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Abstract

Karyotype analysis of four Lilium L. (Liliaceae) species viz., L. candidum L., L. martagon L., L.
ciliatum P.H. Davis and L. carniolicum subsp. ponticum. (C.Koch) Davis & Henderson distributed in North
East Anatolia, Turkey, was carried out. The chromosome number was found to be 2n = 24 in all taxa.

The karyotype analysis showed that the karyotypes of these taxa consist of median, submedian, subterminal
and terminal chromosomes.

Introduction

The genus Lilium L. (Liliaceae) includes up to 100 species widely “distributed
across Temperate Asia, Europe and North America (Synge, 1980). According to the
records in the Flora of Turkey, the genus is represented by 5 species, 1 subspecies and
4 varieties. Most of the species of this genus are distributed in North Anatolia (Davis,
1984). '

The genus Lilium includes many beautiful ornamental species. Their cultivars are
derived from intra as well as interspecific hybridization and are now widely cultivated
in the world. The consumption of flowers and environmental plants has recently in-
creased considerably trigerring demand for novel types of flowers in lilies as well. For
the production of such novel cultivars, interspecific hybridization is expected to be one
of the most useful means (Mii er al., 1994). Lilium species are important for their
economic value. The genus has been studied for its chemical properties (Zeybek,
1994). Because different species have saponin glikoside, they are used in the treatment
of skin diseases (Baytop, 1984).

Many karyological studies have been undertaken on Lilium species by several
authors (Stewart, 1947, Ligthy, 1960; Smyth; et al., 1989). Smyth er al ., (1989)
expressed C-band patterns in twenty Lilium species. No reports are available on the
chromosome number and morphology of Lilium L., species distributed in Turkey. The
present studies dealing with karyotype analyses were undertaken involving 3 species
and 1 subspecies of Lilium from different localities.

Materials and Methods

Lilium candidum L., Lilium martagon L., Lilium ciliatum P.H. Davis and Lilium
carniolicum subsp. ponticum (C. Koch) Davis & Henderson were used in this study.
They were collected from the mountains of Northeast Anatolia, Turkey, between June
and July in 1996 and 1997.
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Table 1. Chromosome types, chromosome length and arm
ratio of Lilium candidum.

Chromosome C L S L/S SAT 1 R CV. Centromere
pairs (um) (um)  (um) (upm)  (xm) % position
1 13.02 + 1.52° 685 6.17 1.1l 1.46 4738 11.45 11.67 median region
2 11.87 £ 2.33 8.0 3.87 206 - 32.60 10.43 19.62 submedian region
3 11.01 + 1.71 10.08 0.93 10.83 - 8.44 9.68 15.53 terminal region
4 1036 £ 1.69 940 096 9.79 - 9.26 9.11 16.31 terminal region
5 10.04 + 1.36  9.15 0.8910.28 - 8.86 8.83 13.54 terminal region
6 9.61 +129 7.8 179 436 - 18.62 8.45 13.42 subterminal region
7 920+ 09 835 0.85 9.82 - 9.23 8.09 9.78 terminal region
8 9.13 £ 1.01 7.65 148 5.16 - 16.21 8.02 11.06 subterminal region
9 8.71 + 1.29 771 1.0 771 - 11.48 7.66 14.81 terminal region
10 8.07 + 0.94 8.07 - - - - 7.09 11.64 terminal point
11 7.16 +£ 0.72 594 122 486 248 17.03 6.29  10.05 subterminal region
12 552 £ 086 431 121 3.56 2.22 21.92 4.85 15.57 subterminal région

C: Total chromosome length, L: Long arm length, S: Short arem length, L/S: Arm ratio, SAT: Satellite, I
Centromere index, R: Relative length, C.V. %: Coefficients of variability.
* Standard deviations.

Table 2. Chromosome types, chromosome length and arm
ratio of Lilium martagon.

Chromosome C L S L/S SAT I R C.V. Centromere

pairs (m) (um)  (pm) (pm)  (um) % position

1 1997 + 1.74 11.57 8.40 137 - 4206 12.78 8.71 median region

2 1759 + 1.17 11.13 646 172 - 36.72  11.26 6.65 submedian region
3 1465 + 1.24 1336 1.2910.35 - 8.80 9.37 8.46 terminal region

4 14.05 £ 1.14 1271 1.34 948 - 9.53 8.99 8.11 terminal region

5 1318 £ 1.06 1174 144 B8.15 - 10.92 8.43 8.04 terminal region

6 12.69 + 0.57 11.25 1.44 7.81 - 11.34 8.12 4.49 terminal region

7 1195 + 0.66 10.34 1.61 642 - 13.47 7.64 5.52 subterminal region
8 11.34 + 0.63 955 1.79 533 - 15.78 7.25 5.55 subterminal region
9 1098 + 0.66 1023 0.7513.64 - 6.83 7.02 6.01 terminal region

10 10.44 + 0.57 937 1.07 875 - 10.24 6.68 5.45 terminal region

11 10.06 + 0.69 845 1.61 524 - 16.00 6.44 6.85 subterminal region

12 9.31 £ 0.99 845 0.86 9.82 - 9.23 5.95 10.63 terminal region
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Actively growing root tips were used for karyotype analyses and chromosome
counts. For this purpose, the root tips were cut off and pre-treated with 0.05%
colchicine for 3-4 h and then fixed in an ethanol - acetic acid (3:1) solution for at least
24 h at 4°C (Hayirlioglu & Beyazoglu, 1997). The root tips were hydrolyzed in 1 N
HCI at 60°C for 12-13 min., and then rinsed with tap water for a minimum of 2-3 min.
Staining was carried out in Feulgen for 1.5 h, Karyotype analysis was performed
according to Levan et al., (1965). Photomicrographs were taken from at least five
well-spread metaphase plates using an Olympus BH-2 camera. Permanent slides were
deposited in the Department of Biology, Karadeniz Technical University, Trabzon.

Results

Chromosome number and morphology of the species examined is as follows:

L. candidum L.: Chromosome number is 2n = 24. The 1st chromosome is median
and the 2nd is submedian-centromeric. The 6th, 8th, 11th and 12th chromosomes are
subterminal, the 3rd, 4th, Sth, 7th and 9th have terminal centromeres. The 10th
chromosome has terminal point centromere. The satcllites are present on the short
arms of the Ist, 11th and 12th chromosomes (Table 1, Fig. la & 2A).

Fig.1. Mitotic metaphase chromosomes in Lilium L.

A) L. candidum, B) L. martagon, C) L. ciliatum, D) L. carniolicum subsp. ponticumn. Bar: 10 uym.
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Table 3. Chromosome types, chromosome Iength and arm
ratio of Lilium ciliatum.

Chromosome C L N L/S SAT 1 R CV. Cenirumere
pairs (um) (pm)  (pm) (pm)  (um) % position
1 1370 £ 0.86  7.86 5.84 134 - 42.62 12.08 6.27 median region
2 12.55 + 0.11 837 4.18 2.00 - 3330 11.06 5.65 submedian region
3 1094 £ 043 994 1.0 994 - 9.14  9.64 3.93 terminal region
4 10.40 + 0.78 9.40 1.0 940 - 9.61 9.17 7.5  terminal region
5 997 £+ 066 897 1.0 897 - 10.03 8.79 6.61 terminal region
6 9.60 + 0.50 8.62 0.98 879 - 10.20 8.46 5.20 terminal region
7 874 £ 076 7.28 1.46 498 - 16.70  7.70 8.69 subterminal region
8 828 +0.50 6.89 1.39 495 - 16.78 7.30 6.03 subterminal region
9 8.07 + 0.62 8.07 - - - - 7.11 7.68 terminal point
10 7.16 + 0.48 5.78 138 4.18 1.14 19.27 6.31 6.70 subterminal region
11 7.02 £ 052 556 1.46 3.80 1.64 20.79 6.19 7.40 subterminal region
12 6.95 + 0.66 574 1.21 474 - 17.41 6.12 9.46 subterminal region

Table 4. Chromosome types, chromosome length and arm
ratio of Lilium carniolicum subsp. ponticum.

Chromosome C L N L/S SAT 1 R C.V. Centromere

pairs (pm) (pm)  (pm) (pm)  (pm) % position

[ [5.07 £ 090 877 6.30 1.39 - 41.80 11.66 5.29 median region

2 13.85 + 094 9.11 474 192 - 3422 10.72 5.66 submedian region
3 12.05 + 0.76  10.83 1.22 8.87 - 10.12 9.33 5.30 terminal region

4 11.35 £ 0.50 1044 091 11.47 - 8.01 8.78 3.63 terminal region

5 10.76 £ 072 9.17 1.59 5.76 - 14.77 8.33 5.50 subterminal region
6 10.66 + 0.72 975 0911071 - 8.53 8.25 5.61 terminal region

7 1045 £ 0.80 9.78 0.67 14.59 - 6.41 8.09 6.44 terminal region

8 9.69 + 0.50 8.83 0.8610.26 - 8.87 7.50 4.25 terminal region

9 947 £ 038 7.8 1.61 488 - 17.00 7.33 3.33  subterminal region
10 9.03 £ 052 750 1.53 490 - 16.94 6.99 4.87 subterminal region
11 8.54 £ 0.50 695 1.59 437 - 18.61 6.61 5.26 subterminal region
12 823+ 075 7.62 0.6112.49 - 7.41 6.37 7.69 terminal region
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L. martagon L.: Chromosome number is 2n = 24. The 1st chromosome is median
and the 2nd is submedian-centromeric. The 7th, 8th, and 11th chromosomes are
subterminal, the 3rd, 4th, S5th, 6th, 9th, 10th and 12th are terminal- centromeric. No
satellite was observed in this species (Table 2, Fig. 1b & 2B).

L. ciliatum P.H. Davis: Chromosome number is 2n = 24. The 1st chromosome is
median and 2nd is submedian-centromeric. The 7th, 8th, 10th, 11th and 12th
chromosomes are subterminal and 3rd, 4th, 5th and 6th chromosomes are terminal-
centromeric. The 9th chromosome is terminal point centromeric. The satellites are
present on the short arms of the 10th and 11th chromosomes (Table 3, Fig. 1C & 2C).
Lilium carniolicum subsp. ponticum (C. Koch) Davis & Henderson: Chromosome
number is 2n = 24. The 1st chromosome is median and 2nd is submedian-centromeric.
The 5th, 9th, 10th and 11th chromosomes are subterminal and 3rd, 4th, 6th, 7th, 8th
and 12th chromosomes are terminal-centromeric. No satellite is present on the
karyotype of this species (Table 4, Fig. 1d & 2D).

Discussion

All taxa investigated are diploid with 2n = 24 chromosomes. The karyotypes of
these species consist of median, submedian, subterminal and terminal chromosomes
(Fig. 2). These findings agree with reports of chromosome number and karyotype for
other species of Lilium (Stewart, 1947; Lighty, 1960). Asano, (1983) reported that the
chromosome complement of diploid hybrid species in Lilium usually consists of two
pairs of larger submedian and 10 pairs of subterminal chromosomes. According to
Smyth er al., (1989), 20 species of Lilium have a similar basic karyotype and the
chromosome number of these taxa is 2n = 24,

stewart (1947) found that the chromosome number of L. candidum and L.
marragen 15 2n = 24 and the karyotypes of these species consist of two pairs of
median-centromeric and ten pairs terminal-centromeric chromosomes. In the present
study we found that the karyotype of L. martagon consists of one pair of centromeres
in the median position, one pair in the submedian, three pairs of in the subterminal and
seven pairs of in the terminal position. L. candidum has one pair of median-
centromeric, one pair of subterminal-centromeric, four pairs of subterminal-
centromeric and six pairs of terminal-centromeric chromosomes (Fig. 2).

I'he chromosome number and morphology of L. ciliatum, which is endemic to
Turkey, aud L. carniolicum subsp. ponticum are being reported for the first time.
According to our observations these species have 2n = 24 chromosomes, and in both
the species the chromosomes are median, submedian, subterminal and terminal
contromeric.

Stewart (1947) and Smyth et al., (1989) also noted that the karyotypes of L.
candidum and L. martagon are secondary constriction (NOR). Stewart (1947)
reported four NORs in L. martagon. For this species, Smyth er al., (1989) found five
NORs. Stewart (1947) and Smyth et al., (1989) identified three NORs in L.
candidum but we could not clearly see secondary constriction in each species.
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g2, Idiograms of the chromosome complement of four Lilium L. species at mitotic metaphase.
A) L. candidum, B) L. martagon, C) L. ciliatum, D) L. carniolicum subsp. ponticum.



KARYOTYPE ANALYSIS OF LILIUM SPECIES FROM TURKEY 321

The present study indicates that all taxa have similar chromosome complements.
The karyotype of L. candidum is similar to that of L. ciliatum. No satellite is present
on the karyotype of these taxa. Similarly, the karyotype of L. martagon and L.
carniolicum subsp. ponticum are also similar. These karyotypes are in good agreement
with the systematic relationships of investigating taxa within the genus Lilium. Besides,
the karyotype characteristics of these species could be correlated with the external
morphological characteristics.
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