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Identification of markers associated with traits for use in marker-assisted selection in 

saffron.- Genetika, Vol 50, No.3, 971-982. 

Determination of association between molecular markers and agronomic traits provides 

an excellent tool for marker-assisted selection. In this study, multivariate stepwise 

regression analysis was used to estimate associations between SSR markers and some 

agronomic traits in saffron ecotypes. Two-year average values for the measured traits 

were used for association analyses. The results of stepwise regression analysis revealed 

significant associations between the traits and some of the studied loci. More than one 

informative marker was detected for most of the traits. Totally 25 informative SSR 

markers were identified in two years. Markers SCA382, SCA15 and SCD219 were 

associated with most traits under both years. These markers are considered to be 

relatively more reliable. Among the SSR primers, special attention should be drawn to 

primers SCA382, SCA15, and SCD219, which had the highest associated fragments with 

most traits in two years and could be considered for use as candidate markers in marker-

assisted selection. 
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INTRODUCTION 

Saffron (Crocus sativus L.) is the oldest and most expensive of all aromatic, and 

medicinal plants (GHORBANI, 2006; TURHAN et al., 2007). Saffron has been used since the 

ancient times (FERNÁNDEZ and PANDALAI, 2004) for different purposes: medicinal use 

(ABDULLAEV and ESPINOSA-AGUIRRE, 2004; CHRYSSANTHI et al., 2009; DALEZIS et al., 2009; 

MAGESH et al., 2006), as aromatic plant, food, for scientific purposes (ANASTASAKI et al., 2010), 

textile dyeing, perfume extraction (FERNÁNDEZ and PANDALAI, 2004), etc. Saffron cultivation in 

the world, which shows a wide range of adaptability to soil types, temperatures and day length, 

encourage its production from the Mediterranean basin to Middle East (KAFI, 2006; MORAGA et 

al., 2009). Iran is currently the largest saffron producer in the world, providing over 93.7% of its 

global supply (GHORBANI, 2007). Major saffron producers are the following countries: Iran, 

Spain, India, Greece and Morocco (JALALI-HERAVI et al., 2010), Iran being the world’s most 

important producer (JALALI-HERAVI et al., 2010; KUMAR et al., 2008). 

The development of morphological traits is occurring during plant growth stage. They 

may be limited in number and influenced by environmental factors or the developmental stage of 

the plant (STUBER et al., 1999). These marker types have been superseded by DNA-based 

methods generating ”fingerprints” which are distinctive patterns of DNA fragments typically 

subjected to high resolution gel electrophoresis and detected by staining or labeling (SCHULMAN, 

2007). Since DNA markers show the variation at the DNA level, and are not affected by 

environmental conditions, they are more reliable than morphological markers (16, 24). One of 

the favorite marker systems has been SSR (simple sequence repeat or microsatellite) marker. 

This type of marker offers a number of advantages over other marker systems: multiple allelic, 

co-dominants, locus specificity, interspersed throughout the genome and high polymorphism. All 

these attributes make microsatellites suitable for use in population genetic and diversity studies 

(BALDONI et al., 2006; NEMATI et al., 2012). 

Determination of association between molecular markers and morphological traits 

provide an excellent tool for indirect selection of a trait of interest in the population. This has 

important applications to the study of relations between molecular markers and agronomic traits, 

some of which include: the detection and analysis of potential in specific genotypes, collections 

of germplasm, identification of desirable alleles, and validation of candidate markers linked to 

quantitative traits (GEBHARDT et al., 2004). To overcome these limitations, multiple regression 

analysis offers an appropriate method to identify markers associated with the trait. Multiple 

regression analysis is a statistical process for estimating relationships among molecular markers 

as independent variables and morphological traits as dependent variables. It is the way to 

determine the coefficient of determination R
2
; it gives the proportion of the variance (fluctuation) 

of dependent variable that can be predicted from the independent variable (GOMEZ and GOMEZ, 

1984). 

According to the study of KHADIVI-KHUB (2014) by multiple regression analysis, 33 SSR 

alleles and 135 RAPD fragments were found associated with 14 of affecting fruit traits. Some of 

SSR and RAPD markers were associated with more than one fruit trait in multiple regression 

analysis. MARSAFARI et al. (2014) investigated the association of 11 morphological traits with 

molecular markers in 15 cultivars of date palm. All regression models were significant for ISSR 

and RAPD marker and at the level of 1% for all traits. Of 294 DNA markers (162 ISSR markers 
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and 132 RAPD markers), 173 markers (89 ISSR markers and 84 RAPD markers) showed 

association, with at least one of 11 traits of fruit, stone and tree performance characteristics in 

both marker systems. BASAKI et al. (2011) reported that 14 traits (excluding fruit shape, calyx 

type, hull cracking sensitivity and skin color) showed significant association with 14 SSR bands. 

The association markers explained 2% to 29% of the variation of individual traits. 

In this study, multiple regression analysis was used to identify associations between SSR 

markers with some agronomic traits in saffron ecotypes. 

 

MATERIALS AND METHODS 

Plant materials 

In this study, 60 saffron accessions were collected from most ancient cultivation areas in 

Iran. Ten samples were collected from each region. The details of the accessions and their 

geographic origins are listed in Tab. 1. 

 
Table 1- Sampling region, province and country of saffron ecotypes 

No Region Province Country Elevation Latitude Longitude 

1 Mashhad Razavi Khorasan Iran 985 m 36.26046 North 59.61675 East 

2 Torbat-e Jam Razavi Khorasan Iran 904 m 35.23169 North 60.64012 East 

3 Gonabad Razavi Khorasan Iran 1098 m 34.33955 North 58.70303 East 

4 Torbat-e Heydariyeh Razavi Khorasan Iran 1330 m 35.27984 North 59.21614 East 

5 Birjand South Khorasan Iran 1491 m 32.8649 North 59.22625 East 

6 Ghayen South Khorasan Iran 1455 m 33.72267 North 59.17882 East 

 

An average of fifty samples per plot were used to measure the traits of Fresh Stigma 

Weight (FSW), Dry Stigma Weight (DSW), Stigma Length (SL), Fresh Flower Weight (FFW) 

and Dry Flower Weight (DFW). Ten samples in each plot were used to evaluate the traits of Dry 

Stigma Yield (DSY), Flower Number (FN), Leaf Number (LN), Leaf Length (LL), Leaf Wide 

(LW), Fresh Leaf Weight (FLW), Dry Leaf Weight (DLW), Number of Daughter Corm (NDC), 

Fresh Weight of Daughter Corm (FWDC), and Dry Weight of Daughter Corm (DWDC). Dry 

Stigma Yield, Flower Number, Fresh Stigma Weight, Dry Stigma Weight, Stigma Length, Fresh 

Flower Weight and Dry Flower Weight traits were measured from 20 October to 20 November 

each year. Leaf Number, Leaf Length, Leaf Wide, Fresh Leaf Weight, and Dry Leaf Weight 

traits were evaluated every May 1
st
. Numbers of Daughter Corm, Fresh Weight of Daughter 

Corm and Dry Weight of Daughter Corm traits were measured every year from the beginning of 

July. To measure dry weight of plant materials, they were placed in an oven at a temperature of 

50-55°C for one day and then the measured weight of the materials was considered as dry 

weight. After measuring the traits according to the above method, the mean of each plot in each 

year was used as the raw data. 

 

DNA isolation 

Total genomic DNA was extracted separately from 30 to 50 mg of saffron corm from 

each sample using BEIKI et al. (2011) method. The quality and quantity of extracted DNA were 

evaluated with a Nano-Drop® ND-1000 UV-Vis Spectrophotometer (Labtech International) and 
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in a 0.8% (w/v) agarose gel stained with ethidium bromide. DNA samples were diluted to 20 

ng/µl and stored at −20°C for further analyses. 

 

DNA amplification 

In this assay, twenty-two different primer combinations were used for analyzing genetic 

diversity in studied saffron accessions. The genomic DNA were amplified in a final volume of 

20 μl containing 5 μl DNA (20 ng), 2 mM dNTPs, 2 mM MgCl2, 0.2 unit of Taq polymerase, 2 

mM of 10X PCR buffer and 1 pmol of each primer (forward and reverse). The cycling program 

began with an initial 5 min at 95°C followed by 45 cycles at 95°C for 45 s, 48–62°C for 45 s and 

72°C for 2min plus a final 10 min at 72°C and storage at 4°C. Amplification products were 

separated by electrophoresis in 3% agarose gel in 1X TBE buffer and detected by staining with 

ethidium bromide. Ten microliters of amplified DNA were applied in each well of the gel. DNA 

molecular weight markers (1 kb, Promega) were then added to each gel. The gels were run at a 

current of 50 mA until the bromophenol had migrated 10cm from the well. The bands were then 

visualized under UV light and photographed.  

 

Scoring and data analysis 

Average values for all traits in this study were calculated for further analyses. The data 

recorded on quantitative traits were averaged and analyzed for simple statistical approaches i.e. 

mean, minimum, maximum, standard deviation and coefficient of variation to determine the 

extent of genetic diversity among the studied genotypes. 

DNA fingerprints were scored for the presence (1) or absence (0) of bands of various 

molecular weight sizes in the form of binary matrix. Number of alleles per locus, Nei’s gene 

diversity (h), polymorphism information content (PIC), genetic distance (GD) and Shannon’s 

information index (I) were calculated using Power Marker ver. 3.25 (LIU and MUSE, 2005). The 

agronomic traits and molecular markers were considered as the dependent variables and 

independent variables, respectively. Stepwise regression was used in order to verify the linear 

relationship between independent and dependent variables, predict the value of the dependent 

variable based on the independent variable, remove the variables with negligible effect on the 

dependent variables and fit the best regression model. The probability level (P) for rejecting any 

association between a marker and an agronomical trait was 0.01 so it provided informative 

markers with a high significance level. 

 

RESULTS 

Descriptive statistics of the recorded data reflected a high level of variation for the 

quantitative traits in two years. All the traits were more or less, directly or indirectly, positively 

or negatively added to the yield, and they possessed key genetic status during the identification 

of productive genotypes. The basic statistical data (mean, minimum, maximum, standard 

deviation, coefficient of variation and variance) for every quantitative trait was calculated among 

all the genotypes in two years (Table 2). Pattern of variability among the genotypes was different 

for various agro-morphological traits. Maximum phenotypic variation was observed in Dry 

Weight of Daughter Corm (44.68%), Fresh Weight of Daughter Corm and (44.12%), Dry Stigma 

Yield (42.06%), and Number of Daughter Corm (41.46%) in year 2013, respectively. Also, 

maximum phenotypic variation was observed in Dry Stigma Yield (65.1%), Flower Number 
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(58.5%), Fresh Weight of Daughter Corm and (58.4%), Dry Weight of Daughter Corm 

(44.68%), and Number of Daughter Corm (55%) in year 2014, respectively. 

In the initial assay, 25 SSR primers were employed to detect genotypic variation. Of 

those, 17 primers (68%) could yield well-defined and scorable polymorphic bands in all samples 

(Table 3). A total of 33 alleles were detected, ranging in size from 50 to 500 bp. Shannon’s 

information index (I) and genetic diversity (h) ranged from 0.255 to 0.982 (average: 0.78) and 

0.722 to 0.672 (average: 0.49), respectively (Table 3). The lowest PIC score was detected as 

0.123 for primer combination SCC209 and the mean of PIC estimated 0.43 (Table 3). 

 

Table 2- Descriptive statistics of saffron studied traits in two years. 

statistics 

Traits in 2013  

DSY 

(kg/ha) 

FN 

(m2) 

FSW 

(mg/fl) 

DSW 

(mg/fl) 

SL 

(cm) 

FFW 

(mg) 

DFW 

(mg) 
LN 

Min 0.13 4.70 18.88 3.37 2.09 262.28 32.23 1.64 

Max 1.51 21.19 34.10 7.20 4.93 389.92 49.90 8.20 

Range 1.38 16.50 15.22 3.83 2.84 127.64 17.67 6.56 

Mean 0.71 13.91 27.25 5.01 3.44 338.54 42.02 4.87 

Std. error 0.02 0.24 0.19 0.04 0.03 1.53 0.22 0.09 

Variance 0.09 15.99 10.87 0.55 0.33 674.78 13.73 2.15 

Stand. dev 0.30 4.00 3.30 0.74 0.57 25.98 3.71 1.47 

Coeff. var 42.06 28.74 12.10 14.86 16.60 7.67 8.82 30.11 

                                    Traits in 2014  

Min 0.2 6.0 19.0 3.4 2.1 263.2 33.2 4.3 

Max 5.7 89.4 36.6 7.6 5.8 399.8 50.8 10.5 

Range 5.51 83.48 17.57 4.24 3.65 136.56 17.6 6.23 

Mean 2.0 35.9 28.1 5.5 3.7 342.2 43.0 7.4 

Std. error 0.1 1.2 0.2 0.0 0.0 1.6 0.2 0.1 

Variance 1.7 440.3 13.2 0.7 0.5 772.5 14.2 1.5 

Stand. dev 1.3 21.0 3.6 0.8 0.7 27.8 3.8 1.2 

Coeff. var 65.1 58.5 12.9 15.3 19.0 8.1 8.7 16.7 

                                       Traits in 2013 

Statistics 
LL (cm) 

LW 

(mm) 

FLW 

(mg) 

DLW 

(mg) 
NDC FWDC (gr) DWDC (gr) 

Min 7.43 1.29 100.05 27.08 0.60 4.27 1.41 

Max 43.00 4.13 451.00 141.00 5.40 29.57 12.42 

Range 35.57 2.84 350.95 113.92 4.80 25.30 11.01 

Mean 19.76 2.41 246.46 72.55 2.54 13.29 5.27 

Std. 

error 
0.37 0.03 4.82 1.46 0.06 0.35 0.14 

Variance 38.50 0.22 6683.57 616.33 1.10 34.40 5.55 

Stand. 

dev 
6.20 0.47 81.75 24.83 1.05 5.86 2.36 

Coeff. 

var 
31.40 19.32 33.17 34.22 41.46 44.12 44.68 

                                           Traits in 2014 

Min 12.6 1.4 181.1 46.0 1.9 9.8 2.6 

Max 43.9 3.9 411.1 120.0 21.3 108.1 38.5 

Range 31.37 2.55 230 74.02 19.47 98.24 35.89 

Mean 21.4 2.5 266.7 76.0 9.4 45.9 17.4 

Std. 

error 
0.3 0.0 2.6 0.9 0.3 1.6 0.6 

Variance 22.1 0.2 1926.6 211.4 26.8 718.3 96.3 

Stand. 

dev 
4.7 0.4 43.9 14.5 5.2 26.8 9.8 

Coeff. 

var 
22.0 16.3 16.5 19.1 55.0 58.4 56.4 
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The results of stepwise regression analysis revealed a significant association between the 

traits and some of the studied loci in two years (Table 4). In stepwise regression, traits and 

markers were considered as the dependent variable and the independent variables, respectively. 

A total of 25 markers (alleles) that were significantly correlated and associated with studied 

traits, some of them were associated with several traits, and finally 8 markers were effective in 

phenotypic variation of traits. Other markers have no significant effect on the model; we can 

therefore say that the correlated markers can be used to identify superior genotypes in terms of 

the studied traits. The markers identified were varied from two markers for number of nodes to 

11 markers for fresh weight and dry weight. These markers were negatively or positively 

correlated to traits. Other researchers are using regression analysis to identify the relationship 

between markers and studied traits and used them in the breeding program (BASAKI ET AL., 2011; 

IPEK ET AL., 2015; KHADIVI-KHUB, 2014; MARSAFARI et al., 2014; RAKSHIT et al., 2010).  

Markers SCA382 and SCD2191 in year 2013, and SCA15 and SCA382 in year 2014 were 

associated with Dry Stigma Yield, they justify 93% and 92% of the phenotypic variation in two 

years, respectively (Table 4). Calculating standard β can be demonstrated the importance 

markers of each trait. SCA382 marker was the most important marker for DSY, FFW, LW, 

DLW, NDC and FWDC because this marker showed the most phenotypic variation of these 

traits. Also, SCD2193 marker was an important marker for the FLW and DLW and had an 

increasing effect (Table 4). According to the standardized β coefficients, some alleles had a 

lowering effect and some alleles had an enhancing effect of the studied traits (Table 4). The 

Table 3. SSR markers characteristics used in the study 

Primer Annealing 

temperature 

No. of 

polymorphic 

bands 

Shannon's 

Index (I) 

Gene 

diversity (h) 

Polymorphic 

information index 

(PIC) 

SCA15 47.1 1 0.686 0.493 0.371 
SCA109 64.8 3 0.808 0.357 0.335 

SCA303 64.8 2 0.931 0.582 0.496 

SCA319 61.5 1 0.685 0.492 0.371 

SCA327 64.8 2 0.757 0.553 0.455 

SCA381 57.5 1 0.351 0.199 0.179 

SCA382 61.5 1 0.363 0.208 0.186 

SCA393 64.8 3 0.865 0.393 0.359 

SCA416 64.8 3 0.964 0.601 0.538 

SCA504 64.8 2 0.884 0.583 0.506 

SCA515 64.8 2 0.953 0.621 0.578 

SCB109 64.8 2 0.944 0.644 0.577 

SCB115 61.5 2 0.932 0.601 0.534 

SCC13 64.8 2 0.898 0.455 0.435 

SCC209 64.8 1 0.255 0.131 0.123 

SCD17 64.8 3 0.961 0.676 0.627 

SCD219 64.8 3 0.982 0.722 0.672 

Total --- 34 13.22 8.31 7.34 
Average --- 2 0.78 0.49 0.43 
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markers with positive standardized β can be used to increase traits and the markers with negative 

standardized β can be used to reduce traits in breeding programs. 

 
Table 4. Stepwise regression analysis of traits (dependent variable) and SSR markers (independent 

variables) in two years. 

Traitsa Year 

Number of 

informative 

markers 

Informative 

markers* 

R2 

adjusted 

(%) 

Main 

marker 

with 

highest R2 

B 

(regression 

coefficient) 

R square 

changed 

DSY 

(kg/ha) 

2013 2 SCA382-SCD2191 0.93 SCA382 -0.66** 0.75 

2014 2 SCA15-SCA382 0.92 SCA15 -0.86** 0.86 

FN 

(m2) 

2013       

2014 1 SCA15 0.76 SCA15 -0.89** 0.79 

FSW 

(mg/fl) 

2013       

2014 1 SCD171 0.47 SCD171 -0.73* 0.53 

FFW 

(mg) 

2013 1 SCA382 0.42 SCA382 -0.70* 0.49 

2014 1 SCA382 0.57 SCA382 -0.79** 0.62 

LN 
2013       

2014 1 SCA319 0.61 SCA319 0.809** 0.66 

LL 

(cm) 

2013 1 SCA382 0.65 SCA382 -0.83** 0.69 

2014       

LW 

(mm) 

2013 1 SCA15 0.41 SCA15 -0.69* 0.47 

2014       

FLW 

(mg) 

2013 2 SCD2193-SCA15 0.88 SCD2193 0.67** 0.77 

2014       

DLW 

(mg) 

2013 2 SCD2193-SCA15 0.86 SCD2193 0.71** 0.80 

2014 2 SCA382-SCA319 0.69 SCA382 -0.95** 0.53 

NDC 
2013 1 SCA382 0.48 SCA382 -0.73* 0.54 

2014 1 SCD2193 0.87 SCD2193 0.94** 0.89 

FWDC 

(gr) 

2013 1 SCA382 0.48 SCA382 -0.74* 0.54 

2014 2 SCA382-SCD2193 0.92 SCA382 -0.60** 0.69 

DWDC 

(gr) 

2013 1 SCD2191 0.50 SCD2191 -0.74* 0.55 

2014 2 SCD2192-SCA382 0.92 SCD2192 -0.72** 0.80 
a:       :The abbreviation of traits is in the text. 
* and **: Significant at 5% and 1% probability level, respectively. 

 

DISCUSSION 

Minimum, maximum, average, standard deviation and coefficient of variation to 

phenotypic traits are shown in Table 2. According to Table 2, for all evaluated traits, 

considerable variation among ecotypes was observed. Most of the phenotypic variation showed a 

high variation so we can say that there are plant genetic resources for use in breeding programs 

to improve these traits. 

Five primer combinations produced the most bands: SCA109, SCA393, SCA416, SCD17 

and SCD219 (3 bands) and the least bands were amplified by five primer combinations: SCA15, 

SCA319, SCA381, SCA382 and SCC209 (1 bands) while the average of polymorphic bands was 
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2.0. Similarly, CAIOLA et al. (2004) and BEIKI et al. (2010) observed 2.1 and 3.8 polymorphic 

bands per primer pair using RAPD primer, while MORAGA et al. (2010) obtained 4.8 

polymorphic bands per primer in their ISSR study. These results indicated that SSR marker is a 

useful method to detect considerable polymorphisms in saffron accessions originated from 

different regions. On the other hand, we can report that saffron is not a monomorphic plant and 

accessions for breeding purposes can be identified. The previous studies showed contradictory 

results RUBIO-MORAGA et al. (2009), and ALAVI-KIA et al. (2008) could not detect any 

polymorphism among saffron accessions. The previous results led to classifying saffron as a 

monomorphic species, while SIK et al. (2008), BEIKI et al. (2010), NAMAYANDEH et al. (2013), 

BABAEI et al. (2014) and EROL et al. (2014; 2011) reported some diversities among saffron 

accessions. 

Identification markers that be in coding the regions of these traits and entered in the 

regression model and were explanation of traits variations can be useful in breeding programs. 

Some of these markers were associated with more than one trait. According to a significant 

correlation between morphological traits, some of them had very close linkage or they were 

possibly controlled by pleiotropic effects. An important advantage of association analysis is that 

this method does not require preparation of segregating population, which takes more time, 

although it is better to use a multi-year phenotypic data. On the other hand, crossing over, which 

occurs during the preparation of segregating populations, limited the precise positioning. The 

efficiency of these methods has been shown in identifying and mapping the controlling gene of 

Mendelian traits (BRESEGHELLO and SORRELLS, 2006). It also uses informative markers 

associated with traits; chromosomal location can be a particularly effective step taken in the 

initial selection of genotypes with high yield. Also, informative markers that are identified in 

association analyses and showed a high phenotypic variation with high R
2
 in regression model 

can be isolated and cloned and used in breeding program. Alignment of databases with existing 

sequence was identified, as well as candidate genes, which are very similar to markers. It can 

also be used over the desired sequence to designed primers (SCAR) for interesting traits and in 

marker-assisted selection in breeding programs. 

There was a high association of the expression of the informative markers between two 

years. As QUARRIE et al. (2005) stated that may have resulted from preferential expression of 

QTL under drought stress conditions. However, markers SCA382 and SCA15 were found to be 

associated with some traits in both years. Therefore, these markers were considered to be 

relatively more reliable (Table 4). Some of these informative markers can be separated by gel 

electrophoresis and hopefully considered as candidate markers for scanning the genome for 

related agronomic traits, mapping, and breeding programs. Also, SCAR markers can be obtained 

from sequenced informative marker fragments in order to be used in marker-assisted selection 

(MAS) (RUAN, 2010). 

CONCLUSION 

Informative fragments could be successfully cloned and sequenced for polymorphic 

diagnostics. Hopefully some of these markers will be used for MAS in future saffron breeding 

programs. Where crossing between more genetically distant individuals will increase the chance 

of transgressive segregation in their progeny. These markers could therefore be used to choose 

parents for the development of the mapping populations. SSR primers SCA382 and SCA15 

showed fragments with the highest association with the traits. These primers have been found 

useful for the study of genetic diversity and association analyses in saffron. Stable marker, 
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consistently identified across two years, can be separated by gel electrophoresis and considered 

as candidate markers for scanning the genome for related agronomical traits. 

             

Received,  November14th, 2017 

                                              Accepted, June 18th, 2018 

 

REFERENCES 

ABDULLAEV, F., J. ESPINOSA-AGUIRRE (2004): Biomedical properties of saffron and its potential use in cancer therapy and 

chemoprevention trials. Cancer Detect. Preven., 28 (6): 426-432. 

ALAVI-KIA, S., S. MOHAMMADI, S. AHARIZAD, M. MOGHADDAM (2008): Analysis of genetic diversity and phylogenetic 

relationships in Crocus genus of Iran using inter-retrotransposon amplified polymorphism. Biotech. Biotech. 

Equip., 22 (3): 795-800. 

ANASTASAKI, E., C. KANAKIS, C. PAPPAS, L. MAGGI, C. DEL CAMPO, M. CARMONA, G. ALONSO, M. POLISSIOU (2010): 

Differentiation of saffron from four countries by mid-infrared spectroscopy and multivariate analysis. European 

Food Res.Techn., 230 (4): 571-577. 

BABAEI, S., M. TALEBI, M. BAHAR, H. ZEINALI (2014): Analysis of genetic diversity among saffron (Crocus sativus) 

accessions from different regions of Iran as revealed by SRAP markers. Sci. Horticulturae, 171: 27-31. 

BALDONI, L., N. TOSTI, C. RICCIOLINI, A. BELAJ, S. ARCIONI, G. PANNELLI, M.A. GERMANA, M. MULAS, A. PORCEDDU (2006): 

Genetic structure of wild and cultivated olives in the central Mediterranean basin. Ann. Bot., 98 (5): 935-942. 

BASAKI, T., R. CHOUKAN, S. KHAYAM-NEKOUEI, M. MARDI, E. MAJIDI, S. FARAJI, M. ZEINOLABEDINI (2011): Association 

analysis for morphological traits in pomegranate (Punica geranatum L.) using microsatellite markers. Mid. East. 

J. Sci. Res., 9 (3): 410-417. 

BEIKI, A., F. KEIFY, J. MOZAFARI (2011): Rapid genomic DNA isolation from corm of Crocus species for genetic diversity 

analysis. J. Med. Plants Res., 5 (18): 4596-4600. 

BEIKI, A.H., F. KEIFI, J. MOZAFARI (2010): Genetic differentiation of Crocus species by random amplified polymorphic 

DNA. Gen. Eng. Biotech. J., 2010: 1-10. 

BRESEGHELLO, F., M.E. SORRELLS (2006): Association analysis as a strategy for improvement of quantitative traits in 

plants. Crop Sci., 46 (3): 1323-1330. 

CAIOLA, M.G., P. CAPUTO, R. ZANIER (2004): RAPD analysis in Crocus sativus L. accessions and related Crocus species. 

Biologia Plantarum, 48 (3): 375-380. 

CHRYSSANTHI, D., P. DEDES, F. LAMARI (2009): Crocetin, the active metabolite of crocins, inhibits growth of breast cancer 

cells and alters the gene expression pattern of metalloproteinases and their inhibitors in the cell line MDA-MB-

231. 3rd International Symposium on Saffron Forthcoming Challenges in Cultivation Research and Economics, 

Krokos, Kozani, Greece, p. 58. 

DALEZIS, P., E. PAPAGEORGIOU, E. GEROMICHALOU, G. GEROMICHALUS (2009): Antitumor activity of crocin, crocetin and 

safranal on murine P388 leukemia bearing mice. 3rd International symposium on saffron Forthcoming 

challenges in cultivation research and economics. Krokos, Kozani, Greece 

EROL, O., H.B. KAYA, L. SIK, M. TUNA, L. CAN, M.B. TANYOLAC (2014): The genus Crocus, series Crocus (Iridaceae) in 

Turkey and 2 East Aegean islands: a genetic approach. Turk. J. Biol., 38 (1): 48-62. 

EROL, O., L. SIK, H.B. KAYA, B. TANYOLAC, O. KUCUKER (2011): Genetic diversity of Crocus antalyensis B. Mathew 

(Iridaceae) and a new subspecies from southern Anatolia. Plant System. Evol., 294 (3-4): 281-287. 

FERNÁNDEZ, J.-A., S. PANDALAI (2004): Biology, biotechnology and biomedicine of saffron. Recent Res. Dev. Plant Sci., 

2: 127-159. 



980                                                                                                             GENETIKA, Vol. 50, No3, 971-982, 2018 

GEBHARDT, C., A. BALLVORA, B. WALKEMEIER, P. OBERHAGEMANN, K. SCHÜLER (2004): Assessing genetic potential in 

germplasm collections of crop plants by marker-trait association: a case study for potatoes with quantitative 

variation of resistance to late blight and maturity type. Mol. Breed., 13 (1): 93-102. 

GHORBANI, M. (2006): The economics of saffron in Iran. II International Symposium on Saffron Biology and 

Technology. Ferdowsi University of Mashhad, Mashhad, Iran, pp. 321-331. 

GHORBANI, M. (2007): The economics of saffron in Iran. International Society for Horticultural Science (ISHS), Leuven, 

Belgium, pp. 321-331. 

GOMEZ, K.A., A.A. GOMEZ (1984): Statistical procedures for agricultural research. 2th edn. John Wiley & Sons, New York, 

USA. 

IPEK, M., M. SEKER, A. IPEK, M. GUL (2015): Identification of molecular markers associated with fruit traits in olive and 

assessment of olive core collection with AFLP markers and fruit traits. Gen. Mol. Res., 14 (1): 2762-2774. 

JALALI-HERAVI, M., H. PARASTAR, H. EBRAHIMI-NAJAFABADI (2010): Self-modeling curve resolution techniques applied 

to comparative analysis of volatile components of Iranian saffron from different regions. Anal. Chim. Acta., 662 

(2): 143-154. 

KAFI, M. (2006): Saffron ecophysiology. Science Publishers, Enfield. 

KHADIVI-KHUB, A. (2014): Regression association analysis of fruit traits with molecular markers in cherries. Plant Syst. 

Evol., 300 (5): 1163-1173. 

KUMAR, R., V. SINGH, K. DEVI, M. SHARMA, M. SINGH, P.S. AHUJA (2008): State of art of saffron (Crocus sativus L.) 

agronomy: a comprehensive review. Food Reviews Int., 25 (1): 44-85. 

LIU, K., S.V. MUSE (2005): PowerMarker: an integrated analysis environment for genetic marker analysis. Bioinformatics, 

21 (9): 2128-2129. 

MAGESH, V., J.P.V. SINGH, K. SELVENDIRAN, G. EKAMBARAM, D. SAKTHISEKARAN (2006): Antitumour activity of crocetin 

in accordance to tumor incidence, antioxidant status, drug metabolizing enzymes and histopathological studies. 

Mol. Cell. Biochem., 287 (1-2): 127-135. 

MARSAFARI, M., A.A. MEHRABI, Z. TAHMASEBI (2014): The identification of RAPD and ISSR informative markers with 

some quality traits of fruit in some of Iranian date palm. Int. J.  Plant, Animal Environ. Sci., 4 (2): 714-722. 

MORAGA, Á.R., J.L. RAMBLA, O. AHRAZEM, A. GRANELL, L. GÓMEZ-GÓMEZ (2009): Metabolite and target transcript 

analyses during Crocus sativus stigma development. Phytochemistry, 70 (8): 1009-1016. 

MORAGA, A.R., A. TRAPERO-MOZOS, L. GÓMEZ-GÓMEZ, O. AHRAZEM (2010): Intersimple sequence repeat markers for 

molecular characterization of Crocus cartwrightianus cv. albus. Ind. Crops Products, 32 (2): 147-151. 

NAMAYANDEH, A., Z. NEMATI, M.M. KAMELMANESH, M. MOKHTARI, M. MARDI (2013): Genetic relationships among 

species of Iranian crocus (Crocus spp.). Crop Breed. J., 3 (1): 61-67. 

NEMATI, Z., M. ZEINALABEDINI, M. MARDI, S.M. PIRSEYEDIAND, S.H. MARASHI, S.M.K. NEKOUI (2012): Isolation and 

characterization of a first set of polymorphic microsatellite markers in saffron, Crocus sativus (Iridaceae). Am. 

J. Bot., 99 (9): e340-e343. 

QUARRIE, S., A. STEED, C. CALESTANI, A. SEMIKHODSKII, C. LEBRETON, C. CHINOY, N. STEELE, D. PLJEVLJAKUSIĆ, E. 

WATERMAN, J. WEYEN (2005): A high-density genetic map of hexaploid wheat (Triticum aestivum L.) from the 

cross Chinese Spring× SQ1 and its use to compare QTLs for grain yield across a range of environments. TAG, 

110 (5): 865-880. 

RAKSHIT, A., S. RAKSHIT, J. SINGH, S. CHOPRA, H. BALYAN, P. GUPTA, S.R. BHAT (2010): Association of AFLP and SSR 

markers with agronomic and fibre quality traits in Gossypium hirsutum L. J. Gen., 89 (2): 155-162. 

RUAN, C. (2010): Germplasm-regression-combined marker-trait association identification in plants. Afr. J. Biotech., 9 (5): 

573-580. 

RUBIO-MORAGA, A., R. CASTILLO-LÓPEZ, L. GÓMEZ-GÓMEZ, O. AHRAZEM (2009): Saffron is a monomorphic species as 

revealed by RAPD, ISSR and microsatellite analyses. BMC Res. Notes, 2 (1): 189. 



M. BAYAT et al.: MARKER TRAIT ASSOCIATION FOR MAS IN SAFFRON                                              981 

SCHULMAN, A.H. (2007): Molecular markers to assess genetic diversity. Euphytica, 158 (3): 313-321. 

SIK, L., F. CANDAN, S. SOYA, C. KARAMENDERES, T. KESERCIOGLU, B. TANYOLAC (2008): Genetic variation among Crocus 

L. species from Western Turkey as revealed by RAPD and ISSR markers. J. App. Biol. Sci., 2 (2): 73-78. 

STUBER, C.W., M. POLACCO, M.L. SENIOR (1999): Synergy of empirical breeding, marker-assisted selection, and genomics 

to increase crop yield potential. Crop Sci., 39 (6): 1571-1583. 

TURHAN, H., F. KAHRIMAN, C.O. EGESEL, M.K. GUL (2007): The effects of different growing media on flowering and corm 

formation of saffron (Crocus sativus L.). Afr. J. Biotechnol., 6 (20): 2328-2332. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



982                                                                                                             GENETIKA, Vol. 50, No3, 971-982, 2018 

 

IDENTIFIKACIJA MARKERA POVEZANIH ZA SVOJSTVIMA ZA MARKER-

ASISTIRANU SELEKCIJU ŠAFRANA 

 

Mahdi BAYAT
1
, Reza AMIRNIA

2
, Hakan OZKAN

3
, Aysun GEDIK

3
, Duygu ATES

3
,  

Mehdi RAHIMI
4
,  Bahattin TANYOLAC

3,*
 

 
1 
Mladi istraživači i elitni klub, Ogranak Mashhad, Islamski Azad Univerzitet, Mashhad, Iran. 

2 
Departman za poljoprivredu i oplemenjivanje biljaka,  Poljoprivredni fakultet, Urmia 

Univerzitet, Urmia, Iran. 
3 
Departman za bioinžinjering, EGE Univerzitet, Izmir, Turska. 

4 
Departman za biotehnologiju, Institut za nauku, visoku tehnologiju i spoljašnju sredinu, 

Univerzitet za Tehnologiju, Kerman, Iran. 

 

Izvod 

Određivanje veze između molekularnih markera i agronomskih osobina predstavlja 

odličan alat za selekciju pomo u markera. U ovoj studiji, multivarijantna stepenasta regresiona 

analiza koriš ena je za procenu veze između SS  markera i nekih agronomskih osobina u 

ekotipovima šafrana.  a analize asocijacija koriš ene su dvogodišnje prosečne vrednosti za 

izmerene osobine.  ezultati postupne analize regresije otkrili su značajnu asocijaciju između 

osobina i proučavanih lokusa. Identifikovano je ukupno 25 SSR markera. Markeri SCA382, 

SCA15 i SCD219 bili su povezani sa ve inom osobina, i mogu se koristiti kao kandidat markeri  

u selekciji pomo u molekularnih markera.   
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