Estimating Genetic Ancestry
Using a 5-Population Model

M. Bauchet, J.J. Bryan, A.B.Carter, V.L. Vance, H.Chen, C.L. Mouritsen
Sorenson Genomics, Salt Lake City, Utah

ABSTRACT METHOD

Estimating the genetic ancestry of an individual has many applications. G . k
Industries where there is potential that a product may have variable effects depending on an enetlc mar ers

individual’s genetic ancestry can greatly benefit from the ability to qualitatively stratify

Sorenson World-Wide Ancestry™ Test is a genetic ancestry test based on a set of ancestry informative markers (AIMs). These AIMs are autosomal SNPs selected to ascertain an individual’s genetic
ancestry. This ancestry is mapped by a reference set of five population samples: four from the International HapMap3' dataset, namely Yoruba (Ibadan, Nigeria) representing West Africa, Han Chi-
nese (Beijing, China) for East Asia, Europeans (Utah residents with ancestry from northern and western Europe, USA), Gujarati Indians (Houston, USA) for the Indian Sub-continent, and one from
the CEPH-HGDP? (Pima, Maya, Karitiana, Surui, and Arawak) representing Indigenous Americans. Although HapMap3 individuals were typed for 1.4 millions SNPs, we selected the SNP AIMs that

had the most influence in PCA patterns in a subset of ~1 million SNPs that were typed in a larger and more varied set of worldwide individuals® allowing more extensive validation.

study participants (pharmaceutics, personal care products, etc.). In the field of forensics, it
can save precious time and money, by estimating the genetic heritage of DNA evidence col-
lected at a crime scene, when little or no other information is available. It also informs pro-
fessional genealogists and their customers, since genetic ancestry is a an important clue to
one’s ethno-geographic background.
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Sorenson World-Wide Ancestry™ Test uses 190 SNP Ancestry Informative Markers (AIMs)

c.hosen 1.Crom t-hel.r scored ability to spec1ﬁcally differentiate betwee.n the 5 reference po[?ula— A set of only 48 top PC1 and PC2 AIMs separates HapMap and CEPH in well defined clusters
tions using Principal Component Analysis (PCA) as the comparative analysis tool and in-
cludes some markers identified as informative in previous genetic ancestry estimation publica-

tions. Using the program frappe3 and uniquely designed algorithms, the method compares an G- EHEtiC afﬁnity C alculato Y

unknown individual sample to at least a hundred randomly selected subsets of individuals

from the reference populations. Background interference is calculated simultaneously and Typical statistical software inferring population genetic structure and individual admixture--such as Structure, Frappe or Admixture--work generally best from large multi-locus genotype data.
used to estimate confidence ranges based on a calibration that we effected using thousands of These software typically provide point estimates for genetic components, that may be interpreted as admixture levels of more broadly as affinity levels to given putative parental populations. These
worldwide individuals. We also evaluated hundreds of individuals of known origin different point estimates may vary when run multiple times, due to the stochastic nature of the algorithms used in those programs. When provided with small marker dataset such as in our test such pro-
from any of the reference populations, giving us an indication of ancestry profiles for people grams produce little variation over multiple runs.

who do not match exactly our model. We show that our method and test offer a comprehensive

and robust estimate of an individual’s genetic ancestry. This is problematic because:

1. the admixture levels or more generally, the population afhinity levels are not accurate due to the limited number of AIMs,
2. there is no way to estimate a confidence interval around the levels’ estimates.

In order to resolve those issues we implemented the following algorithm:

1.  We create a reference pool of individuals from population samples corresponding to the Np putative parental populations. Each population sample is composed of Ni individuals,
and their genotype data for the 190 AIMs used here.

We sample Ns individuals from each population of the reference pool, Nr times with replacement. We choose Ns < Ni.

To the resulting Ns x 5 individuals we add the individual of interest’s 190 AIMs genotypes.

We run the inference program (typically Frappe) on these Ns * 5 +1 individuals, and store resulting affinity estimates.

We repeat Nx times steps 2 to 3.

6. The average afhnity percentages of this individual over the Nx samplings, gives an estimate of his/her genetic afhnity to each of the 5 reference populations.

A N

'The best Np, Ni, Ns, and Nx parameters need to be calibrated and fine tuned depending on the model, the number of markers and the number of reference individuals available. For optimal accuracy,
reference individuals need be as representative and unadmixed as possible. The actual meaning of the standard deviation around afhinity levels can be determined by running tests and comparing the esti-
mates to a “true” value (for instance estimated from running the core program with a large number of markers and all 5 x Ni individuals).
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known Individual (Step 4 in above algorithm). Eventually, afhnity percentages are averaged 70 + | .
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Affinity values may represent a recent admixture from parental populations (example: a West African mother and a West European father) or they may also be compared to affinity percentages of Europe: East Asia: India Ind. West Africa:
other, more specific groups defined by self-declared ethnicities or geographic regions as shown in the figure below. Other genetic data (mtDNA and/or NRY) or any information on the parents 15+ 2 742 subcon: * America: * 78+ 1
country, names, culture, etc.. could be used in conjunction with Sorenson World-Wide Ancestry™ Test to complete the puzzle of a persons origins.
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