










were performed using the full dataset and the correlated allele
frequencies model. Estimates of membership coef“cients were
separately obtained using the “rst 1,000 iterations after completion
of the burn-in, iterations 15,001…20,000 after the burn-in, and
iterations 45,001…50,000. Using a symmetric similarity coef“cient
[21], each of these three stages in each run was compared to each
stage in the other seven runs with the same value ofK, as well as to the
other two stages from the same run. In all cases except for one of the
runs with K¼ 6, similarity scores were 0.96 or greater, indicating that
membership coef“cient estimates were nearly identical both for
different runs with the same K as well as for the three stages of the
same run. Thus, it was determined that estimates would not be
substantially different if runs longer than 1,000 iterations after a
burn-in period of 5,000 were used. For each K, the results obtained
from the eight runs at 1,000 iterations after completion of the burn-
in were among the ten runs considered in choosing the highest-
likelihood runs to display in Figure 2.

Statistical tests. Linear regression was used to test the in”uence of
study design variables on clusteredness. To control for the effects of
the other variables, each regression utilized only STRUCTURE runs
in which variables other than the one being tested were held constant.
For example, to examine the in”uence of the number of clusters on
clusteredness, 56 separate regressions were performed, one for each
combination of the number of loci (seven possibilities), the sample
size (four possibilities), and the allele frequency correlation model
(two possibilities). Similarly, 40 regressions of clusteredness on the
base-10 logarithm of the number of loci were performed, as were 70
regressions of clusteredness on sample size and 210 regressions of
clusteredness onAn. Note that in the case of An, since there was no
variability in An across different runs with the full 1,048 individuals,
the number of regressions re”ects seven choices for the number of
loci, “ve choices for the number of clusters, two choices for the allele
frequency correlation model, and only three choices for the sample
size. For each regression, the F-test was used to test the null
hypothesis that the regression coef“cient for the dependent variable
equaled zero.

In the case of the allele frequency correlation model, the runs with
the correlated and uncorrelated models were compared using the
Wilcoxon two-sample test instead of with linear regression. Because
there were seven numbers of loci, “ve numbers of clusters, and four
numbers of individuals, 140 separate tests were performed.

For each sample size, regressions of clusteredness on individual
variables were also performed using all 122,000 runs with the given
sample size. Additional regressions were also performed using all

367,220 runs. These regressions used the base-10 logarithm of the
number of loci.

Genetic and geographic distance.For the comparison of genetic
and geographic distance, calculations were performed as in [11],
using Fst for genetic distance„computed as Fst¼�ln(1 � h), with the
estimate of h taken from equation 5.12 of [22]„and waypoint routes
avoiding large bodies of water for geographic distance. A slight
difference from the analysis in [11] was that the great circle distance
for a pair of points i and j was computed using rwij where r is the
radius of the earth (6,371 km) and wij is measured in radians, rather
than with equation 1 of [11]. Only the microsatellite data were used
for this analysis, and the Karitiana, Maya, and Surui were omitted
from the comparisons: Maya due to likely admixture [3], and
Karitiana and Surui to keep the ranges of the axes in the plot small
enough for the patterns of interest to be visible. See [11] for
additional related plots.
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10. Serre D, Pääbo S (2004) Evidence for gradients of human genetic diversity
within and among continents. Genome Res 14: 1679…1685.

11. Ramachandran S, Deshpande O, Roseman CC, Rosenberg NA, Feldman
MW (2005) Support from the relationship of genetic and geographic

distance in human populations for a serial founder effect originating in
Africa. Proc Natl Acad Sci U S A 102: 15942…15947.

12. Pritchard JK, Stephens M, Donnelly P (2000) Inference of population
structure using multilocus genotype data. Genetics 155: 945…959.

13. Falush D, Stephens M, Pritchard JK (2003) Inference of population
structure using multilocus genotype data: Linked loci and correlated allele
frequencies. Genetics 164: 1567…1587.

14. Cann HM, de Toma C, Cazes L, Legrand MF, Morel V, et al. (2002) A human
genome diversity cell line panel. Science 296: 261…262.

15. Cavalli-Sforza LL, Piazza A, Menozzi P (1994) The history and geography of
human genes. Princeton (New Jersey): Princeton University Press. 1,088 p.

16. Pritchard JK, Donnelly P (2001) Case-control studies of association in
structured or admixed populations. Theor Pop Biol 60: 227…237.

17. Ghebranious N, Vaske D, Yu A, Zhao C, Marth G, et al. (2003) STRP
screening sets for the human genome at 5 cM density. BMC Genomics 4: 6.

18. Weber JL, David D, Heil J, Fan Y, Zhao C, et al. (2002) Human diallelic
insertion/deletion polymorphisms. Am J Hum Genet 71: 854…862.

19. Fisher NI, Lewis T, Embleton BJJ (1987) Statistical analysis of spherical data.
Cambridge: Cambridge University Press. 352 p.

20. Marsaglia G (1972) Choosing a point from the surface of a sphere. Ann
Math Stat 43: 645…646.

21. Nordborg M, Hu TT, Ishino Y, Jhaveri J, Toomajian C, et al. (2005) The
pattern of polymorphism in Arabidopsis thaliana. PLoS Biol 3: 1289…1299.
DOI: 10.1371/journal.pbio.0030196.

22. Weir BS (1996) Genetic data analysis II: Methods for discrete population
genetic data, 2nd ed. Sunderland (Massachusetts): Sinauer Associates. 445 p.

23. Rosenberg NA (2004) Distruct: A program for the graphical display of
population structure. Mol Ecol Notes 4: 137…138.

PLoS Genetics | www.plosgenetics.org December 2005 | Volume 1 | Issue 6 | e700671

Clines, Clusters, and Human Population Structure


