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ABSTRACT: Allele and genotype frequencies for six loci (HLA-
DQA1 and PM loci) were determined in African Americans, United
States Caucasians, and Southwestern Hispanics. The data include
allele frequencies of the HLA-DQAL 4 subtypes. The HLA-DQA1
4 dlelesubtyping affords greater power of discriminationin African
Americans and Southwestern Hispanics than in Caucasians, due to
the relatively lower 4.2/4.3 alele frequency in Caucasians. Based
on the exact test, al loci, except the GYPA locus in the African
American sample (p = 0.011), meet Hardy-Weinberg expectations.
There were two examples of significant departures from expecta-
tions of independence between alleles of the HLA-DQA1 and PM
loci (HBGG/Gc in African Americans, p = 0.30; LDLR/DQALlin
Caucasians, p = 0.023). The HLA-DQA1 and PM loci also were
tested for associations with three STR loci and the D1S80 locus.
There were four examples of significant departures from expecta-
tions of independence (TPOX/D7S8 and THOL/HBGG in African
Americans, p = 0.035 and 0.028, respectively; THO1/LDLR in
Caucasians, p = 0.028; and GYPA/D1S80 in Hispanics, p =
0.046). The HLA-DQA1 and PM allele frequency data were com-
pared with previously reported data on other sample populations
of the same population categories from our laboratory; the alele
frequencies at al loci, except the D7S8 locus in Hispanics (p =
0.028), were statistically similar. The frequency data can be used
in forensic analyses and paternity tests to estimate the frequency
of a multiple locus DNA profile in various general United States
populations.
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The human leukocyte antigen (HLA)-DQA1 locus and the Poly-
marker (PM) loci are PCR-based systems used predominately for
forensic identification in the United States (1-6). Analysis of these
loci is facilitated by the use of commercialy available kit(s).
Recently, the kit for HLA-DQA1 typing has been modified to
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enable subtyping of the 4 dlele into the 4.1 and the 4.2/4.3 alleles.
Thispaper presentsallelefrequency data (including the 4 subtyping
data) for the HLA-DQAL locus in three United States population
groups. The population sample groups analyzed in the current study
had been typed previously for the short tandem repeat (STR) loci
CSF1PO, TPOX, and THO1 and the variable number of tandem
repeat (VNTR) locus D1S80 (7), but not for the PM loci. Because
on many occasions the HLA-DQA1 locus will be typed in concert
with the PM laoci, the five PM loci also were typed in the current
study. Tests for independence between the HLA-DQA1, PM loci,
three STR loci, and the D1S80 locus are presented.

Materials and Methods
Sample Preparation

Whole blood, obtained in EDTA vacutainer tubes by venipunc-
ture from African American, Caucasians, and Southwestern His-
panic individuals, was kindly provided by Dr. Arthur Eisenberg
(University of North Texas Health Science Center, Fort Worth,
TX). The DNA was extracted by the phenol-chloroform method
(8). The quantity of extracted DNA was estimated using the slot-
blot procedure described by Waye et al. (9) and Budowle et al.
(10).

Typing

TheHLA-DQA1 and PM loci weretyped using the Ampli Type®
PM PCR Amplification and Typing Kit (Perkin Elmer Corporation,
Norwalk, CT). The amplification conditions were those recom-
mended by the manufacturer, except that 0.16 pwg/uL of bovine
serum albumin (Sigma, catalog #3350) were added to the PCR
(11,12). Amplification was carried out in aPerkin-Elmer GeneAmp
PCR System 9600 thermal cycler. The HLA-DQAL typing strips
were kindly provided by Dr. Rebecca Reynolds (Roche Molecular
Systems, Alameda, CA).

Satistical Analysis

The frequency of each allele for each locus was calculated from
the numbers of each genotype in the sample set (i.e., the gene
count method). Unbiased estimates of expected heterozygosity
were computed as described by Edwards et a. (13). Possible diver-
gence from Hardy-Weinberg expectations (HWE) was tested by
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calculating the unbiased estimate of the expected homozygote/
heterozygote frequencies (14-17), the likelihood ratio test
(13,15,18), and the exact test (19), based on 2000 shuffling experi-
ments. An interclass correlation criterion (20) for two-locus associ-
ations was used for detecting disequilibrium between the loci.

A 2 X N contingency table exact test was used to generate a
G-statistic (2000 shuffling experiments) (21,22) to test for homo-
geneity between sample populations. The program for thisanalysis
was kindly provided by R. Chakraborty (University of Texas
School of Biomegdical Sciences, Houston, TX).

Results and Discussion

The distribution of the observed HLA-DQA1 allele frequencies
in African Americans, U.S. Caucasians, and Southwestern Hispan-
ics are shown in Table 1. To the best of our knowledge thisis the
first published report on HLA-DQA1 subtyping of the 4 allele in
U.S. populations. The HLA-DQA1 4.1 alleleis more frequent than
the 4.2/4.3 adlelein al three population samples. Of the three U.S.
populations, the Caucasian sample had the lowest 4.2/4.3 dlele
frequency (f = 0.025). Thus, the subtyping of the HLA-DQA1 4
alleleaffords greater power of discrimination in African Americans
and Southwestern Hispanics than in Caucasians. The HLA-DQA1
locus meets HWE in all three sample groups.

The three U.S. sample population groups aso were typed for
the PM loci (Tables 2—4). Based on the exact test, al loci, except
the GYPA locus in the African American sample (p = 0.011),
meet Hardy-Weinberg expectations (HWE).

The data in the current study were compared with previously
reported (1) HLA-DQA 1 and PM popul ation dataon different sam-
ples of African Americans, U.S. Caucasians, and Southwestern
Hispanics. Firdt, the alele frequency distribution of the GYPA
locus in African Americans is statistically similar to alele fre-
quency data previously typed by our laboratory (p = 0.935) and
inwhich no deviations were detected (1). Because the GY PA locus
wasthe only example of adeparture from HWE in thethree popula-
tions and because the allel e frequencies are similar to other African
American data, the GYPA alele frequency data in the current
African American sample can still be used reliably to estimate
the frequency of a GYPA genotype. Second, within each major
population group comparison, the alele frequencies at al loci are

TABLE 1—HLA-DQAL observed allele frequencies in several United
Sates general population groups.

African Southwestern

Americans* Caucasianst Hispanicst

Allele (N = 206)8 (N = 199)8 (N = 208)§
11 0.112 0.153 0.103
12 0.308 0.191 0.125
13 0.051 0.060 0.031
2 0.078 0.151 0.103
3 0.148 0.196 0.240
41 0.189 0.224 0.269
4.2/4.3 0.114 0.025 0.127

*African Americans—Observed Homozygosity = 0.121; Expected
Homozygosity (unbiased) = 0.185; HWE-Homozygosity Test (p =
0.019%), Likelihood Ratio Test (p = 0.173), Exact Test (p = 0.232).

‘tCaucasians—Observed Homozygosity = 0.141; Expected Homozy-
gosity (unbiased = 0.173; HWE-Homozygosity Test (p = 0.225), Likeli-
hood Ratio Test (p = 0.371), Exact Test (p = 0.559).

FSouthwestern Hispanics—Observed Homozygosity = 0.173;
Expected Homozygosity (unbiased) = 0.183; HWE-Homozygosity Test
(p = 0.725), Likelihood Ratio Test (p = 0.114), Exact Test (p = 0.226).

8N = Number of individuals in database.

TABLE 2—Observed frequency distributions of PM loci genotypes.

African Southwestern
American Caucasian Hispanic
Genotype (N = 206)* (N = 199)* (N = 208)*
LDLR AA 0.029 0.171 0.255
LDLR AB 0.330 0.528 0.534
LDLR BB 0.641 0.302 0.212
GYPA AA 0.180 0.276 0.399
GYPA AB 0.592 0.513 0.472
GYPA BB 0.228 0.211 0.130
HBGG AA 0.189 0.271 0.115
HBGG AB 0.160 0.427 0.418
HBGG BB 0.078 0.302 0.428
HBGG AC 0.320 0.000 0.019
HBGG BC 0.160 0.000 0.019
HBGG CC 0.092 0.000 0.000
D7S8 AA 0.447 0.317 0.351
D7S8 AB 0.432 0.508 0.472
D7S8 BB 0.121 0.176 0.178
Gc AA 0.005 0.095 0.043
Gc AB 0.136 0.121 0.096
Gc BB 0.568 0.020 0.072
Gc AC 0.029 0.302 0.231
Gc BC 0.228 0.146 0.298
Gc CC 0.034 0.317 0.260

*N refers to number of individuals in database.

TABLE 3—Observed allele frequency distributions for PM loci.

African Southwestern
American Caucasian Hispanic

Allele (N = 206)* (N = 199)* (N = 208)*
LDLR A 0.194 0.435 0.467
LDLR B 0.806 0.565 0.534
GYPA A 0.476 0.533 0.635
GYPA B 0.524 0.467 0.365
HBGG A 0.430 0.485 0.334
HBGG B 0.238 0.515 0.647
HBGG C 0.333 0.000 0.019
D78 A 0.663 0.570 0.587
D739 B 0.337 0.430 0.413
Gc A 0.087 0.307 0.207
Gc B 0.750 0.153 0.269
GecC 0.163 0.540 0.524

*N refers to number of individuals in database.

statistically similar, except the D7S8 locus in Southwestern His-
panics (p = 0.028). The D7S8 A and B dlele frequencies for
Southwestern Hispanics in this study are 0.587 and 0.413, respec-
tively (Table 3), while in the previous study, Budowle et a. (1)
reported the frequencies as 0.682 and 0.318, respectively. Thus,
out of 18 comparisons (i.e., six loci comparisons in each of three
population groups), only one comparison was significantly differ-
ent. Thisobservation isno more than would be expected by chance.

These results suggest that, within a major population group, the
databases described here and by Budowle et al. (1) can be pooled.
The D7S8locusin the pooled southwestern Hispanic sample popu-
lation was tested for departuresfrom HWE, and no departuresfrom
expectations were observed (N = 304; Observed Homozygosity
= 0.536; Expected Homozygosity (unbiased) = 0.527; HWE-
Homozygosity Test (p = 0.735), Likelihood Ratio Test (p =
0.805), Exact Test (p = 0.805)).



An inter-class correlation test analysis detected only two exam-
ples of significant departures from expectations of independence
between allele of the HLA-DQA1 and PM loci (HBGG/Gc in Afri-
can Americans, p = 0.030; LDLR/DQA1 in Caucasians, p =
0.023). The African American, U.S. Caucasians, and Southwestern
Hispanic samples had been typed previously for the STR loci
CSF1PO, TPOX, and THO1 and the D1S80 locus (7). Thus, inde-
pendence testing between the HLA-DQA1 and PM loci and the
STR and D1S80 loci was performed. There were four examples of

TABLE 4—Tests for independence on PM loci.

African Southwestern
American Caucasian Hispanic
(N = 206)* (N = 199)* (N = 208)*

LDLR
Observed

Homozygosity 67.0% 47.2% 46.6%
Expected

Homozygosity 68.6% 50.7% 50.0%
Homozygosity

Testt 0.612 0.324 0.336
Likelihood

Ratio Testt 0.512 0.311 0.335
Exact Test 0.512 0.377 0.400
GYPA
Observed

Homozygosity 40.8% 48.7% 52.9%
Expected

Homozygosity 50.0% 50.1% 53.5%
Homozygosity

Testt 0.008 0.704 0.856
Likelihood

Ratio Testt 0.006 0.763 0.881
Exact Testt 0.011 0.763 0.881
HBGG
Observed

Homozygosity 35.9% 57.3% 54.3%
Expected
Homozygosity 35.0%
Testt 49.9% 52.9%
Homozygosityf 0.785 0.038 0.681
Likelihood

Ratio Testt 0.169 0.052 0.599
Exact Test+ 0.153 0.052 0.599
D7S8
Observed

Homozygosity 56.8% 49.3% 52.9%
Expected

Homozygosity t 55.2% 50.9% 51.4%
Homozygosity

Test 0.641 0.648 0.664
Likelihood

Ratio Testt 0.638 0.656 0.778
Exact Testt 0.638 0.656 0.675
Ge
Observed

Homozygosity 60.7% 43.2% 37.5%
Expected

Homozygosity 59.6% 40.8% 38.8%
Homozygosity

Testt 0.743 0.484 0.692
Likelihood

Ratio Testt 0.828 0.402 0.804
Exact Test 0.824 0.381 0.815

*N = Number of individuals in database.
‘tExpected homozygosity is an unbiased estimate.
$These values are probability values.
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significant departures (TPOX/D7S8 and THO1/HBGG in African
Americans, p = 0.035 and 0.028, respectively; THOVLDLR in
Caucasians, p = 0.028, and GYPA/D1S80 in Southwestern His-
panics, p = 0.046). This number of pair-wise departures is not
substantially more than would be expected. Thus, the data support
that the ten PCR-based loci meet expectations of independence for
our African American, U.S. Caucasian, and Southwestern Hispanic
populations.

In conclusion, African American, U.S. Caucasian, and South-
western Hispanic databases are described for theloci HLA-DQA1,
LDLR, GYPA, HBGG, D7S8, and Gc. Data are presented on the
HLA-DQAL 4 dlele subtypes. There is little evidence for depar-
tures from independence for these PCR-based loci. By applying
the recommendations of the NRC Il Report (23), these allele fre-
guency data can be used to estimate the rarity of a multiple locus
profile.
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ERRATUM

Erratum/Correction of Budowle B, Koons BW, Moretti TR. Subtyping of the HLA-DQA1 locus and independence testing with PM
and STR/VNTR loci. J Forensic Sci 1998;43(3):657-660.

Sir:

An error in the values in one of the columns of Table 3 of the above referenced previously published paper requires correction. The
allele frequencies at the LDLR locus for southwestern Hispanics are incorrect. My records show that the correct LDLR frequencies in
this population are 0.521 for A and 0.478 for B. This transcriptional error was missed during page proof review. I hope that this error
has not caused any inconvenience.

Bruce Budowle, Ph.D.

Forensic Science Research and Training Center
F.B.I. Academy

Quantico, VA 22135

Editor’s Note: Any and all future citations of the above-referenced paper should read: Budowle B, Koons BW, Moretti TR. Subtyping
of the HLA-DQAI locus and independence testing with PM and STR/VNTR loci. [published erratum appears in J Forensic Sci 1998
Sep;43(5)] J Forensic Sci 1998;43(3):657—-660.
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