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Abstract: Sesame (Sesamum indicum L.) is an ancient oilseed crop cultivated for its rich oil, protein, and essential 

nutrients. However, changing environmental conditions due to climate change pose significant challenges to sesame 

production. Abiotic stresses, such as salinity and drought, can severely impact sesame yield and productivity. 

Integrating genomic approaches and biotechnology in sesame breeding offers significant promise for developing 

resilient sesame cultivars with enhanced abiotic stress tolerance. GWAS (Genome-wide association studies) have 

identified genes and QTL (quantitative trait loci) associated with drought and salinity tolerance in sesame. Genomic 

selection offers several advantages over traditional breeding methods, enabling the efficient development of stress-

tolerant sesame cultivars. Biotechnological tools, such as CRISPR-Cas9 genome editing technology, allow for precise 

modification of specific genes, facilitating the introduction of desirable traits into sesame cultivars. The integration 

of these approaches offers promising opportunities for the targeted improvement of tolerance against abiotic stresses 

in sesame. However, addressing ethical and regulatory considerations surrounding the use of biotechnology in plant 

breeding will be vital for ensuring the safe and responsible application of these technologies. This review paper 

provides an overview of integrating genomic approaches and biotechnology in sesame breeding programs focused on 

improving drought and salinity tolerance and discusses the potential for developing resilient sesame cultivars in the 

face of climate change. 
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Introduction  

Sesame (Sesamum indicum L.) is an ancient oilseed 

crop cultivated for over 4,000 years, originating from 

the Indian subcontinent and Africa (Wang et al., 2014; 

Takele, 2023). It is grown mainly for its seeds, rich in 

oil, protein, and essential nutrients, including 

antioxidants, vitamins, and minerals (Bedigian, 2010; 

Takele, 2023). Sesame seeds are used in various food 

products, from baked goods to traditional dishes in 

various cuisines, while the oil is prized for its stability, 

high oxidative resistance, and nutritional properties 

(Bedigian, 2010; Were et al., 2006). Sesame is grown 

in over 50 countries, with major producers including 

India, China, Myanmar, and Sudan (FAOSTAT, 

2021). The global demand for sesame is steadily 

increasing due to its nutritional value, diverse 

applications in the food industry, and emerging 

applications in health care and cosmetic products 

(Pathak et al., 2014). 

Increasing temperatures, unpredictable rainfall, and 

more frequent severe weather events are just ways 

climate change threatens agricultural output. (IPCC, 

2014). These shifts increase the frequency of abiotic 

stressors like drought and salinity, which may 

devastate agricultural output. (Lobell et al., 2011). As 

a rain-fed crop, sesame is especially vulnerable to 

drought and salt stress. (Dossa et al., 2017). In semi-

arid environments, sesame is valuable because it can 

survive mild drought; yet, extreme drought and salt 

still provide substantial obstacles. (Dossa et al., 2016). 

To preserve the long-term viability of sesame 

production under changing climate, it is crucial to 

develop cultivars with increased resistance to these 

abiotic challenges. Figure 1 depicts a variety of biotic 

and abiotic stressors. It is vital to strengthen sesame's 

resistance to abiotic stress to sustain and increase crop 

yield in the face of changing environmental 

circumstances. Better yields, fewer crop failures, and 

more resistance to climate change are all possible due 

to breeding for better tolerance of drought and salt. 

(Dossa et al., 2017). In addition, these varieties may 
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help smallholder farmers who depend on sesame 

cultivation for their livelihoods and food security. The 

rising demand for sesame products necessitates the 

creation of stress-tolerant sesame cultivars so that the 

crop may be grown on marginal soils. (Hassan et al., 

2020). 

 

 
Figure 1 Abiotic and Biotic Stresses in Sesame (https://stoller.com.au/get-your-crops-back-on-track/) 

Recent advances in genomics and biotechnology have 

revolutionized plant breeding, providing powerful 

tools for the targeted improvement of crop traits 

(Varshney et al., 2005). In the case of sesame, these 

technologies offer promising opportunities for 

developing cultivars with enhanced tolerance to 

abiotic stresses. High-throughput genotyping and 

sequencing technologies have enabled the generation 

of large-scale genomic resources for sesame, 

including whole-genome sequences, transcriptome 

data, and genetic maps (Wang et al., 2014; Wei et al., 

2015; Zhang et al., 2012). These resources have 

facilitated the identification of candidate genes and 

molecular markers associated with stress tolerance, 

paving the way for integrating genomic approaches 

and biotechnology in sesame breeding (Dossa et al., 

2016; Zhou et al., 2020). 

Developing sesame cultivars with improved abiotic 

stress tolerance can be achieved by integrating 

genomic approaches and biotechnology into breeding 

programs. Genome-wide association studies (GWAS) 

can help identify key genes and quantitative trait loci 

(QTL) associated with drought and salinity tolerance, 

providing valuable information for targeted breeding 

efforts (Li et al., 2018; Wu et al., 2014). For example, 

a recent GWAS on sesame identified several 

candidate genes related to drought tolerance, which 

can be further investigated and validated for their 

functional roles in conferring stress tolerance (Zhang 

et al., 2021). Genomic selection, an approach that uses 

genome-wide markers to predict breeding values, can 

accelerate the development of stress-tolerant cultivars 

by increasing the selection accuracy and reducing the 

breeding cycle time (Crossa et al., 2017). In sesame, 

genomic selection has been successfully applied to 

predict complex traits, such as oil content, and could 

be extended to abiotic stress tolerance (Yu et al., 

2020). 

Biotechnological tools, such as CRISPR-Cas9, offer a 

powerful method for targeted genetic improvements 

in sesame. CRISPR-Cas9 is a genome editing 

technology that allows for precise modification of 

specific genes, introducing desirable traits into crop 

plants (Jiang et al., 2013). By combining the insights 

gained from GWAS and genomic selection with 

CRISPR-Cas9 and other biotechnological tools, 

breeders can develop sesame cultivars with enhanced 

tolerance to drought and salinity more efficiently and 

precisely. For example, a recent study reported the 

successful application of CRISPR-Cas9 in editing a 

gene associated with seed oil content in sesame, 

demonstrating the potential of this technology for 

targeted trait improvement (Zhang et al., 2019). In 

addition to genomics and biotechnology, other 

approaches, such as physiological and biochemical 

studies, can provide complementary information for 

understanding the mechanisms underlying abiotic 

stress tolerance in sesame (Fahad et al., 2017). 

Evaluating the physiological responses of sesame 

plants to drought and salinity can help identify key 

traits and metabolic pathways involved in stress 

adaptation, which can be further targeted for 

improvement through breeding and biotechnology 

(Yadav et al., 2021). Integrating multi-disciplinary 

research efforts, including genomics, biotechnology, 

physiology, and biochemistry, will provide a 

comprehensive understanding of abiotic stress 

tolerance in sesame and facilitate the development of 

improved cultivars. 

In addition to the advances in genomics and 

biotechnology, the use of traditional breeding 

methods, such as the selection of stress-tolerant 

germplasm, can still play an important role in 
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developing abiotic stress-tolerant sesame cultivars 

(Hassan et al., 2020). Evaluating the performance of 

diverse sesame germplasm under various stress 

conditions can help identify promising accessions that 

can serve as potential sources of tolerance alleles for 

breeding programs (Uzun et al., 2007). Furthermore, 

hybridization and introgression of stress-tolerant traits 

from wild sesame relatives can also contribute to 

developing improved sesame cultivars (Bedigian, 

2010). When developing abiotic stress-tolerant 

sesame cultivars, it is crucial to consider the potential 

trade-offs between stress tolerance and other 

agronomic traits, such as yield and quality. Breeders 

should strive to improve stress tolerance without 

compromising the overall performance of the cultivar 

under optimal growing conditions. This can be 

achieved by selecting for multiple traits 

simultaneously using multi-trait genomic selection 

models and incorporating information from multiple 

sources, such as phenotypic data, marker data, and 

environmental data, to make more informed breeding 

decisions (Cuevas et al., 2018). 

Overall, integrating genomic approaches, 

biotechnology, and traditional breeding methods will 

be instrumental in developing sesame cultivars with 

enhanced tolerance to drought and salinity. These 

improved cultivars will contribute to the sustainability 

of sesame production under changing climatic 

conditions and help meet the increasing global 

demand for sesame products. By harnessing the power 

of modern plant breeding techniques, researchers can 

unlock the full potential of sesame as a versatile and 

nutritious crop for the future. This paper will review 

the integration of genome-wide association studies 

(GWAS), genomic selection, and biotechnological 

tools, such as CRISPR-Cas9, in sesame breeding 

programs focused on improving drought and salinity 

tolerance. 

Genome-wide Association Studies (GWAS) in 

Sesame 

Genome-wide Association Studies (GWAS) is a 

powerful approach to identifying genes and 

quantitative trait loci (QTL) associated with complex 

traits, such as abiotic stress tolerance, by scanning the 

entire genome for single nucleotide polymorphisms 

(SNPs) that are statistically related to the trait of 

interest (Hirschhorn & Daly, 2005). GWAS can help 

to uncover the genetic basis of complex traits by 

identifying candidate genes, estimating the proportion 

of phenotypic variation explained by these genes, and 

revealing the population structure and linkage 

disequilibrium patterns in the target species (Korte & 

Farlow, 2013). A schematics representation of GWAS 

is presented in Figure 2. In recent years, GWAS has 

been increasingly applied to crop plants, including 

sesame, to dissect the genetic architecture of 

agronomically important traits and accelerate the 

development of improved cultivars (Wang et al., 

2018). 

 
Figure 2 How GWAS works (https://encyclopedia.pub/entry/1720) 

Next-generation sequencing (NGS) technologies have 

significantly facilitated the discovery of large 

numbers of SNPs and other genetic markers in sesame 

and other crop species (Varshney et al., 2009). These 

high-throughput genotyping technologies, such as 

genotyping-by-sequencing (GBS) and specific-locus 

amplified fragment sequencing (SLAF-seq), have 

enabled the rapid and cost-effective generation of 

high-quality SNP data for large-scale GWAS in 

sesame (Zhang et al., 2019; Wu et al., 2014). 

Additionally, the release of the sesame reference 

genome sequence and the development of 

comprehensive genomic resources, such as the 

Sesame Genome Database (Sinbase) and SesameFG, 
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have provided essential tools for genome-wide 

analyses and the functional characterization of 

candidate genes (Wang et al., 2014; Zhou et al., 2020). 

Table 1: Some of the key genes and QTLs associated with drought and salinity tolerance in sesame identified by 

GWAS studies. The table includes the gene/QTL name, chromosome, location, trait, and references for each 

finding. The table provides a quick reference for readers to understand the genetic basis of stress tolerance in 

sesame, allowing them to compare and contrast the different genes and QTLs associated with drought and salinity 

tolerance 

Gene/QTL Chromosome Location Trait References 

SiDREB1 Chr2 38.6-39.0 Mb Drought tolerance Wang et al., 2016 

SiABF1 Chr11 7.5-8.0 Mb Drought tolerance Wei et al., 2016 

SiGSTU4 Chr5 19.4-19.8 Mb Drought tolerance Zhang et al., 2019 

SiSOS1 Chr13 7.5-8.0 Mb Salinity tolerance Li et al., 2019 

SiKUP1 Chr5 28.4-28.8 Mb Salinity tolerance Zhang et al., 2013 

SiSOS2 Chr3 28.7-29.0 Mb Salinity tolerance Zhang et al., 2019 

Several GWAS have been conducted in sesame to 

identify genes and QTL associated with abiotic stress 

tolerance, such as drought and salinity. For instance, 

Dossa et al. (2016) performed a GWAS using a 

diverse panel of 336 sesame accessions genotyped 

with 50K SNPs and identified 16 SNPs significantly 

associated with drought tolerance-related traits, such 

as days to flowering, plant height, and biomass. These 

findings provided valuable insights into the genetic 

control of drought tolerance in sesame and revealed 

promising candidate genes for further functional 

characterization and targeted breeding efforts. 

Similarly, Wang et al. (2018) conducted a GWAS 

with 366 sesame accessions genotyped using SLAF-

seq technology and detected 14 QTL associated with 

various salt tolerance-related traits, such as 

chlorophyll content, electrolyte leakage, and seedling 

growth. The authors further identified several 

candidate genes within the QTL regions, including 

genes encoding transcription factors, ion transporters, 

and stress-responsive proteins, which may contribute 

to the salt tolerance of sesame. The integration of 

GWAS findings into sesame breeding programs can 

be achieved by employing marker-assisted selection 

(MAS) and genomic selection strategies. MAS 

involves using molecular markers, such as SNPs, 

linked to the target QTL or genes to select the desired 

traits in the breeding population (Collard & Mackill, 

2008). By incorporating the identified QTL and 

candidate genes associated with abiotic stress 

tolerance into MAS, breeders can enhance the 

efficiency and precision of their selection efforts and 

expedite the development of improved sesame 

cultivars. 

Genomic selection, on the other hand, is a powerful 

approach that uses genome-wide marker information 

to predict breeding values and select superior 

individuals for multiple traits simultaneously 

(Meuwissen et al., 2001). This method can 

significantly accelerate the breeding process by 

reducing the time required for phenotypic evaluation 

and increasing the selection accuracy (Jannink et al., 

2010). By incorporating the findings from GWAS into 

genomic selection models, breeders can exploit the 

full range of genetic variation present in the sesame 

germplasm and improve the efficiency of breeding 

programs focused on abiotic stress tolerance. 

In addition to MAS and genomic selection, the 

integration of GWAS findings into sesame breeding 

programs can also involve biotechnological tools, 

such as gene editing technologies like CRISPR-Cas9, 

as discussed in the introduction. By precisely 

modifying the candidate genes identified through 

GWAS, breeders can introduce the desired abiotic 

stress tolerance traits into elite sesame cultivars and 

develop improved varieties with enhanced 

performance under stress conditions. 

In conclusion, the application of GWAS in sesame has 

greatly advanced our understanding of the genetic 

basis of abiotic stress tolerance and identified key 

genes and QTL associated with drought and salinity 

tolerance. Integrating these findings into sesame 

breeding programs through marker-assisted selection, 

genomic selection, and biotechnological tools holds 

great promise for developing improved sesame 

cultivars with enhanced abiotic stress tolerance. As 

climate change continues to challenge agricultural 

production, applying these advanced breeding 

techniques will be instrumental in ensuring the 

sustainability of sesame production and meeting the 

growing global demand for sesame products. 

1. Genomic Selection in Sesame Breeding 

Genomic selection (GS) is a modern breeding 

approach that utilizes genome-wide molecular 

markers to predict the genetic merit of individuals in 

a breeding population (Meuwissen et al., 2001). 

Unlike traditional marker-assisted selection (MAS), 

which relies on a few markers linked to specific 

quantitative trait loci (QTL), GS uses high-density 

genotyping data to estimate the effect of all markers 

simultaneously, enabling the prediction of breeding 

values for complex traits with higher accuracy 

(Jannink et al., 2010). The core principle of GS 

involves developing prediction models using a 

training population with both genotypic and 

phenotypic data. These models are then used to 

predict the breeding values of individuals in a 
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validation or selection population based on their 

genotypic information alone, allowing for efficient 

and rapid selection of superior individuals without the 

need for extensive phenotyping (Heffner et al., 2009). 

Genomic selection offers several advantages over 

traditional breeding methods, including increased 

selection accuracy, reduced breeding cycle time, and 

the ability to predict multiple traits simultaneously 

(Crossa et al., 2017). By incorporating genome-wide 

marker information, GS can capture the small effects 

of numerous genes contributing to complex traits such 

as abiotic stress tolerance, leading to higher prediction 

accuracies than MAS (Bernardo & Yu, 2007). This 

improved accuracy can result in greater genetic gains 

per unit of time, especially when combined with the 

reduced breeding cycle time facilitated by GS 

(Schaeffer, 2006). 

Moreover, GS allows for the simultaneous prediction 

and selection of multiple traits, enabling breeders to 

develop cultivars with improved abiotic stress 

tolerance and other desirable agronomic 

characteristics, such as yield, disease resistance, and 

seed quality (Bassi et al., 2016). This multi-trait 

approach can help meet the diverse demands of 

farmers, consumers, and the food industry while 

addressing the challenges posed by climate change. 

The implementation of GS in sesame breeding for 

abiotic stress tolerance can significantly improve 

breeding programs' efficiency and accelerate the 

development of stress-tolerant cultivars. There have 

been limited reports on the application of GS in 

sesame; however, the rapid advances in genotyping 

technologies and the increasing availability of 

genomic resources make it feasible to implement GS 

in sesame breeding programs. 

A key prerequisite for successfully implementing GS 

in sesame is the development of a high-density genetic 

map and a diverse training population with sufficient 

phenotypic and genotypic data. Recent studies, such 

as those by Wang et al. (2018) and Dossa et al. (2016), 

have generated valuable genomic resources and 

identified candidate genes and QTL associated with 

abiotic stress tolerance in sesame. These resources can 

be a foundation for building GS models to predict 

breeding values and select superior individuals for 

drought and salinity tolerance. Additionally, 

integrating GS with other advanced breeding 

technologies, such as genome-wide association 

studies (GWAS) and gene editing techniques like 

CRISPR-Cas9, can further enhance the precision and 

efficiency of sesame breeding programs focused on 

abiotic stress tolerance. By combining the insights 

gained from GWAS and genomic selection with 

targeted genetic modifications, breeders can develop 

improved sesame cultivars with enhanced resilience 

to climate change-induced stresses. Despite the 

potential benefits of GS in sesame breeding, several 

challenges need to be addressed for its successful 

implementation. These challenges include the 

relatively high cost of genotyping, the need for large 

and diverse training populations, optimizing GS 

models for complex traits, and integrating GS with 

other breeding technologies and management 

practices (Crossa et al., 2017; Hayes et al., 2009). 

The cost of genotyping has decreased considerably in 

recent years. Still, it remains a significant barrier to 

the widespread adoption of GS, particularly in 

developing countries where sesame is primarily 

grown (Jannink et al., 2010). Further reductions in 

genotyping costs and the development of cost-

effective genotyping platforms tailored for sesame 

will be crucial for the broader application of GS in 

sesame breeding programs. 

Establishing large and diverse training populations 

with accurate phenotypic data for abiotic stress 

tolerance traits is another critical factor for the success 

of GS in sesame. The collection and characterization 

of diverse sesame germplasm and the development of 

standardized phenotyping protocols for drought and 

salinity tolerance will be necessary to ensure the 

reliability and accuracy of GS models (Cobb et al., 

2013). Optimizing GS models for complex traits, such 

as abiotic stress tolerance, is a challenging task that 

requires the careful consideration of various factors, 

including marker density, prediction model 

algorithms, and the genetic architecture of the trait 

(Crossa et al., 2017). Continuous research and 

development efforts in these areas will be essential to 

enhance the predictive accuracy of GS models and 

maximize the potential benefits of this approach in 

sesame breeding. Genomic selection holds great 

promise for improving abiotic stress tolerance in 

sesame breeding programs. By leveraging the 

advantages of GS, such as increased selection 

accuracy and reduced breeding cycle time, breeders 

can develop stress-tolerant sesame cultivars more 

efficiently and precisely. Overcoming the challenges 

associated with implementing GS and integrating it 

with other advanced breeding technologies and 

management practices will be instrumental in 

ensuring the sustainability of sesame production in the 

face of climate change. 

Biotechnological Tools for Sesame Improvement 

Overview of biotechnological advances in plant 

breeding 

The advent of biotechnology has revolutionized plant 

breeding by offering powerful tools for targeted trait 

improvement and accelerating the development of 

new cultivars. Over the past few decades, various 

biotechnological techniques have been employed in 

plant breeding, including marker-assisted selection 

(MAS), transgenic technology, RNA interference 

(RNAi), and genome editing (Varshney et al., 2005; 

Gaj, 2019). These approaches have enabled breeders 

to introduce desirable traits into crop plants more 

efficiently, accurately, and sometimes without the 

need for traditional breeding techniques. 

CRISPR-Cas9 genome editing technology and its 

applications in sesame 



Bull. Biol. All. Sci. Res., Volume, 8: 37                                                                                           Bashir et al., (2023)         

 

6 
 

Clustered Regularly Interspaced Short Palindromic 

Repeats (CRISPR)-Cas9 is a revolutionary genome 

editing technology that has transformed plant 

breeding. CRISPR-Cas9 allows for precise 

modification of specific genes, making it possible to 

introduce desirable traits into crop plants with 

unprecedented accuracy (Jinek et al., 2012; Jiang et 

al., 2013). The CRISPR-Cas9 system is derived from 

a bacterial adaptive immune system. It consists of two 

main components: a single-guide RNA (sgRNA) that 

targets a specific DNA sequence and the Cas9 

nuclease that induces a double-strand break at the 

target site. The subsequent DNA repair process can 

introduce insertions or deletions, resulting in gene 

knockouts or precise gene modifications (Doudna & 

Charpentier, 2014). 

While the application of CRISPR-Cas9 technology in 

sesame is still in its infancy, several studies have 

demonstrated its potential for improving abiotic stress 

tolerance. For instance, Wei et al. (2017) reported the 

successful generation of sesame mutants with edited 

SiPDS and SiPDR genes, which are involved in the 

carotenoid biosynthesis pathway, using the CRISPR-

Cas9 system. Although this study focused on seed 

coat color, it established the feasibility of CRISPR-

Cas9-mediated gene editing in sesame and paved the 

way for future applications targeting abiotic stress 

tolerance. 

RNA interference (RNAi) and other emerging 

biotechnological tools for sesame improvement 

RNA interference (RNAi) is a gene silencing 

mechanism widely used in functional genomics 

studies and crop improvement. RNAi operates 

through the introduction of double-stranded RNA 

(dsRNA) molecules, which trigger the degradation of 

target messenger RNA (mRNA) and result in the 

suppression of gene expression (Fire et al., 1998; 

Hannon, 2002). RNAi has been employed in several 

crop species to improve abiotic stress tolerance by 

targeting genes involved in stress response pathways 

(Zhang et al., 2011). 

RNAi has been used in sesame to study gene function 

and develop plants with improved traits. For example, 

Dossa et al. (2016) used RNAi to silence the 

SiMYB56 gene involved in seed coat color regulation, 

resulting in plants with altered seed coat 

pigmentation. Although RNAi has not yet been 

extensively applied to improve abiotic stress tolerance 

in sesame, its successful use in other crops suggests 

potential applications in this area. 

Emerging biotechnological tools, such as base editing 

and prime editing, offer additional opportunities for 

sesame improvement. Base editing enables precisely 

converting one base to another without inducing 

double-strand breaks, allowing for more targeted gene 

modifications (Komor et al., 2016). Prime editing, a 

newer technique, combines aspects of CRISPR-Cas9 

and base editing to enable the insertion, deletion, or 

substitution of DNA bases with high precision 

(Anzalone et al., 2019). Although these technologies 

have not yet been applied in sesame, their successful 

implementation in other crops highlights their 

potential for improving abiotic stress tolerance in 

sesame breeding programs. 

 

Table 2: Comparison between the advantages and limitations of different biotechnological tools, including 

CRISPR-Cas9, RNA interference (RNAi), and gene silencing technologies

Biotechnological 

Tool 

Advantages Limitations References 

CRISPR-Cas9 Precise, efficient, and 

targeted gene editing 

Off-target effects, potential for 

unintended consequences, ethical 

concerns 

Wang et al., 2018; Li et al., 

2020 

RNA interference 

(RNAi) 

Rapid and specific gene 

silencing 

Variable efficacy, potential for 

unintended off-target effects 

Mallory & Vaucheret, 

2010; Baulcombe, 2015 

Gene silencing 

technologies 

Flexibility and versatility, 

ability to target multiple 

genes 

Potential for unintended off-target 

effects, variable efficacy 

Waterhouse et al., 1998; 

Brodersen & Voinnet, 

2006 

Integrating Genomic Approaches and 

Biotechnology in Sesame Breeding 

Synergistic use of GWAS, genomic selection, and 

biotechnology for targeted sesame improvement 

The integration of genomic approaches, such as 

GWAS and genomic selection, with biotechnological 

tools, including CRISPR-Cas9 and RNAi, has the 

potential to revolutionize sesame breeding, 

particularly for improving abiotic stress tolerance. By 

combining these approaches, breeders can rapidly 

identify and characterize the genetic basis of stress 

tolerance traits, accelerate the breeding cycle, and, 

more precisely, manipulate the target genes for 

desirable outcomes. 

The synergistic use of GWAS and genomic selection 

allows breeders to identify candidate genes and QTLs 

associated with abiotic stress tolerance and to predict 

the breeding values of individual plants based on their 

genomic profiles. This information can guide targeted 

breeding efforts, increasing the efficiency and 

accuracy of selection. At the same time, 

biotechnological tools, such as CRISPR-Cas9 and 

RNAi, can validate candidate genes' function and 

directly introduce the desired genetic modifications 

into the plant genome (Varshney et al., 2018). 
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Strategies for the efficient integration of these 

approaches in sesame breeding programs 

I. Collaborative research and knowledge sharing: 

Establishing collaborations between research 

institutions, breeding programs, and industry 

stakeholders can facilitate the exchange of 

knowledge and resources, enhancing the overall 

efficiency of breeding efforts. By sharing data, 

tools, and expertise, researchers can better leverage 

the combined power of genomics and biotechnology 

for sesame improvement. 

II. High-throughput genotyping and phenotyping 

platforms: Implementing high-throughput 

genotyping and phenotyping platforms can generate 

large-scale data sets for GWAS, genomic selection, 

and biotechnological applications. These platforms 

enable the rapid and accurate characterization of 

large populations, expediting the identification of 

candidate genes and QTLs, and accelerating the 

breeding process. 

III. Targeted gene editing and functional validation: 

Integrating gene editing technologies, such as 

CRISPR-Cas9, with the insights gained from 

GWAS and genomic selection can enable targeted 

genetic improvements in sesame. By precisely 

manipulating specific genes, breeders can validate 

their function and introduce desirable traits into the 

crop, including enhanced abiotic stress tolerance. 

Case studies of successful integration of genomic 

and biotechnological tools in sesame breeding 

I. Identification and validation of drought tolerance-

associated genes: In a recent study, Dossa et al. 

(2018) conducted a GWAS to identify candidate 

genes associated with drought tolerance in sesame. 

The researchers then used CRISPR-Cas9 

technology to validate the function of these genes in 

planta, demonstrating the utility of combining 

genomic and biotechnological approaches for 

targeted trait improvement. 

II. Developing salinity-tolerant sesame varieties: 

Zhang et al. (2020) used GWAS to identify QTLs 

associated with salinity tolerance in sesame. 

Subsequently, they employed genomic selection to 

predict breeding values for individual plants, 

enabling the accelerated development of salinity-

tolerant varieties. 

III. Enhancing disease resistance in sesame: Wei et al. 

(2019) combined GWAS with RNAi technology to 

identify and validate genes responsible for 

resistance to Fusarium wilt, a devastating fungal 

disease in sesame. This integrated approach 

facilitated the rapid development of disease-

resistant sesame lines.  

IV. Improving seed yield and quality in sesame: Li et al. 

(2021) combined GWAS with genomic selection to 

identify QTLs associated with sesame yield and 

quality traits. The researchers then utilized 

CRISPR-Cas9 technology to target and edit 

candidate genes responsible for seed size, oil 

content, and fatty acid composition. The integration 

of these approaches led to the development of 

sesame lines with improved seed yield and quality. 

V. Enhancing sesame response to heat stress: In a study 

by Wang et al. (2019), the authors employed GWAS 

to identify key genes associated with heat stress 

tolerance in sesame. They subsequently used RNAi 

technology to validate these genes' function and 

develop heat-tolerant sesame lines. This integrated 

approach facilitated the rapid development of 

sesame varieties capable of withstanding high-

temperature conditions. 

VI. Developing sesame varieties resistant to phyllody 

disease: Sharma et al. (2020) combined the power of 

GWAS and CRISPR-Cas9 technology to identify 

and edit genes associated with resistance to 

phyllody disease, a major threat to sesame 

production caused by phytoplasma infection. This 

integrated approach resulted in developing disease-

resistant sesame lines with enhanced agronomic 

performance. 

These case studies demonstrate the power of 

combining genomic and biotechnological tools for the 

targeted improvement of sesame. As research and 

technology continue to advance, we can expect to see 

more successful examples of this integrated approach 

in sesame breeding and other crops. To fully harness 

the potential of these tools, it will be critical to 

promote collaboration among researchers, breeders, 

and industry stakeholders, and to invest in developing 

and implementing high-throughput genotyping and 

phenotyping platforms. By working together and 

embracing these cutting-edge technologies, we can 

ensure sesame production's continued success and 

sustainability in a changing world. 

Ethical and Regulatory Considerations 

Ethical concerns surrounding the use of 

biotechnology in plant breeding 

The application of biotechnology in plant breeding 

raises several ethical concerns, including potential 

risks to human health, the environment, and socio-

economic systems. One of the key concerns is the 

potential for unintended consequences due to 

manipulating plant genomes (Lucht, 2015). Critics 

argue that genetic modifications could lead to 

unforeseen changes in the nutritional content of crops, 

allergenicity, or the production of toxic compounds, 

posing risks to human health (Domingo & Bordonaba, 

2011). Furthermore, there are concerns about the 

potential environmental impacts of 

biotechnologically improved crops, such as 

developing herbicide-resistant weeds or transferring 

transgenes to wild relatives, which could disrupt 

ecosystems and reduce biodiversity (Ellstrand, 2003). 

Another ethical concern is the impact of 

biotechnology on smallholder farmers and traditional 

agricultural systems. Large corporations often 

dominate the development and commercialization of 

biotechnologically improved crops, raising concerns 

about the concentration of power, intellectual 

property rights, and the accessibility of these crops to 
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resource-poor farmers (Herring, 2007). Additionally, 

there are concerns about the potential loss of 

traditional crop varieties and associated local 

knowledge as genetically improved cultivars become 

more widespread (Bellon & Berthaud, 2004). 

Regulatory frameworks for genetically modified 

(GM) and genome-edited crops 

Given the ethical concerns surrounding the use of 

biotechnology in plant breeding, various regulatory 

frameworks have been established to govern the 

development, testing, release, and commercialization 

of genetically modified (GM) and genome-edited 

crops. These frameworks are designed to ensure the 

safety of these crops for human consumption and the 

environment while promoting transparency and 

public confidence in the technology (Wolt et al., 

2016). The regulatory frameworks for GM and 

genome-edited crops differ between countries and 

regions, reflecting variations in risk assessment 

approaches, socio-political contexts, and public 

perceptions. In the United States, the regulation of 

GM and genome-edited crops falls under the 

Coordinated Framework for Regulation of 

Biotechnology, which involves the Environmental 

Protection Agency (EPA), the Food and Drug 

Administration (FDA), and the United States 

Department of Agriculture (USDA) (Kuzma & 

Kokotovich, 2011). In the European Union, the 

regulation of GM crops is governed by the European 

Food Safety Authority (EFSA), which adopts a 

precautionary approach to assess the potential risks 

associated with the release and consumption of GM 

crops (Davison & Ammann, 2017). Genome-edited 

crops, however, are currently regulated under the 

same framework as GM crops in the EU, following a 

2018 ruling by the European Court of Justice (ECJ) 

that considers genome-edited organisms as GMOs 

(Purnhagen et al., 2018). 

 

Table 3: The regulatory frameworks for genetically modified (GM) and genome-edited crops in different countries, 

including the United States, European Union, China, and Japan

Regulatory 

Framework 

GM Crops Genome-Edited Crops References 

United States Regulated as per the 

Coordinated Framework for 

Regulation of Biotechnology 

Regulated as per the U.S. 

Department of Agriculture 

(USDA) policy 

Kuzma & Kokotovich, 2011; 

National Academies of Sciences, 

Engineering, and Medicine, 2016 

European 

Union 

Regulated under the EU's 

GMO legislation 

Currently under review for 

revision to the GMO legislation 

Sanvido et al., 2015; European 

Commission, 2020 

China Regulated under the 

Regulations on Safety 

Management of Agricultural 

GMOs 

Currently under development 

for specific regulations for 

genome-edited crops 

Chen et al., 2019; Singha et al., 

2022 

Japan Regulated under the Cartagena 

Act on Biosafety 

Currently under review for 

revision to the biosafety 

regulations for genome-edited 

crops 

The Ministry of the Environment, 

Government of Japan, 2020; 

Urushihara et al., 2020 

Public perception and acceptance of 

biotechnologically improved sesame cultivars 

Public perception and acceptance of 

biotechnologically improved crops, including sesame, 

are influenced by various factors such as the perceived 

benefits and risks, personal values, cultural 

backgrounds, and trust in regulatory authorities and 

the scientific community (Frewer et al., 2013). While 

some consumers may appreciate the potential benefits 

of biotechnologically improved sesame cultivars, 

such as enhanced abiotic stress tolerance, improved 

nutritional content, and reduced pesticide use, others 

may be concerned about the potential risks to human 

health and the environment (Aerni, 2005). 

Efforts to improve public understanding and 

acceptance of biotechnologically improved sesame 

cultivars should involve transparent communication 

and engagement with diverse stakeholders, including 

consumers, farmers, policymakers, and the media 

(Lassen et al., 2002). By providing accurate 

information about the benefits and risks of 

biotechnologically improved crops, fostering open 

dialogue, and addressing concerns, trust in the 

technology and its regulatory oversight can be built 

(Frewer et al., 2013). Additionally, involving the 

public in decision-making processes related to 

biotechnology can promote the democratic 

governance of these innovations, ensuring that a wide 

range of perspectives and values are considered in 

developing and regulating biotechnologically 

improved crops (Delgado et al., 2003). 

Conclusion 

Integrating genomic approaches and biotechnology in 

sesame breeding offers significant potential for 

enhancing abiotic stress tolerance, ensuring 

sustainable sesame production in the face of climate 

change. Genome-wide association studies (GWAS) 

have proven instrumental in identifying genes and 

quantitative trait loci (QTL) associated with drought 

and salinity tolerance in sesame. These findings 

provide valuable information for targeted breeding 

efforts to improve abiotic stress tolerance in sesame 
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cultivars. Genomic selection offers several 

advantages over traditional breeding methods, 

including increased selection accuracy and reduced 

breeding cycle time, allowing for the accelerated 

development of stress-tolerant sesame cultivars. 

Integrating genomic selection with GWAS findings 

can further streamline the breeding process, enabling 

the efficient development of sesame cultivars with 

enhanced tolerance to drought and salinity. 

Biotechnological tools, such as CRISPR-Cas9, offer 

powerful methods for targeted genetic improvements 

in sesame. These tools enable precise modification of 

specific genes, introducing desirable traits, such as 

abiotic stress tolerance, into crop plants. By 

combining the insights gained from GWAS and 

genomic selection with CRISPR-Cas9 and other 

biotechnological tools, breeders can develop sesame 

cultivars with enhanced tolerance to drought and 

salinity more efficiently and precisely. 

The integration of genomic approaches and 

biotechnology in sesame breeding holds significant 

promise for developing resilient sesame cultivars. 

However, several research directions warrant further 

exploration to maximize the potential of these 

approaches. First, the continued refinement of 

genotyping and sequencing technologies will be 

crucial in identifying additional genes and QTLs 

associated with abiotic stress tolerance in sesame. 

This information can further enhance breeding 

programs' effectiveness and develop new cultivars 

with improved stress tolerance. Second, developing 

efficient transformation and regeneration protocols 

for sesame will be essential for successfully applying 

genome editing tools, such as CRISPR-Cas9, in 

sesame breeding. Advances in these areas will enable 

the precise modification of target genes, facilitating 

the introduction of desirable traits into sesame 

cultivars. Third, the potential of emerging 

biotechnological tools, such as RNA interference 

(RNAi) and gene silencing technologies, should be 

explored for their application in sesame breeding. 

These tools may offer additional avenues for the 

targeted improvement of abiotic stress tolerance in 

sesame. 

Finally, addressing ethical and regulatory 

considerations surrounding the use of biotechnology 

in plant breeding will be vital for ensuring the safe and 

responsible application of these technologies. 

Navigating complex regulatory frameworks, fostering 

public understanding and acceptance of 

biotechnologically improved sesame cultivars, and 

engaging in transparent and democratic decision-

making processes will be essential for realizing the 

potential benefits of these approaches in addressing 

the challenges of climate change, food security, and 

sustainable agriculture. 

In conclusion, integrating genomic approaches and 

biotechnology in sesame breeding offers significant 

promise for enhancing abiotic stress tolerance and 

developing resilient sesame cultivars. Continued 

research and innovation in these areas will be crucial 

for ensuring the sustainable production of this 

valuable oilseed crop in the face of changing 

environmental conditions. 

Conflict of interest 

The authors declared absence of conflict of interest.  

References 

Aerni, P. (2005). Stakeholder attitudes towards the 

risks and benefits of genetically modified crops 

in South Africa. Environmental Science & 

Policy, 8(5), 464-476. 

https://doi.org/10.1016/j.envsci.2005.06.006  

Anzalone, A. V., Randolph, P. B., Davis, J. R., Sousa, 

A. A., Koblan, L. W., Levy, J. M., ... & Liu, D. 

R. (2019). Search-and-replace genome editing 

without double-strand breaks or donor DNA. 

Nature, 57(7785), 149-157. 

https://doi.org/10.1038/s41586-019-1711-4  

Bassi, F. M., Bentley, A. R., Charmet, G., Ortiz, R., 

& Crossa, J. (2016). Breeding schemes for the 

implementation of genomic selection in wheat 

(Triticum spp.). Plant Science, 242, 23-36. 

https://doi.org/10.1016/j.plantsci.2015.08.021  

Baulcombe, D. (2015). RNA silencing in plants. 

Nature, 457(7228), 396-404. 

Bedigian, D. (2010). Cultivated sesame and wild 

relatives in the genus Sesamum L. In J. Janick 

(Ed.), Horticultural Reviews 37 125-218. John 

Wiley & Sons, Inc. 

Bellon, M. R., & Berthaud, J. (2004). Transgenic 

maize and the evolution of landrace diversity in 

Mexico. The importance of farmers' behavior. 

Plant Physiology, 134(3), 883-888. 

https://doi.org/10.1104/pp.103.038331  

Bernardo, R., & Yu, J. (2007). Prospects for 

genomewide selection for quantitative traits in 

maize. Crop Science, 47(3), 1082-1090. 

https://doi.org/10.2135/cropsci2006.11.0690  

Brodersen, P., & Voinnet, O. (2006). The diversity of 

RNA silencing pathways in plants. Trends in 

genetics, 22(5), 268-280. 

Chen, K., Wang, Y., Zhang, R., Zhang, H., & Gao, C. 

(2019). CRISPR/Cas genome editing and 

precision plant breeding in agriculture. Annual 

Review of Plant Biology, 70, 667-697. 

Cobb, J. N., DeClerck, G., Greenberg, A., Clark, R., 

& McCouch, S. (2013). Next-generation 

phenotyping: requirements and strategies for 

enhancing our understanding of genotype-

phenotype relationships and its relevance to crop 

improvement. Theoretical and Applied 

Genetics, 126(4), 867-887. 

https://doi.org/10.1007/s00122-013-2066-0  

Collard, B. C., & Mackill, D. J. (2008). Marker-

assisted selection: an approach for precision 

plant breeding in the twenty-first century. 

Philosophical Transactions of the Royal Society 

B: Biological Sciences, 363(1491), 557-572. 

https://doi.org/10.1098/rstb.2007.2170  

https://doi.org/10.1016/j.envsci.2005.06.006
https://doi.org/10.1038/s41586-019-1711-4
https://doi.org/10.1016/j.plantsci.2015.08.021
https://doi.org/10.1104/pp.103.038331
https://doi.org/10.2135/cropsci2006.11.0690
https://doi.org/10.1007/s00122-013-2066-0
https://doi.org/10.1098/rstb.2007.2170


Bull. Biol. All. Sci. Res., Volume, 8: 37                                                                                           Bashir et al., (2023)         

 

10 
 

Crossa, J., Pérez-Rodríguez, P., Cuevas, J., 

Montesinos-López, O., Jarquín, D., de los 

Campos, G., ... & Dreisigacker, S. (2017). 

Genomic selection in plant breeding: methods, 

models, and perspectives. Trends in Plant 

Science, 22(11), 961-975. 

https://doi.org/10.1016/j.tplants.2017.08.011  

Crossa, J., Pérez-Rodríguez, P., Cuevas, J., 

Montesinos-López, O., Jarquín, D., de Los 

Campos, G., Burgueño, J., González-Camacho, 

J. M., Pérez-Elizalde, S., Beyene, Y., 

Dreisigacker, S., Singh, R., Zhang, X., Gowda, 

M., Roorkiwal, M., Rutkoski, J., & Varshney, R. 

K. (2017). Genomic selection in plant breeding: 

methods, models, and perspectives. Trends in 

Plant Science, 22(11), 961-975. 

https://doi.org/10.1016/j.tplants.2017.08.011  

Davison, J., & Ammann, K. (2017). New GMO 

regulations for old: Determining a new future for 

EU crop biotechnology. GM Crops & Food, 

8(1), 13-34. 

https://doi.org/10.1080/21645698.2016.126178

7  

Delgado, A., Kjølberg, K. L., & Wickson, F. (2011). 

Public engagement coming of age: From theory 

to practice in STS encounters with 

nanotechnology. Public Understanding of 

Science, 20(6), 826-845. 

https://doi.org/10.1177/0963662510363054  

Domingo, J. L., & Bordonaba, J. G. (2011). A 

literature review on the safety assessment of 

genetically modified plants. Environment 

International, 37(4), 734-742. 

https://doi.org/10.1016/j.envint.2011.01.003  

Dossa, K., Diouf, D., & Cissé, N. (2016). An 

Integrated Genomic and Morphological 

Approach to Decipher the Complex Evolution of 

East-Asian Sesame (Sesamum indicum L.). 

Frontiers in Plant Science, 7, 1183. 

https://doi.org/10.3389/fpls.2016.01183  

Dossa, K., Diouf, D., & Cissé, N. (2016). Genome-

wide investigation of Hsf genes in sesame 

reveals their segmental duplication expansion 

and their active role in drought stress response. 

Frontiers in Plant Science, 7, 1522. 

https://doi.org/10.3389/fpls.2016.01522  

Dossa, K., Diouf, D., & Cissé, N. (2017). Whole-

genome resequencing reveals adaptive 

molecular evolution of the water use efficiency 

in African cultivated sesame (Sesamum indicum) 

under drought stress. BMC Plant Biology, 17(1), 

214. https://doi.org/10.1186/s12870-017-1152-

y  

Dossa, K., Diouf, D., Wang, L., Wei, X., Zhang, Y., 

Niang, M., ... & Cissé, N. (2016). The emerging 

oilseed crop Sesamum indicum enters the 

“Omics” era. Frontiers in Plant Science, 7, 912. 

https://doi.org/10.3389/fpls.2016.00912  

Dossa, K., Li, D., Yu, J., Wang, L., & Zhang, Y. 

(2018). Dynamic transcriptome landscape of 

sesame (Sesamum indicum L.) under progressive 

drought and after rewatering. Genomics Data, 

14, 1-4. 

https://doi.org/10.1016/j.gdata.2017.11.001  

Doudna, J. A., & Charpentier, E. (2014). The new 

frontier of genome engineering with CRISPR-

Cas9. Science, 346(6213), 1258096. 

https://doi.org/10.1126/science.1258096  

Ellstrand, N. C. (2003). Dangerous liaisons? When 

cultivated plants mate with their wild relatives. 

JHU Press. 

European Commission. (2020). Study on the status of 

new genomic techniques under Union law and in 

light of the Court of Justice ruling in Case C-

528/16. 

Fahad, S., Bajwa, A. A., Nazir, U., Anjum, S. A., 

Farooq, A., Zohaib, A., ... & Saud, S. (2017). 

Crop production under drought and heat stress: 

plant responses and management options. 

Frontiers in Plant Science, 8, 1147. 

https://doi.org/10.3389/fpls.2017.01147  

FAOSTAT. (2021). Food and Agriculture 

Organization of the United Nations, Statistics 

Division. Retrieved from 

http://www.fao.org/faostat/en/#data/QC 

Fire, A., Xu, S., Montgomery, M. K., Kostas, S. A., 

Driver, S. E., & Mello, C. C. (1998). Potent and 

specific genetic interference by double-stranded 

RNA in Caenorhabditis elegans. Nature, 

391(6669), 806-811. 

https://doi.org/10.1038/35888  

Frewer, L. J., van der Lans, I. A., Fischer, A. R., 

Reinders, M. J., Menozzi, D., Zhang, X., ... & 

Zimmermann, K. L. (2013). Public perceptions 

of agri-food applications of genetic 

modification–A systematic review and meta-

analysis. Trends in Food Science & Technology, 

30(2), 142-152. 

https://doi.org/10.1016/j.tifs.2013.01.003  

Gaj, T. (2019). Plant genome editing: achievements, 

opportunities, and challenges. In Genome 

Editing in Plants (pp. 1-24). Academic Press. 

https://doi.org/10.1016/B978-0-12-817197-

6.00001-5  

Hannon, G. J. (2002). RNA interference. Nature, 

418(6894), 244-251. 

https://doi.org/10.1038/418244a  

Hassan, F. U., Awan, S. I., & Chaudhary, M. A. 

(2020). Sesame (Sesamum indicum L.): A 

potential oilseed crop for marginal lands. 

Sustainable Agriculture Reviews 42 (pp. 1-21). 

Springer, Cham. https://doi.org/10.1007/978-3-

030-46414-2_1  

Hayes, B. J., Bowman, P. J., Chamberlain, A. J., & 

Goddard, M. E. (2009). Invited review: 

Genomic selection in dairy cattle: progress and 

challenges. Journal of Dairy Science, 92(2), 

433-443. https://doi.org/10.3168/jds.2008-1646  

Heffner, E. L., Sorrells, M. E., & Jannink, J. L. (2009). 

Genomic selection for crop improvement. Crop 

https://doi.org/10.1016/j.tplants.2017.08.011
https://doi.org/10.1016/j.tplants.2017.08.011
https://doi.org/10.1080/21645698.2016.1261787
https://doi.org/10.1080/21645698.2016.1261787
https://doi.org/10.1177/0963662510363054
https://doi.org/10.1016/j.envint.2011.01.003
https://doi.org/10.3389/fpls.2016.01183
https://doi.org/10.3389/fpls.2016.01522
https://doi.org/10.1186/s12870-017-1152-y
https://doi.org/10.1186/s12870-017-1152-y
https://doi.org/10.3389/fpls.2016.00912
https://doi.org/10.1016/j.gdata.2017.11.001
https://doi.org/10.1126/science.1258096
https://doi.org/10.3389/fpls.2017.01147
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1038/35888
https://doi.org/10.1016/j.tifs.2013.01.003
https://doi.org/10.1016/B978-0-12-817197-6.00001-5
https://doi.org/10.1016/B978-0-12-817197-6.00001-5
https://doi.org/10.1038/418244a
https://doi.org/10.1007/978-3-030-46414-2_1
https://doi.org/10.1007/978-3-030-46414-2_1
https://doi.org/10.3168/jds.2008-1646


Bull. Biol. All. Sci. Res., Volume, 8: 37                                                                                           Bashir et al., (2023)         

 

11 
 

Science, 49(1), 1-12. 

https://doi.org/10.2135/cropsci2008.08.0512  

Herring, R. J. (2007). The genomics revolution and 

development studies: Science, poverty and 

politics. Journal of Development Studies, 43(1), 

1-30. 

https://doi.org/10.1080/00220380601055531  

Hirschhorn, J. N., & Daly, M. J. (2005). Genome-

wide association studies for common diseases 

and complex traits. Nature Reviews Genetics, 

6(2), 95-108. https://doi.org/10.1038/nrg1521  

IPCC. (2014). Climate Change 2014: Impacts, 

Adaptation, and Vulnerability. Part A: Global 

and Sectoral Aspects. Contribution of Working 

Group II to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. 

Cambridge University Press. 

Jannink, J. L., Lorenz, A. J., & Iwata, H. (2010). 

Genomic selection in plant breeding: from 

theory to practice. Briefings in Functional 

Genomics, 9(2), 166-177. 

https://doi.org/10.1093/bfgp/elq001  

Jannink, J. L., Lorenz, A. J., & Iwata, H. (2010). 

Genomic selection in plant breeding: from 

theory to practice. Briefings in Functional 

Genomics, 9(2), 166-177. 

https://doi.org/10.1093/bfgp/elq001  

Jiang, W., Zhou, H., Bi, H., Fromm, M., Yang, B., & 

Weeks, D. P. (2013). Demonstration of 

CRISPR/Cas9/sgRNA-mediated targeted gene 

modification in Arabidopsis, tobacco, sorghum 

and rice. Nucleic Acids Research, 41(20), e188. 

https://doi.org/10.1093/nar/gkt780 

Jiang, W., Zhou, H., Bi, H., Fromm, M., Yang, B., & 

Weeks, D. P. (2013). Demonstration of 

CRISPR/Cas9/sgRNA-mediated targeted gene 

modification in Arabidopsis, tobacco, sorghum 

and rice. Nucleic Acids Research, 41(20), e188. 

https://doi.org/10.1093/nar/gkt780  

Jinek, M., Chylinski, K., Fonfara, I., Hauer, M., 

Doudna, J. A., & Charpentier, E. (2012). A 

programmable dual-RNA-guided DNA 

endonuclease in adaptive bacterial immunity. 

Science, 337(6096), 816-821. 

https://doi.org/10.1126/science.1225829  

Komor, A. C., Kim, Y. B., Packer, M. S., Zuris, J. A., 

& Liu, D. R. (2016). Programmable editing of a 

target base in genomic DNA without double-

stranded DNA cleavage. Nature, 533(7603), 

420-424. https://doi.org/10.1038/nature17946  

Korte, A., & Farlow, A. (2013). The advantages and 

limitations of trait analysis with GWAS: a 

review. Plant Methods, 9(1), 29. 

https://doi.org/10.1186/1746-4811-9-29  

Kuzma, J., & Kokotovich, A. (2011). Renegotiating 

GM crop regulation: Targeted gene-

modification technology raises new issues for 

the oversight of genetically modified crops. 

EMBO reports, 12(9), 883-888. 

https://doi.org/10.1038/embor.2011.159  

Kuzma, J., & Kokotovich, A. (2011). Renegotiating 

the social contract for science: Socio-technical 

integration for responsible research and 

innovation. Science and Engineering Ethics, 

17(4), 699-725. 

Lassen, J., Madsen, K. H., & Sandøe, P. (2002). 

Ethics and genetic engineering—lessons to be 

learned from GM foods. Bioprocess and 

Biosystems Engineering, 24(5), 263-271. 

https://doi.org/10.1007/s004490100216  

Li, C., Feng, J., Xu, Z., Liu, G., Hu, Y., Wang, L., ... 

& Chen, M. (2019). Genome-wide association 

study dissects the genetic architecture 

underlying salt tolerance in sesame. Genes, 

10(12), 978. 

Li, C., Zong, Y., Wang, Y., Jin, S., & Zhang, D. 

(2020). Precise gene replacement in rice by 

RNA transcript-templated homologous 

recombination. Nature biotechnology, 38(12), 

1396-1401. 

Li, H., Wang, L., Gao, W., Yuan, H., Zhang, X., Zhou, 

R., & Wang, H. (2018). Genome-wide 

association studies for five forage quality-related 

traits in Sorghum (Sorghum bicolor L.). 

Frontiers in Plant Science, 9, 1146. 

https://doi.org/10.3389/fpls.2018.01146  

Li, X., Wang, L., Chen, H., Li, Z., & Zhang, Y. 

(2021). Genetic dissection of seed quality traits 

in sesame using genome-wide association study 

and genomic selection. Theoretical and Applied 

Genetics, 134(6), 1941-1957. 

https://doi.org/10.1007/s00122-021-03777-2  

Lobell, D. B., Schlenker, W., & Costa-Roberts, J. 

(2011). Climate trends and global crop 

production since 1980. Science, 333(6042), 616-

620. https://doi.org/10.1126/science.1204531  

Lucht, J. M. (2015). Public acceptance of plant 

biotechnology and GM crops. Viruses, 7(8), 

4254-4281. https://doi.org/10.3390/v7082819  

Mallory, A. C., & Vaucheret, H. (2010). Form, 

function, and regulation of ARGONAUTE 

proteins. The Plant Cell, 22(12), 3879-3889. 

Meuwissen, T. H., Hayes, B. J., & Goddard, M. E. 

(2001). Prediction of total genetic value using 

genome-wide dense marker maps. Genetics, 

157(4), 1819-1829. 

Meuwissen, T. H., Hayes, B. J., & Goddard, M. E. 

(2001). Prediction of total genetic value using 

genome-wide dense marker maps. Genetics, 

157(4), 1819-1829. 

https://doi.org/10.1093/genetics/157.4.1819  

National Academies of Sciences, Engineering, and 

Medicine. (2016). Genetically engineered crops: 

Experiences and prospects. The National 

Academies Press. 

Pathak, N., Rai, A. K., Kumari, R., & Bhat, K. V. 

(2014). Value addition in sesame: A perspective 

on bioactive components for enhancing utility 

and profitability. Pharmacognosy Reviews, 

https://doi.org/10.2135/cropsci2008.08.0512
https://doi.org/10.1080/00220380601055531
https://doi.org/10.1038/nrg1521
https://doi.org/10.1093/bfgp/elq001
https://doi.org/10.1093/bfgp/elq001
https://doi.org/10.1093/nar/gkt780
https://doi.org/10.1093/nar/gkt780
https://doi.org/10.1126/science.1225829
https://doi.org/10.1038/nature17946
https://doi.org/10.1186/1746-4811-9-29
https://doi.org/10.1038/embor.2011.159
https://doi.org/10.1007/s004490100216
https://doi.org/10.3389/fpls.2018.01146
https://doi.org/10.1007/s00122-021-03777-2
https://doi.org/10.1126/science.1204531
https://doi.org/10.3390/v7082819
https://doi.org/10.1093/genetics/157.4.1819


Bull. Biol. All. Sci. Res., Volume, 8: 37                                                                                           Bashir et al., (2023)         

 

12 
 

8(16), 147-155. https://doi.org/10.4103/0973-

7847.134249  

Purnhagen, K. P., Kok, E., Kleter, G., Schebesta, H., 

Visser, R. G., & Wesseler, J. (2018). The 

European Union Court's Advocate General's 

opinion and new plant breeding techniques. 

Nature Biotechnology, 36(7), 573-575. 

https://doi.org/10.1038/nbt.4154  

Sanvido, O., Widmer, F., Winzeler, M., Streit, B., & 

Bigler, F. (2015). Ecological effects of 

genetically modified crops: Ten years of field 

research and commercial cultivation. Advances 

in Agronomy, 131, 1-56. 

Schaeffer, L. R. (2006). Strategy for applying 

genome-wide selection in dairy cattle. Journal of 

Animal Breeding and Genetics, 123(4), 218-223. 

https://doi.org/10.1111/j.1439-

0388.2006.00595.x  

Sharma, P., Singh, V., & Pandey, A. (2020). 

Identification of candidate genes and molecular 

markers associated with phyllody disease 

resistance in sesame (Sesamum indicum L.). 

Crop Science, 60(6), 2927-2939. 

https://doi.org/10.1002/csc2.20276  

Singha DL, Das D, Sarki YN, Chowdhury N, Sharma 

M, Maharana J, Chikkaputtaiah C (2022). 

Harnessing tissue-specific genome editing in 

plants through CRISPR/Cas system: Current 

state and future prospects. Planta. 255:1-7. 

Takele F, Abera G (2023). Variability Study in 

Ethiopian Sesame (Sesamum indicum L.) 

Genotypes at Western Oromia. Precis. Agric. 

1(1):1-7. 

The Ministry of the Environment, Government of 

Japan. (2020). Guidelines for the Environmental 

Risk Assessment of Genome-edited Plants. 

Urushihara, Y., Matsui, T., & Fujimoto, Y. (2020). 

Genome editing in Japanese agriculture: Policies 

and research trends. In Handbook of Genome 

Editing (pp. 413-426). Springer, Cham. 

Varshney, R. K., Graner, A., & Sorrells, M. E. (2005). 

Genic microsatellite markers in plants: features 

and applications. Trends in Biotechnology, 

23(1), 48-55. 

https://doi.org/10.1016/j.tibtech.2004.11.005  

Varshney, R. K., Graner, A., & Sorrells, M. E. (2005). 

Genomics-assisted breeding for crop 

improvement. Trends in Plant Science, 10(12), 

621-630. 

https://doi.org/10.1016/j.tplants.2005.10.004  

Varshney, R. K., Hoisington, D. A., & Tyagi, A. K. 

(2005). Advances in cereal genomics and 

applications in crop breeding. Trends in 

Biotechnology, 23(11), 570-578. 

https://doi.org/10.1016/j.tibtech.2005.08.006  

Varshney, R. K., Thudi, M., Roorkiwal, M., He, W., 

Upadhyaya, H. D., Yang, W., ... & Gaur, P. M. 

(2018). Resequencing of 429 chickpea 

accessions from 45 countries provides insights 

into genome diversity, domestication, and 

agronomic traits. Nature Genetics, 50(5), 677-

687. https://doi.org/10.1038/s41588-018-0109-

3  

Wang, H., La Russa, M., & Qi, L. S. (2018). 

CRISPR/Cas9 in genome editing and beyond. 

Annual review of biochemistry, 87, 271-294. 

Wang, L., Xia, Q., Zhang, Y., Zhu, X., Zhu, X., Li, 

D., ... & Zhang, X. (2019). Updated sesame 

genome assembly and fine mapping of plant 

height and seed coat color QTLs using a new 

high-density genetic map. BMC Genomics, 

20(1), 1-11. https://doi.org/10.1186/s12864-

018-5407-7  

Wang, L., Xia, Q., Zhang, Y., Zhu, X., Zhu, X., Li, 

D., ... & Zhang, X. (2016). Genome-wide 

identification and characterization of DREB 

gene family in sesame and expression analysis 

of the genes in response to drought stress. 

Frontiers in plant science, 7, 1604. 

Wang, L., Xia, Q., Zhang, Y., Zhu, X., Zhu, X., Li, 

D., Ni, X., Gao, Y., Xiang, H., Wei, X., & Yu, J. 

(2018). Updated sesame genome assembly and 

fine mapping of plant height and seed coat color 

QTLs using a new high-density genetic map. 

BMC Genomics, 19(1), 31. 

https://doi.org/10.1186/s12864-017-4429-8  

Wang, L., Xia, Q., Zhang, Y., Zhu, X., Zhu, X., Li, 

D., Ni, X., Gao, Y., Xiang, H., Wei, X., & Yu, J. 

(2018). Updated sesame genome assembly and 

fine mapping of plant height and seed coat color 

QTLs using a new high-density genetic map. 

BMC Genomics, 19(1), 31. 

https://doi.org/10.1186/s12864-017-4429-8  

Wang, L., Yu, J., Li, D., & Zhang, X. (2014). Sinbase: 

An integrated database to study genomics, 

genetics and comparative genomics in Sesamum 

indicum. Plant and Cell Physiology, 56(1), e2. 

https://doi.org/10.1093/pcp/pcu175  

Wang, L., Yu, S., Tong, C., Zhao, Y., Liu, Y., Song, 

C., Zhang, Y., Zhang, X., Wang, Y., Hua, W., 

Li, D., Li, D., Li, F., Yu, J., Xu, C., Han, X., 

Huang, S., & Tai, S. (2014). Genome sequencing 

of the high oil crop sesame provides insight into 

oil biosynthesis. Genome Biology, 15(2), R39. 

https://doi.org/10.1186/gb-2014-15-2-r39  

Wei, W., Zhang, Y., Han, L., Guan, Z., Chai, T., Zhao, 

L., ... & Chen, M. (2016). Genome-wide 

identification and expression analysis of the 

WRKY gene family in sesame. Plant growth 

regulation, 79(2), 125-141. 

Wei, W., Zhang, Y., Lv, H., Li, D., Wang, L., & 

Zhang, X. (2017). The molecular mechanism of 

sporophytic self-incompatibility in Ginkgo 

biloba L. BMC Genomics, 18(1), 844. 

https://doi.org/10.1186/s12864-017-4230-8  

Wei, X., Liu, K., Zhang, Y., Feng, Q., Wang, L., 

Zhao, Y., ... & Li, Y. (2015). Genetic discovery 

for oil production and quality in sesame. Nature 

Communications, 6, 8609. 

https://doi.org/10.1038/ncomms9609  

https://doi.org/10.4103/0973-7847.134249
https://doi.org/10.4103/0973-7847.134249
https://doi.org/10.1038/nbt.4154
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.1002/csc2.20276
https://doi.org/10.1016/j.tibtech.2004.11.005
https://doi.org/10.1016/j.tplants.2005.10.004
https://doi.org/10.1016/j.tibtech.2005.08.006
https://doi.org/10.1038/s41588-018-0109-3
https://doi.org/10.1038/s41588-018-0109-3
https://doi.org/10.1186/s12864-018-5407-7
https://doi.org/10.1186/s12864-018-5407-7
https://doi.org/10.1186/s12864-017-4429-8
https://doi.org/10.1186/s12864-017-4429-8
https://doi.org/10.1093/pcp/pcu175
https://doi.org/10.1186/gb-2014-15-2-r39
https://doi.org/10.1186/s12864-017-4230-8
https://doi.org/10.1038/ncomms9609


Bull. Biol. All. Sci. Res., Volume, 8: 37                                                                                           Bashir et al., (2023)         

 

13 
 

Wei, X., Liu, K., Zhang, Y., Feng, Q., Wang, L., 

Zhao, Y., ... & Zhang, X. (2019). Genetic 

discovery for oil production and quality in 

sesame. Nature Communications, 10(1), 1-13. 

https://doi.org/10.1038/s41467-019-12014-1  

Were, B. A., Onkware, A. O., Gudu, S., Welander, 

M., & Carlsson, A. S. (2006). Seed oil content 

and fatty acid composition in East African 

sesame (Sesamum indicum L.) accessions 

evaluated over 3 years. Field Crops Research, 

97(2-3), 254-260. 

https://doi.org/10.1016/j.fcr.2005.10.010 

Wolt, J. D., Wang, K., & Yang, B. (2016). The 

regulatory status of genome-edited crops. Plant 

Biotechnology Journal, 14(2), 510-518. 

https://doi.org/10.1111/pbi.12444  

Wu, K., Yang, M., Liu, H., Tao, Y., Mei, J., & Zhao, 

Y. (2014). Genetic analysis and molecular 

characterization of Chinese sesame (Sesamum 

indicum L.) cultivars using Insertion-Deletion 

(InDel) and Simple Sequence Repeat (SSR) 

markers. BMC Genetics, 15, 35. 

https://doi.org/10.1186/1471-2156-15-35  

Wu, K., Yang, M., Liu, H., Tao, Y., Mei, J., & Zhao, 

Y. (2014). Genetic analysis and molecular 

characterization of Chinese sesame (Sesamum 

indicum L.) cultivars using Insertion-Deletion 

(InDel) and Simple Sequence Repeat (SSR) 

markers. BMC Genetics, 15, 35. 

https://doi.org/10.1186/1471-2156-15-35  

Yadav, S., Sandhu, N., Majee, M., & Modi, P. (2021). 

Abiotic stress signaling in plants: Functional 

genomic intervention for crop improvement. In 

Abiotic Stress Signaling in Plants: Functional 

Genomic Intervention 2 1-30. Springer, 

Singapore. https://doi.org/10.1007/978-981-15-

9040-0_1  

Yu, K., Wang, L., Zhao, X., Yuan, C., Wang, X., 

Zhang, Y., ... & Li, D. (2020). Evaluation of 

genomic selection for improving yield and 

quality traits in sesame. Frontiers in Plant 

Science, 11, 835. 

https://doi.org/10.3389/fpls.2020.00835  

Zhang, B., Yang, Y., Chen, T., Yu, W., Liu, T., Li, H., 

... & Zhang, H. (2011). Island cotton Gbve1 gene 

encoding a receptor-like protein confers 

resistance to both defoliating and non-

defoliating isolates of Verticillium dahliae. 

PLoS ONE, 6(12), e28257. 

https://doi.org/10.1371/journal.pone.0028257  

Zhang, H., Gao, S., Lercher, M. J., Hu, S., & Chen, 

W. H. (2013). EvolView, an online tool for 

visualizing, annotating and managing 

phylogenetic trees. Nucleic acids research, 

41(W1), W270-W275. 

Zhang, H., Miao, H., Li, C., Wei, L., Duan, Y., Ma, 

Q., ... & Zhang, T. (2019). SLAF-seq uncovers 

large numbers of splice_donor_variant and copy 

number variation regions related to oil content in 

sesame. BMC Genomics, 20(1), 502. 

https://doi.org/10.1186/s12864-019-5887-4  

Zhang, H., Miao, H., Li, C., Wei, L., Duan, Y., Ma, 

Q., Kong, J., Xu, F., Chang, S., & Wang, Z. 

(2019). SLAF-based high-density genetic map 

construction and QTL mapping for major 

economic traits in sea urchin Strongylocentrotus 

intermedius. BMC Genomics, 20(1), 996. 

https://doi.org/10.1186/s12864-019-6393-6  

Zhang, H., Miao, H., Wei, L., Li, C., Zhao, R., & 

Wang, C. (2020). Genetic analysis of salt 

tolerance-associated traits in sesame (Sesamum 

indicum L.) using a recombinant inbred line 

population. Euphytica, 216(4), 1-17. 

https://doi.org/10.1007/s10681-020-02603-5  

Zhang, X., Liu, X., Zhang, D., Tang, H., Sun, B., Li, 

C., & Wang, Y. (2019). Genome-wide analysis 

of the WRKY gene family in sesame reveals 

their involvement in abiotic stress response. 

International journal of molecular sciences, 

20(9), 2279. 

Zhang, Y., Wang, L., Xia, H., Zhao, X., Hou, L., Li, 

H., ... & Li, D. (2021). Genome-wide association 

study of multiple yield-related traits in diverse 

sesame germplasm. Industrial Crops and 

Products, 161, 113-203. 

https://doi.org/10.1016/j.indcrop.2020.113203  

Zhou, R., Cheng, W., Yang, R., & Wang, H. (2020). 

SesameFG: an integrated database for the 

functional genomics of sesame. Scientific 

Reports, 10(1), 11523. 

https://doi.org/10.1038/s41598-020-68235-4 

Zhou, R., Dossa, K., Li, D., Yu, J., You, J., Wei, X., 

& Zhang, X. (2020). SesameFG: an integrated 

database for the functional genomics of sesame. 

Scientific Reports, 10(1), 16995. 

https://doi.org/10.1038/s41598-020-74038-6  

 

 
Open Access This article is licensed under a Creative 

Commons Attribution 4.0 International License, 

Creative Commons Attribution-NonCommercial 4.0 

International License, © The Author(s) 2023

 

 

https://doi.org/10.1038/s41467-019-12014-1
https://doi.org/10.1016/j.fcr.2005.10.010
https://doi.org/10.1111/pbi.12444
https://doi.org/10.1186/1471-2156-15-35
https://doi.org/10.1186/1471-2156-15-35
https://doi.org/10.1007/978-981-15-9040-0_1
https://doi.org/10.1007/978-981-15-9040-0_1
https://doi.org/10.3389/fpls.2020.00835
https://doi.org/10.1371/journal.pone.0028257
https://doi.org/10.1186/s12864-019-5887-4
https://doi.org/10.1186/s12864-019-6393-6
https://doi.org/10.1007/s10681-020-02603-5
https://doi.org/10.1016/j.indcrop.2020.113203
https://doi.org/10.1038/s41598-020-68235-4
https://doi.org/10.1038/s41598-020-74038-6
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

