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ABSTRACT 

Molecular characterization of flax germplasm has been made using various molecular 
techniques to assess genetic diversity of cultivated flax and polygenetic relationship.  Flax is an 
important commercial crop yielding oil, fiber and medicinal products in Egypt and worldwide. Using 
Inter-simple sequence repeats (ISSR) markers as simple tool needed for molecular markers actively 
utilized to develop hybrid combinations and assessment of genetic diversity for flax breeding 
program. This investigation was applied to assess the genetic diversity relationships among nine flax 
genotypes using ISSR markers. Among seven promising Egyptian flax cultivars genotypes (Giza-10, 
Giza-11, Giza-12, Sakha-3, Sakha-5, Sakha-6, and Strain-562) and two other flax cultivars, Electra 
(Belgium) and Blanka (The Leibniz Institute of plant Genetics and Crop plant Research (IPK), 
Gatersleben, Germany) were screened using several ISSR primers. Ten selected ISSR primers used to 
evaluate polymorphic fingerprint patterns. For ISSR-PCR analysis, total 88 DNA fragments were 
detected, with an average of 8.8 bands per primer, 47 bands were polymorphic, and 41 bands were 
monomorphic. The percentage of polymorphic bands ranged from 25% to 80% with an average 
54.8%.  The amplified DNA bands ranged from 100 to 1500 bp. The primer ISSR-10, was the most 
polymorphic, where 8 polymorphic amplification products were detected. The lowest numbers of 
amplified polymorphic fragments (2) were detected by primers ISSR-7 and ISSR-9.  Means of band 
frequency was 0.6 (primer ISSR-6 and ISSR-10) to 0.9 (primer ISSR-2 and ISSR-7) with an average 
of 0.75. UPGMA method with arithmetic mean derived dendrogram clearly discriminated the nine 
flax genotypes into two main clusters groups. Unique flax genotypes Blanka (IPK, Germany) and 
Electra (Belgium), (Cluster-1), separated from the others. Clusters-2 containing the seven cultivated 
Egyptian flax which was divided into three main sub-clusters, (Giza-10 and Giza-11), (Giza-12, 
Sakha-3 and Sakha-5) and (Sakha-6 and Strain-562). The Jaccard's similarity coefficient along with 
the genotypes ranged from 0.73 to 0.97 and the average of genetic similarity coefficient (GS) between 
of them was 0.857. Total numbers of effective alleles (Ne) were 142.648. Number of polymorphic 
bands was 47 and number non-polymorphic bands was 41. The polymorphic information content 
(PIC) value was 0.8418 with ranged from 0.8125 to 0.9650 and with an average of 0.8887. Assay 
efficiency index (Ai) was 14.26 and marker index (MI) was 3.96. Various efficient parameters, such 
as, heterozygosity index (H), polymorphism information content (PIC), effective multiplex ratio (E), 
arithmetic mean heterozygosity (Havp), marker index (MI), discriminating power (D), and resolving 
power (R) were studied by ISSR markers as basic measures of polymorphism indices for individual 
markers and calculated by Online Marker Efficiency Calculator (iMEC) software. The average of (H), 
(PIC), (E), (Havp), (MI), (D), and (R) were 0.3548, 0.2875, 6.5106, 0.0049, 0.0273, 0.4292, and 2.555, 
respectively. These results indicated good sources of genetic analysis using ISSR-PCR which will 
help breeders to evaluate genetic diversity and genetic relationship among different flax genotypes. 
  
Keywords: Molecular markers - ISSR markers - Flax (Linum usitatissimum L.) - Genetic diversity – 

PIC value - iMEC software   

 
Introduction 

Flax (Linum usitatissimum L.) belongs to family Linaceae with of 22 genera and classified into 
two subfamilies: the Linoideae and Hugonioideae. In the Linoideae, the largest genus is Linum, the 
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flaxes, with 180-200 species including the cultivated flax, L. usitatissimum L. (Vromans, 2006) and 
approximately 300 species (Hickey, 1988; Heywood, 1993). Flax is the oldest fiber crop in Egypt 
which grows during winter season. Flax crop plays an important role in national economy due to 
export and local industry. Flax is one of the important crops in Egyptian agriculture; it is diploid 
annual plant species which is mainly considered to be inbreed (Durant, 1986).  In Egypt, flax is the 
second fiber crop after cotton and plays an important role in the national economy owing to export 
beside local industry. Many investigators obtained varietal differences in yield and quality in many 
regions of growing flax (El-shimy et al., 1997; El-kady et al., 2009). Flax (Linum usitatissimum L.), 
also called common flax or linseed, which is the third largest natural fiber crop and the fifth major oil 
crops in the world. Flax can be used as model plant for the best fiber plants because of its small size, 
annual herb and self-pollination characters (Deng et al., 2011). 

In recent years, a number of molecular markers have been employed for genetic diversity 
evaluation, genetic mapping and quantitative trait locus (QTL) analysis. Molecular characterization of 
flax germplasm has been made using various molecular techniques to assess genetic diversity of 
cultivated flax and polygenetic relationship. These types of molecular techniques included random 
amplified polymorphic DNA (RAPD) (Williams et al., 1990; Štefúnová et al., 2015), inter-simple 
sequence repeat (ISSR) (Idris et al., 2012), simple sequence repeats (SSR) (Shehata et al., 2009), 
amplified fragment length polymorphism (AFLP) (Vos et al., 1995; Molin et al., 2013) and other 
molecular marker techniques. 

In the early 1990’s, the development of what would become today’s ‘inter-simple 
sequence repeat (ISSR)’ marker was independently reported by several research groups such as: 
Gupta et al., (1994) who scattered distribution of simple-sequence repeats (SSR) in eukaryotic 
genomes prompted us to explore the use of SSR-based oligonucleotide primers in single primer 
amplification reactions. The primers were 16-20 bases in length and represented SSRs of di-, tri-, 
tetra-, and penta-nucleotide repeats. Inter-simple sequence repeat (ISSR) technique, which was first 
published by Zietkiewicz et al., (1994) is simple, quick and does not require previous knowledge of 
sequence of the genome. ISSR are Polymerase Chain Reaction (PCR)-based molecular markers that 
have shown higher reproducibility, levels of variability and simplicity as compared with other 
dominant marker systems (Wolfe and Liston, 1998). Godwn et al., (1997) used ISSR fingerprinting in 
a number of plant species, two important tropical species, sorghum and banana to detect a higher level 
of polymorphism analyses. Diederichsen, (2001) studied phenotypic measurements (morphological 
and seed‐oil) characters of phenotypic diversity in the world collection of 2331 accessions flax 
maintained by Plant Gene Resources of Canada (PGRC) and compared the range of diversity 
observed in 19 Canadian registered flax cultivars. Reddy et al., (2002) used ISSR-PCR primers to 
generate multilocus markers. ISSR markers are highly polymorphic and are useful in studies of 
genetic diversity, phylogeny, gene tagging, genome mapping and evolutionary biology. Wiesner and 
wiesnerová, (2003) expanded the basic ISSR-PCR protocol by an additional PCR re-amplification 
round in order to detect whether increased PCR productivity would give new bands in ISSR patterns 
and clearly distinguish between two types of re-amplification effect. Wiesnerová and Wiesner, (2004) 
used 9 anchored ISSR primers for fingerprinting of 53 flax cultivars or genotypes to study assessment 
of genetic diversity within flax germplasm collections. Vromans, (2006) used various techniques to 
characterization at molecular level to assess genetic diversity of several cultivated flax and to examine 
evolutionary relationships of wild flax species.  Gui et al., (2007) summarized ISSR applications in 
studying the genetic structure, genetic diversity with generating higher levels of DNA polymorphism, 
origin, distribution mode, phylogenesis, and breeding features of invasive plants. Rajwade et al., 
(2010) used 12 ISSR primers markers for genetic relationships among 70 Indian flax (Linum 
usitatissimum L.) genotypes actively utilized and analyzed in flax breeding programs. Uysal et al., 
(2010) used 24 ISSR primers markers to assess genetic diversity analysis of 34 pale flax (Linum 
bienne Mill.) collected from Turkey and compared genetic variation with three major types of 
cultivated flax (dehiscent, winter, and landrace). Abd El-Khalek et al., (2012) identified of 5 flax 
genotypes using DNA fingerprinting detected by ISSR-PCR markers, SDS-protein 
electrophoresis and some isozymes variability. Žiarovská et al., (2012) analyzed 17 accessions flax 
(4 landraces and 14 cultivars) using RAPD, ISSR and IRAP markers from Slovak Republic using in 
breeding programs.  Zhao et al., (2014) evaluated the genetic diversity and genetic relationships of 20 
Lilium species in China using ISSR markers. A total of 114 DNA bands was amplified with 100% 
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polymorphism, the Nei's genetic diversity (H) of 0.2048, and the Shannon's information index (I) of 
0.3503 and indicated significant genetic difference among Lilium species. Govindaraj et al., (2015) 
discussed genetic diversity analysis in order to use the new methods and technology for better and 
rapid assessment, for utilization of germplasm from gene banks to their applied breeding programs. 
Genetic diversity analysis is an important task in plant breeding as diversity in plant genetic resources 
(PGR) provides an opportunity for plant breeders to develop new and improved cultivars with 
desirable characteristics. Pali and Mehta, (2016) assessed the genetic diversity of 48 flax germplasm 
using molecular (90 SSR and 10 ISSR markers) and morphological markers for molecular diversity 
analysis. Kumari et al., (2018) studied genetic diversity  using RAPD and ISSR makers analysis in a 
collection of 28 genotypes of flax, including 9 exotic lines and showed high level of genetic variation 
with respect to oil and fiber contents. El Sayed et al., (2018) identified four promising Egyptian flax 
(Linum usitatissimum L.) genotypes as the most diverse genotype using 12 ISSR markers for the 
genetic examination yielding 139 loci, of which 31 were polymorphic. 

ISSR technique was chosen for making fingerprint for newly Egyptian cultivated and foreign 
flax genotypes to evaluate the genetic diversity among them, with the aim of providing facts and tools 
to increase the assortment for future flax genotypes propagation and assisting in developing and 
planning breeding strategies for crop improvement programs in Egypt. 

 
Materials and Methods   
 
Plant material collection 

Flax (Linum usitatissimum L.) seeds of  nine genotypes; seven Egyptian flax cultivars, i.e., 
Giza-10, Giza-11, Giza-12, Sakha-3, Sakha-5, Sakha-6, Strain-562 and another  two flax cultivars i.e., 
Electra (Belgium) and Blanka (The Leibniz Institute of plant Genetics and Crop plant Research (IPK), 
Gatersleben, Germany) were germinated in plastic container with temperature 20°C - 22°C (Table 1) 
for their traits. The shoots and roots of samples were collected as bulk after grow up for three weeks 
and ground into fine powder using liquid nitrogen (LN). The frozen samples of all genotypes in this 
study were kept frozen in -80°C till use.  
 
Table 1: Characteristics of the nine flax genotypes. 

Genotype Type Color of seed Sources 
1-  Electra Fiber Brown Belgium 
2-  Giza 10 Dual (Fiber –Oil) Brown Egypt 
3-  Giza 11 Dual (Fiber –Oil) Brown Egypt 
4-  Giza 12 Dual (Fiber –Oil) Brown Egypt 
5-  Sakha 3 Fiber Brown Egypt 
6-  Sakha 5 High yield - Oil Yellow Egypt 
7-  Sakha 6 Dual (Fiber –Oil) Brown Egypt 
8-  Strain 562 High yield - Dual (Fiber –Oil) Brown Egypt 
9-  Blanka Fiber Brown IPK, Germany 

 
ISSR-PCR techniques  

Genomic DNAs were extracted from frozen tissue of individual samples following the 
procedure described by DNeasy Plant Mini Kit (Qiagen Inc., Cat. no. 69104, USA), this was 
performed following the manufacturer's instruction.  The concentrations and quality of the genomic 
DNA samples were estimated on spectrophotometer ND-2000 (Nanodrop, USA). Finally, all the 
genomic DNA samples were diluted to a final concentration of 40 ng/μl with TE buffer (10 mM Tris-
HC1, pH 8.0; 1 m M EDTA) and stored at -20°C for further use. 

Twenty five ISSR primers were used for initial screening and the primers that generated good 
scorable patterns were chosen. A set of 10 primers ISSR was used in the detection of polymorphism 
(Table 2). The amplification reaction was carried out in 25 μl reaction volume containing 1X PCR 
buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 1 μM primer, 1 U Taq DNA polymerase and 30 ng templates 
DNA. PCR programmed to fulfill 35 cycles after an initial denaturation cycle for 5 min at 94ºC. Each 
cycle consisted of a denaturation step at 94ºC for 1 min, an annealing step at 50ºC for 1 min, and an 
elongation step at 72ºC for 1.5 min. The primer extension segment was extended to 7 min at 72ºC in 
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the final cycle. The amplification products were resolved by electrophoresis in a 1.5% agarose gel 
containing ethidium bromide (0.5ug/ml) in 1X TAE buffer at 95 volts. A 100bp DNA ladder was used 
as DNA standard size marker. PCR products were visualized on UV light and photographed using a 
Gel Documentation System (BIO-RAD 2000). 

 
Table 2: List of the selected ten ISSR primers for polymorphic DNA generation with the nine 

genotypes flax cultivars (Linum usitatissimum L.).   
Primer Sequence 
ISSR- 1 5'- (AG)8YC-3' 
ISSR- 2 5'- (AG)8YG-3' 
ISSR- 3 5'- (AC)8YT-3' 
ISSR- 4 5'- (AC)8YG-3' 

ISSR- 5 5'- (GT)8YG-3' 

ISSR- 6 5'-CGC(GATA)4-3' 
ISSR- 7 5'-GAC(GATA)4-3' 
ISSR- 9 5'- (GATA)4GC-3' 
ISSR- 10 5'- (GACA)4AT-3' 

ISSR- 11 5'- (AC)8YA-3' 

Note: A: Adenine, T: Thymine, G: Guanine, C: Cytosine and Y: C/T 

 
Data analysis 

The banding patterns generated by ISSR-PCR analyses were compared to determine the genetic 
relatedness of the flax samples under study. A spreadsheet program (Microsoft Excel) was used to 
arrange the included data for each genotype regarding each locus.  Clear and distinct amplification 
products were scored as ‘1’ for presence and ‘0’ for absence of bands. Bands of the same mobility 
were scored as identical.  

The basic information about molecular markers that determines their application in genetic 
mapping was calculated for each primer using Polymorphism Information Content (PIC). 
Polymorphism information content (PIC) provides an estimate of the discriminatory power of a locus, 
or loci, by taking into account, not only the number of alleles that are expressed, but also the relative 
frequencies of those alleles. PIC values were calculated according to Smith et al., (2000) by the 
algorithm:  

PIC = 1- ∑n fi2, i=1 
Where fi2 is the frequency of the i th (presence of band) alleles in the set of all genotypes tested. 

PIC values ranged from 0 (monomorphic) to 1 (very highly discriminative, with many alleles each in 
equal and low frequency. The genetic similarities were calculated using Jaccard’s similarity 
coefficient (Jaccard, 1908). The genetic similarity coefficient (GS) between two genotypes was 
estimated according to Dice coefficient (Sneath and Sokal, 1973). 

Dice formula: GSij = 2a/(2a+b+c) 

Where GSij is the measure of genetic similarity between individuals i and j, a is the number of 
bands shared by i and j, b is the number of bands present in i and absent in j, and c is the number of 
bands present in j and absent in i.  The similarity matrix was used in the cluster analysis. The cluster 
analysis was employed to organize the observed data into meaningful structures to develop 
taxonomies. At the first step, when each genotypes represents its own cluster, the distances between 
these accessions are defined by the chosen distance measure (Dice coefficient). However, once 
several accessions have been linked together, the distance between two clusters is calculated as the 
average distance between all pairs of accessions in the two different clusters. This method is called 
Unweighted Pair Group Method using Arithmetic Average (UPGMA) (Sneath and Sokal, 1973). 

 
iMEC analysis 

The analysis was conducted using iMEC software program online on an example data set taken 
from Poczai et al., (2011) for using ISSR primers with the nine cultivated genotypes of flax (Linum 
usitatissimum L.). The data set is available for download and the resulting calculations are 
summarized in Table 3. The D parameter (discriminating power of primer) described by Tessier et al., 
(1999) was used evaluates the efficiency of the primers in identification of flax genotypes. The 
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program Online Marker Efficiency Calculator (iMEC software) according to Amiryousefi et al., 
(2018) is a simple computation of seven basic measures polymorphism indices for individual markers 
such as, iMEC calculates heterozygosity index (H), polymorphism information content (PIC), 
discriminating power (D), effective multiplex ratio (E), marker index (MI), arithmetic mean 
heterozygosity (Havp), and resolving power (R).  

The source code used to develop iMEC is available on GitHub (https://github.com/ 
Limpfrog/iMEC). iMEC is available at https:// irscope.shinyapps.io/iMEC/.  

 
Results and Discussion  

The selected 10 ISSR primers used for genetic diversity analysis and relationship of the nine 
flax genotypes produced amplification products (scorable bands) and polymorphic fingerprint 
patterns. For ISSR-PCR analysis, a total of 88 DNA fragments were detected (Figure 1 and Table 3), 
with an average of 8.8 bands per primer, 47 bands were polymorphic, and 41 bands were 
monomorphic. To determine the level of polymorphism in the analyzed group of nine flax genotypes, 
the percentage of polymorphic bands ranged from 25% to 80% with an average of 54.7%.  The 
amplified DNA bands were ranged in size between 150 to 1200 bp. Primer ISSR-10 was the most 
polymorphic, where 8 polymorphic amplification products was detected. The lowest numbers of 
amplified polymorphic fragments (2) were detected by primers ISSR-7 and ISSR-9. Means of band 
frequency was 0.6 (ISSR-6 and ISSR-10) to 0.9 (ISSR-2, ISSR-5 and ISSR-7) with an average of 
0.75.  

 

Fig. 1: ISSR amplification patterns obtained using ten primers in 1.5% agarose gel electrophoreses. 
(M) referred to molecular marker size  of 100bp DNA ladder, (1 to 9) samples from Flax 
(Linum usitatissimum L.) genotypes. 
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Table 3: The banding pattern and polymorphism generated by the ten ISSR primers for the nine flax 
genotypes.  

Primer 
Rang of  

Smaller-larger 
(bp) 

Monom
orphic 
bands 

Polymorp
hic 

(without 
Unique) 

Uniqu
e 

bands 

Polymorp
hic 

(with 
Unique) 

Total 
numb
er of 

bands 

Polymorphi
sm (%) 

Mean 
of band 
frequen

cy 
ISSR- 1 210-1200 5 7 0 7 12 58% 0.7 
ISSR- 2 370-520 1 3 0 3 4 75% 0.9 
ISSR- 3 150-950 3 6 1 7 10 70% 0.7 
ISSR- 4 210-1000 3 5 0 5 8 63% 0.7 
ISSR- 5 300-1100 6 5 0 5 11 45% 0.9 
ISSR- 6 410-860 1 4 0 4 5 80% 0.6 
ISSR- 7 257-780 6 2 0 2 8 25% 0.9 
ISSR- 9 330-830 5 1 1 2 7 29% 0.8 
ISSR- 10 230-1200 5 6 2 8 13 62% 0.6 
ISSR- 11 200-630 6 1 3 4 10 40% 0.7 

Total 41 40 7 47 88 -- 7.5 

Mean per primer 4.1 4.0 -- 4.7 8.8 54.7% 0.75 

 
The similarity matrix (The Jaccard's similarity coefficient) revealed that the highest similarity 

percentage was obtained between the cultivars Sakha-3 and Sakha-5 with 0.97, while the lowest 
similarity percentage was obtained between the cultivars Electra and Sakha-5 with 0.73 and the 
average of genetic similarity coefficient (GS) between of them was 0.857 (Table 4). 

A dendrogram was generated based on the similarity matrix by the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) which clearly discriminated the flax genotypes. The cluster 
analysis was done using Jaccard’s similarity coefficients to study the genetic relationships among 
these flax genotypes (Figure 2). The generated dendrogram divided the cultivars into two main 
clusters groups. Unique flax genotypes Blanka (IPK, Germany) and Electra commercial flax import 
from Belgium (cluster 1) were separated from others. Clusters 2 contained seven Egyptian cultivars 
which were divided into three main sub-clusters, (Giza-10 and Giza-11), (Giza-12, Sakha-3 and 
Sakha-5) and (Sakha-6 and Strain-562). 

According to Nei, (1978), total number of effective alleles (Ne) were 142.648. Number of 
polymorphic bands were 47 and number of non-polymorphic bands was 41 (Table 5).  According to 
Smith et al., (2000) the polymorphic information content (PIC) value was 0.8418 with range from 
0.8125 to 0.9650 and with an average of 0.8889. Efficiency index (Ai) was assays were 14.26 and 
marker index (MI) was 3.96.  
 
Table 4: Genetic similarity (Jaccard`s) among the nine genotypes of flax (1- Electra, 2- Giza 10, 3- 

Giza 11, 4- Giza 12, 5- Sakha 3, 6- Sakha 5, 7- Sakha 6, 8- Strain 562 and 9- Blanka ) by ISSR 
pattern generated by ten ISSR primers. 

 
1 

Electra 
2 

Giza 10 
3 

Giza 11 
4 

Giza 12 
5 

Sakha 3 
6 

Sakha 5 
7 

Sakha 6 
8 

Strain 562 
9 

Blanka 

1- Electra 100         

2- Giza 10 79 100        
3- Giza 11 80 94 100       
4- Giza 12 77 90 88 100      
5- Sakha 3 75 90 87 94 100     
6- Sakha 5 73 88 84 92 97 100    
7- Sakha 6 78 89 84 88 92 91 100   
8- Strain 562 81 86 83 83 87 85 91 100  
9- Blanka 85 82 79 80 78 76 81 89 100 
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Figure 2: The dendrogram cluster tree generated by using classify UPGMA cluster analysis based on 

Jaccard’s similarity coefficients obtained from ISSR primers with, for the nine flax 
genotypes. 

 
Table 5: The PIC value and other information obtained from ISSR markers using the ten primers with 

the nine flax genotypes (Linum usitatissimum L.). 

 Parameters and their abbreviations  ISSR 

Total number of effective alleles Ne 142.648 
Number of  primer ISSR markers U 10 

Number of non polymorphic bands nnp 41 
Number of polymorphic bands np 47 

Average number of polymorphic bands/assay unit np/U 4.7 
Number of loci L 88 

Number of loci/assay unit nu 8.8 
Average of PIC  0.8887 

Min of PIC PIC 0.8125 

Max of PIC PIC 0.9650 
PIC value PIC 0.8418 

Fraction of polymorphic loci β 0.53 
Assay efficiency index Ai 14.26 

Effective multiples ratio E 4.70 

Marker Index MI 3.96 
Total Banding pattern Bp 49 

Effective number of patterns/ assay unit P 4.9 

 
Polymorphism statistics detection by iMEC analysis 

Calculation of the polymorphic information content (PIC, a measure of discriminatory ability) 
based on the results obtained from molecular markers studies according to Nagy et al., (2012) and 
Amiryousefi et al., (2018) was applied. There are two measurements of the quality or informativeness 
of a polymorphism as a genetic marker: heterozygosity (H) and polymorphic information content 
(PIC). The maximum value of H and PIC for binary data is 0.5, because two alleles per locus are 
assumed, and both are influenced by the number and frequency of the alleles; for codominant markers, 
these values vary between 0 and 1 (Henry, 1997; De Riek et al., 2001; Bolaric et al., 2005). 

The results showed that the PIC value provides an estimate of the discriminatory power of a 
locus by taking into consideration, not only the number of alleles but also the relative frequencies of 
those alleles. PIC values vary from 0 (monomorphic) to 1 (very highly discriminative, with many 
alleles in equal frequencies). By iMEC software calculated as basic measures polymorphism indices 
for individual primers. More details of basic measurements polymorphism indices for the primers are 
given in Table (6).  
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The heterozygosity index (H) ranged from 0.2391 with primers (ISSR-2) and (ISSR-7) to 
0.4917 with primer ISSR-10 with an average of 0.3548. The polymorphism information content (PIC) 
of the primer ranged from 0.2105 (ISSR-2 and ISSR-7) to 0.3708 (ISSR-10) with as average of 
0.2875.  The effective multiplex ratio (E) was obtained with primer (ISSR-6) as 3.222 to (ISSR-5) as 
9.444 with average of 6.5106. The arithmetic mean heterozygosity (Havp) was obtained with primer 
(ISSR-5) as 0.0024 to (ISSR-6) as 0.0101 with average of 0.0049. The highest value of the marker 
index (MI) was obtained with primer (ISSR-10) as 0.0382 to 0.0228 (ISSR-2) and (ISSR-7) with 
average of 0.0273. The discriminating power (D) of the primer ranged from 0.2601 (ISSR-7) to 
0.6839 (ISSR-10) with average of 0.4292. The resolving power (R) of the primers varied from 0.888 
(ISSR-11) to 4.222 (ISSR-1) and (ISSR-10) with average of 2.555.  
 
Table 6: Polymorphism statistics calculated with iMEC program for different types of the ten ISSR 

primers with the nine flax genotypes data set. 
No. Primer L H PIC E H.avp MI D R 
1- ISSR-1 12 0.3840 0.3103 8.888 0.0035 0.0316 0.4530 4.222 
2- ISSR-2 4 0.2391 0.2105 3.444 0.0066 0.0228 0.2619 1.111 
3- ISSR-3 10 0.3911 0.3146 7.333 0.0043 0.0318 0.4644 3.777 
4- ISSR-4 8 0.4347 0.3402 5.444 0.0060 0.0328 0.5399 3.333 
5- ISSR-5 11 0.2428 0.2133 9.444 0.0024 0.0231 0.2640 3.111 
6- ISSR-6 5 0.4582 0.3532 3.222 0.0101 0.0328 0.5898 3.111 
7- ISSR-7 8 0.2391 0.2105 6.888 0.0033 0.0228 0.2601 1.111 
8- ISSR-9 7 0.2670 0.2314 5.888 0.0042 0.0049 0.2944 0.666 
9- ISSR-10 13 0.4917 0.3708 7.333 0.0042 0.0382 0.6839 4.222 

10- ISSR-11 10 0.4012 0.3207 7.222 0.0044 0.0321 0.4806 0.888 
Average 0.3548 0.2875 6.5106 0.0049 0.0273 0.4292 2.555 

Note: L =Number of loci; H = expected heterozygosity; PIC = polymorphism information content; E = effective multiplex 
ratio; H avp = mean heterozygosity; MI = marker index; D = discriminating power; R = resolving power. 

In other word, PIC is the probability of detection of polymorphism by a primer/primer 
combination between two drawn individuals and depends randomly on the number of detectable 
alleles and distribution of their frequency. These results indicated good sources of diversity which will 
help breeders to evaluate genetic diversity and relationship among different genotypes. The 
aforementioned results confirm the ability of ISSR as efficient, simple and cheap way to investigate 
the genetic diversity and relationships for flax genotypes. DNA analysis using ISSR-PCR has proved 
to be excellent markers to provide molecular data to evaluate genetic variation and it has been used 
successfully to determine genetic relationship for other many plants. 

The results were in agreement with Wiesnerová and Wiesner, (2004) who provided useful ISSR 
markers with selected nine anchored ISSR primers for fingerprinting of 53 flax Czech cultivars or 
genotypes and obtained 62 scorable bands, from which 45 bands (72.6%) were polymorphic. They 
obtained higher level of polymorphism and confirm efficient separation into four groups and eight 
subgroups achieved using unweight pair group method with arithmetic means (UPGMA) clustering 
procedure based on genetic similarity expressed by the Jaccard similarity coefficient (JSC).  Our 
result were harmony and agreement with a study by  Uysal, et al., (2010) who used 24 ISSR primers 
in to assess genetic diversity of 34 pale flax (Linum bienne Mill.) collected from Turkey and to 
compare genetic variation with three major types of cultivated flax (dehiscent, winter, and landrace). 
They detected a total of 311 DNA fragments, of which 298 bands were polymorphic across 493 flax 
samples (roughly 10 samples per accession). Rajwade et al., (2010) used 12 ISSR primers markers 
for genetic relationships analysis among 70 Indian flax (Linum usitatissimum L.) genotypes actively 
utilized in flax breeding programs. ISSR markers produced 136 loci, of which 87 were polymorphic in 
flax breeding programs. The average number of amplified loci and the average number of 
polymorphic loci per primer were 11.3 and 7.25, respectively, while the percent loci polymorphism 
ranged from 11.1 to 81.8 with an average of 63.9 across all the genotypes. The range of 
polymorphism information content scores was 0.03-0.49, with an average of 0.18. A dendrogram was 
generated based on the similarity matrix by UPGMA method, wherein the flax genotypes were 
grouped in five clusters. The Jaccard's similarity coefficient among the genotypes ranged from 0.60 to 
0.97. Žiarovská, et al., (2012) used different primers of RAPD, ISSR and IRAP-PCR for the flax 
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accessions analysis which produced 211 loci of which 87 were polymorphic. The range of 
polymorphism information content across all genotypes in this study was from 0,07 to 0,42. A 
dendrogram was generated based on the similarity matrix were grouped in six major clusters. As 
separate clusters were grouped non-European genotypes Flanders, Red Wing, Gisa and Escalina and 
nested into the European genotypes. The grouping pattern corresponds to the no differentiating 
between linseed or fiber flax and also no geographical distribution. The genotypes Ilona and 
Rembrand were the most distinct from other and did not fall in any cluster. Abd El-Khalek et al., 
(2012) used nine anchored ISSR primers for fingerprinting of the five new flax genotypes and 
obtained 62 scorable bands from which 48 bands (77%) were polymorphic. Ng and Tan, (2015)  
reported that ISSR markers are easy to use, low-cost, and methodologically less demanding compared 
to other dominant markers, making it an ideal genetic marker for beginners and for organisms whose 
genetic information is lacking. Pali and Mehta, (2016) found that the polymorphic information content 
(PIC) value of ISSR primer pair ranged from 0.62 to 0.75 with an average of 0.68. Cluster analysis 
based on Jaccard’s similarity coefficient using UPGMA grouped the 48 flax genotypes into two 
clusters and ranged from 0.56 to 0.97 with an average similarity index of 0.76.  Kumari et al., (2018) 
used RAPD and ISSR makers to study the genetic diversity. They report the genetic diversity analysis 
with high level of genetic variation with respect to oil and fiber contents of 28 genotypes of flax, 
including 9 exotic lines genotypes. El Sayed et al., (2018) used 12 ISSR primers for the genetic 
examination which produced 139 loci, of which 31 were polymorphic. The middling number of 
amplified loci and the middling number of polymorphic loci per primer were 11.6 and 2.6, 
respectively, while the percent of loci polymorphism ranged from 0.0% to 58.0% with a middling of 
21.4% all over the flax genotypes. Unweighted pair group method with arithmetic mean derived 
dendrogram clearly discriminated the flax genotypes in three clusters. The Jaccard's similarity 
coefficient along with the genotypes ranged from 0.91 to 0.95. Then, genetic diversity and 
relationships using ISSR marker plays a key role in crop improvement.  

In conclusion, a high level of genetic diversity and relationship among the nine flax genotypes 
were analyzed. The results indicated good sources at alternative method for selecting more promising 
flax genotypes and reducing the cost and time needed to develop hybrid combinations for plant 
breeding program in the future. 
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