
 

EAS Journal of Biotechnology and Genetics 
Abbreviated Key Title: EAS J Biotechnol Genet 
ISSN: 2663-189X (Print) & ISSN: 2663-7286 (Online)  

Published By East African Scholars Publisher, Kenya 

Volume-8 | Issue-2 | Apr-Jun-2026 |                 DOI: https://doi.org/10.36349/easjbg.2026.v08i02.002 
 

*Corresponding Author: Aysar Ihsan Falih    15 
Osmania University Saifabad College of Science- Department of Biotechnology, Assistant Lecture of AQassim Green Collage Department of 

Biotechnology, Diwaniyah Women's and Children's Hospital, Laboratory Department, Training and Development Center, Diwaniyah Health Department 
 

Review Article   

 

Darwin’s Legacy in Biotechnology Evolutionary Principles Guiding Modern 

Innovations 
 

Aysar Ihsan Falih1* 
1Osmania University Saifabad College of Science- Department of Biotechnology, Assistant Lecture of AQassim Green Collage 

Department of Biotechnology, Diwaniyah Women's and Children's Hospital, Laboratory Department, Training and Development Center, 

Diwaniyah Health Department 
 

 

Article History 

Received: 23.03.2026 

Accepted: 14.05.2026 

Published: 18.05.2026 
 

Journal homepage: 

https://www.easpublisher.com   
 

Quick Response Code 

   

Abstract: This study examines Charles Darwin's legacy and demonstrates how the 

principles of evolution by natural selection have transitioned from a 19th-century 

explanatory theory into a practical framework guiding modern biotechnology. The 

methodology combined a historical-analytical review of Darwin's scientific 

trajectory—from the voyage of the Beagle to the publication of On the Origin of 

Species—with an assessment of contemporary applications supported by genomic 

data analysis from databases such as NCBI and Ensembl and the use of 

bioinformatics tools including MEGA and BioEdit to construct phylogenies and 

compare conserved DNA regions. Results show that Darwinian understanding 

explains the mechanisms by which pathogens evolve and acquire antimicrobial 

resistance, informs vaccine design targeting conserved sequences for longer-lasting 

efficacy, and enables protein engineering through directed evolution to produce 

enzymes and antibodies with enhanced properties. Furthermore, phylogenetic 

analysis rooted in Darwin's tree of life has become central for predicting gene 

function, diagnosing disease mutations, and developing crops resistant to drought 

and pests. The study concludes that Darwin's legacy constitutes the theoretical and 

methodological cornerstone of modern biotechnology, reinforcing interdisciplinary 

collaboration and evidence-based experimentation, and providing an essential 

explanatory and predictive model for addressing health, agricultural, and industrial 

challenges in a rapidly changing world.  
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INTRODUCTION 
While Charles Darwin’s work focused on 

natural selection and evolution, his ideas have had 

profound implications for modern biotechnology. 

Darwin’s theory of evolution by natural selection 

provides a critical framework for understanding how 

biological systems change over time—knowledge that is 

essential in fields such as drug development, genetic 

engineering, and the study of infectious diseases. 

 

 
Charles Darwin 
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Early Life and Education 

Charles Darwin was born on February 12, 1809, 

in Shrewsbury, England, into a family that was both 

intellectually and socially prominent. His father, Robert 

Darwin, was a respected physician, and his grandfather, 

Erasmus Darwin, was a renowned scientist and 

philosopher. Charles was the fifth of six children, and his 

upbringing was grounded in the intellectual and cultural 

richness of his family environment. [Sources: 0, 1] 

 

This atmosphere cultivated his early interest in the 

natural world. 

Darwin's formal education began at a day 

school in Shrewsbury, where he demonstrated curiosity 

and enthusiasm for subjects outside the traditional 

curriculum, often wandering the countryside observing 

nature. At age 16, his father enrolled him at the 

University of Edinburgh to study medicine. However, 

Darwin found medical lectures uninspiring and was more 

drawn to the natural sciences. He joined the Plinian 

Society, a group of students with a shared interest in 

natural history, which further fueled his passion. 

[Sources: 2-5]. 

 

In 1828, recognizing Darwin's lack of interest in 

medicine, his father sent him to Christ's College, 

Cambridge, to study theology. Here, Darwin met 

influential figures such as botanist John Stevens 

Henslow, who encouraged his growing interest in 

geology and the natural sciences. Darwin graduated in 

1831, and his Cambridge years marked a pivotal period 

in the development of his scientific thinking. [Sources: 

4-7]. 

 

The Voyage of the Beagle 

Charles Darwin's journey aboard HMS Beagle 

was a transformative period that significantly influenced 

his scientific ideas and theories. In 1831, Darwin 

embarked on the five-year voyage as a naturalist, a role 

in which he meticulously observed, collected, and 

documented a wide range of natural phenomena. The 

Beagle's expedition provided Darwin with a unique 

opportunity to explore diverse ecosystems, from the 

rainforests of South America to the islands of the 

Galápagos. [Sources: 8-10]. 

 

The variety of life he encountered sparked his interest in 

the adaptation and variation of species. [Sources: 11]. 

 

During his travels, Darwin observed 

considerable differences among species that were 

geographically isolated from one another. For instance, 

on the Galápagos Islands, he noted variations in the 

beaks of finches, which later became a critical piece of 

evidence in his formulation of the theory of natural 

selection. The subtle distinctions among finches on 

different islands suggested that species adapted to 

specific environmental conditions over time. [Sources: 

4-13]. 

 

Darwin's observations and collections during 

the voyage laid the groundwork for his revolutionary 

ideas about common descent and evolutionary change. 

The extensive notes and specimens he gathered provided 

the empirical evidence needed to develop his theories 

further upon his return to England. Ultimately, the 

experience aboard the Beagle played an essential role in 

shaping Darwin's thought processes and contributed 

significantly to his later work, "On the Origin of 

Species." [Sources: 6-15]. 

 

Development of the Theory of Evolution 

Charles Darwin's development of the theory of 

evolution was a gradual process, initiated by his 

observations during the voyage of the HMS Beagle. On 

this journey, notably during his visit to the Galápagos 

Islands, Darwin noted the distinct variations in species 

from island to island, particularly among finches. These 

observations led him to contemplate the mechanisms that 

led to such diversity. [Sources: 16-18]. 

 

Following his return to England, Darwin 

meticulously compiled and analyzed his findings while 

also delving into the works of other scientists and 

philosophers, including Thomas Malthus, whose ideas 

on population growth and competition further influenced 

Darwin's thinking. [Sources: 19]. 

 

In 1838, Darwin formulated the concept of 

natural selection, where advantageous traits become 

more common in successive generations due to their 

contribution to an organism's survival and reproduction. 

Despite the groundbreaking nature of this idea, Darwin 

hesitated to publish his theory, cognizant of the potential 

controversy it could spark. It wasn't until he received a 

manuscript from Alfred Russel Wallace in 1858, which 

coincidentally outlined similar ideas regarding species' 

transmutation, that Darwin was prompted to present his 

work publicly. [Sources: 6-21]. 

 

This resulted in the joint presentation of their 

findings to the Linnean Society of London. The 

following year, in 1859, Darwin meticulously laid out his 

theory in "On the Origin of Species," fundamentally 

altering the scientific understanding of life's diversity 

through evolutionary processes. [Sources: 1-22]. 
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Publication of on the Origin of Species 

 

 
 

In November 1859, Charles Darwin published 

"On the Origin of Species," a work that fundamentally 

transformed the field of natural sciences and altered the 

way humanity perceives its place in the world. At its 

core, the book presented the theory of evolution by 

natural selection, a mechanism explaining how species 

evolve over generations through a process of inherited 

traits that promote survival and reproduction. [Sources: 

18-23]. 

 

This publication was not merely the result of 

Darwin's groundbreaking work; it was also the 

culmination of decades of meticulous research, 

observation, and introspection following his voyage on 

the HMS Beagle. [Sources: 12]. 

 

"On the Origin of Species" attracted 

considerable attention and sparked intense debate among 

the scientific community and the general public alike. Its 

implications challenged established doctrines and posed 

difficult questions about the relationship between 

science, religion, and human identity. Darwin's ideas 

contradicted the prevailing belief in a static creation and 

instead presented a dynamic natural world shaped by 

chance variations and environmental pressures. 

[Sources: 2-25]. 

 

Despite the controversy, the clarity and rigor of 

Darwin's arguments slowly gained acceptance, 

profoundly influencing biology, geology, and related 

disciplines. His work has left an enduring legacy, paving 

the way for future scientists to explore the complexities 

of life on Earth. Today, Darwin's "On the Origin of 

Species" remains a foundational text in understanding 

biological diversity and evolutionary processes. 

[Sources: 26-28]. 

 

Impact and Controversy 

Charles Darwin's work, particularly his seminal 

book "On the Origin of Species," had a profound impact 

on both the scientific community and society at large. 

Darwin's theory of evolution by natural selection 

challenged the prevailing scientific and religious views 

of the time, which held that species were immutable and 

individually created. This revolutionary concept 

reshaped the understanding of biology by providing a 

unifying explanation for the diversity of life on Earth, 

influencing fields such as genetics, ecology, and 

paleontology. [Sources: 11-30]. 

 

The acceptance of evolutionary biology 

allowed for the development of modern life sciences, 

driving research and advancements that have led to 

consequential breakthroughs in medicine, agriculture, 

and environmental science. 

 

Despite its significance, Darwin's work also 

sparked significant controversy that continues to 

resonate today. In the religious sphere, the implication 

that humans share common ancestry with apes was 

particularly contentious, as it conflicted with literal 

interpretations of creation found in religious texts. This 
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led to debates about the compatibility of science and 

religion, resulting in ongoing discussions and conflicts in 

educational and cultural contexts. [Sources: 8-31]. 

 

Additionally, in social and political realms, 

misinterpretations of Darwin's theories have been used to 

justify various ideologies, such as social Darwinism and 

eugenics, which have had damaging effects. Despite 

such controversies, Darwin's legacy endures, as his ideas 

continue to inspire scientific inquiry and challenge 

traditional perspectives. [Sources: 18-32]. 

 

Legacy and Influence in Modern Science 

Charles Darwin's legacy and influence in 

modern science are profound and far-reaching, 

resonating across diverse fields and fundamentally 

altering our understanding of the natural world. His 

theory of evolution by natural selection, articulated in his 

groundbreaking work "On the Origin of Species," laid 

the foundation for evolutionary biology. This theory 

provided a unifying explanation for the diversity of life 

and the complex relationships between organisms, 

significantly impacting biology and related disciplines. 

[Sources: 30-34]. 

 

Darwin's insights have guided scientific 

exploration and research, offering a framework for 

understanding adaptation, speciation, and the intricate 

web of life. [Sources: 26]. 

 

Beyond biology, Darwin's ideas have 

influenced fields like genetics, where the discovery of 

DNA and the mechanisms of heredity have deepened and 

expanded his theories. His work has also had 

implications in areas such as ecology, ethology, and 

paleontology, where the notion of adaptive traits and 

survival strategies continues to drive scholarly inquiry. 

Darwin's influence extends to social sciences, shaping 

discussions on human evolution, behavior, and culture. 

[Sources: 11-25]. 

 

In modern times, his theories have inspired 

critical scientific advancements, contributing to 

medicine, particularly in understanding pathogen 

evolution and antibiotic resistance. Charles Darwin’s 

contributions permeate contemporary scientific thought, 

reminding us of the enduring power of his ideas and their 

capacity to illuminate the complexities of life on Earth. 

[Sources: 26-33]. 

 

1. Evolution as a Guiding Principle in Biotechnology 

**Drug Resistance**: 

Darwin’s theory explains how pathogens 

evolve resistance to antimicrobial agents. Understanding 

natural selection enables researchers to design strategies 

like antibiotic cycling or combination therapies. 

 

**Vaccine Development**: 

The concept of evolutionary adaptation helps in 

designing vaccines that target conserved regions of 

pathogens, ensuring a stronger and longer-lasting 

immune response. 

 

**Protein Engineering**: 

By studying how proteins evolve for specific 

functions, scientists can design new proteins with 

tailored properties for industrial, medical, and 

therapeutic use. 

 

2. Darwin’s Influence on Biotechnological Research 

**Phylogenetic Analysis**: 

Darwin’s 'tree of life' concept is fundamental in 

phylogenetic analysis, which traces the evolutionary 

relationships among genes and proteins. This is crucial 

for gene function prediction, disease mutation 

identification, and diagnostic development. 

 

**Adaptation and Diversification**: 

Insights into how organisms adapt to changing 

environments inform agricultural biotechnology. For 

example, this knowledge aids in engineering crops 

resistant to stressors like drought and pests. 

 

**Evolutionary Medicine**: 

Darwinian principles are applied in medicine to 

understand the evolution of diseases and their resistance 

mechanisms. This evolutionary lens helps design more 

effective therapies and public health responses. 

 

3. Darwin’s Legacy in Shaping Biotechnology 

**Interdisciplinary Collaboration**: 

Darwin’s recognition of the unity of life has 

fostered cross-disciplinary collaboration between 

biology, chemistry, computer science, and 

engineering—accelerating innovation in biotechnology. 

 

**Scientific Rigor and Experimentation**: 

Darwin’s commitment to empirical data and 

experimentation underpins modern biotech research, 

reinforcing evidence-based approaches in hypothesis 

testing and validation. 

 

**Foundation of Modern Biology**: 

Darwin’s theory remains the bedrock of modern 

biology, including genetics and molecular biology, 

which are essential to contemporary biotechnological 

advances. 
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#How do you want to learn knowledge of the theory of evolution? 

 

INDICATION 

The deoxyribonucleic acid (DNA) system is 

considered the mainstay of living organisms and the 

existence of life. Because it can repeat itself, i.e. an 

example of it. It contains the following instructions that 

describe the biological development of living organisms. 

It also revives the instructions necessary for the 

formation of fetal organs, whether in the womb, egg, or 

plant, for any living being. 

 

It is the final storage method for initiation and 

is the basic work of the DNA parts, through which the 

information necessary for the formation of DNA and 

ribonucleic acid (RNA) can be obtained. The names of 

the DNA segments that contain extracted information 

that can be translated into proteins, genes, or other things. 

 

It consists of two polymer chains and a double 

helix. These components are made up of structural units 

called nucleotides. There are four types: guanine (G), 

adenine (A), thymine (T), or cytosine (C). These 

nucleotides are linked in part by a covalent bond and the 

relationship between sugar and phosphate molecules. 

 

Nucleotides are then arranged in sequences 

specific to each organism to create coding regions for a 

reason. Every three nucleotides is called a codon, and it 

is also a code for specifying one amino acid within the 

protein that will be manufactured, which is ineffective 

for all the body's activities, such as structural molecules, 

such as blank walls, or functional molecules, such as 

enzymes. The DNA also includes non-coding regions of 

80% of the entire genome, depending on its type. 

 

What is Required to be Proven 

There is a discrepancy in obtaining traces and 

matrices of DNA among all the leading living organisms. 

This similarity draws relationships with the tree of 

genetic civilization, Phylogeny, which includes all living 

organisms according to their difference and similarity to 

each other and confirms their experience from a single 

origin, including humans, of course. 

 

The Proof 

Through the use of advanced technology 

techniques and knowledge of nucleotide sequences and 

their arrangement, abstract files within a wide range of 

DNA controls the form of data on global sites on the 

Internet, and they demand genomic data requirements, 

the most famous of which is the American site 

http://www. ncbi.nlm.nih.gov/ and the European website 

http://www.ensembl.org/index.html. 

 

In order to study evolutionary relationships, 

uniform regions of all organisms were identified that 

disappeared on the basis of their resistance to children 

and the remaining emerging ones and their similar 

frequencies, called conserved regions. The sequences of 

these regions were entered in the form of arrays into 

programs dedicated to analyzing the nucleotide 

sequences within the desense chain of deoxyribonucleic 

acid (DNA) in a field of study called bioinformatics, 

including the MEGA program, which can be downloaded 

for free from the site http://www.megasoftware. net/ and 

the Bioedit program from 

http://www.mbio.ncsu.edu/bioedit/page2.html. 

 

http://www.ensembl.org/index.html
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These programs compare the sequences of each 

organism with those of bacteria to draw a relationship (a 

phylogeny tree), in which the breakthroughs between its 

branches (branches) contribute to the differences and 

similarities between the nucleotide traces within the clear 

taste chain of deoxyribonucleic acid (DNA) for the two 

species, a difference that was different between different 

words. Meaning: the point of connection of the two 

branches (branches) and vice versa. 

 

What I Found is written in the Following Example: 

From the International Genome Database 

http://www.ncbi.nlm.nih.gov/ you can download the 

mtDNA sequences of mitochondria for the species for 

which you wish to draw a single gene tree that are 

inherited through the mother only for a reason that is 

comprehensively based on evolutionary relationships, in 

addition to chromosome sequences. (Y) is also used 

because it is parental in inheritance. For example, if there 

are mtDNA sequences of the following species: 

• Homo sapiens 

• Chimpanzee Chimpanzee 

• Bonobo bonobo 

• Gorilla Gorilla 

• Orangutan. Orangutan 

• Gibbon gibbon 

 

You can use the mega6 program to make 

alignments and then draw the tree below with the same 

program. What was obtained as a result is below in the 

comments. 

 

We note that gibbons are the furthest away from 

human evolution among the examples given, while 

chimpanzees are closest to bonobos in terms of them. 

The bonobo is the closest living creature. 

 

For example, scientists were able to draw a 

technology tree from humans to bacteria specializing in 

all living organisms, beautiful and fossil-like organisms. 

 

 
 

CONCLUSION 
Charles Darwin’s contributions go beyond 

evolutionary biology—they continue to inspire and 

shape the rapidly advancing field of biotechnology. His 

ideas provide both conceptual and methodological 

foundations for innovations in medicine, agriculture, and 

genetic engineering. In essence, Darwin’s legacy is a 

dynamic, living framework at the heart of 

biotechnology’s most significant achievements. 
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