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ABSTRACT

Electromagnetic fields are an important environmental factor that can influence the growth and development of
plants. Exposure to EMF was performed by a locally designed EMF generator. Different treatments for dry and wet
seeds (from 2 mT to 4 mT for 30 to 120 minutes exposure time) were done. All the treatments showed significant
difference in comparison with control plants. The highest fresh and dry weight in both root and shoot had occurred
in plants grown from wet and dry pretreated seeds with 2 mT for 30 min, 2 mT for 120 min and the least amount had
occurred in plants grown from wet and dry pretreated seeds with 4 mT for 120 min (Respectively). For genetic
diversity DNA extraction and PCR with 12 RAPD primers were done. A total of 404 bands had generated by the 12
primers and out of that 110 bands were polymorphic bands. The primer showing maximum number of polymorphic
bands was UBC100. The RAPD analysis indicated that plants grown from wet and dry pretreated seeds with 4 mT
for 120 min showed genetic variation compared to control plants.
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INTRODUCTION

Saturgja hortensis L., a well-known medicinal plant belong to Lamiaedamily, is used as a spice and traditional
herb in Iran. It has shown antispasmodic, antiaxidsedative and antimicrobial properties [23,9,6T8e oil of S.
hortensis are extensively used as antioxidant and antimiat@gents in food and pharmaceutical industri€$.[1

In the natural environment, living things are esga to abiotic stress induced by electromagnétidst (EMFs)

due to distribution of different kinds of instrunierand equipments[18]. All the electric deviced tha use produce
low-frequency electromagnetic field. Especiallygbavho live near the electricity systems is quite frequency
and can be effective at different intensity depegdin the distance to the system and power of sydtds known

that biological systems give different biologic@sponses to applications of EMF at different frewies and
intensities [6]. Various living organism are di#etly affected from EMF, and these effects varyoading to the

region applied and they occur at level of cell.

Many studies have reported the effects of magriglid on variety of agriculturally important plant®,16] such as
studying effects of EMFs on seeds germination apediings growth and seed vigor [3,13,21,17]. Intheo
research, it was found out that there were poséifect on the rooting percentage and plant grasftiomatsuda
depending on EMF [12].
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Learning about the molecular mechanisms by whielmtgl tolerate environmental stresses is necessagehetic
engineering approaches to improve crop performander stress. Different methods are available testigate the
effect of mutagens on plants. Molecular markersvaltlirect comparisons of the effects on genotypabea DNA
level. A variety of molecular techniques has beewetbped and is widely used in many fields suclggculture
and biology [1]. Random amplified polymorphic DNRAPD) may potentially form the basis of novel biogke
assays for the detection of DNA damage and mutaltievents €.g. rearrangements, point mutation, small insert or
deletions of DNA and ploidy changes) in cells ofteaia, plants, invertebrate and vertebrate anifddls

In this study, the effects of extremely low freqagrelectromagnetic fields as an abiotic stressplant growth and
genetic diversity of summer savory as an importaetiicinal plant $atureja hortensis L.) were compared to fields
free plants.

MATERIALSAND METHODS

Electromagnetic field exposure

Exposure to EMFs was performed using a locallygiesi EMF generator. The electrical power was pexvidy a
220 V AC power supply (ED-345BM, China) with a \abie voltage, current and fixed frequency (60 Hiis
system consisted of one handmade caoil, cylindiitdbrm, made of polyethylene 12 cm in diameter &0dcm in
length. The coil was not shielded for electricaldiand the seeds were exposed to both magnetielaciic fields
generated by the coils.

Seed treatment was carried out during day lightdSef summer savorggtureja hortensis L.) were obtained from
seed and plant improvement institute, Karaj, Isahich were selected for a uniform size, shape andleaverage
weight. Three replicates were used in the experimith 30 seeds in each treatment. In case of emis treatment,
the seeds were spread on the moist filter papepein dishes and then placed in the middle ofrazbotally fixed
coil. Untreated seeds were used as control undefasicondition. The wet and dry seeds were exposdeMFs by
a magnitude of 2 to 4 mT, for 30 to 120 min. Thé&fedence among the seedlings grown from treatedisas well
as control seedlings was determined by Analysigafance Test (ANOVA), followed by Duncan's mulgplange
test. Treated and untreated seeds(control) wesgrgio the pot. The most and the least significanirgh of plants
were chosen for genetic diversity in summer saytempt under the field condition.

Physiological Sudy
30 plants for each treatment were chosen for measent of fresh and dry weight in both root and shissues and
shoot diameter assay.

DNA extraction and RAPD analysis

The DNA extraction method used was a slightbdifies version of that of Tsumura et al. [222. drimers (10-
mer oligonucleotides ) from University of Britishofombia (UBC) series, were selected according &rthmber
and consistency of amplified fragments (Table RLR reactions were carried out in a 25 ul volwomtaining 1
U of Tag polymerase, 25 ng of genomic DNA templad.2 pumol of primer, 2 um of each dATP, dCTRTP
and dTTP and 2.5 pl of 10x PCR reaction buffédmplifications were performed in a DNA Thermo-tarc
(Eppendorf) programmed for 45 consecutive cyadesh consisting of 1 min at 92 °C, 1 min af &and 2 min
at 72 °C. Following amplification, the samples weubjected to electrophoresis in 1% agarose igeléo TAE
buffer. After electrophoresis, the gel was soaketb ethidium bromide for 15 minutes. The aniptiffragments
were detected by UV light. UPGMA clustering andhgiple coordinating analysis was performed bySNE 2.2
software.

RESULTS

Physiological characters
The mean values of physiological characteesgaren in Tablel.

ANOVA test, showed significant difference argothe treatments used. There was no significhfierence in
shoot diameter in plants grown from wet ahg pretreated seeds in comparison with conplahts.

The highest fresh and dry weight of both rood ashoot were three occurred in plants grdnom wet and
dry pretreated seeds with 2 mT for 30 min ,Rfor 120 min (Respectivel\dnd the least were in plants grown
from wet and dry pretreated seeds with 4 mT for 12,
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Tablel:Physiological trait for plants grown from dry and wet pretreated seedsin comparison with control plants. means of three
replicates, number s followed by the same are not significantly different (p>0.05)

Treatment| Shoot diameter Fresh shoot weight Dry shoot weight| Wet root weight| Dry root weight
Control 1.708a 1.8ab 0.56b 0.29b 0.0652ab
Dry2-30 1.682a 1.76ab 0.504bc 0.16bc 0.0432ab
Dry2-120 2.386a 2.92a 1.02a 0.386a 0.156a
Dry4-30 1.62a 1.475ab 0.501bc 0.14bc 0.04ab
Dry4-120 1.614a 1.1b 0.12c 0.08c 0.0084b
Wet 1.942a 2.64ab 1.14b 0.46b 0.096a
wet 2-30 2.336a 4.422a 1.5a 0.56a 0.1084a
wet 2-120 2.09a 1.68ab 0.916b 0.3bc 0.0845ab
wet 4-30 2.21a 1.66ab 0.96b 0. 36bc 0.072ab
wet 4-120 1.702a 0.8b 0.52c 0.14c 0.0332b
RAPD analysis

12 primers were used to analyze PCR products tmay generated 404 bands. The total number addahe
number of polymorphic bands and the percentagelghmrphism for each treatments were given ihl@2

Out of total 404 bands, 110 were polymorphic baamis the size of amplification ranged between 2500@00bp.
The primer showing maximum number of polymorghénds was UBC100 (16bands) in Fin.1. The polymamhi
shown by different primers ranged from 5.8 to 80¥he UPGMA clustering were shown in Fig.2.

The accessions were grouped by subjecting the r@Becnalysis similarity values to UPGMA clusterinthe
treatments were grouped in to two major clustacsthe genetic distance between two clusters Ong& Cluster

A included 2 treatments (S3=Plants from dry g&iment seeds grown in 4 mT for 120 min, S6= Plxota wet
pretreatment seeds grown in 4 mT forl20 min). @©lusB had 4treatments (S1=Control plants from dry
seeds,S2=Plants from dry pretreatment seeds gnow@nmT for 120 min, S4=Control plants from wet see85=
Plants from wet pretreatment seeds grown in2 mB@omin).

Figl.Amplification profiles of savory treatments employing RAPD primer UBC100. 1:Dry control, 2: Seed under 2mT for 120 min, 3:Seed
under 4mT For 120 min , 4:Wet control, 5:Wet seed under 2mT for 30 min 6:Wet seed under 4mT for 120 min, M:Mar ker

Table2: Results of RAPD analysisfor plants pretreated with electromagnetic field and control plants

Primer name| Base sequenceS | Total band| Polymorphic band| % polymorphic band
UBC1 CCTGGGCTTC 34 2 5.88
UBC3 CCTGGGCTTA 34 2 5.88
UBC5 CCTGGGTTCC 34 8 23.52
UBC9 CCTGCGCTTA 37 17 45.94
UBC13 CCTGGGTGGA 32 16 50
UBC66 GAGGGCGTGA 36 2 5.55
UBC76 GAGCACCAGT 36 2 5.55
UBC77 GAGCACCAGG 36 18 50
UBC84 GGGCGCGAGT 42 10 23.80
UBC89 GGGGGCTTGG 36 2 5.55
UBC95 GGGGGGGTTGG 27 15 55.55

UBC100 ATCGGGTCCG 20 16 80

43
Scholars Research Library



CelineSinghet al Annals of Biological Research, 2013, 4 (6):41-45

The UPGMA dendrogram showed considerable gengtartte in individuals grown from wet and dry peetied
seeds with 4 mT and 120 min exposure time in coimparwith control plants, but there was no siigaifit
difference among other treatments compared wittrobplants.
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Fig2:UPGMA dendrogram of treated and control plants

DISCUSSION

Numerous biological féects of extremely low frequency electromagnetiad§elwere recorded in the last decades.
They were observed at various cellular or molecléels in living tissues. However no clear inteéi@t
mechanisms yet proved [13]. Magnetic field is knoagnan environmental factor, which mostlijeets on gene
expression [11].

Summer savory plants grown from dry and wet prédabaeeds with 2 mT for 120 min, 2 mT for 30 miowhd the
highest fresh and dry weight in comparison with toms. Similar experiment was reported that 16 Hz
electromagnetic field of low intensity (20 microd@aused significant increase in the fresh weightoafng plantlets
of Helianthus annuus [7] .

Plants from dry and wet pretreated seeds with 4 fo@T120 min, showed the least fresh and dry weight
comparison with controls. Also, Ramezani et al.1@0stated thaSatureja bachtiarica from wet pretreated seeds
with 1mT for 2 hr showed significant decrease iramshoot length, leaf area and fresh and dry weightpared
with control plants [15]. Additionally, Tkalec et. a2005) found out thatemna from pretreated seeds with
400,900,1900 MHz electromagnetic fields showed i@gmtly reduction in growth by increasing the #nof
exposure and frequencies of electromagnetic fielld®@mpared with control plants [20].

Plants grown from dry and wet pretreated seeds 4vithil for120 min showed genetic variation in congzar with
control plants. This result indicated that may behis frequency of electromagnetic field and irs ttiuration, the
DNA fragmentation could be due to the leaks in thembranes surrounding lysosomes which release tiliges
enzymes like DNAase and may explain the damage timNA after exposing to electromagnetic field,[3].
Some workers have found that the damage of one fsisén the target sequence of the genome maytriegsa
completely different RAPD profile, since each 10ddjgonucleotide primer only covers a very limitpdrt of the
genome [10].
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