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Admixed populations arise when two or more ancestral populations interbreed. As a result of this admixture, the
genome of admixed populations is defined by tracts of variable size inherited from these parental groups and has
particular genetic features that provide valuable information about their demographic history. Diverse methods can
be used to derive the ancestry apportionment of admixed individuals, and such inferences can be leveraged for the

discovery of genetic loci associated with diseases and traits, therefore having important biomedical implications.

admixture mapping genetic ancestry ancestry informative markers
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| 1. Genetic Admixture

Admixed populations are the result of gene flow between reproductively isolated groups, owing to events that have
occurred throughout human history, including migratory events, the discovery of new territories, or the slave trade.
As a result of the intermixture and recombination, over time, the genomes of individuals in the hybrid population will
contain a mosaic of ancestries from different population sources in their chromosomes. The length of the
chromosome segments inherited from the different ancestral populations will be proportional to the time elapsed
since the admixture event. These tracts shorten over the generations by the meiotic recombination process, so that
the most recently admixed populations, such as the Canary Islanders in Spain or the Latino populations, would
retain longer ancestral tracts, while the populations that mixed more distantly in time, such as the Uyghur in China,

would harbor shorter ancestry segments in their chromosomes 121,

As such, the admixture proportions and the elapsed time since the admixture event can be inferred based on
linkage disequilibrium (LD) B4, When two distant populations interbreed, the admixture linkage disequilibrium
(ALD) can be generated among loci with different allelic frequencies in the ancestral populations, leading to a
linkage between markers that were previously unlinked. During the first generations since the admixture, ALD is
expected to experience a rapid decay between distant loci, while it would be maintained between closer positions
and can be detected after generations [2!. Additionally, the ALD dynamics of decay are also influenced by the
admixture model. For example, a greater drop of ALD and a faster length decrease in the ancestral chromosomal
segments are expected for those populations that have been formed by a single mixing event, compared with

admixtures maintained throughout generations ],
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2. Estimation of Genetic Ancestry: Global and Local
Ancestry

Global ancestry (GA) is the fraction of genomic ancestry from each admixed individual that can be ascribed to each
of the ancestral populations contributing to the recently admixed population (Figure 1A). The estimate of GA can
be obtained using different approaches. Some of the most popular methods are based on probabilistic models
using genotype data, assuming that populations are in Hardy—Weinberg equilibrium and considering complete
linkage equilibrium for all loci considered for the estimation, such as STRUCTURE W& and ADMIXTURE [EIi10],
Alternative approaches that allow the estimation of the ancestry proportions are based on principal component
decompositions, such as ipPCA 1], and on the study of LD decay curves, such as ALDER I,
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Figure 1. Global (A) and local (B) genetic ancestries in a recently admixed population with three ancestral
populations. The proportion of each of the ancestral populations is represented by the colors yellow, blue, and

purple.

Local ancestry (LA) is a term commonly used to refer to the ancestry in each of the chromosome blocks, also
known as ancestral tracks, in recently admixed individuals (Figure 1B). For this, the number of copies derived of
each ancestral population, in each genomic position, could be inferred per individual (from zero to two copies).
Thus, GA can also be obtained by summarizing LA across the individual genomes. Multiple estimators have been
developed to infer LA (Table 1).

Table 1. Most common methods to estimate local genetic ancestry.

. . . Number of
SOFTWARE AIgorithmBz"ckﬁ’lgound Rept?rselll;%nt G:ﬂn:tlc Phlazlcal Ancestral Reference
a p P Populations

CHROMOPAINTER HMM Yes Phased Optional No 22 [12]

https://encyclopedia.pub/entry/11798 2/8



Estimation of Genetic Ancestry | Encyclopedia.pub

. . . Number of
SOFTWARE AIgorithmB‘E‘Ckflr;“und Repz?rs(;;%nt G:nn:tlc Phl\),/I:lcal Ancestral Reference
a p P Populations
EILA k-means No Unphased No Yes 2o0r3 (3
Two
ELAI layers Yes Phased/L;nphased No No >2 [14]
HMM
HAPMIX HMM Yes Phased Yes No 2 us)
/Unphased
LAMP-LD HMM Yes Phased/Unphased Yes 2,30r5 (161
Single
Loter layer No Phased No No >2 i
HMM
HMM
. and . : [18]
PCAdmix local No Phased Optional  Optional =2
PCA
RFMIX CRF No Phased Yes No >2 i1
SABER + HMM Yes Phased No No 2-4 [20](21]
SEQMIX HMM No Unphased Yes No 2 22
SupportMix SVM No Phased Yes No >2 23]
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and (2) the inherent features of the target population itself. Table 1 shows the main characteristics of the most

common methods to estimate local ancestry.
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| 4. NGS and Genetic Ancestry Estimation
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NGS, especially of whole-genome sequencing (WGS), allows an increase in the number of markers tested to infer

LA, and the possibility to find optimal ancestry-specific genetic markers. This permits one to obtain reference
panels of ancestral populations and then design panels of more restricted AIMs, as done by Li-Ju Wang and
colleagues, who proposed a specific panel of AIMs to infer three-way genetic admixture (European, East Asian,
and African) by using whole-exome sequencing (WES) data 48l Furthermore, the NGS technology allows the
detection of information from the entire spectrum of allelic frequencies, from common variants to low-frequency and
rare variants, which, by definition, are expected to be more structured among populations compared to the
common variation that is typically covered by most SNP genotyping microarrays. This leads to better detection of
population-specific variants and, therefore, improved LA estimation 4], Additionally, another advantage offered by
the NGS is that detected SNPs are not affected by ascertainment bias, which is induced by an incorrect or
nonrepresentative selection of markers. In this sense, Mar6ti and colleagues assessed the used of WGS, WES,
and SNP genotyping microarray data in population genetic analyses 2. Their results suggested that SNP
genotyping data may be more prone to biasing the results, as they are related to significantly higher cross-
validation error values and an overestimation of the admixture proportions than are WES or WGS data.
Accordingly, Lachance and Tishkoff suggested that the use of biased markers from genotyping arrays may
misestimate LD and overestimate population differences 8. Since these aspects are important for LA inference
and, consequently, for the proper performance of an admixture mapping study, we anticipate that the use of NGS

will lead to more accurate estimates.

Table 3. Advantages and disadvantages of using NGS for LA estimation.

Advantages Disadvantages
» Larger fraction of the genome covered. » Lack of specific algorithms and software.
« Detection of low-frequency and population-specific » Accuracy depends on sequencing
variants. coverage.
» More accurate LA estimate. » WES covers a small portion of the genome.
« SNPs not affected by ascertainment bias. » Higher computational and economic costs.

LA (Local ancestry), WES (Whole-Exome Sequence), SNP (Single Nucleotide Polymorphism).

| 5. Concluding Remarks

https://encyclopedia.pub/entry/11798 7/8



Estimation of Genetic Ancestry | Encyclopedia.pub

Genetic ancestry studies and admixture mapping approaches have expanded genetic knowledge in biomedical
research, revealing new loci associated with traits and diseases that could not have been detected by conventional
association studies. Despite this, the available genomic resources need to be improved to obtain more accurate

ancestry inferences.

In summary, promoting genetic studies in admixed populations, and the use of admixture mapping studies,
combined with the alternative approaches described, promise the identification of novel disease associations and a
better understanding of complex trait genetics. Eventually, these results will translate into a more equitable

representation of the catalogs of genetic variation across populations.
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