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Abstract: Agro-morphological characters and three different molecular marker techniques (RAPD, 
ISSR and SRAP) were used for assessing the genetic diversity among 13 sunflower genotypes. 
Correlations between phenotypic and genetic distances were determined and the genotypes were 
classified into groups based on molecular profiles and agro-morphological traits. Highly significant 
variation among genotypes was observed for all studied traits. The mean agro-morphological 
dissimilarity (4.05 with a range of 0.979 - 7.128) was high in comparison to dissimilarity calculated 
using molecular markers (0.089 with a range 0.014-0.164). Cluster analysis based on agro-
morphological traits revealed two major distinct groups with one Line (Line-63) forming independent 
cluster. A total of 183 DNA fragments were amplified by 15 primers from all genotypes with an 
average 12.2 bands/primer. Out of fragments 85 (46.45%) showed polymorphism. Cluster analysis 
based on a combined RAPD, ISSR and SRAP data set revealed three major distinct groups with one 
Line (Line-63) forming independent cluster. Positive correlation was found between three molecular 
markers (r = 0.104: p < 0.01). A highly significant positive correlation (r = 0.606, p < 0.01) was found 
between the agro-morphological dissimilarity matrix and the matrices of genetic dissimilarity based on 
RAPD, ISSR and SRAP markers. 
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INTRODUCTION 

 
 Wild Sunflower (Helianthus annuus L.) is a self-incompatible crop (Heiser, 1954 and Heiser et al., 1969), 
whereas modern cultivars and hybrids are self-compatible and partially-to-strongly self-pollinated (Luciano et 
al., 1965 and Fick, 1978). Self-compatibility was apparently first discovered in elite germplasm (Luciano et al., 
1965 and Russell, 1952) and was subsequently used to exploit genetic variability for self-pollination in breeding 
programs.  
 Selfing seems to be primarily affected by floret desty, stigma orientation, and pollen agglutination (Segala 
et al., 1980 and Miller and Fick, 1997). Selection for increased self-pollination was practised in hybrid 
sunflower breeding programs and has pushed selfing percentages into the 80-100% range in modern inbred lines 
and hybrids (Fick, 1978; Fick, and Zimmer, 19764 and Fick and Rehder, 1977).   
 Several different methods are used to develop inbred lines depending on the source populations available 
and specific program objectives. The most common procedure involves selection of individual plants within 
open pollinated cultivars or segregating generation of planned crosses and after development inbred lines must 
evaluate its. 
 The utilization of induced mutagenesis in sunflower increases the potentialities of breeding when is used as 
a method for production of initial material. Mutagenesis can be used for increasing variability in sunflower 
which could hardly be obtained by the conventional breeding methods. Many researchers obtained mutants with 
useful characters for breeding through irradiation mutagenesis which include plants that combine early maturity 
with high oil percentage and thin hull, dwarf types with an increased number of leaves, plants with altered fatty 
acids composition and plants with high self- pollination (Encheva, 2009 and Kumar and Venkat Ratnam, 2010). 
 Identification of sunflower cultivars, lines and hybrids is mainly based on morphological traits which were 
among the earliest markers used in germplasm management (Stanton, et al., 1994) despite a number of 
limitations, including low polymorphism, low heritability, late expression, and vulnerability to environmental 
influences (Smith, and Smith, 1992; Konarev, 2000 and Muthusamy et al., 2008), which, in turn may affect the 
estimation of genetic relationships. However, if the traits are highly heritable, morphological markers are one of 
the choices for diversity studies because the inheritance of the marker can be monitored visually (Yoseph, 
2005). Despite the problems associated with this method, it continues to play a major role in studying and 
characterizing germplasm since it requires no complicated laboratory facilities and procedures. Molecular-
genetic markers have many advantages over morphological traits including higher information content, which is 
of primary importance for systematization and registration of collection specimens. During the last 15 years a 
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number of techniques, based on molecular markers, have been developed and used for genetic characterization 
of sunflower inbred lines, cultivars and wild species: simple-sequence repeat (SSR) (Iqbal et al., 2010; 
Garayalde et al., 2011); target random amplified polymorphism (TRAP) (Yue et al., 2009 and 2010); restriction 
fragment length polymorphism analysis (RFLP) (Alicia, 2002); amplified fragment length polymorphism 
analysis (AFLP) (Rachid et al., 2004 and Dong et al., 2007). The random amplified polymorphism DNA 
(RAPD) (Isaacs et al., 2003 and Wangsomnuk et al., 2011) and inter simple sequence repeats (ISSR) (Preeya et 
al., 2011) were among the earliest developed molecular tools used to assess plant genetic diversity due to 
technical simplicity and practical feasibility. For example, the RAPD and ISSR markers require no prior 
sequence information for the survey of plant genomes, but generally suffer from low resolution due to various 
issues associated with reproducibility; dominance and non-homologous DNA fragment (Nybom, 2004). The 
sequence-related amplified polymorphism (SRAP) (Li and Quiros 2001) represents another simple and reliable 
PCR-based marker tool for genetic diversity analysis (Ferriol et al., 2003 and Budak et al., 2004). 
 Using the traditional selfing method to determine the highly self-pollinated inbred lines in comparison with 
using the DNA markers might lead to saving time and effort when a strong correlation exists between the two 
methods.  
 The objectives of this study were: (i) developing new sunflower inbred lines through selfing and 
mutagenesis (ii) assessing genetic diversity and relationships among thirteen sunflower genotypes using agro-
morphological, RAPD, ISSR and SRAP markers (iii) determining the degree of association between genetic 
distance estimates based on agro-morphological traits and molecular markers, and (iv) classifying the genotypes 
into groups based on a combination of molecular profiles and morphological traits. 
 

MATERIAL AND METHODS 
 
 This work started in 2009 at the Farm of Plant Production Department, El-kufra City, Garyonus University, 
Libya by planting the open pollinated cultivar "Maiak" (Helianthus annuus L.) on 20th March, 2009. A total of 
500 plant were grown in a non-replicated experiment in rows set 60 cm apart with 20 cm between plants within 
a row. Just before flowering the best 100 plant were selfed and tagged. After harvest, the best (S1) heads were 
saved and regrown in a non-replicated experiment on 1st July, 2009 to obtain S2 achene. Selfing and selection 
were repeated twice in 2010 until the S4-generation. Eight inbred lines (S4) were thus recovered from the open 
pollinated cultivar "Maiak" namely, (Line- 7, Line- 20, Line-30, Line-35, Line-45, Line-48, Line-63 and Line-
66). In addition three new mutants, namely M2-63a, M2-63b and M2-63c were obtained from treating the seeds 
of inbred line-63  (S3) with gamma rays (Co60 source)  at three doses, namely 70, 100 and 150 Gy, and the seeds 
were planted in the field a day after irradiation to obtained M1-63a, M1-63b and M1-63c. The necessary 
phenotypical observations and biometrical measurements were made during the vegetation period. Part of the 
plants, produced from treatment with gamma rays were isolated in paper bags and self-pollinated in order to 
obtain M2. The eight inbred lines, the three new mutant forms M2-63a, M2-63b and M2-63c along with the base 
population; Maiak and a check cultivar Sakha-53 were evaluated in a randomized complete block design with 
three replications at Experimental Farm, Faculty of Agriculture, Assiut University. Date of planting was at 1st 

May, 2011. The experiment was planted on 1st May, 2011 with three plots consisted of two rows, each was 3 m 
long and set 60 cm apart with 25 cm distance between plants within a row. From each row, five plants has been 
protected before flowering to obtain achenes from self-pollination (S.P) and left the rest of the plants without 
protection to get the achenes from open pollination (O.P). The recommended cultural practices for sunflower 
production were adopted throughout the growing season. Days to 50 % flowering were recorded on plot mean 
basis. At harvest, ten random plants/ plot from each genotype were collected to record the following traits: Plant 
height (cm), Head diameter (cm) (S.P), Head diameter (cm) (O.P) , achene yield/plant (g) (S.P) , achene 
yield/plant (g) (O.P), achene yield (S.P)/ achene yield (O.P) (%) and Oil (%). 
 
Genetic Relationships Between Sunflower Genotypes Based on Morphological Traits: 
 The mean values of the agro-morphological traits measured were calculated for all tested genotypes in order 
to detect patterns of genetic relationship among genotypes. Data analysis on the means was initially performed 
based on the Euclidean distance matrix. Firstly, the data were subjected to analysis to produce a matrix of 
dissimilarity values and the phenotypic distance between each pair of genotypes was estimated as Euclidean 
distance. Secondly, cluster analysis was conducted on the Euclidean distance matrix with un-weighted pair 
group method based on arithmetic averages (UPGAMA) to develop a dendrogram using computer program 
NTSYS-pc ver. 2.1 (Rohlf, 2000). 
 
Molecular Markers: 
DNA Extraction: 
 Total Genomic DNA of each genotype was extracted from the leaves of 2-weeks-old seedlings, bulked from 
5 different plants per genotype using CTAB protocol for plants (Murray and Thompson 1980) with some 
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modifications. RNA was removed from the DNA preparation by adding 10 μl of RNAase (10mg/ml) and then 
incubated for 30 min at 37°C. Concentration of DNA was measured at 260 nm in a spectrophotometer and the 
quality of DNA was checked by running 5 µl of genomic DNA on 0.8% agarose gel prepared in 0.5X TBE 
buffer. 
 
RAPD and ISSR Analysis: 
 Four ten-mer random oligonucleotide (RAPD) primers and Five Inter-simple sequence repeat (ISSR) 
primers (Table 1), obtained from (Metabion International AG), were tested in this experiment to amplify the 
template DNA. The reaction conditions were optimized and mixtures (25 μl total volume) were composed of 
11.0 μl dH2O, 3.0 μl 10X reaction buffer, 3.0 μl dNTP's mix, 2.0 μl primer, 4.0 μl MgCl2, 0.3 μl Taq DNA 
polymerase and [1 μl Template DNA (25 ng/ μL) for RAPD and 2.0 μL of genomic DNA (50 ng/ μL) for 
ISSR)]. Amplification condition were carried out in a TECHNE thermocycler (Model FTGEN5D, TECHNE, 
Cambridge Ltd, Duxford, and Cambridge, U.K.) with the following specification:  For RAPD, initial 
denaturation for 5 minutes at 94ºC (1st step), 40 cycles of 1 minute at 94ºC, 1 minutes at 34ºC and 2 minutes at 
72ºC (2nd step), 10 minutes at 72ºC, then followed by a final hold at 4ºC , for ISSR, initial denaturation at 94 oC 
5 min, 45 cycles of 1 min denaturation at 94 oC, 1 min annealing at 40oC and 2 min extension at 72 ºC followed 
by final extension for 10 min at 72 ºC, then followed by a final hold at 4ºC. 
 
SRAP Analysis: 
 Six Sequence-related amplified polymorphism (SRAP) primers (Table 1), obtained from (Metabion 
International AG) were tested in the present experiment, to amplify the template DNA. Amplification reactions 
were carried out in 25μL volumes, containing (11.7 μl dH2O, 3 μL of 10x buffer, 3.0 μL of dNTPs (2.5mM ), 4 
μL of Mg cl2 (25 m M), 1.0 μL forward primer, 1.0 μL reveres  primer (2.5 μ L ) ,0.3 μ L of Taq polymerase( 
5U/ μL) and 2.0 μL of genomic DNA (50 ng/ μL). Amplification was performed in a TECHNE thermocycler 
(Model FTGEN5D, TECHNE, Cambridge Ltd, Duxford, and Cambridge, U.K.). Programmed for an initial 
denaturation at 94°C 5 min, 10 cycles of 1 min denaturation at 94°C, 1 min annealing at 35°C and 2 min 
extension at 72°C, 35 cycles of 1 min denaturation at 94°C, 1 min annealing at 35 ºC and 2 min extension at 
72°C followed by final extension for 10 min at 72°C. 
 Amplification products were separated by horizontal gel electrophoresis unit using 1.4% (for RAPD 
analysis), 2% for (ISSR analysis) or 2.5% for (SRAP analysis) agarose gel. Electrophoresis was carried out 
under constant voltage of around 80V for approximately            3-3.5 hours. The banding patterns were 
visualized on a Transilluminator (Ultra-Violet Product, Upland, CA, USA,). 
 
Data Analyses: 
 Analysis of variance was done according to Gomez and Gomez (Gomez and Gomez 1984). RAPD, ISSR 
and SRAP-based molecular markers were scored visually using the software package MVSP (Multi-Variate 
Statistical Package) and DNA bands were scored as present (1) or absent (0). The pairwise comparisons between 
the tested isolates were used to calculate the coefficient of genetic similarity matrix (Gs) according to Nei and Li 
[Nei and Li 1979). Cluster analysis was presented as the dendrogram based on similarity estimates using the 
unweighted pair-group method with arithmetic average (UPGMA).  
 The correlation coefficients between the Euclidean distance matrix based on morphological traits and 
genetic distance matrix obtained with molecular markers were analyzed according to Mantel [Mantel, 1967] 
using NTSYS-pc. 
 
Table 1: Primer sequences and codes used. 

Primer codes Sequence (5’ to 3’) 
RAPD OPA04 5'-AAT CGG GCT G-3' 

OPA05 5'-AGG GGT CTT G-3' 
OPA06 5'-GGT CCC TGA C-3' 
OPA09 5'-GGG TAACGC C-3' 

ISSR HB 5'-CAC ACA CAC ACA AC -3' 
HB08 5'-GAG AGA GAG AGA GG -3' 
HB09 5'-GTG TGT GTG TGT GG -3' 
HB10 5'-GAG AGA GAG AGA CC -3' 
HB12 5'-CCA CCA CCA GC-3' 

SRAP Em 1a 5′–GAC TGC GTA CGA ATT AAT–3′ 
Em 1c 5′–GAC TGC GTA CGA ATT AAC–3′ 
Em 2 5′–GAC TGC GTA CGA ATT TGC–3′ 
Me1b 5′–TGA GTC CAA ACC GGA AG–3′ 
Me2 5′–TGA GTC CAA ACC GG AGC–3′ 
Me3 5′–TGA GTC CAA ACC GGA AT–3′ 
Me4 5′–TGA GTC CAA ACC GGA CC–3′ 

 



Aust. J. Basic & Appl. Sci., 6(13): 419-432, 2012 

422 
 

RESULTS AND DISCUSSION 
 
Performance of Genotypes: 
 Mean squares of different traits (Table 2) revealed highly significant differences among the derived lines 
for all studied traits indicating wide genetic variability among genotypes. Consequently, selfing and gamma rays 
mutagenesis were efficient in recovering new inbred lines or new recombinants from a cross pollinated crop like 
sunflower as reported by Encheva et al., 1993 and Jagadeesan et al., 2008. 
 Two inbred lines, namly Line-48 and Line-66 were significantly earlier in flowering than their donor Maiak 
variety, while two other mutants, namely M2-63a and M2-63b were significantly earlier in flowering than their 
donor Line-63 (Table 3). Moreover, two other inbred lines, namely Line7 and Line30 (63.33 day), were later in 
flowering than the two verities Maiak and Sakha53 which recorded 58.67 and 60.33 days, respectively.  All 
mutants M2-63a, M2-63b and M2-63c were significantly taller (191.67, 151.67 and 158.33 cm, respectively) 
than their donor Line-63 (86.67 cm). On the other hand, just Line-20 was significantly taller (243.33 cm) than its 
doner variety Maiak (201.67 cm). For the genotypes with low/self-pollination (Line-20, Line-66 and Sakha-53), 
the differences were evident in head diameter of both the resultant of self-pollination and open pollination. 
However, no differences in head diameter were observed in the resultant of self-pollination or the resultant of 
open pollination. The maximum achene yield/plant of the resultant of open pollination (120.00 g) was obtained 
from Line-20 which produced no achene from selfing. Line-45 was the best in achene yield / plant of the 
resultant of self pollination which equaled 91.06 % from the achene yield / plant of the resultant of open 
pollination. Meanwhle, Line-45, Line-7 and Line-30 showed greater achene yield / plant of the resultant of self 
pollination which equaled 91.06, 84.61 and 71.06 %, respectively as compared with 67.06 % for their donor 
variety Maiak. On the other hand, Line-20, Line-66 and Sakha-53 did not produce any achene yield from 
selfing. In general, the maximum oil percentage was obtained from lines with a weak ability to self-pollination. 
Evidently, the two mutants M2-63b and M2-63c surpassed their donor in oil percentage. These results are in 
agreement with many investigators who studied the performance of sunflower genotypes obtained from selfing 
and mutagenesis under different conditions [Encheva, 2009; Jagadeesan et al., 2008; Ghaffari et al., 2011; 
Muhammad and Mehdi, 2001 and Jehan et al., 2006). 
 
Table 2: Mean squares for the studied trait of 13 sunflower genotypes. 

Oil (%) Achene 
yield (S.P)/ 

Achene 
yield (O.P) 

(%) 

Achene 
yield/ 
Plant 
(O.P) 

Achene 
yield/ 
Plant 
(S.P) 

Head 
diameter 

(O.P) 

 
Head 

diameter 
(S.P) 

 

Plant height 
(cm) 

Days to 
flowering 

d.f s.o.v 

1.60 36.68 90.03 13.03 0.64 1.72 0.01 0.64 2 Rep., 
15.74** 3921.38** 2294.64** 2350.33** 57.83** 54.31** 5317.52** 18.47** 12 Geotypes 

0.23 27.35 23.22 7.03 0.81 0.64 86.11 0.36 24 Error 
S.P = self pollinated progeny                            O.P= open pollinated progeny 
 
Table 3: Genotypes means for the studied traits. 

Oil (%) Achene 
yield (S.P)/ 

Achene 
yield 

(O.P)(%) 

Achene 
yield/ Plant 
(O.P) (g) 

Achene 
yield/Plant 
(S.P)  (g) 

Head 
diameter 

(O.P) 
(cm) 

 
Head 

diametre 
(S.P) (cm) 

 

Plant 
height 
(cm) 

Days to 
flowering 

Genotypes 

33.74 60.83 15.33 9.33 9.00 6.67 86.67 60.33 Line-63 
32.92 63.24 88.33 55.00 25.67 24.00 191.67 57.67 M2-63a 
37.77 7.10 65.67 4.67 17.33 16.67 151.67 57.00 M2-63b 
35.11 8.30 68.33 5.67 18.33 18.67 158.33 60.33 M2-63c 
32.08 67.06 97.00 65.00 23.00 24.00 201.67 58.67 Maiak 
32.62 84.61 51.67 43.67 18.67 16.33 126.67 63.33 Line- 7 
34.70 0.00 120.00 0.00 24.33 17.67 243.33 58.33 Line- 20 
32.15 71.49 107.33 76.67 22.67 19.00 190.00 63.33 Line-30 
32.60 46.79 75.33 35.00 18.00 16.67 153.33 63.00 Line-35 
30.86 91.06 52.00 47.33 16.33 15.67 133.33 62.33 Line-45 
38.99 1.46 90.00 1.33 16.67 16.67 203.33 57.00 Line-48 
33.82 0.00 87.00 0.00 22.67 16.33 210.00 57.00 Line-66 
33.94 0.00 57.33 0.00 18.67 15.33 150.00 60.33 Sakha-53 
0.80 8.70 8.00 4.40 1.50 1.30 15.50 1.00 L.S.D(0.05) 

 
Genetic Relationship Using Agro-Morphological Traits: 
Euclidean Distance: 
 Relationships among the thirteen genotypes based on standardized values of the quantitative agro-
morphological traits are presented in Table (4). The results showed that the dissimilarity matrix of the Euclidean 
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distance using agro-morphological traits between all pairs of inbred lines ranged from 0.979 between Maiak and 
M2-63a to 7.128 between Line-63 and Line-20. The average of distances among varieties was 4.05.  
 
Cluster Analysis: 
 Cluster analysis of the thirteen genotypes based on the standardized values of morphological traits was 
performed by UPGMA method and a dendrogram was constructed as depicted in Fig. 1. The dendrogram 
showed that Line-63 was separated in a single branch from the other genotypes, while the other genotypes were 
grouped into two major clusters.  The first cluster created two sub-clusters, one for Line-30 while the other 
comprised two genotypes M2-63a, Maiak which had the highest averages for achene yield/plant (S.P). The 
second sub-cluster included Line-7, Line-45 and Line 35. The second cluster comprised three sub-clusters; the 
first included the genotypes M2-63c and Sakha-53 while the second sub-cluster included M2-63b and Line-48 
which had the highest averages for Oil %. The third sub-cluster included Line-20 and Line-66.  

 
 
Fig. 1: A dendrogram of the thirteen sunflower genotypes as derived by UPGMA cluster from the Euclidian 

dissimilarity matrix are morphological traits. 
 
Table 4: Euclidean Distance matrix of the thirteen sunflower genotypes using morphological traits. 

 Line-
63 

M2-
63a 

M2-
63b 

M2-
63c 

Maiak Line-
7 

Line-
20 

Line-
30 

Line-
35 

Line-
45 

Line-
48 

Line-
66 

Sakha-
53 

Line-
63 

0             

M2-
63a 

6.935 0            

M2-
63b 

4.686 4.278 0           

M2-
63c 

4.64 3.598 1.861 0          

Maiak 6.916 0.979 4.613 3.754 0         
Line-7 4.031 3.959 4.335 3.186 3.805 0        
Line-

20 
7.128 3.558 3.653 3.204 3.748 5.32 0       

Line-
30 

6.55 2.879 5.206 4.007 2.307 3.013 4.319 0      

Line-
35 

4.396 3.524 3.669 2.209 3.278 1.539 4.113 2.496 0     

Line-
45 

3.872 4.124 4.685 3.544 3.837 1.006 5.566 3.22 1.865 0    

Line-
48 

5.778 4.57 1.62 2.618 4.802 5.22 2.997 5.383 4.292 5.544 0   

Line-
66 

5.907 3.316 2.654 2.336 3.633 4.587 1.652 4.416 3.533 4.741 2.648 0  

Sakha-
53 

4.063 4.14 2.225 1.083 4.306 3.173 3.574 4.371 2.295 3.478 3.159 2.423 0 
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 The range of Euclidean distance among all genotypes (0.979 -7.128) was relatively wide and the average 
(4.05) was quite high indicating that phenotypic variation among the genotypes was relatively wide reflecting 
genetic diversity of the loci controlling these traits and indicating the possibility of obtaining broad segregation 
for these characters. Similar finding was obtained by Presotto et al., 2009; Cantamutto et al., 2010; Kholghi et 
al., 2011; Darvishzadeh, 2012 and Milan et al., 2012.  
 
Molecular Characterization:  
 In the present investigation, three different molecular marker systems namely RAPD, ISSR and SRAP were 
used in order to study the genetic differences between the thirteen sunflower genotypes. 
 
Random Amplified Polymorphic DNA (RAPD): 
 The four RAPD primers amplified a total of 54 DNA fragments from the thirteen sunflower genotypes with 
an average of 13.5 bands/primer which ranged in size from 1037 bp to 164 bp (OPA05) (Fig. 2). Of the 54 
bands obtained, 29 (53.7 %) were polymorphic and 25 (46.3 %) bands were common to all genotypes studied. 
The highest percentage of polymorphic bands (80%) was obtained for primer OPA04 and lowest percentage 
(33%) for primer OPA05 (Table 5). Among polymorphic fragments, Unique DNA fragments with different 
sizes were detected in particular genotype but not in the others. The presence of a unique band for a given 
genotype is referred to as a positive marker while the absence of a common band served as a negative marker. 
Such bands could be used as DNA markers for genotype identification and discrimination. In this respect, three 
DNA fragments in Line-30 [492bp, 273bp and 212bp (OPA06)], were genotype-specific positive markers (Fig. 
2). Genotypes-specific negative markers were also recorded for Line-66 [227bp (OPA09)], Line-35 [841bp 
(OPA04)] and Line-63 [678bp (OPA04)] (Fig. 2). Such a level of polymorphism was consistent with some 
reports based on RAPD marker (Isaacs et al., 2003; Iqbal et al., 2008 and Wangsomnuk et al., 2011) In order to 
compare the extent of agreement between dendrograms derived from RAPD marker and morphological traits, a 
distance matrix was constructed for each assay and compared using Mantel matrix correspondence test (Table 
6). Positive correlation was found between RAPD marker and morphological traits (r = 0.462: p < 0.01). The 
RAPD technique used here was found to be quite effective in assessing the genetic variation among sunflower 
genotypes. By knowing about the diversity of exotic sunflower lines, a plant breeder can use the highly diverse 
lines in further breeding programs (Quagliaro et al., 2001). 
 
Table 5: Number of amplified DNA-fragments and polymorphic bands in thirteen sunflower genotypes investigated with RAPD, ISSR and 

SRAP primers. 

P
ri

m
er

s 

L
in

e-
63

 

M
2-

63
a 

M
2-

63
b 

M
2-

63
c 

M
ai

ak
 

L
in

e-
7 

L
in

e-
20

 

L
in

e-
30

 

L
in

e-
35

 

L
in

e-
45

 

L
in

e-
48

 

L
in

e-
66

 

Sa
kh

a-
53

 

T
ot

al
 a

m
pl

if
ie

d 
ba

nd
s

 N
o.

 o
f 

po
ly

m
or

ph
ic

 
 

ba
nd

s
 

%
 o

f 
 

po
ly

m
or

ph
ic

 
 

ba
nd

s
 

OPA09 14 11 17 15 13 17 15 16 15 17 17 15 14 19 10 52.63 
OPA04 3 6 9 8 6 5 8 7 3 5 7 8 8 10 8 80.00 
OPA06 8 7 10 8 7 8 7 12 9 9 10 7 8 13 7 53.85 
OPA05 9 10 10 9 10 10 9 10 10 10 10 9 9 12 4 33.33 

HB 4 8 5 6 8 7 6 7 7 7 6 6 6 8 4 50.00 
HB08 7 7 9 9 9 7 8 9 9 9 7 7 8 10 4 40.00 
HB09 6 6 6 10 9 8 8 9 9 9 9 9 10 10 4 40.00 
HB10 8 9 7 8 8 8 9 9 7 8 9 9 8 9 2 22.22 
HB12 7 8 8 7 8 5 6 6 7 5 7 6 7 10 7 70.00 

EM2-me3 12 14 11 11 14 14 14 12 12 14 13 14 11 15 5 33.33 
EM1a-

me4 
8 10 12 11 10 11 13 11 12 11 12 13 12 14 8 57.14 

EM1ame2 9 13 11 13 13 13 11 12 13 13 10 11 13 15 7 46.67 
EM2-
me1b 

11 11 13 11 11 13 12 12 13 13 13 12 11 13 2 15.38 

EM3-me4 6 7 7 13 6 12 12 6 5 12 6 12 13 14 9 64.29 
EM1c-

me3 
9 10 9 8 10 8 10 10 9 8 9 11 9 11 4 36.36 

Total 121 137 144 147 142 146 148 148 140 150 145 149 147 183 85 46.45 
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Fig. 2: Agarose gel electrophoresis of amplification products obtained with RAPD primers in thirteen sunflower 

genotypes. 
 
Table 6: Correlation between dissimilarity matrices obtain with morphological traits and molecular markers analyzed according to Mantel 

test. 
Distance matrixes Correlation 

Morphological + RAPD r =    0.462 
Morphological + ISSR r =    0.446 
Morphological + SRAP r =    0.346 

RAPD + ISSR r =    0.177 
RAPD + SRAP r =    0.277 
ISSR + SRAP r =    0.208 

RAPD + ISSR + SRAP r =    0.104 
Morphological + RAPD + ISSR + SRAP r =    0.606 

 
Inter-Simple Sequence Repeat (ISSR): 
 Five ISSR primers showing reproducible and polymorphic patterns were chosen for genotype identification 
and generated a total of 47 bands with an average of 9.4 bands per primer. The size of DNA fragments ranged 
from 107 to 613 bp (Fig. 3). Of the 47 bands produced, 21 (44.86%) were polymorphic. The number of 
polymorphic bands detected with each primer ranged from [2 (HB10) to 7 (HB12)] (Table 5). Among 
polymorphic fragments, one unique positive marker was detected for line-7 [167bp (HB12)] and three negative 
markers were detected, one fragment for Line-63 [395bp (HB)] and two fragments for Line-7 [328bp and 300bp 
(HB12)] (Fig.3). Similar reports were reported by  Kumar et al., 2010 Preeya et al., 2011 and Garayalde et al., 
2011. 
 Mantel's test is presented in Table (6). The test showed significant positive correlation between ISSR 
marker and morphological traits (r = 0.446: p < 0.01).  
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Fig. 3: Agarose gel electrophoresis of amplification products obtained with ISSR primers in thirteen sunflower 

genotypes. 
 
Sequence-Related Amplified Polymorphism (SRAP):  
 In the present study, the six SRAP primer combinations amplified a total of 82 DNA fragments from 
thirteen sunflower genotypes with an average of 13.7 bands/primer ranged in size from 930bp (Em3 – me4) to 
47bp (Em1a – me2), (Fig. 4 and 5). Of the 82 bands obtained, 35 (42.68%) were polymorphic. The number of 



Aust. J. Basic & Appl. Sci., 6(13): 419-432, 2012 

427 
 

polymorphic bands detected with each primer combination ranged from 2 (Em2 – me1b) to 9 (Em3 – me4) 
(Table 6 and Fig. 4). The maximum number of amplified DNA fragments (15 bands) was obtained for primer 
combination (Em1a – me2) and minimum (11 bands) for primer combination (Em1c – me3) (Table 5). One 
unique positive marker was detected for Line-30 (473 bp Em1a – me4) and one negative marker unique for 
Line-63 (553 bp Em1a – me4). Similar results were reported by Preeya et al., 2011. 
 A significant positive correlation was found between SRAP marker and morphological traits using Mantel 
test (r = 0.346: p < 0. 01) (Table 6).   
 From the three molecular marker systems (RAPD, ISSR and SRAP primers), a total of 183 DNA fragments 
were amplified by 15 primers from all genotypes with an average 12.2 bands/primers. Out of these fragments 85 
(46.45%) showed polymorphism and 98 (53.55%) bands were common in all studied genotypes. The results 
showed that Line-45 displayed the higher number of DNA fragments (150 bands), while Line-63 revealed the 
least number of bands (121 bands) (Table 5).  
 The results showed that the fragments of molecular sizes 492 bp, 273bp and 212bp generated by OPA06 
primer and the 473 bp fragment generated by EM1a-me4 primer appeared in genotype Line-30 which had the 
highest achene yield (S.P), while these fragments did not appear in the other genotypes. Such fragments may 
play an important role in producing high yield-plants. On the other hand, the absences of these DNA bands in 
addition to the [551bp (OPA05), 446bp (HB) and 514bp (EM1a-me2)] DNA fragments in the lowest achene 
yield genotypes Line-63, M2-63b, M2-63c, Line-20, Line-48, Line-66 and Sakha-53 suggested that these 
fragments may be related to achene yield / plant. The 138 bp fragment generated by HB primer appeared in M2-
63a and Maiak which had the highest averages of head diameter (S.P), but did not appear in the other genotypes. 
Such fragment could be used as a positive marker for head diameter (S.P). One fragment at molecular size 248 
bp generated by OPA08 primer and two fragments at molecular size 377 bp and 281 bp generated by OPA05 
primer were appeared only in the genotypes M2-63b and Line-48 showed highest oil content, while not 
observed in the other genotypes these fragments could be used as positive markers for high oil content in 
sunflower using such tested primers. Fragments at molecular size 225 bp, 107bp and 240bp generated by 
(HB10, HB12 and EM2-me3 primers, respectively)  appeared only in the tolest genotypes M2-63a, Maiak, Line-
20, Line-30, Line-48 and  Line-66 and could be used as positive specific marker for Plant height and achene 
yield/Plant (O.P) using such tested primes.  
 The results showed that the genetic similarity between all pairs of genotypes ranged from 0.966 between 
Line-45 and Line-7 to 0.845 between Line-63 and Line-7 (Table 7).  
 The dendrogram generated based on a combined RAPD, ISSR and SRAP data set showed that the genotype 
Line-63 was separated in a single branch from the other genotypes, while the other genotypes were grouped into 
three major clusters. The first cluster included an individual genotype Line-30 and two genotypes M2-63a, 
Maiak in closely related group which had the highest average for head diameter (S.P). The second cluster is 
divided into three sub-clusters, the first sub-clusters included the genotypes M2-63c and Sakha-53, the second 
sub-cluster included Line-20 and Line-66 and sub-cluster 3 contained M2-63b and Line-48 which had the 
highest average for oil %. The third cluster comprised Line-7, Line-45 and Line 35 which were gave the highest 
achene yield from selfing. The differences between traits in groups lead to formation of the three major clusters 
(Fig. 6).  
 Relationships among the thirteen sunflower genotypes based on combined RAPD, ISSR and SRAP data are 
presented in Table (6). Positive correlation was found between three molecular markers (r = 0.104: p < 0.01).  
 The utility of these markers for detection of genotypes differences agrees with previous reports in other 
species (Budak et al., 2004; Liu et al., 2008; Kumar et al., 2010 and Preeya et al., 2011). 
 These results suggested that RAPD, ISSR and SRAP approaches showed considerable potential for 
identifying and discriminating sunflower genotypes. 
 
Correlation Dissimilarity Matrix Between Morphological Traits And Molecular Markers: 
  In order to compare the extent of agreement between dendrograms derived from agro-morphological traits 
and three molecular markers (RAPD, ISSR and SRAP), a distance matrix was constructed for each assay and 
compared using Mantel matrix correspondence test (Table 6). Comparing the clusters based on agro-
morphological traits with those from molecular markers indicated that there was a slight similarity between 
these clustering. The molecular markers data was highly significant positive correlation with morphological 
traits (r = 0.606: p < 0.01). The significant correlation indicate that these independent sets of data likely reflect 
the same pattern of genetic diversity and validate the use of these data to calculate the different diversity 
statistics for morphological traits in the sunflower genotypes. These results were in agreement with many 
investigators who studied the genetic diversity of sunflower and other species using molecular markers with 
morphological traits. These results were in agreement previous reports in other species and using different 
molecular marker techniques [Rachid et al., 2004 and Darvishzadeh, 2012]. 
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Fig. 4: Agarose gel electrophoresis of of amplification products obtained with SRAP primers in thirteen 

sunflower genotypes. 
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Fig. 5: Agarose gel electrophoresis of amplification products obtained with SRAP primers in thirteen sunflower 

genotypes. 

 
 
Fig. 6: Dendrogram of thirteen sunflower genotypes developed from RAPD, ISSR ans SRAP data using 

UPGMA analysis. The scale is based on Nei and Li coefficients of similarity. 
 



Aust. J. Basic & Appl. Sci., 6(13): 419-432, 2012 

430 
 

Table 7: Genetic similarity values calculated from 183 DNA fragments generated with 15 primers in thirteen sunflower genotypes.  
 Line-

63 
M2-
63a 

M2-
63b 

M2-
63c 

Maiak Line-
7 

Line-
20 

Line-
30 

Line-
35 

Line-
45 

Line-
48 

Line-
66 

Sakha-
53 

Line-
63 

1             

M2-
63a 

0.867 1            

M2-
63b 

0.859 0.853 1           

M2-
63c 

0.85 0.865 0.886 1          

Maiak 0.851 0.96 0.852 0.892 1         
Line-7 0.845 0.847 0.868 0.88 0.846 1        
Line-

20 
0.861 0.876 0.876 0.894 0.875 0.897 1       

Line-
30 

0.869 0.876 0.869 0.867 0.889 0.856 0.878 1      

Line-
35 

0.857 0.88 0.879 0.87 0.907 0.901 0.867 0.909 1     

Line-
45 

0.848 0.849 0.877 0.902 0.862 0.966 0.899 0.878 0.924 1    

Line-
48 

0.856 0.864 0.934 0.883 0.884 0.872 0.893 0.873 0.869 0.887 1   

Line-
66 

0.836 0.866 0.873 0.884 0.872 0.894 0.976 0.868 0.871 0.902 0.897 1  

Sakha-
53 

0.857 0.872 0.893 0.986 0.892 0.887 0.901 0.867 0.87 0.902 0.897 0.891 1 

 
Conclusion: 
 Selfing and inducing mutants by using gamma rays were efficient in recovering new inbred lines from a 
cross pollinated crop like sunflower. DNA markers can be used in marker assisted selection for high self-
pollination sunflower genotypes. The combination of agro-morphological and molecular markers may be useful 
in assessing genetic diversity in sunflower for conservation, breeding and other crop improvement activities. 
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