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ABSTRACT

Current study is to establish a basic plant tissue culture of Nicotiana tabacum TAPM 26 and test
the plant tissue on resistancies against 2,2 DCP an active ingredient in herbicide-Dalapon.
During micropropagation, the surface sterilization method was ascertained on seeds of tobacco.
HgClI2 was used to disinfect tobacco seeds at different concentrations (0.05 gL%, 0.2 gL™%, 0.5
gLt and 1.0 gL1) within three minutes. About 70% seeds were survived when exposed to 0.05
gL* of HgCI2, whereas, no seeds were germinated when sterilized at concentrations above 0.05
gL* of HgCI2. To optimize an efficient protocol of shoots and callus formation during in vitro
regeneration, explant types and plant growth were studied. Growth regulators NAA (0.1 mgL™,
0.2 mgL?, 0.5 mgL?, 1.0 mgL* and 2.0 mgL™) and BAP (1.0 mgL™, 2.0 mgL%, 3.0 mgL* and
4.0 mgL?) were used. The explants types were one month old leaves and two weeks old
cotyledons. The maximum numbers of shoots per explants were obtained from cotyledon with
combination 0.1 mgL* NAA and 1.0 mgL! BAP. The highest callus fresh weight was achieved
when NAA 0.5 mgL-* with BAP 1.0 mgL* after four weeks. Thus, the highest number of shoots
produced per explants from leaves culture on the MS media containing 0.2 mgL* NAA and 4.0
mgL-t BAP. The best callus fresh weight was obtained with combination of 1.0 mgL* NAA and
1.0 mgL* BAP by using leaves explant. Finally, Dalapon (5 gL, 10 gL, 15 gLt and 20 gL™?)
were applied onto leaves and cotyledon cultures of N. tabacum to check on the minimum
concentration of inhibition. The minimum concentration of inhibition of leaves and cotyledon
cultures of N. tabacum was at 5 gL of 2,2DCP but not at 10 gL, 15 gL and 20 gL™. This
investigation will shed alight for future studies on transgenic tobacco resistant against Dalapon

ARTICLE INFO

Research article

Received: 12.12.2020
Accepted: 19.03.2021

Keywords:

seeds sterilization,
NAA,

BAP,

callus formation,
shoot regeneration,
Dalapon,

2,2DCP

*Corresponding author

1. Introduction

advancing production methods of a recombinant vaccines,

Plant tissue culture refers to the set of methods designed for
growth and microprogation of an explant that grown on a
specialized nutrient solutions called standard media in the
aseptic condition [1, 2]. Tobacco (Nicotiana tabacum L.) is
one of the most valuable cash crops, which belongs to the
Solanaceae family [3]. Tobacco plant is an indigenous plant
species found in tropical South America, South West Africa
and the South Pacific [4, 5]. It has been cultivated since pre-
Colombian times and separated to the world [6, 7]. Tobacco
was always used as a model plant performed a main provision
in advancement of plant tissue culture, transgenic research and
genetic engineering over the past few decades because of its
scientific uniqueness [8, 9, 10]. Tobacco is a valuable
commercial plant and has become an important tool for the

pharmaceutical compounds, commercial enzymes, proteins
and antibodies [11, 12, 13]. The first research on the creation
of plant based vaccine was successfully achieved in tobacco
with the hope of developing a less expensive product [14, 15,
16].

In plant tissue culture method, development of an efficient
micropropagation technique involved in removal of plant
pathogens from an infected explant source. In addition, this
technique can also enhance in plant breeding systems to create
new cultivars with higher profit, resistance to pathogens, pest
resistance as well as weed resistance [17, 2, 18]. Tobacco has
also been a favorable medium for studies of inheritance and
evolution [11, 19].
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The genus Nicotiana comprises of an approximately 70
species, in which Nicotiana tabacum is the most well-known
in businesses as tobacco product and in academic for science
development studies [20, 21]. The physiology and genetics of
the Nicotiana genus has been widely explored for example its
ability to regenerate into a specilised tissues to form a fully
grown living organism from its de-differentiated cells.
Nicotiana tabacum was always selected for developing of
genetically modified plant model having functional of foreign
genetic materials [22, 23, 24, 25, 26, 49].

The in-vitro propagation consists of numerous steps such as
selection of explants, aseptic culture establishment, and
multiplication of propagules, rooting and acclimatization of
plantlets. However, the most critical and important step is
surface sterilization for seeds or explants for culturing at
sterile environment. Surface sterilization is a technique to
make seeds or explants free from contamination before
culturing on nutrient media [27,28,29,30,31]. Direct shoot
propagation using leaves segment and cotyledons have been
successfully established using tobacco [32]. On the other
hand, production of regeneration plant through indirect
organogenesis is also another possibility to contribute tobacco
genomic enhancement [33,34]. Callus stage is widely studied
in tissue culture protocols to present new desirable cultivars
and generating genetically modified plants to achieve some
new traits such as pesticide or herbicide resistance product
[35,17,36].

Growth regulators can be defined as a small organic molecule
that elicits a physiological response at very low concentration
and its important components in the tissue culture media to
enhance and developed pathways in plant cells product
[37,38]. The concentrations of growth regulators are very
critical for the control of enlargement and morphogenesis
[39]. However, different type of tissue or organs considerably
required various amount of substance depends on their uptake
and endogenous levels [40]. The most significant classes of
growth regulators are auxins and cytokinins. Auxin plays role
in many development processes and required by many plant
cells for adventitious root formation, swelling of tissue and
somatic embryogenesis [41]. Usually, when the concentration
of auxin is low, root initiation is favored but when at the high
concentration, callus formation occurs [42]. Cytokinins also
have important regulative roles involve in an extensive series
of physiological and metabolic developments of plants,
stimulate cell division, promote flowering and inhibit root cell
prolongation [43].

Herbicides are commonly used to control and manage weeds
but not to harm pests and organisms living in soil. Usually
herbicides have to be selective in action which means capable
to kill only certain plants without harming major crops
[23,44,45]. Dalapon is classified by the U.S. Environmental
Protection Agency (USEPA) as a general use of herbicide.
According to Dikshith and Diwan [46] Dalapon is a non-color

liquid with an acrid odor and it is a kind of acid usually
formulates with sodium and magnesium salts. Dalapon
contain an active ingredient, 2,2-dichloropropionic acid that
had been used widely in Austria, central asia and some parts
of the country in the world [47, 48].

The purpose of current research is to establish plant tissue
culture technique on micropropagation of Nicotiana tabacum
L. in order to form shoots and callus. This study includes the
effect of Mercuric Chloride (HgCI2) on seed surface
sterilization. Consequently, cultured leaves and cotyledons
explant on MS [42] media at different concentrations of NAA
(o-naphthaleneacidic  acid) (Auxin) and BAP (6-
benzylaminopurine) (Cytokinin) under aseptic conditions.
Finally, the determination of Dalapon minimum inhibition of
tobacco explants will be conducted through spraying method.

2. Materials and methods

2.1. Sterilization of plant materials and seed germination

Tobacco seeds were provided by Lembaga Tembakau Negera
Malaysia. Selected seeds were disinfected with (0.05 gL, 0.2
gL?, 0.5 gL and 1.0 gL) of Mercuric Chloride (HgClI2).
Each exposure was three minutes and then the seeds were
washed with sterilized water for at least three times with two
minutes each. Then the seed were allowed to grow on
standard growth media under pathogen-free conditions by
supplying 16/8 h (light/dark) at room temperature (25+2°C).

2.2. Preparation of growth regulator for callus induction and
shoot regeneration

The sterilized explants i.e leaves and cotyledons were grown
on an MS media supplemented with plant growth regulators at
different concentrations of a-naphthaleneacidic acid (NAA)
(0.1 mgL?, 0.2 mgL?, 0.5 mgL?, 1.0 mgL? and 2.0 mgL™)
and 6-benzylaminopurine (BAP) (0.0 mgL™, 1.0 mgL?, 2.0
mgL?, 3.0 mgL* and 4.0 mgL™?). Cotyledon section and
leaves with an approximately 0.5-1cm were grown on a
primary standard solid MS media under a photosynthetic
photon flux density (PPFD) of 26 umol m delivered by cool
white fluorescent tubes with a photoperiod of 16/8 h
(day/night) at 25x2°C. In the medium, these cotyledons were
allowed to develop for at least two weeks and leaves for one
month for shoot and callus regeneration.

The basic tissue culture experiment had three replicates, with
more than 75 explants plated for each batch. For each plate
containing MS medium for callus and shoot induction
different concentrations of NAA (0.1, 0.2, 0.5, 1.0 and 2.0
mgL?) and BAP (0.0, 1.0, 2.0, 3.0 and 4.0 mgL™?) were
prepared. The pH of the media was adjusted to pH 5.7 £ 1
prior to autoclaving for 20 min at 121 °C. After autoclaving,
the MS media was allowed to cool at room temperature. Then,
20 mL medium was dispensed into culture tube. All culture
media were maintained at room temperature for growth. The
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culture media was monitored for shoot production and callus
fresh weight per explant at weekly intervals throughout 4
weeks period of time.

2.3. Application of herbicide Dalapon on Nicotiana tabacum

Herbicide Dalapon was prepared at different concentrations
from 5 gL, 10 gL, 15 gL and 20 gL Then, the two
months old tobacco plant was sprayed with different
concentrations  of  Dalapon and its  minimum
inhibition/resistancy was monitored.

3. Results and discussion

3.1. Effects of Mercuric Chloride (HgClz) on Survival of
Tobacco Seeds

Table 1 shows the % of seeds survived when washed with
various concentrations of HgCl,. The maximum number of
seeds germinated was obtained at 0.05 gL' of HgCl..
However, seeds washed with HgCl, at 0.2, 0.5, and 1.0 gL!
were not survived suggesting at higher concentrations of
HgCl, was too toxic to the seeds. Fig. 1. supported Table 1
showing the total number of seeds placed on MS media. It was
25 seeds per petri dishes with three replicates for each
treatment. This observation was in agreement with the
findings of Azeem et al. [6], that seed washed with 0.05gL*
of HgCl, showed a good growth. At 0.05 gL of HgCl,the
seed coat is free from contaminants, without killing the seeds.
There are many scientific finding of surface sterilization in
tobacco tissue culture using HgCl,. [50].

Table 1. The effects of different concentrations of HgCI2 on seeds
germination. Concentrations above 0.05 HgCI2(gL™) inhibit seeds
germination

Concentrations of . Seed
Time L
HgCl2 (min) germination
(gL (%0)
0.05 3 70
0.2 3 0
0.5 3 0
1.0 3 0

| HgCL (0.05 gL ™h |

Figure 1: The growth of tobacco seeds after treated with various
concentrations of HgClz; (A) the seeds still showing some growth at
0.05 gL"* of (HgCl2). The concentrations of Mercuric Chloride at 0.2,
0.5, 1.0 gL, on plates B, C and D, respectively showing no seeds
germination after two weeks in culture.

3.2. Effect of Auxins and Cytokinins on Shoot Formation from
Cotyledon Explants

The purpose of the following experiments were to evaluate the
explants (cotyledon and leaves) for their callus and shoot
formation at different concentrations of NAA and BAP
supplied in MS medium. Cotyledon is important primary
explants used, due to their reliability and simplicity for
micropropagation [51]. Moreover, in vitro tobacco seed
germination needed little period of time to produce cotyledons
from seeds in about two weeks. In addition, the combination
concentration of plant growth regulators had been applied to
find suitable effect of cotyledon explants on shoot/callus
formation.

Figure 2 shows the maximum number of shoots (average of
7.66+ 0.23 shoots/explant) per explant (cotyledon) was
obtained at combination of both concentrations NAA: BAP,
0.1 mgL' NAA and 1.0 mgL-1 BAP, respectively. The
minimum shoot per explants was obtained at 0.5 mgL? NAA
and 0.0 BAP. This observation was taken after four weeks of
culture. The results seen based on different concentrations of
plant growth regulators that had been added into MS media as
well as explants type. BAP was essential factor for shoot
proliferation, whereas poor shoot development occurred on
the media without cytokinins. In fact, certain explants will be
more responsive than the others for instance the cotyledon of
some species regenerate shoot better than true leaves or stems
[39, 52].
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Figure 2. The effects of both NAA and BAP on number of shoots
produced per explant in cotyledon culture

3.3. Effect of Combination Concentration of Auxins and
Cytokinins on the Mean Callus Weight from Cotyledon
Explants

The efficacy of BAP and NAA on callus induction was
observed from cotyledon explants. The callus were induced in
three weeks by taking cotyledon explants from in vitro grown
plants on MS media supplemented with selected
concentrations of BAP and NAA. Figure 3 illustrates the
highest mean weight of callus formation was 4.02 g when
NAA 0.5 mgL: BAP 1.0 mgL?! on MS media. In this
experiment, the lowest mean weight of callus was 0.15 g when
supplied by 0.2 mgL* NAA: 3.0 mgL* BAP. Abaxial surface
of leaves disc in touch with media is better than adaxial
surface due to a large number of somates on the abaxial
surface [53]. Callus formation can be affected by explants
type, concentration combination, growth media and type of
the plant growth regulators [54].
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Figure 3 The effects of both NAA and BAP on fresh callus weight
gained from cotyledon culture

3.4. Effect of Combination Concentration of Auxins and
Cytokinins on the Shoot Formation from Leaf Explant

BAP and NAA were used to investigate the number of shoots
induction from leaves culture. The effects of plant growth
regulators on shoots proliferation were examined using leaves
explant. After four weeks of culture, the numbers of shoots per
explants were recorded. Previous study has shown that BAP
was one of the most effective among the other cytokinins for
inducing shoot development [55,56]

Figure 4 shows that the highest numbers of shoots per explants
were obtained on the media containing 0.2 mgL* NAA and
4.0 mgL* BAP which produced shoots per explants. This
number significantly decreased on media supplemented with
NAA 0.1 mgL*: BAP 3.0 mgL-1 that was slightly different
from NAA 0.1 mgL? : BAP 2.0 mgL-1 which formed 8.88
and 8.55 number of shoots per explants respectively. On the
other hand, the lowest number of shoots per explants were
obtained when 0.1 mgL-1 NAA: 0.0 mgL-1 BAP, 2.0 mgL-1
NAA : 0.0 mgL-1 BAP, while 2.0 mgL-1 NAA : 2.0 mgL-1
BAP resulted in no shoot formation at all.
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Figure 4 The effects of both NAA and BAP on shoot proliferation
from leaves culture

3.5. Effect of Combination Concentration of Auxins and
Cytokinins on the Mean Callus Weight from Leaf Explant

Callus induction is significantly depending on explants type.
Calli was induced by using leaf explants from in vitro grown
plants during four weeks on MS media supplemented with
various concentrations of plant growth regulators. Induction
in monocots callus requires long time for its initiation [51,57].
Figure 5 shows the highest callus weight was achieved on
medium supplemented with hormone combination of 1.0
mgL? NAA: 1.0 mgL* BAP that was 14.8 g of fresh callus
weight. The second best was slightly lower than the previous
one that was gained at 2.0 mgL* NAA: 4.0 mgL™* BAP which
recorded only 14.72 g of fresh callus. However, the lowest
fresh callus formation was obtained at 0.1 mgL™* NAA: 0.0
mgL BAP.
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Figure 6 illustrates the effect of Dalapan on tobacco plant after
two weeks. Therefore, it was concluded that successful callus
formation had been achieved base on plant growth regulators
and their combination. The results showed that leaves culture
was more efficient to gain better callus fresh weight than using
cotyledon culture.
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Figure 5. The effects of both NAA and BAP on fresh callus weight
gained from leaves culture

3.6. Effect of Dalapon via spraying method

Dalapon is a selective herbicide which can only kill the weeds
but not directly kill desired plant. The growth of tobacco plant
was inhibited using Dalapon at high concentrations. The
leaves became bigger but wilt due to the mode of action of
Dalapon that affect the plant growth. The uptake of Dalapon
was done through the leaves, translocate to other plant tissues.

Table 2. The Effects of various concentrations of herbicide Dalapon
on tobacco growth after two weeks in culture

Concentrations

of Dalapon 5¢gL? 10gL? 15gLt 20gL?
Leaves
Plant_ Stl_II and_ stems Plants Plants
Observations  remains in begin to unable were
healthy change the to dead
condition color to survive
yellow

Table 2 shows several concentrations of Dalapon that had
been used and its effect after two weeks in culture. Figure 6
shows that Dalapon at 5 gL has no effect on plant after two
weeks in culture. Above 5 gL of Dalapon showed death to
the plant tissue.

Figure 6 The effect of Dalapon on tobacco plant after two weeks.
(A) all plant parts were in a good condition when exposed to 5 gL™!
Dalapon. (B) at 10 gL Dalapon caused changes in the color of
leaves and started to wilt and die

4. Conclusions

This study underlined the important technique for tobacco
seeds surface sterilization by using Mercuric Chloride (HgCl.)
at different concentrations. The effects of plant growth
regulators on micropropagation of Nicotiana tabacum from
cotyledons and leaf explants were established. The
micropropagation of two different types of explants showed
different number of shoots produced per explants as well as
callus fresh weight. Combination of BAP and NAA had been
applied to find out the effects on callus fresh weight and
number of shoots per explants. Dalapon was also used as
herbicide to determine the resistancy of tobacco against
Dalapon at minimum inhibition concentration. The
establishment of the current study may shed alight in future
experiment to transform dehalogenase gene into plant tissue
culture for developing plant resistant to herbicide.
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