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Callus Induction and in vitre Complete Plant Regeneration of Different
Cultivars of Tobacco (Nicotiana tabacum L.) on Media of Different
Hormonal Concentrations
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Abstract: In the present study, regeneration conditions for two-cultivars-of-tobacco (Nicotiana tabacum L.)
were optimized. At different concentrations the effects of I-naphthalene acetic acid (auxin)-and-6-
benzylaminopurine (cytokinin)-on-callus-induction-and-subsequent-plant regeneration in K-399 and SPTG-172
using Murashige and Skoog (MS) media were studied. The seeds were germinated on simple MS media, while
MS media with auxine and cytokinin was used for callus induction and regeneration of shoots. In tobacco,
callus was successfully induced from leaf explants using a high ratio of auxin: Cytokinin. The over all callus
mnduction frequency in SPTG-172 was greater than K-399 indicating a difference in the genetic background of
two cultivars. Both cultivars also showed best response to different hormonal concentrations. The resultant
calli were stimulated to form shoots by increasing the cytokinin concentration and decreasing auxin content
of culture media. There were clear differences between the two cultivars in their ability to produce regenerated
plants. The maximum number of calli were regenerated in SPTG-172 whereas the mean number of shoots
produced per callus at all concentrations was higher in K-399 indicating that’s shoot regeneration is markedly
affected by the genotype. The roots developed well on hormones free MS media in both cultivars irespectively
of the varietal difference. The well-rooted plants were then transferred to green house for acclimatization-to-the

in vitro environment.
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INTRODUCTION

Tissue culture 1s the process whereby small pieces of
living tissue (explants) are isolated from an organism and
grown aseptically for indefinite periods on a nutrient
medium under controlled conditions. [r vitro cultivation
of plants 1s a necessary step n a large amount of
experiments: Micropropagation, creation of virus free
plants, genetic transformation, etc. (Georgieva et al,
1996). The most common result obtained in vitro is the
proliferation of the explant mto a mass of relatively
undifferentiated tissue called callus which is an
amorphous mass of loosely arranged thin walled
parenchyma cells developing from proliferating cells of
the parent tissue (Dodds and Robert, 1985). Callus from an
explant tissue in vitro is formed as a result of dramatic
changes n the appearance and metabolism of the cells
(Aitchison et al., 1978). Growth regulator concentrations
n culture medium are critical for the control of growth and
morphogenesis. The phytohormones, cytokinin and auxin
are known to promote callus formation in tissue
culture (Skoog and Armstrong, 1970; Letham, 1974;

Alayoshi er al, 1983). Auxin effect plant growth and
morphogenesis e.g., Indole-3-Acetic Acid (IAA), a natural
auxin of higher plants, 15 involved m regulating cell
elongation, cell division and differentiation (Dietz et al.,
1990). Cytokining can promote cell enlargement in certain
tissues (Rayle ef al, 1982; Ross and Rayle, 1982). The
balance between auxins and cytokimns controls the
formation of roots, shoots and callus tissue in vitro
(Skoog and Miller, 1957), the outgrowth of shoot axillary
buds (Cline, 1994, 1996; Tamas, 1995) and the formation of
lateral roots (Wightman ef al., 1980). During the past few
decades tissue culture techniques have been developed
that could be used for the improvement of plants. Callus

culture is one of the most important plant science
techniques for developing clonal populations, plant
regeneration and genetic mampulation 1 both
monocotyledon and dicotyledonous plants (Reinert and

Bajaj, 1976). The «callus culture of tobacco, a
dicotyledonous plant has proved extremely useful for
studying the cellular basis of morphogenesis and has
enabled the complex influence of hormones on this
process. The aim of this research was to study the effect

Corresponding Author: Fazal Hadi, Department of Biotechnology, University of Malakand, Chakdara NWFP, Pakistan

Tel: 03349308644



Bictecimology 6 (4): 361-366 2007

of, 6-berEylaminopurine (Cytokindn) and 1-naphthalene
acetic acid (Awmi) at different concertrations on callus
induction and  shoots  regeneration  rate  from
MNicoficna fabacum L. oultivars to optitize tissue culture
cotuditi ons.

MATERIALS AND METHOD S

Experimental  studies  were conducted on
Micofiomn fabacum L. var, 3PTG-172 and E-399 taken
from Pakistan Tobacco Comparsy, Buneer. This research
wotk was conducted in department of Hotechnology,
udversity of Mlalakand in 2006, Tobacco seeds dfter
soaking in water for 24 h were swface sterilized by
immersionin 70% ethyl aleohol for two mimtes and
0.1% mercwric chloaide for 5 min (Ekown, 20010 B efore
cultwing  the seeds were washed three times with
sterilized distill water. The seeds were germinated onagar
media cortaining 3.0% sucrose and 08% bacto agar
(Difcd), the basal mediun used was of MWMrastige and
Skoog (1963 (W) salt soluli on with out hormones, Leaf
segrerts from tobacco seedlitgs developed on M3 meda
after one month were used for callogenesis. Callus
induction and shoots regeneration from callus was
obtained by usng LIS medivm modified with 1-
naphthal ene acetic acid (aurirl) and 6-benzyam inoprine
(eytokitds]) . The callus wasinduced from leaf explart on
media cortained M3 (Murashige and Skoog, 19620 salts,
vitaming, 30 g L™ sucrose 8 g L7 bactooagar (Difoo),
fi-henzyaminogrine (02 mg L™ and 1-naphthalene
aceticacid (00,10, 20 or 3.0 mgL™"). The shoots were
regenerated from  callus on media containing B3
(Ilurastige and 3koog 1962) salts, witaming, 30 g L™
sucroge, & gL~ barcto-agar (Difeo), §-henzylaminopurine
(00,1.0,200r 30 mgLl™" and 1 -naphthalene acetic acid
(0.2 mgLl™"). The pH was adjusted during each experiment
to 5.8 with 1 N N&DH or 1 W HCI using electronic pH
itubicator. AU the operations and inoculations were carried
out under ageptic conditions in laminat aitflow cabitnet
The mediven was heated to dissolve solutes and then
dispenized in test tubes for seeds germination and in
flasks for callus induction and shoots regeneration and
autoclaved at a temperatwre of 121°C at a presswe of
151 bz pai for 20 min snd cooled at room temperature
(Puchooa o al, 1999, The cultures were kept in
cottrolled etreitorument at 25°C and 16-28 h lghtvdark
regitn e under fluorescent ight.

RESULTS

The cultivar 3PTG-172 produced calli on all the
cotmbitiati on of growth regdatorsin 4 weeks o 25%C and
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16-8 hlightidark regime wader fluorescent light. H owrever,
maxitmum callug induction in term of callus size, callus
weight and percertage of calli produced from explants
were ohserved a 02 mg L™ bermyl aminomerine and
20mg L™ 1-naphthalene acetic acid (M3 +02 mglL™
BAP + 20 mg L™ HAL) followed by variahle calus
induction response on the other combination uvsed as
showrnin Table 1. The percentage of calli produced at this
cotwcentration was 67 85% with a mean size and mean
welght of 197 cm and 208 g respectively. [noaddition, the
calli produced were compact in textire and greenish in
colar (Fig. 17, The oultivar B-399 produced calli o all the
growth regulators combination: eccept 0.0 mg L™ HAA
and 02 mg L™ berzylaminopurine (W3 + 0.0 mg L™
HaAA+02 megl™ BAP) in 4 weeks at 25°C and 16-8 h
lLghtfdatk regime wnder fluorescent Light. The most
favorable combination of growth regulators at which the
L399 cultivar showed excellent callus indoction was
30 mg L™ naphthalene acetic acid and0 2 mg L™ herzyl
aminopurine (M3 +3 0mg L™ Mas +02 mgl~' BAF).
The percent calli produced at this com bination of growth
regalator s was 59% witha moean size andmean weight of
175 cm and 1 .81 g respectively as shownin Table 1. In
additiory, the calli were soft in textwre and greerish in
colat (Fig 2.

Shoots format o from calli of SPTG-172 and K399
were successfully obtained on different concentrati ons of

Fig 1: Callusin 3PTG-172 after 4 weeks

Fig 2: Calluzin K399 after 4 weeks
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Tabk 1: The percert callif omtuationr, dreat cime e anowredght of coiwear SPTG-172 and E-300 after 4 weekis

Cbtiner SPTG-172 Chabtinesr EC- 300
ORI AIIRL == -=mmn -mmme e e e oo e e e e e e e e e o oo e e e o e e e e e e e hee s Seses smses ssans s seesssesss sases
HaLk.BAD Calli (%) DhEah sime (on) Blesn weight (=) Calhas teshore Calli (%) Ddean sime (crng Bleawosedsht () Calhic texhore
002 1500 0A5 0.53% Soft avd yelloarkh - - - -
1.0:02 3400 158 143 Hard and light green 33 134 1.40 Cormpact ad Light ren
2002 TAS 197 2.08 Compact ahd greenkh 46 146 1.65 Soft and greenddh
3002 076 147 1.07 Soft and ligit sreen 59 175 1.21 Soft ard Light srees

ik ¢ l-maphtbalene aceti acidl BAP (5-benmylaninoprive |

Tabk 2 The percert callitezerersted sand ronvber of choots per callie & SPT-172 and 300 cubivare after fero and four wreelis

Cultkrar SPTGH-172 Cultirar F-309

Calliregenersted Mo, of shootsf  Calliregenerated Mo, of shootsd Callitegenersted Mo, of shootsd  CalliTegenersed Mo, of shootss
Corwcerdratiore  after 2 wesls calhie after 4 calhie after 2 vreelic calhe after 4 calle
EAD: HAD (%] after dwrecks  reeks (%) after 4 wreck [ after dvmeeks  meale (%) after 4 e el
0.00.2 - - - - - - - -
1002 20 1.57 2500 2. 3 2.14 K] 250
2.00.2 41 2.07 44,12 2.4 15 2.00 15 250
3.00.2 26 1.71 29 A0 1.87 by 1.80 a5 190

ik ¢ l-maphtbalene aceti acidl BAP (5-benmylanimonTie |

Fig. 3: Bhootsregeneration from callus in SPTGE-172 after Fig. 2:Rooting in 3PTG-172  on  hormones  free
4 weeks media

Fig d:5hoots regeneration from callus in K-399 after 4 Fig &: Rootitg in K-399 o hormones free media
weeks

Tatle 27, The percentage of calli forming shoot at this
BAP and NA&A in DS medium at 25°C and 16-2 h cotcentration was 41% and the mean mamber of shoots
light'datk regime under fluorescent light except on per callus was 207 at 14th day. The impeovement in
medivm cortaining0.2mg L™ NAA and0 0 mgl ™' BAP shoots forming abdlity of calli and meanmem ber of shoot
where 1o regeneration was observed for both cultivars, per callus a 28th day was found 3.12% and 027,
The combination of 2.0mg L™ BAP and02 mg L™ IAA tespectively as shown in Table 2. The calli of cultivar
(WS +20mgl™ ' BAP +0.2 mg L™ ALY were fomdthe  K-399 showed best response to combination, 1 0mgL™'
most favordble in term of percent calll regenerated and BaP and 0.2 mg L™ MaAA (M3 + 1 0mglL~'BAP +
tnanber of shoots per callus for 3PTG-172 (Fig. 3 and 0.2 mg 7" MAAY) howewver, the percentage of calli
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regenerated were lower then SPTG-172. The
regenerated calli percentage was 32% with a mean of
2.14 shoots per callus at 14th day of mnoculation and an
mnprovement of 4% in the percentage of regenerated
calli with a mean increase of 0.36 shoots per callus
was observed at 28th day (Table 2 and Fig. 4).
Adventitious roots appeared m both cultivars within
2 weeks on hormone-free MS media and developed
further in 4 weeks irrespectively of the varietal
difference (Fig. 5 and 6). The roots developing ability
of SPTG-172 and K-399 was similar on hormones free
MS media. The complete regenerated plants of
both cultivars were then transferred to green house.

No. of calli produced><
Total No. of explant

100

Callus induction frequency =

No. of calli forming ShOOTSX
Total No. of calli

100

Shoot induction frequency =

DISCUSSION

Laboratory experiments were conducted to optimize
the conditions for callus mduction and regeneration of
Nicotiana tabacuwm plant cultivars. The experiments were
carried under aseptic conditions and no contamination
was observed m each culture, no rot or mold were
observed around the seedlings and aseptic conditions
were maintained throughout the experiments. The seeds
of Nicotiana tabacum were germinated on plane agar
and MS media with out any growth regulators
(Vissenberg et al., 2001). The seeds germination was best
on Murashige and Skoog (1962) media mainly due to the
availability of nutrients in sufficient amount as compared
to plane agar media consisting of only 3% sucrose, 0.8%
agar and distilled water. Temperature around 25°C and
photoperiod of 16 h light and 8 h dark were favourable for
germination and further growth of seedlings (Elcrum,
2001). The seed germination in the presence of light
confirmed the result of Bradbeer (1988) reported that
light is a requirement for germination of tobacco
(N. tabacum 1..) seeds. Calli were induced in four weeks
by taking leaf explants from i vitre grown plants on M3
media supplemented with various concentrations of
cytokinins and auxing. Callus initiation was observed after
one week of culture in all the combinations tested,
wrespective  of varietal and media differences except
0.0 mg L™ NAA + 02 mg L™ ' BAP, at which K-399
showed no callogenesis. The callus production from leaf
explants of tobacco in vitre could be influenced by the
hormoenal concentration m medium and genotype of
cultivar. Keeping in view the importance of media recipe
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and response of genotype on callus induction, this study
was proposed to evaluate the varietal response of
tobacco cultivars (K-399 and SPTG-172) to callus
regeneration. tobacco, high
concentration of auxin-(1-naphthalene acetic acid) and

induction  and In
low concentration of cytokinin (6-benzylaminopurine) was
found better for callogenesis mn both cultivars and was in
contrast to Ekrum (2001) reported a high concentration
of 6-benzylaminopurine (1.0 mg L7 and low
concentration of 1-Naphthalene acetic acid (0.1 mg L™")
for callus induction in tobacco. Colak ef al. (1998) used
1 mg L.~" Indole-3-acetic acid and 2 mg 1.~ Kinetin for
mducing callus m the anther cultures of Nicotiana
rustica L. It might be mainly due to the use of different
cultivars and different explants for callus induction in the
present study. The differences in the response of tobacco
cultivars to different hormonal concentrations were noted
i term of percentage calli formed, mean size and mean
welght of calli. The statistical analysis showed that most
suitable concentration for SPTG-172 was 2.0mg L™ NAA
+ 0.2 mg L.™' BAP confirming the results of Fajkus ef al.
(1998) and Fojtova et af. (2003). The tobacco cultivar K-
399 showed best response to hormonal concentration
3.0mg L' NAA + 02 mg L™ BAP and was different
from the result Fajkus et al. (1998) mainly due to varietal
difference. The percent calli produced, mean size and
mean weight of calli was greater n SPTG-172 at
20 mg L7'"NAA + 02 mg L™ BAP then K-399 at
3.0mg L7 NAA + 0.2 mg 17" BAP. The best response to
different hormonal concentration was probably due to
any little differences in the genetic background of tobacco
cultivars used in this investigation. The shoots appeared
n both cultivars on modified MS media contamning a low
concentration of 1-naphthalene acetic acid and high
concentration of 6-benzylaminopurine and confirmed the
result of Skoog and Miller (1957) demonstrated that a low
ratio of auxin: Cytokinin stimulated the formation of
shoots m tobacco callus. The results obtained were
different from Dhaliwal ef al. (2004) reported that Shoot
Formation (SF) medium required only exogenous
cytokinin (N°-benzyladenine) for N. fabacum 1.. Shoot
regeneration was markedly affected by the genotype of
explant in that different cultivars of a given species show
quite different frequencies of shoot regeneration. The
average shoot induction frequency in K-399 was greater
then the shoot mduction frequency of SPTG-172 where as
the percentage of calli regenerated mn K-399 was lower
then SPTG-172. The hormonal concentration at which
SPTG-172 produced maximum mumber of shoots was
2.0 mg L™ BAP + 0.2 mg L™ NAA which correlate the
findings of Fajkus ef al. (1998). The cultivar K-399 showed
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maximum number of shoot at hormonal concentration of
1.0 mg ™" BAP + 0.2 mg L™ ' NAA and this was in
accordance to the result of Georgieva et al (1996)
reported that nutritional MS medium containing high
cytokinin (1.0 mg L.™' BAP) and low auxin (0.1 mg L™
NAA) is a well-established one for regeneration of
tobacco tissue. The difference in regeneration ability of
tobacco cultivars might be due to hormonal concentration
i medium, endogenous hormones content of explants
and differences in the genotype of both cultivars used in
this study. The results also showed that there was a
minute increase m the shoots formmg ability of both
cultivars during the 3rd and 4th week and most of the
shooting occurred in 1-2 weeks of culture. This was
similar to Thorpe and Murashige (1970) who reported that
the earliest histological events leading to shoot formation
in tobacco callus occur between the 6th and 14th days of
culture. This was in accordance to earlier research of
Skoog and Miller (1957). The shoots regenerated from
callus were transferred to roots mduction media. In both
cultivars rooting occurred well on hormones free media
with in 1-2 weeks mrespectively of varietal difference. The
same result was obtained by Puchooa et al (1999)
reported that roots formation occurred just after shoot
regeneration and exogenous growth regulators are not
required. The rooting in regenerated shoots on hormones
free media was also reported by Fojtova et al. (2003). Tt
can be concluded from present study that cultivar
SPTG-172 showed maximum callus inductionat 0.2 mg .7
benzyl aminopurine and 2.0 mg L.~' naphthalene acetic
acid while the most favorable combination of growth
regulators at which K-399 cultivar showed an excellent
callus induction was 3.0 mg L.~ naphthalene acetic acid
and 0.2 mg L7' benzyl aminopurine. No shoots
regeneration was observed in both cultivars on MS media
containing 0.2 mg L™ NAA + 0.0 mg L™' BAP. The
growth regulators combination (2.0 mg L7 BAP+
0.2 mg L.7" NAA) was found most favorable in term of
percentage calli regenerated and number of shoots per
callus for SPTG-172 and the calli of cultivar K-399 showed
best response to the growth regulators combination
(MS + 1.0 mg L™ BAP + 0.2 mg L.7' NAA) however, the
percentage of calli regenerated were lower then SPTG-172.
The roots developing ability of SPTG-172 and K-399 was
similar on hormones {ree MS media.
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