Caucasian Genes in
American Negroes

Measurement of non-African ancestry is difficult,
but it is worthwhile for several genetic reasons.

It is very difficult to describe the
genetic history of a large, defined hu-
man population in a meaningful way.
As a result there have been few op-
portunities, at the population level, to
study the consequences of known gene-
tic events in the recent past of modern
populations, The Negro population of
the United States, however, is one of
the exceptions to these generalizations.
The American individual to whom the
term Negro is applied is almost always
a biracial hybrid. Usually between 2
and 50 percent of his genes are derived
from Caucasian ancestors, and these
genes were very probably received after
1700. While it is obviously of social
and cultural importance to understand
Negro hybridity, it is less obvious that
there arc several pertinent genetic rea-
sons for wishing to know about the
magnitude and nature of Caucasian
ancestry in Negroes. Recent data, both
genetic and historical, now make pos-
sible a better understanding of Ameri-
can Negro genetic history than has
been possible heretofore. Here I review
and criticize the published data on this
subject, present new data, and inter-
pret the genetic significance of the evi-
dence.

In order to put the genetic data in
proper context, I must first give a
little of the history of American slavery.
The first slaves were brought to what
is now the United States in 1619. Im-
portation of slaves before 1700 was
negligible, however, but after that date
it proceeded at a high rate for most of
the 18th century. Importation became
illegal after 1808 but in fact continued
at a low rate for several more decades
(I, 2). The total number of slaves
brought into the United States was
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probably somewhat less than 400,000
(3). Charleston, South Carolina, was
the most important port of entry, re-
ceiving 30 to 40 percent of the total
number (4). More than 98 percent of
the slaves came from a very extensive
area of West Africa and west-central
Africa—from Senegal to Angola—and,
in these areas, from both coastal and
inland regions. Shipping lists of ships
that brought slaves to the United
States—and to the West Indies, often
to be sent later to the United States—
provide a fairly detailed picture of the
geographic origins of the slaves and a
less complete picture of their ethnic
origins. Table 1 gives the approximate
proportions of American slaves brought
from the eight major slaving areas of
Africa. The contribution from FEast
Africa is seen to be negligible, whereas
the area from Senegal to western Ni-
geria contributed about half the total
and the region from eastern Nigeria to
Angola contributed the other half. An
earlier tabulation for entry at Charles-
ton alone (5) is quite similar, except
that the contribution from the Bight of
Biafra is much less (0.021 as compared
to 0.233) and that from “Angola” is
appreciably greater (0.396 as com-
pared to 0.245).

At some early point in American
slavery, matings between slaves and
Caucasians began to occur. Quantitative
data are lacking, and we can say only
that most of these matings occurred
after 1700. Our concern here is the
genetic consequences of the matings—
the introduction of Caucasian genes
into the genome (or total complement
of genetic material) of the American
Negro. We could, in theory, estimate
the Caucasian contribution to Ameri-
can Negro ancestry in a very simple
way if certain strict criteria were met.
In practice it is not possible to show

that all these criteria are met, but this
fact has not stopped geneticists, in-
cluding myself, from making estimates.

The usual estimation procedure is
simple and direct. Consider some gene
—=say the allele 4 of the ABO blood
group locus, whose frequency was g, in
the African ancestors of American
Negroes and ¢, in the Caucasian ances-
tors, while in modern American
Negroes the frequency is g,. If M is
the present proportion of genes at
this genetic locus (and, ideally, at
every other locus too) which are
derived from Caucasians, and if race
mixture is the only process affecting
¢,, then, by definition,

qu = Mgq. 4 (1 — M)q. 1)
and therefore

M = (g, — q:-)/(qc - CIa) (2)

This formula for M, or an algebraic
equivalent, was used for all estimates
of M given in Table 2 except one.
[This one differed only in that three
alleles were wused simultaneously at
one locus to obtain a maximum likeli-
hood estimate for M; for each allele
an equation of the type of Eq. 1 could
be written, and used to estimate M
(6)]. We see that if we know gq,, q.,
and g, (for a defined area) without
error and if there were no factors af-
fecting g, other than race crossing,
estimation of M would be simple. Un-
fortunately, such is not the case.

Criteria for Critical Estimation of M

Critical evaluation of estimates of M
requires complete specification of the
needed criteria and judgment on the
degree to which these criteria are met.
These criteria are simple and obvious,
but the demands they make have not
always been appreciated. They are as
follows.

1) The exact ethnic compositions
of the two ancestral populations, Afri-
can Negro and Caucasian, are known.

2) No change in gene frequency
(for the gene in question) between
ancestral and modern populations ei-
ther of African Negroes or of American
Caucasians has occurred.

3) Interbreeding of the two ances-
tral populations is the only factor af-
fecting gene frequency in U.S. Negroes
—that is, there has been no selection,
mutation, or genetic drift.

4) Adcquate samples (that s,
samples that are unbiased, from correct
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populations, with small standard error)
of the modern descendants of the ances-
tral African Negroes and U.S. Cauca-
sians, and of modern U.S. Negroes, are
available.

It should be said immediately that
none of these criteria has been shown
to be fully met in any study. In particu-
lar, point 1 is not met, because the
detailed ethnic origins of slaves from
the various slaving areas are unknown
(4). Point 2 can never be met because
ancestral gene frequencies are un-
known and point 3, at best, can only
be inferred from indirect evidence.
Point 4 cannot be fully met for African
Negroes, since the proportions of vari-
ous ethnic contributions are only
roughly known. The problem is simpler
for U.S. Negroes and Caucasians, al-
though marked heterogeneity in values
of M between different Negro popula-
tions is now known to complicate the
matter.

Somewhat more affirmative views on
these criteria can also be given, how-
ever. If it can be shown that gene fre-
quencies in neighboring modern tribes
and in populations of adjacent former
slaving areas do not differ appreciably,
point 1 becomes less important. For
example, this appears to be the situa-
tion for the ABO blood groups, the
best-known genetic system throughout
the slaving area. With regard to point
2, since the populations concerned us-
ually were, and are, large, it is proba-
ble that this criterion is quite well satis-
fied. If point 1 is satisfied in the way
suggested, point 4 may be met by using
large, carefully collected samples. Un-
fortunately, it is less easy to overcome
the problem posed by point 3. This is
discussed below.

Review of Published Estimates of M

Table 2 is a tabulation of published
estimates of M for American Negroes,
beginning with the well-known estimate
of 0.31 for Baltimore Negroes given
by Glass and Li in 1953 (7). The
estimates are grouped according to
the authors® statements as to their
validity or lack of validity (due to
selection) as estimates of M. They are
further classified as “southern” (esti-
mates for Georgia, South Carolina, and
Tennessee) or “non-southern.” As has
been noted elsewhere (6, 8, 9), among
the presumed valid estimates, all “non-
southern” estimates are greater than
“southern” estimates. Also, the esti-
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Table 1. African origins of slaves imported into the North American mainland [data of
Curtin (37)]. Distribution by areas is approximate and is an average of data for Virginia
(1710-1769), for South Carolina (1773-1807), and for the British slave trade (1690-1807).

Coastal region Approximate Peonles Approxnpate
of origin present area eople fp roportion
rom region

Senegambia Senegal and Gambia Mainly Bambara and 0.133

Sierra Leone Sierra Leone

Windward Coast
Gold Coast

Ivory Coast, Liberia
Ghana

Bight of Benin Togo, Dahomey,
Nigeria west of

Benin river

Nigeria (east of
Benin river) to
1°S (Gabon)

1°S to southwest

Bight of Biafra

“Angola”

Africa (Gabon, Congo,

Angola)
Mozambique and
Madagascar

Region unknown

Malinke (from interior)

Sierra Leone, Guinea, .055
Portugese Guinea peoples,
plus Bambara and Malinke

Various peoples of area 114

About % Akan people from 159
southern part, the rest
from northern part

Peoples of Togo, southern 043
Dahomey, and western
Nigeria
About 3 Ibo, the rest 233
Ibibio and people from
Cameroon
Many peoples of the area, 245
from the coast to far
inland
016
.002

mates presumed to indicate selection
are usually appreciably higher than
the estimates presumed to be valid.
Among the “valid” estimates of M, that
of Glass and Li (7) is by far the best
known, and is often quoted as “the”
estimate for the amount of Caucasian
ancestry in ‘“the” American
(see, for example, 10—-14). A revision
of this estimate from 0.31 to 0.216
(I5) appears to have escaped general
notice.

The estimates of Table 2 must be
considered in the light of the four
criteria given above. As already noted,
criterion 1 cannot be strictly satisfied
for any estimate because the detailed
ethnic origins of the slaves are un-
known. The estimates for M in Table
2, however, do not even roughly meet
criterion 1, since none of them is
based on quantitative information on
distribution of origins, such as is given
in Table 1. Typically, data from only
one or two regions of West Africa are
taken to represent the whole slaving
area. Ironically, for the best-known
estimate, that of Glass and Li (7), Rh
blood group data from FEast and South
Africa, as well as from Ghana, were
used to represent ancestral Rh blood
group frequencies because better data
were not then available. Glass, for his
revised estimate (I5), used only Rh
data from Nigeria and Ghana. Of the
540 individuals from Nigeria studied
(15), 105 were Ibos, who may be rep-
resentative of ancestral inhabitants of
the Bight of Biafra region, the area of

Negro

origin of about 23 percent of American
slaves (Table 1); the remaining 435
individuals from Nigeria may be rep-
resentative of the slaves (4 percent)
who came from the Bight of Benin. The
274 individuals from Ghana studied
(I5) may be representative of the
slaves (16 percent) from that region.
The slaves (57 percent) from areas
other than Nigeria and Ghana are un-
represented in Glass’s revised estimate.
These same Rh blood group data were
used by later investigators in arriving
at their own estimates (8, 9, 16, 17).
These critical comments on the best-
known estimate are made to illustrate
the nature of the problem; similar
comments could be made about each
of the other estimates of Table 2.
With regard to criterion 4 (adequacy
of samples), one can distinguish be-
tween (i) adequate representation (by
the mean gene frequency used) of the
entire slaving area and (ii) adequate
sample size (as shown by a small stan-
dard error for M). If the gene used has
a uniform frequency over the entire
slaving area, any large sample from
one part of the area could adequately
represent the whole. The problem, of
course, is t0 demonstrate uniformity.
If, as one would expect, gene frequen-
cies vary from region to region of the
slaving area, appropriate samples over
the whole area are needed if one is
to obtain a properly weighted mean
frequency. Neither of these approaches
has been used in making any of the
estimates. [I made an attempt to con-
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firm the belief that the frequency of
certain Gm alleles is near zero in
African populations (6) but found that
not enough surveys had been made.]
To make the problem more con-
crete, let us consider Glass’s estimate
of M (15) in the light of more recent
Rh data. For the R° allele of the Rh
locus, he used 0.5512 for the frequency
in West Africa (on the basis of the
data from Nigeria and Ghana). The
frequencies in present-day U.S. Negroes
and Caucasians were found to be
0.4381 and 0.0279, respectively, so
that, from Eq. 2, we estimate M to be
(0.5512—-0.4381)/(0.5512—0.0279), or
0.216. However, the frequency of R? in
Liberia is 0.60 (/8), and in Bantu of
the Congo (Leopoldville) it is also
about 0.60 (19). If the true overall
value for the slaving area were 0.60,
the estimate for M would be 0.283.
With regard to the purely statistical
accuracy of the estimates of M, as
shown by standard errors, calculation
of the standard errors for several perti-
nent estimates indicates that they may

be much larger than the authors may
have suspected (20). The standard error
for Glass’s estimate (15), for example, is
0.042, giving a 95-percent confidence
interval of 0.133 to 0.299. The estimate
in Table 2, of 0.13 for M for gene AK?
(the lowest estimate for the non-south-
ern region) has a standard error of
0.053, producing a 95-percent confi-
dence interval of 0.025-0.234, overlap-
ping Glass’s estimate. This large error
seems particularly surprising at first,
in view of the large sample sizes, but
it is explained by the very low AK?Z
gene frequencies (<5 percent). The
standard errors of the other estimates
appear to be of comparable size or
larger (due to smaller sample sizes).

I have said enough to show the defi-
ciencies of most of the estimates of
Table 2 with regard to both African
gene frequency and statistical accuracy.
1 should also comment on the classifica-
tion of M estimates as “valid” (not af-
fected by selection) or as indicating the
effects of selection. Classification of an
estimate in this way requires a ‘“‘stan-

dard” M that is thought to be free from
the effects of selection. Such a “stan-
dard” can then be used to determine
whether an M estimated for some other
gene demonstrates selection. The M
estimates from Rh genes R® and R?
have been assigned this role of ‘“‘stan-
dard” by various investigators [Parker
et al. (21) chose RO alone; Workman
and his associates (8, 9) chose R° and
R in combination]. In addition, M esti-
mates from frequencies of the Fy? al-
lele of the Duffy blood group locus
(8) and the Gm! and Gm?® alleles of
the Gm serum group locus (21) have
been considered as possible standards.
Yet, as discussed above, it is not pos-
sible to prove directly that selection
has not affected a particular gene fre-
quency in American Negroes, and no
evidence in support of the belief that
it has not has been offered. We can only
draw inferences of varying degrees of
rigor as suitable data become available,
I attempt in the remainder of this
article to draw and apply such infer-
ences.

Table 2. Published estimates of the proportion (M), in American Negroes, of genes that are of Caucasian origin. All estimates except
those based on genes Fy*, Gm', Gm"“?2 or Gm® (and perhaps AK?®) require an estimate of African gene frequency appreciably different
from zero. Within regions, localities are listed in chronological order of the estimates. Standard errors for M were not given (except for

reference 6).

Region* and

Sample size

. Gene(s — — — M Reference
locality ©1 Negro Caucasian
Estimates for M presumed by their authors to be valid
Non-southern
Baltimore R° 907 7,317 0.306 7)
Baltimore R® 907 1,317 216 (15)
Five areas R, R, JK* T, S 96 to 3,156 189 to 7,317 ~ 20 6)
Cleveland and Baltimore Gm', Gm® 623 249 310 11)
Various R, R, R%, 1, M, S, Jk*, k, Fy® 232-261 (17)
Chicago AK?* 1,063 1,315 13 (14)
Washington, D.C., Baltimore, R° RY, Fy* 20-24 8)
New York City
Oakland, Calif, Gmt, Gm* %, Gm® 260 478 273%.037 6)
Southern
Evans and Bullock coun- R, R* 340 331 104 9)
ties, Ga.
Evans and Bullock coun- Gm', Gm. © 189 295 073 1z
ties, Ga. Gct 231 292 ~ .10
Charleston, S.C. R° R, Fy* 515 .04-.08 (€3]
James Island, S.C. and R RY, Fy* 394 09-.12 (8)
Evans and Bullock coun-
ties, Ga.
Estimates of M presumed by their authors to indicate selection
Non-southern§
Four areas, mainly Hp* 936 865(?) ~ 40 2n
Seattle
Seattle Hp' 1,657 ? 478 (8
Seattle GdA- 65838 & 490 (€3]
Southern
Evans and Bullock T 285 314 466 9)
counties, Ga. Hp'|| 167 145 42-70
GdA- 763 & 34-.44
Hb? 247 46—.69
™| 133 107 495
Memphis Gd*- 974 & 175 8

# An estimate of 0.34, from HbS data on 10,858 Negroes, is based on 11 sources in both the North and the South (38). It is therefore not placed

in a regional category.

t Locus and alleles used are as follows. Blood groups: Rh (R° R!, R2, r), Kidd (Jk*), M-N-S-s (M, S), Kell (k), Duffy

(Fyt, Fyb); serum protein genes: Gm (Gm!, Gm' 2, GmPd), haptoglobin (Hp'), Gc (Gcl), transferrin (TfP1); hemoglobin: HbBS (HHS); red cell

enzymes: adenylate kinase (AK2), glucose-6-phosphate dehydrogenase deficiency (GdA-); phenylthiocarbamide tasting (T).

I Newly investigated gene.

The African frequency of AK2? is poorly known, but it is assumed to be zero. The 95-percent confidence interval for M is 0.03-0.23, according

to my calculation.
(79 to 238 Negroes) are omitted here.

764

§ Seven non-southern estimates ranging from 0.270 to 0.685, obtained by Workman (8) (using Hp! or GdA-) on small samples
|| “Possibly” reflecting selection. .
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An Approach to a
More Critical Estimate of M

To constitute a critical estimate in
the light of the four criteria listed
above, an estimate of M should sub-
stantially meet three of them—1, 3,
and 4 (2 is, of course, untestable).
This means that we should (i) have
good survey data on gene frequency
from most or all of the seven West
African and west-central African slav-
ing areas of Table 1; (ii) be able to
calculate a mean African gene fre-
quency properly weighted according
to the origins shown in Table 1; (iii)
have adequate data on Caucasians and
U.S. Negroes; (iv) have samples large
enough to give an acceptably small
standard error for M; and, very im-
portantly, (v) have some evidence that
in U.S. Negroes the gene in question is
not subject to strong selection. With
regard to points (i) and (ii}, an ideal sit-
uation is to have a gene which can be
shown to be absent or rare in all parts
of the slaving area but common in
Caucasians. The problem of finding
“the” African-ancestor gene frequency
is then eliminated, and M is simply
q./ q.. The Caucasian gene contribution
is then directly determinable. It has
been claimed that Gm alleles Gml,
Gm' 5, and Gmb® are of this type (22);
it is quite likely that they are, but not
enough of the slaving area has been
surveyed for Gm alleles for us to be
sure (6).

The Fy* gene may be almost an
ideal “Caucasian gene” for estimating
M. Available survey data for regions
from Liberia to the Congo (Leopold-
ville), presented in Table 3, show that
in this region (from which about 56
percent of the ancestral slaves came)
the mean frequency of Fy* is probably
not over about 0.02. The mean fre-
quency. for all Africans of the slave
area is probably less than 0.03. The fre-
quency for U.S. Caucasians is about
0.43 (Table 4). Moreover, recent ex-
tensive studies in a population of Cali-
fornia Negroes revealed no evidence for
natural selection (evidence pertaining
to fetal and infant growth and viability
and to adult growth and fertility) as-
sociated with Duffy blood group pheno-
types (23). Strong selection due to this
locus seems excluded, so there is some
protection against bias in the estima-
tion of M. Table 4 presents available
Fy? frequency data for U.S. Negroes
and for some U.S. Caucasians, and the
resulting M estimates. The M estimates

22 AUGUST 1969

Table 3. Frequencies of Duffy blood group
Fy (a+) in West African and Congo (Leo-
poldville) populations.

Sample  Propor-

Region size tion of Itif:’;'
(N) Fy (at+)*
Liberia (many
tribes) 661 0.00 (18)
Ivory Coast 163 .043% (18)
Upper Volta 15 .00 s
Dahomey 20 .00 18)
Ghana (Accra)
and Nigeria
(Lagos) 37 .00 (39)
Congo (Bantu) 501 .078% (40)

* Reacting positively with anti-Fy#, indicating a
genotype of Fy:Fy (most likely), or Fy*Fy®, or
FysFys (rare) (39). + The true proportion is
probably zero because the Ivory Coast positive
reactions with anti-Fy? are believed to be incor-
rect. % The gene frequency for Fy* is 0.040.

for the three non-southern regions stud-
ied do not differ significantly, so the es-
timate 0.2195 = 0.0093 for California
Negroes—the largest of the three sam-
ples—may tentatively be used as the
best estimate of M for a non-southern
area. The very small standard error of
this estimate reflects both the discrimi-
nation power of this “Caucasian gene”
and the large sample sizes for the Negro
and Caucasian populations. The two
estimates from the “Deep South” do
differ significantly and should be kept
separate. The smaller one, 0.0366 =
0.0091 from Charleston, appears to
justify the statement that these Gullah.
Negroes have an unusually small
amount of Caucasian ancestry (5). It
is clear that the data of Table 4 are
especially useful in comparing M for
different U.S. Negro populations, be-
cause the same gene, Fy?, is used as the
basis for all estimates. Any bias due to
selection should operate quite similarly
in the different Negro populations. The
difference between “southern” and
“non-southern” M values evident in

Table 4. Estimates of M derived from Fy*

Table 2 is also marked in Table 4
and must be regarded as real.

Thus Fy?, for the reasons given, may
be the best gene presently available
for estimating M. When more African
survey data are available, the “Cauca-
sian” alleles Gm!, Gm!5, and Gm® of
the Gm locus, used jointly, may be as
good. The AK? gene (Table 2) may
be of some use if further African data
establish a general zero frequency, but
the low frequency, 0.047, of the AK?
gene in Caucasians considerably reduces
its discrimination power. The K gene
of the Kell blood group system is
sometimes thought of as a “Caucasian
gene,” but this is not strictly the case.
This gene was present in 8 of 1202
Africans from the Liberia-Dahomey
(18) and western Nigeria (24) region,
at a mean frequency of 0.0033. The
California Negroes of Table 4 (N =
3146) have a K gene frequency of
about 0.0083, and the California Cau-
casians, a K gene frequency of about
0.046 (25). If we consider g, to be
zero, we obtain an estimate of 0.181 =
0.026 for M for this population—clear-
ly a maximum estimate and not reliable.
This maximum does not differ signifi-
cantly from the Fy* estimate for this
same population. The relatively large
standard error here again reflects the
low Caucasian gene frequency.

Although a zero ¢, is generally pref-
erable, there is one situation where a
g, value appreciably different from zero
might yield a useful estimate of M.
This could occur when there are suf-
ficiently extensive and detailed data on
African gene frequency to make it pos-
sible to calculate a mean African gene
frequency, with weighting of regional
gene frequencies according to the pro-
portions of Table 1. At present, the
ABO blood groups provide the only

gene frequencies for American Negroes from

various areas. The frequency of this gene in the African ancestors of American Negroes is

assumed here to be zero; if it is not zero,

these are maximum estimates. N = number in

sample, g = Fy* gene frequency, S.E. — standard error of g (all estimates by T. E. Reed).

Negroes Caucasi;ms afer.
Region and locality - M = SE* Refer
N g=SE N g*SE. ence
Non-southern
New York City 179 0.0809 = 0.0147 0.189 =+ 0.034 39t
Detroit 404 1114 = 0114 260 = 027 41
Oakland, Calif. 3146 .0941 = 0038 5046 0.4286 *+ 0.0058 2195 = .0093% (25)
Southern
Charleston, S.C. 515 0157 = .0039 0366 = .0091 (5)
Evans and Bullock
counties, Ga. 304 .0454 = 0086 322 422 *+ 0224 106 = .020 9

*The ¢q for Oakland Caucasians (who are of West European ancestry) was used in all estimates.

M= lIn/(Ic.

7 Two other New York City studies (42) are omitted because they involved selection

for dark skin color. The data used here were grouped with both anti-Fy* and anti-Fyb, The observed
distribution of four Duffy phenotypes differs from the Hardy-Weinberg expectation at the 0.025 level

of significance.
would be 0.181,

PIf the frequency of Fy» in the African ancestors were 0.02, this estimate
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Table 5. Frequencies of genes 4 and B of the ABO blood-group system in surveys in the
major slaving areas of Africa (see Table 1); p = frequency of A gene, ¢ = frequency of B

gene.
. . Sample « Refer-
Region Peoples or population size (N) p +=S.E. g = S.E. ence

Senegambia Bambara, Malinke 2,120  0.159 = .006 0.174 %= .006 (43)
Sierra Leone Gbah-Mende 1,015 159 = .009 151 #.008 (44)
Liberia > 18 tribest 2,337 .143 = .005 .148 = .006 (18)
Gold Coast Unspecified, from Accra 1,540 .130 = .006 122 =+ .006 {45)
Bight of Benin  Yoruba of Lagos, Ibadan 1,003 .130 = .008 141 =+ .008 (46)
Bight of Biafra Ibo (“Eastern”) 572 161 = 011 .089 =+ .009 47)
“Angola” “Bantu”-—8000 (mainly

Bakongo) near Leopold-

ville and 8000 from

Angola 16,000 152 =+ .002 138 = .002 (48)
Mean frequenciesi over the entire slaving area 150 131

* Maximum-likelihood estimate (49).

1 Exclusive of Americo-Liberians.

t Calculated from

values for p and g given in the body of the table, weighted by the proportions of Table 1 (after
the removal of values for Mozambique, Madagascar, and “region unknown’’).

such usable genetic marker [the gene
for hemoglobin S is known to be af-
fected by selection, and much less in-
formation is available for other loci
(26); for selection data on hemoglobin
S, see (27)]. Table 5 gives the gene fre-
quencies for genes 4 and B of the
ABO system from relevant surveys in
the seven major slaving areas of
Table 1.

These extensive surveys reveal an
overall uniformity in gene frequency,
with the one exception of a somewhat
low B frequency for the Bight of Bia-
fra (Ibos). From these mean values for
African frequencies of genes 4 and B
and from extensive data on ABO-sys-
tem distribution in California Negroes
and Caucasians (25), a maximum
likelihood estimate for M of 0.200
#0.044 was obtained (28). This es-
timate is not greatly affected by the
accuracy of the proportions given in
Table 1 or by the exactness of the
values for individual regional gene fre-
quencies (29). A good fit of the ob-
served number of individuals in each
of the eight race and blood-group class-
es with the corresponding number ex-
pected from the estimated parameters
(gene frequencies and M values) tested
by the chi-square method, indicates
both that the estimation is reasonable
and that there are no large selective
differences between genes 4 and B in
U.S. Negroes (28). This procedure
therefore seems justified for the case

of ABO blood groups. Practically, how-
ever, the large standard error for M
indicates that, in spite of large samples,
the estimate for this locus is too im-
precise to be very useful.

Since there are now three different
estimates of M, and since extensive
data on other aspects of the problem,
including selection, are available for
this one large California population of
Negroes, these estimates are presented
in a single table, Table 6. We note that
they do not differ significantly from
each other; this is due at least in part
to the relatively large standard errors
for the Gm and ABO estimates. The
marked superiority, for estimating M,
of Fy* over A and B for samples of
equal size is evident (30), whereas, if
the sample sizes were the same for
Fy* and the three Gm alleles, it would
be found that these are equally efficient
for estimating M. An extensive search
for evidence of natural selection due to
the presence of ABO blood groups in
these Negroes, similar to the search re-
ported above for the Duffy blood group,
also failed to reveal any consistent
selective effect (23). This finding, plus
the good chi-square fit in the estima-
tion of M, which implies that the A and
B genes are not very different with
respect to their selective values in U.S.
Negroes, gives some assurance that
the ABO estimate is not greatly dis-
turbed by selection (28). No selection
studies for Gm were made on these

Table 6. Estimates of M calculated from data on Gm serum groups, Duffy blood group, and
ABO blood group from Negroes and Caucasians of the Oakland, California, area. [Data of
the Child Health and Development Studies (6, 25).]

Sample size (N)

Locus Alleles used M
Negroes Caucasians

Gm Gm', Gm"“ 5, Gm® 260 478 0.273 = 0.037*

Dufty Fy? 3146 5046 220 = .009%

ABO A, B 3146 5046 200 = .044%

* See (6)7~ B T See text.
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California Negroes, but extensive
studies on a Brazilian population which
was about 30 percent Negro, 11 per-
cent Indian, and 59 percent Caucasian
(13) revealed no evidence of selective
effect (37). Further evidence is pro-
vided by the good chi-square fit in the
multi-allelic estimation obtained with
the three Gm alleles (6). It seems rea-
sonable to conclude that strong selec-
tive effects on these three estimates of
M may be excluded. The existence of
weaker effects, however, still sufficient
to bias these estimates appreciably, can-
not be ruled out. As more independent
estimates on these and other genes be-
come available, each having regard to
the criteria listed above and including
some safeguard against a strong bias
due to selection and having a relatively
small standard error (say, less than
0.02), it should become possible to ob-
tain a “consensus” on the true value of
M (for specified Negroes). Estimates
biased upward or downward by selec-
tion will be separated from those little
affected by selection, and so, in time,
the former can be identified and re-
jected.

Use of M To Detect Selection

Several investigators (8, 9, 21, 32)
have argued that selection for or
against a gene may be clearly inferred
from the M value that the gene pro-
duces. From the foregoing section it is
clear that if (i) the true (unbiased)
value of M (say, M,) is known, (ii)
the estimate in question (M,) is calcu-
lated with regard to the criteria given
above, and (iii) M, differs significantly
from M,, then we may reasonably sus-
pect that selection has caused the ob-
served deviation. These conditions have
not been met. In particular, we have
no M, The M estimates obtained with
RO (8, 9, 21), RY (8, 9), and Fy* (8)
were considered to be valid estimates
unbiased by selection, but no objective
evidence was offered to support these
views. With one or more of these M
estimates used as reference standards,
it has been claimed that the deviant M
estimates of the following genes
demonstrate selection on these genes
in U.S. Negroes: Hp!, T, GdA—, HbS,
and TfP1 (see Table 2). These results
can, at present, be considered only
suggestive, but it must be admitted that
the usually high M estimates obtained
with Hp* and GdA— argue for an
effect of selection (27).

A different approach was used to
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show that M estimates obtained with
r, R% and R?! alleles of the Rh locus
ranked in this (decreasing) order of
size for a Georgia population and also
for two Brazilian populations (32). Ac-
cepted at face value, this is evidence
of differences between M values from
different Rh alleles. The investigators
attribute these differences to selection.
This same approach in these popula-
tions also indicates that M for the B
allele is greater than 1.5M for the
A allele (32). African Rh and ABO
gene frequencies, weighted by slaving-
area origins, were not used, however,
although the African areas of origin of
Brazilian Negroes are known (2).
Again, these findings are interesting
and suggestive but far from conclusive.

Workman (8), from inspection of
A,, Ay, and B allele frequencies in var-
ious West African, U.S. Negro, and
U.S. Caucasian populations, concludes
that there has been strong selection in
U.S. Negroes against 4; and for A,.
He identifies the various African data
only as “West Africa,” and does not use
significance tests. Since Workman and
also Hertzog and Johnson claim to
find selection in the ABO system, it is
pertinent here to recall that the M esti-
mate obtained from ABO-system dis-
tributions that is discussed earlier in
this article (an estimate based on large
populations and good estimates for
African gene frequency) did not sug-
gest selective differences between the 4
and B alleles.

This critical review of claims for
selection would be incomplete if I did
not mention that there is an important
theoretical reason to look for selection
in hybrid populations such as the Amer-
ican Negro. As has been previously
recognized (6, 8, 32), selection in U.S.
Negroes over several generations can
produce a cumulative effect in present-
day individuals appreciably greater than
the effect of a single generation of
selection—the type of data usually
available. There is thus a possibility of
detecting, in hybrids, selection due to
common polymorphisms which is too
small [usually less than 5 to 10 percent
of the mean (23)] to be detectable by
ordinary one-generation studies. This
possibility, together with the probability
that some of the genes are selective
[because it is most unlikely that a new
genotype (the hybrid) in a new envi-
ronment would be exactly neutral in
selective value], makes the search for
selection here especially worthwhile.
Some of these selective genes may al-
ready have been identified.

22 AUGUST 1969

Other Uses of M Estimates

In addition to the definite likelihood
of their yielding valuable information
on the action of natural selection in
human populations, good estimates of
the amount of Caucasian ancestry in
U.S. Negro populations have at least
two other “uses.”

1) They provide objective informa-
tion about the genetic heterogeneity
among various populations of U.S.
Negroes. Evidence of marked differ-
ences between southern and non-south-
ern Negroes with respect to the amount
of Caucasian ancestry, as shown in
Tables 2 and 4, is the first clear result
from this use of M estimates. As more
good estimates from defined U.S. Ne-
gro populations become available, we
may expect further heterogeneity to be
revealed.

2) They provide an understanding
of the distribution in American Ne-
groes of those genetic traits, including
diseases, that are due primarily to
genes of Caucasian origin. There are
few examples of such genes at present,
but, aside from common genetic poly-
morphisms, like blood groups, few
genes have been sufficiently studied to
permit possible identification of racial
differences in gene frequency. One
probable example of such a genetic
trait is phenylketonuria—a condition
resulting from homozygosity for a rare
autosomal recessive gene, producing a
deficiency of phenylalanine hydroxylase
and resulting (if untreated) in severe

mental defect. This occurs in about 1

in 10,000 births of persons of North
European ancestry (33) but appears
to be much rarer in U.S. Negroes (34).
This rarity is understandable if the gene
frequency in African Negroes is much
lower than that in Caucasians (about
0.01). For example, if U.S. Negroes
have, on the average, 20-percent Cau-
casian - ancestry, the frequency of oc-
currence of phenylketonuria at birth
in U.S. Negroes would be only 1/25th
that in Caucasians, or roughly 1 in
250,000—rare indeed.

An example of a disease which is not
simply inherited but which may show a
similar racial distribution is cirrhosis
of the liver. A study in Baltimore
Negro cirrhotics revealed, relative to
Negro controls, a significant increase in
Fy (a+b-+) Duffy blood group pheno-
type and a decrease in Fy(a—b—)
phenotype, whereas Caucasian cirrhot-
ics showed no such difference from
Caucasian controls (35). The simplest
interpretation is that the disease is more

frequent in Caucasians, and that Ne-
groes with some degree of Caucasian
ancestry, as shown by their Duffy blood
group, are more likely to develop the
disease than those lacking such ancestry
(35). Other examples of traits whose
frequency of occurrence in U.S. Ne-
groes is affected by the amount of their
Caucasian ancestry will surely be re-
ported (36). Accurate information on
M will be clinically useful here.

Summary

Published estimates of the propor-
tion, in American Negroes, of genes
which are of Caucasian origin are criti-
cally reviewed. The criteria for esti-
mating this proportion (M) are dis-
cussed, and it is argued that all
estimates published to date have either
deficiencies pertaining to the African-
gene-frequency data used or statistical
inaccuracies, or both. Other sources of
error may also exist.

Evidence is presented that the Fy2
gene of the Duffy blood group system
may be the best gene now available
for estimating M. Estimates based on
Fy* frequencies have been obtained for
Negroes in three non-southern and two
southern areas. The value of M is
found to be appreciably greater in non-
southern areas, the best estimate being
0.2195 =+ 0.0093 (OQakland, California).
This estimate is still subject to some
uncertainty. The value of M in the
South is appreciably less.

Natural selection can introduce a
bias in the estimate of M. Claims that
selection acting on certain genes in
American Negroes have been demon-
strated are reviewed, and it is concluded
that they are not yet proved. The ap-
proach discussed here may be valuable
in the future as a sensitive method for
detecting the action of natural selection.
In addition, knowledge of the amount
of Caucasian ancestry may be of med-
ical value in explaining the frequencies
of occurrence of certain hereditary dis-
eases in Negroes.
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