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Genetic basis of variation: Griffiths (1928)
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Genetic basis of variation: Avery et.al (1944)
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Genetic basis of variation: Hershey and Chase (1952)

5 labeled

f\ " coat protain
" 2P, jabeled
+ DNA

mixing of virus
with host cells

l 15g
2 winlent
) agitation
protein “ghost”
Iabsled with ¥°5
P |abaled
\ DNA

multiplication of
wiral chromosome
and praduction
of new phage

release of
new progeny
particles

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings




Organization of genetic material in bacteria: chromosomes

* Most bacteria contain a single chromosome (+ extrachromosomal elements)

* Some bacteria have been found also to contain 2-3 replicons which can be
considered either megaplasmids or minichromosomes e.g. 3.0 Mb and 0.9 Mb
replicons in Rhodobacter sphaeroides

« A few bacterial genera contain >1 chromosome e.g. 2.1 Mb and 1.2 Mb
chromosomes in Brucella

« Some bacteria harbour large replicons essential for survival in a specific
ecological niche but not under laboratory conditions e.g. 1.4 Mb and 1.7 Mb
replicons inRhizobium meliloti are required for plant symbiosis

Organization of genetic material in bacteria: chromosomes

: genes . infrans repeated sequences I:‘ RMA polymerase gene intergenetic sequences
Escherichia coli (57 genes)
|| | I = | ISR | O O I I | [ || ]
Saccharomyces cerevisiae (31 genes) “-\\
I ] |1 | ] L B | | N I TN T
Drosophila melanogaster (9 genes) Pt - i -
Human (2 genes) T N
[ =i e e e | —
L 1 1 1 1 ]
0 10000 20000 30000 40000 50000 G0000

number of base pairs

Copyright @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings




Organization of genetic material in bacteria: chromosomes
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aureus strains: Evidence for the rapid evolution of
virulence and drug resistance
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Organization of genetic material in bacteria: plasmids
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Organization of genetic material in bacteria: plasmids

Extrachromosomal

¢ Circular or linear

2 kb to hundreds of kb in size

« Non-essential

« May carry ‘supplemental’ genetic information or may be cryptic
« Employ host functions for most of DNA metabolism
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Organization of genetic material in bacteria: plasmids
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Organization of genetic material in bacteria: plasmids

Plasmid

pT181

ColE1l

pGKL2
pAMBL
pSK41
pBM4000
pl258
pSLT
pMT1
pADP-1
pWWO
pBtoxis
pXxo1
pSOL1

pSymB

Examples of naturally-occuring plasmids and relevant features

Host Plasmid size (kb)
Staphylococcus aureus 4.4
Escherichia coli 6.6
Kluyveromyces lactis® 135
Enterococcus faecalis 26.0
Staphylococcus aureus 46.4
Bacillus megaterium 53.0
Staphylococcus aureus 28.0
Salmonella enterica subsp. typhimurium 93.9
Yersinia pestis 101.0
Pseudomonas sp. 108.8
Pseudomonas putida 117.0
Bacillus thuringiensis subsp. israelensis 137.0
Bacillus anthracis 181.7
Clostridium acetobutylicum 192.0
Sinorhizobium meliloti 1683.3

Relevant feature
Tetracycline resistance

Colicin production and immunity

Killer plasmid

Erythromycin resistance
Multidrug resistance

rRNA operon

Metal ion resistance

Virulence determinants
Virulence determinants
Atrazine (herbicide) catabolism
Aromatic hydrocarbon degradation
Mosquito larval toxicity
Exotoxin production

Solvent production

Multiple functions associated with plant symbiosis

Sources of genetic variation: point mutations
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Sources of genetic variation: point mutations
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Sources of genetic variation: DNA rearrangements

Insertion sequence (IS) elements:

1.  Simplest type of transposable element found in bacterial chromosomes and plasmids.
2. Encode only genes for mobilization and insertion.
3. Range in size from 768 bp to 5 kb.

4.  IS1firstidentified in E. coli’s glactose operon is 768 bp long and is present with 4-19 copies
in the E. coli chromosome.

inverted terminal repeats (ITRs).

Insertion sequence, IS71

Transposase gene

NN

5’ GGTGATGCTGCCAACTTACTGAT|3’ 5’ ATCAATAAGTTGGAGTCATTACC |3’
3’ CCACTACGACGGTTGAATGACTA|S” 3’ TAGTTATTCAACCTCAGTAATGG |5”

-
-«

Sources of genetic variation: DNA rearrangements

Integration of IS element in chromosomal DNA.

| Is d
I 1
5" ACAGTTCAG CTGAACTGT 3
3 TGTCAAGT ACTTGACA |5
A [
IR . | . IR
Insertion of IS element into
chromosomal DNA
Target site
V_%
4Cut
Chromosomal 5 TCGAT 3
DNA 3 AGCTA 5
Cut’ l
¢ Inserted IS element
5 TCGAT ACAGTTCAG CTGAACTGT 3
3 TGTCAAGTC GACTTGACA AGCTA 5
—_— _—
IR | IR
Gaps filled by DNA
polymerase, DNA ligase
Host DNA i "W‘DNA
|
5 TCGAT ACAGTTCAG CTGAACTGT TCGAT 3
¥ AGCTA TGTCAAGTC GACTTGACA AGCTA 5
[ — [ —
New DNA IR IR Host DNA
Dupli d target site sequence
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Sources of genetic variation: DNA rearrangements
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Sources of genetic variation: DNA rearrangements
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Sources of genetic variation: frequency of occurrence

Plasmid
transfer
Homologou: Point
l'er:ombinatiorl I Transposition I mutatio
B .
*10-1 102 103 10+ 105 106 107 108
High frequency Low frequency
Low diversity High diversity

* As frequency per cell per generation

Transmission of genetic variation: Luria-Delbruck test

1. Resistance by mutation is a physiological response

(b) Fluctuation test results
T O 1 O T
00600000006

of colonies 1 a 107 ) 0 5 0 5 0

e Time of exposure 1o selective agent

Results fit with expectations if random mutation occur at random.
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Linear transmission of genetic variation

Point mutation
DNA rearrangement
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Fig. 1. Clonal variation.

U

Horizontal transmission of genetic variation

transformation B Fig. 2 (af left). Variation
conjugation by transfer of genetic in-
tra formation,
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Transmission of genetic variation: mechanisms

Transformation Conjugation Transduction
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( =" donor cell o ™ 7
: 7 releases o ?,9 ‘ % 9
. DNAinto -
7 7 medium. Donor cell Bacteriophage
plasmid infects a cell.
D G G
g 2 & oF
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directly to recipient Donor DNA is packaged
l through a connecting in released bacteriophage.
tube. Contact and

transfer are promoted

' by a specialized plasmid
in the donor cell.

Donor DNA is Donor DNA is transferred

taken up by recipient. when phage particle
infects recipient cell.

Transmission of genetic variation: mechanisms

:II: 9- E)Ganellc Interconnections demonstrated between bacterial groups, either by transformation er by conjugation. (Courtesy of .
Solmonelia typhimurium

Pseudomonos  pulida Shigella dysenterioe

Neisseria Neisserio
suhllav
a qcﬂo"""““ Agmbu:llrmm tumefaciens
Proteus mirabiis
\ /A“mm“ Wmmmdu Rhlzoh\um leguminosarum
Vi chitisie w Escherlchlu :nl\(—H:muphllusmliuenzae

Snrmlm murcescens
Bucfemidns fragilis

/ mebsmlln pntumbmue
Rhizobium trifolii -ﬂmloboclu- vinelandii

Acinetobacter calr.nu:nlu:us
Rhadospirillum ~ rubrum Bacillus mmu

Fsaudamnms ﬂuort-scen: 8“‘”‘“5 pumilus

Sluphyboom:cus oureus




Transmission of genetic variation: transformation

Transformation

Lysis of
donor cell
oy releases
DNA into
" medium.

Recipient cell

Donor DNA is

taken up by recipient.

Conjugation

Donor cell Recipient cell

Donor cell
plasmid

Donor DNA is transferred
directly to recipient
through a connecting
tube. Contact and
transfer are promoted

by a specialized plasmid
in the donor cell.

Transduction

Donor cell Recipient cell

Bacteriophage
infects a cell,

Lysis of donor cell.
Donor DNA is packaged
in released bacteriophage.

Donor DNA is transferred
when phage particle
infects recipient cell.

Transmission of genetic variation: transformation

« Gene transfer resulting from the uptake of DNA from a donor.
» Factors affecting transformation
— DNA size and state
« Sensitive to nucleases
— Competence of the recipient (Bacillus, Haemophilus, Neisseria,

Streptococcus)

« Competence factor
* Induced competence
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Transmission of genetic variation: transformation

~_host
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Fig. 8-11. Model for the transformation of Streptococeus. Competence

factor (CF) is required for the induction of the compatent state. Duplex

DNA binds to competent celis in at least two distinct sleps, refered
T Fsingl

tracel DNA complexes,
of the fragments.into the host chromasome.

Transmission of genetic variation: transformation

Donor cell
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Transmission of genetic variation: transformation

Recipient DNA

Double-stranded
donor DNA

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

Formation of
triple-strand

Yy atfat

transformant

Recombination
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Transmission of genetic variation: transduction

Transformation Conjugation
Lysis of Donor cell Recipient cell
s donor cell
T 7 releases
.. DNAinto
/a1 medium. Donor cell
plasmid
Recipient cell Donor DNA is transferred
directly to recipient
l through a connecting
N tube. Contact and
3, transfer are promoted
4 by a specialized plasmid
in the donor cell.
Donor DNA is

taken up by recipient.

Transduction

Donor cell  Recipient cell

)

Bacteriophage
infects a cell.

Lysis of donor cell.
Donor DNA is packaged
in released bacteriophage.

Donor DNA is transferred
when phage particle
infects recipient cell.




Transmission of genetic variation: transduction

~—7 Pressure/suction
| alternately applied
PR y app

Strain LA-2 4 T Strain LA-22
(phe* trp* met™ his™) (phe™ trp~ met* his*)
| \/ |
Plate on Medium passes back Plate on
minimal medium and forth across minimal medium
and incubate filter; cells do not and incubate

V V

e d "4
No growth Growth of prototrophs
(no prototrophs) (phe* trp* met* his*)

Transmission of genetic variation: transduction

How did Zinder and Lederberg prove that the phenotype

was the result of transduction?

* presence of DNAase rules out transformation
« filter prevented contact so no conjugation

* reducing filter pore size to below size of phage inhibited
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Transmission of genetic variation: transduction

; Infection
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Transmission of genetic variation: transduction

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Transmission of genetic variation: transduction

Transmission of genetic variation: transduction
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Transmission of genetic variation: transduction

There are two types of transduction:

— generalized transduction: A DNA fragment is transferred from one bacterium
to another by a lytic bacteriophage that is now carrying donor bacterial DNA
due to an error in maturation during the lytic life cycle.

— specialized transduction: A DNA fragment is transferred from one bacterium
to another by a temperate bacteriophage that is now carrying donor bacterial
DNA due to an error in spontaneous induction during the lysogenic life cycle

Transmission of genetic variation: generalized transduction
% viral
genome

bactaria 1. A lytic bacteriophage adsorbs to a susceptible
bacterium.
‘ i O 2. The bacteriophage genome enters the
viral
genume—s ‘

bacterium. The genome directs the bacterium's
metabolic machinery to manufacture
bacteriophage components and enzymes

3. Occasionally, a bacteriophage head or
capsid assembles around a fragment of

\fg\m i s donor bacterium's nucleoid or around a

9&{} 5\3[/‘ plasmid instead of a phage genome by
mistake.

= {

phage carrying
bacterial DNA

|
{

fragments of the bacterium's
nucleoid or plasmids
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Transmission of genetic variation: generalized transduction

Bacterophage nommal
camying denar s bacteriophoge
baclenuns UNA}E\ — Frese
|
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f.-/r_,ﬁ \,é L‘ 4. The bacteriophages are released.

tysed bactesium

donor
bacterial DNA

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

I
recipient bacterium's
nucleoid

Transmission of genetic variation: generalized transduction

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

E

i

|

i denor bacterial —s
li DN&

i

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

donor bacterial i
DNA 3
il

recipient bacterium's
nucleoid

http://www.cat.cc.md.us/courses/biol41/lecquide/unit4/genetics/recombination/tran

sduction/transduction.html
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Transmission of genetic variation: specialized transduction

phage
gennm94

T
bacterium's
nucleoid

B

prophage

T
bacterium's
nucleoid

1. A temperate bacteriophage adsorbs to
a susceptible bacterium and injects its
genome .

2. The bacteriophage inserts its genome
into the bacterium's nucleoid to become a
prophage.

Transmission of genetic variation: specialized transduction

portion of donor
bacterium's nucleoid
phage DNA

T
nucleoid

PN
Loirey

phage‘ DMA plus
donor bacterial DNA

3. Occasionally during spontaneous
induction, a small 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 remains in the
bacterium's nucleoid.

4. As the bacteriophage replicates, the
segment of bacterial DNA replicates as
part of the phage's genome. Every phage
now carries that segment of bacterial
DNA.
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Transmission of genetic variation: specialized transduction

phage DNA plus
donor bacterial DNA

et 5
reciplent bacterium's
nucleoid

S

donor bacterial DNA
phage DNA

. U . g
recipient bacterium's
nucleoid

5. The bacteriophage adsorbs to a
recipient bacterium and injects its

genome.

6. The bacteriophage genome carrying the
donor bacterial DNA inserts into the
recipient bacterium's nucleoid.

hittp://www.cat.cc.md.us/courses/biol41/lecquide/unitd/genetics/recombination/transduction/spectran.html

Transmission of genetic variation: conjugation
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Donor cell
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Donor DNA is transferred
directly to recipient
through a connecting
tube. Contact and
transfer are promoted

by a specialized plasmid
in the donor cell.
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Bacteriophage
infects a cell.
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Lysis of donor cell.
Donor DNA is packaged

in released bacteriophage.

Donor DNA is transferred
when phage particle
infects recipient cell.
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Transmission of genetic variation: conjugation

Transformation
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Donor DNA is
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Conjugation
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directly to recipient
through a connecting
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by a specialized plasmid
in the donor cell.

Transduction

Donor cell Recipient cell
Bacteriophage
infects a cell.
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Donor DNA is packaged
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Donor DNA is transferred
when phage particle
infects recipient cell.
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