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ABSTRACT. Turkey with diverse ecological conditions is among unique countries allowing culture of 

several species nationwide. Among these species, Pancratium maritimum belonging to Amaryllidaceae 

family grows in sandy environments. Plant flowering period is between August – October. Pancratium 

maritimum species are common in coastal zones of Greece, France and Spain and common in coastal zones 

of Samsun, Giresun, Trabzon, Antalya, Mersin and Adana provinces of Turkey. This study was conducted 

to investigate the genetic diversity in 58 different Pancratium maritimum genotypes collected from coastal 

zones of Mersin province with the use of SRAP marker technique. Fourteen SRAP combinations were used 

and 81 scorable bands were obtained with these markers. Average polymorphism ratio was identified as 

49.92%. According to UPGMA method, Pancratium maritimum genotypes were divided in two main 

groups and genetic similarity values varied between 0.88 – 1.00. Present findings revealed that SRAP 

marker system could be used to identify genetic relationships among Pancratium maritimum genotypes. 
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INTRODUCTION 

Turkey is a unique country in terms of plant diversity and genetic resources. Diverse 

ecological conditions allowed Turkey to have such great genetic diversity. Several species 

are either naturally grow or economically cultured nationwide [1, 2, 3].    

Amaryllidaceae family is composed of about 1100 monocotyledonous species [4]. Just 

because of glamorous white flowers, they have been cultured as ornamental plants in 

Europe and America for centuries [5,6]. These species are widespread in the 

Mediterranean, Atlantic and Black Sea costs [7]. Sea daffodil is common in coastal zones 

of Greece, France and Spain. In Turkey, it naturally grows in coastal zones of Kırklareli, 

Istanbul, Bolu, Bartın, Sinop, Samsun, Giresun, Trabzon, Antalya, Mersin and Adana 

provinces [8,9]. Besides being an attractive ornamental plant, sea daffodil is also 

prominent with alkaloids, thus it is also used as a medicinal plant [6;10]. Berkov et al. 

conducted a study on leaves and roots of Pancratium maritimum with the use of GC/MS 

and reported that of 16 alkaloids defined in that study, 5 were identified for the first time 

in this plant [11]. Since this plant is common along the coastal zones, tourism exerts a 
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serious threat to this species [9]. Serious reductions have been encountered in the 

population of this plant in Italy, Greece and Spain.  

P. maritimum L.  is considered as a foreign-pollinating plant [9, 12] and pollination 

largely depends on and varies with different organisms within the pollination zones. 

Species of the same genus may differ in phenotypic characteristics, leaf blade width and 

length, root diameter and density. Some of these traits may be stable, but some may 

exhibit epigenetic variations influenced by environmental factors. Thus, the potential 

transfer of such variations for generations through subsequent plants should be 

investigated [13]. Genetic characterization plays a significant role in protection strategies 

of the species [14]. Analyses of individuals of different populations with the molecular 

markers revealed high polymorphism at genomic level. Various marker systems are 

employed in the identification of genetic diversity. SRAP (Sequence-related amplified 

polymorphism) marker system is the prominent one among these systems. SRAP was 

used for marker formation and mapping of grass species [15], walnut [16], apricot [17] 

and quince [3]. In addition to these studies, different marker systems such as RAPD [29], 

SSR [30], ISSR [27] were used to determine genetic diversity in Pancratium species. 

This study was conducted to investigate the genetic relationships of 58 sea daffodil 
(Pancratium maritimum L.)  genotypes collected from coastal zones of Mersin province 

with the aid of the SRAP molecular marker system. 

MATERIALS AND METHODS 

Sampling  

Fifty-eight sea daffodil (Pancratium maritimum L.)   genotypes collected from coastal 

zones of Mersin province constituted the plant material of the present study. Genotypes 

that spread along the coasts of Erdemli (Alata) and Akdeniz (Kazanlı) districts were used 

in the study (Figure 1). 

 

 
Fig. 1.  Mersin province map 
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PCR Analyses 

The leaf tissues were pulverized in a muller under liquid nitrogen, then genomic DNA 

was extracted with CTAB method according to [26]. DNA concentrations were 

determined with a spectrophotometer (BioTek Instruments, Inc., Winooski, VT, United 

States). The DNA solutions in the samples was brought to a working concentration of 10 

ng/lL, and stored at- 20 C. 
DNA samples were mixed with PCR components, and pre-screening tests were 

conducted with the use of 216 SRAP primer combinations (12 forward and 18 reverse 

primers) [28]. Based on the results of these tests, 14 SRAP marker combinations yielding 

the greatest number of polymorphic bands were used (Table 1). PCR components were 

prepared for each genotype as to have a total volume of 15 μl including 2 μl DNA (20 

ng), 1.5 μl 10xPCR Buffer, 0.2 μl Taq DNA polymerase (5u/μL), 1 μl dNTP (2.5 mM), 

1.5 μl MgCl2 (25 mM), 2 μl 10 mM SRAP marker and 6.8 μl H2O. PCR conditions were 

as follows: initial denaturation at 94 oC for 3 minutes, 35 cycles at 94 oC for 1 minute, 38 
oC for 45 seconds, 72 oC for 2 minutes and a final extension at 72 oC for 10 minutes [16, 

18]). PCR products were electrophoresed in 1X TAE buffer and 2% agarose gel and 

ethidium bromide-stained samples were imaged in gel imaging unit (Kodak Gel Logic 

200 Imaging System).  

 

Data Analysis  

DNA band profiles were recorded either as 1 with a band and as 0 without a band. Data 

were subjected to statistical analyses with NTSYSpc 2.11 software [19] and 

monomorphic and polymorphic fragments were analyzed by using Dice similarity matrix 

[22]. The genetic similarity matrix and ultra-metric distance matrix produced from 

UPGMA-based dendrogram with COPH module nested in the same software was 

compared using Mantel’s matrix correspondence test [20]. UPGMA (Unweighted Pair 

Group Method with Arithmetic Average) was used to create the dendrogram. For each 

marker used, the total number of bands, the number of polymorphic bands and 

polymorphism ratios were determined. The polymorphism ratio was calculated as 

(Number of polymorphic bands X 100 / Total number of bands). The GenAlEx ver. 6.5 

software was run to determine allele frequency (p and q), number of effective alleles (Ne), 

Shannon’s information index (I), expected (He), and unbiased expected heterozygosity 

(uHe) [21]. 

RESULTS AND DISCUSSION 

Genetic relationships among sea daffodil genotypes collected from coastal zones of 

Mersin province were assessed through 14 different SRAP primer combinations. A total 
of 81 scorable bands were obtained from these SRAP primers. Of these bands, 41 were 

identified as polymorphic. The average number of bands per marker was calculated as 

5.28, the average number of polymorphic bands was calculated as 2.92 and polymorphism 

ratio was calculated as 46.92%.  Primer base lengths varied between 100 – 900 bp (Table 

1). 
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Table 1. List of SRAP primers, number of total (TFN) and polymorphic fragments 

(PFN), polymorphism ratio (PR) 

Primers Base Length TFN PFN PR (%) 

Em1-Me1 200-530 5 2 40.00 

EM3-Me4 240-650 4 0 0.00 

Em3-Me6 180-800 2 0 0.00 

Em4-Me11 220-880 5 2 40.00 

Em7-Me1 190-900 5 5 100 

Em7-Me4 120-880 9 7 77.77 

Em9-Me5 520-780 2 1 50.00 

Em10-Me2 110-770 8 7 87.50 

Em10-Me3 150-600 9 4 44.44 

Em12-Me6 100-750 9 8 88.88 

Em12-Me7 180-330 3 1 33.33 

Em13-Me2 150-500 4 0 0.00 

Em13-Me4 330-700 5 1 20.00 

Em13-Me9 250-510 4 3 75.00 

Mean 100-900 5.28 2.92 46.92 

 

 

In previous studies conducted with SRAP primers, base lengths were reported as 

between 400-1700 bp [3] and between 100-1500 bp [18]. Differences with the present 

findings were attributed to differences in genetic materials used in different studies. 

Grassi et al. investigated the genetic diversity of sea daffodil genotypes collected from 

10 different locations of coastal zones of Italy with the use of AFLP molecular marker 

system [13]. Researchers were able to obtain 956 bands of which 34 were polymorphic 

and the average number of polymorphic bands was reported as 3.56. Present findings 

were similar to those earlier ones. The lowest polymorphism ratio (0%) was observed in 

Em13-Me2, Em3-Me4 and Em3-Me6 primers and the greatest ratio (100%) was obtained 

from Em7-Me1 primers. Uzun et al. reported average polymorphism ratio of SRAP 

marker system as 90.0% and such a finding was different from the present one [3]. 

Smaller polymorphism ratios of this study may be attributed to the single location of the 

studied genetic materials. 

Number of effective alleles (Ne) ranged from 1.00 (Em3-Me4 and Em3-Me6) to 1.613 

Em4-Me6) (average 1.319), Shannon’s information index (I) values from 0.000 (Em3-

Me4 and Em3-Me6) to 0.541 (Em7-Me1) (average 0.279), expected heterozygosity (He) 

values from 0.000 (Em3-Me4 and Em3-Me6) to 0.358 (Em7-Me1) and unbiased expected 

heterozygosity (uHe) values from 0.000 (Em3-Me4 and Em3-Me6) to 0.361 (Em7-Me1) 

(average 0,190) (Table 2). For all these parameters, Em7-Me1 primer combination had 

the highest values whereas Em3-Me4 and Em3-Me6had the lowest values. Cophenetic 

correlation between ultra-metric similarity tree and similarity matrix was found to be 

relatively high (r = 0.76, P<0.01). Values of between 0.7 – 0.9 indicate a well-correlation 

between similarity indices and dendrogram [23]. The present value revealed that there 
was a high correlation between the similarity indices and the dendrogram, in other words, 

the present dendrogram well represented the similarity indices. 
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Table 2. SRAP primers, estimated allele frequency (p and q), number of effective alleles 

(Ne), Shannon’s information index (I), expected (He) and unbiased expected 

heterozygosity (uHe) 

Primers p q Ne I He uHe 

Em1-Me1 0.760 0.240 1.554 0.404 0.288 0.291 

Em3-Me4 1.000 0.000 1.000 0.000 0.000 0.000 

Em3-Me6 1.000 0.000 1.000 0.000 0.000 0.000 

Em4-Me11 0.901 0.099 1.237 0.223 0.149 0.150 

Em7-Me1 0.758 0.242 1.576 0.541 0.358 0.361 

Em7-Me4 0.475 0.525 1.471 0.401 0.270 0.273 

Em9-Me5 0.660 0.340 1.484 0.453 0.298 0.301 

Em10-Me2 0.736 0.264 1.343 0.277 0.192 0.194 

Em10-Me3 0.894 0.106 1.245 0.214 0.143 0.145 

Em12-Me6 0.629 0.371 1.613 0.495 0.342 0.346 

Em12-Me7 0.954 0.046 1.104 0.133 0.079 0.080 

Em13-Me2 0.884 0.116 1.276 0.271 0.178 0.179 

Em13-Me4 0.941 0.059 1.110 0.077 0.055 0.056 

Em13-Me9 0.704 0.296 1.454 0.423 0.282 0.285 

Mean 0.806 0.194 1.319 0.279 0.188 0.190 

 

 

 

 
Fig. 2.  Dendrogram for 58 sea daffodil genotypes constructed with SRAP markers 
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According to UPGMA dendrogram, similarity index values varied between 0.86 – 

1.00. Present sea daffodil genotypes were gathered under two main groups. In the RAPD 

molecular marker analysis performed on different Pancratium species, it was determined 

that 4 main groups were formed depending on the primers used in the study and the RAPD 

method was sufficient to distinguish the species from each other [29]. In the current study, 

the first group included only genotype 49 and the other group included the rest. The 

genotypes 12-13 and 48-54 had a similarity index of 1.0. A narrow genetic index of 

similarity has been obtained between genotypes. The reason for this can be related to the 

collection of all materials from a single region rather than the SRAP marker system used.  

Similar to our current study, in the SSR marker analysis performed in the Pancratium 

maritimum species, a narrow genetic similarity within the species in terms of genetic 

similarity was determined [30]. Present findings are different from the findings of Sanaa 

and Fadhel conducted isoenzyme analyses on sea daffodil genotypes collected from 

different locations 10 m apart in Tunisia [24]. That study was conducted with 19 different 

populations and polymorphism ratios were reported as between 27.80 - 55.60%. Such 

differences are mostly attributed to differences in marker systems and genotypes. In 

RAPD and SSR analyses, similarity index in sea daffodil genotypes was reported as 0.81 

[25]. Such a value was similar to the present one. On the other hand, in the SRAP analysis 

performed in the daffodil genotypes collected from different regions of Turkey similarity 

index of genotypes varied between 0.35 and 0.95 [28].  The current study is different from 

[25] in the literature. The reason for the difference can be explained by the fact that 

genotypes collected from only one region were used in the study. 

CONCLUSION 

It was concluded based on present findings that P. maritimum species were under the 

threat of extinction in their natural habitat [31]. Extinct genotypes result in changes in the 

genetic variation of the species. The present study investigated the genetic diversity in 58 

P. maritimum genotypes collected from the coastal zone of Mersin province with the use 

of SRAP markers and present findings revealed that SRAP marker system could be used 

to identify genetic diversity in the sea daffodil genotypes. According to the results 

obtained, selecting genotypes that are distant from each other rather than genotypes that 

are genetically close to each other may be beneficial in conserving gene resources. 
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