
 

A Simple Guide to CRISPR-Cas9: Uses, Problems, and 

Future Potential 

 

Agastya Munnangi, Ishita Varia, Trisha Eunice T. Maghari, Aashritha Maddhula 

 

 

Abstract 

Genome editing is one powerful tool for modifying DNA sequences at specific genomic 

locations in different organisms, allowing for gene knockout, neutralizing disease-causing 

genetic mutations, and introducing new characteristics. Among genome editing technologies, 

CRISPR-Cas9 has come out on top for its simplicity, low cost, and high efficiency and precision, 

making it the most well-known and widely used genome editing system in the field of molecular 

biology. This review highlights the broad applications and innovations of CRISPR-Cas 

technology in human disease research and agriculture, but also the major safety concerns, such 

as the off-target effects and genomic instability, that would present challenges for its clinical use 

and its future development  

 

Introduction To CRISPR 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and 

CRISPR-associated (Cas) proteins have revolutionized molecular biology as we know it. As a 

genome editing tool, CRISPR/Cas9 provides researchers the ability to target genomic sequences 

embedded within genomic DNA with pinpoint precision, rapidity, and cost-effective measures, 

forever shifting the landscape by which researchers explore gene editing/repression for 

exploratory efforts and eventual clinical editing and repression. CRISPR/Cas9 complex is 

ultimately derived from a simplified version of a bacterial adaptive immune system, which 

ultimately allows researchers to either correct deleterious mutations or generate differences in 

expected gene activity. The translational potential is vast, ranging from applications in 

functional genomics to biotechnological developments.  

CRISPR/Cas systems can be categorized into Class I and Class II, which are 

evolutionarily distinct and correlate with the composition of the systems and their levels of 

mechanistic complexity. For example, Class I utilizes multi-subunit Cas protein complexes for 

recognition and nucleolytic action; conversely, Class II relies on the action of a single 

multidomain effector protein. Furthermore, these classes are divided into six types: I, II, III, IV, 

V, VI. Types I, II, and V all provide a guide RNA and enable sequence-specific double-stranded 

DNA cleavage relative to sequence-specific targets. In contrast, Type VI uniquely activates the 

RNA substrate to achieve guide RNA targeting and transcript knockdown. Type III is of 

particular interest as it is the most flexible class—it can target DNA and RNA, but more 

frequently targets RNA molecules. Interestingly, however, Type IV is least understood on a 

mechanistic scale; its presence indicates more repression at the transcriptional level via 

interference of transcriptional elongation instead of nucleolytic activity. 

 

 

Applications 



 

 

CRISPR-Cas is a revolutionary tool that applies to various fields, such as medicine, 

biology, agriculture, and biotechnology. It is a form of genetic engineering and gene editing, 

enabling a plethora of new areas for study. One major example of CRISPR-Cas’s use in animals 

is to study in vivo processes and genetically engineer animals for better food production. Disease 

resistance, meat quality, and animal welfare are some specific targets of study. It is also used as 

an alternative to selective breeding, which consists of selecting and breeding animals or plants 

for desirable characteristics. Instead of choosing specific organisms for their traits, one 

organism’s genome can directly be edited with CRISPR-Cas to achieve the desired traits. These 

organisms are considered GMOs, or genetically modified organisms.  

CRISPR-Cas provides incredible opportunities for study in the agricultural and 

horticultural fields. Improving food quality, resistance, and shelf life are some of the related 

applications. In addition, yeast and algae could be used to increase the production of biofuel. It 

is believed that by enhancing certain traits in crops, such as stress tolerance, nutritional content, 

disease resistance, etc. can increase food security.  

This advanced technology also provides a multitude of benefits in the field of medicine, 

specifically with genetic disorders and drug development. Various diseases, Hemophilia, 

B-thalassemia, and cystic fibrosis, can start their remission stages through the removal and 

introduction of certain genes. Mutations can directly be corrected with this technology, as well 

as knocking out genes (used in cancer treatments). Moreover, CRISPR serves as a catalyst for 

developing and discovering new drugs to combat medical diseases and conditions. Studying 

disease mechanisms and gene functions through human genes, stem cells, or model organisms 

also provides a basis for understanding the causes of these diseases. Not only can these diseases 

and infections be treated, but they can also be detected early through CRISPR-based diagnostic 

tools: SHERLOCK (specific high-sensistivity enzymatic reporter unlocking) and DETECTR 

(DNA endonuclease-targeted CRISPR trans reporter). Through these technologies, a therapy 

and treatment plan can precisely be determined. Gene therapies, specifically, are a key resultant 

of the usage of these technologies. Ex-vivo therapies are also an important topic for CRISPR-Cas 

studies in clinical sciences. This is a method where patient cells are extracted and treated using 

CRISPR-Cas before being inserted back into the body.  

Environmental science is a field where CRISPR-Cas has contributed significant advances 

and offers the possibility of providing solutions to certain environmental issues. CRISPR-Cas9 

can be used for conservation by reducing threats to endangered species. Their genomes would 

be edited to include genes that promote resilience and help them adapt. Invasive species is 

another detrimental aspect of our environment, and CRISPR-Cas serves as a resolution. Using 

CRISPR-Cas as a gene modifier can decrease their populations. Agricultural practices and 

sustainable farming can also be benefited through developing crops with resistance to drought 

and pests, enhanced nutrient intake, and reduced reliance on pesticide. This ensures that crops 

remain healthy and sustainable. Lastly, monitoring the environment is a crucial part of keeping 

our Earth safe to all; preventing diseases and pathogens is key. Detecting and classifying 

organisms, pathogens, and contaminants is how CRISPR serves to protect all life on our planet.  

Biotechnology is an emerging field that has required many breakthroughs and tools. 

CRISPR-Cas serves as one of the most revolutionary tools used in this field; it is utilized for 

genome editing, synthetic biology, and gene regulation. Genome editing involves modifying the 

genomes of bacteria, plants, animals, and even yeast to develop GMOs with enhanced functions 



 

and traits. Functional genomics/gene regulation involves manipulating the genome to affect 

gene expression. Gene expression allows researchers to observe biological complexities as a 

whole; gene regulatory elements, like promoters and enhancers, can also be observed. Synthetic 

biology is a field based on engineering to create new functions in biological organisms. 

CRISPR-based tools (CRISPR interference; CRISPRi, and CRISPR activation; CRISPRa) have 

enabled moderation of cellular pathways and gene expression. Biosensors and metabolic 

engineering are two creations that were empowered by CRISPR. Improving the quality of crops 

and generating animal models to study human diseases are two other applications that serve a 

great significance in today’s world. 

Using CRISPR in fisheries serves as a catalyst for improving aquaculture, fish health, and 

issues regarding managing fisheries. Introducing advantageous genes can influence traits like 

disease tolerance, increased growth rates, and stress tolerance, making aquaculture practices 

more efficient. Controlling invasive species underwater as well as creating strains of fish that are 

disease-resistant are two breakthroughs that have revolutionized the fishery industry. Creating 

disease-resistant fish can control outbreaks of disease among schools and schools of fish.  

CRISPR-Cas technology opens up many doors in the field of nanotechnology; 

specifically, it helps with targeted delivery, sensing applications, and imaging techniques. These 

applications commonly involve nanoparticles engineered to carry parts of CRISPR-Cas9, like the 

Cas9 protein or a guide RNA. This enhances the process of genome editing. CRISPR allows the 

monitoring the delivery and movement of CRISPR tools, while making genetic and epigenetic 

modifications too.  

Bioinformatics is a novel field, encompassing the interconnections between biology, 

biotechnology, and information technology. Crossing CRISPR-Cas with computational methods 

enables the deep dive into the structure and function of certain genomes. CRISPR provides a 

wide-scale of information that can be used to analyze large genomic datasets, therefore, 

revealing relationships and patterns. Screening CRISPR-Cas9 data also contributes to machine 

learning techniques/algorithms (vector machines and neural networks) by training them. Most 

importantly, machine learning has proved to improve the efficiency of experimental designs 

utilizing CRISPR-Cas.  

So far, CRISPR-Cas9 has been applied across a wide range of real-world contexts, 

demonstrating its versatility as a gene-editing tool. In human health, researchers have used 

CRISPR-Cas9 to delete the PKD2 gene, which plays a central role in autosomal dominant 

polycystic kidney disease, and to explore therapies for Type 1 diabetes through ex vivo 

approaches as well as in vivo interventions for Duchenne muscular dystrophy. It has also been 

used to induce the production of fetal hemoglobin, providing a potential treatment pathway for 

sickle cell anemia. In ecological and agricultural settings, CRISPR-Cas9 has been harnessed to 

promote genetic resistance to white-nose syndrome in bats, a devastating fungal disease, and to 

improve rice crops by introducing the OsProDH gene to increase thermotolerance or by 

targeting susceptibility genes to enhance resistance against bacterial blight. These examples 

illustrate how CRISPR has quickly moved from a laboratory concept to a transformative 

technology with direct applications in medicine, agriculture, and conservation biology. 

 

Risks and Problems 

 



 

While CRISPR-Cas9 possesses futuristic improvements when it comes to precise genome 

editing, aspects of the evidence seen thus far demonstrate glaring shortcomings in genomic 

stability—especially with alterations made in human cellular material. Off-target behavior, 

randomly determined DNA repairs gone wrong, and inadvertent large-scale alterations in the 

genome question the safety of the technology and its future clinical use. 

CRISPR-Cas9 presents itself as a genome editor by creating specific double-stranded 

breaks (DSBs) at pre-determined sites in the genome. Subsequently, these DSBs are repaired 

predominantly through non-homologous end joining (NHEJ), an endogenous repair pathway 

that ligates broken DNA ends without homologous repair. While this can reestablish genomic 

continuity, research suggests that NHEJ is error-prone; sometimes small insertions or deletions 

(indels) occur at the site of repair. These non-specific, random indels may yield frameshift 

mutations or render the downstream gene inactive, all while heightening the vulnerability to 

undesired phenotypic outcomes. 

Further, in addition to small indels in limited segments, more recent studies suggest 

Cas9 may have more far-reaching and detrimental results. These include large losses of 

nucleotides at the site of cleavage and larger rearrangements of the genome such as complex 

chromosomal translocations. These larger structural aberrations occur when multiple DSBs are 

created simultaneously and incorrectly repaired, leading to grossly aberrant chromosome 

structures. 

Off-target activity is another significant hurdle for successful and safe integration of 

CRISPR-Cas9. This complication occurs when the Cas9 ribonucleoprotein complex associates 

with and cleaves unintended sites in the genome that possess homology with the target site. 

Such off-target binding can misregulate gene expression or delete essential genomic information 

and thus elicits cytotoxic or mutagenic responses. For example, relative safety studies show that 

Cas9 mutations are much more likely to occur in human derived cells than Mus musculus(mice) 

or Danio rerio (zebrafish)—two organisms routinely used as model systems in preclinical 

CRISPR studies. Such discrepancies across species demonstrate how quickly safety data 

obtained from one species fail to generalize to another, warranting high need for expansive 

off-target mitigation strategies in human clinical use. 
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