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Karyotype Analysis of Lilium longiflorum Thunb. cv. Easter Lily
Cultivated in Pyin Oo Lwin

Nang Wut Hmon Phoo!

Abstract

This research aimed to investigate the karyotype analysis of Lilium longiflorum
Thunb. cv. Easter Lily. This research was done at the Department of Botany,
Lashio University, Northern Shan State, Myanmar. Microsporogenesis showed the
chromosome number of n=12 in diakinesis. The karyotypes were determined by
analyzing photographs of 10 well-spread metaphase cells, resulting in a karyotype
formula of 1m+1sm+3st+7t, with only one satellite chromosome observed in the
number 4 subterminal chromosomes. This characteristic suggests that the first two
pairs of chromosomes were relatively stable. Furthermore, the degree of asymmetry
or symmetry of the karyotypes was estimated by the following Stebbins, (1971).
The mean total length of mitotic metaphase chromosomes was 159.78 um. These
results contribute valuable taxonomic information for future studies of Lilium and
may serve as a resource for breeding research focused on cut flower and potted
plant production. Moreover, the comprehensive cytogenetic information contributes
to its cytotaxonomy and supports taxonomic studies in Lilium of other areas.
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Introduction

Lilium is one of the most lovely and famous decorative bulbous flowers. The
appearance, beauty, and color of the bloom are very spectacular and attractive. Hybrid
lilies are especially beneficial as reduce flower and pot plants (Bowser, 1986). They
have been long admires and demanded for their aesthetic quality and have often been
depicted as a symbol of purity and regality.

In the plant kingdom, the genome size of Liliaceae such as Fritillaria,
Hycinthus, Lilium, and Tulipa were the largest. Many cytogeneticists have used lily as
a general model plant for chromosome studies. The species of Lilium possess a wide
range of ornamental traits as well as resistance to fungal and virus diseases. Lilium
species have attracted much attention in cytological respect since they have almost the
biggest genome size in the plant kingdom (Peruzzi et al., 2009)

The chromosomes of these species are also exceptionally large and have
proved to be outstanding material for cytogenetic research for more than a century.
Despite their phenotypic differences, most Lilium spp have the same chromosome
number (2n=2x=24) and almost identical chromosome portraits (Stewart, 1947).
Lilium longiflorum and Lilium rubellum ranged in nuclear DNA content material by
less than 2% (Noda, 1991), (Van Tuyl & Boon, 1997) were also found that have
similar karyotypes. In Lilium spp., most chromosomes (4-6, 7-9, and 10-12) are
morphologically too similar to be identified without additional diagnostic landmarks.

Karyotype analysis has played an important role in the identification and
designation of chromosomes in many plant species. Karyotype analysis was usually
based on somatic mitotic metaphase chromosomes. Karyotype research has been
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mainly primarily based totally at the concept that symmetrical karyotypes are extra
primitive than asymmetrical ones; longer chromosomes than shorter ones; median
centromeres with chromosome arms of equal length are more primitive than
chromosomes with arms of unequal length; low basic numbers give rise to higher
ones. These features are based on the comparison between karyotypes of known
relative antiquity, as determined through classical taxonomy (Sharma, 1990, Kamel,
2006).

The cytogenetic investigation is one of the best-documented experimental
proofs for the elucidation of the mode of speciation on different groups of plants
(Zohary, 1984) and (Kumar and Kumar, 2007). Cytological techniques determine the
chromosomes (Singh, 1993). The study of genetic and cytogenetic variation is
essential for hybridization between genotypes (Siahsar et al., 2005). Knowledge of
karyotype relationships is an important prerequisite for effective plant genetic and
breeding studies (Martinez-Gomez et al., 2003).

Karyotype provides basic information about the morphology of an individual
chromosome, number, chromosomal homology, and ploidy level in plants. The
karyological analysis assisted in the identification of the different cultivars in the
same species according to the cytotaxonomically.

The present study was conducted to observe its karyomorphology, using
chromosomal landmarks such as chromosome length, arm ratio, and secondary
constrictions. This study aimed to provide more information on karyotype analysis
and was also beneficial for further research concerns with the Lilium genus.

Materials and Methods

The sample used in this research was collected from the “Soe” Lily Nursery
Farm, Pyin Oo Lwin, Mandalay Region. The present investigation was carried out at
the Department of Botany, Lashio University.

The chromosomes were measured with a digital clipper for karyotype analysis
and arranged decreasing in order of chromosome lengths, according to Stewart,
(1947). The degree of asymmetry or symmetry of karyotypes was classified according
to Stebbins, (1971). Measurement of the (a) length of long arms, short arms, and the
whole length of the chromosome, (b) arm ratio, centromeric index, and relative length
of each chromosome were calculated. Satellites were included in the total length to
calculate arm ratios. Karyological data were obtained from the ten most definitive
cells. Arm ratios, centromeric index, and relative length of each chromosome were
calculated according to the following formulae:

Length of the long arm

1) Arm ratio =
( ) Length of the short arm

Length of short arm

(2) Centromeric index =
Total length of chromosome

Total length of each chromosome

100

(3) Relative length =

Total complementary length of chromosome
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Classification of chromosome types was calculated by using Stebbins, (1971),
i.e. (a) Satellite chromosome (SAT), (b) Median chromosome (M) with arm ratio
between 1.00 and 1.25, (c) Submedian chromosome (SM) with arm ratio between
1.26 and 1.75, (d) Subterminal chromosome (ST) with arm ration between 1.76 and
2.5 and (e) Terminal chromosome (T) with arm ratio exceeding 2.6.

The mean value of short arm length, long arm length, and satellite were used
to prepare the idiograms.

Results

The basic chromosome number of L. longiflorum was quite stable with
2n=2x=24. The karyotype, karyotypic formula, and the index of asymmetry were
listed in Table 1 and Figure 4C. The karyotypes from ten studied sample cells were
illustrated in Figure 1, 2, and 3. On observing the size and morphology of somatic
chromosomes were assigned into four groups and did not detect aneuploidy or B-
chromosomes. The one pairs of large median centromere chromosomes, one pair of
large submedian, three pairs of small subterminal, and the smallest seven pairs of
chromosomes with terminal centromeres. The secondary constriction observed in the
number 4 subterminal chromosome, was satellite. Based on Levan et al., (1964)
method, the karyotype formula was determined to be 1m+1sm+3st+7t. The ideogram
was presented in Figure 5.

Analyses of mitotic chromosome characters were recorded in Table 1. The
metaphase spreads and karyograms of this species was shown in Fig. 1, 2, 3, and 4. It
indicated that the longest chromosome was the median and the shortest one was
terminal. The total complementary length of chromosomes was 159.78 um. The
chromosome length and relative length of the chromosome ranged from 9.22 um and
6.04 pum in chromosome 12 to 20.86 pum and 12.83 pm in chromosome pair 1. The
length of the long arm varied from 7.56 pm in chromosome pair 12 to 10.58 pm in
chromosome pair 2. The longest and shortest values of the short arm length were for
chromosome pairs 1 and 12, with averages of 9.58 um and 1.65 pm, respectively.
Meanwhile, chromosome pair 12, with an average of 4.74 um, had the highest arm
ratio index and the minimum value of this ratio was obtained in chromosome 1 with
an average of 1.09 um.

The following signs have been adopted to elucidate the position of primarily
or spindle fiber attachment constructions, m=median, sm=submedian, st=subterminal,
and t=terminal. The satellite chromosome was assigned to the subterminal.

The chromosome pair 1 was the median and named m. and the mean length
was 20.86 + 6.16 pm. The arm ratio was 1.09 + 1.04 pum. The centromeric index was
0.48 £ 0.01 um. The relative length range was 12.83 + 1.84 um. The submedian
chromosome was observed in chromosome pair 2 and the mean total length was 17.82
+ 4.34 um, arm ratio, centromeric index, and relative length were 1.46 + 0.15, 0.41 +
0.03 and 11.55 + 1.61 pum respectively.

The chromosome pair 3, 4, and 5 was subterminal and named sti, st2, and st3
respectively. Those ranged from mean total length of 13.75 + 2.83 to 15.04 + 3.15 pum.
The ranged from 2.28 + 0.27 pum in st1 to 2.34 £ 0.23 um in sts. The centromeric
index ranged from 0.30 + 0.02 pm in sts to 0.31 = 0.03 um in st1. The relative length
ranged from 8.94 £ 1.02 pm in st3 to 9.71 £ 1.26 pm in sti. The subterminal
chromosome pair stz possessed satellite as shown in Table 1, Figure 4 A, B, C, and D.
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Fig.1. Five selected cells (1-5) Metaphase and Chromosome Outlines of
Lilium longiflorum Thunb. cv. Easter Lily
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Fig.2. Five selected cells (6-10) Metaphase and Chromosome Outlines of
Lilium longiflorum Thunb. cv. Easter Lily
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Fig.3 Ten selected cells (1-10) for karyotypes analysis of Lilium
lonaiflorum Thunb. cv. Easter Lilv
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Fig. 4 A. Mitotic cell of Lilium longiflorum Thunb.cv. Easter Lily
B. Outline mitotic cell of Lilium longiflorum Thunb.cv. Easter Lily
C. Karyotype of Lilium longiflorum Thunb.cv. Easter Lily

D. Four group of Chromosomes Lilium longiflorum Thunb.cv. Easter Lily
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Figure 5. Idiogram of Lilium longiflorum Thunb.

Discussion and Conclusion

Its karyotype formula was determined to be 1m+1sm+3st+7t and only one
satellite chromosome was observed in the number 4 subterminal chromosomes.
Accordingly the indicating data, L. longiflorum was karyotypic asymmetry. This
observation of the karyotype formula was agreed with the finding of Gao et al.,
(2011). According to Stewart, (1947), all species of Lilium have two large pairs of
chromosomes with submedian centromeres and ten pairs with subterminal
centromeres and 2n=24 chromosomes. Gao et al., (2011) also stated that among 12
pairs of chromosomes, the first two pairs are quite stable, and thus, can be recognized
as a special trait of this genus. This result was also consistent with previous reports on
L. longiflorum (Noda, 1991, Lim et al., 2001, Inceer et al., 2002).

However, Tahamil et al., (2014) reported that 1m+4sm+7st for L. longiflorum
with only one satellite in chromosome 6. Stewart, (1943), Son, (1977), and Gao et al.,
(2009, 2011) recommend that there appears to be only little karyotypic variation
between the investigated populations.

The present finding agreed with the following findings of; Noda, (1991) also
investigated that the basic chromosome complement (x=12) consists of two large V-
shaped chromosomes and ten shorter I-shaped ones: 2V+10l. The metacentric
chromosome is slightly larger than the submetacentric, so they can be distinguished
from each other during mitosis as well as during meiosis. The I-shaped chromosomes
are classified into two groups subterminal and terminal, it was difficult to distinguish
between chromosomes. Marasek, (2003) also clarified in all lily genotypes analyzed:;
only the longest chromosomes, metacentric or submetacentric, were easily
recognizable without measurements. Concerning the results, chromosome
morphology can be used as a reliable marker to assess the variations among lily
species (Tahamil, 2014).

In this observation, the total complementary lengths of chromosomes were
159.78 pm. This result was a variation from the finding of Lim et al., (2001) who
recorded it as about 286 um, and Tahamil et al., (2014) measured 330.75 um. About
this finding, Song, (1987) mentioned that the conventional staining methods have
some limitations in the unequivocal identification of individual chromosomes of
similar size and morphology in Lilium species. Heimburger, (1962) also reported that
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chromosome size may also be affected by growth conditions, and may also depend on
the duration of the analysis.

In the present study, the chromosomes were significant for the first two
chromosome pairs; median and submedian and they lacked the satellite. This result
agreed with the finding of Gao et al. (2011) who also reported that L. longiflorum has
a karyotype that lacks satellites in the first two homologous chromosome pairs.
Stewart (1947) recommended that basically, all species of Lilium have two large pairs
of chromosomes with submedian centromeres and ten pairs with subterminal
centromeres and 2n=24 chromosomes. Meanwhile, it has become evident that
secondary constructions are more important and complicated in this genus.

The previous work by Stewart (1947) and Gao et al. (2011) indicated that the
amount and position of secondary constrictions are the most variable features in
Lilium. This means among 12 pairs of chromosomes, the first two pairs are quite
stable, and thus, can be recognized as a special trait of this genus.

It believes that the results will favor the taxonomic studies in Lilium of other
areas. This study provides baseline information regarding the effective exploitation
and use of L. longiflorum Thunb. cv. Easter Lily, resources for breeding research to be
used as cut flowers and potted plants. And it provides comprehensive morphological
and cytogenetic information which can be helpful for its cytotaxonomy.
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