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ABSTRACT: All published and unpublished population frequency data that could be located for
U.S. populations is tabulated and presented for the isoenzyme systems phosphoglucomutase,
esterase D, adenylate kinase, acid phosphatase, glyoxalase I, adenosine deaminase, 6-phos-
phogluconate dehydrogenase, glutamic-pyruvic transaminase, carbonic anhydrase II, and glu-
cose-6-phosphate dehydrogenase. Results obtained by combining data for comparable racial/
ethnic groups are also presented. The results obtained with combined data may give better
information on frequencies for the U.S. population at large than is obtainable from studies con-
ducted in restricted geographic areas.
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The growth and development in forensic serology in the past 25 years has revealed a sub-
stantial number of genetic marker systems from which routine parentage testing protocols
may be constructed [1-3] and for the partial individualization of blood and physiological
fluid stains [4-10]. Interpretation of the significance of typing results in criminalistics appli-
cations and calculations of the probability of paternity in nonexclusion parentage cases both
require knowledge of genotypic and phenotypic frequencies in applicable populations.

Thousands of frequency studies on various genetic marker systems have been carried out
on many populations throughout the world, the most complete compilation of them being
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the extraordinary work by Mourant et al. [1I]. Genetic marker frequency data from the
many different studies of U.S. populations, however, has not to our knowledge been thor-
oughly compiled. In this paper, we summarize all the published and some unpublished pop-
ulation frequency data that could be located for United States populations for 10 isoenzyme
systems, along with some results obtained by combining data from different studies. This
paper along with a previous [/2] and a planned subsequent one provide a summary and
analysis of U.S. population data for 22 genetic marker systems.

Methods

The conventions used in presenting the tabular data as well as the methods used in com-
bining comparable data from different population studies were fully described in the pre-
vious paper [12]. Briefly, within the separate tables, each representing a different isoenzyme
system, data are tabulated separately for Caucasian, Negro, Hispanic, Chinese, or Asian
populations. Each population studied is identified by location and a reference is given. Ref-
erences to population studies are given a “T”’ (for “Table”) prefix in the tables, and are
separately compiled at the end of the paper. Data for each phenotype within each system are
reported using a NNN (%. %) format, where NNN represents the number of individuals who
possessed the phenotype and %.% represents the percentage rounded to one decimal place.
The total number of people studied is also given, and is not always the sum of the major
phenotypes because rare phenotypes were observed. The notes in each table provide data for
rarer types, unusual or descriptive features of a population, or explanations about the calcu-
lations. Data from PGM1 system subtype studies, that is, the data in Table 2, were used to
compute three-phenotype PGM frequencies which are included in Table 1 in cases where
this was not done in the original paper.

Two calculations were used to combine all the data for a particular racial/ethnic class
within a genetic marker system, where a sufficient number of different studies were available
for comparatively similar groups within that class. The first sums the numbers of individuals
for all data sets showing numbers, and a percentage value for each phenotype is computed
from the resulting totals, yielding what is referred to as the “numerical total.” The second
weights the percentage distributions for each phenotype according to the number of individ-
uals typed and yields what is referred to as the “weighted mean of proportions,” or “WMP.”
A weighted standard deviation of proportions (WSDP) was also calculated for each WMP.
Details were given in the previous paper [12].

All available data was included in the tables for completeness, but in some circumstances
a data set was not used in the calculations. These circumstances included cases in which one
study included the data from another study by the same author(s) and those in which only a
gene frequency result was reported.

Gene frequencies were calculated by gene counting for data sets in which there was suffi-
cient information to enable the calculation. A chi-square value was calculated for every data
set for which gene frequencies could be meaningfully calculated and for the corresponding
numerical totals. In the tables where gene frequency data are presented, data sets having x?
values corresponding to 0.01 < P < 0.05 or P < 0.01 are indicated. Small phenotypic
classes can make disproportionately large contributions to the chi-square statistic. When a
phenotypic class involved in the calculation contained 5 or fewer, Yates’ correction [13,14]
was used in the x? calculation. In the case of the ACP1 system, the CA, CB, and C pheno-
typic classes were combined for purposes of calculating chi-square.

The gene, genotypic, and phenotypic nomenclature rules suggested by Shows et al. [15]
have been followed for all the systems. 6-Phosphogluconate dehydrogenase (PGD) nomen-
clature follows Parr and Fitch [16].

Most computations were carried out on a Data General MV 8000 mainframe computer
with programs written in FORTRAN.
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Results and Discussion

In Tables 1 through 12 are reported the phenotypic distribution and, where applicable,
the estimates of gene frequencies for the phosphogiucomutase, locus 1 (PGM1), esterase D
(ESD), adenylate kinase (AK), red cell acid phosphatase (acid phosphatase, locus 1; ACP1),
adenosine deaminase (ADA), glyoxalase I (GLO), 6-phosphogluconate dehydrogenase
(PGD), glutamic pyruvic transaminase (GPT), carbonic anhydrase II (CA2), and glucose-6-
phosphate dehydrogenase (G6PD) systems, respectively.

In recent years, a growing number of laboratories have become able to determine PGM1
subtypes and a separate table (2) was compiled for presentation of the population data avail-
able. The several studies as well as the combined data showed good fit based on Hardy-
Weinberg equilibrium expectations. Additional frequency studies would be desirable to en-
large the PGMI1 subtype data base, however.

Most data sets and most combined totals for particular racial/ethnic groups for most sys-
tems yielded good fit to equilibrium expectations based upon chi-square. The combined to-
tals which did not include Negro data for the ACP1 system (Table 6), Caucasian data for the
PGD system (Table 9), and Negro female data for G6PD (Table 12). In the ACP1 case, the
greatest contributions to x? arise from there being more A and fewer BA types than ex-
pected. In the PGD case, there were fewer C types expected than observed. Since the class is
small, however, the chi-square value may be somewhat misleading. In the case of G6PD, no
simple explanation is apparent, and the estimates must be regarded as poor. Combined total
data for both Caucasians and Negroes in GPT (Table 10) showed poor fits, but this was
attributable to a comparatively large data set in each case which showed a poor fit.

It may be useful in certain circumstances to have frequency estimates for larger and pre-
sumably better randomized samples of the population at large than would result from local
population studies, according to reasoning which we have discussed elsewhere [17,18]. Com-
putation of WMP for systems in which a number of different studies have been done and in
which fairly large numbers of people have been typed provides a possible approach to obtain-
ing such an estimate. Some evidence was presented in our previous work [12] that this ap-
proach may be a useful one.
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