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Abstract: Pomegranate (Punica granatum L.) is an important fruit crop in the world. Genetic transformation studies of
pomegranate have been hindered due to lacking efficient plant regeneration system. At the present study, we explored
pollen-mediated transformation for pomegranate where the plasmid DNA harboring GFP was introduced into pollen grains with
the aid of sonication. Various sonic parameters showed different effects on pollen grains where the order of effect is ultrasonic
intensity > processing duration > treatment times. The observation of GFP in pollen tubes provided the base for potential
application of pollen-mediated transformation in pomegranate, which could avoid the tedious tissue culture procedures and easy
to apply. And most of all we have provided a novel and efficient approach for pomegranate genetic transformation.
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1. Introduction

Pomegranate (Punica granatum L.) is considered native to
Iran [1] and is an economically important fruit tree of the
tropical and subtropical regions of the world. It is valued for
its pharmaceutical properties and ornamental usage [2], and is
one of the richest natural sources of vitamin C and a good
resource of calcium, phosphorus, iron and pectin. It has been
well demonstrated that pomegranate fruits, leaves, roots and
bark can be used in medicines to treat gastroenteritis,
diarrhoea, dysentery and diabetes [3-5]. Meanwhile
pomegranate has a great antioxidant potential due to high
levels of flavonoids, anthocyanins, tannins, ascorbic acids,
and gallic acid presented in the fruit [6]. There is an increasing
demand for pomegranate fruits to meet the needs of
international markets [7]. However, pomegranate is
vulnerable to the attack of insects, which could severely
degrade the quality of pomegranate fruits. It is documented
that fruit borer (Virachola isocrates) could cause two-fifth loss
to the fruit production [8]. Genetic improvement of
pomegranate by conventional breeding is a difficult and time

consuming process due to long juvenile period, self
incompatibility and heterozygous nature [9]. Additionally,
conventional breeding has met with limited success due to the
lack of some desirable genes in germplasm. Currently, there is
few efficient way to reduce the fruit borer attack in
pomegranate. Genetic engineering offers a promising way to
combat the insect invasion for the effective and available
genes from other organisms [10] which has been employed to
develop fruit crops with improved horticultural traits such as
disease resistance, pest resistance, herbicide tolerance, cold
tolerance, salt tolerance, and improved shelf life, etc [11]. The
most common approaches are Agrobacterium-mediated
transformation and particle bombardment where tissue culture
processes are required.

During the past decade, tissue culture techniques have
been widely used for the propagation of some important
tropical and subtropical fruit trees [12-15]. It has enabled
mass propagation of superior genotypes of both wild and
cultivated varieties. Rapid clonal propagation has been
documented in pomegranate from shoot tip [16], nodal
segments and cotyledonary nodes [17], somatic
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embryogenesis [18, 19], shoot organogenesis [20] or leaf
segment [21]. Adventitious shoot regeneration has also been
reported from cotyledon explant in Punica granatum cv.
Ganesh [22] and wild pomegranate [23, 24]. However,
several problems, such as exudation of phenolics and
browning of media and explants, microbial contamination
and recalcitrant in vitro tissues, are associated with in vitro
culture of explants. Pomegranate is a difficult species if not a
recalcitrant one [25] for propagation. So it is desirable to
develop a quick and simple transformation approach that
circumvents tissue culture process.

Wang et al. [26] reported transgenic maize plants were
obtained by pollen-mediated transformation, then the
transgenic sorghum and rape [27]. In above studies, pollen
grains were the target for introduction of foreign genes with
the help of sonication, followed by pollination of stigmas
with transformed pollen grains and subsequent selection of
genetically transformed seeds and plants. Pollen
mediated-transformation is a quick and easy alternative
method to develop transgenic plants, bypassing the requisite
for in vitro culture. It has the potential to produce genetically
modified plants within a short period, leading to inclusion of
the method in crop breeding programs [28].

At the present study, we investigated the sonication effects
on pomegranate pollen and explored the feasibility of genetic
transformation via pollen-mediated transformation approach
where GFP gene was introduced into the pollen grains and
the expression of the GFP was observed.

2. Materials and Methods
2.1. Plant Materials

Pomegranate trees are cultivated on the campus of Shanxi
Normal University, and pollen grains were collected from the
trees. The plasmid harboring EGFP gene (Figure 1) was
kindly provided by Dr. Kan Wang, Plant Transformation
Center, lowa State University, USA.
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Figure 1. Map of pLMOI. The EGFP gene with 2% CaMV 35S promoter
(35S) and a tobacco etch virus 5' untranslated region (TEV) and a soybean
vegetative storage protein terminator (Tvsp); Ampicillin (Apr)—resistant
marker gene for bacterial selection.
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2.2. Plasmid DNA Preparation

Plasmid DNA was extracted with alkaline lysis according
to Sambrook et al. [29].

2.3. The Pollen Collection

Pomegranate flowers were bagged prior to the collection.
On collection day, fresh pollen was collected into a paper bag
between 8:00-10:00 in mid-May by shaking the flowers,
which were either used immediately for downstream
treatments or kept in 4°C until required.

2.4. Sonication Treatment Design

Sonication treatment was performed with an ultrasonic
homogenizer (BILON-650Y, Shanghai, China) by
submerging the probe of the homogenizer into the pollen
suspension. To better understand the effects of sonication
parameters on pollen vitality, an orthogonal design was
performed with DPS software (Table 1). The factors were:
processing intensity (X1), processing durations (X2) and
treatment times (X3).

Table 1. Orthogonal design for ultrasonic parameters.

Serial Ultrasonic Processing blank Treatment
No. intensity (W) duration (s)  space times
1 150 5 1 7

2 150 7 2 8

3 150 9 3 9

4 200 5 2 9

5 200 7 3 7

6 200 9 1 8

7 250 5 3 8

8 250 7 1 9

9 250 9 2 7

ck 0 0 0

2.5. Transformation Procedure

About 0.2g pollen was suspended in 20ml pollen
suspension solution (5% sucrose and 500mgL "' H;BOs) in a
beaker, and then treated with an ultrasonic homogenizer. All
the sonication procedures were performed on ice to maintain
pollen vitality and DNA integrity. Ten pug of the plasmid
DNA was added to the treated pollen suspension and
sonicated again as described above. Untreated pollen mixed
with plasmid DNA in the sucrose solution was used as
control. The pollen from 2 groups was inoculated in a shaker,
at 25°C and 75rpm for later observation.

2.6. Pollen Vitality Analysis

The rates of germination and broken pomegranate pollen
was recorded., Three replications per treatment with 100
pollen grains for each were taken The germination rate and
the broken rate were counted as following:

pollen germination rate = (No. of germinated pollen grains
/No. of total observed pollen grains) x100%;

pollen broken rate = (No. of broken pollen grains/ No. of
total observed pollen grains) x 100%.
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2.7. GFP Observation

GFP expression was observed under a fluorescence
microscope (FU-LH100HG, OLMPUS) at 0.5h interval with
blue light (495nm) as the exciting light.

3. Results and Discussion
3.1. The Effects of Sonication Treatment on Pollen Survival

Pollen germination rate and broken rate under varied
ultrasonic parameters were recorded in Table 2. Ultrasonic
intensity showed significant effects on pollen germination
rate (p < 0.05) (Table 3); all the sonication parameters
presented statistical effects on pollen broken rate (P < 0.05)

among which the order was ultrasonic intensity > processing
durations > treatment times (Table 4 and Table 5).The results
showed that compared with the control group, sonication
treatment decreased the germination rate and increased
broken rate. Among all sonication treatment groups,
germination rate in group 1 was the highest, the broken rate
was the lowest where the germination rate was 159.7%
higher than group 9 and the broken rate was 65.58% lower
than group 8. The quadratic polynomial regression analysis
on germination rate and broken rate was as following:

The effects of sonication treatment on pollen survival:

Germination rate (%) = 28.2391- 4.1368 X1- 2.5693 X3-
0.8426 X2*X2 + 0.7930 X2*X3;

Broken rate (%) = 5.8425+15.6384X1+1.7768X2*X3

Table 2. The results of orthogonal experiment.

No Germination Mean Significance Broken Mean Significance
i rate(%) (Sig). rate(%) (Sig).
1 21.92 a 21.23 i
2 19.04 ab 30.60 h
3 15.74 be 36.19 g
4 14.93 be 43.59 @
5 13.67 cd 40.14 f
[ 11.80 cde 49.77 d
7 11.08 cde 56.00 c
8 9.98 de 61.69 a
9 8.44 @ 58.83 b
Ck 61.92 6.23
Note: Different letters denote significant difference at 5% level
Table 3. Variance analysis of orthogonal test effect on germination rate.
Sources Sum of squares( SS) Degrees of freedom (Df) The mean square (MS) The F value (F)  Significance (Sig)
Ultrasonic intensity(W) 124.9267 2 62.4633 105.4233 0.009
Interval time (S) 20.5773 2 10.2886 17.3648 0.055
Treatment times 5.8409 2 2.9204 4.9290 0.169
Error 1.185 2 0.5925
Total 152.5298 8
Note: Different letters denote significant difference at 5% level.
Table 4. Variance analysis of the factors on broken rate.
Sources Sum of squares( SS) Degrees of freedom(Df)  Degrees of freedom(Df) The F value (F) Significance (Sig.)
Ultrasonic intensity (W) 1305.7112 2 652.8556 16444.7254 <<0.001
Interval time (S) 95.7914 2 47.8957 1206.4408 <0.001
Treatment times 82.2102 2 41.1051 1035.3930 <<0.001
Error 0.0794 2 0.0397
Total 1483.7922 8

Note: Different letters denote significant difference at 5% level.

Table 5. Different levels of various factors on pollen germination rate and broken rate.

Germination rate (%)

Broken rate (%)

150 18.900 a
Ultrasonic power (W) 200 13.467 b

250 9.833 ¢

5 15.557 a
Processing duration (s) 7 14.650 ab

9 11.993 b

7 15.097 a
Treatment times 8 13.973 a

9 13.130 a

29.340 ¢
44.500 b
58.840 a
40.273 ¢
44.143 b
48.263 a
40.067 ¢
45.457b
47.157 a

Note: Different letters denote significant difference at 5% level.
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3.2. Pollen Grain Observation

Based on orthogonal experiment results, the power of the
ultrasonic homogenizer was set to 150 w and the sonication
treatment lasted for 5 s each time with an interval of 10 s for a
total of 7 times. Under blue exciting light, the green fluorescence
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was observed from both the treatment and control groups, and
no visible difference presented. The control group produced the
same result, which implied that it is hard to identify the
transformed pollen by solely observing pollen grains.

Figure 2. The images of pomegranate pollen grains. A: The images of treated pomegranate pollen grains under blue light; B: The images of control pollen

grains under blue light. The pictures were taken with the same exposure time.

3.3. Pollen Tube Observation

Under blue (Fig. 3A’) light, the pollen tubes in control
group could not be observed though they are visible under
white light (Fig. 3B’). However, in the treatment group,
strong green fluorescence presented from some pollen tubes
under blue light (Fig. 3A ) and all the tubes can be observed

under white light (Fig. 3B). The above results suggested that
plasmid DNA could be introduced into pollen and get
expressed in pollen tubes, but it was hard to observe the GFP
expression in pollen grains due to the presence of strong
auto-fluorescence.

Figure 3. The expression of GFP in pollen tube of pomegranate. A, B, C: Image of pollen tubes from the treatment group under blue, white and overlapping
lights, respectively; A’, B’, C’: Image of pollen tube from control group under blue, white and overlapping lights, respectively. The corresponding pictures

were taken with the same exposure time.

4. Conclusions

Pomegranate pollen grains have 3 pores, so it is possible
for plasmid DNA to be transferred into the pollen through
pores with the aid of sonication. Pollen grain is an ideal
target for transformation, since they are produced in large
numbers, which can be easily collected from anthers and
transgenic genes can be introduced directly in the form of

naked DNA or through mediation of Agrobacterium [28§].
Booy et al. [30] reported that the digestion of plasmid DNA
by nuclease was a major hurdle for using pollen as a genetic
transformation vector.

Wang et al. [26] showed that the sonication treatment with
certain intensity could inactivate the nuclease and allow
exotic DNA to be transferred into a recipient genome through
pollination. After pollen grains were treated with sonication,
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quite a few pollen grains were broken, and the ultrasonic
intensity, processing duration and treatment times showed the
significant effects, among which ultrasonic intensity is the
most important factor that influences the pollen vitality,
followed by interval times and treatment times. GFP was
observed in the pollen tubes in the treatment group, which
confirmed the feasibility of pollen-mediated transformation
for pomegranate. We also observed the green
auto-fluorescent of pollen grains was strong under blue light
and therefore can’t identify the GFP pollen; some other gene
as YFP or RFP might apply in the future study. Though we
are not able to obtain the transgenic seeds due to the tree
ownership, we would suggest the novel pollen-mediated
transformation approach be applied for pomegranate genetic
transformation, which circumvents the plant tissue culture
procedures.
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