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Abstract: The peppers or ajies (Capsicum spp.) are one of Peru's main productive crops, which is why it is among the
top ten countries in production and exports. Among the species cultivated in Peru is Capsicum pubescens Ruiz & Pav.,
commonly called rocoto, and represents one of the most critical species in local and national gastronomy. The rocoto
ecotype "Selva" or "de Monte" is characterized by its large size and is used to prepare rocoto relleno arequipefio. This
crop presents the restriction to obtain homozygous lines for being self-incompatible. Using biotechnology, pure lines can
be obtained from the anther culture, and homozygous lines can be obtained. The objective was to induce embryogenic
callus formation from anther culture of Capsicum pubescens Ruiz & Pav. Ecotype "de Monte". In the results, 74.1% of
embryogenic callus was induced in rocoto anthers with a longitudinal ratio of 1.04 mm; the induction was carried out using
Murashige and Skoog culture medium added with 2.0 mg/L of 2,4-D. Likewise, the formation of somatic embryos in the

globular stage was evidenced after 12 weeks in the culture medium.
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Introduction

The peppers or ajies (Capsicum spp.) are a vegetable
genus of great importance worldwide, with 31 species re-
ported to date, five of which are cultivated (C. annuum L., C.
chinense Jacq., C. frutescens L., C. baccatum L., C. pubes-
cens Ruiz & Pav.) and 26 are wild species'?. Peru presents,
cultivates and produces the five species of cultivated chili
peppers, making it one of the top ten countries in producing
and exporting fresh and processed chili peppers*®.

The Andean region of Peru is the origin of the rocoto
(C. pubescens Ruiz & Pav.), with wild relatives still present
in these areas, as well as in the highlands and high jungle’.
The rocoto is a plant species of great national relevance due
to its use in gastronomy, based on its two most representati-
ve ecotypes®. The ecotypes of rocoto in Peru are "Serrano"
or "de Huerto" and "Selva" or "de Monte"; the first is the
most distributed in the country due to its great adaptation to
the different regions, and the second can only be found in
the jungle®. The Selva ecotype is distinguished by its large
size and moderate pungency, which is why it is trendy in the
preparation of one of Peru's most representative dishes, ro-
coto relleno arequipefio (stuffed red pepper)'. The Serrano
ecotype is smaller in size and has a high pungency, which is
why it is widely used as a sauce in many national dishes'".

The major problem affecting the rocoto crop is related
to root rot diseases caused by species of the genus Fu-
sarium, Phytoptora and Rhizoctonia™'?'3. Because of this,
rocoto germplasm banks have been implemented with ac-
cessions from all over Peru, among the most commercial
ecotypes and genotypes with great agronomic potential.
Based on the extensive collection of rocoto genetic mate-
rial, genetic improvement programs have been initiated to
obtain defined varieties. Currently, the rocoto crop does not

have a specified variable; therefore, no certified seeds are
available in the national market'®. For this reason, rocoto
farmers resort to sources from previous crop seasons, ob-
taining heterogeneous fruits.

One of the main difficulties in the genetic improvement
of rocoto is obtaining homozygous or pure lines because
this species is considered self-incompatible; specifically,
the genotypes of Peru, Bolivia and Argentina are reported
as genotypes with gametophytic self-incompatibility'. Li-
kewise, the genetic control of self-incompatibility in rocoto
has been identified and measured by the S locus, which
is formed by multiple alleles. Therefore, pollen or, in some
genotypes, the pollen tube can express enzymatic products
that prevent their proliferation on the stigma'®.

Within modern breeding programs, biotechnological
tools are being applied through in vitro plant tissue cultu-
re'®'. This allows working with a fragment of selected mo-
ther plants for the clonal propagation of these superior geno-
types'®. Likewise, among the methods used in plant tissue
culture, anther culture is presented, which allows taking ad-
vantage of and working with the male gametes of the plants
of interest, thus inducing organogenesis or the formation of
somatic embryos directly and indirectly (previous callus for-
mation) for the regeneration of haploid plants, which can be
induced to chromosomal duplication and thus obtain pure li-
nes that can be used for crossbreeding between genotypes
with a more significant commercial potential'®-2',

In this context, the objective of the present research
was to induce the formation of embryogenic callus from an-
ther culture of Capsicum pubescens Ruiz & Pav. Ecotype
"de Monte".
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Materials and methods

Plant material

Flower buds of rocoto of the "de Monte" ecotype were
collected from rocoto seedlings in the agricultural zone of
Santa Elena Norte, Barranca, Lima, Peru. Flower buds wi-
thout opening or the presence of pest or disease damage
were selected in the early morning hours. The flower buds
were then transferred to the facilities of the Plant Biotechno-
logy Laboratory of the Universidad Nacional José Faustino
Sanchez Carrion, Huacho, Lima, Peru.

Determination of uninucleate microspores in rocoto
anthers

The percentage of microspores in the uninucleate state
was evaluated from anthers of rocoto flower buds, which
were grouped by size difference and related between pe-
tal and sepal, based on the presence of microspores in the
uninucleate state. For each sample per group collected, the
anthers were extracted, from which the microspores were
obtained and stained with 0.5% acetic orcein and obser-
ved under the optical microscope at 100X magnification to
determine which group had the highest percentage of the
indicated stage.

In vitro establishment of rocoto anthers

Once the morphological groups of rocoto flower buds
were identified, we continued with the establishment under
in vitro conditions, determining the optimal concentration of
sodium hypochlorite (NaClO) for disinfection and presen-
ting the lowest percentage of oxidation of the plant material.
The treatments were set at 1.0%, 1.5%, 2.0%, 2.5%, 3.0%,
3.5%, 4.0%, 4.5% and 5.0% NaClO. Disinfection with the
different concentrations of NaClO was carried out for 10 mi-
nutes and then washed in sterile distilled water, a process
that was repeated three times. Once the flower buds were
disinfected, they were dissected to separate the anthers
from the rest of the plant material. All anthers were placed in
semi-solid culture medium with basal salts Murashige and
Skoog 22, and were kept in total darkness, 75% relative
humidity and 24° C for two weeks. Evaluations were made
after the first and second week of anther introduction into
the culture medium to determine the treatment with minor
contamination and anther necrosis.

Callus induction in rocoto anthers

For the induction of callus in rocoto anthers, culture me-
dium with Murashige and Skoog? basal salts with the ad-
dition of vitamins (Table 1), 30 g/L sucrose, 6 g/L agar and
treatments with different concentrations of the auxin 2,4-di-
chloro phenoxy acetic acid (2,4-D) (Table 2) were used. The
conditions for maintaining the treatments were 24°C tempe-
rature, 75% relative humidity and total darkness. Evaluations
were carried out every four weeks to determine the percen-
tage of callus induction and the degree of callus induction®
(Table 3), maintaining all treatments for a total of 12 weeks.

Vitamin Concentration (mg/L)
Myoinositol 100.0
Glycine 2.0
Nicotinic acid 0.5
Pyridoxine HCL 0.5
Thiamine HCL 0.1

Table 1. Concentration of vitamins in culture medium.

Treatment 2,4-D (mg/L)
T1 0.00
T2 0.01
T3 0.05
T4 0.10
T5 0.25
Té6 0.50
T7 1.00
T8 2.00

Table 2. Treatments for callus induction in Capsicum pu-
bescens anthers.
Experimental design and statistical analysis

A completely randomized design (CRD) was used to
determine uninucleate microspores, in vitro establishment
and callus induction in rocoto anthers. Statistical analysis
was performed by analysis of variance (ANOVA) and com-
parison of means with Tukey's test (p < 0.05). All comments
were processed in the R program (version 4.1.3 for Win-
dows) and Rstudio graphical interface (version 2022.07 for
Windows).
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Results

Determination of uninucleate microspores in rocoto
anthers

Five groups of flower buds were obtained by longitudi-
nal relationship (mm) between petal and sepal (Figure 1),
and the flower bud group with the highest percentage of
uninucleated microspores was also determined (Table 4).
Flower buds that presented openings, physical damage and
oxidation were discarded for this part of the research and
subsequent sections. Flower buds that were grouped by a
1.04 mm sepal to petal length ratio presented 87.31% of mi-
crospores in the uninucleate state, representing the appro-
priate group and, therefore, selected for the next phase of
the research focused on callus induction.

In vitro establishment of rocoto anthers

The disinfection of flower buds showed significant diffe-
rences between treatments for the evaluations of the per-
centage of contamination and rate of necrosis or oxidation
of the explants (Table 5). The NaCIO concentrations that
presented the lowest percentages of bacterial or fungal con-
tamination were 4.5% and 5.0%, with 11.53% and 8.45%
contamination, respectively; these concentrations did not
show significant differences between them. In evaluating
the percentage of necrosis per explant, the 1% to 4.0% Na-
CIO concentrations presented 0.00%, representing the best
treatments to avoid explant oxidation.

Callus induction in rocoto anthers

The response of rocoto anthers in culture medium with
the addition of different auxin 2.4-D induced the formation of
embryogenic callus (Figure 2) in various degrees of prolife-
ration. In the last evaluation corresponding to week 12, after
introducing the anthers into the culture media, the formation
of somatic embryos in the globular stage from the embryo-
genic callus could be recorded (Figure 2). Treatments T7
and T8 induced the highest embryogenic callus formation,
with 61.3% and 74.1%, respectively (Table 6). In the de-
grees of the proliferation of embryogenic callus, the highest
percentages were obtained in grade 3 with treatments T7
and T8, with 38% and 59%, respectively (Table 6).
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Grade Callus induction Observation
0 No callus formation No cell proliferation
1 Slight callus formation Weak proliferation in areas of the edge of

the explant

Proliferation of cells all around the edges of

2 Callus formation : .
the explant, without forming a mass

3 Abundant callus formation Formation of a bulky mass of callus

Table 3. Callus induction grades for evaluation in Capsicum pubescens anthers.

Figure 1. Flower buds of Capsicum pubescens grouped by the longitudinal relationship between sepal and petal.

Group Sepal (mm) Petal (mm) Sepal/petal (mm) un?::::igzlt’:é‘e(i/o)
G1 2.15° 0.26° 8.26° 9.834
G2 2.17° 0.72¢ 2.920 17.27¢
G3 2.52° 1.82° 1.34° 41.43°
G4 2.74° 2.61° 1.04¢ 87.31°
G5 3.21¢ 3.84% 0.78¢ 23.15°¢

Means followed by the same letter are not significantly different (Tukey test p < 0.05).

Table 4. Longitudinally related flower bud clusters with uninucleate microspores.

NaClO concentration (%) Contamination (%) Necrosis (%)
1.0 78.93% 0.00°
1.5 52.45° 0.00°
2.0 48 17° 0.00°
2.5 32.65° 0.00°
3.0 28.37°¢ 0.00°
3.5 22.03¢ 0.00°
4.0 19.794 0.00°
4.5 11.53¢ 2.42°
5.0 8.45¢ 5.26°

Table 5. Sodium hypochlorite concentrations in flower bud disinfection.
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Treatment Callus formation (%)
T1 0.0¢
T2 0.0¢
T3 8.5¢
T4 22.3¢
TS5 28.5°
Té 38.7°
T7 61.3"
T8 74.17

Figure 2. Anther culture of
Capsicum pubescens eco-
type "de Monte"; (a) Anther
without response to callus
formation. (b) Anther with
embryogenic callus forma-
tion at twelve weeks of cul-
ture and somatic embryo
formation.

Grades of callus formation

0 (%) 1 (%) 2 (%) 3 (%)
100° 0° 0¢ 04
1002 0¢ 0¢ 0¢
912 9P 0¢ 0¢
88P 152 7 0¢
71° gv 212 0¢
61¢ 162 15° 8¢
39¢ 7° 16° 38°
264 0° 15° 592

Means followed by the same letter are not significantly different (Tukey test p <0.05).
Table 6. Treatments for callus induction in Capsicum pubescens anthers.
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Discussion

The group of flower buds G4 had the highest percen-
tage of uninucleate microspores with 87.31% and a ratio of
1.04 sepal/petal. These results validate what was stated by
de Vaulx et al.?4, who established that in flower buds of Cap-
sicum annuum L. the longitudinal size ratio of sepals and
petals should be similar to one because in this size ratio,
the highest percentages of uninucleated microspores are
presented. Compared with the research on anthers of roco-
to ecotype "Serrano"?, the researchers obtained 81.3% of
uninucleated microspores in flower buds with a morphologi-
cal ratio of sepal and petal of 1.09, results lower than those
presented in the present research.

In the disinfection of rocoto anthers, the best treatments
were 4.5% and 5.0% concentrations of sodium hypochlori-
te, obtaining contaminations of less than 12%. These re-
sults are similar to those obtained by Barroso et al.?, who,
for the disinfection of flower buds of Capsicum annuum L.
used a 2% sodium hypochlorite solution with three drops
of Tween 20 for 10 minutes. Koleva et al.?” disinfected nine
varieties of Capsicum annuum L. using 70% ethanol for thir-
ty seconds and 5% calcium hypochlorite with two to three
drops of Tween 20 for 10 minutes and three washes of ste-
rile distilled water.

The induction of callus in rocoto anthers allowed ob-

taining up to 74.1% in the Murashige and Skoog culture
medium added with 2.0 mg/L of 2,4-D, with 59% of callus
formation in grade 3 (formation of a voluminous mass of
callus). These results are superior to those obtained in ro-
coto ecotype "Serrano"?, where 45.75% of callus were ob-
tained in rocoto anthers using Murashige and Skoog culture
medium added with 1 mg/L of kinetin and 1 mg/L of 2,4-D.
Similarly, the results obtained were superior to those ob-
tained by Koleva et al.?” from their research on anthers of
nine varieties of Capsicum annuum L., obtained the highest
percentages in the varieties 58.88% Feferona variety in
Nitch medium supplemented with 1.0 mg/L indole-3-acetic
acid (IAA) and 48.90% Slatko Luta variety in Murashige and
Skoog medium supplemented with 1.0 mg/L kinetin, 0.01
mg/L 2,4-D and 0.001 mg/L IAA. In the case of, Barroso et
al.?®, they evaluated the response of anthers of Capsicum
annuum L. varieties UFPB 134, UFPB 390 and hybrids be-
tween both varieties, where they obtained greater results up
to 22.0% embryogenic callus in the genotype F2 of hybrids
of Capsicum annuum L. varieties UFPB 134 and UFPB 390
in Murashige and Skoog culture medium added with 4.65
MM kinetin and 5.73 pM naphthaleneacetic acid (NAA); whi-
le for the same genotype, they obtained 14.1% and 20.0%
for genotype UFPB 134 using Murashige and Skoog culture
medium added with 4.65 uM kinetin and 4.52 uM 2,4-D.
The auxin 2,4-D effectively induces embryogenic ca-
llus formation in anthers of rocoto ecotype "de Monte."
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The growth regulator 2,4-D is added to the culture media
to induce the proliferation of undifferentiated cells, forming
the characteristic cell mass called callus?. The 2,4-D has a
rapid induction effect initially at the edges of the initial ex-
plant until it covers the entire structure, depending on the
concentrations, combinations with other growth regulators,
initial explant and the species with which the research is
being carried out?**'. From this embryogenic callus, it was
possible to observe the formation of somatic embryos after
12 weeks in the culture medium, concerning the fact that
some species have the characteristic of inducing the for-
mation of somatic embryos after the formation of callus (in-
direct somatic embryogenesis), and likewise, remaining in
the same culture medium without changing it or refreshing
the medium32.

|
Conclusions

The formation of embryogenic callus was induced from
anther culture of Capsicum pubescens Ruiz & Pav. Eco-
type "de Monte," using Murashige and Skoog culture me-
dium added with 2.0 mg/L of 2,4-D, obtaining an induction
percentage of 74.1% of embryogenic callus, of which 59%
represent grade 3 callus, that is, with the voluminous forma-
tion of the callus mass. Likewise, the appearance of somatic
embryos in the globular stage was evidenced after 12 wee-
ks in the culture medium.
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