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Abstract Current study was conducted to investigation of
effect of magnetic field on cell dedifferentiation and follow
it callus induction derived from mature embryo culture in
bread wheat genotypes. For this purpose, a factorial
experiment based on completely randomized design was
carried out with two wheat genotypes and three level of
magnetic field strength (0.0, 8.8 and 17.6 Tesla) in three
replications. Callus growth rate (CGR), relative growth rate
(RGR), callus relative growth rate (CRGR), percentage of
callus water content and percentage of callus induction
traits were measured. To sum up, the results showed that
differences between wheat genotypes and level of magnetic
field strength were significant for some studied treats
related to callus induction. The effect of magnetic field
levels on CGR (from 0.181 to 0.175), RGR (from 1.442 to
0.655) and CRGR (from 0.052 to 0.022) were decreased
with increment of magnetic field intensity.
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CGR Callus growth rate

RGR Relative growth rate

CRGR Callus relative growth rate
PCWC Percentage of callus water content
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POCI  Percentage of callus induction
S.0.V  Source of variations

d.f. Degree of freedom

Ccv Coefficient of variation
Introduction

Advances in plant molecular biology and biotechnology
have increased interest in the differentiation and dediffer-
entiation processes. Plant in vitro culture is an efficient and
reproducible experimental tool but many factors influence
growth and development in plants. These events are under
hormone control and also depend on endogenous and
exogenous stimuli regulated by light and temperature
cycles [1].

Plant stem cells are characterized by two individual
properties: the capability to create all differentiated cell
types and the ability to self-renew such that the number of
stem cells is maintained [1].

In plants organogenesis, cell differentiation and dedif-
ferentiation are fundamental processes accede to high
developmental plasticity. Such plasticity involved epige-
netic mechanisms but limited information is accessible
concerning quantitative aspects [2].

Magnetic field as a physical phenomenon widely has
been used in different aspect of biology and several effects
of its application. Some of above effects including positive
effects on healing of bone injuries and osteoblast activity
[3], formation of blood vessels [4], having reduction role in
infection rate of early blight and enhancement role in
growth and yield of tomato by pre-sowing magnetic
treatment [5], effect on growth and immunoreactivity of
some bacteria [6], effect on proliferation, differentiation
and cellular, subcellular, physiological and biochemical
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changes in plants [7], changes in specific gene transcription
[8] and delay to senescence in Cucumis sativus [9]. Over-
all, Exposure to magnetic fields seems to alter the biolog-
ical behavior of some important parts of several plants
[10].

Embryo culture as a biotechnological method has been
used in plant breeding in order to making intraspecific and
intragenic hybrids [1]. Study and evaluation of these
embryos against environmental stresses, the effects of ions,
herbicide, pesticide and pathogens is one of the most vital
goals to culture embryos in the in vitro conditions [11].

Several researches have been carried out callus induc-
tion from mature embryos and affect of many items espe-
cially various kinds and levels of hormone have been
examined [12-15].

The process of plant dedifferentiation involves numer-
ous changes in the morphology and gene expression of the
cells. Many genes can be specifically induced through
dedifferentiation [16].

Nonetheless, effect of magnetic field on callus induction
derived of embryo culture in wheat genotypes have not
been done yet and based on this issue we set this research.

Materials and methods
Embryo culture

In order to evaluate the response of the two genotypes of
bread wheat (Triticum aestivum L.) to callus induction, an
experiment was carried out as a factorial experiment with
two factors based on completely randomized design at the
Tissue Culture Laboratory, Faculty of Agriculture, Razi
University, Kermanshah, Iran.

The first factor was genotype in two levels and second
factor was magnetic field intensity in three levels (0.0, 8.8
and 17.6 T). The experiment was lay out based on com-
pletely randomized design with three replications.

The mature seeds of two bread wheat genotypes (1 =
ww33G.vee”S” Mm.3.Atilla.Tjn and 2 = URES.3.FURY..
SLN.ALDAN"S” 4NS732.HER ICW93-0531-..) prepared
from Razi University and without any pre-treatment were
surface-sterilized in 70 % (v/v) ethanol for 5 min, rinsed
twice with sterile distilled water, incubated in commercial
bleach (5 % sodium hypochlorite) for 20 min, and rinsed
several times in sterile distilled water to washout rest of pre-
vious materials. All the stages and inoculation were performed
under strict aseptic conditions in a laminar airflow cabinet. In
order to easily separating of mature embryos, seeds were
incubated at 33 °C for 2 h in sterile distilled water for imbi-
bition. Ten scutellums placed in the petri dishes containing
basic MS medium [17]. Finally, all the dishes transferred to
the growth chamber (Conviron) under darkness condition at
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the 25 °C temperature for 28 days and were exposure to
magnetic field (Fig. 1). All petridishes and medium were
autoclaved at 121 °C for 20 min before using. The following
traits related to callus were measured:

Callus growth rate (CGR) CGR (mm/day) of cultured
embryos were measured at 7, 14, 21 and 28 days after
transferring calli to medium.

Relative growth rate (RGR) = [LnW2 — LaW1]/GP
[14], where W1 = initial weight of callus, W2 = final
weight of callus, GP = growth period

Callus relative growth rate (CRGR) RFWG = [(W2 —
WD]/W1 [18], where W1 = initial weight of callus
before and after 4 weeks, W2 = final weight of callus
before and after 4 weeks.

Percentage of callus induction (POCI) POCI was
evaluated 4 weeks after embryo culture in Petri dishes.
Percentage of callus water content (PCWC) PCWC =
[(W2-W1)/W2] x 100. Callus samples were dried in an
oven set at 70 °C for 24 h [12].

Magnetic field treatment

Magnetic field in this study generated by a magnetic coil by
cooper wire wound around made in tissue culture labora-
tory with 40 cm height and 12 cm diameter (Fig. 1). A
direct current power supply offered electrical flow in the
coil. This coil and the authenticity of induced three levels
of desire magnetic field (0.0, 8.8 and 17.6 T).

Statistical analysis
Analysis of variance, mean comparison using Duncan’s

multiple range test, were performed by MSTAT-C and
SAS version 9.1.

Fig. 1 A magnetic coil that had been used in study of magnetic field
effects on callus induction derived from embryo culture in bread
wheat (Triticum aestivum. L) genotypes. The petridishes should be
placed into the device
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Table 1 Analysis of variance SOV At Mean squares
for callus characters of wheat
mature embryos under different CGR RGR CRGR POCI PCWC
magnetic field strength

Genotype (G) 0.003%%* 5.369%* 0.004%%* 2688.889%* 65.368ns
ns non-significant, S.0.V source Magnetic field (MF) 2 0.001* 0.994 0.001°* 5.555ns 139.927ns
of variation G x MF 2 0.001%* 0.127ns 0.001ns 38.889ns 17.484ns
*, ** Significant at 0.05 and Error 12 0.001 0.251 0.001 44.445ns 85.007
0.01 level of probability, CcV % 561 % 45.20 % 36.86 %

respectively

Result and discussion
Analysis of variance

As it can be seen from Table 1, analysis of variance
showed high significant differences (P < 0.01) between
genotypes for all measured traits except PCWC. Depending
callus induction to genotype has been shown in several
studies: Raymond et al. [19] in T. aestivum L., Arzani and
Mirodjagh [13] in durum wheat, Grigoryeva and Shletser
[20] in durum and bread wheat, Hanzel et al. [21] in durum
and bread wheat, Kahrizi and Mohammadi [22], in barley
and Kahrizi and Mirzaei [23] in cereals.

In addition, we observed significant differences
(P < 0.05) between magnetic field levels for CGR, RGR
and CRGR while POCI and PCWC have not been affected
by this factor.

In this study, the genotype x magnetic field interaction
was not statistically significant except for CGR.

The highly differentiated cell in plant in vitro culture
could be dedifferentiated by artificial culture, and then
recover to embryonic stage of cell [23].

Alatzas and Foundouli [24] reported ubiquitinated his-
tone distribution pattern during cell differentiation and/or
dedifferentiation, particularly in Zea mays. In this study
callus cultures representing the three developmental zones
and subsequently second and third subcultures were
developed from part of each first culture, in order to study
uH2A distribution during plant cell dedifferentiation. They
reported that Histone H2A ubiquitination level is also
changed through plant cell dedifferentiation, according to
uH2A ratio to H2A in distinct calli subcultures (Fig. 2).

These information agree with the fact that, although
morphological similarity observed in calli derived from
divergent developmental stages, differences in biochemical
properties continue to exist during plant cell dedifferenti-
ation [24].

The enhance in cell division rate, resulting from dedif-
ferentiation process, was completed during the first culture
stage, DNA damage during replication could be leveled
and therefore, increased H2A ubiquitination level may be
not essential and uH2A fraction is similar to that of meri-
stematic cells [24].

Fig. 2 Calli derived from wheat mature embryos treated by magnetic
field

Table 2 Mean comparison of magnetic field strength levels for callus
comparison in wheat

Magnetic field CGR RGR CRGR POCI PCWC
levels

0 0.181a 1.442a 0.052a  78.333a 82.037a
12 0.182a 1.226b 0.035ab 76.667a 81.285a
24 0.175b  0.655c 0.022b  78.231a 89.994a

Means similar letters in each column are not significantly different

Mean comparisons

Table 2 shows the mean comparison for the effect of dif-
ferent magnetic field strength levels. As it can be seen from
the Table 2, the effect of magnetic field levels on CGR,
CRGR and POCI were decreased with increment of mag-
netic field intensity. Different level of magnetic field did
not effect on PCWC in two mentioned genotypes.
Decreasing in these traits by introducing is may be due to
decrease cell number and delaying in G1 and G2 phases in
the process of cell division [7].
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Table 3 Mean comparisons of wheat genotypes on immature embryo
calli under magnetic field treat

Genotype CGR RGR CRGR POCI PCWC
1 0.192a 1.654a 0.052a 90.001a 82.556a
2 0.167b 0.562b 0.022b 65.556b 86.341a

Similar letters in each column are not significantly different

Mean comparisons between genotypes indicated that
maximum CGR, RGR, CRGR and POCI were belonged to
genotype No. 1, but there was not significantly difference
between genotypes for PCWC (Table 3). As it mentioned
above, response in tissue culture for several traits is highly
genotype dependent.
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