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Abstract: Crops obtained by genome editing (GE) technologies represent a notable and disruptive shift from 
genetically modified or transgenic plants, outpacing public perception and regulatory frameworks. Multiple 
aspects of GE are contributing to the advancement of modern agriculture, influencing the market structure by 
introducing specific changes within the existing genetic blueprint of an organism. Generally, the GE toolbox 
includes distinct technologies able to incorporate site-specific and pre-determined genomic modifications, 
exploiting well-established genetic modification strategies. For these reasons, GE-derived approaches are 
considered new plant breeding methods, known as new breeding techniques (NBTs). Particularly, 
CRISPR/Cas-based technologies represent a considerable improvement over prior techniques, being more 
precise, accurate and straightforward for targeted gene editing, in a reliable and reproducible way, with 
numerous applications. CRISPR/Cas system exploitation for non-editing purposes has also been widely 
documented, ranging from cell imaging to expression regulation and DNA assembly. Recently, CRISPR/Cas 
systems have been employed for target detection and could be used to efficiently identify multiple organic 
chemicals. High-sensitivity and high-specificity detection are two main points of the CRISPR/Cas technology, 
without needing complex expertise or technical pipelines. This manuscript aims to provide an overview of the 
main advances of CRISPR/Cas-based systems into new frontiers of non-editing. The associated implications 
(e.g., molecular traceability) and their relative impacts are also presented and discussed. 
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1. Introduction 

Our daily life is largely influenced by genetically engineered products, whether for industrial 
and medical purposes or for animal and human use. In fact, the food and agricultural industries are 
quickly integrating a variety of novel genetic technologies. In addition to traditional plant breeding 
methods, an increasing range of approaches, including genetic engineering and contemporary 
biotechniques, are becoming available for selecting and introducing desirable features in crop plants 
and consequently in the food products derived from them. The application of these different 
strategies in agriculture is a current new trend, and in particular, the possibility of precisely 
modifying the genome has had an extraordinary social impact since its origin in 2012 [1]. Crop plants 
obtained by genome/gene editing (GE) technologies represent a notable and disruptive shift away 
from genetically modified or transgenic plants, outpacing public perception as well as regulatory 
frameworks [2,3]. However, one of the main goals in public and/or private contexts is to highlight 
possible conceptual and technical ambiguities, often due to the lack of simple definitional boundaries 
among different applicable approaches. During the last decade, the European Commission (EC)'s 
Group of Chief Scientific Advisors compared traditional breeding methods, well-established genetic 
modification methods, and new breeding methods, defined as new breeding techniques (NBT), and 
proposed the following conclusions: (i) realistically, safety assessments can only be made on a case-
by-case basis and depend on the characteristics of the end product; (ii) genetically and phenotypically 
similar products resulting from the use of different techniques are not expected to present significant 
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risks [4]. In particular, regarding the application of NBTs, clear guidelines rather than border lines 
are increasingly necessary to highlight and define how the institutions intend to outline the concept 
of (non)canonical breeding strategies in view of the new emerging biotechnologies. In 2017, the GM-
based agricultural industry celebrated its 22nd year of commercialization, with 189.8 million hectares 
of GM crops farmed in 24 countries, including 19 developing and 5 industrialized nations. Compared 
to industrialized nations, which grow 47% of the world's biotech crop area, developing nations grow 
53%, and 40 more nations officially import biotech crops for use in food, feed, and processing [5]. In 
2022, the global area planted to GM crops reached the new record of 202.2 million hectares, up 3.3% 
from the year before. Eleven distinct GM crops were grown in 27 different countries, with 98.9 million 
hectares planted with soybeans followed by maize at 66.2 million hectares. Since the initial release of 
genetically modified crops in 1996, there has been a fluctuation in the number of nations growing 
GM crops [6].  

For these reasons, which are combined with the advent of new editing technologies, a deeper 
delineation has become even more necessary to establish in a clearer and more defined way the 
boundary of what is or is not feasible and permitted from each specific governance, also in relation 
to the possibility of applying monitoring through molecular traceability. In fact, in addition to the 
administrative and legal aspects, increasingly frequent questions are becoming more common among 
the public; in particular, what are the real tangible advantages of these NBT-based technologies 
compared to conventional breeding approaches? Moreover, how can a technology based on genome 
editing be useful in a molecular traceability context? Is it possible to develop and use new 
technologies in this applied research area with direct repercussions for the safe food industry? To 
answer these questions, we reviewed and outlined the main aspects related to the general use of 
genome editing-based approaches, considering both their best-known roles in target editing of the 
genome and their new frontiers with specific reference to no editing implications, including the 
impacts (and influences) on the molecular traceability in the agri-food sector. 

2. Genome-editing toolbox as a new frontier of precision breeding of food crops 

The term genome editing (GE) reflects one of the most revolutionary and well-established 
strategies used in agricultural biotechnology and crop breeding in recent decades. Multiple aspects 
of GE have contributed to the advancement of modern agriculture and led to shifts in market 
structure because of the introduction of targeted changes within the existing genetic blueprint of an 
organism. Generally, the toolbox on which it is based is composed of various techniques that can be 
used to incorporate targeted, precise modifications into an organism’s genome [7]. The three 
foundational GE technologies that have been developed and improved in recent decades include 
transcription activator-like effector nucleases (TALENs), zinc-finger nuclease (ZFN) technology, and 
clustered regularly interspaced short palindromic repeats (CRISPR)-associated protein (Cas) 
technology [8]. Similarly, these gene editing tools are based primarily on the enzymatic activity of a 
protein complex being able to cleave DNA and on the subsequent exploitation of three biologically 
related mechanisms, such as the ability to find a specific DNA sequence in the genome, the ability to 
cleave DNA at that location, and the activity of the endogenous DNA repair machinery [7]. Currently, 
among the three mechanisms mentioned above, the CRISPR system has become the dominant GE 
method, sweeping aside most other previously developed tools, such as ZFN technology and 
TALENs. It is indeed much more versatile than other systems since it can be very easily programmed 
to direct the nuclease to the desired location in the genome, becoming the system that is by far the 
most widely employed for GE applications [9,10]. Furthermore, since the CRISPR/Cas-based genome 
editing system was developed from a prokaryotic adaptive immune approach against certain viruses; 
it was introduced to the scientific community as only a modification of a natural mechanism.  In 
addition, CRISPR/Cas-based technologies represent a considerable improvement over prior 
techniques, as they are simple and versatile in terms of vector design and construction for subsequent 
plant transformation, and they are regarded as more reliable and straightforward for targeting gene 
editing for several purposes [11]. CRISPR/Cas has proven useful in a variety of sectors, including 
clinical diagnostics, food safety, and biological breeding. Because of their high specificity, sensitivity, 
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and ease of use, class 2 systems, which include Cas9, Cas12a (Cpf1), Cas12b, Cas13a (C2c2), and 
Cas14a (Cas12f1), are currently the most studied and used single-protein effectors for numerous 
techniques [12]. 

From a structural point of view, the CRISPR/Cas-based system consists of a short noncoding 
guide RNA (gRNA) made up of two basic elements represented by a target complementary CRISPR 
RNA (crRNA) and an auxiliary transactivating crRNA (tracrRNA) [13]. The gRNA can guide the 
specific Cas endonuclease protein linked to it towards a specific genomic locus via base pairing 
between the crRNA sequence and the target sequence and cleaves the DNA to create a double-strand 
break [14]. In bacteria, CRISPR loci are composed of a series of repeats separated by segments of ~30 
bp in length of exogenous DNA called spacers. The repeat-spacer array is transcribed as a long 
precursor and processed within repeat sequences to generate small crRNAs that specify the target 
sequences, also known as protospacers, following cleavage by the Cas9 protein. CRISPR spacers are 
then used to recognize and silence exogenous genetic elements at the DNA level. Essential for 
cleavage is a three-nucleotide sequence motif (NGG) immediately downstream of the 3’ end of the 
target region, known as the protospacer-adjacent motif (PAM) [13]. 

Several Cas enzymes have been put into use because of their peculiar nuclease activities. Because 
they originate from various CRISPR systems, they may be beneficial for editing techniques due to 
their slightly varying abilities to recognize and change PAM sites [15,16]. In general, the merits of 
these systems include swift, broad acceptance for editing applications in a wide variety of plant 
species, as confirmed by an increasing number of studies in which an expanded use of Cas9 nuclease 
for editing beyond double strand breaks has been applied [17-19]. Errors occur during the subsequent 
repair step, making the DNA not identical to the original DNA. This allows for the insertion of a 
permanent minor change to the DNA, known as a mutation. Alternatively, additional variants of 
CRISPR/Cas-based technology have been developed, supporting the precise editing of a single 
nucleotide (“base editing”) or rewriting a given sequence of DNA (“prime editing”), as in the case in 
which a DNA template fragment can be added and introduced in association with the gRNA and Cas 
protein (Figure 1). With these strategies, a DNA template can also be used to introduce foreign genes 
and sequences into the genomes of plant species, leading to the formation of a transgenic crop but 
avoiding any positional effect [20]. In plant research, this technology is currently exploited for gene 
knock-out (loss-of-function) or gene replacement (gain-of-function) and it is referred to as precision-
type plant breeding technology and it actually represents a technology-assisted plant evolution 
strategy. The scientific community and specific legislation refer to the commonly known new 
genomic techniques (NGTs) or new breeding techniques (NBTs) [21-23], which are increasingly 
utilized to design new genotypes and to adjust plant traits, including a significant number of food 
crops [24]. Many reviews and investigations have addressed the fundamentals and different aspects 
of using CRISPR/Cas in functional genomics and crop improvement, particularly in regard to 
producing target mutants of the genes responsible for several traits related to agronomical 
characteristics and/or physio-biological responses: applications have mostly concentrated on 
characteristics linked to disease resistance, environmental stress tolerance, food quality enhancement, 
and increased crop yields with less inputs [11,17,18,25-27]. All this progress has also been made 
possible by the development of high-throughput sequencing (HTS) platforms that promote and 
support the study of gene regulators of important traits or specific responses to the environment, as 
attested by many studies in which the enormous potential of editing approach-based technology has 
been reported. Some examples range from the examination of stress response control in roots at the 
cellular level to allele replacement for quantitative trait locus (QTL) validation, all traits related to 
roots crucial for crop improvement utilizing CRISPR/Cas-based genome editing [28]. Additionally, 
developing cereal crops with root systems that can absorb irregularly distributed water and nutrient 
resources in times of resource scarcity and climate instability is another main application example of 
a primary breeding goal for CRISPR/Cas genome editing. To date, studies employing CRISPR/Cas-
mediated strategies to increase crop abiotic stress tolerance have been the main research focus for 
food crop improvement using GE technology [29-38]; the development of crop resistance to 
pathogens (e.g., bacteria, viruses, and fungi); the modulation of targeting susceptibility systems, as 
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demonstrated for the tomato yellow leaf curl virus in Nicotiana benthamiana [39,40], bean yellow dwarf 
virus in Nicotiana benthamiana [41], and beet severe curly top virus in Arabidopsis and Nicotiana 
benthamiana [19,40,42-51]. Furthermore, CRISPR/Cas technology has produced a successful substitute 
for the production of plant material that is resistant to a variety of herbicides; for example, 
CRISPR/Cas has been used to target the ALS gene in crops, including rice, wheat, and other cereals, 
and a number of herbicide-tolerant polymers have been created [52-55]. 

 
Figure 1. Simple graphical representation of the main genome editing mechanisms based on the 
CRISPR/Cas9 tool: single-base mutation (“base editing” for gene knockout or silencing applications) 
and exogenous fragment insertion (“prime editing” for gene replacement applications). 

3. CRISPR/Cas technology as a precision tool for food crop traceability 

CRISPR/Cas technology, due to its enormous potential related to its precision and reliability, 
ease of use and low cost, is now considered a valuable alternative to conventional plant breeding 
methods for intraspecific gene mutation (e.g. mutagenesis) or interspecific gene introgression (e.g. 
backcross strategy). As documented above, CRISPR/Cas has been used for an increasing number of 
applications, which has led to the development of a range of editing tools in crop plant science. 
However, since a genetic engineering approach may be affected by a highly contested and 
controversial societal issue, as was the case for conventional genetic transformation techniques (i.e. 
GMOs produced via transgenesis and intragenesis), the use of CRISPR/Cas as a new breeding 
technique poses new questions regarding the preferences of consumers and producers, food ethics 
and political standpoints of governance leaders. Since its discovery in 2012 as a novel tool for genome 
editing, the CRISPR/Cas system has spawned a plethora of literature, but in-depth evaluations of its 
potentials and/or limitations in relation to food production and authentication by means of molecular 
or genetic traceability applications are just beginning to take shape. Indeed, these emerging genomic 
engineering approaches can offer a valid key for the effective prevention and control of food safety 
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risks, in which the development of specific, sensitive, and rapid nucleic acid detection methods, such 
as foodborne pathogenic bacteria, genetically modified crops, and product adulteration, is imperative 
(Figure 2). 

The sequencing of nucleic acids is the main approach for identifying one or more specific species 
of any kingdom since DNA acts as a natural biomarker for validation in both (un)processed food 
products and derivatives. The DNA barcoding technique, which refers to the identification of plant 
species using a short domain of the plastidial genome from a specific genic or intergenic target 
sequence, is currently available and still appears to be among the most useful food authentication 
applications based on DNA sequencing [56]. For similar reasons, recent isothermal amplification 
strategies and advances in DNA and omics-based technology (i.e., genomics, metabolomics, and 
proteomics) for the detection of specific nucleic acid regions have been developed, allowing for 
potential use in food testing, identification and authentication [57-59]. Nevertheless, ascertaining 
food species and even varieties or genotypes by sequencing DNA barcodes or genotyping DNA 
markers is mainly performed through targeted polymerase chain reaction (PCR)-based and real-time 
quantitative PCR (qPCR)-based techniques coupled with methods to improve the specificity of PCR 
methods and increase the applicability and reliability/reproducibility of PCR for food authenticity 
applications [59-62]. 

Despite DNA barcoding is to date widely used as routine molecular tool, at least when it comes 
to species-level identification strategies, there are still drawbacks to its use, including i) the difficulty 
in creating universal primers for amplifying genomic regions that can specifically discriminant plant 
varieties or genotypes, and ii) the low resolution of the technology when it comes to the identification 
of closely related species/botanical varieties/cultivars [63]. To surpasses these limitations, the 
CRISPR-Cas system can now be used to detect food adulteration, mislabelling, the presence of 
allergens, and allergen sources due to recent technological breakthroughs, but also variety 
identification for food-destinated crops [64]. The growing number of studies highlighting the 
potential of the CRISPR-Cas system in the investigation of food authenticity and its ability to improve 
PCR method detection performance is a testimony of the ongoing development of various technical 
solutions [65]. The combination of CRISPR-Cas with nucleic acid amplification techniques greatly 
improves the specificity and sensitivity of nucleic acid identification not only for food crops but also 
for detecting infections and nucleic acid biomarkers [66-69]. Several targeted approaches exploiting 
both collaboration and competition between CRISPR- and omics-based technologies have been 
developed, leading to the development of universal nucleic acid testing approaches based on the 
CRISPR‒Cas system to identify DNA barcodes in a very sensitive and reliable way regarding food 
safety and authenticity. The resulting CRISPR‒Cas-based DNA barcoding method showed great 
potential for food authenticity and broadened the application of the CRISPR-Cas system to these 
sectors [70,71]. Furthermore, most applications have demonstrated the potential of CRISPR/Cas 
systems to target nucleic acid portions due to the specific recognition of their sequence, which is also 
useful for non-editing applications. In the past decade, several new methods have emerged in the 
field of genome studies that involve the use of an interesting version of the Cas9 protein, referred to 
as dead-Cas9 (dCas9), which was developed to target DNA sequences through the use of a specific 
guide without cleaving them [72]. Indeed, this peculiar Cas9 version is deprived of its catalytic 
activity because of the two point mutations (D10A and H841A) that its amino acid chain harbours 
and that induce the loss of function of the RuvC1 and HNH nuclease domains [73]. 

In addition to the Cas9 protein, an alternative endonuclease, which is largely employed for these 
purposes, Cas12a, also known as Cpf1, is a typical V-A CRISPR system. Instead of producing blunt 
ends when it cleaves DNA, Cas12a can produce 5' overhangs, which is more useful for some genome 
editing applications, such as inserting a DNA sequence at a particular point [74]. Furthermore, when 
activated by the highly specific binding of the DNA sequence indicated by the gRNA, Cas12a exhibits 
both sequence-independent single-stranded DNA degradation and sequence-specific double-
stranded DNA cleavage [75,76]. 
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Figure 2. The CRISPR/Cas9 system can be used for molecular traceability purposes. The details are 
reported in the text. 

3.1. CRISPR/Cas as an enrichment tool for next-generation sequencing 

Selective enrichment of nucleotide regions of interest using CRISPR/Cas technology for 
sequencing purposes has predominantly emerged in the traceability field due to its importance. The 
need to target specific genetic loci is crucial and at the base of traceability purposes themselves, often 
conditioned/influenced by genome-wide approaches. In general, for the application of techniques 
based on genome-wide analyses, it is imperative to screen for signals from high-abundance 
undesirable species before sequencing [77]. The identification or enrichment of certain regions of 
interest has progressively increased as a crucial tool for traceable sequencing, prompting the creation 
of multiple procedures suitable for various experimental purposes. It is therefore presumable that in 
the coming years, additional tools that take advantage of the CRISPR/Cas system and its 
characteristics will be created in the scope of increasing the possibility of studying nucleic acid 
characteristics, such as the detection of structural variations at the haplotype level using long-read 
sequencing. These tools are mainly based on the high specificity of targeting through sgRNA and the 
existence of a plethora of available Cas proteins with the ability to perform a series of molecular 
actions on the nucleotide sequence of interest. For example, CRISPR-assisted targeted enrichment 
sequencing (CATE-seq) consists of the fragmentation and subsequent specific ligation of adaptors to 
sample DNA, after which the targets are bound by dCas9 and purified for allele-specific PCR or 
library preparation, resulting in a highly sensitive alternative approach able to reach over 3000-fold 
enrichment of the target sequences [78]. In addition, ultrasensitive CRISPR–Cas9-triggered nicking 
endonuclease-mediated strand displacement amplification (CRISDA) [79], which can achieve 
attomolar sensitivity, combines Cas9 cleavage activity with highly specific target site amplification 
and annealing of biotin and Cy5-labelled PNA (a peptide nucleic acid) probes to the amplicon. In 
contrast, CRISPR-mediated isolation of specific megabase-sized regions of the genome (CISMR) 
enables the isolation of regions of interest through Cas9-driven cleavage at flanking sites by 
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combining a pulse-gel electrophoresis step for sequence isolation and an amplification step, followed 
by long-read sequencing [80]. 

3.2. CRISPR/Cas as a detection system 

As described in the previous paragraphs, PCR-based methods, including qualitative PCR [81], 
quantitative PCR (qPCR) [82], droplet digital PCR (ddPCR) [83], and LAMP [11], have long been the 
primary and undisputed DNA detection strategies and have been utilized for traceability in all 
research sectors, despite being costly, labour-intensive, and time-consuming. Therefore, the 
improvement of rapid, simple, and sensitive new detection methods for nucleic acids without special 
technical expertise and ancillary equipment is increasingly necessary. 

The introduction of the CRISPR/Cas system, as a novel gene editing tool, has allowed 
biotechnology to enter a new era. In addition to the widely documented purposes, ranging from cell 
imaging to expression regulation and DNA assembly [84-88], a plethora of additional uses, defined 
as CRISPR/Cas-based nucleic acid detection system assays, have also been described. They mainly 
exploit the capacities of the Cas12a protein [67,76] to perform nonspecific ssDNA cleavage upon 
recognition of a target that matches its crRNA [14,74,85] and to produce a 5′ sticky end on the target 
itself [76,89,90]. Recently, recombinase polymerase amplification (RPA) and the nonspecific ssDNA 
cleavage property of Cas12a have been combined to create a novel detection technology platform 
known as RPA-Cas12a-FS: the combination of RPA with guide crRNA targeting and detection of 
FAMBHQ1-labelled reporter ssDNA allowed the development of an on-site detection method for the 
molecular identification of various biological contaminants, genetically modified crops, and 
adulteration [71,91,92]. This innovative method offers an alternative tool for DNA-level detection and 
assists as a front-line nucleic acid quick detection system for food safety. It may be applied at the end 
of the food inspection and traceability/authentication industry chain. In relation to Cas12 protein use, 
a new method combining CRISPR‒Cas-based PCR DNA barcoding (CAPCOD) was developed, in 
which the specificity of the CRISPR/Cas12 system and the high amplification efficiency of the PCR 
method for identifying DNA barcodes to improve the accuracy of sample authenticity are combined 
[93]. The nonspecific endonuclease activity of dCas9 allows the random cleavage of adjacent single-
strand nucleic acids by trans-cleavage upon recognition of the target sequence [84,94]; based on this 
understanding of its activity, CRISPR-Cas12 has been applied to nucleic acid testing because it can 
precisely identifying amplicons via isothermal amplification or PCR [95-97]. 

Since CRISPR/Cas can be considered an effective method for molecular detection based on trans-
cleavage activity, this ultrasensitive detection method can usually be exploited for the detection of 
GMOs, gene-edited products and SNPs [71,91,98]. Regarding GMO detection or edited products, 
with and without exogenous sequences, the strategies may differ based on the employed approach. 
In contrast, the methods for detecting mutations of a single or a few bases can differ from those used 
to detect SNPs. A combination of LAMP and CRISPR/Cas12a was used for visual detection of GM 
soybean powders by UV light [99]. A portable biosensor for visual dual detection of the CaMV35S 
promoter and lectin gene in soybean powders, named Cas12a-PB, has also been developed [99]. 
Furthermore, in 2022, Cao and colleagues [100] established the MPT-Cas12a/13a technology, which 
combines multiplex PCR and transcription for simultaneous but distinct detection of CaMV35S and 
T-nos elements. Many different additional approaches have been established with unique analyses 
(particularly fluorescence detection and gold nanoparticle-based colorimetry assays) combined with 
CRISPR/Cas systems, and they have been extensively reviewed by Wang et al. [16]. 

For edited sequences in which universal components cannot be identified in the same manner 
as for GMOs, it is necessary to pick a specific motif with an appropriate PAM site for subsequent 
detection. An interesting method, called PCR/ribonucleoprotein (RNP), to detect mutations in gene-
edited diploid and polyploid plants is to assemble CRISPR/Cas9 and CRISPR/Cpf1. This method 
outcomes able to differentiate between homozygous and biallelic mutations as well as mutagenesis 
induced by TALEN protein and mutant screening that is unaffected by background noise SNPs, 
resulting particularly advantageous for screening polyploid plants [101]. In rice, a Cas12aFVD 
platform for biosensing and for the visible detection of gene-edited mutants was also developed [102]. 
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For gene-edited products with known editing sites and sequences, methodologies like ACT-PCR, 
ddPCR, AS-PCR, CRISPR/Cas, etc., can be used for preliminary screening, whereas in the presence 
of known editing sites and sequences, they can be detected according to the current GMO detection 
strategy. In contrast, for gene-edited products with unknown editing sites and sequences, one or 
more methods can be used for preliminary screening.. In general, Sanger sequencing, NGS, T7EI, and 
RFLP are currently the most extensively used methods; the use of other molecular-based techniques 
is less prevalent because the choice of detection techniques is strongly correlated with the kind of 
mutation, plant ploidy, and efficiency of gene editing [16,103]. 

The application of the CRISPR/Cas system for SNP detection has been employed with the 
purpose of providing different strategies that are useful for the discrimination of single nucleotide 
mismatches (SNMs). For example, when combined with asymmetric PCR, Cas12b successfully 
distinguished the SNP locus without the PAM sequence. This means that it can cleave ssDNA without 
a PAM sequence [85]. Several other reports have confirmed the success of different combination 
strategies for distinguishing SNPs and achieving single-base resolution detection in all kingdoms 
[69,104,105]. 

CRISPR/Cas detection systems can also benefit from the application of microfluidic technology. 
In 2021, Chen et al. [98] included a nucleotide mismatch to increase the universality of SNP detection. 
To automate the procedure, CRISPR/Cas12a reagents were preloaded onto the biochip to differentiate 
between the homozygous wild type, homozygous mutant type, and heterozygous mutant type 
strains. 

4. Future opportunities and trends 

This communication highlights the wide application potential of the CRISPR-Cas technology as 
a support for molecular traceability purposes in several research fields related to crop production (i.e. 
plant varieties) and food commercialization (i.e. food products and their derivatives). Using the 
CRISPR/Cas-based method, numerous genes have been edited and plant traits have been improved, 
and the resulting commercial items have been introduced into the market. 

CRISPR/Cas detection systems display numerous outstanding features, including low cost, easy 
operation, quick application. and high accuracy and reliability. However, most of the currently 
available detection methods are not suitable for prompt on-site detection because they require labour-
intensive specialized methodologies, dedicated instruments, and sophisticated sample processing 
and analysis. In addition to gene editing, CRISPR/Cas systems have recently been employed for 
target detection and can also be used to efficiently identify proteins, metal ions, nucleic acids, and 
other chemicals via a variety of technologies. The high sensitivity and specificity of these methods 
are two of the highest strengths of the CRISPR/Cas system, and laborious experimental procedures 
and time-consuming analyses are not needed. To accomplish flexible detection of nucleic acid and 
non-nucleic acid targets in the domains of clinical diagnostics, environmental testing, biological 
breeding, food safety, and others, the CRISPR/Cas system can be coupled with a range of 
amplification techniques, readout techniques, and devices. Although CRISPR testing has been 
applied extensively, CRISPR nucleic acid testing remains in its infancy and has much room for 
development. CRISPR/Cas systems have many potential applications in the future due to research 
into their use with nanomaterials, 3D printing, the internet, big data, automation, and artificial 
intelligence. The industrial revolution and the biotechnological revolution are currently accelerating. 
Therefore, rapid, efficient and accurate detection methods will become a major challenge for standard 
detection as more diverse traits and products continue to emerge, molecular characterization 
information and related databases are extremely limited and imperfect, and the optimization of 
mutation detection technology remains an ongoing attempt. This should be accomplished to 
guarantee researchers’ intellectual property rights, to expedite the development of testing standards 
and procedures for biotechnology goods, and to offer robust technical assistance for the oversight 
and monitoring of national security. 
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