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ABSTRACT 
Genetic diversity and relationship using SCOT markers plays a key role in crop improvement. In 

this study, the main objective focused on genetic diversity and relationships analyzes using Start Codon 
Targeted (SCoT) markers among nine flax genotypes. SCoT markers as powerful tools, reducing the 
cost and time needed for used molecular markers actively utilized to develop hybrid combinations for 
flax breeding program in the future. Among seven promising Egyptian flax genotypes (i.e., Giza-10, 
Giza-11, Giza-12, Sakha-3, Sakha-5, Sakha-6, Strain-562) and two other flax cultivars; Electra 
(Belgium) and Blanka (IPK, Gatersleben, Germany) several SCoT primers has been screened to 
evaluate their polymorphic fingerprint patterns.  For PCR analysis, total 120 DNA fragments were 
detected, with an average of 12.0 bands per primer, 69 bands were polymorphic, and 51 bands were 
monomorphic. To determine the level of polymorphism in the analyzed group of the nine flax 
genotypes, the percentage of polymorphic bands ranged from 27% to 92% with an average 64.8%. The 
amplified DNA bands range in size between 100 to 1500 bp. The primer SCoT-22, was the most 
polymorphic, where 12 polymorphic amplification products was detected. The lowest numbers of 
amplified polymorphic fragments (3) were detected by primers SCoT-4 and SCoT-20. Means of band 
frequency was 0.5 (SCoT-22) to 0.9 (SCoT-4) with an average of 0.69. UPGMA method with arithmetic 
mean derived dendrogram clearly discriminated the flax genotypes in four clusters. The Jaccard's 
similarity coefficient along with the genotypes ranged from 0.75 to 0.89. The average of genetic 
similarity coefficient (GS) between of them was 0.817. Total number of effective alleles was 206.1523. 
The polymorphic information content (PIC) value was 0.9558 which ranged from 0.9269 to 0.9697 with 
an average of 0.948. Assay efficiency index (Ai) was 20.62 and marker index (MI) was 6.60. Various 
efficient parameters, namely; 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) were studied by SCoT markers as basic measures 
polymorphism indices for individual markers and calculated by iMEC software. Our result showed that 
the average values of (H), (PIC), (E), (Havp), (MI), (D) and (R) by SCoT markers were 0.400, 0.315, 
8.121, 0.0037, 6.777, 0.0293, 0.5211 and 3.888, respectively.  These results indicated good sources of 
diversity which will help breeders to evaluate genetic diversity and relationships among the different 
flax genotypes. 
 
Key words: Molecular markers, SCoT markers, Flax (Linum usitatissimum L.), Genetic diversity, PIC 

value, iMEC software   

 
Introduction 

Flax (Linum usitatissimum L.) is one of the most useful ancient of herbs.  Flax is a self-pollinating 
annual of belongs to Linaceae family and divided into two sub family. More than 200 species present 
in the genus Linum (Ockendon and Walters, 1968; Tutin et al. 1968). In Egypt, flax is the second fiber 
crop after cotton with regard to the cultivated area and economic importance.  Flax plays an important 
role in the national economy owing to export beside local industry. Many investigators obtained varietal 
differences in yield and quality of flax in many regions of growing flax (El-shimy et al., 1997; Bakry 
et al., 2014). 
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Commercially grown flax crops are grouped into two main types: fiber flax and seed flax; the two 
major uses are for the oil from the seed (linseed oil) and for the fiber from the stem. Linseed oil also 
offers important nutritional benefits because of the high levels of omega-3 fatty acids (Simopoulos, 
2002).  Flax seed represents only 1% of the world supply of oilseeds, while flax fiber represents about 
3% of the world natural fiber production. It is traditionally grown in no more than 20 countries 
worldwide. The largest growers of fiber flax are Russia, China, Belarus, France, Ukraine, Egypt, and 
Belgium, with other contributions from many European countries (Mackiewicz-Talarczyk, 2000). In 
traditional plant breeding, genetic diversity was usually diagnosed through observational selection. But 
now, with the development of molecular biology, this work is determined at molecular level based on 
DNA changes and their effects on the phenotype (Bernardo, 2008). 

In recent years, a number of molecular markers have been employed for genetic diversity 
evaluation, genetic mapping, and quantitative trait locus analysis. 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 
several molecular markers techniques. 

SCoT marker technique is one of powerful tools as molecular markers based on the short 
conserved region flanking the ATG start codon in plant genes. It was developed by designing single 18-
mer primers complementary to a short conserved region flanking the ATG start codon that is conserved 
for all plant genes (Sawant et al., 1999). It is widely used in recent days for phylogenetic hypotheses 
generation, cultivar identification and several genetic variation studies. SCoT marker is a novel, simple, 
cheap and powerful tool to be used and effective for generating gene targeted in plants which was 
described and developed by Collard and Mackill (2009).  

In principle, SCoT marker PCR amplification profiles are dominant markers like RAPDs and 
ISSR because the same single primer is used as the forward and reverse primer and could be used for 
bulk segregation analysis, genetic analysis, and quantitative trait loci (QTL) mapping (Gupta et al., 
1994;Collard and Mackill, 2009).   

The SCoT molecular markers have been successfully applied in several sets of other plant species 
for genetic diversity analysis and relationship which include 24 accessions of longan (Dimocarpus 
longan) (Chen et al., 2010),  23 mango germplasm accessions (Luo et al., 2011), 20 cultivated peanut 
accessions (Xiong et al., 2011), 64 grape varieties (Guo et al., 2012), medicinal plants like giloe 
(Tinospora cordifolia) (Paliwal et al., 2013), Lycoris species (Gao et al., 2014), orchard grass (Dactylis 
glomerata) specimens (Zeng  et al., 2014), domesticated ramie (Boehmeria nivea L. Gaudich.) (Satya 
et al., 2015), 37 cultivars of Ziziphus mauritiana (Lamk.) (Singh et al., 2017), 35 chickpea genotypes 
(Ahmed and Talebi, 2017) and maize genotypes (Zea mays L.) (Vivodík et al., 2016 and 2017). 

The main goals of this study were to assess genetic diversity and examine the effectiveness of 
start codon targeted (SCoT) markers for analysis of genetic diversity of nine genotypes flax cultivar 
(Linum usitatissimum L.) and to study genetic relationships between them.  
 
Materials and Methods 
 
Plant material collection 

Cultivar 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 (IPK, Gatersleben, Germany) were used for germinated in plastic 
container with temperature 20°C - 22°C. 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 (shown in Figure 1 and Table 1). 
 
SCoT markers 
 
Extraction of genomic DNA 

Genomic DNAs were extracted from frozen tissues 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.  For measure the concentration of DNA, 2 µl of the parents 
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DNA samples were run on 1% agarose gel in comparison to 10 µl of a DNA size marker (lambda DNA 
Hind III digest Phi X 174/HaeIII digest). To estimate DNA concentration, the degree of fluorescence 
of the DNA sample was compared with the different bands in DNA size marker. 

 

 
Fig. 1: Germination of flax varieties in plastic container with temperature 20°C - 22°C for three 

weeks. 

Table 1: Characteristic of the nine flax cultivars genotypes: 
No. 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- Blenka Fiber Brown IPK, Germany 

 
Design SCoT primers and PCR reactions 

Start codon targeted primers were designed from consensus sequences derived from the studies 
by Collard and Mackill (2009). For primer design, the ATG codon (+1, +2, and +3), G at position +4, 
and A, C, and C at positions +7, +8, and +9, respectively, were fixed. All primers were 18-mer and 
ranged in GC content between 50 and 66.7 % (Table 2).  
 

Table 2: List of selected ten SCoT primers for polymorphic DNA generation of nine genotype flax 

cultivar (Linum usitatissimum L.).  

Primer  Sequence GC% Annealing temp. (C) 
SCoT-4 5´- ACCATGGCTACCACCGCA -3´ 61.1 50ºC 

SCoT-6 5´- CAATGGCTACCACTACAG -3´ 50.0 50ºC 

SCoT-7 5´- ACAATGGCTACCACTGAC -3´ 50.0 50ºC 

SCoT-9 5´- ACAATGGCTACCACTGCC -3´ 55.6 50ºC 

SCoT-12 5´- CAACAATGGCTACCACCG -3´ 55.6 50ºC 

SCoT-13 5´- ACCATGGCTACCACGGCA -3´ 61.1 50ºC 

SCoT-14 5´- ACCATGGCTACCAGCGCG -3´ 66.7 50ºC 

SCoT-20 5´- CAACAATGGCTACCACGC -3´ 55.6 50ºC 

SCoT-22 5´- CCATGGCTACCACCGCAC -3´ 66.7 50ºC 

SCoT-24 5´- CCATGGCTACCACCGCAG -3´ 66.7 50ºC 

A: Adenine, T: Thymine, G: Guanine, and C: Cytosine 
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Primers were checked for dimers and hairpin loops. Using the FAST PCR program (Kalendar, 2007). 
Twenty five SCoT primers were used for initial screening and the primers that generated good scorable 
patterns were used. Ten primers SCoT were used in the detection of polymorphism, 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 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 standard size marker. PCR 
products were visualized on UV light and photographed using a Gel Documentation System (BIO-RAD 
2000). 
 
Data analysis 

The banding patterns generated by SCoT-PCR marker analysis were compared to determine the 
genetic relatedness of the 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 marker 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 ith (presence of band) alleles in the set of all genotypes tested. 

PIC values range 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 accession 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 SCoT markers on the nine flax genotypes cultivated (Linum 
usitatissimum L.). The data set is available for download and the resulting calculations are summarized 
in Table 6. The D parameter (discriminating power of primer) described by Tessier et al., (1999) 
evaluated the efficiency of the primers in identification of several genotypes cultivate flax. The program 
Online Marker Efficiency Calculator (iMEC software) according to Amiryousefi et al., (2018) was 
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).   
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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 
  

In this study, selected 10 SCoT primers used for genetic diversity analysis and relationship of 
nine flax genotypes produced amplification products (scorable bands) and all resulted in polymorphic 
fingerprint patterns.  

For SCoT-PCR analysis, a total of 120 DNA fragments were detected (Figure 2 and Table 3), 
with an average of 12 bands per primer, 69 bands were polymorphic, and 51 bands were monomorphic. 
To determine the level of polymorphism in the analyzed group of nine flax genotypes, the percentage 
of polymorphic bands ranged from 27% to 92% with an average of 64.8%. The amplified DNA bands 
ranged in size between 100 to 1500 bp. The primer SCoT-22, was the most polymorphic, where 12 
polymorphic amplification products was detected. The lowest numbers of amplified polymorphic 
fragments (3) were detected by primer SCoT-4 and primer SCoT-20. Means of band frequency was 0.5 
(SCoT-22) to 0.9 (SCoT-4) with an average of 0.69.  

UPGMA method with arithmetic mean derived dendrogram clearly discriminated the flax 
genotypes in four clusters. The Jaccard's similarity coefficient along with the genotypes ranged from 
0.75 to 0.89. The average of genetic similarity coefficient (GS) between of them was 0.817 (Table 4). 
The hierarchical cluster analysis divided flax genotypes into two main clusters. Unique flax genotypes 
Blenka (IPK, Germany) and Electra commercial flax import from Belgium (cluster 1), separated from 
others. Clusters 2 containing seven Egyptian cultivar were divided into three main sub-clusters, (Giza-
10 and Giza-11), (Sakha-3 and Sakha-5) and (Giza 12, Sakha-6 and Strain-562) Figure 3. 

A total number of effective alleles (Ne) were 206.1523. Number of polymorphic bands were 69 
and number of non-polymorphic bands was 51 (Table 5). The polymorphic information content (PIC) 
value was 0.9558 with ranged from 0.9269 to 0.9697 and with an average of 0.948. Assay efficiency 
index (Ai) were 20.62 and marker index (MI) was 6.60.  

 
Polymorphism statistics by iMEC analysis 

Calculation of the polymorphic information content (PIC, a measure of discriminatory ability) 
based on the results obtained from SCoT markers according to Nagy et al., (2012) and Amiryousefi et 
al., (2018). 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).  

iMEC calculated as basic measures polymorphism indices for individual markers.  More details 
of basic measures polymorphism indices for the primers are given in Table (6). The heterozygosity 
index (H) was obtained with primer (SCoT-4) 0.228 to (SCoT-22) as 0.497 with average of 0.0400. The 
polymorphism information content (PIC) of the primer ranged from 0.202 (SCoT-4) to 0.373 (SCoT-
22) with average of 0.315. The effective multiplex ratio (E) was obtained with primer (SCoT-22) 6.00 
to (SCoT-4) and (SCoT-14) as 9.555 with average of 8.121. The arithmetic mean heterozygosity (Havp) 
was obtained with primer (SCoT-4) 0.0023 to (SCoT-13) as 0.0048 with average of 0.0037.  The highest 
value of the marker index (MI) was obtained with primer (SCoT-13) as 0.0328 to 0.0220 (SCoT-4) with 
average of 0.0293. The discriminating power (D) of the primer ranged from 0.246 (SCoT-4) to 0.789 
(SCoT-22) with average of 0.5211. The resolving power (R) of the primers varied from 1.555 (SCoT-
13) to 6.888 (SCoT-22) with average of 3.888.  

In other word, PIC is the probability of detection of polymorphism by a primer/primer 
combination between two drawn individuals and depends on randomly 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. 
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The aforementioned results confirm the ability of SCoT as efficient, simple and cheap way to 
investigate the genetic diversity and relationships for flax genotypes. DNA analysis using SCoT 
markers 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 Collard and Mackill (2009) who analyzed 50 polymorphic 
SCoT markers in rice genotypes using 10 SCoT primers. Chen et al., (2010) analyzed SCoT markers 
with high genetic diversity and relationship among of 24 longan (Dimocarpus longan) accessions. 

 

 
 
Fig. 2: SCoT amplification profiles patterns obtained using ten primers, respectively, as shown analyzed 

in 1.5% agarose gel electrophoreses. (M) referred to size Marker 100bp DNA ladder., (1 to 9) 
samples from Flax (Linum usitatissimum L.) genotypes.   
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Table 3: The polymorphism generated by ten SCoT primers for the nine flax genotypes (Linum 
usitatissimum L.) 

Primer 
Rang of  
Smaller-

larger (bp) 

Monomorphic 
bands 

Polymorphic 
(without 
Unique) 

Unique 
bands 

Polymorphic 
(with 

Unique) 

Total 
number 

of  
bands 

Polymorphism 
(%) 

Mean of 
band 

frequency 

SCoT-4  140-820 8 3 0 3 11 27% 0.9 
SCoT-6  190-770 5 8 1 9 14 64% 0.6 
SCoT-7 200-1350 4 9 2 11 15 73% 0.6 
SCoT-9  100-1000 5 6 0 6 11 55% 0.8 
SCoT-12  230-730 5 4 1 5 10 50% 0.7 
SCoT-13 160-520 6 2 2 4 10 40% 0.7 
SCoT-14 170-900 6 6 1 7 13 54% 0.7 
SCoT-20  310-780  8 3 0 3 11 27% 0.8 
SCoT-22  210-1400 1 10 2 12 13 92% 0.5 
SCoT-24  250-1500 3 8 1 9 12 75% 0.6 

Total 51 59 10 69 120 ---- 6.9 

Mean per primer 5.1 5.9 1.0 6.9 12 64.8% 0.69 

Table 4: Genetic similarity (Jaccard`s) among the nine genotypes flax cultivar (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- Blenka ) by 
SCoT pattern generated by ten SCoT 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 
Blenka 

1- Electra 100         

2- Giza 10 85 100        

3- Giza 11 83 88 100       

4- Giza 12 74 81 86 100      

5- Sakha 3 78 81 85 88 100     

6- Sakha 5 78 75 82 83 89 100    

7- Sakha 6 77 77 85 88 83 80 100   

8- Strain 562 75 81 83 87 85 84 84 100  

9- Blenka 84 76 78 79 81 76 82 81 100 

 

 
Fig. 3: The dendrogram cluster tree was generated by using classify UPGMA cluster analysis based on 

Jaccard’s similarity coefficients obtained from SCoT markers, for the nine samples from 
genotypes flax (Linum usitatissimum L.).  
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Table 5: The PIC value and other information obtained from SCoT markers using ten primers with 
nine genotypes cultivated flax (Linum usitatissimum L.) 

Parameters and their abbreviations  SCoT 
Total number of effective alleles Ne 206.1523 
Number of  primer SCoT markers U 10 
Number of non polymorphic bands nnp 51 
Number of polymorphic bands np 69 
Average number of polymorphic bands/assay unit np/U 6.9 
Number of loci L 120 

Number of loci/assay unit nu 12 

average of PIC  0.9483565 
Min of PIC PIC 0.926946 
Max of PIC PIC 0.969767 
PIC value PIC 0.9558440 
Fraction of polymorphic loci β 0.58 
Assay efficiency index Ai 20.62 
Effective multiples ratio E 6.90 
Marker index MI 6.60 
Total banding pattern Bp 71 

Effective number of patterns/ assay unit P 7.1 

 
Table 6: Polymorphism statistics calculated with iMEC for different types of primers for the nine flax 

genotypes data set. 

Primer 
Scored 
band 

H PIC E H.avp MI D R 

SCoT-4 11 0.228 0.2021 9.555 0.0023 0.0220 0.2465 2.444 

SCoT-6 14 0.475 0.3623 8.555 0.0037 0.0322 0.6844 6.000 

SCoT-7 15 0.485 0.3676 8.777 0.0036 0.0315 0.6593 5.777 

SCoT-9 11 0.297 0.2532 9.000 0.0030 0.0270 0.3321 2.888 

SCoT-12 10 0.401 0.3207 7.222 0.0044 0.0321 0.4806 2.666 

SCoT-13 10 0.436 0.3413 6.777 0.0048 0.0328 0.5430 1.555 

SCoT-14 13 0.389 0.3136 9.555 0.0033 0.0318 0.4613 3.555 

SCoT-20 11 0.297 0.2532 9.000 0.0030 0.0270 0.3320 2.000 

SCoT-22 13 0.497 0.3735 6.000 0.0042 0.0254 0.7891 6.888 

SCoT-24 12 0.491 0.3707 6.777 0.0045 0.0308 0.6833 5.111 

Average 0.400 0.315 8.121 0.0037 0.0293 0.521 3.888 

Note: H = expected heterozygosity; PIC = polymorphism information content; E = effective multiplex ratio; H avp = mean of 

heterozygosity; MI = marker index; D = discriminating power; R = resolving power. 

In study of Gorji et al., (2011), they found that SCoT analysis is more effective in fingerprinting of 24 
varieties and a segregating population of tetraploid potato.  Luo et al., (2011) reported that the SCoT 
analysis is better and useful for identification and genetic diversity analysis of 23 cultivars mango 
cultivars. Moreover, (Xiong et al., 2011) analyzed DNA polymorphisms, the results confirmed the 
ability of SCoT technique as an excellent marker to study genetic diversity and relationships with 
domesticated peanut (Arachis hypogaea L.). Guo et al., (2012) used SCoT markers to detect 
polymorphism markers and assessed genetic relationships among 64 grape varieties.  Paliwal et al., 
(2013) used SCoT marker for characterization of genetic diversity in medicinal plant like giloe 
(Tinospora cordifolia).  Gao et al., (2014) investigated genetic diversity and relationship using SCoT 
marker analysis for Lycoris species. Zeng et al., (2014) evaluated the genetic diversity by successfully 
SCoT markers of orchard grass (Dactylis glomerata)  germplasm resources.  Singh et al., (2017) 
recorded high level of polymorphism among SCoT (61.6%) and ISSR (61%) primers with higher PIC 
values ranging from 63.1 to 90.4% for SCoT and 47.3 to 88.8% for ISSR primers. SCoT and ISSR 
dendrograms revealed similarity coefficients ranged from 0.80 to 0.92 and 0.79 to 0.96, respectively, 
and clearly delineated all the cultivars of Z. mauritiana into well-supported distinct clusters. In the study 
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of Ahmed and Talebi (2017), morphological characters and SCoT markers can be useful for breeder for 
selective genotypes and specific traits in breeding programs in chickpea. 

Genetic diversity and relationship using SCOT markers plays a key role in crop improvement. In 
conclusion, a high level of genetic diversity and relationship exists among nine flax genotypes were 
analyzed. The data result indicated good sources an 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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