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Abstract

The objective of the study was to develop an efficient protocol for Populus deltoides transformation through
Agrobacterium tumefaciens LBA4404. Agrobacterium strain harboring binary plasmid pGA482 with Gus (uidA) gene under
CamV35S promoter and Neomycin phosphotransferase (nptll) gene under Nos promoter was used for the transformation.
Nodal, internodal and leaf explants from 4-5 months In vitro and fieldgrown plants were used for the transformation.
Transformation was done under different conditions including, preculture time, optical density, acetosyringone concentration,
infection time and co-cultivation time. Confirmation of transformation was done through GUS histochemical staining. Highest
transformation efficiency was observed in one week precultured leaf explants from field grown source on preculture medium
containing 200uM acetosyringone. Precultured explants from In vitro source also gave good results for transformation but the
callus formation was found to be slow in leaf explant. Calli from the both sources did not show any transformation when
infected with O.D Agponm range from 0.3-0.8. Node and internode though showed less transformation rate but the callogenesis
was found to be highest in node and internode explants on CIM 1. Leaf explants from field source also gave high callus
induction on CIM 5. A. tumefaciens O.D Agyonm 0.3-0.5 was found to be effective. Infection time of 1-2 hour and co-cultivation
time of lday in dark were found to be optimum for the transformation. 200mg/1 of timentin was found the best to control the
overgrowth of Agrobacterium.100mg/l Kanamycin in growth medium was found to sufficient for selection for transformants.
Selected transformants were confirmed through PCR for the presence of transgene. The present protocol for P. deltoides was

found to be efficient for genetic transformation and can be used to introduce novel traits in the P. deltoides.

Introduction

Populus deltoides also known as eastern cottonwood is
native to North America and belongs to family Salicaceae.
Because of its fast growth and wood quality, the genus
populus and hybrid cottonwoods, aspens and other poplar
species are highly valued and have industrial importance
for wood, paper and pulp industry (Stealer et al., 1996).

The production of plants with desired traits is very
important from industrial point of view to increase the
production of biomass in minimum time. Therefore,
production of a poplar species with desired character is
highly advantageous for industry and economic growth of a
country. That is why there has been a surge in research
interest in higher plants having very high value for paper,
pulp and biofuel production. The poplar is an important
model for woody plant study because its potential for In
vitro culturing and genetic engineering through
Agrobacterium mediated transformation (Jehan et al.,
1994; Gozukirmizi et al., 1998; Confalonieri et al., 2000;
Han et al., 2000; Dai et al., 2003). The Agrobacterium
mediated efficient transformation system of genus populus
has been reported in many studies (Han et al., 2000;
Confalonieri et al., 1994), but still there is a need for
development of transformation systems with better
transformation efficiency. This is due to the fact that
transformation parameters and tissue culture varies from
species to species.

The introduction of new desirable traits in the poplar
species and their hybrids by classical breeding has been
delayed because of its large size and long sexual generation
cycles. The genetic transformation of cottonwood species
has been on the lower side as compared with other genotypes
(DeBlock, 1990; Confalonieri et al., 1994, 1995; Huang et
al., 1994; Wang et al., 1996; Heuchelin et al., 1997).

Despite of progress in the transformation of populus,
there is a dire need for better approaches. (Leple et al., 1992;
Tsai et al., 1994; Dinus et al., 1995; Tzfira et al., 1996, 1997,

Fladung et al., 1997; Han et al., 1997, 2000; Ningxia et al.,
2012). Although bombardment by biolistic gun and
protoplast-based DNA transfer have been employed,
Agrobacterium mediated transformation system is still
preferred and efficient system for genetic transformation (Li
et al., 2008, 2009). This work is of importance with
relevance to Populus deltoids, since majority of the work has
been done in other species of populus.

The present study was aimed to study different
parameters for transformation of P. deltoides i.e., explant
source, preculturing, infection time, co-cultivation time,
and acetosyringone concentration, to optimize a highly
efficient protocol for transformation of P. deltoids using
Agrobacterium tumefaciens strain LBA4404. Future
perspectives should focus on genetic improvement of
populus with lignin content down regulation and
conventional approaches like drought tolerance.

Materials and Methods

Explants sources: Populus deltoides plants were
obtained from Nuclear Institute of Agriculture and
Biology (NIAB), Faisalabad. Leaf, node and internode
were used for transformation with A. tumefaciens.

Micropropagation of P. deltoides: Micropropagation of P.
deltoides was carried out by using young 4-5 months old
branches with bud from botanical garden grown populus
plants. Micro-cuttings of P. deltoides were propagated In
vitro on MS basal medium and MS basal + 5g/L activated
charcoal as described by Byung et al., 2009.

Medium preparation: All types of growth media for
tissue culture were prepared as described in Table 1. 3%
sucrose/maltose, 0.4% Gelzan was added as solidifying
agent and final pH was adjusted to 5.8 with 1M NaOH
and 1M HCIL.
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Table 1. Media preparation.
Medium Composition

1. Callus induction medium (CIM1)  MS + 2.5mg/l BAP + 2.0mg/l NAA

2. CIM2 MS +2.0mg/l BAP +1.5mg/I| NAA

3. CIM3 MS + 1mg/l BAP + 0.5mg/| NAA

4. CIM4 MS+ 2 mg/12,4,D

5. CIM5 MS + 5mg/l IBA

6. Induction medium MSO + 200uM Acetosyringone

7. Co-cultivation Medium 1. CIM2 + 200-400pM Acetosyringone
2. CIM2 without Acetosyringone

8. Post co-cultivation medium CIM + 200-400mg/1 timentin or 250-500mg/1 Cefotaxime

. Preculture Medium
10. Regeneration Medium 1(RM1)
11. RM2
12. LB medium

CIM + 200uM Acetosyringone

MS + 1mg/l Zeatin

MS + 5mg/l BAP + 4mg/l NAA

10g/1 Tryptone + 5g/1 Yeast extract + 10g/l NaCl + 0.8% Gelzan (pH 7.5)

Explants sterilization: Leaf, node, internode and micro-
cuttings were surface sterilized by cutting into small pieces
of 1-2cm then washed with running tap water for 10-15
minutes. Explants were soaked in 70% ethanol for 1 min,
followed by treatment with 50% Clorox for 20 minutes.
Afterward explants were washed 2-3 times with autoclaved
distilled water, and washed with 70% ethanol for 1-2
minutes. The explants were finally rinsed 5-6 times in
sterile distilled water and each washing was carried out for
2-3 minutes. For drying the explants were put on sterile
filter paper for 10 min. Leaf, node and internode were put
on preculturing medium and micro-cuttings were used for
micropropagation on MS medium. All mediums were
sterilized by autoclaving. Antibiotics were filter sterilized
and added after autoclaving the medium.

Preculturing of explants: Preculturing of explants from
In vitro and field grown plants was done by inoculating
explants on preculture medium (Table 1) for 3-7 days
with acetosyringone and preculture medium without
acetosyringone.

Bacterial strain used for transformation: Agrobacterium
tumefaciens strain LBA4404 containing binary plasmid
PGA482 with Gus (uidA) reporter gene driven by
CamV35S promoter and nptll gene driven by Nos promoter
was obtained from National Institute of Biotechnology and
Genetic Engineering (NIBGE), Faisalabad.

Transformation protocol: A. tumefaciens LBA 4404
carrying a binary vector was grown overnight at 28°C in
liquid Luria Bertani (LB) medium supplemented with
50mg/l of each rifampicin and kanamycin. The
Agrobacterium was grown until O.D Aggum of 1.0-1.5
was obtained. Cells were collected by centrifugation at
4000RPM for 10 min and resuspended in MS basal
medium and O.D Agonm Of 0.2-0.8 were made using
spectrophotometer in glass cuvettes. 200uM  of
acetosyringone was added to the cell suspension prior to
infection and incubated at 28°C for 2 hours in a shaking

incubator using shaking speed of 150RPM. Explants were
infected by soaking explants in the bacterial suspension
for 1-4 hours at room temperature in dark. The inoculated
explants were co-cultivated on CIM with or without
acetosyringone at 25°C in the dark for 1-2 days. Explants
were put on CIM supplemented with 200mg/1 timentin
after co-cultivation.

GUS Histo-chemical assay: Infected explants were
examined for transient GUS expression by histochemical
staining method of Jefferson et al., (1987). For infection
localization, GUS positive explants were washed several
times with 70% ethanol to remove chlorophyll for
improved visualization of infection sites followed by
examination under microscope.

Selection of transformants: Transformants were selected
on medium containing 100mg/l kanamycin. The selection
was delayed for 10-15 days until the callus induction in
the infected explants.

Molecular analysis of transgenic plants: Total genomic
DNA was isolated from non-transformed control calli and
kanamycin-resistant  transgenic calli (100mg) by
following Doyle et al, (1990) method. PCR was
performed to amplify a fragment of uidA gene by using
gene specific primers described by Prakash & Gurumurthi
(2009). A PCR reaction was setup in total volume of 25
ul containing 200ng of DNA, 2.5 ul of PCR buffer, 1 pl
of 2.5 mM dNTP, 2.5 pul of 25mM MgCl,, 10 pM of each
primer and 1.5U Taq polymerase. Plasmid DNA with Gus
reporter gene served as a positive control. DNA from a
non-transformed control calli served as negative control.
The PCR program was consisted of initial denaturing at
94°C for 5 min, followed by 40 cycles at 94°C for 1min,
66°C for 30 sec, 72°C for 30 min, and a final extension at
72°C for 10 min. Amplified PCR product was visualized
and photographed using gel documentation system UVP®
after electrophoresis on a 1% (w/v) agarose gel containing
0.5pg/ml ethidium bromide as fluorescent dye.
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Results and Discussion

Micropropagation: For micropropagation growth was
observed on both types of MS media with or with
activated charcoal (AC) after 2-3 weeks of inoculation. In
the present study, we did not find any significant
difference in growth of plants on MS + AC and plants on
MS basal, these results are contrary to Byung et al.,
(2009) who found activated charcoal to support growth in
Nisqually-1 species of populus (Fig. 1).

For rooting of plantlets, 0.1, 0.5, 1.0 and 2.0 (mg/1) of
IBA (PhytoTechnology Laboratories®) was used in full
as well as half MS medium but no rooting was observed
in plantlets after 4 weeks of inoculation, this result was

also contrary to Cavusoglu et al., 2011 who found MS
supplemented with 2.0 mg/l IBA good for rooting of
regenerative shoots.

Under influence of 5mg/l IBA plantlets started
rooting after 3 weeks of inoculation with thick callus like
growth at the bottom of the plantlet. After 3-4 months on
MS medium, all the plantlets showed chlorosis and leaf-
fall, this might be due the fact that plants were unable to
utilize the media, so could not fulfill its energy
requirement in the lab conditions. The chlorosis was also
same in plants with roots as well, which reveals
inefficiency of MS medium for micropropagation of P.
deltoides. All plants died after 3-4 months of inoculation
on MS and MS+AC medium.

Fig. 1. A) Micropropagated plantlet on MS+AC. B) Micropropagated plantlet on MSO.

Relation of explant source with transformation: In
vitro grown and fieldgrown explants were used for the
transformation under different condition of preculture,
acetosyringone concentration, infection time and co-
cultivation time. No significant difference in
transformation efficiency was found between both types
of explants sources. In vitro-derived materials are
generally preferred over field-grown, greenhouse, or
growth room grown materials as explants for
transformation because they need no surface sterilization,
are often more juvenile and thus have superior
regeneration capacity, and are less lignified (Divya &
Sanjay, 2011). For the transformation, In vitro grown
plants are more fragile due to their less lignin contents as
compared to fieldgrown plants. This makes it more
vulnerable to desiccation during transformation.
Fieldgrown plants have better viability than In vitro plant
explants after the infection with A. tumefaciens. In the
present study we found that the fieldgrown plant explants

had better potential to give callus after transformation. An
important finding was that the node and internode
explants gave efficient calluses while the best
transformation was observed in leaf explants.

There was no transformation observed in explants
from older stems of P. deltoides of fieldgrown plants
which may be due to their high phenolics contents. Young
leaves gave highest efficiency of transformation rate
(Hancock et al., 2007). Calli were also infected with
Agrobacterium at O.D ranging from 0.3-0.8 but no
transformation was observed based on GUS assay results.

Relation of transformation and pre-culturing: Explants
from both In vitro and fieldgrown sources were
precultured on preculture medium (Table 1). Precultured
explants gave significant high transformation efficiency
than non precultured explants. Host cell division is
required for successful Agrobacterium transformation
(Diwakar et al., 2011). There was no effect of pre-culture
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on transient GUS expression; it is likely that poplar
benefits from pre-culture by increasing the competence of
cells for DNA incorporation (Han et al., 2000). It was
observed that a 7-day pre-culture of fieldgrown plant
explants, on preculture medium with 200uM
acetosyringone showed significantly increased number of
transformants. Generally dicot plants do not need
supplementation of phenolics like acetosyringone.
However in this case, use of acetosyringone was found to
aid the transformation by increasing the transformation
efficiency. This is because it increases virulence of A.
tumefaciens (Godwin et al., 1991).

The preculturing of explants derived from field source,
on preculture medium with acetosyringone showed 20-25%
(Table 2) higher percentage of transformation. This is in
comparison to explants which were precultured and co-
cultivated on medium without acetosyringone and explants
which were precultured on acetosyringone medium but co-
cultivated on medium without acetosyringone.

Therefore, it was found that use of acetosyringone
in preculture medium and further medium after
transformation e.g., co-cultivation medium, is highly
recommended. It increases transformation efficiency
by increasing virulence of Agrobacterium.

Transformation parameters: Different parameters were
considered in order to develop a protocol with highest
transformation rate of P. deltoides. Bacterial cell culture
density is very critical for the transformation; different
optical densities of A. tumefaciens ranging from 0.2-0.6
were used for transformation. The highest transformation
efficiency was found between optical densities ranging
from 0.3-0.5. These results are consistent with Han et al.,
(2000) who found O.D of 0.3-0.4 effective for populus spp.
by using strains EHA105, C58 and LBA4404 of A.
tumefaciens. Transformation efficiency was calculated by
GUS histochemical staining of the transformed explants.
Node, internode and leaves showed a great response for
transformation.

The infection time was the second parameter which
was found to be critical in case of transformation. Infection
time of 1-2 hours without shaking in dark was found to be
best for the transformation. The action of shaking had no
affect whatsoever on transformation. When the infection
time was increased more than 2 hours, explant viability
lessened. This is because as it makes the explants more
prone to desiccation on the subsequent culturing.

Co-cultivation is another important parameter for the
transformation of P. deltoides. Co-cultivation of 1 day
was found to be most suitable for the transformation. This
is because overgrowth of Agrobacterium is a major
problem during the co-cultivation time. In the present
study, we observed that overgrowth of the Agrobacterium

Table 2. Effects of acetosyringone on transformation efficiency.
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cannot be controlled even with increasing the
concentration of antibiotic (timentin) from 200-400mg/1.
Treatment of other antibiotics like cefotaxime at from
250-500 mg/1 was not found to control the overgrowth of
Agrobacterium. Co-cultivation of 1 day was found to be
sufficient to aid the transformation and timentin
concentration of 200 mg/l was found to be enough to
control growth of Agrobacterium.

Acetosyringone concentration is also crucial during
the transformation. For the induction medium of
Agrobacterium 200uM of acetosyringone in the cell
suspension was found to be optimum for the induction of
Agrobacterium mediated gene transfer. During the co-
cultivation of some transformation experiments the CIM
was supplemented with 200 and 400 puM of
acetosyringone in growth medium. A concentration of
200 uM of acetosyringone was found enough to support
virulence of Agrobacterium in co-cultivation media.

GUS assay optimization: After infection of explants with
A. tumefaciens, explants were examined for transient GUS
expression; positive transformants gave blue coloration in
the GUS solution after 1-2 days incubation at 37°C in dark
(Table 3). After GUS assay infection localization was
done under microscope. In all the explants the most
infection sites were observed near leaf veins and midrib,
Infection site were also observed near leaf margins and
also on margins of node and internode explants (Fig. 2).

Kanamycin selection of explants: 100 mg of Kanamycin
was used in the growth medium for the selection of
transformants to provide a strict selection system to the
transformed calli. Non-transformant showed chlorosis and
bleaching due to effects of kanamycin on explants, non-
transformant explants died following 6-8weeks of selection.

Callogenesis and embryogenesis: Different growth
media for callogenesis were used as described in Table 1.
Callogenesis was observed on CIM1. CIM2 and CIM3
were used for callus induction in mature explants from
fieldgrown plants. CIM4 and CIMS were also used for
callus induction for explants from both types of sources.
All the combinations worked for callogenesis. Different
explants gave different response for callogenesis on
different callus induction media (Table 4).

Embryogenesis started in callus inoculated on RM2
after 40 days of inoculation (Fig. 3b, A&B).
Embryogenesis was observed in calli inoculated on RM1.
After 4 months of inoculation embryoid like structures
were observed on the calli. (Fig. 3b, C). Some calli also
showed morphogenesis on the same medium after 2
months of inoculation (Fig. 3b, D).

Experiment Total No. of Exp_Ia}nts with Per'ce_ntage
explants positive GUS efficiency
Exp-1 15 13 86.6%
Exp-2 9 3 33.33%
Exp-3 10 5 50%

Exp-1: 7 days preculture and co-cultivattion on 200uM acetosyringone
Exp-2: 7 days preculture (w/o acetosyringone) and co-cultivation on
200uM acetosyringone

Table 3. Gus assay results.

Agrobacterium  No. of GUS Percentage
0.D Ao explants  positive efficiency
0.2 10 0 0
0.3 16 10 62.5%
0.4 16 4 25.0%
0.5 20 15 75.0%
0.6 12 6 50.0%

Exp-3: 7 days preculture and co-cultivation without acetosyringone
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Fig. 2. A) Blue color production after GUS assay with two negative controls at left and three positive explants at right hand side. B,C& D) Blue spots
on explants showing infection localization on leaf explants.

Fig. 3. A) Start of Callogenesis after 21 days. B) Callus formation after 40 days. C & D Callus formation after 4 months in light.
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Fig. 3b. A&B) Embryogenesis on regeneration medium 2. C) embroids like structure emerging on regeneration mediuml. D) Morphogenesis on
regeneration medium 2.

M =] N 1 2 3 5 6 Table 4. Results of callogenesis on different callus induction media
A
Medium N0 Of Callus callusvfirrig:tion Percentage
lants f d ici
explants  forme in weeks efficiency
CIM 1 19 7 6 36.84%
CIMII 13 1 6 7.69%
CIM III 7 1 8 14.28%
1Kkb CIM IV 32 17 3 53.12%
750bp CIMV 35 33 3 94.28%
500bp
250bp PCR confirmation of transgene: A 461bp PCR product

of Gus (uidA) gene was amplified by using gene specific
primers. The amplification was observed in all kanamycin
resistant transformant calli DNA. This amplification
confirms the stable integration of tDNA into plant cell

Fig. 4. PCR results of transformants.
M = 1kb DNA ladder, P = Positive control, N = Negative control
(non-transformant), Lanel-5: Samples from transformants.
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genome (Fig. 4). The overall transformation efficiency
was 10.95%, calculated on the basis of PCR results.

Conclusion

This study provides an efficient transformation
protocol with 10.95% overall transformation efficiency.
Best results were observed in field plants, hence the
practicality. CIMS was found to be best for the callus
induction in the fieldgrown explants with minimum time
required. The development of present system for
transformation can be helpful for introduction of desirable
traits in P. deltoides through genetic transformation using
A. tumefaciens.
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