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ABSTRACT

The effects of Murashige and Skoog basal medium even alone or supplemented with different
concentrations and combinations of plant growth regulator on the maximum callus induction in vitro
from different explants of Hyoscyamous muticus L. (family Solanaceae) were studied. After two
months 6-benzylaminopurine in combination with a-naphthalene acetic acid recorded to be the most
effective for in vitro callus production in this study. Root explants recorded to be the most effective for
the maximum callus production in vitro followed by leaf explant. Maximum mean fresh weight of
callus formed per explant (31.56 mg) with a maximum dry weight (1.04 mg) were obtained on MS
medium supplemented with 1.0 mg/l 6-benzylaminopurine in combination with 0.5 mg/l a-naphthalene
acetic acid using root explants after two months.

KEYWORDS: Solanaceae, Hyoscyamus muticus L., in vitro, callus induction, plant growth regulators,

explant.

INTRODUCTION

H. muticus L. is one of the medicinal herbs grown in Egypt (family Solanaceae). Solanaceous
plants, such as genus Hyoscyamus were regarded as rich sources of natural secondary metabolites that
are called tropane alkaloids. All parts of the plant under investigation contain tropane alkaloids
(hyoscyamine, and traces of hyoscine and atropine) and these alkaloids have a good deal of medicinal
importance [1].

Callus induction and production of secondary metabolites are considered to be one of the most
important applications of plant tissue culture in vifro and to be an effective alternative method for
production of phytochemical compounds [2-5].

Plant growth regulators and type of explant play an important role in the process of callus
induction in vitro because each species and each explant requires it is own combination and
concentration of exogenous application of plant growth regulators for in vitro callus production [6-11].

In the present study, an attempt is done to investigate the effect of different combinations and
concentrations of plant growth regulators for the optimal callus production from different explants of
the H. muticus L. in vitro, in preparation for use in cell suspension culture and production of secondary
metabolites.

MATERIAL AND METHOD

Plant material: seeds of H. muticus L. seeds were obtained from Alazhar University, Faculty of
Agriculture. Firstly, seeds were thoroughly washed and left for an hour under running water to remove
dirt. Seeds were treated within laminar cabinets with 1.5% sodium hypochlorite for 10 minute then
washed with sterilized distilled water for 6-7 times [12]. Serialized seeds were cultured on MS medium
without any additional plant growth regulators and incubated for germination under controlled
conditions. The 30 days old seedlings (fig.1) were used for explant preparation.

Callus production: Callus cells have been initiated from different explant types (leaf, nodal
segment and root) using MS [13] basal media even alone or fortified with different concentrations and
combinations of auxins (NAA & 2,4-Dichlorophenoxy Acetic Acid (2,4-D)) and cytokinins (BAP&
KIN). The 30 days old seedlings were cut into 1 cm segments leaf, nodal segment and root explants,
which were then transferred to the culture media. Three explants per jar were grown on the used MS
solid media. Media were solidified using phytagel and PH value was adjusted to 5.7+ 0.1. Results were
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taken after two menthes to show percentage of callus induction, mean fresh weight of callus per
explant, and mean dry weight of callus per explant. Data were analyzed using analysis ANOVA. The
differences among means for all treatments were tested for significance at 5% level by using [14] new
multiple range tests as described by [15]. Means followed by the same letter are not significantly
different at p< 0.05.

Fig.1: 30 days old seedlings

RESULTS AND DISCUSSION

Callus is an undifferentiated mass of tissue which appears on explants within a few weeks of
transferring onto growth medium supplemented with suitable hormones [16-17]. Different growth
hormones are used to promote callus induction and development from young tissue explants.

1-Effect of BAP and NAA on callus induction from different explants (leaf, nodal segment
and root):

In this experiment callus induction from different explants (leaf, nodal segment and root) were
tested by inoculating them on MS medium supplemented with different concentrations of BAP (0.5, 1.0,
2.0 and 3.0) even alone or in combination with different concentrations of NAA (0.5, 1.0, 2.0 and 3.0)
along with MS media free of plant growth regulators as control. Data were recorded after two months as
showing in table; 1, 2 and 3. To determine the optimal concentration of plant growth regulators for the
highest production of callus, various combinations of auxin: cytokinin were tested, among all the tested
combinations, BAP and NAA were better in terms of high frequency to induce callus production from
different explants under investigation. On the other hand, MS media supplement with BAP alone either or
free of plant growth regulators cannot induce any callus formation with leaf or nodal segment explants.
Root explants showed callus formation on MS media supplemented with BAP alone or in combination
with NAA and cannot produce callus on MS media free of plant growth regulators.

The most effective results were obtained with root explants, after two months. The highest mean
fresh weight of callus (31.56 mg/explant) with the highest mean dry weight of callus (1.04 mg/explant)
were obtained from root explants on MS medium fortified with 1.0 mg/l BAP in combination with 0.5
mg/l NAA (fig. 2, C) followed by those cultured on MS media fortified with 0.5 mg/l BAP and 0.5
mg/l NAA which produced (28.48 mg/explant) mean fresh weight with (0.79 mg/explant) mean dry
weight. On the same time, MS medium supplemented with 1mg/l BAP in combination with 1mg/I
NAA showing an increase in the mean fresh and dry weight of callus formation/explant using leaf
explant (20.11 and 0.67 respectively) (fig. 2, A), while MS medium fortified with 1mg/l BAP in
combination with 2 mg/l NAA showed to be the most effective for callus production using nodal
segment explants, it is able to produce 21.81 mg mean fresh weight of callus/explant with 0.9 mg mean
dry weight (fig. 2, B).

From the obtained data we can noted that, MS medium free of plant growth regulators did not
induce any callus formation and. On the same time, MS medium supplemented with BAP in addition to
NAA were found to be suitable for callus production from different explants of H. muticus L. than
those which supplemented with BAP alone. Also, root explants were found to be the best explant for
callus production in this experiment.
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Table (1) Effect of BAP and NAA on callus formation from leaf explants of
H. muticus L. after two months.

BAP NAA

0 0 0b Og 0d

1 0 0b Og 0d

2 0 0b 0g 0d

3 0 0b 0Og 0d
0.5 0.5 100% a 1528 ¢ 0.61 ab
0.5 1 100% a 14.08 ¢ 0.62 ab
0.5 2 100% a 13.64 0.48 ¢
0.5 3 100% a 15.19¢ 0.50 ¢

1 1 100% a 20.11a 0.67 a

2 1 100% a 14.58d 0.56 b

3 1 100% a 17.07 b 0.58b

Table (2) Effect of BAP and NAA on callus formation from nodal segment explants of
H. muticus L. after two months.

BAP NAA

0 0 0b 0f 0f

1 0 0b 0f 0f

2 0 0b 0f 0f

3 0 0b 0f 0f
0.5 0.5 100% a 16.27 b 0.64b
0.5 1 100% a 12.30d 0.40d
0.5 2 100% a 7.40e 03le
0.5 3 100% a 13.84 ¢ 0.49 ¢
1 1 100% a 12.54d 0.40d
2 1 100% a 21.81a 0.90 a
1 100% a 8.10 e 025e

Table (3) Effect of BAP and NAA on callus formation from root explants of
H. muticus L. after two months.

BAP

0 0 0% c 0j Oh
1 0 80% ab 2131 012 g
2 0 100% a 6.88 h 024 f
3 0 73.34%b 1.47 1 0.08 g
0.5 0.5 100% a 28.48b 0.79b
0.5 1 100% a 31.56a 1.04 a
0.5 2 100% a 1352 ¢g 0.34e
0.5 3 100% a 18.04 ¢ 0.55d
1 1 100% a 2450 ¢ 0.73 ¢
2 1 100% a 19.04d 0.52d
1 100% a 14.79 £ 0.50d

2-Effect of KIN and 2,4-Dichlorophenoxy Acetic Acid (2,4-D) on callus induction from
different explants (leaf, nodal segment and root):

Data which represented in table; 4, 5 & 6 clarified that, MS media free of plant growth
regulators did not induce any callus formation for the three used explants. Also, MS medium
supplemented with KIN alone cannot induce any callus formation from leaf or nodal segment explants
and they can stimulate callus formation using root explants but in small amount (MS medium
supplemented with 3.0 mg/l KIN showed 60% of callus induction from root explants with 1.34 mg
mean fresh weight and 0.08 mg mean dry weight of callus formed/explant). On the other hand, MS
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medium supplemented with KIN in combination with 2,4-D were found to be effective for callus
induction than that which containing KIN alone in this experiment. All leaf explants those were
cultured on MS medium supplemented with 1.0 mg/l KIN and 0.5 mg/l 2,4-D showed moderate callus
formation with 5.89 and 0.28 mg for mean fresh and dry weight of callus formed/explant respectively.
Also, combination of KIN and 2,4-D showed the lowest callus formation from nodal segment explants.
The highest mean fresh weight of callus formed from nodal segment explant (1.07 mg/explant with a
mean dry weight 0.012 mg/explant) were recorded on MS medium fortified with 1.0 mg/l KIN and 1.0
mg/l 2,4-D followed by that containing 0.5 mg/l KIN and 2.0 mg/l 2,4-D (0.9 mg/explant mean fresh
weight and 0.026 mg/explant mean dry weight). On the other hand, the highest mean fresh weight of
callus formed/explant (6.76 mg) with a mean dry weight (0.22 mg) were obtained from root explants
on MS medium fortified with 0.5 mg/l KIN and 0.5 mg/l 2,4-D. All results recorded after two months.

Table (4) Effect of KIN and 2,4-Dichlorophenoxy Acetic Acid (2,4-D) on callus formation from leaf
explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration (mg/l) induction
KIN 2,4-D
0 0 0b 0f Oe
1 0 0b 0f Oe
2 0 0b 0f Oe
3 0 0b 0f Oe
0.5 0.5 100% a 523b 0.21b
0.5 1 100% a 2.12d 0.12 ¢
0.5 2 100% a 1.28 ¢ 0.08 d
1 0.5 100% a 5.89a 0.28 a
1 1 100% a 5.11b 0.22 b
1 2 100% a 338¢ 0.12¢

Table (5) Effect of KIN and 2,4-Dichlorophenoxy Acetic Acid (2,4-D) on callus formation from nodal
segment explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration (mg/l) induction
KIN 2,4-D

0 0 0b Oe 0c

1 0 0b Oe Oc

2 0 0b Oe 0c

3 0 0b Oe Oc
0.5 0.5 100% a 0.53d 0.014b
0.5 1 100% a 0.76 ¢ 0.02 ab
0.5 2 100% a 0.90 b 0.026 a

1 0.5 0b Oe Oc

1 1 100% a 1.07 a 0.012b

1 2 100% a 0.74 ¢ 0.018 ab

Table (6) Effect of KIN and 2,4-Dichlorophenoxy Acetic Acid (2,4-D) on callus formation from root
explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration ( mg/l) induction
KIN 2,4-D
0 0 Oc 0Og 0b
1 0 Oc 0Og 0b
2 0 13.33% ¢ 0.04 g 0.01b
3 0 60% b 1.34 fg 0.08 b
0.5 0.5 100% a 6.76 a 022a
0.5 1 100% a 4.63 be 0.21a
0.5 2 80% ab 5.63b 021a
1 0.5 100% a 3.73 cd 023 a
1 1 60% b 2.71 de 0.10 b
1 2 60% b 2.12 ef 0.10 b
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3-Effect of 2,4-Dichlorophenoxy Acetic Acid (2,4-D) and NAA on callus induction from different
explants (leaf, nodal segment and root):

In these experiment the effect of MS medium supplemented with 2,4-D even alone or in
combination with NAA on the callus induction from different explants of H. muticus L. were studied
along with that free of plant growth regulators as control. MS media fortified with 2,4-D even alone or in
combination with NAA could be introduced moderate callus formation from different used explants. High
concentrations of 2, 4-D and NAA cannot induce callus induction either on leaf or root explants (table; 7,
8 & 9). Moderate callus formation were be noticed from leaf explant on MS media fortified with 0.5 mg/1
2,4-D in combination with 1.0 mg/l NAA (mean fresh weight of callus formed/explant; 6.18 mg and mean
dry weight callus formed/explant; 0.28 mg) followed by nodal segment (100% of explant formed callus,
3.70 mg mean fresh weight and 0.16 mg mean dry weight of callus formed/explant on MS medium
fortified with 1.0 mg/l 2,4-D in combination with 1.0 mg/l NAA) and root explant (80% of explant
formed callus, 4.20 mg mean fresh weight and 0.18 mg mean dry weight of callus formed/explant on MS
medium fortified with 0.5 mg/l 2,4-D in combination with 1.0 mg/l NAA).

Table (7) Effect of 2,4-Dichlorophenoxy Acetic Acid (2,4-D) and NAA on callus formation from leaf
explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration (mg/l) induction
2,4-D NAA
0 0 0b Og 0d
1 0 100% a 436D 021b
2 0 100% a 0.97 f 0.04d
3 0 100% a 1.11f 0.001 d
0.5 0.5 100% a 3.13¢ 0.16 ¢
1 0.5 100% a 223e 0.14 ¢
2 0.5 100% a 1.03 f 0.052d
0.5 1 100% a 6.18 a 0.28 a
1 1 100% a 249d 0.15¢
2 1 0b Og 0d

Table (8) Effect of 2,4-Dichlorophenoxy Acetic Acid (2,4-D) and NAA on callus formation from
nodal segment explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration (mg/l) induction
2,4-D NAA
0 0 0b 0Og Oe
1 0 100% a 047 f 0.02 de
2 0 100% a 1.04 ¢ 0.034 cd
3 0 100% a 1.54d 0.04 cd
0.5 0.5 100% a 2.79b 0.12b
1 0.5 100% a 245¢ 0.06 ¢
0.5 100% a 243 ¢ 0.04 cd
0.5 1 100% a 223 ¢ 0.03 cd
1 100% a 3.70 a 0.16 a
2 1 100% a 0.74 f 0.01 de

Table (9) Effect of 2,4-Dichlorophenoxy Acetic Acid (2,4-D) and NAA on callus formation from root
explants of H. muticus L. after two months.

Growth regulators % of callus MFW of callus (mg/Exp.) MDW of callus (mg/Exp.)
concentration(mg/l) induction
2,4-D NAA
0 0 0% Db Oc 0d
1 0 60% a 1.14b 0.06 be
2 0 60% a 0.94 be 0.04 bed
3 0 60% a 0.46 be 0.03 cd
0.5 0.5 73.34% a 1.13b 0.06 be
1 0.5 80% a 1.11b 0.04 bed
0.5 0% Db Oc 0d
0.5 1 80% a 420a 0.18 a
1 100% a 1.50 b 0.08b
2 1 0% b Oc 0d
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Generally results were found to be in harmony with [18-23]. They showed that auxin and
cytokinins have a significant effect on callus induction and MS medium free of plant growth regulators
did not show any positive effect on callus formation in most of the Solanaceae family members. MS
medium containing BAP along with NAA the most effective for callus induction from leaf explants of
H. niger L. and Datura metal [21]. Also, the highest percentage of callus induction was observed in
MS medium fortified with BAP and NAA from leaf explants of Solanum nigrum L. [25]. MS medium
fortified with BAP and NAA capable of producing callus from leaf explants of Atropa acuminate after
62 days of inoculation [26]. All MS media supplanted with BAP in addition to NAA a positive
response in callus formation from leaf explants of Withania somnifera L. [27]. Similar results were
reported in Stevia rebaudiana 28] and Biophytum sensitivum [29].

On the other hand, MS medium supplemented with KIN in combination with 2,4-D were suitable
for maximal callus induction from leaf explants of D. stramonium L. and W. somnifera L. [30, 31].
Combination of 2,4-D and BAP was effective for callus induction from Solanum tuberosum [22, 24].

Finally, callus is an unorganized mass of cells started from the cut portions of the explant in
which cells undergoing mitosis, which leads to the formation of callus. Among the different
concentrations and combinations of the tested plant growth regulators, different combinations of BAP
and NAA proved to be the best for maximum callus production from different explants of H. muticus
L. and root explants were found to be the most effective explant which can produce the maximum
mean fresh and dry weight of callus/explant followed by leaf and nodal segment explants. MS media
free of plant growth regulators cannot induce any callus formation. On the same time, MS media
fortified with 2,4-D in combination with KIN or NAA also can introduce callus induction but it is not
effective for mass production.
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Fig. 2:

A) Callus formation from leaf explants on MS medium supplemented with 1.0 mg/l BAP in
combination with 1.0 mg/l NAA after two months.

B) Callus formation from nodal segment explants on MS medium supplemented with 2.0 mg/l BAP in
combination with 1.0 mg/l NAA after two months.

C) Callus formation from root explants on MS medium supplemented with 0.5 mg/l BAP in
combination with 1.0 mg/l NAA after two months.

ABBREVIATION

MFW: Mean Fresh Weight; MDW: Mean Dry Weight; NAA: a-Naphthalene acetic acid;
BAP: 6-benzylaminopurine; KIN: kinetin; MS: Murashige and Skoog basal medium.
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