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Effect of Genotype and Explant Type on Shoot Regeneration
in Tomato (Lycopersicon esculentum Mill.) in vitro
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Abstract: The regeneration capacity of six types of explants (segments from hypocotyl, cotyledons, epicotyl, leaf,

internodes and petiole) was compared in 13 cultivars of tomato (Lycopersicon esculentum Mill). Explants were

cultured on a regeneration medium containing 1 mg/l zeatin and 0.1 mg/l indole-3-acetic acid. The number of

shoot primordia and shoots with 1 or more fully developed leaves was evaluated after 6 weeks. The regeneration

capacity was significantly influenced by cultivars and explant types. The total number of shoot primordia pro-

duced in all types of explants was highest in the cultivars Hana and Premium and lowest in UC 82 and Money

Marker. Cv. Hana also produced the highest number of shoots. The most responsive explants in most cultivars

were hypocotyls and epicotyls with up to 100% regeneration and mean production of 6.3 and 6.5 shoot primordia

per explant, respectively.
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In tomato, genetic transformation with regenera-
tion in vitro has been successfully used for genetic
improvement (Linpsey 1992). Tolerance to herbi-
cides, resistance to pests and diseases, produc-
tion of edible vaccines or other novel bioproducts
and quality improvement are the most important
goals of genetic plant modification. Regeneration
of whole fertile plants from appropriate tissues in
vitro is important in genetic plant transformation.
Shoot formation from explants of apical meris-
tems, cotyledons, stems, petioles, leaves, anthers
and inflorescences has been reported in tomato
(Young et al. 1987; Branca et al. 1990; CompTON &
VEILLeEUXx 1991).

The most successful procedure up to date is
regeneration through adventitious organogen-
esis (VAN RoEekeL ef al. 1993; Frary & EArRLE 1996;
PErEs et al. 2001). In vitro plant regeneration has

been found to depend on many factors, of which
most important are: composition of the basic
medium, growth regulators, gelling agent, light
intensity and quality, photoperiod, temperature,
cultivation vessels and vessel covers (REep 1999).
The purpose of our work was to examine the effect
of cultivar and explant type on shoot regeneration
in vitro in tomato.

MATERIALS AND METHODS

We used 13 cultivars of tomato (Lycopersicon
esculentum Mill.). Seeds of the cultivars Moldy,
Istria, Orbit, Aneta, Dendr, Robura, Titan, Pre-
mium, Hana, Opal, Red Hunter and UC 82, were
provided by the Research Institute of Vegetables
at Nové Zamky (Slovak Republic). The cultivar
Money Maker was obtained from the Gene Bank
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of the Czech Republic at the Research Institute
of Crop Production, Prague-Ruzyné. The seeds
were surface-sterilised by immersion of seeds
into a 4% (v/v) solution of sodium hypochlorite
for 15 min and rinsed four times with in sterile
distilled water. The seeds were then germinated
in glass containers with 25 ml of a half-strength
medium of MurasHIGE and Skoog (1962) (abbrevi-
ated further as MS), 100 mg/1 myo-inositol, 2 mg/1
thiamine.HCl, 0.5 mg/l pyridoxine.HCI, 0.5 mg/1
nicotinic acid, 1% (w/v) sucrose and 0.6% (w/v)
agar. The cultures were initially kept for two days
in the dark at 27 + 1°C and then maintained under
a 16 h photoperiod at 50 pmol/m?*/s, with day/night
temperature of 25°C/20°C. From the seedlings,
grown in vitro, hypocotyl, cotyledon, epicotyl,
leaf, petiole and internode segments were cut.
Nodal explants and shoot tips of seedlings were
placed into bacteriological tubes with a modified
MS medium. In it the concentration of three salts
was changed to 380 mg/l KNO,, 330 mg/l NH,NO,
and 74 mg/l MgSO,.7H, O, as suggested by Frary
and EArLE (1996). The hypocotyls were cut into a
lower, middle and upper segment. Each cotyledon
was transversally cut into a proximal and a distal
half-segment. Segments of epicotyls, internodes,
and leaves were isolated from three weeks old
nodal explants regenerating on the modified
MS medium. Epicotyls, petioles and internodes
were transversally cut into 4-7 mm segments and
leaf-blades into pieces of 30-40 mm?. The explants

were placed horizontally on the medium surface,
cotyledon and leaf-blade explants with the adaxial
surface in contact with the medium. Regeneration
was induced by a MS medium supplemented with
1 mg/l zeatin (ZEA) and 0.1 mg/l indole-3-acetic
acid (IAA) (Icaimura & Opa 1995). The media
were adjusted to pH 5.8 prior to autoclaving.
Petri dishes with 25 ml of medium were used.
The regeneration ability of explants was assessed
six weeks later. The following parameters were
evaluated: frequency of regeneration (percents
of regenerating explants), the number of shoots
per explant and the number of shoot primordia
per explant.

The experiment was repeated two times with
20-40 explants per variant (depending on the ex-
plant type). Significance of differencies between
the results was estimated by Analysis of Variance
(ANOVA) with data transformed by In (x + 1). Va-
riation among means was analysed using Tukey’s
procedure.

RESULTS

In total, 1483 tomato explants were cultivated
on a MS medium supplemented with 1 mg/l ZEA
and 0.1 mg/l IAA. On the cutting edges developed
within two weeks yellow-green calli, on which shoot
primordia and later shoots appeared. The cultivars
and also the explant types differred significantly in
regeneration (Table 1). Hypocotyls and epicotyls

Table 1. Regeneration frequencies (%) in 13 cultivars of different tomato explants on MS medium (MURASHIGE &
Skooc 1962) supplemented with 1 mg/l zeatin and 0.1 mg/l indole-3-acetic acid

Percentage of regenerating explants

Cultivar
hypocotyl cotyledon epicotyl leaf petiole internode

Moldy 86 83 83 86 0 10
Istria 100 58 100 71 10 11
Orbit 100 67 100 25 0 20
Aneta 100 67 100 51 0 60
Denar 100 92 100 52 0 40
Robura 100 92 100 72 10 40
Titan 100 92 65 76 0 50
Red Hunter 100 100 83 30 10 10
Premium 100 100 100 100 0 80
Hana 100 75 100 90 60 20
Opal 100 92 100 58 0 10
ucC 82 100 67 65 66 10 40
Money Maker 100 92 59 3 5 25
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regenerated by 100% in nearly all cultivars. The of explants except from petioles. The cultivars
regeneration was frequent also in cotyledons and Hana and Robura showed also a good regenera-
leaf explants, while petioles showed no or poor tion capacity.

response. Among the cultivars Premium showed Statistically significant differences in the number
the highest regeneration frequency on all types of shoots and shoot primordia per explant were

Table 2. Regeneration of adventitious shoot primordia in different tomato explants and cultivars on MURASHIGE
and Skoog (1962) medium supplemented with growth regulators. The data were taken after 6 weeks of culture

Number of shoots primordia/planted explant + SE*

Cultivar/explant

hypocotyl cotyledon epicotyl leaf petiole internode mean
Moldy 4.56 +1.03 417 £0.77 3.83+1.70 5.57 +£0.92 0.0+0.0 01+0.1 3.04"
Istria 7.11£0.35 2.83+£0.83 9.46 £ 0.31 6.25+0.91 0.3+0.3 0.22£0.22 4.36"
Orbit 5.67 £0.75 4.17 £ 0.94 6.0£0.96 1.44+041 0.0+0.0 12+1.0 3.08%
Aneta 6.89 +0.11 3.42 + £0.86 85+1.0 3.62+0.51 0.0+0.0 4.8+1.50 4.54°%¢
Denar 6.89 +0.11 4.5+0.65 8.17 +1.05 2.04+0.57 0.0+0.0 0.7+0.40 3.72:%¢
Robura 6.89 £0.11 4.58 +0.68 8.4+0.87 5.03 £ 0.74 0.8+0.8 0.5+0.22 4.37°¢
Titan 5.78 £ 0.60 4.33 £0.58 2.0+0.46 5.31+0.56 0.0+0.0 1.4+0.50 3.14%
Red Hunter 6.22 +0.66 6.55+0.21 7.83 +1.64 1.86 + 0.45 04+04 02+0.2 3.84°e
Premium 6.33 +0.55 4.42+0.81 9.27+0.26 8.23+0.51 0.0+0.0 4.8+1.50 5.51¢
Hana 6.67 £0.24 4.08 £ 0.87 9.8+0.2 6.46 £ 0.68 6.0 £1.63 1.5+1.07 5.75¢
Opaél 6.11£0.35 4.5+0.48 50+1.51 3.91+0.72 0.0+0.0 0.1+0.1 3.27°
ucC 82 6.0+0.5 1.75+0.51 2.43+0.58 2.7+041 02+0.2 1.1£0.55 2.36°
Money Maker 6.96 +0.04 3.5+0.49 3.67£0.70 0.13+0.05 0.33+0.26 04+0.14 2.50%
Mean 6.31¢ 4.06° 6.50¢ 4.04° 0.62° 1.31°

*values followed by the same letters are not significantly different at o. = 0.05

Table 3. Adventitious shoot regeneration of tomato explants and cultivars cultured on MurasuIGe and Skooc
(1962) medium supplemented with growth regulators. The data were taken after 6 weeks of culture

Number of shoots/planted explant + SE*

Cultivar/explant

hypocotyl cotyledon epicotyl leaf petiole internode mean
Moldy 0.89+0.20 0.33£0.19 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.22
Istria 0.56 +0.24 0.17+0.11 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.12%
Orbit 0.0+0.0 0.08 £0.08 0.0+0.0 0.0+0.0 0.0+0.0 01+0.1 0.03*
Aneta 0.33+0.17 0.42+0.15 0.0+0.0 0.0+0.0 0.0+0.0 0.3+0.21 0.17°
Denar 0.22+0.15 0.5+0.19 0.0+0.0 0.0+0.0 0.0+0.0 0.0x0.0 0.122<
Robura 0.22+0.15 0.08+0.08 0101 1.36+0.16 0.0£0.0 0.0£0.0 0.29°
Titan 0.33+0.17 0.5+0.19 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.14%
Red Hunter 0.33+0.17 0.72+0.24 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.18%*
Premium 0.89+0.26 0.42+0.19 0.18 £0.08 0.09+0.05 0.0+0.0 0.0+0.0 0.26"
Hana 0.78 £0.22 1.0+0.30 1.6 +0.51 0.03 £0.03 0.6+0.27 0.1+0.1 0.68¢
Opaél 0.44+£0.18 0.08 £0.08 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.09®
ucC 82 0.0£0.0 0.58+0.29 0.0+0.0 0.0+0.0 0.0+0.0 0.2+0.13 0.13*
Money Maker 0.59+0.11 0.25+0.08 0.12+0.12 0.0+0.0 0.0+0.0 0.05+0.03 0.17%
Mean 0.43° 0.40° 0.15° 0.11° 0.05° 0.07°

*values followed by the same letters are not significantly different at o. = 0.05
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found between cultivars and also between explants
(Tables 2 and 3). Statistical cultivar x explant inter-
actions were also significant. The highest number
of shoots and shoot primordia was obtained in
the cultivar Hana (Tables 2 and 3). The cultivar
Premium showed a similar number of shoot pri-
mordia, but a significantly lower number of shoots
per explant.

The highest number of shoot primordia regener-
ated on hypocotyl and epicotyl explants (Table 2),
while the highest number of shoots formed on hy-
pocotyl and cotyledon explants (Table 3). The shoot
production on different explant types was variable.
Most cultivars produced shoots from cotyledon or
hypocotyl explants. A few cultivars regenerated
shoots also from explants of epicotyls (4 cultivars),
leaves (3), internodes (6) or petioles (1). The high-
est number of shoots per explant regenerated in
the cultivar Hana on epicotyl explants (1.6) and in
the cultivar Robura on leaf-blade explants (1.36).
The regeneration ability of cotyledon explants
ranged from 0.08 to 1.0 shoots per explant and of
hypocotyl explants from 0-0.89 shoots per explant
(Table 3).

DISCUSSION

In vitro culture is used in tomato in different
biotechnological applications, such as clonal
propagation, production of virus-free plants
(MocHAIEB et al. 1999), genetic transformation
(FrRARY & EARLE 1996; LinG et al. 1998) and in
many fundamental research programes (Hanus-
Fajerska 2000; ARrRILLAGA ef al. 2001). Most of
the reports about adventitious regeneration in
tomato deal with induction of regeneration in
hypocotyl or cotyledon explants (Asakura et al.
1995; IcaHiMURA & Opa 1995; MoGHATIEB et al. 1999).
To our knowledge, complex work on regeneration
ability of 6 various types of explants in different
tomato cultivars has not yet been described. In
our work we compared the regeneration ability
of 6 seedling-derived explant types in 13 tomato
cultivars.

Money Maker is reported as the most frequently
used cultivar for regeneration and transformation of
tomato (VaN RoEkEeL et al. 1993; FRarY & EARLE 1996;
Ling et al. 1998; BErTRAM & LErRCARI 2000; HANUS-
Fajerska 2000). Thus we decided to use it as a refer-
ence cultivar to compare the regeneration capacity
of 12 tomato cultivars of Slovak or Czech origin.
The best capacity of shoot primordia regeneration

12

was observed in the cultivars Hana, Premium and
Robura, while Money Maker showed one of the
lowest regeneration capacity. Only regeneration
from hypocotyls was similar to the regeneration
ability of the 3 cultivars mentioned above.

MogHAaIEB ef al. (1999) studied regeneration
of 3 tomato cultivars using hypocotyls and
cotyledons as explants. The highest regenera-
tion frequency in their experiment was 70.2%
for hypocotyls and 35.3% for cotyledons. Their
results were in agreement with results of others
(PurLirs & Corrings 1984; Avry et al. 1994). But in
our work the regeneration capacity of hypocotyls
was much higher, 100% in 12 out of 13 cultivars.
Nogcueira et al. (2001) observed high regeneration
frequency 92% and 85% on cotyledon explants of
the cultivars Santa Clara and its natural mutant
Firme, respectively, but the average number of
shoots regenerated per explant was lower than 2.
MogHAIEB et al. (1999) obtained about 7.2 shoots
per explant using 1 mg/l zeatin in the medium.
In our experiment, the cultivars Hana and Pre-
mium regenerated 11.4 and 9.45 shoots and shoot
primordia per epicotyl explant.

ARRILLAGA et al. (2001) reported in wild tomato
Lycopersicon cheesmanii regeneration of 5.8 and
6.0 shoots using leaf and cotyledon explants, re-
spectively, when zeatin was added to the culture
medium. IcaimurA and Opa (1995) used the same
medium as we did, but the aim of their study was
to study the effect of different agar concentrations
and different gelling agents on shoot regeneration
in cultivated tomato. They used only one cultivar
(Zuiken) and obtained 0-0.8 shoots per cotyledon
explant on agar media.

Cultivar, explant type and medium composition
are considered the three main factors affecting in
vitro plant regeneration in many plant species. In
this work, we observed statistically significant
differences in regeneration capacity between
genotypes and between explant types, expressed
as frequency of regeneration and average number
of shoot primordia and shoots per explant.

Concluding remarks. We were able to achieve
plant regeneration in 13 tomato cultivars using
6 different explant types. The regeneration capacity
of explants strongly depended on the cultivar and
explant type. The highest regeneration capacity
was observed in the cultivars Hana and Premium
and with hypocotyl explants. Among the explant
types cotyledon segments showed the highest shoot
regeneration ability.
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Gusis J., LajcHovA Z., FARAGO ]., JurREKOVA Z. (2003): Vliv genotypu a typu explantatu na regeneraci vyhont
rajcete jedlého (Lycopersicon esculentum Mill.) in vitro. Czech J. Genetic. Plant Breed., 39: 9-14.

Byla porovnavana regeneracni schopnost Sesti typti explantatti (hypokotyly, kli¢ni listy, epikotyly, listy, fapiky
a internodia) 13 odrid rajcete jedlého (Lycopersicon esculentum Mill.). Explantaty byly kultivovany na regenerac-
nim MURASHIGE a SkooG (1962) médiu s pfidavkem 1 mg/l zeatinu a 0,1 mg/l kyseliny indolyl-3-octové. Pocet
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zakladtt vyhonti a pocet vyhont s alespon jednim vyvinutym listem byly hodnocené po Sesti tydnech kultivace.
Regeneracni kapacita byla signifikantné zavisla na odrtidé a typu explantatu. Celkovy pocet zakladti vyhont pfi
vSech typech explantatii byl nejvyssi u odriidy Hana a Premium a nejnizsi u UC 82 a Money Maker. Odrtida Hana
tvofila také nejvyssi pocet vyhoni. Nejlépe odpovidajici explantaty u vétsiny odrid byly hypokotyly a epikotyly
s témér 100% frekvenci regenerace a priimérnou tvorbou zdkladit vyhonti 6,3 a 6,5 na explantat.

Klicova slova: in vitro kultura; organogeneze; Murashige-Skoog médium; kyselina indolyl-3-octova; zeatin
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