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During the construction of an annotated short tandem repeat
(STR) physical map of the human Y chromosome (1), we iden-
tified a novel tetra-local locus, DYS503. As DYS 464, a previ-
ously characterized tetra-local locus, possesses high
discriminatory capacity (40.9) (2), population data from Cauca-
sian Americans and African Americans were collected in order to
determine whether DYS503 also exhibited an elevated diversity.
Genotype frequencies and allele distributions were obtained in a
sampling of 198 male individuals, from the Caucasian American
(n 5 98) and African American (n 5 100) populations. The gen-
otype diversity for DYS503 was 0.92 for the Caucasian American
population and 0.75 for the African American population, which,
for the Caucasian American population, is larger than any known
single locus Y-STR. (Table 1)

The dried bloodstains used for the gene diversity studies were
incubated overnight at 561C in 400mL of DNA extraction buffer
(100 mM NaCl, 10 mM Tris-HCl, 25 mM ethylenediaminetetraa-
cetic acid, 0.5% SDS) and 0.1 mg/mL Proteinase K. The swab
pieces were placed in a spin ease basket and centrifuged at
14,000 g for 5 min. An equal volume of phenol/chloroform/isoam-
yl alcohol was added to the crude extract. The aqueous phase ex-
tracts containing the DNA were purified using Centricon 100TM

concentrators (Millipore, Bedford, MA) according to the manu-
facturer’s instructions. DNA was quantitated using ethidium bro-
mide-induced fluorescence on a 1% agarose yield gel, using a
reference set of DNA standards of known concentration (3).

The 25mL reaction mix contained 3 ng of template DNA,
0.96 mM primers, 1 mM dNTPs, 1X PCR Buffer II (10 mM Tris-
HCl, pH 8.3, 50 mM KCl), 2.0 mM MgCl2, 10 mg of nonacetylated
bovine serum albumin (Sigma-Aldrich, St. Louis, MO), and 1.5 U

of AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster
City, CA). Primer sequences for DYS503 were obtained from the

TABLE 1—Genotype frequencies for DYS503 (expanded data) in the
Caucasian and African American Populations.

Genotype n
Frequency

(Caucasian) n
Frequency

(African American)

7-7-13-14 0 0.00 1 0.01
9-14-14-15 1 0.01 0 0.00
10-14-15-15 1 0.01 0 0.00
11-11-14-14 0 0.00 1 0.01
11-11-14-15 1 0.01 1 0.01
11-11-14-16 1 0.01 0 0.00
11-12-12-13 0 0.00 1 0.01
11-12-14-14 1 0.01 0 0.00
11-12-14-15 0 0.00 1 0.01
11-13-14-14 2 0.02 0 0.00
11-13-14-15 2 0.02 2 0.02
11-14-14-14 7 0.07 3 0.03
11-14-14-15 20 0.20 10 0.10
11-14-14-16 11 0.11 1 0.01
11-14-14-17 1 0.01 0 0.00
11-14-15-15 5 0.05 1 0.01
11-14-15-16 3 0.03 1 0.01
12-12-13-14 2 0.02 3 0.03
12-12-14-14 1 0.01 2 0.02
12-12-14-15 1 0.01 0 0.00
12-13-13-13 1 0.01 0 0.00
12-13-13-14 0 0.00 1 0.01
12-13-14-14 3 0.03 2 0.02
12-13-14-15 3 0.03 1 0.01
12-14-14-14 1 0.01 2 0.02
12-14-14-15 1 0.01 1 0.01
13-13-13-14 1 0.01 7 0.07
13-13-14-14 7 0.07 49 0.49
13-13-14-15 3 0.03 3 0.03
13-14-14-14 10 0.10 2 0.02
13-14-14-15 6 0.06 2 0.02
13-14-15-15 1 0.01 0 0.00
14-14-14-14 2 0.02 1 0.01
Genotype Diversity 0.92 0.75
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Genome Database (www.gdb.org). The cycling conditions con-
sisted of (1) 951C 11 min, (2) 32 cycles of 961C 30 sec, 601C
1 min, 721C 1 min, (3) and a final extension at 601C for 30 min.

A 1.75 mL aliquot of the amplified product was added to 24 mL
of deionized formamide and 1.0mL GeneScan 500 LIZ internal
lane standard. Tubes containing the above were heated at 951C for
3 min and snap-cooled on ice for 3 min. Samples were injected
onto an ABI Prism 310 Genetic Analyzer using Module G5 (5-s
injection, 15 kV, 601C) and analyzed with GeneScan Analysis
Software v3.7 using Filter Set G5. A peak detection threshold of
50 RFUs was used for allele designation.

For an accurate determination of allele number, a reference
sample was sequenced using standard Sanger sequencing
(Genewiz, North Brunswick, NJ). Alleles were calibrated accord-
ing to the genotype of the reference sample. From the sequencing
data, the repeat structure for the DYS503 alleles was a simple
TTA repeat unit. Sequences for the observed alleles are provided
in Table 2.

All data were checked for duplicate samples. A small number of
duplicate samples (n 5 4) were removed from the data set after
confirmation by the submitting laboratory of their duplicate status
by autosomal short tandem repeat (STR) analysis. The following
formulae were used: (1) discriminatory capacity 5 no. of individ-
uals/no. of different haplotypes; (2) gene diversity (h), equivalent
to the expected frequency of heterozygotes with autosomal diploid
loci, was calculated as ðn=ðn� 1ÞÞ � ð1� Sp2

i Þ, where pi 5 allele
frequency at the ith locus (4).

Genotypes for DYS503 consisted of one, two, three, or four
alleles. Raw data (observed number of peaks/alleles from elec-
tropherograms) were converted to ‘‘expanded genotypes’’ to report
the relative prevalence of the four alleles present for each sample.
Expanded genotypes were determined by comparison of relative
peak heights.

Thirty-three unique expanded genotypes were observed among
the 198 male samples used in this study. The frequencies for each
genotype within each population group are listed in. The overall
genotype diversity was determined to be 0.92 for the Caucasian

American population and 0.75 for the African American popula-
tion. Significant differences in the essentially bimodal genotype
distributions were observed between the two populations. The
most frequent genotype in Caucasian Americans was 11-14-14-15
(20% of samples), whereas 13-13-14-14 (49% of samples) was the
most common genotype observed in the African American popu-
lation, further illustrating the significant stratification of the two
populations obtained by DYS503 typing. Genotype diversity was
higher in Caucasian Americans (0.92) than in African Americans
(0.75), a situation observed with a number of other Y-STRs. For
example, a comprehensive population survey of 90 YSTR loci
indicated that c. 18% (n 5 16) of the loci exhibited greater gene
diversity within the Caucasian American than the African Amer-
ican populations (unpublished observations).

The DYS503 gene diversity for Caucasian Americans is greater
than that reported for any single locus Y-STR, with the exception
of DYS 643 (5). The latter data were obtained by typing only eight
males (5) but subsequent testing has indicated that the actual gene
diversity is significantly lower than this (unpublished data).

The complete data set is available to any interested researcher
upon request.
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TABLE 2—Allele sequences for DYS 503.

Allele Sequence

7 Y3S7r.. . .[TTA]7.. . .Y3S7f
8 Y3S7r.. . .[TTA]8.. . .Y3S7f
9 Y3S7r.. . .[TTA]9.. . .Y3S7f

10 Y3S7r.. . .[TTA]10.. . .Y3S7f
11 Y3S7r.. . .[TTA]11.. . .Y3S7f
12 Y3S7r.. . .[TTA]12.. . .Y3S7f
13 Y3S7r.. . .[TTA]13.. . .Y3S7f
14 Y3S7r.. . .[TTA]14.. . .Y3S7f
15 Y3S7r.. . .[TTA]15.. . .Y3S7f
16 Y3S7r.. . .[TTA]16.. . .Y3S7f
17 Y3S7r.. . .[TTA]17.. . .Y3S7f

Y3S7r—reverse primer (www.gdb.org).
Y3S7f—forward primer (www.gdb.org).
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