An Admixture Simulation Program for Validating
Genetic Ancestry Estimation Systems

J.J. Bryan, V.L. Vance, M. Bauchet, C.L. Mouritsen
Abstract

A key area of interest in studying population genetics is detection and estimation of genetic ad-
mixture in offspring from parents with mixed ancestry. Current methods used to estimate ad-
mixture vary in the type and number of genetic markers analyzed as well as the statistical algo-
rithms used in the calculations. The goal of each method is to measure the genetic afhnity of an
individual to representative populations, generally reported in terms of relative percentages. It
is important to determine the ability of the method to accurately estimate levels of population
admixture through controlled experiments, testing as many permutations as possible. Identify-
ing and testing subjects with known levels of admixture for specific populations can be very
costly and time consuming. In reality, finding and testing samples to represent all possible ad-

The Sorenson World-Wide Ancestry™ Test :

A genetic ancestry test based on a selection of 190 informative markers (AIMs) selected to ascertain an individual’s genetic ancestry. This
ancestry is defined by a reference set of 5 population samples from the International HapMap1 phase 3 dataset, namely Yoruba (Ibadan,
Nigeria) representing West Africa*, Indigenous Americat (CEPH Indigenous American Pima, Maya, Karitiana, Surui, and Arawak),
Han Chinese (Beijing, China) East Asia*, Europeans* (Utah residents with ancestry from northern and western Europe, USA), and Gu-
jarati Indians (Houston, USA) for India Sub-continent*. The Sorenson World-Wide AncestryTM Test calculates a human DNA sample’s
aflinity to those 5 population samples, suggesting the individual’s genetic ancestry.

Ancestry Informative Markers (AIMs): A set of Single Nucleotide Polymorphisms (SNPs) selected from large public datasets of nearly 1 mil-
lion SNPs, chosen for their ability to discriminate among the 5 major worldwide populations and represent every autosomal chromosome.

Data Analysis: Utilizes Principal Component Analysis (PCA) and a proprietary algorithm based on the program frappe to calculate affinity
levels of an individual DNA sample toward each of the 5 reference populations.
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Numeric values indicate degree of athnity and standard deviation. Values may represent a recent mixture from parental or they may also be
compared to afhnity percentages of other, more specific groups defined by self-declared ethnicities or geographic regions.

Methods
Genotype Generator Pt 1:

— Input into program, target admixture percentage totaling 100% across the 5 populations.

— Percentages are broken down into number of contributing P1 ‘virtual” ancestors (up to 32 possible with the equivalent contribution being

3.125%).

— Using the population allele frequencies and the Hardy-Weinberg equation, each SNP is assigned a maximum probability genotype and a classifi-
cation based on the genotype frequency ratio of possible BB homozygous, Bb heterozygous, and bb homozygous genotypes for that SNP and
target admixture of populations. This is done for each SNP in the set (190 in the case of the Sorenson World-Wide Ancestry™ test used here).

— The number of members in each category are counted and compared to the frequency ratio (BB,Bb,bb), determining how many SNPs within
the set should be assigned the max probability genotype and how many (if any) should be assigned the other two genotypes; the combination of
which, is determined randomly each time the program is run. This is done for each ‘ratio category’.

— Population afhnity percentages for the simulated sample can then be calculated using the Sorenson World-Wide Ancestry™ estimation algorithm
and compared to the original expected, input admixture percentages.

Target Admixture  Admixture Populations Tested Permutation Sets Unigue n per Set Unique denovo simulations

100% (no admixture) 1 5 100 500

50% and 50% 2 10 50 _ 500

75% and 25% 2 20 50 1000

87.5% and 12.5% 2 20 50 1000
3000 Total simulations

Genotype Generator Pt 2:

— Input into program, target admixture percentage totaling 100% across the 5 populations.
— Percentages are broken down into number of contributing P1 ancestors (8 with the equivalent contribution being 12.5% each).
— Samples (genotypes) are selected at random from each reference population and randomly placed in locations A-H in the P1 of a virtual pedigree.

— Simulated mating occurs between the P1 pairs (A to B, C to D, etc.) wherein each SNP is considered independent from the results of all other
SNPs (non-linked) and each parental allele is given a 50% chance of being passed onto the subsequent generation. This simulated mating occurs
at each intersection of the pedigree down to the F3 generation. **Linkage association was performed in selection of the 190 AIMS in the ances-
try estimation panel and were considered to be non-linked.

— Population afhinity percentages for the simulated sample can then be calculated using the Sorenson World-Wide Ancestry™ estimation algorithm

and compared to the original expected, input admixture percentages.

Admixture  Tested Permutation Unique denovo

Target Admixture Populations Sets Unique P1 Sets Unique n F3 per Set simulations
50% and 50% 2 10 10 10 1000
75% and 25% 2 20 10 5 1000
87.5% and 12.5% 2 20 10 5 1000
62.5%, 25%, and 12.5% 3 60 15 3 2700
25%, 25%, 25%, and 25% 4 5 10 5 250
25%, 25%, 25%, 12.5%, and 12.5% 5 10 15 3 450
50%, 12.5%, 12.5%, 12.5%, and 12.5% 5 5 15 3 225
6625 Total simulations

Conclusion

mixture ratios, even between just a few populations, can be extremely difhicult. To address this
problem, we have designed a program wherein we may generate and control for, targeted levels of
admixture between the population reference samples in order to validate systems for estimating
genetic ancestry. The simulation algorithm is capable of randomly generating innumerable off-
spring, each with unique genotypes, selected from virtual unions of up to 8 parental (P1) indi-
viduals. This program allows one to control admixture contributions from parental populations in
increments of 12.5% in the 3rd filial (F3) generation. P1 samples are randomly chosen and
paired from an established parental genotype database to fulfill desired admixture ratios for a final
resultant F3 generation individual. At each union in a generation, 1 allele for every bi-allelic

marker in each individual is randomly selected to contribute to the next generation. By using
this new program, 10,000 admixed simulations were generated from 383 real samples used in
the P1 generation. The P1 samples were selected from 5 putative parental populations and
were compared in a variety of combinations and ratios in increments as low as 12.5% with
multiple unique offspring generated from each simulated mating. Reproducibility was tested
using different P1 samples for each admixture combination and ratio. This simulation pro-
gram was developed to facilitate the validation of a 190 SNP, human genetic ancestry estima-
tion algorithm. The program allowed for well-controlled experimentation and significant
savings in time and expenses.

Background

A Genotype Generator program was created to simulate controlled levels of population admix- P1 F1 F2 £3
ture in order to validate the Sorenson World-Wide AncestryTM Test ability to estimate popula- A
tion affinity in a sample, particularly when there may be genetic contribution in the sample

that is similar to more than one of the representative samples (admixture).

The Genotype Generator was designed for this validation in 2 parts:

Part 1: Creates a 190 SNP genotype de novo, using pre-calculated allele frequencies (from

samples used to characterize the reference populations) to generate a possible genotype for a
specified admixture ratio of 2 or more population contributors. The program uses the basic
Hardy-Weinberg formula to derive probable genotype frequencies for each of the 190 SNPs, 6
then uses probability statistics to account for incorporation of minor alleles. .

Part 2: Begins with a random selection of 8 individuals from the reference populations and
with known genotypes for the 190 SNPs to create a P1 parental population that by calculation
would result in the desired admixture ratio of 2 or more population contributors in the subse-

Pedigree chart with labeled parental (P1) and
filial (F1-3) generations

quent generations. The program then simulates possible genotype combinations down to the
F3 generation.

Results
Genotype Generator Pt 1:

In this simulation model, each simulated sample generated is different due to the ratio of the major to minor allele frequencies of all SNPs in the
simulated admixture population. Genotype variability is introduced when sufficient SNPs in a ‘ratio set’ of are observed, the selection of which of
those SNPs to be varied is random. In each simulation at each target admixture level, a minimum of 50 unique genotypes were created. Percent
afhinity values were calculated using the Sorenson World-Wide Ancestry TM estimation algorithm and results were averaged by population and
assigned a calculated standard deviation. The average simulated % affinity values were compared to the expected or target % affinity. The results
are shown in the figure below.

Average simulated % affinity compared to target % affinity (de novo genotypes)

Genotype Generator Pt 2:

In this simulation model, each simulated sample generated is different because of variability at multiple points. One such, is in the point of
random selection of the P1 individuals for simulated mating. In each permutation at each target admixture level, a minimum of 10 unique sets of
8 P1 genotypes were tested. The other points of variability have to do with the random allele selection at each SNP for each simulated mating
pair, creating a vast number of final genotypes possible in the simulated F3 offspring. Tested for each P1 set, was between 3 and 10 unique F3
simulated ‘offspring’ genotypes. All % afhnity values were calculated using the Sorenson World-Wide Ancestry TM estimation algorithm, results
were averaged by population and assigned a calculated standard deviation. The average simluated % affinity values were compared to the expected
or t arget % affinity. The results are shown in the figure below.

Average simulated % affinity compared to target % affinity (simulated mating)

e The Genotype Generator program is an effective tool for producing de novo genotypes or genotypes from simulated mating events using genotype profiles from individuals with known genetic

ancestry from well established reference populations.

e The Sorenson World-Wide AncestryTM Test accurately estimates admixture. When compared to an expected target admixture level, the combined total average variance from over 6600 simula-

tions is calculated to be 2.4 % with a standard deviation of 5.3 .

®

While the Genotype Generator was designed to work with a specific set of 190 AIM SNPs, as in this study, it could be easily modified to handle much larger sets (on the order of thousands of SNPs)

in the mating simulation portion and in the de novo portion, as long as allele frequencies are known for each SNP.
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*The reference population data sets used in calculations was taken from individuals that are represented in the HapMap 3 project (http://hapmap.ncbi.nlm.nib.gov/). HapMap sample and continental designations found on this report are associated in the following way: Europe (CEU - Utah
, USA residents with Northern and Western Europe ancestry from the CEPH collection and TSI-1oscani in Italia); Asia (CHB — Han Chinese in Beijing, China; CHD —Denver, USA residents with Han Chinese ancestry from the CEPH collection; JP1-Japanese in Tokyo, Japan); India

Subcontinent (GIH - Gujarati Indians in Houston, lexas, USA); Africa (YRI — Yoruba tribe in lbadan, Nigeria and LWK —Lubya in Webuye, Kenya).
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11he reference population data sets used in calculations were taken from individuals that are represented in the Human Genome Diversity Project (HGDP). Samples representing here in the “Indigenous Americas” population are from the following HGDP populations: Colombian (Arawak),
Karitiana, Maya, Pima, and Surui. Details on the collections see H. Cann et al. Science 296:261-262 (2002) A human genome diversity cell line panel, and its supplemental Data; Rosenberg et al. Science 298: 2381-2385 (2002); and Rosenberg et al. PLoS Genetics 1:660-671 (2005).




