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MATERIAL AND METHODS

Plant material

Inbred restorer lines R 107, R 110, R 114 and R 120 in the Fg generation
derived from the interspecific hybrid H. annuus (hybrid Albena) x H. salicifolius
by direct organogenesis method were used to analyze the genetic variation.

DNA extraction

RAPD analysis was carried out using genomic DNA extracted by a method
according to Doyle and Doyle (1990} with some modifications. Sunflower leaf tissue
was ground to a fine powder in liquid nitrogen. The frozen powder (2.5 g) was
transferred to 15 ml hot hexadecyltrimethylammonium bromide (CTAB) extraction
buffer [(2% CTAB, 100 M Tris HCI (pH 8.0), 20 mM EDTA, 1% NagS»05 0.2% p-
mercaptoethanol}] and incubated at 65°C for 30 min. with oceasional shaking. An
equal volume of chloroform : isoamylalcohol (24 : 1 v/v) was added and mixed by
inversion, then centrifuged at 6000 rpm, 4°C for 10 min. The aqueous phase was
transferred to a fresh tube and re-extracted with an equal volume of
chloroform : isoamylalcohol (24 : 1 vAv) and centrifuging at 5000 rpm, 4°C for 10
min. The aqueous phase was removed and transferred to a fresh tube again and
precipitated in 1.0 ml ammonium acetate (10 M), 1.0 ml sodium acetate {3 M., pH
5.5) and 2/3 VT 2-propanol {4°C). Lastly, the precipitated DNA was dried and resus-
pended in TE buffer (10 mM Tris HCI (pH 8.0) and 1 mM EDTA, pH 8.0). After
treatment with RNase, the DNA concentration was measured by using a flourometer
{(Model TKO 100, Hoefer Scientific Instruments, Serva, Germany).

DNA amplification

Short 21 RAPD primers (10 bp) were utilized for the amplification of random
DNA sequences (Table 1). Primer selection was based on the information content,
clarity and reproducibility of banding patterns. Amplifications were carried outin a
20 pl volume containing: 1.5 units polymerase Stoffel fragment “Goldstar” (Euro-
gentec), 1 X reaction buffer, 6 mM MgCl,, 0.4 mM each of dATE dCTP dGTP and
dTTR 25 ng of template DNA, 10 x Stoffel buffer, add 20 pl H,0 and 0.3 uM of
primer. The amplifications were performed using a Thermal cycle 9600, The ther-
mal cycle was programmed for a first denaturation step of 4 min. at 94°C followed
by 45 cycles of 2 min. at 94°C, 1 min. at annealing temperature 36°C and 2 min.
extension step at 72°C,

Amplification products were resolved by gel electrophoresis in 2% agarose in
0.5 TBE (89 mM Tris pH 8.0, 89 mM boric acid and 0.5 M EDTA), stained with
etidiumbromide and visualized on a UV screen.

Molecular sizes of the amplification products were estimated by using a 100 bp
DNA ladder (Gibco BRL, Life Technologies).
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Amnalysis of amplification profiles

Amplification profiles of Helianthus genotypes were compared with each other
and bands of DNA fragments were scored as present (1) or absent (0}). The compu-
ter program “RFLPscan”, (Scanalytics, Billerica, MA, USA) was used to estimate the
data for all the 21 primers.

The similarity was then analyzed on the basis of the number of shared amplifi-
cation products according to Nei and Li (1979). A dendrogram based on similarity
coefficients was generated with the programme “NTSys” (Version 1.80, Exeter Soft-
ware, Setauket, NY, USA) by using the unweighted pair group method of arithmetic
means (UPGMA).

Table 1: List of the primers used to characterize interspecific progenies in Helianthus

Primer Primer sequence (5°-3°) Ta*
A-12 5 TCGGCGATAG 3 36
A-16 5 AGCCAGCGAAZ 36
AE-01 5 TGAGGGCCGT3’ 36
AE-03 5" CATAGAGCG G 3’ 36
AH-15 5 CTACAGCGAG 3’ 36
Ad-19 5" ACAGTGGCC T3 36
AJ-20 5" ACACGTGGTC 3’ 36
AK-05 5 GATGGC AGTC 3" 36
AK-08 5 CCGAAGGETGS 36
AO-14 5 CTACTG GGG T3 36
AO-18 5 GGGAGCGCTT 3" 36
AQO-20 5 GGCTTGCCTG 3" 36
AP-04 5'CTCTTGGGC T3 36
AP-05 5 GACTTCAGG G 3 36
AS 12 5 TGACCAGGCASZ 36
AT-12 5 CTGCCTAGCC 3" 36
AV -10 5 ACCCCTGGCAZ 36
AW 17 5 TGCTGCTGC C 3’ 36
AW -18 5 GGC GCAACTG S 36
AW -19 5" GGACACAGAG S 36
W-04 5 CAGAAGCGGAZ 36

Ta*: annealing temperature actually used

RESULTS AND DISCUSSION

Inbred restorer lines R 107, R 110, R 114 and R 120 derived from the interspe-
cific hybrid H. annuus (cv. Albena) X H. salicifolius by direct organogenesis
method were used to analyze the genetic variation.

The RAPD primers generated a higher degree of pelymorphism in sunflower
and resulted in distinct and clear patterns. Analyses were carried out on those frag-
ments that were well visible. The comparison of the amplification profiles of Fg
plants and parents was based on the presence or absence of fragments.
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Figure 1: Genetic profile of interspecific sunflower hybrids progenies (Helianthus annuus x
H. salicifolius} based on primer OPAE-O1. Lines 2 and 3: maternal parent (cv.
Albena). Lines 4-5: paternal parent (H. salicifolius); Lines 6-19 interspecific
hybrid progenies: 6-9-line R 110: 10-13-line R 120; 14-15-line R 107 and 16-19-
tine R 114: Lines 1 and 20: 100 bp ladder. {Gibco BRL, Life Sciense Technology)
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Figure 2. Genetic profile of interspecific sunflower hybrids progenies (Helianthus annuus x
H. salicifolius) based on primer QPAS-12. Lines 2 and 3- maternal parent {co.
Albena). Lines 4-5: paternal parent (H, salicifolius); Lines 6-19 interspecific
hybrid progentes: 6-8-line R 110; 10-13-line R 120; 14-15-line R 107 and 16-19-
line R 114; Lines 1 and 20: 100 bp ladder. (Gibco BRI Life Srienee Technaloaw!
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In total twenty one (10 base) primers with random sequences were applied to
characterize DNA sequences of the lines R 107, R 110, R 114 and R 120 obtained
from the interspecific cross. Two of the total of 21 primers used {OPAE-O1 and
QPAS-12) gave polymorphic products for the interspecific hybrid progeny, which
were missing in the cultivated sunflower. The two primers amplified polymorphic
fragments for all of the studied hybrid progenies. The primer OPAS-12 gave poly-
morphic products for line R 120 only.

In our study RAPD fingerprint cbtained through primer OPAE-01 revealed con-
siderable variation in the hybrid progenies. Figure 1 demonstrates some fragments
in the interspecific hybrid progenies with a size of 200 bp and 450 bp which were
specific for the genotype of the wild species H. salicifolius, only. There were also
bands specific for the genoiypes of cultivated sunflower.

Genetic profile based on primer OPAS-12 (Figure 2) showed bands with sizes
630 bp and 950 bp at hybrid progenies which were typical for wild H. salicifolius.
Bands with size 630 bp were common for all four hybrid progenies, while band 950
bp was specific for line R 120 only.

These DNA fragments obtained with primers OPAE-01 and OPAS-12 indicate a
probable introgression from H. salicifolius DNA into the obtained inbred lines. In
spite of the fact that the lines investigated were selfed for nine generations, propor-
tions of the wild alien genome(s) are still detectable and are highly specific for the
H. salicifolius used for the interspecific hybridization.
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L Albenaz
107-2
E 107-5

Figure 3; Dendrogram constructed from a matrix of RAPD-marker based genetic similari-
ties between H. annuus (cv. Albena), H. salicifolius and interspecific hybrids

By using the similarity coefficient of Nei and Li, 1979 a dendrogram was gener-
ated through UPGMA analysis with the aim to determine the genetic distance of the
studied genotypes. The cluster analysis (Figure 3) distinguished three main groups
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(the interspecific progenies, cv. Albena and H. salicifolius). The constructed
scheme revealed that the species H. salicifolius was distinctly separated from the
other genotypes in the study (cv. Albena and the interspecific lines), forming their
owm genetic pool.

Based on the RAPD data the cluster analysis distinguished a main cluster
including all interspecific progenies (R 107, R 110, R 114, and R 120} divided into
several smaller groups. Lines R 107 and R 114 demonstrated the highest degree of
similarity and were located at considerable distances from genofypes R 120 and R
110. The newly released line R 107 possessed a higher degree of homogeneity than
R 114, R 120 and R 110. All hybrid progenies were placed at considerable distance
from the cultivated parent (cv. Albena), but the degree of similarity between them
was higher than with the wild parent H. salicifolius.

There are just a few publications on the use of molecular markers for identifica-
tion of Fy interspecific and intergeneric sunflower hybrids and their progenies.
While Krauter et al. (1991) and Faure et al. (1998) have used RFLP markers, K&h-
ler et al. {1999) have applied AP-PCR technique.

In our study we also used short 10 base RAPD primers. The interspecific cross
(H. annuus (cv. Albena) x H. salicifolius) was obtained according to the method of
direct organogenesis (Encheva ef al., 1992). The available literature does not pro-
vide data on the obtaining of these hybrid combinations with that method. The clus-
ter and coordinates analysis confirmed the hybrid nature of the Interspecific
progenies. Cultivated sunflower (cv. Albena), the H. salicifolius and their hybrid
lines were clearly distinguishable. From the constructed scheme (Figure 3) it is evi-
dent that H. salicifolius and cultivated sunflower did not form clusters with any of
the hybrid progenies. The discriminating power of molecular markers, in compari-
son to morphological and biochemical markers is higher, therefore they are gener-
ally superior for the assessment of genetic diversity due to better sensitivity and
efficiency (Lamkey and Lee, 1993).

The wild Helianthus species are a potential source of genes for resistance to
diseases and pests and of considerable variability for most agronomic traits and
qualities of seed (Thomson et al., 1981) and could be included in interspecific and
intergeneric crosses for increasing genetic variability in cultivated sunflower (Seiler,
1992, 1997; Skorié¢ and Rajtan, 1992; Skorié et al., 1995; Kohler et al., 1997,
Thomson et al., 1981).

In our study RAPD analysis indicated increased genetic variation in hybrid
progenies. This genetic variation is a valuable source of resistance to diseases, par-
asites and improved agronomic indices. The phytopathological evaluation of paren-
tal forms and the obtained hyhrid progenies {Encheva et al., 2008) showed
complete resistance to Phomopsis (line R 114) and to Alternaria (line R 120}. This
resistance probably comes from the wild species H. salicifolius, which, according to
the investigation of Christov, (1990, 1996) and Christov et al. (1996} has shown



16 HELIA., 35, Nr. 57, p.p. 9-18, (2012)

complete resistance to Phomopsis. Among the sources of resistance to Phomopsis
and Alternaria, Skori¢, 1987 poinied out H. salicifolius.

As a result of interspecific hybridization. line R 107 was developed, which
showed 100% resistance to parasite Orobanche cumana Wallr. against artificial
infection background. The resistance of the line R 107 comes from the wild H. sali-
cifolius, which according to Christov et al. (1996) has complete resistance to the
parasite under both field and laboratory conditions. The female form (cv. Albena} in
the interspecific cross is, on its part, susceptible to the diseases and parasite men-
tioned above.

Instead of resistance, the new lines R 107 and R 114 were characterized by pos-
itive transgression in comparison to parental forms for traits such as number of
branches, length of branches and diameter of branch head (Encheva and Christov,
2006). The negative transgression was establish for lines R 107, R 114 and R 120
for the indexes plant height, number of leaves and vegetation period.

CONCLUSION

We have successfully applied molecular markers to investigate diversity of sun-
flower cultivar, wild sunflower species, as well as to identify interspecies hybrids.

The results confirm that polymorphism occurred in the amplification PCR pro-
files of H. annuus, H. salicifolius and H. annuus x H. salicifolius, i.e., the RAFD
analysis confirmed the hybrid nature of the Fg material obtained from interspecific
cross. RAPD markers indicated also a possible introgression of wild genome por-
tions into the obtained interspecific hybrid progenies

Our data confirmed the conclusion drawn by Kohler et al. (1999) that the lines
which originate from the same interspecific cross form their specific cluster, t.e.,
the related lines could be grouped into a separate gene pool.

We were able to demonstrate that RAPD could be used for characterization of
Interspecific progenies in sunflower at a late stage of selection (Fy) in which an
increased genetic variation was discovered. This genetic variation is a valuable
source of resistance to diseases, parasites and improved agronomic indices.

The interspecific hybrids provide valuable initial material to enlarge genetic
variation in sunflower and genetic markers could help the breeders to characterize
this new material.
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