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BACTERIAL GENETICS AND GENE TRANSFER

This chapter covers the mechanisms
of bacterial exchange of genetic
Information




What is a Gene?

it

= Gene is a sequence of
DNA carrying codons
specifying for particular
polypeptide.

= DNA contains many
Genes(combinations of
hundreds and
thousands of
Nucleotides )




ml . Bacterial Chromosome
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» Because there Is only one
copy of this molecule per
cell, bacteria exist in a

* Contains a Double stranded molecules
of DNA arranged in circular form.

* Length 1,000 microns. haploid state
* Bacterial DNA contains about > Bacteria do not have
4,000kilobases nuclear membranes

; surrounding their DNA
* 1 kb = 1000 base pairs (A-T) (G-C)
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Extra chromosomal Genetic
th LElements

P2
* Bacteria posses Extra chromosomal

genetlc elements Because they are not

* Not Essential for survival of Bacteria ———» essential for the
survival of the bacteria

* But makes the Bacteria Resistant to not all bacteria
antibiotics, and makes them survive contains these
extrachromosomal

& also able to produce toxins species




Autonomous replication :
They can replicate

L Plasmids independently
-

*" Plasmids are circular
DNA molecules present
in the cytoplasm of the
Bacteria

® Their size varies from 1

kbp to over 400
kilobase pairs (kbhp).

= Capable of Autonomous
replication

® Can transfer genes from
one cell to other




Bacteriocins:
toxins produced

P|asmids by bacteria to inhibit the

growth of similar or

e

—
't closely related bacterial

* Plasmid seem to be ubiquitous in bacteria, May encode
genetic information for properties strain, considered safe
1 Resitance to Antibiotics for mammalian since
2 Bacteriocins production they can be easily
3 Enterotoxin production degraded by proteolytic
4 Enhanced pathogenicity enzymes

5 Reduced Sensitivity to mutagens
6 Degrade complex organic molecules



https://en.wikipedia.org/wiki/Toxin
https://en.wikipedia.org/wiki/Bacteria

vr

by their ability to be transierred to
other bacteria

Conjugative
* The sexual transfer of plasmids to another
bacterium through a pilus.

Non-conjugative

“ Non-conjugative plasmids don't initiate conjugaison.
They can only be transferred with the help of
conjugative plasmids.

Conjugative: meaning that they can transfer
from one bacterial cell to another during
conjugation process between two bacteria
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1. Fertility-(F) plasmids.

** They are capable of conjugation (they contains the genes for
the pili).

"
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Resistance-(R) plasmids.

%> Contain gene (s) that can build resistance against one or
several antibiotics or poisons.

"

Col-plasmids.

Contain genes coding for colicines, proteins that can Kkill other
bacteria.
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Degradative plasmlds
* able to digest unusual substances, e.g., toluene or
salicylic acid
5. Virulence plasmids
* turn a bacterium into a patho*gen



Plasmids

i
-
= Can be integrated

with Chromosomal
DNA

* Episomes
-Integrated form of
plasmid with DNA




Genotype / Wild Type : Represents all potential
genes of bacteria cell.. Its genome.. All Inherited
essential biological features & growth patterns.

Zoan®

Phenotype: The expressed genes. The observed
characteristics of the individual bacteria
species/strain. Expressed by physical & biochemical
properties. Growth patterns, Fermentation products,

Antibiotic resistance, Toxins production. .etc.




Prokaryotes Vs Eukaryotes

Prokaryotes are haploid eukaryotes are often diploid

contain a single circular eukaryotes have linear chromosomes,
chromosome. usually more than 1

Prokaryotes often contain Doesnot contain plasmids

“plasmids”™.

In prokaryotes, translation is In eukaryotes, transcription of genes
coupled to transcription: in RNA occurs in the nucleus, and
translation of the new RNA transliation of that RNA into protein
molecule starts before occurs in the cytoplasm. The two
transcription is finished processes are separated from each

other.




Gene transfer

In bacteria or other organism ,gene
transfer mainly two ways.

1.vertical gene transfer

2.horizontal gene transfer




vertical gene transfer

Transfer of gene from mother

to daughter cell or parents to
ofsprins.

mainlly occurs during the
reproduction between
generation of cells.

DNA inherited from parental
organism




Horizontal gene transfer

Transfer of gene between cells
of the same genaration in two
different specics.

DNA acquired from unrelated
individuals

There are three types of
horizontal gene transfer.

1.transformation.
2.transduction.
3.conjugation.
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Transformation: uptake of free DNA.
a* a4 — Bacterum
DNA” +— Bactenal chromosome
Conjugation: direct transfer of DNA from one bacterium to another.

. 2* o
Donor — — Recipeent
cell e .

Transduction: transfer of bactenal DNA by a bactenophage.

Lysed—< a’ Cy
bacterium =) — O
— Recipeent

bacterium

B FIGURE 8.8 The three types of gene transfer in bacteria



Transmission of Genetic material
- L L ( Gene Transfer )

 HOW BACTERIA GAIN NEW GENETIC
INFORMATION

- MUTATION
* TRANSFORMATION

o CORNDYUCLATRONN ueenmmmal Horizontal gene transformation
* TRANSDUCTION




MUTATION

Is any heritable change in the genetic material
Mutations may be neutral, beneficial, or harmful

Mutant- organism or strain whose genome carries a
mutation

Wild type- the usual (native) form of the organism

Occurrence of mutations:
« Spontaneous - Occur in the absence of a mutagen
+ Induced - Occur in the presence of a mutagen

Mutagen: Agent that causes or accelerates rate of
mutations

Mutagens are che

Dio
mu

0gical agents t

Mutagens

mical, physical or
nat Increase the

ation rate 1.6, |

induce mutations




Physical mutagens

lonizing radiation (X rays and gamma rays)
causes the formation of ions that can react
with nucleotides and the deoxyribose-

phosphate backbone

- Nucleotide excision repairs mutations

<

Non ionizing radiation
- UV radiation causes thymine dimers
- Light-repair separates thymine dimers




Ultraviolet light
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Exposure to ultraviolet lighcauses

adjacent thhymines to become Cross-
linked, forming a thymine dimer and
disrupting their normal base pairing.

An enzyme cuts out and removes the
damaged DNA.

DNA polymerase fills the gap by
synthesizing new DNA, A using the
intact strand as a template.

DNA ligase seals the remaining
gap by joining the old and new
DN



TRANSPOSONS Recommended Video About

transposons

Biological mutagen

https://youtu.be/CroyUMRpbxg

Segments of DNA that can move from one
region of DNA to another

Contain insertion sequences for cutting
and resealing DNA (transposase)

r Extra info: it’s also called replicative transposition

Jumping genesfcopy and paste|(Class1) or{cut and paste (2) Extra info: it's also called Non-
Between plasmids or between chromosomes and plasmids replicative transposition
*medical importance since many antibiotic resistance genes

are encoded by transposons in antibiotic resistance plasmids




Transposons are sequences of cuT

DNA that can move around to
different positions within the
genome of a single cell, a

process called transposition.

Chromosomal DNA




TYPES OF MUTATION

Base substitution (point mutation)
- Change in one base

Missense mutation
- Result in change in amino acid

Nonsense mutation
- Results in a nonsense codon

Frameshift mutation

- Insertion or deletion of one or more nucleotide
pairs

.
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MISSENSE MUTATION: RESULT IN DIFFERENT AMINO
ACIDS BEING INSERTED IN PROTEIN

Missense Mutatlon

Zagn®

1 DNA sequence changes
- RNA sequence
changes = codes for a i i Met H Lys H Phe H Gly _\Stop
different amino acid

Amino end Carboxyl end

Base-pair substitution

Missense
A instead of G

QUGAQHUUMHEQLAA

i W
| ——
Stop

Met H Lys H Phe |




Nonsense mutation: change a codon encoding an amino acid
Into stop codon that result in failure of protein synthesis

|
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Nonsense Mutation

ild type
= DNA Sequence changes \: - ’/—. A A 1\ o P . A A
.MAMWAJAGMM@@HKMJA
- RNA sequence e om e A e e
¥

Prctein/k ;Met N LYS H Phe B wa ;\Stop

changes - early stop

Amino end Carboxyl end

codon introduced | .
Base-pair substitution

Nonsense
U instead of A

T lati t -> o e 2o
% Translation stops MM&HMMMMC T

Protein is incomplete




* Frame shift mutation: One or more base are added or deleted, Shift in the
reading frame

Ny

CAPR.
AR




Silent mutation: the change in the nucleotide sequence doesn't result in
a change In protein sequence

Silent Mutation

wild type

* DNA sequence changes -> BT TTEIEEETL
RNA sequence changes 5 | °
P roteln/ Met |{ Lys H Pnhe | Gly Q:JP_J

—> still codes for the same _
Amino end Carboxyl end

amino acid Base-pair substitution

No effect on amino acid sequence
# No effect on the amino acid Uinstead of C

sequence Q000 8198 8w A8
Met

| 1 S
| Lys Phe | Gly | Stop




THERE ARE THREE TYPES OF HORIZONTAL GENE TRANSFER

1, conjugation: direct transfer of DNA from ong bacterial cel to
another Conjugation,
| | e Transduction and
+ 2, fransduction: use of a bacteriophage (bacterial virus| to transter Transformation:
DNA between ce”S' https://youtu.be/MR7yvRDL5iQ
+ 3. ransformation: naked DNA Is taken up from the environment
by bacterial cells.




Conjugation

Conjugation is the closest analogue in bacteria to eukaryotic
sex.

The ability to conjugate is conferred by the F plasmid.

A plasmid is a small circle of DNA that replicates independently of the
chromosome.

Bacterial cells that contain an F plasmid are called "F+". Bacteria that
don't have an F plasmid are called “F-".

F+ cells grow special tubes called "sex pilli” from their bodies.
When an F+ cell bumps into an F- cell, the sex pilli hold them
together, and a copy of the F plasmid is transferred from the
F+ to the F-. Now both cells are F+.

Doner cell

Recipient cell




CONJUGATION

F* cell F~ cell F* cell

(a) When an F factor (a plasmid) is transferred from a domer (F*) to a recipient (F ™), the F~ cell is
converted into an F* cell,




Conjugation

One bacterium passes some DNA (in a plasmid) to another
bacterium
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¢ Hfr Conjugation

sometimes the F plasmid can become
incorporated into the bacterial
chromosome, by a crossover between the
F plasmid and the chromosome.

The resulting bacterial cell is called an
“Hfr”, which stands for “High frequency of
recombination”.

Hfr bacteria conjugate just like F+ do, but
they drag a copy of the entire chromosome
into the F- cell.




CONJUGATION

Recombination between
F factor and chromosome

occurs at a specific site \ sneartion of F factor
o | into chromosome results

—

Integrated F factor

F* cell

(b) When an F factor becomes integrated into the chromasome of an F* cell, it makes the cell a high
frequency of recombination (Hfr) cell.




CONJUGATION

Replication

and transfer
of part of the - m /\

chromosome

JU « N

Hfr cell F~ cell Hir cell Recombinant
F~ cell

(c) When an Hir donor passes a portion of its chromosome into an F~ recipient, a recombinant
F~ cell resulits.

«  Hfr bacteria are still able to initiate conjugation with F- cells, but the
outcome is completely different from conjugation involving F+
bacteria. IT IS called an F’ instead ( F prime )



Transduction

Transduction is the process of moving
bacterial DNA from one cell to another
using a bacteriophage.

Bacteriophage or just “phage” are bacterial

viruses.
Two forms of transduction:
- 1. generalized: any piece of the bacterial genome can be

transferred
- 2. specialized: only specific pieces of the chromosome can be

transferred.




With genetic
material inside




. “L .G ENERALIZED TRANSDUCTION

.
o -

= process by which any bacterial gene may be
transferred to another bacterium via a
bacteriophage.

= typically carries only bacterial DNA and no
viral DNA
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Generalised Transduction

2. The bacteriophage genome

enters the bacterium. The
. L genome directs the bacterium’s
metabolic machinery to

manufacture bacteriophage

E lytic bacteriophage adsorbs
to a susceptible bacterium.

rucleor components and enzymes




steps in Generalised Transduction (cont’d)

Phage carmyeng
b.ct-na ONA

3. Occasionally, a

bacteriophage head or capsid
assembles around a fragment of
donor bacterium’s nucleoid

gt o i Dostmsire instead of a phage genome by
e mistake.

Dutin. S VOO N OO
e ke s Dane ‘_w,, aqe
Tl D T . LR‘AA

Py et D s

4. 'ai,e_ bacteriophages are released




steps in Generalised Transduction (cont’d)

Ao
Dacteral DNA

5. The bacteriophage
carrying the donor
bacterium's DNA adsorbs
to a recipient bacterium

/ ’

6. The bacteriophage inserts the
donor bacterium's DNA it is
carrying into the recipient
bacterium .




l steps in Generalised Transduction (contd)
L_ .

7. The donor bacterium's DNA is exchanged for some

of the recipient's DNA.




Specialized transduction:

**n specialized transduction, bacteriophage transfer only a few restricted gene
(DNA fragments) from donor bacteria to recipient bacteria. Specialized w
transduction is carried only by temperate bacteriophage . *

bacteriophage (phage) are viruses of bacteria - can be eitherlytic
or temperate (Lysogenic)

* lytic - always lyse (kill) host bacterial cell
*temperate - can stably infect and coexist within bacterial cell
(lysogeny) until a lytic phase is induced

* the phage genome during lysogeny is called the prophage, and
the bacterial cell is called a lysogen




| Specialised Transduction

,/3\ = 1. A temperate bacteriophage

B adsorbs to a susceptible
bacterium and injects its
’ genome .

genome into the bacterium's

R 2. The bacteriophage inserts its
‘ nucleoid to become a prophage.




in iali Tran ion nt’

3. Occasionally during
—spontaneous duction; asmatt
piece of the donor bacterium's

DNA is picked up as part of the

phage's genome in place of

some of the phage DNA which
uceod remains in the bacterium's
nucleoid.

4. As the bacteriophage

< - y replicates, the segment of
bacterial DNA replicates as part
_ | of the phage's genome. Every

Shage DNA phus phage now carries that segment
i of bacterial DNA.




teps in Specialised Transduction (cont’d

‘&\ :  5.The bacteriophage adsorbs to

{ a recipient bacterium and injects
g its genome.
doner bactenal DNA
Wﬂrb-unnws

NUCeO

6. The bacteriophage genome
B carrying the donor bacterial

DNA inserts into the recipient
bacterium's nucleoid.

raccrent hactenur 3

nucleoid

For Revision:

Generalized transduction:
https://youtu.be/C44ymgwgA-o

Specified transduction
https://youtu.be/ZxbPYekSTLg



https://youtu.be/C44ymgwgA-o
https://youtu.be/ZxbPYekSTLg

Transformation

The simplest way to transfer genetic information is for
one cell to release DNA intothe medium and for

another cell to import it.The transfer of “pure” or
“naked” DNA from one cell to another is known as

transformation.
p— -
L"
DESTROY CELL et ADD DNA 1O - : :
P & PLRIFY DNA RECIPIENT CFL RECOMBINATION
b = y ¢
'\.. - 4
\}0 DEOomOosonn
ORIGINAL FRAGMENTS TRANSFORMED RECOMBINANT
BACTERIAL (1L OF DNA Crid CELL



Transformation U E

By “naked” means that no other biological macromolecules,
such as protein, are present to enclose or protect the DNA.

No actual cell-to-cell contact is involved in transformation, nor is
the DNA packaged inside a virus particle.

In practice, transformation is mostly a laboratory technique.The

DNA is extracted
from one organism by the experimenter and offered to other

cells in culture. Cells able
to take up DNA are said to be “competent.”



The 4 steps in Transformation

fragrmernt of DNA from

a cead o.cwm{(

DT S~
< Ly —

fragment of DNA from ~ - -
a8 dead bactenum hwng. competent
recapient bacterium

2. A fragment of DNA from the dead donor
1. A donor bacterium dies and is degraded bacterium binds to DNA binding proteins

on the cell wall of a competent, living
recipient bacterium

gonor DNA £
( S o /_X 2
( . CC)e)
) A > ; Qo
S fj — < : = 7 g
recipiert Rec A N recpient's DNA

3. The Rec A protein promotes genetic exchange
between a fragment of the donor’'s DNA and the
recipient's DNA

4. Exchange is complete




pages for this lecture from MRS textbook
Chapter 3
Only 5 pages you can reed it to revise and
understand more

https://drive.google.com/file/d/| G_Ols2_FIE2JDMpTP8Kf9a3A
TD2QhUPh/view?usp=sharing




Which of the following best describes vertical gene transfer?

a) Copying and passing of the entire genome from a mother cell to a daughter cell.

b) Copying and passing of DNA plasmids from a mother cell to a daughter cell.

c) Copying and passing of the entire genome between bacterial cells via a pilus.

d) Copying and passing of DNA plasmids between a mother and a daughter cell via a pilus.
e) Copying and passing parts of the genome between bacterial cells via a bacteriophage.

Answer: A




Transformation, transduction and conjugation are all examples of...

a) horizontal gene transfer
b) asexual reproduction

c) vertical gene transfer

d) diagonal gene transfer
e) binary fission

Answer: A




Conjugation is best described as:

a) A) Plasmid movement by cell-cell contact
b) B)Uptake of naked DNA

c) C)Using bacteriophages as vectors

d) D)Jumping genes

Answer: A




Which of the following is false regarding specialized transduction?
a) Itis carried out by temperate bacteriophages

b) It always leads to direct lysis of host bacterial cell

c) ‘Lysogeny’ and co-existing can be observed

d) None of the above is false

Answer: B




What type of bacterial gene transfer is this?
a) recombination, IS (elements)
b) conjugative, nonconjugative
C) conjugation
d) transformation

Answer: C




A transposable element that is excised from one position in the genome and inserted into

another position through the action of transposase. Occurs in both eukaryotes and prokaryotes
a) Transcription of bacterial genome

b) autonomously, circular
c) competence, recombination
d) cut-and-paste (transposon

Answer: D




The name of cell “C” Is
a) F-
b) F+
c) Hfr

d) None of the above

Answer: C




Insertion or deletion of a single/multiple base pairs in the DNA which results in a complete
different translation from the original, this definition best describes which type of mutations?
a) Frame shift mutations
b) Missense mutations
c) Nonsense mutations
d) Silent mutations

Answer: A




The type of gene transfer in this figure is:
a) Conjugation

b) Transduction

c) Transformation

d) Fission

Answer: B




ability of a bacteria to bind and translocate to DNA, typically not naturally, certain bacteria
take up DNA to chromosome

a) Transduction
b) Recombination

c) Transformation
d) Conjugation

Answer: C
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