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Abstract

Markin N., Usatov A., Makarenko M., Azarin K., Gorbachenko O., Kolokolova N., Usatenko T., Markina O., Gavrilo-
va V. (2017): Study of informative DNA markers of the Rf1 gene in sunflower for breeding practice. Czech J. Genet. 
Plant Breed., 53: 69−75.

The investigation of DNA markers associated with the pollen fertility restoration gene (Rf1) was conducted in 
Helianthus. Two sequence-characterized amplified region (SCAR) markers – HRG01 and HRG02 were informa-
tive for the identification of Rf1 gene in selections of sunflower plants. The codominant character of the HRG01 
marker and HRG01 amplicon polymorphism has been determined. Five annual and twenty-six perennial spe-
cies of sunflower were tested for the presence of Rf genotypes. HRG02 proved to be a more appropriate marker 
for Rf1 determination in perennial species, and HRG01 was more informative for annual species. We have also 
developed the multiplex RT-PCR test system, which allows simultaneously detecting the dominant allele of Rf1 
and CMS-PET1 associated mitotype.
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Sunflower is one of the most popular oil crops all 
over the world. Presently, the industrial production 
of sunflower seeds is based upon use of highly pro-
ductive interlinear hybrids. The production of such 
hybrids involves a genetic system of plant pollination 
control, which includes maternal lines carrying genes 
of cytoplasmic male sterility (CMS) and paternal 
lines having the fertility restorer (Rf) genes (Horn 
et al. 2003). Marking of the fertility recovering genes 
is important for precise selection of the carriers of 
dominant and recessive alleles of the Rf genes among 
separated populations. This significantly accelerates 
the obtainment of parental forms of hybrids. Thus, 
the investigations of markers tightly linked with 
Rf genes are held worldwide, for example, several 
Rf genes markers were identified in maize (Zhang et 

al. 2006), sunflower (Horn et al. 2003), soya (Dong 
et al. 2012), barley (Ui et al. 2015) etc. 

Currently, virtually all sunflower hybrids in the 
world have a single CMS source – PET1, which was 
derived from H. petiolaris (Pratap & Kumar 2014). 
It was shown that CMS in sunflower is caused by 
5000 bp insertion, which occurs on the border with 
the atpA gene and forms a new open reading frame 
orfH522 (Horn et al. 1991). Nuclear Rf genes are 
responsible for polyadenylation of the atpA-orfH522 
transcript that makes it accessible for RNase II and 
eventually leads to the restoration of pollen fertility 
(Horn et al. 2003). 

In most of the cultivated sunflowers, two domi-
nant nuclear alleles, Rf1 and Rf2, are necessary to 
restore male fertility, and Rf2 is present in nearly all 
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sunflower lines (Yue et al. 2010). According to the 
published data, a large number of DNA markers of 
the 13th linkage group were linked with Rf1 loci of 
sunflower: ORS 511, ORS 224, ORS 317, ORS 630, 
ORS 799, ORS 1030 (Tang et al. 2002), HRG01, 
HRG02 (Horn et al. 2003) and STS-115 (Yue et 
al. 2010). Thus the Rf1 gene was mapped on the 
13th linkage group (Tang et al. 2002). However, the 
Rf2 localization is still unclear (Yue et al. 2010). 
Therefore, the goal of the present study was to iden-
tify the informative DNA markers of Rf1 gene both 
for cultivated sunflower lines and wild sunflower 
species and to develop on their basis a PCR based 
testing system for applied selection tasks.

MATERIAL AND METHODS

Research was aimed at 29 Rf lines and 17 CMS lines 
of sunflower which were obtained from L.A. Zhdanov 
Don Experimental Station of the All-Russian Institute 
of Oil Plants (Russia). Rf lines were homozygous for 
the Rf1 gene (Rf1Rf1). In genomes of CMS lines only 
recessive alleles of Rf1 gene were present (rf1rf1). 
The genotypes of Rf and CMS lines were confirmed 
by the parent-offspring analysis. In each line (Rf or 
CMS) 5 plants were investigated. Other objects of 
study were 5 annual and 26 perennial sunflower spe-
cies which were obtained from N.I. Vavilov Institute 
of Plant Genetic Resources (St. Petersburg, Russia). 
The lists of investigated annual and perennial species 
are presented in Tables 1 and 2, respectively. 

Twelve interspecific hybrids were also used for the 
study. Parental forms of hybrids were 12 perennial 
species and 4 CMS-PET1 lines, which are presented 
in Table 3. The hybrids were obtained from the Kuban 
Experimental Station of N.I. Vavilov Institute of Plant 
Genetic Resources. The research of pollen fertility 
was conducted in hybrids of the 10th generation, 
obtained by self-pollination. The pollen fertility 
was investigated using an aceto-carmine method 
(Stanley & Linskens 1974).   

Total DNA isolation and PCR were carried out 
as it was described earlier (Markin et al. 2016). 
Primers designed by Horn (Horn et al. 2003) were 
used for the amplification of SCAR markers (HRG01 
and HRG02)

Sanger sequencing of HRG01 amplicons was carried 
out on a 3130 Genetic Analyser (Applied Biosystems,  
USA) using the BigDye Terminator Ver. 3.1 Cycle 
Sequencing Kit (Applied Biosystems) according to the 
manufacturer’s instructions. Nucleotide sequences 
were edited and aligned by BioEdit Software Version 
7.2.5 (Hall 1999).

RT-PCR primers and TaqMan probes were de-
signed using Primer QuestSM (http://eu.idtdna.com/
PrimerQuest) on the basis of nucleotide sequences 
of HRG01 marker and orfH522 gene (NCBI Gen-
Bank registration No. X55963.1). Primer sequences 
are as follow: for HRG01 forward – GGCATGAT-
CAAGTACATAAGCACAGTC, reverse – TAT-
GTACGGGAATGAGCTCCGGTT; for orfH522 
forward – TGAGTTTACTCCGGCAACTCGTTC, 

Table 1. The results of amplification of the HRG01 and HRG02 markers of the Rf1 gene in annual sunflower species

Species Accession No. in the N. I. Vavilov 
Institute of Plant Genetic Resources

No. of investigated 
plants

Presence of the marker (%)
HRG01 HRG02

Helianthus annuus L. 441183 20 100 25
441236 16 75 50
441245 20 50 50

H. praecox Englem. & Gray 560400 16 75 0

H. debilis Nutt. 560388 15 100 0
560395 13 100 0
545666 18 100 0

H. petiolaris Nutt. 440560 20 100 25
503232 19 100 0

− 18 100 0

H. argophyllus T. & G. 1805 16 100 0
1000 17 100 0

– without a number
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Table 2. The results of amplification of the HRG01 and HRG02 markers of the Rf1 gene in perennial sunflower species

Species Accession No. in the N. I. Vavilov 
Institute of Plant Genetic Resources

No. of investigated 
plants

Presence of the marker (%)

HRG01 HRG02
Helianthus ciliaris DC. – 15 0 100
H. tracheifolius Mill. – 15 0 100
H. tиberosus L. 441026 15 0 100
H. multiflorus L. – 15 0 100
H. tomentosus Michx. 2107 15 0 100
H. nuttallii T. & G. 442735 15 0 100
H. hirsutus Raf. 560389 15 0 100
H. laevigatus T. & G. – 15 0 100
H. microcephalus T. & G. – 15 0 100
H. floridanus A.Gray 
ex Chapm. – 15 0 100

H. simulans E.Watson 545659 15 0 100
H. salicifolius Dietr. 440074 17 0 100

– 17 0 100

H. giganteus L. 2100 15 0 100
489253 15 0 100

H. grosseserratus М.Martens 545698 18 0 100
545711 15 0 100

H. decapetalus L. 545682 14 100 100
H. laetiflorus Heiser & 
D.M. Sm. 1886 19 100 100

H. smithii Heiser – 16 100 100
H. eggertii Small – 15 100 100
H. angustifolius L. 1889 20 30 100

– 20 30 100

H. divaricatus L. 2099 15 60 100
545674 18 100 100

H. mollis Lam. 2102 15 100 100
530453 20 100 100

5088 17 0 100

H. occidentalis Riddel 
subsp. plantagineus 
(Torr. & A.Gray) Heiser

441062 16 0 100
– 16 0 100
– 19 100 100

H. occidentalis Riddel 
subsp. occidentalis – 20 30 100

H. strumosus L. 440679 17 100 100
440683 16 0 100

– 18 50 100

H. rigidus Desf. 2106 18 100 100
545658 13 0 100

1886 15 0 100
545660 15 0 100
545681 15 0 100
545646 15 0 100

H. californicus DC. 530447 14 0 100
H. maximiliani Schrad. 440553 16 50 100

– without a number
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reverse – TGCTCTTGAATGGCAGTGGTGATG. 
TaqMan probes were (FAM)-TGTCACGCATG-
CAAGTACTCCCACTT-(RTQ1) and (R6G)-ACA-
GATCACGCCCTATAAAGGCCGAA-(BHQ1) for 
HRG01 and orfH522, respectively.

RESULTS AND DISCUSSION

First of all, it should be noted that in our investi-
gation HRG01 (about 450 bp) and HRG02 (about 

740 bp) SCAR (sequence characterized amplified 
region) markers were informative for the Rf1 dominant 
allele identification (Figure 1). The obtained data 
of Rf1 genotyping fully coincided with data of the 
parent-offspring analysis. Thus, it confirms the ef-
ficiency of HRG01 and HRG02 markers for sunflower 
selection in order to develop the parental lines of 
the CMS PET1-Rf system. Although these markers 
have been developed by Horn et al. (2003), in our 
study we detected the codominant nature of HRG01 

Table 3. The fertility of pollen of perennial species and interspecific hybrids of sunflower 

Parental species Pollen fertility (%) Hybrid combination Pollen fertility (%)
Helianthus ciliaris 96.5 ± 1.3
H. decapetalus 89.7 ± 7.4
H. divaricatus 90.6 ± 3.4
H. giganteus 96.6 ± 1.1 НА 232 × H. giganteus 93.3 ± 0.9
H. hirsutus 91.9 ± 3.8 VIR 114 × H. hirsutus 75.3 ± 3.7
H. maximiliani 94.0 ± 2.4 HA 232 × H. maximalliani 84.0 ± 3.7
H. mollis 87.0 ± 1.5 HA 232 × H. mollis 92.4 ± 3.2
H. strumosus 95.8 ± 3.2 НА 232 × H. strumosus 97.8 ± 0.6
H. occidentalis 98.7 ± 0.4 VIR 151 × H. occidentalis 95.2 ± 2.3
H. rigidus 99.2 ± 0.3
H. californicus 94.5 ± 0.5 HA 232 × H. californicus 92.3 ± 2.2
H. nuttalii 92.2 ± 3.9
H. laetiflorus 87.6 ± 0.4 НА 232 × H. laetiflorus 87.5 ± 3.5
H. angustifolius 84.9 ± 2.6 НА 232 × H. angustifolius 90.6 ± 5.3
H. floridanus 71.6 ± 3.1 VIR 129 × H. floridanus 96.2 ± 1.1
H. grosseserratus 95.7 ± 1.3 НА 232 × H. grosseserratus 76.7 ± 1.8
H. tracheifolius 87.0 ± 1.5 VIR 151 × H. tracheifolius 94.7 ± 1.3

Figure 1. PCR patterns of cytoplasmic male sterility (CMS) and Rf lines which were obtained using HRG01 (A) and 
HRG02 (B) markers: 1–17 – electrophoretic spectra of the CMS line (rf1rf1); 18–46 – electrophoretic spectra of the 
fertility restorer line (Rf1Rf1); 47 – negative control; M – molecular weight standard (100 bp DNA ladder, Evrogen); 
fragments informative for the Rf line identification are marked
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marker. A decrease of the HRG01 primer anneal-
ing temperature from 58ºC to 54ºC resulted in the 
second amplicon appearance (Figure 2). Plants of Rf 
lines (Rf1Rf1) had only 450 bp amplicons. However, 
in plants of all CMS lines (rf1rf1) a new amplicon 
with 350 bp length was detected.  Accordingly, the 
F1 hybrids (Rf1rf1) had both amplicons (Figure 2). 
Therefore, the sites of HRG01 primer annealing in 
CMS and Rf lines are polymorphic, however, the dif-
ference is low, likely one to a few single nucleotide 
polymorphisms. It is known that new alleles occur 
due to single nucleotide rearrangements. High density 
and evolutionary stability make such rearrangements 
the most effective genetic markers (Galeano et al. 
2012). To prove the codominant nature of HRG01 
marker and reveal the polymorphism of CMS and Rf 
lines sequencing of specific amplicons (350 and 450) 
was carried out. The direct sequencing of the HRG01 
amplicons of three samples with Rf1Rf1 genotype 
and three samples with rf1rf genotype was done. The 
alignment of these sequences on the 247 bp motif 
(from 108 to 355 position) revealed 223 identical 
and 24 polymorphic sites. Polymorphic sites are 

presented in Table 4. The level of similarity between 
samples with the same genotype was 99.6–100%, 
whereas similarity between different genotypes was 
90.7–91.1%. Therefore, it may be concluded that 
350 bp and 450 bp HRG01 PCR products are uniquely 
amplifying from the same locus. So a decrease in 
the HRG01 primer annealing temperature leads to a 
change from the dominant type of marker to a more 
informative codominant marker.

Secondly, the analysis of the Rf1 gene presence in the 
annual and perennial species was done using HRG01 
and HRG02 markers. Wild species of sunflower have 
a great genetic potential for improving agriculturally 
valuable traits of cultivated sunflower. Among them 
fertility restoring genes are of particular interest 
for developing the original selective material and 
hybrid breeding (Horn 2006). The investigation of 
annual sunflower species with HRG01 and HRG02 
markers revealed ambiguous results (Table 1). PCR 
products of HRG01 (about 450 bp) were observed 
in all five studied species. However, the absence of 
HRG01 marker was detected in some parts of the 
investigated plants of H. praecox and H. annuus. So 
the specific amplicons were found in 75% of H. prae-
cox (560400) and H. annuus (441236) samples, and 
in 50% of H. annuus (441245) investigated plants. 
HRG02 amplicons (about 740 bp) were observed 
in H. annuus and H. petiolaris only. The HRG02 
marker was detected in 50% of H. annuus (441236, 
441245) samples, in 25% of H. annuus (441183) and 
H. petiolaris (440560) samples. Perhaps, this is so 
because annual species of sunflower have more vari-
able nucleotide sites of the HRG02 primer annealing 
sequence compared to HRG01. However, this is only 
an assumption.

Figure 2. PCR products of the HRG01 marker obtained at 
an annealing temperature of 54°C
1, 2, 6 – CMS lines (rf1rf1); 3, 4, 5 – the fertility restorer 
lines (Rf1Rf1); 7, 8, 9 – F1 hybrids (Rf1rf1)

Table 4. Polymorphic sites of the codominant marker HRG01 of the Rf1 gene

No.
Polymorphic sites

10
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9
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4
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4
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2

32
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1 T C A T T T A T A T G A G A A C C G A G G – A G

2 T C A T T T A T A T G A G A A C C G A G G – A G

3 T C A T T T A T A T G A G A A G C G A G G – A G

4 A T C C G C T A G C A T A G G C T A C T A C G A

5 A T C C G C T A G C A T A G G C T A C T A C G A

6 A T C C G C T A G C A T A G G C T A C T A C G A

1, 2, 3 – polymorphic sites of the SCAR marker of the Rf1 allele amplified on the template of genomic DNA of the fertility res-
torer lines (temperature of primer annealing 58ºC); 4, 5, 6 – polymorphic sites of the SCAR marker of the rf1 allele amplified 
on the template of genomic DNA of the CMS lines (temperature of primer annealing 54ºC)

450 bp
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  1           2          3           4           5           6           7           8           9
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The data of HRG01 and HRG02 marker analysis in 
perennial sunflower species are presented in Table 2. 
Unlike the results of annual species research, the 
HRG02 (about 740 bp) marker was identified in all 
perennial samples studied, whereas the amplifica-
tion of HRG01 was observed in 12 out of 26 species 
only. It is interesting to note that in some species the 
presence of the HRG01 (about 450 bp) marker varied 
greatly. For instance, the marker was detected only 
in one out of six H. rigidus (2106) populations. The 
marker was found nearly in 30% of H. angustifolius 
and H. occidentalis investigated plants, in half of 
H. strumosus and H. maximiliani samples. More 
than half of H. divaricatus, H. mollis investigated 
plants also demonstrated the presence of HRG01 
amplicons (Table 2). According to the data obtained 
an opposite assumption could be made – perennial 
species had more conservative nucleotide sites of 
the HRG02 primer annealing sequence compared 
to HRG01.

Thirdly, the association of SCAR marker, defined 
in wild species, with fertility restoration has been 
proved by test crosses. Some of perennial sunflower 
species, carrying Rf1 gene, according to genotyping 
by HRG02, were used for hybridization with CMS-
PET1 cultivated sunflower lines (Table 3). Actually 
we predominantly used perennial sunflower species 

characterized by the same periods of blossoming as 
cultivated sunflower lines. However, survivability 
of pollen had also been the criterion for choosing 
paternal lines. The pollen fertility of hybrids varied 
from 75.3% to 97.8% (Table 3) and all hybrids carried 
the HRG02 marker, this confirms the introgression 
of Rf1 gene. Thus, the HRG02 marker, which has 
been detected in all the wild perennial species, can 
be considered as a highly informative identifier of 
Rf1 gene.

We have also designed a multiplex RT-PCR system 
for simultaneous detection of Rf1 gene and mitochon-
drial marker associated with CMS-PET1 (orfH522). 
Approbations of the test system on CMS and Rf 
lines were successful. It is interesting to note that 
all studied lines had a 127 bp amplicon (Figure 3), 
which indicates the presence of the CMS-PET1 mu-
tation and the same mitotype in CMS and Rf lines, 
respectively. The second amplicon (198 bp) has been 
detected only in plants of Rf lines (Figure 3). Such 
a test system is expected to increase the efficacy 
of selection of parental forms in order to obtain 
heterotic hybrids.

Therefore, the informative SCAR markers HRG01 
and HRG02, as well as the developed RT-PCR testing 
system may be used for the marker-assisted selection 
of sunflower. The discovered codominant nature of 

Figure 3. Multiplex amplification products of the HRG01 locus linked to the Rf1 gene and marker of the mitochondrial 
orfH522 gene associated with CMS-PET1: (A) PCR, 1–11 – CMS lines; 12–22 – Rf lines; M – molecular weight standard 
(100 bp DNA ladder, Evrogen), (B) real-time PCR

orfH522 gene marker RT-PCR analysis (Yellow channel 530−555 nm)(B) Rf1 gene marker RT-PCR analysis (Green channel 470−510 nm)
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HRG01 allows identifying allelic variants of Rf1 loci 
(Rf1 or rf1) in varieties of domesticated sunflower. 
As well as the HRG02 marker application is useful 
for searching the fertility restorer gene (Rf1) among 
wild type species.

Acknowledgements. This work was supported by Project 
No. 40.91.2014/K of Ministry of Education and Science of 
the Russian Federation.

R e f e r e n c e s

Dong D.K, Li Z., Yuan F.J., Zhu S.L., Chen P., Yu W., Yang 
Q.H., Fu X.J., Yu X.M., Li B.Q., Zhu D.H. (2012): Inheri-
tance and fine mapping of a restorer-of-fertility (Rf) gene 
for the cytoplasmic male sterility in soybean. Plant Sci-
ence, 188–189: 36–40.

Galeano C.H., Cortes A.J., Fernandez A.C., Soler A., Franco-
Herrera N., Makunde G., Vanderleyden J., Blair M.W. 
(2012): Gene-based single nucleotide polymorphism 
markers for genetic and association mapping in common 
bean. BMC Genetics, 13: 48.

Hall T.A. (1999): BioEdit: a user-friendly biological se-
quence alignment editor and analysis program for Win-
dows 95/98/NT. Nucleic Acids Symposium, 41: 95–98.

Horn R. (2006): Recombination: cytoplasmic male steril-
ity and fertility restoration in higher plants. Progress in 
Botany, 67: 31–52.

Horn R., Kohler R.H., Zetsche K. (1991): A mitochondrial 
16 kDa protein is associated with cytoplasmic male ste-
rility in sunflower. Plant Molecular Biology, 17: 29–36.

Horn R., Kusterer B., Lazarescu E., Prufe M., Friedt W. 
(2003): Molecular mapping of the Rf1 gene restoring 

pollen fertility in PET1-based F1 hybrids in sunflower 
(Helianthus annuus L.). Theoretical and Applied Genet-
ics, 106: 599–606.

Markin N.V., Usatov A.V., Vasilenko V.N., Klimenko A.I., 
Gorbachenko O.F., Maidanyuk D.N., Getmantseva L.V. 
(2016): SSR analysis of maternal and paternal lines se-
lected in the Don Region (Russia). American Journal of 
Agricultural and Biological Sciences, 11: 13–18.

Pratap A., Kumar J. (2014): Alien Gene Transfer in Crop 
Plants. Volume 2: Achievements and Impacts. New York, 
Springer Science Business Media: 281–315.

Stanley R.G., Linskens H.F. (1974): Pollen: Biology, Bio-
chemistry, and Management. New York, Springer Verlag.

Tang S., Yu J.K., Slabaugh B., Shintani K., Knapp J. (2002): 
Simple sequence repeat map of the sunflower genome. 
Theoretical and Applied Genetics, 105: 1124–1136.

Ui H., Sameri M., Pourkheirandish M., Chang M.C., Shima-
da H., Stein N., Komatsuda T., Handa H. (2015): High-res-
olution genetic mapping and physical map construction 
for the fertility restorer Rfm1 locus in barley. Theoretical 
and Applied Genetics, 128: 283–290.

Yue B., Vick B.A., Cai X., Hu J. (2010): Genetic mapping for 
the Rf1 (fertility restoration) gene in sunflower (Helianthus 
annuus L.) by SSR and TRAP markers. Plant Breeding, 
129: 24–28.

Zhang Z.F., Wang Y., Zheng Y.L. (2006): AFLP and PCR-
based markers linked to Rf3, a fertility restorer gene for 
S cytoplasmic male sterility in maize. Molecular Genetics 
and Genomics, 276: 162–169.

Received for publication July 6, 2016
Accepted after corrections January 13, 2017

Published online April 5, 2017


