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The present investigation was aimed to determine the effect of gamma radiation on genes encoding for tocopherol pathway and antioxidant 
enzymes in two contrasting soybean genotypes seedlings.

Seeds from two contrasting soybean genotypes (Bragg and DS-
74) were exposed to two different doses of gamma irradiation (0.5 and 1.0 kGy), 
allowed to germinate and RNA was extracted for cDNA synthesis from 3-days-old 
soybean seedlings. Expression level of tocopherol pathway and antioxidant 
enzymes genes was carried out using real time PCR. Seed vigour and moisture 
contents in seeds of both the soybean genotypes were also analysed.

Genes encoding tocopherol biosynthesis and redox enzymes showed 
higher expression upon 0.5 kGy seed irradiation [3.01 and 3.5 fold for SOD and 
APXandγ-TMT and MPBQ-MT genes (2.87 and 4.21 fold respectively) in Bragg 
soybean seedlings] as compared at 1.0 kGy dose of gamma irradiation. The 
moisture content in control and irradiated soybean seed samples ranged from 
8.1 to 15.2 % with  DS-74 control seeds showing highest moisture content 
(15.2%) and Bragg seeds (0.5 kGyirradiated) with lowest moisture content 
(8.1%). 0.5 kGy irradiated Bragg seeds showed highest seed vigour in the form 
seed germination (72.25 %) and seedling emergence (61.12%).

The result showed that 0.5 KGy of γ- irradiation of soybean 
seeds were more effective in improving the seed quality by enhancing gene 
expression of tocopherol pathway and antioxidant enzymes.
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become long term goal for the breeders as well as molecular 
biologists. Depending on the degree of ionization and varying 
levels of penetrating power, different types of ionizing radiations 
have been employed in crop species to improve seed quality. Out 
of all the ionizing radiations (alpha, beta, γ – rays, cosmic rays and 
high energy UV and X-rays), γ –rays are the most energetic form 
of electromagnetic radiation, possessing highest penetrating 
power (Kovács and Keresztes, 2002). γ–irradiation has been 
used since long for microbial disinfection, preservation of food 
and for crop improvement (Al-Rumaih, 2008; Bala, 2013). 

Several studies have proven that ionizing radiations can 
also provide desired effects on the crops by stimulating the plant 
growth, seed germination and crop yield (Kim et al., 1998; 
Bayonove, et al., 1984). Antioxidant defense enzymes such as 
superoxide dismutase (SOD), catalase (CAT), and peroxidase 
(POD) are the major enzymes in elimination of ROS (superoxide 
and hydrogen peroxide). There are some reports showing that the 
activities of enzymes involved in ROS scavenging are altered by 
several environmental stresses, including γ- irradiation (El-
Beltagi et al., 2011; Afify et al., 2012). Several studies have shown 
increased activity of SOD and POD with increasing doses of γ-
irradiation (Hameed et al., 2008; Borzouei et al., 2013). 
Furthermore, several non-enzymatic antioxidants such as 
phenolics and flavanoids are synthesized during γ- irradiation 
(Kibinza et al., 2006; El-Beltagi et al., 2011). Although several 
studies have described the effects of γ-irradiation largely on the 
physiological and biochemical parameters of seeds focusing the 
effects of γ-irradiation on antioxidants enzymes and total 
antioxidants, however, the studies related to effects of γ-
irradiation on transcriptional expression of antioxidant genes and 
tocopherol pathway genes are limited. Therefore, the aim of the 
present study was to improve the seed quality of soybean through 
gamma irradiation process and to study the impact of gamma 
irradiation on expression of genes that encodes tocopherol (the 
major antioxidant in soybean) and antioxidant enzymes.

 Materials and Methods

Plant samples and irradiation treatments: Two varieties of 
yellow colored soybean seeds selected on the basis of highest, 
lowest and total tocopherol contents [ Bragg (high α-)  and DS-
74 (low α- )] (Vinutha et al., 2017), were obtained from Division 
of Genetics, IARI; New Delhi. Both the genotypes seeds were 
yellow in color. Five gram of dry and intact seeds from Bragg 
and DS-74  soybean genotypes (Glycine max. L) were 
selected, and exposed at room temperature (25±1ºC) to 0.5 
and 1.0 kGy dose levels of γ-irradiation via 60Co gamma source 
(gamma cell GC 5000 apparatus NRL, IARI, New Delhi). 
Soybean seeds without any treatment were taken as control. 
Treated seeds along with unirradiated seeds were analyzed for 
gene expression for tocopherol biosynthesis and antioxidant 
enzyme genes and seed quality parameter.

Analysis of gene expression: The control and irradiated 
soybean seeds from both the genotypes were allowed to 

Introduction

Seed is the basic unit of agriculture and improvement of 
seed quality for production of high quality seeds in terms of 
physical, genetical, physiological and nutritional parameters is 
the demand of agriculture to address both the issues of 
malnutrition and agrarian challenges. Soybean is one of the most 
traditionally cultivated  legume nutritionally enriched with high 
amount of protein (40%), oil (20%), carbohydrates, isoflavones, 
polyunsaturated fatty acids (pufa) (55%) and tocopherol making it 
as important food source for animal and human feed 
(Sirisomboon, 2007; Hou et al., 2009; Vinutha et al., 2015, 2017; 
Krishnan et al., 2015, 2018). Globally, the average area used for 
soybean cultivation was 121.53 million ha, yield was 2.76 t ha and 
production 334.89 million tons. America, Asia, Europe and Africa 
are the largest cultivators of soybean in the world (Terzic et al., 
2018). Oil quality in terms of oil content, composition of fatty acids 
and tocopherol determines its commercial value. Tocopherols are 
powerful antioxidants which inhibit peroxidation of polyunsaturated 
fatty acids through scavenging of peroxyl radicals, singlet oxygen 
and other reactive oxygen species and also are crucial for seed 
storage and germination (Maeda and Della Penna, 2007).

Besides improving the quality of seeds, to copherols also 
have positive effect on health, minimizing the hazards and 
progression of various types of diseases such as cancer, 
diabetes, Alzheimer’s disease, obesity, cardiovascular diseases 
osteoporosis etc., associated with the generation of ROS. 
Considering the damaging effect of ROS, soybean has been 
proved to be a natural crop for preventing the ill-effects of ROS as 
it has high content of natural antioxidants mainly tocopherol. 
Structure of tocopherol is composed of polarchromanol ring 
linked to hydrophobic phytyl side chain providing an amphipathic 
nature (Kamal-Eldin and Appelqvist, 1996). Tocopherol exists in 
four different tocopherol homologues (α-,β-, γ- and δ-) and differ in 
antioxidant activity due to difference in the number and position of 
methyl group at chromanol ring. γ –tocopherol (less active form of 
Vit-E), the biosynthetic precursor to α-tocopherol (more active form 
of Vit-E) is mainly found in seeds, suggesting that the final step of 
alpha-tocopherol biosynthetic pathway catalyzed by gamma-
tocopherol methyltransferase (γ-TMT) is limiting in soybean seeds. 
Biosynthesis of tocopherols occurs in plastids of cells. 

The first step is catalyzed by the enzyme homogentisate 
phytyl transferase (HPT) which catalyses the fusion of two 
subs t ra tes ,  HGA (homogen i t i s i c  ac id )  and  PDP 
(phytyldiphoshphate) to form 2-methyl-6-phytyl-1,4-benzoquinol 
(MPBQ which in turn, acts as a substrate either for 
tocopherolcyclase (TC) or MPBQ methyltransferase. MPBQ 
methyltransferase methylates MPBQ to 2,3-dimethyl-6-phytyl-
1,4-benzoquinone (DMPBQ), while tocopherolcyclase 
transforms both MPBQ and DMPBQ to γ- and δ-tocopherol, 
respectively (Hunter 2007). Lastly, the enzyme γ-tocopherol 
methyltransferase (γ-TMT) catalyzes the conversion of γ- to α-
tocopherol and of δ- to β-tocopherol (Tavva, 2007). Therefore, 
enrichment of soybean oil with Vitamin-E (tocopherols) has 
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and 30 sec at 65 C. The experiment was performed in three sets 
of biological replicates. The gene expression was observed as 

−ΔΔCqsuggested by Livak-Schmittgen (2001) (2 ) to process the 
data to calculate relative gene expression which compares two 
values in the exponent that represent the normalized 
expression values for a gene of interest in the sample. Gene of 
interest were normalized using a reference gene and then 
compared with each other in the exponent.

Seed quality parameters

Analysis of seed vigour: Seed vigour was analyzed through 
percent seed germination and seedling emergence in control and 
irradiated mature seeds grown under optimal conditions of 

0temperature maintained at 25 C and another seed lot grown in 
0phytotron facility chamber, temperature maintained at 35 C (not 

optimal conditions). One hundred seeds were kept from each 
sample for germination under different conditions of optimal 

0 0(28 C) and non-optimal temperature (35 C) to observe the seed 

0germinate for 3 days in petridishes containing two layers of moist 
0filter paper in dark at 28 C. Three-days-old seedlings from both 

control and irradiated seeds of two genotypes were used for total 
RNA extraction and qRT-PCR analysis. Seedlings were frozen 
into liquid nitrogen, crushed to fine powder in DEPC treated 
mortar pestle and total RNA was isolated manually  using Trizol 
reagent with RNase free DNase I treatment to remove any DNA 
contamination and the concentration and  quality of RNA was 
checked by nanodrop and gel electrophoresis. The cDNA revert 
aid synthesis kit (Thermo Scientific) was used to synthesize first 
strand  cDNA  from total RNA (500ng) and concentration and 
purity was checked by nanodrop. The cDNA was diluted to a 

-1concentration of 250 ng µl  for carrying qRT-PCR analysis in a Mx 
3000PTM real time PCR system (CFX-96, Biorad, USA). A 10µl 
of reaction mixture for quantitative RT-PCR reactions 
composed of 1 µl (250 ng) cDNA, 0.4 µl of gene specific each of 
forward and reverse primers(10 picomoles) (Table 1) and 1.6µl 
of SYBR green premix (kappa). The PCR cycle was set as two-

0step thermal cycling programme with incubation for 15 s at 95 C 

Table 1: Primers used for gene expression analysis for antioxidant enzymes related genes and tocopherol biosynthesis genes using qRT-PCR

0Gene and product size Primer sequence Annealing temp. ( C ) Accession no.

SOD(132 bp) Forward:  GATGATAAGCGCCATGCTGGT 58.2 Glyma.16G153900.1
Reverse: CACAACAACGGCCCTTCCAA

APX(115bp) Forward: GCATGGCACTCTGCTGGAAC 59.2 Glyma.U021900.1
Reverse: CAGCGATGTCAAGACCGTT

CAT(112 bp) Forward: TGCAAACTTTGACAGGGAACG 58.4 Glyma.17G261700.1
Reverse: TCGGCACATGTGAGGTGAGA

GR(122bp) Forward: TGATTATAGGATTGCACCCAGTA 58.5 Glyma.02G142000.1
Reverse: ACGGCCTGTTCCTCAGTAAG

HPT(254bp) Forward: GTTCTTATGTGCCAAATGCTTCA 61.0 Glyma.17G061900.1
Reverse: GGAAAACCTGTAGAAAGCATCCA

MPBQ-MT(260bp) Forward: GTTTATTCCAAAAGGGTGTGCT 58.5 Glyma.02G002000.1
Reverse: GCGGTTGTAGAGATCAGCA

TC(214bp) Forward: TCTGGGGAAGTAGGCATGAA 59.3 Glyam.06G084100
Reverse: GTACTATACTCCCAACGAGCTGTCT

γ–TMT3(163bp) Forward: GTGGAGCAGAAAGCAGCAG
Reverse: CGCGATGATCAGAAACAGAA

EF1α Forward: ACAGAGGCTCTTCCAGGTGA 64.0 XM_003553245.1 
Reverse: ATCGCCTGTCAATCTTGGTC

60.0 Glyma12g01690.1

Table 2: Effect of low doses of γ - irradiation on moisture content and speed of germination on two contrasting genotypes of soybean DS-74 and Bragg

γ-irradiation dose Moisture content (%) Speed of seed germination (days)

a aDS-74 Control 15.2±0.15 5.1±0.78
c b0.5kGy 13.3±0.27 4.1±0.83
b ab1.0kGy 14.1±0.14 4.8±0.34

a aBragg Control 12.5±0.43 4.8±0.57
c b0.5kGy 08.1±0.23 3.5±0.31
b ab1.0kGy 10.3±0.22 4.2±0.31

Values are mean of three replicates, and mean with same letter (superscript) in the columns are not significantly different following DMRT (p < 0.05)
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germination. Percentage of seeds germinated was calculated 
after 15 days for both the seed lots.

Moisture content: Moisture content of irradiated and control 
soybean seeds samples was estimated following the method of 
ISTA (2004) directly using Axis moisture analyzer instrument 
(ATS 60) equipped with halogen radiators. Fine powder of each 
sample was passed through 0.5 mm size sieve mesh. One gram 
of each sample including control was placed on the container of 

0the moisture analyzer instrument set at 102 C ± 1 for 5 min and 
the percent moisture content was calculated.

Germination speed: Seventy five seeds from each soybean 
sample (control and irradiated) were selected and divided into 
three replicates and allowed to germinate for eight days in trays 

0containing soil at 25 C in phytotron conditions. The seeds were 
then analyzed for the presence of normal seedlings on the fourth 
day and on eighth day and normal seedlings were removed each 
day. Thereafter, germination speed was calculated as described 
by Maguire (1962). According to Timson (1965), the speed of 
germination is termed as number of days required for seeds to 
complete germination process.

Statistical analysis: Data were statistically analyzed by 
Duncan’s Multiple Range Test at P≤0.05 probability level to test 
the differences between the means using SPSS software.

Results and Discussion

Enzymatic and non-enzymatic detoxifying systems are 
constitutively involved in the cellular protection against ROS 

generated from both the environmental stresses and cellular 
metabolism. In the present study, the effect of low doses of γ- 
irradiation on the expression analysis of genes encoding for 
tocopherol pathway and redox enzymes was studied. The results 
showed higher expression level of SOD (2.5/3.01 fold) and APX 
(2.3/3.5 fold) in the 0.5 kGy irradiated seedlings  as compared 
to 1.0 kGy irradiated seedlings of DS-74 and Bragg, 
respectively (1.19/2.1 fold-SOD and 1.3./2.7 fold -APX) (Fig. 1). 
However, the decreased expression level of CAT (0.7/0.9 fold- 
DS-74; 0.3/0.5- Bragg) and GR (1.4/1.6-DS-74; 1.02/1.3- 
Bragg) were observed on exposure to 0.5 kGy and 1.0 kGy γ-
irradiation, respectively, in both the genotypes (Fig. 1). 

Although our results are in agreement with Cho et al. 
(2000) who reported increased expression patterns of SOD, POD 
and CAT genes transcripts with γ-irradiation of Nicotiana 
tabacum, in other studies, the expression levels of genes did not 
show any specific trend upon irradiation of seeds due to genotypic 
variations, different plant species and different experimental 
conditions like storage of seeds, exposure to different stress 
conditions (Wang et al., 2017). Hong et al. (2018) and Macovei et 
al. 2013 depicted the enhanced levels of SOD and POD gene 
expression in colored wheat and redox pathway genes in rice 
seeds respectively upon exposure to different doses of γ-
irradiation suggesting the impact of gamma irradiation in 
activating the respective genes. Induction in SOD and APX 
transcript levels at 0.5 kGydose of γ- irradiation indicated that 
H O  generated in response to γ- irradiation in soybean seedlings 2 2

act as a signaling molecule for subsequent expression of defense 
genes to maintain the quality of soybean seeds. Similarly, the 
transcript level for tocopherol biosynthesis genes was also 
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Fig. 1: Relative expression of antioxidant related  genes in response to low doses of  gamma irradiation in seeds of two contrasting soybean genotypes. 
Vertical bars represent the mean of three independent replications +S.D.
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Also, Moussa (2009) showed higher enzyme activities of SOD 
and APX at low doses of γ-irradition in seeds of Vicia faba also 
suggesting the induction in the corresponding enzyme gene 
expression. Further, the expression of tocopherol pathway and 
redox enzymes genes induced upon γ-irradiation was analyzed 
for seed quality. Moisture content in control and irradiated 
soybean seed samples ranged from 8.1 to 15.2 % Among all DS-
74, control seeds showed the highest moisture content of 15.2%, 
while Bragg seeds irradiated with 0.5 kGy showed the lowest 
moisture content of 8.1% (Table 2). Also the difference in Bragg 
irradiated seeds was higher than control as compared to DS-74 
seeds. Gyimah et al. (2020) showed decrease in moisture content 
on exposure to gamma irradiation in tomato fruits. 

Another study carried out by Khan et al. (2018) also 
reported decrease in moisture content upon gamma irradiation 
treatment in peach fruit rather than in control. The results also 
showed that significant increase in the seed vigour (Fig. 3 a,b) in 
the form of percent seed germination (72.25 %) and percent 
seedling emergence (61.12%) was observed in 0.5 kGy irradiated 
Bragg seeds as compared to control and 1.0 kGy irradiated 
seeds. Kon et al. (2007) showed 70.56% increase in seed 
germination at 0.4 kGy gamma irradiation in Vigna sesquipedalis 
seeds. Similar type of increase in seed germination (87%–91%) 

analyzed to investigate the impact of low doses of γ- irradiation on 
the seedlings of both the soybean genotypes. The results showed 
higher differential expression of genes involved in tocopherol 
biosynthesis viz. HPT, MPBQ-MT, TC and γ-TMT  at 0.5 kGy 
irradiation, Bragg seeds significantly showed higher expression 
of γ-TMT and MPBQ-MT genes (2.87 and 4.21 fold respectively) 
than other two genes viz., HPT (1.7 fold) and TC (1.1 fold) (Fig. 2). 
Decreased expression of all the tocopherol biosynthesis genes 
was observed at 1.0 kGy irradiated seeds of DS-74 and Bragg 
(Fig. 2). Thus our results clearly showed that 0.5 kGy dose of γ-
irradiation is better in improving seed quality as this dose 
enhanced the expression of tocopherol biosynthesis genes. 
Quadrana et al. (2013) and Vinutha et al. (2017) reported that 
increased transcript level of core tocopherol pathway genes was 
directly correlated with tocopherol content in tomato and soybean 
seeds, respectively.

Bansal et al. (2020) reported enhancement in tocopherol 
content in soybean genotypes irradiated with 0.5 kGy dose is well 
correlated in this study as tocopherol pathway genes induced 
more at 0.5 kGy dose of γ-irradiation. Kim et al. (2005) showed 
increase in SOD and APX enzyme activity on exposure to low 
doses of γ-irradiation suggesting induction in the respective 
genes of these enzymes in Capsicum annuum L. cv. Taeyang. 

Fig. 2: Relative expression of tocopherol biosynthesis genes in response to low doses of gamma irradiation in seeds of two contrasting soybean 
genotypes.Vertical bars represent mean of three independent replications .+S.D
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in Okra seeds was 
reported by Hegazi and Hemeldeldin (2010). Thus our results 
clearly demonstrated that quality of seeds was improved at low 
dose of γ- irradiation due to increased expression of redox 
enzymes and tocopherol pathway genes (Fig.1 a,b). .Higher 
amount of reactive oxygen species (ROS) are produced upon 
exposure to gamma irradiation, hence redox pathway and 
antioxidants pathway genes are over expressed to combat ill 
effects generated due to ROS

As per the result, fastest speed of germination was 
observed in Bragg seeds irradiated with 0.5 kGy dose of γ-

treated with 500 Gy gamma irradiation dose irradiation (3.5 days) and the least was observed in DS-74 control 
seeds (5.1 days) followed by DS-74 irradiated with 1.0 kGy dose 
of γ-irradiation (4.8 days) (Table 2). Similar type of studies 
conducted by Akshatha et al. 2013 and Beyaz et al., 2016 and 
2020 showed increased speed of germination and seed vigour  in 
Terminaliaarjuna Roxb plant seeds, Lathyruschrysanthus and 
sorghum x sudangrass hybridsrespectively after exposure to 
gamma irradiation. This increase might be due to the reason that 
short-wave rays (i.e., gamma-rays) were more energetic than 
visible light photons (>400 nm), and causing a stronger effect on 
the surface of plant cells. This resulted in the breakdown of the 
seed coating allowing the germination to occure. According to 

Fig. 3: Effect of low doses of γ-irradiation on seed vigour  in seeds of (a) DS-74  and (b) Bragg soybean genotypes. Values are mean of three replicates 
±S.D.
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Toumey and Korstian (1942) fast germination is an important criteria 
for higher seed vigour. Conditions of seed development, 
maturation, storage and aging influence seed vigor. Hence fast 
germination of seeds reflects about the higher seed vigour

The present study clearly showed that low dose of γ-
irradiation is highly effective in enhancing gene expression of 
tocopherol and antioxidants enzymes synthesis that helped to 
enhance the seed quality of soybean through improved 
antioxidant system. Improved seed quality was correlated with 
higher seed vigour quality qnd higher speed of seed 
germination. Hence, low doses of γ- irradiation can be adapted 
to improve the seed quality in soybean.
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