
1

Chapter 14

Bacterial Genetics:    
11-15-2011

http://life.nctu.edu.tw/~hlpeng/
彭慧玲

 
分機:56916    

(hlpeng@mail.nctu.edu.tw)

http://life.nctu.edu.tw/~hlpeng/


2

課程綱要與評分標準

11/15 Bacterial genetics and microbial genomics (Ch.14, 16)
11/22, 11/23 Microbial taxonomy (Ch. 17), Archaea (Ch. 3, 18)
11/29, 11/30 Fungi (Ch. 4, 24, 39)
12/6, 12/7 Virus (Ch. 5, 25)
12/13  Exam I- 23%
12/14                      Prion and viral diseases (Ch. 37)
12/20, 12/21 Bacteria (Ch. 19, 20, 38)
12/27, 12/28 Bacteria (Ch. 21, 22, 38)
1/3, 1/4                  Microbial detection and control (Ch. 34, 35, 36)
1/10 Exam II- 22%

簽到出席率
 
5% (20 h)
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新興大腸桿菌E. coli O104:H4

溶血性尿毒症候群/HUS (hemorrhagic uremia 
syndrome)
歐洲大腸桿菌疫情今年五月始於德國，持
續蔓延至歐洲各國，至今造成3792病例，
已奪走42條人命。
源自有機農場的芽菜？
E. coli O157:H7 

1982~, Hamburger disease
1996 in Japan, contaminated radish seeds
Plasmid pO157
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超級細菌 NDM-1

多重抗藥的腸內菌(ESBL-Enterobacteriacaea)

抗Carbapenem 碳青黴烯- KPC
巴西KPC奪18命 (2010/10/11-中國時報)

2009, a KPC infection in New Delhi (NDM-1)
國內出現「超級細菌」衛生署嚴陣以待 (2010/10/04)

WHO 籲全球對抗超級細菌(中央社 2011/04/07 )
被稱為超級細菌的NDM-1基因普遍存在印度德里的環境中，包括飲
用水和不流動的污水裡都有；印度的霍亂和痢疾細菌也已帶有NDM-
1基因；過去未發現超級細菌的11個菌種，現在也含有NDM-1。

Plasmid pNDM-1   
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The plasmid pNDM-1 carries 3  antibiotic 
resistance-conferring regions

Transposon Tn3, ISCR1, Int1 

Antimicrob. Agents Chemother., Dec. 2009, p. 5046–5054
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14.4 Creating genetic variability
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Horizontal (Lateral) Gene Transfer (HGT) 
in bacteria
Haploid geneome
Exogenote (Donor)

Endogenote (Recipient)

Merozygote
Transconjugants
Transformants
Transductants

Figure 14.11
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Nonreciprocal Homologous 
Recombination

incorporation of 
single strand of 
DNA into 
chromosome, 
forming a stretch of 
heteroduplex DNA
proposed to occur 
during bacterial 
transformation

Figure 14.13
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Site-specific recombination
insertion of viral genome into host 
chromosomes

insertion of nonhomologous DNA
Only a small region of homology is required

Transposition carried out by transposable elements

movement of pieces of DNA around the 
genome
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Transposable Elements
segments of DNA 
that carry genes for 
transposition
widespread in 
bacteria, eukaryotes 
and archaea

Figure 14.14

IS

Tn
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Simple Transposition- cut and paste

Figure 13.20

- Generation of direct 
repeats in host DNA 
flanking a transposon
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Replicative Transposition

Figure 14.16

- insertion generates 
direct repeats of flanking 
host DNA 
- usually transposon 
replicated, remaining in 
original site, while 
duplicate inserts at 
another site
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Effects of transposition
mutation in coding region
arrest of translation or transcription

interruption of promoter regions…
interruption of ribosomal binding sites…

activation of genes
provide strong promoter sequences

generation of new plasmids
Multi-drug resistance plasmids
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R Plasmid results from Tn3 Transposition

Figure 14.17

R plasmid
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Plasmids
small, autonomously replicating DNA molecules 
that can exist independently or, as episomes, 
integrate reversibly into the host chromosome

conjugative plasmids such as the F plasmid can 
transfer copies of themselves to other bacteria during 
conjugation
R plasmid, virulence plasmid, metabolic plasmid…
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Bacterial conjugation
The transfer of genes 
between bacteria that 
depends on direct cell 
to cell contact 

mediated by the sex 
pilus encoded by F 
plasmid

Fig. 14.19

Fig. 14.18
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The U-tube experiment

- transfer of DNA between cells 
discovered by Lederberg and 
Tatum (1946)

- cell-to-cell contact is 
necessary for the DNA 
transfer, which 
demonstrated by 
Bernard Davis (1950)
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The type IV secretion system

Tra proteins
TraA pilin

Fig. 14.22



Agrobacterium Ti plasmid

Fig. 29.3
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DNA 
transformation

uptake of DNA 
fragments and 
incorporation into 
recipient 

competent cell
uptake of a plasmid

Figure 14.25
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DNA Uptake Systems

Fig 14.28

G(+) Bacillus sp.

Natural competence

G(-) Neisseria sp.
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Transduction- transfer of genes by phages

Fig 14.25
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Generalized 
transduction

any part of bacterial 
genome can be 
transferred
occurs during lytic cycle
during viral assembly, 
fragments of host DNA 
mistakenly packaged 
into phage head

Figure 14.30
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Specialized 
Transduction

carried out only by 
temperate phages that 
have established 
lysogeny
only specific portion of 
bacterial genome is 
transferred
occurs when prophage
is incorrectly excised

Fig 14.31
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Transmission of drug resistance

The origin of drug 
resistance

R plasmid

Tn5, Tn21, Tn551

Intergon
several resistance genes 

carried together as gene 
cassettes
IntI 

Fig. 34.20
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Chapter 16

Microbial Genomics



27

Genomics
study of molecular organization of 
genomes, their information content, and 
gene products they encode
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Determining DNA Sequences
Sanger Method (1975)/ 
Chain termination method

uses ddNTP as chain 
terminator

automated systems
Four reactions

1S DNA template 
primer 
DNA polymerase 
dNTP 
one fluorescence-labeled 
ddNTP

Fig. 16.1

dideoxynucleoside 
triphosphates 
(ddNTP)
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Automated Sanger DNA sequencing 
Fig. 16.3



Post-Sanger sequencing

High-throughput (HTP) sequencing
Next-generation sequencing (NGS)

short-read approaches:
Roche/454 pyrosequencing

Micro-read approaches: 
Illumina’s Solexa
ABI SOLiD (Supported oligo ligation detection) 
sequencing by ligation 
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Pyrosequencing
Each bead coated with PCR-
amplified DNA  (300-500 bp)
Pyrophosphate determination

DNAn+ dNTP DNAn+1+ PPi 
PPi + APS ATP + SO4

2-

ATP+luciferin+O2 AMP + 
PPi +oxylucerin +CO2+ light 

Fig. 16.4(a)

Pyrogram (Fig. 16.5)
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SOLEXA sequencing
A glass slide  attached 
with the PCR 
amplification of 
immobilized DNA 
Sanger-type  sequencing

4 fluorophore terminators

Fig. 16.4(b)
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SOLiD sequencing

the addition of a short 
piece of anchor primer
8-bp oligonucleotides 

by every possible 
combination 
each fluorescently labeled 
at the 4th and 5th positions

ligase
exciting with laser light

Fig. 16.4(c)
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Whole-genome shotgun sequencing
Library construction
to provide templates

genomic clones 
random sequencing
fragments 
alignment and gap 
closure

Contig- a set of 
larger, contiguous 
nucleotide sequences

Editing (proofread)
1000 kb/ 24 h 1995, J. Craig Venter and Hamilton Smith    

(TIGR: the institute of genomic research)

Fig. 16.6
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Bioinformatics

Combine Biology, mathematics, computer 
science, and Statistics to generate data on 
genome content, structure, and arrangement

also provides data on protein structure and function
DNA sequence data stored in large databases

International Nucleic Acid Sequence Data Library (GenBank)
ESTs (expressed sequence tags)

analysis of genome data using computers
in silico analysis
BLAST (basic local alignment search tool)
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Genome annotation
To determine location of genes and nature of 
genes or presumed genes
identifies open reading frame (ORF) 

> 100 codon but not interrupted by a stop codon
an apparent ribosomal binding site at the 5’ end and 
terminator sequences at the 3’ end 

To assign tentative function of gene
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Finding potential protein coding genes        
- CDS (coding sequences)/ ORF

Fig 16.8
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Alignment of the conserved regions

Fig 16.9  Pfam database
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Functional genomics

Determination of how genome works
from alignment of gene sequences

paralogs – genes arose from gene duplication
orthologs – genes very similar and are predicted to 
have same function

involves analysis of translated amino acid 
sequence of presumed genes to 
understand protein structure and function

motif, a short pattern of amino acids, may represent a 
functional unit within the protein, such as the active site

transcriptomics, proteomics, lipidomics, glycomics, 
metabolomics
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Physical map of the Haemophilus 
influenza genome (1995)

1st annotated genome
Color-code genes
1/3 of unknown function
65 regulatory genes

> 1000 complete bacterial 
and archaeal sequences 
now available

Fig. 16.10
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First synthetic genome
Mycoplasma mycoides JCVI-syn1.0 

1.08 million bp synthesized chromosome of 
a modified M. mycoides genome at the J. C. 
Venter Institute (San Diego, CA, and Rockville, 
MD, USA)
~ 1 kb 10 kb in E. coli 100 kb in yeast 

assembly of 10 X ~100 kb fragments in 
yeast mycoplasma 
The new cells have expected phenotypic 
properties and are capable of continuous 
self-replication (>30 divisions) and making 
new set of proteins.

July 2010 Science 329:52-56
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Monitoring changes of gene expression 
- Microarray analysis

Figure 15.9
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Hierarchical cluster analysis of gene 
expression

Analysis of gene 
expression of D. 
radiodurans following 
exposure to γ-radiation

Each group of genes has 
been scored  for 
relatedness
A tree has been 

generated with indication 
of correlation 
coefficient (r value) 
Genes induced (red) or 
repressed (green) after 
radiation
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Proteomics study
often analyzed by two-dimensional gel 
electrophoresis

Fig 16.14
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Tandem Mass Spectrometry

unknown spot from 2-D 
gel is cut and cleaved 
fragments are analyzed 
by mass spectrometer

mass of fragments is 
plotted
protein tentatively 
identified from probable 
amino acid composition

Fig 16.15
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ChlP-Chip 
analysis
Probing DNA-protein 
interaction 

EMSA (electrophoretic 
mobility shift assay) or 
called gel mobility shift 
assay
ChIP- chromatin 
immunoprecipitation

search for protein 
binding DNA



Systems biology

integrate the “ parts list” of cells 
an interdisciplinary study

47
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Comparative Genomics

Microbial genome size (Fig. 16.17)
Archaea, Bacteria and Fungi

Core and Pan-genomes (Fig. 16.18)
Set of genes found in all members of a species
Combination of all different genes found in all strains in 
a given species 
genomic islands and pathogenicity islands

Synteny- a phylogenetic relationship analysis (Fig. 16.19)
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Comparative genomics analysis

M. leprae- Leprosy
pseudogenes-degraded 

and nonfunctional genes

M. tuberculosis (4.4 Mb)
and M. bovis (4.3 Mb)-
Tuberculosis

99.5% sequence identity 

Fig. 16.20



Reverse vaccinology

Comparative genomics helps to create a short 
list of candidate targets as vaccine antigens

expressed during infections
secreted or on the surface
found in all strains
elicit immune response
essential for the pathogen survival 

A single genome approach
A pan-genome approach

50
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Metagenomics- an environmental genomics

used to learn more about the diversity and 
metabolic potential of microbial communities
may serve to establish hypotheses concerning 
interactions between community members
being viewed as a baseline technology for 
understanding the ecology and evolution of 
microbial ecosystems

Phylochip
Human microbiome
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Construction and screening of genomic 
libraries directly from the environment

Figure 16.21
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