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INTRODUCTION

Sweet pepper is one of the most important vegeta-
bles, enriching human ratio with necessary vitamins, 
microelements, dietary  bers, and wholesome sugars. 
The representatives of Capsicum genus are widely used 
in food canning, pharmaceutical and other branches of 
industry [1].

Capsicum is a crop of tropic and subtropic regions 
of South America. It covers about 30 species, includ-
ing  ve main cultivated ones, namely, . annuum L., 

. frutescens L., C. chinense Jacq., . baccatum L. and 
C. ubescens Ruiz and Pav n [2].

According to the biological criteria, pepper is a pe-
rennial self-pollinating plant, but in Ukraine’s con-
ditions it is a one-year plant, referred to optionally 
self-pollinating plants. Depending on weather condi-
tions, transpollination may reach 40–60 %. Pepper 
 owers may be pollinated both with its own pollen, 

and with the pollen of another plant, brought by an 
insect. Limp and bent  owers are usually pollinated 
with the pollen of the same plant. Hot pepper is more 
likely to have cross-pollination, compared to sweet 
pepper [3]. 

Most varieties of Capsicum are diploid (2n = 2x = 
= 24), but there are several varieties with 2n = 2x = 32. 
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Capsicum has a large genome, the size of which  uctu-
ates in the range of 7.65 thousand bp for . annuum 
to 9.72 thousand bp for C. ubescens, and the average 
value is approximately 8.42 thousand bp. [4]. 

The genes of Capsicum have been studied since 
1912, when Weber started his studies on the inheritance 
of several traits [5]. The works in Capsicum genetics 
have been conducted by scientists of many countries: 
in England – Aktins and Sherard, in India – Deshpande, 
in Japan – Ikeno, in the United States – Halstead and 
Dale [5, 6]. In particular, the scientists paid much at-
tention to the reproductive system, including genetic, 
cytoplasmic, functional male sterility, as well as female 
sterility and genes of fertility restoration [7]. 

The aim of the current work was to describe and sys-
tematize known genes of the reproductive system of 
Capsicum genus plants and to suggest their usage in the 
creation of new varieties and hybrids of sweet pepper 
in the conditions of Ukraine’s protected soils.

MATERIALS AND METHODS

Plant breeding experiments with sweet pepper in the 
conditions of protected soils have been conducted by 
us since 2001 on the basis of the Research and Educa-
tion Center of Covered Soil at the Scienti  c and Re-
search Production Agricultural Complex Pushcha-
Vodytsia. The work was started with the study of the 
world collection of varieties and hybrids of sweet pep-
per of different countries. Over 400 specimens have 
been analyzed during the years of the studies. About 
1,000 specimens of the lines of our own selection and 
1,000 of new hybrids F1, selected by us, were also used 
in the studies.

The experiments were conducted according to 
common methods, described in [3, 8, 9] by the fol-
lowing trends: the creation of initial material for the 
selection of varieties and heterosis plant breeding, 
the obtaining of new varieties and hybrids F1 for the 
conditions of plastic and glass greenhouses. Soil was 
used as a substrate in plastic greenhouses and gravel 
– in glass greenhouses. The plants were grown with 
drop irrigation and optimal supply of organo-mineral 
fertilizers. The scheme of planting was as follows: 
70 × 35 cm – in plastic greenhouses, and 100 × 60 
with a tape – in glass greenhouses. The plants were 
formed into one stalk. The area of the experimental 
plot was 5 sq.m.

The variety testing of the best new hybrids F1 was 
conducted with three repeats. The best hybrids F1 of 
domestic and foreign selection were used as standards. 

About 25–30 hybrids F1 were tested in the breeding 
ground of the main variety testing every year. 

The evaluation of the collection and selection mate-
rial involved the analysis of the morphological traits 
of the plant, the size, form and color of the pepper, its 
location, quality indices, and resistance to diseases. 

Special attention was paid to the manifestation of 
marker genes in different generations and their asso-
ciation with economically valuable traits of sweet pep-
per. The combination capability of selection lines was 
studied in test crossing. The selection was conducted 
by Pedigree’s method.

RESULTS AND DISCUSSION
The preconceptual work in planning the studies and 

forming the initial material for the selection and cre-
ation of hybrids involved the study of the availability of 
marker genes in sweet pepper, which could be used in 
the estimation and selection of hybrid populations and 
heterosis plant breeding. Considerable attention was 
paid to the genes, regulating the reproductive systems, 
in particular, genetic and cytoplasmic male sterility and 
the genes of fertility restoration, genes of male fertil-
ity, genes of female sterility and genes, responsible for 
 owering. 
The analysis of literature data demonstrated that 

there are genes, which can be used as markers in the 
selection process. In our opinion, genes of functional 
male sterility, genetic male sterility, cytoplasmic male 
sterility, fertility restoration and genes, responsible for 
 owering processes are of special relevance.
Genetic and functional male sterility. The  rst scien-

tists, who studied genetic male sterility, were Shifriss 
and Frankel, who discovered the  rst gene of male ste-
rility ms-1 in the spontaneous sterile mutant “All Big” 
in 1969 [10] (Table 1). Many scientists worked at the 
study of genes of male sterility. Table 1 presents the list 
of known genes of genetic and functional male sterility.

Cytoplasmic male sterility (CMS). CMS is widely 
used in modern heterosis selection of sweet pepper. 
It is a special type of deviation from the normal de-
velopment of pollen, when pollen sterility is caused 
not by deviations in meiosis or spermiogenesis, but 
by the pathological vacuolization of cytoplasm of 
pollen grains in the process of development. CMS 
is conditioned by the speci  cities of cytoplasm, not 
by the presence of the gene of pollen abortiveness in 
the homozygous state (genetic sterility). CMS is in-
herited only in the maternal line. The main criterion 
of cytoplasmic inheritance is the result of reciprocal 
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Table 1. The genes of genetic and functional male sterility

Name 
(synonym) Name and characteristic of trait manifestation Refe-

rence

DEG13

Dms
ds

 -1; (mu- tant-1,  )
 -2

fms

ms-1

ms-2

ms-3

ms-4

ms-6, ms-7

ms-8

ms-9; (mr-9)
ms-10; (m -509)

ms-11; (m -705)
ms-12

ms-13; (ms)

ms-14

ms-15; (ms)

ms -1

ms -2

msk

Gene of mRNA stress, related to the induction of the embryogenesis of microspores; 
participates in the embryogenesis of microspores in response to the heat stress
Dominant genetic male sterility; mutation of ms-5
Desynapsis; the univalents are formed with high frequency instead of normal formation of 
pairs in pachynema, in diakinesis and metaphase ; induces high level of sterility; modi  ed 
genes may in  uence ds
Filiform;  liform leaves, irregular  owering; male sterility
Filiform, similar to  -1; narrow cotyledons and leaves (3–4 mm);  liform petals; the pistil 
does not grow together with stamens, except for the ones, which originate from small-
fruited varieties; incomplete male sterility
Functional male sterility; degenerated corolla; withering of stamens leads to under-
development of anthers and stigma; the anthers are closed with a long calyx; the mutant 
form of “Fudijian”
Genetic male sterility; the anthers are small and wrinkled, without the pollen grains; gene 
ms-1 may be associated with one of the genes, in  uencing the pigmentation; the mutant 
form of “All Big”
Genetic male sterility; wrinkled anthers, releasing many abortive (incapable of germination) 
pollen grains; the mutant form of “California Wonder”
Genetic male sterility; wrinkled anthers, in some cases only a small number of fertile and 
sterile grains are formed; radiation-induced mutant of “Pasardjishka Kapia 794”
Genetic male sterility; anthers are not completely reduced, they contain a small number of 
fertile and sterile grains; radiation-induced mutant of “Kapia 794”
Genetic male sterility; wrinkled anthers of reduced size; sometimes only a small amount 
of fertile pollen is formed; all ms-1 ms-8 are non-allelic; radiation-induced mutant of 
“Zlaten Medal”
Genetic male sterility; wrinkled anthers of reduced size; sometimes only a small amount of 
fertile pollen is formed; radiation-induced mutant of “Zlaten Medal”; located on the lower 
chromosome arm 9
Genetic male sterility; gamma-radiation-induced male sterility
Genetic male sterility; the mutant with male sterility, induced by ethylmethane sulfonate 
(EMS); ms-10 was revealed to be allelic to the isolated allele msk in Korea
Genetic male sterility; the mutant with male sterility, induced by EMS
Genetic male sterility; small and wrinkled anthers without any pollen grains; postmeiotic 
opening of microspores; non-allelic to ms-1 and ms-2; allelism to ms-alleles of Daskalov 
is unknown; the mutant of “Gambo”
Genetic male sterility; complete pollen sterility; postmeiotic opening of microspores; the 
mutant of “ 452-1”
Genetic male sterility; the androecium transforms into a petal-like structure; the mutant of 
“Kalyanpur selection”
Genetic male sterility; the anthers are decreased by 50 %, of dark blue color; postmeiotic 
opening of microspores during the formation of male gametes; originated from “ -960”
Genetic male sterility; the spontaneous mutant was discovered in China; allelism to ms-1
ms-15 and smk is unknown
Genetic male sterility; the spontaneous mutant of “Ying Ge Bai Er” was discovered in 
China; allelism to ms-1 ms-15, smc-1 and smk is unknown
Genetic male sterility; the spontaneous mutant was discovered in Korea for Capsicum 
annuum L.

[11]
[12, 13]

[13]
[14, 15]

[16]

[17]

[10, 18, 
19]

[20]

[21]

[22, 23]

[19, 24]

[19, 24, 
25]

[12, 26]
[12, 26, 

27]
[12, 26]

[28]

[29]

[30]

[31]

[32, 33]

[34, 35]

[28, 36]
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crossings. The genes, controlling CMS, are described 
in Table 2.

While using CMS in the selection work of creating 
hybrid seeds, the obligatory stage is the fertility res-

Continued Table 1

Name 
(synonym) Name and characteristic of trait manifestation Refe-

rence

msp

CaPME1

Genetic male sterility; the spontaneous mutant was discovered in Korea for Capsicum 
annuum L.
Capsicum annuum anther-speci  c gene; responsible for ripening and development of 
pollen in . annuum; its manifestation is revealed only at the  nal stage of ripening of 
buds and in the open  owers of male fertile line, it was not discovered in the tissues of 
other organs (sepals, petals, pistil, roots, stalk or leaves), and any other parts of plants of 
the sterile line

[28, 36]

[37]

Table 2.The genes of cytoplasmic male sterility (CMS)

Name 
(synonym) Name and characteristic of trait manifestation Refe-

rence

atp6

coxII
ms-5

orf456

orf507

Psy-atp6-2

(S) rf-1, rf-2; ((S)
msms)

Cytoplasmic male sterility; CMS-associated gene; there are two copies in male sterile 
lines, one of which is not normal (pseudo)
Cytoplasmic male sterility; CMS-associated gene in . annuum
Cytoplasmic male sterility; CMS; anthers are greatly reduced, no pollen grains while being 
cultivated in the open soil; in the conditions of covered soil some plants may form a small 
number of fertile pollen grains; radiation-induced mutant of “Kalinkov 800/7”
CMS-associated mitochondrial genes; causes male sterile phenotype in CMS-lines of chili 
pepper
Semi-cytoplasmic male sterility; one of the factors of cytoplasmic male sterility in CMS-
lines; the presence of this gene alone does not cause complete sterility of pepper
Mitochondrial male sterility gene; impacts the activity of hydrolysis during ATP synthesis 
in mitochondria during pollen development, which leads to male sterility in pepper
Cytoplasmic male sterility; CMS, controlled by two nuclear genes and a mutant 
cytoplasmic gene S; the origin of dominant alleles of both loci is necessary for pollen 
fertility restoration; the impact of mutant cytoplasmic gene S is revealed only in the 
homozygous recessive state of nuclear genes

[19, 39, 
42]

[19, 39]

[23]

[40]

[41 43]

[44]

[45 47]

Table 3. The genes of fertility restoration

Name 
(synonym) Name and characteristic of trait manifestation Reference

pr

Rf

Partial restoration; partial restorer of fertility; a recessive nuclear gene, associated with 
fertility restoration in CMS-lines of chili pepper; closely related to Rf-locus (its third allele); 
plants with partially restored fertility have normal anthers with a mixture of normal and 
abortive pollen grains, which are stuck to anther walls even after their cracking. It occurs 
only when pepper plants have sterile cytoplasm (S) and homologous recessive alleles pr
Restorer-of-fertility; the main dominant nuclear gene, restoring fertility in CMS-lines of 
chili pepper

[19, 36, 38]
[19, 36, 38, 48, 

49]



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 3   No. 1   2016 21

THE GENES OF REPRODUCTIVE SYSTEM OF APSICUM GENUS AND THE SEARCH FOR WAYS 

Table 4. The genes of male fertility

Name 
(synonym) Name and characteristic of trait manifestation Reference

Camf1

CaMF2

CaMF3

 

Capsicum annuum male fertile gene; a speci  c gene of anthers; plays a relevant role in the 
development of pollen in C. annuum; was discovered only in anthers of the fertile line of 
“114 ” pepper; belongs to the group of “early” genes
Capsicum annuum male fertile gene; a speci  c gene of anthers; plays a relevant role in 
the development of pollen in C. annuum; was discovered in the buds of the fertile line of 
“114 ” pepper; belongs to the group of “early” genes
Capsicum annuum male fertile gene; a speci  c gene of anthers, which is revealed only in 
the buds at the late stage of development and in open  owers of the fertile line of “114 ” 
pepper; belongs to the group of “late” genes; was discovered in the buds of the male fertile 
line “114 ”
Folded leaf; upward folded leaves, which creates the boat-like form; is manifested in 
young plants; partial fertility; originated from “  1”

[54]

[53]

[55]

[51]

Table 5. The genes of female sterility

Name 
(synonym) Name and characteristic of trait manifestation Reference

cfs

fcf; (fc)
fems

 l
fs

Pf

sel-1

sel-2

sl-1; (sl)
sl-2

sp

Conditional female sterile; strong plants with compact habit; normally developed  owers 
contain fertile pollen grains; obtained from 2 of population of cv. “Borjana”
Fasci  ora; female sterility, plants with pollen, fertile for 27–55 %, seedless fruit
Female and male sterility; wrinkled pollen does not contain starch; many small seedless 
fruit; the mutant of line “4526”
Flowerless pl nt; intense vegetative growth, obtained from “ 1”
Female sterile; complete female sterility without any other previous phenotype ma-
nifestations; adult plants have weak multi  owered periphery; the mutant of  159276
Parthenocarpic fruit; no seeds; reduced size of fruit; the eggs start degenerating on the 
second day after the opening of the  ower and degenerate completely after  ve days; 
pollen fertility is greatly reduced
Seedless; normal pollen is formed, but eggs are poorly formed (deformed) and non-
functional
Seedless; deformed placenta (embryo sac); pericarp is thick and carnous;  owering takes 
place much later
Styleless; absence of normal style or stigma; incomplete female sterility
Styleless;  owers are without a style or stigma, the ovary is not damaged, without the 
formation of fruit; female sterility; isolated from “Kalyanpur Red”
Spinach; limited development of the stalk, many large leaves are formed into heavy body 
in close proximity to the surface of the soil; buds are completely blocked; mutant form  
159280

[56]
[12]

[57]
[51]

[58]

[59]

[60]

[61]
[62]

[63]

[58]

toration (Table 3), conditioned by the participation of 
dominant allele genes. Thus, depending on the func-
tion, ful  lled by the pollinator regarding the sterile 
plant – fertility restoration or sterility securing – the 
hybrid progeny obtained will be either fertile or sterile. 

One of these genes is Rf [19, 36,  38]. If a pollina-
tor turns out to be incomplete restorer of fertility, 
the hybrid progeny will have both sterile and fertile 
plants with different degrees of fertility pr [19, 36, 
48 50]. 
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Male fertility. There were previous reports on one re-
cessive gene, controlling male fertility [7, 51, 52]. At 
present three more genes of male fertility have been 
determined [53 55] (Table 4). 

Female sterility. Female sterility of sweet pepper is 
conditioned by different pathologies of female repro-
ductive organs. The genes, controlling this trait, are 
presented in Table 5.

The genes of the reproductive system of Capsicum 
genus also include the ones, responsible for  owering: 
its presence, time of occurrence, its course, etc. Two re-
cessive genes were listed in the previous lists of genes 
[7, 52], namely, ef, nf. We added two dominant genes, 
discovered by Cohen et al. and Tan Shu et al. to this 
list (Table 6).

The genetics of Capsicum has been studied for 
almost a century, the selection of this genus has 
been greatly improved due to the study of genetic 
and cytoplasmic male sterility, male fertility and its 

restoration, female sterility and genetic control over 
 owering. 

The application of marker genes allowed accelerat-
ing the selection process for sweet pepper and reduc-
ing the volumes of selection breeding grounds. The 
application of marker genes of phenotype traits (the 
form of a fruit, the color of a fruit in technical and 
biological ripeness, growth type, pericarp thickness) 
in the maternal line allowed controlling the degree of 
hybridism, which facilitates the system of hybrid re-
production. 

For instance, while selecting genotypes with genes 
dm, dt, sp, ef, short, early-ripening forms were obtained 
with determinant plants, necessary while growing in 
temporary covers and plastic greenhouses for early 
harvest. 

Usually the selection of phenotypes (marker genome 
P, cone-like fruit) was aimed at the formation of early 

Table 6. The genes, responsible for  owering

Name 
(synonym) Name and characteristic of trait manifestation Reference

Cas, Ca-AN

ef

nf
Nle

Flowering related genes; responsible for the activity of  ower meristems; epistatic to 
other genes, controlling the transition to  owering with the corresponding composition 
of  owers
Early  owering;  owering occurs 20–25 days earlier than for “  1”; there are a few seeds 
formed; obtained from “  1”
Non  owering; no  owers are formed during the cultivation season
Participates in the regulation of  owering period in the population of Capsicum; was 
discovered in P2-chromosome in 2012, con  rmed in 2014

[64]

[51]
[65]

[64, 66]

Table 7. New varieties and hybrids F1, introduced into the State register of varieties of plants, 
suitable for growing in Ukraine

Name of variety, hybrid

Trait

Growth 
type

Fruit 
form

Fruit color

in technical 
ripeness

in biological 
ripeness

Soniachny – early-ripening, cone-like fruit, light color/red
Vatag – early-ripening, cube-like fruit, dark green/red
Dobirny – early-ripening, cube-like fruit, dark green/red
Lysko – early-ripening, cube-like fruit, light yellowish-green/yellow
Aborygen – early-ripening, tomato-like fruit, dark green/red
Advokat – early-ripening, tomato-like fruit, light green/yellow-orange
F1 Anika – middle early, cube-like fruit, dark green/red

Dt
Dt
Dt
Dt
dt
dt
Dt

fb
fb
fb
O
O
fb

sw2

sw3

sw3

sw2

sw3

sw2

sw3

s
s
s

Y
s

Y
-1 and 
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ripeness, light color of the fruit and pericarp of medium 
thickness. 

Evaluating the plants by gene fb, the task was to ob-
tain cube-like fruit, usually of dark green color, thick 
pericarp, middle and late ripeness. The genotypes 
with upward direction of fruit were formed using gene 
up. The process of checking involved the selection 
of crud and ripe fruit of different colors: light green 
(gene sw1), bright green (gene sw2), violet (in the in-
termediate phase of ripeness, gene m), yellow (gene 
), orange (interaction of genes  and ) and brown 

(gene l+ +). The plants with a small amount of gene 
f or without it were selected for enhanced early ripe-

ness, cold endurance, high yield and taste qualities. 
The heterosis plant breeding required the presence of 
gene ms-5, responsible for CMS, in the genotype. And 
the reproduction of hybrids F1 required the presence 
of genes-restorers of fertility (gene pr). The plants in 
the phase of seedlings can be selected at early stages 
of development (gene rl – round leaves, gene aur – 
yellow cotyledons and leaves). 

The process of selection resulted in our creating va-
rieties and hybrids F1 of sweet pepper, which were rec-
ommended for growing in Ukraine by the State Com-
mittee for the Testing of New Varieties of Agricultural 
Plants (Table 7).

A number of hybrids are being tested. These include 
plants with different forms of fruit and color: red, yel-
low, orange and violet ones. 

CONCLUSIONS

The study of genes of Capsicum genus is going on. 
In particular, important tasks are the determination of 
allelic relations between similar genes, obtaining of 
new gene mutants, study of homologous genes of other 
varieties, determination of the location of loci, respon-
sible for certain traits, within chromosomes, genome 
mapping, creation of molecular markers of genes and 
de  ning the functions of genes.

The results of studies obtained may be ef  ciently 
used to create new genotypes of sweet pepper. Spe-
cial attention should be paid to determining features of 
plant habit, taking into consideration the requirements 
of technologies of open and protected soil; size, form, 
color of fruit, marking of biochemical processes, re-
sponsible for quality traits of fruit and their resistance 
to biotic and abiotic factors. 

There is a need for intensi  cation of the study of 
marker genes, promoting the manifestation of hetero-

sis, including genes of sterility, securing and restoration 
of sterility, as well as for the determination of interrela-
tions of such genes and economically valuable traits.  
There is an evident requirement for the application of 
marker genes while planting hybrids of the  rst ge-
neration, which will allow visual control of hybridism 
degree and purity of initial forms at all the stages. The 
use of molecular markers with the purpose of obtaining 
an increased number of substances of dietary, protect-
ing and healing value in sweet pepper seems to be a 
promising trend. 

The application of a number of marker genes al-
lowed us to create commercial varieties and hybrids, 
successfully grown in conditions of plastic and glass 
greenhouses. Noteworthy are the following varieties: 
Soniachny – early-ripening, yellow-red color of ripe 
fruit; Lysko – early-ripening, yellow color of ripe fruit; 
Dobirny – middle ripening, large cube-like dark red 
fruit in the ripeness phase; hybrid F1 Anika – middle 
early with large fruit, dark red in the phase of biologi-
cal ripeness. 

    apsicum 
     

    

. .  1, . .  2

e-mail: st4teen@gmail.com
1     

. , 37, , , 03022
2    

  
.  , 15, , , 03041

 (  Capsicum)     -
     .    -

   .    
,  ,    

. .       
     -

    Capsicum    
      -

       -
  . .   -

     -
    ,  

    ,   -
.      

      . 
.      

 :    , 
  ,  

,     
  .     



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 3   No. 1   201624

KRAVCHENKO et al.

       
   .  
     

       ,  
   .     
      
 ,     . 

.     
    .   

      
     .

 : , ,  , -
 , , . 

    Capsicum 
       

  
. .  1, . .  2

e-mail: st4teen@gmail.com
1     

. , 37, , , 03022
2    

  
.  , 15, , , 03041

 (  Capsicum) –      
   .     

  .    
,  ,   -

  . .     
      

    Capsicum  -
     

       
     . .  

     
    -

 ,      
,   . -
      -
    . 

.    
   :    

,   -
,  ,  -
     .  

       
      
.    -

        
  ,     -
.       

     , 
    . . -

      

  .   -
       

    .

 : , ,  , 
 , , .

REFERENCES

1. Kravchenko VA. Genetics and selection of vegetables and 
cucurbitaceous crops in Ukraine. Genetics and selection 
in Ukraine at the turn of the millennium. Kyiv, Logos. 
2001;Vol. 3:303 30.   

2. Bosland PW. Chiles: A diverse crop. HortTechnology. 
1992;2(1):6–10. 

3. Kravchenko VA, Prylipka V. Sweet pepper, egg-
plant: selection, seed growing, technology. Kyiv, Za-
druga.2009;160 .

4. Belletti P, Marzachi C, Lanteri S. Flow cytometric 
measurement of nuclear DNA content in Capsicum 
(Solanaceae). Plant Syst Evol. 1998;209(1):85 91.

5. Boswell VR. Improvement and genetics of tomatoes, 
peppers, and eggplant. Yearbook of the United States 
Department of Agriculture. Washington. 1937;177 206. 

6. Deshpande RB. Studies in Indian chillies 3. The in-
heritance of some characters in Capsicum annuum L. 
Indian J Agr Sci. 1933;3:219–300.

7. Wang D, Bosland PW. The genes of Capsicum. Hort-
Science. 2006;41(5):1169–87. 

8. Methodologies of state agricultural crops varieties tes-
ting. Iss. 4. Potatoes, vegetables and cucurbitaceous 
crops. Ed. V. V. Vovkodav. Kyiv. 2001;102 p.  

9. Kravchenko VA, Prylipka V. Selection and seed gro-
wing of vegitable crops in greenhouses. Kyiv, Agrarna 
nauka. 2002;261 .  

10. Shifriss C, Frankel R. A new male sterility gene in 
Capsicum annuum L. J Amer Soc Hortic Sci. 1969;
94(3):385–7. 

11. Lee I, Cha K, H  C, Li CS, Csan IC, Cseon S, Kim M, 
Eon M. A new stress-dependent gene in pepper developing 
anthers. Fiziologiya rasteniy. 2009; 56(5):726–35. 

12.Daskalov S, Poulos JM. Updated Capsicum gene list. 
Capsicum Eggplant Nwsl. 1994;13:16–26.

13. Panda RC, Kumar OA, Raja Rao KG. Desynaptic mutant 
in chili pepper. J ered. 1987;78(2):101–4. 

14. Cook AA. Inheritance of mutant-1 phenotype in the 
pepper. J Hered. 1961;52(4):154–8. 

15. Lippert LF, Bergh BO, Smith PG. Gene list for the pepper. 
J Hered. 1965;56(1):30–4.

16. Csillery G. Gene mapping of the pepper needs more 
initiatives. Contribution to the gene list. EUCARPIA 
Capsicum Working Group, IVth Meeting  (14 16 October 
1980). Wageningen. 1980; 5–9. 

17. Yuan J, Li S. Study of  oral organ morphology and 
inheritance of a new functional male sterile pepper line. 
Hereditas (Beijing). 2000;22(1):28–30. 

18. Shifriss C, Eidelman . Inheritance studies with nine



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 3   No. 1   2016 25

THE GENES OF REPRODUCTIVE SYSTEM OF APSICUM GENUS AND THE SEARCH FOR WAYS 

characters in Capsicum annuum L. Euphytica. 1987;
36(3):873–5. 

19. Dhaliwal MS, Jindal SK. Induction and exploitation 
of nuclear and cytoplasmic male sterility in pepper 
(Capsicum spp.): a review. J Hortic Sci Biotech. 2014;
89(5):471–9. 

20. Shifriss C, Rylski . A male sterile (ms-2) gene in 
“California Wonder” pepper (C. annuum L.). HortScience. 
1972;7:36. 

21. Daskalov S. A male sterile (Capsicum annuum L.) 
mutant. Theor Appl Genet. 1968;38(8):370–2. 

22. Daskalov S. Two new male sterile by pepper (Capsicum 
annuum L.) mutants. CR Acad Sci Agric Bulgaria. 
1971;4:291–4.  

23. Daskalov S. Investigation on induced mutants in sweet 
pepper (Capsicum annuum L.). Proc. 1st Meeting of the 
Capsicum Breeding and Genetics (Budapest, 1–4 July 
1974). Budapest. 1974; 81 90.  

24. Daskalov S. Investigation of induced mutants in Cap-
sicum annuum L. III. Mutants in the variety Zlaten 
medal. Genet Plant Breed. 1973;6:419–29. 

25. Bartoszewski G, Waszczak , Gawronski , Stepie  
I., Bolibok-Bragoszewska H, Palloix A, Lefebvre V, 
Korzeniewska A, Niemirowicz-Szczytt K. Mapping of 
the ms8 male sterility gene in sweet pepper (Capsicum 
annuum L.) on the chromosome P4 using PCR-based 
markers useful for breeding programmes. Euphytica. 
2012;186(2):453–61.  

26. Greenleaf WH. Pepper breeding. Breeding Vegetable 
Crops. Ed. M. J. Bassett. Westport, AVI Publishing Co. 
1986;67–134. 

27. Shifriss C. Male sterility in Capsicum. Capsicum and 
Eggplant Nwsl. 1995;14:11–25. 

28. Shifriss C. Additional spontaneous male-sterile mutant in 
Capsicum annuum L. Euphytica. 1973;22(3):527–9. 

29. Meshram LD, Narkhede MN. Natural male sterile mu-
tant in hot chilly (Capsicum annuum L.). Euphytica. 
1982;31(3):1003–5. 

30. Pathak C.S., Singh D.P., Deshpande . . Male and fe-
male sterility in chilly pepper (Capsicum annuum L.). 
Capsicum Nwsl.  1983;2:95–96. 

31. Meshram LD, Choudhari RV, Kukade BY, Marawar MW. 
Functional male sterility in hot chilly (Capsicum annuum L.). 
Proc. 8th Eucarpia Meet. Genet. and Breed-ing on Capsicum 
and Eggplant (7 10 Sept.). Rome. 1992;61–5. 

32. Yang S. Breeding of male sterile lines in hot pepper. Acta 
Horticulturae Sinica. 1981;8(3):49 53. 

33. Yang F, Yang S, Jiang E, Wang Z, Li J. Breeding and 
application of male sterile line “AB92” in bell pepper. J 
Liaoning Agr Sci. 1994;6:15–8. 

34. Fan Y, Guo J. Breeding and application aspect of male 
sterile lines in sweet pepper. Advances in Horticulture. 
Eds G. Dong, L. Y. Meng. Beijing, China Agriculture 
Press. 1994;256–9.  

35. Fan Y, Liu Y, Yan L. Breeding and application of 

male sterile lines in sweet pepper. J Hebei Agr. Sci. 
2004;8(4):26–9. 

36. Lee JD, Do JW, Han JH, An CG, Kweon OY, Kim Y.K., 
Yoon JB. Allelism and molecular marker tests for genic 
male sterility in paprika cultivars.  Kor J Hort Sci Technol. 
2011;29 (2):130–4.  

37. Chen , Lui S, Hao X, Chen G, Cao B, Chen Q, Lei J. 
Characterization of a pectin methylesterase gene homo-
log, CaPME1, expressed in anther tissues of Capsicum 
annuum L. Plant Mol Biol Rep. 2012;30(2):403–12.  

38. Lee J, Yoon JB, Park HG. Linkage analysis between the 
partial restoration (pr) and the restorer-of-fertility (Rf) 
loci in pepper cytoplasmic male sterility. Theor Appl 
Genet. 2008;117(3):383–9.

39. Kim D , Kang JG, Kim S, Kim BD. Identi  cation of 
coxII and atp6 regions as associated to CMS in Capsicum 
annuum by using RFLP and long accurate PCR. J Kor 
Soc Hort Sci. 2001;42(2):121–7.  

40. Kim D, Kang JG, Kim BD. Isolation and characterization 
of the cytoplasmic male sterility-associated orf456 gene 
of chili pepper (Capsicum annuum L.). Plant Mol Biol. 
2007;63(4):519–32. 

41. Gulyas G, Shin Y, Kim , Lee JS, Hirata Y. Altered 
transcript reveals an orf507 sterility-related gene in chili 
pepper (Capsicum annuum L.). Plant Mol Biol Rep. 
2010;28(4):605–12. 

42. Ji JJ, Huang W, Yin C, Gong Z. Mitochondrial cyto-
chrome c oxidase and F1F0-ATPase dysfunction in pep-
pers (Capsicum annuum L.) with cytoplasmic male 
sterility and its association with orf507 and psyatp6-2 
genes. Int J Mol Sci. 2013;14(1):1050–68. 

43. Ji JJ, Huang W, Li Z, Chai WG, Yin YX, Li DW., Gong 
Z.H. Tapetum-speci  c expression of a cytoplasmic 
orf507 gene causes semi-male sterility in transgenic 
peppers. Front Plant Sci. 2015;6:272–86. 

44. Ji JJ, Huang W, Li DW, Yin YX, Chai WG, Gong ZH. 
A CMS-related gene, atp6-2, causes increased ATP 
hydrolysis activity of the mitochondrial F1Fo-ATP 
synthase and induces male sterility in pepper (Capsicum 
annuum L.). Plant Mol Biol Rep. 2014;32(4):888–
99. 

45. Peterson PA. Cytoplasmically inherited male sterility in 
Capsicum. Amer Nat. 1958;92(863):111–9. 

46.  Nova  F, Betlach J, Dubovsky J. Cytoplasmic male 
sterility in sweet pepper (Capsicum annuum L.) 1. 
Phenotype and inheritance of male sterile character. Z. 
P  anzenzucht. 1971;65:129–40. 

47. Shifriss C. Male sterility in pepper (Capsicum annuum) 
L. Euphytica. 1997;93(1):83–8. 

48. Zhang B, Huang S, Yang G, Guo J. Two RAPD markers 
linked to a major fertility restorer gene in pepper. 
Euphytica. 2000;113(2):155–61.  

49. Kumar S, Singh V, Singh M, Rai S, Kumar S, Rai SK, 
Rai M. Genetics and distribution of fertility restoration 
associated RAPD markers in inbreds of pepper (Capsi-



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 3   No. 1   201626

KRAVCHENKO et al.

cum annuum L.). Scientia Horticulturae. 2007;111:197–
202. 

50. Lee J, Yoon JB, Park HG. A CAPS marker associated 
with the partial restoration of cytoplasmic male sterility 
in chili pepper (Capsicum annuum L.). Mol Breed. 
2008;21(1):95–104.  

51. Kumar OA, Anitha V, Subhashini KR, RajaRao KG. 
Induced morphological mutations in Capsicum annuum 
L. Capsicum Eggplant Nwsl. 2001;20:72–5. 

52. Daskalov S. Gene list for the pepper. Genet Plant Breed. 
1973;6:401–9. 

53. Chen , Chen G,  , Cao B, Chen Q, Liu S, Lei J. 
CaMF2, an anther-speci  c lipid transfer protein (LTP) 
gene, affects pollen development in Capsicum annuum 
L. Plant Sci. 2011;181(4):439–48. 

54. Chen CM, Hao XF, Chen GJ, Cao BH, Chen QH, Liu 
SQ, Lei JJ. haracterization of a new male sterility-
related gene Camf1 in Capsicum annum L. Mol Biol Rep. 
2011;39(1):737–44. 

55.  , Chen , Chen G, Cao B, Chen Q, Lei J.
Isolation and characterization of CaMF3, an anther-
speci  c gene in Capsicum annuum L. Genet Mol Biol. 
2012;35(4)810–7. 

56. Daskalov S, Mihailov L. A new method for hybrid seed 
production based on cytoplasmic male sterility combin-ed 
with a lethal gene and a female sterile polarizer in Capsicum 
annuum L. Theor Appl Genet. 1988;76(4):530–2. 

57. Martin JA, Crawford JH. Several types of sterility in
Capsicum frutescens. Proc Am Soc Hortic Sci. 1951;
57:335–8.

58. Bergh BO, Lippert LF. Six new mutant genes in the 
pepper: Capsicum annuum L. J. Hered. 1964;55(6):296–
300.

59. Pathak CS, Singh DP, Deshpande AA. Parthenocarpy 
in chillies (Capsicum annuum L.). Capsicum Nwsl. 
1983;2:102–3. 

60. Curtis LC, Scarchuk J. Seedless peppers: A Single
Mendelian Recessive Character. J Hered. 1948;39(5):
159–60. 

61. Prolaram , Christopher T., Subhash. Seedless fruit 
mutant in Capsicum. Capsicum Nwsl. 1990;89:45–6. 

62. Bergh BO, Lippert LF. A gene difference that affects 
female fertility in Ca sicum annuum L. Amer Nat. 1965;
99(906):159–66. 

63. Pathak CS, Singh DP, Deshpande AA. Closed  o-
wer mutant in Capsicum annuum L. Capsicum Nwsl. 
1983;2:99–100. 

64. Cohen O, Borovsky Y, David-Schwartz R, Paran I. Cap-
sicum annuum S (CaS) promotes reproductive transition 
and is required for  ower formation in pepper (Capsicum 
annuum). New Phytol. 2014;202(3):1014–23. 

65. Pathak CS, Deshpande AA, Singh DP. Non-  owering 
mutant in chillies (Capsicum annuum L.). Capsicum 
Nwsl. 1985;4:41–2. 

66. Tan S, Cheng JW, Zhang L, Qin C, Nong DG, Li WP, 
Tang X, Wu ZM, Hu KL. Construction of an interspeci  c 
genetic map based on InDel and SSR for mapping the 
QTLs affecting the initiation of  ower primordia in 
pepper (Capsicum spp.). PLoS ONE. 2015;10(3):1 15. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


