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Microbial Genomics and Chromosome Organization

Prokaryotic Chromosome Organization

Generation of full genome sequences

Genomic Structure & Functional Genomics

Genome size vs. No. of orfs

Minimal genome concept

Lessons from full genomes

Chromosomal &
nonchromosomal
genetic elements

A hairpin structure on end of linear DNA molecule Whole-genome shotgun sequencing

Figure 16.10 Genes in a portion 
of bacterial genome
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Functional Organization of H. influenzae: 1.8 Megabases

E. coli K-12

E. coli K-12 Genome Organization Lessons

Cured of F-plasmid and Lambda phage, 4.6 Mbs

88% of genome comprised in 4200 orfs
1% tRNAs and rRNAs
0.5% noncoding repetitive sequences
10% regulatory sequences, including promotors,
operators, origin and terminus of DNA replication

70% single copy genes
Some gene clusters, e.g., lac, trp, his, and NOT arg
~6% polycistronic mRNAs

E. coli K-12 Genome Organization Lessons (cont.)

Gene orientation can be in both directions, 
however, highly expressed genes in the 
same direction as DNA replication forks travel.

For example, all 7 rrn operons
Rem: transcription always 5’ to 3’

Also found were several different cryptic, 
defective prophages and IS elements.
18% of genome from horizontal gene transfer,
including large regions (~40Kb) known as 
islands of pathogenicity.
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Genome size vs. ORFs

265 to 350 genes are the minimum necessary genome

Metabolic pathways and transport systems for Thermotoga maritima
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Totals:

Lessons from full genomes

Size range 600Kb to 12Mb

Vast number of putative genes with no known function.

Pathogenicity conferred by “Pathogenicity Islands”
44.5Kb in Bacillus anthracis

Symbiotic Island of >600Kb in Sinorhizobium loti
including genes for nodulation and N-fixation

Adaptive gene losses in parasitic bacteria
Rickettsia and Chlamidia are ATP thieves using
the same “alien” ADP/ATP translocase

Microbial Genetic Exchange and Plasmids

Microbial Genetic Exchange is unidirectional!

Transformation
Transduction
Conjugation

Each requires Homologous Recombination

Types of plasmids

Microbial Genetic Exchange

Transformation by a Gram -positive, competent cell
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Demonstration of transformation

Streptococcus
pneumoniae

Demonstration of transformation

Figure 15.8 (Part 3) 
Demonstration of transformation

Generalized transduction

Generalized transduction (cont.) Specialized transduction
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Low frequency,
but efficient

Bacterial conjugation

Hfr cells
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F’ cells Figure 15.4 Homologous 
recombination

Homologous Recombination

Figure 15.5A Details of 
homologous recombination 

strand invasion Figure 15.5B Details of 
homologous recombination 

Types of homologous recombination in bacteria Types of homologous recombination in bacteria
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F plasmid

Plasmids of pathogenic bacteria Ti plasmid


