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ABSTRACT: Allele frequencies for six PCR-based loci and three
protein-based (i.e., enzyme systems) loci were determined in a
Caucasian sample population from New Jersey. The loci are LDLR,
GYPA, HBGG, D788, Gc, HLA-DQAI, PGM,, ESD, and EAP.
All loci meet Hardy-Weinberg expectations. In addition, there is
little evidence for association of alleles among the nine loci. The
allelic frequency data generally are similar to another Caucasian
population database.
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When DNA profiles from a known source and an evidentiary
sample cannot be excluded as potentially originating from the
same source, an estimate (or estimates) of the rarity of the eviden-
tiary profile is provided (1). In addition to typing the evidence for
DNA markers, at times, protein-based genetic markers have been
analyzed. The most meaningful estimate of the rarity of the com-
bined DNA and protein profiles would be derived by assuming
independence and multiplying the individual locus frequencies
together. However, one could argue that independence between or
among the loci has not been demonstrated formally. There are no
published data to date determining whether or not the loci in the
polymarker system (LDLR, GYPA, HBGG, D7S8, Gc, and HLA-
DQAL1) and three common protein-based markers (PGM,;, EAP,
and ESD) demonstrate gametic phase equilibrium (or linkage equi-
librium) expectations. This paper presents allele frequency data
for nine genetic markers in a Caucasian population sample from
New Jersey. The data demonstrate that the allele frequencies for
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the loci meet the expectations of independence and can be useful
for providing estimates of the frequency of a multiple locus profile.

Materials and Methods

Sample preparation: Whole blood samples, obtained in EDTA
vacutainer tubes by venipuncture or by fingerprick, were collected
from unrelated volunteers from the state of New Jersey. The DNA
was extracted by the chelex method (2). The quantity of extracted
DNA was estimated using the slot-blot procedure described by
Waye, et al. (3) using the Quantiblot Kit (Perkin-Elmer) (4).

Multiplex PCR: The Polymarker loci were typed using the
AmpliType® PM PCR Amplification and Typing Kit (Perkin Elmer
Corporation, Norwalk, CT). The amplification conditions were
those recommended by the manufacturer. Amplification was car-
ried out in a Perkin-Elmer DNA Thermal Cycler 480. Typing
PGM, ESD, and EAP was performed as described previously (5-7).

Statistical Analysis: The frequency of each allele for each genetic
marker 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 al. (8). Possible divergence from Hardy-Weinberg expectations
(HWE) was tested by calculating the unbiased estimate of the
expected homozygote/heterozygote frequencies (9-11), the likeli-
hood ratio test (8,12,13), and the exact test (14), based on 1000
shuffling experiments. An interclass correlation criterion (15) for
two locus associations was used for detecting disequilibrium
between the loci.

A R X C contingency table exact test was used to generate a
G-statistic (1000 shuffling experiments) (16,17) to test for homoge-
neity for the allele frequency distributions between the New Jersey
Caucasian population sample and other U.S. Caucasian data
(18,19). The program was kindly provided by R. Chakraborty
(University of Texas School of Biomedical Sciences, Houston,
Texas).

Resnlts and Discussien

The distributions of observed allelic frequencies for LDLR,
GYPA, HBGG, D788, Gc, and HLA-DQA1 and PGM, ESD, and
EAP are shown in Tables 1 and 2, respectively. There was no
deviation from HWE for the nine loci based on the homozygosity
test, likelihood ratio test, and the exact test (Tables 1 and 2). An
interclass correlation test analysis demonstrated that there is little
detectable evidence for correlation between the alleles at any of
the pair-wise comparisons of loci. Out of a total of 36 pair-wise
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TABLE 1—Polymarker allele frequencies in a New Jersey Caucasian
sample population of 164 individuals.

TABLE 3-—Test of homogeneity between New Jersey Caucasians and
published United States Caucasian data.*

Locus/

Allele Frequency
LDLR A* 0.412
LDLR B* 0.588
GYPA At 0.564
GYPA B+t 0.436
HBGG A% 0.436
HBGG Bi 0.561
HBGG Ci 0.003
D788 A§ 0.628
D7S8 B§ 0.372
Ge Al 0.268
Gce B 0.140
Ge C|| 0.591
DQA1 1.1 0.152
DQA1 1.2 0.207
DQA1 1.37 0.070
DQA1 29 0.152
DQAT1 39 0.146
DQA1 49 0271

*LDLR—observed homozygosity = 49.4%; expected homozygosity
(unbiased estimate) = 51.4%; HWE—homozygosity test (p = 0.603),
likelihood ratio test (p = 0.626), exact test (p = 0.626). -

TGYPA—observed homozygosity = 43.3%; expected homozygosity
(unbiased estimate) = 50.7%; HWE—homozygosity test (p = 0.059),
likelihood ratio test (p = 0.056), exact test (p = 0.056).

tHBGG—observed homozygosity = 54.3%; expected homozygosity
(unbiased estimate) = 50.3%; HWE—homozygosity test (p = 0.313),
likelihood ratio test (p = 0.277), exact test (p = 0.277).

§D7S8—observed homozygosity = 47.6%; expected homozygosity
(unbiased estimate) = 53.1%; HWE-—homozygosity test (p = 0.152),
likelihood ratio test (p = 0.132), exact test (p = 0.132).

[|Ge—observed homozygosity = 41.5%; expected homozy gosity (unbi-
ased estimate) = 44.0%; HWE—homozygosity test (p = 0.517), likelihood
ratio test (p = 0.626), exact test (p = 0.635).

IDQAIl—observed homozygosity = 20.7%; expected homozygosity
(unbiased estimate) = 18.7%; HWE—homozygosity test (p = 0.503),
likelihood ratio test (p = 0.691), exact test (p = 0.739).

TABLE 2—ESD, PGM,, and EAP allele frequencies in a New Jersey
Caucasian sample population 155, 152, and 150 individuals,

respectively.

Locus/

Allele Frequency
ESD 1* 0.897
ESD 2* 0.094
ESD 5% 0.010
PGM 1+ t 0.572
PGM 1— 7 0.164
PGM 2+ 7 0.217
PGM 2— 7 0.046
EAP Ai 0.377
EAP Bi 0.580
EAP Ci 0.043

*ESD—observed homozygosity = 81.9%; expected homozygosity
(unbiased estimate) = 81.2%; HWE—homozygosity test (p = 0.826),
likelihood ratio test (p = 0.697), exact test (p = 0.697).

TPGM—observed homozygosity = 34.2%; expected homozygosity
(unbiased estimate) = 40.2%; HWE—homozygosity test (p = 0.132),
likelihood ratio test (p = 0.530), exact test (p = 0.670).

tEAP—observed homozygosity = 54.0%; expected homozygosity
(unbiased estimate) = 47.8%; HWE—homozygosity test (p = 0.131),
likelihood ratio test (p = 0.256), exact test (p = 0.318).

Locus p Value

LDLR 0.3410 %= 0.0150
GYPA 0.6170 = 0.0154
HBGG 0.4790 = 0.0158
D788  0.7480 *+ 0.0137

Ge 0.5420 = 0.0158
DQA1 0.0320 = 0.0056
ESD 0.0750 = 0.0083
PGM, 0.0110 = 0.0033
EAP 0.5950 + 0.0155

*Data derived from Budowle, et al. (18,19).

comparisons, only one comparison between Gc and ESD departed
significantly from the expectation of independence (p = 0.029).
This number of departures is no more than would be expected by
chance. Therefore, the expectation of independence within a locus
and between loci holds for the New Jersey Caucasian sample
population.

The New Jersey Caucasian allele frequency data were compared
with other United States Caucasian data (18,19) (Table 3). Seven
out of the nine loci were statistically similar. Only HLA-DQA1
and PGM, were statistically different between the two populations
(p = 0.032 and p = 0.011, respectively). Despite these differences,
an estimate of a multiple locus frequency would not be expected
to be substantially different if our New Jersey Caucasian sample
population were used instead of another United States Caucasian
population. For example, the PGM; and HLA-DQA1 allele fre-
quencies between the two Caucasian population samples were
statistically different; but no allele frequencies differed by as much
as two-fold.

The vast majority of genetic markers used in forensic analyses
meet expectations of independence (e.g., see 18-33). Therefore,
it would be reasonable in most situations to assume independence
to derive a multiple locus profile frequency estimate for the PCR-
based and protein-based loci. However, there have been no pub-
lished data demonstrating that some of the forensically common
PCR-based and protein-based genetic markers meet gametic phase
equilibrium expectations. This study demonstrates that for our
New Jersey Caucasian sample population the assumption of inde-
pendence for the loci LDLR, GYPA, HBGG, D7S8, Gc, HLA-
DQA1, PGM,, EAP, and ESD is valid.
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