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Forensic analysis based on Y-chromosomal STR loci relies on haplotype frequency estimates for assessing the significance of matching haplotypes. Current frequency estimates, accepted by the forensics
community, are based on the minimal 9-locus and extended 11-locus haplotypes. To augment current estimates, the present study reports frequencies for the minimal and extended haplotypes for a dataset
of 7,977 male samples representing populations of the United States, Canada, Europe, Oceania, South America, and Asia. These haplotypes are further extended to a total of 39 loci, for which frequencies
are reported. Paternal-line genealogy was collected for each male to provide a historical interpretation for observed haplotype stratification among populations, as measured by pairwise RST statistics.

Populations
DNA samples and pedigrees were collected with informed consent
from 7,977 males of known paternal genealogy. Pedigrees were investi-
gated using the Ancestral File database [1] to extend each subject‘s
paternal line an average of four generations into the past. The birthplace
and birth year of the most distant paternal ancestor for each subject was
used to designate a geographic population assignment based on the
geo-political boundaries as historically defined at the time of birth.
Based on these criteria, the subjects were assigned to the following 29
world populations: Australia (58), Austria (20), Brazil (435), Canada
(149), Chile (189), Denmark (213), England (998), Finland (33), France
(29), Germany (453), Ireland (250), Italy (197), Japan (45), Mexico (53),
Netherlands (55), Norway (101), Philippines (27), Poland (54), Portugal
(42), Russia (62), Scotland (195), Spain (31), Sweden (178), Switzerland
(54), Uruguay (38), USA (3836), Vanuatu (23), Wales (110), Yugoslavia
(49).

Y-STR Typing and Statistical Analysis
A complete 9-, 11-, and 36-locus Y-haplotype was generated for each
sample within the Y7977 dataset from the following Y-STR loci: DYS437,
DYS442, DYS444, DYS446, DYS452, DYS462, GGAAT1B07, YGATAA10,
YGATA-C4, DYS393, DYS394, DYS441, DYS449, DYS455, DYS458,
DYS461, DYS463, DYS445, DYS454, DYS456, DYS459a/b, DYS385a/b,
DYS388, DYS389I (DYS389A), DYS389II (DYS389B), DYS390, DYS391,
DYS392, DYS426, DYS438, DYS439, DYS447, DYS448, DYS460,
YCAIIa/b, YGATA-H4. Of the markers assayed, there are one di-, three
tri-, 24 tetra-, six penta-, and one hexanucleotide repeat structures.
Allele values from duplicated loci (DYS385a/b, DYS459a/b, and
YCAIIa/b) were combined for analysis since alleles could not be
unequivocally assigned to a defined locus [2]. Analysis of DYS389II
(DYS389B) variability was considered without including DYS389I
(DYS389A). Haplotype diversity and pairwise RST values were calculat-
ed using Arlequin [3] version 2.0. Haplotype frequencies were calculat-
ed using Microsoft Access.

Haplotype Variation
Haplotype frequency and diversity measurements (Table 1) are report-
ed for a database of 7,977 Y-STR haplotypes complete at 9, 11, and 39-
loci, representing 29 world populations. The locus values for the most
frequently occurring haplotypes are shown in Table 2. When all samples
are considered together, there are a total of 2,722 9-locus haplotypes
with the most frequent haplotype (MFH) observed 426 times; 3,292 11-
locus haplotypes with the MFH observed 337 times; and 7,265 39-locus
haplotypes with the MFH observed only 9 times. The decline of haplo-
type frequency with increased numbers of loci is also observed in each
individual population except Austria for which all haplotypes were
observed only once, likely resulting from its small population sample
size. Haplotype diversity for the total population steadily increases as
larger numbers of loci are used, while this varies among the individual
populations. In all cases, the discriminatory capacity of a haplotype
increases with the number of loci, with dramatic increases seen in popu-
lations of larger sample size.

Population Structure
To evaluate the population substructure present in the database pair-
wise RST comparisons were calculated between individual populations
(Table 3). For the 9, 11, and 39-locus haplotypes, the greatest differences
were seen between Ireland and Mexico with RST values of 0.53538,
0.49974, and 0.47795 respectively. Most of the observed pairwise RST sta-
tistics tend to decrease with larger haplotype sizes. This is consistent
with haplotypes that match at fewer loci sharing a most recent common
ancestor (MRCA) earlier than haplotypes that match at more loci [4].
Therefore, as the number of loci defining a haplotype increases, less
population substructure will be observed due to the high variation
among many-locus haplotypes. RST values shown to increase with hap-
lotype size could be the result of an elevated occurrence of recurrent
mutations when considering many loci further emphasizing a need to
include accurate locus-specific mutation rates in Y-haplotype analysis.

Table 3. Pairwise RST values estimated for 29 world populations at 9-loci (a),
11-loci(b), and 39-loci(c). Red print indicates significance level of p < 0.0500.

Table 1. Haplotype frequency and diversity calculations for 29 world populations at 9-loci, 11-loci, and 39-loci

Table 2. Locus values of the most frequent haplotypes (MFH) observed for the total population and subpopulation samples at 9, 11, and 39 loci.

Conclusion
Complete 9, 11, and 39-locus Y-STR haplotypes were compiled for 7,977
males representing 29 world populations. Pedigrees of known paternal
genealogy were used to confidently establish a population designation
specific to the Y-chromosome. Haplotype frequency estimates calculated
for the total population and subpopulations show haplotype discrimina-
tory capacity to rise sharply with increasing numbers of loci. This
marked increase supports the use of larger numbers of Y-specific loci for
forensic analysis where autosomal markers are difficult or impossible to
obtain, such as in certain cases of rape or paternity. Pairwise RST compari-
sons showed significant population substructure for each of the three
haplotypes. This finding supports the continued need to assess a Y-
haplotype in terms of its population membership and locus-specific
mutation rates, whether the haplotype is defined by few or many loci.
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