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ABSTRACT: In this study, the genetic diversity of 25 Iranian Crocus genotypes from three species (C. 
speciosus, C. cancellatus and C. sativus) were evaluated using ISSR and RAPD molecular markers. 19 
RAPD primers were selected to produce polymorphic and high resolution bands. In total, 261 DNA 
fragments were polymorphic and 13 ISSR primers were selected in this study. In total, 161 DNA fragments 
were obtained, from which 153 were polymorphic. Based on the Mantel test, significant correlation was 
found between similarity matrixes of RAPD and ISSR markers (r = 0.34). 
 
Abbreviations 
SSR  Simple Sequence Repeat 
UPGMA Un-weighted Pair Group Method with Arithmetic mean 
PIC  Polymorphism Information Content 
RAPD   Random Amplified Polymorphic DNA 
ISSR   Inter-simple Sequence Repeat 

       DART   Diversity Arrays Technology 
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INTRODUCTION 
 

 Crocus genus belongs to Iridaceae family. This family has 65 genera and 85 Crocus species (Candan , 2009; 
Chermahini , 2010; Wani and Mohiddin, 2009). Crocus. Sativs (saffron) is a triploid sterile plant, which is most 
important among species of Crocus genus. This plant is not capable of seed production and propagates through 
vegetative (corm) method (Grilli Caiola and Faoro, 2011) and its chromosal number is 2n = 3x = 24 (Chahota , 2003; 
Darvishi , 2006; Sharma , 2008). The history of this plant dates back to 1500-2500 BC when it was probably originated 
from Iran, Greece and Asia Minor (Fernandez, 2004; Keify and Beiki, 2012). This plant has been entered to Spain 
by Arabs and introduced to its neighboring countries in southern Europe (Beiki  2010; Ingram 1969). Nine species of 
the Crocus genus have been reported from Iran, that are classified into three seasons according to their flowering 
time (spring-autumn-winter). Species such as C. cancelathus,C.speciosus,  and C. sativus flower in autumn (Rashed-
Mohassel, 2007). C. cancelathus is a wide-spread plant being observed from Yugoslavia to Iran and has five 
subspecies, from which only C. cancellatus subsp.damascenus exists in Iran (Ghafari and Javadi, 2007). In this 
subspecies, tunics is netted and mesh-like and its chromosome number is 2n=8 (Ebrahimzadeh , 1998; Mathew, 
1982). The leathern tunics of C. speciosus with a brown neck of leaves can be seen at the apical point that has 

chromosome number of 2n=12.  
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Saffron is an economic and strategic product of Iran, and this country is responsible for more than 90% of the global 
saffron production and export (Agayev , 2009).  Iran is the reservoir of eight wild species from this genus; therefore, 
maintaining saffron genetic resources and providing an accurate and precise knowledge of its genetic diversity can 
be paid attention by breeders at their breeding programs. For many years, morphological markers have been used 
in differential identification of plants, but due to some limitations and being  affected by environment, analyses based 
on genetic markers have becoming acceptable complementary methods to morphological differentiation. Rubio 
Moraga  (2010) investigated the population related to the species of C. sativus, C. cartwrightianus, C. cartwrightianus 
var. albus, and C. kotschyanus using 12 ISSR primers. A total number of 82 bands were observed out of which there 
were 58 polymorphic bands. The results revealed that C. cartwrightianus var. albus is more similar to C. 
cartwrightianus and C. sativus.  It has also shown that C. kotschyanus and C. cartwrightianus are distinctive in 
comparison to other species. Beiki  (2010) studied 24 populations of Crocus species collected and six populations of 
C. sativus by 24 primers using RAPD marker. A total number of 322 bands were observed out of which there were 
281 polymorphic bands, and the dendrogram divided 30 genotypes into two main groups. Comparised C. 
cancellatuse and the second cluster was divided into two subcluster. Rubio Moraga  (2009) investigated 44 
populations of C. sativus being collected from 11 different countries using SSR, ISSR and RAPD markers, but no 
polymorphic band was observed in their study. Grilli Caiola  (2004) investigated C. sativus, C. cartwrightianus and 
C. thomasii using 21 RAPD markers. A total number of 217 bands were formed, and C. sativus was like C. 
cartwrightianus and C. thomasii. The studies rejected the hypothesis that C. sativus is similar to C. pallasii. Since 
there has not been enough researches about Crocus species in Iran and as the Saffron breeding and preserving its 
genetic resources is of great importance, thus the aim of this study was to determine the genetic diversity and affinity 
of the two species of C. cancellatus and C.speciosus with C. sativus using ISSR and RAPD markers. 

MATERIALS AND METHODS 
 

 A total number of 24 samples of the species C. cancellatus and C. speciosus were collected from 24 regions of 
Iran’s provinces in the spring year of 2011. The sample’s leaves have been preserved in a freezer in -80 ˚C in order 
to fulfill the molecular tests. One sample of C. sativus was collected from Arak, Iran. Sampling locations and their 

geographic coordinates and altitudes above sea level are shown in Table 1.  

Table 1. Names, Collection site and habitat information of wild Crocus (C. cancellatus & C. specious) and Crocus sativus 

genotypes 

Sample  
No 

Species  Collection Site  
 

Altitude 
(m) 

Latitude 
(º) 

Longitude 
(º) 

1 C. speciosus Songhor-Kermanshah 1714 34 47 

2 C. speciosus Sahne-Kermanshah 1368 34 47 

3 C. speciosus Kangavar-Kermanshah 1437 34 47 

4 C. speciosus Ravansar-Kermanshah 1356 34 46 

5 C. speciosus Bistun-Kermanshah 1460 34 47 

6 C. cancellatus Dehloran-Ilam 1095 32 47 

7 C. cancellatus Meyme-Ilam 1146 33 46 

8 C. cancellatus Margh-Golpaygan 2077 33 50 

9 C. cancellatus Vanshan-Khansar 1906 33 50 

10 C. cancellatus KhaneMiran-Arak 1927 34 49 

11 C. cancellatus Shazand 1901 33 49 

12 C. cancellatus Saki-Shazand 1671 33 50 

13 C. cancellatus Muchan-Shazand 1695 33 50 
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14 C. cancellatus CheshmePahn-Ilam 1392 33 46 

15 C. cancellatus Varche-Khomeyn 2052 33 50 

16 C. cancellatus Kark-Khomeyn 1780 33 50 

17 C. cancellatus Kajarestan-Khomeyn 1955 33 50 

18 C. cancellatus Azna 1929 33 49 

19 C. cancellatus Khomeyn 1835 33 50 

20 C. cancellatus Abbarik-Shazand 1985 33 49 

21 C. cancellatus Hassan Abad-Shazand 1934 33 49 

22 C. cancellatus Kudazr- Khomeyn 1779 33 49 

23 C. cancellatus Tajmar-Shazand 1974 33 49 

24 C. cancellatus Khorram Abad 1839 33 49 

25 C. sativus Arak 1790 34 49 

 

DNA extraction  

 Young leaves were collected, labeled and stored at -80 ˚C for DNA extraction. DNA extraction took place from 
the leaf samples as the basis of DArT protocol (Diversity Arrays  Technology pty Ltd) (Khiavi , 2013) and the 
concentration of the obtained DNA solution was measured using a NanoDrop 1000 spectrophotometer (Thermo 
Scientific, Wilmington, DE, USA). Then DNA electrophoresis was done on agarose gel of 1%. All DNA samples were 
adjusted to 10 ng/µl. 

RAPD & ISSR  analysis 

 In order to perform RAPD experiment, 19 primers were selected and in  ISSR marker a number of 22 primers 
(Rubio-Moraga , 2009) were evaluated, and 13 primers have finally been selected and used for all samples which 
had a high number of polymorphic bands. In these experiments, Cinnagen Company kit was utilized. After the PCR 
reaction completion, an amount of 5 µl of loading buffer has been added to the contents of each tube, and the 
obtained mixture was poured into agarose gel (1.4 %) sinks in TBE buffer. Afterwards, the sample was put in ethidium 
bromide solution for 20 minutes, washed with distilled water about five minutes and then the DNA parts were 
observed by gel doc instrument. 

Data analysis and statistical calculations 

 In RAPD and ISSR experiments with the aim of genotype polymorphism investigation, the number of "one" was 
allocated for the existence of a polymorphic band and the number of "zero" for its absence. The genotypes' similarity 
matrix was calculated using NTSYS software and Jaccard similarity coefficients. Cluster analysis has also been done 
by UPGMA method as the basis of the similarity matrix.  

RESULTS AND DISCUSSION 
 

Molecular analysis 

Level of polymorphism and informativeness 

RAPD markers  

 All the 19 primers used for this study were amplified successfully and showed polymorphism ( Table 2). From 
the used primers, a total number of 276 DNA bands were obtained, out of which there were 15 monomorphic bands 
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and 261 polymorphic bands, which showed the high percentage of polymorphism among the investigated samples. 
The number of produced bands per primer was different, so that the primer BE04 with 20 bands and the highest 
differentiation strength (13.12) and the primer BE17 with eight bands, and the lowest differentiation strength (4.32) 
produced the most and the least number of bands, respectively. The mean percentage of polymorphism in the utilized 
primers was calculated as 94.26 % which showed a high variety among the samples. The bands' size was estimated 
within the range of 250 to 2500 (bp) in all the primers. Beiki  (2010) have investigated 24 RAPD primers on 30 
populations of Crocus species (24 populations of Crocus species collected and six colones of C. sativus). A total 
number of 322 bands were produced, out of which 281 were polymorphic; the mean percentage of polymorphism in 
the utilized primers was 87.3 % and the primers' PIC varied from 0.24 to 0.91. The most PIC was related to the primer 
M10, and the least PIC was related to the primer G6. The band size varied from 200 to 4000 bp in all the primers. 21 
RAPD primers were utilized for the experiment of Grilli Caiola  (2004) for five C. sativus genotypes (two genotypes 
from Italy and one genotype from the Netherlands and Spain) and six of Crocus species (C. asumaniae Mathew, C. 
cartwrightianus, C. hadriaticus, C. oreocreticus, C. pallasii, and C. thomasii). A total number of 217 bands were 
obtained 21 primers; six primers had no polymorphic bands and the 15 primers remaining ones, each primer 
produced about one to seven bands and their size was about 0.2 to 2 kb. 

Table 2. Features of RAPD primers used for RAPD-PCR of the studied species and the amplified DNA products 

No. Primer No. band of  
amplified parts 

No. of  
polymorphic bands 

Polymorphism  
percentage 

Primer resolution 

1 BA02 11 10 90 7.2 

2 BA04 17 15 88 9.04 

3 BA09 14 14 100 8.84 

4 BA20 16 15 93 5.76 

5 BB03 12 12 100 7.28 

6 BB04 10 10 100 6.64 

7 BB07 11 11 100 5.76 

8 BB12 13 13 100 7.84 

9 BB19 15 14 93 5.84 

10 BB20 18 17 94 9.76 

11 BE04 20 20 100 13.12 

12 BE14 15 15 100 8.4 

13 BE15 18 18 100 11.44 

14 BE17 8 7 87 4.32 

15 OPC09 14 11 78 6.88 

16 OPC19 19 16 84 10.48 

17 OPN06 14 14 100 9.44 

18 OPK10 13 11 84 6.4 

19 OPC5 18 18 100 10.64 

Total Amount − 276 261 − - 

Mean − 14.52 13.73 94.26 8.16 
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  Rubio Moraga  (2009) have utilized 30 RAPD primers on one species of Crocus genus (C. kotschyanus) and 44 
C. sativus genotypes being collected from different countries. The results showed that no polymorphic band was 

observed. 

 In comparison to the 24 and 21 primers that were used by (Beiki , 2010) and (Grilli Caiola , 2004), respectively, 
the primers that used in the current study were fewer in the number but more diverse in production of polymorphic 
bands. Moreover, (Beiki , 2010) have introduced M10 as the most effective primer with 17 polymorphic bands; while 
BE17 has produced 20 polymorphic bands in our study and the highest number of polymorphic bands in the 
experiments of (Grilli Caiola , 2004) was seven. The results revealed that the primers used for this study produced 
more polymorphic bands.  

ISSR marker 

A total number of 161 DNA bands were produced, out of which there were eight monomorphic bands, and 153 
polymorphic bands, which reveal the high polymorphism percentage among the investigated genotypes (Table 
3). The primer ISCS30 with 20 bands and the primers IS4 and IS23 with six bands produced the most and the 
least number of bands respectively. The polymorphism percentage mean was 94.46%. Moreover, the highest 
polymorphism percentage (100%) was related to the primers ISCS8, ISCS9, ISCS65, ISCS30, IS4, IS23 and 
UBC810, and the least polymorphism percentage (77.77%) was related to the primers ISCS12 and IS11. The 
highest primer resolution (11.84) was related to the primer ISCS30, and the least primer resolution (2.8) was 
pertinent to the primer IS9. Band size has been estimated within the range of 1500-1800 bp among all the 
primers.  

Table 3. Features of ISSR primers used for ISSR-PCR of the studied species and the amplified DNA products 

No. Primer No. of  
amplified  
bands 

No. of  
polymorphic bands 

polymorphism 
percentage 

Binding temperature 
(°C) 

Primer resolution 

1 ISCS1 16 15 93.75 51 8.96 

2 ISCS8 13 13 100 51.5 7.28 

3 ISCS9 18 18 100 51 9.2 

4 ISCS10 17 16 94.11 51 8.48 

5 ISCS12 9 7 77.77 51.5 4.56 

6 ISCS48 16 15 93.75 53.4 8.72 

7 ISCS65 12 12 100 52.4 6 

8 ISCS30 20 20 100 53.5 11.84 

9 IS4 6 6 100 46.9 3.84 

10 IS11 9 7 77.77 44.2 5.84 

11 IS9 11 10 90.90 48 2.8 

12 UBC810 8 8 100 46.9 3.2 

13 IS23 6 6 100 48 5.12 

− Total amount 161 153 − − 85.39 

− Mean 12.38 11.76 94.46 − 6.56 
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Genetic differences and phylogenetic relationships 

 The genotype similarity matrix revealed that the least genetic similarity was between genotypes No. 11 
(Shahzand-C. cancellatus 6) and No. 25 (belonging to C. sativus) (0.14). Meanwhile, the most genetic similarity was 
between Songhor genotype and Kangavar genotype (0.76) which were both related to C. speciosus. Beiki  (2010) 
have investigated the genetic diversity of 30 Crocus genus (24 wild genotypes of the species C. caspius, C. 
cancellatus, C. haussknechii, C. speciosus and two genotypes from Estahban and Golshan-Abad and six clones of 
C. sativus) using 24 RAPD primers and reported that Jaccard similarity coefficient varied from 0.53 to 0.91. In 
cophenetic correlation coefficient calculation which shows the correlation between similarity matrix and dendrogram 
(r=0.96).  

 Genotypes were clustered into three groups representing (Figure 1). The first group consisted of the genotypes 
of C. speciosus. The collected genotypes of C. speciosus were morphologically different from the genotypes of the 
other two species. Secondary groups were placed in several subgroups with high distribution, which consisted of C. 
cancellatus species. C. sativus was performed the third group which was separated from the two species of C. 
cancellatus and speciosus with the similarity rate of 0.28. 

Figure Captions: 

 

 

Figure 1. Dendrogram of genotype grouping of 25 Crocus genotypes using RAPD data, Jaccard similarity matrix and UPGMA 
method 

 In general, genetic similarity increases as the genotype regions are geographically closer to each other. A fine 
example can be Golpaygan and Khansar genotypes with the similarity rate of 0.62, which can be due to their 
geographical and climatic proximity. The marker used for this experiment could well separate the genotypes based 
on the pertinent species. 

 In the experiment of Beiki  (2010), 30 genotypes have been divided into two main groups. While the first group 
contained four genotypes related to C. cancellatus, the second group was divided into two sub-groups. The second 
sub-group just consisted of C. caspius and the first sub-group contained C. speciosus, C. haussknechii and C. 
sativus. In the experiment of Grilli Caiola  (2004), 21 RAPD primers have been utilized for five C. sativus genotypes 
(two genotypes from Italy and one from each of these countries Israel, Netherlands and Spain) and six of Crocus 
species (C. asumaniae Mathew, C. cartwrightianus, C. hadriaticus, C. oreocreticus, C. pallasii, C. thomasii). They 
showed that the RAPD bands of C. cartwrightianus and C. thomasii were quite similar to those of C. sativus, and C. 
cartwrightianus is most similar to C. sativus. Although C. hadriaticus is not much different from C. sativus, it was 
similar to C. oreocreticus and C. thomasii. The species C. asumaniae & C. pallasii showed the most different RAPD 
pattern with C. sativus; Grilli Caiola. ( 2004) rejected the hypothesis stating that C. pallasii was similar to C. sativus 
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and believed that C. cartwrightianus has the highest similarity to C. sativus and after that stands C. thomasii. The 
result from the RAPD experiment showed C. sativus thoroughly separated from C. cancellatus and C. speciosus. 

 Cophenetic coefficient of ISSR experiment was calculated as r=0.84. In the dendrogram of the similarity matrix, 
the genotypes have been divided into three groups (Fig 2). The first group contained the genotypes belonging to C. 
sativus species, which were separated from other two species genotypes. The second group contained the 
genotypes Hassan Abad-Shazand, Kudazr, Tajmar-Shazand and Khorram Abad belonging to C. cancellathus (No. 
16, 17, 18 and 19). C. cancellathus 19 belonging to Khorram Abad, which differed from the other genotypes of C. 
cancellaths in their corm dry weight and the number of corm outer cover. On the group contained the genotypes 
belonging to C. speciosus and C. cancellatus species. In this group, Khomeyn genotype related to C. cancellathus 
species, that was different from the other genotypes of this species regarding their leaf number and petal thickness. 
Genotypes of C. speciosus species were placed in subgroups with high distribution in neighborhood genotypes of C. 

cancellathus. 

 

 

Figure 2. Dendrogram of 25 Crocus genotypes grouping using ISSR data, using Jaccard similarity matrix and UPGMA method 

 Rubio Moraga  (2009) reported that C. sativus was a clone, and the genotypes were similar not only 
morphologically, but also from molecular point of view; while, the isolations of C. kotschyanus had the bands of 
different size and sequence with all the utilized primers. Comprehensive evaluation according to integrating all data 
of two molecule markers (RAPDand ISSR). 

 For more comprehensive evaluation, we integrated all obtained polymorphic fragments by four molecular 
markers (RAPD=261 and ISSR=153, totally 414 polymorphic bands) and constructed a dendrogram by UPGMA 
method. Correlation between the genetic similarity matrices was estimated from RAPD and ISSR markers. The 
Mantel matrix correspondence test was used to compare the similarity matrix. Low correlations were found between 
similarity matrixes of RAPD and ISSR markers (r=0.34). Constructed UPGMA dendrogram based on combined and 
integrated data of these two molecular markers (RAPD and ISSR) distinguished studied genotypes in accordance 
with the results obtained in each marker so that all accessions were clearly and effectively divided into two major 
clusters (Fig. 3).  
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Figure 3. Dendrogram of 25 Crocus genotypes grouping using ISSR databased on integrating all data of two molecular markers 
(RAPD and ISSR) using Jaccard similarity matrix and UPGMA method 

Conclusion 

 Our results revealed that C. speciosus has been thoroughly separated from C. sativus and C. cancellatus by 
RAPD and ISSR markers. Moreover, the results of RAPD marker showed that the two wild Crocus species have 
been separated from C. sativus. In order to find the parents of C. sativus, investigating all the probable species using 

more precise markers such as SSR and genome sequencing is require 
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