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ABSTRACT

All possible cross combinations were made, without reciprocals, among five
inbred lines. The F; of the ten crosses and the five parents were evaluated. Datax revealed
that the mean squares of genotypes, parents and crosses were highly significant for all
studied characters. Positive and negative heterosis over better parent were detected for all
studied characters indicating that parental genotypes were genetically diverse. The
parent line 92 was the best combiner, which showed substantial and highly significant
positive general combining ability (gca) effects for all characters except 100-seed weight
and showed highly significant negative (gca} for 50% flowering. Also, the parent line 62
was good combiner which showed a highly significant positive (gca) effects for all
characters except head diameter. The cross line 102 X line 46 showed highly significant
positive specific combining ability (sca) for all characters except 100-seed weight and
showed negative (sca) for 50% flowering. Meanwhile, the cross line 102 X line 62 showed
highly significant positive (sca)} for all characters except seed yield/plant. The crosses line
102 X line 92, line 46 X line 62, line 46 X line 92 and line 92 X line 82 had significant
{sca) effects for seed yield/plant and 100-seed weight. These crosses could be used as
superior and promising hybrids in sunflower breeding programs.

To evaluate the genetic diversity of the five sunflower genotfypes and to
determine the correlation between genetic distance and single-cross hybrid performance,
random amplified polymorpfic DNA (RAPD), a Polymerase Chain Reaction (PCR)
technigue was used. Fifteen different primers were employed giving a total of 101
reproducible amplification products, 59 of them (58.4%) being polymorphic. Cluster
anqlysis divided the samples into two distinct groups. The genetic distances were
correlated with important agronomic traits for single-cross hybrids and heterosis. The
resilts indicated that RAPD can be used as a tool for determing the extent of genetic
diversity among sunflower genotypes, for allocating genotypes into different groups, and
also to aid in the choice of the superior crosses to be made among sunflower genotypes,
so reducing the number of crosses required under field evaluation.

Key words: Sunflower, Helianthus annuus, Heterotic effect, Combining ability,
Diallel analysis, RAPD.

INTRODUCTION
Sunflower (Helianthus annuus L.) is the one of the main crops used
for edible oil production in many countries of the world, including Egypt.
The major problem facing oil production in Egypt is the wide gap between
production and consumption. Egypt’s production covers less than 10% of
the national consumption. Although the main oil crop cultivated in Egypt is



sunflower, both the area and the average yield per unit area were decreased
gradually. Consequently, great effort should be given to improve sunflower
cultivars in Egypt.

Developing hybrids and synthetic varieties are most effective in
utilizing heterosis in sunflower (Gundaev 1966 and Putt 1966). In the earlier
studies, high heterosis for seed yield and some yield components of
sunflower were reported by Chaudhary and Anand (1984). Heterotic
performance of hybrid combinations depends upon combining ability of
parents. Combining ability studies are frequently used by plant breeders to
evaluate parents and crosses for a number of objectives, including the
development of superior synthetics or hybrids. Many breeders have reported
that general combining ability (gca) and specific combining ability (sca)
variances were significant for all characters in sunflower.

Since sunflower is a cross-pollinated crop, the wide genetic variation
is being exploited to produce commercial varieties. Knowledge of the
relative genetic distance among individuals or populations is useful in a
breeding program because it permits organization of germplasm and
provides more efficient sampling of genotypes (Nienhuis et al 1993). At the
inception of a breeding program, knowledge of the genetic relationships
among genotypes could be used to complement phenotypic information in
the development of breeding populations. Ultimately, knowledge of the
genetic similarity between genotypes may facilitate the choice of individuals
to cross in hybrid combinations to optimize expression of heterosis
(Melchinger et al 1990).

Classifying germplasm and breeding materials exclusively based on
a few discrete morphological traits may not provide an accurate indication
of genetic similarity since it is highly influenced by the environment
(Menkir et al 1997) and also time intense. DNA based markers are now
widely used owing to their virtues (Paris et al 2003 and Lu er al 2003).
Williams et al (1990) and Welsh and McClelland (1990) demonstrated the
utility of single short oligonucleotide primers of arbitrary sequence for the
amplification of DNA segments distributed randomly throughout the
genome, and further the amplified bands were utilized for the determination
of their relatedness (Sun et al 2001). Previously, the reality of RAPD has
been well exploited to determine the genetic similarity of sunflower
genotypes (Arias and Reisberg 1995 and Sivalop and Soledenko 1998).

For the purpose of the present study, five sunflower genotypes were
crossed in a diallel design without reciprocals. The main objectives of the
_present study were: (1) to estimate the magnitude of the general and specific
combining ability effects among the parents, (2) to find out the extent of
heterosis in the material used, (3) to distinguish among the sunflower
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genotypes using RAPD markers, (4) to evaluate the genetic divergence of
sunflower genotypes; and, (5) to correlate single-cross performance and
heterosis to the genetic divergence of the parental genotypes.

MATERIALS AND METHODS
Field experiments

Five parental inbred lines were used in this study as the genetic
material. Those parents were chosen from the breeding nursery of Qil Crops
Research Section, Institute of Field Crops, Agricultural Research Center.
Hereafter, numbers 1 through 5 wiil identify parents. These were IN102 (Py)
Egypt, IN46 (P;) Romania, IN62 (P;) USA, IN92 (P4) Romania and IN82
(Ps} Yugoslavia. The parental inbred lines were sown at the Research station
farm, Agric. Res. Center, Giza, in 2005 summer season. The plants used as
female were hand emasculated. Possible cross combinations without
reciprocals were made between the parents giving ten crosses. The seeds
from the ten crosses and the five parents were sown in summer season in
2006, in a randomized complete block design with three replicates, Each
plot in the experiment consisted of two ridges, each ridge was three m. long
and 60 cm. wide. The seeds were sown in hills spaced 20 cm. and the plants
were thinned three weeks after sowing to secure one plant/hill. The inner
rows were harvested at the physiological stage and seeds were air-dried.
Data were recorded on an individual plant basis for days to 50% flowering,
plant height, stem diameter, head diameter, seed yield/plant, 100-sesd
weight and oil percentage.

Oil content (seed oil percentage)

Oil percentage was determined in the powdered seeds according to
the procedure prescribed by the AOAC (1990) using Soxhlet apparatus for
16 hours with petroleum ether (boiling point 40-60°C).

DNA extraction

DNA was extracted from 100 mg of young leaves for each line using
mi-Plant Genomic DNA Isolation Kit (metabion). The concentration and
purity were determined by spectrophotometer.

RAPD-PCR analysis

RAPD analysis was carried out according to Williams er al (1990).
Fifteen 10-mer oligonucleotide primers were selected as potentially useful,
their universal code and sequences are shown in Table (6). PCR reactions
were optimized and mixtures (25 ul total volume) were composed of dNTPs
(200 uM), Mg Cl; (1.5 mM), 1x buffer, primer (0.2 pM), DNA (50 ng), Taq
DNA polymerase (2 units). Amplification was carried out in a Thermo
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Cycler (PTC 200) programmed for 94 °C for 3 min (one cycle); followed by
94 °C for 30 sec, 36 °C for 1 min and 72 °C for 2 min (36 cycle); 72 °C for
10 min (one cycle), then 4 *C (infinitive). Amplification products (15 pl)
were mixed with 3 ul loading buffer and separated on 1.3% agarose gel and
stained with 0.5 pg/ml ethidium bromide, and visualized under ultraviolet
light and photographed. DNA fragment sizes were determined by
comparisons with the 100 bp DNA Ladder marker.

Data analysis

Data were statistically analyzed using computer statistical program
MSTAT-C. General and specific combining ability effects were estimated
according to Griffing (1956) diallel cross analysis designated as Method 2
Model 1. The results of RAPD analysis were entered in a computer file as
binary matrices where 0 stands for the absence of a band and 1 stands for
band presence in each individual sample. Similarity coefficients were
calculated according to Dice matrix (Nei and Li 1979). Construction of the
dendrogram tree was performed using the unweighted pair group method
based on arithmetic mean (UPGMA) as implemented in the SPSS program
version 10.

RESULTS AND DISCUSSION

It is clear from Table (1) that the analysis of variance revealed
significant differences among the studied genotypes. These findings
indicated that the genotypes had a wide genetic diversity. The results
emphasized the importance of combining ability studies and indicated good
prospects for selection of suitable parents and crosses for the development
of appropriate varieties and hybrids. Moreover, estimates of highly
significant gca, sca variances and also the mean sum of squares due to
parents vs. crosses for all characters except oil percentage indicated the
importance of both additive and non-additive genes in the expression of all
studied characters except oil percentage. Hence, any approach that
facilitates simultaneous exploration of additive and non-additive gene
effects would be most desirable for the improvement of these traits.
Significant mean squares related to parents were detected for all traits.
Significant mean squares related to crosses were detected for all traits,
revealing over all differences among these genotypes. For all traits, the
analysis of variance from the diallel crosses showed significant mean square
values for gca and sca (Table 1), indicating the presence of both additive
and non-additive gene effects among the parents.
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Table 1. Analysis of variance and combining ability for all the studied

traits.
S.V. 50% Plant | Stem | Head | Sced 100 oil
df floweri height ] diameter)diameter|yvield/plant seed ercentage
owering eig iameter) diameter|yield/p weight percentag

Genotypes 14! 49.50** | 802.42%%| 0.43%* | 23.94**| 749.66** | 9.90**] 24.49**

Parents | 4 | 45.60** [ 282,57** 0.38** | 5.96** | 197.64** | 11.70*1 53.93**

Crosses |9 4L.24** | 812.74**] 0.41** | 17.98**| 470.07** | 8.62** 13.80**

PVsF, [1] 139.38%%| 2788.90*1 0.80** | 149.51** 5474.04**| 1424*4  2.88

Error 28 1.04 25.94 0.02 0.82 6.77 0.12 0.85

GCA 4 2502*%* | 346.66**) 0.21** | 7.14** | 175.04** | 4.59*%] 11.26**

SCA 10 13.09** | 235.80**% 0.12** | 8.31** | 279.82** | 2.78** §.92**

Error 28 0.35 8.65 0.01 0.27 2.26 0.04 | 028

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

Occurrence of both additive and non-additive gene effects with
preponderance of non-additive gene action for yield and important yield
components in sunflower were reported by Marinkovic (1993), Ortegon and
Mendoza (1993), Taha (1993), Kashef (1996), Gangappa et al (1997),
Limbore et al (1997), Ali and Korkut (1998), Ahmed (1999), Salih (2000),
El-Azzony (2001), Goksoy et al (2002), Taher (2002) and Ortis er al (2005).

Regarding the parental and hybrids mean values, Table (2)
emphasized that line62 followed by linel02 were the highest yielding
sunflower genotypes under the study. On the contrary, line46 was the lowest
yielder. Moreover, line62 proved to be superior in terms of 100-seed weight
and oil percentage comparing with other studied genotypes. On the other
hand, the highest F| mean values of seed yield/plant, 100-seed weight and
oil percentage were recorded for line42 x line92, line102 x line92 and line62
x line92, respectively. Moreover, the hybrids linel02 x line92, linel02 x
line62, line62 x line92 and lined6 x line92 were the earliest hybrids, the
tailest with thick stems and big head, respectively comparing with other
sunflower hybrids. Data indicated that if the yield and its components were
the most important selection criteria, these mentioned hybrids will be the
best in a breeding program. For most of the studied characteristics, hybrids,
in general, had higher values than parental lines. This indicated the
importance of heterosis.

Data in Table (3) illustrate percentage of heterosis relative to better
parent. For 50% of flowering, negative value of heterosis for this trait is
desirable. These crosses manifested heterosis values ranging from -26.54 (P;
X Py) to -4.00 (P; x Ps). With respect to plant height, four crosses showed
positive significant heterosis, these crosses exhibited heterosis values
ranging from 13.82 (P, x P3) to 42.76 (P x P3). Regarding stem diameter
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Table 2. Mean performance of the genotypes for all the studied traits.

50% Plant Stem Head Seed 100- 0Oil
Genotype | flowering | height |diameter | diameter |yield/plant| seed |percentage
(day) (cm) (cm) (cm) () weight
(2)

P, 44,00 89.67 1.37 13.67 43.07 10.23 | 32.77
P; 46.00 53.00 1.67 14.67 31.33 7.23 37.65
P; 54.00 101.33 | .77 13.33 51.83 10.83 | 39.76
P, 50.00 114.00 | 2.23 16.93 35.53 6.20 39.94
Ps 50.00 94.00 | 2.13 14.47 35.47 8.00 34.11
P xP; 41.00 115.00 | 2.10 19.53 63.47 9.10 34.84
P:x P, 44.67 144.67 | 2.33 19.33 61.07 12.03 | 36.95
P, x P,y 39.67 122,00 | 2.20 17.67 78.33 11.50 | 38.40
Pi1xPs 46.67 90.0:0 1.43 15.00 44.00 6.90 40.60
P;xP; 48.00 11533 | 2.17 20.50 66.40 10.50 | 40.35
P,xP, 46.00 107.33 | 2.53 21.77 82.43 11.27 | 39.95
P;: x Ps 47.00 92.33 1.57 14.33 46.57 8.13 34.63
P;x Py 39.67 131.00 | 2.60 20.67 72.00 10.33 | 42.31
P; x Ps 50.00 111.67 | 2.17 17.00 57.30 8.07 37.47
PyxPs 48.00 121.67 { 2.07 19.00 56.87 9.10 41.32
LS.D3% | 1.70 8.52 0.22 1.51 4.35 0.57 1.54
Table 3. Heterosis relative to better parent for all the studied traits.

[ Hybrid 50% Plant Stem Head Seed 100-seed oil

flowering| height | diameter | diameter }vield/plant| weight |percentage

P, xP; | -10.87**| 23.66** | 26.00** | 33.18** | 47.37** -11,06** | -8.58**
Py xP; | -17.28** | 42.76** | 32.08** | 41.46** | 17.81** 11.08** | -10.54**
P, xP, | -20.67%*| 7.02 -1.49 4.33 81.89** 12.38%* | -4.48*
P, xP; | -6.67** | -21.05**| -35.82** | -11.42* | 2.17 -32.57** | 1.91
P;xP; | -11.11** [ 13.82** | 22.64** | 39.77** | 28.18** -3.08 -1.03
P,xP, | -8.00%* | -5.85 13.43*%* | 28.54** 131.99** | 85,76** | -0.10
P, x Py | -6.00*%* ! -19.01**| -29.85%* | -15.35** | 31.05** 12.44** | -15.25**
Pix P, | -26.54**| 14.91** | 16.42** | 22,05** | 38.91** -4.62 4.57*
P;xPs | -7.41** | -2.05 -2.99 0.39 10.55* -25,54** | -9,14%*
Py xPs | -4.00* 6.73 -7.46 12.21** | 60.04** 46.77** | 3.91

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

five out of the ten crosses exhibited positive significant heterosis these
crosses showed heterosis values ranging from 13.43 (P2 x P4) to 32.08 (P, x
P;). For head diameter, six out of the ten crosses showed positive significant
heterosis value ranging from 12.21 (P4 x Ps) to 41.46 (P x P3). With respect
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‘to seed yield/plant, all crosses showed positive significant heterosis except
one, these crosses ranging from 10.55 (P; x Ps) to 131.99 (P, x Ps). For 100-
seed weight, five out of the ten crosses showed positive significant
heterosis, these crosses had heterosis value ranging from 11.08 (P; x P3) to
55.76 (P2 x P4). Regarding oil percentage, only one cross exhibited positive
significant heterosis, this cross is P; x P4. These results suggested the
possibility of developing yield components traits from these crosses
combinations. These results agree with those of Sing et al (1984), Giriraj ef
al (1986) and Goksoy et al (2002) who reported high heterosis for seed
yield and some traits in sunflower.

Highly significant gca variances were obtained for all the characters
observed. The estimates of sca variance were also significant for all the
characters observed (Table 1). Since gea and sca provided an estimate for
additive and non-additive gene actions, respectively (Sprague and Tatum
1942), our results were in good agreements with those of Sindagi et al
(1979), Rao (1980) and Goksoy ef al (2002) who found that most of the
total genetic variability for a number of agronomic characters in sunflower
crosses was due to additive gene effects. Only two parents (line62 and
line92) had significant positive gca effects for seed yield/plant (Table 4). On
the other hand, only two parents (line102 and line62) showed significant
positive gca effects for 100-seed weight. Parents line62 and line92 had
significant positive gca effect for oil percentage, out of which parent line92
showed significant positive effect for head diameter. Parents line62 and
line92 showed significant positive effect for stem diameter and plant height.
However, parents line102, line46 and line92 exhibited significant negative
effect for 50% flowering. This means that those parents are earlier than the
others (Table 4).

Table 4. General combining ability effects for all the studied traits.

Genotype 50% Plant Stem Head Seed T 100 Oil
flowering| height |diameter |diameter| yield/plant| seed |percentage
weight
3} -2.55%* | -0.89 -0.19** ; -0.61** | 0.39 0.60%* | -1.78**
P, -0.55*%* | -5.80** | -0.06* | 0.33 -1.25* -0.33**| -0.64**
Py 1,78** | 6.88** | 0.10** | 0.15 4.31** 0.58** } 0.61**
P, -0.65** | 7.54** | 0,25%* | 1.40** | 4.35** -0.17* | 1.56**
Ps 1.97** | -7.65%* | -0.09%% | -1.27%* | -7.80** -1.08**| 0.24
1LSD5% g | 0.41 2.04 0.05 0.36 1.04 0.14 0.37
LSD 5% g-g;| 0.64 3.22 0.08 0.57 1.64 0.21 0.58

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Data on specific combining abilities of some promising crosses
(Table 5) suggested that the hybrids linel02 x line46, linel102 x line92,
line46 x line62, line46 x 1ine92, line62 X line92, line62 x line82 and line92 x
line82 had the highest significant SCA effects for seed yield/plant. The
hybrids line102 x Line62, linel102 x Line 92, Line46 x Line62, Line46 x
Line92 and Line 92 x Line 82 had highest significant SCA effects for 100-
seed weight. High significant sca effects were shown by the hybrids line102
x Line46, linel02 x Line62 and Line46 x Line82 for oil percentage. The
earliest hybrids were linel02 x Line46, linel02 x Line92 and Line62 x
Line92, which showed high significant sca.

Table 5. Specific combining ability effects for all the studied traits.

Hybrid 50% Plant Stem Head Seed 100 seed Oil
flowerin | height |diameter |diameter yield/pla | weight |percentag
g nt e
P;xP; =2.21%% 1 12.24%* | 0.33** | 2.62** | 9.28%* | -0.47* 2.10%*
P xP; -0.87 29.14** | 0.41** | 2.61** 1.32 1.16** | 2.97**
P;xP; -3.44** | 5.81* 0.12 -0.32 18.55%* | 1.77** | 0.52
PixPs 0.94 -11.00** | -0.31** | -0.31 -3,63** | -1.92** | -2.31**
P;xP; 0.46 4.81 0.11 2.83** | 8.29** | 0.56** | -0.97*
P,xP, 0.89 -3.86 0.33*%* | 2.84** | 24.29** | 2.47** | -0.48
P, xPs -0.73 -3.67 <0.30** | -1.92** | 0.57 0.25 3.04%*
P;xPy -7.78** | 7,05* 0.23** | 1.93** [ 830** |0.23 -0.18
P; x Ps -0.06 2.90 0.14* 0.93 5.75** | -1.12** [ -4,18**
P,x Ps 0.37 12.24** | -0.11 1.67** | 527** 1.05%* | -2.30**
LSD 5% Sij 1.05 5.26 0.14 0.93 2.69 0.35 0.95
LSD 5% Sij-Sik | 1.58 7.89 .20 1.40 4.03 0.53 1.43
LSD 5% Sij-Ski | 1.44 7.20 0.19 1.28 3.68 0.48 1.30

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

In general, it is desired to identify parents and hybrids having
positive and significant gca and sca effects for yield and yield components
in hybrid breeding (but negative for 50% flowering). Parent Line92 was
observed to be a good general combiner for all traits except 100-seed
weight. Also, parent Line62 was the second good combiner in terms of high
positive significant sca for all traits except head diameter and 50%
flowering.

These Lines appeared to transmit additive genes for high grain yield
to their progenies and hence could be used as parents in a crossing program
for improving yield performance. The best hybrid line102 x Line46 showed
highly significant negative gca for 50% flowering and highly significant
positive gca for all traits except 100-seed weight. The hybrid Line62 x
Line92 showed the highest negative effects and was found to be the best
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specific combiner for earliness. With regards to plant height, a highly
significant positive value for plant height in the F, generation was found in
the combinations (Line46 x Line62) and (Line92 x Line82), which had been
obtained by crossing a parent with a poor gea for plant height with another
one that had a highly positive gca for this trait (Table 4). These results
support those obtained by Skoric et al (2000), who determined that crosses
with a good plant height sca usually involve one parent with high and one
with low gca values.

RAPD analysis

Many random primers were pre-tested for the ability to detect
polymorphism in the five sunflower genotypes. Fifteen random primers
succeed to anneal with the five genotypes and produce a high degree of
polymorphism. These primers gave a total of 101 reproducible bands, 59
(58.4%) from them were polymorphic, while 42 bands were monomorphic
(Table 6 and Fig. 1).

Table 6. Summary of data obtained by RAPD analysis for the five
sunflower genotypes.

Genotypes
Primed] S“gf;?“ TAB| PB| 1 2 3 4 5 sM
AB SM ABSM ABSM ABSM ABSM
A03 | AATCGGGCTIG| 6| 412 0 20 3 0 5 0 6 1|1
All | CAATCGCCGT, 7' 4{s5 1 30 6 2 3 0 4 0 3
Al2 |TCGGCGATAG| 9| 7{3 2 51t 6¢ 50 6 1 4
B03 | CATCCCCCTG| 6 | 4|6 0 60 50 20 200
B04 | GGACTGGAGT 11 { 10{¢6 4 10 %50 50 715
B0S | TGCGCCCTTC, 5 | 1|4 0 50 40 50 400
B06 | TGCTCTGCCC| 5| 2|4 o 51 40 30 301
B07 | GGTGACGCAG 6 | 1|5 0 50 50 50 6 11
B09 | TGGGGGACTC, 9 | 2|8 2 80 80 80 8 02
Bl4 | TCCGCTCTGG| 6 | 3|4 0 40 40 40 511
B16 | TTTGCCCGGA| 4 | 3|4 0 40 13 40 403
Bi8 | CCACAGCAGT| 4 | 2|2 o 20 31 31 292
IS01 | TTGGCCGAGC! 6 | 3|3 o 30 63 30 3 03
IS08 | CCCCCCTTAG| 6 | 4|5 1 41 50 41 4 03
1510 | TTAACCGGGG| 11 95 1 40 60 30 734
Total 1011 359 33

TAB= Total amplified bands, PB= Polymorphic bands, TSM= Total specific markers,
AB= amplified band and SM= specific marker.

An average of 6.7 bands per primer was obtained, ranging in size
from 160 to 1460 bp. The least number of polymorphic bands was detected
for primers B05 and B07 (one band), while the largest number of
polymorphic bands was detected for primer B04 (10 bands). Thirty three out
of 101 RAPD-PCR bands were found to be useful as genotype-specific
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1500 bp
1000 bp
500 bp
100 bp

Is10

Figure 1. RAPD-PCR polymorphism of DNA extracted from five sunflower
genotypes (Lanes 1-5, IN102Z, IN46, IN62, IN92 and INS2,
respectively) using random primers. M refers to 100 bp DNA
Ladder plus.
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markers. Twenty-six out of 33 were positive markers, while seven were
negative, The largest number of specific markers was scored for genotype 1
(11 markers), while the lowest number of specific markers was scored for
genotype 4 (2 bands). Meantime, primer B04 generated the largest number
of specific markers (5 markers), while primers A04, B06, B07 and B14 gave
the lowest number of specific markers (one marker for each primer). On the
other hand, primers B03 and B05 did not produce any specific markers.

In conclusion, all primers used allowed for distinction among the
genotypes. Genotype-specific markers can be used in subsequent
experiments to detect molecular markers for polymorphic genes with
economic importance among these and other genotypes.

Genetic distance among genotypes

The similarity indices and the dendrogram tree among genotypes
utilizing RAPD markers are shown in Table (7) and Fig. (2), respectively.
The lowest genetic similarity (56%) was obtained between genotypes I and
4, while the highest genetic similarity (75%) was scored between genotypes
4 and 5. Cluster analysis classified the five genotypes into two groups. The
first group included three genotypes (3, 4, and 5), while the second group
included two genotypes (1 and 2). The first group subdivided into two
subgroups. One of them included the genotype 3 only, while the other
combined the two genotypes 4 and 5 with a genetis similarity (75%).

Table 7. Similarity matrix among the five sunflower genotypes based on

RAPD analysis.
Genotype 1 2 3 4
1. IN102
2. IN46 0.69
3. IN62 0.59 0.6%9
4. IN92 0.56 0.68 0.68
5. IN82 0.57 0.59 0.63 0.75
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Figure 2. Dendrogram cluster analysis of the genetic distances among
five sunflower genotypes based on RAPD analysis.

Genetic distances and single cross performance

The results demonstrated good correlation between RAPD based
genetic distance and sunflower single cross seed yield, 100-seed weight and
oil percentage. The results assess the potentiality of the RAPD technology
for characterizing at the molecular level and for generating umique
fingerprint for each genotype. This could have great impact in plant
improving programs of sunflower.
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