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Microbial genomes	



Biosciences 741: Genomics	


Fall, 2013	


Week 15	



Microbes are single-celled organisms	


•  Archaebacteria have small genomes, high gene density, usually one 

circular chromosome.  However, mechanisms of DNA replication & 
gene expression are more similar to eukaryotes…  They are now 
regarded as a separate kingdom of life, but are also included in the 
category of “microbes”.  Examples include many (but not all) 
thermophilic bacteria.	



•  Eubacteria (most bacteria) have small genomes, high gene density, 
usually one circular chromosome.  Examples include Salmonella and 
E. coli.  The term “bacteria” is often used to refer to Eubacteria.	



•  Eukaryotes have moderate to large genomes, moderate to low gene 
density, introns, and a nucleus.  Examples include yeast and humans. 
Yeast are microbes; humans are not.	



•  Metazoans (multicellular animals) are eukaryotes but not microbes.  
All metazoans share a single common ancestor.	
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Larger prokaryotic genomes devote a higher percentage of their	


genes to regulatory functions	
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Number of ORFs and amount of noncoding DNA	


in prokaryotic genomes	
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Codon bias in 18 species of bacteria, analyzed by self-organizing maps 
(Kanaya et al., 2001)	



Horizontally-transferred gene islands	



•  Horizontally-transferred gene islands typically have a base 
composition and codon bias that is initially distinctly different 
from their new host.	



•  Over time, mutation of the third codon position causes the codon 
bias to equilibrate to the new host bias (in 1-2 million years).  	



•  Mutation of the first and second codon positions to adopt the host 
base composition requires much longer, approximately 50-100 
million years.  Thus comparison of first, second, and third codon 
positions allows estimation of the age of gene islands, even though 
the species of origin may be unknown.	



•  Computational analysis of gene islands in E. coli and other species 
suggests that: (i) young islands are much more common than old; 
and (ii) young islands are significantly larger than older islands.	
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Lineage-specific segments: many are about the size of a gene, but	


many lineage-specific segments contain about 5-50 genes	



Emerging infectious diseases	


•  Approximately 160 newly emerging infectious diseases caused 

by bacteria have been discovered in the past 70 years.	


•  This is believed to be a real increase in EID rate, driven 

primarily by population growth, as well as agricultural and 
travel practices.	



•  Climate change and improved detection are doubtless also 
involved.	



•  Pathogens often arise by transfer of “pathogenicity islands”, 
which may be plasmids, bacteriophage, transposons, and/or site-
specific recombining “cassette chromosomes”, particularly in 
Staphylococcus.	



•  The advent of whole-genome bacterial genome sequencing has 
allowed the forensic identification of sources of emerging 
diseases and even individual infections, based on unique SNPs.	
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Pathogenicity islands	



Pathogenicity islands may include genes for toxins, that 
increase the virulence of bacteria that carry it.  However, 
virulence carries both costs and benefits to the bacterial cell, 
as hurting or killing its host may reduce its own 
reproduction.	


	



Pathogenicity islands often include genes for antibiotic 
resistance, which can be beneficial even to non-pathogenic 
bacteria.	


	



In fact, MRSA, one of the most serious emerging diseases, 
originated from the animal commensal S. sciuri, which 
contains a penecillin-binding protein with a high degree of 
similarity to that found in MRSA.	


	



Use of antibiotics in animal feed is likely to have long-term 
consequences for world health.	





12/4/13	



7	





12/4/13	



8	





12/4/13	



9	



Bias in gene	


orientation	


(“transcription 
skew”), in the	


E. coli genome	



•  Bacterial DNA is generally maintained in a negatively-
supercoiled conformation.	



•  The supercoiling of a plasmid can be relaxed by one single-
strand break (nick) (how?).	



•  However, relaxation of a bacterial chromosome requires 
numerous nicks, suggesting that the chromosomal DNA is 
organized into domains that are topologically insulated from 
each other.  	



•  These domains average about 10 kb in length, in other words 
a few genes or operons. 	



•  Normal maintenance of supercoiling is governed by DNA 
gyrase, which introduces negative supercoils, and 
topoisomerase I, which relaxes them.	



Supercoiling of bacterial chromosomes	
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Wang et al. (2013) Nat. Rev. Genet. 14, 191-203.	



Bacillus subtilis nucleoid. 	


stained with Giemsa,	


using acid-treated cells. 	



Bacterial chromosomes	


are organized into	


loops in vivo.	



Wang et al. (2013) Nat. Rev. Genet. 14, 191-203.	



a | Schematic representation of the bottlebrush model of the nucleoid. The topologically isolated 	


domains are on average 10 kb and therefore are likely to encompass several branched 	


plectonemic loops. b | Schematic representation of the small nucleoid-associated proteins and 
the structural maintenance of chromosome (SMC) complexes. These proteins introduce DNA 
bends and also function in bridging chromosomal loci. 	
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Illustration of a “plectonemic” supercoil (left)	



Wang et al. (2013) Nat. Rev. Genet. 14, 191-203.	



c | The diagram depicts replication fork progression and compaction of the origin region. Replica-	


tion generates positive supercoils ahead of the fork, which can diffuse behind the replisome, 	


producing pre-catenanes. Positive supercoils are removed by DNA gyrase and topoisomerase IV	


(Topo IV), and pre-catenanes are unlinked by Topo IV. Newly replicated origin regions are 	


compacted by the SMC complexes that are recruited to the origin by ParB. 	
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Wang et al. (2013) Nat. Rev. Genet. 14, 191-203.	



b | A schematic model of bulk chromosome segregation	


that may be conserved among various bacterial species.	


After newly replicated origins are separated, lengthwise	


condensation mediated by supercoiling, small nucleoid-	


associated proteins and the structural maintenance of 	


chromosome (SMC) complexes, in lockstep with 	


replication, drive disentanglement and segregation 	


of the sister chromosomes. 	



Wang et al. (2013) Nat. Rev. Genet. 14, 191-203.	



c | A schematic of terminus segregation in Escherichia coli. The replicated terminus is 	


translocated to appropriate daughter cell by the FtsK DNA translocase, whereas topoisomerase 	


IV (Topo IV) and XerCD resolve catenanes and chromosome dimers, respectively. FtsK	


specifically localizes at the division septum, where it participates in cytokinesis and 	


DNA segregation 	
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Discussion questions	


•  Discuss the role of chromosome structure in organizing DNA replication and 

chromosome segregation in bacteria.  Your answer should include the 
replication of plectonemic loops, and the orderly segregation of DNA 
replication origins and termination points.	



•  Briefly discuss the role of lateral gene transfer in the evolution of bacteria and 
pathogenicity.  Where do these genes come from - the same species?  The 
same genus?  Why or why not?  Are these transfer events frequent or rare?  
How (if at all) does this affect the classification of phylogenetic relationships 
between bacterial species?	



•  Briefly discuss the structural characteristics of gene islands, pathogenicity 
islands, and mobile genetic elements in bacteria.  Define each of these terms.  
How are they identified in bacterial genomes?  Under what circumstances 
would they be expected to have unusual base composition at the first codon 
position?  Third codon position?  Codon bias?	



	




