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Abstract  
 Lilium candidum L. is an economically important plant. Due to overcollection from nature and 
destruction of its habitats, it is included in the “vulnerable” category of danger. Genetic diversity of five 
different populations of L. candidum, growing in Marmara region of Turkey naturally was investigated. 
These populations were compared with Kuşadası population that was selected for comparasion group in 
Aegean region of Turkey. It is aimed to developed conservation strategies in order to protect the species. 
RAPD-PCR analysis was performed with genomic DNA extracted from the leaves of each replicate of 
samples. Twenty-one primers were screened, but only six primers gave clear, reproducible banding patterns 
and selected were further analysis. Jaccard's genetic distances were calculated and dendogram was generated 
using the UPGMA algorithm. The dendogram obtained were classified into two main groups and three 
subgroups. Genetic distance and the polymorphic band ratio was determined as 0.0464 - 0.3619 and 74.47%, 
respectively between the populations. The populations that had the lowest polymorphism ratio were, Nusret 
(19.15%) and Şabla (19.15%). The populations that had the highest polymorphism ratio was found as 
Keçidere (25.53%). According to our findings the population of Keçidere and then all of the other 
populations in Marmara region of Turkey should be conserved in situ. In addition conservation of this species 
in botanical gardens, gene banks and agrosystems will support in situ management.  
 
Introduction 
 Lilium candidum L. is a herbaceous, perennial and monoic species which belongs to Liliaceae 
family. This is also known as “Madonna Lily” and it is distributed in Balkans, Lebanon, Syria, 
Palestine, Greece Islands and Turkey on the world (Davis 1984). It was used in medicine and 
perfumery industry and aslo cultivated as ornamental plant commonly. This plant is endangered 
due to overcollection and destruction of its habitat. So, L. candidum is included in vulnerable 
category (VU) of danger according to Red Data Book of Turkish Plants (Ekim et al. 2000). 
Additionally L. candidum is listed under CITES (The Convention on International Trade in 
Endangered Species) where it is stated that it is illegal to harm or transport the plant without 
permission (Roche 1999).  Eearlier studies have reported some results of research on its 
biochemical (Uhrin et al. 1989, Satou 1999; Erdoğan et al. 2000; Eisenreichova et al. 2000), 
medicinal (Vachalkova et al. 2002), antimicrobial (Mucaji et al. 2000) cytological (Reznikova 
1973), karyotypic (West and Lechmere 1915 Sauerland 1956), physiological (Khawar et al. 2005) 
and ecological characters of the species; neither genetic diversity nor conservation were clear.  
The purpose of the present study is to assess genetic diversity within and among the populations of 
the species using RAPD markers and developing conservation strategies. Another important aim is 
to provide genetic data and a theoretical basis for protection of the species. 
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Materials and Methods 
 Plants were sampled randomly from five selected populations located in Southern Marmara 
Region of Turkey. The outgroup was selected from Kuşadası (Aydin) population located in 
Aegean Region of Turkey (Fig. 1). Fresh, young, intact and damage-free leaves were collected. 
Leaves were dried in plastic bags with silica gel until extracted in the laboratory at Balikesir 
University, Turkey.  
 

 
 

Fig. 1. Geographic location of six L. candidum populations sampled from Turkey.  
       1. Karakuz, 2. Keçidere, 3. Nusret, 4. Şabla, 5. Edremit, 6. Kuşadası. 

 
      A total of 30 individuals from six populations (Karakuz, Keçidere, Nusret, Şabla, Edremit, 
Kuşadas) were included in the study (Table 1). The distance between plants collected was at least 
5 - 10 m to increase the possibility of detecting the variation potential within each population. 
Samples were stored at –80ºC until DNA extraction. 
 Genomic DNA (gDNA) was extracted from plants collected in the field.  Total gDNA from 
basal leaves was isolated using the EZ-10 Spin Column gDNA Minipreps Kit (For Plant Samples) 
(Bio Basic, Canada). Extracted DNA was quantified spectrophotometrically (UNICAM Heλios α). 
The quality of DNA samples were determined by observing the ratio of absorbance at A260/A280. 
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The DNA quality was also checked by electrophoresis in a 1% agarose gel.  Extracted DNA was 
stored at  –25ºC until RAPD-PCR amplification. 
 
Table 1.  Names and locations of the six populations studied. 
  
Population   Latitude (N)  Longtitude (E)  
  

Karakuz (Kepsut) 39°  45' 28°  13' 
Keçidere (Kepsut) 39°  42' 28°  12' 
Nusret (Kepsut) 39°  37' 28°  10' 
Şabla (Kepsut) 39°  46' 28°  13' 
Kaşıkçı (Edremit) 39°  38'  26°  58' 
Kuşadası (Aydın)  37°  41' 27°  13'  
 
 RAPD reactions were performed using random primers (Operon Technologies, Alameda, CA, 
USA). Twenty-one primers were screened, only six primers gave clear, reproducible banding 
patterns and selected were further analysis (Operon OPA-13, OPA-10, OPA-12, OPB-12, OPC-11 
and OPC-02) (Table 2).  
 
Table 2.  Primers used in RAPD analyses. 
 
Primer Sequences 5' to 3' 
 

OPA-13 CAGCACCCAC 
OPA-10 GTGATCGCAG 
OPA-12 TCGGCGATAG 
OPB-12 CCTTGACGCA 
OPC-11 AAAGCTGCGG 
OPC-02 GTGAGGCGTC 
 
 RAPD-PCR reactions were performed in a final volume of 25 µl using a Progene thermal 
cycler (Techne Ltd. UK), containing 10 ng of genomic DNA, 1 µM primer, 1 µM dNTPs, 2.5 mM 
MgCl2, 2.5 µl 10x magnesium-free PCR buffer (10x PCR buffer: 500 mM KCl, 100mM Tris-HCl 
at pH 8.3), 1 U Taq DNA polymerase (TaKaRa Bio Inc., Japan) and 13.35 µl ddH2O. 
Amplification was carried out with one cycle of initial strand separation at 94ºC for 1 min 
followed by 42 cycle of 1 min at 94ºC, 1 min at 36ºC and 2 min at 72ºC. The last cycle was 
followed by an additional extension at 72ºC for 5 min. The PCR products were separated on a 1.5 
% (w/v) agarose gel at 80 volts. DNA fragments were visualised by UV transilluminator (UVP 
GelDoc-It Imaging System, CA) after staining the gel with ethidium bromide and photographed. A 
1 kb DNA ladder (GeneRuler, MBI Fermentas, CA) was used to estimate the approximate 
molecular weight of the amplified products. Reactions were replicated at least twice to control 
reproducibility of patterns. Only reproducible RAPD primers were included in the analysis. 
 The RAPD bands on the agarose gel were examined and recorded as present (1) or absent (0) 
and assembled into a data matrix. The POPGENE Version 1.31 software was used to investigate 
the genetic diversity within and between populations and draw a dendrogram based on Nei’s 1972 
genetic distances using the Unweighted Pair Group Method and Arithmetic Average (UPGMA) 
(Yeh et al. 1997).  
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Results and Discussion 
         A total of 47 bands were scored for the six RAPD primers of which 74.47% (35 bands)  were 
polymorphic (Table 3). Primer OPB-12 produced many polymorphic RAPD bands in all 
populations (Table 3).  
 
Table 3.  RAPD products generated by 6 primers in six Lilium candidum populations. 
 
 Total number of Total number of                        Number of polymorphic bands 
Primer reproducable polymorphic   
 bands bands Karakuz   Keçidere Nusret    Şabla    Kaşıkçı  Kuşadası   
 

OPA-13 7 5 0 1 1 2 2 2 
OPA-10  11 7 1 1 0 1 4 1 
OPA-12 7 5 1 0 0 0 0 0 
OPB-12 9 8 3 7 6 2 1 4 
OPC-11 7 4 2 3 2 3 1 1 
OPC-02 6 6 3 0 0 1 2 3 
Total 47 35 10 12 9 9 10 11 
Polymorphism  21.28 25.53 19.15 19.15 21.28 23.40 
(%) 
 
 On the other hand, primer OPA-12 gave only one polymorphic band that was monomorphic in 
five populations. The percentage of polymorphic bands ranged from 19,15 in Şabla and Nusret to 
25.53 in Keçidere. The average diversity within populations (Hs) was 0.1 and the total diversity 
(Ht) was 0.25 (Table 4). The mean level of genetic differentiation (Gst) between populations over 
all loci was 0.63. The markers contributed differently to the observed degree of population 
differentiation, varying from a low differentiation of 18% for OPB-12/F and OPC-11/F to a high 
100% for OPA-13/A, OPA-10/D, OPA-12/C, OPA-12/D, OPA-12/F and OPA-12/G (Table 4). 
Shannons’s index of phenotyping diversity was used to find diversity within and among 
populations. Table 5 shows that the diversity within populations related to different primers and 
different populations. Primer OPB-12 detected the highest genetic diversity within these 
populations while primer OPA-12 detected the lowest.  
     The population of Keçidere showed greater average variation (0.1635) than the other 
populations while the population of Şabla showed less variation (0.1081) than the others. Genetic 
distances calculated from the Nei’s (1972) genetic diversity index average was 0.205 and varied 
from 0.047 between Kasikci and Şabla and was 0.362 between Kasikci and Kuşadası (Table 6).  
 A dendrogram constructed on the basis of Nei’s genetic distances and the UPGMA method 
showed two main clusters: the outgroup Kuşadası population (population of Aegean Region of 
Turkey) and the five remaining populations (populations of Marmara Region of Turkey). Marmara 
populations were classified into three subgroups; Kasikci and Şabla are in the first subgroup, 
Karakuz is in the second subgroup and Nusret and Keçidere are in the third subgroup (Fig. 2). 
 The four known natural populations of L. candidum were used for the RAPD-PCR analysis. 
21 random primers were tested and reproducible bands were obtained with 6 primers (Table 3). 
Dendrogram obtained from RAPD-PCR results allowed two main groups to be distinguished. The 
upper group was composed of Kasikci, Şabla, Nusret, Keçidere and Karakuz populations. The 
lower group was Kuşadasi population (Fig. 2).  
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Table 4.  Genetic diversity between L. candidum populations for 35 RAPD marker.  
 
Marker   Ht*   Hs*   Gst* 
 
OPA-13/A  0.4444   0.0000   1.0000   
OPA-13/C  0.3833   0.1498   0.6091 
OPA-13/E  0.5000   0.2126   0.5747  
OPA-13/F  0.1739   0.0813   0.5324 
OPA-13/G  0.3618   0.0813   0.7752 
OPA-10/B  0.1310   0.0813   0.3789 
OPA-10/C  0.5000   0.2126   0.5747 
OPA-10/D  0.2778   0.0000   1.0000  
OPA-10/F  0.4630   0.0499   0.8921 
OPA-10/G  0.1739   0.0813   0.5324 
OPA-10/J  0.1739   0.0813   0.5324 
OPA-10/K  0,4815   0.0813   0.8311 
OPA-12/C  0.2778   0.0000   1.0000 
OPA-12/D  0.2778   0.0000   1.0000  
OPA-12/E  0.3167   0.0499   0.8423 
OPA-12/F  0.2778   0.0000   1.0000  
OPA-12/G  0.2778   0.0000   1.0000 
OPC-11/B  0.3108   0.1627   0.4766  
OPC-11/D  0.4107   0.2440   0.4058 
OPC-11/F  0.3225   0.2626   0.1857 
OPC-11/G  0.4412   0.2126   0.5180 
OPC-02/A  0.1739   0.0813   0.5324 
OPC-02/B  0.1739   0.0813   0.5324 
OPC-02/C  0.1816   0.1313   0.2772 
OPC-02/D  0.4412   0.2126   0.5181 
OPC-02/E  0.4901   0.0813   0.8340 
OPC-02/F  0.4901   0.0813   0.8340 
OPB-12/B  0.3618   0.0813   0.7752 
OPB-12/C  0.2421   0.1627   0.3280 
OPB-12/D  0.2841   0.2126   0.2517  
OPB-12/E  0.4412   0.2126   0.5181  
OPB-12/F  0.3225   0.2626   0.1857 
OPB-12/G  0.4975   0.1812   0.6358 
OPB-12/H  0.3668   0,2940   0.1985 
OPB-12/I   0.2841   0.2126   0.2517 
Means   0.2495   0.0922   0.6305 
 
* Ht: Genetic diversity over all groups. Hs: Genetic diversity within populations. Gst: Proportion of genetic 
diversity between populations. 
 
 The ovearall values for mean observed number of alleles (na) and mean effective number of 
alleles (ne) were 2.000 and 1.661, respectively. Assuming the Hardy-Weinberg equilibrium, the 
average gene diversity was 0.394 (Ht) at the species level. The mean value of the Shannon’s 
information index (I) was 0.582 at the species level. Nei's genetic distance between populations 
varied from 0.046 to 0.342. The lowest genetic distance value (0.046) was found between 
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populations Şabla and Kasikci while the highest (0.342) between populations Kusadasi and Nusret 
(Table 6). An UPGMA dendrogram was constructed based on Nei's genetic distance (Fig. 2). The 
length between the populations is shown in Table 6.  
 
Table 5.  Genetic diversity within populations for L. candidum from six locations with Shannon’s index. 
 
Primers Karakuz Keçidere Nusret Şabla Kaşıkçı      Kuşadası 
 
OPA-13 0.00 0.09 0.06 0.13 0.16  0.19 
OPA-10 0.04 0.06 0.00 0.06 0.24  0.04 
OPA-12 0.06 0.00 0.00 0.00 0.00  0.00 
OPC-11 0.16 0.29 0.19 0.26 0.09  0.06 
OPC-02 0.34 0.00 0.00 0.11 0.19  0.30 
OPB-12 0.22 0.52 0.38 0.12 0.05  0.23 
Average 0.14 0.16 0.10 0.11 0.12  0.14 
 
 
Table 6.   Genetic distances between six Lilium candidum populations.  
 
Population Kasikci Şabla  Karakuz Kuşadası Nusret Keçidere 
 

Kasikci 0      
Şabla 0.046 0   
Karakuz 0.210 0.165 0   
Kuşadası 0.361 0.331 0.255 0    
Nusret 0.207 0.194 0.292 0.342  0   
Keçidere 0.287 0.229 0.230 0.330  0.074 0  

 

 
Fig. 2.  Dendrogram based on Nei’s (1972) genetic distance for six L. candidum populations constructed by 

the UPGMA method. 
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 Genetic markers are important tools in the determination of genetic diversity, which is the 
first step for breeding projects and the protection of genetic resources (Bardakci 2001). Rare 
endangered plants may have high diversity, which attributed to the following factors: insufficient 
length of time for reduction of genetic diversity following a natural reduction of population size 
and isolation (Zawko et al. 2001, Maguire and Sedgley 1997). Generally, geographically restricted 
species exhibit lower levels of genetic variation than widely distributed species. The breeding 
systems, life forms and seed dispersal mechanisms of plant species have been regarded as the main 
factors affecting levels of genetic diversity, genetic divergence, and genetic structure within and 
among plant populations (Loveless and Hamrick 1984). Outcrossing perennial species commonly 
have higher levels of genetic diversity than selfing and clonal plants. The population history and 
habitat type are also important factors regulating the degree of genetic diversity and 
differentiation. High to moderate levels of genetic differentiation among populations is a common 
pattern in endemic or narrowly distributed plant species (Nybom 2004, Cruse-Sanders and 
Hamrick 2004). Due to the technical simplicity and speed of the RAPD-PCR method, it has been 
successfully used for the generation of genetic similarities and phylogenetic analysis (Surgun et al. 
2012). In their recent review on estimation of genetic diversity obtained by RAPD-PCR markers, 
Nybom and Bartish (2000) compiled mean GST values of 0.59, 0.19 and 0.23 for selfing, mixed 
mating and outcrossing plant species, respectively. As is concluded, populations with high genetic 
diversity should be priorly protected in conservation biology. Small populations are more prone to 
be extinct for environmental fluctuation and lose a large of genetic variation because of genetic 
drift (Aksoy et al. 2013). 
 One of the most important natural resources of the century is genetic resources. These 
resources have an important place in the renewable natural resources as they are indispensable for 
the balance of ecosystems. Determination, conservation, evaluation, availability and efficiency of 
genetic variability should be done to protect natural resources. The ideal way to protect the 
population is actually protecting the ecosphere as a whole. However, it is impossible to achieve 
this in today's conditions so at least species and populations of species must be protected. Before 
developing any strategy for the conservation of a species, it must be determined if the population 
size of that species depending on time remains constant or not. 
 The conservation of plant genetic resources can be achieved by two strategies; in situ and ex 
situ conservation.  In situ conservation is the best conservation method that allows the species to 
complete their evolution. However, implementation of this method is particularly difficult due to 
anthropogenic influences (Zawko et al. 2001). Ex situ conservation can be applied in the form of 
various methods such as seed storage, in vitro propogation and storage, DNA storage, pollen 
storage, botanical gardens, arboretums and agroecosystems (Nybom 2004).  
 Because of its economical importance L. candidum is used intensively for hundreds of years. 
Natural populations of the species are decreased and limited in narrow areas because its cultivation 
is not realized enough and the bulbs are uprooted from nature. So it is clear that, development of 
conservation strategies fot the species is urgently needed. The degree of danger  of  extinction   of 
L. candidum is higher when we compared it with other endangered plant species. The percentage 
of polymorphic bands (74.77) of RAPD in L. candidum was higher than in other endangered 
plants, e.g. Lactoris fernandeziana (Lactoridaceae) 24.5 (Brauner et al. 1992), Cathaya 
argyrophylla 32 (Wang et al., 1996), Paeonia suffruticosa 22.5 and P. rockii 27.6 % (Pei et al. 
1995), Dacydium pierrei 33.3 (Su et al. 1999), Changium smyrnioides 69 (Fu et al. 2003). This 
result shows that the genetic diversity in L. candidum is high and indicates that this species has the 
ability to adapt easily to environmental variation. The main reason of this type of population size 
reduction and "island-like" distribution in habitats is both because of human activities on habitats, 
as well as damage to the population by removing them extremely from nature. Among the 
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populations Keçidere showed higher genetic diversity (Table 5) when compared wih the other we 
suggested that this population should be primarily conserved in situ. The ex situ conservation of  
L. candidum in gene banks, agroecosystems and botanical gardens may be recommended as 
additional techniques beside in situ conservation. The samples from the population of Keçidere 
will be the best choice for cultivation in agroecosystems and botanical gardens. L. candidum 
grows better in neutral and alkaline soils, full sun and average water conditions and also the 
cultivation area should be considered to be compatible with the ecological needs of the plant 
(Özen et al. 2012). 
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