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ABSTRACT 

 

Twelve sunflower lines used in breeding programmes were tested for IRAP 

polymorphism of HACRE1 retrotransposon. Using a single primer, a total of 96 bands among 

the accessions were scored and the number of polymorphic bands was 42. Most of the 

analysed accesions have the „881A or B“ line in their pedigrees, but none of them have the 

same IRAP profile or are showed as the same when Jaccard dissimilarity coefficient was 

applied. The average Jaccard’s Dissimilarity Index for the used primer range within the whole 

possible range and as the most distinct lines are reported 2867A and 1957A, 1831A and 

1961A, 1957A and 1961A. Dendrogram of the analysed lines comprises from the three 

dominant branches, where the lines with the codes 1831A and 1957A are shown as the most 

unsimilar to the others. 
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INTRODUCTION 

 

Transposable elements are discrete segments of DNA that are distinguished by their 

ability to move and replicate within genomes. These sequences have been found in all 
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genomes in which they have been sought, and there is no reason to suppose that they are not 

ubiquitous (Kumar and Bennetzen, 1999). The Class I of transposable elements, or 

retrotransposons are dispersed throughout the genome of plants (Neumann et al., 2006; 

Wicker et al., 2007). Of the Class I elements, the LTR retrotransposons are bounded by two 

long terminal repeats (LTRs), which contain the promoter and RNA processing signals. 

Internal to the 5´and 3´LTRs, respectively, are the primer binding site (PBS) and polypurine 

tract (PPT), which provide the signals for reverse transcription of retrotransposon transcripts 

into the cDNA that is  reintegrated. Autonomous retrotransposons contain, between the LTRs, 

one or more open reading frames (ORFs) encoding the enzymatic machinery for 

retrotransposition (Boecke and Corces, 1989; Kumar and Bennetzen, 1999; Vukich et al., 

2009). Retrotransposons, or their remnants, represent a major fraction of interspersed 

repetitive DNA in eukaryotes, especially in plant species, where they may account up to 50% 

of nuclear DNA (SanMiguel et al., 1996). 

The ubiquity, abundance, dispersion, and dynamism of LTR retrotransposons in plant 

genomes have made them excellent sources of molecular markers (Kalendar and 

Schulmann, 2006) and nowadays are used along with random based or microsatellite based 

markers in the wide range of plant species (Balážová et al., 2007; Štefúnová, 2002; 

Štefúnová and Bežo, 2003; Vivodík et al., 2011). The methods generally rely on PCR 

amplification between a conserved retrotransposon feature, most often the LTR, and another 

abundant, dispersed and conserved feature in the genome (Vukich et al., 2009). 

The HACRE1 retrotransposon (figure 1) was firstly reported by Buti et al. (2009) as an 

average length (6511 bp) LTR retrotransposon and can be found in NCBI (National Center for 

Biotechnology Information) under the accession of FN298618. The AT-rich (59 %) element 

HACRE1 carries 5´and 3´LTRs of 919 bp and 931 bp, respectively, flanking an internal 

region of 4661 bp with 2 successive domains showing homology to the retroviral gag and pol 

(Buti et al., 2009). HACRE1 LTRs also show the typical canonical short inverted repeats 5 -́ 

TG...CA-3´at their ends (Grandbastien et al., 1989; Murata and Yamada, 2000).  
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Figure 1 Schematic representation of HACRE1 where DNA sequences corresponding to 

specific domains are shown in boxes (Buti et al., 2009) 

 

The occurence of promoter  elements in LTRs indicates that HACRE1 can be 

transcribed as was repotred in Buti et al. (2009). The same authors have used primers 

designed to match the RNase domain of HACRE1, a 624 bp fragment, to amplify cDNAs 

retrotranscribed from total RNA of leaflets of 7-day-old plants grown in dark or under a 16h 

light : 8 h dark photoperiod. They reported, that retrotransposon belonging to the HACRE1 

family were transcribed in both leaf samples, indicating that these retrotransposons are still 

transcriptionally active (Buti et al. 2009).  

The aim of this work was to analyse, based on HACRE1 IRAP polymorphism, the 

retrotransposon based variability among the sunflower lines used in the active breeding 

programm and to test the conservation of IRAP profile in the analysed lines. 

 

MATERIAL AND METHODS 

 

Plant material 

 

The sunflower lines used in the reported experiment are listed in the table 1. All the 

analysed lines are the property of APEX AGRI/ LABOULET SEMENCES and obtained were 

within the cooperation of ZEAINVENT TRNAVA, s.r.o. 
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                                      Table 1 Sunflower lines used in the study 

number breeder´s code pedigree 
1 2808A 805B × 881B 
2 2867A IMIB × 321B 
3 3065A 2607B × HA406B 
4 987 A (881B × 321B) × 2607B 
5 1791A (881A × LC1093B) × NS BW 
6 1831A 881B × LC1093B × LC1093B 
7 1909A OL1B × LC1093B × 
8 1913A 805A × (805B × OF200B) × 
9 1923A 445A × (881B × 321B × 
10 1957A 881A × (406B × 
11 1961A 881A × LC1093B 
12 628R (815R × HO211) × 8015R 

 

 

DNA extraction 

 

For the IRAP fingerprinting, genomic DNA was isolated from pools of 6 seedlings. 

DNA was extracted from the leafs according to the  method devised by Rogers and Bendich 

(1994).  Leaf portions were homogenized in liguid nitrogen in a mortal and lysed in CTAB 

(hexadecyl trimethyl ammonium bromide).  Samples were incubated at 65 °C for one hour 

with occasional  gentle swirling, and DNA was then extracted once with 

chloroform:isoamylalcohol (24:1, v/v). The suspension was mixed throughly to form an 

emulsion.  After centrifugation (11 000 x g) for 10 min aqueous phase was transfered into a 

new microcentrifuge tube and 1/5 volume of the 5% CTAB solution was added. The 

chloroform/isoamylalcohol extraction was repeated once more time, then the equal volume of 

CTAB was added and the samples were placed on ice for 30 min. After centrifugation (10 000 

x g) for 10 min nucleic acids were precipitated from the agueous phase by adding two-third 

volume of cold isopropanol and then centrifuged at 10 000 g for 15 min at 4°C, washed in 

70% (v/v) cold ethanol by centrifuging at 6,200 g for 5 min at 4°C, and resuspended in TE 

buffer. 
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HACRE-1 based marker design and IRAP performing 

 

Primers were designed to match the 5´ end of 5´ LTR of the HACRE1 retrotransposon 

of sunflower with the 5´end of 3´ LTR of another copy of this retrotransposon integrated in 

the DNA molecule – the primer. Primer used in this study complementar to bases 210-231 

(figure 2) and outward-facing (accession in NCBI database FN298618). The another variant 

of the primer binding site are bases 5790-5811 and inward-facing into the same 

retrotransposon.  

......

......

...... ......

5´gtttgaagacgcgaatgggcgcg 3´

5´gtttgaagacgcgaatgggcgcg 3´
 

Figure 2  Illustration of the annealing sites for the used IRAP primer at HACRE-1 

retrotransposon nucleotides used in the study 

 

Designed primers were evaluated for amplification using PCR at two annealing 

conditions (Tm = 62°C and  55-62 °C ramping). PCR reaction for IRAP analysis were 

performed in a 15 µl reaction mixture containing: 30 ng genomic DNA, Dream Taq Mix 

buffer (ThermoScientific) and 500 nM primer. After an initial denaturing step at 95°C for 3 

min, thermocycling was performed at 95°C for 30 s, 62°C for 40 s and 72°C for 120 s, for 35 

cycles, final extension at 72°C for 10 min. The primer was tested for efficiency in the yield of 

IRAP bands and for fingerprinting quality - for the possibility for the amplified loci to be 

distinguished and scored. Genomic DNAs from five different accessions of H. annuus were 

used as templates. 

 

IRAP analyses 

   

Amplified products were surveyed for polymorphism using 1,2% agarose gel 

electrophoresis and scored in binary mode (1 as presence of fragment, 0 as absence), 

assuming that each band represents a single locus. Each experiment was repeated three times. 
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Non-reproducible bands were very rare and were excluded from the analyses along with weak 

bands.  

Jaccard´s (1908) genetic similarity index was used to calculate genetic similarity, 

emloying the software SYN-TAX 2000 HIERCLUS (Podani, 2001).   

The obtained data was used to calculate the Polymorphism Information Content (PIC) value 

using the formula H = 1-k∑i=1pi
2, where pi is the frequency of the i-th allele and k is the 

number of alleles.  Cluster analysis was conducted with UPGMA method in classifying the 

binary data derived to generate dendrogram to assess the relationships  among the twelve 

sunflower lines. Principal component analysis (PCA) for analysing multiple loci and multiple 

samples was carried out using the SYN-TAX 2000 ORDIN (Podani, 2001) software.  

 

RESULTS  

 

IRAP was analyzed on 12 H. annuus accessions (Table 1). A total of 96 bands among 

H. annuus accessions were scored. The number of polymorphic bands was 42. Heterozygosity 

and polymorphic information content for each polymorphic marker is reported in figures 3 

and 4. The average Jaccard’s Dissimilarity Indexes for the used primer (Table 2) range within 

the whole possible range and correspond to the dendrogram (Figure 6)  with the cophenetic 

correlation of 79,32 %.  As the most distinct lines are reported 2867A and 1957A, 1831A and 

1961A, 1957A and 1961A. 

 

Table 2 Jaccard dissimilarity coefficiets for analysed sunflower lines  
line 2808A 2867A 3065A 987A 1791A 1831A 1909A 1913A 1923A 1957A 1961A 628R 

2808A 0.000            

2867A 0.333 0.000           

3065A 0.250 0.500 0.000          

987A 0.500 0.750 0,600 0.000         

1791A 0.500 0.667 0,571 0,500 0.000        

1831A 0.833 1.000 0,857 0,600 0.571 0.000       

1909A 0.500 0.750 0,600 0,000 0.500 0.600 0.000      

1913A 0.250 0.500 0,400 0,250 0.333 0.667 0.250 0.000     

1923A 0.400 0.600 0,500 0,400 0.429 0.500 0.400 0.200 0.000    

1957A 0.800 1.000 0,833 0,500 0.500 0.600 0.500 0.600 0.667 0.000   

1961A 0.333 0.000 0,500 0,750 0.667 1.000 0.750 0.500 0.600 1.000 0.000  

628R 0.500 0.750 0,600 0,500  0.714 0.600 0.500 0.600 0.400 0.800 0.750 0.000 
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In the case of IRAP, the outward-facing primer directs the polymerisation out of the 

LTR and the nearest but the same primer tied on the the same sequence on the other various 

distant LTR  stops the polymerisation. In the case of RBIP, the inward-facing primer directs 

the polymerisation inward of the retrotransposon and the inserted copies of the internal length 

varability can be analysed (Bežo et al., 2005).    

 

0

0,25

0,56

0,72

0

0,25

0 00

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

1 7 10 10 2 7 2 2
 

Figure 3 Heterozygosity for eight generated polymorphic markers by the HACRE-1 LTR 

primer 

 

Primer used in the study show the old insertions of the HACRE1 retrotransposon 

through the analysed sunflower lines. Most of the analysed accesions have the „881A or B“ 

line in their pedigrees, but none of them have the same IRAP profile or are showed as the 

same when Jaccard dissimilarity coefficient was applied (table 2). Based on the principle of 

the IRAP marker system, the fingerprint profile displays the insertions of the retrotransposon 

and having two insertion common  to two individuals means that the insertion was present in 

the ancestor.  
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Figure 4 Polymorphic information content of a total of 42 HACRE-1 markers screened for 

polymorphisms among tested sunflower lines 
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number breeder´s 

code 

encoded  inter retrotransposon amplified 

length polymorphism in eight different 
1 2808A         
2 2867A         
3 3065A         
4 987 A         
5 1791A         
6 1831A         
7 1909A         
8 1913A         
9 1923A         

10 1957A         
11 1961A         
12 628R         

 

Figure 5 Encoded electrophoreogram of the IRAP profile of analysed sunflower lines. The 

gray is standing for the presence of the DNA fragment 

 

Dendrogram of the analysed lines comprises from the three dominant branches, where 

the lines with the codes 1831A and 1957A are shown as the most unsimilar to the others. The 

separation of the two lines is caused by absence of the insertion site in the IRAP profile in 

place, where the rest of the analysed lines shows the insertion (figure 5). 
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Figure 6 Dendrogram of analysed sunflower lines. Codes of lines correspond to those in the 

table 1 
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The pricipal component analysis shows more the pedigree pattern in the grouping of 

the analyses lines when comparing it to the dendrogram. Two classic (in oil content 

characteristic) lines with the „881A“ line in their pedigrees are shown as different to others.  

Similar, both of the lines with the „805A  or B“ in the pedigrees are in the same cluster. 

 

 
Figure 7 PCA plot of 12 Helianthus annuus accessions using HACRE1 IRAP primer. Codes 

of lines correspond to those in the table 1 

 

 

DISCUSSION 

 

Improved knowledge of genomic composition, especially of its repetitive component, 

generates information that is of importance in both theoretical and applied research, such 

as for improving strategies for genetic and physical mapping of genomes and for the 

dicsovery and development of molecular markers (Cavallini et al., 2010). The approach of 

using of DNA markers in breeding systems was succesfully applied in the case of maize Idt 

and SSS types when one of the lines was questionable in its type (Batovská et al., 2010). 

A detailed structural analysis of the sunflower genome is still to be performed. Santiti 

et al. (2002) described the occurence of one gypsy and one copia LTR-retrotransposon 

subfamilies  in the genome of sunflower and other Helianthus species. However, the 

frequency and distribution of many specific repetitive sequences has not been determined in 

this species.  That is why Cavallini et al. (2010) has used a sample-sequencing strategy 

combined with slot-dot hybridization and FISH to study the composition of the repetitive 

component of the sunflower genome. Moreover, the evolution of the repetitive component in 
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the Helianthus genus and other Asteraceae was studied by comparative analysis of  the 

hybridization of total genomic DNAs from these species to the sunflower small-insert library. 

Cavallini et al. (2010) in their study report, that LTR retrotransposons reach the abundance of 

about  19,49 % of small genomic library sequences.  

Both Helicopia and SURE retrotransposon families of H. annuus produced highly 

polymorphic fingerprints, evidencing large variability in their insertion sites. The large 

number of bands obtained using SURE LTR primers further indicates that this sequence, 

though its nature is unknown, is highly abundant. Given the activity of retrotransposons in 

driving genome diversification, retrotransposon-based marker methods appear attractive to be 

used in sunflowers (Vukich et al., 2009). Sequences belonging to both  Gypsy and Copia 

Superfamilies have been identified in H. annuus (Santini et al., 2002, Natali et al., 2006).  

The number of IRAP bands is affected both by the abundance of the retrotransposon family 

on which the primers are based on and on the distribution of the elements or, strictly speaking, 

of the LTRs (Vukich et al., 2009). 

The used IRAP marker is not able to provide profiles where clear on the pedigree 

based relationships are displayed, what is in concordance with the findings of Vukich et al. 

(2009).  The authors report that  phylogenetic analyses based on IRAP fingerprints of 

Helianthus species did not give reliable, significant phylogenetic trees, because of large 

number of polymorphis, unique bands. Phylogenetic reconstruction requires analysis of the 

degree of shared characters. For retrotransposon, a character is an individual insertion at a 

particular locus, Rigorously, this requires sequencing of polymorphic bands of similar 

mobility to establish the identity of the retrotransposon and its insertion site in each case 

(Vukich at al., 2009). 

Kalendar et al. (2000) suggest that retrotransposon distribution patterns can show 

eco-geographical gradients due to the underlying  effect of environment and stress on 

retrotransposon activation. Retrotransposon – based variability in H. annuus could thus be 

related to the variation between the environments in which this widespread species lives 

(Vukich et al., 2009). Because insertion or loss of retrotransposons affects the regulatory 

machinery of genes (Kobayashi et al., 2004), the connection between environmentally-

activated retrotransposition and genetic differentiation could be of particular importance for 

genes involved in environmental adaptation.  

 

 

 



JMBFS  / Žiarovská et al. 2013 : 2 (Special issue 1) 1629-1641 
 

 

  1639  
  

CONCLUSION 

 

Analyses of IRAP based polymorphism is a very efficient tool for describing of 

differences among the sunflower lines. A total of 96 bands among tvelwe H. annuus 

accessions were scored with only a one used HACRE1 IRAP primer and the number of 

polymorphic bands was 42. Lines that are showded as most distinct within a dendrogram 

displays diffrent HACRE1 insertion pattern in the past and can provide a starting material for 

breeders´ crosses. 
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