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Abstract. The history of human migratory events can be inferred from
observed variations in DNA sequences. Such studies on non-recombinant
mtDNA and Y-chromosome show that present day humans outside Africa
originated from one or more migrations of small groups of individuals be-
tween 30K-70K YBP. Coalescence theory reveals that, any collection of
non-recombinant DNA sequences can be traced back to a common an-
cestor. Mutations fixed by genetic drift act as markers on the timeline
from the common ancestor to the present and can be used to infer migra-
tion and founder events that occurred in ancestral populations. However,
most mutations seen in the data today are relatively recent and do not
carry useful information about deep ancestry. The only ones that can
be used reliably are those that can be shown to robustly distinguish
large clusters of individuals and thus qualify as true representatives of
population events in the past.

In this talk, we present results from the analysis of 1737 complete
mtDNA sequences from public databases to infer such a robust set of
mutations that reveal the haplogroup phylogeny. Using principal com-
ponent analysis we identify the samples in L, M and N clades and with
unsupervised consensus ensemble clustering we infer the substructure in
these clades. Traditional methods are inadequate to handle data of this
size and complexity.

The substructure is inferred using a new algorithm that mitigates
the usual problems of sample size bias within haplogroups as well as
the sampling bias across haplogroups. First, we cluster the data in each
of the M, N, L clades separately into k = 2, 3, 4, . . . kmax groups using
an agreement matrix derived from multiple clustering techniques and
bootstrap sampling. Repeated training/test splits of the samples identify
robust clusters and patterns of SNPs which can assign haplogroup labels
with a reliability greater than 90%. Even though the clustering at each
k is done independently, the clusters split in a way that suggests that
the data is revealing population events; a cluster at level k has k − 2
clusters which are identical with those at level k − 1 plus two more that
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obtain from a split of one of the clusters at level k − 1. The clustering
is repeated with equal number of samples from the first level clusters.
The sequence in which the clusters now split defines a binary network
which reveals population events unbiased by sample size. We root the
network using an out-group and, assuming a molecular clock, identify
an internal node in the bifurcation process which is equidistant from the
leaves. This rooting removes the bias across haplogroups which would
otherwise influence the order in which the clusters emerge.

Our analysis shows that the African clades L0/L1, L2 and L3 have
the greatest heterogeneity of SNPs, in agreement with their ancient an-
cestry. It also suggests that the M, N clades originated from a common
ancestor of L3 in two separate migrations. The first migration gave rise
to the M haplogroup, whose descendents currently populate South-East
Asia and Australia. The second migration resulted in the N haplogroup,
accounting for the current populations in China, Japan, Europe, Central
Asia and North and South America. We reveal and robustly label many
branches of the mtDNA tree, improving current results significantly. We
find that for our choice of robust SNPs, the genetic distances between the
NA and NRB haplogroups is smaller compared to that between B and
J/T/H/V/U. The detailed N migratory sub-tree is rooted so that the T,
J and U haplogroups are on one side of the root and the F, V/H, I, X, R5,
B, N9, A and W are on the other. We also find a detailed structure for the
M tree consistent with prior literature and we infer additional branches
for the MD haplogroup. Finally we provide detailed SNP patterns for
each haplogroup identified by our clustering. Our patterns can be used
to infer a haplogroup assignment with reliability greater than 90%.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




