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Abstract
A set of 61 Y chromosome single-nucleotide-polymorphisms (Y-SNPs) is typed in a sample of 2517 individuals from 38
populations to infer the geographic origins of Y chromosomes in the United States and to test for paternal admixture among
African-, European-, Hispanic-, Asian-, and Native-Americans. All of the samples were previously typed with the 11 core U.S. Y
chromosome short tandem repeats (Y-STRs) recommended by SWGDAM, which revealed high levels of among ethnic group
variation and low levels of among-population-within-ethnic-group variation. Admixture estimates vary greatly among
populations and ethnic groups. The frequencies of non-European (3.4%) and non-Asian (4.5%) Y chromosomes are generally
low in European–American and Asian–American populations, respectively. The frequencies of European Y chromosomes in
Native-American populations range widely (i.e., 7–89%) and follow a West to East gradient, whereas they are relatively
consistent in African–American populations (26.4  8.9%) from different locations. The European (77.8  9.3%) and NativeAmerican (13.7  7.4%) components of the Hispanic paternal gene pool are also relatively constant among geographic regions;
however, the African contribution is much higher in the Northeast (10.5  6.4%) than in the Southwest (1.5  0.9%) or Midwest
(0%). To test for the effects of inter-ethnic admixture on the structure of Y-STR diversity in the U.S., we perform subtraction
analyses in which Y chromosomes inferred to be admixed by Y-SNP analysis are removed from the database and pairwise
population differentiation tests are implemented on the remaining Y-STR haplotypes. Results show that low levels of
heterogeneity previously observed between pairs of Hispanic-American populations disappear when African-derived chromosomes are removed from the analysis. This is not the case for an unusual sample of European–Americans from New York City
when its African-derived chromosomes are removed, or for Native-American populations when European-derived chromosomes are removed. We infer that both inter-ethnic admixture and population structure in ancestral source populations may
contribute to fine scale Y-STR heterogeneity within U.S. ethnic groups.
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1. Introduction
Genetic markers on the non-recombining portion of the Y
chromosome are becoming an important tool for the forensic
scientist [1–5]. Haplotypes based on genotypes at multiple
Y-linked short tandem repeats (Y-STRs) are useful for
characterizing male DNA in material from sexual assault
and forcible rape cases [6–9]. Y chromosome haplotype data
are particularly useful when it is difficult to separate victim
and perpetrator cell types, when signal from victim DNA
overwhelms that from the perpetrator(s), or in cases when
the perpetrator is vasectomized or azoospermic [6,8,9].
Because one cannot use the product rule to obtain estimated
Y-STR haplotype frequencies, and because of the very high
diversity of Y-STR haplotypes in most populations [10–12],
large databases of complete Y-STR haplotypes are needed as
a source for estimating haplotype frequencies. To assess the
reliability of such databases as fair representations of actual
population haplotype frequencies, the extent of structure
among populations also needs to be considered. This is
particularly true for markers on the Y chromosome because
its haploid and paternal mode of inheritance makes it more
sensitive to genetic drift than the autosomes [13]. Therefore,
populations are more likely to differ substantially in Y-STR
haplotype frequencies.
The population of the United States has been characterized as a cultural melting pot, with over 500 ancestries
reporting in the 2000 Census [14]. However, for forensic
purposes U.S. populations are typically categorized as
African–American, Caucasian (European–American), Hispanic, Asian–American, and Native-American (we note
that the U.S. census considers the ‘‘Hispanic’’ category
separate from other ethnic groups because Hispanics are a
heterogeneous group with multiple origins, see Section 4).
Genetic studies indicate significant differentiation among
these ethnic groups; a major outstanding question concerns
the level of population structure within ethnic groups [15],
especially for the Y chromosome. The extent to which we
expect genetic heterogeneity among populations within an
ethnic group in the U.S. depends mainly on four factors:
levels of subdivision in ancestral source populations (e.g.,
Africa, Europe, etc.), the extent of non-random migration to
the U.S., migration rates among geographic regions after
arrival in the U.S., and the degree to which inter-ethnic
admixture varies regionally [10,12]. Previously, we typed
11 ‘‘core’’ Y-STR loci (i.e., those that were recommended
by the Scientific Working Group on DNA Analysis Methods) in a sample of 2517 individuals from 38 populations
representing five U.S. ethnic groups and found surprisingly
low levels of heterogeneity within African–American, European–American, and Hispanic groups in analyses of molecular variance (AMOVA) [12]. However, more stringent
pair-wise population differentiation (PPD) tests [16]
revealed heterogeneity between particular samples within
our European–American and Hispanic groups. Kayser et al.
[10] found similar results in their analysis of a separate U.S.

Y-STR database and suggested that the observed heterogeneity was the result of chance. They concluded that the
absence of significant broad-scale population structure
within U.S. ethnic groups means that forensic DNA databases do not need to be constructed for separate geographic
regions of the U.S.
In this report, we examine the role of regional variation
in inter-ethnic admixture as a possible underlying cause of
low levels of genetic heterogeneity within U.S. ethnic
groups. Y chromosome single-nucleotide-polymorphisms
(Y-SNPs) are valuable markers for quantifying admixture
among U.S. populations. There is extensive knowledge
regarding the geographic origins of Y-SNPs based on
studies of global populations [17–19]. Because of the
high geographic specificity of Y-SNPs [13,20], SNP haplogroups can be used to directly measure admixture
among diverse populations without resorting to more
complex models of admixture [21,22]. This global
phylogeographic framework for inferring the origin of
Y-SNP haplogroups is important because U.S. populations are composed of individuals with ancestry
deriving from many parts of the world. In this paper
we type a set of 61 binary markers in the same
samples that were previously typed for 11 core Y-STRs,
that is, a database of 2517 individuals representing five
U.S. ethnic groups. We estimate the extent of population
structure and proportions of multi-ethnic (African,
European, Asian, and Native-American) paternal ancestry
in all 38 populations (Table 1). We also assess the role of
inter-ethnic admixture as an underlying cause of heterogeneity in the frequency of Y-STR haplotypes among U.S.
populations.

2. Materials and methods
2.1. DNA samples
Samples for this study (Table 1) come from U.S. crime
laboratories and have been described previously [12]. The
population samples include individuals from five ethnic
groups including: African–American (AA) (n = 651; 10
populations), European–American (EA) (n = 927; 10
populations), Hispanic-American (HA) (n = 479; 9 populations), Native-American (NA) (n = 398; 7 populations),
and Asian–American (SA) (n = 62; 2 populations). Samples are reported to derive from individuals of selfdescribed ancestry in all cases except those from New
York City. These latter samples are from deceased individuals whose ethnicity was identified either by a family
member or a medical examiner who made the determination of ethnicity based on the appearance of the decedent.
All sampling protocols were approved by the Human
Subjects Committee at the University of Arizona. Extraction and DNA quantification methods were previously
described [11].
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Table 1
Diversity statistics for Y chromosome haplogroups (Hg)
Ethnic group/population

Sample
size

Number
of Hgs

Discrimination
capacity (%)

Haplogroup
diversity (S.E.)

African–Americans (AA)
Arizona-Phoenix (AZ1)
Arizona-Mesa (AZ2)
Connecticut (CT)
Florida (FL)
North Carolina (NC)
New York City (NYC)
Ohio (OH)
South Dakota (SD)
Virginia (VA)
Vermont (VT)

651
76
52
89
20
84
42
103
57
77
51

24
8
8
13
5
10
5
13
11
10
10

3.7
10.5
15.4
14.6
25.0
11.9
11.9
12.6
19.3
13.0
19.6

0.585  0.020
0.564  0.058
0.554  0.076
0.514  0.061
0.442  0.133
0.595  0.054
0.440  0.088
0.671  0.038
0.666  0.066
0.635  0.050
0.522  0.083

European–Americans (EA)
Arizona-Phoenix (AZ1)
Arizona-Mesa (AZ2)
Connecticut (CT)
Florida (FL)
North Carolina (NC)
New York City (NYC)
Ohio (OH)
South Dakota (SD)
Virginia (VA)
Vermont (VT)

927
56
43
85
37
87
42
99
182
97
199

30
12
10
13
11
12
13
15
17
13
14

3.2
21.4
23.3
15.3
29.7
13.8
31.0
15.2
9.3
13.4
7.0

0.637  0.017
0.688  0.062
0.713  0.067
0.578  0.060
0.673  0.085
0.568  0.060
0.818  0.044
0.660  0.051
0.641  0.036
0.548  0.058
0.626  0.037

Hispanic-Americans (HA)
Arizona-Phoenix (AZ1)
Arizona-Mesa (AZ2)
Connecticut (CT)
Florida (FL)
New York City (NYC)
Ohio (OH)
South Dakota (SD)
Virginia (VA)
Vermont (VT)

479
109
47
90
20
38
24
42
92
17

27
15
12
19
8
12
11
13
20
9

5.6
13.8
25.5
21.1
40.0
31.6
45.8
31.0
21.7
52.9

0.786  0.018
0.792  0.035
0.662  0.076
0.792  0.038
0.700  0.109
0.757  0.067
0.815  0.072
0.812  0.053
0.817  0.037
0.868  0.068

Native-Americans (NA)
Apache
Cheyenne
Navajo
Pima
South Dakota
South Dakota-Sioux
Vermont

398
86
29
88
19
112
45
19

18
6
4
9
3
15
11
6

4.5
7.0
13.8
10.2
15.8
13.4
24.4
31.6

0.775  0.010
0.667  0.032
0.677  0.069
0.597  0.031
0.608  0.070
0.789  0.025
0.711  0.058
0.597  0.122

Asian–Americans (SA)
Arizona-Tucson
New York City

62
25
37

12
8
11

19.4
32.0
29.7

0.848  0.025
0.840  0.038
0.857  0.040

2.2. DNA typing
A set of 61 binary markers (SRY10831, M91, M32, M6,
M31, M13, M60, 50f2, M150, M152, P9, RPS4Y, M216,
M217, P39, YAP, M174, M116, M125, SRY4064, P2, M35,
M78, P1, P14, M201, P15, M52, P19, P30, P37, p12f2a,
M172, M12, M9, M70, M20, M5, M214, LLY22g, P43, Tat,

M128, M175, M122, M134, M119, MSY2b, LINE1, P31,
M95, M111, SRY465, P27, P36, M3, M207, M173, M17,
P25, M269) was typed using a previously described hierarchical protocol (e.g., [17,18,23,24]). Therefore, not every
individual was typed for every marker. A tree of the 39 U.S.
haplogroups observed in our sample is shown in Fig. 1 (note:
haplogroups not present in our sample are not shown and,
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thus, some of the above-mentioned markers are not represented in Fig. 1). Markers were typed using allele-specific
PCR, restriction enzyme digest, or direct sequencing. Protocols and primer sequences for these assays were previously
published [17,25]. We follow the terminological conventions
recommended by the Y Chromosome Consortium [25] for
naming NRY lineages. When no further downstream markers in the latest version of the YCC tree [19] were typed for
this study, we considered the most derived marker that was
typed to represent a haplogroup. Geographic origins of
haplogroups were assigned based on inferences from published surveys [17–19,23,26–30].
2.3. Statistical analyses
Haplotype diversity was calculated following Nei [31].
We examined hierarchical genetic structuring based on an
analysis of molecular variance (AMOVA) [32,33] as executed in ARLEQUIN (Version 2.0; [34]). AMOVA measures the partitioning of variance at different levels of
population subdivision, giving rise to an analogue of Fstatistics called F-statistics. Significance of the AMOVA
analyses was assessed using 10,000 permutations. Populations were subdivided by self-described ethnicity (African, European-, Hispanic-, Asian-, and Native-American) and
by geographic location, including the Southwest (Arizona
and New Mexico), Midwest (South Dakota and Ohio),
Northeast (Vermont, Connecticut, and New York), and
South (Virginia, North Carolina, and Florida). A pairwise
genetic distance matrix that was generated using ARLEQUIN was used as input for an non-metric MDS analysis
[35] using NTSYS (Exeter software). Subtraction analyses
were performed on Y-STR haplotypes in the same database
[12]. In these analyses, Y chromosomes inferred to have
entered a particular population as a result of inter-ethnic
admixture were removed from the dataset. Tests of pairwise population differentiation [16] using the RST statistic
[36], which is calculated based on variance in allele
frequencies and allele lengths, were performed also using
ARLEQUIN. Significance of these tests was assessed
using 100,000 permutations as described by Redd et al.
[12].

3. Results
3.1. U.S. Y chromosome haplogroups
Fig. 1 depicts the evolutionary relationships among the
39 haplogroups found in our sample of 2517 individuals
their frequencies in five U.S. ethnic groups. Haplogroups
ranged in frequency from 0.04% to 37.8%. Only two
haplogroups were present at a frequency greater than
10%, 13 were present at frequencies between 1 and
10%, and 24 were present at a frequency less than 1%.
The most common haplogroup is R-M269 (37.8%), which

is found in all of the ethnic groups. This haplogroup
predominates in Western European populations [23]. EP1, the second most frequent haplogroup in the U.S.
(17.7%), is the most common haplogroup in West African
populations [24]. It is found at high frequencies in our AA
samples, and at lower frequencies in HA samples from the
Eastern U.S. (Fig. 1). Three haplogroups that originate in
Northern and Western European populations include I-P30
(6.1%), the third most common haplogroup in our U.S.
sample, I-P19 (2.8%) and I-P37 (1.6%). Haplogroups that
likely originate in Eastern and Southern European populations are also present in our U.S. database, including RM17 (3.4%), E-M78 (2.4%), G-P15 (2.4%), and J-M172
(1.5%). The fourth and fifth most frequent haplogroups in
our database, Q-P36 (5.9%) and Q-M3 (5.8%), along with
C-P39 (1.5%), are founding Native-American Y chromosomes [30]. These haplogroups are frequent in our NA and
HA samples, and are found at low frequency in our AA,
EA, and SA samples. Asian-derived chromosomes, primarily in haplogroups O and N, are extremely rare in all
but our SA sample.
3.2. Haplogroup diversity
The discrimination capacity of Y-SNPs is low, with only
39 haplogroups defined by the 61 SNPs surveyed here in the
total sample of 2517 individuals (1.6%) (Table 1). Discrimination capacities generally run a little higher within
ethnic groups (i.e., 3.7–19.4%), depending mostly on sample size. Haplogroup diversity ranges from a low of 0.440 in
the NYC AA sample up to 0.868 in the VT HA sample
(Table 1). The descending rank order of haplogroup diversity in the pooled ethnic groups is as follows: SA (0.848),
HA (0.786), NA (0.775), EA (0.637), and AA (0.585).
Native-American populations typically have low levels of
haplogroup diversity [30], but here they are rather diverse,
while the reverse is true for our AA sample. These results
may be affected by ascertainment bias, by the choice of YSNPs, sample size differences, and/or admixture among
ethnic groups.
3.3. MDS plot
Variation among the 38 U.S. populations can be seen in
the MDS plot in Fig. 2. The low stress (0.09) and the close
fit between the original distance matrix and a genetic
distance matrix derived from the plot (r = 0.98) indicate
that the MDS plot is a very good representation of the
genetic distance matrix. Dotted circles are placed around
populations from each ethnic group to illustrate that the
populations cluster in groups that correspond with the five
ethnic groups. The AA populations cluster to the top right
of the plot, well separated from the other populations.
Within the AA cluster, the FL sample is on the far right,
while the OH sample is on the far left. The HA populations are found close to the center in the plot. Within the
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Fig. 1. Maximum-parsimony tree of 39 Y chromosome haplogroups present in this survey along with their frequencies in five ethnic groups from
the U.S. The root of the tree is denoted by an arrow. Major clades (i.e., A–R) are labeled with large capital letters to the left of each clade.
Mutation names are given along the branches. The length of each branch is not proportional to the number of mutations or the age of the mutation.
Dotted lines refer to internal nodes not defined by downstream markers (i.e., paragroups). The names of the 39 haplogroups observed in the
present study are shown to the right of the branches. Haplogroup frequencies are shown on the far right for the total sample (n = 2517), African–
Americans (AA, n = 651), European–Americans (EA, n = 927), Hispanic-Americans (HA, n = 479), Native-Americans (NA, n = 398), and
Asian–Americans (SA, n = 62).
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Fig. 2. MDS plot of 38 populations based on FST genetic distances. Population codes are the same as in Table 1. Symbols refer to the Southwest
(solid triangles), Midwest (solid diamonds), Northeast (solid circles), and South (solid squares). Native-American samples are represented as
gray triangles and a gray circle in the case of VT. Note that the NYC and the VT samples are outliers with respect to the dotted circles placed
around the European–American and Native-American samples, respectively (shown in italics).

HA cluster, the AZ2 (Mesa) and FL samples are closer to
the EA cluster. The EA populations form a tight cluster in
the upper right of the plot adjacent to the HA cluster, with
the exception of the NYC sample which is positioned
closer to the HA cluster. The two SA populations cluster
closely in the lower right quadrant of the plot. In contrast,
the NA populations are found across a large area of the
MDS plot, they transect both the upper and lower left
quadrants of the plot. In fact, the SD and SIO samples are
placed very close to the HA cluster, and the VT sample
falls directly within the EA cluster.
3.4. AMOVA
When populations are divided into five ethnic groups
most of the genetic variance (65.8%) is found within populations; a notable amount (32.3%) is found among ethnic
groups; while only a small amount (2.0%) is found among
populations within ethnic groups (Table 2). Separate
AMOVA analyses within each of the ethnic groups show
that only the NA group contains significant among-population-within-group variation (16.0%; P < 0.001). When
populations are grouped into four geographic locations
(i.e., Southwest, Midwest, Northeast, and South), we find
similar results (Table 2).

3.5. Proportional African, European, Asian, and
Native-American ancestry
The histograms in Fig. 3 illustrate dramatic variation in
patterns of paternal ancestry among populations and ethnic
groups. AA populations are composed mostly of Africanderived Y chromosomes (mean  S.D., 73.2  8.7%); however, there is a consistent presence of European-derived Y
chromosomes at frequencies ranging from 10% to 43%
(26.4  8.9%). European Y chromosomes are present in
NA populations at a mean frequency of 35.3  32.8%;
however, there is a wide range of admixture rates, which
show a West to East gradient. For example, European Y
chromosomes are present in western populations at frequencies as low as 7% in the Apache and as high as 89% in VT.
Hispanic-Americans are composed mostly of European Y
chromosomes (77.8  9.3%), but also have indigenous
Native-American Y chromosomes (13.7  7.4%) and African-derived Y chromosomes (6.6  7.0%). Native-American Y chromosome frequencies range from 3% in CT to 18%
in Mesa, AZ. The contribution of African Y chromosomes to
HA populations varies by region, with the African component on the East Coast being higher (10.5  6.4%) than that
in the Southwest/Midwest (0.8  1.0%) (t-test, P = 0.019).
Admixture in European–Americans is notably low in all
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Table 2
Analysis of molecular variance
Populations

Number of
chromosomes

Number of
populations

Number of
groups

% Variance
Among
groups

Among populations
within groups

Within
populations

African–Americans

651

10
10

1
4a

–
0.4

1.4
1.0

98.6
98.6

European–Americans

927

10
10

1
4a

–
–0.1

0.2
0.3

99.8
99.9

Hispanic-Americans

479

9
9

1
4a

–
1.0

1.0
0.1

99.0
98.9

Native-Americans

398

7
7

1
3b

–
17.9

16.0
2.9

84.0
79.2

Asian–Americans
Five ethnic groups

62
2517

2
38

1
5

–
32.3

0.0
2.0

100.0
65.8

Bolded numbers, P < 0.001.
a
Southwest, Midwest, Northeast, and South.
b
Southwest, Midwest, East (VT).

Fig. 3. Bar chart showing the relative proportions of Y chromosomes with African (black bar), European (open bar), Native-American (light
gray bar), and Asian ancestry (dark gray bar). (A) African–Americans, (B) European–Americans, (C) Hispanic-Americans, and (D) NativeAmericans. Population codes are the same as in Table 1. A small sample of Hispanics from North Carolina (n = 15) that was not included in other
analyses is shown here.

samples surveyed except in our NYC sample, which has
10% African-derived Y chromosomes. Only two SA samples are examined here and both have very low frequencies
of non-Asian haplogroups. The AZ sample is composed of
100% Asian Y chromosomes while the NYC sample has
2.7% African and 5.4% European Y chromosomes.

4. Discussion
These results support the conclusion that Y chromosomes are significantly differentiated among U.S. ethnic
groupings, but not among populations within ethnic groups
from different geographic regions within the U.S. Hence,

52

M.F. Hammer et al. / Forensic Science International 164 (2006) 45–55

with the exception of Native-Americans, geographic origin
of samples within a U.S. ethnic database is not critical.
There is general correspondence between estimates of
population structure parameters based on these 61 Y-SNPs
and 11 core Y-STRs typed in the same samples [12].
However, the Y-SNP results indicate a greater proportion
of total variation partitioned among ethnic groups (32.3%)
than for Y-STRs (24.8%). This may be due to higher
geographic specificity of Y-SNPs [20] and higher mutation
rates of Y-STRs [37,38], which lead to much higher discrimination capacities and measures of Y chromosome
diversity for Y-STR haplotypes [12] compared with YSNP haplogroups (Table 1). Similar to the case for Y-STRs
[12], separate AMOVA analyses within each ethnic group
show that only Native-Americans contain high levels of
among population SNP haplogroup variation (Table 2). In
contrast, 1% (n.s.) of the total SNP variation is partitioned
among-populations-within-groups when considering only
AA, EA, HA, and SA samples (data not shown).

[10,39]. The higher frequency of African-derived Y chromosomes in the East is consistent with a greater contribution of Puerto Rican and Cuban Hispanics to East Coast
U.S. populations, compared with a higher Mexican presence in the West [14]. In contrast to these Y chromosome
results, both mtDNA and autosomal systems point to a
much higher frequency of Native-American maternal
lineages in HA populations, especially in Mexican Americans, and higher frequencies of African maternal lineages
in Puerto Ricans and Cubans [10,39–41]. The larger
European paternal contribution to HA populations likely
reflects sex-specific biases in admixture rates for Hispanics, not necessarily while in the U.S. but in their source
populations (e.g., [42]). Despite this regional variation,
there were low levels of Hispanic Y-STR haplotype heterogeneity in our previous survey [12], as well as in the
surveys of Kayser et al. [10] and Budowle et al. [43]. Thus,
geographic origin of samples is not a critical factor in the
construction of U.S. Hispanic Y-STR databases.

4.1. Variation in paternal ancestry within and among
U.S. ethnic groups

4.2. Effects of variation in paternal admixture on the
structure of Y-STR haplotype diversity

The set of 61 Y-SNPs employed here mark all 18 major
haplogroups (A-R) on the Y chromosome haplogroup tree,
as well as several sub-lineages providing information on
the continental origins of Y chromosomes (Fig. 1). The
geographic specificity of Y-SNP haplogroups allows direct
estimates of the proportion of paternal genetic ancestry or
admixture rates deriving from multiple source populations.
We find that the proportion of chromosomes with African,
European, Asian, and Native-American ancestry varies
among populations within groups (Fig. 2). Regional variation in the proportion of European Y chromosomes in AA
populations is apparent in the MDS plot in Fig. 2 (with OH
as the most admixed population on the far left and FL as
the least admixed population on the far right), as is regional
variation in the frequency of African Y chromosomes in
HA populations (with VA, CT, VT being placed on the
right side of the HA cluster closest to the African–Americans). Native-Americans exhibit the largest regional variation in admixture rates, with European-derived Y
chromosomes in Southwestern, Midwestern, and Eastern
(VT) populations at frequencies of 8.5  1.8%, 44.1 
23.7%, and 89.5%, respectively. The finding of high
frequencies of European Y chromosomes in the VT, SD,
and SIO Native-American samples helps to explain their
position on the MDS plot.
It is interesting that the European and Native-American
paternal contribution to HA populations is so consistent
given that the term Hispanic does not refer to a defined
geographic region, but can refer to individuals of Mexican,
Puerto Rican, Cuban, Central/South American, or other
Spanish culture ancestry. In fact, HA populations are
known to have differing degrees of Spanish, Native-American, and African ancestry in different regions of the U.S.

One of our main objectives is to examine the extent to
which variation in inter-ethnic admixture contributes to
observed heterogeneity in Y-STR haplotype frequencies.
As noted above, regional variation in the proportion of
paternal ancestry may not always be due to local differences
in rates of admixture (i.e., gene flow between ethnic groups
after their arrival in the U.S.), but to different rates of interethnic admixture in ancestral source populations, or to
ancestral population structure in combination with nonrandom migration to the U.S. While previous studies
revealed very little heterogeneity in Y-STR haplotype frequencies among populations within ethnic groups
[10,12,43], cases of statistically significant differences
between particular pairs of populations were observed in
pairwise population differentiation (PPD) tests [10,12]. For
example, in our Y-STR database [12], 3 of 45 comparisons
between pairs of EA samples, and 2 of 36 comparisons
between pairs of HA samples, were statistically significant.
All three EA comparisons involved our sample from New
York City, which differed from our Connecticut, Virginia,
and North Carolina EA samples. Both HA comparisons
involved our Mesa (Arizona) sample, which differed from
our Connecticut and Virginia HA samples. Similarly, PPD
tests performed by Kayser et al. [10] on their database of
1705 haplotypes based on nine Y-STRs revealed heterogeneity between their Texas European–American sample and
other European–Americans, and between their Texas Hispanic-American sample and other Hispanic-Americans.
They concluded that the significant heterogeneity involving
these two samples reflected chance rather than any true
biological differences.
We ask whether the statistically significant PPD tests
involving Y-STR haplotypes in our Hispanic samples [12]
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can be explained by variable frequencies of African Y
chromosomes. When we remove the 36 African Y chromosomes identified by Y-SNPs from our HA Y-STR database
and repeat the PPD tests, we find no significant difference
between any of the 36 pairs of HA samples (data not shown).
This suggests that regional variation in settlement patterns of
Hispanics, for example, from the Caribbean or from Mexico,
could cause regional heterogeneity in frequencies of Y-STR
haplotypes. However, current data reveal only minor effects
on Y chromosome variation [10,12,43].
Next, we test whether variable frequencies of African Y
chromosomes in EA populations leads to the significant
heterogeneity in Y-STR haplotypes in our NYC, CT, NC,
and VA samples [12]. Upon removal of the 13 Africanderived chromosomes from our EA database, we still find
that our NYC sample is different from NC and VA (but not
CT). We note that NYC has the lowest frequency of Northwestern European signature haplogroups R-M269 (35.7%
for NYC versus 58.7  5.0% for other EA samples) and IP30 (4.8% for NYC versus 11.3  2.8% for other EA
samples), and the highest frequency of the Eastern European
signature haplogroup, R-M17 (23.8% for NYC versus
7.4  4.7% for other EA samples). Thus, we hypothesize
that descent from a structured European source population
(with non-random migration to the U.S.) underlies the
observed Y-STR heterogeneity. To address this hypothesis,
we analyze four western (England, Ireland, France, and
Germany) and three eastern (Poland, Hungary, and Russia)
European population samples that are potential sources for
the EA population. We find statistically significant population structure in Europe, with 10.9% of the total Y-STR
haplotype variance partitioned between Western and Eastern
European samples (data not shown). Interestingly, our NYC
sample itself is differentiated from three of the four Western
European samples (England, Ireland, and France) and not
from any of the three Eastern European samples. Therefore,
we conclude that population structure in Europe is a potential factor leading to heterogeneity among European–Americans.
Finally, we wanted to know whether regional variation in
admixture among NA populations plays an important role in
structuring Native-American Y chromosome variation.
When we remove the 124 European-derived Y chromosomes
from our NA database, we find that AMOVA still results in
significant differences in Y-STR haplotype frequencies
among Western, Midwestern, and Eastern NA populations
(data not shown). The percent of among group variance
(9.4%) is only slightly lower than in the case when all (i.e.,
admixed and indigenous) Y-STR haplotypes are included in
the analysis (11.1%). We conclude that NA Y chromosomes
are differentiated with respect to geography and/or tribal
affiliation, regardless of the degree of admixture with European–American males. This is consistent with a long
history of genetic drift as a result of small effective population sizes of Native-American tribal groups, endogamy,
isolation, and founder effects [30].
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5. Conclusion
The population of the U.S. is comprised of people with
ancestry tracing to Africa, Europe, Asia, the Pacific, and the
Americas. The results presented here indicate that continental origin rather than current location in the U.S. determines
major patterns of Y chromosome variation for most ethnic
groups. Apparently, intermarriage among groups has not
eliminated inter-ethnic genetic structure. Despite the potential for admixture to erode population structure, the 2000
U.S. Census revealed that only 2.4% of all respondents
reported being derived from two or more ‘‘racial’’ groups
(excluding Hispanics; [14]). Nonetheless, there is a body of
literature indicating substantial mixing among some U.S.
ethnic groups [39,44–48]. Continuing migration and admixture among ethnic groups may eventually reduce population
structure to the point where we will no longer need to
construct separate forensic databases in the U.S. In the
meantime, more research is needed for several reasons.
While simple methods for adjusting for minor levels of
population structure among Hispanic populations should
be sufficient for correcting haplotype frequency estimates
[15], the finding of significant differences in frequencies of
African-derived Y chromosomes among Hispanic samples
raises potential concerns for the proper construction of
Hispanic databases. In addition, more analyses of European–American samples from various parts of the U.S.
that are known to have different ethnic compositions will
help to determine how frequent we expect outliers (such as
NYC) in Y chromosome databases. While AA populations
seems to show the least amount of among population within
group variation of any ethnic group surveyed, additional
research should help to understand the underlying causes for
the apparent homogeneity [10]. Additional Y-STR surveys
of putative African source populations will help to determine
whether a lack of structure in the putative source population,
along with similar admixture rates in the U.S., can explain
the observed homogeneity among AA subpopulations.
Finally, more work is needed to construct appropriate YSTR databases of Native-American populations.
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