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Development of an efficient plant regeneration protocol is essential for vegetable crop advancement
by biotechnological methods. In this study, regeneration protocols of four pepper lines of different
pepper types were optimized. Different protocols for organogenesis were investigated in
regeneration experiments. Optimum plant regeneration was obtained in different combinations of 6-
Benzylaminopurine (BAP) and Indole-3-acetic acid (IAA) in organogenesis assays. In
organogenesis experiment, the highest shoot development was determined as 80% from hypocotyl
explant of Demre pepper in 4 mg L™ BA+0.5 mg L IAA, 80% from hypocotyl explant of Charleston
pepper in 3 mg L BA+0.5 mg L IAA, 80% from hypocotyl explant of capia pepper in 5 mg L
BA+0.5 mg L and 84% from hypocotyl explant of bell pepper in 5 mg L' BA+0.5 mg L IAA.
Afterward, shoots were rooted and whole plants were obtained.
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Introduction

Pepper (Capsicum annuum L.) is one of the most
important and popular vegetables grown in Turkey and
other countries around the world (Ochoa-Alejo and
Ramirez-Malagén, 2001; Aboshama, 2011; EI Nagar,
2012, Akyavuz et al., 2018). C. annuum L. is used as fresh
or dried in different foods. Its nutritional properties,
including antioxidants, are essential for human nutrition
(Orlinska and Nowaczyk, 2015). Besides, pepper is also a
source of natural colors and as medicine (Valadez-Bustos
et al., 2009).

Capsicum seeds typically have short viability and
might promptly loose germination capacity. Therefore,
plant tissue culture techniques support a way for the clonal
micropropagation of C. annuum L. (Sanatombi and
Sharma, 2006; Orlinska and Nowaczyk, 2015). Besides, in
vitro tissue culture followed by genetic transformation
might be an simple, efficient and economic means for
obtaining a large number of production, consistently
uniform and true-to-type plants within a short span of time
for improvement of yield and quality. There are many
studies using different explants to improve the
organogenesis protocol in the Capsicum genus. Different
explants such as cotyledon and hypocotyl (Gunay and Rao,
1978; Agrawal et al., 1989; Arroyo and Revilla, 1991;

Hyde and Phillips, 1996; Christopher and Rajam, 1996;
Franck-Duchenne et al., 1998; Husain et al., 1999;
Venkataiah et al., 2003; Joshi and Kothari, 2007;
Sanatombi and Sharma, 2008; Orlinska and Nowaczyk,
2015; Renfiyeni et al., 2017; Hegde et al., 2017a, b;
Gammoudi et al., 2017; Bhutia et al., 2018), zygotic
embryo (Agrawal and Chandra, 1983; Arous et al., 2001),
young seedlings (Phillips and Hubstenberger, 1985; Ebida
and Hu, 1993), stem, leaf, root, shoot tip, embryo (Agrawal
et al., 1989; Madhuri and Rajam, 1993; Christopher and
Rajam, 1996; Venkataiah et al., 2003; Sanatombi and
Sharma, 2007a, 2007b; Renfiyeni etal., 2017; Bhutia et al.,
2018), mature seeds (Ezura et al., 1993), shoot tip
(Madhuri and Rajam, 1993), injured hypocotyl (Ramirez-
Malagén and Ochoa-Alejo, 1996), seedling and embryonal
explants (Dabauza and Pena, 2001), epicotyl (Renfiyeni et
al., 2017), shoot buds (Haque and Ghosh, 2018) were used
for in vitro organogenesis of Capsicum.

However, it is noted that development of protocols is
still needed because Capsicum genus is recalcitrant for
both regeneration and genetic transformation (Liu et al.,
1990; Steinitz et al., 1999; Kothari et al., 2010;
Maligeppagol et al., 2016; Gammoudi et al., 2017).
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Several studies have been carried out to optimize
regeneration in Capsicum genus. However, the most
common problem is genotypic effect. The genotype has a
strong effect in regeneration from various explants and this
makes it necessary to optimize in vitro regeneration
protocols for the specific genotypes and cultivars.
Therefore, in this study, an attempt has been carried out to
develop an efficient in vitro regeneration protocols for
micro propagation of the popular lines of Capsicum types
by using cotyledon and hypocotyl explants from in vitro
regenerated plants.

Material and Method

Plant Materials and Surface Sterilization

Seeds of four C. annuum L. pure lines, ‘Green pepper-
F614°, ‘Charleston pepper-F22°, ‘Capia pepper-M801° and
‘Bell pepper-F46° were obtained from AD-Rossen
Africulture Company (Antalya, Turkey). Seeds were
washed under tap water for 20 min, dipped in 70% ethanol
for 1 min, washed three times with sterile distilled water
and then immersed in 20% sodium hypochlorite solution
(Domestos® commercial bleach solution with 4.5% active
chlorine, v/v, NaOCI) with 1-2 drops of Tween-20 for 20
min. Finally, seeds were rinsed three times with sterile
distilled water. Sterilized seeds were then placed in Plant
Growth Regulators (PGRs) free-MS basal medium
containing 30 g L™ sucrose in petri dishes for germination.
Ten seeds were placed in each petri dish. The petri dishes
were then incubated in a growth chamber condition till
seeds produce young seedling.

Explant Preparation and Shoot Induction

After eleven days, the germinated seeds produced young
seedlings having cotyledon leaves. Hypocotyls (2-3 mm in
length, Figure 1A) and cotyledons (1-2 mm length, Figure
1B) from 11-day-old seedlings were excised into pieces
using sterilized surgical blades. Four segments were placed
horizontally in each petri dishes and gently pressed into MS
basal medium (Murashige and Skoog, 1962) supplemented
with 30 g L sucrose, 1 mg L* 2-(N-morpholino)
ethanesulfonic acid (MES), 3.5 g L gelrite and various
combinations of PGRs; BAP (1, 2, 3, 4 and 5 mg L?) and
IAA (0.5, 1 mg L™). Shoots (1-2 cm length) were obtained
from the explants and placed vertically in the MS basal
media supplemented with 0.5 mg L Gibberellic acid (GAs)
for elongation of shoots. The culture tubes containing shoots
were placed under fluorescent light in a growth chamber
(24+2°C) under 16 h photoperiod. After shoot initiation and
elongation, they were subcultured again on freshly sterilized
medium containing 0.5 mg L IAA for root initiation.

Experimental Design and Statistical Analysis

All experiments were set up in a completely
randomized factorial design and repeated twice with four
replicates per treatment. Callus and shoot percentage was
calculated as the number of explants on which callus or
shoot formed/total number of explants. All quantitative
data expressed as percentages were subjected to arcsine
transformation. Means were separated by analysis of
variance and the least significant difference (LSD) test was
performed to examine differences in callus formation and
shoot production among different explants in each

Capsicum lines. All data analysis was examined using the
JMP program (SAS Institute, Cary, NC) ver. 5.00 and
significance was considered at P<0.01.

(A) (B
Figure 1. Explant types used in regeneration, A)
Cotyledon explant, B) Hypocotyl explant

Results

After four weeks of culture, hypocotyl and cotyledon
explants of the four C. annuum L. lines showed
proliferation of multiple shoot formation in indirectly shoot
induction media consisting of MS medium supplemented
with different concentrations of BAP in combination with
IAA (Figure 2).

Figure 2. Shoot formation derived from hypocotyl and

cotyledon explants

A, B) Formation of shoots from hypocotyl explants after 15 days in
>Green pepper-F614° (MS+4 mg L't BAP+0.5 mg L IAA), C, D) Shoot
derived from hypocotyl explant on MS+5 mg L BAP + 0.5 mg L! IAA
after 15 days and cotyledon on 2 mg Lt BA+1 mg L IAA after 20 days
in ‘Capia pepper-M801°, E, F) Shoot derived from hypocotyl explant on
MS+3 mg L' BAP+0.5 mg L™ IAA after 15 days in Charleston pepper-

F22’ G, H) Shoot derived from hypocotyl explant on MS+5 mg Lt

BAP+0.5 mg L' TAA after 20 days in ‘Bell pepper-F46’
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Table 1. The effect of PGRs and explants on shoot formation in green pepper line

1 Explants

PGRs (BA+IAA) mg L Fypocotyl Cotyledon PGRs Mean
0+0 (Control) 0.00" (0.00) 0.00" (0.00) 0.00° (0.00)
1+0.5 4.00%" (5.31) 4.00%" (5.31) 4.007¢ (5.31)
1+1 4.00%" (5.31) 4.00%" (5.31) 4.007¢ (5.31)
2+0.5 20.00%f (21.00) 16.00%f (21.25) 18.00°PE (21.12)
2+1 12.00°% (15.93) 32.00°4 (34.16) 22.008¢P (25.05)
3+0.5 16.00° (18.47) 48.00° (43.84) 32.00%8C (31.15)
3+1 24.00%¢ (26.31) 40.00° (39.23) 32.008(32.77)
4+0.5 80.002 (66.21) 12.00°% (15.93) 46.00" (41.07)
4+1 52.00° (46.15) 8.00" (10.62) 30.008¢P (28.39)
5+0.5 36.00° (36.69) 4.00%n (5.31) 20.00PE (21.00)
5+1 24.00%¢ (29.09) 0.00" (0.00) 12.005F (14.54)
Explant Mean 24.72A (24.59) 15.27B (16.45)

LSDpgrs: 10.10*** LSDgypiant: 4.30*** LSDpgregxplant: 14.28***, The numbers in parenthesis represent the arcsine transformed value of percentages.
Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

Table 2. The effect of PGRs and explants on shoot formation in charleston pepper line

1 Explants

PGRs (BA+IAA) mg L Fypocoyi Cotyiedon PGRs Mean
0+0 (Control) 0.00 (0.00) 0.00 (0.00) 0.00F (0.00)
1+0.5 0.00 (0.00) 4.00i (5.31) 2.00F (2.65)
1+1 0.00 (0.00) 12.00 (15.93) 6.00F (7.96)
2+0.5 24.009 (29.09) 16.00%" (18.47) 20.00€P (23.78)
2+1 32.00° (34.16) 68.00%® (55.83) 50.008 (45.00)
3+05 80.00% (66.21) 52.00°¢ (46.15) 66.00* (56.18)
3+1 68.00% (55.83) 36.00%" (36.69) 52.008 (46.26)
4405 56.00° (48.46) 28.00° (31.63) 42.008 (40.04)
4+1 52.00° (46.15) 12.00" (15.93) 32.00° (31.04)
5+0.5 44,00 (41.53) 4.00i (5.31) 24.00°P (23.42)
5+1 40.00%%f (39.23) 4,00 (5.31) 22.00° (22.27)
Explant Mean 36.00 (32.79) 21.45B (21.51)

LSDexgtant: 7.93***; LSDpgrs:3.38***; LSDgxplant+pcrs: 11.22***, The numbers in parenthesis represent the arcsine transformed value of percentages.
Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

Table 3. The effect of PGRs and explants on shoot formation in capia pepper line

1 Explants

PGRs (BA+IAA) mg L Fypocotyl Cotyledon PGRs Mean
0+0 (Control) 0.00’ (0.00) 0.00’ (0.00) 0.00F (0.00)
1+0.5 16.007" (21.25) 8.00" (10.62) 12.00P (15.93)
1+1 8.00"1 (10.62) 4.001 (5.31) 6.00PE (7.96)
2+0.5 28.00%¢" (31.63) 48.00° (43.84) 38.00" (37.73)
2+1 24.00%f9 (29.09) 36.00° (36.69) 30.00”8 (32.89)
3+0.5 32.00%¢" (34.16) 20.00°%" (23.78) 26.00"8 (28.97)
3+1 8.00" (10.62) 40.00° (39.00) 24.008€ (24.81)
4+0.5 12.00%" (15.93) 16.007" (21.25) 14.00€ (18.59)
4+1 36.00°% (36.47) 8.00" (10.62) 22.008€ (23.54)
5+0.5 80.00? (66.21) 4,001 (5.31) 42.00” (35.76)
5+1 56.00° (48.46) 0.00 (0.00) 28.008€ (24.23)
Explant Mean 27.27* (27.68) 16.728 (17.86)

LSDpgrs: 9.36***, LSDgypiant: 3.99***, LSDpgrsexpiant: 13.23***, The numbers in parenthesis represent the arcsine transformed value of percentages.
Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

The maximum percentage of shoot formation from Bell
pepper was obtained in MS medium supplemented with 5 mg
Lt BA+0.5 mg L IAA as %84 (Table 4, Figure 2G, H). For
other Capsicum lines of different pepper types, the highest
shoot formation was determined as 80% from hypocotyl
explant of green pepper in 4 mg L BA+0.5 mg L IAA
(Table 1, Figure 2A, B), 80% from hypocotyl explant of
Charleston pepper in 3 mg Lt BA+0.5 mg L IAA (Table 2,
Figure 2E, F) and 80% from hypocotyl explant of capia
pepper in 5 mg L't BA+0.5 mg L (Table 3, Figure 2D).

Shoot formation obtained from different explants of
Capsicum lines on MS media containing different
concentrations and combinations of BAP and IAA did not
elongate of shoots development when continued to culture on
the same medium. Frequently, shoot structures were transferred
to shoot elongation medium in vitro because shoot elongation
has been found as major obstacle in obtaining normal pepper
plant (Steinitz et al., 1999). Cytokinins generally stimulate
shoot proliferation and inhibit their elongation. The problem of
shoot elongation might be due to transferring of shoot structures
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on different media (Peddaboina et al., 2003). In this study,
different concentrations of BAP and IAA were used. GAs (2 mg
LY) was used to stimulate shoot elongation in the media.
Therefore, the MS medium supplemented with 2.0 mg L GAg
showed the highest effect on shoot elongation when compared
to BAP and IAA combination or PGR-free medium.

Among the PGR combinations, callus formation of
hypocotyl and cotyledon was the lowest in BAP and 1AA
combination. However, between the two explants,
cotyledon had higher potentiality of callus induction than
hypocotyl in all Capsicum lines of different types.
However, cotyledon explants showed higher callus

formation than hypocotyl. No shoot was observed from
calli coming from cotyledon explants. And calli formation
did not show any regeneration capability. Callus formation
ratio was as follows; in green pepper type-from cotyledon
explant-with 1 mg L? BAP+1 mg L IAA, as 28% (Table
5), in Charleston pepper- type cotyledon explant-with 1 mg
L BAP+0.5 mg L IAA as 16% (Table 6), capia pepper
type- cotyledon explant- with 1 mg L' BAP+0.5 mg L
IAA as 28% (Table 7), bell pepper type-cotyledon explant-
1 mg L! BAP+0.5 mg L IAA as 36% (Table 8). The size
of calli was smaller, friable and yellowish on these media
for all Capsicum lines of different types.

Table 4. The effect of PGRs and explants on shoot formation in bell pepper line

1 Explants
PGRs (BA+IAA) mg L Hypocotyl Cotyledon PGRs Mean

0+0 (Control) 0.00' (0.00) 0.00' (0.00) 0.00° (0.00)
1+0.5 4,007 (5.31) 4.007 (5.31) 4.00° (5.31)
1+1 0.007 (0.00) 8.007(10.62) 4.00° (5.31)
2+0.5 32.00% (34.16) 32.00% (34.16) 32.00” (34.16)
2+1 24.00% (29.09) 52.00° (46.15) 38.00% (37.62)
3+0.5 32.00% (34.16) 44.00°°(41.53) 38.00% (37.85)
3+1 44,000 (41.53) 40.00d (39.00) 42.00” (40.27)
4+0.5 52.00° (46.15) 20.00¢ (26.56) 36.00” (34.96)
4+1 56.00° (48.46) 20.00¢ (26.56) 38.00% (37.51)
5+0.5 84.00% (68.74) 8.00" (10.62) 46.00” (39.68)
5+1 28.00%¢ (31.63) 4.007 (5.31) 16.008 (18.47)
Explant Mean 32.36" (30.84) 21.098 (22.09)

LSDexgptant:3.28***, LSDpgrs: 7.70***, LSDexplantpers:10.89***, The numbers in parenthesis represent the arcsine transformed value of percentages.
Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

Table 5. The effect of PGRs and explants on callus formation in green pepper line

1 Explants

PGRs (BA+IAA) mg L Fypocoty] Cotyledon PGRs Mean
0+0 (Control) 0.00° (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
1+0.5 4.00° (5.31) 12.00° (15.93) 8.008 (10.62)
1+1 20.00% (26.56) 28.00% (28.85) 24.00% (27.70)
2+0.5 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
2+1 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
3+0.5 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
3+1 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
4+0.5 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
4+1 0.00° (0.00) 0.00° (0.00) 0.00€ (0.00)
5+0.5 0.00° (0.00) 0.00° (0.00) 0.00¢ (0.00)
5+1 0.00° (0.00) 0.00° (0.00) 0.00° (0.00)
Explant Mean 2.18" (2.89) 3.63" (4.07)

LSDeptant: N.S.; LSDpgrs: 4.80***; LSDeygianrers:N.S., N.S.: Not significant, The numbers in parenthesis represent the arcsince transformed value of
percentages. Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

Table 6. The effect of PGRs and explants on callus formation in charleston pepper line

1 Explants

PGRs (BA+IAA) mg L Fypocotyl Cotyledon PGRs Mean
0+0 (Control) 0.00 (0.00) 0.00 (0.00) 0.008 (0.00)
1+0.5 12.00% (15.93) 16.00? (21.25) 14,00 (18.59)
1+1 8.00° (10.62) 12.00% (15.93) 10,00 (13.28)
2+0.5 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
2+1 4.00¢ (5.31) 0.007 (0.00) 2,008 (2.65)
3+0.5 0.00 (0.00) 0.007 (0.00) 0.008 (0.00)
3+1 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
4+05 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
4+1 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
5+0.5 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
5+1 0.00¢ (0.00) 0.007 (0.00) 0.008 (0.00)
Explant Mean 2.188 (2.89) 2.54* (3.38)

LSDegispiant: N.S.; LSDpgrs:5.73***; LSDgsgianrers: N.S., N.S.: Not significant, The numbers in parenthesis represent the arcsine transformed value of

percentages. Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001
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Table 7. The effect of PGRs and explants on callus formation in capia pepper line

1 Explants
PGRs (BA+IAA) mg L Fypocony Couyiedon PGRs Mean

0+0 (Control) 0.00¢ (0.00) 0.00 (0.00) 0.00C (0.00)
1405 20.00% (26.56) 28.00¢ (31.63) 24.00” (29.09)
1+1 12.00¢ (15.93) 20.00° (23.78) 16.008 (19.86)
2+0.5 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
2+1 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
3+0.5 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
3+1 0.00¢ (0.00) 0.00¢(0.00) 0.00¢ (0.00)
4+0.5 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
4+1 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
5+0.5 0.00¢ (0.00) 0.00¢ (0.00) 0.00C (0.00)
5+1 0.00¢ (0.00) 0.00%(0.00) 0.00¢ (0.00)
Explant Mean 2.90” (3.86) 4.36" (5.03)

LSDpgrs: 4.09***, LSDgypiant: N.S., LSDpers*expiant: N.S, N.S.: Not significant, The numbers in parenthesis represent the arcsine transformed value of

percentages. Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

Table 8. The effect of PGRs and explants on callus formation in bell pepper line

4 Explants
PGRs (BA+IAA) mg L Fypocoy Cotyledon PGRs Mean

0+0 (Control) 0.00% (0.00) 0.00% (0.00) 0.00° (0.00)
1+0.5 16.00° (18.47) 36.007 (36.69) 26.00A (27.58)
1+1 12.00° (15.93) 24.00° (29.09) 18.008 (22.51)
2405 0.00¢ (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
2+1 0.00¢ (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
3+05 0.00¢ (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
3+1 0.00¢ (0.00) 0.00% (0.00) 0.00¢ (0.00)
4405 0.00¢ (0.00) 0.00% (0.00) 0.00¢ (0.00)
4+1 0.00¢ (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
5+0.5 0.00¢ (0.00) 0.00% (0.00) 0.00¢ (0.00)
5+1 0.00¢ (0.00) 0.00¢ (0.00) 0.00¢ (0.00)
Explant Mean 2.548 (3.12) 5.45" (5.98)

LSDexgptant:1.95**, LSDpgrs: 4.59***, LSDexpiantpers:6.49***, The numbers in parenthesis represent the arcsine transformed value of percentages.
Differences between means are indicated by the same letters, Control: PGRs-free MS medium, *P<0.05, **P<0.01, ***P<0.001

The shoots multiplicated showed rooting and
elongation in MS medium supplemented with 0.5 mg L™*
IAA. These plantlets rooted were cut again and used for
further micropropagation (Figure 3). Rapid proliferated of
the plantlets was achieved within a short span of time.

Discussion

The shoot structures were generally obtained from
nutrient media containing high cytokinin (3-5 mg L BA)
and low auxin (0.5 mg L™ I1AA). When the literature is
examined, BA and IAA are the most commonly used plant
growth regulators and combinations in organogenesis
studies in Capsicum (Gunay and Rao, 1978; Agrawal et al.,
1989; Arroyo and Revilla, 1991; Christopher and Rajam,
1996; Ramirez-Malagéon and Ochoa-Alejo, 1996; Hyde
and Phillips, 1996; Sanatombi and Sharma, 2006;
Sanatombi and Sharma, 2008; Renfiyeni et al., 2017;
Haque and Ghosh, 2018; Gammoudi et al., 2017). We
observed that the shoot structures were generally obtained
from nutrient media containing high cytokinin (3-5 mg L*
BA) and low auxin (0.5 mg L* IAA). Gunay and Rao
(1978) conducted the first organogenesis studies in
Capsicum. They also obtained the best shoot growth in
cotyledon explants using 2 mg L' BA+1 mg L IAA such
as this research presented. Researchers have reported that
the combination of BA and IAA is effective on shoot

formation. Similar results were obtained in this study. In
particular, the combination of BA and IAA promoted shoot
formation effectively in four pepper lines of different types
and hypocotyl explants were found to respond better than
cotyledon explants in shoot formation. In organogenesis
studies performed on eight different pepper genotypes (C.
praeterrnissum, C. baccatum and C. annuum cvs. G4,
Bhiwapuri, Sweet pepper, Cayenne pepper and hybrid
pepper), leaf explants were successful (56%) than
cotyledon and hypocotyl explants (Christopher and Rajam,
1996). Researchers have reported that the use of BA alone
is more effective than the combination of BA and IAA for
shoot formation (Christopher and Rajam, 1996). In this
study, the use of BA alone was found to be insufficient in
shoot formation in four pepper lines of different types. In
regeneration experiments, MS medium without PGRs was
used in all control groups. However, any improvement was
not observed in hypocotyl and cotyledon explants. In
contrast to this, Ramirez-Malagon and Ochoa-Alejo (1996)
obtained the best shoot growth in Chilean pepper from MS
medium without PGRs (26.8/per explant). This situation
shows differences from our research results. The results of
these researchers are not consistent with both our study and
the recent studies on organogenesis. Regarding Capsicum
genotypes, it is reported that regeneration is still difficult
and genotype effect plays an important role. In this
research presented, the highest shoot formation (average

475



Izgii et al. | Turkish Journal of Agriculture - Food Science and Technology, 8(2): 471-477, 2020

80%) was obtained in BA (3-5 mg L) and IAA (0.5 mg L?)
combinations in four pepper lines of different types. Ashwani
et al. (2017) reported that shoot formation was obtained from
the medium with 10 mg Lt BA+1 mg L IAA using proximal
parts of the cotyledon leaves as 60%, while petiole explants
showed 40% shoot formation ratio. In the proximal parts of
the cotyledon leaves, 5 mg L™ BA+2 mg L phenyl acetic acid
(PAA) attained 100% shoot formation. Ashwani et al. (2017)
achieved an effective result by reducing BA concentration
from 10 mg L to 5mg L and using PAA as a different auxin.
However, PAA seems to be more effective than IAA in this
medium. This may be due to the different Capsicum species
used. Several studies have reported that IAA is an effective
auxin for organogenesis studies in C. annuum L. However, the
genotype effect is still an important factor in Capsicum genus
(Venkataiah and Subhash, 2001; Renfiyeni et al., 2017).

Figure 3. In vitro regeneration and induction of rooted
plantlets in Capsicum annuum L.
A) ‘Green pepper-F614°, B) ‘Charleston pepper-F22°, C) ‘Capia pepper-
M801°, D) ‘Bell pepper-F46’

Conclusion

In this study, for direct organogenesis, hypocotyl and
cotyledon explants from 11-day-old seedlings and MS
medium supplemented with 3-5 mg L™t BAP +0.5 mg L
IAA was found to be successful for all Capsicum lines of
different pepper types. The present research was successful
in obtaining shoot initiation and elongation. Plant
regeneration through direct organogenesis is a very quick
process. Therefore, direct regeneration from hypocotyl
explant is very effective and time saver.
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