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ABSTRACT: New Jersey Caucasian, African American, and His-
panic genotype and alele frequencies were determined for the six
PCR-based loci, HLA-DQA1, LDLR, GYPA, HBGG, D7S8, and
Gc. All but one locus (HLA-DQA1 for African Americans) meet
Hardy-Weinberg expectations. However, observing one departure
in 18 loci over the three New Jersey sample populations is not
unexpected. There s little evidence for departures from independ-
ence between pairs of loci in the three populations studied. Thus,
multiplelocus profile frequencies can be determined using the prod-
uct rule.
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The predominant DNA PCR-based genetic loci used in forensic
identity testing are HLA-DQAL1 and the polymarkers, LDLR,
GYPA, HBGG, D7S8, and Gc. We have previously shown in
aNew Jersey Caucasian population database that the six loci meet
Hardy-Weinberg expectations and demonstrate gametic phase
equilibrium (1). To date, there are no published data which
describe the frequencies of the subtypes of the HLA-DQAL1 4
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dlele (i.e, the 4.1 and the 4.2/4.3 delineation) in United States
population groups (2—4). This study expands our previous report
of New Jersey Caucasians to include the subtypes of the HLA-
DQAL1 4; in addition, New Jersey African American and Hispanic
databases for HLA-DQA1 and polymarker loci have been estab-
lished. The data presented here show that all but one locus meet
Hardy-Weinberg expectations and that there is little evidence
for association among the six loci studied. Thus, an estimate
of the rarity of a multiple locus DNA profile can be determined
from the frequency data presented here.

Materials and Methods
Sample Preparation

Whole blood samples were obtained by venipuncture in ethyl-
enediametetraacetate (EDTA) vacutainer tubes or by fingerprick.
For the Caucasian population, 164 samples from New Jersey Cau-
casians were collected from unrelated volunteers. The contributors
to the 285 unrelated African Americans included 99 volunteers,
100 convicted sex offenders, and 86 known samples from case-
work. The Hispanic database of 128 unrelated individual s consisted
of 58 volunteers, 41 convicted sex offenders, and 29 known sam-
ples from casework.

The DNA wasisolated using chelex extraction (5,6). An estimate
of the quantity of extracted DNA was determined by the slot-blot
procedure previously described by Waye et al. (7) using the Perkin
Elmer Quantiblot kit according to the protocol recommended by
the manufacturer. Approximately 2 ng of DNA were used for sub-
sequent amplification.

Typing

The HLA-DQA1 and polymarker loci were typed using the
Amplitype PM + DQA1 PCR Amplification and Typing Kit (Per-
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kin-Elmer) according to the manufacturer’s protocol. Approxi-
mately 2 ng of DNA were amplified in a Perkin-Elmer DNA Ther-
mal Cycler 480.

Satistical Analysis

The dlele frequencies were calculated from the observed
genotypic frequencies using the gene count method. Unbiased
estimates of the expected heterozygosity were calculated accord-
ing to the method described by Edwards et a. (8). Possible
divergence from Hardy-Weinberg equilibrium expectations
(HWE) was determined by calculating the unbiased estimate of
the expected homozygote/heterozygote frequencies (9-11), the
likelihood ratio test (8,12,13) and the exact test (14), based
on 1000 shuffling experiments. An interclass correlation cri-
terion (15) was used for detecting disequilibrium between pairs
of loci.

An RXC contingency table exact test was used to generate a G-
statistic (2000 shuffling experiments) (16,17) to test for homogene-
ity between the New Jersey population samples and other U.S.
population data. The program was kindly provided by R. Chakra-
borty (University of Texas School of Biomedical Sciences, Hous-
ton, TX).

Calculations to determine expected genotypic frequencies
based on observed allele frequencies were performed using the
product rule from the standard Hardy-Weinberg binomia expan-
sion.

TABLE 1—Observed allele frequencies in New Jersey Caucasian,
African American, and Hispanic sample populations.

LocugAllele Caucasians African American Hispanic
LDLR (n = 164) (n = 285) (h = 128)
A 0.412 0.174 0.469
B 0.588 0.826 0.531
GYPA (n = 164) (n = 285) (n = 128)
A 0.564 0.533 0.574
B 0.436 0.467 0.426
HBGG (n = 164) (n = 284) (n = 128)
A 0.436 0.412 0.414
B 0.561 0.255 0.508
C 0.00305 0.333 0.781
D7S8 (n = 164) (n = 285) (n = 128)
A 0.628 0.649 0.523
B 0.372 0.351 0.477
Gc (n = 164) (n = 285) (n = 128)

A 0.268 0.107 0.23

B 0.14 0.716 0.258
C 0.591 0.177 0.512

DQA1 (n = 164) (n = 285) (h = 127)

11 0.152 0.139 0.154
12 0.207 0.281 0.146
13 0.0701 0.0421 0.0591
2 0.152 0.119 0.122
3 0.146 0.0807 0.213
4.1 0.247 0.211 0.228
4.2/4.3 0.0244 0.128 0.0787

Results and Discussion

The distributions of observed allele frequencies for the HLA-
DQAL1 and polymarker loci are listed in Table 1. The observed
number and the observed and expected genotype frequencies are
shown in Table 2.

Of the 18 loci evaluated, only the HLA-DQA1 locus in African
Americans does not meet Hardy-Weinberg expectations (p =
0.002, exact test) (Table 3). This is only one departure observed
in a total of 18 loci analyzed. Moreover, the estimates of the
HLA-DQAL1 genotypes using the New Jersey African American
data and those derived using U.S. African American data by
Budowle et al. (2,18) would not be substantially different. Thus
using the product rule under HWE assumptions provides a valid
estimate for genotypic frequencies at this locus.

An interclass correlation test used to evaluate assumptions of
independence demonstrated that there is little detectable evidence
for association between the alleles at any of the pair-wise com-
parisons (Table 4). Out of a total of 45 pair-wise comparisons,
significant departures were observed in only two pair-wise com-
parisons: D7S8 and HLA-DQAL in African Americans (p =
0.042) and GY PA and HBGG in Hispanics (p = 0.005). The two
examples of deviation from gametic phase equilibrium represent
approximately 4.5% of the total number of pairwise comparisons,
this is no more than would be expected by chance. Therefore
the assumption of independence holds for the three New Jersey
population groups.

The New Jersey African American data were statistically
similar with U.S. African American data described by Budowle
et a. (2,18) at al loci except HLA-DQAL (p = 0.007). The
frequencies of the HLA-DQA1 dleles 1.1, 1.2, 1.3, 2, 3, 4.1,
4.2/4.3 described by Budowle et a. are 0.112, 0.308, 0.051,
0.078, 0.148, 0.189, and 0.114, respectively. It is obvious that
although datistically different, the estimates of HLA-DQA1
genotype frequencies would not be substantially different
between the two African American sample populations. Further-
more, when a six-locus profile frequency is estimated, both
African American databases would yield similar results (data
not shown). Thus, a statistical difference at one locus has little
forensic significance. For the Hispanic data, only the HBGG
locus was significantly different from the Hispanic data described
by Budowle et a. (p < 107%). These data are remarkably
similar even though the two databases derive from geographically
distinct regions (i.e.,, New Jersey vs. Texas). The New Jersey
Caucasian population data were compared previously with other
Caucasian data (1); therefore only the new HLA-DQA1 datawere
compared. The two Caucasian sample populations are similar at
the HLA-DQAZ1 locus.

In conclusion, databases for three New Jersey population groups
(Caucasian, African American, and Hispanic) have been estab-
lished for six polymorphic PCR-based loci, HLA-DQAL, LDLR,
GYPA, HBGG, D7S8, and Gc. Moreover, this study includes the
subtyping data for the HLA-DQA1 4 alele. This evaluation dem-
onstrates that for our New Jersey sample populations, the loci gen-
erally meet Hardy-Weinberg expectations, and there is little
evidence for association across the loci. The population databases
presented here can be used to determine an estimate of the rarity
of amultiple locus profile for forensic identity purposes using the
product rule.
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TABLE 2—Observed numbers, and observed (in parentheses) and expected [in brackets] genotype frequencies.

Locus/type Caucasians African Americans Hispanics
DQA1 (n = 164) (n = 285) (n = 127)
11,11 4 (0.0244) [0.0231] 11 (0.0386) [0.0193] 5 (0.0394) [0.0237]
12,12 9 (0.0549) [0.0428] 27 (0.0947) [0.0790] 4 (0.0315) [0.013]
13,13 0 (0.0) [0.00491] 2 (0.00702) [0.00177] 0 (0.0) [0.00349]
22 6 (0.0366) [0.0231] 5 (0.0175) [0.0142] 3 (0.0236) [0.0149]
33 4 (0.0244) [0.0213] 2 (0.00702) [0.00651] 4 (0.0315) [0.0454]
4141 8 (0.0488) [0.0610] 13 (0.0456) [0.0445] 7 (0.0551) [0.0520]
0 (0.0) [0.000595] 1 (0.00351) [0.0164] 1 (0.00787) [0.00619]
4.2/4.34.214.3
11,12 10 (0.0610) [0.0629] 9 (0.0316) [0.0781] 4 (0.0315) [0.0450]
11,13 6 (0.0366) [0.0213] 9 (0.0316) [0.0117] 2 (0.0157) [0.0182]
11,2 5 (0.0305) [0.0462] 8 (0.0281) [0.0331] 3 (0.0236) [0.0376]
11,3 8 (0.0488) [0.0444] 3 (0.0105) [0.0224] 8 (0.0630) [0.0656]
11,41 13 (0.0793) [0.0751] 17 (0.0596) [0.0587] 10 (0.0787) [0.0702]
11,4.2/4.3 0 (0.0) [0.00742] 11 (0.0386) [0.0356] 2 (0.0157) [0.0242]
12,13 6 (0.0366) [0.0290] 3 (0.0105) [0.0237] 3 (0.0236) [0.0173]
122 11 (0.067) [0.0629] 25 (0.0877) [0.0669] 5 (0.0394) [0.0356]
123 6 (0.0366) [0.0604] 9 (0.0316) [0.0454] 10 (0.0787) [0.0622]
1241 16 (0.0976) [0.102] 36 (0.126) [0.119] 4 (0.0315) [0.0666]
12,4.2/4.3 1 (0.00610) [0.0101] 24 (0.0842) [0.0719] 3 (0.0236) [0.0230]
132 3(0.0183) [0.0213] 2 (0.00702) [0.0100] 2 (0.0157) [0.0144]
133 1 (0.00610) [0.0205] 1 (0.00351) [0.00679] 4 (0.0315) [0.0252]
134.1 6 (0.0366) [0.0346] 2 (0.00702) [0.0178] 3 (0.0236) [0.0269]
1.3,4.2/4.3 1 (0.00610) [0.00342] 3 (0.0105) [0.0108] 1 (0.00787) [0.00930]
23 7 (0.0427) [0.0444] 6 (0.0211) [0.0192] 5 (0.0394) [0.0520]
241 11 (0.0671) [0.0751] 9 (0.0316) [0.0502] 7 (0.0551) [0.0556]
2,4.2/A.3 1 (0.00610) [0.00742] 8 (0.0281) [0.0305] 3 (0.0236) [0.0192]
341 16 (0.0976) [0.0721] 14 (0.0491) [0.0341] 15 (0.118) [0.0971]
3,4.2/4.3 2 (0.0122) [0.00712] 9 (0.0316) [0.0207] 4[0.0315] [0.0335]
4.14.2/43 3 (0.0183) [0.0121] 16 (0.0561) [0.0540] 5 (0.0394) [0.0359]
LDLR (n = 16.4) (n = 285) (n = 128)
AA 26 (0.159) [0.170] 9 (0.0316) [0.0303] 31 (0.242) [0.220]
BB 55 (0.335) [0.346] 195 (0.684) [0.682] 39 (0.305) [0.282]
AB 83 (0.506) [0.485] 81 (0.284) [0.287] 58 (0.453) [0.498]
GYPA (n = 16.4) (n = 285) (n = 128)
AA 46 (0.280) [0.318] 80 (0.281) [0.284] 45 (0.352) [0.329]
BB 25 (0.152) [0.190] 61 (0.214) [0.218] 26 (0.203) [0.181]
AB 93 (0.567) [0.492] 144 (0.505) [0.498] 57 (0.445) [0.489]
HBGG (n = 164) (n = 284) (n = 128)
AA 34 (0.207) [0.190] 49 (0.173) [0.170] 21 (0.164) [0.171]
BB 55 (0.335) [0.315] 23 (0.0810) [0.0650] 31 (0.242) [0.258]
cc 0 (0.0) [0.00000930] 35 (0.123) [0.111] 0 (0.0) [0.00610]
AB 74 (0.451) [0.489] 58 (0.204) [0.210] 56 (0.438) [0.421]
AC 1 (0.00610) [0.00266] 78 (0.275) [0.274] 8 (0.0625) [0.0647]
BC 0 (0.0) [0.00342] 41 (0.144) [0.170] 12 (0.0938) [0.0793]
D7S8 (n = 164) (n = 285) (n = 128)
AA 60 (0.366) [0.394] 122 (0.428) [0.421] 38 (0.297) [0.274]
BB 18 (0.110) [0.138] 37 (0.130) [0.123] 32 (0.250) [0.228]
AB 86 (0.524) [0.467] 126 (0.442) [0.456] 58 (0.453) [0.499]
Gc (n = 164) (n = 285) (n = 128)
AA 10 (0.0610) [0.0718] 6 (0.0211) [0.0114] 11 (0.0859) [0.0529]
BB 4 (0.0244) [0.0196] 149 (0.523) [0.513] 9 (0.0703) [0.0666]
CcC 54 (0.329) [0.349] 13 (0.0456) [0.0313] 37 (0.289) [0.262]
AB 10 (0.0610) [0.0750] 42 (0.147) [0.153] 14 (0.109) [0.119]
AC 58 (0.354) [0.317] 7 (0.0246) [0.0379] 23 (0.180) [0.236]
BC 28 (0.171) [0.165] 68 (0.239) [0.253] 34 (0.266) [0.264]

Norte: Expected genotype frequencies were determined from the observed alele frequencies; homozygotes were calculated using the formula p?;
heterozygotes were calculated using the formula 2pqg.
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TABLE 3—Test for Hardy-Weinberg equilibrium.
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Caucasian  African American  Hispanic
HLA-DQA1
Observed Homozygosity ~ 18.9% 21.4% 18.9%
Exp. Homozygosity* 17.5% 18.0% 16.3%
Homozygosity Testt 0.633 0.132 0.436
Likelihood Ratio Testt 0.805 0.004 0.984
Exact Testt 0.825 0.002 0.958
LDLR
Observed Homozygosity  49.4% 71.6% 54.7%
Exp. Homozygosity* 51.4% 71.2% 50.0%
Homozygosity Testt 0.604 0.901 0.289
Likelihood Ratio Testt 0.615 1.000 0.360
Exact Testt 0.615 0.847 0.280
GYPA
Observed Homozygosity  43.3% 49.5% 55.5%
Exp. Homozygosity* 50.7% 50.1% 50.9%
Homozygosity Testt 0.059 0.823 0.302
Likelihood Ratio Testt 0.061 0.815 0.349
Exact Testt 0.061 0.911 0.349
HBGG
Observed Homozygosity ~ 54.3% 37.7% 40.6%
Exp. Homozygosity* 50.3% 34.4% 43.3%
Homozygosity Testt 0.313 0.252 0.538
Likelihood Ratio Testt 0.262 0.463 0.656
Exact Testt 0.262 0.428 0.890
D78
Observed Homozygosity ~ 47.6% 55.8% 54.7%
Exp. Homozygosity* 53.1% 55.4% 49.9%
Homozygosity Testt 0.152 0.630 0.280
Likelihood Ratio Testt 0.148 0.684 0.363
Exact Testt 0.148 0.603 0.277
Gc
Observed Homozygosity ~ 51.5% 58.9% 44.5%
Exp. Homozygosity* 44.0% 55.4% 37.9%
Homozygosity Testt 0.517 0.234 0.122
Likelihood Ratio Testt 0.603 0.158 0.226
Exact Testt 0.606 0.107 0.174

* Unbiased estimate.
T Probability values.

TABLE 4—Two locus interclass correlation test for HLA-DQAL

and PM loci for unrelated New Jersey Caucasians,

African Americans and Hispanics.

African
Loci Caucasian American Hispanic

LDLR/GYPA 0.385 0.737 0.283
LDLR/HBGG 0.085 0.319 0.103
LDLR/D7S8 1.000 1.000 0.454
LDLR/Gc 0.620 0.574 0.557
LDLR/HLA-DQA1 0.401 0.733 0.492
GYPA/HBGG 0.466 0.795 0.005*
GYPA/D7S8 1.000 0.246 0.419
GYPA/Gc 0.600 0.498 0.914
GYPA/HLA- 0.738 0.585 0.640

DQA1
HBGG/D7S8 0.646 1.000 0.681
HBGG/Gc 0.681 0.239 0.419
HBGG/HLA- 0.968 0.331 0.398

DQA1
D7S8/Gc 0.758 0.800 0.546
D7S8/HLA-DQA1 0.176 0.042* 0.280
Gc/HLA-DQA1L 0.350 0.256 0.268

* Deviation at p = 0.05 level.
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