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No gene is an island: Gene's position on
chromosome affects mutations

July 25 2017

Bacterial colonies with a fluorescent reporter protein appearing on tetracycline
plates over three days (left to right). Bacteria can grow and form colonies either
due to single-step mutations that activate the tetracycline pump gene (dark
colonies, present early on), or due to "amplifications" that increase the copy
number of the gene (bright colonies), which appear over time. Amplifications, as
well as some other mutation types depend on genes in the chromosomal
neighborhood of the resistance gene. Credit: Magdalena Steinriick
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Genes do not exist in isolation. Like beads on a string, they sit next to
each other on long DNA molecules called chromosomes. So far, little
has been known about how the position of a gene on a chromosome
affects its evolution. A new study by Calin Guet, Professor at the
Institute of Science and Technology Austria (IST Austria), and
Magdalena Steinriick, PhD student in Guet's group, shows that a gene's
neighborhood can influence whether and how the activity of a gene
changes. The study was published today in the open access journal eLife.

From bacteria to humans, the way organisms look and function depends
a lot on how much product is made from each gene, in other words how
active their genes are. The activity of a gene can be changed by
mutations, alterations in the DNA that can be inherited. This can make
the organism better adapted to its environment - or worse. For example,
a bacterium that produces more of a protein that helps it get rid of an
antibiotic may survive, while its competitors are killed by the antibiotic.
In their study, Steinriick and Guet used experimental evolution to
investigate how the position of a gene on the chromosome influences
mutations that increase the activity of the gene.

The researchers engineered the DNA of the gut bacterium Escherichia
coli to place an antibiotic resistance gene at different positions of its
chromosome. This gene allows the bacterium to pump the antibiotic
tetracycline out of the cell. At the start of the experiment, the gene was
almost completely switched off. The researchers then added more and
more tetracycline to the bacteria's environment. This challenges the
bacteria to switch the gene on by mutation, as producing more of the
antibiotic resistance gene allows them to pump the antibiotic out, so that
they multiply and survive. The authors found that the bacteria were
much more likely to survive with the resistance gene in some places of
the chromosome than at others. This is because the gene's neighborhood
affects which types of mutations can occur - some forms of mutations
can only occur if the neighboring genes permit them to.
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"We show that genes can influence the mutation and adaptive potential
of nearby genes. The organization of genes on a chromosome is both
cause and consequence of evolutionary change", explains Calin Guet.
Their research has vital implications, for example for the global health
problem of antibiotic resistance. Magdalena Steinriick: "It is similar to
the way humans develop: People in your neighborhood can influence
greatly how your future looks like. Our study shows that antibiotic
resistance developing from gene activating mutations depends strongly
on the gene's neighborhood." Chromosome neighborhood effects have
not been looked at in detail so far. In future, such findings could help to
better estimate whether new antibiotic resistance is to be expected.

More information: Magdalena Steinrueck et al, Complex
chromosomal neighborhood effects determine the adaptive potential of a
gene under selection, eLife (2017). DOI: 10.7554/eLife.25100
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