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ABSTRACT: All published and unpublished gene frequency data
for the PCR-based loci HLA-DQA1, LDLR, GYPA, HBGG, D7S8,
GC, and D1S80 that could be located are presented in summary ta-
bles. These gene frequencies provide the data necessary for esti-
mating probabilities of chance match according to NRC II guide-
lines for any DNA profile that includes any combination of these
loci for any of the populations.

To illustrate the range of polymorphism for combined locus pro-
files, least and most common profile frequencies were estimated
following NRC II guidelines for: the PM loci for all populations for
which PM data were available; and for combinations of HLA-
DQA1/PM, HLA-DQA1/D1S80, PM/D1S80, and HLA-DQA1/
PM/D1S80 for populations for which data were available for the
relevant combinations. The profile frequencies were calculated at u
values of zero and 0.01. Minimum allele frequencies (MAF) were
calculated, and are shown, for each data set for which the MAF was
greater than the lowest observed allele frequency. Least common
profile frequencies were calculated using MAF in those cases to il-
lustrate a conservative estimate. The effect of using MAF versus
lowest observed allele frequency in estimating least common profile
frequencies is briefly illustrated as well.

We finally show that aggregate U.S. gene frequency data for the
classical MN and GC polymorphisms for both Caucasian and
African-American populations is fully in accord with the DNA-

based gene frequency data obtained from PM® reverse dot-blot
strips for GYPA and GC, respectively.
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Considerable allele and genotype frequency data have accumu-
lated for world populations for the commonly used PCR-based loci
HLA-DQA1, PM, and D1S80. Allele frequencies are needed to es-
timate the probability of a chance match for a DNA profile follow-
ing guidelines 4.1 and 4.10 set forth in the second report of the Na-
tional Research Council, or NRC II (1). So far as we know, no
complete compilation of world population allele frequencies has
been published to make the vast majority of the data available in
one place. The primary purpose of this communication is to fulfill
that need.

We also provide an estimate of the least and most common pro-
file frequencies for the various locus combinations following NRC
II guidelines to give an illustration of the ranges of the polymor-
phism. Least common profile frequencies were conservatively es-
timated using minimum allele frequencies (MAF) where applica-
ble, and a brief illustration of the effect of MAF on the estimates is
provided.

Finally, aggregate U.S. gene frequency data for the classical MN
and GC polymorphisms for both Caucasian and African-American
populations are shown to be fully in accord with the DNA-based
gene frequency data obtained from PM® reverse dot-blot strips for
GYPA and GC, respectively, based on the x2 statistic.

Methods

All the published communications known to us to containing rel-
evant data that could be located were consulted. Relevant data from
unpublished compilations to which we had access, as well as data
personally communicated to one or more of the authors, were also
included. World populations are organized according to the models
followed by Mourant et al. (2) and Rivas et al. (3), i.e., by conti-
nent, then by country, then by major racial/ethnic group, then by
population or location. Frequencies of all alleles observed, rounded
to three places, are reported.

Minimum allele frequencies (MAF) were estimated with 95%
confidence for HLA-DQA1, the PM®, and the D1S80 loci for each
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TABLE 1—HLA-DQA allele frequencies.
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TABLE 1—(Continued).
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TABLE 1—(Continued)
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TABLE 1—(Continued).
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TABLE 1—(Continued).
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TABLE 1—(Continued).
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population according to Budowle et al. (4), and are given in the ta-
bles in cases where MAF was greater than an observed allele fre-
quency. In a few instances, MAF was estimated according to 5⁄2N (1)
for purposes of illustration. For those populations where MAF was
greater than one or more observed allele frequencies—those for
which MAF are shown in the tables—the MAF was used in calcu-
lating the least common profile for that system or locus for that
population.

In calculations based on Budowle et al. (4), the method based on
the predictions of the infinite allele model was used for D1S80; the
method based solely on sample size was used for HLA-DQA1 and
PM loci.

Least common profiles were calculated assuming homozygosity
for the least common allele, or the MAF, whichever was greater, at
all the loci. Most common profiles were calculated using most
common genotypes. Least common profiles for a few combinations
of loci were calculated using MAF as well as the least common ob-
served allele frequency to illustrate the effect of using MAF, as
well as the effect of population size on MAF. All the estimated pro-
file frequencies (probabilities of chance match among unrelated in-
dividuals in the population) were calculated using NRC, a com-
puter program (and a component of the DNAType suite of
programs) written by Ranajit Chakraborty and Yixi Zhong (5).
Least common and most common profiles frequencies are abbrevi-
ated as LC and MC, respectively, in the tables, and all the values
are reciprocal probability of chance match frequencies, i.e., they
should be read as “1 in” the stated value. Briefly, NRC II 4.1 rec-

ommends calculating homozygous genotype frequencies as p2 1
p(12p)u and heterozygous genotype frequencies as 2pipj, where p
is the allele frequency in the homozygous type, u is a parameter to
correct for potential population substructure, and pi and pj are allele
frequencies for the alleles comprising a heterozygous genotype. A
conservative value for u for the U.S. population is 0.01 (1).

NRC II 4.10 recommends calculating homozygous genotype fre-
quencies as:

P(AiAi|AiAi) 5

and heterozygous genotype frequencies as

P(AiAj|AiAj) 5

where Ai and Aj designate the members of an allelic pair, pi and pj

are their individual frequencies, respectively, and u has the same
meaning as described above. Least and most common profile fre-
quencies were calculated with u 5 0 and with u 5 0.01. Because
most common profile frequencies are calculated as heterozygotes
for the most common alleles, the values are the same for NRC 4.1
and 4.10 when u 5 0, but different for 4.10 when u 5 0.01. Simi-
larly, least common profile frequencies calculated as homozy-
gotes for the least common allele (or MAF) are identical when u
5 0, but different for 4.1 and 4.10 when u 5 0.01. The least and
most common profile frequencies were calculated to illustrate the

2[u 1 (1 2 u)pi][u 1 (1 2 u)pj]
}}}}

(1 1 u)(1 1 2u)

[2u 1 (1 2 u)pi][3u 1 (1 2 u)pi]
}}}}

(1 1 u)(1 1 2u)

TABLE 1—(Continued).
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TABLE 2-1—D1S80 allele frequencies—Part 1. Alleles 13–28.
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TABLE 2-1—(Continued).
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TABLE 2-1—(Continued).
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TABLE 2-1—(Continued).

range of polymorphism for each population using the methods
specified.

The gene frequency data for the classical MN and GC polymor-
phisms for both Caucasian and African American U.S. populations,
aggregated as the Weighted Mean of the Proportions (WMP), were
taken from Gaensslen et al. (6,7). WMP was then calculated from
all the U.S. Caucasian and African American population data for
GYPA or GC in this communication, and the classical and DNA-
based data compared using the x2 statistic.

Data Tables

World population allele frequency data for the HLA-DQA1,
D1S80 and PM (LDLR, GYPA, HBGG, D7S8, GC) loci are shown
in Tables 1 through 3, respectively. The least and most common
profile frequencies for the PM loci are included in Table 3. In all ta-
bles showing least and most common profile frequencies, least
common is designated “LC” and most common “MC.” The least
and most common profile frequency values are reciprocal proba-
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TABLE 2-2—D1S80 allele frequencies—Part 2. Alleles 29–46.
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TABLE 2-2—(Continued).
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TABLE 2-2—(Continued).
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TABLE 2-2—(Continued).

bilities of chance duplication, i.e., the values should be read as “one
in” the value shown. Table 4 shows the least and most common pro-
file frequencies for the combined HLA-DQA1 and PM loci. Table
5 shows the least and most common profile frequencies for the
combined HLA-DQA1, PM and D1S80 loci. For the 6 populations
for which data were available for the combined HLA-DQA1 and
D1S80 loci, and for the one population for which data were avail-
able for the combined PM and D1S80 loci, the least and most com-
mon frequencies are shown in Table 6. As noted above, the least

common profile frequencies for PM and all other combinations of
loci were calculated using MAF when MAF was greater than the
least common observed allele frequency. In Table 7, the effect of
using and not using MAF to calculate least common profile fre-
quency is shown for selected populations and combinations of loci.
The MAF value is most influenced by N, the number of people
typed. MAF is lower when N is larger, no matter which method is
used to calculate it. Accordingly, MAF has a smaller effect on the
reciprocal probability of chance match computation for least com-
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TABLE 3—Polymarker locus allele frequencies with most and least common profile frequencies.
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TABLE 3—(Continued).
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TABLE 3—(Continued).
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TABLE 3—(Continued).

TABLE 4—Profile frequencies for PM loci/HLA-DQA1.
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TABLE 4—(Continued).
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TABLE 5—Least and most common profile frequencies for HLA-DQA1/PM loci/D1S80.
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mon profile in larger populations, compared with using the lowest
allele frequency actually observed.

Table 8 shows the comparison between the weighted means of
the proportions, or WMP (6), for the classical MN blood groups
and the GYPA locus, and for the classical (serum protein) GC sub-
types and the PCR-based (dot blot) GC types, using the chi square
statistic. WMP was computed for the dot-blot based frequencies in
the same manner as was done for the classical data originally. It is
obvious that the statistical test does not reveal any significant dif-
ference between the data sets combined in the manner described.
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