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Abstract
The 5S rRNA gene unit was characterized from Lilium species 
distributed in Korea. Sequence analyses revealed that the 5S 
rDNA, harboring a highly conserved coding region (120 bp) 
and a divergent non transcribed spacer (NTS), ranged from 
470 bp to 640 bp. The NTS regions showed length hetero-
geneity (350 bp-520 bp) due to the presence of several indels, 
and extensive sequence divergence among the species. Despite 
heterogeneity in length and nucleotide composition, the NTS 
regions possess some common features across the species, 
which include a T stretch region CTTTT and an identical motif 
of 11 bp (CAATGTATGAC) at the 3′ and 5′ flanking sequence 
of the coding region, respectively. These may play a role in 
the initiation and termination of transcription. The chromoso-
mal distribution of the 5S rRNA gene was mapped on the 
long arm of chromosome 3 by fluorescence in situ hybrid-
ization (FISH). The phylogenetic analysis based on the NTS 
sequence broadly divided the Lilium species into two major 
groups which were referred to as the section Sinomartagon 
and Martagon by Comber’s classification of the genus Lilium. 
The present study showed that the 5S rDNA sequence was 
very useful to unravel the genetic relationships among Lilium 
species.
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Introduction 

The genus Lilium, a bulbous group of the family Liliaceae, 
consists of approximately 100 species, the majority of which 
are widely distributed in Eastern Asia. Of these, eleven species 
are known to be present in the Korean peninsula (Kim, 1996; 
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Rhee et al., 2005) and some of these have been used as genetic 
resources for lily commercial breeding.

Based on morphological and physiological characters 
(Comber, 1949), Lilium plants in Korea have been assigned 
to the sections Sinomartagon and Martagon. Comber’s classi-
fication, however, has been revised consequently (Lighty, 
1968; De Jong, 1974; Asano, 1986; Haw, 1986; Baranova, 
1988). Due to similar morphological characters, especially 
conserved flower shapes in distantly related species (Mitchell, 
1998), species identification in the genus Lilium by just ex-
ternal morphology has been very difficult. Moreover, in 
Korean species, L. lancifolium is morphologically more similar 
to L. maximowiczii (Noda, 1986; Song and Seo, 1988). 
Recently, molecular genetic approaches have become popular 
to overcome the influence of morphological similarity between 
species. 

RAPD and PCR-RFLP analyses have been conducted in 
various Lilium species and their hybrids (Lee et al., 1993; 
Yamagishi, 1995; Haruki et al., 1997), and the intergenic 
spacers and coding regions of the chloroplast genome have 
also been examined (Hayashi and Kawano, 2000; Nishikawa 
et al., 2002). Using the ITS sequence, sixteen Lilium species 
and one variety endemic to or naturalized in Japan were ana-
lyzed to evaluate the Comber’s classification system of Lilium, 
and the sequence data also provided molecular evidence for 
the transfer of L. dauricum to section Sinomartagon (Dubouzet 
and Shinoda, 1999a). Nishikawa et al. (1999, 2001) inves-
tigated ITS sequences to formulate more appropriate hypoth-
eses about the relationships among the diverse clades within 
the genus and among the species in the section Sinomartagon. 
Furthermore, ITS sequences were also found to be useful in 
verifying the pedigree of a putative hybrid L. maculatum be-
tween L. concolor and L. dauricum (Dubouzet and Shinoda, 
1999b). In the L. carniolicum group which consists of several 
taxonomically dubious taxa, ITS sequences were used to un-
ravel the phylogenetic relationships and section delimitations 
among taxa comprising the group and to provide the phyloge-
netic position of the group within the genus (Rešetnik et al., 
2007). In the genus Lilium, however, the ITS region has been 
studied extensively, while the organization of 5S rRNA gene 
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has not been studied yet. Hence, the potential of the NTS se-
quence remains unutilized in elucidating the relationships 
among species.

The 5S rRNA gene occurs in high copy numbers 
(1000-50000 copies) to form a multigene family (Long and 
Dawid, 1980; Goldsbrough et al., 1982) and is arranged in 
clusters of tandemly repeated units at specific locations in the 
genome (Lapitan, 1992; Sastri et al., 1992). Each 5S rDNA 
unit consists of a 120 bp coding region, and a NTS region 
which is believed to play a role in the initiation and termi-
nation of transcription (Scoles et al., 1988). Although the cod-
ing region is highly conserved in higher eukaryotes, the NTS 
region tends to be diverged in length between 95 bp to 730 
bp (Udovicic et al., 1995; Prado et al., 1996;) and is variable 
with regards to nucleotide composition among closely related 
species or even within a species (Gottlob-Mchugh et al., 1990; 
Trontim et al., 1999; Baker et al., 2000). Variations in the 
NTS gave rise to heterogeneity in the 5S rDNA unit within 
and between species and these have been used for inferring 
phylogenetic relationships at lower taxonomic ranks (Persson, 
2000; Becerra 2003; Lee et al., 2010). 

In this report, the 5S rRNA gene was analyzed for the first 
time to demonstrate its structural organization in Lilium, and 
to elucidate the inter-specific relationships among their closely 
related species.

Materials and Methods

Plant materials
Lilium species, L. lancifolium Thunberg diploid, L. lancifolium 
Thunberg triploid, L. maximowiczii Regel, L. amabile Palibin, 
L. callosum Siebold et Zuccarini, L. cernuum Komarov, L. 
concolor Salisbury var. partheneion Baker, L. concolor var. 
buschianum Baker, L. dauricum Ker-Gawl, L. distichum Nakai 
ex Kamibayashi, L. hansonii Leichtlin and L. tsingtauense Gilg 
were obtained from the Lily Experimental Station (Taean, 
Chungnam prov.), Hantaek Botanical Garden (Kyunggi prov.), 
Breeding Institute of Korean native plants (Wonju, Kangwon 
prov.), Yeongwol (Kangwon prov.) and Ockcheon (Chungbuk 
prov.) of Korea and transplanted to the plant growth facility 
in Chungnam National University, Korea. 

Polymerase Chain Reaction (PCR)
Genomic DNA was extracted from young leaves using the 
DNeasy® Plant Mini Kit (Qiagen, USA) according to the man-
ufacturer’s instructions. The 5S rDNA from each species was 
PCR-amplified using the primer set (5'-GGATCCCATC-
AGAACTCC-3' and 5'-GGTGCTTTAGTGCTGGTATG-3') 
(Fukui et al., 1994). The PCR reaction mixture of a total vol-
ume of 25 µℓ was comprised of 5 pM of each primer set, 
10 ng of template DNA, 2.5 units of Ex Taq polymerase 
(Takara, Japan) and 0.2 mM dNTPs. The PCR amplification 

was carried out in a thermal cycler (Takara, Japan) and the 
reaction conditions included an initial denaturation at 94℃ for 
5 min, followed by 30 cycles of amplification (denaturation 
at 94℃ for 30 Sec, annealing at 59℃ for 30 sec and extension 
at 72℃ for 2 min) with a final extension at 72℃ for 7 min. 
Amplified rDNA was fractionated in a 1.5 % agarose gel by 
electrophoresis. The 5S rDNA fragments were then isolated 
from the agarose gel using a gel extraction kit (Cosmo 
Genetech, Korea). 

Cloning and sequencing of 5S rDNA
The amplified 5S rDNA fragments were cloned into 
pGEM-T-Easy vector (Promega, USA), and transformed into 
E. coli DH5α cells. More than five clones of each species 
were sequenced to avoid mutation introduced by Taq 
polymerase. DNA sequence data were analyzed using the 
BLAST algorithm, provided by the National Centre for 
Biotechnology Information (NCBI, USA). The 5S rRNA gene 
sequences of all species were multiply aligned using Clustal 
W ver. 1.8 (Thompson et al. 1994).

Phylogenetic analysis
Phylogenetic analysis was done by the neighbor joining tree 
method based on NTS sequences using MEGA software ver-
sion 4.1 (http://www.megasoftware.net). Published data of 
Allium senescens (Lee et al., 1999) was used as an outgroup 
species for phylogenetic reconstruction.

Chromosome preparation and FISH
Chromosome preparation, probe labeling and FISH of the 
Lilium plants were performed according to previous study 
(Sultana et al., 2010). In brief, root tips were macerated using 
an enzyme cocktail (2% cellulase, 1.5% macerozyme and 1% 
pectolyase in 1 mM EDTA, pH 4.2) at 37℃ for 1 hr. 
Chromosomal DNA on the slide was denatured in 70% for-
mamide at 65℃ for 90 sec followed by dehydration in a etha-
nol gradient (70, 95 and 100%) at -20℃ for 3 min each. The 
probe mixture containing 50% formamide (v/v), 10% dextran 
sulfate (w/v), 5 ng/µl salmon sperm DNA and 500 ng/mℓ of 
each probe was denatured at 99℃ for 15 min and immediately 
chilled on ice for 5 min. 25 µℓ of the probe mixture was 
applied to the denatured chromosomal DNA and covered with 
a glass cover slip. Slides were then placed in a humid chamber 
at 37℃ for 18 hr. Each probe was detected with avidin-FITC 
(Vector Lab, USA) and anti-digoxigenin rhodamine (Roche, 
Germany). The preparations were counterstained with 
Vectashield (Vector Lab, USA) containing 1.5 ng/µℓ DAPI. 
All images were acquired using a Leica epi-fluorescence mi-
croscope equipped with a FITC-DAPI two-way or FITC-rhod-
amine-DAPI three-way filter set (Leica, Germany) and proc-
essed with a cooled CCD camera (CoolSNAP, Photometrics, 
USA) and the Meta Imaging Series TM 4.6 software.
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Figure 1. Agarose gel electrophoresis of PCR products for the 5S 
rDNA units: L. lancifolium 2X (1), L. lancifolium 3X (2), L. max-
imowiczii (3), L. amabile (4), L. callosum (5), L. cernuum (6), L.
concolor var. partheneion (7), L. concolor var. buschianum (8), L.
dauricum (9), L. distichum (10), L. hansonii (11), L. tsingtauense
(12). M, DNA size marker.

Species
GenBank 
accession 
number

5S rDNA 
gene unit 

(bp)

Coding 
region
(bp)

NTS
length
(bp)

Variation in NTS region
Nucleotide composition (%)

GC %
No. of variable sites

T A G C T A G C
L. lancifolium 2X HQ724836 479 120 359 43.0 24.8 18.2 14.0 32.2 4 11 12 7
L. lancifolium 3X HQ724837 479 120 359 43.0 24.0 19.0 14.0 33.0 4 11 15 7
L. maximowiczii HQ724838 521 120 401 38.8 25.2 19.3 16.7 36.0 3 13 10 11
L. amabile HQ724828 640 120 520 42.8 23.5 20.0 13.7 33.7 38 23 26 16
L. callosum HQ724829 615 120 495 43.7 24.9 19.0 12.4 31.4 40 28 26 15
L. cernuum HQ724830 521 120 401 41.9 23.8 18.3 16.0 34.3 0 5 3 9
L. concolor var. partheneion HQ724831 615 120 495 44.1 24.9 18.8 12.2 31.0 41 29 25 15
L. concolor var. buschianum HQ724832 521 120 401 39.0 25.5 18.2 17.3 35.5 1 12 7 14
L. dauricum HQ724834 470 120 350 41.8 24.7 19.2 14.3 33.5 4 10 12 9
L. distichum HQ724833 511 120 391 41.1 25.5 17.2 16.2 33.4 3 8 8 8
L. hansonii HQ724835 511 120 391 40.8 25.5 17.2 16.5 33.7 6 8 8 11
L. tsingtauense HQ724839 511 120 391 41.8 24.7 17.3 16.2 33.5 4 6 8 9

Table 1. Analysis of 5S rDNA non transcribed spacers (NTS) in Lilium species along with their GenBank accession numbers.

Results and Discussion

The 5S rRNA gene units of each Lilium species were amplified 
by PCR (Fig. 1). In each species one major band was identified 
with considerable length variation of approximately 450 bp 
to 650 bp in addition of repeating units. Three species, L. con-
color var. partheneion, L. callosum and L. amabile exhibited 
similar sized bands of 650 bp, which were significantly larger 
compared to other species. In addition to the prominent band, 
these three species posses 850 bp and 1200 bp repeating units. 
Most species showed a prominent band corresponded to ap-
proximately 500 bp and a repeating unit of about 1050 bp. 
The PCR products were directly cloned into the vector and 
the clones with an approximate insert size of about 500 bp 
to 650 bp were selected for sequence analysis.

To assess the heterogeneity in NTS regions, PCR-cloned 
5S rRNA gene units from Lilium species were sequenced. For 
each species, at least more than five clones were picked and 
sequenced separately. The various aligned sequences within 
each species for NTS regions were found to be similar in 
length and constitution, and thus the consensus sequences from 
the clones of each species were obtained. Sequence analyses 
revealed that the 5S rRNA gene, including the full length of 

NTS region of considerable size (350 bp-520 bp), was flanked 
by 91 and 29 bp of coding sequence at 3′ and 5′ ends, re-
spectively (Fig. 2, Table 1). These sequences are deposited 
in the GenBank nucleotide sequence databases with the ac-
cession numbers HQ724828-HQ724839. The coding region of 
the 5S rRNA gene was highly conserved (120 bp), while great-
er variation was identified in the NTS regions, which were 
species-specific. Length variation (350 bp-520 bp) in the NTS 
regions gave rise to the heterogeneity of 5S rDNA units, rang-
ing from 470 bp (L. dauricum) to 640 bp (L. amabile) (Fig. 
2, Table 1). These values are in accordance with the amplified 
5S rDNA data obtained by PCR (Fig. 1). The variations in 
the NTS region have been described in various plant species 
such as Poaceae (Röser et al., 2001), Populus (Negi et al., 
2002), Vitis (Falistocco, 2007) and Vigna (Saini and Jawali, 
2009).

Indels or duplications located in the spacer are major sour-
ces of repeating unit variation in the 5S rDNA (Baum and 
Bailey, 1997; Negi et al., 2002; Baum et al., 2004). In Lilium 
species, heterogeneity in the NTS region occurred due to the 
presence of four species-specific indel regions. Indels 1, 2 
(variable length) and indel 3 (8 bp) are AT rich regions and 
present in 3′ and 5′ flanking sequences of the coding region, 
respectively (Fig. 2). These were responsible for the smaller 
size of the 5S rRNA gene unit in L. lancifolium (479 bp) and 
L. dauricum (470 bp). Indel 4 (137 bp), which was placed 
in sequences of L. concolor var. partheneion, L. callosum and 
L. amabile, was highly conserved and species-specific, and 
contributed to the larger size of the 5S rRNA gene unit (615 
bp-640 bp) compared to other species. 

The NTS sequence is divided into three regions, which are 
the 3′ downstream (ds), mid spacer (ms) and 5′ upstream (us) 
regions (Sastri et al., 1992). The 3′ downstream region is the 
portion of the spacer that follows the 3′ end of the coding 
region corresponding to approximately 133 bp and is charac-
terized by 4-8 tracts of a T stretch region (CTTTT) down-
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Figure 2. Aligned nucleotide sequences of the 5S rDNAs in 
Lilium species. The flanking coding regions are represented 
in the grey boxes. The T stretch region, TATA box and 11 
bp conserved motif (CAATGTATGAC) are indicated as 
underlined. The deletions are indicated as indels 1, 2, 3 and 
4. Asterisks represent positions of sequence similarity.

stream from the coding region across the species. This could 
act as a terminator signal for RNA polymerase III in the termi-
nation of transcription (Korn 1982; Scoles, 1988; Röser et al., 
2001; Falistocco et al., 2007). The termination signal is fol-
lowed by a GC-rich region of different lengths. The 76 bp 
ms region separates the 3′ ds and 5′ us spacer (Sastri et al., 
1992), and is characterized by different lengths of poly-T and 
poly-A tracts. The 5′ us region corresponds to approximately 
190 bp upstream of the 5′ end of the coding region, where 
a highly conserved AT rich motif with the consensus sequence 
TAATTA was identified. This AT rich sequence has been re-
ported as the ‘TATA box’ in many plant species (Röser et 

al., 2001; Negi et al., 2002; Saini and Jawali, 2009). The 5′ 
us region ended with a conserved motif of 11 bp 
(CAATGTATGAC) among the Lilium species examined. 
Detailed analysis of 5S rRNA genes of many species has re-
vealed that the spacer regions flanking upstream of the gene 
are conserved and may have a role in the initiation of tran-
scription (Cloix et al., 2000; Falistocco et al., 2007). The NTS 
regions usually end with the final base G, A or C in many 
plant species (Gottlob-McHugh et al., 1990; Cronn et al., 1996; 
Röser et al., 2001).

In Lilium, the coding sequence started with GGG and ended 
with CCC to make the 120 bp coding region. The beginning 
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Genomic region 
analyzed

Country of 
origin

Length variation 
(bp)

Polymorphic 
sites Constant sites Parsimony 

informative sites Reference

ITS1 Japan 228‐231 170 65 108 Nishikawa et al.(1999)
Korea 229 47 182 21 Data not Shown

ITS2 Japan 232‐233 163 79 100 Nishikawa et al.(1999)
Korea 233 55 178 28 Data not shown

NTS Korea 350‐520 186 351 131 Present study

Table 2. Comparison of ITS1, ITS2 of 45S rRNA gene and NTS of 5S rRNA gene unit in the Lilium species originated from Korea 
and Japan.

Figure 3. FISH mapping of digoxigenin-labeled 5S rDNA (red sig-
nals) and biotin-labeled 45S rDNA (green signals) in diploid L. 
lancifolium. 

of the coding region generally shows some family specificity 
(Volkov et al., 2001), such as GGA (or TGA) in Graminae 
(Baum and Johnson, 1996), GGG in Gossypium (Cronn et al., 
1996), AGG in Legume (Gottolob-McHugh et al., 1990) and 
GGA in Solanum (Zanke et al., 1995). In other species such 
as Hordeum and Vigna, the coding region ended with GTG 
(or TCC) and CCT, respectively (Baum and Johnson, 1996; 
Saini and Jawali, 2009).

The GC content of the NTS region revealed wide variation 
ranging from 31.0% (L. concolor var. partheneion) to 36.0% 
(L. maximowiczii) (Table 1). To examine the NTS sequence 
heterogeneity, the homology percentage was compared based 
on the sequence alignment (Supplemented Table 2). The se-
quence similarity in NTS regions ranged from 64% (between 
L. hansonii and L. concolor var. partheneion) to 99% (between 
diploid and triploid L. lancifolium) which indicates a high de-
gree of interspecific nucleotide diversity (up to 36%). The NTS 
regions showed significant nucleotide sequence heterogeneity 
(Table 1). L. concolor var. partheneion showed highest num-
ber of variable sites in the NTS region followed by L. callosum 
and L. amabile among the species. In spite of high sequence 
variation, the NTS regions were characterized by the con-
served order of (T>A>G>C) in nucleotide abundance among 
the Lilium species (Table 1). In Vigna, the NTS regions 
showed (T>C>A>G) in nucleotide abundance (Saini and 
Jawali, 2009) 

In the genus Lilium, the 5S rDNAs have not been cloned 
yet and therefore sequence information is not available. This 
is the first attempt in the genus Lilium characterizing the NTS 
region of 5S rRNA gene unit, while the ITS region in this 
genus has been studied extensively from different origin. The 
5S rDNA NTS region was evaluated for the phylogenetic in-
formativeness and compared to ITS regions from the related 
species originated from other countries. The ITS region was 
also used for understanding species relationships among Lilium 
species (Dubouzet and Shinoda, 1999; Nishikawa et al., 1999). 
The ITS data from related species originated from Japan, 
China and Korea showed that the ITS region exhibits lesser 
polymorphism than the NTS region in this genus 
(Supplemented Table 1 and 2). Sequences of the ITS regions 
were around 230 bp (228 to 231 bp in ITS1 and 231-246 
bp in ITS2) among the species from different origin, whereas 
the NTS regions were found more variable in length, ranging 

from 350-520 bp (Supplemented Table 1). The NTS was com-
parable to both ITS regions in size and number of variable 
sites, as it had substantially more polymorphic and parsimony 
informative sites (Table 2). As it is known that different se-
quences have different rates of evolution (Saini and Jawali, 
2009), the analysis of the NTS region could give additional 
insights into evolution of a group of species.

In our previous study, FISH mapping using 45S and 5S 
rDNA probes in Korean Lilium species have demonstrated that 
the location of 5S rRNA gene was detected only on the long 
arm of chromosome 3 in all Lilium plants examined, whereas 
45S rDNA loci were distributed in most of the chromosomes 
except for chromosomes 8, 9 and 12 (Sultana et al., 2010). 
Fig. 3 shows only one chromosome complement with FISH 
signals of 5S and 45S rRNA genes from representative L. 
lancifolium.

Based on the NTS sequences, a neighbor joining tree was 
constructed to elucidate the phylogenetic relationships among 
Lilium species (Fig. 4). The species were divided into two 
major groups (Cluster I and II). Cluster I was represented by 
most species which belonged to the section Sinomartagon, 
whereas Cluster II included only three species L. hansonii, 
L. tsingtauense and L. distichum belonging to the section 
Martagon (Comber, 1949). Sequence data was also consistent 
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Figure 4. Phylogenetic relationships of the Korean wild Lilium spe-
cies based on NTS sequences inferred from the neighbor joining 
method. Allium senescens used as an outgroup species. The numbers
at the nodes represent bootstrap values (%) for a 1000 replicate 
analysis.

with previous cytogenetic FISH results (Sultana et al., 2010). 
Cluster I was further divided into three distinct clades. 
According to Kim and Lee (1990), the Korean Lilium species 
belonging to the section Sinomartagon could be divided into 
three groups. In the first clade, diploid and triploid L. lancifo-
lium have a closer phylogenetic relationship (99% sequence 
identity) and L. dauricum was a sister group to this clade (Fig. 
4 and Supplemened Table 2). The second clade revealed that 
L. cernuum had very high sequence similarity (92%) with L. 
maximowiczii and L. concolor var. buschianum. L. amabile. 
In the third clade, it showed 96% sequence similarity with 
L. concolor var. partheneion and L. callosum, while L. callos-
um showed a closer relationship with L. concolor var. parthe-
neion by 98% sequence homology (Supplemened Table 2). 

In conclusion, analysis of the 5S rRNA gene unit organ-
ization may provide new insights to clarify the inter-specific 
relationships among the closely related Lilium species. The 
phylogenetic results based on NTS sequences were in agree-
ment with previous morphology-based classification and cyto-
genetic data in the genus. 
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