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Rapid change in mouse mitochondrial DNA

Wild mice around Chicago may have switched genotype to keep pace with modern living.

e have compared the sequences of
\Nmitochondrial DNA extracted from

museum skins of white-footed mice
caught in the Chicago area since 1855 and
from modern mice trapped alive in the
same locations. We found a consistently
similar directional change of mouse genotype
over this period at each of five collection
sites that were separated by 10-70 km. The
genotype most common 100 years ago is
now extremely rare, indicating that the
mammalian mitochondrial genome can
undergo rapid evolution.

Museums from Alaska to Switzerland
were searched for specimens of the white-
footed mouse, Peromyscus leucopus, originally
collected from two counties in northeastern
Illinois, USA. The white-footed mouse is
the most common rodent in the deciduous
forests of North America. We borrowed 61
museum-specimen skins of mice collected
from five locations in the Chicago area, and
in 1999 we trapped 52 white-footed mice in
the same locations and in three others.

Small (12 mm x 1.5 mm) strips were cut
from the ventral suture of the museum-
specimen mouse skins. We found that
shaving the hair from these strips before
extraction, combined with a freeze—thaw
step, reduced the dark colour of the extract
and prevented inhibition of the polymerase
chain reaction (PCR)!. The Chelex-100
DNA-extraction protocol® was modified by
the addition of proteinase K (ref. 3).

We used a 340-base-pair polymorphic
region within the coding portion of the
cytochrome oxidase 11 gene to genotype the
museum mouse skins. This region was
amplified for sequencing of DNA from
56 of 61 skins by using KlentagLA DNA
polymerase and PCR buffer (DNA Poly-
merase Technology)*”, extremely long
(20-min) extension cycles® and betaine®, in
conjunction with three nested PCR primer
sets spanning 559, 496 and 400 base pairs
inturn.

Three haplotypes (named A, M and
Mw) were identified: Mw was found in only
three mice. M and Mw differ at just a single
position, but they both differ from A at
four positions in this 340-base-pair region
(see supplementary information); none of
the base changes alters the amino-acid
sequence of the gene.

At four of the five collection sites, the
oldest white-footed mice were predomi-
nantly of genotype A. At each geographical
location there was a monotonic decrease in
the proportion of A (Fig. 1). Pooling
sequencing data for all five locations, the
proportion of A was 5/5 in 1850-99, 18/30
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Figure 1 Modern map of the Chicago region where the change in genetic diversity of white-footed mice over 150 years was analysed. The
geographic relation is shown between the five locations (arrows) from which pre-1950 museum specimens of Peromyscus leucopus were
obtained. Major highways are shown in black; natural areas are shown in green. The frequencies (vertical scale) of three different mitochondrial
haplotypes (A, green; M, red; Mw;, yellow) are shown for each location for the periods 1850-99, 1900—49 and 1950-2000.

in 1900-49 and 4/73 in 1950-99. The
observed frequency change requires less
than a 1% per generation advantage of M
over A. None of the live mice trapped at
these five locations had the A type, and only
one A mouse was trapped in 1999-2000.

As the change in the mitochondrial
genotype of the wild mouse coincides with
a marked increase in human activity in the
region, we presume that this caused the
replacement of the A haplotype by the M.
The M genotype might have become advan-
tageous in the altered habitat, or it could
be unconditionally advantageous and have
been introduced by people from elsewhere.

In the Chicago region, the white-footed
mouse (Fig. 2) has displaced the prairie
deer mouse from the few remaining
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Figure 2 The white-footed mouse, originally a forest-dweller.
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prairies®™°. We suggest that the M haplotype
has not only spread through the white-
footed mouse population but might also
have contributed to the displacement of
the prairie deer mouse by the white-
footed mouse.
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