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Induction of Callus and Somatic Embryogenesis in Black Pepper (Piper nigrum
L.)
Chandrika AlP Vengadasen
Resource Biotechnology
Faculty of Resource Science and Technology
University Malaysia Sarawak

ABSTRACT
The study was performed to induce callus and somatic embryogenesis in black pepper cv.
Semongok Aman, cv. Semongok Perak and cv. Kuching. Surface sterilized seeds were sown on
SH medium with and without 2,4-0. Callusing was observed from the micropylar ring tissue in
medium supplemented with 2,4-0 mainly in cv. Semongok Aman. It evident that 4 mglL of 2,4
o induced more calli compared to 2,4-0 at lower concentration. Whereas the seed on medium
without 2,4-0 germinated in all the varieties. These seedlings were sectioned into shoot tips, leaf
tips, leaf bases and petioles and cultured on the MS medium with and without 2,4-0. Most of the
explants were responsive to 2,4-0 in inducing callus. The callus from seeds and axenic explant
were gradually became necrotic and turned brownish without giving any embryogenic response.
It is observed that cv. Semongok Aman have high efficiency in callus formation from the seeds
as well as shoot tips, leaf tips and leaf base compare to other two varieties. In-vitro culturing of
field-derived shoot tips were facilitated with suitable pre-sampling treatment and with the
supplement of antioxidant in the medium. The study showed pre-sampling treatment with
benomyl or NPA was promising in controlling contamination of fungi, while PVP was aided in
reducing the browning of the explants.
Key words: Callus, somatic embryogenesis, black pepper

ABSTRAK
Kajian telah dyalankan untuk menginduksi kalus dan embriogenesis somatik dalam lada hilam
ka/tivar Semongok Aman. Semongok Perak dan Kuching. Byi benih telah dikultur dalam media
SH sahaja dan media ditambah dengan 2,4-D. Kalus dapat dilihat pada byi yang dikultur dalam
media bersama 2.4-d terutamanya dalam kultivar Semongok Aman. Kajian menunjukkan 2,4-D
berkepekatan 4 mg/L menginduksi kalus yang lebih banyak berbanding dengan kepekatan yang
lebi" rendah. Sebaliknya byi benih yang dikultur dalam media SH telah memenih dalam semua
kultivar. Anak pohon lelah dibahagikan kepada hujung pucuk, hujung daun, dasar daun dan
duhan serta dikultur dalam media MS sahaja dan bersama 2,4-D. Kebanyakkannya telah respon
kepada 2,4-D dalam menginduksi kalus. Kalus daripada beji benih, hujung pucuk, hujung daun
dan dasar daun telah bertukar warna coklat dan tidak menghasilkan embriogenesis somatik.
Kliltivar Semongok Aman mempunyai eflSien yang tinggi dalam menghasilkan kalus daripada
beji benih serta daripada hujung pucuk. hujung daun dan dasar daun berbanding kepada dua
kultivarv yang lain. Kultur in-vitro hujung pucuk daripada kebun dapat diperolehi dengan
menggunakan rawatan sebelum pengsampelan dan menggunakan media dengan anti-oksidan.
Kajian telah menunjukkan rawatan sebelum pengsampelan dengan Benlate atau asid fosforik
telah membantu dalam mengawali kontaminasi daripada kulat. Tambahan pula. penggunaann
PVP dapat mengurangkan masalah pengoksidaan komponenfenolik daripada bahan ujian.
Kala kunci: Kalus. embriogenesis somatik dan lada hilam
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Chapter 1
INTRODUCTION

Somatic embryogenesis is the development of embryos from vegetative cells and
tissues within in vitro system rather than from union of male and female gametes to
produce a zygote which develops into a bipolar structure containing both root and
shoot axes (Smith, 1992). Somatic embryogenesis also can be defmed as the
initiation of embryos from previously differentiated somatic cells. It can be divided
into direct or indirect somatic embryogenesis. Direct somatic embryogenesis is the
process where the embryo can be initiated without callus stage. Whereas, the process
that embryos must be formed from the callus is called the indirect somatic
embryogenesis (Smith, 1992).

Somatic embryogenesis practically has been used to propagate large number of
genetically identical individuals and the production of novel hybrids that will be very
useful for farmers and the consumers (Vogel, 2005). The production of the synthetic
seed is another application of somatic embryogenesis. Since somatic embryos are
bipo lar, they readily posses a root and shoot formation. Thus, it is unnecessary for
the manipulators to induce shoot and root formation by various techniques. For these
reasons scientists are keen in producing embryos from somatic cells. Somatic
embryogenesis is very essential in crop improvement for large-scale clonal
propagation, genetic transformation and synthetic seed production (Cervelli and
Senaratna, 1995 cited by Nair and Gupta, 2005).

~ l~________________________________________________________________

Other than that, somatic embryogenesis also can be used in the regeneration
polyploid plants or somatic hybrids, in cell selection programs and germplasm
cryopreservation. Several studies have also been conducted to explore the usage of
somatic embryogenesis, plant virus elimination, met abo lite production, and in vitro
mychorrhizal initiation (Vicient and Martinez, 1998). Besides that, micropropagation
using somatic embryogenesis has advantage over micropropagation through
organogenesis, where more plants can be generated from few or single cells. For
these advantages, somatic embryogenesis is more preferred by the researchers (Nair
and Gupta, 2003).

Black pepper (Piper nigrnm L.) is a member of Piperaceae family and commonly
known as the 'King of Spices' and 'black gold'. It is the most widely used spice in
the world (Ravindran, 2000). The black pepper is not only famous for the flavour but
also for its medicinal values. It is believed that Piper nigrnm can enhance the
effective nutrient absorption and aiding the proper functioning of our digestive
system. Collectively, black pepper is one of the world's most important horticultural
crops. Malaysia is the world's fifth largest black pepper producing country followed
by Vietnam, Indonesia, India and Brazil. In Malaysia, pepper is mainly grown in the
state of Sarawak.

Cultivation of pepper faces several problems and one ofthose is the disease problem.
Among the diseases, pepper Phytophthora foot rot and Fusarium wilt caused by
fungi. There is very little genetic resistance available to either disease in pepper
(Sally et at., 1996). However, many other spesies of Piper are not attacked by these
deadly diseases. Interspecific hybridization between cultivated pepper and other
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species of Piper encountered difficulty due to the difference in ploidy as cultivated
pepper is tetraploid whereas other species of pepper like Piper colubrinum and Piper
aduncum are diploid (Sim, 1985). A solution to this problem may be to incorparate

the resistance gene into existing Piper nigrum species by genetic modification. The
somatic embryo being single cell in origin would be a good material for genetic
transformation of black pepper.

The objective of this study is to induce the somatic embryogenesis from shoot tips
and petiole of black pepper (Piper nigrum L.) from both field grown and in vitro
axenic plant as well as from germinating seeds.

3

Fig. I. Piper nigrum L. plant. Source: Chen, Y. S. (2006).
Kingdom: Plantae
Division: Magnoliophyta
Class: Magno liopsida
Order: Piperales
Family: Piperaceae
Genus: Piper
Species: P. nigrum
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Chapter 2
LITERATURE REVIEW

2.1 Somatic Embryogenesis
In 1964, Halperin and Wetherell were the first to report the production of embryos
from vegetative part of wild carrot, Daucus carota in tissue culture. Since then,
scientists have been using somatic embryogenesis for mass production of many
species. Large quantities of embryos were propagated from somatic cell from leaves,
embryos, stem and shoot tips of many plants like alfalfa, coffee, magnolias, mango
and roses (Vogel, 2005).

Sim and Cardosa (2005) found that somatic embryogenesis is genotype specific in
sweetpotato. In their study, somatic embryogenesis were successfully induced in
shoot tip explants that cultured in Murashige and Skoog (1962) medium containing 2
mg/L of2,4-0. Many scientists achieved transgenic crops for other species using the
somatic embryogenesis regeneration system. For example, transgenic peanut plants
that are resistant to hygromycin were succesfully obtained by particle bombardment
via somatic embryogenesis regeneration system (Oeng et al., 2001).

Somatic embryogenesis in black pepper was first reported from callus which was
derived from zygotic embryos of mature seeds of cv. Karimunda and Panniyur- 1
(Joseph et aI., 1996). The study showed the caHusing was obtained on SH (Schenk
and Hildebrandt, 1972 cited by Nair and Gupta, 2003) medium without growth
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regulators in about four weeks and half strength SH medium doubled the frequency
of the callusing and the number of embryos produced. The work also showed that
exogenous growth regulators are not crucial for callus proliferation as well as for the
development of somatic embryos in P. nigrum.

Sim and Rosmah (1998) reported the appearance of embryo-like protuberances from
petiole explants which were cultured on MS medium supplemented with BAP and
NAA. Although they successfully induced callus using NAA, BAP and 2,4-D but
there were no somatic embryos has been observed.

Direct somatic embryogenesis from tissues of germinating seeds was achieved by
Nair and Gupta in 2003. The somatic embryos were found to be originated from a
ring-like tissue on the micropylar region of the pepper seeds. They found out that
sucrose concentration in the range of 15-30 giL and the absence of light was critical
for the induction of somatic embryos. They also discovered that growth regulators
acted as inhibitor for somatic embryogenesis in the species.

Another study of somatic embryogenesis in black pepper was performed by Nair and
Gupta in May 2005. They described an efficient protocol of high-frequency plant
regeneration through cyclic secondary somatic embryogenesis from micropylar
tissues of germinating seeds. They termed secondary somatic embryogenesis as a
process whereby new somatic embryos initiated from original somatic embryos.
They found that proliferation and development of somatic embryos enhanced by the
full strength medium and 15-30 giL sucrose concentration.
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2.2 Callus Inducing Growth Regulator
2,4-D is known as the most efficient synthetic plant honnone that can stimulate the
production of callus in proliferating explants. Raghavan (2004) stated that initial
somatic embryos will not further develop if they continued to be cultured in the 2,4
D containing medium. Therefore, embryos should be transferred onto 2,4-D free
medium for their maturation.

2,4-D also has been used as weed killer (herbicide) for certain species of plant.
Furthermore, 2,4-D also enable the stimulation the cell elongation, new cell
construction and cell multiplication to fonn somatic embryo in the procambial cells
facing the adaxial side at the base of the cotyledons. Decreasing the 2,4-D level or
completely eliminating it allows embryos to organize at the periphery of the clumps.
This is not the initiation of the embryogenesis, but the release of the embryogenic
tissue from auxin inhibition (Ragavan, 2004). While at higher concentration 2,4-D
tends to cause the extension of the callus formation in explants but it inhibits early
shoot bud regeneration (Smith, 1992).

Callus can be divided into two types, which are embryogenic and non-embryogenic
callus. Embryogenic callus will develop into somatic embryo in suitable medium and
typically heterogenous. Whereas non-embryogenic callus is the homogenous callus
that will not develop into embryo. The biochemical test revealed that embryogenic
callus had more total carbohydrate and starch contents, total free amino acids,
nucleic acids, phenols and ascorbic acid. On the other hand, non-embryogenic callus
exhibited high chlorophyll content, total soluble sugar, protein, ammonia and
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enzymes like peroxidase and polyphenol oxidase in Cardiospermum halicacabum
(Jeyaseelan and Rao, 2005).

According to Zhang et al. (200 I), embryogenesis capability is depends on the
explant type. They found that root was the most effective and responsive in inducing
somatic embryogenesis and followed by hypocotyl and finally cotyledon in cotton. It
is also stated that a low concentration of ZT (zeatin) and presence of 2,4-D are two
factors that favour the embryogenic callus in the species. Sujatha et al. (2003) were
conducted a histological study on organogenesis of callus from black pepper. They
were induced creamy white to pale green friable calli from leaf explants that cultured
on modified MS medium supplemented with lppm lAA and lppm BAP.

2.3 Contamination

Fungi and bacteria are known as the predominant contaminants of spices especially
black pepper which mainly can affect the plant through soil and air. Besides
Penicillium, Spicaria and Scopulariopsis, black pepper was the most contaminated

by Aspergillus which reported to produce mycotoxins (Mandeel, 2004).

Fungicides such as benomyl (Benlate) may be useful to control the contamination of
the fungi in tissue culture. Benomyl is grouped as benzimidazole fungicides that
most frequently applied for mold control in black pepper. Benomyl break down to a
fungitoxic compound (MBC, carbendazim) which is mostly responsible for the
activity oftbe fungicides. Additionally, this fungicide also affects spore germination
and cellular multiplication by interfering with DNA synthesis (Venette, 1998). Some
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studies show that benomyl has proven advantages over other anti-microbial agents
fur managing fungal contamination in the growth medium (Paul, 2001). Phosphoric
acid, on the other hand is also capable to control infection by oomycetes (normally
classified with fungi, because contain filaments) in the field-grown plants. It enables
the inhibition of a particular process like oxidative phosphorylation in the oomycetes
metabolism. It is also reported that is indirectly stimulating the plant's natural
defense response against pathogenic attack (Brunings et. ai, 2005).

Besides that, PPMTM (Plant Preservative Mixture) also can be used to prevent or
reduce microbial contamination in plant tissue culture. PPM control contamination
without interfering the seed germination, callus proliferation and callus regeneration
(Anon, n.d). PPM is well known for its effectiveness in controlling contamination in
in-vitro culture, however it has disadvantage that most of the plants are sensitive to

its reaction. The explants was stunted and abnormal root growth were exhibited (Paul,
2001 ).
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2.4 Browning Controlling

Black pepper contains phenolic compounds that oxidize to form brown material in
the medium. These substances tend to be inhibitory to development of the explants in
the medium. There is a need to minimize the browning problem caused by these
compounds. Antioxidants play an important part in tissue culture to reduce this
problem. These antioxidants include citric or ascorbic acid and adsorbent material in
the medium such as activated charcoal (Guzman, 2001). Polyvinylpyrrolidone (PVP)
which inhibits oxidation of phenolic compound is also used to eliminate the
browning problem. In addition rigorous washing of the explants also can remove the
phenolic compound and also can reduce the damage to some plant tissues (George,
1996, citied by Smith, 2000).

The utilization of activated charcoal, ascorbic acid and calcium pantothenate in the
medium was considerably reducing phenolic exudation in cashewnut (Hedge and
Kulasekaran, 1996). The study showed that activated charcoal absorbed the phenolic
compound, ascorbic acid prevented the polyphenol oxidase which subsequently
inhibits the polyphenolic compound formation, and deactivation of tannins was aided
by calcium pantothenate.

Philip et al. (1992) states that culturing explants on filter paper bridges in liquid
medium can possibly reduce the contamination and necrosis problems in in-vitro
culturing of Piper nigrum. They also control contamination problem by utilizing re
sterilization programme. However, the process eventually damaged the tissues and
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the long-term viability of the cultures is reduced. Thus, some other techniques can be
used for successful in-vitro culturing of black pepper explants from the field material.

Chang and Yang (1996) found that half strength MS medium supplemented with

PVP gave the best response to embryo development in Taxus mairei. Nearly 90%
embryos developed into plants when they were grown in half strength MS medium
with PVP. They states that PVP may bind phenolic and some toxin and prevent the
germinating embryos from the browning effects.
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Chapter 3
MATERIALS AND METHODS

3.1 Induction of Somatic Embryos from the Seeds

3.1.1 Surface Sterilization of Explants
The fresh berries (fruits) of black pepper (Piper nigrum L.) obtained from
Agricultural Research Centre, Semongok (ARC) were separated from the fruit spike
and the fleshy meso carp removed. The seeds then were washed under tap water for
ten minutes and dipped in 70% ethanol for 1 minute before soaking in 30%
commercial bleach, 'Clorox' which was added with 0.02% Tween 20 as surfactant
for 15 minutes. Surface sterilized seeds were then rinsed at least 3 times with sterile
distilled water in laminar flow hood with five minutes between each rinse.

3.1.2 Culture Medium Preparation
The SH medium with sucrose at 30 giL and 3 giL Gelrite were prepared. The pH of
the medium was adjusted to 5.7 with IN Potassium Hydroxide or O.IN Hydrochloric
acid. The medium was autoclaved for 15 minutes at 12rC. When the medium has
cooled down to about 55-50°C, a biocide, PPM™ at 2 mglL and an antibiotic
Tetracycline at 5 mglL were added. The medium were then divided into two lots. In
one

of the

lots,

the

medium

was

supplemented

with

2,4-D

(2,4

Dichlorophenoxyacetic) in different concentration (1, 2 and 4 mglL). The other lot
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was sered as the control in which no 2,4-D was added. Twenty-five milliliters of the
medium was dispensed into each of the Petri dish measured 100 x 15 mm.

3.1.3 Culture of Explants

The surface sterilized seeds were sown on SH medium in Petri dishes that were
prepared earlier using aseptic techniques and incubated in 26"C in the dark. One
hundred mature seeds were sown in a total 20 Petri dishes, with five seeds per dish
and five dishes for each different concentration including the control. The cultures
were observed for callus formation and somatic embryogenesis. The explants were
transferred to fresh medium of the same composition with growth regulator every 30
days.

3.2 Somatic Embryogenesis from Field-derived Shoot Tips

3.2.1 Preparation of Culture Medium

The culture medium was prepared based on Murashige and Skoog (1962)
formulation with some modification, where 3% (w/v) sucrose, 0.3% (w/v) Gelrite
and 0.3% (w/v) PVP were added to the medium. The pH of the medium was adjusted
to 5.7 with 0.1 N Potassium Hydroxide or 0.1 N Hydrochloric Acid and followed by
autoclaving for 15 minutes at 12rC. When the medium has cooled down to about
55-50°C, PPM™ at 2 mglL and an antibiotic Tetracycline at 5 mg/L were added.
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3.2.2 Pre-sampling Treatment of Explants
Pepper plants that grown in large clay pots in a plant-house were provided by the
Pepper Section of Agricultural Research Centre. The plants was first sprayed with
the suspension of Benlate, the fungicide containing active ingredient of benomyl at
0.2% to reduce the activity of the fungus in the plant (Fig. 2). After 7 days, the plants
were sprayed with 70% ethanol before the shoot tips were excised from the plants.
The pre-sampling treatments of field material were detailed as followed:
Week I:

80 explants of shoot tips were sprayed with suspension of 2 giL Benlate
containing 50% active ingredient (a.i) benomyl

Week 2:

20 explants were sprayed with 70% ethanol before the shoot tips were
excised from the plants. The remaining 60 explants sprayed with Benlate
for the second time

Week 3:

20 explants were sprayed with 70% ethanol before the shoot tips were
excised from the plant. The remaining .40 explants sprayed with Benlate
for the third time

Week 4:

20 explants were sprayed with 70% ethanol before the shoot tips were
excised from the plant. The remaining 20 explants sprayed with Ben1ate
for the forth time

Week 5:

20 explants were sprayed with 70% ethanol before the shoot tips were
excised from the plant.

The same procedure was followed for the explants that were pre-treated with 3.75%
(v/v) ofneutralized phosphoric acid (NPA) instead of Ben late.

14

Fig. 2. Pre-sampling sampling treatment. (A) Shoot-tip explant sprayed with NP A.
(B) shoot-tip explant from the field grown plant. (C) A bottle containing NP A.
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