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OBTAINING HAPLOIDS IN ANTHER CULTURE OF PEPPER
Capsicum annuum L. AND THEIR INCLUSION IN THE
BREEDING PROCESS
Velichka Rodeva*$, Liljana Koleva-Gudeva**%, Stanislava Grozeva*,

Fidanka Trajkova**

Abstract

The frequency of obtained androgenic plants depends highly on the
genotype; therefore the low rate of haploid recovery limits the utility of anther
culture in pepper breeding.

The aim of this study was establishment of effective in vitro technology
for study of haploid and diploid plant regenerants; induction of embryogenesis
in pepper anther culture; development of the embryos into regenerants as
well as successful adaptation and acclimatization of regenerants from sterile
to greenhouse conditions. In the present study, the effectiveness of induced
androgenesis in anther culture of several Bulgarian and Macedonian pepper
genotypes was investigated.

The collected seed material is excellent possibility for further breeding
processes, cytogenetic and other molecular level research.

The results of this paper derived from international bilateral Macedonian-
Bulgarian Joint Research Project: “Obtaining haploids in anther culture of
pepper Capsicum annuum L. and their inclusion in the breeding process”,
managed by the first two authors and with participation of the coauthors.
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JOBUBAIBE HA XAIIJIOUIH BO KYJITYPA HA AHTEPH O]
MUITEPKA Capsicum annuum L. 1 HUBHO BKJIYUYYBAILE BO
MMPOLECOT HA CEJIEKIIHJA

Beauka Ponesa*, Jlunjana Konepa-I'yiepa**, Cranmciaasa ['posesa®,
dunanka Tpajkosa™*

Kpartok n3Banok

3auecTeHOTO A00MBamEe aHIPOreHETCKH pacTeHHja € MHOTY 3aBHCHO Of1
TEHOTHIIOT, T1a MaJlaTa BPSIHOCT Ha XalIOWHOTO 0OHOBYBALE IO OIpaHHYyBa
KOPHCTEILETO Ha KyITypaTa Ha aHTEpPH BO CeJIeKIMjaTa Ha MHUIepKa.

[{enta Ha oBa McTpaxKyBame Oelle BOCNOCTaByBame Ha e(EKTHBHA in
Vifro TEXHOIOTHja 3a NPOYYYBamE HA XAIUIOMIHU U JHIUIOWIHH PACTHTEITHH
pereHepaHTH; HMHAyKIMja Ha eMOpHoreHesa BO KynTypa Ha aHTepH Off
MUIEpPKa; pa3Boj Ha eMOPUOHHN BO PEereHepaHTH, KaKko M yCIIelIHa ajanTtaruja
M aKJIMMaTh3aliija Ha PEreHepaHTHTE 0/ CTEPHIIHK BO OPAaHKEPHCKH YCIIOBH.

KoneknMoHHpaHHOT CeMEHCKH MaTepHjal JaBa OJIMYHAa MOKHOCT 3a
TIOHATAMOIIIHH TIPOLIECH Ha CENICKIM]ja, IINTOTCHETCKHA H JIPYTH HCTPaKyBamba
Ha MOJICKYJIapHO HHBO.

Pesynrature mpe3eHTHpaHH BO OBOj TPYA C€ MPOU3NE3ECHH Of UHTEp-
HalHOHATHUOT OMIIaTepaneH MakeJOHCKO-0yrapCcKki HCTpaKyBadKH MPOEKT 3a
copabotka ,,JloOuBare Ha XarmIouu BO KyNTypa Ha auTepH o nunepka Cap-
sicum annuum L. 1 HHUBHO BKJIy4yBare BO IIPOLIECOT Ha CENEKINja’ BOJCH Of1
TIPBHTE JIBajlla aBTOPH CO YYECTBO Ha KOABTOPUTE.

Kayunu 300poBu: in vitro emtpuoeenesa, Capsicum annuum L., 2enomun

1. Introduction

Pepper is one of the most widespread vegetable crops, economically
important for countries of the Balkan region including Macedonia and
Bulgaria. The specific genetic diversity of local forms here is unknown for
many countries in the world.

Creation of haploids and spontanecous doubled haploids in anther culture
is a method applied in pepper plant genetics and breeding because of the
importance of the haploids in the study of the gene map (Yoo et al., 2003), for
genetic manipulations, molecular investigations and development of disease
and stress resistant lines (Gyulai et al. 2000; Ochoa-Alejo and Ramirez-
Malagon, 2001; Arendo Andres et al., 2004). Wang et al. (1973) obtained the
first haploid pepper in anther culture. Haploid morphogenesis of Capsicum
species was studied by George and Narayanaswamy (1973) and Kuo et al.
(1973) although the production of haploid plants was very low.
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The first successful reproductive method for production of pepper
haploids was developed by Dumas de Valux et al. (1981). The research on
androgenesis was intensive during the last years of the twentieth century,
but the regenerants were a mixture of haploid and diploid plants. In order to
increase the effectiveness of somatic embryogenesis and haploid production
different stress treatments were used (Mityko et al., 1995; Mityko and Fari,
1997; Supena et al., 2006).

The induction of somatic embryogenesis in culture of anthers when
microspores are in the stage of first pollen division (n=x) is successful for
obtaining haploid and diploid regenerants (Koleva-Gudeva, 2003). Nowadays,
androgenesis under in vitro conditions is effective method for induction of
haploids (Koleva-Gudeva et al., 2007).

This work is aimed to study in vifro embryogenic answer of anthers and
plant regeneration in local Balkan region pepper lines, varieties and F, hybrids
in different cultivation media.

2. Materials and Methods

2.1. Experiments carried out in Macedonia

Nineteen pepper genotypes were used as anther-donor plants. Anther-
donor plants were grown under greenhouse conditions. Donor plants were
used during the four weeks after the first flower buds had appeared. The flower
buds were harvested when the corolla was of the same length as the calyx or
slightly longer.

The developmental stage of the macrospores was determined in
microscopic slides of acetocarmine squashes. Flower buds were surface
sterilized in 70% ethanol for several seconds, then in 5% Ca (CIO), + 2-3
drops Tween 20 for 10 minutes, and rinsed three times in sterile distilled water.
After the removal of the filaments, anthers from three flower buds were placed
in Petri dish (6 cm diameter), with the concave face down, touching the culture
medium.

The method of Dumas de Valux et al. (1981) was used for androgenic
induction. According to the method, the anthers were cultivated on CP medium
+0,0Img: 1" KIN + 0,01 mg-I! 2,4-D with incubation of 8 days in darkness at
3542°C, the following 4 days the anthers were transferred to clime chamber at
2542°C with photoperiodism 12h light/12h dark. Afterwards, the anthers were
subcultured on R, medium + 0,01 mg-1" KIN and placed in clime chamber at
25+2°C with photoperiodism 12h light/12h dark. Young shoots emerging from
the anthers were transferred onto hormone free V, media in order roots to be
formed.
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2.2. Experiments carried out in Bulgaria

Donor plants from 22 lines, cultivars and F, hybrids grown under
greenhouse conditions were used for collecting of flower buds during the
period from May to October. Anthers 3-4,5 mm in size were placed on a
medium containing micro- and macrosalts by Murashige and Skoog (1962),
vitamins by Gamborg et al., (1968), 0,3 mg I'! 2,4-D, 0,1 mgl"' Kinetin, 0,005
mg 1" Biotin, 0,1mg I' Glycine, 0,04mgl" Vitamin B ,, 30 g I Sucrose and
0,7 % Agar. The cultivated anthers were treated in darkness with 35+1°C for
the first 8 days and later were incubated on the same medium without growth
regulators in the condition of growth chamber at 26°C + 1°C, 4000 lux under
16/8 h day/night.

The plantlets were planted on sterile mixture of perlite: peat : sand (1:1:1)
and acclimatized in clime chamber, and afterwards placed in greenhouse under
cover in order crosspollination to be barred.

3. Results and Discussion

3.1. Results obtained in Macedonia

Not all genotypes under investigation were able to produce haploid
embryos. After the induction period on CP medium for 12 days the anthers were
subcultured on R, medium, where since the beginning the embryos showed
totipotency, progression in development, growth and shoot formation.

The shoots continued the development on V, medium, where in absence
of phytohormones young plants were formed (Figure la). The rooting was
also on V, medium and well rooted shoots were transferred on sterile mixture
of sand : perlite : peat in ration 1:1:1 (Figure 1b). In this stage the plants were
ready for adaptation and acclimatization in greenhouse conditions.

From 19 pepper genotypes under investigation, 12 possessed potential
for formation of direct somatic embryos. The hot genotypes (with exception
of Rotund, Kurtovska kapija TU and Kurtovska kapija MK) did not show
androgenic potential, i.e. in anther culture did not form haploid shoots.

According to the classification of Mityko and Fari (1997) for identification
of androgenic potential according to the percentage of anthers that give
embryos, pepper types are classified into:

- poor androgenic potential - less than 5% embryogenic anthers

- fair androgenic potential - 5.1 - 15% embryogenic anthers

- good androgenic potential - 15.1 - 30% embryogenic anthers

- excellent androgenic potential - over 30% embryogenic anthers

The results from our research showed that somatic embryos are formed
on CP medium with heat temperature stress (+35°C) which is in concord with
the findings of Dumas de Valux et al. (1981).

From all 19 genotypes, 12 showed ability for embryo formation (Table 1):
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- 2 genotypes with good androgenic potential: Tura and Féherozdn,

- 4 gentypes with fair androgenic potential: Pritavit F1, Californian
wonder, Zlaten medal SR and Majori;

- 6 genotypes with poor androgenic potential: Piran, Zlaten medal JbT,
Tomato shaped sweet, Kurtovska kapija BG, Kurtovska kapija SR
and Slatko luta;

-7 genotypes do not possess androgenic potential: Feferona, Vezena
luta, Sivrija, Rotund, Kurtovska kapija TU, Kurtovska kapija MK and
Bonbona.

Seed material was collected from four genotypes: Kurtovska kapija SR,
Zlaten medal SR, Piran and Féherdzin .The collected seed material is good
base for further cytogenetic and molecular research and involvement in process
of pepper breeding in order better varieties to be created.

3.2. Results obtained in Bulgaria

A very important factor with influences the success of the in vitro anther
culture is careful selection of the appropriate late uninucleate development
stage of microspores. In the result of our experiments it was established that at
this stage different length of the corolla petals and the calyx sepals occurs and
mostly is between 3,0 mm to 4,5 mm for the corolla and 4,0 mm to 5,3 mm
for the calyx in the studied genotypes. We registered microspores in different
stage of microsporogenesis in the anthers with the same size which proves the
importance of preliminary morphological and cytological characterization in
choice of anthers for in vitro cultivation (Ozkum and Tipirdamaz, 2002). In
the most of the studied genotypes it was established correlation between the
stage “uninucleate pollen”, suitable for androgenesis and appearance of light
anthocyan color on the anther tips with exception of non-anthocyan anthers of
line P295/03 and line 295/00 F ,, with coming of the anthocyan color in the late
stage of bud development.(Fig. 2). In contrast with the opinion of some authors,
buds with the length of corolla petals equal to the length of calyx sepals include
microspores at the late uninucleate stage, in the studied Bulgarian genotypes
this stage was observed in buds with slightly longer corolla petals.

[n result of the experimental work it was established induction of
embryogenesis in five from all 22 studied pepper genotypes. The answer of these
five genotypes is presented in Table 2. Data in Table 2 show that from 1 315
cultivated anthers embryogenic reaction is registered in 1,67% and from 8,90%
obtained embryogenic structures 1,82 plants per 100 anthers is regenerated.
The highest percentage of embryogenic anthers is registered in variety Strjama
(7,60%) and line 2087/01 (2,14%). The lowest value of this characteristic is
observed in variety Bel Rubiand linel647(0,32%). Development of the obtained
embryoids to plant-regenerants is not observed in the both genotypes. The

11
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highest number of developed regenerants per 100 anthers (12,12) is established
in variety Strjama in correlation with the highest number of obtained embryoid
structures per 100 anthers (56,1). Comparatively high number of formed
embryos is registered in anthers of line 2087/01 and variety Zlaten medal
(8,02 and 4,79 per 100 anthers respectively), but considerable lower number
of the structures are developed to plant-regenerants (0,53 and 1,34 per 100
anthers respectively) (Fig. 3). The established differences in the embryogenic
answer of the studied genotypes probably are due to the cultivation conditions
and to the specific genotype characteristics — more or less predetermined for
embryogenesis. According some authors only some of the pepper genotypes
have a capacity for embryogenic development. Qin and Rotino (1993) and
Mityko et al. (1995) report about sporadic embryogenesis in different pepper
genotypes. Mityko and Fary (1997), established better embryogenic answer in
sweet pepper genotypes than the spice pepper genotypes.

The development of the obtained embryogenic structures to the plant-
regenerants was very slow depending from the specificity of the genotype, the
season of obtaining and cultivation conditions (Fig. 4). It was very difficult
to micropropagate the developed plant-regenerants — a problem existing in
the most working on pepper laboratories in the world. The higher phenolic
contents in plant tissue make difficult in vitro pepper cultivation what is the
reason for carrying out of extensive research for optimal media determining,
antioxidant explant treatment and the period of the subculturing (Zhenjiu and
Wang, 1990).

Seeds from 6 plants are collected from all 12 adapted plants which prove
their diploid nature. Six of the regenerants are sterile, weak and slow developing
plants, probably due to their haploid nature.

4. Conclusions

Pepper is recalcitrant in cultures in vitro and the results in cell and tissues
cultures are moderate. Anther culture is the only exception from this rule
(Mityko and Fari, 1997).

The results regarding the process of embryo formation on different
media under different thermal conditions showed that the formation of
haploid embryos occurred only in the CP medium exposed to heat-thermal
stress (+35°C), what is in accordance with the findings of De Valux (1981).
However, Irikova and Rodeva (2004) reported no embryos formation for the
same medium and cultivation conditions.

There were established differences in the anther embryogenic capacity
and development of the obtained plant-regenerants depending on the genotype.
Embryogenic answer and regeneration in the optimized medium of Murashige
and Skoog /1962/ were registered only in 5 specific for Balkan region local

12
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pepper lines, varieties and F| hybrids from all 22 studied genotypes. Haploid
and diploid plants are obtained and grown in vivo and seeds are collected for
future experiments.
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Tab. 1  Haploid embryo induction from anthers of different pepper genotypes
Tab. 1 Huayxkuuja Ha eMOPHOHIHM OJ1 AHTEPH HA PA3IMYHN FeHOTHIIOBH MMUIIEPKa
Embryvogenic Number of Embryo-
Penper Total number anthe?(s (gu %) embryos per genic
PP of anthers 0 100 anthers response
genotype
.| EmOpuo- .
l'enorun Ha nunepka Bryner Gpoj TeHETCKH Bpoj na EnGpro-
aHTepu o eMOpHOHIN IeHEeTCKH
anrepu (%)
na 100 aurepu | oarosop
Féherdzn 1502 17392 32.60 be Good
dexeposzon Hobap
Tura 300 17.05 a 17.05 ab Giood
mypa Hobap
Pritavit F1 330 923abe | 9.39abe Fair
npumasum F'1 Jloronen
California wonder 151 6.67 abc 5.67 Fair
KantghopHucko 4yoo JloBoneH
Zlaten medal SR Fair
anamen medan CP 1031 6.12 abe 8.97be Jloronen
Majori 330 5.83 abc 6.73 ¢ Fair
Mmajopu JHoBonen
Piran 823 5.03abc | 34.05ab Poor
e Cnab
Zlaten medal ST Poor
snamen medan LT X 429 be 18.57be Cnab
Tomato shaped sweet Poor
domamosuona braza 360 4.17be 454c¢ Cnab
Kurtovska kapija. BG 620 290 be 50.55a Poor
Kypmoecka kanuja bBI° Cnab
Kurtovska kapija SR 875 2.73 be 10.20 be Poor
Kypmoscka kanuja CP Cnad
Slatko luta 140 243 be 333 ¢ Poor
cramio iyma Cnab
Feferona No
decpepona 79 0.00c 0.00c Hema
Vezena luta %3 0.00 ¢ 0.00 ¢ No
ge3eHa 1yma Hema
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Sivrija 104 0.00 ¢ 0.00 ¢ No
cuspuja Hema
Rotund 109 0.00 ¢ 0.00 ¢ No
POMVHO Hema
Kurtovska kapi}"q TU 236 0.00 ¢ 0.00 ¢ No
xypmoscka kanuja TV _ Hema
Kurtovska kaprjq MK 122 0.00 ¢ 0.00 ¢ No
Kypmoscka kanuja MK | | | Hewma
Bonbona No
tonbona 270 0.00¢ 0.00¢ Hema

Mean within a column followed by the same letters are not significantly different at p < 0.05
according to Duncan’s multiple range test.

Tab.2  Embryo induction and plant regeneration in anther culture of different
pepper genotypes

Ta6.2 Wuayknuja Ha eMOPHOMIN U pereHepalija Ha pacTeHHja BO KYITypa
Ha aHTEPH OJ1 Pa3THYHH F€HOTHIIOBH MMHITEPKa

Pepper Total Embrvo- Number of Plant-
genotype number en?: embryos regenerants | Embryogenic
of an tﬁers (%) per 100 per 100 Response
T'enoTHn Ha anthers K anthers anthers
numnepka EmGpo- _ ‘ EmbGpuo-
Bxynen bpoj na Pacrennja- TCHETCKH
6no reHeTCKH 5
pojHa | (%) emMOpHOHIH pereHepaHTH 0ATOBOP
aHTepH P Ha 100 anrepu | Ha 100 anrepu
ggf;gﬁ”fi;’i L | 522 114 ¢ 479 ¢ 1.34 Poor
Bel ﬁ;‘é’; 312 | 032d 0.64d 0.00 Poor
f;’;i;’.’gw 132 7.60a 56.1a 12.12 Fair
‘;‘;’;Zj‘; 6?; 17 162 032d 0.62d 0.00 Poor
i;ﬁiji”fggﬂo 187 | 240 8.02b 0.53 Poor
ﬁ‘;‘:‘eg[f ) 1315 1.67 8.90 1.82

Mean within a column followed by the same letters are not significantly different at p < 0.05 accord-
ing to Duncan’s multiple range test.
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Fig. 1  Morphological characteristics of pepper anther buds when microspores are in uninuclphase
Cun. 1 Mopdomomki KapaKTEPUCTHKH HA ITYTIKHTE 01 MHNEPKA KOrd MUKPOCHOPHUTE
ce Haoraar BO (haza Ha MACHTHYHH jajpa

Fig. 2 Embryogenic reaction in pepper anther culture of a. Line 2087/01 and b. variety Strjma
Cn2 EmOpuorenercka peakiuja Ha KyJITypa Ha aHTEpH Oj] nunepka Ha: a) aunuja 2087/1 n
0) copra cmpujama

Fig.3  ab. Development of the embryos into regenerants on V3 medium
Cn.3  ab. PazBuBame Ha eMOpHOMIMTE BO pereHepaHTH Ha V3 Meauym

Fig.4  a. Acclimatization of the regenerants in clime chamber under controlled conditions
b. Adaptation of the regenerants in greenhouse conditions
Cnd a. AKJIMMaTH3aIuja Ha PEreHePaHTHTE BO KITMMa KOMOPa BO KOHTPOJIMPAHH YCIIOBH
b. Anarrranyja Ha pereHepaHTHTE BO OPAHKEPHCKH YCIIOBH
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