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Abstract 
Regeneration through mature cotyledonary node has set rapid regeneration of plants directly from 
explants which is more time-saving and presented as an effective strategy. So we have evaluated 
regeneration protocol through single shoot using cotyledonary node as a rapid and efficient protocol for 
two soybean cultivars and one mutant line. Cotyledonary nodes explants obtained from 7-day-old in vitro 
seedlings. After 28 days, the percent of regeneration and after 42 days, regeneration area were calculated. 
The results showed that percent of regeneration and regeneration area of mutant line was significantly 
more than two cultivars, L17 and Williams. After shoot induction, plants were transferred to shoot 
elongation medium followed by transferring plants to rooting medium. The percent of rooting was 
calculated during 5-14 days. The results showed that the percent of rooting was not significantly affected 
by genotypes. In another experiment to test kanamycin sensitivity of regenerated shoots, it was found that 
kanamaycin with 150 mg/L concentration is lethal for regeneration of soybean shoots from cotyledonary 
node explants. The results showed that regeneration efficiency of mutant line was significantly more than 
two other cultivars. Kanamaycin sensitivity of regenerated shoots showed that kanamycin at 150 mg/L or 
above can be used as a selective agent for all three tested cultivars transformation. 
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Introduction: 
Soybean [Glycine max (L.) Merrill] is 
one of the most important protein and 
oil crops worldwide (Ma and Wu, 
2008). It is projected that at the current 
yield level, world soybean production 
will rise to 311.1 million metric tons by 
2020 (Masuda and Goldsmith, 2009). 
With the rise in world population, food 

production has to be increased. In order 
to boost the production of crops, 
including soybean, a sustainable crop 
improvement is needed to overcome the 
challenges of biotic and abiotic stresses, 
such as salt, drought, water-logging, 
high and low temperatures, diseases, 
weeds and insect pests. Traditional 
methods of soybean improvement are 
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very lengthy and less effective against 
multiple stress factors. With the 
development of plant molecular biology 
and genetic engineering, its 
transformation has become one of the 
core issues in molecular breeding. First 
requirement for the successful 
application of biotechnology in crop 
improvement is to have efficient plant 
regeneration from cultured cells and 
tissues. (Haliloglu, 2006). In vitro and 
molecular methods are being devised 
and used to enhance crop improvement 
process by using plant tissue culture, 
recombinant technology and marker-
assisted selection (Paz et al, 2006). 
Tissue culture and plant regeneration 
are required to generate transgenic 
plants, and these techniques open new 
possibilities for improving soybean 
(Kita et al. 2007; Paz, 2004). 
Improvement of crops through plant 
tissue culture can be accomplished by 
growing plants in a laboratory through 
callus initiation and regeneration of 
shoots and roots or regeneration of 
multiple plants directly from small 
pieces of leaves, shoots, seeds, embryos 
or cotyledons. Numerous methods have 
been introduced for soybean 
regeneration over the last several 
decades that are based on direct 
regeneration of shoots and roots from 
cotyledonary node (Arun et al, 2014; 
Barvale et al, 1986). Several factors 
affect the regeneration process 
including; selection of the explants, 
media composition, environmental 
conditions and the genotype of the 
soybean cultivar. Genotype plays a 
critical role in soybean regeneration 
through tissue culture along with the 

choice of different growth hormones it 
appears that selecting the proper 
medium can overcome genotype-
associated problems with regeneration 
in the soybean whole cotyledonary node 
regeneration system (Ma and Wu, 2008; 
Paz, 2006). Gamma irradiation has been 
widely used in the biological study of 
plants, including tissue culture. Gamma 
ray had been reported to induce 
cytological, biochemical, genetical, 
physiological and morphogenetic 
changes in cells and tissue, thus 
influencing the growth and 
development of the plants (Mujar et al, 
2014). 
Mutation breeding in crop plants is an 
effective tool in the hands of plant 
breeders especially in crops having 
narrow genetic base. Many mutants 
have been identified as donors of 
desirable traits in breeding program. 
Mutation breeding works in soybean 
resulted in identification of many 
mutant lines with desirable traits like 
high germination and survival percent 
(Younessi-Hamzekhanlu et al., 2011). 
Induced mutation may broaden genetic 
variants and provide materials for plant 
improvement and facilitate tissue 
culture response of plants such as 
soybean. Since mutant line would be a 
great source of useful germplasm in 
high efficiency regeneration of soybean 
from cotyledonary node; the objectives 
of this study were assessment of gamma 
irradiation effect on soybean 
regeneration from cotyledonary node, 
optimization of direct regeneration for 
soybean mutant line (M7) and L17 with 
William cultivar and verifying the lethal 
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level of kanamycin as a selected marker 
on soybean explants.  
 
Materials and methods  
Plant material 
Two soybean cultivars (L17 and 
William) and one M7 generation of 
soybean mutant line were utilized in 
these experiments. Mutant line obtained 
from Agricultural, Medical and 
Industrial Research School, Nuclear 
Science and Technology Research 
Institute, Atomic Energy Organization 
of Iran that previously evolved by 
gamma ray (cobalt-60) from cultivar 
L17 irradiated with doses of 250 Gray 
(absorbed dose). In our previous work 
(Younessi-Hamzekhanlu et al., 2011) 
this mutant line was compared with 
other mutant lines (32 mutant lines) and 
parental cultivar L17 in view of some 
important traits such as number of grain 
per plant, number of pod per plant, plant 
dry weight (shoot dry weight), root dry 
weight, harvest index, number of nodule 
per plant, nodule dry weight. The 
results showed that this mutant line is 
better than others in view of mentioned 
traits. In other experiment this mutant 
line showed high N2 fixation character 
thus because of good characters of this 
mutant line we used that in this 
experiment. 
 
Seed sterilization and germination 
Soybean seeds were surface sterilized 
for 24 hours using chlorine gas 
produced by mixing 3.5 ml of 12N HCl 
with 100 ml commercial bleach; 5% 
sodium hypochlorite (Di et al., 1996). 
Sterilized seeds were germinated on 
full-strength B5 major and minor salts, 

MSIII iron, pH 5.8 that were solidified 
with 0.6% agar. Fifteen soybean seeds 
were germinated in a 100×25 mm petri 
dish with the hilum proximal to the 
media. Dishes were wrapped with 
parafilm to prevent from opening as the 
seedlings grow thus, avoiding 
contamination. Germination plates were 
incubated in a growth chamber under 
18-hr photoperiod at 140 μmoles sec−1 
m−2 light intensity (24 ◦C) for 4-7 days, 
or until the cotyledons became green 
and seed coat split opened, but before 
the first leaves expanded to the length 
of the cotyledons (Olhoft et al. 2003). 
 
Explants preparation and regeneration 
Roots and the major portion of the 
hypocotyls approximately 3-5 mm 
below the cotyledonary node on the 
hypocotyls were removed, separating 
the cotyledons. A vertical cut through 
the remaining hypocotyls was made 
with a surgical blade. The epicotyl was 
subsequently removed and 30 such 
explants from two cultivars and one 
mutant line were plated adaxial side on 
shoot induction medium (SIM) (full 
strength B5 medium supplemented with 
3% sucrose, 0.8% agar and pH 5.6) 
having constant concentration of BAP 
(1.67 mg L−1). The explants were kept 
for 14 days under above mentioned 
culture conditions. Shoots were counted 
after 14 days of culture. After 28 days 
in SIM, photo was taken from 
regenerated explants and the 
regenerated area calculated using 
MATLAB software. The green parts of 
the regenerated explants were 
considered as a regenerated area.  
Explants with shoot buds were 
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transferred onto B5 medium for shoot 
elongation (SEM) (full B5 medium 
supplemented with 3% sucrose, 0.1 mg 
L−1IAA, 0.5 mg L−1GA3, 1 mg L−1ZR, 
solidified with 0.8% agar) and explants 
were kept for 14 days under above-
mentioned culture conditions. The 
explants were subcultured onto the 
same fresh shoot elongation medium for 
next 14 days. Elongated shoots roughly 
3–4 cm in length were detached and 
rooted on root induction medium (RIM) 
(1⁄2-strength B5 major and minor salts, 
full-strength MSIII iron, 2% sucrose, 1 
mg L−1IBA, adjusted to pH 5.6 with 1N 
KOH and solidified with 0.8% Noble 
Agar) for 5 to 14 days and after this 
period rooted plants were counted. Once 
a small root was formed on the shoot, 
the plantlets were transferred directly to 
large pots (2.5 gallons or larger) filled 
with a mix of 1⁄2 pasteurized top soil 
(sandy loam):1/4 perlite:1/4 peat moss 
in the greenhouse. The greenhouse 
conditions were set to 28°C with a 16/8-
h (light/dark) photoperiod at 140 
μmoles sec−1 m−2 light intensity. To 
reduce moisture loss and to protect the 
shoot from the surrounding 
environment, the plantlets were covered 
with a clear plastic container and 
removed when the first set of new 
leaves opened. 
 
Kanamycin sensitivity test 
The explants derived from cultivars L17 
and Williams and one mutant line were 
cultured in a factorial experiment based 
on completely randomized design 
(CRD).  Different concentrations of 
kanamycin sulfate (0, 25, 50, 75, 100, 
125 and 150 mg/l) were tested for 3 

different soybean genotypes to screen 
optimal lethal level of kanamycin.  
 
Experimental design and statistical 
analysis 
Two cultivars L17 and Williams and 
one mutant line were supposed as a 
treatment. The experiment was repeated 
three times to compare each cultivar on 
efficiency of regeneration protocol. 
Data were analyzed using one-way 
analysis of variance (ANOVA) and the 
means were compared using Duncan’s 
multiple range test. 
 
Results 
Comparisons among genotypes 
Seeds of three cultivars were 
germinated on B5 medium for 6 days 
(Fig. 1a). The germination frequency of 
L17, Williams and one mutant line were 
99.2, 98.8, and 99, respectively. There 
was no significant difference between 
genotypes in view of germination 
frequency at 5% level. 
Sterile seedlings were collected after 
they germinated for 6 days on B5 
medium. The whole cotyledonary node 
was detached from each seedling and 
transferred to shoot induction medium. 
The influence of genotypes (L17 and 
Williams and one mutant line) was 
examined to determine their effects on 
shoot regeneration. All three genotypes 
induced shoot growth within 2 weeks. 
ANOVA showed that all three 
genotypes had significantly different 
effects on shoot regeneration from 
whole cotyledonary node (P<0.01) 
(Table 1). 
These genotypes had various effects and 
in our study, genotype differences were 
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observed with regard to shoot induction 
formation. However, mutant line was 
the best at inducing shoot growth 
followed by L17, and Williams (Fig. 2). 
After 28 days in SIM, the regenerated 
area of genotypes was analyzed and the 
results showed that all genotypes had 
significantly different effects in view of 
regenerated area (Table 1). However, 
mutant line was the best in view of 
regenerated shoot area followed by L17, 
and Williams (Fig. 3). 
After 28 days in SIM (Fig. 1b), the 
explants were placed in SEM (Fig. 1c). 
Individual elongated shoots (>3 cm) 
from cotyledonary node explants were 
separated and cultured on root induction 
medium (RIM) (Fig. 1d). ANOVA 
showed that all three genotypes did not 
significantly different effects on root 
induction regeneration from elongated 
shoots (Table 1). 
Plantlets were planted in large pots 
filled with mixture of soil, coco peat 
and perlite (2:1:1) in greenhouse (Fig. 
1e). We have found that a hardening- 
off period in a smaller pot is not 
necessary in our hands, and it is not 
worth the time it takes to do two 
transfers. We found that if 
environmental conditions be optimal, 
greater than 90% of the rooted shoots 
develop into healthy fertile plants (Fig. 
1e). Results showed that all three 
genotypes had no significantly different 
effects on acclimatization of rooted 
plantlets.  
 
Kanamycin sensitivity test results 
Different concentrations of kanamycin 
(25, 50, 75, 100, 125 and 150 mg/L) 
were checked during shoot induction 

and shoot elongation stages. 
Concentrations 25, 50, 75, 100 and 125 
mg/L did not affect inducted shoots. 
Concentration 125 mg/L caused 
somewhat browning in regenerated 
leaves but concentration 150 mg/L 
caused complete browning in 
regenerated leaves as a result they did 
not continued their development .  
Of two cultivars and one mutant line 
tested, all of them had similar 
sensitivity to kanamycin (Table 2). The 
kanamycin lethal concentration (150 
mg/l) indicated that cotyledonary-node 
explants, from all three cultivars shoots 
were unable to form any shoot after 
being treated with that lethal doses (Fig. 
4). So, kanamycin at 150 mg/L or above 
can be used as a selective agent for all 
three tested cultivars transformation.  
 
Discussion  
Researchers have proved that 
cotyledonary node is a suitable 
candidate explants for shoot 
regeneration in soybean cultivars (Oholf 
et al. 2007). Two cultivars (L17 and 
Williams) and one soybean mutant line 
were used in the present study to 
standardize the regeneration protocol, 
which showed that the protocol is 
genotype independent. This study 
showed that explants obtained from 
mutant line are more prone to 
regenerate from cotyledonary node. 
Radiation mutation breeding combined 
with tissue culture has made a 
significant contribution to plant 
breeding. They have introduced new 
techniques for inducing genetic 
variation, by improving selection 
technology and accelerating breeding 



Izadi et al/ High-throughput direct regeneration of Soybean mutant and common …… 

time. Higher efficiencies in root 
formation and regeneration of explants 
were observed in mutant line compared 
to other two genotypes. Mutation 
induction has become a recognized tool 
in crop improvement to supplement 
conventional breeding efforts to 
improve cultivars in certain specific 
traits (Patade and Suprasanna, 2008). 
More than 2500 improved mutant 
varieties have been released for 
commercial cultivation in different crop 
species demonstrating the economic 
value of the mutation breeding 
technology. Plant mutagenesis has the 
ability to generate great interest in 
creating novel genetic variability such 
as good agronomic traits and other traits 
like a good response to tissue culture 
conditions (Hasbullah et al, 2012). 
Addition of suitable tissue culture 
related traits such as higher frequency 
regeneration ability by using mutation 
and followed by in vitro regeneration of 
transformed plants using gene 
transferring methods can lead to high 
frequency transformation.  
The positive response of soybean 
mutant line explants to gamma 
irradiation agrees with the hypothesis 
proposed by Fowler and MacQueen 
(1972), implying that most of the 
stimulatory effects of irradiation result 
in increased regeneration and root 
formation. Measured increases of 
genetic diversity and some other  
characteristics in tissue culture due to 
irradiation  have  also been reported by 
Kang et al (2013), Yaycili and 
Alikemanoglu (2012) and Maghraby 
(1987) for chrysanthemum, potato and 
soybean, respectively. The increased 

shoot regeneration and root formation 
caused by mutant explants could be 
explained by stimulation of biosynthesis 
of some amino acids modification and 
increase in primary biochemical 
processes, uptake of mineral nutrients 
and photosynthesis (Charbaji and 
Nabulsi, 1999). 
A research done on two commercial red 
peppers found that gamma irradiations 
increased the photosynthetic rate in 
plant tissue culture.18 Internal 
metabolism in plant depend highly on 
photosynthesis because photosynthesis 
is the fundamental source of energy for 
growth and development. If the 
photosynthesis rate increases, so does 
the plant metabolism. However, this 
only applies for a low dose of gamma 
irradiation because photosynthesis 
process is sensitive toward heavy metal, 
where it disturbs the chloroplast 
function rendering it useless in CO2 
fixation. (Mujar et al, 2014). 
Mujar and et al (2014) found that 
another reason for increasing the 
regeneration of vanilla cultures by 
gamma irradiation is that radiation 
significantly influences the protein 
synthesis and cell metabolism in plant 
meristem cells. Plants respond to 
gamma irradiation by developing a 
defense mechanism that increases the 
total soluble protein content by altering 
the protein metabolism, thus influencing 
the plant cell metabolism and 
development (Humera, 2006). 
Use of X-ray radiation on in vitro 
grown shoots of olive was elaborated. 
According to the measured 
morphological responses, treatments 
caused an increase in the growth 
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parameters such as shoot weight, shoot 
height, and rooting efficiency (Orazem 
et al 2013). 
The response of soybean cultivars to 
kanamycin concetration agrees with the 
work done by Anita et al (2012), they 
used sub-lethal dose of kanamycin 
(100–175 mg/L). They found that the 
transformed plants were recovered with 
a success rate of 0.91%. 
This was the first study on the 
comparison regeneration of mutant line 
and  two soybean cultivars that are 
commonly cultivated in Iran using 
cotyledonary node as explants. Some 
differences were observed in genotypes 
with regard to the shoot regeneration 
and root formation.  
Overall, the regeneration period has 
been shortened to only 40-45 days, 
which is the shortest duration of 
soybean regeneration. Beside other 
previous works this standardized 
regeneration system will be compatible 
with Agrobacterium-mediated soybean 
transformations, and offer newer 
strategies for the soybean 
transformation. 
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  چکیده

اي منجر به یک سیستم باززایی مستقیم سریع در گیاهان شده است که نیاز به زمان کمتري داشته و باززایی از طریق گره لپه

اي به عنوان پروتوکول باشد. در ا ین تحقیق پروتوکول باززایی اندام هوایی با استفاده از ریزنمونه گره لپهثر مییک روش مو

هاي اي از گیاهچههاي لپههاي گرهمد براي دو رقم تجاري و یک لاین جهش یافته سویا ارزیابی گردید. ریزنمونهآسریع و کار

روز، سطح  42روز، درصد باززایی و بعد از  28اي رشد یافته بودند. بعد از شیشه روزه به دست آمدند که در شرایط درون7

داري بیشتر از دو رقم باززایی محاسبه شد. نتایج نشان داد که درصد باززایی و سطح باززایی لاین جهش یافته به طور معنی

ر ادامه آنها به محیط زایی، گیاهان به محیط طویل شدن شاخه و دباشد. بعد از القاي شاخهو ویلیامز می L17تجاري سویا، 

زایی به طور روز محاسبه شد. نتایج نشان داد که درصد ریشه 14الی  5زایی طی منتقل شدند. درصد ریشه القاي ریشه

باززا شده به  هايگیرد. در آزمایش جداگانه دیگري براي آزمون حساسیت شاخهداري تحت تأثیر ژنوتیپ قرار نمیمعنی

اي هاي باززا شده از ریزنمونه گره لپهمیلی گرم در لیتر کانامایسین براي شاخه 150کانامایسین، مشخص گردید که غلظت 

باشد. داري بیشتر از دو رقم تجاري دیگر میباشد. نتایج نشان داد که کارایی باززایی لاین جهش یافته به طور معنیکشنده می

تواند به میلی گرم در لیتر کانامایسین می 150هاي بالاي هاي باززا شده نشان داد که غلظتیسین شاخهحساسیت به کاناما

  عنوان عامل انتخابی در تراریزش لاین جهش یافته و دو رقم تجاري دیگر استفاده شود.

  .اي، باززایی، جهش یافتهسویا، گره لپه کلمات کلیدي:

 


