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ABSTRACT:  
Controlling phytoplasma-causing disease through combination of tissue culture 
technique and radiation treatment represented a short method for high level 
management. To investigate the effect of gamma rays to produce healthy plantlets, the 
hibiscus witches' broom phytoplasma was transmitted by grafting into healthy 
hibiscus plants, the in vitro-infected hibiscus explants were exposed to gamma 
radiation at different doses - 5 gray  (Gy), 10Gy, 15Gy, 20Gy and 25 Gy- emitted 
from cobalt 60 (60Co) for 30 minute. All applied doses resulted in phytoplasma-free 
hibiscus plantlets with different survival activity. The presence of phytoplasma 16Sr 
DNA was examined using PCR detection before and after treatments. The different 
treatments of radiation resulted in different survival rates and phytotoxic effects 
including leaf yellowing and lack of growth. The 5Gy dose was proved to be best 
effective dose for controlling the phytoplasma without affecting the in vitro growth 
and survival rate, while the higher doses leaded to strongly reducing the survived 
hibiscus explants with increasing the inability to re-shoot. 

Key words: Hibiscus, phytoplasma, gamma irradiation, in vitro, PCR, graft 
transmission, tissue culture. 

INTRODUCTION 
Hibiscus rosa-sinensis L. 

(Malvaceae) is one of perennial 
ornamental shrubs widely planted in 
Egypt and has high commercial value 
as a landscaping plant with amazing 
flowers increase the beauty of 
surrounding areas and provide calmness 
to the eyes. Flowers of hibiscus rosa-
sinensis, have some potential in 
cosmetic skin care as an anti-solar agent 
by absorbing ultraviolet radiation 
(Nevade et al., 2011) and the whole 
plant with high medical and therapeutic 
potential, principally for bronchial 
catarrh, demulcent in cough,  anodyne, 
laxative, regulation of menstrual cycle, 
curing hypoglycemia, potentiate hair 
growth and anti-hypertensive (Anil and 
Ashatha, 2012). 

Phytoplasmas are pleomorphic 
but nonhelical bacteria lacking a cell 
wall; inhabiting the phloem of plants 
and the hemolymph of insect vectors 
(Nicoletta, et al., 2012).  Phytoplasmas 
can also be spread mechanically by 

grafting infected plant parts onto 
healthy plants (Al-Zadjali, et al. 2007). 
Molecular DNA-based techniques such 
as, polymerase chain reaction (PCR) is 
a specific and rapid technique in their 
detection using universal and specific 
primers (Lee et al., 2000, Heinrich et 
al., 2001), and exceptionally, nested 
PCR used to overcome the low 
concentration problem of phytoplasma 
in infected plants through amplifying 
the direct PCR product (Bertaccini and  
Duduk, 2009) 

Phytoplasma transmission 
through the hibiscus-trees scattered 
widely in Egypt (Mokbel et al., 2013) 
lead to serious threat as a alternative 
source of natural host and provides an 
ideal starting point for the 
establishment of a disease in important 
field crops furthermore, each infected 
seedling provides a phytoplasma 
reservoir for subsequent secondary 
spread by vectors having the ability to 
migrate in presence of wind currents, 
causing reduced yields, decreasing of 
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fruits quality and death of plants are 
probably the final result of this disease 
(Chaturvedi et al., 2010).  

During recent years, increasing 
attention has been devoted to the 
control of phytoplasma diseases by 
controlling the vector using substances 
with antibiotic activity like tetracycline, 
eliminating the pathogen from the 
infected plants through tissue culture 
technique alone or combined with 
thermal treatment (Bertaccini 2007, 
Wongkaew and Fletcher 2004, Tassart-
Subirats et al., 2003). After these 
treatments, phytoplasma associated 
with diseases-plant have been still 
found in fields causing growth 
retardation and very low propagation 
percentages of these plants (Chung 
2008, Singh et al., 2007). 

Research topic was come from 
successful inactivation of some plant 
viruses by gamma irradiation like 
Citrus tristeza virus (Ieki and 
Yamaguchi, 1984), Necrotic ring spot 
virus and Prune dwarf virus (Megahed 
and Moore, 1969). Gamma irradiation 
has been also used to sterilize 
agricultural products in order to 
increase their conservation time or to 
reduce pathogen when being traded 
from a country to another (Melki and 
Salami, 2008). Gamma radiation is 
high-energy radiation emitted from 
certain radioactive isotopes as 60Co, 
these isotopes are potential sources of 
gamma radiation (Rosenthal, 1992). 
Therefore, this research was conducted 
to find out the inactivation possibility of 
HibWB-phytoplasma using gamma 
irradiation through tissue culture 
technique with clarify their effect on in 
vitro growth and survival rate. 

MATERIALS AND METHODS 
Phytoplasma source and grafting 
inoculation: 

T-bud grafting (Rasha, 2012) 
was carried out with 30 scions taken 
from identified HibWB-phytoplasma 
(Mokbel et al., 2013) and 30 healthy 

hibiscus plants from the same variety as 
root stocks those obtained from 
commercial nurseries in Giza 
governorate. The graft unions were 
placed in an insect-free greenhouse for 
4 weeks. Phytoplasma detection in 
hibiscus plants has been carried out 
through visual monitoring of symptoms 
as well as by molecular analysis using 
PCR.  

Surface sterilization and plant 
materials: 

One hundred and fifty stem 
segments were gathered from one 
month old infected hibiscus plants 
(young shoots) that being maintained in 
the greenhouse, washed under running 
tap water for 30 min to remove dirt on 
the stem, surface were sterilized with 
20% commercial Clorox solution 
containing one drop of Tween 20 
(polyoxy ethylene sorbiton 
monolaurate) for 20 min then rinsed 3 
times with sterile distilled water for 5 
min each. 

Nodal segments of 
approximately 2.0 cm in length were 
cut from sterilized stems, each three 
nodal segments were cultured in one 
sterilized culture jar containing 25ml 
solid half strength MS medium 
(Murashige and Skoog, 1962) 
supplemented with 20 gL-1 sucrose and 
8 gL-1 agar without any additions of 
growth regulators, pH 5.7 and then 
were incubated under artificial 
conditions at 27ºC, 16h photoperiod, 
2000 Lux for 6 weeks (Chew et al. 
2012). 

Irradiation source and treatments 
using 60Co: 

In order to investigate the 
effects of various doses of gamma 
irradiation on controlling HibWB-
phytoplasma as well as its effect on the 
survival rate and development of 
hibiscus shoots. After incubation 
period, five jars with three explants 
each were irradiated individually for 30 
min with five doses- 5, 10, 15, 20 or 25- 
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Gy of gamma irradiation. Five non-
irradiated culture jars were served as 
negative control. The source of gamma 
irradiation was 60Co gamma cell 3500, 
from the Middle Eastern Regional 
Radioisotope Center for the Arab 
countries, Giza, Egypt.  

Three days after irradiation, developed 
plantlets were sub-cultured on solid half 
strength MS medium supplemented 
with 20 gL-1 sucrose and 8 gL-1 agar 
under the same incubation conditions 
for 4-6 weeks and then were detected 
using PCR assay. 

Molecular screening for 
phytoplasma: 

DNA extraction: 
To evaluate the effect of the 

gamma irradiation on HibWB-
phytoplasma DNA, newly shoots from 
tissue cultured plantlets which produced 
from hibiscus plants those previously 
irradiated with five different doses were 
tested for the infection of phytoplasma 
using nested PCR. Non-irradiated 
infected hibiscus plantlets (in vitro) and 
healthy plants from greenhouse were 
used as a control treatment. 

Total DNA was extracted from 
true leaves using column based DNA 
extraction protocol utilizing Plant DNA 
Mini Kit (Geneaid-Taiwan) according 
to the manufactures’ instructions. 

Nested-PCR: 
The Universal phytoplasma-

specific primers, P1/P7 and 
R16F2n/R16R2 (Lee et al., 2004) were 
used for the PCR screening of the 
irradiated and none irradiated hibiscus 
plant leaves. The detection of 
phytoplasma was performed in nested 
PCR (Bhat et al., 2006). The P1/P7 
primer was used in the first step while, 
the R16F2n/R16R2 primer pair was 
used to amplify a 1.2 kbp fragment of 
16Sr RNA gene in the second step 
nested-PCR as described by Wang and 
Hiruki (2001). The extracted total DNA 

was used as template for PCR. The 
PCR mixture of 25μl total volume 
contained 1 μl DNA; 25 pmol of each 
primer; 200 μM of each dNTP; 1x 
polymerase reaction buffer; 2.5 mM 
MgCl2; 1.25 U of dream-Taq 
polymerase (Fermentas) and sterile 
water to a final volume of 25 μl. The 
first round PCR of the DNA 
amplification was started with a 
denaturation step at 94°C for 2 min 
followed by 35 cycles of three steps 
started by denaturation at 94°C for 30 s, 
annealing at 55°C for 1 min, and primer 
extension at 72°C for 1.5 min. A final 
extension step was added for 10 min 
72°C. To run the second round PCR; 
one μl of the first round PCR product 
(with primer pair P1/P7) was used - at 
1:10 dilution- as template for the 
second round PCR. The second round 
PCR was started with a denaturation 
step at 94°C for 2 min followed by 35 
cycles consisting of denaturation at 
94°C for 30 s, annealing for 2 min at 
50°C, and primer extension at 72°C for 
3 min. A final extension step was added 
for 10 min 72°C. 

The electrophoresis analyses: 
The electrophoresis analyses 

were performed for all PCR products. 
The gel star (Lonza, USA) was used to 
stain all PCR products then separated 
on 1% agarose gel with 1x TBE buffer 
and analyzed using (Gel Doc 2000 
Bio.RAD). The PCR products were 
compared with 1 kbp DNA ladder to 
determine the molecular weight of the 
amplified fragments.  

RESULTS  

Infectivity of phytoplasma 
The infectivity of phytoplasma 

was confirmed through grafting 
transmission from infected hibiscus 
plants onto healthy ones. Symptoms of 
HibWB-phytoplasma include yellowing 
and deformations of the newly formed 
leaves were observed on 27 grafted 
plants out of 30 (Fig. 1). The PCR 
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killing the pathogen by deactivating and 
damage pathogen-DNA (Smith and 
Pillai, 2004), which in turn causing 
defects in the genetic instructions and 
disrupting its function and is therefore 
inhibiting pathogen reproduction (Kátia,  
2012) through a safe and nontoxic 
treatment, without any radioactivity even 
if the high doses are used up to 10 kGy 
(WHO, 1981). 

The results obtained from figures 
6 and 7 showed that, the influences of 
irradiation on plant growth and 
development depend mainly on the dose 
of the gamma irradiation. Many studies 
carried out on the stimulation and 
inhibition of plant growth by applying 
gamma irradiation, mentioned that, 
irradiation at 1-2 Gy lead to slightly 
increasing the growth of Arabidopsis 
seedlings (Wi et al. 2006), the growth 
stimulation of red pepper seeds occurred 
between 2 to 8 Gy and was affected at 16 
Gy (Kim et al. 2004), the growth 
stimulation of in vitro key lime explants 
occurred at 5 Gy after 4 weeks of 
regeneration (Fatemeh et al. 2011), the 
stimulation of citrus occurred at 10 Gy 
and inhibited above 10 Gy (Ling et al. 
2008), and finally, the inhibition of more 
than 50% of the in vitro regenerating 
gerbera jamesonii explants occurred at 
25 Gy (Nor et al. 2012). So, the results 
of our study are completely consistent 
with the results obtained by Kim et al. 
(2004) and Fatemeh et al. (2011) or the 
suggestion by El Sherif et al. (2011) and 
Minisi et al. (2013) that increasing the 
doses of gamma irradiation caused 
severe effects on the plant development 
and the surviving plants percentage, 
which decreased linearly in our study 
with increasing doses of gamma 
irradiation, as evident in figure 6 that 
may be attributed to the inhibition of 
DNA synthesis, destruction of the 
membrane system of mitochondria and 
chloroplasts (Ladanova, 1993), or other 
physiological damages and 
complications after irradiation 
treatments, like disruption of protein 

synthesis, hormone balance, enzyme 
activity (Kovacs and Keresztes, 2002; 
Nor et al., 2012). Or may be due to 
enhance the production of antioxidative 
compounds such as phenolics and 
flavonoids during the radiation 
treatments (Harrison and Were, 2007) in 
related with the presence of browning in 
culture media that mainly to reduce the 
effects of irradiation stress and avoid the 
oxidative damage (El-Beltagi et al., 
2011) taking in account, the browning 
dramatically reduced after sub-culture of 
irradiated explants (Fig. 6) unlike non-
irradiated explants (Fig. 4) which still 
found to the defense against stresses of 
phytoplasma (Dixon and Paiva, 1995) as 
evident by symptoms of phytoplasma, 
such as yellowing of some leaves (Fig. 
4a) due to breakdowns of chlorophyll (II) 
that could be the result of an enhanced 
chlorophyllase activity in phytoplasma-
infected leaves (Bertamini et al. 2002 
and Bertamini et al., 2004), leaves 
deformed (Fig. 4b) and shorted or 
increase in size of the internodes (Fig.2c) 
due to profound disturbances in the 
normal balance of plant hormone or 
growth regulators (Lee et al., 2000). 

Finally; the results obtained in 
this research for controlling witches' 
broom phytoplasma through combination 
of tissue culture technique and radiation 
can help future studies to use this 
environmentally safe and inexpensive 
mechanism to apply as starting point to 
overcome phytoplasma diseases. The 
low dose (5Gy) has been seemed as 
strategy solution for controlling 
phytoplasma disease and avoiding the 
degradation of in vitro plants but it is 
recommended to fully explore doses 
below of 5Gy with different irradiation 
intervals.  
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