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The identification of genetically homogeneous groups of individuals is a long standing
issue in population genetics. A recent Bayesian algorithm implemented in the software
STRUCTURE allows the identification of such groups. However, the ability of this algorithm to
detect the true number of clusters (K) in a sample of individuals when patterns of dispersal
among populations are not homogeneous has not been tested. The goal of this study is to

There are also biological reasons to be careful inter-
preting K. The population model that we have adopted
here is obviously an idealization. We anticipate that it
will be flexible enough to permit appropriate clustering
for a wide range of population structures. However, as
we pointed out in our discussion of data set 3 (Choice
of K for simulated data) , clusters may not necessarily corre-
spond to “real” populations. As another example, imag-
ine a species that lives on a continuous plane, but has
low dispersal rates, so that allele frequencies vary contin-
uously across the plane. If we sample at K distinct loca-
tions, we might infer the presence of K clusters, but the
inferred number K is not biologically interesting, as it
was determined purely by the sampling scheme. All that

sometimes depend on the model used. The F model is
in general more permissive of additional populations
being fitted to a data set, as it permits the existence of
two or more populations with very similar allele frequen-
cies (particularly if the prior on Fis chosen to favor small
values). Consequently, P(X] K) is sometimes maximized for
a higher value of Kthan under the uncorrelated model.
This cuts to the heart of one of the principal reasons
why inferring K is so difficult and why estimates for K
should be treated with caution: the number of popula-
tions supported by the data may depend on how differ-
ent one would expect allele frequencies in the different
populations to be a pmion, which is often difficult to specify.

For some data sets, higher estimates of K obtained
using the F model may reflect deviations from random
assortment that are not caused by genuine population
subdivision. Table 1A shows model likelihoods esti-
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Procedure for (over) interpreting STRUCTURE results

(1) Estimate K using a refined statistical procedure.
(2) Assume that at this is the true value of K.

(3) Assume each of the K ancestral population existed
at some point in the past.

(4) Assume that modern individuals were produced by
recent mixing of these ancestral populations.



Treating ancestral population as atomic units
of inheritance

(3a) Do not ask how the inferred ancestral populations are
related to each other.

(3b) Neglect the possibility an ancestral population might
itself be admixed.

(3c) Neglect substructure within the inferred ancestral
populations.

(3d) Label ancestral populations based on the locations
they are currently most frequent in.
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Abstract

The Ari peoples of Ethiopia are comprised of different occupational groups that can be dis-
tinguished genetically, with Ari Cultivators and the socially marginalised Ari Blacksmiths
recently shown to have a similar level of genetic differentiation between them (Fsr = 0.023
—0.04) as that observed among multiple ethnic groups sampled throughout Ethiopia.
Anthropologists have proposed two competing theories to explain the origins of the Ari
Blacksmiths as (i) remnants of a population that inhabited Ethiopia prior to the amival of agri-
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One insight provided by the ADMIXTURE plot (Figure 1C) concerns
the origin of the Ari Blacksmiths. This population is one of the
occupational caste-like groups present in many Ethiopian societies
that have traditionally been explained as either remnants of hunter-
gatherer groups assimilated by the expansion of farmers in the
Neolithic period or as groups marginalized in agriculturalist
communities due to their craft skills.51 The prevalence of an
Ethiopian-specific cluster (yellow in Figure 1C) in the Ari Blacksmith
sample could favor the former scenario; the ancestors of this
occupational group could have been part of a population that
inhabited the area before the spread of agriculturalists.

As the Ari Blacksmiths have negligible EthioSomali ancestry, it seems
most likely that the Ari Cultivators are the descendents of a more

recent admixture between a population like the Ari Blacksmiths and
some other HOA population



ADMIXTURE results for three simulation scenarios
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Chromosome painting

 (Lawson et al. 2012)
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ldea: compare admixture profiles with painting
palettes
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Under a recent admixture scenario, the palette of a
admixed individual should be a mix of the palettes of
non-admixed individuals

1.0
0.8
0.6

0.2

0.0-

1.0

0.8 1.0+
0.8

- 0.6

0.4 04.

0.2 0.2

0.0- Waks oo Donle afd . 0.0~

Choose M to minimize AM-X.



Recent admixture
into Ari Cultivators

1.0+

0.8

0.6+

0.4

0.2-
0.0-

1.0+

0.8

0.5 -
0.4 -

0.2

0.0-

P |
L
.III]

1.0
0.8 1

0.6
0.4

0.2
0.0-

Ghost admixture into
Ari Cultivators

1.0+
0.8
0.6
0.4
0.2 1
0.0

1.0
0.8
0.6
0.4 1
0.2
0.0-

-010 -0.05
1.0+
0.8 1
0.6
0.4
0.2 1
0.0-

i

0.6
0.4

0.2 A
0.0-

Strong drift in
Ari Blacksmiths

1.0 -
0.8 -



Painting while ignoring linkage
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(b) non-Ari-donors

(a) all-donors




Fun with sampling

(0) Make sure to over-sample your favorite group.
(2a) If your favorite group does not have its own
population, increase K until it does.
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K=2

Friedlander 2008
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Genomic reconstruction of the history of extant
populations of India reveals five distinct ancestral
components and a complex structure
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Conclusions

STRUCTURE/ADMIXTURE bar plots widely over-interpreted
Mixed ancestry profiles do not imply admixture

Recent genetic drift causes populations to be estimated as
pure

Be alert for possibility of ghost admixture

Palettes can be used to visualize model fit and provide richer
history

Provides a good starting point for population genetic analysis

Fitting and plotting procedure will be available from
www.paintmychromosomes.com



