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              The increasing prevalence of aging diseases, particularly 

neurodegenerative diseases, has profoundly affected the lives of diseased 

individuals and their families. Researchers have employed model organisms 

to mimic the disease and look into possible cures in order to better understand 

these conditions and create efficient treatments. While mammalian models 

exhibit similarities to humans, insects are frequently favored due to their 

abbreviated lifespans and reduced ethical considerations. The application of 

sequence analysis and comparative genomics to identify human disease 

genes within insect model organisms has the potential to expedite research 

and pharmaceutical development. The ongoing enhancement of specialized 

protein databases, in conjunction with advanced computational tools, has 

augmented the precision and dependability of protein function prediction. By 

reviewing various studies and articles on insect modelling, this review 

discusses the use of insects as model organisms for studying 

neurodegenerative diseases with their potential benefits, current 

developments in protein function prediction, and their implications for 

accelerating research and drug development in human diseases. 

 
 

    INTRODUCTION 

 

             Current projections indicate that the average human lifespan is approximately 80 

years in most countries, with this figure on an upward trajectory (Vincent, 2023). By 2050, 

it is anticipated that the elderly population will constitute 21% of the global demographic 

(Ali, A. M., & Kunugi, H. 2020 b). This significant increase in the aging population 

correlates with a heightened prevalence of neurodegenerative diseases. Recognized 

neurodegenerative disorders include Alzheimer's disease (AD), Parkinson's disease (PD), 

and Huntington's disease (HD) (Checkoway et al., 2011). These conditions result from a 

progressive decline in brain function due to the gradual neuronal death, adversely impacting 

the quality of life for patients and their families both socially and economically (Batista, P., 

& Pereira, A. 2016). A comprehensive understanding of the molecular and cellular 

mechanisms underlying neurodegeneration is essential for identifying novel therapeutic 

targets and developing effective strategies to combat these diseases. One of the most 

promising outcomes of genome sequencing projects is the enhanced understanding of human 
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diseases and the development of new therapies. The genomes of model organisms have been 

sequenced alongside human genomes, providing valuable tools for investigating human gene 

function. Many genes in insect model organisms share common ancestry and function with 

human genes, particularly orthologous genes. The whole genome sequencing of Drosophila 

melanogaster (fruit fly) marked a significant milestone (Adams et al., 2000). Currently, 

hundreds of insect genomes from various orders have been identified, with ongoing 

advancements in genome assemblies and annotations (Li et al., 2019). Progress in 

bioinformatics has facilitated the management of vast data sets, playing a crucial role in 

genome assembly and annotation. The availability of multiple insect genomes offers 

exceptional potential for comparative genomics among insects and between insects and 

humans, leading to a wealth of information on organismal biology (Roy, S. 2013). 

               Relevant studies were identified through systematic searches conducted between 

January 2010 and August 2025 using PubMed and Google Scholar. The search combined 

terms related to neurodegenerative diseases (“neurodegenerative disease” OR “Alzheimer’s 

disease” OR “Parkinson’s disease” OR “Huntington’s disease”) with insect model keywords 

(“Drosophila melanogaster” OR “fruit fly” OR “Bombyx mori” OR “silkworm” OR “Apis 

mellifera” OR “honeybee” OR “Tribolium castaneum” OR “red flour beetle”). Boolean 

operators (AND/OR) were used to combine terms. Studies were included if they (1) involved 

experimental or computational work using insect models to investigate molecular, genetic, 

or phenotypic aspects of neurodegenerative diseases, or (2) evaluated relevant analytical 

tools or genetic manipulations. Exclusion criteria were review papers, non-English articles, 

conference abstracts, and studies not directly addressing ND mechanisms. 

              Screening was performed in two stages: title/abstract screening followed by full-

text review. Reference lists of included articles were also manually searched to capture 

additional relevant studies. Data extraction emphasized study design, target genes, 

experimental assays, and quantitative outcomes when available. 

Neurodegenerative Diseases: 

              Neurodegenerative diseases (NDs) are caused by a progressive decline in brain 

function as a result of gradual neuronal death resulting from protein misfolding as tau 

protein, which has a neurotoxic effect on Alzheimer’s disease. When these toxic proteins 

exceed the cell capacity to dispose of them or escape cell quality control, they cause diseases 

(Pandey, U. B., & Nichols, C. D. 2011). They are incurable, cause problems with movement 

and mental functioning, affect a person's ability to move, speak, and breathe, and may lead 

to death. Current treatments for neurodegenerative diseases are largely symptomatic and 

provide only limited relief, failing to address the underlying disease mechanisms or halt the 

progressive neuronal loss (Tello, 2022). NDs severely affect the social and economic quality 

of life of patients and their families (Chekani, F., et al., 2016). 

             Some NDs are caused by inherited gene mutations from one or both parents, such as 

HD and AD, but most result from a combination of genetic and environmental factors, such 

as PD. The research approach of NDs is divided into two main areas: With no treatment, one 

group of scientists is dedicated to discovering a cure or at least developing or repurposing 

drugs that can slow down symptoms or halt the progression of the disease, and research is 

being conducted to better understand the prevention and treatment of these diseases. 

Meanwhile, another group is focused on creating tools to identify the earliest and most subtle 

indicators of the disease as different mutations on genetic or proteomic levels (Al-Ayari, E. 

A., et al., 2023). 

Alzheimer’s Disease: 

            Alzheimer’s disease became the seventh leading cause of death worldwide after 

COVID-19 entered the ranks of the top ten causes of death, as mentioned by the World 

Health Organization (WHO), due to pneumonia or other immobility complications (Better, 
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M. A., 2023). Therefore, it is considered the most frightful and debilitating neurological 

disorder. Its main key features are the abnormal accumulation of beta-amyloid protein 

forming plaques in the spaces surrounding synapses and microtubule-associated protein (tau) 

in the cell bodies of neurons (Ali, A. M., & Kunugi, H. 2020 b; Alvarez-Mora et al., 2022; 

el Tallawy et al., 2019). Reductions occur in the indicators of several neurotransmitters, 

including acetylcholine and glutamate, which allow cells to communicate with one another.  

Clinical symptoms result from damage to these brain networks, which are essential for 

learning, attention, memory, and higher cognitive capacities (Ali, A. M., & Kunugi, H. 2020 

b). Acetylcholine aids in learning and short-term memory.  Because plaques raise 

acetylcholinesterase activity, which breaks down ACh, they lower ACh levels in AD 

patients.  Glutamate aids with memory and learning.  Glutamate is released in excess by 

dying brain cells in AD patients, which overstimulates healthy brain cells and damages or 

kills them. 

              According to Alvarez-Mora et al. (2022), there are two types of the disease: early 

onset familial AD (EOAD), which affects individuals between the ages of 30 and 65 and is 

linked to three autosomal dominant inheritance genes: amyloid precursor protein (APP), 

presenilin 1, and two genes (PSEN1 and PSEN2).  Late-onset AD (LOAD), which develops 

after the age of 60 and is linked to a single gene, the Apolipoprotein E (APOE) gene, is the 

second most prevalent sporadic form of AD.  Interestingly, APOE ɐ3 has a more neutral 

effect on risk than the ɐ4 variant. This gene includes apolipoprotein E, which transports 

cholesterol in the central nervous system (CNS) and influences amyloid β aggregation and 

clearance in the brain (Alvarez-Mora et al., 2022; El-Metwally et al., 2019; Kloske et al., 

2021). Furthermore, a cell surface receptor on microglia (immune cells in the brain) is 

encoded by the triggering receptor expressed on the myeloid cell 2 gene (TREM2), which 

also plays a role in the microglial response to amyloid plaques that characterize AD.  

Microglia respond less to plaques when TREM2 function is lost, and they then seem to be 

in a more hazardous state.   The distribution of neurofibrillary tangles and plaque density is 

observed to influence the occurrence or susceptibility to AD in neuropathological diagnosis. 

While tangles originating from mutations in the microtubule-associated protein tau (MAPT) 

gene have not been genetically linked to AD, Aβ is the main component of plaques, and the 

component most closely associated with AD is Aβ 42, which is derived from the APP gene. 

The following link illustrates a continuous update of AD genes, mutations, and risk factors: 

https://www.alzforum.org/ (Kloske et al., 2021). 

Parkinson’s Disease: 

               Nearly 1.5 million Americans and over 6.3 million people worldwide suffer from 

Parkinson's disease (Ali, A. M., & Kunugi, H. 2020 a). It accounts for approximately 2% of 

the world’s population. In addition to impairments in motor movements, such as resting 

tremors, rigidity, bradykinesia, and postural instability. Parkinson's disease can also lead to 

changes in non-motor brain functions, including mood disorders, rapid eye movement sleep 

behavior disorder (RBD), hyposmia, and constipation (Guadagnolo et al., 2021). This is due 

to the death of dopamine-producing cells in the midbrain, a part of the brain known as the 

substantia nigra pars compacta. A considerable number (~40%) of neurons must be lost 

before symptoms occur. The Hoehn and Yahr scale is widely used to assess PD patients 

according to five disease stages, which range from only unilateral involvement in stage I to 

wheelchair or bed-bound involvement in stage V. Evidence indicates that the loss of 

dopaminergic neurons in the substantia nigra pars compacta in patients with PD occurs 

primarily in stage III (Ali, A. M., & Kunugi, H. 2020 a; Carrarini et al., 2019). 

              Similar to AD, PD is a proteinopathy in which the toxic aggregation of 

characteristic proteins in specific areas of the brain is the main diagnostic hallmark. α-

Synuclein is a major contributor to neuronal death in PD, which can be found in enteric 
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nerves and enteroendocrine cells of PD patients (Ali, A. M., & Kunugi, H. 2020 a). In 

general, there is a complex combination of multiple genetic risks and protective factors, 

including smoking, nicotine, caffeine, nonsteroidal anti-inflammatory drugs, omega-3 fatty 

acids, and hormone replacement therapy, with environmental factors developing the disease 

at a given point in life. Apart from the PD genes, PARK2 (E3 ubiquitin ligase complex) and 

PINK1 (phosphatase and tensin homolog-induced kinase 1) are specific to it, whereas all 

other genes, LRRK2 (leucine-rich repeat kinase 2), PARK7 (Parkinsonism Associated 

Deglycase), and SNCA (alpha-synuclein), are associated with more than one clinical 

diagnosis of AD, where PD has an infrequent monogenic component (Cruts et al., 2012). 

Knowledge of monogenic mutations that lead to neurodegenerative diseases is important. 

Clinical genetic counseling will help to develop efficient diagnostic screening protocols to 

support or specify a clinical diagnosis.  

Huntington’s Disease: 

              Huntington's disease is among the most prevalent inherited brain disorders in the 

world. It affects approximately 30,000 Americans and places 200,000 people at risk (Brown, 

D. G., & Wobst, H. J. 2023). It exhibits important characteristics of aberrant protein 

aggregation in the brain cortex, which is the hub for cognition, perception, and memory, as 

well as the basal ganglia, which regulate coordination. Death frequently results from heart 

failure, pneumonia, or other complications. Cognitive decline and movement disorders, such 

as chorea and loss of coordination, are hallmarks of Huntington's disease, an autosomal 

dominant disorder. The motor defects are caused by an expanded triplet repeat CAG in the 

HTT gene that codes for an abnormal version of the huntingtin protein with a toxic function 

(El-Jaafary et al., 2020; McColgan, P., & Tabrizi, S. J. 2018). Huntington's disease 

symptoms can start as early as age 2 or as late as age 80, but they typically manifest between 

the ages of 30 and 50. Psychiatric, cognitive, and motor abnormalities are symptoms of 

Huntington's disease. Unintentional weight loss, sleep and circadian rhythm abnormalities, 

and autonomic nervous system dysfunction are some of the other less well-known but 

common and frequently incapacitating symptoms of HD (McColgan, P., & Tabrizi, S. J. 

2018). It is frequently hard to diagnose, which makes it hard to manage, particularly in 

nations where a large proportion of marriages are between relatives (El-Jaafary et al., 2020). 

Insects as Model Organisms: 

               By increasing the human lifespan, aging-related research has also increased, using 

different model organisms to mimic human diseases. Despite the inability to mimic all the 

disease symptoms under study, they are phylogenetically distant from humans. In contrast 

to vertebrate models, which have numerous drawbacks, including long generation times that 

range from 8 to 10 years for the grey mouse lemur, a commonly used non-human primate 

model of aging (Lacreuse, A., & Herndon, J. G., 2008), low fecundity and few offspring, 

high housing costs, and ethical permissions, insects are favored due to their global 

distribution, meaning that the number of species of insects is greater than any other group. 

In the world, some 900 thousand different kinds of living insects are known. This represents 

approximately 80 percent of the world's species (May RM, 1988), comparatively low rearing 

costs, and high fecundity that allows high-throughput screening. For insects, especially fruit 

flies and other social insects that are fully identified and have available mutant stocks; their 

small size means small breeding sites, short generation time with high fecundity, short 

lifespan investigations, homology between insects and humans, Table 1 and the presence of 

thousands of mutants for human disease-causing genes, as in fruit flies, make them good 

models for neurodegenerative disease research (Haleem H. F. & Grace B. D., 2019). 
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Table 1: Homologous neurodegenerative disease genes between insects and humans 

(Adamski et al., 2019; McGurk et al., 2015; Song et al., 2017; Tabunoki et al., 2013; 

Tabunoki et al., 2016), most of which are found in Drosophila melanogaster, and a 

little in Tribolium castaneum and Bombyx mori. Therefore, further studies on other 

insect models are needed to investigate other pathways to find innovative cures. 

Disease/Gene Insect Model References 

Alzheimer's disease  McGurk et al. (2015) 

 APP Drosophila melanogaster 

A-beta peptide Drosophila melanogaster 

PSEN 1 and 2 Drosophila melanogaster 

MAPT (Tau) Drosophila melanogaster 

PSEN 1 and 2 Tribolium castaneum Al-Ayari, E. A., et al. (2023) 

PSEN 1 and 2 Bombyx mori 

APP Apis mellifera 

Huntington's disease  McGurk et al. (2015) 

PolyQ domains Drosophila melanogaster 

SCA1 Drosophila melanogaster 

SCA2/(ALS) Drosophila melanogaster 

SCA3/MJD Drosophila melanogaster 

SCA7 Drosophila melanogaster 

SCA8 Drosophila melanogaster 

SCA17 Drosophila melanogaster 

VCPl Tribolium castaneum Al-Ayari, E. A., et al. (2023) 

 HTT Apis mellifera 

UBQLN2 Apis mellifera 

DMBK Apis mellifera 

VPS35 Bombyx mori 

UCHL1 Bombyx mori 

Parkinson's disease  McGurk et al. (2015) 

LRRK2 Drosophila melanogaster 

Parkin (loss of function) Drosophila melanogaster 

Pink1 (loss of function) Drosophila melanogaster 

SNCA (α-synuclein) Drosophila melanogaster 

AUX Drosophila melanogaster Song et al. (2017) 

TcPINK1 Tribolium castaneum Adamski et al. (2019) 

PARK7/DJ-1 Bombyx mori Tabunoki et al. (2013) 

GAK Tribolium castaneum Al-Ayari, E. A., et al. (2023) 

 HTRA2 Tribolium castaneum 

LRRK2 Tribolium castaneum 

EIF4G1 Tribolium castaneum 

 
              Over the years, the number of sequenced insect genomes has greatly increased, 

starting from Drosophila melanogaster, Apis mellifera, Tribolium castaneum, Galleria 

mellonella, Bombyx mori, Periplaneta americana, Anopheles gambiae, and Locusta 

migratoria Table 2. Also, the provided tools and databases that contain different types of 

insect data increase to cope with the current situation of continuous work on these insect 

models as shown in Table 3. All of that enables us to further speed progress toward finding 

a cure for NDs such as AD, HD, and PD (Adamski et al., 2019). 
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Table 2: Updated total number of genes and proteins in four different insect orders and their 

insect sequence lengths in May 2025. 

Order Insect 
Chromosome 

no. 
 

No. of 
genes 

No. of 
protein-
coding 

GC 
content 

Genome 
size (Mb) 

Release 
date 

Link 

 
Common 

name 
Scientific 

name 
      

 

Diptera 
 
 
 
 
 

Fruit fly 
 
 

Drosophila  
Melanogaster 

 
 

7 17872 13962 42 143.7 8/1/2014 

https://www.ncbi.n
lm.nih.gov/data-

hub/genome/GCF_
000001215.4/ 

 

Mosquito 
 
 

Anopheles 
gambiae 

 

3 15165 12519 44.5 264.5 9/9/2022 

https://www.ncbi.n
lm.nih.gov/dataset
s/genome/GCF_94

3734735.2/ 

Lepidoptera 
 
 
 

Silkworm 
 
 
 

Bombyx  
Mori 

 
 

29 18210 13459 38.5 461.7 6/7/2023 

https://www.ncbi.n
lm.nih.gov/dataset
s/genome/GCF_03

0269925.1/ 

 

Coleoptera 
 
 
 

Flour 
beetle 

 
 

Tribolium 
castaneum 

 
 

11 15518 12172 31.5 241.8 14/9/2023 

https://www.ncbi.n
lm.nih.gov/dataset
s/genome/GCF_03

1307605.1/ 

 

Hymenoptera 
 
 
 

Honeybee 
 
 
 

Apis 
 Mellifera 

 
 

16 12398 9935 32.5 225.2 9/13/2018 

https://www.ncbi.n
lm.nih.gov/data-

hub/genome/GCF_
003254395.2/ 

 

 

              Based on nearly five decades of basic research in a few model systems, most 

animals are quite similar, especially at the cellular and molecular level (Batista, P., & Pereira, 

A. 2016). According to Ugur et al. (2016), decision-making centers in the brains of mammals 

and insects evolved separately but have many similarities. These findings could aid in the 

understanding of many neurodegenerative diseases. The central complex in arthropods and 

the basal ganglia in vertebrates are very similar; the central complex mediates the selection 

and maintenance of behavioral actions. Thus, severe mental health issues ranging from 

autism to neurodegenerative diseases, dementia, and attention deficits can result from basal 

ganglia dysfunction. Also, arthropod mushroom bodies and vertebrate hippocampuses serve 

comparable purposes. Insects' malfunctioning brains provide insights into human brain 

disorders (Strausfeld, N. J., & Hirth, F. 2013). Refer to Figure 3. 
 

https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_000001215.4/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_000001215.4/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_000001215.4/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_000001215.4/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_943734735.2/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_943734735.2/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_943734735.2/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_943734735.2/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_030269925.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_030269925.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_030269925.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_030269925.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_031307605.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_031307605.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_031307605.1/
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_031307605.1/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_003254395.2/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_003254395.2/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_003254395.2/
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_003254395.2/
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Fig. 3: Structural and functional similarities between human and fruit fly brains. The central 

complex in fruit flies parallels the basal ganglia in humans in dark grey, and the mushroom 

bodies in fruit flies parallel the hippocampus in humans in pink color. Created with 

BioRender.com 

 

Table 3: Insects databases and tools accessed in May 2025. 

Name 
Description URL 

address 
Notes 

References 

ANOBASE: 

Anopheles 

gambiae 

http://www.anobase.o

rg/ 

A database contains genomic and 

biological data about anopheline 

mosquitoes 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Aphidbase http://www.aphidbas

e.com/aphidbase/ 

AphidBase is a reference information 

system providing genomic resources for 

the study of aphids. And a bioinformatics 

platform for agrosystem arthropods. 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

BDGP: Berkeley 

Drosophila 

Genome Project 

http://www.fruitfly.or

g/ 

This project aims to present up-to-date 

information about the annotated 

sequence to the research community and 

develop informatics tools that support 

the experimental process. 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Butterflies and 

Moths of North 

America 

http://www.butterflie

sandmoths.org 

It shares species information and 

occurrence data of butterflies, moths, 

and caterpillars. 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

CAPS http://pest.ceris.purdu

e.edu/ 

It curates many details on invasive 

insects and diseases. Last update: 2021 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Caterpillars: 

Australian region 

http://lepidoptera.butt

erflyhouse.com.au/ 

It describes biology, behaviour, 

distribution, life histories, and images of 

Australian Lepidoptera species 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Drosophila 

Immune 

Response 

http://www.fruitfly.or

g/expression/immunit

y/ 

Preview only (Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Drosophila 

Interaction 

Database 

(CuraGen) 

http://www.droidb.or

g/Index.jsp  

Assembled gene and protein interaction 

data from a variety of sources. last 

updated 29 August 2018 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

Drosophila 

Species 

Genomes 

http://insects.eugenes

.org/DroSpeGe/ 

A comparative database of Drosophila 

species. 2019-April: Now archived at 

Jetstream-cloud.org 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

http://www.anobase.org/
http://www.anobase.org/
http://www.aphidbase.com/aphidbase/
http://www.aphidbase.com/aphidbase/
http://www.fruitfly.org/
http://www.fruitfly.org/
http://www.butterfliesandmoths.org/
http://www.butterfliesandmoths.org/
http://pest.ceris.purdue.edu/
http://pest.ceris.purdue.edu/
http://lepidoptera.butterflyhouse.com.au/
http://lepidoptera.butterflyhouse.com.au/
http://www.fruitfly.org/expression/immunity/
http://www.fruitfly.org/expression/immunity/
http://www.fruitfly.org/expression/immunity/
http://www.droidb.org/Index.jsp
http://www.droidb.org/Index.jsp
http://insects.eugenes.org/DroSpeGe/
http://insects.eugenes.org/DroSpeGe/
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East Asian 

Distribution 

Center 

https://shigen.nig.ac.j

p/fly/nigfly/  

It provides antisera to segmentation gene 

proteins 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

FlyExpress http://flyexpress.net/  An online platform for biological 

discovery. It contains a digital library of 

standardised images from BDGP, Fly-

FISH, and peer-reviewed publications 

capturing the spatial expression of 

thousands of genes at different 

developmental stages in Drosophila 

melanogaster 

(Chilana, P., Sharma, 

A., & Rai, A. 2012) 

FlyMine http://www.flymine.o

rg 

An integrated database for Drosophila 

melanogaster  and Anopheles spp. 

Genomics 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

Gene Disruption 

Project P-Screen 

Database 

http://flypush.imgen.

bcm.tmc.edu/pscreen 

A searchable database of gene disruption 

strains 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

Hymenoptera 

Genome 

Database 

http://hymenopterage

nome.org/ 

A genome informatics resource that 

supports the research of insects of the 

order Hymenoptera and provides tools 

for data mining (HymenopteraMine), 

sequence searching (BLAST), genome 

browsing (JBrowse), genome annotation 

(Apollo), and data download. 

(Chilana, P., Sharma, 

A., & Rai, A. 2012) 

i5k 

Workspace@NA

L 

https://i5k.nal.usda.g

ov/  

Workspace strives to facilitate public 

data access, visualization, and 

community curation across arthropod 

species 

(Poelchau MF, et al., 

2018) 

iBeetle http://ibeetle-

base.uni-

goettingen.de/ 

A database dedicated to sequences, 

phenotype information, RNAi, and 

homologs of Tribolium castaneum 

(Hakeemi et al., 

2022; Schmitt-Engel 

et al., 2015) 

Insect protein 

Domain Analysis 

http://bioinf.ibun.unal

.edu.co/insecta/ 

Preview only (Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

KSU Tribolium 

Genetics 

Program 

http://www.ksu.edu/tr

ibolium/ 

Preview only (Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

modENCODE http://www.modenco

de.org 

The tool identifies all of the sequence-

based functional elements in the 

Caenorhabditis elegans and Drosophila 

melanogaster genomes 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

Pherobase - 

database 

http://www.pherobas

e.com/ 

Database of pheromones and 

semiochemicals 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

REDfly http://redfly.ccr.buffa

lo.edu/  

A curated collection of known insect 

transcriptional cis-regulatory modules 

(CRMs), cis-regulatory module 

segments (CRMsegs), predicted cis-

regulatory modules (pCRMs), and 

transcription factor binding sites 

(TFBSs). 

(Chilana, P., Sharma, 

A., & Rai, A. 2012) 

The California 

beetle databases 

http://www.sbcollecti

ons.org/cbp/cbp_db_i

nformatics.aspx 

A database contains nearly 150,000 

records of beetle species in California, 

including collection and literature 

records 

(Habeeb, S.K.M, & 

Raman 

Chandrasekear. 2014) 

https://shigen.nig.ac.jp/fly/nigfly/
https://shigen.nig.ac.jp/fly/nigfly/
http://flyexpress.net/
http://www.flymine.org/
http://www.flymine.org/
http://flypush.imgen.bcm.tmc.edu/pscreen
http://flypush.imgen.bcm.tmc.edu/pscreen
http://hymenopteragenome.org/
http://hymenopteragenome.org/
https://i5k.nal.usda.gov/
https://i5k.nal.usda.gov/
http://ibeetle-base.uni-goettingen.de/
http://ibeetle-base.uni-goettingen.de/
http://ibeetle-base.uni-goettingen.de/
http://bioinf.ibun.unal.edu.co/insecta/
http://bioinf.ibun.unal.edu.co/insecta/
http://www.ksu.edu/tribolium/
http://www.ksu.edu/tribolium/
http://www.modencode.org/
http://www.modencode.org/
http://www.pherobase.com/
http://www.pherobase.com/
http://redfly.ccr.buffalo.edu/
http://redfly.ccr.buffalo.edu/
http://www.sbcollections.org/cbp/cbp_db_informatics.aspx
http://www.sbcollections.org/cbp/cbp_db_informatics.aspx
http://www.sbcollections.org/cbp/cbp_db_informatics.aspx
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Thermofisher 

Arrays 

https://www.thermofi

sher.com/eg/en/home

/life-

science/microarray-

analysis.html 

It provides innovative products, tools, 

and resources that help advance the work 

of researchers via microarray analysis 

(Pandey, U. B., & 

Nichols, C. D. 2011) 

 

VectorBase https://vectorbase.org

/vectorbase/app/  

It contains genome information for three 

mosquito species: Aedes aegypti, 

Anopheles gambiae, and Culex 

quinquefasciatus 

(Chilana, P., Sharma, 

A., & Rai, A. 2012) 

 
Fruit Fly (Drosophila melanogaster): 

              Drosophila melanogaster, a dipteran insect, was first used as a genetic model in 

1900 by Woodworth (Munkácsy, E., & Pickering, A. M. 2021). Drosophila melanogaster 

has a short life cycle, and it provides fast and simple gene manipulation because of its smaller 

genome (1.2 x 108 bp) compared to humans (3.3 x 109 bp), probably a million-fold fewer 

neurons in flies, a small number of genes, and a complex nervous system that shares 

similarities with vertebrate brains (McGurk et al., 2015). According to Pandey and Nichols 

(2011), this fly has functional homologs for nearly 75% of human disease-causing genes. 

Additionally, the fly has highly conserved disease pathways that help us better understand 

neurological diseases. By using it at various stages as a model that exhibits a notable 

response to numerous medications that act on the mammalian central nervous system, it 

offers a new tool for drug discovery to overcome existing limitations. nervous system (CNS) 

instead of differences in the fly brain (Ugur et al., 2016). Interestingly, as shown in Table 4, 

fruit flies can express or model different phenotypes of induced AD, PD, or HD (Munkácsy, 

E., & Pickering, A. M. 2021; Pandey, U. B., & Nichols, C. D. 2011; Ugur et al., 2016). For 

Alzheimer’s, it is one of the best models according to the average protein identity percentage 

of disease proteins (Al-Ayari, E. A., et al., 2023). Drosophila melanogaster and other models 

can be used in three ways to investigate human diseases: First, reverse genetics is used to 

study the phenotypes of human genes in flies by causing mutations in these fly homologs. 

According to second-forward genetics, the animals are screened for a specific phenotype, 

and mutations are introduced at random. Mutations can be generated by radiation, chemicals 

[e.g., alcohol], transposons, knockdown techniques, or even inbreeding. The third diagnostic 

strategy includes initiatives designed to identify human disease-causing genes by sequencing 

the whole exome or genome of patients and their parents to determine the causative gene 

variant in which three or fewer individuals are assessed (Song et al., 2017; Ugur et al., 2016). 

               The reduced complexity and ease of studying the nervous system of D. 

melanogaster allows for in-depth evaluation of the functions of genes and neural networks. 

Therefore, D. melanogaster has been used more and more over the past 20 years to model 

neurological dysfunction, such as neurodegeneration, epilepsy, dementia, and other brain 

diseases, enabling researchers to create novel treatment approaches (Ugur et al., 2016). It 

also allows the identification of genetic modifiers (suppressors or enhancers) that affect 

degeneration caused by polyQ; for example, (dHDJ, dtpr2, MLF1, QBP1) “homologs to 

human” suppress the pathogenesis of polyQ, including AD. Geldanamycin, an “inhibitor of 

Hsp90,” suppresses PD. The SAHA “HDAC inhibitor,” cystamine, and Congo red 

“aggregation inhibitor” reduced the pathology of HD (Batista, P., & Pereira, A. 2016). Also, 

Expression of human α-synuclein (A53T mutant) in Drosophila dopaminergic neurons leads 

to a ~60% reduction in climbing ability by day 20 post-eclosion compared to controls (p < 

0.001) (Pesah Y, et al., 2005). 

 

 

 

https://www.thermofisher.com/eg/en/home/life-science/microarray-analysis.html
https://www.thermofisher.com/eg/en/home/life-science/microarray-analysis.html
https://www.thermofisher.com/eg/en/home/life-science/microarray-analysis.html
https://www.thermofisher.com/eg/en/home/life-science/microarray-analysis.html
https://www.thermofisher.com/eg/en/home/life-science/microarray-analysis.html
https://vectorbase.org/vectorbase/app/
https://vectorbase.org/vectorbase/app/
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Table 4: Phenotypic characteristics of D. melanogaster as a model for human AD, PD, HD 

(Pandey, U. B., & Nichols, C. D. 2011). 

Diseases/Gene Animal Phenotypes 

Alzheimer’s Disease   

Amyloid protein D. melanogaster Eye degeneration, accumulation of amyloid 
plaques, reduced life span, locomotor 
defect, and vacuolation of the brain. 
(Luheshi LM, et al., 2007)  

Presenilin D. melanogaster Pupal lethality, dorsoscutellar bristle 
duplications, wing notching, and wing vein 
defects. (Seidner GA, et al., 2006) 

Tau D. melanogaster Eye degeneration, disruption of the 
microtubular network at presynaptic nerve 
terminals, axonal degeneration, 
neuromuscular junctions, and 
morphological defects. (Chen X, et al., 
2007) 

Parkinson’s Disease   

α-Synuclein D. melanogaster Age-dependent loss of dopaminergic 
neurons and progressive climbing defect. 
(Pesah Y, et al., 2005) 

Parkin and Pink D. melanogaster Dopaminergic neuron loss, age-dependent 
motor deficits, reduced lifespan, locomotor 
defects, male sterility, and mitochondrial 
pathology. (Xi Y, et al., 2010) 

Huntington’s disease   

Triplet repeat 
expansion 

D. melanogaster Axonal transport defect, lethality, 
neurodegeneration, and behavioral and 
electrophysiological defects. (Romero E, et 
al., 2008) 

 

Red Flour Beetle (Tribolium castaneum): 

               Beetles are the largest insect order, with Tribolium castaneum being the first 

species to have a completely sequenced genome in 2008. They have survived major disasters 

and many mass extinctions over 300 million years of history and still represent 25% of all 

known animals. One-third of the genome consists of repetitive sequences. The unassembled 

regions in T. castaneum are thought to be heterochromatin with highly repetitive sequences. 

Although T. castaneum has more conserved genes than other insects, it also has more non-

conserved genes. Because T. castaneum has more olfactory receptor ORs and detoxification 

genes than D. melanogaster and other insects, it may be better adapted to its environment 

(Li et al., 2019). Instead of being economically important, it is a stored-grain beetle. T. 

castaneum exhibits some developmental mechanisms that are more representative and 

similar to those found in mammals.  As a result, T. castaneum is among the best genetic 

models for post-genomic research, including functional genomics and proteomics, which 

refer to the ability of genetic crosses to effectively screen for and knock down particular 

gene products in any tissue.  It is believed that early-onset hereditary Parkinson's disease is 

caused by missense mutations in the human protein kinase (hPINK1) gene.  Despite several 
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structural variations from hPINK1, the T. castaneum beetle's TcPINK1 protein shows 

catalytic activity toward ubiquitin, Parkin, and generic substrates and contributes to 

additional research on Parkinson's disease in humans (Adamski et al., 2019). Furthermore, 

it provides phenotypic characteristics that represent PD (Brandt, A. et al., 2019). It has been 

shown that motor defects of Drosophila PINK1 null flies, similar to those that occur in 

Parkinson’s disease, can be rescued in vivo by crossing lines that overexpress TcPINK1 

(Woodroof et al., 2011). According to Al-Ayari, E. A., et al. (2023), T. castaneum is one of 

the best models for Huntington’s disease based on protein-level homology with humans, as 

it represents 13 SNPs of 37 suggested mutations in the VCPl protein. 

Honeybee (Apis mellifera): 

             Sociobiological theory proposes that similarities between human and animal 

societies reflect similar evolutionary roots, that is, the systematic study of how natural 

selection shapes the biological basis of all social behaviors. Therefore, comparative 

genomics is used to test whether similarities in behavior between humans and honeybees 

reflect shared mechanisms (Shpigler et al., 2017). 

            Apis mellifera, as a representative of the order Hymenoptera, is a key model of social 

behavior. Social behavior is represented by multiple generations living in the same nest at 

the same time, the cooperation of some members in caring for offspring that are not their 

own, and their specialization according to specialized tasks in the beehive (Honeybee 

Genome Sequencing Consortium, 2006; Shpigler et al., 2017). 

           In terms of circadian rhythm, deoxyribonucleic acid (DNA) methylation, and 

ribonucleic acid (RNA) interference, honeybees are more similar to vertebrates. Despite 

having a brain with only one million neurons—five times fewer than the human brain and 

only four times larger than that of D. melanogaster, which has a much simpler behavioral 

repertoire it exhibits sophisticated cognitive abilities. Worker bees learn to associate a 

flower’s color, shape, scent, or location with a food reward, which increases foraging 

efficiency. They communicate new food discoveries with ‘dance language,’ the only non-

primate symbolic language. Recent studies have revealed that A. mellifera can learn concepts 

such as ‘same’ and ‘different’ (Honeybee Genome Sequencing Consortium, 2006). 

           This enhances the potential to serve as a model for Alzheimer's disease, in conjunction 

with the capacity to detect novel genome-derived single-nucleotide polymorphisms (SNPs). 

Interestingly, bees offer different life spans for workers, from 20 to 40 days in summer and 

about 140 days in winter, while the queen can live for two years, which refers to vitellogenin 

expression. Furthermore, it was found that reducing feeding on nectar and pollen for workers 

to an hour increases their lifespan, which in turn could explain the mechanism of life 

expansion (Haleem H. F. & Grace B. D., 2019). A Parkinson’s disease (PD) model has also 

been established in honeybees Apis mellifera through exposure to rotenone, a mitochondrial 

complex I inhibitor commonly used to induce PD-like symptoms, as well as through 

colonization with gut microbiota derived from PD patients. In this model, bees exhibited 

behavioral impairments reminiscent of PD-related motor and cognitive dysfunctions. The 

study demonstrated a strong association between altered gut microbiota composition and 

neurological deficits, suggesting a conserved role of the gut–microbiota–brain axis in the 

pathogenesis of Parkinson’s disease (Zeng J, et al., 2024). 

Silkworm (Bombyx mori): 

             Furthermore, being the most important industrial insect for over 5000 years, Bombyx 

mori has played a significant role in disease modeling and medical research. Silkworms are 

4–5 cm in length with a flightless nature; easy lab rearing in large numbers with simple 

facilities makes them easy to handle, and they can undergo experiments similar to those 

conducted on mammals, such as oral administration and intravenous injection. A draft 

silkworm genome sequence was completed by Chinese and Japanese groups in 2008 (The 
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International Silkworm Genome Consortium, 2008). The silkworm genome contains 16,823 

gene loci, based on sequence analysis of the cDNA dataset, and more than 400 visible mutant 

silkworms are available (Suetsugu et al., 2013), and for now a total of 18,397 proteins were 

predicted using over 95 Gb of mRNA-seq derived from 10 different organs, covering 96.9% 

of the complete orthologs of the lepidopteran core genes (Waizumi et al., 2023). To annotate 

silkworm genome information. Human homologs common to B. mori and D. melanogaster 

were identified using cDNA sequence sets from Ensembl Metazoa and a systematic BLAST 

search. B. mori contains 8,469 homologs, and D. melanogaster contains 8,815 human 

homologs. A recent study found that approximately 5006 genes of silkworm moths are 

orthologs of human disease-related genes, mainly skeletal, neurological, and growth diseases 

(Haleem H. F. & Grace B. D., 2019; Tabunoki et al., 2016). 

             Thus, B. mori shares 58% homology with human genes. These genes are the most 

conserved in pathways involved in neurodegenerative diseases, oxidative stress, and protein 

degradation. B. mori is a good model for age-related and neurodegenerative diseases such as 

PD (Tabunoki et al., 2013). While not a model for the full human disease, silkworms have 

been used to evaluate the potential neuroprotective effects of compounds that could help 

prevent or treat AD (Baek et al., 2020). Preventive Nutrition and Food Science, 25(4), 389-

399. 10.3746/pnf.2020.25.4.389 Translucent silkworm larvae exhibit a significant 

downregulation of the PARK7 (DJ-1) gene, a key component of the antioxidant defense 

system. This reduction in DJ-1 expression leads to elevated oxidative stress and neuronal 

dysfunction, thereby recapitulating a major pathological hallmark of human PD (Zhang H, 

et al., 2024). It may accumulate uric acid as urate granules in their integument, which has a 

protective role against oxidative stress, as in humans against PD, which is unique to the B. 

mori model (Tabunoki et al., 2016; Zhu et al., 2022). Experiments have shown that chronic 

feeding of silkworms with 6-hydroxydopamine (6-OHDA) results in similar PD phenotypes, 

including a decrease in dopamine levels, degeneration of dopaminergic neurons, and motor 

dysfunction, despite the fact that silkworms are phylogenetically distant from humans (Zhu 

et al., 2022). Consequently, the p-translucent silkworm mutant has been proposed as a 

promising invertebrate model for investigating the molecular mechanisms underlying 

Parkinson’s disease. According to Al-Ayari, E. A., et al. (2023), for HDs, B. mori has higher 

identical VPS35 and UCHL1 to Homo sapiens than D. melanogaster.  

Computational Analysis and Databases: 

History: 

               Huntington's disease was linked to the huntingtin (HTT) gene on chromosome 4 in 

1983, according to a study done on the DNA of families affected by the condition. The first 

hereditary illness to be mapped using polymorphism data (G8 DNA probe/genetic marker) 

was Huntington's disease. Remarkably, it took an additional decade to identify the HTT 

sequence and pinpoint the specific type of mutation linked to Huntington's disease 

(Bromberg, Y. 2013). 

              Over the past 20 years, comparative biology and genetics have evolved into 

comparative genomics. Comparative genomics is a relatively new field of biological 

research that compares genome sequences from different species and helps determine 

physiological mechanisms related to humans by identifying and studying common processes 

that occur both in humans and model organisms. Nevertheless, comparative genomics began 

nearly 200 years ago when animal models were first proposed to mimic humans (Moreno et 

al., 2008). 

              Scientists have found that it is better to combine the data collected by Online 

Mendelian Inheritance in Man (OMIM), LocusLink, and FlyBase in Homophila (human 

disease gene cognates in Drosophila), which enables merging genes of diseases and their 

related genes to determine the function of related genes in model organisms (Chien et al., 
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2002). The genomes of model organisms show common ancestry, and their function with 

human genes is an effective tool for investigating human gene function and modeling human 

genetic diseases. This investigation, in turn, requires the correct assignment of orthology, 

which is provided through Orthodisease, which is considered an advanced step from the 

Homophila database (O’Brien et al., 2004). With the availability of a complete sequence of 

many model organisms, comparative genomics and sequence analysis will enable the 

identification of the counterparts of many human disease genes and find more applications 

in the field of drug targeting (Dornburg et al., 2022). Experimentally demonstrating a causal 

relationship between a gene and a disease is costly and time-consuming. Consequently, the 

associated expenditures are significantly decreased by thoroughly prioritizing potential 

genes prior to experimental testing. In Bombyx mori, spontaneous mutants and human 

disease-homolog network analyses have been proposed as models of protein aggregation 

diseases, although a full human APP-expressing silkworm line with measured amyloid 

aggregation remains to be reported (Tabunoki H, et al., 2016). 

Genome Annotation: 

              Genome annotation refers to the characterization of functional elements in the 

genome, where single-copy genes usually play critical roles in the main organism activities 

(Li et al., 2019). Genome annotation is classified into two steps: structural annotation, which 

identifies the region responsible for specific features, and functional annotation, which 

implies the function and identity of genes and other elements, depending on sequence 

similarities. 1) Repeat sequences can be found using two different methods: homology 

searching, which uses BLAST, for example, to find homologous repeat sequences, and the 

ab initio prediction method, which uses structural features of the repetitive sequence, such 

as Augusts, to find novel repeat sequences. In the majority of insect genomes, it offers 

significant benefits for anticipating repeating sequences with unique structural 

characteristics, like long terminal repeats. A complete dataset of repeat sequences is created 

using both techniques (Liu et al., 2014). 2) Identification of noncoding RNA: Noncoding 

RNA is a type of RNA gene that does not translate into protein products but plays critical 

regulatory roles in different biological processes, such as microRNAs (miRNAs), small 

interfering RNAs (siRNAs), piwi-interacting RNAs (piRNAs), transfer RNA (tRNA), and 

ribosomal RNA (Huntzinger, E., & Izaurralde, E. 2011). 3) Prediction of protein-coding 

genes: Prediction is the most important part and is performed using one of three methods: 

(a) determining homologues of known protein-coding genes based on sequence similarity 

(Pearson, W. R. 2013), (b) de novo protein-coding gene prediction using software developed 

through machine learning of protein-coding gene structures, and (c) determination of exons 

by direct transcriptome sequencing and alignment to the assembled scaffolds. 

Prediction of Mutations of Diseased Genes and Gene Prioritization: 

            Growing genomic data resulting from annotation of genetic variation data for humans 

and other model organisms and prediction of mutations that have a molecular effect as single 

nucleotide polymorphism data improve our understanding of their functional elements. 

            Different methods are used to prioritize functional SNPs and mutations through the 

prediction of genes associated with the disease under study using OMIM or by identifying 

functional features near variability (genetic variation data) at different levels (Bromberg, Y. 

2013; Mooney et al., 2010). At the protein level, by determining the protein structure 

annotation, SNP location, annotation of known function sites through prediction, or by 

prediction of whether an amino acid substitution affects protein function (experimental 

amino acid substitution) for a conserved region. At the transcript level, mutations occur 

within the splicing factor-binding site or intron, exon splice sites, enhancers, and silencers. 

At the genome level, identifying SNPs that may affect gene expression or genetic features 

are near a candidate SNP, where genetic variation influences gene expression and phenotype 
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(Mooney et al., 2010). 

             Gene prioritization is the process of determining the probability that a gene will be 

involved in the development of a disease phenotype. A number of pertinent characteristics, 

including gene expression and function, pathway involvement, and mutation effects are 

taken into account when assigning it. As a rule, disease genes have a tendency to interact 

with other disease genes, contain mutations that are functionally deleterious, code for 

proteins that are specific to the biological compartment in question (tissue, cellular space, or 

pathway), have unique sequence characteristics like greater length and more exons, and have 

more orthologs than paralogs (Bromberg, Y. 2013).  

             In general, functional evidence is used to infer gene-disease associations. This 

includes direct molecular interactions, transcriptional co-function (regulation, expression, 

and localization), genetic linkage, sequence/structure similarity, and paralogy (in-species 

homology resulting from a gene duplication event). Cross-species Evidence: Similar 

phenotypes in other organisms are attributed to homologs of the putative gene. Same-

compartment Evidence: The suspected gene is active in tissues (like the liver), cellular 

compartments (like the cell membrane), and disease-associated pathways (like ion channels). 

Mutation Evidence: In the genomes of sick people, functionally harmful mutations impact 

suspected genes. Text Evidence: Terms related to genes and diseases frequently occur 

together in scientific texts (Bromberg, Y. 2013). 

              Identifying disease genes necessitates defining molecular pathways that may alter 

due to environmental disruptions (e.g., elevated temperatures from inflammation or 

decreased ligand concentrations from malnutrition), changes in the structure of the gene 

product (e.g., conformational change, binding site blockage, loss of ligand affinity), changes 

in gene expression (i.e., quantity and concentration of product), and the introduction of new 

pathway members (e.g., activation of previously silent genes). The study of single-nucleotide 

variations (SNV) and the prioritization of them for experimental characterization depend on 

computational methods for the effects of mutations on protein function. Table 5. Like the 

user-friendly web interface PredictSNP, http://loschmidt.chemi.muni.cz/predictsnp. This is 

a combination of the best prediction tools (MAPP, nsSNP Analyzer, PANTHER, PhD-SNP, 

PolyPhen-1, PolyPhen-2, SIFT, and SNAP) (Bendl et al., 2014). 

            In coding regions, single nucleotide polymorphisms (SNPs) play a significant role in 

many human diseases. Synonymous SNPs (sSNPs) have no effect on translated proteins 

(Bromberg, Y. 2013). However, they can also affect mRNA stability and translation rates. 

Nonsynonymous SNPs (nsSNPs), which cause amino acid substitutions, have a direct impact 

on protein structure or function. SNPs in non-coding regions may affect gene splicing and 

other biological processes, such as RNA degradation and the transcription process (Tey, H. 

J., & Ng, C. H. 2019). 

             One of the specialized tools for deep studies and gene prioritization is an online 

database named Gene4PD (http://genemed.tech/gene4pd), which integrates published 

genetic data in PD to prioritize risk variants in PD. It provides researchers with 

comprehensive genetic knowledge, such as rare variants, associated SNPs, CNVs, 

differential expression, differential DNA methylation, and an analytic PD platform to 

improve their understanding of PD (Li et al., 2021). Also, using RNA-seq–based 

prioritization, upregulation of DJ-1 homologs in Drosophila was shown to protect against 

oxidative stress, paralleling findings in Parkinson’s disease patients (Lee Y, et al., 2022). 
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Table 5: Different computational tools for similarity search, annotations, and predicting 

SNPs. 
Database/ 

Tool 

URL Comment Field References 

Alliance 

https://www.allianceg

enome.org/ 

Search Across Species to Explore model 

organism and human comparative 

genomics 

 

(Agapite et al., 

2022) 

BLAST 

https://blast.ncbi.nlm.n

ih.gov/Blast.cgi 

Finds regions of similarity between 

biological sequences. The program 

compares nucleotide or protein 

sequences to sequence databases and 

calculates the statistical significance. 

sequence 

similarity 

search 

(Johnson et al., 

2008) 

ConSurf 

https://consurf.tau.ac.il

/consurf_index.php 

Evolutionary conservation analysis 

tools based on amino acid positions 

among the homologous protein 

sequences 

 

(Ashkenazy et al., 

2010) 

DDIG 

http://sparks-

lab.org/server/ddig/ 

Detecting Disease-causing Genetic 

Variations due to Insertion/Deletion and 

Nonsense mutations 

Gene 

Variation 

Analysis 

(Livingstone et 

al., 2017) 

EASE-MM 

http://sparks-

lab.org/server/ease-

mm/ 

Sequence-based prediction of mutation-

induced stability changes with feature-

based multiple models 

Gene 

Variation 

Analysis 

(Folkman et al., 

2016) 

I-Mutant 2.0 

https://folding.biofold.

org/i-mutant/i-

mutant2.0.html 

Prediction of protein stability changes 

upon single-point mutation from protein 

sequence or structure; Reported 

Performance: ~80% prediction accuracy 

on a large dataset. for nsSNPs 

(Capriotti et al., 

2005) 

Interpro 

https://www.ebi.ac.uk/

interpro/ 

InterPro provides functional analysis of 

proteins by classifying them into 

families and predicting domains and 

important sites. 

functional 

annotations 

(Paysan-Lafosse 

et al., 2023) 

MaxEntScan 

http://www.ensembl.o

rg/Tools/VEP 

Predict splice site variants; Reported 

Performance: Considered a gold 

standard; high correlation with 

experimental data. 

 

(McLaren et al., 

2016) 

Mutation 

Assessor 

http://mutationassesso

r.org/r3/ Predict the effects of the nsSNPs for nsSNPs 

(Reva et al., 

2011) 

OMIM 

https://www.omim.org

/ 

An Online Catalog of Human Genes and 

Genetic Disorders 

disease 

genes 

(Hamosh et al., 

2000) 

PolyPhen-2 

http://genetics.bwh.har

vard.edu/pph2/index.s

html 

Predicts possible impact of an amino 

acid substitution on the structure and 

function of a human protein; Reported 

Performance: AUC of ~0.85-0.90 on 

human disease variants 

nsSNPs 

prediction 

(Adzhubei et al., 

2010) 

Predict SNP2 

https://loschmidt.chem

i.muni.cz/predictsnp2/ 

A platform to evaluate the SNP 

accurately by using different 

characteristics of variants in distinct 

genomic regions; Reported 

Performance: Ranked best in 

benchmark with 87% accuracy and 

AUC 0.93. 

nsSNPs 

prediction 

(Bendl et al., 

2016) 

PROSITE 

http://www.expasy.ch/

prosite/ 

Database of biologically significant 

sites, patterns, and profiles in proteins 

that helps in function prediction. 

functional 

annotations (Ison et al., 2013) 

https://www.alliancegenome.org/
https://www.alliancegenome.org/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://consurf.tau.ac.il/consurf_index.php
https://consurf.tau.ac.il/consurf_index.php
http://sparks-lab.org/server/ddig/
http://sparks-lab.org/server/ddig/
http://sparks-lab.org/server/ease-mm/
http://sparks-lab.org/server/ease-mm/
http://sparks-lab.org/server/ease-mm/
https://folding.biofold.org/i-mutant/i-mutant2.0.html
https://folding.biofold.org/i-mutant/i-mutant2.0.html
https://folding.biofold.org/i-mutant/i-mutant2.0.html
https://www.ebi.ac.uk/interpro/
https://www.ebi.ac.uk/interpro/
http://www.ensembl.org/Tools/VEP
http://www.ensembl.org/Tools/VEP
http://mutationassessor.org/r3/
http://mutationassessor.org/r3/
https://www.omim.org/
https://www.omim.org/
http://genetics.bwh.harvard.edu/pph2/index.shtml
http://genetics.bwh.harvard.edu/pph2/index.shtml
http://genetics.bwh.harvard.edu/pph2/index.shtml
https://loschmidt.chemi.muni.cz/predictsnp2/
https://loschmidt.chemi.muni.cz/predictsnp2/
http://www.expasy.ch/prosite/
http://www.expasy.ch/prosite/
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RNAsnap2 

http://sparks-

lab.org/server/rnasnap

2/ 

Single-sequence and Profile-based 

Prediction of RNA Solvent 

Accessibility Using a Dilated 

Convolutional Neural Network. 

RNA 

prediction 

(Hanumanthappa 

et al., 2021) 

SIFT 

https://sift.bii.a-

star.edu.sg/ 

Predicts whether an amino acid 

substitution affects protein function; 

Reported Performance: Accuracy of 

~80-85% in distinguishing neutral from 

deleterious variants. 

nsSNPs 

prediction 

(Ng, P.C., & 

Henikoff, S. , 

2003). 

SignalP - 6.0 

https://services.healtht

ech.dtu.dk/services/Si

gnalP-6.0/ 

The SignalP 6.0 server predicts the 

presence of signal peptides and the 

location of their cleavage sites in 

proteins 

functional 

annotations 

(Felix Teufel et 

al., 2021) 

SMART 

http://smart.embl-

heidelberg.de/ 

Searchable collection of protein 

domains for detecting and analyzing 

domain architecture. 

functional 

annotations 

(Letunic et al., 

2021) 

SNPs&GO 

https://snps.biofold.or

g/snps-and-go/snps-

and-go.html 

Predicting disease-associated variations 

using GO terms for nsSNPs 

(Thusberg et al., 

2011) 

SNPs&GO 

3rd 

https://snps.biofold.or

g/snps-and-go/snps-

and-go-3d.html 

Predicting disease-associated variations 

using GO terms for nsSNPs 

(Thusberg et al., 

2011) 

SNPs3D 

http://www.snps3d.org

/ 

Predicting functional nonsynonymous 

single nucleotide polymorphisms 

nsSNPs 

prediction (Yue et al., 2006) 

SPARKS-X 

http://sparks-

lab.org/server/sparks-

x/ 

Fold recognition and template-based 

structure prediction 

Protein 

fold 

recognition 

(Yang et al., 

2011) 

SPOT-RNA 

http://sparks-

lab.org/server/spot-

rna/ 

RNA Secondary Structure Prediction 

using an Ensemble of Two-dimensional 

Deep Neural Networks and Transfer 

Learning; Reported Performance: 

Achieved high accuracy (>90%) on 

independent test sets. 

RNA 

prediction 

(Singh et al., 

2019) 

SPOT-RNA-

1D 

http://sparks-

lab.org/server/spot-

rna-1d/ 

RNA Backbone Torsion and 

Pseudotorsion Angle Prediction using 

Dilated Convolutional Neural Networks 

RNA 

prediction 

(Hanumanthappa 

et al., 2021) 

SPOT-RNA2 

http://sparks-

lab.org/server/spot-

rna2/ 

Improved RNA Secondary Structure 

and Tertiary Base-pairing Prediction 

using Evolutionary Profile, Mutational 

Coupling, and Two-dimensional 

Transfer Learning. 

RNA 

prediction 

(Singh et al., 

2021) 

SPRINT-Gly 

http://sparks-

lab.org/server/sprint-

gly/ 

Predicting N- and O-linked 

glycosylation sites of human and mouse 

proteins by using sequence and 

predicted structural properties 

Protein 

annotation 

(Taherzadeh et 

al., 2019) 

STRING https://string-db.org/ 

Search Tool for the Retrieval of 

Interacting Genes/Proteins 

 

(Szklarczyk et al., 

2021) 

SWISS-PDB 

Viewer and 

Swiss Model 

http://www.expasy.ch

/spdbv/ 

Powerful structure visualization and 

homology modeling system for 

personal computers. Protein 

(Johansson et al., 

2012) 

UTR Scan 

https://web.archive.or

g/web/201909301715

24/http://utrdb.ba.itb.c

nr.it/ Predict UTR variants 

Last 

update: 

2015 

(Tey, H. J., & 

Ng, C. H. 2019) 

http://sparks-lab.org/server/rnasnap2/
http://sparks-lab.org/server/rnasnap2/
http://sparks-lab.org/server/rnasnap2/
https://sift.bii.a-star.edu.sg/
https://sift.bii.a-star.edu.sg/
https://services.healthtech.dtu.dk/services/SignalP-6.0/
https://services.healthtech.dtu.dk/services/SignalP-6.0/
https://services.healthtech.dtu.dk/services/SignalP-6.0/
http://smart.embl-heidelberg.de/
http://smart.embl-heidelberg.de/
https://snps.biofold.org/snps-and-go/snps-and-go.html
https://snps.biofold.org/snps-and-go/snps-and-go.html
https://snps.biofold.org/snps-and-go/snps-and-go.html
https://snps.biofold.org/snps-and-go/snps-and-go-3d.html
https://snps.biofold.org/snps-and-go/snps-and-go-3d.html
https://snps.biofold.org/snps-and-go/snps-and-go-3d.html
http://www.snps3d.org/
http://www.snps3d.org/
http://sparks-lab.org/server/sparks-x/
http://sparks-lab.org/server/sparks-x/
http://sparks-lab.org/server/sparks-x/
http://sparks-lab.org/server/spot-rna/
http://sparks-lab.org/server/spot-rna/
http://sparks-lab.org/server/spot-rna/
http://sparks-lab.org/server/spot-rna-1d/
http://sparks-lab.org/server/spot-rna-1d/
http://sparks-lab.org/server/spot-rna-1d/
http://sparks-lab.org/server/spot-rna2/
http://sparks-lab.org/server/spot-rna2/
http://sparks-lab.org/server/spot-rna2/
http://sparks-lab.org/server/sprint-gly/
http://sparks-lab.org/server/sprint-gly/
http://sparks-lab.org/server/sprint-gly/
https://string-db.org/
http://www.expasy.ch/spdbv/
http://www.expasy.ch/spdbv/
https://web.archive.org/web/20190930171524/http:/utrdb.ba.itb.cnr.it/
https://web.archive.org/web/20190930171524/http:/utrdb.ba.itb.cnr.it/
https://web.archive.org/web/20190930171524/http:/utrdb.ba.itb.cnr.it/
https://web.archive.org/web/20190930171524/http:/utrdb.ba.itb.cnr.it/
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VAST 

https://www.ncbi.nlm.

nih.gov/Structure/VA

ST/vast.shtml 

Structure similarity search tool based 

on the definition of the threshold of 

statistically significant structural 

similarity. 

sequence 

similarity 

search 

(Gibrat et al., 

1996) 

 
Benefit to Patients Suffering from Neurodegenerative Diseases: 

             The principal advantage of insect-based models lies in their accelerated Timeline for 

treatments.  Species such as Drosophila melanogaster and Bombyx mori enable high-

throughput screening of thousands of compounds within weeks rather than years, 

substantially shortening the preclinical stage of drug discovery. This acceleration increases 

the likelihood of translating promising leads into human trials within a much shorter 

timeframe. 

             Insect models offer a cost-effective alternative to mammalian systems due to their 

minimal maintenance and rapid generation cycles. This efficiency translates directly into 

lower research expenditures, potentially reducing the overall cost of therapy development. 

Such economic feasibility may attract greater investment in ND research, which is often 

constrained by the high attrition rates of traditional clinical trials. 

             While most current ND treatments remain symptomatic, insect models facilitate the 

exploration of fundamental disease mechanisms, such as protein aggregation (amyloid-β, 

tau, and α-synuclein) and mitochondrial dysfunction. By targeting these molecular 

processes, researchers can identify compounds that modify disease progression rather than 

strictly reducing symptoms for instance, molecules that enhance autophagic clearance of tau 

tangles in Drosophila neurons. 

Conclusion 

            Bioinformatics and other multi-omics are used as the foundation of current and future 

biotechnology to find new drugs or better alternatives for human disease models and, 

moreover, to develop transgenic insects in applied insect science. In addition to the insects 

mentioned above, monarch butterflies, grasshoppers, houseflies, crickets, ants, American 

cockroaches, wax moths, and mosquitoes have been used in aging research, including 

neurodegenerative diseases, to investigate neurodegenerative diseases such as Huntington's 

disease, Alzheimer's disease, and Parkinson's disease. With the advent of new technologies 

for data sequencing and analysis, insects have a promising future in the field of 

biotechnology, as they can provide valuable insights into rare diseases. This review aims to 

provide comprehensive information on the available insect genomic resources for 

biotechnologists, molecular biologists, entomologists, and physiologists to develop new 

methods for modelling diseases and health management and to find answers to complex 

biological questions. Insect models can be used as tools for disease modelling and further 

investigation. For future research, it is recommended to identify specific insect species with 

potential importance for modelling different neurodegenerative diseases and discuss 

potential ethical considerations in the use of transgenic insects. 

 

List of Abbreviations 

6-OHDA 6-hydroxydopamine 

A- beta peptide succinate-CoA ligase ADP-forming subunit beta 

a.a amino acid 

AD Alzheimer's disease 

APP amyloid precursor protein 
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bp base pair 
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cDNA Complementary deoxyribonucleic acid 

CNS Central nervous system 

DNA Deoxyribonucleic Acid 

DRPLA DentatoRubroPallidoLuysian Atrophy 

EOAD Early-onset familial AD 

GO Gene ontology 

GRN granulin precursor 

HD Huntington's disease 

HDAC histone deacetylase 

HDL Huntington Disease-Like 

Homophilia Human disease gene cognates in Drosophila 

HTT huntingtin 

LDLR low-density lipoprotein receptor 

LOAD Late-onset AD 

LRRK2 Leucine-rich repeat kinase 2 

MAPT Microtubule-Associated Protein Tau 

MLF1 Myeloid Leukemia Factor 1 

MUSCLE MUltiple Sequence Comparison by Log-Expectation 

NBIA Neurodegeneration with Brain Iron Accumulation 

NCBI National Center for Biotechnology Information 

ND Neurodegenerative disease 

Nep 2 Neprilysin 2 

nsANP Nonsynonymous SNP 

OMIM Online Mendelian Inheritance in Man 

PARK2 E3 ubiquitin ligase complex 

PARK7 Parkinsonism-Associated Deglycase 

PD Parkinson's disease 

PINK1 (Phosphatase and tensin homologue)-induced kinase 1 

PKAN Pantothenate-Kinase-Associated-Neurodegeneration 

PSEN1 presenilin 1 

PSEN2 presenilin 2 

PSN-1 presenilin protease 

RBD Rapid eye movement sleep behavior disorder 

RNA Ribonucleic acid 

RNAi RNA interference 

SCA Spinocerebellar ataxia 

SNc substantia nigra pars compacta 

SNCA alpha-synuclein 

SNP Single nucleotide polymorphisms 

SORL1 Sortilin-Related Receptor 1 

sSNP Synonymous SNP 

TOM Transcriptomics of OMIM 

TREM2 Triggering Receptor Expressed On Myeloid Cells 2 

UTR Untranslated regions 

WHO World Health Organization 
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