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Abstract: Flax (Linum usitatissimum L.) is one of the founding crops in Egypt agriculture is a diploid, annual
plant species, which is mainly considered to be inbreed. The aim of this study was to evaluate the genetic
relationship among three ecotypes of flax which may further assist in developing and planning breeding
strategies for crop improvement programs. Nine RAPD primers were used for the analysis yielding 124 loci of
which 53 were polymorphic. The range of polymorphism information content across three ecotypes in this
study was from 7.14 to 64.29%. A dendrogram was generated based on the similarity matrix by the Un-weighted
Pair Group Method with Arithmetic Mean (UPGMA), the three flax ecotypes were grouped in two major clusters.
The first group I composed of two ecotypes 2 and 3 and the second group II contains one ecotype 1. RAPD
technique is an effective technique in studying inter and intra-specific variation in flax.
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INTRODUCTION been such an important cultivated crop, it is of great

Flax (Linum usitatissimum L.) is one of the founding as possible for future utilization in breeding.
crops in Egypt agriculture is a diploid, annual plant Due to advances in the field of molecular genetics a
species, which is  mainly  considered  to  be  inbreed  [1]. variety of different techniques to analyses genetic
It was already cultivated in ancient Egypt and Samaria variation has emerged during the last few decades [6, 7].
10,000 years ago [2] to provide both fiber and oil. Use of genetic markers based on PCR is nowadays useful
Recently, 30.000-year-old processed and colored flax fiber in a wide range of different applications in plant, animal
was found, indicating that early humans made fabric or and food science for systems of genotyping,
threads from the flax [3, 4]. The fibers are used in textile as identification and authentification of samples [8-10].
well as automobile and construction industries, while flax Molecular characterization of flax germplasm has been
seeds are used in animal feed and human food, as source made using various molecular techniques to assess
of omega-3-fatty acids and biologically active lignans. genetic diversity of cultivated flax and to examine
Linseed oil is used in the production of paint, soap, putty evolutionary relationships of wild flax species [11-14].
and polymers. The genus Linum is the type genus for the Rajwade et al. [15] summarized the flax diversity studies.
flax family, Linaceae DC. (Dumort) comprising 22 genera Diversity assessment in flax was earlier attempted using
and about 300 species distributed worldwide [5]. Linum is morphological parameters [16] and isozyme markers [17].
the largest genus (about 200 species) within the family The use of DNA-based markers to study flax diversity
and is found both in the Mediterranean region and the was first reported by Oh et al. [18] who compared RAPD
Americas. It includes both horticultural plants with and RFLP techniques and generated a preliminary
various flower colors and one field crop (Linum genomic map based on these marker data. Fu et al. [19]
usitatissimum L.). Since flax and in particular fibre flax, has used   RAPD   markers   to   study   diversity   in  Canadian

importance to conserve as widely genetic material of flax
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cultivars and landraces and reported low genetic DNA Isolation: Young leaves of the three ecotypes from
variability. Fu et al. [20] also used RAPD markers to flax were collected and soaked in liquid nitrogen for DNA
analyze the genetic variation, genetic erosion and extraction using the 2% CTAB method modified by
relationship in North American flax cultivars. Further, Agrawal et al. [22].
Diederichsen and Fu [21] studied phenotypic and RAPD
variation within and among the infra specific groups of RAPD-PCR Analysis: A total of nine primers were used
flax. to amplify DNA (manufactured by Bioneer, New

The aim of this study was to evaluate the genetic technology certification from ATS Korea). The total
relationship among three varieties of flax which may reaction mixture was 15µl contained 10 x PCR buffer, 2 mM
further assist in developing and planning breeding MgCl , 0.2 mM dNTPs mixed, 10 pmol primer, 1.25 U Taq
strategies for crop improvement programs. polymerase and about 150ng genomic DNA. DNA

MATERIALS AND METHODS thermal cycler. The temperature profile was as follow:

Plant Materials: Seeds of the golden flax (Linum temperature 36°C for 1 min; and extension temperature 72
usitatissimum L.) three ecotypes were used in the present for 1 min, final extension at 72°C for 5 min.
study. 1) one branch, 2) two branches and 3) three
branches (Fig. 1). This study was carried out at the farm Amplification Product Analysis: The amplified DNA
of Research and Production Station, National Research (15µl) for all samples was electrophoresed on 1% agarose
Center, Nubaria District, Behaira Governorate, Egypt. containing ethedium bromide (0.5µg/ml) in 1X TBE buffer
During two successive winter seasons (2010/11) and (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM EDTA, pH
(2011/12). 8.3)  at   75   constant    volts   and   determine     with   UV

2

amplification was obtained through 35 cycles in a DNA

denature temperature 94°C for 30 sec.; annealing

Fig. 1: Three ecotypes in golden flax (1) one branch, (2) two branches and (3) three branches.
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transilluminator. The size of each fragment was estimated
with reference to a size marker of 100 bp DNA ladder
(BioRoN, Germany).

Gel Analysis: The gel analysis was applied by programme
(UVI geltec version 12.4, 1999-2005, USA).

Data Analysis: A matrix for RAPD-PCR was generated by
scoring reproducible bands as 1 for their presence and as
0 for their absence across the lines. Genetic similarity
coefficients were computed following Nei and Li [23] as
under:

where Nx and Ny are number of bands present in
genotypes 'x' and 'y', respectively; and Nxy are the number
of bands shared by the cultivar 'x' and 'y'. The data were
subsequently used to construct a dendrogram using the
unweighted pair group method of arithmetic averages
(UPGMA) [24] employing sequential, agglomerative
hierarchic   and  non-overlapping   clustering   (SAHN).
All the computations were carried out using the software
NTSYS-PC (Numerical Taxonomy and Multivariate
Analysis System), version 2.1 [25]. Correlations
coefficients were calculated using similarity coefficients
obtained from RAPD-PCR analysis.

RESULTS AND DISCUSSION

RAPD-PCR Profiles: Nine primers RAPD-PCR were used with nine arbitrary primers (a, b and c). Lane M =
to identify the studied three ecotypes of flax as shown in 100 bp DNA ladder, lane 1= ecotype 1 (one
Fig. 2 and Table 1. A total number of 124 scorable branch), lane 2= ecotype 2 (two branches), lane 3=
amplified  DNA fragments ranging from 2035 to 90 bp were ecotype 3 (three branches).

Fig. 2: RAPD-PCR analysis of three ecotypes from flax

Table 1: Polymorphism of the RAPD-PCR primers among three flax ecotypes.

Sequence Size range of the Total No. of No. of Unique
Primer Code No. (5` 3`) scorable bands (bp) bands monomorphic bands polymorphic bands bands Polymorphism%

1 GTT TCG CTC C 2015-200 12 8 4 2 33.33
2 AAC GCG CAA C 2035-150 14 5 9 7 64.29
3 CCC GTC AGC A 710-135 9 5 4 2 44.44
4 CCA CAG CAG T 1005-100 14 7 7 5 50.00
5 AAG CCC GAG G 1250-90 15 9 6 5 40.00
6 GAT GAC CGC G 750-131 11 7 4 4 36.36
7 CCG CAT CTA C 910-150 20 11 9 1 45.00
8 GGA CGG CGT T 630-175 14 13 1 1 7.14
9 GAC CAA TGC C 1450-235 15 4 9 6 60.00

Total -- 2035-90 124 69 53 33 26.61
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observed using the nine primers of RAPD-PCR, whereas
53 fragments were polymorphic and the other 69 amplified
were monomorphic. The nine primers showed mean
polymorphic percentage of 26.61%. The highest number
of polymorphic loci was 9 obtained with primers 2, 7 and
9 with 64.29, 45.00 and 60.00% polymorphism, respectively
and the lowest was 1 with primer 8 (7.14%) (Table 1).
Specific markers for flax induced using RAPD-PCR
analysis are listed in Table1. Among the 53 polymorphic
bands, 33 bands were unique markers with a total average
of 26.61%. There was a marked difference in the unique
number of dominant RAPD bands observed among the
three flax ecotypes. Ecotype 2 scored 16 markers, ecotype
1 had 14 unique RAPD bands, while ecotype 3 appeared
one specific band. On the other hand, primer 2 gave the
highest number from molecular markers (seven), followed
by primer 9 (six). In addition, the primers 7 and 8 displayed
one specific band (Table 1). These results were in an
agreement with [26] who found that to identify potentially Fig. 3: Dendrogram of three ecotypes from flax based on
novel genotypes among the many flax accessions and to RAPD-PCR analysis by UPGMA algorithm using
assess genetic diversity for both germplasm management Jaccard's similarity coefficient. Ecotype1 (one
and core collection assembly, molecular markers are branch), ecotype 2 (two branches) and ecotype 3
highly useful. A variety of marker systems, including (three branches).
random amplified polymorphic DNA (RAPD), inter-simple
sequence repeat (ISSR), amplified fragment length
polymorphism (AFLP) and simple sequence repeat (SSR),
have been used to analyze flax germplasm [11, 13, 21, 27].
Taken together, these studies show that cultivated flax
has low genetic diversity compared to wild relatives or
some other crops [28], possibly resulting from a
domestication bottleneck.

Genetic Similarity Matrix and Cluster Analysis:
Similarities reflected in the 124 RAPD loci were calculated
among   the    three    flax    ecotypes     examined.   Genetic
relationships of the three ecotypes are described in Fig. 3
using Jaccard’s similarity coefficient. Similarity
coefficients for all the three ecotypes ranged from 0.60 to
0.76 (Table 2). The smallest value of 0.60 was observed
between ecotypes 1 and 2 and the maximum value of 0.76
was observed between ecotypes 2 and 3. Thus a
dendrogram based on UPGMA analysis of the genetic
similarity matrix was constructed with a view to
determining the extent of distinct clusters from three
ecotypes (Fig. 3). It is clear that, ecotypes 2 and 3 showed
a higher level of RAPD similarity among the three flax
ecotypes examined and were consistently clustered in
group I. Ecotype 1 formed the second group II. In general
ecotypes with similarity were grouped together. The data
obtained in this experiment confirmed the efficiency of the

Table 2: Jaccard’s similarity coefficient among three different ecotypes of
flax

Ecotype 1 2 3
1 1.00 -- --
2 0.60 1.00 --
3 0.67 0.76 1.00

RAPD technique for determination and estimation of
genetic distances and relatedness among different three
flax ecotypes. The RAPD analysis proved to be a valuable
DNA marker system to evaluate genetic diversity.

The information about genetic similarity will be
helpful to avoid any chance of elite germplasm becoming
genetically uniform because of the simple experimental
procedures, the requirement of minimal amount of plant
tissue and the possibility of automation [29-31], RAPD
analysis should be very useful in breeding for rapid and
early identification of most diverse individuals in large
seedling populations, allowing the detection of true to
type genotypes for the improvement of crop breeding
programs. Keeping in view the useful information about
the close genetic relationship, it is suggested that mission
oriented breeding programs with the help of DNA
fingerprinting technology will be helpful to produce
distinct cultivars/ genotypes with diverse genetic
background and improved productivity. In addition, DNA
markers  are  not influenced by environmental impacts and
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are useful in describing the levels of genetic variability 10. Ansari-Mahyari,  S.,   A.C.   Sørensen,   M.S.  Lund,
among plant populations to discriminate the duplicated H. Thomsen and P. Berg, 2008. Across-family marker-
accessions within a specific collection  of  germplasms assisted selection using selective genotyping
[32, 33]. Tanksley and McCouch [34] mentioned that strategies in dairy cattle breeding schemes. J. Dairy
knowledge about the distribution of genetic diversity Sci., 4: 1628-1639.
conserved in germplasm collections is crucially important 11. Fu, Y.B., 2005. Geographic patterns of RAPD
for unlocking that diversity for further use. For ex-situ variation in cultivated flax. Crop Sci., 45: 1084-1091.
collections, identification of redundant accessions [35] 12. Vromans, J., 2006. Molecular genetic studies in flax
and establishment  of  core  collections  [36]  are  key (Linum usitatissimum L.). Ph.D. Thesis, Wageningen
tasks. Earlier molecular marker analyses by RAPD, ISSR; University, the Netherlands.
AFLP and SSR showed a low diversity in flax germplasm 13. Cloutier, S., Z. Niu, R. Datla and S. Duguid, 2009.
[13, 11, 19, 27, 37, 38]. Development and analysis of EST-SSRs for flax
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