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Genotype and Phenotype

The genotype of an organism is its genetic makeup, the information
that codes for all the particular characteristics of the organism. The
genotype represents potential properties, but not the properties
themselves. Phenotype refers 10 actual, expressed properties, such as
the organism's ability 10 perform a particular chemical reaction.
Phenotype, then, is the manifestation of genotype.



Molecules of Genetics

e The main molecules of genetics are called
nucleic acids.

e All the genetic information are stored as a
sequence of bases through nucleic acids
mainly in DNA and in RNA in some RNA
viruses.

The basic structure of DNA molecules
is theNucleotide
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A Prokaryotic Chromosome
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number of base pairs.



Bacterial Chromosome

*Bacteria typically have a single circular chromosome consisting of a single
circular molecule of DNA with associated proteins.

*The chromosome is looped and folded and attached at one or several points to
the plasma membrane.

*The DNA of £. coli, the most-studied bacterial species, has about 4.6 million
base pairs and is about 1 mm 10ng- 1000 times longer than the entire cell.
*However, the chromosome takes up only about 10% of the cell's volume
because the DNA is twisted, or supercoiled- much like a telephone cord when you
put the handset back on the receiver.

*The location of genes on a bacterial chromosome can be determined by
experiments on the transfer of genes from one cell to another.

In recent years, the complete base sequences of several bacterial chromosomes
have been determined . Computers are used to search for open-reading frames,
that is, regions of DNA that are likely to encode a protein. These are actually
base sequences between start and stop codons. The sequencing and molecular
characterization of genomes is called genomics.



Difference between prokaryotic and
eukaryotic chromosome

https://www.easybiologyclass.com/difference-between-prokaryotic-
and-eukaryotic-chromosome-a-comparison-table/

https://microbenotes.com/prokaryotic-and-eukaryotic-chromosomes/

https://www.biologyexams4u.com/2012/11/difference-between-
prokaryotic-and.html#.XoLCwlgzblU



https://www.easybiologyclass.com/difference-between-prokaryotic-and-eukaryotic-chromosome-a-comparison-table/
https://microbenotes.com/prokaryotic-and-eukaryotic-chromosomes/
https://www.biologyexams4u.com/2012/11/difference-between-prokaryotic-and.html

Levels of Gene Regulation

The expression of a gene into functional
proteins can be regulated at multiple levels:

TRANSCRIPTION*
(regulation of rate at which gene is transcribed)

MRNA transcript stability
(“balf-life” of transcripts)

TRANSLATION
(regulation of translation of mRNA)

post-translational modifications
(e.g., cleavage of polypeptides, addition of chemical groups)



DNA Replication in Prokaryotes
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Mutations

A mutation is any change in DNA sequence:
echange of one nucleotide to another
einsertion or deletion of nucleotides or DNA fragments

einversion or recombination of DNA fragments

What causes mutations?

eerrors in DNA replication, DNA repair
echemical mutagenesis
ehigh energy electromagnetic radiation

eUV light, X-rays, gamma rays



Mechanisms of Gene Transfer
Horizontal vs Vertical Gene Transfer

(a) Vertical gene transfer .
v'transfer to the next generation

Generation 1

Generation 2

Generation 3 / \ Binary fission / \ Binary fission

(b) Horizontal gene transfer

Donor cell (

Generation 1 Recipient cell

v'transfer within the same generation

Recipient cell



Recipient cell
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Mechanism of Genetic Exchange

Bacteria can acquire DNA (i.e., new genes)
in 3 basic ways:

1) Transformation

euptake and retention of external DNA molecules

2) Conjugation

edirect transfer of DNA from one bacterium to another

3) Transduction

ethe transfer of DNA between bacteria by a virus
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Griffith’s Transformation Experiment

Pathogenic S strain Harmless R strain Heat-killed Mixed harmless and
pathogenic cells heat-killed pathogenic cells

(&
(o

Colonies of pathogenic Colonies of harmless No colonies isolated Colonies of harmless
cells isolated from cells from mouse and pathogenic cells
dead mouse isolated from dead mouse

(A) When Griffith injected S (B) An injection of Rstrain ~ (C) Furthermore, an injection (D) But when Griffith injected a

strain (encapsulated, ~ (unencapsulated,harmless) — of heat-killed S strain ~  mixture of live R strain and
pathogenic) cells into cells did no harm to the cells did ne harm heat-killed S strain cells
the mouse, it developed mouse. because the cells were into the mouse, it died.
pneumonia and died. dead. When Griffith cultivated

the organism from the blood,
he found live S strain cells.



Plasmids

eExtrachromosomal genetic elements

e Autonomously replicating

ecircular DNA - exept. B.burgdorferi

edo not encode essential functions - additional genetic information (phenotypic properties, atb
resistance, bacteriocin and toxin production, metabolizing properties)

eLarge plasmids — (fertility factor F, resistance transfer factor RTF) - mediate their own transfer -
conjugation

eSmaller plasmids - not conjugative - do not encode transfer protein - sedentary - do not transfer
eConjugation, transduction, incorporation

Classification of Plasmids

1. Transfer properties

a. Conjugative plasmids - Conjugative plasmids are those that mediated conjugation. These plasmids
are usually large and have all the genes necessary for autonomous replication and for transfer of
DNA to a recipient (e.g. genes for sex pilus).

b. Nonconjugative plasmids - Nonconjugative plasmids are those that cannot mediate conjugation.
They are usually smaller than conjugative plasmids and they lack one or more of the genes needed
for transfer of DNA. A nonconjugative plasmid can be transferred by conjugation if the cell also
harbors a conjugative plasmid.

2. Phenotypic effects

a. Fertility plasmid (F factor)

b. Bacteriocinogenic plasmids - These plasmids have genes which code for substances that kill other
bacteria. These substances are called bacteriocins or colicins.

c. Resistance plasmids - These plasmids carry antibiotic resistance genes.




Bacterial Conjugation

Bacterial Sex pilus
chromosome

Replication
and transfer
of F factor

F factor

F* cell F~ cell F* cell F* cell
(a) When an F factor (a plasmid) is transferred from a donor (F*) to a recipient (F™), the F~ cell is converted into an F* cell.
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ehas all “conjugation genes”

Sex pilus

edirects formation of a sex pilus

esingle DNA strand produced by DNA replication
is transferred to F-cell through the sex pilus,
recipient produces 2ndstrand
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Hfr Conjugation

If F factor plasmid is inserted into host chromosome (Hfr cell), this will
result in the transfer of the entire DNA complex.

Recombination between
F factor and chromosome o« e .
occurs at a specific site Insertion of F factor recipient can incorporate
on each - into chromosome resul;s dOI’IOI" ceII genes by
Integrated F factor recom blnatlon
**Hfr = “High
F* cell Hfr cell -

frequency of
{(b) When an F factor becomes integrated into the chromosome of an F* cell, it makes the cell a high . ]
frequency of recombination (Hfr) cell. recom bination**
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In the recipient,
recombination

Replication occurs between the also useful for
and transfer Hfr chromosome }
chromosome F- chromosome | mapping bacterial
genes based on
the rate of transfer
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 results.
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Transduction

A virus (phage) particle can transfer DNA fragments from one host cell to another
followed by recombination

O A

Phage protein coat

Bacterial chromosome

Recombination - e T \
e PN ’ \ e
s/
i i Donor cell
requires a V|'rus to be . .
packaged with bacterial
DNA “ by mistake” o A phage infects the donor e Phage DNA and proteins are made, and
bacterial cell. the bacterial chromosome is broken
into pieces.

Bacterial DNA

Recipient

Donor bacterial DNA bacterial DNA

Phage DNA

— —-
Recipient cell Recombinant cell
o Occasionally during phage assembly, o A phage carrying bacterial e Recombination can occur, producing
pieces of bacterial DNA are packaged in DNA infects a new host cell, a recombinant cell with a genotype
a phage capsid. Then the donor cell lyses the recipient cell. different from both the donor and
and releases phage particles containing recipient cells.

bacterial DNA.
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Episome

*An episome is a portion of genetic material that can exist independent of the main body of genetic material (called
the chromosome) at some times, while at other times is able to integrate into the chromosome. Examples
of episomes include insertion sequences and transposons. Viruses are another example of an episome.

*An episome is a plasmid that can exist either with or without being integrated into the host’s chromosome.

*The F factor also has several segments called insertion sequences that assist plasmid integration into the host cell
chromosome. Thus the F factor is an episome that can exist outside the bacterial chromosome or be integrated into it.

*The F factor is an episome and can integrate into the bacterial chromosome at several different locations by
recombination between homologous insertion sequences present on both the plasmid and host chromosomes. When
integrated, the F plasmid’s tra operon is still functional; the plasmid can direct the synthesis of pili, carry out rolling-
circle replication, and transfer genetic material to an F recipient cell. Such a donor is called an Hfr strain (for high
frequency of recombination) because it exhibits a very high efficiency of chromosomal gene transfer in comparison
with F cells. DNA transfer begins when the integrated F factor is nicked at its site of transfer origin.

*Because the F plasmid is an episome, it can leave the bacterial chromosome.

*Episome, in bacteria, one of a group of extrachromosomal genetic elements called plasmids, consisting of DNA and
capable of conferring a selective advantage upon the bacteria in which they occur. Episomes may be attached to the
bacterial cell membrane (such a cell is designated F*) or become integrated into the chromosome (such a cell is
designated Hfr). F* and Hfr cells act as donors during conjugation, a mating process in certain bacteria (e.qg.,
Escherichia, Salmonella, Serratia, Pseudomonas). During conjugation, cells lacking the episome (called F cells) may
receive either the episome (from an F* cell) or the episome plus the chromosomal genes to which it is attached (from
an Hfr cell).

*Some bacterial viruses, called temperate phages, carry DNA that can act as an episome. A bacterial cell into whose
chromosome the viral DNA has become integrated is called a prophage.



Episome

*An episome is distinguished from other pieces of DNA that are independent of the chromosome
(i.e., plasmids) by their large size.

*Plasmids are different from episomes, as plasmid DNA cannot link up with chromosomal DNA. The
plasmid carries all the information necessary for its independent replication. While not necessary for
bacterial survival, plasmids can be advantageous to a bacterium. For example, plasmids can carry
genes that confer resistance to antibiotics or toxic metals, genes that allow the bacterium to degrade
compounds that it otherwise could not use as food, and even genes that allow the bacterium to
infect an animal or plants cell. Such traits can be passed on to another bacterium.

*Transposons and insertion sequences are episomes. These are also known as mobile genetic
elements. They are capable of existing outside of the chromosome. They are also designed to
integrate into the chromosome following their movement from one cell to another. Like plasmids,
transposons can carry other genetic material with them, and so pass on resistance to the cells they
enter. Class 1 transposons, for example, contain drug resistance genes. Insertion sequences do not
carry extra genetic material. They code for only the functions involved in their insertion into
chromosomal DNA.

*Transposons and insertion sequences are useful tools to generate changes in the DNA sequence of
host cells. These genetic changes that result from the integration and the exit of the mobile elements
from DNA, are generically referred to as mutations. Analysis of the mobile element can determine
what host DNA is present, and the analysis of the mutated host cell can determine whether the extra
or missing DNA is important for the functioning of the cell.



Gene Mapping in Bacteria

Three methods of Recombination in Bacteria:
e Conjugation
¢ Transformation

e Transduction: Generalized transduction & Specialized transduction



Conjugation
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Conjugation Transfer of the Sex-Factor F

*Unidirectional transfer of genetic material between donar and recipient bacterial cells by
direct contact.

*Segments (rarely all) of the donor’s chromosome recombines with the homologous
chromosome.

*Recipients containing donor DNA are called transconjugants.

*Genetic transfer is mediated by sex factor F.

*Donor is F* and recipient is F

*F is a self-replicating, circular DNA plasmid (1/40 the size of the main chromosome).

*F plasmid contains an origin sequence (O), which initiates DNA transfer. It also contains genes
for haie-like cell surface (F-pili or sex-pili), which aid in contact between cells.

*No conjugation can occur between cells of the mating type.

*Conjugation begins when the F plasmid is nicked at the origin, and a single strand is
transferred using the rolling circle mechanism.

*When transfer is complete, both cells are F*.



Transfer of the chromosome by Hfr during conjugation

*Frequency 10 per each Hfr cell.

*Hfr strains replicate F factor as part of their
main chromosome.

Complete F* sequence (or complete
chromosomal DNA) is rarely transferred
(1/10000) because bacteria separate
randomly before DNA synthesis completes.

*Recombinants are produced by cross-over
of the recipient chromosome and the donar
DNA containing F*.
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meroploid

Recombination during bacterial conjugation

Transfer of single-stranded
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Transferred fragment
converted to double helix

<

cells -
(partial
i Doubl i
diploid) d::or.o c'::ssovor nserts
\.
7

Single crossover would make the
chromosome linear and the cell would die



Insertion of F factor into bacterial chromosome
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a) Progressive transfer of donor genes to
recipient during Hfr X F- conjugation

Minutes
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Gene Mapping

b) Appearance of donor genetic markers in recipient
as a function of time
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Gene Mapping

(a)
Lifrstuatn : Order of transfer ————————————{
(Earliest) (Latest)
H thr - leu - azi - ton - pro - lac - gal - thi
1 leu - thr - thi - gal - lac - pro - ton - azi
2 pro - ton - azi - leu - thr - thi - gal - lac
7 ton - azi. - leu - thr - thi - gal - lac - pro

Hfr strain H Hfr strain 1 Hfr strain 2 Hfr strain 7



Transduction

*Transduction is the transfer of DNA from one bacterium to another via a
bacteriophage

*A bacteriophage is a virus that attacks bacterial cells
*It is composed of genetic material surrounded by a protein coat.
It can undergo two types of cycles

-Lytic
-Lysogenic
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Plaques

*A plaque is a clear area on an otherwise
opaque bacterial lawn on the agar surface
of a petridish

*It is caused by the lysis of bacterial cells as
a result of the growth and reproduction of
phages




gt B Generalized transduction

Bacterial R chromosome
chromosome ‘

__ Phage
= reproduction
by lytic cycle,
Donor along with Fragments of
bacterium breakage of bacterial
(wild type) bacterial DNA chromosome
€ Infection of donor into fragments i\
bacterium with P1 ',u.\
P A®
B s e — *Any piece of bacterial
e reproduction DNA can be incorporated
produced by .
recombination. into the phage (ra ndom
:’.Ineraa:’ Z:%ments . .
c:lgl’ular nuc¥eases |nC0rp0rat|0n).
Transducing Normal
Geneti h . .
R v G *This type of transduction
with recipient a wild-type and . :
gene by a double transducing phages. is termed generalized
crossover Some progeny phages
kage bacterial 1
PRcKage becyivinl s transduction.
Lysi . .
@ Infection of recipient i eLytic CYCIG of virus
bacterium (a) with a @ Release of progeny
transducing phage (a*) phages by cell lysis /
9
[a? %
/ vl_l‘t'm\
l N ’_// A
Bacterial chromosome — ————— Phage lysate

{auxotrophic for a)

Copyright & 2006 Pearson Benjamin Cummings. All rights resarved



Specialized Transduction

eLysogenic cycle
of virus

*Incorporates

into  bacterial
genome

*Excises out;
can carry

bacterial genes

*More specific

genes
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(a) Generalized transduction (b) Specialized transduction
) Phage DNA Bacterial Prophage DNA

5( Vadbise DNA
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Phage infects bacterial cell.

|

&) (=)

Host DNA is hydrolyzed into Occasionally, prophage DNA
pieces, and phage DNA and exits incorrectly, taking ad-
prohlm an made, joining bacterial DNA with it
Oecaelonally a bacterial DNA Phage particles carry bacterial
fragment is packaged In a DNA (here, gene A) along
phage capsid. with ph.ge DNA.
‘ N Crosslng over

SRR

Transducing phages Infect new host calls, where
rooombinluon {crossing over) can occur.

- Recombinant -

(n—as».\} bacteria '/.‘-—--\}

Tho recombinants have genotypes (A’ F) different
from either the donor (A* B') or recipient (A B).

Mapping Genes Using
Bacteriophage

*Infect bacteria with phages of
different genotypes using two, three
or four gene crossesii.e., crossover.

*Count recombinant phage
phenotypes by determining
differences in cleared areas (no
bacterial growth) on a bacterial lawn.

*Different phage genes induce
different types of clearing
(small/large clearing with
fuzzy/distinct borders).



Transformation

*Bacteria take up extracellular DNA
*Discovered by Frederick Griffith, 1928

*There are two types

-Natural transformation

DNA uptake occurs without outside help
-Artificial transformation

DNA uptake occurs with the help of special
techniques

*Natural transformation occurs in a wide
variety of bacteria

|t depends on competence of cells

*The prerequisite for bacteria to
undergo transformation is its ability to take up
free, extracellular genetic material.
Such bacteria are termed as competent cells.

a) Recipient DNA

Double-stranded
donor DNA

a

One strand of donor
DNA enters cell as the
other gets degraded

Formation of
triple strand

Recombination
(strand displacement)
by double crossover

Chromosome
with segment of a*/ a
heteroduplex DNA

Yy atla* Yyala
transformant nontransformant
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*If the DNA that enters the cell is homologous to a portion of gene on the chromosome
then that DNA will be incorporated into the genome by homologous recombination

*Sometimes, the DNA that enters the cell is not homologous to any genes on the
chromosome

It may be incorporated at a random site on the chromosome- the process termed as
non-homologous recombination

Like cotransduction, transformation mapping is used for genes that are relatively close
together

Mapping Using Transformation

—_—
.

Recombination frequencies are used to infer gene order.

p+ q+ o+ X P q O

§

If p+ and g+ frequently cotransform, order is p-q-o.

3. If p+ and o+ frequently cotransform, order is p-0-q.



The F plasmid belongs to a class of plasmids
that control sexual functions in bacteria. The F
plasmid consists of

tra
region

OriT (Origin of Transfer): starting point of
IS3 conjugative transfer
OriVv (Origin of Vegetative
Replication): start of sequence replicated
in a recipient cell
tra-region (transfer genes): genes
encoding the F-Pilus and DNA transfer
elements.
IS (Insertion Sequences): DNA fragments
("selfish genes") that integrate copies of
oriv themselves into a recipient chromosome

—75kbp F plasmid 25 kbp
| (F factor)



