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ABSTRACT
Ancestry-informative markers (AIMs) can be useful
alongside phenotype informative markers to limit a
suspect pool or provide investigative leads when
STR profiles are either incomplete or fail to provide
a database match. On next-generation sequencing
(NGS) platforms, these markers can be multiplexed
by the hundreds or thousands and present a
comprehensive depiction of the unknown
individual’s ancestry and lineage using a
consolidation of both autosomal and haploid
markers. Panels including the Precision ID Ancestry
Panel1,2 as well as consortia grown panels such as
MAPlex and VISAGE tools have motivated a recent
software effort to allow for customizable marker sets
and allele frequencies and to improve
biogeographic prediction accuracy and error
estimation. We propose a bootstrapped maximum
likelihood approach to ancestry admixture prediction
and assess its ability to assign biogeographical
ancestry to samples from the 1000 Genomes
Project and from samples typed for the ALFRED
database3. Admixed profiles were then created by
simulating inheritance from randomly selected
profiles, and predictions were run on the simulated
offspring. Using a higher confidence interval, we
demonstrate correlation between reported error and
uncertainty in the prediction due to lack of
differentiation. We conclude that overall, predictions
are generally consistent with self-reported ancestry,
and for populations with predictions of higher
uncertainty, we propose inclusion of region-specific
markers that can further discriminate these
populations.

Figure 1. Bootstrapped ancestry prediction

Profiles from the Kenyan and Nigerian groups showed
very little variability in predictions, with ancestry
averaging close to 100% African.
Figure 4. Mean of bootstrapped ancestry predictions for Kenyan and
Nigerian individuals. Each bar represents a single individual.

Figure 2. Bootstrap iteration ancestry results

Likewise, Southern Han Chinese, Han Chinese in
Beijing, and Japanese populations showed near full
attribution to East Asia, but as shown in Figure 5, a
small percentage of Americas is also bleeding into the
prediction. This variability is captured in the probable
range.

Finally, a number of simulated admixtures were run
through the classifier, with Figure 8 showing a individual
with half Japanese ancestry and half Kenyan ancestry.
Figure 8. Simulated admixture between a Japanese individual and a
Kenyan individual. Each bar represents a single bootstrap prediction. The
graph to the right shows the mean for each root group along with the
probable range.

Figure 9. Error of Mean for each population group using a sampling size of
50% of SNPs, a 99% confidence interval, and 100 iterations of bootstrapping.

Figure 5. Mean of bootstrapped ancestry predictions for East Asian
populations. Each bar represents a single individual.

INTRODUCTION
With rising interest in the application of forensic
phenotyping and biogeographic ancestry, the
interpretation of genotypes to ancestry result has
become one of the key considerations6. While
STRUCTURE7 has been regarded one of the gold
standards in interpretation, there has been
discussion around the use of alternative methods as
a complement. Here, we discuss a bootstrapped
method of predicting admixture ratios in
Converge™. The Precision ID Ancestry Panel was
used as an example here, but the software enable
custom panel use along with user defined genotype
frequencies for user defined population groups.

MATERIALS AND METHODS
The below seven root populations (Table 1) for the
Precision ID Ancestry Panel were created by
hierarchically clustering 66 populations from
ALFRED (Kidd) using the below similarity metric
applied to reference allele frequencies.

To assess the accuracy of this method, we have run
the ancestry module in silico on individual profiles from
the below IGSR populations. Profiles for the Precision
ID Ancestry Panel were extracted from the 1000
Genomes FTP site using tabix. The population groups
represent both individuals who would likely assign to a
single ancestry as well as those who would likely
appear admixed (e.g. PUR).

Figure 6. Mean of bootstrapped ancestry predictions for Finnish, British,
and Utah individuals. Each bar represents a single individual.

Predictions for all individuals were performed by
sampling 50% of SNPs 100 times with replacement
(due to small panel size). A 99% confidence interval
was used to allow for a more conservative estimate.
Table 2: 1000 Genomes Populations Used and Number of Profiles
Extracted

Table 1.

RESULTS

A maximum likelihood approach is used to calculate
the most likely admixture proportions across the root
populations. In Converge, these predictions are
bootstrapped across a subset of the SNPs in order to
capture uncertainty in the predictions (Figure 1).
Each bootstrap sampling is run through the core
admixture algorithm, and this is repeated N times.

Individuals of Finland, Great Britain, and Utah were
mostly predicted to be European, with a base line noise
around 10% or less.

Means of the bootstrapped ancestry predictions
were consolidated to display results in a
STRUCTURE-like chart.

More interesting results were found in the Tuscan group
and the admixed Americans of African Ancestry
populations. The Tuscan individuals, while showning
correctly as mostly European, also showed a high
percentage of Southwest Asian. As shown in the TSI
column of Figure 9, the error of the mean with a
confidence interval of 99% is higher compared to other
populations groups, indicating a lack of confidence in
the mean prediction. The ASW group from the United
States represents a admixed group, where individuals
are mostly African with varying degrees of European
percentages.

CONCLUSIONS
In summary, the bootstrapped predictions across the
IGSR individuals show strength in some prediction
capabilities (Africa, Northern Europeans) as well as
some populations where there may be less clarity
between the reported ancestries (i.e. Southern
Europeans). In the latter situations, we rely on the
variability between iterations of bootstrapped
predictions to indicate less confidence in the reported
ancestry means. As shown in Figure 9, some
populations have higher error of the mean, so users
can adjust expectations accordingly.
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Figure 3. Mean ancestry compositions shown for each of the IGSR
individual profiles, grouped by population group, and then by similarity
in ancestry composition. Each column indicates one individual.
Population codes are labeled below, and the population names can be
cross referenced in Table 2.

Figure 2 shows an example prediction for a profile
extracted from an individual from the CEPH Utah
dataset, where each column represents one
iteration. The dotted yellow line shows the mean
percentage of the European component across all
iterations, and the yellow arrows indicate the
variation across the predictions, which would provide
the probable range.
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