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ABSTRACT

Estimating Genetic Ancestry 
Using a 5-Population Model

Estimating the genetic ancestry of an individual has many applications. 

to qualitatively stratify 

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.

We have designed a novel method of estimating human genetic ancestry against a model of 5 
by the following reference 

samples:  Western European (HapMap¹ CEU, Northwest European descent residing in 
Utah), West Sub-Saharan African (HapMap YRI, Yoruba from Ibadan, Nigeria), East Asian 
(HapMap CHB from Beijing, China), Indigenous American (HGDP-CEPH2 indigenous to 
North, Central, and South America including Maya, Pima, Karitiana, Surui, and Arawak 
descent), and the India Subcontinent (HapMap GIR, Gujarati Indian descent residing in 
Houston, TX).

Sorenson World-Wide Ancestry™ Test uses 190 SNP Ancestry Informative Markers (AIMs) 
-

tions using Principal Component Analysis (PCA) as the comparative analysis tool and in-
as informative in previous genetic ancestry estimation publica-

tions.  Using the program frappe3 and uniquely designed algorithms, the method compares an 
unknown individual sample to at least a hundred randomly selected subsets of individuals 
from the reference populations. Background interference is calculated simultaneously and 

from any of 

and robust estimate of an individual’s genetic ancestry.
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1 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-HGDP2 (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 

 in PCA patterns in a subset of ~1 million SNPs that were typed in a larger and more varied set of worldwide individuals4 allowing more extensive validation.

METHOD

(principal components). PC1‘s most correlated 
SNPs are AIMs for West Africans vs. all others, 
and PC2’s top AIMs represent the East Asia vs. 
Europe axis of ancestry, with the Eigensoft 
package5

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. 

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-
grams produce little variation over multiple runs.

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.

2. We sample Ns individuals from each population of the reference pool, Nr times with replacement. We choose Ns < Ni.
3. To the resulting Ns x 5 individuals we add the individual of interest’s 190 AIMs genotypes.

5. We repeat Nx times steps 2 to 3. 

-
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).

RESULTS

country, names, culture, etc.. could be used in conjunction with Sorenson World-Wide Ancestry™ Test to complete the puzzle of a persons origins.

2495 S. West Temple, Salt Lake City, Utah 84115
SorensonGenomics.com


