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Lecture Goal:
To provide an overview of the general characteristics, classification, and 
basic properties of vectors used in genetic engineering.

Tasks:

1.Classify the main types of vectors used in genetic engineering, such as 
plasmids, cosmids, bacteriophage vectors, and viral vectors.

2.Describe the basic properties of these vectors, including their structure and 
capacity for carrying genetic material.

3.Explain the concepts of transfection and competence, and their 
importance in introducing vectors into host cells.
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Summary
1. Vectors

❖ Vectors are DNA molecules used as vehicles to transfer foreign genetic material 
into host cells.

❖ They must contain an origin of replication, a selectable marker, and at least one 
cloning site.

2. Plasmid vectors

❖ Small, circular, double-stranded DNA molecules that replicate independently of 
chromosomal DNA.

❖ Commonly used due to their stability, ease of manipulation, and availability of 
selectable markers (e.g., antibiotic resistance genes).

3. Cosmids

❖ Hybrid vectors that combine plasmid and bacteriophage λ features.

❖ Can carry larger DNA inserts (up to 45 kb) and are packaged into phage particles 
for efficient infection of bacteria.

4. Bacteriophage vectors

❖ Based on bacterial viruses such as λ phage or M13.

❖ Used for cloning relatively large DNA fragments and for constructing genomic 
libraries.

5. Viral vectors

❖ Derived from animal or plant viruses (e.g., adenovirus, retrovirus, lentivirus).

❖ Applied in gene delivery, gene therapy, and vaccine development due to their 
ability to infect eukaryotic cells efficiently.

6. Transfection

❖ The process of introducing foreign DNA into eukaryotic cells using physical, 
chemical, or viral methods.

❖ Efficiency depends on the vector type and the method used (e.g., lipofection, 
electroporation, viral infection).

7. Competence

❖ The physiological state of a cell that allows uptake of external DNA.

❖ In bacteria, competence can be natural (as in Bacillus subtilis) or induced 
artificially (via CaCl₂ treatment or electroporation).

8. Vector capacity

❖ The maximum size of foreign DNA that a vector can accommodate.

❖ Varies among vector types: plasmids (~10 kb), cosmids (~45 kb), bacteriophage 
λ (~50 kb), BACs (~300 kb), YACs (~1 Mb).

9. Cloning efficiency

❖ Reflects the success rate of obtaining recombinant clones after ligation and 
transformation.

❖ Affected by vector design, insert-to-vector ratio, and host cell competence.

10. Gene delivery

❖ The process of introducing genetic material into target cells for expression or 
modification.

❖ Viral vectors are most efficient, but non-viral systems are safer and easier to 
control.



Key questions

1. What are the essential features that define a DNA vector?

2. How do plasmid vectors differ from cosmids and bacteriophage vectors?

3. What determines the vector capacity and why is it important in cloning?

4. Describe the difference between transformation and transfection.

5. What factors influence the cloning efficiency in recombinant DNA experiments?

6. Why are viral vectors widely used for gene delivery in gene therapy?

7. What is meant by bacterial competence, and how can it be induced artificially?



Definition

• A vector is a substance, usually a piece of DNA that carries a sequence of 
DNA or other genetic material and introduces it into a new cell.

✓ The term "vector" is typically used in science to emphasize the
existence of a specific direction.

✓ So, just by the meaning of the term, it's clear that biological vectors
direct artificially introduced DNA into intact target cells.



DNA cloning

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/overview-dna-cloning


Features

➢Vectors act as vehicles to transfer genetic 
material from one cell to the other for different 
purposes like multiplying, expressing, or isolation.

➢Vectors are used as a tool in molecular cloning 
procedures so as to introduce the desired DNA 
insert into a host cell.

➢Vectors usually have an insert, also known as a 
transgene, that carries the recombinant DNA and 
a larger sequence called the backbone of the 
vector responsible for the structure of the vector.

➢Vectors can be classified into different types 
depending on different characteristics. The 
selection of vectors thus depends on the purpose 
of the process.



Some characteristic features of vectors

1. Vectors should be capable of replicating autonomously.

2. The size of an ideal vector should also be small enough for it to be 
incorporated into the host genome. 

3. Vectors should be easy to isolate and purify as these need to be recovered and 
reused for multiple processes. 

4. For a vector to be effective, these should also have certain components that 
facilitate the process of determining whether the host cell has received the 
vector (resistance gene to an antibiotic or marker genes).

5. Many vectors also require unique restriction enzyme recognition sites that 
enable the insertion of the vector DNA in the presence of specific restriction 
enzymes. 

6. In the case of gene transfer processes, it is important that the vector is capable 
of integrating itself or the recombinant DNA into the genome of the host cell.

7. It is important that the introduction of recombinant DNA into the vector 
doesn’t affect the replication cycle of the vector.



➢Vectors are an important component of the 
genetic engineering process as these form 
the basis for the transfer of DNA fragments 
from one cell to another.

➢Vectors have particular features that carry 
the gene sequences and enable them to 
survive within the host cell.

➢Even though vectors are usually DNA 
sequences, viruses and other particles can 
also function as vectors in processes like 
transduction.

➢Vectors can be reused for multiple 
processes as these can be recovered at the 
end of the process.

✓ Transduction is a mode of genetic transfer from one 
bacteria to another through a virus. 



Plasmids
• Plasmids are hereditary factors located in cells outside of

chromosomes.

• Plasmids include genetic factors of cellular organelles

(mitochondria, plastids, etc.) and genetic factors that are not

essential cellular components.

Among the latter, the best-studied are the so-called kappa factor in

paramecia, which produces the antibiotic substance paramecia, the

CO2 sensitivity factor, and the agent that causes malelessness in

Drosophila, as well as a number of bacterial plasmids.

In bacteria, plasmids can control drug resistance and the synthesis

of bactericins, enterotoxin, hemolysin, and some antigens.

Sex factors, also known as sex factors, determine sexual

differentiation in bacteria.

. Many plasmids have been shown to consist of circular

molecules of double-stranded DNA with a molecular weight of

10-6 to 10-8 daltons.



Types of bacterial plasmids
Typically, it is circular DNA, largely independent of the host chromosome, and is commonly found in bacteria and
some other cell types. Naturally occurring plasmids typically replicate independently of the bacterial chromosome.
Plasmids can contain genes up to 10 kb in size. Many different types of plasmids are found in bacteria. The most
useful classification of natural plasmids is based on the key characteristics encoded by the plasmid genes. According
to this classification, the five main types of plasmids are listed below:

a. F – plasmids. Fertility plasmids carry only tra genes and have no other characteristics other than the ability to
facilitate conjugative plasmid transfer. For example, the F plasmid from E. Coli.

b. R - plasmids. Resistance plasmids contain genes that confer resistance to one or more antibacterial drugs, such as
chloramphenicol, ampicillin, and others, on the host bacteria. This type of plasmid is primarily used in recombinant
DNA technology.

c. Col Plasmids. These plasmids encode colicins (proteins) that inhibit the growth of other bacteria, such as ColE1
from E. coli.

d. Degradable plasmids. These plasmids allow the host bacteria to metabolize unusual molecules such as toluene
and salicylic acid.

e. Virulence plasmids. These confer pathogenicity to host bacteria, such as the Ti plasmids of Agrobacterium
tumefaciens, which cause crown yellows in dicotyledonous plants.



The "p" indicates that this is indeed a plasmid.The "BR" designates the laboratory where the vector was originally created.

The "BR" stands for Bolívar and Rodríguez, the two researchers who developed pBR322.The "322" distinguishes this

plasmid from others developed in the same laboratory.





Conjugation in bacteria



The most important elements to consider for effective vector design.

In this schematic illustration, the outer hexagons represent the primary
impact of each step on the tool's effectiveness. The arrows connecting the
hexagons indicate which elements significantly influence each other.



A timeline showing the most important advances in vector technology and design from 

1970 to the present.



Types of vectors

1. Cloning vectors

• Cloning vectors are vectors that are capable of 
replicating autonomously and thus are used for the 
replication of the recombinant DNA within the host 
cell.

• Cloning vectors are responsible for the 
determination of which host cells are appropriate 
for replicating a particular DNA segment.

• Cloning vectors are of further different types that 
are defined by different features unique to each 
type of vector.

Vectors can be divided into different groups depending on the
purpose of the process and the type of particles used in the
process. Below are the most commonly studied groups of
vectors used for various purposes.



a. Plasmid vector

• Plasmids are extrachromosomal autonomous replicating double-
stranded circular DNA molecules.

• From 1-500 kb 

• 10-100 copies per bacterial cell

• Carry phenotypic traits

• Plasmids can carry insert DNA that is less than 20 kb as the cloning 
efficiency and plasmid stability decrease with the size of the vectors.

• Bacterial plasmids contain ori sequences that not only control plasmid 
replication but also determine the possibility of two plasmids 
coexisting within the same host cell.



Some of the most widely used plasmids are pBR322, pUC, and pBluescript vectors 
that use E. coli as the host.



Shuttle vectors are vectors that carry replication

origins from two different hosts, allowing them to

"move" between the two.

These vectors contain DNA plasmids that can

typically replicate in both mammalian and bacterial

cells.

Shuttle vectors function as hybrid vectors, containing

DNA sequences from bacterial plasmids and

mammalian viruses.

The vectors contain three functional DNA sequences

involved in the cloning process: a viral replication

gene, a bacterial replication gene, and a drug

resistance gene.

The presence of various replication sites and repair

sequences allows these vectors to be restored and

maintained in bacterial cells.



b. Cosmid
Cosmids are vectors in which a lambda phage region is inserted, which are capable of incorporating up to 40 kb 
of foreign DNA (pLFR-5, about 6 kb) and packing into capsids.

✓ Cosmid vectors are prepared by the insertion of the cos region of the phage vector into the plasmid vectors.
✓ It can carry DNA sequences having sizes ranging from 28 to 46 kb.
✓ Cosmid vectors are created in order to incorporate large-sized DNA molecules that cannot be carried by 

plasmids.
✓ The hybrid structure of cosmid enables the phage heads to be incorporated within all donor DNA for 

transfer.
✓ One of the examples of the cosmid vectors prepared and used in practice are cosmid pHC79 which is a cos-

containing derivative of the vector pBR322.



Scheme for creating a cosmid vector



c. Bacteriophage vector
• Phasmids are molecular vectors that are artificial hybrids between a 

phage and a plasmid. Can develop as phages or plasmids.

❖Bacteriophage vectors are viruses that only infect bacteria and 
transform them efficiently while carrying large inserts.

❖The most important feature of a phage is the packaging system which 
enables the incorporation of large eukaryotic genes and their 
regulatory elements.

❖Some of the common phages used as vectors include M13 phages, λ 
phages, and P1 phages.





Bacteriophage vector

Bacteriophage vectors are viruses that infect only
bacteria and efficiently transform them, carrying
large inserts.

Bacteriophages, or vector phages, have higher
transformation efficiency, increasing the chances of
obtaining a clone containing recombinant DNA
segments.

The most important feature of the phage is the
packaging system, which allows for the insertion of
large eukaryotic genes and their regulatory elements.

The use of phages also facilitates the isolation of
large quantities of DNA, which can be used for
insertion analysis. Although a number of phages
exist that can be used as vectors, the λ phage is the
most convenient vector for cloning.

It can selectively package a chromosome
approximately 50 kb in length, and the phage size
can be adjusted by removing the central portion of
the genome, as this is not necessary for replication or
packaging of the donor DNA.





Yeast plasmid-based 
vectors

1) Yeast Integrative Plasmid (YIp) - Integrative Plasmid Vector

Characteristic: Does not contain an autonomous replication mechanism, so it 

integrates into the yeast genome.

Components: Contains selectable markers (for yeast and bacteria), a bacterial 

replication site, and a cloned gene.

Advantages: High cellular stability.

Disadvantages: Low transformation efficiency.

2) Yeast Episomal Plasmid (YEp) - Episomal Plasmid Vector

Characteristic: Contains a 2-micron plasmid, allowing autonomous replication in 

yeast.

Components: Same elements as YIp, but with a yeast replication origin.

Advantages: High copy number → High gene expression.

Disadvantages: Less stable, possible plasmid loss during division.

3) Yeast Centromere Plasmid (YCp) – Centromere Plasmid Vector

Feature: Contains a centromere, making it more stable, replicating one copy per cell.

Components: Like YEp, but with a centromere sequence (CEN).

Advantages: Increased stability.

Disadvantages: Low copy number → Less efficient expression.

4) Yeast Artificial Chromosome (YAC) – Yeast Artificial Chromosome

Feature: Functions like a full-fledged chromosome, allowing cloning of very large 

DNA fragments (up to 1 million base pairs).

Components: Telomeres, centromere, replication site, selectable markers, cloned 

DNA.

Advantages: Suitable for studying large genomic regions, used in genomic libraries.

Disadvantages: Complexity of construction and maintenance.



• Bacterial plasmid• Yeast plasmid



2. Viral vectors



Virus-based vectors





Adeno-associated virus



Недостатки использование вирулентных
векторов в генной терапии

Gene vectors typically include viral and non-viral

vectors.

Currently, approximately 70% of gene therapy clinical trials

utilize viral vectors, which include retroviruses, lentiviruses,

adenoviruses, and adeno-associated viruses.

➢ Due to their exceptional infectivity, viral vectors generally

offer excellent gene transfection capabilities.

➢ However, the clinical safety of viral vectors has been

questioned due to their tendency to stimulate immunogenic

responses and induce mutations associated with transgene

insertion.

➢ Furthermore, viral vectors have several limitations, including

low gene loading capacity, inability to deliver large genes,

complex preparation procedures, and the inability to re-

administer to patients.



3. Expression vector - Expression vectors are vectors that enable the 
expression of cloned genes in order to determine the successful cloning 
process. (pET28c)
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