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LITERATURE REVIEW

Abstract 

Knowledge of the structure, regulation, and function of genes is a fundamental pillar of molecular biology and modern 
medicine. Genes are DNA sequences that contain the information necessary to produce functional proteins or RNA, and 
are not only made up of coding regions (exons), but also introns and regulatory elements such as promoters, enhancers, 
and silencers. Mutations in any of these regions can alter normal cellular function and lead to various diseases. The regu­
lation of gene expression ensures that not all genes are activated at the same time, but rather in a controlled manner de­
pending on the cell type, stage of development, or environmental conditions. This control is mediated by transcription 
factors, epigenetic modifications such as DNA methylation, and the action of non­coding RNAs, mechanisms that allow 
multiple specialized cell types to be generated from the same DNA sequence. The function of genes is reflected in the 
products they encode, whether proteins or RNA, which participate in vital processes such as metabolism, cell signaling, or 
DNA repair. Genetic variants can cause loss of function, as in the case of cystic fibrosis due to mutations in the CFTR 
gene, or gain of function, as occurs in certain oncogenes involved in cancer.
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INTRODUCTION
A gene is the fundamental unit of heredity and con­
stitutes a defined segment of DNA that contains the 
necessary information for the synthesis of functional 
products, whether they are proteins or non­coding 
RNA molecules [1]. These elements play an essen­
tial role in the transmission of hereditary character­
istics, in the regulation of biological processes, and 
in cellular differentiation, making them key pieces for 
both molecular biology and modern medicine [2].

The structure of a gene is not limited to the se­
quences that encode proteins (exons), but includes 
multiple regulatory regions that determine when, 
where, and in what quantity a gene will be ex­
pressed. Among these are the promoter, which al­
lows the initiation of transcription; introns, 
non­coding sequences removed in the RNA matura­
tion process; and untranslated regions (UTR), which 
regulate the stability and translation of mRNA [3]. 
Likewise, proximal and distal control elements, such 
as TATA boxes, CAAT boxes, enhancers, and si­
lencers, precisely modulate gene activity [1,4].

Together, this structural and regulatory organization 
ensures the correct expression of genes, allowing 
cells to respond to internal and external stimuli, 
maintain their identity, and coordinate essential 
functions for the development and homeostasis of 
living organisms [5].

METHODOLOGY
The present research was carried out through a bib­
liographic review. For this purpose, different genet­
ics compendiums were consulted, including books 
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in both physical and digital formats. Additionally, up­
dated scientific articles were reviewed, selecting 
those that provided relevant and well­founded infor­
mation for the development of the report. The most 
pertinent data were extracted, analyzed, and syn­
thesized to construct clear and coherent content 
aimed at preparing educational material for medical 
and basic science students. 

What is a gene?   
A gene is the physical and functional unit that occu­
pies a specific position (locus) in the genome. It cor­
responds to a nucleotide sequence that encodes 
one or more functional products (ncRNA and 
polypeptides) and whose expression is controlled by 
regulatory elements [6].

Structural parts of the gene (eukaryotes) 
Eukaryotic genes have various structural regions 
that control their expression (See Image 1):

• Promoter: It is the DNA region where RNA poly­
merase and other transcription factors bind to initi­
ate the transcription process.

• Exons: These are DNA sequences that encode the 
information for protein synthesis. After transcription, 
exons are "spliced" (joined) to form mature mRNA.

• Introns: These are non­coding DNA sequences in­
terspersed between exons. They are transcribed 
into mRNA but are then removed from the immature 

mRNA (pre­mRNA) through "splicing" before the 
protein is synthesized. They are not translated into 
amino acids.

• Transcription Start Site (TSS): It is the first DNA 
base that is transcribed into RNA. It is located within 
or just after the promoter region.

• Translation Start Site (Start Codon): It is the 
three­base sequence (usually AUG) in the mRNA 
that signals the beginning of protein synthesis. It 
corresponds to a specific triplet in the DNA.

• Translation Termination Site (Stop Codon): It is 
the three­base sequence that signals the end of 
protein synthesis.

• Untranslated Regions (UTRs): These are RNA 
sequences present in mature mRNA but not trans­
lated into protein. 5' UTR: Located at the beginning 
of the mRNA, before the start codon. It influences 
mRNA stability and translation efficiency. 3' UTR: 
Located at the end of the mRNA, after the stop 
codon.

• Terminator Sequence: It is a sequence in the 
DNA that signals the end of the transcription 
process. In eukaryotes, it often includes a sequence 
that, in the mRNA, indicates the site where a poly­A 
tail (many adenines) is added at the 3' end [7,8].
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GENE CONTROL ELEMENTS

Proximal control elements
Proximal control elements are regulatory DNA se­
quences located near the transcription start of a 
gene. Their main purpose is to control transcription, 
that is, the process of "reading" the gene's informa­
tion to create proteins. These elements are located 
in a region close to the transcription start site, gen­
erally within a few hundred base pairs upstream, 
and function as anchoring points for specialized pro­
teins that modulate gene expression [9]. 

Within this region, there are two types of crucial ele­
ments. The first is the basal promoter, which is the 
DNA sequence closest to the transcription start site 
and is indispensable for the process to occur. It is 
here that the RNA polymerase enzyme binds along 
with general transcription factors to form the pre­ini­
tiation complex. A key example within the basal pro­
moter is the TATA Box, a sequence that helps 
position the transcription machinery correctly. 

The second type is the proximal regulatory ele­
ments, located just before the basal promoter. 
These sequences are recognized by specific tran­
scription factors that act as switches, increasing (ac­
tivators) or decreasing (repressors) the activity of 
the basal promoter to fine­tune the transcription 
rate. Examples of these elements include the CAAT 
Box and the GC Box [9].

In essence, proximal control elements function as 
binding platforms. By modulating the transcription 
rate, these elements are fundamental for the speci­

ficity of gene expression. This ensures that genes 
are turned on or off at the right time and place, al­
lowing a cell to specialize and respond to signals [9].

Distal control elements  
Distal control elements of a gene are regulatory 
DNA sequences located far from the transcription 
start site of the gene they affect, unlike proximal el­
ements that are nearby [10,11].

The two types are: 

• Enhancers: These are DNA sequences that in­
crease the transcription rate of a gene and act by 
binding transcription factors. These factors, in turn, 
interact with the basal transcription complex at the 
gene's promoter, often through DNA looping, bring­
ing distal regions closer to proximal ones. The action 
of enhancers is often tissue­specific or development 
stage­specific, allowing fine regulation of gene ex­
pression in different cellular contexts [11,12].

• Silencers: These are DNA sequences that, on 
the contrary, decrease or suppress the transcription 
rate of a gene. They can also be found at consider­
able distances from the target gene. Like en­
hancers, silencers act by binding repressor 
transcription factors in various ways, such as 
blocking the binding of activator transcription fac­
tors, recruiting proteins that modify chromatin to 
make it more compact, or directly interfering with 
the transcription machinery [11,13].

Epigenetic Regulation and Chromatin
Chromatin and its Function
Chromatin is the structure composed of DNA and 
proteins that packages genetic material in the cell 
nucleus. Its main function is to compact DNA so 
that it can fit in the limited space of the nucleus [1]. 
This structure is not fixed but can alternate be­
tween a condensed state (heterochromatin) and a 
more relaxed state (euchromatin). This malleability 
is crucial for gene regulation, as genes can only be 
read by the cellular machinery when chromatin is in 
its most relaxed state [14,15].
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Epigenetic Regulation
Epigenetic regulation refers to modifications that af­
fect gene expression without altering the DNA se­
quence. The term "epi" (meaning "above") highlights 
that these mechanisms act above the genetic code 
[16]. These changes are essential for cellular differ­
entiation, are influenced by environmental factors 
such as stress or diet, and, unlike mutations, are re­
versible and can be inherited by daughter cells and, 
in some cases, by offspring [17,18].

Epigenetic mechanisms
The main epigenetic mechanisms work through chro­
matin modification [19]. DNA methylation, which in­
volves adding methyl groups to cytosine bases, 
usually silences genes by preventing transcription 
(See Figure 2) [20]. Similarly, histone modifications, 
such as acetylation and methylation, alter chromatin 
compaction. Acetylation, for example, tends to relax 
the structure and facilitate transcription, while methy­
lation can have activating or repressive effects, de­
pending on the specific histone modified [21].

Nucleosomes are a key piece in this process be­
cause their structure and the chemical modifications 
they undergo determine the degree of chromatin 
compaction, which is the material chromosomes are 
made of. When chromatin is highly compacted, it is 
called heterochromatin, and the DNA is inaccessi­

ble, silencing the genes. Conversely, when chro­
matin is relaxed, known as euchromatin, the DNA is 
exposed, and genes can be transcribed and ex­
pressed.

CONCLUSION
A gene is a functional unit of DNA that occupies a 
specific locus and has structures such as promot­
ers, exons, introns, and UTR regions that determine 
its expression. These genes are regulated by proxi­
mal control elements (such as the TATA box) and 
distal elements (such as enhancers and silencers), 
which allow precise adjustment of their activity. Ad­
ditionally, chromatin, in the form of heterochromatin 
or euchromatin, regulates access to DNA and is in­
fluenced by epigenetic mechanisms such as histone 
methylation and acetylation. These regulations are 
essential for development, cellular differentiation, 
and response to environmental stimuli. In medicine, 
the study of genes allows for the diagnosis of dis­
eases, the design of personalized treatments, the 
application of gene therapies, and the monitoring of 
disease progression.
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