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Abstract 

Both the cytoplasmic and nuclear male sterility 
mechanisms have been used to create hybrids in 
capsicum. In order to improve heterosis breeding and 
facilitate parental breeding, marker-assisted selection 
is essential. Markers associated with cytoplasmic male 
sterility would help shift the dominant NMS system of 
bell pepper to the CMS system. The markers, 
especially the co-dominant markers, can be used to 
discriminate between heterozygote and homozygote 
individuals and the efficacy of the hybrid breeding 
program would rise as a result. The precise mapping 
of new Rf genes and the identification of markers that 
are more closely associated to or co-segregate with the 
Rf genes in the CMS system for chili peppers would 
facilitate marker-assisted selection. It is simpler to 
quickly screen the germplasm for allele mining due to 
the related markers. Development or identification of 
sweet pepper’s restorer lines is expected to make CMS 
hybrid technology widely available. Utilizing such 
stable CMS and restorer lines to create CMS-based 
sweet pepper hybrids would be advantageous and 
reduce the cost of hybrid development. 
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Introduction 

The Solanaceae family, which contains 
capsicum, is made up of five major species namely, C. 
annuum, C. baccatum, C. frutescens, C. chinense and C. 
pubescens of cultivated peppers. According to Tang et 
al. (2024), C. annuum is the most extensively cultivated 
cultivar of them all. Cytoplasmic male sterility (CMS) 
breeding technologies expedite the production of 
hybrid seed for a number of crops. In order to reverse 
CMS and create male fertility in the F1 hybrid 
offspring, the male parent's nuclear restorer-of-
fertility (Rf) gene is usually utilized during hybrid 
development (Ortega et al. 2020). The development of 
commercial F1 hybrid seeds frequently entails 
emasculation and physical pollination. To overcome 
this time-consuming limitation, earlier researchers 

have worked on employing mutants having male 
sterility (Swamy et al. 2017; Colombo and Galmarini 
2017).  

A male-sterile line, its maintainer line and a 
fertility-restorer line are necessary for a cytoplasmic 
male sterility system (Zhang et al. 2020). Reports 
indicate that the recovery of male fertility in chili 
pepper CMS is influenced by one dominant or double 
Rf gene (Peterson, 1958), one major-effect QTL, two 
complementary genes (Novak et al. 1971) and four 
additional minor-effect QTLs (Wang et al. 2004). 
Cytoplasmic male sterility (CMS) has not yet been 
effective in producing sweet pepper hybrids, while 
being utilized commercially to produce hot (syn. chili) 
pepper hybrid seed.  The main reason for this is 
because the majority of sweet pepper genotypes either 
have unstable restorer lines with a limited capacity to 
restore fertility or lack the fertility restorer (Rf) allele 
(Mulyantoro et al. 2014 and Kumar et al. 2007). In 
order to produce male fertile CMS hybrids that are 
incapable of producing any commercial fruits, they 
cannot be utilized as the male parent (Lin et al. 2015). 

Phenotypic and genotypic selection 

The male-fertile phenotype was defined as 
plants that generated a lot of pollen grains and seeded 
fruit, whereas the male-sterile phenotype was defined 
as plants that produced neither pollen grains nor 
seedless fruit (Zhang et al. 2020). According to Gulyas 
et al. (2006), the hybrid and parent lines' fertility was 
evaluated using several techniques. In the first 
approach, plants were visually inspected for the 
generation of pollen and the presence or lack of 
anthers during the blooming stage. In the second 
procedure, the quantity of stained pollen grains was 
determined using microscopic analysis. 

For the Rf allele for marker assisted breeding 
to be deployed effectively, markers that are tightly 
linked to the fertility restoration locus (Rf allele) are 
required (Lin et al. 2015). The structure and genetic 
diversity of the chili pepper genome have been 
completely revealed over the last five years by a 
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number of excellent genome and resequencing 
projects. These initiatives have laid the groundwork 
for the creation of a high-throughput genotyping 
system, which is essential for gene identification and 
molecular breeding (Tang et al. 2024). 

Molecular mapping for fertility restoration gene 

Fine-grained gene mapping may help identify 
markers that are towards the locus or overlap. In order 
to breed maintenance lines and restorer lines that 
might potentially fully restore CMS fertility, it would 
be simpler to filter capsicum germplasm and transfer 
the "rf" gene more quickly (Jindal et al. 2020). Lee et al. 
(2008) identified a CMS-associated "pr" (partial 
restoration) locus that affects fertility restoration. 
Reproduction is only partially restored by the main 
"Rf" gene when paired with the recessive "pr" gene 
(Jindal et al. 2020). 

Using the CRF-S870 marker and MAB, the Rf 
allele from the hot pepper line AVPP9905 was 
successfully transferred to many sweet pepper 
genotypes (Lin et al. 2015). It was discovered that the 
chili pepper (Capsicum annuum L.) strong restorer 
inbred line IVF2014032 has a single dominant locus 
(CaRf032) for the fertility restoration of CMS. 
CA00g82510 is one gene candidate for CaRf032 that 
shows promise. Five KASP markers that co-
segregated with CaRf032 were effectively used to 
genotype 63 restorer and 38 maintainer lines. These 
markers revealed SNPs (single-nucleotide 
polymorphisms) in CA00g82510 of 77013 and 
IVF2014032 (Zhang et al. 2020).  

Role of male sterility in hybrid breeding  

According to Zhang et al. (2020), three 
component lines are essential for a CMS breeding 
system: a fertility-restorer line, a male-sterile line, and 
its maintainer. The male parent frequently has a 
nuclear restorer-of-fertility (Rf) gene to counteract 
CMS and promote male fertility in the F1 hybrid 
offspring (Ortega et al. 2020). Only once the right B-
line (maintainer) and R-line (fertility restorer) have 
been found for a stable CMS line (A-line) can CMS be 
used in pepper hybridization. The R-line would be 
used as the male parent for the development of hybrid, 
while the B-line would be utilized to create a new 
cytoplasmic male sterile (CMS) line and to multiply A-
line seeds (Swamy et al. 2019). In order to increase 
commercial agricultural yields (Jindal et al. 2020), 
markers associated with the modifier genes can be 

used to breed C-lines that can restore the hybrid 
population's full fertility (Lee et al. 2008). 

Conclusion 

Nuclear restoration enables the exploitation of 
the cytoplasmic male sterile system for the production 
of hetrotic seeds with high yield while removing the 
need for costly manual emasculation and intensive 
labour. In a more segregated population, it is possible 
to calculate the physical distance between the marker 
and the locus with greater accuracy. Additionally, 
after several generations, populations that were 
almost homozygous for CMS and the restorer could be 
identified thanks to the use of this marker, suggesting 
that it may be used in actual breeding. By employing 
these markers to conduct genotypic choices, breeders 
can reduce the time and cost associated with gene 
transfer.  
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