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One of the hallmarks of the Gram-negative bacterium Pseudomo-
nas aeruginosa is its ability to thrive in diverse environments that
includes humans with a variety of debilitating diseases or immune
deficiencies. Here we report the complete sequence and compar-
ative analysis of the genomes of two representative P. aeruginosa
strains isolated from cystic fibrosis (CF) patients whose genetic
disorder predisposes them to infections by this pathogen. The
comparison of the genomes of the two CF strains with those of
other P. aeruginosa presents a picture of a mosaic genome, con-
sisting of a conserved core component, interrupted in each strain
by combinations of specific blocks of genes. These strain-specific
segments of the genome are found in limited chromosomal loca-
tions, referred to as regions of genomic plasticity. The ability of P.
aeruginosa to shape its genomic composition to favor survival in
the widest range of environmental reservoirs, with corresponding
enhancement of its metabolic capacity is supported by the iden-
tification of a genomic island in one of the sequenced CF isolates,
encoding enzymes capable of degrading terpenoids produced by
trees. This work suggests that niche adaptation is a major evolu-
tionary force influencing the composition of bacterial genomes.
Unlike genome reduction seen in host-adapted bacterial patho-
gens, the genetic capacity of P. aeruginosa is determined by the
ability of individual strains to acquire or discard genomic segments,
giving rise to strains with customized genomic repertoires. Con-
sequently, this organism can survive in a wide range of environ-
mental reservoirs that can serve as sources of the infecting
organisms.
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Pseudomonads are environmental saprotrophs, and only P.
aeruginosa is capable of causing serious human infections.
This microorganism has the ability to express a variety of
virulence determinants, and it is not surprising that it can cause
experimental infections in plants, nematodes, insects, and ani-
mals. Moreover, the ability to cause a wide range of acute and
chronic human infections suggests an evolutionary mechanism
whereby the repertoire of genes facilitating its survival in a
particular environment is highly flexible showing a great deal of
diversity among natural isolates thriving in different habitats. It
is also likely that the relatively large genome of most P. aerugi-
nosa strains (5-7 Mb) could include a substantial set of con-
served genes, coding for functions necessary for survival in most
environments (1). Human infections would therefore be a con-
sequence of genome evolution in the environment where P.
aeruginosa could encounter various hosts such as Caenorhabditis
elegans, Drosophila melanogaster, Galleria mellonella, and Dic-
tyostelium discoideum (2). This pattern of evolution is in contrast
to the decay of genomes seen during the adaptation of pathogens
to a parasitic existence (3).
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Respiratory tract infections by P. aeruginosa include acute
pneumonia particularly in patients with neutropenia, immuno-
suppression or undergoing mechanical ventilation (4, 5). Diffuse
panbronchiolitis and respiratory disease in individuals with
cystic fibrosis (CF) are two common chronic respiratory infec-
tions caused by P. aeruginosa (6). CF patients often succumb to
infections from organisms found in their immediate environ-
ment. The early course of the disease combines features of acute
infection, followed by chronic adaptation that includes numer-
ous genetic changes such as overproduction of extracellular
alginate polysaccharides, loss of the ability to add O-side chains
to lipopolysaccharide core sugars, and mutations in regulatory
genes (7).

To identify potential genomic determinants of P. aeruginosa
adaptability, we determined the complete nucleotide sequence
of two CF strains of different origin. Strain PA2192 is an isolate
from a chronically infected patient in Boston and has undergone
significant phenotypic adaptation characteristic of a majority of
CF isolates, including conversion to mucoidy (due to a nonsense
mutation in its mucA gene), production of lipopolysaccharide
devoid of O-side chains, and lack of motility (8). Strain C3719,
the so-called Manchester epidemic strain, has been associated
with enhanced virulence and transmissibility (9). With the
exception of mucoid conversion, it has also undergone similar
adaptations associated with chronic CF isolates (9). Comparison
of these two genomes with published sequences of clinical
isolates PAO1 (10, 11), PA14 (12, 13), and PACS2, show that the
genetic repertoire of each P. aeruginosa strain has unique
components, consisting of specific insertions of blocks of genes
acquired by horizontal gene transfer (HGT), with simultaneous
discarding of genetic information, all taking place at a limited
number of chromosomal loci. It is apparent that the evolution of
the P. aeruginosa genome is driven by selection for an ability to
expand its environmental niches. To infect eukaryotic hosts,
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