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Abstract

This study was conducted to optimize Agrobacterium tumefaciens mediated transformation for Eucalyptus
camaldulensis. Transformation was done by using LBA4404 containing binary plasmid pGA482 with uidA (Gus) gene
under CamV35S promoter and nptll gene under nos promoter. For optimization, different explants (Cotyledonary leaves,
plantlet leaves and hypocotyls of young In vitro plants and calli) with and without preculture were infected with a range of
optical densities (O.D.g0,n=0.3-0.6). Effect of different concentrations of Acetosyringone, infection time and co-cultivation
time on transformation efficiency was evaluated. Confirmation of transformation was done through GUS histochemical
staining & through PCR. Callogenesis and regeneration was found fast on MS medium containing 0.5 mg/L NAA and 1.5
mg/L BAP. Highest transformation efficiency was obtained with bacterial suspension of O.D.gy0,m = 0.5 for non-precultured

explants and O.D.¢gp,=0.3 for precultured explants.
Introduction

Eucalyptus camaldulensis belongs to family
Myrtaceae, known as Mallee is native to Australia
(Bown, 1995), has become frequently planted tree in
the world (Turnbull, 1991; Grattapaglia, 2008).The fast
growth rates (to over 100 m’/ha per year) and short
rotations (5-7 years in most cases) of Eucalyptus
species are two of the major reasons for the extensive
use of Eucalyptus in commercial reforestation in many
parts of the world (Ho et al., 1998). Eucalyptus
camaldulensis is superior to other species in wood
production on infertile dry lands (Horng et al., 1991).
Large scale plantation of E. camaldulensis, E.
citriodora, E. melanopholia, E. microtheca and E.
robusta has been done in Pakistan (Qadri, 1966).
Eucalyptus species are recognized for the production of
industrial wood, fuel wood and essential oils (Mullins
et al., 1997).

Development of efficient transformation protocol is
the major key for introduction of desirable characteristics
in E. camaldulensis. Data for genetic transformation of
Eucalyptus spp. has been published by Alcantara et al.,
(2011); Matsunaga et al., (2012); Prakash & Gurumurthi
(2009) and Harcourt et al., (2000). Lainé & David in 1994
reported whole plant regeneration through either
organogenesis or somatic embryogenesis in E. grandis.
However, using Agrobacterium-mediated  genetic
transformation, these systems normally lose their ability
to regenerate plants from transformed tissues. Especially,
the inadequacy of well developed rooting systems to
initiate roots from transformed shoots shows the major
hurdle to the success of regenerating whole transgenic
plants. Agrobacterium rhizogenes inoculation has been
suggested as a key to success in this context and well
developed rooting system had been developed for E.
grandis, E. gunnii, and E. nitens (Macrae & Van Staden,
1993). Creation of transgenic plant by Agrobacterium
mediated  transformation for these species is still
problematic and needs to be significantly improved. Other
approaches for genetic transformation like direct DNA

transfer through chemical stimulation, electroporation and
microprojectile bombardment have been used to acquire
transient gene expression in protoplasts of E. gunnii and
E. citriodora and in E. globulus embryos (Teulieres et al.,
1991, Manders et al., 1992; Rochange et al., 1995).

The present study was carried out to develop
excellent and efficient transformation system for
Eucalyptus camaldulensis through Agrobacterium
tumefaciens LBA4404 containing binary plasmid
pGA482 with uidA (Gus) gene under CamV35S
promoter and nptll gene under nos promoter.
Furthermore the optimization of different parameters
i.e. optical density of bacterial culture, infection and
co-cultivation time, concentration of Acetosyringone
and effect of preculture treatment was carried out.

Materials and Methods

Plant material & bacterial strain: Seeds were taken
from Ayub Agricultural Research Institute, Faisalabad.
Cotyledonary and plantlet leaves (0.5-0.8cm in size),
hypocotyls and calli with and without preculturing were
used in transformation experiments. For callogenesis,
young leaves of field grown plants were also used as
explants. Agrobacterium tumefaciens strain LBA4404
containing binary plasmid pGA482 with Gus (uidA) gene
and nptll gene was used in transformation experiments.

Sterilization & germination of seeds: Sterilization of
seeds is an important step towards In vitro growth of
seedlings. For sterilization different approaches were used.
In first case (C1), seeds were immersed in 70% ethanol for
2 minutes followed by 1-2 washings with autoclaved
distilled water and treatment with 0.1% HgCl, solution for
10 minutes. Final washing was performed with autoclaved
distilled water for 3-4 times. Seeds were put on sterile filter
paper for 10-15 minutes. In second case (C2), procedure
was modified and a few drops of Tween 20 were added
along with 0.1% HgCl, and the rest of the procedure was
same as mentioned in above case. In third case (C3), 100%
Clorox for 20 minutes was used instead of 0.1% HgCl,,
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followed by an additional washing with 70% ethanol.
Remaining procedure was same as in case one. However,
in fourth case (C4), 30% sodium hypochlorite was also
found to be effective.

Seeds were germinated on full and half strength MS
basal medium (Murashige & Skoog, 1962) having 3%
sucrose and 4% Gelzan (PhytoTechnology Laboratories
®). Plates were incubated at 25°C, under light conditions.

Preparation of explants: Explants were prepared from
cotyledonary leaves, plantlet leaves and hypocotyls.
Calli were also used as explants and were prepared
using MS basal medium, with different combinations
of plant growth hormones of varying concentrations
(Table 1).

Transformation: Agrobacterium tumefaciens was
grown overnight at 28°C in LB medium supplemented
with Rifampicin and Kanamycin at concentrations of
50mg/L  each. Bacterial suspensions of different
0.D.600nm=0.3-0.6 were used for precultured and non
precultered explants. While for calli O.D.g0,,=0.2-0.8
was used. Effect of different infection times (1 hour and
2 hours), co-cultivation time (lday and 2 days) and
different concentrations of Acetosyringone (0 uM, 200
uM and 400 pM) in co-cultivation media were studied to
enhance transformation efficiency. After 2 days of co-
cultivation, a few explants were selected for GUS
staining and incubated in X-Gluc solution (1M
Na,HPO,, 1M NaH,PO,, 0.5M EDTA, 1% Triton X-
100, X-Gluc (dissolved in dimethyl sulfoxide / dimethyl
foramide), methanol and ultrapure water), at 37°C for 2
days, then random explants were examined for Gus
histochemical reaction. Remaining explants were shifted
on MS regeneration medium. Regenerated shoots were
transferred on selection medium CIM1 supplemented
with Kanamycin (25mg/L). Three rounds of selection
were given to the regenerated shoots. Plants were
subcultured after twenty days.

Genomic DNA isolation and polymerase chain
reaction (PCR) analysis: Plant genomic DNA was
extracted from 0.5g of shoots by using CTAB Method
(Murray & Thompson, 1980). The confirmation of
putative  transformants  was  conducted by
amplification of a fragment of uidA gene by using
gene specific forward primer 5’-TTC GCG TCG GCA
TCC GCT CAG TGG CA- 3" and Reverse primer 5'-
GCG GAC GGG TAT CCG GTT CGT TGG CA- 37,
described by Prakash & Gurumurthi, 2009. PCR
analysis of genomic DNA was carried out in a 25 pL
reaction volume, by using 50-100ng of isolated DNA.
The PCR amplification was performed by initial
denaturation at 95°C (4 min) followed by 40 cycles at
95°C (1min), annealing at 64°C (1 min), elongation at
72°C (30 sec) and final elongation at 72°C (10 min).
The PCR products were run on 1.5% (w/v) agarose
gel in 1x TAE buffer. The gels were visualized by
GelDoc-It® Imager.
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Results and Discussion

Seed sterilization is an important step in order to get
In vitro grown seedlings. The sterilization of explants
taken from field grown mature plants has proved to be
more problematic. Same results have been reported for
sterilization of Eucalyptus species explants (McComb &
Bennet, 1986; Ikemori, 1987 & Warrag et al., 1990). In
present study, seeds and explants were sterilized by using
different sterilization methods (C1, C2, C3 and C4).
100% sterilization was obtained by using C3 method,
while minimum sterilization efficiency was shown by C1
method (Table 2).

Survival rate of explants sterilized by C3 was also
good, when cultured on media. These results were
supported by Dibax et al., (2010) and Nugent et al.,
(2001) who reported that different concentrations of
NaOCl were effective for sterilization of Eucalyptus
explants. HgCl, has been also reported as effective
sterilization agent for Eucalyptus explants by Rahim et
al., (2003) and Mamaghani et al., (2010).

For germination of seeds full and half strength of MS
medium was used. Fast germination rate was observed on
half strength MS while on full strength slow germination
was observed (Table 3). Germination on half and full
strength MS medium was also done by Dibax et al.,
(2005). MS medium is widely used as basal medium for
germination in tissue culture studies (Prakash &
Gurumurthi, 2009; Ho et al., 1998).

Table 1. Combinations of different plant growth hormones
used for callogenesis and shoot regeneration of E.
Camaldulensis and preculturing of explants.

Concentrations of plant growth
hormones (in MS basal medium)

Name of media

CIM1 1.5mg/L BAP + 0.5mg/L NAA
CIM2 2mg/L Kn + 3mg/L 2,4-D
CIM3 Img/L BAP + 0.5mg/L Kn
CIM4 2mg/L BAP + Img/L 2,4-D
CIMS5 2mg/L BAP

SIM1 Img/L BAP

SIM2 0.2mg/L BAP + Img/L Zn

Preculturing media 0.5mg/L BAP + 0.1mg/L NAA

CIM = Callus induction medium, SIM = Shoot induction medium

Table 2. Sterilization efficiency for seeds and explants.

Chemical Explants Explants Sterilization
Method . . -
agents  sterilized survived efficiency
Cl HgCl, 23 7 30.43%
chlz& 0,
C2 Tween20 27 21 77.78%
C3 Clorox 60 60 100%
C4 NaOCl 30 27 90%
Table 3. Germination rate.
- Seeds Seeds -
Media Gerrr_nnatlon inoculated germinated Germination
time rate
per plate  per plate
1, MS 5-7 days 13 7 53.84%
Full MS 14-16 days 13 3 23.07%
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MS medium with different concentration of hormones
was employed for callogenesis and organogenesis (Table 1).
CIM3 was proved to be the best medium for callogenesis and
embryonic calli were also observed on this medium (Table 4,
Fig. 1c). On CIM1, CIM2 and CIM4, embryonic as well as
hard brown calli were formed (in case of In vitro grown
explants), while green proliferating calli were formed only
on CIMS5 when young leaves of field grown plants were used
as explants (Table 1, Fig. 1a, b, d, and e). Compact hard and
brown somatic calli were observed on CIM1, CIM2 and
CIM4 when young leaves of field grown plants were used. It
means age of explants used may have an effect on
callogenesis. Different concentrations of BAP and NAA
were found to be effective for callogenesis in Eucalyptus
species (Bandyopadhyay & Hamill, 2000).

Bacterial culture (Agrobacterium tumefaciens) with
optical densities from 0.3-0.6 at 600nm was used to
transform  cotyledonary leaves, plantlet leaves and
hypocotyls with and without preculture treatment. While for
calli transformation, bacterial culture having O.D.500nn=0.2-
0.8 was used, but none of the calli was found positive in Gus
histochemical staining. In case of precultured explants,
maximum transformation efficiency (100%) was observed at
0.D.oonm= 0.3. While in case of non-precultured explants,
maximum efficiency (66.67%) was at O.D.goonm- 0.5 (Table
5). These results were supported by Matsunaga et al., (2012),
who transformed hypocotyls of Eucalyptus globules using
Agrobacterium tumefaciens strain EHA105 at O.D.goonm =
0.5. Transformation in young leaves of micropropagated
hybrid (E. grandis x E. urophylla) was reported by Alcantara
et al., (2011) using Agrobacterium tumefaciens strain AGL1
at O.Dgonn=0.5. Furthermore, Spokevicius et al., (2005)
transformed wood producing apical stem segments of
Eucalyptus globules by using Agrobacterium strains (AGL1
and LBA4404) with optical densities from 0.4-0.6. The
positive result at different optical density of bacterial culture
was possible due to different genetic makeup of the plant
species and Agrobacterium strain. Average transformation
efficiency was found to be higher in case of two days
precultured explants, as compared to non-precultured plants
(Table 5, Fig. 2b, ¢ and d). Preculture treatment was found to
influence the UidA gene expression, as reported by Tzfira &
Citovsky (2006). The mechanism for the influence of
preculture treatment has not been understood but some
scientists indicated that preculturing of explants enhanced the
binding of Agrobacterium tumefaciens. Moralejo et al.,
(1998) observed that four to six days of preculture treatment
enhanced transformation efficiency in cotyledons and
hypocotyls of E. globules while in our case preculturing of
explants for two days seems to be effective.

Infection time of lhour was seemed to be optimum.
When infection time was increased from 1 hour to 2 hour, it
resulted in overgrowth of Agrobacterium and made explants
prone to desiccation (Table 6).

Acetosyringone is an alcoholic compound that enhances
the Agrobacterium infection and T-DNA delivery system.
Different concentrations (0 uM, 200 uM and 400uM) of
Acetosyringone were used at the time of co-cultivation and a
concentration of 200 uM (1 day co-cultivation time) was
found to be optimum. Acetosyringone in 400uM
concentration enhanced the growth of Agrobacterium.
Results were supported by McCormack et al., (1998) and
Ke et al., (2002) who reported that increased concentration
of Acetosyringone (100 pM) in wheat and barley increased
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the efficiency of transformation. Difference in optimized
concentration of Acetosyringone could be due to difference
of monocot and dicot plants.

The effect of co-cultivation time (1 day and 2 days) on
transformation efficiency was also studied. 1 day co-
cultivation showed good results. However, co-cultivation
period more than one day resulted in the Agrobacterium
tumefaciens overgrowth. Different days of co-cultivation
have been reported previously in Eucalyptus spp. Ho et al.,
(1998) reported two days of co-cultivation time in E.
camaldulensis, in our case this is one day. The difference
may be due to using different strains of Agrobacterium for
infection. Spokevicius et al., (2005) reported 2-7 days of
co-cultivation time in apical segments of E. globules.

Different shoot regeneration media were used (Table 1).
Callus induction media (CIM1) was also found to be
effective for shoot regeneration. Shoot regeneration was
observed after 20 days of callogenesis (Fig. 2a). No
regeneration was observed on SIM1 and SIM2. Same results
were given by Chang & Yang (1995) who studied
micropropagation of E. camaldulensis and found the same
harmone combination effective for callogenesis as well as for
regeneration. However, the basal medium used by Chang &
Yang (1995) was BS instead of MS basal medium.

Kanamycin (25mg/L) selection was given to 50
regenerated shoots for 2 months, out of which 35 shoots
survived. A fragment of predicted size (461 bp) was amplified
from putative transgenic shoots, by using uidA gene specific
primers. No amplification was observed in non transgenic
control. This indicated the successful integration of T-DNA
into the Eucalyptus genome. Overall transformation efficiency
based on PCR amplification was found to be 14% (Fig. 3).

Table 4. Results of callogenesis on different CIM.
Number of days

Media Swelling of explants | Callus formation
CIM1 19 28
CIM2 17 30
CIM3 14 20
CIM4 21 40
CIMS 18 30

CIM = Callus induction media

Table 5. Transformation efficiency for precultured &
non-precultured explants at different optical densities.

Optical density 0.3 0.4 0.5
Preculture explants

Infected explants 15 20 12
Positive for gus staining 15 06 04
Transformation efficiency  100% 30%  33.33%
Non-precultured explants

Infected explants 21 24 30
Positive for gus staining 07 06 20
Transformation efficiency 33.33%  25%  66.67%

Table 6. Effect of Co-cultivation time and infection time on
overgrowth of Agrobacterium tumefaciens.
1 Day co-cultivation time 2 Days co-cultivation time
Agrobacterium Agrobacterium

Inf‘?cnon tumefaciens Inff.zcuon tumefaciens
time time
overgrowth overgrowth
1 hour Absent 1 hour Absent
2 hours Present 2 hours Present
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Fig. 1. Callogenesis on different plant growth hormonal combinations.
A: Callus on CIM1, B: Callus on CIM2, C: Callus on CIM3, D: Callus on CIM4, E: Callus on CIM5

Fig. 2. Photographic presentation of Agrobacterium tumefaciens mediated transformation and shoot regeneration of Eucalyptus
camaldulensis.

a. Shoot regeneration on MS basal medium with 1.5 BAP + 0.5 NAA + 400mg/L Timentin

b. GUS expression of nonprecultured hypocotyls at O.Dgypnn=0.5

c. GUS expression of nonprecultured plantlet leaf at O.Dgoq,=0.5

d. GUS expression of precultured plantlet leaf at O.Dgo,n,=0.3
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Fig. 3. PCR Result of putative transgenic plants showing integration of uidA gene.
1= Non transgenic, 2-8= Transformants, P= pGR1 (Positive control), N= Negative control, M = Marker of 1 kb

Conclusion

The protocol developed in this study provides a
simple and efficient system for introduction of desirable
characters in Eucalyptus camaldulensis. It also suggests
that In vitro seedlings are good target tissues for
producing transgenic plants.
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