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ABSTRACT
Present study was carried out in the Department of Plant Breeding and Genetics, College of 
Agriculture, University of Sargodha, Sargodha, Pakistan during the year 2016-17. The objective 
was to improve the oleic acid concentration in sunflower edible oil. The parent P.I. 1806 showed 
significantly higher oleic acid when compared with other parent B-124. Contrastingly this parent 
showed lower oil contents. F2 population showed significant variation for both traits (Oleic acid 
and oil contents). Heritability estimates were moderate for oil contents and high for oleic acid 
showing that both traits were selectable under a specific environment. The selection for high 
oleic acid and oil contents was facilitated thro ugh marker assisted selection. Several primers 
were found to be polymorphic such as ORS-728, ORS-488, ORS-311 and ORS-591. As a result 
of marker assisted selection, 19 plants were selected in F2 to establish F3 plant progenies. 
Selected plant progenies were evaluated for the same traits which showed high selection 
response for both traits.
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INTRODUCTION
Sunflower (Helianthus annuus L.) is the 4th most 
important vegetable oil crop in the world. European 
countries account for about  50% of world production 
of sunflower (Rauf et al., 2017). Achene oil content 
of sunflower was found higher than the seed oil 
concentration of soybean (Prolea, 2009). It is used 
in cooking purpose such as deep frying, pre-cooked 
meals, salad dresser, bakery, snacks and bird food 
(Borredon et al., 2011). 
Sunflower has great potential for biofuel and dry agent 
in paint industry (Borredon et al., 2011, Jouffret et al., 
2011). Sunflower oil contained high concentration of 
linoleic acid, and moderate to low oleic acid (Sabrino et 
al., 2003). The configuration of fatty acids defines the 
use of sunflower oil (Piva et al., 2000). High oleic acid 
lines were used for nutritional and deep frying purpose 
while the oil with high linoleic acid is consumed as salad 
dresser, and in paint industries (Rauf et al., 2017). The 
amount of fatty acid such as oleic acid and linoleic acid 
was subjected to be modified through mutation and 
selection. 
Originally sunflower oil was rich in linoleic acid but it 
was modified for high oleic acid later in 20th century. 
Nu-Sun cultivar was developed having mid oleic acid 
and less amount of saturated fats, used for frying 

purpose without hydrogenation (Rauf et al., 2017). 
High oleic sunflower is commercially produced in the 
United States  and France which contributed less than 
5% of the total sunflower production globally. Selection 
for modified fatty acids also led to the development of 
high stearic acid breeding lines (Rauf et al., 2017). 
In plant breeding, the germplasm establishment 
is of great importance which could be utilized in 
developing inbred lines with superior combining 
ability. Different types of markers have been utilized to 
facilitate selection and establishment of inbred lines in 
segregating generation to achieve rapid homozygosity 
(Yu et al., 2002; Burke et al., 2002; Tang et al., 2002, 
2003; Tang and Knapp, 2003). The genetic maps may 
be linked with genes having economically important 
traits. These maps were useful in marker assisted 
selection (MAS) and gene pyramiding (Kapoor et al., 
2009). SSR markers also known as microsatellites are 
the most broadly used markers in the set of PCR based 
markers categorized by co-dominant inheritance, less 
cost and easy to use (Paniego et al., 2002).
On the basis of these back ground, present studies 
were conducted to select and develop progenies with 
high oil and oleic acid content through marker assisted 
selection.
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MATERIALS AND METHODS

Evaluation and selection of F2 plant materials
The selection of plant material was carried out during 
February, 2016 in the field area of Plant Breeding & 
Genetics, University College of Agriculture, University 
of Sargodha, Pakistan. The plant material was selected 
from an F2 population obtained from a cross between 
high oil content (PI.1806, argophyllus) and low oil 
content (B-124, annuus) species. F2 population was 
grown alongwith its parents and F1 population. Parents 
and F1 plants were represented by 15 plants in each 
replication while F2 population was represented by 50 
plants in each replication. The experiment was laid out 
in RCBD with two blocks. The plants in F2 were initially 
selected on the basis of single head, high fertility, and 
early maturity. All the plants were visually inspected 
periodically. The plants with multiple headings, poor 
fertility and late maturity were discarded. The fertility 
of heads was determined by the presence of pollen 
load and its ability for seed setting. On the basis of 
these characteristics, 45 plants were selected from 
F2 populations which were self pollinated and seeds 
were harvested separately. The heads were covered 
with netting bag to avoid pollen contamination of 
neighboring plants. All the plants were coded with 
institutional abbreviation “UCA” to maintain their 
identity. Some part seed of 45 plants were subjected to 
cold press for oil extraction. The plants showing high oil 
contents were further used to grow F3 progenies.

Evaluation of F3 plant material
Selected plant material was grown in the research 
area during August, 2016. All the 18 F3 plant progenies 
were grown in the research area in RCBD having three 
replications on loam type of soil under two locations. 
Each progeny was raised in single row having 30 plants. 
The length of each row was 9 meter. The fertility of soil 
was raised by adding diammonium phosphate fertilizer 
@ 90 kg acre-1 . Progenies were grown on raised bed 
with distance of 75 cm and Plant to plant distance of 
30 cm. Progenies were raised with plant production 
package applied to commercial crop. The weeds 
were managed through manual hoeing periodically  
in sunflower field. Three supplemental irrigations 
were given to avoid water stress. The irrigations were 
scheduled when soil moisture contents fell below the 
field capacity and water symptoms on plants. The field 
capacity was 18% calculated by mass of the soil. 

                       (Mass of saturated soil – Mass of the soil after drying)
Field capacity = ———————————————————————— × 0.5
                                                     Saturated soil mass

Competitive plants within each progeny was tagged and 
covered with netting bag to avoid pollen contamination. 

The progenies were regularly evaluated to determine 
the days to maturity, heading types and head fertility. 
Single heading types with good fertility were selected 
from the progeny for the determination of various 
morphological traits and oil quality. 

Oil contents:
Oil contents of the plant progenies were determined 
on the soxhlet apparatus. The 5g of seed sample (5 g) 
was oven dried to constant moisture at 45⁰C to avoid 
boiling of seed oil contents. The samples were crushed 
gently and enclosed in the thimble which later put in 
Soxhlet apparatus. Each sample was given enough 
time to obtain maximum oil contents in petroleum ether 
solvent. The seed chaff was removed from thimble 
gently oven dried to evaporate petroleum ether from 
seed sample.

                          Initial mass of seed sample — Mass of sample after solvent extraction
Oil contents = ————————————————————————————————— × 100
                                   Initial mass of the seed sample

Fatty acid profile 
Oleic acid was determined on gas chromatography. 
The 5g sample of seed was used to extract oil through 
cold press. The oil was transferred to 1.5 ml eppendorf 
tubes. Esterification of fatty acid was done by adding 
equal volume of methanol in 50 µL of oil. The solution 
was put in water bath and supernatant was aspirated 
through micro-pipette. Esterified fatty acids were 
determined on gas chromatography (M-3900, Varian, 
USA) through peak retention time of standard fatty 
acid. Samples were injected manually in the gas 
chromatography. 

Molecular characterization of sunflower
The DNA of parents (5), F1 (5) and F2 (70) plants were 
extracted from the leaves through method describe by 
Li et al., (2007). Mature leaves were used to obtain 
DNA as describe in the protocols. The details have 
been given in the paper and adapted as explained. The 
quality of DNA was confirmed through spectroscopy 
(Nano drop; 240/260) and gel electrophoresis and only 
high quality DNA of plants were used for molecular 
analysis.

Primers selection
DNA was amplified with various primers. These 
primers were selected from initial literature  showing 
polymorphism for oil or fatty acid profile. Details of 
the primers are given in Table 1. The primers were 
initially optimized on the parents and primers showing 
differential bands or polymorphic bands were selected 
for further analysis in F1 and F2 populations. Master 
mix for DNA application was prepared including 10× 
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Statistical analyses 
Data on oil contents and oleic acid of parents and 
F1 was obtained from 8 plants while 35 plants were 
used to obtain the data of same traits. The data of 
all plants were averaged and standard deviations 
were estimated on excel sheets. σ2 phenotype was 
estimated from variance of F2 population, σ2 genotype 
was estimated as: σ2 phenotype - σ2 environmental 
and σ2 environmental was estimated from the following 
formula: (σ2 P1+ σ2P2+2*σ2 F1)/4.  Heritability 
estimates were calculated as follows = σ2 genotype/ 
σ2 phenotype. Chi-sqaure values were calculated from 
the observed and expected characterization of bands.

         Calculated χ2= (Observed — expected)2/ (expected)

Progenies of the selected plants were grown and data 
on each progeny was estimated from five plants in each 
replication. Analysis of variance for F3 progenies was 
done to determine the significance of variation due to 
progenies. The data were averaged to show the mean 
values of  traits. Logistic  regression was carried out 
to determine the multiple R2 and dependence between 
the marker scoring and phenotypic data of oil and oleic 
acid contents.

RESULTS AND DISCUSSION

Mean values of oleic and oil contents in F2 
population
Various populations  were compared for oil and oleic 
acid contents in achene (Table 2). The comparison 
show that B-124 showed significant higher oil contents 
than PI. 1806. Moreover, there was significant 
difference (P ≤ 0.05) in the mean value of both parents. 

Contrastingly, oleic acid contents were higher in 1806 
parent while it was significant lower in B-124 (Table 
2). F1 hybrid showed oil contents lower than B-124 
but significantly higher (P ≤ 0.05) than PI 1806. On 
the other hand, oleic acid contents of F1 were closer 
to PI. 1806, and significantly (P ≤ 0.05) higher than 
B-124 (Table 2). Over all mean of F2 was lower than 
F1 population but statistically similar to F1 population. 
However, F2 population enclosed high genetic variation 
as indicated from the range and phenotypic variance 
estimate of F2 plants. The heritability estimates were 
high for oleic acid contents while it was moderate for 
oil contents.

Table 2. Variation in various populations of sunflower for oleic 
acid and oil contents

Populations Oleic acid Oil contents
PI.1806 42.43a±1.43 24.10c±1.40
B-124 24.28c±1.56 38.47a±1.08
F1 35.52b±1.08 32.35b±2.19
F2 35.25b±7.08 31.60b±3.57
F2 Range 19.21-48.54 24.37-37.81
σ2 phenotype 53.44 10.99
σ2 genotype 47.40 7.58
σ2 environment 6.04 3.41
Heritability (Broad sense) 0.89 0.69

Molecular characterization of F2
DNA of the parents was amplified with various primers 
listed in Table 1. However, among these primers 
only four primers were found polymorphic (Table 3). 
The segregation of F2 bands was found insignificant 
deviation (P ≥ 0.05) to mendalian monogenic 1:2:1 
ratio, showing perfect population size of F2 population 
for marker data. However, Primer ORS-488 showed 
significant ((P ≤ 0.05) deviation from random 
segregation (Table 4). 

2µL buffer, 1.6µL MgCl2, 2µL dNTPs 2µL primer pairs 
and 2 units of Taq polymerase. DNA was amplified on 
touchdown profile (94ºC denaturation for 5 minutes 
and one cycle followed by 30 cycles of 94ºC for one 
minute and annealing temperature range 50 to 60ºC for 

one minute with 1ºC decrease per cycle and extension 
72ºC for 45 second). Final extension was done for 10 
minutes. The bands were resolved on 2% agrose gel 
and bright full distinguishable bands were used for 
scoring of polymorphism.

Table 1. List of the primers used in the study
Primer Forward sequence Reverse sequence Linkage group
ORS 488 CCCATTCACTCCTGTTTCCA CTCCGGTGAGGATTTGGATT LG3
ORS 1068 AATTTGTCGACGGTGACGATAG TTTTGTCATTTCATTACCCAAGG LG4
ORS 928 CATGGTTATTTTGGTTTGGGTTT GCTATTATCATGTCCTTGTCCTTTT LG7
ORS 1088 ACTATCGAACCTCCCTCCAAAC GGATTTCTTTCATCTTTGTGGTG LG10
ORS 920 CGTTGGACGAAGAACTTGATTT ACTTCCGTTTGTTCCGAGCTT LG16
ORS 988 TTGATTTGGTGAAAGTGTGAAGC CGAACATTATTTACATCGCTTTGTC LG17
ORS581 TCTCGTATAACGTGCCCTGA ATCTTATGGTCCGCACAAGC
ORS728 CTCCATAGCAACCACCTGAAA CCAAACTCTGAATGATACTTGTGAC
ORS591 TTTTATTCTACGCAGACAAGACG GTTGCAGGAAAGGTCGAAAG
ORS-296 CCTTGCACTTAGCCCA GCATTCACAACAAACATCATCA
ORS-311 TCCCGAATTAGCCAAAGAAC GGTGTGGGTGTTGCAGCTAT 

ORS-321 TGTCGAAGAGTTGTCGGAAC GGGAAGGTGAAACCCTAACC
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ORS-728
ORS-728 amplified two bands of different sizes in 
parents (P.I. 1806 and B-124). The band of 250 bp was 

amplified in PI. 1806 and 350 BP in B-124 (Fig.3; Table 
3). The band segregating ratios in F2 plants showed that 
band A250 band was present in 13 plants and 13 plants  
had B350 band while 24 plants   showed heterozygous 
band A250/ B350. The plants showing homozygous 
genotypes as depicted by marker ORS-728  were  
determined  for  oil  and  oleic   acid  contents.
Multiple regression equation showed significant (P ≤ 
0.05) dependence of phenotypic (oil and oleic acid) and 
marker data (Table 5). On the basis of marker ORS-
728, plants were grouped into two types. The plants in 
one group were genotyped as “A250” while other group 
was genotyped as B350 (Fig. 3).  The oleic acid and 
oil contents of both group was averaged and shown 

ORS-488
ORS-488 amplified two types of bands in parents 
which were used in generating F2 population (Fig.1; 
Table 3). P.1806 showed band of 250 BP while B-124 
showed band of 180 BP. The band segregating ratios 
in F2 plants showed that bands A250 band was present 
in 16 plants and 20 plants had B180 band while 18 
plants showed heterozygous band A250/ B180. The 
plants showing homozygous genotypes as depicted 
by marker ORS-488 were determined for oil and oleic 
acid contents. Multiple regressions between the oil and 
oleic acid contents and molecular data was significant 
(P ≤ 0.05) showing that loci ORS-488 could explain 

variation in both traits (Table 3-4). On the basis of 
marker ORS-488, plants were grouped into two types. 
The plants in one group were genotyped as “A250” while 
other group was genotyped as B180 (Fig. 2).  The oleic 
acid and oil contents of both group was averaged and 
shown in Figure 2. The grouping showed significant 
differences in the mean value of both oleic acid and oil 
contents. The plants carrying marker A250 showed Oleic 
acid (39.25%) and oil contents (32.78%) which was 
significantly higher than plants carrying marker B180. 
The plants in group A showed about 23% and 14% 
increase in the oleic acid and oil contents respectively 
than plant in group B (Fig. 2).

Table 3.  List of Primers with polymorphic bands and segregating ratios in F2 generation

Primer Band Size Linkage Group F2 segregating ratios Cal-Chi Multiple R2

P.I. 1806 B-124 A AB B
0RS-728 A250 B350 LG1 13 24 13 0.12 NS 0.61
ORS-311 A350 B300 - 13 27 13 0.01 NS 0.38
ORS-591 A300 B250 LG13 14 20 19 4.66 NS 0.21
ORS-488 A250 B180 LG3 18 18 20 7.34* 0.89

Table 4. Best fit logistic regression equation between the oil, oleic acid and molecular data
generated by ORS – 488

Components coeff b s.e. Wald p-value exp(b) lower upper
Intercept -14.029 4.45 9.94 0.00 8.08E-07
Oil 0.27 0.13 4.54 0.03 1.31 1.02 1.68
Oleic 0.16 0.08 3.62 0.05 1.17 0.99 1.38
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in Fig 4. The grouping showed significant differences 
for oleic acid but insignificant difference for oil contents 
(Fig.3). The plants carrying marker A250 showed Oleic 
acid (39.07%) and oil contents (32.05%). The plants in 

group A showed about 18% and 13% increase in the 
oleic acid and oil contents than plant in group B (Fig. 
q3). These results showed that marker ORS-728 was 
effective in selection for high oleic acid and oil contents.

Marker ORS-311
ORS-311 differentiated the parents on the basis of A300 
and B250 bands (Table 3). The band of A300 was amplified 
in the P.I. 1806 parent while band B250 was amplified 
in B-124 plants. The F1 was heterozygous and both 
bands were amplified when their DNA was amplified 
with ORS-311. There were 13 plants in F2 plants having 
A300 and B250 bands while 27 plants  contained both A300/
B250 bands thus scored as heterozygous. The plants 
containing A or B bands were separately grouped. The 
plants having B250 band had oleic acid higher than plant 
containing A300 band. However, this increase was not 
significant due to high standard deviation between the 
groups. The grouping on the basis of bands generated 
by the ORS-311 did not give any difference for oil 
contents (Fig. 4).  

ORS-591
ORS-591 differentiated parents P.I. 1806 and B-124 
through A300 and B250 bands respectively (Table 3). 
Both bands were observable in F1 and thus confirmed 
its origin from the parents. The bands segregation ratio 
in F2 was 14:20:19 for A300 : A300/B250 : B250 plants. The 
plants containing A300 band and B250 were separately 
grouped and their Oleic acid and oil contents were 
determined. The containing A300 showed higher oleic 
acid contents 37% while B250 had 34% showing no 
significant difference in the two groups. Thus marker 
was not found useful for selecting high oleic acid plants 

in F2 generation. Similarly, there was no significant 
difference for oil contents in the selected groups (Fig. 
5).

Evaluation of F3 progenies for oil and oleic acid 
contents
Plant progenies were evaluated and subjected to the 
analysis of variance. Data showed  significant (P ≤ 
0.01) variation among the progenies for both traits. The 
overall mean of F3 progenies was 33% in comparison to 
overall mean of F2 (32.60%) showing selection response 
of 1.40% per generation. Among the progenies UCA-
127 (37%) showed the highest oil contents while UCA-
77 showed the lowest oil contents of 32%.  Over all 
mean of F3 progenies was 39% for oleic acid contents 
(Fig. 6) while unselected F2 population had 35.25% 
oleic acid contents (Table 2). The difference showed 

Table 5.  Best fit logistic regression between the oil, oleic acid and molecular data generated by ORS-728
Components coeff b s.e. Wald p-value exp(b) lower upper
Intercept -44.88 23.47 3.66 0.06 3.22E-20
Oil 0.87 0.41 3.37 0.05 2.39 0.94 6.09
Oleic acid 0.50 0.22 3.00 0.05 1.65 0.93 2.93
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the selection response of 3.32% per generation for 
oleic acid. Among the progenies, UCA-25 and UCA-78 
showed the highest value for oleic acid while UCA-56 

showed the lowest oleic acid contents (Fig. 6). The two 
line also had above average oil contents which could 
be utilized for development of inbred lines.

Development of sunflower breeding lines with high 
oil and modified  fatty acid is one of the important 
sunflower breeding goals (Rauf et al., 2017). Parental 
lines differing for high oleic and oil contents were used 
for development of F2 population. The parent P.I. 1806 
showed significant higher oleic acid when compared 
with other parent B-124 (Table 2). Contrastingly this 
parent showed lower oil contents. Selection was 
carried out within F2 populations for multiple traits such 
as single heading , pollen fertility, and early maturing 
plant types. However, selection was finalized on basis 
of oil contents  and oleic acid  within F2 population. F2 

population showed significant variation for both traits. 
Heritability estimates were moderate for oil contents 
and high for oleic acid showing that both traits were 
selectable under a specific environment. Higher 
estimate of heritability indicated lower masking of the 
genotypes under specific environment (Rauf et al., 
2012). 
Improving oleic acid and oil contents were not new 
breeding objectives in sunflower (Rauf et al., 2017).  
It has shown that high oleic acid were developed 
in sunflower breeding lines due to mutation in the 
development linoleic acid path ways and increase in the 
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oleic acid occurred at the expense of the linoleic acid. 
However, mutant lines are generally accompanied by 
defects such as lower breeding value in hybrid breeding 
program. Moreover, high oleic acid lines were also 
subjected to environmental specific expression such 
as hot climate. Therefore, it was important to diversify 
the source of high oleic acid in sunflower which could 
be utilized in hybrid breeding. 
The selection for high oleic acid and oil contents was 
facilitated through marker assisted selection. Several 
primers were found to be polymorphic such as ORS-
728, ORS-488, ORS-311 and ORS-591. In another 
study, 37 SSR markers were used to identify oleic acid 
content trait. The results revealed 10 SSR primers 
showing polymorphism between high and low oleic acid 
lines. Therefore, it was possible to identify the genetic 
markers associated with high oleic acid trait in sunflower 
genotypes (Singchai 2013). However, this study did 
not validated markers in segregating population. These 
molecular markers were useful in the confirmation of 
hybrid as these depicted heterozygous genotype of F1 
hybrids. However, segregation of bands i.e. A250 was 
generated by ORS-488 linked with high oleic and oil 
contents. Grouping on the basis of contrasting bands 
showed significant differences in oleic acid and oil 
contents. The same marker was used to select the 
homozygous high oleic acid and oil contents in the 
F2 population. As a result marker assisted selection, 
18 plants were selected in F2 to establish F3 plant 
progenies. 
Selected plant progenies were evaluated for the same 
traits which showed high selection response for both 
traits. Among the traits, oleic acid contents showed 
higher selection response than oil contents. Thus, 
showing that MAS selection had differential impact 
on both traits and it was more strongly correlated with 
oleic acid than oil contents.       
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