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Abstract— Genetic cninecrlng strategy in chilli peppers (Capsicum annuum L.) has been applied so far to improve its genetic
capacity for instance against some important diseases. This strategy needs an established system for calli preparation as well as
transformant regeneration. In most cases, this necessity is genotype dependent especially for some local genotypes. Based on this, we
optimized media for calli induction, shoot and root regeneration of our three local cultivars namely Kampung, Kopay, and Trisula.
Media combinations basically were composed of MS and combined with some growth factors, for instance, IAA, BAP, NAA and TDZ
with different combinations for each calli induction, shoot and root regeneration. All media compositions were supplemented with 30
g/L sucroses. The best medium for calli induction was MS media supplemented with 4 mg/L. BAP, 0.5 mg/L [AA and L2 vitamin
(Thiamin-HCI and Pyrodoxine-HCI). While the best medinm for shoot induction and elongation was MS supplemented with 1mg/L
BAP, 5 mg/L. AgNO;, 2 mg/L. GA;, 2 mg/L. Calcium Pantothenate and L2 vitamin. Furthermore, the best medium for root induction
and elongation was WPM (Woody Plant Medium) supplemented with 0.4 mg/l. NAA. This nang should provide optimal media for
calli induction and shoot-root regeneration for the three local cultivars Kampung, Kopay, and Trisula.
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During that phase of genetic improvement especially via
INTRODUCTION genetic engineering, the availability of genetically identical
clones and its downstream regeneration system 1s an
absolute prerequisite. This will be only feasible to be
achieved via tissue culture technique approach. However, in
most cases, many of tissue culture technique are genotype
dependent. For that reason, local cultivar development
always needs any specific treatment such as the
establishment of calli induction and its downstream
regeneration.

Three chili pepper cultivars namely Kopay, Kampung,
and Trisula are the most popular cultivars used in chili
pepper cultivation in West Sumatera. Kopay and Kampung
have been known as local cultivar bred by local farmer since
2013. The Kopay cultivar is characterized by its longer fruit
that can reach up to 35 c¢m in length, while the Kampung
cultivar is characterized by its unique taste, quite spicy, high
preference, and long-term storage capacity. The Trisula

Chili pepper is an important vegetable crop, because of its
content of high concentration of vitamin A and C. This
species commonly used as mixing component in foods and
drugs especially in Asia and Pacific. Described by [1] that
chili pepper contains useful chemical compounds, including
volatile oil, fat, caps;anoid, carotenoid, vitamin, protein,
fiber, and minerals. Pepper sprays containing capsicum
oleoresin provide ingredients for a non-lethal deterrent or
repellent to some human and animal behavior [2] and are
useful riot control agents and self-defense tools. Chilies also
have antifungal property against fungal species belonging to
Aspergillus and Fusarium [3]-[4].

Cultivar development of chili pepper in some regions for
some particular reason, for instance, genetic resistance
improvement is basically generated from local genotypes.
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cultivar is known as commercial cultivar mainly grown by
the farmer in this region for its special characters, for
instance, high uniformity, relatively short age. quite spicy,
long-term storage, and high productivity (17-20 ton/ha).
Unfortunately, the three cultivars are not resistant to many
viruses causing diseases such as Pepper Yellow leaf Curl
Virus which are commonly infecting almost all chili pepper
cultivated in West Sumatera [5]-[6].

Our preliminary study indicated that all those three
mentioned chili pepper cultivars are difficult to be
genetically engineered. This is regarded as the main problem
particularly of their regeneration system after transformation
step, although some successful regeneration system of non-
transgenic chili pepper has ever been reported by some
authors [7]. In vitro regeneration can be difficult to be
achieved for some plant species or particular genotypes
within a species [8]. Scientific publication dealing with
genetic engineering of red chili pepper in scientific journals
which is especially reporting in vitro regeneration is scarce.
So far, most of the scientific publications are mainly
dominated by sweet pepper [9]. This fact led to a general
conclusion on genotype dependent phenomenon in tissue
culture technique. Based on this reason, investigating of
regeneration system particularly for some specific and local
interesting genotypes of chili pepper is expected could
accelerate cultivar development of chilli pepper resistant.

We described here the establishing of chili pepper
regeneration system of three local cultivars mainly cultivated
in West Sumatera. This, in turn, should be an important step
for establishing an efficient and stable regeneration system
in our local chili pepper.

MATERIAL AND METHOD

A. Red-Chili Pepper Genotypes and Seed Germination

We used three local red chili pepper genotypes namely
Kopay, Kampung, and Trisula as described by [10]. Seed
surface was sterilized by serial sterilization using 20%
Chlorox, followed by three times washing for 10 minutes,
rinsed with sterilized aqua dest for three times, and
germinated in vitro on MS basal medium. The seedling was
kept for 24 days before used.

B. Calli Induction

Similar treatment for calli induction including genotypes
as well as the medium was performed as described by [10] in
the previous study. Chili seeds were germinated for 24 days
in the jam bottle under 800-1,000 lux light condition.
Seedlings were removed from the bottle and subsequently
each part of the first leaf, cotyledon, hypocotyls, aff]
epicotyls were used as explant. Each explant was cultured in
MS medium, completed with 24D, IAA, and BAP, NAA,
IBA, Kinetin, TDZ depending on the combination applied
(see Table 1) and supplemented with 30 g/L sucrose and 8
g/L agar at pH 5.8. The explants were kept in 800-1000 lux
of light intensity and maintained at 22°C.

C. Shoot Regeneration

In total 23 medium combinations, which were basically
composed of MS basal medium and completed with BAP,
TDZ, TAA, NAA, GA3, L2 vitamin (Thiamine-HCl and
pyridoxine-HCl), AgNO3, and Calcium Pantothenate

supplemented with 30 gL' sucrose, was used for shoot
regeneration. All medium was set at a pH value of 5.8 (Table
2). Calli were transferred into shoot regeneration medium
after 14 days. The primordial shot was further moved to
medium for shoot regeneration.

TABLE I
MEDIUM COMBINATION USED FOR CALLI INDUCTION
Media Media Combination Reflerences
a MS + NAA 10 mg/L [10]
B MS + NAA 4 mg/L [10]
B MS +24 D 1.5 mg/L + kinetin 0, [10]
mg/L
D MS + 2,4 D4 mg/L [10]
E MS +24 D 10 mg/L + NAA 4 mg/L [10]
E ?+2,4DIUmg&+NAAIUmg{L [10]
G S+24D10mg/L +IBA 10 mg/L [10]
H MS +1AA 1 L +2,4D 10 mg/L [10]
I MS + TDZ 2 mg/L + NAA 0.1 mg/L [11]
J MS + BAP 4 mg/L +IAA 0.5 mg/L [12]
K MS + BAP 4 mg/L + IAA 0.25 mg/L + | [10]
amin L2
L MS + BAP 5 mg/L + IAA 0.25 mg/L+ | [10]
Edamin L2
M MS + BAP 6 mg/L + IAA 0.25 mg/L+ [10]
vitamin .2
N MS + BAP SETHL +1AA 0.25 meL " | [10]
o MS + BAP 6 mg/L + TAA 0.25 mg/L [10]
P MS + BAP 5 mg/L + NAA 0.1 mg/L [13]
Q MS + BAP 4 mg/L + vitamin L2 [10]
TABLEII
MEDIA USED FOR SHOOT REGENERATION
Media ia Combination References
MS + TDZ 0.5 mg/L + BAP 1 mg/L This study
MS + TDZ 0.5 mg/L + BAP 3 mg/L [14]
MS + TDZ 0.5 mg/L + BAP 5 mg/L. This study
MS + BAPPIS mg/L This study
MS + BAP 1.0 mg/L This study
MS + BAP 1.5 1] This study
MS + BAP 2.0 mg/L + IAA 0.5 mg/L This study
MS + BAP 3.0 mg/L + IAA 0.5 mg/L This study
MS + BAP 4.0 mg/L + 1AA 0.5 mgL This study
MS + BAP 0.5 mg/L + GA3 1.0 mg/L This study
MS + IAA 2.00hg/L + 3.0 mg/L kinetin_| This study

MS + BAP 5.0 mg/L + AgNO, 3.0 mg/L | [13]

MS + BAP 3.0 mg/L + IAA 1 mg/L This study

MS + TDZ 2.0 mg/L + NAA 0.1 mg/L [11]

MS + BAP 3.0 mg/L + NAA 1.0 mg/L [15]

MS + TDZ 3.0 mg/L + NAAaJﬂEIL This study
MS + BAP 2.0 mg/LL + NAA 0.1 mg/L [13]

MS + TDZ 0.5 mg/L This study
MS + BAP 3.0 mg/L + IAA 1.5 mg/L This study
MS + BAP 0.5 mg/L This study
MS + BAP 1.0 mg/L This study
MS +FP 1.5 mg/L This study

2| <|c|=|w|=lo|=|o|z|z2|c|®|=|=|z|o|=|m|o|0|=|> |&

MS + BAP 1L.Omg/L + GA; 20 mg/L + | [12]
AgNO; 5.0 mg/L + Kalium

Pantothenate 2.0 mg/L + vitamin L2

D. Root Induction
MS and WPM basal medium were used for root
regeneration. These media were combined with IAA, NAA,




IBA, GA3, and L2 vitamin (Table 3), supplemented with 30
g/l sucrose and 8 mg/L agar, with a pH value of 5.8.
Eighteen medium combinations in total were used for root
regeneration.

TABLE 111
MEDIA USED FOR ROOT INDUCTION
Media Media Combination References

A MS +IAA 0.1 mg/L + L2 vitamin [12]

B MS +IAA 0.75 mg/L T+ L2 vitamin_| This study
C 12 MS + IBA 1.0 mg/L”' This study
D MS + IBA 0.05 mg/L + NAA 0.1 This study

mg/L
E MS +IBA 0.5 mg/L This study
F MS +GA3 1.0 mg/LL This study
G MS + NAA 1.0 mg/L This study
H MS +[AA 0.05 mg/L + L2 vitamin This study
1 MS + [AA 0.15 mg/L + L2 vitamin This study
] MS + IBA 0.05 mg/L + L2 vitamin This study
K MS + [BA 0.1 mg/L + L2 vitamin This study
L MS + IBA 0.15 mg/L + L2 vitamin This study
M MS + NANFO05 mg/L + L2 vitamin__| This study
N MS +[AA 0.1 mg/L + IBA 0.05 This study
m

O MS + NAA 0.1 mg/L + L2 vitamin This study
P MS + NAA 0.15 mg/L + L2 vitamin | This study
Q WPM + NAA 0.2 mg/LL This study
R WPM + NAA 0.4 mg/LL This study

E. Data Analysis

Each treatment in every regeneration steps was
completely randmized and performed in 15 replicates. All
data obtained were analyzed with analysis of variance
(ANNOVA) followed by Duncan Multiple Range Test, with
5% level of significant.

RESULTS AND DISCUSSION

F. Effect of Media in Calli Indusgion

Two medium combinations (MS+BAP+IAA+L, Vitamin,
and MS+2.4-D) could induce 100% of calli formation in all
three cultivars. Fifteen medium combina:ms induced calli
formation under 100%. Both media MS+BAP+IAA+L,
Vitamin and MS+2.4D showed the best response compared
to others. It seemed that both treatments were suitable for
calli induction. The concentration of auxin in both medium
(BAP 4.0 mg/L, IAA, 5.0 mg/L and 2.4-D 4.0 mg/L) is
regarded as optimum for enzyme activation to promote calli
induction. The combination of BAP and [AA with
appropriate concentration could improve calli induction.
This result matched with previously reported in [12]. She
found 100% calli induction by using a combination of
MS+BAP +IAA+L2 vitamin. MS medium supplemented
with 2.4-D (1.0 mg/L) and BAP (2.0 mg/L) is the best

medium to obtain an efficient callogenesis in genotypes §JJC.

annuum L [16]. However reported by [13] that the best
medium for calli induction was a combination with BAP 5
mg/L, with NAA 0.1 mg/L for hypocotyl. He could get 95%
of calli formation while a combination of BAP 5.0 mg/L and
IAA 1.0 mg/L (for cotyledon) could produce only 80% of
calli.

Table 4 showed that MS+2 4-D could induce calli faster
(3.5 days) compared to another medium (>4 days). This
ability is presumably caused by the presence of 2.4-D.
However, [15] found different results. They found that MS
supplemented with 1.5 mg/L 2,4-D required 6-8 days to
induce calli from two chili pepper varieties, Nepali and
NARC-IV. Our results showed that MS combined with 2,4
D could effectively induce callus formation in our local
genotypes. Reported by [13] that the fastest calli initiation
from cotyledon could achieve just 15 days after being treated
with MS+5.0 mg/L BAP+3.0 mg/L AgNO; while hypocotyl
could initiate just 17 days after treatment. Another
combination of MS for instance with 5.0 mg/L BAP + 0.1
mg/L NAA initiated calli induction of cotyledon after 18
days.

TABLEIV
EFFECT OF MEDIUM ON DAYS OF GROWING CALLI

Media Mean = SD

A 5.3320.77 A

B 5.18+0.83 A

L 5172044 A

D 5172094 A

E 517085 A

F 5.17 £0.63 A

G 517062 A

H 5.17+0.76 A

I 508 £0.67 A

J 4.83 £0.80 AB

K 4.75 £0.77 AB

L 4.58 £0.35 AB

M 4.58 £0.39 AB

N 4.58 +0.56 AB

o] 4.42 £0.40 ABC

P 408 £045 BC

Q 350052 €

Mean followed by the same letters were not significantly different (p =
0.05).

The role of 2,4-D has been well known in promoting calli
induction. For instance, [15] found 1.5 mg/L of 2.4-D, could
induce calli formation of two varieties Nepali and NARC-1V
faster. Described by [17] that the optimum concentration of
2,4-D provided maximum calli growth because it induces
DNA and RNA synthesis in the cell. Effect of 2,4-D also
described by [18] that control synthesis and metabolism of
IAA and cytokinins in cells and thus, in turn, regulate calli
induction.

Further investigation showed that each medium showed a
different effect on color and texture of calli. MS contained
BAP, TAA, and L2 vitamin produced yellowish and green
calli with compact texture, while MS contained 2,4 D
produced yellowish white calli with crumb texture.
Furthermore, the size of calli showed different performance.
Generally, calli induced in MS medium + 2.4 D were
relatively higher than that callus ing:ed in MS + BAP +
IAA + L2 Vitamin (data not shown). Some earlier reports of
in vitro studies in Capsicum also reported the effectiveness
of BAP in combination with TAA irfhducing multiple shoot
buds in chili tissue cultures and results also suggest the
same. MS medium containing Kin alone was found to be the
least effective among the three cytokinins (BAP, Zea, and
Kin) tested and was not used for further studies [19].




G. Effect of Genotype on Calli Induction

The three cultivars investigated in this study showed a
different response, with respect to calli induction. Data
analysis was shown in Table 5. Kampung cultivar showed
the fastest period in calli induction compared to the other
two other cultivars. However, this cultivar did not
differentiate significantly with Kopay.

TABLE V
EFFECT OF GENOTYPE ON DAYS OF GROWING CALLI
Genotype Mean +£SD
Trisula 5.10£05 A
Kopay 477062 B
(E)_Kampung 459+062 B

Mean followed by the same letters were not significantly different (p = 0.05)

In general Kampung cultivar showed a good response to
all medium and type of explant. Kampung cultivar needed
only 4.59 days for calli induction, while Kopay and Trisula
needed 4.77, and 5.1 days respectively. Some modification
of in-vitro protocol must be applied for regeneration of
varieties of chilli pepper cultivars. This factor plays a major
effect, especially in explants regeneration. Optimal protocol
for in-vitre propagation for specific cultivars was necessary
to perform. The genotype, type of explant, and media
composition were three major factors determine the success
of plant regeneration in vitro [8].

H. Influence of Explants Source on Calli Induction

The response of five explants sources i.e., first leaf,
cotyledon, hypocotyl, and epicotyl were investigated in this
study. Data analysis is shown in Table 6. The first leaf
showed fastest calli induction, followed by epicotyl,
hypocotyls, and cotyledons, respectively. It seemed that
young tissue was relatively easy to produce calli. Cells of
young tissue normally still actively divide and differentiate.
However, [20] found that shoot tips [21] leaf, stem,
hypocotyls, cotyledonary leaves, root, shoot tip and embryo
[9] induced somatic embryogenesis of some chili pepper
cultivars could be regenerated effectively.

TABLE VI
INFLUENCE OF EXPLANT SOURCE ON DAYS OF GROWING CALLL
Explant Mean + SD
Hypocotyl 5.20£1.11 A
Cotiledone 500£1.14 B
Epicotyl 4.53+0.91 C
First leaf 445+092 C

Mean followed by the same letters were not significantly different (p = 0.05)

Microscopic observation showed that calli grown in MS
medium+BAP+IAA+L2 Vitamin likely could produce buds
(data not shown). They showed complete developmental
phase or organogenic characteristic, i.e. the formation of
globular, heart, torpedo and cotyledonary phase (Fig. 1). On
the other hand, calli grown on MS+2.4D did not show
organogenic characteristic, i.e. calli failed to undergo
globular, heart, torpedo, and cotyledonary phase. According
to [22] MS medium containing BAP 3-7 mg/mL and NAA
1.0 mg/mL could be used to induce calli growth of young
leaf explants, hypocotyl, and chili root tip cv Stadium, Sudra,
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and Chile 109, but they grew very slow and did not produce
embryogenic.

8-12 days 12-15 12-15 days
Globular/ /
Genotypes i T;:pclc:;a" Cotyledonary Buds
Kampung
Kopay
Trisula

Fig. 1 Developmental phase of calli grown in MS + BAP + [IAA+ L,
Vitamin. Each representative developmental phase is shown by an
arrowhead. G = globular phase, H = Heart shape, T = Torpedo, C =
Cotyledonary, and B = Buds

MS + BAP + IAA + L2 vitamin produced organogenic
calli. Fig. 1 showed that response of three genotypes was
relatively similar with MS + BAP + IAA + L2 vitamin on
the growth of calli. Buds were formed at 8-15 days in
induction medium. This study showed different results with
previously study described by [12], where MS+BAP and
IAA + Vitamin L2 could produce shoots directly from calli
in all thirteen genotypes of chili pepper she tested.

1. Shoot Induction

One out of 23 media used for shoot regeneration could
successfully induce shoot formation directly from callus.
The medium contained MS+BAP | mg/L+ GA3 2.0
mg/L+AgNO3 5.0 mg/L+Calcium pantothenic 2.0 mg/L +
L2 vitamin. The other twenty-two media failed to induce
shoot formation, and calli became brownish and finally died.
Thus, addition of BAP and GA3 and supplemented with L2-
vitamin in specific ratio induced shoot formation (Fig. 2)

This study showed that shoots could be regenerated from
calli derived from cotyledon, first leaf, hypocotyl, and
epicotyl. Each callus produced up to four shoots in eight
days after transferred into regeneration medium. Calli were
transferred to new medium if no shoots produced in two
&cks after regeneration. Calli appeared on MS + BAP 1.0
mg/L + GA3 2.0 mg/L, AgNO3 5.0 mg/L + Calcium
pantothenic 2.0 mg/L + L2 vitamin could be caused by the
optimum ratio of auxin and cytokinine in media. Besides,
AgNO; is known to improve regeneration frequency [23].




Higher cytokinine concentration than auxin tends to promote
bud formation. On the other hand, higher auxin
concentration than cytokinine led to promote root formation.
This mechanism, however, did not take place in a simple
manner, but in fact, specific external growth regulators and
their ratio supplemented in media interacting with the
endogenous hornfies existing in explant. Different with a
study from [19], the axillary shoot-tip explants proliferated
to produce the maximum number of shoot buds on a medium
containing 5-10 mg/L. BAP alone or in combination with |
mg/L TAA. According to [13] MS media supplemented with
4.0 mg/L BAP was the best shoot regeneration from callus.

Genotype

Kampung

Kopay

Trisula

Fig. Development of calli to shoots of three genotypes of chili on
MS+BAP 1.0 mg/L + GA3 2.0 mg/L + AgNO3 5.0 mg/L + Calcium
pantothenic 2.0 mg/L + L2 vitamin

J. Root Induction

Eighteen medium combinations were used for root
induction. Four media mainly consisted of MS and WPM
supplemented with NAA, sucrose and L2 vitamin could
successfully promote root induction. Meanwhile, fourteen
medium combinations failed to promote root induction.
Medium with WPM + NAA 0.4 mg/L showed fastest root
regeneration compared to the others and could promote root
regeneration in two weeks after shoots havefffen transferred
to the rooting medium. Medium WPM + NAA 0.2 mg/L,
and MS+NAA 0.15 mg/L+L2 vitamin, MS+NAA 0.1 mg/L
+ L2 vitamin almost showed similar result.

Rooting was an important step in tissue culture. Rooting
could be stimulated by administration of growth regulators.
The commonly used growth regulator in tissue culture
belongs to auxin groups, such as IAA, IBA, and NAA [25].
Data showed that roots grew in all four media (MS and
WPM) were initiated from the base of calli, followed by root
elongation. Detail analysis showed that roots grown in WPM
based medium (WPM + NAA 0.2 mg/L and WPM + NAA

0.4 mg/L) produced more roots than MS-based medium (MS
+ NAA 0.15 mg/L + L2 vitamin, and MS + NAA 0.1 mg/L +
L2 vitamin) (Fig. 3). This was caused by four kinds of
media that might be more appropriate to produce roots than
any other media. The use of NAA with a concentration of
0.1 to 0.4 ppm could stimulate the formation of calli. In
contrast [15] used only a half of MS basal medium
containing 1 mg/L IBA. While [12] used MS supplemented
with 0.1 mg/L NAA + 0.05 mg/L IBA for rooting of chili.
While [11] used MS without growth regulator for rooting of
Capsicum annuwm “Hivita Red’ and ‘Hivita Yellow’.

= NMS+NAL MESHNAA
WPAHNAA | WPMSNAA | g jsmg/l+L2 | 0.0 mg/L +12
vitamin vitamin

Gemotype 04myl 0.20 myl.
Kampung

26 | 19

Root kength

tem)

e

Root Length

Koot Length
{em)

235 1.8 1.0 0.2

Fig. 3 Representative of root induction from three different genotypes
growth in four different rooting medium

The longest roots was resulted on WPM +9AA 0.4 mg/L,
WPM + NAA 0.2 mg/L, MS + NAA 0.15 mg/L + L2
vitamin, and MS + NAA 0.1 mg/L + L2 vitamin),
respectively for three genotypes chili. The response of three
genotypes was similar for the four types of media used. Calli
were always formed at the base of the stem and followed by
the emergence of roots. This was presumably due to the
presence of cytokinins in shoots. Auxin interacted to form
calli @t, to the next forming roots. Ref. [20] reported by
that proliferated shoot buds also showed rootif and
elongation on medium containing 0.5 mgL"' IBA. Several
studies also reported the higher effectiveness of NAA in
inducing rhizogenesis of the regenerated shoots in Capsicum
[26]-[27].

It is assumed that root formation for all three genotypes
was optimum with the auxin derived from NAA in a range
of concentration from 0.1 to 0.4 ppm. Cytokinine seemed not
essential in this case. But, result from [24], MS+ 5.0 mg/L
NAA+0.1mg/L Kinetin showed the good response for root
induction which is also still in line with [28] for sweet
potato. On the other hand, lower concentration of NAA (0.1
mg/L) could efficiently promote rooting in Orostachys
Jimbriata [29]
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CONCLUSION

In vitro regeneration system of three local cultivars chili
pepper Kopay, Kampung and Trisula could be optimized
from cotyledon, first leaves, hypocotyl, and epicotyl. The
best dium to induce calli formation was MS containing
BAP 4 mg/L, IAA 0.5 mg/L and L2 vitamin (Thiamin-HCI
and Pyrodoxine HCI) + sucrose 30 g/L + plant agar 8.0 g/L,
with 5.8 pH. While, the best mediy) to induce and elongate
shoots was MS containing BAP 1.0 mg/L + AgNO3 5.0
mg/L + GA3 2.0 L + Calcium pantothenic 2.0 mg/L +
L2 vitamin. The best medium to root induction is WPM
medium supplemented with NAA 0.4 mg/L
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