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ABSTRACT

A system for regeneration and Agrobacterium mediated transformation of
the common figFicus carica L. of the cultivar Sultani wes developed. Different
combinations of BA and NAA or 2,4-D end kinetin of callus formation from leaf
segment explants, and the best % formation of callus was found to be 2.0 mg/L 2,4-D
and 0.2 mg/L kinetin. Callus produced somatic embryogenesis which differentiated
to plantlets on media containing TDZ in combination with NAA or 2ip.The best
concentrations which  produce somatic embryogenesis and differentiated to
plantlets on media were containing30 mg/ 2ip and 7 mg/L TDZ with 0.25 mg/L NAA,
which gave the regeneration efficiencies 83 and 79 of respectively.The callus failed to
induce organogenesis on media containing BA and kinetin. The best concentrations
of growth regulators to produce shoots formation by direct somatic embryogenesis
with leaf explants were on media containing 2 mg/L TDZ and 4 mg/L 2ip, which gave
the regeneration efficiencies (89%).The hest results of shoots forming roots was
reached the highest value 85% by using MS medium supplemented with 1.0 mg/ L
IBA. Leal explants of in vitro propagated plants were co-cultivation with
Agrobacterium cell culture containing the binary plasmid plSV2678 which harbor
the gus-intron and bar genes, the results showed that the highest transformation
efficiency was obtained when explants incubated for 30 min. with bacterial
suspension {17.5%}). The transgenic nature of regenerated plants was confirmed by
histochemical GUS, leaf painting assay and PCR analysis.

Keywords: Fig (Ficus carnca); Transformation; Callus; Regeneration; GUS; bar,
Agrobacterium tumefaciens

INTRODUCTION

Fig trees are one of the earliest fruit-bearing trees cultivated. Ficus
carica (Moraceae), the well-known fig of commerce, is indigenous to wide
areas including, Turkey, England, China, India, Hungary, Australia and

-several countries in the Mediterranean region (Kdden,1996). Fig fruit is well

known for its nutritive value, and is consumed fresh or dry worldwide. Fig
fruits are also known for their mild iaxative activity and high alkalinity, and
substances derived from them are used in various drug preparations. QOther
parts of fig trees have also been shown to have a commercial value {Kirtikar
and Basu, 1986).Figs are woody plants with highly varied forms: bushes,
shrubs, small trees, and very tall and large trees. Roots are very extended,
and leaves are usually simple, alternate, entire, or lobate. The plants are
usually monoecious, seldom dioecious, with unisexual,-smali flowers without
petals and nectarines, gathered in inflorescences in a closed receptacle. After
fertilization, the ovary develops into a small achene, while the whole
inflorescence becomes a false-fruits called the syconium (Bajaj, 1991).The
application of genetic engineering techniques to stably incorporate
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homologous and/or heterologous genetic material into woody species,
including fruit trees, offers the potential of obtaining improved planting stocks
for agricultural use in a short period of time compared to traditional breeding
techniques. In addition, efficient transformation methods can be used for the
production of heterologous polypeptides having nautritional andfor
pharmaceutical value. The overall efficiency of techniques for genetically
modifying plants depends upon the efficiency of the transformation
technique(s) used to stably incorporate the desired genetic matenal into plant
cells or tissues, and the regeneration technique(s) used to produce viable
plants from transformed cells. Plant formation from callus could be difficult in
certain plant species. Studies on differentiation and growth of Ficus spp. have
heen carried out by some workers using Ficus benjamina, Ficus lurate, and
ficus nifida (Ibrahim, and Nasr EL-Din, 1990; Arafa, et al., 1993). Within ficus
sp. adventitious shoot regeneration has been reported only for F. lyrata from
young leaves isolated from plants maintained under greenhouse conditions
(Debergh, 1977). In vitro studies using F.carica were restricted to the
development of protocols for micropropagation and production of fig mosaic
virus-free plants by single shoot tip culture (Muriithi ef al., 1982; Pontikis and
Melas, 1986; Demiralay ef al., 1998; Ginver and Ertan, 1998; Gella ef al.,
1998) as well as 1o biochemical assessment of active compounds in fig calli
grown in vitro (Nassar and Newbury, 1987; Cormier et al., 1989).Within the
genus Ficus, several reports described regeneration and organogenesis from
calli and other explants. F. religiosa plants were regenerated from calli of
stemn segments (Jaiswal and Narayan, 1985) and from axillary buds of mature
trees (Deshpande et al, 1998).Regeneration of F. carica plants from the
apical buds of a mature tree was also reported by (Kumar ef al., 1998).
However, in all mentioned in vifro studies, plant regeneration has been
restricted to the use of single shoot tips and apical buds. Recently, (Yakushiji
et al., 2003) reported a method for the induction of organogenesis from leaf
explants of F. carica using phloroglucinol (PG). However, by this method the
frequency of adventitious bud differentiation from leaf fragments was
relatively low, and no adventitious buds were observed without PG.

The overall objective of the current research was to develop an optimized
protocol for in vitro regeneration of fig that aliows for successful application of
Agrobacterium-mediated transformiation in fig (F. carica) commercial cultivar
Sultani Egypt (fresh consumption).

MATERIAL AND METHODS

1. Material:
1.1.Explant source:

Shoot tip explants were collected from 7 to 8 years-oid mature
infected trees of Ficus carica L cv. Sultani in Marsa Matrouh and Siwa Oasis
of the Northern West Coast. Explants were washed under running tap water
for 3 hours.
1.2.Bacterial strain and plasmid vector:

The plasmid plSV2678 (unpublished data) harboring gus—intron and
bar genes (kindly provided by Institut des Sciences Vegetales (ISV), Center
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National de la Recherche Scientifique (CNRS), Gif- Sur-Yvette, France) and
Agrobacterium tumefaciens strain LBA 4404 (Horsch ef al., 1985) were used
in establishing Fig transformation methods.

2, Methods

2.1.'Callus induction of Ficus carica L.

The leaves of F. carica were taken from in vitro plants produced from shoot
apexes cultured and cut into 0.5-1.0 cm segments and Explants were placed
on Murashige and Skoog (1962) salts and vitamins supplemented with 100
mg/L myo-inositol ,30 g/l. sucrose , 2.5 g/l phytagel and contained ((2-10
mg/L. BAP combined with 0-10 mg/L NAA ) ) ,and (1- 5 mg/L 2,4-D combined
with 0.0- 0.5 mg/L kinetin ) in the present 100 mg/l Ascorbic acid +150 mg/!
Citric acid.

2.2, Ficus carica regeneration:
2.2.1. Effect of growth reguiators on indirect somatic embryogenesis.
Regeneration experiments were carried out initially with F. carica cv.
Sultani. To examine the effect of culture media on callus differentiated to
plantlets, the basal media MS, containing different concentration of (0.0-10
mg/L) BAP combination with (0.0-10 mg/L) Kinetin, or (1.0-10 mg/l) TDZ
combination with {0.0-1.25 mg/L) NAA, or (0.0-10 mg/L) TDZ combination
with (0.0-30 mg/L) 2ip, or (0.0-5 mg/L) BAP combination with (0.0-5 mg/l)
2ip. Calli were continuously sub cultured on this medium every 3 weeks.

2.2.2, Effect growth regutators on direct somatic embryogenesis.

The leaves of Ficus carica were used as explants from in vitro
(Rooting stage) were taken leaves and preexisting buds were removed.
Explants were cut into two pieces longitudinally and cultured on MS media,
including different concentration of cytokinins; (0.0-10 mg/L) BAP in
combination with (0.0-10 mg/L) Kinetin, or (0.0-10) TDZ in combination with
(0.0-10 mg/L) 2ip, or (0.0-10 mg/L) TDZ in combination with (0.0-1.0 mg/L)
NAA in order to determine the best combined concentration of BAP and
Kinetin or TDZ and 2ip or TDZ and NAA on direct somatic embryogenesis,
The regeneration media contained MS basal sait mixture, supplemented wit
100 mg/L myo-inositol, vitamins, 2-4% sucrose (wi/v) and 0.3% phytagel at
pH 5.7, with 100 mg/L ascorbic acid and 150 mg/l citric acid. The cultures
were kept for 7 days in low light intensity at 25°C, in a 16/8 h photoperiod.
Explants were examined after 35 days and the percentage of explant
producing shoots (regeneration capacity) and the mean of shoots formed per
regeneration explant were recorded. All experiments were repeated at least
three times. .

2.3. Rooting and acclimatization:

Shoots derived from regeneration stage (about 3 cm in length) were
transferred to Murashige and Skoog salts and vitamins in addition to 100
mg/L myo-inositol, 30 g/L sucrose and different treatments of 3-Indole Butyric
Acid (IBA) and o-Naphthalene Acetic Acid (NAA). Cuitures were incubated
under the same environmental conditions used for shoot proliferation.
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Piantiets produced from rooting stage were transferred from the test tubes
under tap water to minimize injury and to free the roots from phylagel. The
plantlets were transferred to pots containing a mixture media of peatmoss
and sand (1:1), plastic pots enveloped in polyethyiene bags were incubated
under 3000 Lux light intensity derived from cool white flurescent lamps for 16
hours photo period at 25 +£1°C in growth cabinets. After 4 weeks polyethylene
bags were completely opened and after 4 weeks more polyethylene bags
were removed and plantlets were maintained under greenhouse conditions.

2.4. Ficus carica L transformation:
2.4.1. Agrobacterium-mediated transformation

A. tumefaciens strain LBA4404 containing the binary vector
piSV2678 with the bar and gus-intron reporter genes was used for adapting
fig transformation system. The leaf segment explants were incubated for
different times (ranged between 5 up to 80 minutes) with Agrobacterium
culture, blotted on sterile filter paper and the explants were cultured on co-
cultivation medium (without antibiotics).Afier two days at 28+2°C in the dark.
The explants were washed in a sterile solution of strength MS medium with
250 mg/L cefatoxime and Leaf explants were transferred to the regeneration
medium containing (3.0 mg/L bialaphos and 250 mg/L cefotaxime).
Bialaphos was added to select the transformed fig cells whereas the other
antibiotic was added to inhibit Agrobacferium growth. The cultures were kept
in the growth chamber at 26+2°C under 16 hours photoperiod of 3000 Lux
supplied with cool white fluorescent lamps.  Transformation efficiency was
determined by the number of explants expressing GUS.

2.5. Histochemical GUS assay:

Histochemical GUS assay was carried out on transformed explants
and regenerated shoots to detect the GUS activity. Tissues were immersed
in GUS buffer containing 1 mg/ml X-gluc (5-bromo-4-chloro-3-indolyl-B-D-
glucuronoide) and incubated overnight at 37°C as described by Jefferson
(1987).

2.6. Assay of BASTA resistance:

Transformants were tested in the greenhouse for the expression of
the bar gene by painting the leaflets of the transgenic plants with BASTA (a
commercial formulation of PPT containing 200 g/L ammonium glufosinate)
dilution at a concentration of 1 g/L ammonium glufosinate. The young piants
(around 6-8 weeks after acclimatization) were painted by 1 g/L of BASTA
solution. Resistances of leaflets were scored after 3-7 days.

2.7. PCR analysis: -
Plant genomic DNA was isolated from the youngest three leaves
excised from bailaphos-resistant shoots according to Dellaporta ef af. (1983).
The oligonucleotide primers used for PCR amplification of a 2.07 kbp
fragment of the gus-intron gene were: direct GUS-F primer 5°- CCA GAT
CTA ACA ATG CGC GGT GGT CAG TCC C -3, GUS-R primer "5- CCA
GAT CTA TTC ATT GTT TGC CTC CCT GCT GC-3" Amplification was
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performed in aliquots of 25 pl using a thermal cycler. The PCR conditions for
amplification of gus-intron gene fragment were 95°C for 5 min, followed by 35
cycles at 94°C for 1 min, §7°C for 1 min, 72°C for 2 min and a final extension
at 72°C for 7 min. Applicants were visualized by electrophorsis on 1%
agarose gel stained with ethidium bromide.

2.8, Statistical analysis:

Variance analysis of data was done using Anova program for
statistical analysis. The differences among means for ail treatments were
tested for significance at 5% level by using Duncan (1955) new multiple
range test as described by Snedecor and Cochran (1967). Means foliowed by
the same letter are not significantly different at p<0.05.

RESULTS AND DISCUSSION

Callus induction of Ficus carica L:

Leaves of F. carica were taken from virus free ir vitro plants and cut
into 0.5-1.0 cm segments and cultured on solidified medium containing BA
and NAA or 2,4-D and kinetin, Six only from all media had ability to form
callus on the media used and under that conditions compared to the other
treatments which gave negative results for callus forrnation.

Table 1. The best concentrations of different growth regulators on
callus formation of Ficus carica from leaf segments explants
after five weeks.

r concentration Survival Formation of Calius
(mgiL) " No. | % No. %
8 mg/L NAA+8 mg/L BA 25b | 83 i7 b 68
| 10 mg/LNAA+10 mg/LBA 30 a 100 22 a 73
2mg/L2,4-D 22 ¢ 73 17 b 78 |
0.2 mg/l Ki+2 mg/L 2,4-D 28 ab 93 24 a 86
4 mg/L 24-D 20 ¢ 66 16 b 80
0.4 mg/LKi+4 mg/L2 4-D 26 b 87 21 a 81

The best results obtained from these treatments are shown in table
(1).The date indicated that the highest survival percentage was 100% on MS
medium supplemented 10.0 mg/ of each of BA and NAA, whereas the lowest
one was found with 2 and 4 mg/L 2, 4-D. The highest callus formation
percentage was 86% on MS medium supplemented with 0.2 mg/L kinetin and
2.0 mg/L 2,4-D compared to the other treatments. Shown in figure (1). Callus
was subcultured and maintained on the same medium every rmionth. These
results agree with Nasser and Newbury, 1987 obtained callus from stem
explants of F. carica cv. Brown Turkey on MS medium containing 10 mg/i
BAP and 10mg/L NAA, also Narayan and Jaiswal (1986) who obtained callus
from leaf explant of F. religiosa on MS medium containing 0.5 mg/L. 2,4-D.
And similar results were observed of peach by Gentile ef al., 2002 when
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culturing leaf from micropropagated peach shoots on MS medium
supplemented with BA and NAA,

F. carica regeneration:
Two methods were evaluated for establishing suitable regeneration
methods; indirect somatic embryogenesis and direct somatic embryogenesis.

Eftect of growth regulators on direct somatic embryogenesis:

The calii and formed embryo-like structure produced from 10 mg/l of
each of NAA and BA were transferred on medium containing different
concentrations of NAA and TDZ in order to establish the best concentration
for producing somatic embryogenesis. Calli on the concentrations of 7.0 and
8.0 mg/l of TDZ with 0.25 and 0.5 mg/l NAA only were able to develop
embryos compared to the other concentrations which gave negative resulls
for somatic embryogenesis. While, the effects of different concentrations of
BAP and kinetin on shoot formation from callus were evaluated. It was found
that embryos were only performed on 8.0 or 10.0 mg/l of BAF in combination
with 2..0 or 4.0 mg/| kinetin, while low concentration of BA up to 6 mg#/ had no
effect on embryos and the embryos were growing in size and in some rare
cases developed into globular and heart stage. Also, different concentrations
of 2ip and TDZ were evaluated for the development of somatic embryos from
calli. Only 2.0 mg/ of TDZ in combination with 10 and 20 mg/l of 2ip and 30
mg 2ip alone 1o produce somalic embryogenesis and differentiated to
plantlets, whereas the other ireatments had no ability to form somatic
embryos from callus,

Table:The best concentration of growth regulators of to produce shoots
from indirect somatic embryogenesis of F.carica cv. Sultani.

Concentration % 1? fexplant Mean number of Mean length
orming of shoots
{mg/L} shoots shootsfexplant (cm)
NAA TDZ
0.25 7.0 79 525b 1.75¢
0.50 7.0 60 L 420¢ 1.50c
0.25 8.0 67 [ 3860d 1.80 ¢
2ip TDZ
| 80 2.0 43 220f 240b
[ 10.0 2.0 50 240f 240b
20.0 2.0 87 3.00e 250b
[ 30.0 | 0.0 83 6.50 a 275a
| BAP | Kin
8.0 2.0 Th .
80 30 - The embrycs developed into globular, heart and torpedo
(0.0 2.0 stages

The best concentrations of growth regulators of to produce shoots
formation from callus was experiments are shown in Table 2 and figure 2.
Showed the best resulls of the percentage of explant producing shoots were
produced at a concentration of 30 mg/l 2ip compared to the other treatments;
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was reached (83%). Also, the best results of mean number of shoots
perexplant were produced on concentration of 30 mg/l 2ip and 7 mg/L TDZ
and 0.25 mg/L NAA ; was reached (6.5 and 5.25,respectively) while, length of
axillary shoots formed on the explant were produced on concentration of 30
mg/l 2ip compared to the other treatments; was reached (2.75 cm).These
results agree with (Arafa ef al., 1993), they found that callus induction and
organ differentiation from leaves of Ficus lyrata on MS medium containing
high concentration of 2ip (30 mg/L), While, (Lai ef al., 1988) they found that
globular, heart and torpedo shaped somatic embryoids were formed on the
surface of the calli at 4-5 weeks of Ficus religiosa L. after transfer on MS
medium containing 0.1 mg/L BAP and 0.05 mg/L NAA. Also, (Gamage and
Nakanishi, 2000) they found that an efficient in vitro system to regenerate
shoots from the leaf tissue of apple on MS medium in presence of 20uM TDZ
and 0.1 pM NAA in dark.

Figure1: Different developmental stages of callus formation o MS
medium containing 0.2 mg/L kinetin and 2.0 mg/L 2,4-D. (a)
after three weeks, (b} after five weeks.

Figure 2: Regeration via indirt somatic ebryo- genesis

Effect growth regulators on direct somatic embryogenesis:

Leaves of F. carica were used as explants and preexisting buds were
removed. Explants were cultured on MS medium containing different
concentrations combinations of BA and kinetin or TDZ and 2ip or TDZ and
NAA to establish the best condition for forming direct embryogenesis.

6299



Ahemaidan, H. I, et al,

Table 3: The best concentration of growth regulators of to produce
shoots from direct somatic embryogenesis of F.carica cv.
Sultani using leaf segment _explants.

Concen‘tr[anon % of explant ] Mean number of Mean length of
{mg/t) 703 forming shoots shoots/explant shoots (cm)
) 2.0 25 12d | 05d
0.4 40 28 1.4d 1T 06d
2ip TDZ
20 2.0 78 20c 16¢
4.0 20 89 26a 21b
6.0 20 | 79 [ 22bc a 28 a
BAP Kin
4.0 4.0 70 2.4ab 14¢
60 4.0 64 20¢ 15¢

The best concentrations of growth regulators of to produce shoots
formation from direct somatic embryogenesis with leaf explant are presented
in table 3. The best results of the percentage of explant producing shoots
and mean number of shoots perexplant were produced at a concentration of
2mgA TDZ in combination with 4 mg/l 2ip compared to the other treatments;
was reached (89%) and (2.6). While, the best results of mean length of
shoots formed perexplant were produced on concentration of 2 mg/l TDZ and
6 mg/l 2ip; was reached 2.8 cm compared to the other treatments which gave
the regeneration efficiencies (25-79%), mean number of shoots perexplant
{1.2-2.4 shoots/explant) and mean length of shoots formed perexplant (0.5-
2.1 cm.) were obtained when leaf explants were grown in a medium
containing different concentration of growth regulators. Shown in figure 3. In
general the best resuits for the percentage of explant producing shoots were
produced at the concentration of 2mg/l TDZ and 4 mg/l 2ip which gave 83%,
while longer formed shoots were produced on the concentration of 2 mg/
TDZ and 6 mg/! 2Zip compared to the other treatments. The results agree with
(Yakushiji et al., 2003) reported a method for the induction of organogenesis
from leaf explants of F. carica on MS medium supplemented with different
cornbinations of 2,4-D, TDZ and phloroglucinol (PG) but, this method the
frequency of adventitious bud differentiation from leaf fragments was
relatively low only (22%), and no adventitious buds were observed without
PG. (Lakshmi ef al., 1994) similar results were observed of direct somatic
embryogenesis and plant regeneration from leaf discs of Nicotiana tabacum
L when culturing on MS medium supplemented with 0.1mg/L NAA and 1.0
mg/L BAP.(Griga, 1998) obtained direct somatic embryogenesis from shoot
apical meristems of pea on MS medium supplemented with 10 ¢gM (TDZ).
TDZ was also able to induce shoot bud regeneration on embryoids without a
differentiated shoot apex. TDZ has heen reported to be very efficient in
stimulating adventitious shoot production in several recalcitrant woody plants
(Leblay et al., 1991; Perez ef al., 2000). Additional evidence for the influence
of TDZ in combination with different auxins on the morphogenic potential of
apples was recently provided (Yancheva et al., 2003). The results confirmed
the stimulatory effect of TDZ in combination with different auxins or cytokinins
on apple adventitious shoot regeneration.
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Figtire egeneration via direct somatic embryogenesis

Rooting and acclimatization:

In the present study, in vitro elongated shoots for at least 3 cm and
shoots of Ficus Carica L cv. Sultani were cultured on Murashige and Skoog
basal nutrient medium containing 1 mg/L 3-Indole Butyric Acid (IBA) and 0.5
mg/L IBA in combination with 0.5 mg/L a-Naphthalene Acetic Acid (NAA) for
4 - weeks culture peroid. The results in table (4) indicated that the
percentage of shoots forming roots was reached the highest value §5% by
using MS phytage! gelled nutrient medium supplemented with 1.0 mg/ L IBA
under 28 days of light and 92% .with MS medium containing 0.5 mg/L IBA +
0.5mg / L NAA. These results are agreed with those obtained by pontikis and
Melas (1986) who found that higher rooting responses (80%) for Ficus Carica
L. were obtained after 28 - days in light on MS medium containing 1 mg/ L
IBA However, Muriithi ef al. (1982) reported that shoots of Ficus Carica L.
were rooted on MS medium with 0.5 mg/L NAA + 0.5 mg/ L IBA in darkness
for 7 days and transfer to in the presence of light for 3 weeks.Plants produced
from rooting stage which were containing 3- Scm, then rinsed once with water
and then transfer into pots containing equal parts of peat and sand, then
incubated under transparent plastic bags on 16h photo period at 25C for 4
weeks before transfer 10 a green house, after 8 weeks from transfer into
green house, they were repotted into sterile soil consists equal parts of peat
and sand (v/v). Figure (4).These results are agreed with those obtained by
{Muriithi et al. 1982 and Pontikis and Melas {1986), who reported that for
acclimatization of Ficus Carica L. the plantlets were transplanted into pots
containing equal parts of peat and vermiculite (v/v) before transfer to a
greenhouse afler 4 weeks. After 8 weeks they were repotted inlo sterile soil
containing equal parts of peat and vermiculite (v/v).

Table 4: The efficiency of shoots forming roots for Ficus carica L cv.
Sultani after growing on MS medium supplemented with
different auxin concentration.

Auxin conc. % of shoot Mean number of | Mean length oﬂ
IBA NAA | forming roots roots/shoot roots (cm)

0.0 0.0 7 23¢ 1.33d

1.0 0.0 95 3.0b 3.53b

0.5 0.5 89 4.87 a 4.07 a
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Figure 4: Rooting and acclimatization of Fig plants from tissue culture.

Transformation of F, carica L.
Effect of incubation time:

The leaf segment explants were incubated with the Agrobacterium
cell culture containing the binary plasmid pISV2678 with the bar and gus-
intron reporter genes for 5, 10, 20, 30, 40, 50 and 60 min. shows the results
in table (5) which indicated that at 5 and 10 min. only 4.0 and 7.0 explants
were transformed out of 80, The rate keeps increasing to reach the highest
rate 17.5% for leaf segment explants at 30 min. Increasing the incubation
time might have increased the rate of transformation but this could not be
shown hecause the explants were totally destroyed at 40 min.

Table §: Effect of the time of incubation of the explants with
Agrobacterium suspension on the transformation efficiency
of leaf segment explants.

. . Total No, of | No. of expressing % of
Time {min.) explant GUS transformation
5 80 4 5.0
l 10 80 7 8.7
20 80 9 11.2
30 80 14 17.5
40 80 explants died explants died
i 50 80 explants died explants died
60 80 explantsdied | explants died

Regeneration of transgenic shoots:

. Agrabacterium cell culture containing the binary plasmid plSV2678
which harbor the gus-intron and bar genes was cocultivated with divided leaf
tissues. The transformed explants were transferred into selective medium
supplemented with 3mg/L bialaphos (selective herbicide) and 250mg/L
cefatoxime to inhabit Agrobacterium growth on the medium. Explanis were
exposed for 7 days to low intensity light and then transferred to normal light.
Table 6, showed the survival percentage of Sultani fig cultivar before and
after treatment with Agrobacterium on the regeneration medium. It was
obvious that the highest callus formation percentage was 83% on the control
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medium compared to medium suppiemented with bialaphos as a selectable
agent (26.5 %), it was also clear that the co cultivation with Agrobacterium
considerably decrease the regeneration percentage (24.5) compared to
control regeneration percentage (71). While, the transformation efficiency
was 17.5%.

Table 6: Regeneration and transformation percentages of Ficus carica L

cv, Sultani.
treatment % formation of | % of forming | Transformation
callus shoots efficiency %
control 83 71 -
Agrobacterium 28.5 24.5 17.5

Detection and screening of transformed plants:

Histochemical colorimetric analysis was according to the method of Jefferson
(1987). GUS enzyme aclivity could be detected in the transformed plants that
were resistant to bialaphos contained the bar gene, by histochemical gus
assay. The results indicated that GUS activily in the transformed callus and
plantlets which co-cultivated with Agrobacterium could be detected
histochemical for GUS expression after 4 weeks of the callus as the first
evidence of transformation figure 5. Plantlets were incubated overnight at
37°C in GUS buffer. The transformation efficiency was determined by
calculating the numbers of explants expressing the GUS gene.The results are
in agreement with other different plant such as apple, peach, and radish
reported by (Martin et al. 1990), they reported that, the GUS marker system is
usefu! for early selection.

Figure 5: Histochemical GUS assay for Agrobacterium- mediated
transformed fig plants.

Leaf painting assay:

The plants were analyzed by testing the expression of the bar gene
in the greenhouse by applying the leaf painting assay the young plants with 1
g/L of the herbicide. Within 3 days necrofic spots appeared on the
untransformed leaves. Four days after BASTA application, the treated
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transgenic leaflets showed complete tolerance, in contrast to non-
transformed plants showed leaflets, which were completely necrotic (Figure
6).

Figure 6: Herbicide leaf painting test showing the resistance of
transgenic leaf to BASTA application (left) and the control
non transgenic leaflet necrotic after painting (right).

PCR analysis of transgenic plants:

PCR analysis of the putative transgenic shoots confirmed the stable
incorporation of the transgenic into the F. carica genome. All plants selected
after transformation with plasmid pISV2678 showed the predicted bands: the
2,07 kbp for the gus-intron. No fragment was amplified in the untransformed

plant {(Fig. 7).
MC1 2 34 56 78 91011

2
PR BT I W B iV [

Figure 7: PCR analysis of the putative transgenic plants showed the
predicted bands for gus-intron gene in F, carica cv. Sultani; M
1Kbp ladder plus; C, untransformed plants; lanes1-12
transgenic plants.

6304



J. Agric, Sci. Mansoura Univ., 31 (10), October, 2006

REFERENCE

Arafa, A. S.; Mohamed, B.R.; \brahim, I. A. and Nasr Ei-Din, T. M. (1993).
Callus induction and organ differentiation in the tissue culture of Ficus
spp. Egypt J. Agn. Res., 71 (4): 987-995.

Bajaj, Y.P.S. (1991). Micropropagation through Meristem culture. High-Tech
and Micropropagation |. Biotechnology in Agricuture and forestry Vol.
17: 32-52.

Cormier, F.; Charest, C. and Dufresne, C. (1989): Partial purification and
properties of proteases from fig (Ficus carica) callus cultures,
Biotechnol. Lett. {11): 797-802.

Debergh, P. (1977); Mass propagation of Ficus lyrata, Acta Hort. 78:361-364.

Dellaporta . S. L.; J. Wood and J. B. Hicks (1983). A plant DNA
minipreparation: version Ii, Plant Mol. Bio. Reporter 1-4: 19-21.

Demiralay, A.; Yalcin-Mendi, Y.; Aka-Kacar, S. Y. and Cetiner, S. (1998): In
vitro propagation of Ficus carica L. var. Bursa siyahi through meristem
cuiture, Acta Hort. 480: 165-167.

Deshpande S.R.; Josekutty, P.C. and Prathapasenan, G. (1998). Piant
regeneration from axillary buds of a mature tree of Ficus religiosa.
Plant cell Reports, 17: 6-7, 571-573,

Duncan, D. B. (1955): Multiple range and muitipte “F” test. Biometrics, 11: 1-
42.

Gamage, N. and Nakanishi, T.(2000): /n vitro shoot regeneration from leaf
tissue of apple (Cultivar "Orine" ): high shoot proliferation using carry
over effect of TDZ, Acta Hort, 520: 291-298.

Gella, R.; Marin, J. A.; Corrales, M. L. and Toribio, F. (1998). Elimination of
Fig mosaic from shoot tip cultures by thermotherapy, Acta Hort. 480:
173-177.

Gentile, A.; Monticelli, S. and Damiano, C. (2002); Adventitious shoot
regeneration in peach (Prunus persica L. Bastsch). Plant Cell Rep.
20:1011-1016.

Griga,-M. (1998): Direct somatic embryogenesis from shoot apical meristems
of pea, and thidiazuron-induced high conversion rate of somatic
embryos. Biologia-Plantarum. 41(4); 481-495,

Giinver , G. and Ertan, E. (1998): A study on the propagation of figs by the
tissue culture techniques, Acta Hort. 480: 169-172.

Horsch, R. B.; J. E. Fry; N. L. Hoffmann; S. G. Rogers and R. T. Fraley
(1985). A simple and generai method for transferring genes into plants.
Science 227 1229-1231.

ibrahim, i. A. and Nasr Ei-Din, T. M. (1990): Ficus lyrata propagation through
tissue culture. Egypt. J. Apple. Sci., 5 (3): 175-181.

Jaiswal, V. S. and Narayan, P. (1985): Regeneration of plantiets from the
callus of stern segment of adult plants of Ficus religiosa, Plant Cell
Rep. 4. 256-258,

Jefferson, R. E. (1987): Assaying chimeric genes in plants: the GUS gene
fusion system. Plant Mol. Biol, Rep. 5: 387-405.

6305



Ahemaidan, H. I. et al

Kirtikar, K.R. and Basu, B.D. (1986): Intemational Book Distributors, in: E.
Blatter, I. F. Caius {Eds.}, indian Medicinal Plants. Vollll, pp. 2329-
2331.

Kiiden, A.B. (1996): Plant Genetic Resources of Fig, Mediterranean Selected
Fruits Intercountry Network (MESFIN) under the aegis of FAQ, 1996.

Kumar, A.; Radha S.; and Kumar, C.(1998): In vitro plant regeneration of fig
(Ficus carica L. ¢cv. Gular) using apical buds from mature trees. Plant
cell Reports 17:717-720.

Lakshmis, S.; Sriganesan, T. and Murali, P. M. (1994): Direct somatic
embryogenesis and plant regeneration from leaf discs of Nicoliana
tabacum L. Tobacco-Research. 20(1): 11-15.

Lai, M.; Narayan,-P. and Jaiswal, V. S. (1988):Induction of somatic
embryogenesis and associated changes in peroxidase activity in leaf
callus cultures of Ficus religiosa L. Proceedings-of-the-indian-National-
Science-Academy-Part-B,-Biological-Sciences.54(4):271-275.

Leblay, C.; Chevreau, E. and Raboin, M. L. (1991); Adventitious shoot
regeneration from in vilro leaves of several pear cultivars (Pyrus
communis L.), Plant Cell, Tissue and Qrgan Culture. 25; 99-105.

Martin, G. C.; A. N. Miller; L. A. Castle, J. W. Morris, R. O. Morris and A. M.
Dandeker (1990). Feasibility studies using 8- glucuronidase as a gene
fusion marker in apple, peach, and radish. J. Amer. Soc. Hort. Sci. 115;
686-691.

Murashige, T. and Skoog, F. (1962): Arevised medium for rapid growth and
bioassays with tobacco tissue cultures. Plant Physiol,, 15: 473-497.

Murithii L.M.; Rangan T.S.; Waite B.H. {1982). In vitro propagation of fig
through shoot tip culture. Hortiscience. 17 (1): 86-87.

Narayan, P. and Jaiswal, V. S. (1986): Differentiation of plantlets from leaf
callus of Ficus religiosa L. Indian- Joumnal of Experimental Biology. 24
(3): 193-194.

Nassar, A. H. and Newbury, H. A.(1987): Ficin production by c¢allus cultures
of Ficus carica, J. Plant Physiol. 131; 171-179.

Perez, O.; Egea, J.; Vanoostende, L. A. and Burgos, L. (2000): Assessment of
factors affecting adventitious shoot regeneration from in vitro cultured
leaves of apricot, Plant Sci. 158: 61-70.

Pontikis, C.A. and Melas, P. (1986): Micropropagation of Ficus carica L.
Hort. Sci., 21(1): 153.

Snedecor, G. W. and Cochran, W. G. (1967); Statistical methods. Sixth Ed.
lowa State Univ. Press, Ames, lowa, U.S.A.

Yakushiji, H.; Mase, N. and Sato, Y. (2003): Adventitious bud formation and
plantlet regeneration from leaves of Fig (Ficus carica L.), J. Hort. Sci.
Biotechnol. 78: 717-720.

Yancheva, S. D.; Golubowicz, S.; Fisher, E.; Lev-Yadun, S. and Flaishman,
M. A. (2003): Auxin type and timing of application determine the
activation of the developmental program during in vitro organogenesis
in apple, Plant Sci. 165: 299-309.

6306



J. Agric. Sci. Mansoura Univ., 31 (10), October, 2006

O Sl g Sy g 2 phasiady g deadh g cidsih Satel Ay
*olllne waal paiadl 1 B0 - i b Dnga —— Pt Ol mdl ) L
£loasall Eigay JSpa )00 Al pud®
AN dnaly. —e )30 JlS —01 ) pud®

skl Jasiuly Regeneration w2l ssley ot gaul 2l Cadg il
ot ciinal Transformation (S Jsaall 5 jdlee sl 5 pdladl cuiall calesh
oSl Kinetin 52,4-D 5l NAA , BA o dilida < 38 5 ahassul o5 . lale
sKinetin  aaile 5 ¥ as 2,4-D ol SSH 5588 3 5 Juadl S S
2maTDZ o & gaadl 1) e il ) SNy Lianin Diad 00y8 el SN
e Sl Gl ) aa Linl (9S50 Je 50l 38 30 Juadl Ly 2ip JINAA
Gl Ay NAA o1 aalle 3Y2 au TDZ o jaulle V5 2iD o jaulle ¥ citS ulSH
o Aagiadl Ll ae Sl 0 gS5 (8 JB8 GSH Laiy (M Je % VAT RS s
il GRS Ul 5y ¢ i 2 WY paill cilabiie e i 38 A duadl | Kinetin ) BA
fpd cabae iy 20 plsaallet e TDZ ol jaalle¥ Jo dyginall A0l pe cilS pibiall
Ll pe S % 90 el iy e 4V Jo 5y 5ed 0y potll Gual 4 %A% ats
58 Ly s sl Lad el salel duw caaly LIBA Baalled e 4yl MS
bar, gus ) Aiagi el Gl ml A Lalall o 80y a1 LSy (5 poall 2y iy %1V
GUS J Jlassl J3s ge (sl dpaill Ldee Sipaa o Jaadt aiSh oy ( geNES
3 —aldt Jelis slaisul; GUS gene sy o st oS, leaf painting 4 activity
{ PCR ) Judesdl

6307



