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Abstract
The present study reports the use of silver nanoparticles as a gene carrier, substituting gold microcarrier for biolistic gene 
delivery in Nicotiana tabacum L. Efficiency of biolistic transformation using silver nanoparticles (100 nm) was compared 
with that of gold microcarriers (0.6 micron) under varying helium pressure (450 psi, 650 psi, 900 psi and 1100 psi) and target 
distance (6 cm and 9 cm). Among the different concentrations (0.01–100 mgL−1) of silver nanoparticles tried, 10 mgL−1 
produced the highest number of transient GUS expression (30) with statistical significance. Helium pressure of 650 and target 
distance of 9 cm, and 900 psi pressure and 6 cm distance resulted in the highest GUS expression with gold microcarriers 
and silver nanoparticles, respectively. Transformation efficiency was significantly higher with silver nanoparticles than gold 
microparticles as carriers resulting in a reduction up to 37.5-fold on the cost of consumables. Regeneration efficiencies of 
tissues bombarded with gold microcarriers and silver nanoparticles were 62.5% and 70.83%, respectively.
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Introduction

Biolistic transformation is a highly efficient method of 
genetic modification for crop improvement (Kohli et al. 
1998; Dai et al. 2001; Liu et al. 2019). High cost of the 
equipment and consumables such as gold microcarriers 
are the major limitations which prevents the widespread use 
of biolistic transformation (Dizaj et al. 2014). Cost-effective 
and efficient gene delivery system possessing high transfor-
mation efficiency and low cytotoxicity need to be developed.

Nanotechnology deals with materials of dimensions 
less than 100 nm, where the unique physical properties of 
such molecules make novel applications possible. Use of 

nanotechnology in genetic transformation has gained great 
momentum during the last decade. Tools of nanotechnology 
are being applied to biological sciences to serve as probes, 
sensors and vehicles for gene delivery (Torney et al. 2007; 
Sharma et al. 2019). Many nanoparticles have the ability to 
bind with DNA and protect DNA from enzymatic attack, and 
can aid in the delivery of DNA into the nucleus. Mesoporous 
silica nanoparticles, gold nanoparticles and zinc oxide nano-
particles have been used as carriers for gene transfer into 
microbes and plants (Torney et al. 2007; Chang et al. 2013; 
Wang et al. 2018).

Silver nanoparticles have anti-microbial property (Patel 
et al. 2015) and are able to increase the permeability of the 
bacterial membranes via the generation of many pits and 
gaps (Li et al. 2010). Nagamani et al. (2019) reported that 
silver nanoparticles can increase the efficiency of transfor-
mation in bacterial cells. The presence of cell wall in plant 
cells is a major hindrance for effective gene delivery. There 
are no reports yet on the use of silver nanoparticles as carri-
ers for biolistic transformation of plants. Use of silver nano-
particles is supposed to aid in increased transformation effi-
ciency of plant cells with comparatively reduced cost. Here 
we report efficacy of silver nanoparticles as carriers for gene 
delivery in Nicotiana tabacum L. using biolistic method.
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Materials and methods

Plasmid

Plasmid pBI121, a binary Agrobacterium vector was used 
for plant transformation (Chen et al. 2003). The vector has 
a size of 14,758 bp and uidA (GUS) as reporter gene with 
the CaMV 35S promoter and kanamycin resistance gene 
as a selectable marker.

Biolistic transformation of Nicotiana tabacum L. 
with gold micro carriers

DNA mixture for bombardment was prepared by adding 
10 µL of plasmid DNA (1 µg µL−1), 50 µL 2.5 M Calcium 
Chloride and 20 µL 0.1 M spermidine to 50 µL of gold 
microcarrier (0.6 micron). Nicotiana tabacum L. leaves 
were surface sterilized using sodium hypochlorite (4%) for 
2 min and then washed twice with sterile distilled water. 
DNA mixture (20 µL) was coated on the macrocarrier and 
bombarded onto sterile leaf discs of Nicotiana tabacum 
placed on sterile basal MS medium in Petri plates. Bom-
bardment was performed by PDS-1000 He gene gun (Bio-
rad laboratories Inc., USA) using rupture disks of different 
psi viz., 450, 650, 900 and 1100 and with target distance 
of 6 and 9 cm to optimise the parameters of biolistic trans-
formation for further comparison with silver nanoparticles. 
Gap distance of 6.35 mm and 28 inch Hg partial vacuum 
was maintained in the PDS-1000/He system. After bom-
bardment the Petriplates were incubated in dark at 24 °C 
for 48 h.

Optimisation of parameters for biolistic 
bombardment of silver nanoparticles

The parameters viz., concentration of silver nanoparticles, 
helium pressure and target distance were varied to optimise 
them for the biolistic bombardment of Nicotiana tabacum 
L. using silver nanoparticles. DNA mixture was prepared 
with different concentrations (0.01, 0.05, 0.5, 1, 2, 10, 20 
and 100 mgL−1) of silver nanoparticles (Sigma Aldrich) 
of size 100 nm. Bombardments were performed at 1100 
psi, target distance of 6 cm, gap distance of 6.35 mm under 
28 inch Hg partial vacuum in the PDS-1000/He system. 
The concentration which gave maximum transformation 
efficiency was used for further standardisation of helium 
pressure (450 psi, 650 psi, 900 psi, 1100 psi) and target 
distance (6 cm and 9 cm).

GUS histochemical assay

After two days of bombardment, the leaf discs were 
transferred to staining buffer (2 mM X-Gluc, 0.2% Triton 
X-100, 50 mM sodium phosphate buffer, pH 7.2, 2 mM 
potassium ferrocyanide and 2 mM potassium ferricyanide) 
and incubated overnight at 37 °C in dark. The leaves were 
de-stained in 70 percent ethanol until chlorophyll was 
removed. Blue spots were counted by observing under a 
stereo microscope at 100 × (Leica, Germany).

Selection of transformants

The leaf discs after two days of bombardment were screened 
for transformants on a selection medium supplemented with 
1 mgL−1 NAA, 1 mgL−1 BA and 100 µg mL−1 kanamycin 
(Dixit et al. 2016). 3-week-old calli resistant to kanamycin 
and surviving in the selection medium were transferred to 
MS medium supplemented with 1 mgL−1 BA, 0.5 mgL−1 
GA3, 0.25 mgL−1 IAA and 100 µg mL−1 kanamycin for the 
emergence of shoots (Dixit et al. 2016). The shoots that 
emerged from the calli were transferred to MS medium sup-
plemented with 0.1 mgL−1 IAA and 100 µg mL−1 kanamycin 
for rooting (Dixit et al. 2016).

Confirmation of stable transgene integration using 
PCR

Leaves were collected from transformed plantlets and 
DNA was isolated using CTAB method (Doyle and Doyle 
1990). Isolated DNA was subjected to PCR to confirm the 
transgene integration. GUS gene-specific primers (forward- 
5′ACT​CAT​TAC​GGC​AAA​GTG​TGG​GTC​A3′ and reverse- 
5′- TGG​TGT​AGA​GCA​TTA​CGC​TGC​GAT​3′) reported by 
Almasi et al. (2015) were used for the PCR amplification. 
DNA isolated from non-transformed plantlets served as con-
trol. Reaction mix of 25 μL was prepared with 2.5 μL PCR 
buffer mix, 0.5 mM each of dNTPs, 10 pmol each of forward 
(F) and reverse (R) primers, 1 U of Taq polymerase, and 
300 ng DNA. PCR was performed with an initial denatura-
tion at 95 °C for 5 min, followed by 30 cycles of denatura-
tion at 95 °C for 1 min, annealing at 50 °C for 1 min, and 
extension at 72 °C for 1 min, followed by a final extension 
at 72 °C for 5 min. PCR products were electrophoresed on 
1.5% agarose gel.

Statistical analysis

The numbers of GUS positive blue spots counted in the 
treatments were statistically compared for significance. The 
critical difference (CD) values at 5% level of significance 
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were calculated using analysis of variance (ANOVA). For 
comparing the transformation efficiency of gold and silver 
nanoparticles as carriers, Student t-test was used at 5% level 
of significance. All the analyses were performed using the 
software Web Agri Stat Package (WASP), ICAR, India 
(http://​www.​ccari.​res.​in/​waspn​ew.​html).

Results and discussion

Biolistic transformation of Nicotiana tabacum 
with gold micro carriers

Non-bombarded leaf discs did not show any GUS activity, 
whereas blue spots were observed in all the bombarded tis-
sues with gold microcarriers indicating transient expression 
of the gene (Fig. 1). Average number of GUS positive spots 
per bombardment is shown (Table 1). Helium pressure of 
650 psi exhibited maximum transient expression with gold 
microcarriers (Table 1) which was statistically significant 
with other tested pressures. The highest transformation 

efficiency was earlier reported with 650 psi in nuclear trans-
formation in tobacco leaves (Yasybaeva et al. 2017). Higher 
pressure of 1550 psi was demonstrated to cause damage to 
the target tissues in sorghum (Tadesse et al. 2003). There 
was a reduction in transient GUS expression in rice calli dur-
ing bombardment at lower (450 psi) and higher helium pres-
sures (1300 psi and 1550 psi) and the optimum was found 
to be 1100 psi (Zuraida et al. 2010). Reduced expression at 
lower pressure may be due to poor penetration capability of 
the microcarrier to the target tissues whereas higher-pressure 
bombardment may lead to injuries to target tissues.

Among the different target distances tried, a distance 
of 9 cm showed higher GUS gene expression than 6 cm 
(Table 1). However, the results were not statistically signifi-
cant. Interaction analysis of the different parameters revealed 
that Helium pressure of 650 psi and target distance of 9 cm 
exhibited significantly higher transient expression of GUS 
(Table 1). Reduction in cell damage due to an increase in 
target distance may be a factor for increased expression at 
9 cm observed in the present study. Similar results have been 
reported in wheat, castor, cowpea, mothbean, garden balsam 

Fig. 1   GUS stained leaves of Nicotiana tabacum L. following biolistic transformation with A pBI121, B pBI121 + gold microcarriers (0.6 
micron) and C pBI121 + silver nanoparticles (100 nm) at optimized He pressure & target distance

Table 1   Effect of different 
helium pressures and 
target distances in biolistic 
transformation of leaves of 
Nicotiana tabacum L. with gold 
microcarriers

For different pressures, SEM = 1.21 and CD (0.05) = 3.643
For different distances, SEM = 0.85 and CD (0.05) are not significant
For the combination of pressure and distance, SEM = 1.70 and CD (0.05) = 5.2
SEM standard error (mean), CD critical difference
*Figures in a column followed by the same letter do not differ significantly (p ≥ 0.05)
**Mean values which do not differ significantly

Helium pressure Target distance Mean* value for 
each He pressure

6 cm 9 cm

R1 R2 R3 Mean* R1 R2 R3 Mean*

1100 psi 5 9 8 7.3d 9 14 12 11.7b 9.5b

900 psi 15 18 13 15.3c 8 16 13 12.3b 13.8b

650 psi 30 28 30 29.3b 65 71 67 67.7a 48.5a

450 psi 46 54 49 49.7a 17 11 13 13.7b 31.7a

Mean* 25.4** 26.3**

http://www.ccari.res.in/waspnew.html
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(Impatiens balsamina) and olive (Kamble et al. 2003; Ikea 
et al. 2003; Sailaja et al. 2008; Perez-Barranco et al. 2009; 
Taha et al. 2009).

Optimisation of parameters for biolistic 
bombardment of silver nanoparticles

Bombardment using silver nanoparticles as DNA carrier 
into Nicotiana tabacum was successful and blue colour GUS 
expression was detected (Fig, 1). Among the different con-
centrations of silver nanoparticles tried for bombardment, 
10 mgL−1 showed the maximum number of GUS positive 
blue spots and was statistically significant compared to other 
treatments (Table 2). Cellular uptake of nanoparticles is gen-
erally dependent on their size, charge and surface properties 

(Hillaireau and Couvreur 2009; Mailander and Landfester 
2009). Bacterial cell viability was significantly reduced from 
81 to 26% with an increase in concentration of silver nano-
particles from 4 to 33 ppm at 48 h exposure time (Jaiswal 
et al. 2015). Lower GUS expression at lower concentra-
tion (0.01, 0.05, 0.5 and 1 mgL−1) of silver nanoparticles 
observed in the present study may be due to an inadequate 
amount of silver nanoparticles to coat plasmid DNA.

Difference in transient expression of GUS positive cells 
was observed under varying helium pressure and target 
distance with silver nanoparticles as carriers for bombard-
ment. Among the different helium pressures tried, 900 psi 
exhibited a maximum number of GUS positive cells and 
the effect was statistically significant (Table 3). Variation 
in target distance also showed a significant difference in 
the number of GUS positive cells. Target distance of 6 cm 
showed significantly higher GUS gene expression than 9 cm 
(Table 3). Interaction effects of helium pressure and target 
distance using silver nanoparticles as carriers for biolistic 
bombardment revealed that the combination of 900 psi and 
6 cm yielded significantly higher transient GUS expression 
among all the combinations tried (Table 3). Reduction in the 
size of carriers to nanoscale might have resulted in higher 
transient expression at higher helium pressure compared to 
gold microparticles. Bombardment of gold nanoparticles of 
size 50–100 nm was reported to be successful in transforma-
tion at 1100 psi helium pressure and 5 cm target distance in 
rice calli (Mortazavi and Zohrabi 2018). Bombardment of 
mesoporous silica nanoparticles was successful at 650 psi 
and 9 cm target distance in tobacco leaves and maize imma-
ture embryo (Torney et al. 2007). Nanoparticles like gold 
nanorods and gold capped with mesoporous silica nanopar-
ticles are reported to exhibit significantly increased transient 
expression at higher pressures of 1350 and 1550 psi and 

Table 2   Number of GUS positive blue spots per unit area of Nico-
tiana tabacum L. leaves bombarded with different concentrations of 
silver nanoparticles

*Figures in a column followed by the same letter do not differ signifi-
cantly (p ≥ 0.05)

Treatment Concentration of silver 
nanoparticles (mgL−1)

Average 
no. of blue 
spots*

T1 0.01 4.000cd

T2 0.05 0.667e

T3 0.5 1.333de

T4 1 2.667cde

T5 2 4.333c

T6 10 30.333a

T7 20 11.333b

T8 100 5.000c

Control Sample buffer without silver 
nanoparticle

0

Table 3   Effect of different 
helium pressures and target 
distances in the biolistic 
transformation of leaves of 
Nicotiana tabacum L. with 
silver nanoparticles

For different pressures, SEM = 2.5 and CD (0.05) = 7.5
For different distances, SEM = 1.8 and CD (0.05) = 5.3
For the combination of pressure and distance, SEM = 3.5 and CD (0.05) = 10.6
SEM standard error (mean), CD critical difference
*Figures in a column followed by the same letter do not differ significantly (p ≥ 0.05)
**Mean values which do not differ significantly

Helium pressure Target distance Mean* value 
foreach He pres-
sure6 cm 9 cm

R1 R2 R3 Mean* R1 R2 R3 Mean*

1100 psi 29 32 30 30.3b 19 4 11 11.3** 20.8b

900 psi 75 87 81 81.0a 11 15 12 12.7** 46.8a

650 psi 3 13 8 8.0 c 5 3 3 3.7** 5.8b

450 psi 37 12 18 22.3bc 13 13 11 12.3** 17.3b

Mean* 35.4a 10.0b
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lesser target distance of 4 cm in onion epidermis (Martin-
Ortigosa et al. 2012).

For a comparative analysis of gold microparticles with 
silver nanoparticles as carriers of DNA during biolistic bom-
bardment, transformation efficiency of silver nanoparticles at 
its optimum conditions of 900 psi helium pressure and target 
distance of 6 cm were compared with that of gold microcar-
rier at its optimum of 650 psi and 9 cm. Silver nanoparti-
cles as carrier exhibited significantly higher transient GUS 
expression than that for gold microparticles at optimum con-
ditions. Student’s t-test identified the difference observed to 
be significant at 5% level of significance (Fig. 3A). One of 
the major drawbacks of biolistic transfection is cell/ tissue 

damage (O’Brien and Lummis 2006). One possible way to 
reduce tissue damage is to reduce the size of the carrier used 
for delivering DNA into host cell. The widely used micro-
carriers are 0.6 and 1.0 μm diameter projectiles (O’Brien 
and Lummis 2006, 2011), but smaller-sized particles of less 
than 100 nm are also reported (Torney et al. 2007; O’Brien 
and Lummis 2011). O'Brien and Lummis (2011) compared 
the tissue damage between 1 µm gold microparticle and nan-
oparticle carriers and observed a cell damage of 9 ± 2% in 
nanoparticles and 22 ± 3% in microparticles. Use of nanom-
eter sized particles has the potential advantage of increasing 
efficiency in transfection of smaller cells, organelles and spe-
cific cellular regions with reduced cell damage (O’Brien and 

Fig. 2   Regeneration of plantlets 
from Nicotiana tabacum L. 
leaves transformed with pBI121 
by biolistic transformation with 
silver nanoparticles (100 nm) 
at optimized conditions (900 
psi He pressure and 6 cm target 
distance). A Control leaves in 
callus induction and selection 
media 3 days after bombard-
ment with silver nanoparticles 
without pBI121. B Leaves in 
callus induction and selection 
media 7 days after bombard-
ment with pBI121 coated silver 
nanoparticles. C Callus induc-
tion from leaf disc bombarded 
with pBI121 coated silver 
nanoparticles after 3 weeks. D 
Regeneration of plantlets from 
callus
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Fig. 3   Comparison of gold microcarriers and silver nanoparticles as carriers for biolistic transformation of Nicotiana tabacum leaves with 
pBI121 at respective optimized conditions of helium pressure and target distance (*Significance was observed at p < 0.05)
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Lummis 2011). In the present study, visible tissue damage 
was not observed in leaf tissues bombarded with silver nano-
particles and gold microcarriers. Lesser transient expres-
sion is reported when DNA coated with nano-sized gold 
and mesoporous silica nanoparticles were used for bom-
bardment (Torney et al. 2007) and approximately 32 GFP-
fluorescent foci per cotyledon were observed whereas gold 
microcarriers of size 0.6 μm produced approximately 73 
GFP-fluorescent foci per cotyledon. Mortazavi and Zohrabi 
(2018) reported plasmid delivery through biolistic method 
by gold nanoparticles of size 50, 100, 600, and 1000 nm. 
Similar levels of transgene integration were observed with 
varying sizes of nanoparticles when used for the bombard-
ment of rice embryogenic calli.

Screening for transformed calli

The bombarded leaf discs were screened for transformants 
by transferring to MS medium supplemented with kanamy-
cin as selection agent (Fig. 2). All the non-bombarded leaf 
discs started drying within one week of transfer to the selec-
tion medium whereas 62.5% of the leaf discs bombarded 
with DNA using gold microparticles and 70.83% of leaf 
discs bombarded with DNA using silver nanoparticles as 
carriers survived in the presence of kanamycin and exhibited 
callus induction and regeneration (Fig. 3B).

Confirmation of stable transgene integration using 
PCR

DNA from leaves of regenerated transformed and control 
plantlets when subjected to PCR to confirm the presence 
of GUS gene produced the expected amplicon of the size 
of 298 bp only in the former confirming the presence of 
GUS gene. There was no presence of GUS amplicon in the 
control (Fig. 4).

Conclusions

The present study found that silver nanoparticles (100 nm) at 
a concentration of 10 mgL−1 was successful in the efficient 
biolistic transformation of leaves of Nicotiana tabacum at 
a Helium pressure of 900 psi and target distance of 6 cm. 
Transformation efficiency was significantly higher using 
silver nanoparticles than gold microparticles as carriers 
with reduction in cost of consumables by 37.5 fold. This is 
the first report of the use of silver nanoparticles for biolis-
tics based gene delivery in plant species. Other promising 
cost-effective nano-materials such as silica and zinc oxide 
could also be evaluated for their efficacy for gene delivery 
by biolistics.
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