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Lecture Goal:
To examine the organization of genomes and the genetic elements that regulate 
gene expression in both prokaryotes and eukaryotes, along with the role of various 
types of RNA in gene expression.

Tasks:

1.Compare the genome organization in prokaryotes and eukaryotes, 
emphasizing the differences in regulatory genetic elements.

2.Discuss the role of various types of RNA (rRNA, mRNA, tRNA, U-family RNA, 
7S-RNA) in the process of gene expression.

3.Analyze how these RNA molecules contribute to transcription, translation, 
and post-transcriptional regulation in gene expression.

Keywords: Genome organization, gene regulation, prokaryotes, eukaryotes, 
rRNA, mRNA, tRNA, U-family RNA, 7S-RNA, transcription, translation, post-
transcriptional regulation



What is genome?

✓ A GENOME IS ALL THE GENETIC INFORMATION OF AN 

ORGANISM

• It provides all of the information the organism requires to function.

• In living organisms, the genome is stored in long molecules of DNA

called chromosomes.

• In eukaryotes, each cell's genome is contained within a membrane-bound

structure called the nucleus.

• Prokaryotes, which contain no inner membranes, store their genome in a

region of the cytoplasm called the nucleoid.

• The study and analysis of genomes is called genomics.

Note: There are 23 pairs of chromosomes in the human genome. Between

1990 and 2003, all twenty-three pairs were fully sequenced through an

international research undertaking known as the Human Genome Project.



Organization of genomes

✓The term "genome" was proposed by G. 
Winkler in 1920 to describe the totality of genes 
contained in the haploid set of chromosomes of 
organisms of the same biological species.

✓The genome includes the entire set of DNA 
molecules of the cell (in the case of a number of 
viruses, they speak of genomic RNA).

• Features: 

1. Smaller size

2. Diverse genome types (DNA or RNA; Single-stranded (ss) or double-
stranded (ds); Positive-sense (+) or negative-sense (–) RNA)

3. different physical forms (Linear or circular; Segmented or non-
segmented)

4. Compactness and gene density (Overlapping genes; Polyprotein 
strategy; Alternative splicing)

5. High mutation rates in RNA viruses

6. Lower mutation rates in DNA viruses

7. Recombination and reassortment



Prokaryotic genome
• Features: 

1. Small genome size (0.5–10 Mb).

2. Circular DNA is most common, often with plasmids.

3. Haploid, with a single copy of each gene.

4. High gene density, with few non-coding sequences.

5. Operon structure for coordinated gene expression.

6. Horizontal gene transfer is a key factor in evolution.

7. Rapid replication with a single origin of replication.

8. No nucleus; the DNA is found in the nucleoid.

9. Mobile genetic elements such as transposons are common.

In 1956, F. Jacob and E. Volman proposed a ring 
model for the organization of bacterial 
chromosomes.



The genome size is 4.6 million bp.

Most of the prokaryotic genome (usually 
80-90%) is made up of sequences 
encoding proteins and RNA





Eukaryotic genome

• The eukaryotic genome is much more complex than that of prokaryotes. 
• The genetic apparatus of a eukaryotic cell is isolated in the form of a cell nucleus, inside which the main 

carriers of heredity, the chromosomes, are located. 
• The number of chromosomes is species-specific and ranges from two (horse roundworm) to a thousand 

(lower plants).



The C-paradox is the lack of correlation 
between the physical size of the genome 
and the complexity of organisms.

Reasons for redundancy:
1. Large size of genes (due to the 

presence of introns).
2. Presence of repeated sequences. Both 

genes and non-coding regions are 
repeated.

3. The presence of a large number of non-
coding sequences

Disadvantages of "excessive" DNA: - increase in DNA synthesis time; - it is more difficult to organize DNA duplication; -
high energy intensity - for 1 nucleotide to be included in the DNA chain, you need to spend ~ 60 ATP molecules. 
Indeterminate consequence: - due to the dependence of the size of the nucleus on the amount of DNA, an increase in the 
size of the cell occurs.
Pluses of "excessive" DNA: - it becomes possible to create a complex regulatory apparatus that allows you to raise the 
body to a higher evolutionary level.



❖ Genes:

- Genes are segments of DNA that carry the information for synthesizing RNA and proteins. Proteins are key 

components responsible for carrying out cellular functions.

- Genes contain coding sequences (exons) and non-coding sequences (introns), which are removed during 

RNA processing.

❖ Regulatory Elements:

❖ Promoters and enhancers are DNA regions that regulate gene activity. Promoters determine where and when 

a gene will be active, while enhancers boost the transcription of genes.

❖ Non-coding Sequences:

These regions of DNA do not code for proteins but may play important regulatory and structural roles. For 

example, they can include sequences that regulate gene expression or regions responsible for maintaining 

chromosome structure.

❖ Chromosomes:

DNA is packaged in the cell nucleus as chromosomes, which allow it to take up less space and facilitate the 

distribution of genetic material during cell division. In eukaryotes (such as humans), each chromosome is made 

up of a linear DNA molecule associated with proteins like histones.

❖ Genomes in Different Organisms:

In prokaryotes (bacteria and archaea), genomes typically take the form of a circular DNA molecule found in the 

cytoplasm, while in eukaryotes, genomes are usually linear and stored in the nucleus.

The size of genomes can vary significantly, from a few thousand to billions of base pairs, depending on the 

organism.

Organization of genomes:





Individual genetic elements with a strictly specific nucleotide sequence encoding certain products are genes. 

Some of them code for proteins, others only for RNA molecules.



• The content of satellite DNA in the eukaryotic 
genome is from 5 to 50% of the total DNA. 

• This DNA is predominantly found in the centromeric
and telomeric regions of chromosomes, where it 
performs structural functions. 

• Satellite DNA consists of tandem repeats from 1 to 20 
or more bp in length. Due to the simplicity of 
organization and numerous copies, this DNA has the 
ability to rapidly renature.



Genetic information moves from DNA to RNA to protein

Gene expression is the process by which DNA directs the synthesis of functional products such as proteins. 

Cells can regulate gene expression at various stages. This allows organisms to generate different types of cells 

and allows cells to adapt to internal and external factors.



Types of regulation of eukaryotic gene expression



• DNA methylation and demethylation. 
• DNA methylation occurs in the regulatory regions of the gene. 

Cytosine is methylated in the CG sequence, after which the gene is 
inactivated. 

• Demethylation restores gene activity. The process is regulated by the 
enzyme methyltransferase.



• Condensation and decondensation of chromatin.

• This is the most versatile method for regulating transcription. 
When certain genes need to be expressed, the chromatin 
decondenses at that location.





• Hormonal regulation. 

• With hormonal regulation, genes are activated in response to an external 
chemical signal (the entry of a certain hormone into the cell). This 
hormone starts those genes that have specific nucleotide sequences in 
the regulatory regions.



• Genomic imprinting. 

• This is a poorly understood way of 
regulating gene expression in 
eukaryotes. It is possible only in 
diploid organisms and is 
expressed in the fact that the 
activity of genes depends on 
which parent they were obtained 
from. Turning off genes is carried 
out by DNA methylation.



Despite the individuality of the set of regulatory elements in the structural genes of eukaryotes, each of them has 
a promoter region (TATA box, or Hogness box) of eight nucleotides, including the TATA sequence; CCAAT 
sequence (CAT box); a section of repeated GC dinucleotides (GC-box). These elements are located at a distance 
of 25, 75 and 90 bp. from the site of initiation, respectively.

Unlike prokaryotes, eukaryotes mostly lack operons, i.e., each eukaryotic structural gene has its own set of 

regulatory elements. A significant role in the regulation of transcription in eukaryotes, in addition to being 

mediated by the interaction between DNA and proteins, is also played by protein-protein interactions.



Transcription initiation of a structural gene in eukaryotes. 

First, the transcription factor TFIID binds to the TATA box, 

then other transcription factors and RNA polymerase II are 

attached, and finally, auxiliary factors that trigger 

transcription. Arrow direction of transcription.









• In eukaryotes, most structural genes consist of several discrete coding regions (exons) 
separated by non-coding regions (introns). Upon completion of transcription of a 
eukaryotic structural gene, introns are excised from the primary transcription product 
with the help of enzymes, and exons are sutured together end to end (splicing) to form 
functional mRNA

• Typically, exons are 150 to 200 nucleotides long and introns are 40 to 10,000 
nucleotides long.

Regulation of mRNA stability.
In eukaryotes, there is also regulation at the level of translation, when ready-made mRNAs are 
not “allowed” to ribosomes or are destroyed. Other mRNAs can be further stabilized for 
repeated use.





Due to alternative splicing, different products of the same 
structural gene can be formed in different tissues.



• The Kozak consensus sequence is a nucleotide sequence in eukaryotic 
mRNA (as well as the corresponding sequence in their genes) that 
surrounds the start codon and is important for translation initiation.

• Described by American biochemist and molecular biologist Marilyn 
Kozak in 1986.



Main types of RNA: mRNA, rRNA and tRNA

All of them play an important 
role in the process of 
deciphering genetic 
information.

The synthesis of RNA on a DNA 
template is called transcription.
In most prokaryotes, 
transcription of all RNA is 
carried out using the same RNA 
polymerase.
In eukaryotes, mRNA, rRNA, 
and tRNA are transcribed by 
different RNA polymerases.



In an actively functioning cell, approximately 3-5% of total RNA is 
mRNA, 90% is rRNA, and 4% is tRNA.

• As a result of transcription of discontinuous genes, the primary product is formed - pro-mRNA, 
which is a complete copy of the gene and contains sections corresponding to both exons and 
introns. 

• The transcription process involves three different types of RNA polymerases that read different 
genes. 

• RNAP-I reads genes encoding the structure of various forms of rRNA (5.8S, 18S, 28S). 

• RNAP-II transcribes genes encoding the structure of proteins and some snRNAs. 

• Finally, RNAP-III reads the 5S rRNA, transfer RNA, and snRNA genes.






