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1 Introduction

As the human genome is 99.6% identical between individuals, comparing genomes in their entirety
would be both a waste of computational resources and effort (1). Instead, the unique mutations
possessed by each individual are used for comparison, such mutations include: repeat regions, inversions
and deletions However, these classes of variation are not assayed by the approaches used in this study.
Rather single nucleotide polymorphisms (SNPs) are used, which are single nucleotide changes that
are found within at least 1% of the global population (distinct from rare mutations that may only
be carried by a single individual) (2). SNPs most common form of genetic variance between people
and most often occur in the region of DNA between genes (2). While a significant majority of SNPs
have benign effects, there are others that can help explain an individual’s susceptibility to a particular
disease or condition (3). One major application of SNP based analysis is within genealogical companies
such as Ancestry.com. As part of their analysis process, Ancestry claims to genotype 730,525 SNPs,
ones they claim ”account for majority of common genetic variation in European and other worldwide
populations”, which are then compared to population reference panels in order to infer an individuals
genetic makeup (4). Through this investigation, a similar, albeit slightly reductive, process will be
carried out to determine the ancestry as well as sex and predisposition to certain traits for an individual.
While this investigation does not fall under the realm of hypothesis testing, it remains an important
proof-of-principle project with significant didactic value.

To go into greater depth on the nature of this investigation, we will use SNP data gathered from
Ancestry.com on a specific individual to discover specific attributes about that individual. Combin-
ing this data with reference samples from HapMap3 we will infer: genetic ancestry, biological sex,
relatedness and their liability to certain traits.

2 Investigation

2.1 Gathering SNP Data

The first step was gather SNP data. This was done through downloading data from the Illumina
OmniExpress platform with the genotyping having been done by Ancestry.com based on a saliva sample
from the individual. The data provided 677,437 variants across 23 autosomes, sex chromosomes and
mitochondrial data.



Chr | #variants Chr | #variants Chr | #variants Chr # variants
1 50554 8 32960 15 | 21344 22 10985
2 54847 9 29616 16 [ 23350 X 25242
3 43310 10 | 32763 17 | 22891 Y 1665
4 36843 1 32527 18 | 18986 Y 36
(pseudoautosoma
| region)
5 38796 12 | 31283 19 [ 16969 Mitochondrial 263
genome
6 43301 13 | 24919 20 | 18072
7 34621 14 21126 21 10167

Figure 1: Table illustrating gathered SNPs from Illumina OmniExpress platform. Chr indicates chro-
mosome number or type, variants indicates the number of variants found within the chromosome on
the same row

The data downloaded also contained RefSeq IDs and the genomic coordinates of each SNP relative
to the Genome Reference Consortium Human Build 37.1.

2.2 Gathering Reference Panel Genotype Data

The reference genotype data was then obtained from the HapMap3 project, which was an early geno-
typing project attempting to map the patterns of individual differences in the 0.6% of the unique
genome between individuals. The 11 populations sampled by the HapMap3 are listed here:

Labe N Population
I
ASW 90 African ancestry in Southwest USA

CEU 180 Utah residents with Northern and Western European ancestry from the CEPH collection
CHB 90 Han Chinese in Beijing, China

CHD 100 Chinese in Metropolitan Denver, Colorado

GIH 100 Gujarati Indians in Houston, Texas

JPT 91 Japanese in Tokyo, Japan

LWK 100  Luhyain Webuye, Kenya

MEX 90 Mexican ancestry in Los Angeles, California
MKK 180  Maasaiin Kinyawa, Kenya

TSI 100  Tosgans in Italy

YRI 180  Yoruba in Ibadan, Nigeria

Figure 2: Population data from HapMap3. Only the data from the CEU and TSI populations was
used. Links to the data can found in references

The HapMap data contained 1,490,422 genotyped variants which were primarily SNPs.

2.3 Merging Datasets

Next, PLINK (v1.9) was used to generate binary files for both the HapMap dataset SNPs and the
individual SNP data downloaded from ancestry.com (5). These files were then merged using the —make-
bed and —merge commands. Some SNPs were dropped due to having inconsistent alleles between the
two datasets. After the merging, there were 451,565 identified SNPs present in both the Ancestry
dataset and the HapMap dataset.

2.4 Ancestry Estimation

In the merged dataset, identity-by-state values (sharing 0, 1 or 2 alleles per SNP), was calculated for
every pair of individuals using PLINK’s —genome command. These values were stored in an N by
N matrix (for N individuals), which captures genetic distance between individuals from the datasets.
This matrix was reduced to 4 dimensions by applying principal components analysis (PCA) through
PLINK’s -mds command. PCA is a technique that transform data into a new coordinate system where
the axis capture the most significant variation in the dataset. The first two components with the full
HapMap dataset, as they capture the broadest variations, were visualized below.
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Figure 3: Principle component analysis with full HapMap dataset and individual. Individual is labeled
as SMP, in brown

It is clearly visible that the individual is most closely related to the TSI and CEU populations,
which are in blue and purple respectively. This makes sense, as they were the populations from Utah
and Italy and the individual being studied is likewise of European descent. However, even if the
ancestry of the individual had not been previously known, this result would showcase the most likely
possibility. The next figure illustrates PCA of the individual with the TSI and CEU populations only.
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Figure 4: Principle component analysis with TSI and CEU populations from HapMap dataset and
individual. Individual is labeled as SMP, in brown

This result was also expected as the individual being studied is of English descent, which places
them as more closely related to the Utah residents with ancestry stemming from Western Europe than
the Italians. This result also shows how precisely ancestry can be triangulated. The HapMap dataset
is relatively small and old, yet in this case provides great accuracy.

2.5 Sex Inference

The next part of the investigation was to determine the individual’s sex. When dealing with SNP data,
this is done through analyzing patterns of homozygosity and heterozygosity on the X chromosome.
In practice, software like PLINK examines the genotype at each X-linked SNP. If there is only one x
chromosome, then the value would be homozygous, e.g. A/A. However, if there are two x chromosomes,
then the SNP could be homozygous or heterozygous. PLINK then calculates based on the proportion



of heterozygous SNPs on the X chromosome to infer biological sex. The resulting value is an F
statistic, which indicates the ratio of variability between groups. A value near 0 suggests female, while
a value near 1 suggests male. Using PLINK’s —check-sex command, the result for the individual was
calculated to be 0.999800, which heavily suggests the individual to be male. The F scores for the
European populations are visualized in Figure 6.
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Figure 5: Distribution of calculated F statistics for 110 Europeans from HapMap dataset.

The distribution reveals an approximately even split between males and females within the dataset.
The reason for the larger cluster around 0.0 is due to females still possessing the chance to have
homogeneous x-linked SNPs. In contrast, Males will almost always have hemizygous (which software
counts as homozygous) SNPs, the exception being in the pseudoautosomal regions, which are shared
between the X and Y chromosomes and have the chance of showing heterozygosity. These regions are
small, however, and thus barely impact the data.

2.6 Polygenic Risk Score Estimation

Polygenic Risk Scores (PRS) are in essence a weighted sum of risk allele counts across many locations
on the genome and estimate the genetic risk for a known trait or outcome. PRS can be derived from
genome-wide association studies, which for the more ambiguous traits, such as levels of psychopathy,
are often self-reported and thus have potential inaccuracies. Effectively, each allele is weighted by
the extent to which is predicts the outcome in the original study. People with more “risk-increasing”
alleles are therefore assumed to be at higher risk.

Whereas the previous analyses could be performed on relatively sparse genomic coverage (e.g. the
500K variants used in the ancestry estimations discussed above), PRS estimation requires a fuller
coverage so the SNPs from the individual can match with the published PRS databases. A process
called imputation is used, where missing SNPs are statistically filled in, given a large reference panel
in which all variants have been genotyped. The reason for the missing SNPs is that ancestry.com only
uses a fraction of total SNPs to perform their analysis, so when data is downloaded from them, it
is incomplete. This step was performed by uploading the genotype data for the European HapMap
samples plus the individual to the Michigan Imputation Server (MIS). The data had to first be refor-
matted to Variant Call Format (VCF) using PLINK as that is the file format required by MIS. After
imputing the missing SNPs, MIS also generates PRS estimates for all individuals based on over 4000
previously published studies.

To visualize the scores for the index case, the mean and standard deviation from the HapMap3
European samples was used to normalize the scores for the index. As such, absolute scores greater
than say 3 reflect unusual scores, assuming a normal distribution. Figure 6 shows the distribution of
PRS values for the individual.
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Figure 6: Distribution of PRS values for the index. Y axis represents number of PRS. X axis represents
the z score the individual has for each PRS

The distribution indicates that the individual has a relatively balanced genetic risk profile. Further-
more, most PRS fall near zero, which indicates no significant propensities towards certain outcomes
or traits. With that said, the individual still had some unusual scores as seen in the table below.
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Figure 7: PRS scores with absolute value greater than 3

The z score column indicates the number of standard deviations the individual is from the mean in
regards to the number of SNPs they have that correlate to a specific outcome. The coverage column
shows what fraction of the total varients associated with a certain outcomes overlap with the variants
possessed by the individual. The flipped column is for cases where strand orientation had to be flipped
in order to match the reference panel. This can happen when reference data is on the opposite strand
than the uploaded genotype data. The ambiguous column has to do with palindromic SNPs, though
they were removed by PLINK during the merging done earlier in the process. Looking at Figure 7,
many PRS can be seen that look potentially problematic. However, there are many limitations with
PRS, such as that they are not transferable between populations. This is due to the slightly different
genetic makeup that can be found within different populations, and therefore the SNPs associated with
particular outcomes can also look slightly different, causing the PRS to be invalid. Another critique
is that they are not truly indicative of an outcome, instead only hinting at potential predisposition.
In this way, they lack clinical utility and cannot be used to diagnose patients. Criticism aside, the
individual did test highly for basal cell carcinoma, having a z score of 2.92 with 99.7% coverage. This
aligns with reality, as the individual did in fact have basal cell carcinoma a few years ago, indicating
that PCR tests do have some applicability as a preventative measure.



3 Conclusion

This investigation demonstrated how SNP data can be used to infer a wide range of relevant charac-
teristics about a person. Through analysis with the HapMap3 dataset as a reference, it was possible
to precisely triangulate an individuals ancestry despite having a limited sample size of only around
1000. Sex was also deduced based on SNP heterozygosity within the X chromosome. Lastly, polygenic
risk scores were calculated and revealed several elevated risk levels, one of which aligns with previous
medical history of the individual. Though limitations still exist, especially regarding PRS clinical
utility, this investigation illustrated the potential of genomic data in revealing identity, heritage, and
predisposition.
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