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Abstract: An efficient protocol of direct somatic embryogenesis (without involving intermediate callus) has
been developed from hypocotyl explants of two Capsicum annuum L. genotypes with potential for high
frequency production of this important horticultural crop. Murashige and Skoog (MS) medium supplemented
with different concentrations of thidiazuron (TDZ) or 2, 4-dichlorophenoxyacetic acid (2, 4-D) were used. Two
types of media (Woody plant medium (WPM) and MS) as well as sucrose concentrations were examined for
induction of direct somatic embryogenesis. WPM was significantly more effective on number of somatic
embryos formation (9.30) as compared with that of MS results (7.22). The highest number of embryos (14.60)
was obtained by using WPM with 80 g/l sucrose. The addition of 1.0 mg/l of AgNO  enhanced the induction3

of direct somatic embryogenesis affecting both the percentage of explants forming somatic embryos and the
number of somatic embryos per explant, while higher doses (1.5 and 2.0 mg/l) negatively affected the
regenerative capacity. MS at half strength contained 30 g/l sucrose was more effective in conversion somatic
embryos and producing normal plants. However, increasing sucrose concentration had a negative effect on
normal germination of somatic embryos. Finally plantlets were transferred to a mixture of peatmoss and
vermiculite at equal volume with survival rate 54% after 21 days with respect to morphology and growth
characteristics.
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INTRODUCTION pepper is a recalcitrant species, moderate results can be

The genus Capsicum, a member of family Solanaceae somatic embryogenesis has become an essential method
is an important vegetable and spice crop in Egypt and for the improvement of most economically important
many other regions around the world. This plant species plants. Moreover, establishment of cultures yielding high
is usually propagated by seed; however, the  use of frequency somatic embryogenesis would be useful for
tissue culture has become an important tool in the clonal gene expression studies, involving genetic transformation
propagation and breeding programs, particularly during since a steady quantity of target tissue can be produced.
the processes of selecting somaclonal variants, Additionally, somatic embryogenesis can potentially
production of transgenic plants and in the development scale-up propagation using bioreactors and produce
of haploids and interspecific hybrids [1]. In order to synthetic seeds [5].
improve propagation of the commercial cultivars of this The greatest importance of somatic embryos is its
species and to meet the increasing demands for the crops, practical application in large scale vegetative propagation.
more reliable propagation approaches for mass In most cases the somatic embryos or the embryogenic
multiplication were needed [2]. Capsicum has been cultures can be cryopreserved [6], which makes it possible
categorized as one of the most recalcitrant plant species to establish gene banks [7]. Furthermore, in vitro somatic
to manipulate in tissue culture due to the formation of ill- embryogenesis is an important prerequisite for the use of
defined buds or shoot like structures either resisting many biotechnological tools for genetic improvement [8].
elongation or producing rosettes of distorted leaves In this regard, somatic embryos play a key role in current
which generally do not produce normal shoots [3]. Since genetic transformation methods. Various factors influence

achieved in tissue culture [4]. Clonal propagation through
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the somatic embryogenesis response in different species. seeds were washed 4 times in autoclaved distilled water to
Among them, ethylene is known to inhibit in vitro remove all traces of the disinfectant. The sterile seeds
morphogenetic responses in a genotype-specific manner. were germinated on hormone-free MS [19] medium
Ethylene is recognized as a ubiquitous plant hormone [9], containing 30 g/l sucrose. The medium pH was adjusted
which has a wide variety of effects on the growth and to 5.8 medium was distributed into culture jars, the jars
development of intact plants [10]. Previous studies were capped with polypropene closers prior to the
demonstrated that ethylene could influence in vitro addition of 0.7% (w/v) agar. Medium was distributed into
morphogenetic response [11]. Therefore, regulation of culture jars (325 ml) where each jar contained 50 ml of the
ethylene perception or ethylene biosynthesis seems to be medium. The jars were capped with polypropene closures
a promising approach for increasing the efficiency of and  autoclaved at 121°C and 1, 2 kg/cm air pressure for
tissue culture protocols in plant systems. Although it has 20 min. All cultures were maintained at 25 ± 2°C under
been reported that ethylene may promote callus growth florescent light (2000 LUX) and 16-h / 8 dark cycles.
[12], it generally appears to inhibit somatic embryogenesis
and shoot regeneration [13]. Silver nitrate (AgNO ), a Somatic Embryogenesis Induction: The aim of this3

potent inhibitor of ethylene action [14]. Silver nitrate experiment was to determine the optimal media for
originally was mentioned in an abstract reporting on induction of somatic embryogenesis from Hypocotyls of
factors affecting pepper regeneration [15]. Silver nitrate two pepper cultivars. The Hypocotyls explants (8-10 mm)
(AgNO ) was included in bud induction media, producing excised from 14-15 days old were placed on MS medium3

buds on hypocotyl explants that developed into shoots salts, 3% (w/v) sucrose and supplemented with 200 mg/l
and eventually into well-developed pepper plants [16]. L-glutamine and 500 mg/l Casein hydrolisate. Plant growth

Pepper is highly susceptible to fungal and viral regulators included various concentrations of both 2, 4-
pathogens and these cause considerable damage to the dichlorophenoxyacetic acid (2,4-D) or Thidiazuron (TDZ)
crop [17]. One of the solutions to this problem is the at 0.0, 0.2, 0.5, 1.0 and 2.0 mg/l were tested. Number of
development of pathogen-resistant pepper varieties using somatic embryos per explant was counted after six weeks
genetic transformation techniques, which in turn require from culture initiation. The results were recorded six
efficient plant regeneration protocols [18]. For plant weeks after culture initiation. Number of somatic embryos
breeding using somaclonal variation and gene per explant was counted. All experiments were repeated
transformation of useful traits, such as virus-resistance an two times during the years of 2008 and 2009. Experiments
efficient plant regeneration protocols were needed. This were set up in completely randomized block design with
study was intended to develop protocol of regenerating five replicates. Each replicate consisted of one jar (325 ml)
Pepper (Capsicum annuum L.) through direct somatic cultured with three explants. The results were statistically
embryogenesis. analyzed, according to Gomez and Gomez [20].

MATERIALS AND METHODS Effect of Type Basal Medium and Sucrose Concentrations

This study was carried out at Plant Biotechnology experiment was to study the effect of type of media and
Department, Genetic Engineering and Biotechnology sucrose concentrations on somatic embryogenesis of two
Institute, Minufiya University, Egypt, during the years of pepper genotype. Explants were cultured on the surface
2008 to 2010. of the solidified of two type of salt media MS or WPM

Explant Source and Preparation Medium: Seeds of the (30, 60, 80 and 100 g/l). The media were supplemented with
sweet pepper varieties namely cv. 'California Wonder' and the best growth regulators concentration from first
'Baldy' were used to raise seedlings for the present study. experiment Number of somatic embryos per explant was
The California wonder seeds were supplied from the seed recorded after 6 weeks.
company (Agrimatico, in Egypt) while Baldy' seeds were
manually extracted from fresh and healthy ripe fruits Influence of Silver Nitrate (AgNO ) on Somatic
collected from local commercial market. For induction of Embryogenesis: The aim of this experiment was to study
somatic embryogenesis in pepper hypocotyls of seedlings the effect of Silver nitrate on somatic embryogenesis for
were used as explants. Seeds were surface sterilized in two pepper genotype. The best concentration from 2,4-D
mercuric chloride (HgCl ) at 0.1 % for 4 min. Then the and sucrose were selected from previous experiment to2

2

on Induction of Somatic Embryos: The aim of this

[21]  media  including  various  sucrose concentrations

3
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test the effect of silver nitrate on somatic embryogenesis with growth regulators, without an intervening callus
of Baldy and Claifornia Wonder sweet pepper. phase. As shown in Table 1, direct somatic embryos
Hypocotyles were cultured on WPM supplemented with formation was observed in hypocotyl explant cultured on
2.0 mg/l 2, 4-D, 80 g/l sucrose and AgNO  at four MS medium added with 2,4-D or TDZ. Higher number of3

concentrations (0.0, 1.0, 1.5 and 2.0 mg/l). After 6 weeks, embryos was obtained with the two cultivars when the
number of somatic embryos per explant was counted and primary culture was conducted on MS medium containing
number of explants forming somatic embryos to calculate 2, 4-D as a plant growth regulator. In general, results in
percentage. agreement with those obtained with Ammirato [22] who

Maturation of Somatic Embryos: The somatic embryos embryo initiation requires the presence of 2, 4-D alone. 
were removed from explants tissue and individually In addition, Binzel et al. [23] who reported that on
cultured (for 4 weeks) on MS medium supplemented with pepper, the presence of 2, 4-D was found necessary for
30g/l sucrose, 500 mg/l L-glutamine, 200 mg/l Casein induction of somatic embryogenesis. Effects of different
hydrolisate and 0.1 mg/l ABA to initiate long term types and concentrations of growth regulators and
maturation stage. genotypes on the number of somatic embryos/ explant of

Effect of Sucrose Concentrations and MS Salt Strength main effect of genotypes showed that cv. Baldy yielded
on Somatic Embryos Germination: Germination media somatic embryos/explant (2.04) as compared with cv.
consist of half or full MS salts strength supplemented California wonder (1.78).  Similar  results  were  reported
with 30 or 60 g/l sucrose, 1.0 mg/l GA  and 3.0 g/l by Aboshama [24] who reported that type and3

activated charcoal (AC). The results were collected 4 concentrations of growth regulators along with
weeks after culture initiation as follows: genotypes influenced the frequency of somatic

Number of normal germination (shoot and root). that there were significant differences among genotypes
Number of embryos which form root only. and varieties for somatic embryo formation and plant
Number of embryos which form shoot only. regeneration using a single media sequence. In addition,

Acclimatization: Plantlets obtained from pepper somatic Sharma and Rajam [26] who  found  that  genotype,
embryos were taken out of the culture jars and washed explant and genotype-explant  interactions  had
gently in running tap water, then transferred to plastic significant effects on both organogenesis and Somatic
pots  containing  soil  mixture  of peatmoss: vermiculite Embryogenesis with genotype  exerting  maximum  effect
(1:1 v/v) after treated by Benelet. The pots were on both processes. On the other hand, data on the main
maintained under greenhouse conditions. Every pot effect of growth regulator types regardless concentrations
contained plantlet and nourished with solution of /  MS indicated that 2, 4-D  has  recorded  significant  increase1

4

salt strength medium to enhance the plants development. in number of somatic embryos/explant (2.46) compared
The percentage of survived plantlets was recoded after with TDZ (1.36). Similar to the observation of Binzel et al.
one month of acclimatization. [23], who reported that, In comparison to TDZ and 2, 4-D,

Experiments were set up in completely randomized the media containing coconut water and 2, 4-D induced a
block design with five replicates. Each replicate consisted greater percentage embryogenesis and mean number of
of one jar (325 ml) cultured with three explants. The results embryos of pepper.
were statistically analyzed, according to Gomez and Concerning the interaction effect between genotypes
Gomez [20]. and growth regulator types, data in Table 1 show that

RESULTS AND DISCUSSION (2.60) than Calefornia wonder (2.32) when their media were

Effect of Growth Regulators on Induction of Somatic to the significance level at 5%. Results showed that TDZ
Embryogenesis From Hypocotyls of Two Pepper Cultivars had effect in direct somatic embryogenesis induction of
Results of this study showed the high competency of pepper, but less than 2, 4-D. The role of TDZ in the
Capsicum annuum hypocotyl explants to consistently induction of somatic embryogenesis has also been
form somatic embryos directly in medium supplemented reported  in  cherry [27].  The effective concentration for

reported that in several plants, the process of somatic

Capsicum annuum are shown in Table 1 and Fig. 1A. The

embryogenesis.   Moreover,   McKently  [25]  reported

results in Table 1 agree with the report presented by

number of somatic embryos/explant was higher in Baldy

supplemented with 2, 4-D but this increase did not reach
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Table 1: Effect of genotypes and growth regulator types and concentrations on the number of somaticembryos /explant of Capsicum annuum after 6 weeks
in vitro

Number of somatic embryos
------------------------------------------------------------------------------
Concentrations (C)
------------------------------------------------------------------------------

Genotype (A) Auxin (B) 0.0 0.2 0.5 1.0 2.0 Means of (A x B) Means of (A)
Baldy 2,4-D 0.00 0.00 1.00 3.80 8.20 2.60 2.04

TDZ 0.00 0.00 1.00 3.40 3.00 1.48
Calefornia wonder 2,4-D 0.00 0.00 1.00 5.00 5.60 2.32 1.78

TDZ 0.00 0.00 0.00 4.00 2.20 1.24
Means of (C) 0.00 0.00 0.75 4.05 4.75 Means of (B)
Means of (B x C) 2,4-D 0.00 0.00 1.00 4.40 6.90 2.46

TDZ 0.00 0.00 0.50 3.70 2.60 1.36
Means of (A x C) Baldy 0.00 0.00 1.00 3.60 5.60 -- --

Calefornia w. 0.00 0.00 0.50 4.50 3.90 -- --
LSD at 5% A = NS B = 0.41, C = 0.66, A x B = 0.59, A x C = 0.93 B x C = 0.93, A x B x C = NS

Fig. 1: Development of pepper somatic embryos and their increasing either 2, 4-D or TDZ from 1.0 to 2.0 mg/l.
germination into plantlets

A,B - Direct somatic Embryos formation on hypocotyls Concentrations of Sucrose on Induction of Somatic
explants of the pepper obtained in the MS medium Embryogenesis of Pepper: Data presented in Table 2
with 2,4-D. showed  that  the  effect  of genotypes, salt types of

C - Separated somatic embryos from explant. media and sucrose concentrations on the number of
D - Germinated somatic embryos on MS medium somatic embryos /explant of Capsicum annuum after 6

supplemented with (AC) + AG weeks in vitro. Eventually, the same data clearly show3

E - Plantlets taken from germination jars. that non significant effect was observed among both
F - Acclimatization of plantlets that are driven from types  of cultivars. Somatic embryos can be induced in

somatic embryos of Capsicum annuum. MS  and   WPM    basal    medium,   but   there   was  more

maximum number of somatic embryos was (6.90) in 2, 4-D
at 2.0 mg/l. However, higher concentration of TDZ
decreased number somatic embryos formation (2.60). As
indicated in previous work by Khan et al. [28] who
reported that, the frequency and number of somatic
embryos per explant was found to gradually decline with
increasing concentration of TDZ. Results of the
interaction between cultivars and growth regulator
concentrations indicated that no somatic embryos
formation were produced at the levels of 0.0 or 0.2 mg/L
for both cultivars, while significant increase was observed
with  increasing  growth  regulators  levels  from  1.0  to
2.0 mg/l and the highest somatic embryo formation were
records at 2.0 mg/l for Baldy and Calefornia wonder
genotypes (5.60 and 4.50), respectively. The interaction
between growth regulators type and their concentrations
revealed that no significant differences were observed in
the number of somatic embryos/explant. It is quite clear
that hormone free media and 0.2 mg/l treatments did not
produce any somatic embryo for both genotypes when
treated with 2, 4-D or TDZ. However, number of somatic
embryos per explant increased significantly with

Effect of Genotypes, Salt Types of Media and
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Table 2: Effect of genotypes, salt types of media and concentrations of sucrose on the number of somatic embryos /explant of Capsicum annuum after 6 weeks
in vitro

Number of somatic embryos
---------------------------------------------------------------
Conc. of sucrose g/l (C)
---------------------------------------------------------------

Genotype (A) Type of media (B) 30 60 80 100 Means of (A x B) Means of (A)

Baldy WPM 9.40 9.40 13.80 4.60 9.30 8.15
MS 7.80 6.60 9.80 3.80 7.00

Calefornia wonder WPM 7.20 6.80 15.40 7.80 9.30 8.37
MS 6.00 6.80 11.20 5.80 7.45

Means of (C) 7.60 7.40 12.55 5.50 Means of (B)
Means of (B x C) WPM 8.30 8.10 14.60 6.20 9.30

MS 6.90 6.70 10.50 4.80 7.22
Means of (A x C) Baldy 8.60 8.00 11.80 4.20 -- --

Calefornia w. 6.60 6.80 13.30 6.80 -- --

LSD at 5% A = 0.74, B = 0.74, C = 1.05, A x B = 1.05, A x C = 1.48, B x C = NS, A x B x C = NS

numbers (9.30) of formed somatic embryos and high The concentration of sucrose in the medium was
induction rate in WPM medium. Selection of suitable found to have a profound influence on somatic
basal medium is one of the important criteria to be embryogenesis. Sucrose concentration was one of the
considered  for  efficient  culture  of  any plant species. major factors affecting proliferation. In tissue culture
Liu et al. [29] reported that, Composition and strength of media, each component serves as a nutrient or growth
basal media strongly affected somatic embryogenesis. regulator and as a source of osmotic pressure. Data in
Data on the main effect of different used types of media Table 2 showed that, below 80 g/l sucrose presumably
show that WPM was significantly more effective on becomes limiting as a nutrient, while sucrose levels above
somatic embryos formation (9.30) as compared with that 80g/l may inhibit embryo proliferation due to osmotic
of MS (7.22). Rout et al. [30] found that somatic pressure. Application of 80 g/l sucrose increased the
embryogenesis occurred only with WPM mineral salts somatic embryo number (12.55). However, there were no
supplemented with kinetin and NAA. The mineral salt differences between 30 and 60 g/l (7.60 and 7.40,
composition of the basal medium used is known to affect respectively), on the other hand, the higher concentration
the regeneration capacity of various species [31]. In this (100 g/l) had adverse effect on the somatic embryo
study, the type of media had an effect on embryogenesis number of the two examined cultivars of pepper (5.50)
induction; almost all the explants produced somatic (Table 2). Hence, these results agree with the report
embryos in six weeks from culturing (Table 2). However presented by Paul et al. [34] who found that, the
WPM medium was more effective than MS on somatic concentration of sucrose in the medium has been shown
embryos  formation. Many reports described the effects to be quite important for the induction of somatic
of medium composition on the regeneration of different embryogenesis in several other plants. Regarding the
explants [32]. MS and WPM are the two standard types of interaction effect among cultivars, sucrose concentration
most widely used media for the shoot regeneration of and type of culture media. Data in Table 2 revealed that no
many species. It was inferred that the difference in their significant difference were noticed between cultivars
ionic strength might be the primary factor affecting shoot Baldy and California wonder in number of somatic
regeneration of many species. In this concern, Shi et al. embryos formation (8.15 and 8.37, respectively). Also, the
[33] reported that when compared the tow media, (MS and highest records were obtained with California wonder at
WPM), the contents of phosphorus and calcium were 80 g/l sucrose for both WPM and MS media (15.40 and
similar, while the content of nitrogen was different. The 11.20, respectively). However, higher sucrose
total nitrogen content in WPM medium (14.7 µM) was concentration (100g/l) had adverse effect on the somatic
much lower than that in MS (60.03 µM). In this study, it embryo numbers (7.80 and 5.80, respectively). In this
appears that the content of total nitrogen might be an concern, Binzel et al. [23] who studded direct somatic
important factor that affected direct somatic embryogenesis found that in capsicum annuum cv. NM-6
embryogenesis induction of Capsicum annuum. the best response was observed with 8% sucrose, while
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in cv. RH 10% sucrose was found more effective. In the The results in Table 3 indicated that ethylene may
same concern, these results generally agree with those play role in regulation of somatic embryogenesis in
described by Gleddie et al. [35] who observed inhibition pepper. Strong evidence suggests that silver nitrate is an
of eggplant somatic embryogenesis on media inhibitor of ethylene action [17] and also influences
supplemented with increasing the amount of manitol up to endogenous abscisic acid levels [38]. Several studies
0.6 M. indicated that ethylene can affect callus growth, shoot

Effect of Silver Nitrate (AgNO ) on Direct Somatic Thus, by regulating the production or action of ethylene,3

Embryogenesis: Number of somatic embryos on the growth and development of some tissue cultures can
hypocotyl explants of the two examined cultivars of be partially controlled [40].
Capsicum annuum as affected by concentration of silver
nitrate is presented in Table 3 which revealed that number Effect of MS Strength and Sucrose Concentrations on
of somatic embryos was significantly increased in both Somatic Embryo Germination: Data in Table 4 revealed
genotypes with AgNO 1.0mg/l as compared to control. that the number of embryos which formed shoot/root,3

Silver nitrate with genotypes interaction treatments shoot, root only as affected by MS salt strength and
records higher number of somatic embryos formation sucrose concentration. Half strength MS was significantly
(17.20) were obtained with Baldy cultivar at 1.0 mg/l of increased (4.00) as compared with the full strength MS
AgNO  with high percentage of response (88.6%). (2.70) on number of normal development of somatic3

Similarly, AgNO  improved somatic embryogenesis in embryos (shoot/root). As mentioned in other report by3

Solanum tuberosum [36]. However, higher doses (1.5, 2.0 Aboshama [24] who found that, half MS salts salt was
mg/l) negatively affected the induction of somatic better than full strength of MS medium in germination of
embryogenesis (Table 3). These results are in agreement pigeon pea somatic embryos.
with those obtained by Fuentes et al. [37] who reported On  the  other  hand,  data in Table 4 indicated that,
that, at the concentrations between 30-60 µM AgNO 30 g/l sucrose resulted in a significant increase in normal3

improved embryo yield for the genotypes evaluated, while somatic embryos germination (4.50) as compared with
higher doses negatively affected the regenerative 60g/l  sucrose  (2.20)  that was similar to the observation
capacity. of  Vookova  and  Kormutak  [41]  who reported that, with

regeneration and somatic embryogenesis in vitro [39].

Table 3: Effect of silver nitrate (AgNO ) on direct somatic embryogenesis of two cultivars Capsicum annuum after 6 weeks in vitro 3

Genotype (A)
---------------------------------------------------------------------------------------------------

Concentration of AgNO  (B) mg/l Baldy Calefornia wonder Response % Means of (B)3

Control 12.80 14.40 76.0 13.60
1.0 17.20 15.60 88.6 16.40
1.5 16.40 7.00 79.0 11.70
2.0 11.00 10.00 81.3 10.50
Means of (A) 14.35 11.75 -- --

LSD at 5% A = 1. 58, B = 2.24, A x B= 3.17

Table 4: Effect of MS strength salt and sucrose concentrations on germination somatic embryo of Capsicum annum after 4 weeks from culturing on medium
supplemented with 3.0g/l AC and 1.0mg/l AG3

Number of conversion Number of embryos Number of embryos
Sucrose (B) embryos shoot/root with only shoot with only root
-------------------- ---------------------------------- ----------------------------------- -----------------------------------
Salt medium (A) 60g/l sucrose 30g/l sucrose Mean A 60g/l sucrose 30g/l sucrose Mean A 60g/l sucrose 30g/l sucrose Mean A

/  MS 2.80 5.20 4.00 2.00 2.20 2.10 2.20 1.00 1.601
2

MS 1.60 3.80 2.70 1.80 1.80 1.80 1.20 1.80 1.50
Mean B 2.20 4.50 -- 1.90 2.00 -- 1.70 1.40 --

LSD 5% A =0.88 B = 0.88 -- A =0.92 B = 0.92 -- A =0.75 B = 0.75 --
AxB = 1.25 AxB = 1.30 AxB = 1.06
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increasing sucrose concentration the germination 3. Ochoa-Alejo,  N.  and   R.   Ramirez-Malagon,  2001.
percentage of somatic embryos was reduced. Furthermore,
insignificant effect was noticed with the interaction
between 1/2 MS and sucrose concentrations 30g/l on
normal somatic embryos germination and the highest
number (5.20) was recorded with 1/2 MS and 30 g/l
sucrose (Table 4).

From Table 4 it could be concluded that, / MS and1
2

30 g/l sucrose were more effective in conversion somatic
embryos and producing normal plants. However,
increasing sucrose concentration up to 60g/l had a
negative effect on normal germination of Capsicum
anuum. The maximum number of embryos with shoot/root
formation was achieved at /  MS and 3.0% sucrose. In all1

2

treatments,  elongation  of  root  apex was observed
before emergence of the green shoot. Finally, the plantlets
of pepper transferred to mixture of peatmoss and
vermiculite at equal volume with survival rate 54% after 21
days with respect to morphology and growth
characteristics.

CONCLUSION

In conclusion, the results of the present study
represented a protocol fot direct somatic embryogenesis
from hypocotyls of the pepper cv. ‘California wonder’ and
‘Baldy’ were successfully obtained plantlets from
regenerated embryos. This protocol is simple,
reproducible, genotype independent and involves the use
of a single growth regulator 2, 4-D or TDZ. It may be ideal
for genetic transformation because of the high frequency
of plant regeneration and ready availability of explants
throughout the year (hypocotyls of germination mature
seeds). It may also be useful for inducing genetic
variability in pepper through e.g. mutagenesis and
somaclonal variation. Further studies into the transfer of
germinated somatic embryos to ex vitro conditions are
needed.
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