A tutorial on how to over-interpret
structure/ADMIXTURE plots



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 hielogically interesting, as it
was determined purely by the sampling scheme. All that

sometimes depend on the model used. The Fmodel is
in general more permissive of additional populatons
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) 15 someames 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 esumates 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 fmion, 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 populaton
subdivision. Table 1A shows model likelihoods est-
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Protocol

(1) Obsess over estimating K.

(2) Choose the highest K output by the various K
estimating algorithms.

(3) Assume that at this is the true value of K.

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

(5) Assume that modern individuals were
produced by recent mixing of these ancestral
populations.
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Two studies followed the protocol and

suggest that ARIb group (blacksmiths)

is an unadmixed remnant of a hunter gatherer
population and that ARlc (cultivators) is a product

of admixture between the hunter gatherers and farmers
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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
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Unsupervised ADMIXTURE applied to
Simulations
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and Cultivators in the Ethiopian Ari within the
Last 4500 Years: Lessons for Clustering-Based
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India, occupying the center stage of Paleolithic and Neolithic migra-

tions, has been underrepresented in genome-wide studies of variation.

Systematic analysis of genome-wide data, using multiple robust

statistical methods, on (i) 367 unrelated individuals drawn from 18

mainland and 2 island (Andaman and Nicobar Islands) populations

selected to represent geographic, linguistic, and ethnic diversities,

and (ii) individuals from populations represented in the Human

Genome Diversity Panel (HGDP), reveal four major ancestries in

mainland India. This contrasts with an earlier inference of two
ancestries based on limited population sampling. . / b il oA
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Some extra tips for historical interpretation

(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.

(4a) Do not ask how the ancestral populations are
related to each other.

(4b) Neglect possibility an ancestral population might
itself be admixed.

(4c) Label ancestral populations based on the
locations they are currently most frequent in.

(5a) Assume that each admixture event happened as
a single pulse.

(5b) Note that a location is a "melting pot”“ or
possibly “cross roads” because it uses all K ancestral
populations.

(6 ) Do not check these conclusions using other
methods (or values of K).
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