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ABSTRACT. All published and unpublished population frequency data that could be located for 
U.S. populations are tabulated and presented for the serum group systems haptoglobin (c~- 
chain), group specific component, and transferrin and for the common/3-chain variants of hemo- 
globin. Results obtained by combining data for comparable racial/ethnic groups are also pre- 
sented. Some evidence is presented to indicate that the results obtained from the combined data 
may give better information on frequencies for the U.S. population at large than is obtainable 
from studies conducted 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 
the extraordinary work by Mourant et al. [11]. World population data on the haptoglobin 
(HP) and group specific component (GC) systems were compiled and summarized in 1969 
[12]. The most complete compilation of population studies on hemoglobin variants was pub- 
lished by Livingstone in 1967 [13]. Genetic marker frequency data from the many different 
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studies of U.S. populations, however, have not to our knowledge been thoroughly compiled. 
In this paper, we summarize all the published and some unpublished population frequency 
data that could be located for U.S. populations for the three serum group systems haptoglo- 
bin (HP), group specific component (vitamin D binding protein; GC), and transferrin (TF), 
and for the common E-chain variants of hemoglobin (HBB), along with some results ob- 
tained by combining data from different studies. This paper along with two previous com- 
panion ones [14,15] provides 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 previously 
[14,15]. Briefly, within the separate tables, each representing a different system, data are 
tabulated separately for Caucasian, Negro, Hispanic, Asian, or other populations. Each 
population studied is identified by location (two-letter abbreviations are used for states) and 
by a description of the blood donors if provided. A reference is given for each study. Refer- 
ences to population studies are given a "T" (for "Table") prefix in the tables and are sepa- 
rately compiled at the end of the paper. Data for each phenotype within each system are 
reported using an 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 subtypes, rarer types, unusual or descriptive features of a population, or explana- 
tions about the calculations. Data from GC*I and TF*C subtype studies were used to com- 
pute "electrophoretic" GC and TF phenotype frequencies 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 per- 
centage 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 (pro- 
portions) for each phenotype according to the number of individuals typed and yields what is 
referred to as the "weighted mean of proportions," or "WMP." A weighted standard devia- 
tion of proportions (WSDP) was also calculated for each WMP. Details were given in the 
previous papers [14,15]. Data reported in numbers of individuals were used to calculate 
proportions. No attempt was made to calculate numbers of individuals from data reported in 
percentage distributions. Hence, all data are used in computing WMP, whereas only data 
reported in numbers of individuals are included in the numerical total. 

All available data were included in the tables for completeness, but a data set was not used 
in the calculations in cases where data were incomplete or authors provided only a gene 
frequency result. 

Gene frequencies were calculated by gene counting for data sets in which there was suffi- 
cient information to enable the calculation. In HP system data, 2--1, 2--1M, and 0 types 
are shown separately for those studies in which they were so reported. The 2-- 1 and 2-- 1M 
types were combined and the HP 0 excluded from consideration, however, for calculation of 
gene frequencies. No separate HPA*2M frequency was calculated in these studies. The HP 0 
phenotype individuals were excluded from gene frequency calculations because the genetic 
basis of HP 0 is not very clear. Individuals who are HP 0 are often HPA*2M/HPA*2M, 
HPA*2M/HPA*I, or HPA*2M/HPA*2, but can possess HPA*2/HPA*I or HPA*2/ 
HPA*2 genotypes as well [16.17]. In TF system data, variant TF*B and TF*D types ob- 
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served are given in the notes. TF*B and TF*D types were combined for gene frequency cal- 
culations, however. 

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 Tables 1 and 2, data 
sets having X 2 values corresponding to 0.01 < P < 0.05 orP < 0.01 are indicated. Interpre- 
tation of chi-square values calculated for TF and HB data are complicated by the small 
numbers and correspondingly low gene frequencies of variants. In a number of cases, the 
number of phenotypic classes is the same as the number of genes whose frequencies are being 
estimated. In a significant number of cases, it was clear that the X 2 values obtained were not 
providing meaningful indications of goodness of fit. Accordingly, gene frequencies for TF 
and HBB genes are reported as calculated. In the hemoglobin system, rarer phenotypes 
involving genes being estimated, such as HBB SC, were counted in computing gene 
frequencies. 

The gene, genotypic, and phenotypic nomenclature rules suggested by Shows et al. [18] 
have been followed for all the systems. Using these rules, hemoglobin variant genes are des- 
ignated according to the chain in which the substitution occurs, the position number in that 
chain, and the variant amino acid using one letter abbreviations. The HB sickle gene, for 
example, is designated HBB*6V, indicating that this gene gives rise to a valine substitution 
at Position 6 in the ~ chain. Similarly, the HB C and HB D genes are designated HBB*6K 
and HBB*121Q, respectively. The nomenclature of variant GC genes and phenotypes fol- 
lows Constans and Cleve [19]. 

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

Results and Discussion 

Table 1 gives phenotypic and genotypic frequencies for the HP system. HP 2-- 1M and HP 
0 types are seen in significant frequencies only in the Negro populations. The majority of the 
data sets including the numerical totals show good fit to Hardy Weinberg expectations on 
the basis of chi-square computations. 

Table 2 gives the data for the GC system. As with the HP data, most of the studies exhibit 
goodness of fit to expectation. Table 3 gives data for the TF system. TF BC occurs more 
commonly in Caucasians than in Negroes, while TF CD is seen in some 5% of Negroes but is 
uncommon in Caucasians. A variant of TF*D, TF*D-CHI, appears at about the same fre- 
quency in Chinese as does TF*D in Negroes. Isoelectric focusing is becoming the method of 
choice for GC and TF typing, so as to be able to discriminate GC*I and TF*C subtypes. The 
results of a few subtyping studies are given in Tables 2 and 3, respectively. Additional data 
on these subtypes in U.S. populations would be highly desirable, and will doubtless be forth- 
coming from future surveys. 

Table 4 gives the phenotypic proportions for relatively common hemoglobin/3-chain vari- 
ants, and Table 5 provides gene frequencies for those data for which meaningful calculations 
could be carried out. Although common hemoglobin variants have been employed as genetic 
markers in some laboratories using electrophoresis for many years [20-24], sometimes in 
conjunction with another established system [25], the application of isoelectric focusing pro- 
eedures to their separation and identification is growing and may offer advantages in resolu- 
tion [26-28]. 

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, as we have discussed elsewhere [29,30]. Computation of WMP for sys- 
tems in which a number of different studies have been done and in which fairly large num- 
bers of people have been typed provides a possible approach to obtaining such an estimate. 
Populations are defined by the size of the effective interbreeding gene pool rather than by 
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TABLE 5 - - G e n e  f r equenc i e s  f o r  c o m m o n  hemoglob in  [3-chain (HBB)  variant genes  in U.S. 
populat ions .  

Population 

Total Gene Frequencies Reference to 
Number Population 
Typed H B B * A  H B B * 6 V  H B B * 6 K  H B B * I 2 1 Q  Study 

Baltimore, MD 
Houston, TX 
Durham, NC 
Southern LA 

Children 
Memphis, TN 

Autopsy material 
St. Louis, MO 

Infants 
Baltimore, MD 

Infants 
Mississippi 
Detroit, MI 
CA, TX, HI, and Mexico City 
North Carolina 
Total Caucasian 

CAUCASIAN 

500 1.0000 . . .  
350 1.0000 
734 0.9986 o.obb7 

140 0.9964 0.0036 

1 250 1.0000 . . .  

90 1.0000 . . .  

180 1.0000 
1045 0.9995 o.obb5 

503 1.0000 . . .  
1 040 1.0000 . . .  

365 1.0000 
6 197 0.9996 0.0003 

NEGRO 

500 0.9430 0.0460 
020 0.9392 0.0461 

550 0.9450 0.0481 
400 0.9300 0.0575 
390 0.9269 0.0449 

564 0.8998 0.0825 
602 0.9618 0.0291 

000 0.9455 0.0400 

800 0.9345 0.0529 

310 0.9548 0.0452 

449 0 .8641 0.0523 

524 0.9666 0.0258 
304 0.9655 0.0181 

900 0.9228 0.0372 
681 0.9589 0.0323 
237 0.9515 0.0401 

944 0.9598 0.0355 
1 310 0 .9031 0.0718 

220 0.9796 
249 089 0.9400 0.0457 

130 0.9539 0.0423 
504 0.9474 0.0367 
792 0.9495 0.0341 

265 220 0.9399 0.0453 

Baltimore, MD 
St. Louis, MO 
Galveston, TX 

Patients 
Houston, TX 
Durham, NC 
Southern LA 

Children 
Puerto Rico 
Philadelphia, PA 

Patients 
Memphis, TN 

Autopsy material 
Washington, DC 

Tuberculosis patients 
St. Louis, MO 

Infants 
Washington, DC 

Pregnant women study group 
Control group 

Baltimore, MD 
Infants 

Maryland 
Southeastern GA 
Gainesville, FL 

Pregnant women 
Mississippi 
Southern LA 

Tuberculosis patients 
Alabama 
Philadelphia, PA 

including part of NJ 
Detroit, MI 
CA, TX, HI, and Mexico City 
Total Negro 

0.0090 
0.0128 

0.0119 
0.0100 
0.0167 

0.0177 
0.0091 

0.0110 

0.0114 

0.0100 

0.0076 
0.0165 

0.0144 
0.0088 
0.0084 

0.0048 
0.0199 

0.0205 
0.0133 

0.0039 
0.0139 
0.0114 
0.0125 

. . .  T39 
7"41 

0.0007 T42 

. . .  T43 

. . .  T44  

. . .  7"45 

. . .  T46  

. . .  T 4 7  

. . .  T13  

. . .  T I 7  
T20 

0.0001 . . .  

0.0hi0 

0.0613 

0.0005 

0.0002 

0.0022 

0.00;3 

0.00004 

T39 
T48 

T49 
T41 
T42 

T43 
T50 

TS1 

T44 

T53 

T45 

T54 
T54 

T46  
T55 
T4 

7"56 
T 4 7  

T57  
7"58 

T12  
T13 
T17  
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TABLE 5--(Continued). 

Population 

Total Gene Frequencies Reference to 
Number Population 
Typed HBB*A HBB*6V HBB*6K HBB*121Q Study 

Puerto Rico  ("white")  
CA, TX, HI, and Mexico City 

HISPANIC 

1 487 0.9997 0.0003 
1569 0.9968 0.0010 0.0010 

ASIAN 

CA, TX, HI, and Mexico City 1 451 0.9983 0.0003 

1"50 
T17 

T/7 

geographical  boundar ies ,  especially in a country like the Uni ted  States where mobility is very 
high. In a previous paper  [14], we compared  the phenotypic proport ions for the ABO, Rh, 
and  Secretor systems obta ined  in a recent  study of a relatively large, completely ascertained,  
randomly selected countrywide popula t ion of Caucasian and  Negro teenagers  [T18] with the  
corresponding W M P  values f rom our  calculations.  The  results suggested tha t  the  W M P  val- 
ues compared  favorably with the  values obta ined  in the  U.S. study. Table  6 gives a similar 
comparison of W M P  values (with the data  f rom the U.S. study omit ted from the computa-  
t ion) with the  U.S.  da ta  for the HP, GC, and  TF systems. If the U.S. da ta  are regarded as 
"expected"  and  the  W M P  data  as "observed"  in a chi-square goodness of fit  test, the corre- 
sponding P exceeds 0.05 in every case. The  greatest  X 2 value was obta ined for Negro popula-  
t ions in the  HP system. A major  reason for this  result  is tha t  the U.S.  study did not  report  HP  
2 - - 1 M  and HP 0 proport ions separately. A significant fract ion of the 12.1% "o the r "  types 
in this popula t ion would be expected to be HP 2 - - 1 M  or HP 0. The comparison given in 

TABLE 6--Comparison of WMP and U.S. phenotypic frequeney values"for the 
HP, GC, and TF systems. 

Proportion, % 

Caucasian Negro 

System Phenotype U.S, WMP U,S, WMP 

HP 1 16.2 16.5 32.2 29.7 
2--1 46.8 48.3 39.4 48.8 

2 32.8 34.9 13.3 18.9 
0 ~ 0.2 h 2.3 

X 2 = 0.1880 X 2 = 4.7946 
GC 1 51.9 51.1 75.5 75.6 

2-- 1 38.5 40.9 18.6 20.0 
2 7.4 7.8 3.0 1.5 

X 2 = 0.1836 X 2 = 0.8555 
TF C 96.1 98.7 90.8 93.0 

CB 1.3 0.9 0.2 0.1 
CD 0.5 0.2 5.8 5.2 

X ~ = 0.3734 X 2 = 0.1654 

"Ref TI8. 
bl.9% Caucasian and 12.1% Negro reported as "other." 
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Table 6 and the previous similar one involving the blood groups [14] suggest that the WMP 
value may provide a reasonably good estimate of the phenotypic proportions based upon the 
population data which have been gathered. 
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