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DESCRIPTION 
Research in genes and proteins continues to revolutionize 
our understanding of biological systems, uncovering the 
molecular underpinnings of health, development, and disease. 
At the heart of this field is the central dogma of molecular 
biology, which describes the flow of genetic information 
from DNA to RNA to proteins. This process, while elegantly 
simple in concept, is governed by a highly complex network 
of regulatory mechanisms and interactions. Investigating 
these processes has provided critical insights into how genetic 
mutations, misregulation, and protein dysfunction contribute 
to a wide range of conditions, from metabolic disorders to 
neurodegenerative diseases. Advances in this area are not 
only enhancing fundamental knowledge but are also paving 
the way for novel therapeutic strategies. One of the most 
impactful areas of research in recent years has been the study 
of genetic mutations and their effects on protein function. 
Mutations can alter the structure and stability of proteins, 
potentially leading to loss of function or toxic gain of function. 
For example, mutations in the CFTR gene result in cystic fibrosis 
by producing a defective chloride ion channel, impairing ion 
transport in epithelial cells. Similarly, missense mutations in 
proteins like superoxide dismutase SOD1 have been linked to 
amyotrophic lateral sclerosis , providing crucial insights into 
disease mechanisms. By studying these mutations and their 
molecular consequences, researchers have developed targeted 
therapies, such as small molecules that stabilize misfolded 
proteins or gene-editing approaches that correct underlying 
genetic defects. Another significant focus of gene and protein 
research is the role of non-coding RNAs and their interactions 
with proteins. Although historically overlooked, non-coding 
RNAs, such as microRNAs and long non-coding RNAs, have 
been shown to regulate gene expression at multiple levels, 
including transcription, mRNA stability, and translation. 
These molecules often interact with RNA-binding proteins to 
form regulatory complexes that fine-tune cellular processes. 

Dysregulation of these interactions has been implicated in 
various diseases, including cancer, cardiovascular diseases, 
and neurodevelopmental disorders. Unravelling these complex 
networks has opened new avenues for developing RNA-based 
therapeutics and diagnostic tools. The study of protein-protein 
interactions has also emerged as a critical area of research, 
given their importance in virtually all cellular processes. From 
forming structural complexes to mediating signal transduction 
pathways, PPIs are essential for cellular function. Advances 
in techniques such as yeast two-hybrid screening, affinity 
purification-mass spectrometry, and proximity labelling have 
allowed researchers to map interaction networks with increasing 
precision. Disruption of these networks often underlies disease 
states, making PPIs attractive targets for drug discovery. For 
instance, small-molecule inhibitors that disrupt the interaction 
between MDM2 and p53 have shown promise in reactivating 
p53’s tumour-suppressive functions in certain cancers. The 
integration of genomics, proteomics, and bioinformatics has 
been a game-changer, enabling researchers to tackle the 
complexity of genes and proteins in a systems biology context. 
Large-scale initiatives like the Human Proteome Project aim 
to catalogue all human proteins and their functions, providing 
invaluable resources for researchers worldwide. With the 
advent of single-cell sequencing and spatial transcriptomic, 
scientists can now investigate gene and protein expression at 
unprecedented resolution, uncovering cellular heterogeneity 
and tissue-specific functions. This holistic approach is poised 
to drive future breakthroughs in precision medicine, allowing 
for highly personalized diagnostics and treatments tailored to 
individual genetic and proteomic profiles. 
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