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Introduction:  

Exome sequencing is a powerful 

genomic technique that selectively targets and 

sequences the protein-coding regions of an 

individual's genome. These regions, known as 

the exome, constitute only about 1-2% of the 

entire genome but harbor the majority of 

disease-causing variants (Turner et al. 2009). 

By focusing on these critical regions, exome 

sequencing provides a cost-effective approach 

for identifying genetic variations associated 

with various diseases and traits. (Warr et al. 

2015). Traditionally, the exome has been 

defined as the region that contains all of the 

exons of the genome's protein-coding genes. 

Depending on the species, this sequence can 

make up 1% to 2% of the total genome. It may 

also be expanded to target particular potential 

loci and functional nonprotein coding 

components (such as microRNA, long 

intergenic noncoding RNA, etc.). (Turner et al. 

2009). A key strategy for simplifying genome 

analysis is through a method known as 

Sequence Capture or Targeted Sequencing. 

This technique involves focusing on specific  

 

 

 

 

 

 

genes, regions within genes, or even the entire 

protein-coding portion of the genome, known 

as the exome. Sequence Capture can be 

accomplished using one of three approaches: 

hybridization-based sequence capture, PCR-

based amplification, or selective 

circularization, as outlined by (Dahl et al. 

2005; Hodges et al. and Gnirke et al. 2009). 

Exome capture technology falls into two 

primary categories: array-based and solution-

based. In solution-based, whole-exome 

sequencing (WES), DNA samples are 

fragmented and biotinylated oligonucleotide 

probes (baits) are used to selectively hybridize 

to target regions in the genome. Magnetic 

streptavidin beads are used to bind to the 

biotinylated probes, the nontargeted portion of 

the genome is washed away, and the 

polymerase chain reaction (PCR) is used to 

amplify the sample, enriching the sample for 

DNA from the target region. The sample is 

then sequenced before proceeding to 

bioinformatic analysis. Array-based methods 

are similar except that the probes are bound to 

a high-density microarray.  
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The array-based method was the first to 

be used in exome capture (Albert et al. 2007), 

but it has largely been supplanted by solution-

based methods, which require less input DNA 

and are consequently potentially more 

efficient; however, studies by Asan et al. 

(2011) and Bodi et al. (2013) found that 

Noblemen’s Sequence Capture Array 

performed better than the solution-based 

alternatives in low GC content regions; had 

high sensitivity and read mapping rates; and 

single-nucleotide polymorphism (SNP) 

detection from these reads was more specific 

to the target region. This suggests that a niche 

may remain for the older technology. Array-

based capture has been used successfully and 

accurately to identify rare and common 

variants and identify candidate genes for 

monogenic diseases in small cohorts (Ng et al. 

2009); however, the array-based methods are 

less scalable owing to the limitation of the 

number of probes that can be accommodated 

on the array and additional equipment and time 

required to process the microarrays. One of the 

earliest applications of exome sequencing was 

in the identification of rare Mendelian 

disorders, where a single mutation in a protein-

coding gene can lead to a specific phenotype. 

By sequencing the exomes of affected 

individuals and their family members, 

researchers can pinpoint the causal genetic 

variants responsible for the disease phenotype 

(Sarah et al. 2010). Moreover, exome 

sequencing has been instrumental in advancing 

our understanding of complex diseases, such as 

cancer. By comparing the exomes of tumor 

cells with those of healthy tissues from the 

same individual, researchers can identify 

somatic mutations driving tumorigenesis and 

tumor progression. This information not only 

aids in the diagnosis and prognosis of cancer 

but also informs the development of targeted 

therapies tailored to the individual's genetic 

profile. (Bousquet et al. 2016). In addition to 

disease research, exome sequencing has been 

applied to population genetics studies to 

elucidate the evolutionary history and genetic 

diversity of different human populations. By 

sequencing the exomes of individuals from 

diverse ethnic backgrounds, researchers can 

identify population-specific genetic variants 

and infer migration patterns and demographic 

history. (Glotov et al. 2023) Exome 

sequencing is a tool that can be used to assess 

natural evolution in plants, study host-

pathogen interactions, and improve crop 

production. Exome sequencing focuses on the 

genomic fraction that encodes for mRNA and a 

phenotype, which can explain the molecular 

origin of genetic variation. Coding sequences 

make up only 1–2% of a genome, depending 

on the species, and contain a high level of 

functional variants and low repeat content. 

(Hashmi et al. 2015). Next-generation 
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sequencing has revolutionized molecular 

breeding, introducing innovative concepts and 

methodologies. Exome sequencing, in 

particular, has emerged as a crucial tool with 

diverse applications in plant biology. It enables 

researchers to assess natural evolutionary 

processes in plants, investigate interactions 

between hosts and pathogens, and enhance 

crop production by facilitating the 

interpretation of allelic variation in relation to 

phenotype. This is possible because exons, the 

coding regions of genes, play a pivotal role in 

determining traits. Therefore, exome 

sequencing provides valuable insights into the 

genetic basis of traits essential for crop 

improvement and sustainable agriculture. 

(Vrashney et al. 2012). Overall, exome 

sequencing has revolutionized biological 

research by providing a comprehensive and 

cost-effective means of identifying disease-

causing genetic variants, elucidating the 

genetic basis of complex traits, and unraveling 

the evolutionary history of human populations. 

(Goh et al. 2012). 

HOW TO APPROACH PLANT EXOME  

There are two technological options for 

hybridization-based exome capture: in solution 

capture (Gnirke et al.2009) and array/chip-

based capture (Hodges et al.2007; Okou et 

al.2007). Both strategies rely on specially 

made probes or baits to enrich targets from 

sequencing libraries; however, solution 

captures need a higher concentration of baits 

than DNA library, and array captures need a 

greater quantity of library than probes to 

accomplish enrichment. 

Exome sequencing can be split into 

two stages: high throughput DNA sequencing 

is the second phase, and the first involves 

using probe hybridization to identify a subset 

of DNA that encodes for a protein (i.e., target 

enrichment). When designing an exome 

capture experiment, it is important to take into 

account a number of factors, including the 

mode and quality of processing the input DNA 

sample, the number of targets, the coverage 

depth for each target, the probe design and GC 

content, the expected enrichment efficiency, 

the sequencing technology used, the biological 

system studied, etc. (Zhou and Holliday. 

2012). Of all these variables, depth of 

sequence coverage is crucial for obtaining high 

sequencing reliability for exome capture 

investigations. To properly confirm the 

variation found, coverage of at least 30X or 

more is needed (Winfield et al.2012). The 

factors that determine coverage depth are as 

follows: probe specificity; genome size; 

presence of orthologs and paralogs; ploidy 

level; homology and heterozygosity level; and 

probe characteristics, such as the genomic 

regions from which the probe is designed, i.e., 

whether conserved or unique (Grover et 

al.2012). For the production of exome 
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libraries, there are well-proven methods as 

well as readily used exome kits (NimbleGen, 

Affymetrix) and user-dependent 

customizations available for numerous crop 

species, including soybean, wheat, barley, and 

maize. Off target capture and the capture of 

extremely repetitive sequences are recognised 

to be problems with hybridization capture 

techniques. In order to avoid sequencing 

unsuccessfully enriched libraries, a low-cost 

PCR-based technique has recently been 

developed. It uses multiplex ligation dependent 

probe amplification (MLPA probes) of an 

enriched library followed by capillary 

electrophoresis to validate the exome library in 

terms of enrichment efficiency (Klonowska et 

al.2016). 

EXOME SEQUENCING: ADVANTAGE 

OVER CONVENTIONAL METHODS 

Whole exome sequencing (WES) 

provides certain advantages over similar 

techniques like as RNA sequencing, which can 

be biased by transcript quantity and also 

depends on tissue and stage. Exome 

sequencing allows for the investigation of 

genes and alleles likewise, the least amount of 

control a researcher may apply to particular 

target regions restricts the sequencing of gene-

rich regions by methylation filtration approach, 

particularly when genotyping different 

germplasm in parallel. Exome analysis, on the 

other hand, uses a probe-based enrichment 

strategy that focuses on particular regions 

rather than arbitrary euchromatic regions. 

Other approaches, such as high Cot DNA 

selection and EST sequencing (Barbazuk et al. 

2005), are less effective at delivering particular 

sequences in a targeted way (Fu et al.2010). 

When WGS is not feasible or required, 

exome sequencing is a significant help as a 

supplement to later. It offers several 

advantages over Whole Genome Sequencing 

(WGS) including: (a) multiplexing of more 

samples for a given sequencing space; (b) 

sequencing of targeted informative regions 

reduces the complexity of data analysis; (c) 

identification of functional molecular markers; 

(d) an effective platform to collect genomic 

data at population level for evolutionary and 

phylogeny studies; (e) existing databases 

provides functional context for exome 

identified SNPs through transcript/exon 

annotation in contrast to SNPs identified 

outside coding regions through genotyping 

based sequencing which are not easily 

annotated (Scheben et al. 2017); and (f) 

provides high coverage for identification of 

low frequency sequence variations. Exome 

sequencing is a well-established technique for 

focused resequencing of the gene space, 

particularly for phylogenetics and divergence 

studies (Bamshad et al. 2011). This technique 

improves the sequencing depth of targeted 

regions by focusing on evolutionary more 
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conserved regions, such as particular genes or 

genomic regions, as opposed to surveying the 

entire genome. Exome sequencing remains a 

viable alternative technology for trait or target 

specific studies, even though high-depth WGS 

is regarded as the gold standard for sequencing 

and resequencing because it can access and 

probe all regions of genomes. For species that 

are unsuitable for WGS research, such 

sugarcane (Song et al. 2016), pine (Neves et al. 

2013), and black cotton wood (Zhou and 

Holliday. 2012), it has shown promise in 

producing genome-wide data. Exome 

sequencing offers a comprehensive perspective 

of gene regulation by providing insights into 

coding, intronic, UTRs, and putative 

regulatory regions, as hybridized captured 

pieces tend to be longer than the probes 

employed to retrieve them. 

SEQUENCING: TOOLS AND 

TECHNIQUE 

A. FIRST GENERATION SEQUENCING 

Molecular biology revolves around the 

sequencing of the genetic code, which is 

essential for determining the molecular causes 

of different types of traits and illnesses. Allan 

Maxam and Walter Gilbert conducted the first 

attempts at sequencing DNA in 1976–1977. 

They created the chemical sequencing method, 

commonly known as the modification–

dependent cleavage method (Maxam and 

Gilbert. 1977). Sanger's dideoxy chain 

termination sequencing method is another 

early technique that gained a lot of traction and 

is currently being used (Sanger and Coulson. 

1975). In order to apply this approach, a 

developing nucleotide chain that prevents 

chain extension due to a lacking 3'-OH group 

must incorporate a dideoxy nucleotide. Using 

nucleotides containing radioactive phosphorus, 

the bands can be seen on an SDS-PAGE. 

Sanger's sequencing technique used less 

hazardous reagents and was more effective. 

Eventually, Sanger's sequencing method was 

used to automate sequencing by using primers 

that had a fluorescent dye labelled at the 5' 

terminus. Automation made DNA sequencing 

easier, more dependable, and more affordable, 

which is why it was such a significant 

advancement in the profession. Using all four 

ddNTPs labelled with distinct fluorescent dyes 

in a single reaction was one of the later 

improvements made to Sanger's dideoxy 

sequencing method (Smith et al., 1986). 

Another important development was the 

resolution of the amplicons using capillary 

electrophoresis, which was followed by 

LASER-based detection of the integrated 

ddNTP in amplicons. Because it is 

substantially faster than a four-reaction 

sequencing method, this approach is preferred 

for automated sequencing instrumentations 

now in use. Even with its great precision, this 

method's poor quality at the first 20–50 bases, 
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inability to read sequences after 600–1000 

bases clearly due to poor size resolution of 

large-sized DNA fragments by capillary 

electrophoresis, nonspecific primer binding, 

and secondary structures in DNA are some of 

its limitations for high-throughput sequencing. 

Prior to sequencing, smaller pieces were first 

cloned into plasmids in an attempt to sequence 

bigger segments. Nevertheless, these 

techniques also resulted in vector sequence 

contamination. Vector contamination problems 

were reduced by advances in bioinformatics 

and sequencing techniques that used PCR-

cloned fragments. Vector contamination 

problems were reduced by advances in 

bioinformatics and sequencing techniques that 

used PCR-cloned fragments. Longer readings 

were further enhanced by more recent 

techniques utilizing coupled amplification 

(Murphy et al., 2005; Sen Gupta and Cookson, 

2010). 

The complete 

hypoxanthineguaninephos 

phoribosyltransferase (HPRT) gene was 

sequenced using paired-end sequencing using 

the first automated fluorescent DNA sequencer 

(Edwards et al., 1990; Pareek et al.2011). In 

1996, the first commercial Sanger’s dideoxy 

sequencing. Sanger’s dideoxy method is the 

basis of the first generation high-throughput 

sequencers from Applied Biosystems. The 

template sequence is determined by fluorescent 

signals from incorporated fluorescent dideoxy 

nucleotides. 

B. Next-Generation Sequencing 

Technology  

In recent years, a number of innovative 

automated sequencing techniques have been 

developed and brought to market in response 

to the constantly increasing need for big 

sequences. Next-generation or second-

generation sequencing platforms are those 

types of ultrahigh-throughput sequencing 

platforms that do not make use of Sanger's 

dideoxy chain termination sequencing method. 

Among the commercially available next-

generation sequencers are the following: 

Genome Sequencer from Roche/454, Genome 

Analyzer from Illumina/Solexa, SOLiD! from 

Applied Biosystems, and Polonator from 

Dover Systems.  

1. Pyrosequencing 

The pyrosequencing platform 

(http://www.lifesequencing.com), which is 

based on the sequencing-by-synthesis (SBS) 

approach, is utilised by Roche/454 genome 

sequencers. In order to use this technology, the 

DNA library must first be prepared using 

fragmented genomic DNA (gDNA) (300–500 

bp pieces) (Margulies et al. 2005). 

Subsequently, the fragments undergo blunting 

and ligation at both ends using brief adaptors 

that function as primers for the subsequent 

fragment amplification. The immobilisation of 
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amplicon on streptavidin-conjugated beads is 

made possible by a 5'- biotin tag on one of the 

adapters. In order to create the single-stranded 

template DNA (sstDNA) library, nick repair 

releases the nonbiotinylated strand. It is also 

possible to pool together up to 12 samples by 

using distinct barcoded adaptors. Following 

titration to achieve the ideal quantity and 

quality, the sstDNA library is immobilised 

onto emPCR (emulsion-based PCR) - useable 

beads! Next, PCR reagents and the library-

immobilized beads are emulsified in water-in-

oil emulsions. After that, clonally amplifying 

each bead containing a single amplicon yields 

millions of copies of that same single 

amplicon. In a PicoTiterPlate! apparatus, 

sstDNA library beads are incubated with 

polymerase and enzyme beads that contain 

immobilised ATP sulfurylase and luciferase 

enzymes. By using this method, it is 

guaranteed that each well has a single sstDNA 

library bead. After that, PicoTiterPlate! is put 

into the pyrosequencing apparatus, where a 

fluidics system layers the plate in sequential 

order with sequencing chemicals and 

individual nucleotides to ensure millions of 

copies of sstDNA are sequenced in parallel. 

Next, PCR reagents and the library-

immobilized beads are emulsified in water-in-

oil emulsions. After that, clonally amplifying 

each bead containing a single amplicon yields 

millions of copies of that same single 

amplicon. In a PicoTiterPlate! apparatus, 

sstDNA library beads are incubated with 

polymerase and enzyme beads that contain 

immobilised ATP sulfurylase and luciferase 

enzymes. By using this method, it is 

guaranteed that each well has a single sstDNA 

library bead. After that, PicoTiterPlate! is put 

into the pyrosequencing apparatus, where a 

fluidics system layers the plate in sequential 

order with sequencing chemicals and 

individual nucleotides to ensure millions of 

copies of sstDNA are sequenced in parallel. In 

a nucleotide run, polymerase will lengthen the 

expanding polynucleotide chain upon 

encountering a complementary nucleotide, 

resulting in the release of an inorganic 

pyrophosphate (PPi). On the enzyme bead, PPi 

functions as a substrate for ATP sulfurylase 

and is transformed into ATP with Adenosine 

5'-phosphosulfate (APS). The luciferase 

enzyme on the enzyme bead uses the ATP thus 

created to change luciferin into oxyluciferin, 

which produces light.The sequencer then uses 

a CCD camera to detect the luminescent light, 

and the signal strength there shows how many 

nucleotides were included in a single flow. 

Sequence assembly is done by bioinformatic 

analysis. Read lengths of up to 1 kb are now 

possible because to advancements in the 

reaction chemistry of GS FLX devices. 

2. Reversible terminator-based sequencing  
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In 2007 (project Jim), the genomic 

sequence of James Watson was found using 

this sequencing platform (Wheeler et al.2008). 

Moreover, this approach was successful in 

sequencing the Neanderthal genome (Green et 

al.2010). Oligo-primed DNA fragments are 

extended by simultaneous incubation with all 

four nucleotides and polymerase within 

channels of flow cells. Strand extension for 

sequencing and the creation of a flow cell 

containing ~108 clusters are caused by bridge 

amplification. About a High-throughput DNA 

sequencing technology has become more 

accessible to a wider range of researchers due 

to its declining cost and the availability of 

bench top sequencers. Despite all of the 

advancements in exome sequencing 

technology, there are still a number of 

obstacles that prevent this technology from 

being used to improve crops. The need for 

reliable, stable, and well-documented 

computer techniques and software solutions 

that researchers can use for extensive genomic 

sequence data analysis is expanding. For most 

academics, analyzing the enormous volumes of 

data produced by the technology still presents 

a formidable challenge. Despite the 

development of numerous data analysis tools, 

their usability remains uncertain. For the 

alignment tools to handle huge amounts of 

short reads, more improvement is still required 

thousand copies of the identical template are 

present in each cluster. SBS technique is used 

to sequence the clustered templates using 

reversible terminators that are attached with a 

detachable fluorescent dye.A fluorescently 

labelled terminator is imaged during the 

addition of each dNTP to determine the 

sequence, and the terminator is cleaved off to 

permit more base incorporation. High 

sensitivity fluorescence detection is achieved 

by using total internal reflection (TIR) optics 

when combined with laser excitation. The two 

strands can be sequenced sequentially due to 

this technology. After the first strand is 

sequenced, the template is recreated using the 

paired-end module, which permits template 

regeneration (the complimentary strand of the 

original template) and amplification, to enable 

a second round of sequencing (75 + base read) 

from the opposite end. 

C. Next-Next Generation Sequencing 

Technology  

Further advancements in sequencing 

technologies have provided single molecule 

sequencing, also known as next-next or third 

generation sequencing technology (TGS). 

Some of the TGS sequencing platforms are 

discussed below. 

1. Single molecule, real-time (SMRT) 

sequencing  

PacBioRS sequencers from Pacific 

Biosciences 

(http://www.pacificbiosciences.com/products/s
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mrt-technology) use the SMRT sequencing 

platform. The creation of an SMRTbell library 

is necessary for this technology (Korlach et 

al.2010). In essence, this is a real-time SBS 

technique that detects nucleotide incorporation 

(Eid et al.2009). To produce the library, DNA 

fragments are generated, then end repair and 

hairpin adapter ligations are performed to 

obtain circular SMRT DNA templates. There 

is a range in the fragment size from 250 bp to 

10 kb. Following the binding of the library to 

DNA polymerase, DNA sequencing is carried 

out on SMRT cells, which have a collection of 

about 75,000 zero-mode waveguides (ZMWs). 

ZMWs are holes in a 100 nm metal film placed 

on a glass substrate that are tens of nanometers 

in size. A single DNA polymerase is present 

on the glass surface of each ZMW, and a 

fluorescence pulse is detected whenever a 

fluorescently labelled nucleotide enters the 

bottom 30 nm of the ZMW. The fluorescence 

colour identifies which nucleotide is 

incorporated, and a longer pulse width, 

compared to free diffusion, indicates 

nucleotide incorporation into the DNA. The 

DNA polymerase cleaves the nucleotide's 

terminal phosphate linked fluorophore (rather 

than the typical base linked) before 

translocating to the next base on the template. 

Additionally, this technology can identify 

DNA methylation, which is indicated by an 

interpulse duration that is five times longer 

than that of the unmethylated base (Flusberg et 

al. 2010). Longer read lengths—typically more 

than 3000 bp—made possible by this 

technology facilitate simpler mapping and 

assembly. The typical instrument time is close 

to thirty minutes, and the sequencing reactions 

happen quite rapidly. 

4. Nanopore sequencing 

Oxford Nanopore Technologies' 

(www.nanoporetech.com) recently released 

GridION and miniature MinION sequencers 

use this sequencing platform. The technique of 

nanopore sequencing, commonly referred to as 

"Strand sequencing," uses changes in the ion 

current to identify specific nucleotide 

sequences when the DNA strand is passed 

through a protein nanopore implanted into a 

membrane, one base at a time. The DNA 

molecule's length, shape, and size all affect 

how much current changes. The current flow 

varies noticeably in response to each of the 

four nucleotides that pass, making it possible 

to identify each nucleotide. This method can 

sequence a DNA fragment's sense and 

antisense by forming hairpins at the end of the 

fragment. These instruments use an array chip 

that contains hundreds of thousands of 

nanopores. Without causing any damage to the 

DNA, this platform can sequence individual 

DNA molecules in real time at a very cheap 

cost and quick speed. The company is 

expected to start marketing 8000 nanopore- 

102 



  

 E-ISSN: 2583-5173                 Volume-3, Issue-4, September, 2024 

New Era Agriculture  
Magazine 

 

containing nodes by 2013 that will be have the 

capability to sequence the entire genome of a 

human being in 15 minutes. However, the 

technology currently has a 4% error rate that 

needs to be significantly reduced. 

D. Technical Challenges to High-

Throughput Sequencing 

High-throughput DNA sequencing 

technology has become more accessible to a 

wider range of researchers due to its declining 

cost and the availability of bench top 

sequencers. Despite all of the advancements in 

exome sequencing technology, there are still a 

number of obstacles that prevent this 

technology from being used to improve crops. 

The need for reliable, stable, and well-

documented computer techniques and software 

solutions that researchers can use for extensive 

genomic sequence data analysis is expanding. 

For most academics, analyzing the enormous 

volumes of data produced by the technology 

still presents a formidable challenge. Despite 

the development of numerous data analysis 

tools, their usability remains uncertain. For the 

alignment tools to handle huge amounts of 

short reads, more improvement is still 

required. 

Exome capture Platforms 

1. Among all the platforms, 

NimbleGen'sSeqCap EZ Exome Library 

has the highest bait density and covers the 

target region with short (55-105 bp), 

overlapping baits (Clark et al. 2011). 

According to Clark et al. (2011), this 

strategy has been shown to be an effective 

way for enrichment with the least amount 

of sequencing required to cover the target 

region and detect variants with sensitivity. 

It also has a high level of specificity, 

displaying fewer off-target reads than other 

platforms. Significantly, compared to the 

other platforms, this bait design has been 

shown to exhibit higher genotype 

sensitivity and more uniformity of 

coverage in hard-to-sequence regions, like 

those with high GC content (Asan et al. 

2011; Sulonen et al.011; Bodi et al. 2013). 

2. The only platform that uses RNA probes is 

Agilent's Sure Select Human All Exon Kit; 

all other platforms utilize DNA probes. 

The target sequences are next to one 

another rather than overlapping, and the 

baits utilised are longer (114-126 bp) than 

those employed in NimbleGen's platform 

(Clark et al. 2011). Longer baits can 

tolerate larger mismatches, which makes 

this design effective at identifying 

insertions and deletions (indels) (Clark et 

al., 2011; Bodi et al., 2013; Chilamakuri et 

al., 2014). It has been suggested that this 

may also lessen reference allele bias at 

heterozygous sites when compared to other 

bait designs, but in actual use, the allele 

bias has been comparable to other 
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platforms (Asan et al., 2011; Hedges et al). 

According to research, the platform 

generates less high-quality reads but also 

fewer duplicate reads than NimbleGen 

(Sulonen et al. 2011). Agilent was 

determined by Bodi et al. (2013) to have 

less uniform coverage but a higher 

alignment rate and fewer PCR duplicates 

than NimbleGen. 

3. The TruSeq Exome Enrichment Kit from 

Illumina uses 95-bp probes that create tiny 

gaps in the target region. To fill in these 

gaps, paired end reads are sequenced 

outside of the bait sequence. According to 

Clark et al. (2011), this architecture has a 

significant rate of off-target enrichment, 

which lowers its target efficiency when 

compared to the other platforms. 

Compared to the other platforms, this kit 

finds more single-nucleotide variations in 

the untranslated regions (UTRs) (Clark et 

al., 2011). However, performance 

comparisons with NimbleGen and 

Agilent's "+UTR" kits have not yet been 

completed. Chilamakuri et al. (2014) 

discovered that after removing duplicates, 

multiple mappers, incorrect pairs, and off-

target reads, this platform retained 54.8% 

fewer reads than either NimbleGen (66%) 

or Agilent (71.7%). At elevated read 

countsThe TruSeq Exome Enrichment Kit 

from Illumina uses 95-bp probes that 

create tiny gaps in the target region. To fill 

in these gaps, paired end reads are 

sequenced outside of the bait sequence. 

According to Clark et al. (2011), this 

architecture has a significant rate of off-

target enrichment, which lowers its target 

efficiency when compared to the other 

platforms. Compared to the other 

platforms, this kit finds more single-

nucleotide variations in the untranslated 

regions (UTRs) (Clark et al., 2011). 

However, performance comparisons with 

NimbleGen and Agilent's "+UTR" kits 

have not yet been completed. Chilamakuri 

et al. (2014) discovered that after removing 

duplicates, multiple mappers, incorrect 

pairs, and off-target reads, this platform 

retained 54.8% fewer reads than either 

NimbleGen (66%) or Agilent (71.7%). At 

elevated read counts. 

4. The probe designs of Illumina's Nextera 

Rapid Capture Exome and Expanded 

Exome kits are comparable to those of the 

TruSeq kit. They are different from the 

other kits in that they use transposomes 

instead of ultrasonication to fragment the 

genomic DNA. The only comparative 

research that has included Nextera in 

relation to these kits is the one conducted 

by Chilamakuri et al. (2014). There hasn't 

been a thorough comparison with the other 

platforms. The Expanded Exome version 
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of Nextera, which has the bigger target 

region of the two kits, was the only kit 

available at the time of the study. The 

TruSeq kit and the Expanded Exome kit 

share a target region that contains miRNAs 

and UTRs. According to Chilamakuri et al. 

(2014), the Nextera kit had more high GC 

coveragethe overall consistency of content 

areas due to modified bias in the 

transposome technology utilised during 

fragmentation; however, recent protocol 

modifications in the current versions may 

have rectified this. Additionally, they 

discovered that, at 40.1%, the Nextera 

platform kept the fewest reads of all the 

platforms evaluated after removing 

duplicates, multiple mappers, incorrect 

pairs, and off-target reads. 

Impact on Crop Improvement 

Exome sequencing's application in 

agriculture, particularly in crop improvement, 

is emerging as a transformative tool. The 

impact of this technology in the agricultural 

sector includes: 

1. Accelerating Gene Identification: Exome 

sequencing facilitates the rapid 

identification of genes associated with 

desirable traits such as disease resistance, 

drought tolerance, and yield, significantly 

speeding up the breeding process [Devi 

Singh et al. 2012] 

2. Enhancing Breeding Programs: The 

technology enables the development of 

more precise and efficient breeding 

programs, integrating genetic insights 

directly into practical applications [Devi 

Singh et al. 2012]. 

3. Introduction of Novel Traits: Through 

genetic engineering, exome sequencing 

assists in the introduction of novel traits 

into crops, potentially leading to enhanced 

agricultural outputs. [Devi Singh et al. 

2012].  

4. Understanding Plant-Host Pathogen 

Interactions: Exome sequencing plays a 

crucial role in identifying the gene pool 

involved in symbiotic and other co-

existential systems. This enhances the 

understanding of plant-host pathogen 

interactions and assesses the process of 

natural evolution in crops [Hashmi et 

al.2015]. 

5. Assessing Natural Evolution in Plants: The 

technology has emerged as a significant 

tool for studying host-pathogen 

interactions and improving crop 

production, providing deeper insights into 

the genetic mechanisms underlying these 

interactions 

Limitations 

Although WES is not without limits, it 

has significant diagnostic promise and can 

identify the causative mutations in rare 
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monogenic disorders. Deep intronic variations 

are missed due to its narrow target capture, 

which only covers 1%–2% of the genome and 

ignores clinically significant alleles that exist 

outside of these regions [Dhir et al. 2010, King 

et al. 2002]. Cost is still a major concern, 

although it might be outweighed by the 

needless expense of "reflex testing." The 

indifference to epigenetic alterations, the 

subjectivity of secondary filtering during data 

processing, read depth and alignment issues, 

minor CNVs and cryptic indels (poorly 

resolved and aligned), and variability in in 

silico sequence capture by different platforms 

are some other drawbacks. Various 

laboratories may employ different thresholds 

for the inclusion or exclusion of certain 

variants and will have their own methods for 

prioritizing variants.[Yeo et al. 2004] 

In a broader sense, WES is a game-changing 

technique that puts the conventional wisdom of 

clinical genetics to the test. If suitable 

retraining programmes are not put in place, the 

inevitable shift from conventional procedures 

to WES may put the careers of technologists, 

cytogeneticists, and other specialists trained 

prior to the advent of NGS in jeopardy. 

However, teaching medical professionals about 

genomics will help to alleviate some of the 

current deficiencies in communication between 

the clinical and research domains; for example, 

the analysis of exome data necessitates the 

involvement of genomic informaticians with 

little clinical expertise, and a large number of 

clinicians lack familiarity with this quickly 

developing field of technology and thus need 

ongoing education. Clinicians clearly need to 

be trained in genetic informatics in order to 

bridge the gap between the two distinct fields 

and actually demonstrate personalized, 

translational medicine[Eleanor et al.2016]. 

Conclusion 

Through the exploration of whole 

exome sequencing (WES), its refined focus on 

the exome reveals a powerful tool in the 

realms of genetics, medicine, and agriculture. 

We've witnessed how WES strikes a balance 

between depth, efficiency, and cost, providing 

vital insights into genetic variations tied to a 

range of diseases and traits. As we've seen, this 

technology holds the promise of advancing 

personalized medicine by enabling precise 

diagnoses and tailoring treatment plans, while 

in agriculture, it accelerates breeding programs 

and enhances crop and livestock quality 

through genetic insights. This underscores the 

crucial role of WES in contemporary research 

and diagnostics, highlighting its significance in 

driving forward our understanding and 

manipulation of genetic information for health 

and agricultural advancements. Moreover, the 

ongoing advancements in exome sequencing 

technology and its applications underscore a 

future rich with potential for groundbreaking 
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discoveries in both human health and 

agricultural sciences. The challenges and 

limitations inherent to WES, ranging from data 

management to ethical considerations, prompt 

a continuous evolution of practices and 

technologies to maximize its benefits. As 

industry leaders innovate and refine 

sequencing tools, and as researchers apply 

these advancements to unravel the 

complexities of the genome, the implications 

for future research, diagnostics, and 

treatmentareboundless. Embracing both the 

power and the challenges of WES ensures that 

its journey from a promising technique to a 

cornerstone of genetic analysis continues to 

transform our approach to understanding and 

improving life. 
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