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Abstract
The Y‑chromosome has been widely used in ancestry inference based on its region‑specific haplogroup distributions. However, there is always a
debate on how informative such a single marker is for inferring an individual’s genetic ancestry. Here, we compared genetic ancestry inferences
at continental level made by Y‑chromosomal haplogroups to those made by autosomal single‑nucleotide polymorphisms in 1230 samples of
Affymetrix Human Origins dataset. The highest ancestry proportions of a majority of individuals match the highest average continental‑ancestry
proportions in haplogroups A, B, D, H, I, K, L, T, O, and M. The high consistencies have not been observed in haplogroups E, C, G, J, N, Q,
and R, but in some of their sublineages, such as E1a, E1b1a1, E1b1b1b1a, E2b1a, J1a2b, Q1a1a1, Q1a2a1a1, R1b1a2a1a, and R2. Although
the consistencies of Y‑chromosomal and autosomal continental ancestry vary among haplogroups, Y‑chromosome could provide valuable
clues for individual’s continental ancestry.
Key words: Ancestry inference, autosomal single‑nucleotide polymorphism, Y‑chromosome

Introduction
With the advantages of lack of recombination, strict paternal
inheritance, small effective population size, low mutation
rate, sufficient markers, and population‑specific haplotype
distribution, Y‑chromosome has been widely used in
anthropology, population genetics, and forensic genetics to
understand population genetic structure, population history,
and forensic identifications.[1] Y‑chromosome has also inspired
widespread public interest to trace paternal ancestors and
been commercially used by many companies. A very famous
example is the Y‑chromosomal type of Genghis Khan,
which was supposed to belong to the “star cluster” under
haplogroup C3*‑M217 (xM48)[2] and has gained extensive
attention and attracted numerous consumers to get tested.
However, as Y‑chromosome is only a single marker and suffers
from severe genetic drift, such simple ancestry analyses tend to
overlook the contribution of the vast majority of an individual’s
ancestors to his/her genome.[3,4]
There are also many alternative ancestry inference
methods, such as testing mitochondrial DNA (mtDNA),[4]
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genome‑wide short tandem repeat (STR)[5] or single‑nucleotide
polymorphism (SNP), [6] and ancestry informative
markers (AIMs).[7] The mtDNA is maternally inherited and
has been widely used to trace maternal history. Genome‑wide
STRs, SNPs, and AIMs are usually applied to inferring a
detailed composition of an individual’s ancestry. However,
some recent genome‑wide studies have revealed frequent
discrepancies between ancestry inferences using mtDNA
versus autosomal SNPs.[4,8] The mtDNA case reminds us to
rethink how much ancestry information that Y‑chromosome
could give and the accuracy of Y‑chromosomal ancestry
inference compared to that of genome‑wide ancestry
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estimation. Here, we presented a comprehensive analysis using
Y‑chromosomal and genome‑wide autosomal SNP data of more
than 1200 male individuals from Affymetrix Human Origins
dataset[6] to directly and quantitatively assess the consistency
of Y‑chromosomal and autosomal continental ancestry.

Materials and Methods
The Y‑chromosomal and autosomal genotype data for
1230 male individuals were extracted from Affymetrix
Human Origins dataset[6] using EIGENSOFT[9] and PLINK.[10]
Y‑chromosomal haplogroups were classified based on the
International Society of Genetic Genealogy phylogenetic
tree at January 28, 2015 (http://www.isogg.org/). We used
ADMIXTURE v. 1.23[11] to estimate ancestry proportions
for 1230 males with 594,924 autosomal SNPs. Each run
involved 100 replicates with different random starting seeds,
default 5‑fold cross‑validation, and varying the number
of ancestral populations K from 2 to 12. At K = 8, the
samples were well assigned to eight continental regions:
Africa, Middle East, Europe, South Asia, East Asia, Siberia,
Oceania, and Americas. The average continental‑ancestry
proportions within each Y‑chromosomal haplogroup, standard
deviation (SD) of individual continental‑ancestry percentages
for each continental region in each haplogroup, mean pairwise
Euclidean distance (d) within each haplogroup, and consistency
scores were all calculated according to Emery et al.[4] The
graphical displays for ancestry plot were carried out in
R statistical software v3.0.2.[12]

Results
The Human Origin dataset contained male samples of
worldwide lineages from Y‑chromosomal haplogroups A, B,
C, D, E, F, G, H, I, J, K, L, M, N, O, Q, R, S, and T [Table S1].
All the haplogroups, except A, B, K, M, and S, were found
in more than one continent. Haplogroups A and B were only
discovered in Africa whereas K, M, and S were only presented
in Oceania. Likewise, haplogroups A and B had predominately
African ancestry whereas K, M, and S had predominately
Oceanian ancestry [Table S2 and Figure 1]. Haplogroups C,
D, and O were frequent in populations from East Asia. The
East Asian ancestry proportions in haplogroups D and O were
extremely higher than those of other continents. East Asian and
Siberian ancestry seemed to contribute equally to individuals of
haplogroup C [Table S2 and Figure 1]. Haplogroup E reached
high frequencies in Africa and Middle East. The African and
Middle Eastern ancestries are also the two main components
for individuals of haplogroup E. Haplogroups L, H, and R
were frequent in South Asia, and R was also found at very high
frequency in Europe. Haplogroups L and H had predominately
South Asian ancestry. The maximum ancestry proportion
of haplogroup R was from Europe, and the second‑ and
third‑highest ancestry proportions were from South Asia and
Middle East, respectively. The frequencies of haplogroups I,
Q, and T were enriched in Europe, Americas, and Middle East,
respectively. Similarly, the ancestry proportions of the above
230

three regions also reached highest in haplogroups I, Q, and T,
respectively. Haplogroups G, J, and N were found in various
regions [Table S1] and their genetic ancestries also varied.
Collectively, we found a good correlation between haplogroup
frequencies and continental‑ancestry proportions.
We then estimated the SD of individual continental‑ancestry
percentages within each haplogroup. The continental‑ancestry
proportions varied considerably among individuals in the
majority of haplogroups, especially in haplogroups E, N, K,
Q, and R (SD > 0.3) [Table S3]. We also calculated the mean
pairwise Euclidean distance between continental‑ancestry
proportions among individuals within each haplogroup,
which is a quantitative measure of the inter‑individual
variability.[4] Consistent with the SD results, the mean pairwise
Euclidean distances in haplogroups E, C, K, N, Q, and R were
high (>0.5) [Table S4], suggesting that these haplogroups are
not very informative for inferring individual’s continental
ancestry. In contrary, the distance in haplogroups A, B, D,
K, O, and M were relatively low [Table S4], indicating a
strong association between geographic‑ancestry compositions
and a certain haplogroup. To directly and quantitatively
assess how informative Y‑chromosome is in inferring an
individual’s genetic ancestry, we calculated the consistency
score within each haplogroup. The score was the proportion
of individuals with continental ancestry >50% matching
highest continental‑ancestry component of the haplogroup
in our dataset. The consistency ranged from 0.333 to 1.000
with a mean of 0.697 in major haplogroups from A to
R, and about 65% of Y‑chromosomal haplogroups had a
consistency score >50% [Table S4]. The high consistency
had been observed in haplogroups A, B, D, H, I, K, L, T, O,
and M, meaning that these haplogroups could be regarded as
having substantial genetic ancestry from their corresponding
continents. The consistency values in haplogroups C, G, J, N,
Q, and R were relatively low, which make it difficult to assign
each of these haplogroups to a certain continent.
The haplogroups with high SD, high Euclidean distance,
and low consistency are all continent‑wide distributed
lineages. However, some of their sublineages are regional
specific. For instance, Q1a2a1a1‑M3 is almost exclusively
distributed in Americas. It is very likely that these sublineages
also have exclusive continental ancestry. The frequency of
Q1a2a1a1 in our dataset reached 36.2% of all Q individuals.
This lineage, with more than 90% of American ancestry
and a consistency value of 0.88, could be undisputedly
classified into Americas. Haplogroups E1a, E1b1a1, and
E2b1a, comprising more than half of all haplogroup E
individuals, had exclusive African ancestry with extremely
high consistency scores (nearly 1) and low Euclidean
distance and SD. In addition, haplogroup E1b1b1b1a,
accounting for 12% of all haplogroup E individuals, could
be reasonably assigned to Middle East with a consistency
value of 0.87. Haplogroup R1b1a2a1a, making up 32.6% of
all R individuals, had a strong association with Europe, while
R2 samples had substantial South Asian genetic ancestry.
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Figure 1: (a) Haplogroup-averaged continental-ancestry proportions; (b) Individual continental-ancestry proportions in the male individuals of Affymetrix
Human Origins Dataset
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Similarly, haplogroup J1a2b was associated with Middle East,
and Q1a1a1 could be assigned into East Asia.

Acknowledgments

Discussion
We directly compared the genetic ancestry revealed by
Y‑chromosomal haplogroups to those inferred from
genome‑wide autosomal SNPs in a worldwide dataset. The
continental‑ancestry compositions varied among individuals
of the same Y‑chromosomal haplogroup judging from high
SDs. About 70% of the Y‑chromosomal haplogroups could
be assigned to be associated with certain continents due to
the high continent‑specific ancestry proportions. The highest
ancestry proportions of a majority of individuals match
the highest average continental‑ancestry proportions in
haplogroups A, B, D, H, I, K, L, T, O, and M. Although the
high consistencies have not been observed in haplogroups E,
C, G, J, N, Q, and R, some of their sublineages, such as E1a,
E1b1a1, E1b1b1b1a, E2b1a, J1a2b, Q1a1a1, Q1a2a1a1,
R1b1a2a1a, and R2 corresponded well with certain continents.
The Y‑chromosome seemed like to give higher prediction
accuracy for individual ancestries than the mtDNA.[4] This
phenomenon might be caused by sex‑biased migrations,
which refers to a higher female migration rate in human
populations.[13] A series of studies have revealed that the
among‑population components of genetic variation are higher
for the Y‑chromosome than for the mtDNA, indicating that the
Y‑chromosomes tend to be more localized geographically.[13,14]
The Y‑chromosome in a way could provide valuable clues for
individual’s continental ancestry, but it probably neglected
many other detailed ancestry information. One, or at most
two, top ancestry components could be well represented
by majority of Y‑chromosomal haplogroups, whereas other
ancestry information is lost. For instance, the highest South
Asian ancestry proportions have been detected in individuals
of haplogroup H. Meanwhile, East Asia, Europe, and Middle
East each have contributed more than 10% of genetic
ancestry to many individuals of haplogroup H, which could
not be reflected by such a single Y‑chromosomal marker. In
addition, the Y‑chromosomal haplogroup classifications in
this study were not very informative. The rough assignment
might lose some information of a certain lineage and probably
have resulted in bias conclusion. For example, sublineages
of haplogroup C have distinct geographic distributions.[15]
However, we do not have enough markers in this dataset to
identify the detailed phylogeny of haplogroup C individuals,
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resulting in the inconclusive ancestry inference of this
haplogroup.
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