Geographic Spread of an AIDS-Resistant Mutation
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The discovery in the 1990s of a gene variant that thwarts HIV
infection triggered development of a promising new class of
medications.The gene normally encodes a protein receptor,
called CCR5, that sits on the surface of white blood cells. HIV
gains entry to these cells through CCR5.The variant gene, or
allele, contains a mutation—called A32, because 32 base pairs
are deleted—that produces truncated CCR5 receptors that are
useless to the virus, conferring resistance to individuals with
both copies of the mutation, and delaying disease progression
to those with one copy.The A32 mutation also raised interesting
questions for evolutionary biologists.

About 10% of Europeans and inhabitants of western Asia
carry the mutation, which researchers think evolved at least 700
years ago—yet HIV emerged only about 50 years ago. According
to population genetics theory, for a mutation to be neutral,
or confer no selective advantage, it would have to be much
older to occur at such a high frequency in the population.This
inconsistency raised the possibility that the mutation spread
because it provided an advantage against some other selective
factor, now thought to be smallpox.

The spread of advantageous alleles within a population is a
fundamental aspect of evolution.While theoretical models have
studied the dynamics of dispersal, few studies have tracked real-
life examples or developed statistical methods to investigate the
process. Now, John Novembre, Alison Galvani,and Montgomery
Slatkin use the geographic distribution of the A32 mutation as
an example of the process, and estimate the effects of selection
relative to dispersal on A32 to shed light on its origins and
spread through Europe.Their model shows that, given its age, the
mutation spread rapidly due to long-range dispersal and intense
selection to attain its current range.

The mutation follows a north—south spatial gradient, from
northern Europe to Greece. Since the broadest area of high
frequency is northeastern Europe—based on the population
genetics assumption that a mutation originated where it is
most abundant—one hypothesis is a Viking origin.The Viking
hypothesis, first put forth in the 1990s, proposes that the allele
was present in Scandinavia at least 1,000-1,200 years ago, and
Vikings carried it north to Iceland, east to Russia, and south to
central and southern Europe. Alternately, the mutation may have
arisen in central Europe and then increased in frequency in the
north (if selection pressures there increased the advantage of
having the allele), or it may have arisen in the north and spread
as individuals (not Vikings) migrated to other areas.

To quantitatively test these competing hypotheses, Novembre
et al. used allele frequencies collected from 71 locations and
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simulated the spread of the mutation by varying the origin of the
mutation, the relative strength of selection to dispersal, and the
strength of gradients in selection.The authors then calculated
the probability of the allele frequency data given the parameters,
and then found the parameter set that best fit the data.The
results indicate that, given its age, strong selection and long-
range dispersal (perhaps through trade routes or migrations)

are the most likely explanation for the present distribution of

the A32 mutation.The data show a north-south gradient in

allele frequency, supporting a modest north-south gradient in
selection intensity. As for the mutation’s provenance, a northern
European origin is supported only by assuming uniform
selection; assuming a selection gradient points to a more
southern origin, perhaps in Spain, or in northern Germany (when
data from Iceland are included).

Altogether, the results suggest caution regarding the Viking
hypothesis: though the long-range dispersal findings are
consistent with the hypothesis, the authors conclude, a southern
origin “raises the possibility that the allele arose outside of
Scandinavia and spread into the region via dispersers from the
south.”The results also show that modest selection gradients—
where the intensity of selection differs slightly between distant
locations—allow for an allele to originate far from its current
abundance.

By applying a standard model of the spatial spread of an
advantageous allele to a map of Europe and west Asia and
adding a statistical component to the model, Novembre et al.
could analyze the allele frequency data from these two regions.
Though a new study by Pardis Sabeti et al. (DOI: 10.1371/journal.
pbio.0030378),also in this issue, presents evidence that CCR5 A32
is older than previously estimated and that its frequency could
be explained by neutral selection, the findings don’t discount the
validity of the model presented here. In fact, if selection on CCR5
A32 were weaker, then the dispersal estimated in this model
would become weaker—falling more in line with historical
estimates. However the mutation arose, this approach will allow
researchers to tease apart the relative contributions of dispersal
patterns and local selection pressures to study the geographic
distribution and evolutionary history of any mutation—critical
tools for tracing the relatively recent evolutionary history of
humans. —Liza Gross

Novembre J, Galvani AP, Slatkin M (2005) The geographic spread
of the CCR5 A32 HIV-resistance allele. DOI: 10.1371/journal.
pbio.0030339

November 2005 | Volume 3 | Issue 11 | 397




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


