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ABSTRACT

Insects play essential roles in ecosystem functioning and have substantial impacts on human health, 
agriculture, and biotechnology. Many species provide critical ecological services by constituting the 
bulk of the lower trophic pyramid in most ecosystems, and they also maintain intricate relationships 
with humans. Their genetic diversity and biological complexity make them invaluable research subjects 
for advancing health, agriculture, and biotechnology. However, traditional CRISPR (Clustered Regularly 
Interspaced Short Palindromic Repeats) methods have long been limited to select model species, such 
as Drosophila melanogaster, thereby restricting broader use of CRISPR in insect research. However, 
recent advances in CRISPR use have overcome many of these limitations, enabling more efficient and 
precise genome editing across a wide range of insect taxa. This review summarizes key advancements 
in CRISPR applications among some major insect groups, including vector control in mosquitoes, 
disease modeling in fruit flies, silk and biomaterial engineering in Lepidoptera, pest management and 
biomaterial studies in beetles, and behavioral genetics in Hymenoptera.  Together, these studies illustrate 
the expanding scope of CRISPR-based insect research and its growing scientific, environmental, and 
biotechnological impact.
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INTRODUCTION

Gene modification has revolutionized modern 
biology by allowing researchers to test gene function 
through targeted disruption and to link genetic changes 
to measurable traits.  It also enables the introduction 
of novel genes or the repair of defective ones, offering 
potential therapies for hereditary diseases (1). Among 

the available approaches, CRISPR (Clustered Regularly 
Interspaced Short Palindromic Repeats) stands out for 
its precision, simplicity, and affordability, making it 
accessible for diverse applications across organisms (2). 
CRISPR originated as a bacterial and archaeal defense 
system (3), but key experimental advances demonstrated 
that it could be repurposed as a programmable genome-
editing tool (4). This shift rapidly expanded the scope of 
genetic research and spurred the development of multiple 
CRISPR variants and delivery strategies, alongside 
ongoing ethical debates over appropriate use (5). While 
much early attention focused on mammalian applications, 
CRISPR has been equally transformative in invertebrate 
systems, particularly insects, enabling both fundamental 
discovery and applied innovations (Figure 1).  
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VECTORS FOR HUMAN DISEASE 
(MOSQUITOES)

A significant contribution of CRISPR-Cas9 in insect 
vectors for human benefit has been reported in Anopheles 
mosquitoes, where targeted gene disruption has 
demonstrated the practicality of gene editing to reduce 
malaria transmission (7). More broadly, Anopheles and 
Aedes mosquitoes transmit pathogens responsible for 
malaria and arboviral diseases such as dengue, Zika, 
yellow fever, and chikungunya (8, 9). These public-health 
burdens have made mosquitoes a primary target for 
CRISPR-based vector control, aiming to either suppress 
populations or reduce vector competence.  Generally, 

three principal approaches in CRISPR have been used 
in mosquito vector control: gene knockouts, gene drives, 
and transgene insertions. 

Knockouts of essential genes in mosquitoes were 
initially developed as a suppression strategy. In earlier 
studies, the knockout of fertility or sex-associated genes 
in Anopheles species led to a bias in sex ratios and 
fertility rates, thereby reducing the reproductive capacity 
of the mosquito (10). This approach demonstrates 
CRISPR’s capacity to reduce vector populations by 
impairing reproductive success. Although reduced 
survival in edited individuals was often observed, this 
limited the potential scale of these applications. For 
instance, fitness costs reported in other research include 
reduced longevity, increased blood-feeding propensity in 
females, reduced egg hatching rates, and more (11). 

Also, CRISPR-based homing gene-drives can be 
established to engineer biased inheritance of specific 
alleles, resulting in their rapid spread throughout the 
mosquito population (12). Gene drives targeting female 
fertility genes in Anopheles gambiae achieved inheritance 
rates greater than 95%, with laboratory populations 
collapsing after several generations (13). Although this 
method is highly effective, such approaches demand 
careful consideration of ecological risks, the formation 
of resistant alleles, and ethical concerns of releasing the 
altered mosquitoes into wild populations. 

The third strategy involves inserting pathogen-
resistance genes into mosquito vector genomes using 
CRISPR knock-in systems. For example, transgenic Aedes 
aegypti lines carrying anti-dengue effector genes under 
tissue-specific promoters have been generated through 
homology-directed repair, resulting in reduced viral 
replication and transmission (14). Knock-in approaches 
highlight the potential of CRISPR not only for vector 
suppression but also for vector modification, producing 
mosquito populations incapable of transmitting harmful 
human pathogens. 

Together, these CRISPR-based strategies have 
demonstrated how genome editing can be used to either 
suppress mosquito populations or modify them to reduce 
pathogen transmission. Work in Anopheles and Aedes 
species, therefore, represents a prominent frontier in 
insect CRISPR research, while also underscoring the 
importance of evaluating resistance formation, ecological 
risks, and ethical concerns before any potential field 
application. However, mosquitoes encompass a very 
niche aspect of CRISPR application in dipterans. A more 
thorough investigation of this order requires an analysis 
of Drosophila contributions to CRISPR (Figure 2). 

Figure 1. Cas9 Fusion Mechanisms. Schematic of the 
CRISPR/Cas9 genome editing mechanism, showing 
Cas9 nuclease guided by RNA to a specific DNA target. 
Various distinct activator domains (A1-A3) attach to the 
Cas9, demonstrating the flexibility of CRISPR-based 
gene activation systems as they regulate transcriptional 
activation levels (6).
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DROSOPHILA MELANOGASTER: 
A FOUNDATIONAL MODEL FOR 
CRISPR RESEARCH 

While CRISPR applications in mosquitoes primarily 
focus on reducing the burden of vector-borne disease 
transmission, the fruit fly (Drosophila melanogaster) 
has long served as an important foundational genetic 
model for understanding human biology and pathology. 
More than 75% of human disease-associated genes can 
be found within the functional orthologs of a fruit fly 
(16), and the advent of CRISPR research has significantly 
expanded the fly’s utility in contemporary biomedical 
research. They are often considered the model organism 
for research; they are highly amenable to laboratory 

culture and maintenance, reproduce quickly, and are 
easy to keep in laboratories (17). From disease modeling 
to drug discovery, from neuroscience and developmental 
biology to even scientific training, these insects have 
served as a foundational platform for the development 
and validation of CRISPR-based approaches relevant to 
human biology. 

CRISPR-induced knockouts and knock-ins in 
Drosophila have enabled researchers to recreate human 
pathogenic mutations, thereby generating reliable 
models of many different genetic diseases. These 
techniques have proved especially useful in exploring 
neurodegenerative conditions such as Alzheimer’s and 
Parkinson’s disease, along with some trinucleotide 
repeat disorders like Huntington’s disease (18). These 

Figure 2. Basic Effects of Gene Knockouts and Knock-ins in Mosquitoes. A summary of the effects of different knockout and 
knock-in CRISPR methods on mosquitoes’ genes. The intended effects of the alteration are expressed in the image for their 
resulting offspring, but no method is 100% effective in real applications (15).
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models have been useful for recapitulating protein 
aggregation, neuronal dysfunction, and progressive 
degeneration, enabling mechanistic studies and future 
therapeutic exploration (19). 

Also, CRISPR’s fly gene models serve as powerful in 
vivo platforms for drug screening, enabling assessment 
of disease-related phenotypes across the entire organism. 
Screening compounds in fruit flies provides insights into 
the toxicity and efficacy of drugs that cell cultures may 
not capture (20). Oftentimes, cell cultures do not offer 
the same level of specificity in capturing tissue-specific 
effects or behavioural phenotypes that are clear when 
testing living Drosophila models (21). Recent research 
has also used Drosophila models of rare congenital 
disorders to quickly identify candidate compounds with 
clinical potential (22).

In addition, CRISPR permits the targeted 
manipulation of neuronal circuits in flies. This, as of 
present, has revealed many mechanisms underlying 
learning, memory, circadian rhythms, and social 
behaviours in humans (23). Proteinopathy models 
generated in fruit flies have also clarified how misfolded 
proteins propagate within neural networks, providing 
parallels to human neurodegenerative conditions that 
will be useful in future research (24). 

The fruit fly has also been indispensable for 
developmental genetics, and CRISPR now allows 
precise, tissue-specific interrogation of specific genes. 
Such targeted mutagenesis avoids lethality in early stages 
while highlighting gene functions in organogenesis, 
morphogenesis, and cell signaling pathways (25). 
Findings from dipteran CRISPR studies continue to 
inform our understanding of congenital anomalies and 
regenerative biology in people.

Drosophila has provided a versatile system for testing 
novel CRISPR modalities, including base editing and 
prime editing (26). Optimizations of guide RNA (gRNA) 
design, Cas9 expression strategies, and multiplexed 
editing pipelines were first benchmarked in flies before 
translation to mammalian systems (27).

The experimental tractability of Drosophila further 
supports its use as a training and validation platform 
for CRISPR-based genetic studies. Students and early-
career scientists gain hands-on experience designing 
gRNAs, generating transgenic lines, and phenotypically 
characterizing CRISPR-induced mutations, skills directly 
applicable to more complex biomedical research (28).

Taken together, CRISPR applications in Drosophila 
melanogaster have broadened the fly’s legacy as a genetic 
model organism, reinforcing its role not only in basic 

biological discovery but also in translational pipelines 
that advance human health. However, the impacts of 
CRISPR have not been confined to dipteran models 
alone, and parallel advances in other insect orders have 
begun to expand the scope of functional genetics beyond 
Drosophila. 

CRISPR APPLICATIONS IN LEPIDOPTERA: 
BUTTERFLIES AND MOTHS

While Drosophila melanogaster has long been 
considered the ideal genetic model for insects, CRISPR 
research in Lepidopterans, moths and butterflies, has 
provided important insights into both fundamental 
biology and applied biotechnology (29). For instance, 
both the painted lady (Vanessa cardui) and the silkworm 
(Bombyx mori) have become central models for studying 
traits such as wing patterning, pigmentation, and 
silk production, aiding researchers in understanding 
Lepidopteran evolutionary biology and in developing 
future silk production alternatives (30). 

One of their most significant applications has been 
in establishing the genetic basis of Lepidopteran wing 
coloration and pattern formation. CRISPR-induced 
knockouts of pigmentation genes have revealed how 
specific gene loci control spot, stripe, and iridescent 
scale development, clarifying the mechanisms that 
drive the evolutionary diversity of Lepidopteran wing 
patterns. For example, manipulating the cortex gene in 
Heliconius butterflies can lead to broad changes in wing 
color, which are usually the result of mimetic radiation 
across different Heliconius species and variations (31). 
Studies like this can extend current understanding of 
developmental evolutionary pathways while providing 
broader insight into the development of biodiversity, 
which butterflies and moths prove especially useful for, 
since their anatomical designs have remained unchanged 
for the past 250 million years (32). 

In addition, Bombyx mori has become an important 
platform for translational CRISPR applications in 
silk engineering. CRISPR has been used to engineer 
silkworms capable of producing silk with novel 
mechanical properties such as greater elasticity and 
tensile strength (33). These engineered silks have 
significant potential for biomedical applications, 
including sutures, tissue scaffolds, and the production 
of biodegradable polymers (34). For instance, because 
of silkworm silk’s biocompatible and hemocompatible 
properties, recent studies have highlighted increasing 
interest in using invertebrate silk for tissue-engineering 
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applications to repair the urethra, skin, bone, and even 
tendon (35). 

Silkworms have also been repurposed as living 
bioreactors for the production of recombinant proteins, 
vaccines, and therapeutic compounds because of the 
silk’s high protein expression levels, cost-effectiveness, 
and susceptibility to post-translational modifications (36). 
Researchers learned to take advantage of their highly 
productive silk glands, which produce silk filled with 
abundant amounts of fibroin, to produce these foreign 
proteins on a large scale by inserting genes from different 
animals (37). CRISPR-based editing enables greater 
precision and efficiency in these production systems, 
offering an economical alternative to mammal-based cell 
cultures for pharmaceutical manufacturing (38). 

Editing of chemosensory receptor genes in moths has 
revealed the genetic underpinnings of mate recognition 
and host plant selection behavior, providing a potential 
strategy for targeted pest management. For example, 
mutagenesis of the Orco gene within the Helicoverpa 
armigera moth (a serious agricultural pest) led to an 
increasing inability for their females to accurately select 
their host plants (the green pepper plant), which presents 
itself as a better alternative for agricultural deterrence 
than harmful pesticides (39). 

CRISPR studies in Lepidoptera demonstrate how 
butterflies, moths, and silkworms extend insect genome 
editing beyond dipteran models by linking mechanistic 
insights to applied outcomes. From revealing the genetic 
basis of wing patterns and chemosensory behaviors to 
enabling precision improvements in silkworm-based 
production systems, Lepidopterans have expanded the 
scope of CRISPR research in ways that support both 
fundamental biology and practical innovation. Together, 
these findings illustrate the versatility of CRISPR 
across insect orders and further propel its application to 
increasingly diverse and complex orders of insects. 

CRISPR APPLICATIONS IN COLEOPTERANS: 
BEETLES 

Beetles represent the largest and most diverse order 
of insects, encompassing more than 400,000 described 
species across nearly every terrestrial and aquatic 
ecosystem (40). Because of their ecological diversity, 
developmental variety, agricultural significance, and 
global range, they have become increasingly valuable 
models for CRISPR research. Genome editing in beetles 
such as the red flour beetle (Tribolium castaneum), 
Japanese rhinoceros beetle (Trypoxylus dichotomus), 

and Colorado potato beetle (Leptinotarsa decemlineata) 
has expanded human understanding of gene function, 
morphological evolution, and pest management, which 
will be the focus of this segment. 

The red flour beetle (Tribolium castaneum) remains 
the most widely utilized Coleopteran model due to its 
fully sequenced genome, short generation time, and ease 
of laboratory rearing (41). Early genome-editing studies in 
Tribolium employed RNA interference, but the adoption 
of CRISPR-mediated genome editing has improved the 
reliability and scalability of functional genetic studies 
in Coleopteran models (42). CRISPR knockouts of 
segmentation genes such as even-skipped, wingless, 
and hedgehog have helped clarify how developmental 
pathways diverged between beetles and holometabolous 
models like Drosophila melanogaster (43). Unlike 
flies, Tribolium exhibits short-germ embryogenesis, 
where segments form sequentially. Therefore, CRISPR 
disruptions of these genes have provided new insight 
into how ancestral segmentation patterns evolved across 
insect lineages (44). These findings continue to inform 
broader discussions in evolutionary developmental 
biology (evo-devo) about the origins of body-plan 
diversity in arthropods.

CRISPR has also been applied to study beetle 
morphology and sexual dimorphism. For instance, 
Trypoxylus dichotomus (Japanese Rhinoceros Beetle) 
develops exaggerated horns through hormonal and 
genetic cues present throughout its development (45). 
Disruption of the beetle’s insulin signaling pathways 
and juvenile hormone–related genes using CRISPR 
resulted in reduced horn size and altered secondary 
sexual characteristics, offering an understanding of how 
environmental factors interact with gene expression to 
produce sexually dimorphic traits in beetles (46). Studies 
like this are expanding human understanding of insect 
developmental plasticity and sexual selection at the 
genetic and physical levels, concepts highly relevant to 
the field of evolutionary biology.

Beyond basic research, CRISPR applications in 
agricultural pest beetles have demonstrated great 
promise. The Colorado potato beetle (Leptinotarsa 
decemlineata), one of the most destructive crop pests 
worldwide, has been a focal species for CRISPR-based 
pest control strategies (47). Targeted knockouts of genes 
associated with pesticide resistance and metabolic 
detoxification, such as cytochrome P450s and glutathione 
S-transferases, have provided important insights into the 
mechanisms underlying the beetle’s notable insecticide 
tolerance (48). Using CRISPR-based gene drive systems 
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in potato beetles to suppress their populations or reduce 
resistance evolution offers an alternative to chemical 
pesticides that minimize environmental contamination 
and non-target effects. 

In addition to pest control, the use of CRISPR 
in Coleopterans has opened new possibilities for 
studying biomaterial production. Beetles have chitin-
rich exoskeletons, and the structural proteins in their 
exoskeletons have inspired bioengineering approaches 
to develop lightweight, biodegradable composites. For 
example, genome editing has been used to investigate 
genes involved in chitin synthesis and cuticle-hardening 
enzymes, revealing how subtle genetic modifications 
can alter the mechanical properties of the beetle’s shell 
(49). These findings have implications for the design 
of eco-friendly materials with industrial and medical 
applications (50).

Recent research has also used Coleopterans to 
test CRISPR toolkits. In Tribolium, base editing and 
homology-directed repair protocols have been refined 
for high-efficiency knock-ins, providing valuable data 
for optimizing CRISPR pipelines in other non-model 
organisms (51). The beetle’s genetic robustness and 
tolerance to CRISPR manipulation make it an ideal 
testbed for methodological innovation.

While technical challenges remain, such as variable 
embryonic survival rates in beetles and the difficulty of 
microinjecting due to hardened beetle eggshells, CRISPR 
progress in Coleoptera continues to expand rapidly to 
this day. For instance, Direct Parental CRISPR (DIPA-
CRISPR: a CRISPR technique that injects Cas9 protein 
and guide RNA directly into adult female insects) has 
already been explored in beetles to mitigate the challenges 
associated with beetle embryo microinjection (52). Beetle 
ecological diversity and agricultural relevance ensure 
that future studies will not only deepen understanding 
of insect development and evolution but also yield 
tangible benefits in sustainable pest management, 
material science, and biotechnology. Beyond solitary 
insect models, however, CRISPR application in insects 
has extended to orders with complex life histories and 
social organizations, furthering the breadth of CRISPR 
research toward Hymenopterans. 

CRISPR APPLICATIONS IN 
HYMENOPTERANS: ANTS AND BEES

Hymenopterans, an order of insects including bees, 
ants, and wasps, have become a key focus of CRISPR-
based research because they combine significant 

ecological relevance with uniquely complex genetics 
and social behavior. They are widely used as models for 
invertebrate social behavior and colony-level traits. Still, 
research can be challenging due to their complex life 
cycles, haplodiploid sex determination among castes, and 
social structures. Nevertheless, advancements in gene 
editing have successfully expanded CRISPR applications 
to multiple hymenopteran species (53). Significant 
contributors include the honey bee (Apis mellifera), the 
jewel wasp (Nasonia vitripennis), and the ant species 
Harpegnathos saltator. 

The Western honey bee (Apis mellifera) has long 
been recognized as a keystone in both agriculture and 
ecological research. Every year, honey bees pollinate 
around $15 billion in crops and vegetable products in the 
US alone (54). And now, CRISPR is helping scientists 
unravel the genetic basis of traits critical to bee colony 
health, such as immunity to disease, social behavior, and 
pesticide sensitivity. For instance, research supporting 
such themes becomes increasingly relevant as honey 
bees face global decline (55). In a more contemporary 
context, researchers are using CRISPR to explore honey 
bee resistance mechanisms to common parasites such as 
Varroa destructor, with the long-term goal of improving 
honey bee resilience and stabilizing global apiculture 
networks (56).

CRISPR research in Western honeybees has also 
been used to determine the basis of bee ecology overall, 
how they develop, and why they behave the way they 
do. For example, targeted knockouts of the AmDnmt3 
gene, which is involved in DNA methylation, revealed 
its essential role in caste differentiation and neural 
development in honeybees (57). Similarly, disruption of 
Orco, a key olfactory co-receptor, impaired honey bee 
pheromone detection and communication, highlighting 
the molecular underpinnings of eusocial organization 
in bees (58). These studies highlight how CRISPR 
can dissect complex social behaviors into genetic 
components, advancing human understanding of one of 
nature’s most intricate social systems. 

Beyond bees, the parasitoid jewel wasp 
(Nasonia vitripennis) has emerged as an important 
hymenopteran model for CRISPR development due to 
its short generation time and accessible embryology. 
Genome editing in Nasonia has been used to explore 
developmental patterning, sex determination, and 
evolutionary genomics. Recent adaptations of the DIPA-
CRISPR technique have further improved the efficiency 
and feasibility of genome editing in this species (59). The 
success of DIPA-CRISPR in Nasonia has implications 
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across Hymenoptera, offering an innovative solution to 
the technical limitations posed by embryo microinjection 
in small or socially complex insects.

CRISPR research in ants has also provided valuable 
insight into the genetic regulation of social behavior and 
neurobiology. In Harpegnathos saltator and Ooceraea 
biroi, CRISPR knockouts of orco and other chemosensory 
genes have revealed how olfactory cues drive caste-
specific behavior, communication, and reproduction (60). 
These findings highlight the power of genome editing in 
analyzing neural and molecular foundations of eusociality 
in insects, which helps define the evolutionary success of 
Hymenoptera as a whole. Furthermore, the colony-based 
reproductive systems of ants offer unique opportunities to 
study how gene edits propagate within closed populations, 
potentially informing future applications in population 
control or ecological management. Gene drives in species 
such as Solinopsis Invicta (Fire Ants) have already been 
explored as an alternative method to pest management 
by eliminating polygyne colonies: colonies with multiple 
queens (61).

Despite modern advances, CRISPR applications in 
Hymenoptera continue to face ongoing technical and 
ethical challenges. Haplodiploid inheritance complicates 
the establishment of stable homozygous lines, while 
the social structures of their colonies make breeding 
and maintaining edited lineages labor-intensive. 
Moreover, because many hymenopterans provide 
essential ecological services, the idea of gene drives 
or field releases demands extreme caution in order to 
avoid severe and potentially irreversible ecological 
consequences. Nevertheless, the rapid progress achieved 
in recent years demonstrates the role hymenopteran will 
continue to play as a pivotal link in genetic mechanisms 
with social evolution, development, and ecological 
sustainability. As new delivery systems and gene-
editing tools continue to improve, CRISPR applications 
in these insects hold promise for deepening scientific 
understanding of eusociality and development, while 
also supporting efforts to improve resilience and health 
in managed and ecologically important hymenopteran 
species. The expanding application of CRISPR across 
insect orders underscores its immense influence on both 
applied and basic entomological research, culminating in 
a broad final synthesis of their impacts. 

CONCLUSION 

From the suppression of malaria-transmitting mos-
quitoes to the enhancement of proteins in silk-producing 

moth caterpillars, CRISPR-Cas9 has revolutionized the 
study and manipulation of insect genetics toward the 
common goal of advancing human health, agriculture, 
and biotechnology. Across diverse taxa, from dipterans 
to hymenopterans, the application of this technology 
has revealed the genetic foundations of disease vector 
transmission, insect development, social behavior, and 
evolution, while simultaneously yielding tangible benefits 
for human health, agriculture, and industry. Despite often 
being regarded primarily as agricultural or public-health 
challenges, insects have become indispensable CRISPR 
platforms and model organisms that bridge fundamental 
genetic research with many different real-world 
applications: integrated pest management (IPM), synthetic 
silk suturing in surgery, etc.

However, a growing depth in research prowess 
often comes with an equal responsibility toward how 
researchers use this technology. The ecological risks 
of gene drives, the ethical questions raised by species 
alteration, and the technical challenges of precise 
gene manipulation require thoughtful oversight and 
international cooperation among the entomology 
community. As CRISPR application in insects continues 
to evolve through innovations in base editing, prime 
editing, and DIPA-CRISPR, its potential to transform 
both science and society will depend on how responsibly 
it is applied. 

Several limitations should be acknowledged. For 
field-relevant applications, ecological and evolutionary 
uncertainty remains substantial: edited traits may 
have unintended effects on ecosystems, and resistance 
or compensatory changes can reduce long-term 
effectiveness. These risks are particularly important for 
interventions designed to spread through populations. 
Ethical and governance concerns are most pronounced 
for gene drives, which may be difficult to reverse and 
can have cross-border impacts. Responsible development 
therefore, requires transparent oversight and meaningful 
engagement with affected communities. Biosafety 
is also critical. Robust containment and stepwise 
evaluation, from laboratory studies to confined testing, 
are necessary to reduce the risk of unintended release 
or premature translation. Finally, while insects are 
powerful experimental models, caution is warranted 
when extrapolating to humans because of differences 
in physiology and gene regulation; key findings often 
require validation in complementary systems before 
generalization.

Ultimately, the use of CRISPR in insects represents 
a new frontier for genetic engineering, one that deepens 
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our understanding of life’s complexity and provides a tool 
for promoting sustainability, health, and biodiversity. By 
integrating these advancements with a common sense of 
ethical prudence, researchers can ensure that the promise 
of CRISPR benefits both humanity and the ecosystems 
humanity shares with the nature surrounding us. 

FUNDING SOURCES

No financial support was received for this work.

CONFLICT OF INTEREST

The author declares that there are no conflicts of 
interest related to this work. 

REFERENCES

1.	 Sander JD, Joung JK. CRISPR-Cas systems for 
editing, regulating and targeting genomes. Nat 
Biotechnol. 2014 Apr; 32 (4): 347-55. https://doi.org/ 
10.1038/nbt.2842 

2.	 Taning CNT, Van Eynde B, Yu N, Ma S, Smagghe G. 
CRISPR/Cas9 in insects: Applications, best practices 
and biosafety concerns. Journal of Insect Physiology. 
2017 Apr; 98: 245-57. https://doi.org/10.1016/j.jinsphys. 
2017.01.007 

3.	 Barrangou R, Fremaux C, Deveau H, Richards M, et 
al. CRISPR Provides Acquired Resistance Against 
Viruses in Prokaryotes. Science. 2007 Mar 23; 315 
(5819): 1709-12. https://doi.org/10.1126/science.1138140 

4.	 Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, 
Charpentier E. A Programmable Dual-RNA-Guided 
DNA Endonuclease in Adaptive Bacterial Immunity. 
Science. 2012 Aug 17; 337 (6096): 816-21. https://doi.
org/10.1126/science.1225829 

5.	 Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, 
et al. Multiplex Genome Engineering Using CRISPR/
Cas Systems. Science. 2013 Feb 15; 339 (6121): 819-23. 
https://doi.org/10.1126/science.1231143 

6.	 CRISPR guide [Internet]. Watertown (MA): Addgene; 
[cited 2026 Jan 10]. Available from: https://www.
addgene.org/guides/crispr/ 

7.	 Macias VM, Ohm JR, Rasgon JL. Gene Drive 
for Mosquito Control: Where Did It Come from 
and Where Are We Headed? Int J Environ Res 
Public Health. 2017 Sept 2; 14 (9): 1006. https://doi.
org/10.3390/ijerph14091006 

8.	 Dengue [Internet]. [cited 2025 Nov 7]. Available from: 
https://www.who.int/news-room/fact-sheets/detail/
dengue-and-severe-dengue 

9.	 Shaw WR, Catteruccia F. Vector biology meets disease 

control: using basic research to fight vector-borne 
diseases. Nat Microbiol. 2018 Aug 27; 4 (1): 20-34. 
https://doi.org/10.1038/s41564-018-0214-7 

10.	 Galizi R, Hammond A, Kyrou K, Taxiarchi C, et al. A 
CRISPR-Cas9 sex-ratio distortion system for genetic 
control. Sci Rep. 2016 Aug 3; 6: 31139. https://doi.
org/10.1038/srep31139 

11.	 Dong Y, Simões ML, Marois E, Dimopoulos G. 
CRISPR/Cas9 -mediated gene knockout of Anopheles 
gambiae FREP1 suppresses malaria parasite infection. 
PLoS Pathog. 2018 Mar; 14 (3): e1006898. https://doi.
org/10.1371/journal.ppat.1006898 

12.	 Noble C, Adlam B, Church GM, Esvelt KM, Nowak 
MA. Current CRISPR gene drive systems are likely to 
be highly invasive in wild populations. Elife. 2018 June 
19; 7: e33423. https://doi.org/10.7554/eLife.33423 

13.	 Kyrou K, Hammond AM, Galizi R, Kranjc N, et al. A 
CRISPR-Cas9 gene drive targeting doublesex causes 
complete population suppression in caged Anopheles 
gambiae mosquitoes. Nat Biotechnol. 2018 Nov; 36 
(11): 1062-6. https://doi.org/10.1038/nbt.4245 

14.	 Liu WL, Hsu CW, Chan SP, Yen PS, et al. Transgenic 
refractory Aedes aegypti lines are resistant to multiple 
serotypes of dengue virus. Sci Rep. 2021 Dec 13; 11 
(1): 23865. https://doi.org/10.1038/s41598-021-03229-4 

15.	 Reegan AD, Ceasar SA, Paulraj MG, Al-Dhabi NA. 
Current status of genome editing in vector mosquitoes: 
a review [Internet]. Biosci Trends. 2016; 10 (6): 
424-32. Figure 1: CRISPR-Cas9-mediated genetic 
modifications in mosquitoes [Internet]. [cited 2026 
Jan 10]. Available from: https://www.researchgate.net/
figure/CRISPR-Cas9-mediated-genetic-modifications-
in-mosquitoes-The-f igure-shows-two-kinds-of_
fig1_311737669. https://doi.org/10.5582/bst.2016.01180 

16.	 Reiter LT, Potocki L, Chien S, Gribskov M, Bier E. 
A Systematic Analysis of Human Disease-Associated 
Gene Sequences In Drosophila melanogaster. 
Genome Res. 2001 June 1; 11 (6): 1114-25. https://doi.
org/10.1101/gr.169101 

17.	 Victor Atoki A, Aja PM, Shinkafi TS, Ondari EN, et al. 
Exploring the versatility of Drosophila melanogaster 
as a model organism in biomedical research: a 
comprehensive review. Fly. 2025 Dec 31; 19 (1): 
2420453. https://doi.org/10.1080/19336934.2024.2420453 

18.	 Pandey UB, Nichols CD. Human Disease Models 
in Drosophila melanogaster and the Role of the Fly 
in Therapeutic Drug Discovery. Pharmacological 
Reviews. 2011 June; 63 (2): 411-36. https://doi.org/10. 
1124/pr.110.003293 

19.	 Fernandez-Funez P, De Mena L, Rincon-Limas DE. 
Modeling the complex pathology of Alzheimer's 
disease in Drosophila. Experimental Neurology. 
2015 Dec; 274: 58-71. https://doi.org/10.1016/j.expneu 



Insect Research and CRISPR: Implications for Humanity

January 2026    Vol. 4 No. 1    American Journal of Student Research    www.ajosr.org 438

rol.2015.05.013 
20.	 Demir E. The potential use of Drosophila as an in vivo 

model organism for COVID-19-related research: a 
review. Turk J Biol. 2021 Aug; 45 (4): 559-569. https://
doi.org/10.3906/biy-2104-26 

21.	 Maitra U, Ciesla L. Using Drosophila as a platform for 
drug discovery from natural products in Parkinson's 
disease. Med Chem Commun. 2019; 10 (6): 867-79. 
https://doi.org/10.1039/C9MD00099B 

22.	 Dalton HM, Young NJ, Berman AR, Evans HD, 
Peterson SJ, Patterson KA, Chow CY. A drug 
repurposing screen reveals dopamine signaling as a 
critical pathway underlying potential therapeutics for 
the rare disease DPAGT1-CDG. PLoS Genet. 2024 Oct 
28; 20 (10): e1011458. https://doi.org/10.1371/journal.
pgen.1011458 

23.	 Richhariya S, Shin D, Le JQ, Rosbash M. Dissecting 
neuron-specific functions of circadian genes using 
modified cell-specific CRISPR approaches. Proc Natl 
Acad Sci USA. 2023 July 18; 120 (29): e2303779120. 
https://doi.org/10.1073/pnas.2303779120 

24.	 McGurk L, Berson A, Bonini NM. Drosophila as an 
In Vivo Model for Human Neurodegenerative Disease. 
Genetics. 2015 Oct 1; 201 (2): 377-402. https://doi.
org/10.1534/genetics.115.179457 

25.	 Port F, Strein C, Stricker M, Rauscher B, et al. A 
large-scale resource for tissue-specific CRISPR 
mutagenesis in Drosophila. eLife. 2020 Feb 13; 9: 
e53865. https://doi.org/10.7554/eLife.53865 

26.	 Anzalone AV, Randolph PB, Davis JR, Sousa AA, et 
al. Search-and-replace genome editing without double-
strand breaks or donor DNA. Nature. 2019 Dec 5; 576 
(7785): 149-57. https://doi.org/10.1038/s41586-019-1711-4 

27.	 Gratz SJ, Rubinstein CD, Harrison MM, Wildonger J, 
O'Connor‐Giles KM. CRISPR‐Cas9 Genome Editing 
in Drosophila. CP Molecular Biology [Internet]. 
2015 July [cited 2025 Nov 7]; 111 (1). Available from: 
https://currentprotocols.onlinelibrary.wiley.com/doi/10. 
1002/0471142727.mb3102s111

28.	 Giansanti MG, Frappaolo A, Piergentili R. Drosophila 
melanogaster: How and Why It Became a Model 
Organism. IJMS. 2025 Aug 2; 26 (15): 7485. https://doi.
org/10.3390/ijms26157485 

29.	 Baci GM, Cucu AA, Giurgiu AI, Muscă AS, et al. 
Advances in Editing Silkworms (Bombyx mori) 
Genome by Using the CRISPR-Cas System. Insects. 
2021 Dec 27; 13 (1): 28. https://doi.org/10.3390/insects 
13010028 

30.	 Livraghi L, Martin A, Gibbs M, Braak N, Arif S, 
Breuker CJ. CRISPR/Cas9 as the Key to Unlocking 
the Secrets of Butterfly Wing Pattern Development 
and Its Evolution. In: Advances in Insect Physiology 
[Internet]. Elsevier; 2018 [cited 2025 Nov 7]. p. 85-115. 

Available from: https://linkinghub.elsevier.com/
retrieve/pii/S0065280617300346. https://doi.org/10.10 
16/bs.aiip.2017.11.001 

31.	 Livraghi L, Hanly JJ, Van Bellghem SM, Montejo-
Kovacevich G, et al. Cortex cis-regulatory switches 
establish scale colour identity and pattern diversity in 
Heliconius. eLife. 2021 July 19; 10: e68549. https://doi.
org/10.7554/eLife.68549 

32.	 Kawahara AY, Plotkin D, Espeland M, Meusemann K, 
et al. Phylogenomics reveals the evolutionary timing 
and pattern of butterflies and moths. Proc Natl Acad 
Sci USA. 2019 Nov 5; 116 (45): 22657-63. https://doi.
org/10.1073/pnas.1907847116 

33.	 CRISPR Silkworms Produce Better Silk Fibers- 
Crop Biotech Update (September 27, 2023) | Crop 
Biotech Update - ISAAA.org [Internet]. [cited 2025 
Nov 7]. Available from: https://www.isaaa.org/kc/
cropbiotechupdate/article/default.asp?ID=20437 

34.	 Nguyen TP, Nguyen QV, Nguyen VH, Le TH, et 
al. Silk Fibroin-Based Biomaterials for Biomedical 
Applications: A Review. Polymers (Basel). 2019 Nov 24; 
11 (12): 1933. https://doi.org/10.3390/polym11121933 

35.	 Shabbirahmed AM, Sekar R, Gomez LA, Sekhar MR, 
et al. Recent Developments of Silk-Based Scaffolds 
for Tissue Engineering and Regenerative Medicine 
Applications: A Special Focus on the Advancement of 
3D Printing. Biomimetics (Basel). 2023 Jan 2; 8 (1): 16. 
https://doi.org/10.3390/biomimetics8010016 

36.	 Park EY. From Silkroad to Bioroad-Silkworm 
Biotechnology-. Protein Expression and Purification. 
2025 Oct; 234: 106762. https://doi.org/10.1016/j.pep. 
2025.106762 

37.	 Tatemastu K. Utilization of Transgenic Silkworms 
for Recombinant Protein Production. J Biotechnol 
Biomaterial [Internet]. 2012 [cited 2025 Nov 7];s9(01). 
Available from: https://www.omicsonline.org/utiliza 
tion-of-transgenic-silkworms-for-recombinant-protein-
production-2155-952X.S9-004.php?aid=5373. https://
doi.org/10.4172/2155-952X.S9-004 

38.	 Dudeja C, Mishra A, Ali A, Singh PP, Jaiswal AK. 
Microbial Genome Editing with CRISPR-Cas9: Recent 
Advances and Emerging Applications Across Sectors. 
Fermentation. 2025 July 16; 11 (7): 410. https://doi.org/ 
10.3390/fermentation11070410 

39.	 Fan XB, Mo BT, Li GC, Huang LQ, et al. Mutagenesis 
of the odorant receptor co-receptor (Orco) reveals 
severe olfactory defects in the crop pest moth 
Helicoverpa armigera. BMC Biol. 2022 Sept 30; 20 (1): 
214. https://doi.org/10.1186/s12915-022-01411-2 

40.	 Insects: Types, Characteristics, Classification, and 
Fascinating Facts [Internet]. [cited 2025 Nov 7]. 
Available from: https://animal-pedia.org/insects/ 

41.	 Gilles AF, Schinko JB, Averof M. Efficient CRISPR-



Insect Research and CRISPR: Implications for Humanity

January 2026    Vol. 4 No. 1    American Journal of Student Research    www.ajosr.org 439

mediated gene targeting and transgene replacement in 
the beetle Tribolium castaneum. Development. 2015 
Jan 1; dev.125054. https://doi.org/10.1242/dev.125054 

42.	 Do S, Garcia J, El-Sherif E. Segmenting the Flour 
Beetle: RNAi Probes into Embryonic Gene Function in 
Tribolium castaneum. Research Colloquium [Internet]. 
2025 Sept 19; Available from: https://scholarworks.
utrgv.edu/colloquium/2025/posters/104 

43.	 Liu PZ, Kaufman TC. even-skipped is not a pair-
rule gene but has segmental and gap-like functions 
in Oncopeltus fasciatus , an intermediate germband 
insect. Development. 2005 May 1; 132 (9): 2081-92. 
https://doi.org/10.1242/dev.01807 

44.	 Choe CP, Miller SC, Brown SJ. A pair-rule gene circuit 
defines segments sequentially in the short-germ insect 
Tribolium castaneum. Proc Natl Acad Sci USA. 2006 
Apr 25; 103 (17): 6560-4. https://doi.org/10.1073/pnas. 
0510440103 

45.	 Morita S, Sakura K, Gotoh H, Emlen DJ, Niimi T. 
Recent advances in understanding horn formation in 
the Japanese rhinoceros beetle Trypoxylus dichotomus 
using next-generation sequencing technology. Current 
Opinion in Insect Science. 2022 June; 51: 100901. 
https://doi.org/10.1016/j.cois.2022.100901 

46.	 Shelby JA, Madewell R, Moczek AP. Juvenile 
hormone mediates sexual dimorphism in horned 
beetles. J Exp Zool Pt B. 2007 July 15; 308B (4): 417-
27. https://doi.org/10.1002/jez.b.21165 

47.	 Kadoić Balaško M, Mikac KM, Bažok R, Lemic 
D. Modern Techniques in Colorado Potato Beetle 
(Leptinotarsa decemlineata Say) Control and 
Resistance Management: History Review and Future 
Perspectives. Insects. 2020 Sept 1; 11 (9): 581. https://
doi.org/10.3390/insects11090581 

48.	 Hafeez M, Li X, Ullah F, Zhang Z, et al. Down-
Regulation of P450 Genes Enhances Susceptibility to 
Indoxacarb and Alters Physiology and Development of 
Fall Armyworm, Spodoptera frugipreda (Lepidoptera: 
Noctuidae). Front Physiol. 2022 May 9; 13: 884447. 
https://doi.org/10.3389/fphys.2022.884447 

49.	 Scalet JM, Sprouse PA, Schroeder JD, Dittmer N, 
Kramer KJ, Kanost MR, et al. Temporal changes in 
the physical and mechanical properties of beetle elytra 
during maturation. Acta Biomaterialia. 2022 Oct; 151: 
457-67. https://doi.org/10.1016/j.actbio.2022.07.059 

50.	 Study discovers how beetle shells harden [Internet]. 
[cited 2025 Nov 7]. Available from: https://phys.org/
news/2005-08-beetle-shells-harden.html#google_
vignette 

51.	 Markley HC, Helms KJ, Maar M, Zentner GE, Wade 
MJ, Zelhof AC. Generating and testing the efficacy of 
reagents for CRISPR/Cas9 homology directed repair-
based manipulations in Tribolium. J Insect Sci. 2024 
July 1; 24 (4): 15. https://doi.org/10.1093/jisesa/ieae082 

52.	 Shirai Y, Piulachs MD, Belles X, Daimon T. DIPA-
CRISPR is a simple and accessible method for insect 
gene editing. Cell Reports Methods. 2022 May; 2 (5): 
100215. https://doi.org/10.1016/j.crmeth.2022.100215 

53.	 Salvesen HA, Dearden PK. Genome editing in 
hymenoptera. Insect Biochemistry and Molecular 
Biology. 2025 May; 180: 104300. https://doi.org/10. 
1016/j.ibmb.2025.104300 

54.	 Honey Bees | USDA [Internet]. [cited 2025 Nov 7]. 
Available from: https://www.usda.gov/about-usda/gene 
ral-information/initiatives-and-highlighted-programs/
peoples-garden/importance-pollinators/honey-bees 

55.	 Grozinger CM, Robinson GE. The power and promise 
of applying genomics to honey bee health. Current 
Opinion in Insect Science. 2015 Aug; 10: 124-32. 
https://doi.org/10.1016/j.cois.2015.03.007 

56.	 Noël A, Le Conte Y, Mondet F. Varroa destructor: how 
does it harm Apis mellifera honey bees and what can 
be done about it? Scott-Brown A, Koch H, editors. 
Emerging Topics in Life Sciences. 2020 July 2; 4 (1): 
45-57. https://doi.org/10.1042/ETLS20190125 

57.	 Pan L‐X, Li M, Zhao F‐Y, Cheng F‐P, Wang Z‐L. 
Amsp3 may act upstream of Amdnmt3 in female caste 
differentiation in the honeybee (Apis mellifera). Insect 
Molecular Biology. 2021 Oct; 30 (5): 532-40. (accessed 
on 2025-11-07). https://doi.org/10.1111/imb.12723 

58.	 Paoli M, Galizia GC. Olfactory coding in honeybees. 
Cell Tissue Res. 2021 Jan; 383 (1): 35-58. https://doi.
org/10.1007/s00441-020-03385-5 

59.	 Zhang X, Singh A, Soriano Martinez K, Ferree PM. 
Direct Parental (DIPA) CRISPR in the jewel wasp, 
Nasonia vitripennis. Birchler J, editor. G3: Genes, 
Genomes, Genetics. 2024 July 8; 14 (7): jkae095. 
https://doi.org/10.1093/g3journal/jkae095 

60.	 Yan H, Opachaloemphan C, Mancini G, Yang H, et 
al. An Engineered orco Mutation Produces Aberrant 
Social Behavior and Defective Neural Development in 
Ants. Cell. 2017 Aug; 170 (4): 736-747.e9. https://doi.
org/10.1016/j.cell.2017.06.051 

61.	 Liu Y, Champer SE, Haller BC, Champer J. Modeling 
control of invasive fire ants by gene drive [Internet]. 
Ecology. Available from: http://biorxiv.org/lookup/
doi/10.1101/2025.03.04.641467 (accessed on 2025-11-
07) https://doi.org/10.1101/2025.03.04.641467


