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MICROBIOLOGY

Genomic divergence

of Escherichia coli strains:
evidence for horizontal
transfer and variation

in mutation rates

Summary. This report describes the sequencing in the Escherichia coli B
genome of 36 randomly chosen regions that are present in most or all of the fully
sequenced E. coli genomes. The phylogenetic relationships among E. coli strains
were examined, and evidence for the horizontal gene transfer and variation in
mutation rates was determined. The overall phylogenetic tree indicated that E. coli
B and K-12 are the most closely related strains, with E. coli O157:H7 being more
distantly related, Shigella flexneri 2a even more, and E. coli CFT073 the most dis-
tant strain. Within the B, K-12, and O157:H7 clusters, several regions supported
alternative topologies. While horizontal transfer may explain these phylogenetic
incongruities, faster evolution at synonymous sites along the O157:H7 lineage was
also identified. Further interpretation of these results is confounded by an associa-
tion among genes showing more rapid evolution and results supporting horizontal
transfer. Using genes supporting the B and K-12 clusters, an estimate of the
genomic mutation rate from a long-term experiment with E. coli B, and an estimate
of 200 generations per year, it was estimated that B and K-12 diverged several hun-
dred thousand years ago, while O157:H7 split off from their common ancestor
about 1.5-2 million years ago [Int Microbiol 2005 8(4):271-278].

Key words: Escherichia coli strains - experimental evolution - evolution rates -
horizontal gene transfer - molecular evolution

Introduction

These pathogenic strains express virulence factors that are
involved in pathogenesis, but which are usually accessory to
normal metabolic functions.

Escherichia coli is one of the most intensively studied living
species. While it has long served as a model organism for
biochemistry, genetics, and molecular biology, more recent-
ly, it has been widely used in experimental studies of evolu-
tion. E. coli is a normal part of the microbiota of the lower
gastrointestinal tract of mammals, including humans, and
usually exists as a harmless commensal. However, there also
exist many pathogenic strains of E. coli that can cause a vari-
ety of diarrheal and other diseases in humans and animals.

Owing to the scientific and clinical interests in E. coli, the
genomes of several strains have been completely sequenced,
and the sequencing of others is underway. Complete genome
sequences are also available for Salmonella strains, which
last shared a common ancestor with E. coli more than a hun-
dred million years ago [21]. Differences in ecological strate-
gies and evolutionary histories of the various E. coli strains
may have left interesting signatures in their genomes. In the
present study, we took advantage of the substantial genomic
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data available for E. coli to examine some of the mechanisms
of molecular evolution that have contributed to the diversity
of organisms that microbiologists recognize as E. coli. In par-
ticular, we were interested in examining the possible contri-
butions of horizontal gene transfer and differences in muta-
tion rates between strains to genomic differences.

Much of the recent work on E. coli as an experimental
system for studying evolution in action has used a derivative
of strain B [2,4,14,15,27]. Although a complete genome
sequence of E. coli B does not yet exist, sequence data accu-
mulated as part of that research enabled us to examine the
phylogenetic relationship between strain B and other E. coli
strains with greater precision than was possible previously
based on multi-locus enzyme electrophoresis [9] or the
genomic distribution of IS elements [28].

The aims of this study were to determine the phylogenetic
relationships among various E. coli strains, and to examine
several hypotheses that could complicate interpretation of
these relationships, including horizontal gene transfer and
variation in mutation rates. Thirty-six randomly chosen gene
regions of ca. 500 bp each that were previously sequenced in
E. coli B were selected and subjected to BLAST searches
using the NCBI server. The goal was to find homologous
fragments for these genes in seven fully sequenced genomes,
including four E. coli strains and three related species:
Shigella flexneri, Salmonella typhimurium, and Salmonella
enterica. The two Salmonella strains were used in this study
primarily for rooting phylogenetic trees. For three of the 36
genes analyzed here (atoA, ycdS, and ycdT), significant
homologies were only found within the E. coli genomes; no
homologues were found in the Shigella or Salmonella
genomes.

Materials and methods

Sequences and alignment. As the starting point for this study,
~500-bp sequences previously obtained for each of 36 randomly chosen and
physically dispersed gene regions in E. coli strain B [15] were used.
Accessions numbers for these 36 sequences are GenBank:AY625099 to
GenBank: AY625134. BLAST searches were then carried out using the NCBI
server to find homologous fragments for these genes in seven fully sequenced
genomes. The four E. coli strains consisted of one K-12 strain [1], which is a
non-pathogenic commensal; two isolates of O157:H7 [16,24], which is
enteropathogenic; and one CFT073, which is uropathogenic. The other three
genomes were those of Shigella flexneri strain 2a [10], Salmonella typhimuri-
um serovar LT2 [17], and Salmonella enterica serovar Typhi CT18 [23]. As
the two O157:H7 isolates are almost identical for all the gene regions includ-
ed in this study, only the Sakai isolate [16] was used in our analyses.

For each gene, the deduced amino acid sequences were aligned by using
the progressive algorithm implemented in CLUSTAL-X [34] and further
arranged, as needed, by visual inspection. Alignments for the nucleotide
sequences were then obtained from the corresponding protein alignments,
thereby ensuring the homology of the sites used in comparisons.

Phylogeny reconstructions. Phylogenetic trees were constructed for
each individual gene region, as well as for the concatenated sequence of all
of them, by three different methods: neighbor-joining, minimum evolution,
and maximum parsimony. The purpose of using three different methods was
to evaluate the robustness of the results obtained; in fact, the trees were con-
sistent regardless of the method used. Unless otherwise indicated, Tajima
and Nei’s divergence estimator [33] was used for distance-based methods.
For all three methods, gap-containing positions were excluded from the
analysis. The significance of clusters within the phylogenetic trees was
assessed by the bootstrap method with 1000 replicates. Gene trees were con-
sistent regardless of the method used. Phylogenetic trees and molecular evo-
lutionary computations reported in this study were done using MEGA soft-
ware, version 3.0 [12].

Computation of nucleotide substitution rates. In molecular
evolutionary studies, it is generally useful to partition nucleotide substitu-
tions into two classes: (i) nonsynonymous, which replace one amino acid by
another, and (ii) synonymous, which leave the same amino acid in the result-
ing protein. Although most mutations are nonsynonymous, most nonsynony-
mous mutations are eliminated by natural selection, which causes a numeri-
cal predominance of synonymous substitutions. The rates of nonsynony-
mous and synonymous substitutions were computed following Nei and
Gojobori’s modified method and using the correction of Jukes and Cantor
for multiple hits [20].

Calculation of codon adaptation index. To test whether an
accelerated rate of sequence evolution on a particular branch might reflect
changes in codon usage, codon usage tables for each relevant gene in K-12
were calculated using the CUSP utility in the EMBOSS package. These
tables were then used to calculate the codon adaptation index CAI [30] for
the corresponding genes in strains B and O157:H7 using the CAI utility in
EMBOSS.

Results and Discussion

Phylogenetic relationships among E. coli
strains. Sequences for each gene region were aligned and
the resulting alignments were subjected to independent phy-
logenetic reconstruction by various methods. In addition, all
the gene regions were combined, and an overall phylogenet-
ic tree was constructed from this concatenated sequence.
Figure 1 shows the maximum-parsimony (all sites included;
branch-and-bound exhaustive search) tree obtained from the
concatenated data. The tree has very strong support for all
internal branch points based on a bootstrap analysis. This
analysis of the entire dataset indicated that strains B and K-12,
which are non-pathogenic commensals, are the most closely
related pair, followed next by strain O157:H7, which is
enterohemorrhagic. Strain CFT073, which is uropathogenic,
is the most divergent of the strains within the E. coli clade.
Shigella was historically given genus-level status owing
largely to its pathology and clinical significance. However,
more recent research [9,25] has shown that S. flexneri lies
within the E. coli clade, and that it is more closely related to
E. coli B, K-12, and O157:H7 than any of these strains are to
E. coli CFTO073.
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Fig. 1. Phylogenetic tree reconstructed by maximum parsimony (all sites
included; max-mini branch-and-bound search as implemented in MEGA 2.1
software) after concatenating all of the shared gene regions used in this
study. The numbers adjacent to nodes show the percent of bootstrap repli-
cates that support the corresponding cluster. The scale bar shows a 500-bp
mutational distance over 33 randomly chosen gene regions, totaling about
17,000 bp, for which sequences were available and present in all of the
strains shown.

We focused our attention next on the three E. coli strains,
B, K-12, and O157:H7, that had diverged more recently from
one another and thus formed an internal cluster within the
phylogenetic tree. For this analysis, each gene region was
examined independently to assess whether it supported the
hypothesis that B and K-12 are more closely related to one
another than either one is to O157:H7. Alternatively, differ-
ent genes might support different relationships, which has
been reported previously for diverse E. coli strains and which
is generally seen as providing evidence for horizontal gene
transfer [7,8,18]. Figure 2 shows the three possible topolo-
gies relating these strains. The first topology has B and K-12

as the most closely related pair, with O157:H7 more distant-
ly related. Of 35 gene regions that were informative at this
level of resolution, 23 supported this clustering (Fig. 2). Of
these 23 regions, 16 showed significant bootstrap support at
the commonly accepted p = 0.70 level, including nine that
fulfilled the very stringent criterion of p = 0.95. The second
topology groups K-12 and O157:H7, with B more distantly
related. Seven genes supported this topology, including four
with bootstrap support at p > 0.70, of which only one fulfilled
the very stringent criterion of p = 0.95. The third alternative
topology, which pairs B and O157:H7, was supported by five
genes, including four significant at p > 0.70 of which two
were significant even at the p > 0.95 level. This gene-by-gene
analysis therefore tended to support the same topology as that
obtained using the entire concatenated sequence (Fig. 1),
with strains B and K-12 being more closely related to one
another than either is to O157:H7, although several genes
provide significant support for alternative topologies.
Henceforth, we consider the dominant topology as our null
hypothesis, as we seek to explore and better understand these
exceptions.

Mechanisms of genomic diversification in
E. coli strains. It is well known that horizontal transfer
can cause incongruent phylogenies across different genes
from the same set of organisms. For example, if species A
and B share a recent common ancestor, while species Z is
more distantly related; and if a particular genomic segment
has recently moved from Z into B; then genes in that segment
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Fig. 2. Alternative clusterings for E. coli
strains B, K-12, and O157:H7. The three
possible trees are shown at left. The
names of the genes that support each
topology are shown to the right, with per-
centage bootstrap support for the topology
shown in parentheses.
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would support the phylogenetic topology that joins B and Z,
whereas the remainder of the genome would support the
topology that groups species A and B together. Although this
explanation is both logical and plausible, there may be alter-
native explanations and complications arising from differ-
ences in evolutionary rates among genes or across lineages,
such as could arise from different selective constraints or
mutation rates, respectively. The latter possibility is especial-
ly interesting because of some evidence that mutator pheno-
types are more common among pathogenic than non-patho-
genic E. coli strains [3,13], although a previous sequence-
based study found no evidence that O157:H7 had undergone
an accelerated rate of molecular evolution [36].

Evidence for horizontal transfer. To examine these
issues further, we proceeded as follows. If horizontal transfer
is the main explanation for phylogenetic discrepancies
among different genes, then the discrepancies should be
observed for neutral sites as well as for all sites within those
genes. However, if the topology obtained for neutral sites dif-
fers markedly from the topology based on all sites within the
gene, then alternative explanations should be considered that
involve relaxed or otherwise altered selective constraints
affecting particular genes in certain lineages. Therefore, min-
imum evolution trees were recomputed for those eight genes
that significantly supported (p = 0.70) the second and third
topologies in Fig. 2, but only synonymous sites in the com-
putation of the distance matrix were used. Six of these genes
(vegS, yleA, caiC, cysZ, flgE, and glpX) continued to provide
significant support (p > 0.70) for their respective alternative
phylogenetic topologies, while two (yjcD, yifQ) no longer
provided significant support for any topology. Hence, the
hypothesis of horizontal transfer involving one or more
ancestors of B, K-12, and O157:H7 appears to be well sup-
ported by several gene fragments. By contrast, the possibili-
ty that certain genes might indicate different topologies
owing to altered selective constraints has no compelling sup-
port from this analysis, because most genes supporting the
non-standard phylogenetic topologies continued to do so
when using only synonymous substitutions. However, evi-
dence of gene transfer does not preclude differences in muta-
tion rates between lineages.

Evidence for accelerated evolution in the line-
age leading to 0157:H7. Two approaches were pur-
sued to test whether the rate of molecular evolution tended to
be faster for the lineage leading to O157:H7, presumably
owing to this pathogen having spent more of its history as a
mutator than did the commensal strains B and K-12. The first
approach employed Tajima’s test for unequal rates of molec-

ular evolution [32]. This method is independent of the under-
lying phylogeny. In our analysis, this test was applied only to
third positions in codons in order to minimize any complicat-
ing effects of selection. When the test was applied to each
individual gene fragment, and using S. flexneri as the out-
group, seven genes (cysZ, flgE, hydH, trpB, ydeD, ydhT, and
yeil) showed significant acceleration ()? tests, all p < 0.05)
in their rates of neutral evolution along the branch leading to
O157:H7. By contrast, only two genes (feoB and yjcD)
showed significantly slower neutral evolution along that
same branch. When all of the genes were combined and the
test was applied to the entire dataset, the results strongly sup-
ported an accelerated rate of synonymous substitution on the
branch leading to O157:H7 (y* = 12.140, 1 df, p < 0.001).
These analyses thus support the hypothesis that the pathogen-
ic strain O157:H7 experienced a higher average mutation rate
over its history than did two related commensal strains.

It is interesting that the hypothesis of accelerated neutral
evolution along the lineage leading to O157:H7 was support-
ed by this analysis but not by a previous analysis by Whittam
et al. [36]. One possible explanation for this difference is that
our study used a much more closely related outgroup in S.
flexneri 2a, whereas the earlier study relied on then-available
sequences from the more distantly related Salmonella
genome. The inclusion of a much longer period of shared
evolutionary history, as would occur with a more distantly
related outgroup, might obscure an elevated mutation rate
along one branch.

Our second approach to test the hypothesis of accelerated
molecular evolution in the branch leading to O157:H7 fol-
lowed that of Whittam et al. [36]. The synonymous substitu-
tion rate, d,, was compared between O157:H7 and S.
typhimurium LT2, and between the cluster B + K-12 and S.
typhimurium LT2, for each informative gene fragment.
Under the null hypothesis of equal rates of evolution along
the two branches, a simple linear relationship, with intercept
zero and slope one, was expected between the d, values esti-
mated for O157:H7 and B + K-12. Indeed, that simple rela-
tionship is what Whittam et al. [36] found using a set of 12
genes for O157:H7 and K-12. Alternatively, if the rate of syn-
onymous substitution was faster along the lineage leading to
0157:H7, then the d; values should tend to lie above that iso-
cline. Figure 3 shows the actual relationship between d; val-
ues obtained for Salmonella and O157:H7 and those obtained
for Salmonella and the cluster containing B and K-12. To test
whether there was any significant tendency toward positive
deviations from the isocline, we computed for each gene the
deviation as the ratio of its d; value on the ordinates axis to
its d, value on the abscissas axis, and then subtracted 1. The
mean deviation was 0.034 + 0.012 S.E.M., a value that is sig-
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nificantly greater than zero (z,, = 2.708, 1-tailed p = 0.005)
and which therefore further supported the hypothesis of an
accelerated rate of neutral evolution on the branch leading to
O157:H7. The larger number of genes in our study, compared
to the earlier study, provided greater statistical power and
might account for the different conclusion. However, as
shown below, horizontal gene transfers may further compli-
cate interpretation of these data.

Association of putative horizontal transfers
with more rapid evolution. An analysis of variance
was carried out to test for possible differences among the
alternative phylogenetic topologies in the magnitude of the
deviations from the isocline for d; values estimated for
OI157:H7 versus B + K-12, and a significant effect was
obtained (F, 5, = 6.549, p = 0.004). Tukey’s post hoc test fur-
ther showed that the heterogeneity reflected significant dif-
ferences between two sets of genes. The first set, which tend-
ed to have smaller deviations, included genes supporting the
standard topology that groups B and K-12. Notice that the
genes in this set are almost evenly distributed around the iso-
cline in Fig. 3, with many points falling above and below it.
The second set had a larger mean deviation from the isocline
and included those genes supporting the topologies that
group either B or K-12 with O157:H7. Notice that 11 of the
12 points in this set lie above the isocline, including four of
the five largest deviations in that direction (Fig. 3).
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Fig. 3. Evidence for accelerated evolution, based on synonymous substitu-
tions, on the branch leading to O157:H7 relative to that leading to the B +
K-12 group. The dashed line shows the expectation under the null hypothe-
sis of equal rates on each branch; genes with faster rates in the O157:H7 lin-
eage should fall above this isocline. Solid circles indicate genes that support
the standard phylogenetic clustering of B and K-12; open circles show genes
that support grouping K-12 with O157:H7; and shaded circles are genes that
support clustering B with O157:H7. See text for further details.

To examine this issue further, we computed the average
rates of synonymous and nonsynonymous substitutions for
genes classified by the phylogenetic topology they support,
using only the branches internal to the three strains. For those
genes supporting the topology that groups B and K-12 (n =
20), the average synonymous and nonsynonymous substitu-
tion rates were d, = 0.073 + 0.026 and d,, = 0.006 + 0.002,
respectively. For those genes that group K-12 and O157:H7
(n =), the corresponding averages were d, = 0.367 = 0.051
and d,, = 0.015 + 0.006. And for those genes that group B and
O157:H7 (n = 5), the average rates were d, = 0.422 + 0.024
and d,, = 0.034 + 0.007. Tukey’s tests confirmed that both rates
were significantly lower for genes that group B and K-12 than
for those that support the alternative topologies.

Therefore, there is a consistent association between those
genes that support the atypical relationships among B, K-12,
and O157:H7 and those that show greater levels of diver-
gence along the branch leading to O157:H7. It is unclear
whether this association reflects an important biological
process or, alternatively, some artifact that causes statistical
confounding between these disparate properties. For exam-
ple, mutator genotypes (e.g., clones with defects in methyl
directed mismatch repair) not only have elevated mutation
rates but also are much more prone to incorporating horizon-
tally transferred genes into their chromosomes than strains
with functional DNA repair pathways [3,5,26]. However, this
association cannot readily explain the pattern seen here,
because a particular gene that was transferred from a non-
mutator strain into a mutator lineage would be expected to
show fewer differences, not more, than genes that remained
in the mutator line throughout its hypermutable history.
Therefore, the evidence for faster molecular evolution on the
branch leading to O157:H7, while intriguing and statistically
significant, must be interpreted cautiously until the basis for
this association is better understood. In the next two sections,
two possible reasons for this association are examined, but a
definitive explanation requires further studies.

Acceleration along 0157:H7 branch is not
caused by changes in codon usage. Codon bias
and synonymous substitution rates tend to be negatively cor-
related because highly expressed genes have more biased
codon usage and accumulate synonymous substitutions more
slowly owing to selection at the translational level [29].
Therefore, the higher synonymous substitution rate, d,, along
the branch leading to O157:H7 could have been a conse-
quence of selection favoring altered codons usage relative to
B and K-12. To test this possibility, tables of codon usage by
K-12 for each gene, operationally defined the K-12 usage as
optimal, were obtained and the codon adaptation index [30],
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CAI, was then calculated for each corresponding gene in B
and O157:H7. More similar codon usage was expected
between K-12 and the other strain for genes with higher val-
ues of CAl. We already showed that K-12 and B are more
closely related than K-12 and O157:H7. Hence, we expected
B to have higher CAI values than O157:H7 if the latter has
undergone significant changes in codon usage. The average
CAI for B is 0.743 + 0.005 while it is 0.741 + 0.006 for
O157:H7, and the difference is not significant (paired 7 test:
t,, = 0.611, p = 0.546). Therefore, the faster rate of synony-
mous substitutions along the branch leading to O157:H7 does
not reflect any discernible change in codon usage.

Also, there was no significant variation among the genes
supporting the different topologies in their GC content at the
third positions of codons (ANOVA: F, ,, = 0.044, p = 0.957).
The overall average GC content, 60.94 + 1.06%, is in the
range previously reported for E. coli [19]. Differences in GC
content sometimes occur for horizontally transferred genes
because the donor and recipient strains may have substantial-
ly different base composition, if insufficient time has elapsed
since the transfer to erode this difference. The only gene that
was a conspicuous outlier in terms of its third-position GC
content was yibD. In both B and O157:H7, but not in K-12,
this gene has an unusually low GC content, although it sup-
ports the standard phylogenetic topology that clusters B and
K-12 (see Fig. 2).

Acceleration along the 0157:H7 branch is not
amplified in mismatch repair genes. The rate of
sequence evolution appears to have accelerated along the
branch leading to O157:H7, which may support the hypothe-
sis that the ancestors of this pathogenic strain spent some of
their history as repair-defective mutators [3,13]. If so, the
enzymes in the methyl-directed mismatch repair may have
evolved especially fast as a consequence of repeated switch-
ing between repair-defective and repair-proficient alleles. To
test this possibility, we repeated our previous analyses for
two mismatch-repair genes, mutS and mutL, whose
sequences are available for the relevant strains, including E.
coli B [31]. For both genes, the phylogeny inferred from syn-
onymous sites clustered B and K-12 together. If the repair
pathway switched repeatedly between mutator and non-
mutator states in O157:H7, then the genes encoding that
pathway might exhibit an unusually high rate of nonsynony-
mous substitutions on the O157:H7 branch relative to other
genes supporting that phylogeny. The calculated rate of non-
synonymous substitutions was higher for mutL than for 19 of
the 23 randomly chosen genes that cluster B with K-12 (Fig.
2); however, mutS has no nonsynonymous substitutions on
the O157:H7 branch, ranking it below 11 of the same 23

genes. Thus, the hypothesis that genes encoding the methyl-
directed mismatch repair pathway evolved more rapidly
along this branch lacks compelling support, although other
genes that encode various repair-related functions (e.g., mutH
and uvrD) could be involved in such an effect.

Homologous recombination rates, as well as point muta-
tion rates, increase in mutator strains defective for mismatch
repair. Hence, it has been hypothesized that restoration of
mismatch-repair functions may often occur by gene transfer
rather than by back mutation [3,5,26]. However, the fact that
both mutS and mutL cluster B with K-12, and the lack of
compelling evidence for exceptionally accelerated rates of
nonsynonymous substitutions in these genes on the branch
leading to O157:H7, provide no more support for this variant
hypothesis.

Estimated divergence times between B, K-12,
and 0157:H7. Based on extensive sequencing of the ran-
domly chosen genes in clones sampled from a long-term evo-
lution experiment, Lenski et al. [15] estimated the mutation
rate of repair proficient E. coli B to be about 1.4 X 10" muta-
tions per base pair per generation. We therefore also used this
value as a proxy for the synonymous substitution rate—under
the common assumption that synonymous mutations are neu-
tral and thus substituted at a rate equal to the underlying
mutation rate [11,21]—to estimate the approximate times of
divergence of E. coli strains B, K-12, and O157:H7. Only
those gene regions that supported the B and K-12 cluster with
bootstrap values over (.70 were used in this analysis. These
16 regions yielded 32 synonymous substitutions among 2223
synonymous sites for B and K-12, and 158 or 157 substitu-
tions among the same sites for O157:H7 versus B or K-12,
respectively. Combining these values with the above muta-
tion rate, we estimate that B and K-12 diverged —{[log,(1 —
32/2223))/(1.44 x 107'%}/2 = 73 million generations ago.
Similarly, we estimate that O157:H7 diverged from the
ancestor of B and K-12 about 370 million generations ago, or
perhaps a bit more recently given the evidence for an elevat-
ed mutation rate in the branch leading to O157:H7.

It has been suggested that natural populations of E. coli
undergo between 100 and 300 generations per year [21].
Assuming an average of 200 generations per year, the esti-
mates above correspond to about 360 thousand years since
the split between the branches leading to B and K-12, and
about 1.8 million years since the split that led to O157:H7. Of
course, different times would be obtained by using different
estimates of the mutation rate. For example, Ochman et al.
[21] used comparative data to obtain a mutation rate several
fold lower than the value we used, whereas Drake [6] aver-
aged laboratory experiments to obtain a mutation rate sever-
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al times greater than our value. The absolute times of strain
divergence are therefore necessarily rough given the substan-
tial uncertainties about average mutation rates as well as gen-
erations per year.
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Divergencia genémica de algunas cepas de

Escherichia coli: pruebas de la transferencia
horizontal y variacion en las velocidades de
mutacion

Resumen. Se secuenciaron 36 regiones del genoma de Escherichia coli B
elegidas al azar y que estdn presentes en la mayoria o en todos los genomas de
E. coli secuenciados. Se examinaron las relaciones filogenéticas entre cepas de
E. coli y se buscaron pruebas de transferencia génica horizontal y de variacion
en la tasa de mutacion. El arbol filogenético conjunto de genes indica que E.
coli B 'y K-12 son las cepas con un parentesco mds estrecho, mientras que E.
coli O157:H7 se encuentra mds alejada y ain mds lo estdn Shigella flexneri 2a
y E. coli CFT073, siendo esta ultima la mds distante de todas. En el grupo B,
K-12 y O157:H7, varias regiones indican que hay topologfas alternativas. La
transferencia génica horizontal es una explicacion plausible de estas incon-
gruencias filogenéticas, pero también hemos hallado pruebas de una evolucion
mas rdpida en sitios sinénimos en el linaje O157:H7. Asi pues, una interpreta-
cién mas profunda de estos resultados queda confundida por una asociacion
entre unos genes que muestran una evolucion mds rapida y otros que son trans-
feridos horizontalmente. Usando genes que apoyan los grupos B y K-1, y
empleando una estima de la tasa de mutacion obtenida a partir de un experi-
mento de evolucion a largo plazo con E. coli B y suponiendo 200 generaciones
por afio, se estimé que las cepas B y K-12 divergieron hace varios cientos de
miles de afios, mientras que O157:H7 se separd de su ancestro comun hace
entre 1,5 y 2 millones de afios [Int Microbiol 2005 8(4):271-278].

Palabras clave: cepas de Escherichia coli - evolucion experimental -
velocidad de evolucién - transferencia horizontal de genes - evolucién mole-
cular

Divergéncia genomica de algumas cepas de
Escherichia coli: provas da transferéncia
horizontal e variacao na velocidades de
mutacao

Resumo. Se seqiienciaram 36 regides do genoma de Escherichia coli B
escolhidas ao acaso que estdo presentes na maioria ou em todos os
genomas de E. coli seqiienciados. Se examinaram as relagdes filogenéticas
entre as cepas de E. coli e se buscaram provas da transferéncia horizontal
de genes e se calculou a varia¢do na freqiiéncia de mutagdo. A drvore filo-
ge nético completo indica que E. coli B e K-12 s@o as cepas com mais um
parentesco estreito, enquanto E. coli oul57:h7 se encontra mais afastada e
mais ainda o estdo Shigella flexneri 2a e E. coli CFT073, sendo esta tltima
a mais distante de todas. No grupo B, K-12 e O157:H7, vdrias regides
ap6iam topologias alternativas. A transferéncia horizontal pode explicar
essas incongruéncias filogenéticas. No entanto, também achamos provas
de mais uma evolug¢do rdpida em lugares sindnimos na linhagem O157:H7.
Uma ulterior interpretacdo destes resultados se confunde por uma asso-
ciacdo entre genes que mostram uma evolucdo mais rdpida e os que sdo
transferidos horizontalmente. Mediante o uso de genes do grupo formado
por B e K-1, e calculando a velocidade de mutagdo em um experimento a
longo termo com E. coli B e um célculo de 200 geragdes por ano, se
estimou que as cepas B e K-12 se separaram hd vdrias centenas de milhares
de anos, enquanto Oul57:H7 se separou de seu ancestral comum ha entre
1,5 e 2 milh&es de anos [Int Microbiol 2005 8(4):271-278].

Palavras chave: cepas de Escherichia coli -
velocidade de evolucdo - transferéncia horizontal de genes -
molecular

evoluc@o experimental -
evolucdo



