticum; . L. carniolicum subsp. ponticum var. artvinense;
c. L. monadelphum var. szowitsianum,; d. L. kesselringianum
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The chromosome number and karyological features of L. carniolicum  subsp.
ponticum var. ponticun and L. carniolicum subsp. ponticum var. arivinense are being
reported for the tirst time. Previously, the chromosome number of other two species (/.
monadelphmy yar. szovitssianmm 20= 28-32, L. kesselringianum 2n= 24 have been
reported by Fedorov {(1969). According to our observations all taxa investigated are
diploid with 2n=2x- 24 chromosomes. The karvouypes ol these taxa consist of
chromosomes with median. submedian, subterminal and terminal centromeres ( Fable 2-
3). These findings arc in agreement with reports of the chromosome numbers and
karyotypes for other specics of the genus Lilium (Stewart. 1947; Lighty, 1960; Inceer er
al., 1999y, Asona (1983) reported that the chromosome complement of diploid hybrid
species in Lifium usually consists of two pairs ol targer submedian and 10 pairs ol
subterminal chromosomes. Smyth e/ «/., (1989) also noted that 20 species of Ll have
a similar basic karvotype and the chromosome number of taxa is 2n= 2x= 24. According
to Inceer er «f.. (1999), four taxa of Lifium have similar chromosome complements with
2n= 24 chiromosomes.

Stewart (1947) and Smyth ¢/ afl.. (1989) noted that the karvotypes of the genus
Lidium have sceondary constrictions (NORs). In present paper, studied four Lifium taxa
have NOR at least two chromosome pairs. Jackson (1971) and Greilhuber (1984)
reported that the karvotype often used to deduce and clarify interspecies relationships.
But. this has been ol little help in Lilivm because all species examined to data have 2n=
240 with two large metacentrie chromosomes and ten smaller acrocentric chromosomes
(Stewart, 1947; Lighty, 1960). Lven so, the number and location of nucleolar organizing
regions within the karvotvpe has been of some use. Although quite diverse overall.
closely related species often have NORs at the same locations (Stewart, 1947).

The present study indicates that all taxa have similar chromosome complements. The
karyotypes of two varicties of /.. carniolicum subsp. ponticum are similar. Likewise, the
karyolype ot L. monadelplinn var, szovitsianum is related to L. kesselringianum. These
karyotypes are in good agrecment with the systemalic relationships of invesligating laxa
within the genus Lilium. Besides. the karyotype characteristics of these species could be
correlated with the external morphological characteristics. Phylogenetic relationships
among the Lilinm species will be widely determined in the future by revision and
monograph studies. Our investigations on this subject are still continuing.
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