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S unflower (Helianthus annuus L.)
remain one of the essential produc-
ers of edible oil over the world, and con-
sider an excellent source of unsaturated
fatty acids, necessary protein, fibers and
essential nutrients like vitamins such as
(A, D and E) (EI-Wakil, 2014). The wild
sunflowers genus Helianthus is a diploid
species (2n = 2x = 34), are branched an-
nuals and perennials of family Asteraceae
originated in North America (Bukhsh et
al., 2011; Aboki et al., 2012). Egypt is
facing a considerable reduction in the pro-
duction of edible oil and imports annually
about 93% to supplement the needs for oil
to meet the increasing consumption.
Therefore, it is representing that the best
choice for increasing local production of
edible oils to overcome the shortage of its
production (Kandil et al., 2016). Appar-
ently, classification of sunflower geno-
types based on morphological characteris-
tics were associated with the environmen-
tal changes, making classifications based
on morphological traits unreliable. Hence,
with the aid of molecular identification of
sunflower, it is becoming easier and faster
to evaluation the genetic diversity and
structure of plant populations using both
morphological characters and molecular
markers (Zhang et al., 2015). Therefore,
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selection by molecular markers is particu-
larly a useful approach to improve the
genetics of yield-related traits and to en-
hance the development of marker-assisted
selection (MAS) methods. Amplified
Fragment Length Polymorphism (AFLP)
is a molecular technique with high resolu-
tion, efficiency, reproducibility, and no
prior sequence information for the identi-
fication of genetic diversity of plants is
needed (Mueller and Wolfenbarger,
1999). AFLP is bi-allelic, dominant and
they typically cover the entire genome
though they sometimes tend to cluster
around centromeres (Manel et al., 2010).

Another system to make AFLP
bands relatively clear was by limiting
homoplasy, via in-silico AFLP analysis
(Zhang et al., 2014). li is a computational
tool to evaluate theoretical results of PCR
amplicons amplified from sequenced ge-
nome or transcriptome (Boutros and
Okey, 2004). In-silico PCR analysis was
helpful to test the efficiency of PCR
marker techniques and identify potential
genes with the genome coverage
(Alsamman et al., 2017). Amongst AFLP
protocol, fluorescent dye labeling fluores-
cent (F-AFLP) protocol was the result of
an optimization process using a capillary
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sequencer to achieve high polymorphism,
reproducibility, and sensitivity ease of
genotyping together with a wide abroad of
fragment resolution (Wolf et al., 2004;
Yang et al., 2016a). F-AFLP also was
known as a genome scan for identifying
marker loci that are linked to selectively
relevant target loci through ‘genetic hitch-
hiking’ (Luikart et al., 2003). Genome
scans are widely used to detect signatures
of local adaptation to environmental con-
ditions among plant populations, especial-
ly for species whose genomes have not
been sequenced (Yang et al., 2016a). It
can potentially be discovered by a strong
correlation between allele frequencies and
environmental parameters (Coop et al.,
2010). Recently, an increased emphasis
has been placed on developing AFLP-
based genome scans to revel outlier loci
linked to of floral divergence (Herrera and
Bazaga, 2008); host plants (Manel et al.,
2010); insecticide resistance (Paris et al.,
2010) ecotype divergence (Yang et al.,
2016a); adaptation to altitude (Yang et al.,
2016b); or selection during domestication
(Rossi et al., 2009).

Salinity is one of the problems that
restrict production of crops in arid and
semi-arid areas. Egypt is one of the coun-
tries that have been profoundly affected
by salinity, and a large area of agricultural
lands is now rated as unproductive as a
result of salinity (Athar and Ashraf, 2009).
Quantitative real-time polymerase chain
reaction (QRT-PCR) is a necessary tech-
nology used to analyze gene-expression
levels and become a high-throughput
method for accurate gene-expression pro-

filing (Zhang et al., 2016). qRT-PCR can
be used to calculate low gene copy num-
ber differences in abundances of a tem-
plate and low gene expression levels (Lu
et al., 2012). Intracellular signaling via
calcium-dependent protein kinases
(CDPKs) and pyrroline-5-carboxylate
synthetase (P5CS) were as two significant
pathways that are involved in the signal-
ing of abiotic and biotic stresses in plant
cells and widely used to react to a chang-
ing environment (Mehlmer et al., 2010).
As is well known CDPKs plays essential
roles in cell signaling and plant growth,
development, and response to environ-
mental cues and crucial sensors of Ca*
flux resulting from salt stress, as well as,
signal transduction of calcium within and
out of cell vacuole (Cai et al., 2015).
However, proline accumulation is an es-
sential mechanism for osmotic regulation
under salt stress, P5CS and glutamate de-
hydrogenase activities, the key enzymes in
the glutamate pathway of proline biosyn-
thesis, and up-regulated P5CS expression,
but it decreased the activity of proline
dehydrogenase (Pro DH), a key enzyme of
proline degradation (Yang et al., 2016a).
In the current investigation, we sought to
determine a new basis for the ongoing
discussion about; first, to assess the yield-
related traits with an AFLP genome scan
to identify candidate loci by selection
along an population structure, secondly,
discovering genome coverage using in-
silico PCR analysis and finally, screening
the sunflower genotypes under investiga-
tion for their salt tolerance and select the
most promising genotypes in salt tolerance
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and evaluation of gene expression using
qRT-PCR.

MATERIALS AND METHODS
Sampling collection

Fourteen sunflower genotypes were
kindly obtained from various sources, Qil
Crops Research Department, Field Crops
Res. Institute (FCRI), Agricultural Re-
search Center (ARC), Giza, Egypt, and
The National Gene Bank of Egypt (NGB),
their names and sources are presented in
(Table 1).

Morphological traits

A field experiment was conducted
to evaluate fourteen sunflower genotypes
for their morphological, yield and yield
components traits. The studied yield relat-
ed traits are; plant height (cm), number of
leaves/plan, stem diameter (cm), head
diameter (cm), head weight (g), seeds
weight (g), number of seeds/head and
1000 seeds weight (g).

DNA extraction

Genomic DNA was extracted using
Gene JET™ Plant Genomic DNA Purifi-
cation Kit (#K0791, Thermo Scientific,
Lithuania). The quality and concentration
of the DNA samples were checked in a
Quawell Q5000 UV-Vis spectrophotome-
ter (V2.1.4, USA). A portion of the DNA
was diluted to 50 ng/ul for use in F-AFLP
analysis. Both the stock and diluted por-
tions were kept at -20°C.

Testing DNA contamination

Testing DNA for possible Eukary-
otic DNA contamination was performed
by amplifying the internal transcribed
spacer ITS region according to (White et
al., 1990). Samples showed an only a sin-
gle band at the expected length (~600 bp)
were considered for further analysis.

F-AFLP protocol

The original protocol of Vos et al.
(1995) was applied, the primers were
fluorescently rather than radioactively
labeled as a modification (Table 2). Six
different selective PCR combinations
were successfully applied to 1¢ speci-
mens. PCR amplification was performed
using the original protocol without modi-
fications. Private Service was contracted
to visualize the amplified products using
ABI3730 DNA analyzer (Applied
Biosystems, USA) with a size standard
GS500-LI1Z (Macrogen Fragment Analysis
Service, Korea).

In silico PCR analysis

The overall genome length of an-
chored scaffolds in the merged assembly
was 2.45 Gb about 68% of the 3.6 Gb
sunflower genome, was used as template
for the in-silico PCR analysis against all
studied of six AFLP primer combinations,
Table (2) to reveal the possible PCR
amplimers. In home PERL scripts were
used for performing the in-silico PCR
analysis and detect adjoin genes. For the
primer genome coverage statics, the over-
lap layout consensus algorithm was used
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to report each primer-covering area. This
algorithm ensures that if two PCR
amplimers share same genomic areas,
only the collective area will be reported,
and redundant area will be removed. The
same algorithm was used for genome se-
quence assembly. For calculating the total
coverage for each PCR marker type, all
in-silico PCR amplimers belonging to
each marker type were processed collec-
tively. The same procedure was conducted
in calculating the total primer set cover-
age. Circos software package (Circos
0.66) was used for visualizing output re-
sults in a circular layout.

Greenhouse salt tolerance screening

The rationale for this greenhouse
screening was to determine salt tolerance
sunflower genotypes under controlled
conditions through vegetative stages. Sev-
en sunflower genotypes were screened
during three replications. At the seventh to
tenth leaf stages, approximately two
weeks after planting three salt treatments
were used: 0 ppm (control), 4000 ppm and
6000 ppm NaCl the salt treatment was
initiated. Data recorded were number of
leaves, plant height, leaf length, root
length and fresh and dry plant weight.

RNA isolation

Total RNA was extracted using
plant RNA extraction kit (Zomanbio, Bei-
jing, China) according to the manufactur-
er’s instructions, and treated with RNase-
free DNase | (Takara, Dalian, China).
Equivalent amount of total RNA was
quantified using Quawell Q5000 UV-Vis

spectrophotometer (V2.1.4, USA). The
reverse transcription reactions were con-
ducted by almost 2 microgram total RNA
as template and with the kit from Takara,
which synthesizes first- and second-strand
cDNAs using random hexamer and oligo-
dT primers.

Real time PCR

Real-time PCR was performed
with Fast SYBR Green® LO- Rox master
mix (Bio Line, UK). Reactions were run
on a Strata gene Mx3000p (Agilent Tech-
nologies, Santa Clara, CA). Conditions
were: 10 min at 95°C, 40 cycles of 5s at
95°C, 45s at 60°C, 20s at 72°C. PCR
products were examined by melt curve
analysis. The reaction was achieved with
the primers (Table 3), each reaction was
repeated three times for each cDNA sam-
ple. Actin gene was used as a reference
gene for data normalization. The Ct values
that were used for further analysis were
obtained using the MxPro Mx3000P v3.00
software (Agilent Technologies, Santa
Clara, CA).

Data analysis

The collected data were statistical-
ly analyzed using CoStat program and
correlations between eight yield related-
traits were estimated. The differences
among means were compared using Dun-
can’s new multiple ranged test (Duncan,
1955). The results were considered signif-
icant at P<0.01. While, Regression analy-
sis was performed to define the dependen-
cy of 1000 seeds weight on other correlat-
ed variables.
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Molecular data
Loci scoring

Automated fluorescent AFLP scor-
ing was performed using two programs
Peak Scanner™ (Applied Biosystems,
USA) for peak calling and RawGeno V2
for automated scoring, according to the
software’s manuals. Loci with rare fre-
quency were cut-off (i.e., a frequency be-
low 10% and/or above 90%).

Population and genetic structure

Based on the F-AFLP, a graphic
demonstration of phylogenetic tree was
constructed using Kinship relationships
(KSR) according to VanRaden methods.
To gain further perspectives on the popu-
lation genetic structure among the sun-
flower germplasm, Principal Coordinates
Analysis (PCoA) was carried out to dis-
play the multidimensional genetic rela-
tionship and its partition among varieties
across the binary  matrix  using
TotalLab120 software (Schlueter and Har-
ris, 2006), taxonomic group was stated
prior.

Real-time PCR data analysais

The most commonly used method
for relative quantification is the 244
method. The relative difference in gene
expression using the 2" method was
calculated as follows: Relative fold
change in gene expression = 2744, where:
AAci = Agt control — Ag; treatment, and Agy

= (Ct genes — Ct actin gene) as shown in
Table (3).

RESULTS AND DISCUSSION

Correlation among yields—related traits

Correlations between eight yields—
related traits were evaluated among 14
genotypes of sunflower (Table 4). The
results indicated positive correlations be-
tween head diameter and the four traits
including; stem diameter, head weight,
seeds weight and number of seeds per
head, which recorded 0.6147, 0.7247,
0.6025 and 0.5453, respectively. A signif-
icant correlation was observed between
head weight and both of seeds weight
(0.8177) and 1000 seeds weight (0.6816).
However, seed weight/plant recorded
highly significant and positive correlation
with 1000 seeds weight (0.7640).

Molecular characterization

Amplification scoring and readability

PCR amplification was successful
for six pairs of primers combination as
exposed in the Table (7). Peak analyses
and automated band scoring were success-
ful, and quality tests showed adequate
quality. A total of 1007 amplicons were
scored with number of amplicons for each
primer pair ranged between 50-659 bp.
Out of 1007 amplicons, 981 were poly-
morphic amplicons (PA) accounting for
97.42% with the minimum and maximum
values of polymorphism percentage per
combination was 119 and 208, respective-

ly.
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Markers associated with vyield related
traits

Eight traits across the six combina-
tion of F-AFLP were used to detect the
marker-traits associations in sunflower
genotypes. In details, only 73 MAS were
generated within the studied traits (plant
height, number of leaves, stem diameter,
head diameter, head weight, seeds weight,
number of seeds per head and 1000 seeds
weight) ranged from 52 to 682 bp in size,
while the P-value for the association be-
tween F-AFLP markers and the aforemen-
tioned sunflower traits ranged from 2 to
3.66 under (p < 0.01), (data not shown).
The highest number of MAS was ob-
served with the following four traits, plant
height, 1000 seeds weight, head diameter
and number of leaves/Plant accounting for
19, 16, 11 and 11 molecular markers, re-
spectively. While, the lowest numbers of
MAS were shown with the following three
traits, head weight, number of seeds per
head and seed weight accounting for 2, 4
and 4, molecular markers, respectively.

In silico PCR analysis as revealed by the
F-AFLP markers

In the present study six primer
combinations of F-AFLP were used to
cover the genome scan of Helianthus
annuus across the 17 chromosomes. The
results indicated that in- silico analysis
created a total of 11671 amplicons with
coverage of 1378 genes. Out of 2.45 Gb,
only 1865440 bp was identified across the
six in-silico primer combinations with the
percentage of the total chromosomal being

0.0512% as shown in Table (6) and Fig.
(3). The highest number of band count
was observed in C1 primer combination,
while the lowest number was scored in C4
with (2882 and 601), respectively. Fur-
thermore, the highest and the lowest num-
ber of genome coverage were presented in
C6 and C4 primers combination being
473315 and 94821 bp, respectively. On
behalf to the gene count, C5 and C4 pri-
mer combinations scored the highest and
the lowest number of gene count being
322 and 100 genes, respectively. Chrl3
was the highest covered (0.055%), while,
Chr7 was the lowest (0.044%) using all
AFLP combinations. On the other hand,
C4 combination gave the lowest genome
coverage (0.0026%), while C6 gave the
highest genome coverage with 0.0129%.
However, Fig. (4) illustrate the percentage
of individual chromosome coverage
across the six combinations. Chromo-
somes number 1, 5, 16 and 9 showed the
highest percentages of chromosomes cov-
erage with the percentages of 10%, 8%,
8% and 8%, respectively. Whereas, chro-
mosomes number 11 and 15 revealed the
lowest coverage percentages of 1%.

Detection of positive selection signatures
(outlier’s)

The AFLP genome scan analysis
revealed 73 loci under selection among a
total of 1007 loci scored in this study. The
73 outlier’s loci were under directional
selection due to genetic variation assumed
to be related to seed production. Combina-
tion C3 showed the maximum number of
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outlier’s loci (24 loci), followed by C6 (22
loci), C2 (18 loci), C1 (5 loci), and finally
the pair of primer combinations C4 and
C5 exhibited the minority values of outlier
loci (2 loci). In conclusion, the difference
between the actual covered genomic areas
and the total area covered by the com-
bined data was about 75 kb. This may
suggested that these markers are located in
different genomic areas compared to the
total genome scan.

Assessment of genetic variation using F-
AFLP markers

Based on the F-AFLP, a graphic
demonstration of phylogenetic tree was
constructed using Kinship relationships
(KSR) according to VanRaden methods
(Fig. 6). Indeed, some differences in the
positioning among the fourteen Helian-
thus annuus. L genotypes were observed
in the consensus trees. In general, the re-
sults revealed that three strongly clades,
supported that resolved the species into
distinct branches among the fourteen He-
lianthus annuus L. genotypes. Out of the
fourteen genotypes, twelve were sorted
together into three clades, while the two
genotypes Luxorl3 and Luxorl4d were
clustered jointly as out-group in the basal
position of the tree. In details, the first
clade comprised jointly two sub-clads, the
first one included New Valley4 is close to
New Valley5. While, AlBuhayrah3 is
close to Qena2 in the second sub-clad,
however, Sakha53* is a common sister of
all other Helianthus annuus L. genotypes
in the first clade. In the second clade
Sohag10 and Luxorll were close together

as a sister to Luxorl2. Meanwhile, the
third clade represented Aswan is closely
related to Bani Sweif, at the same time
being sister to Sohag9 and Qena6.

To further determination of the ge-
netic relationships among the fourteen
genotypes of Helianthus annuus L. pome-
granate, a graphic demonstration of prin-
cipal component analysis (PCoA) was
presented (Fig. 7). The results indicated
that it could be divided into three major
categories.  Category |  comprised
Sakhab53*, Qena2, Al Buhayrah, New
Vally4 and New Vally5 close together in
the first group. Category Il assembled
Sohag10, Luxorll and Luxorl2. Howev-
er, Qena6, Sohag9, Bani Sweif, and As-
wan were closely related in Category IlI.
Meanwhile, Luxorl3 and Luxorl4 were
clustered alone in separate group and dis-
tantly related to the three main groups of
the two axes of PCoA. Interestly,
Sakha53* was isolated separately outside
all of Helianthus annuus L. genotypes. In
conclusion, KSR and PCoA results were
highly identical, with slight differences in
the position among the fourteen genotypes
of Helianthus annuus L.

Assessment of salt stress in sunflower
genotypes

Salt tolerance in the seven sun-
flower genotypes was assessed using the
following yield related traits (number of
leaves, plant height, root length and whole
plant dry weight). Table (9) presented the
overall reduction ratios across the four
traits. The results indicated that the differ-
ences among the seven sunflower geno-
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types were significant with the salt con-
centrations 4000 and 6000 ppm of NaCl,
in number of leaves, plant height, root
length and whole plant dry weight. S3
genotype recorded the lowest reduction
ratio with a rank of 1.5, while, S10 geno-
type was the highest reduction ratio with a
rank of 7. Therefore, it possible to con-
clude that Al-Buhyrah genotype was se-
lectively the most salt tolerant genotype
while, Sohag genotype was the most sen-
sitive one.

Gene expression profile of CDPKs and
P5CS in response to salt stress

Quantitative real time PCR was
carried out to validate and confirm the
mechanism of salt tolerance among the
most tolerant and sensitive genotypes (Al
Buhayrah) and (Sohag), respectively. The
results of expression patterns in response
to salt tolerance revealed significant in-
crease in the expression level of CDPKs
and P5CS. The expression of CDPKs in
the salt tolerant genotype (Al Buhayrah)
was up regulated in response to salt stress
with 2.464 folds over the control. On the
other hand, in the salt sensitive genotype
(Sohag) the gene expression was down
regulated from 1.39 in control to 0.38 in
treated plants with 0.273 folds below the
control. While, the results of expression
level of P5CS indicated that in the salt
tolerant genotype (Al Buhayrah) the ex-
pression was up regulated in response to
salt stress with 2.715 folds over the con-
trol. On the other hand, in salt sensitive
genotype (Sohag) the gene expression was
down regulated from 1.78 in the control to

0.29 in treated plants with 0.163 folds of
the control as shown in Fig. (8 a,b) and
Table (8).

Despite the vast number of existing
sunflower cultivars used for seeds and oil
production, there is continuing need to
develop a new variety with resistant toler-
ances to further expand into subtropical
climates change in Egypt; increased seed
quality and appearance are being targeted
by breeders worldwide. Seed yield and its
related components and adaptability have
priority in breeding programs. Apparently,
classification of sunflower genotypes
based on morphological characteristics
were associated with the environmental
changes, making classifications based on
morphological traits unreliable. Hence,
with the aid of molecular identification of
sunflower, it is becoming easier and faster
to characterize germplasm and identify
genotypes with desirable traits in breeding
programs. To meet these challenges, a
mixture of morphological yield-related
traits and molecular markers is considered
as the optimal to find the informative
markers-assisted selection (MAS) and is
particularly a useful approach in sunflow-
er breeding strategy (Zhang et al., 2015).
Hence, the statistical analysis that esti-
mates both environmental and genetic
components of variability need to eluci-
date the genetics of these traits fully. F-
AFLP markers is the powerful model of
choice and are accessible for performing
MAS for several species, due to quality
control of the AFLP procedures (Manel et
al., 2010). Quantitative trait loci which
were detected could be used as MAS for
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the investigated traits. The markers with
highest significance may have the highest
contribution and therefore can be used for
developing markers for MAS. The detect-
ed accessions included in this study have
shown to harbor significant levels of mor-
phological and genetic variation. Our re-
sults provided a reliable and discriminant
set of markers for the cost-effective mo-
lecular characterization of sunflower col-
lection under investigation and offer the
guidelines for the delineation of sampling
strategies for yield components, thus aid-
ing the efficient management and exploi-
tation of these valuable genetic resources
(Dong et al., 2007).

Another way to make F-AFLP
bands relatively clear via in-silico AFLP
analysis in model species (Zhang et al.,
2014). In-silico PCR analysis can assist in
the selection of newly designed primers
and avoid potential problems before pri-
mer synthesis. The regions matching the
two primers should be localized on the
selected sequence in a way allowing PCR
amplification, which forces the relative
orientation of the matches and the distance
between them. To simulate real PCR con-
ditions, the in-silico PCR algorithm
should allow some mismatches between
the primers and the target sequences
(Ficetola et al., 2010). In subsequent stud-
ies, Paris et al. (2010) evaluated in-silico
AFLP analysis in model species, it was
concluded that homoplasy sharply in-
creases with the number of peaks per
AFLP outline and that the number of co-
migrating fragments in a single peak de-
pends on the repetitiveness of the genome.

This technique has advantage that could
improve primer selectivity needed to tar-
get genes and the average of genome cov-
erage. Certainly, the comparison between
the results of in-silico and in vitro PCR
highlights the usefulness of the in-silico
PCR for assessing the genetic variability,
and MAS in crop improvement (Mokhtar
et al.,, 2016). In the interpretation of
Alsamman et al. (2017), in-silico PCR is
the optimal approach to compare between
the efficiency of different molecular
marker techniques and helped to improve
the analysis of F-AFLP and provide more
informative and reliable results.

Accordingly, discover the locus-
specific under divergent choice is a seri-
ous step to considerate the evolutionary
process for the population genetic varia-
tions that affect fitness in diverse envi-
ronments, which can possibly be detected
by a high correlation between allele fre-
quencies and ecological parameters
(Beaumont and Balding, 2004; Roesti et
al., 2012). In the present investigation, it
has demonstrated that the 73 outlier locus
can be distinguished explicitly in the
genes under selection and also in neutral
flanking regions due to hitchhiking effects
(Wang et al., (2012). According to Feng et
al. (2015) and Yang et al. (2016b), such a
result refers to outlier AFLP loci are likely
not the target of natural selection, but the
neighboring genes of these loci might in-
volve in significant economic trials that
are difficult to select by phenotype early in
the plant life cycle (Byrne et al., 2012). It
is worth mentioning that, the outlier loci
must be confirmed through further analy-
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sis, including sequencing and molecular
functional analysis of neighboring genes.

To identify the population's struc-
ture, we used Kinship analysis and PCoA
to resolve patterns of genetic variation and
assess genetic distances among groups of
populations of sunflower genotypes (Fig.
8). Our findings demonstrated that PCoA
and KSR analysis produced propensity to
four sub-population and KSR analysis
appeared a strong effect in identifying
migrants in clustered samples by geo-
graphical region. Currently, a comprehen-
sive analysis was conducted for the behav-
ior of F-AFLP using (KSR) and (PCoA) to
maximize the accuracy of the results. The-
se findings agreed with a previous study
by Jie et al. (2003), Dong et al. (2007) and
Jannatdoust et al. (2016).

Salt stress causes reduction in yield
components of sunflower varieties with
multiple thresholds at salt stress, some are
salt-sensitive  glycophytes, meanwhile,
others are moderately or highly salt toler-
ant halophytes (Sadak et al., 2012).
Therefore, gene expression analysis is an
outstanding approach, providing insight
into the genetic and developmental
mechanisms in  biological research.
Calcium-dependent  protein  kinases
(CDPKs) are important sensors of Ca*”
flux in plants, plays essential roles in plant
development and adaptation to various
abiotic stresses. In subsequence study,
Roche et al. (2009), reported that
expression levels of some protein kinase,
and phosphatase genes along with other
transcription factors were up-regulated in

leaves of tolerant genotypes of sunflower
compared to the non-tolerant genotype. A
subset of CDPK genes in this family ex-
hibits inducible expression patterns and
have been previously demonstrated to play
pivotal roles in plant response to abiotic
stresses such as salinity (Vivek et al.,
2013; Campo et al., 2014). While that,
Bagdi et al. (2015) reported that increas-
ing of NaCl concentration from 85 mM to
425 mM progressively increased the
proline content in rice, while, the maxi-
mum increase in proline content was rec-
orded at 425 mM NaCl concentration as
compared to control. This accumulation in
the proline content was coupled to signifi-
cant induction of the gene encoding P5CS
approximately, 1.35 folds under salt stress
conditions. These findings are in partial
agreement with our results indicated that
expression profiling of the two salt
tolerances related genes (CDPKS and
P5CS) were induced in the salt tolerance
genotype (Al-Buhyrah) but not in the
sensitive genotype (Sohag). Interestingly,
the mechanism of CDPKS and P5CS,
beneficial effects on agronomic traits and
abiotic  stresses,  possibly  through
transcriptional regulation of the key genes
in salt tolerance pathways. The cross-talk
between agronomic traits and gene
expression analysis indicated that the
improved  salt tolerance in the
distinguished genotypes may be attributed
to the gene induction of related pathways.
Plants are subjected to various stress
conditions including salt during their life
cycles that may adversely affect their
productivity, and adaptation to
environmental changes is an important
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fitness trait for crop development (Ewas et
al., 2017 a,b). In the interpretation of Skz
et al. (2018) the KEGG pathway
enrichment analysis identified
significantly enriched metabolic pathways
or signal transduction pathways associated
with  differentially expressed  genes
compared with the whole genome
background. Finally, the data from our
study can be utilized to better understand
the gene expression networks involved in
sunflower and other oil plant under salt
stress and could provide tools to maximize
the benefits for crop production.

SUMMARY

In the present investigation, we
sought to assess the genetic diversity
among fourteen Egyptian genotypes of
Helianthus annuus using the fluorescence-
based AFLP (F-AFLP) and evaluation of
yield-related traits. The genome coverage
was assessed using in-silico PCR analysis
and the real-time PCR technique (QPCR)
was used to determine gene expression of
some salt-related genes. The analysis of
variance for yield-related traits indicated
that there were significant differences
among genotypes for all studied traits (p<
0.01). A total of 1007 amplicons were
scored across six F-AFLPs combinations
with 97.42% polymorphic percentage. The
results of in-silico analysis revealed that
F-AFLPs exhibited the highest chromo-
somal coverage (0.055%) and targeted
1378 genes with the average area (75kb)
covered by the F-AFLPs. Out of 1007 F-
AFLP loci, only 73 outlier loci were

identified as a putatively positive outlier
to seeds weight loci. PCoA and KSR
analysis produced propensity to four sub-
population and KSR analysis appeared a
strong effect in identifying migrants in
clustered samples by geographical region.
In the context, seven genotypes out of the
fourteen were tested under greenhouse
conditions on different salt stress concen-
trations at 4000 and 6000 ppm NaCl. We
can point out that, Sohag genotype was
considered as the most sensitive genotype;
while Al-Buhyrah genotype was consid-
ered as the most salt tolerant one based on
the combined results of the investigated
yield related traits. To explorer the genetic
factors behind the improved salt tolerance
in selected sunflower genotypes, gene
expressions of CDPKs and P5CS genes
were estimated using real time gRT-PCR
and showed substantial differentiation
between the two aforementioned con-
trasting genotypes regarding salt toler-
ance.
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Table (1): Names of the fourteen sunflower genotypes and their sources.

Code No. Common Name Source
S1 Sakha53" OCRD —FCRI-ARC
S2 Qena (NGB)- ARC
S3 Al Buhayrah (NGB)- ARC
S4 The new Valley (NGB)- ARC
S5 The new Valley (NGB)- ARC
S6 Qena (NGB)- ARC
S7 Bani Sweif (NGB)- ARC
S8 Aswan (NGB)- ARC
S9 Sohag (NGB)- ARC
S10 Sohag (NGB)- ARC
S11 Luxor (NGB)- ARC
S12 Luxor (NGB)- ARC
S13 Luxor (NGB)- ARC
S14 Luxor (NGB)- ARC

Sakha*53 Local variety, obtained from Oil Crops Research Department, Field
Crops Res., Inst., Agricultural Res. Center, Giza, Egypt, while genotypes from
S2 to S14 are accessions from the National Gene Bank, Agricultural Research

Center, Giza, Egypt.

Table (2): List of oligonucleotides (primer and/or adaptors) used for
F-AFLP amplification.

Primer/ Adaptor

5"sequence 3’

EcoRI - Al CTCGTAGACTGCGTACC

EcoRI - A2 AATTGGTACGCAGTC

Mse | - Al GACGATGAGTCCTGAG

Mse | - A2 TACTCAGGACTCAT

Eco+ A GACTGCGTACCAATTCA

Mse + C GATGAGTCCTGAGTAAC

Eco + ACA FAM-GACTGCGTACCAATTCACA
Eco + AGG HEX-GACTGCGTACCAATTCAGG
Eco + ATA CY3-GACTGCGTACCAATTCATA
Mse + CAA GATGAGTCCTGAGTAACAA

Mse + CTC GATGAGTCCTGAGTAACTC

Table (3): List of qRTPCR primer sequences, gene name and Actin primer sequence.

Gene Name F R
CDPK; 5 ATG ATG ACA AAA GAG CAG CC’3 5 CTT GAT ACC CGT TCC ATT TG'3
PsCs 5 GGC AAT GGA ACT GAA GGC’'3 5 CCTCTTCCCATCCTTGAC TTA"3
Actin 5°GCC GTG CTT TCT CTT TAT GC'3 5 CTC TCT GGA GGA GCA ACC AC’3
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Table (4): Correlation between the eight yields—related traits of sunflower.

Trai Pl.ant No. of |Head diame- |Stem diam- Hgad 1000 seeds No. of

raits height leaves ter (cm) eter (cm) weight weight seeds
(cm) (9. 9) per head

No. of Leaves -0.1042

Head diameter (cm) 0.3487 -0.2833

Stem diameter (cm) 0.2508 0.2672 0.6147*

Head weight (g.) 0.2513 -0.2191 0.7247* 0.2161

Seeds weight (g.) 0.0933 0.1443 0.6025* 0.3263 | 0.8177*

No. of seeds per head -0.0495 0.1912 0.5453* 0.5084 | 0.4029 0.3505

1000 seeds weight (g.) 0.0802 -0.1322 0.3409 -0.0254 | 0.6816* | 0.7640* -0.2477

*= Correlation significant test at (p< 0.05).

Table (5): Summary of the polymorphic, monomorphic amplicons, % of polymorphic and positive unique marker monomorphic
amplicons by six F-AFLP combinations.

o Monomorphic Polym_orphic Total number Percentage qf Percentage; of thal of_posi—
Combination name amplicons amplicons of amplicons monomorphlc polymorphism tive unique
(MA) (PA) amplicons (PAY%) marker

C6-yellow 1 207 208 0.48% 99.52% 43
C3-yellow 14 208 222 6.31% 93.69% 31
C2-Green 8 155 163 4.91% 95.09% 19
C4-blue 2 166 168 1.19% 98.81% 27
C1-Blue 0 126 126 0.00% 100.00% 34
C5-green 1 119 120 0.83% 99.17% 24

Total 26 981 1007 2.58% 97.42% 178
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Table (6): Illustrated the band count, genome coverage and genes count as revealed by six F-
AFLP combinations.

Combination Number of Band Genome Number of genes
name count coverage (bp) count
C5 2801 337965 322
C3 2039 391858 260
C1 2882 424924 320
o7} 601 94821 100
C6 1945 473315 208
Cc2 1403 218439 168

Table (7): The overall ranks of the seven genotypes of sunflower across the four yield-
related traits based on reduction ratio.

Traits L/p PH RL D.W Overall
Genotypes ranks
S 4 5 5 5 5.0
S, 5 5 3 5 4.5
S3 2 1 1 2 15
S, 4 4 4 2 35
Ss 3 2 5 2 3.0
S10 7 7 7 7 7.0
S14 4 4 4 6 4.5

Table (8): Transcript levels of the CDPKs and P°Cs gene in response to the expression of

two sunflower genotypes using real-time PCR analysis (R T PCR).

Cultivars

Gene name Treatments S3 Al Buhayrah S10 (Sohag)
(Tolerant) (Sensitive)

Control 2.760 1.390

CDPKs Treated 6.800 0.380

Folds 2.464 0.273

Control 3.050 1.780

P5Cs Treated 8.280 0.290

Folds 2.715 0.163
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Fig. (1): Effect of independent variable seeds weight and
head weight on 1000 seeds weight.
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Fig. (3): The schematic represented in-silico
PCR analysis of six F-AFLP combi-
nations while, (A) against sunflower
genome, (B) revealing the possible
adjoined genes, (D) primer total ge-
nome coverage percentages statics
(A), each primer total chromosome
coverage percentages statics (C) and
the position of possible PCR
amplimers with genes (extended
lines ) or without (short lines) (E).
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Fig. (4): Percentage of set chro-
mosomal coverage on
the sunflower genome
through in-silico PCR
analysis by F-AFLP
combination primers.
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Fig. (5): Kinship relationships among 14 genotypes of Helianthus
annuus L. according to Van Raden method (2008).
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Fig. (6): Principal component analysis (PCA) among 14 genotypes of Helian-
thus annuus L.
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Fig. (7): Diagram of transcript levels of the CDPK2 and P5Cs genes in response to salt tol-
erance in the two contrasting genotypes of sunflower using real-time Panalysis.
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Fig (8): Schematic KEGG pathway analysis representation of CDPK2 and P5Cs, mecha-
nisms for improved salt tolerance in sunflower crop, according to Ewas et al.
(2017a).



