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ABSTRACT 

Herbicide resistant (HR) rice improves efficiency of weed management and HR 

varieties can develop through induced mutagenesis. The present investigation was 

focused on mutagenic response of seed-derived rice calli to different EMS 

concentrations and evaluation for HR. Seed-derived calli were obtained from 

glyphosate-susceptible rice variety (Bg250) and exposed to varying  concentrations 

of EMS  (0.1%, 0.2%, 0.3% and 0.4%). EMS treated calli were exposed to glyphosate 

(0.2%) and Tetrazolium test (1% TTC) was applied to identify cell viability in calli. 

Fluorescent AFLP analysis was performed on EMS treated calli.  Results indicated 

that mutation of calli was higher at EMS concentration range of 0.1 – 0.2%.  Bg250 

calli demonstrated resistance to glyphosate at 0.2%. FAFLP analysis revealed 

E11M32 marker was found to be a specific marker to identify the induced HR in rice. 

The results of the study revealed that in vitro application of EMS on callus has ability 

to develop HR rice calli.  

Key words: EMS, Glyphosate, Seed culture, AFLP 

Introduction 

Rice is the staple food for more than half of the world  population and for every one 

billion people added to the world population, an additional 100 million MT of rice 

needs to be produced  every year [1]. In future, it is imperative that rice production 

continues to grow at least as rapidly as the population; thus application of 

biotechnology provide a good solution. Weeds are the major biological constraint in 

rice cultivation, which reduce the yield qualitatively and quantitatively. Therefore, it 

is important to control rice weeds to obtain a good yield [2]. Rice weeds account for a 

30-40% yield loss (about 160-200 kg ha
-1

) in spite of farmers investing US$ 40-60 ha
-

1
 for herbicides [3]. Therefore, there is a need to take timely action to prevent 

destruction of paddy cultivation. Rice growers and consumers throughout the world 

could benefit from the introduction of herbicide resistant (HR) rice cultivars which 

selectively control weeds. HR crops provide additional crop choice, enabling 

implementation of alternate weed management tactics to target specific weeds while 

maintaining crop sequences. [4]. In general, HR crops may be favorable to the 

environment by allowing for flexible weed management compared to conventional 

systems. This may permit farmers to practice conservation tillage, and thereby reduce 

soil erosion [5].Other perceived benefits are the possibility to control ‘hard-to-kill’ 

weed species [4] and weed populations that have already evolved resistance to 

herbicides, especially those of the Echinochloa species. Weed management could 

also be improved by more efficient post-emergence control [6]. Introduction of HR 

rice could also bring areas heavily infested with weedy rice that have been abandoned 

back to rice production [7], allow long term crop rotations, reduce consumption of 

fossil fuels [8], and provide more rice grain without adding new land to production. 

Herbicide-tolerant crops in combination with their corresponding herbicides are able 

to control many weeds that cannot be or are less effectively controlled with other 

means. Most of the herbicide-tolerant mutants were developed through chemical 

mutagenesis followed by herbicide selection [9]. Among the chemical mutagens, 

Ethyl Methyl Sulphonate (EMS) is a strong chemical mutagen which can make the 

chromosome structure different [10]. Utilizing EMS mutation method, [11] developed 

21 Brazilian rice lines that were resistant to glufosinate. [12] used EMS for the 

development of sulfonylurea resistant mutants of Arabidopsis thaliana and EMS were 

used to increase the probability of selecting resistant mutants in soybean [13,14] and 

tobacco [15]. 

Genetic engineering of rice has made significant advances in the past few years [16] 

and HR transgenic crops have been the most widely used type of transgenic crops. 
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Genetic engineering work to develop glyphosate resistant crops focused on three 

strategies: overproduction of EPSP synthase, introduction of a metabolic 

detoxification gene and introduction of an altered EPSP synthase enzyme with 

decreased affinity for glyphosate [17]. [18] were the first to report on studies with 

altered EPSP enzyme genes for glyphosate tolerance development in plants and 

several other glyphosate-resistant crops such as soybean, cotton, canola etc. were 

developed by introducing the CP4 gene from Agrobacterium sp., which encodes a 

resistant form of EPSPS [19]. However, the introduction of transgenic HR crops in 

developing countries and their impacts is a controversial issue. In Sri Lanka there are 

strict regulations and management of genetically modified organism (GMO) 

including genetically modified (GM) crops imported to Sri Lanka and produced 

within the country [20]. Since the herbicide resistance in crop plants can also be 

achieved by classical genetics to make stable resistant lines instead of a plant 

modified by genetic engineering, it is worthwhile to focus on a less controversial 

classical plant breeding approach. 

Plant tissue culture represents the simplest of the biotechnologies available at present 

for crop improvement [21].The plants which are produced by tissue culture procedure  

are tested for their resistance to herbicide [22]. This procedure is repeated with 

increasing amounts of herbicide to provide an herbicide-tolerant/resistant plant tissue 

which is subsequently subjected to differentiating growth conditions to provide 

herbicide tolerant plants. These plants can be propagated vegetatively using tissue 

culture methods to produce additional plants of the same genetic constitution. The 

plants also can be sexually reproduced to provide seeds and plants which display 

inherited tolerance to the said herbicide [22]. The first herbicide tolerant plant 

developed in the laboratory was tobacco mutant plant, obtained through selection of 

cell lines in tissue culture [15]. Further, plants resistant to imidazolinone have been 

successfully produced by seed, microspore, pollen and callus mutagenesis and 

somatic cell selections in maize [23], canola [24], cotton [25], soybean [13] and 

wheat [26,27]. 

Application of molecular markers in plant breeding programs has established the need 

for information on variation on DNA sequences [28]. Amplified Fragment Length 

Polymorphism (AFLP) is a relatively new DNA fingerprinting technique [29] which 

uses selective amplification of restriction fragments and that has the capacity to detect 

a higher number of loci and thus a higher rate of polymorphism in a single assay than 

RFLPs or RAPDs [30]. AFLP methodology has been employed in greater number of 

studies such as diversity, phylogeny, genomic linkage mapping, and identification of 

varieties, because of their effectiveness and reliability for studies [31,32,33].                  

A detailed RAPD analysis has been carried out on the glufosinate resistant and 

susceptible Brazilian rice lines produced via mutagens by [11]. 

As far as the studies related to induction of HR through chemical mutation of calli, 

there is an inadequacy of such research on inducing HR among cultivated rice 

varieties and development of HR rice varieties in Sri Lanka. Therefore, the present 

study was carried out to identify the mutagenic response of seed-derived rice calli to 

EMS and to evaluate HR in EMS treated rice calli. In addition, Fluorescent AFLP 

(FAFLP) analysis was performed for choosing possible molecular marker for 

identification and/or confirmation of induced HR under in vitro conditions 

 

Materials and methods 

Callus induction  

Glyphosate susceptible rice variety, Bg250 was selected for the study, based on 

finding of a previous study [34].Glyphosate resistant traditional rice variety, 

Pachchaperumal was taken as the reference/control. Mature rice seeds were dehusked 
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and surface disinfected after soaking for 1 minute in 70% ethanol and, subsequently 

seeds were washed with distilled water and Sodium Dodecyl benzene Sulphonate 

(Teepol) for 1 minute. Bleach-sterilization was carried out for 20 minutes in 50% 

commercial bleach. Following three rinses with sterilized water, seeds were cultured 

(10 seeds/petridish) in solid MS medium for callus induction [35] supplemented with 

2, 4-D, BAP, Kinetin and Myo Inositol. Cultures were incubated in a culture room 

maintaining at 25
o
 C ± 2

o
 C in complete dark. 

Chemical mutagenesis 

When the calli were approximately 1-2 mm in diameter, they were transferred into 

falcon™ 50ml tubes containing 30 ml of liquid MS media without 2,4D. 

Subsequently, the calli were immediately mutagenised by adding different 

concentrations of EMS (0.0, 0.1%, 0.2%, 0.3% and 0.4% v/v) (Sigma-Aldrich). Each 

treatment consisted of 10 calli and there were three replicates from each treatment. 

Culture tubes were covered with aluminum foil and placed on an orbital shaker (150 

rpm) for two hours. The incubated calli were rinsed 10 times with MS liquid medium 

and transferred to new tubes containing MS liquid media with 2, 4 D and shaken (120 

rpm) for two more days (28 
o 

C ± 2 
o 

C, in darkness) (Serrat et al. 2014). The treated 

calli were subsequently sub-cultured on to MS medium containing NAA and 

Kinetin.Initial screening of viable/non-viable calli was carried out based on the 

changing of color in calli from creamy white (alive) color to brown (dead). The 

confirmation of cell viability was assayed by Tetrazolium chloride (1% TTC) (Towill 

et al. 1975). 

The survival percentages of calli as an indicator EMS tolerance were calculated 

according to the equation given below.  

                                                   𝐂𝐒𝐏 % =
𝐍𝐨.𝐨𝐟 𝐯𝐢𝐚𝐛𝐥𝐞 𝐜𝐚𝐥𝐥𝐢

𝐍𝐨.𝐨𝐟 𝐭𝐫𝐞𝐚𝐭𝐞𝐝 𝐜𝐚𝐥𝐥𝐢
 𝐗 𝟏𝟎𝟎         

  (1) 

            

Callus regeneration and glyphosate resistance  

Twenty sub-cultured callus were treated with 0.2% (v/v) glyphosate solution after ten 

days and observed the characteristics of the callus compared to untreated callus. 

Regenerated shoots were also exposed to glyphosate and separately assayed for HR.   

AFLP Molecular study 

AFLP analysis was carried out on the mutated calli using 16 AFLP primer 

combinations. Genomic DNA was extracted from mutated calli using PhytoSpin™ 

Plant Genomic DNA extraction kit (Ceygen Biotech). AFLP analysis was performed 

as described by [29] with minor modifications. 

One μg of DNA from each sample was digested with 5 units of EcoR1, 5 units of 

Mse1 enzymes.The digested samples were incubated at 37 ºC for 3.5 h. To the double 

digested DNA, EcoR1 adaptor (10 pmolμl
-1 

) ,Mse1 adapter(10 pmolμl
-1 

) 5U of T4 

DNA ligase were added and the tubes were incubated overnight (~16)  at 37 ºC. After 

the ligation of adapters, 5 μl of digested/ligated DNA were pre-amplified in 25 μl 

reaction containing 2 μl each of pre-amplification primers (8 pmol/μl), 0.2 

mMdNTPs, 1X PCR buffer (Genscript, USA), and 1 unit of Taq DNA polymerase 

(Genscript, USA) (5 units/μl). PCR amplification was performed using the following 
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cycle conditions. Denaturation at 94ºC for 30 s, annealing at 56 ºC for 60 s, extension 

at 72 ºC for 60 s and cycles were repeated for 30 times. The pre-amplification product 

was diluted 20 x with sterile distilled water and used as a template for selective 

amplification. The selective amplification reaction was conducted in a final volume 

of 20 μl containing 2 μl of diluted pre-amplification PCR products, 0.6 μl of EcoR1 

fluorescent (Fam,Pet,Vic,Ned) labeled primer (8 pmol/μl), 0.6 μl of Mse1 primer (8 

pmol/μl), 0.2 mMdNTP, 1X PCR buffer (Genscript, USA), and 1 unit of TaqDNA 

polymerase. The PCR amplification was carried out as follows: Denaturation at 94 ºC 

for 30 s, annealing at 65 ºC for 30 s. in the first cycle and then the annealing 

temperature was reduced by 0.7ºC per cycle for the next 12 cycles. Then the cycles 

were repeated 23 more times with the annealing temperature of 56ºC. Extension was 

at 72 ºC for 60 s for all cycles.  

A fluorescent labeled DNA size strand LIZ 600 with known fragments size was 

mixed with each 2.5µl amplified PCR products and 5µl of deionized formamide 

loading solution and 2.5µl of ultra-pure water. Then the samples were loaded in 96 

well plates (Axygen Biosciences, USA). Samples were denatured at 95 
o
C for 2 min., 

chilled immediately placing plate on ice. The denatured amplified products were 

separated through capillary electrophoresis Mega BACE 1000 automated DNA 

sequencer (GE Healthcare Life Sciences, USA). AFLP fragment analysis was 

performed with Genemapper 4.1 software. 

 Results and discussion 

Callus induction 

Callus induction was observed in 40% of rice seeds; callus developed from the 

scutellar region of the seeds and was visible 8 -12 days after culturing. [38] has 

reported the similar results conducting a study on phenotypic evaluation of scutellum-

derived calli in ‘Indica’ rice cultivars.     

Mutagenesis effect of different EMS concentrations 

First week after EMS treatment, no noticeable differences were detected in calli 

between the control and treatments.  After 7-10 days of EMS treatment, 0.3 and 0.4 % 

treated calli showed a certain degree of browning.  The results indicated that the 

viability of seed-derived callus decreased when the EMS concentration increased 

(Figure 2).  At 0.2%  EMS concentration, approx. 50% of the calli survived and the 

same concentration was selected for further studies.  

Glyphosate resistance in EMS treated callus 

Subsequent to the application of glyphosate, EMS-mutated calli indicated positive 

response for the Tetrazolium Chloride (TTC) test [37]. Sixty percent of the calli 

treated with EMS turned into red color following the staining process (Figure 3). The 

control treatment which was not mutated with EMS signified negative results and the 

color of the calli were not changed with staining. It indicated that glyphosate 

resistance has developed in the EMS-mutated callus compared to the control. Callus 

derived from Pachcaperumal seeds also showed positive results to TTC test without 

EMS mutation. The shoots regenerated from mutated calli also appeared healthy (Fig. 

4). This finding is supporters by the findings of similar studies carried out elsewhere. 

The technique of mutation induction over the past 50 years has played a major role in 

the development of superior crop varieties [39]. Most of the herbicide-tolerant 

mutants were developed through chemical mutagenesis followed by herbicide 

selection such as Imidazolinone-resistant rice which was developed through 

chemically induced seed mutagenesis with EMS [40, 9]. Comparison of results with 



IRA-International Journal of Applied Sciences 

 

 

 453 

other studies carried out on the induction HR via mutagenesis of calli is limited and 

these finding could be considered as baseline information for future studies. 

AFLP Molecular Study 

The comparison of mutated and non-mutated calli, several fragments produced 

variation in the AFLP pattern. Out of the sixteen primer pairs used in the FAFLP 

analysis E11M32 primer combination clearly differentiated the mutated calli. The 

80bp fragment from E11 + M13 primer (TGT AAA ACG ACG GCC AGT GAC 

TGC GTA CCA ATT CAC) and M32 primer (GAT GAG TCC TGA GTA AAA C) 

was found to be a specific marker for HR induced rice callus. Benefiting from 

molecular cloning and PCR techniques, DNA markers have now become a popular 

means for identification and authentication of plant and animal species[41]. DNA-

based markers are less affected by age, physiological condition of samples and 

environmental factors of plant tissues. They are not tissue specific and thus can be 

detected at any phase of organism development [42].The identified AFLP marker in 

the present research is potentially useful in developing HR rice varieties and can 

imply in breeding programs in future.  Use of plant tissue culture techniques in 

development of HR provides several benefits such as less labor intention and rapid 

propagation. There were no previous records on the induced herbicide resistance in 

rice varieties via classical breeding methods in Sri Lanka and this study emphasizes 

that there is a possibility of in vitro development of HR in local rice varieties. 

Conclusions 

Survival of calli was higher at lower EMS concentrations compare to higher 

concentrations in the mutated seed-derived rice calli.  Results suggest that using a 

dose of 0.1 to 0.2 % EMS can induce mutation in seed-derived calli. Mutated calli 

and the regenerated plantlets of Bg250 showed resistance to glyphosate at 0.2% 

concentration. AFLP analysis showed that 80bp fragment from   E11 + M13 primer 

(TGT AAA ACG ACG GCC AGT GAC TGC GTA CCA ATT CAC) and M32 

primer (GAT GAG TCC TGA GTA AAA C) was found to be a specific marker for 

HR induced callus. As there is a possibility of HR rice to apply lesser quantity of 

herbicides , lesser frequency of application and occupied to effective weed 

management, induced HR rice varieties have a higher potential in rice breeding 

programs leading to develop new HR rice varieties in future. 
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(Tables & Figures) 

 

Table 1. AFLP primers used for the study 

 

 

 

Figure 1: Different stages of callus induction. 

(A) Callus induction at initial stage, (B) 12
th
day (C) 25

th
 day 

 

Figure2: Callus survival percentage at different concentrations of EMS 

 

 

 

 

 

 

 

 

 

 

 

 

Oligo name 

 

Oligo sequence 

M13 +E10 5’ TGT AAA ACG ACG GCC AGT GAC TGC GTA CCA ATT 

CAA 3’ 

M13 + E11 5’ TGT AAA ACG ACG GCC AGT GAC TGC GTA CCA ATT 

CAC 3’ 

M13 + E12 5’ TGT AAA ACG ACG GCC AGT GAC TGC GTA CCA ATT 

CAG 3 

M13 + E13 5’ TGT AAA ACG ACG GCC AGT GAC TGC GTA CCA ATT 

CAT 3’ 

M31  5’ GAT GAG TCC TGA GTA AAA A 3’ 

M32 5’ GAT GAG TCC TGA GTA AAA C 3’ 

M33 5’GAT GAG TCC TGA GTA AAA G 3’ 

M34 5’ GAT GAG TCC TGA GTA AAA T 3’ 
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Figure3: Tetrazolium (TTC) staining. 

(A) Callus before staining (B) Viable callus showed red color after staining 

 

 

 

 

 

 

 

Figure 4: Regenerated plantlets with glyphosate resistance at different stages 

(A) Glyphosate treated callus (B) regenerated callus (C) regenerated plantlet  

 

 

 

 

 

 


