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Abstract
Background and Objective: Tomato (Lycopersicon esculentum  L.) is one of the most extensively consumed crops. Optimizing the
conditions of its  in   vitro   regeneration  besides extending the technology to a wider range of cultivars will enhance transformation
results. The current study aimed at evaluating the effect of genotype and growth regulators in both of pre-culture and regeneration media
on direct shoot regeneration from cotyledonary explants. Attention is particularly given to study of the interaction between the genotype,
growth regulators and media type.  Materials  and  Methods:  Cotyledonary  leaf  explants  from  five  tomato  genotypes (National Gene
Bank’s accession numbers, E1: 13139,  E2: 13163, E3: 13145, F4: 12676 and E5: 12702)  were  cultured  on   two   different   pre-culture
media   (PCM)  for  2 days  and  then  sub-cultured  on  three  different  shoot  induction media (SIM) consisting of Murashig and Skoog
(MS)  media  supplemented  with  various  combinations  of  growth regulators. Results: SIM3 (MS medium supplemented with 1.0 mg
LG1 6-benzylaminopurine and 1.0  mg LG1  zeatin) was the most effective  in scoring  high  regeneration  frequency  and  shoot  number 
as  well  as the highest shoot length. Although PCM1 (0.5 mg LG1 indol-3-acetic acid and 0.5 mg LG1 kinetin) was less effective in direct
regeneration from most of the investigated tomato genotypes, it worked effectively with E3 by exhibiting the highest shoot number
(13±0.08) directly regenerated/explant, high shoot length (0.87±0.23 cm) and high regeneration frequency (86%) after transferring to
SIM3. The genotype F4 came after E3 by exhibiting high shoot number and length as well as the highest regeneration frequency, in
addition to scoring neither callus nor adventitious roots, while E1, E2 and E5 were superior in callus induction and adventitious roots.
Conclusion: The differential response of the investigated genotypes to the types and combinations of growth regulators depends on the
endogenous levels of hormones in the tested tomato genotypes.
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INTRODUCTION

Tomato (Lycopersicon esculentum  L.) is one of the most
popular and extensively consumed crops. Tomato is rich in
vitamins A and B and the richest source of the anti-oxidant
lycopene, the compound that has a protecting effect from
many oxidants causing cancer1. Tomato is a short duration
vegetable crop that grows under different climates, tropical,
sub-tropical and temperate areas2.  Egypt  occupies  fifth rank
all  over  the  world  in  production  of tomato after China,
India, USA  and  Turkey3.  Being  an  economically important
plant, tomato was a target for many genetic engineering trials
for production of cultivars resistant to biotic and abiotic
stresses4,5. Hence, improving the efficiency of regeneration,
besides extending the technology to a wider range of
commercial cultivars will have a positive impact on
transformation  results6.

Optimizing the conditions for better in vitro tomato
regeneration is still an empirical process7. The frequency of
tomato   regeneration   has   been  reported  to be controlled
by some  factors  such  as  genotype,  nutrient media,
concentrations and combinations of growth regulators,
explant type, light and temperature. Numerous studies on
tomato plant regeneration from different tissues and organs
have been conducted, including cotyledons, hypocotyl, apical
meristem and leaves8,9. However, most researches referred to
the superiority of cotyledonary explant in tomato regeneration
and  Agrobacterium   mediated  transformation  over any
other explant4,5,10,11. In  addition, many reports confirmed that
pre-culturing of explants prior to transformation gave better
regeneration response12-14.

In vitro regeneration as a prerequisite for plant
transformation,  it  is  more  desirable   to regenerate
transgenic plants by direct rather than  indirect 
organogenesis.  This  not  only  saves  time  but  also 
eliminates undesirable  somaclonal  variations   associated 
with  long callus culture period15. Various hormonal
combinations are used to induce adventitious shoots. The
most widely used cytokinins for direct multiple shoot
regeneration from tomato cotyledon explants  are   zeatin,
thidiazorun   (TDZ),   kinetin   (Kn)  and 6-benzylaminopurine 
(BAP)6,16-18.  The  concentration  of growth regulators employed
is dependent on the cultivar being cultured and the particular
cytokinin or auxin being employed8. Mamidala and Nanna9

reported that among the factors affecting on tomato
regeneration, genotype was the most limiting one and due to
the specific plant growth regulator requirements for each
genotype, it is necessary to deal with each genotype
individually8.

The current study aims at evaluating the effect of
genotype and growth regulators in both of pre-culture and
regeneration media on direct shoot regeneration from
cotyledon explants of different tomato genotypes. Attention
is particularly given to study of the interaction between the
genotype, growth regulators and media type in order to
choose the best genotype to be directly regenerated on the
appropriate medium.

MATERIALS AND METHODS

The  present  study  was  carried  out  in Laboratory of
Plant Tissue Culture and Molecular Biology, Botany and
Microbiology Department, Faculty of Science, Beni-Suef
University,   Beni-Suef,    Egypt.    In    the    period   from
January, 2016-October, 2016.

Plant materials: Seeds of five tomato (Lycopersicon
esculentum L.)  genotypes  were  provided  by  National
GeneBank (NGB), Agriculture Research Center (ARC), Giza,
Egypt. The genotypes included four Egyptian accessions and
one from France and have been identified in this study by
their accession  number  in  the genebank but also coded as
E1, E2, E3, F4 and E5 (Table 1). All the chemicals, culture media
and growth regulators were purchased from Duchefa
Biochemie bv, Haarlem, the Netherlands, unless stated
otherwise.

In  vitro    seed    germination:    Mature    seeds    were
surface-sterilized using 70% (v/v) ethanol (purchased from
Sigma-Aldrich, CAS No. 64-17-5 ) for 30 sec, followed by 10%
(v/v) commercial bleach (Clorox with 5% NaOCl) for 15 min.
After decanting the bleach, seeds were rinsed at least three
times in sterile distilled water and germinated on half strength
Murashige and Skoog19 (MS)   medium   supplemented  with
30 g LG1 sucrose. The medium was adjusted to pH 5.8 and
solidified with 8 g  LG1 agar prior to autoclaving at 121EC and
15  psi  for  20  min.  The  cultured  seeds  were   incubated  at 

Table 1: Accession number, source and collection date of the five tomato
genotypes used in the current study

 Number of Source of Collection
Codes accession accessions date
E1 13139 El Faiyum-Egypt 2005
E2 13163 El Gharbia-Egypt 2005
E3 13145 El Gharbia-Egypt 2005
F4 12676 France 2005
E5 12702 (Ty 3059 Hy) Egypt 2005
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Fig. 1(a-f): Tomato  direct  regeneration,   (a)  Cotyledonary  explants  of  E3  genotype  cultured  on pre-culture medium PCM1,
(b) Direct shoot induction from cotyledonary explants on shoot induction medium SIM3, (c) Induction of roots from
regenerated shoots on MS supplemented with 1 mg LG1 IAA, (d) Rooted shoot, (e) In vitro regenerated plantlet
transferred to peat moss soil during acclimatization and (f) Regenerated plant transferred to larger plastic pot in green
house after survival. Scale bar length is 1 cm

25±2EC for 3 days in dark until germination and then
transferred to 16 h light/8 h dark photoperiod.

Direct  shoot  regeneration:   Cotyledonary   leaf  explants
(Fig. 1a) were excised from 12-14 days old seedling and
cultured on two different pre-culture media (PCM1 and PCM2).
The media contained MS medium supplemented with 30 g LG1

sucrose, 8 g LG1 agar and different combinations of IAA, Kn and
BAP (Table 2). Cultures were incubated in dark at 25±2EC.
After 2 days explants were transferred to three shoot
induction media (SIM1, SIM2 and SIM3) containing MS
medium supplemented with 30 g LG1sucrose, various
combinations   of   IAA,   Kn,   BAP,  TDZ,  zeatin  (Table 2) and
7 g LG1 agar. Cultures were incubated at 25±2EC under a 16 h
light/8 h dark photoperiod. Explants  with regenerated shoots
(Fig. 1b) were sub-cultured once after 3 weeks.

Root induction and acclimatization: Regenerated shoots
with 2 cm long were excised and transferred to root induction
medium  (RM).  Four  different  RM  containing hormone-free
½ MS, hormone-free MS  and  MS  medium supplemented
with 0.25 mg LG1 indole-3-butyric acid (IBA) or 1 mg LG1 IAA.
The media also contained  30  g  LG1 sucrose and solidified
with 8 g LG1 agar. Cultures were incubated as mentioned
above.  After   rooting,   rooted  plantlets were removed from

Table 2: Tomato shoots regeneration media with various combinations of
growth regulators

Growth regulators (mg LG1)
---------------------------------------------------------------------------------------

Media IAA Kn BAP Zeatin TDZ
PCM1 0.5 0.5 - - -
PCM2 0.2 - 0.5 - -
SIM1 0.2 2 - - -
SIM2 - - 1 - 1
SIM3 - - 1 1 -

jars  and  the  number  and  length  of  roots were recorded
(Fig. 1c and d). Roots of the plantlets were washed gently
under running tap water to remove agar and then treated
with solution (1 mg LG1) metalaxyl fungicide (The National
Company for Agrochemicals Production, Egypt) and planted
in disposable plastic pots containing peat moss soil. Pots with
cultured plants were covered with transparent plastic bags
allowing light transmission and irrigated with ½ MS basal salts
and kept in growth chamber for two weeks. During this period
the plants were gradually acclimatized by decreasing the
percentage of humidity gradually. After two weeks, the plants
were transferred to green house (Fig. 1e and f) and the
percentage of survival was recorded.

Statistical analysis: Experiments were repeated twice and
data  were  analyzed  using  SPSS  Software  (V16) program for
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Fig. 2(a-c): Effect of (a) Pre-culture media, (b) Shoot induction media and (c) Tomato genotypes on mean percentage of
regeneration (RF), callus induction (CI) and adventitious root (AR).Values are Mean±SE, Values with the same letter
are not significantly different at p<0.05

Windows (SPSS Inc. Headquarters, 2335 Wacker Drive,
Chicago, IL 60606, USA). One-way analysis of variance
(ANOVA) was applied and the significant differences among
values were analyzed with Duncan’s new multiple range tests
at 5% level of significance. To illustrate how the differences
across  and  within the genotypes, pre-culture media and
shoot induction media return to the interaction among the
above mentioned factors, three-way ANOVA analysis was
conducted.  Data  presented  in  the  study  were  means of five
replicates (n = 5) ±SE.

RESULTS

Direct shoot regeneration: The effects of pre-culture media,
shoot induction media and tomato genotypes on mean
percentages of regeneration (RF), callus induction (CI) and
adventitious root formation (AR) are illustrated in Fig. 2. Means

comparison showed that pre-culture medium (PCM1)
supplemented with 0.5 mg LG1 IAA and 0.5 mg LG1 Kn
exhibited high mean percentage of callus induction and
adventitious  roots,  whereas  all explants pre-cultured on
PCM2 that supplemented with 0.2 mg LG1 IAA and 0.5 mg LG1

BA (Fig. 2a) did not record any induction of adventitious root
and only recorded a negligible percentage of callus induction.
On the other hand, there was no significant difference
between PCM1 and PCM2 concerning their effect on mean
regeneration frequency.   It   seems  that  both  SIM2  and 
SIM3  (Fig. 2b) non-significantly varied in scoring the highest
mean regeneration frequency, while SIM1 significantly scored
the lowest one. The differences in the induction of callus and
adventitious roots were non-significant in response to the
various investigated shoot induction media (SIM1, SIM2 and
SIM3). All the investigated genotypes varied non-significantly
in their regeneration frequency  on  the various tested media.
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Fig. 3(a-c): Effect of (a) Pre-culture media, (b) Shoot induction media and  (c) Tomato genotypes on mean shoot number/explant
(SN) and shoot length (SL). Values are Mean±SE, Values with the same letter are not significantly different at p<0.05

Nevertheless, E3 was the best in achieving neither callus
induction nor adventitious roots, followed by E2 and F4 for
showing only one of them. In contrast, E1 and E5 were
superior in exhibiting both criteria.
The effect of two pre-culture media, three shoot induction

media  and  tomato  genotypes    on    mean  shoot
number/explant (SN) and shoot length (SL) are illustrated in
Fig. 3a, b and c, respectively. It seems that culturing tomato
cotyledon explants on two different pre-culture media
showed no significant difference in mean shoot
number/explant and shoot length (Fig. 3a). On the contrary,
the variation in composition of shoot induction media
significantly affected mean shoot number as well as shoot
length (Fig. 3b). Over the evaluated shoot induction media,
SIM2 induced the highest number of shoots, although it
induced the lowest shoot length. Interestingly, SIM3 not only
exhibited a number of shoots that was non-significantly

different from that of SIM2 but also displayed the highest
shoot length compared with the other shoot induction media
(SIM1 and SIM2). Showing the least effectiveness, SIM1
induced the lowest number of shoots/explant. Among the
assessed genotypes, E3 revealed the best quality being the
one that  exhibited  the  highest  shoot number (although
non-significant to E1, 2 and F4) while E5 induced the lowest
one. At the same time, no significant variation was recorded
among the shoot length of the five genotypes (Fig. 3c).
The detailed results on the effects of different pre-culture

media, shoot induction media and tomato genotypes on
shoot number/explant, shoot length, percentage of
regeneration, callus induction and adventitious roots are given
in Table 3. It is clear that the response of explants that excised
from different five genotypes varied across and within the
various hormonal combinations of the pre-culture and shoot
induction  media.  The genotype E3 scored the highest shoot
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Table 3: Effect of genotypes, pre-culture media (PCM) and shoot induction media (SIM) on tomato regeneration
Genotypes PCM SIM SN SL (cm) RF (%) CI (%) AR (%)
E1 1 1 0.0±0.00 0.00±0.00 0 0 75

2 11.7±1.40c 0.50±0.00ab 100 40 0
3 5.0±1.40b 0.80±0.12b 83 50 0

2 1 3.2±1.50ab 0.80±0.37b 60 33 0
2 11.6±2.10c 0.45±0.14ab 78 10 0
3 3.6±1.02ab 0.60±0.10ab 100 0 0

E2 1 1 5.7±0.74bc 1.03±0.22ab 100 0 44
2 5.5±0.76bc 0.29±0.04a 100 0 16
3 13.0±1.30d 0.71±0.10ab 91 0 60

2 1 1.2±0.83a 0.14±0.09a 44 0 0
2 7.6±1.30c 0.33±0.05a 100 0 0
3 3.4±0.67ab 1.55±0.88b 100 0 0

E3 1 1 8.5±0.50a 0.75±0.25ab 40 0 0
2 10.7±2.50a 0.43±0.06a 100 0 0
3 13.0±0.08a 0.87±0.23ab 86 0 0

2 1 11.5±3.50a 1.25±0.25b 75 0 0
2 6.7±1.80a 0.31±0.06a 80 0 0
3 7.7±0.85a 0.62±0.12a 100 0 0

F4 1 1 0.0±0.00 0.00±0.00 0 62 0
2 5.7±1.18b 0.39±0.05bc 100 0 0
3 4.6±0.33b 0.66±0.16c 100 0 0

2 1 3.2±0.48b 1.00±0.15d 80 30 0
2 8.6±1.16c 0.35±0.06b 100 0 0
3 9.0±0.95c 1.00±0.10d 100 0 0

E5 1 1 2.0±0.43a 0.71±0.17b 86 88 11
2 2.9±0.82ab 0.25±0.05a 82 54 0
3 2.6±0.60ab 0.55±0.16ab 80 40 13

2 1 1.5±0.67ab 0.45±0.181b 71 0 0
2 9.4±2.10c 0.32±0.04ab 100 14 0
3 5.4±0.83b 0.65±0.08ab 100 0 0

For each genotype, a single factor analysis of variance was performed between the different pre-culture and shoot induction media. Values followed by the same letter
are not significantly different at p<0.05. Values are Mean±SE. Shoot number/explant (SN), shoot length (SL), regeneration frequency (RF), callus induction (CI) and
adventitious roots (AR)

number (13±0.87 shoots/explant) as well as high shoot
length and regeneration frequency (0.87±0.23 cm and 86%,
respectively), when pre-cultured on PCM1 and then
transferred to SIM3 (Table 3, Fig. 1a, b). It also induced high
shoot number and shoot length (11.5±3.5 shoots and
1.25±0.25 cm, respectively) and low regeneration frequency
(75%), when cultured on PCM2/SIM1 media. Although E2
exhibited the same number of shoots in addition to high
regeneration frequency in response to PCM1 followed by
SIM3, it showed a high percentage of adventitious roots. A
high number of shoot/explant (11.7±1.4) was recorded in
explants of E1 pre-cultured on PCM1 and then transferred to
SIM2, however a remarkable percentage (40%) of callus was
induced on the same media. The genotypes E1 and E5
significantly  revealed  high  numbers  of   shoots/explant
when pre-cultured on PCM2  and  then  transferred to SIM2
but the average shoot length (0.45±0.14 and 0.32±0.04 cm,
respectively) was low. It is noticeable that mixing between
PCM1  and  SIM1  in  the  regeneration protocol resulted in
very   high   percentage   of   callus   induction  (88  and 62% in
E5  and    F4,    respectively)  or  adventitious  roots  (75% in E1),

besides the least effectiveness in shoot induction/explant.
Interestingly, the genotype F4 not only scored a significant
high number of shoots (9±0.95) for explant but also showed
the highest regeneration frequency (100%) and neither callus
nor adventitious roots were induced from the explants that
cultured on PCM2 and then transferred to SIM3 for direct
shoot induction. Three-way ANOVA (Table 4) showed that the
interaction effect of genotype, pre-culture media combination
and shoot induction media combination was highly significant
(p<0.001) with respect to shoot number/explant and shoot
length. 

Rooting and acclimatization: Four root induction media
consisting  of  two  hormone-free  media  (½ MS or MS) and
two MS media  supplemented  with  IAA  (1  mg LG1) or IBA
(0.25 mg LG1) have been tested. The rooted shoots were
hardened and acclimatized gradually and plantlets survival
was  recorded  after  transferring  to  ex  vitro  conditions 
(Table 5, Fig. 1c, d, e and f). Above all the media, MS
supplemented with IAA  (1 mg LG1) was the most effective one
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Table 4: Interaction effect of genotype, pre-culture and shoot induction media on average shoot number and shoot length
Shoot number Shoot length
--------------------------------------------------------- -------------------------------------------------

Sources df F df F
PCM 1 0.15NS 1 2.40NS

SIM 2 27.01*** 2 11.22***
Genotype 4 13.46*** 4 1.20NS

SIM*PCM 2 4.89** 2 0.89NS

Genotype*PCM 4 10.71*** 4 1.29NS

Genotype*SIM 8 5.63*** 8 1.32NS

Genotype*SIM*PCM 8 4.11*** 8 4.25***
PCM: Pre-culture medium, SIM: Shoot induction medium, NS: Non-significant, significant at **p<0.01 and***p<0.001

Table 5: Effect of various rooting media on root induction and development and plant survival
Media IAA (mg LG1) IBA (mg LG1) Rooting (%) Root length (cm) Root number Survival (%)
½ MS - - 55.5 7.6±0.61ab 4.8±0.69a 60.0
MS - - 57.1 6.8±0.48a 5.8±0.58a 77.7
MS 1 - 81.1 8.5±0.63ab 6.6±0.77a 81.9
MS - 0.25 72.2 9.1±0.59b 5.0±0.53a 80.7
Values followed by the same letter are not significantly different at p<0.05. Values are Mean±SE

by  exhibiting  the  highest  percentage  of rooting (81.1%),
root number  (6.6) and percentage of surviving (81.9%). Media
supplemented with IBA (0.25 mg LG1) came after that of IAA
and recorded high percentage of rooting (72.2%) and
surviving (80.7%) as well as the highest root length (9.1 cm).
The two hormone-free media (½ MS or MS) showed less
effectiveness in rooting and survival of the regenerated
tomato. 

DISCUSSION

Direct regeneration of tomato has been reported to vary
with concentrations and combinations of hormones, light
incubation, genotype and explants used8.  In this study
comparison of the mean data illustrated that there was no
significant variation between the different combinations of
pre-culture media (PCM1 and PCM2) concerning regeneration
efficiency  expressed as regeneration frequency, shoot
number and shoot length. However, a significant variation in
the ability of the two media to induce callus and adventitious
roots  from  cotyledonary explants was recorded, since the
pre-culture medium that supplemented with 0.5 mg LG1 IAA
and 0.5 mg LG1 Kn (PCM1) was superior when compared with
PCM2 that supplemented with 0.2 mg LG1 IAA and 0.5 mg LG1

BAP in induction of callus and adventitious roots, which means
negative impact on direct regeneration. The difference in this
ability may be due to the difference in the concentration of
auxin (IAA) or the type of cytokinin (Kn or BAP) added to the
media. Yasmeen14 has found that pre-culturing tomato
explants on 1mg LG1 BAP and 0.1 mg LG1 NAA enhanced
regeneration  as  well  as  transformation  compared  with
plain MS. Ahsan  et  al.20,  found   no   significant   difference  in

regeneration frequency between pre-culturing tomato
cotyledons on 4 mg LG1 IAA+4 mg LG1 Kn and on 0.1 mg LG1

NAA+1 mg LG1 BAP. However, they observed a statistical
significant difference between the pre-cultured and fresh
perforated cotyledonary explants as the fresh ones exhibited
more regeneration frequency. The data also confirmed that
the composition of pre-culture medium has a great influence
on the regeneration pathway (direct or indirect) and
organogenesis rather than the efficiency expressed as shoot
number, shoot length and regeneration frequency in tomato. 
The three SIM non-significantly differed in their influence

on callus induction and adventitious roots. Among the tested
media, SIM1 significantly showed the least efficiency of
regeneration expressed as regeneration frequency and shoot
number/explant indicating that the concentrations or the
types of hormones (IAA and Kn) in this medium were not
suitable for tomato direct regeneration. Similarly, Kn was
found to be an inferior hormone for tomato regeneration
compared with other cytokinins21. Although, SIM2 and SIM3
non-significantly differed in scoring high regeneration
frequency and high shoot number, the shoots produced by
the SIM2 were too short. These results revealed that SIM3 is
the most effective medium for direct regeneration from
cotyledonary  leaf  explant  of  most of the investigated
tomato genotypes.  Since  both   media   contained   the  same
concentration of BAP (1.0  mg LG1), it seems that the difference
in synergism between BAP and TDZ or zeatin is the reason of
variation in regeneration efficiency. It was suggested that TDZ
showed better response when combined with BAP22.
However,  the  present  study  showed  that supplementing
the shoot induction media with TDZ resulted in shorter
regenerated   shoots   which   in   turn   leads   to  unsuccessful
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rooting and acclimatization, while using the same
concentration of zeatin combined with BAP resulted in high
regeneration frequency and shoot number as well as the
highest shoot length leading to more successful rooting.
These results agree with those reported by Ichimura and
Oda23, who concluded that zeatin is the most efficient
phytohormone for in vitro  regeneration of tomato. It was also
found that zeatin and BAP were superior to Kn for shoot
formation from tomato leaf explants24. The three-way ANOVA
analysis revealed that the factor that significantly (p<0.001)
affected shoot length was the hormonal combination of shoot
induction medium. 
In addition to the pre-culture media, the genetic factor

also crucially controlled the frequency of callus and
adventitious roots as well as the number of shoots
regenerated per explant.  It was previously reported that callus
induction is strongly genotype-dependent25. The genotypes
E1,  E2   and   E5   induced   callus   and/or  adventitious roots
on most  of  the  investigated  media  combinations. This
response was controlled by the interaction between the
hormonal combination and the genotype. In another words,
pre-culturing the genotype E1 on both PCM1 and PCM2
exhibited high ratio of adventitious roots and callus induction
on all the investigated SIMs (Table 3). At the same time, E2
genotype markedly showed adventitious roots on all the
tested SIMs, after pre-culturing on PCM1. A similar situation
has been shown with E5. In contrast, E3 never induced any of
those criteria when pre-cultured on PCM1. This obviously
points out to the integration of the physiological mechanisms
that are controlled by hormonal combination and the
genotype. Means comparison showed that E3 significantly
scored the highest  number  of  shoots,  whereas  E5 scored
the lowest one. Although,  PCM1  was  shown  to be  less
effective in direct  regeneration  from  tomato explant, it
worked effectively with E3 by inducing the highest shoot
number directly regenerated/explant, high shoot length and
high regeneration frequency after transferring to SIM3
indicating the appropriation of pre-culturing the explants of
this genotype  on  this  combination. Interaction between
genotype and PCM also significantly (p<0.001) affected shoot
number/explant. Nogueira et al.26, also reported that lower
concentrations of IAA with cytokinins enhanced the shoot
development in tomato. Differently from E3, F4 showed the
highest direct regeneration frequency and high shoot number
as well as shoot length on PCM2 and SIM3, while regenerated
less efficiently when pre-cultured on PCM1 or transferred to
SIM1. Moreover, the same genotype never regenerated when
pre-cultured on PCM1 and then transferred to SIM1 indicating
that  a  combination  of  IAA  and   Kn   is   not   appropriate  for

regeneration of this genotype. It also indicates that the
differential response of the investigated genotypes to the
various types and combinations of growth regulators is
depending on the endogenous levels of hormones.
El-Bakry6  found that both genotypes and growth

regulator levels showed significant differences but their
interaction  was  not significantly different. This is in contrast
to the  differential  response  of the evaluated genotypes in
our experiment  which  supports  the earlier results of Kurtz
and Lineberger27  that most genotypes of tomato uniquely
respond  to  plant  growth regulators  during  regeneration.
The MS   medium  containing    zeatin  (1   mg  LG1)  and  IAA
(0.5 mg LG1) was found best, producing the highest
percentage  of  regeneration  and  transformation14. Also,
Zeatin (0.5-2.0 mg) has been  recommended  to   be   used   for 
tomato  direct and indirect   regeneration    from cotyledonary
explant4,28. Plastira  et al.29, investigated the effect of various
concentrations (0.1-10 mg LG1) of BAP or zeatin on 
regeneration frequency from hypocotyl, cotyledon and leaf
explants of six cultivars. Most cultivars responded to the tested
concentrations. Regeneration frequency ranged from 95-100%
with  the mean number of shoots per explant ranging from
5.3-7.9.  Our  results  are  in   accordance   with   those  of
Kauser et al.30, who concluded that the synergetic effect of
cytokinins BAP and zeatin is more effective for direct
organogenesis from all of the tested tomato explants
(cotyledon, leaf and hypocotyls) as compared to the single
one.
Rooting of plantlets is a crucial step in establishment of a

regeneration system for any species. The regenerated shoots
induced roots on hormone-free MS basal medium coinciding 
 with   those of El-Bakry6. The tested two media (½ MS and full
strength  MS)  with  “Both ½ MS and full strength MS
hormone-free media” non-significantly differed in scoring
percentage of rooting and root number. Previous reports
stated that tomato usually does not require any plant growth
regulators for rooting10,31. However, these findings showed 
that transferring the regenerated shoots to MS media
supplemented with auxins (IAA or IBA) resulted in higher
percentage of rooting and survival confirming the  promoting 
effect  of exogenously supplemented auxins on root induction
in many tomato genotypes32,33. The regenerated shoots
favorably responded to IAA when compared to IBA, whereas
IAA exhibited higher percentage of rooting than IBA.

CONCLUSION

The shoot induction media supplemented with 1.0 mg LG1

BAP and 1.0 mg LG1 zeatin (SIM3) was the most effective one
in scoring high regeneration frequency and shoot number as

162



Biotechnology 16 (4-6): 155-164, 2017

well as the highest shoot length. Although PCM1 (0.5 mg LG1

IAA and 0.5 mg LG1 Kn) was shown to be less effective in direct
regeneration from most of the investigated tomato
genotypes, it worked effectively with E3 by exhibiting the
highest shoot number, high shoot length and high
regeneration frequency after transferring to SIM3. The
genotype F4 came after E3 by exhibiting high shoot number
and length as well as the highest regeneration frequency on
PCM2 and SIM3. The study signified the differential in vitro
direct regeneration of the investigated tomato genotypes on
various combination of growth regulators.

SIGNIFICANCE STATEMENTS

This  study confirms that various tomato genotypes
exhibit differential direct shoot regeneration on different
combinations of growth regulators. The study spots more light
on how the difference in pre-culture medium composition
controls the pathway of the tomato regeneration. It also
provides understanding of the integrated effect of genotype,
pre-culture medium and shoot induction medium on not only
the number of the regenerated shoots but their length as well.
These all will facilitate more initiating successful protocols for
tomato direct regeneration and further genetic
transformation.
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