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Although it is increasingly recognized that many
rare recessive genes have effects in the heterozy-
gous state which can be detected by suitable labora-
tory tests, with the implication that such genes
may make a significant contribution to subclinical
departures from health, there is a real paucity of
knowledge concerning the actual distribution in
populations of such heterozygotes. Until now it
has not been possible to study the distribution of
heterozygotes for a rare "recessive" gene with a
simple, quick, and accurate method suitable for
survey purposes. It will be the object of this pa-
per to describe such a method for detecting the
heterozygous carriers of a particular rare "reces-
sive" gene. Survey data will be presented indicat-
ing significant local variations in gene frequency.
The implications of such variations for certain
basic genetic problems will be briefly explored.

The trait in question is acatalasemia, a reces-
sively inherited condition characterized by the ab-
sence of detectable tissue catalase activity (1).
Heterozygotes for this gene have been shown to
exhibit approximately half-normal values of cata-
lase activity (2). In a previous paper, it was noted
that the application of standard genetic formulae
led to an estimate of 0.003 for q, the frequency of
the gene responsible for the trait, from which the
frequency of homozygotes was calculated to be
0.00002, and of heterozygotes, 0.006; i.e., 2 and
600 per 100,000 Japanese, respectively (3). The
many assumptions which went into these calcula-
tions were discussed briefly, with the statement
that in general the computations were of such a

* The Commission is a field research agency of the
National Academy of Sciences-National Research Council,
with financial support from the U. S. Atomic Energy
Commission, and is administered in cooperation with the
National Institute of Health of the Japanese Ministry of
Health and Welfare.

nature as to result in inflated estimates of the
gene frequency, and it was pointed out that the
true gene frequency might well be of the order of
0.0015. It is now possible to pursue this point
further.

METHODSOF STUDY

A. Composition of the population sample

Screening for hypocatalasemia was performed on blood
samples received in the Clinical Laboratories of the
Atomic Bomb Casualty Commission (ABCC) in Hiro-
shima and Nagasaki. Bloods were derived from three
sources: 1) radiation-exposed and nonexposed individuals,
who are voluntarily participating in the ABCC Adult
Health Study 1 (4) ; 2) children seen in the Child Health
Study at ABCC (5); and 3) "referrals" of blood speci-
mens to the ABCC by local practitioners, where blood
only was received with a request for laboratory deter-
minations. The third group constituted less than 5 per
cent of the total number of specimens examined; as far
as is known, catalase abnormalities never formed the
basis for referral. Between 30 and 60 samples were
screened daily in Hiroshima and approximately one-third
that number in Nagasaki over a period of about 15
months. No attempt was made at a rigorous exclusion
of related individuals, but from the method of selection,
it seems unlikely that related individuals (parent-off-
spring or sibling pairs) constituted more than 15 per cent
of the sample. Blood specimens that were positive to
the screening test were subjected to the more precise as-
say for erythrocyte catalase activity, as described below.

B. Assay methods

1. Screening method. Two ml of blood was transferred
to 20 ml of tap water, with care taken to wipe the out-
side of the pipet and flush it with the diluent. After
gentle mixing, 1 ml of this solution was immediately
pipetted into 5.0 ml of 0.01 N hydrogen peroxide in 0.01
M phosphate buffer, pH 6.8. After exactly 60 seconds,
2 ml of 2 N sulfuric acid was added, followed by 7 ml of

1 Since it has been found that there is no difference be-
tween erythrocyte catalase activity among exposed and
nonexposed individuals, possible radiation effects need not
be considered (3).
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0.005 M potassium permanganate. The latter solution
may be added to a row of tubes at any convenient time
after addition of the acid. If a pink color persists after
addition of the permanganate, catalase is present; if the
solution remains colorless, catalase is either absent or in
low concentration, provided the hemoglobin is within
normal limits.

This test is based on two premises: 1) That a given
amount of catalase, in a given time interval, decomposes
a fixed amount of hydrogen peroxide, the amount re-

maining in effect being measured by titration with per-

manganate. The concentration of permanganate chosen
was such that only individuals with catalase activity less
than 3 standard deviations below the mean catalase ac-

tivity of a control population would show a positive reac-

tion. 2) This in turn is based on the assumption that the
hemoglobin in the blood sample is within normal limits,
since it has been shown that there is a linear relation-
ship between erythrocyte catalase activity and hemo-
globin concentration (3).

Thus, false positive results are to be expected in those
instances where the hemoglobin concentration is low.
Because this is primarily a screening test, adjusting the
hemoglobin concentration has of necessity been omitted,
but the test has been designed so that in the majority of
instances only blood samples with a hemoglobin of less
than 7.5 g per cent will give a false positive result.
However, since hypocatalasemia is not necessarily ruled
out in the presence of anemia, a precise assay for cata-
lase activity must be performed whenever the screening
test is positive.

In this study it was customary to withdraw the 2-ml
sample from a tube of heparinized or citrated venous blood.
However, the method is equally applicable to fresh blood,
drawn from a finger or earlobe prick into a hemoglobin
pipet and immediately diluted with tap water as described.
Further, if it is inconvenient to carry all the reagents
into the field, a heparinized pipet may be used, and the
blood transported to the laboratory for the screening
test. However, care should be taken to avoid unduly long
intervals between obtaining the blood and screening, un-

less the sample is refrigerated. Further, the latter method
suffers from the disadvantage that in the case of positive
results, where the precise assay becomes necessary, a

second sample of blood must be obtained at a later time.
2. Assay for erythrocyte catalase activity. The method

for determining erythrocyte catalase activity (Kcat ac-

tivity) has already been described (3). A preliminary
attempt was made to determine the frequency with which
false positive (positive screen with normal Kcat) and
false negative results (negative screen with low Kcat)
occurred. In a series of 120 "blind" tests, in which both
the screening and Kcat assay were performed on indi-
vidual samples, there were no instances of false negative
results, but false positive results did occur, either be-
cause of a low hemoglobin level, as discussed above, or

a combination of a Kcat value at the lower limit of nor-

mal and a somewhat lowered hemoglobin level. In the
total survey series, about 1 per cent of the screening

TABLE I

The frequency of hypocatalasemia in
six different surveys

No. Frequency
hypo- of hypo-

No. catal- catalase-
Population Survey examined asemic mia

Hiroshima Present study 10,679 10* 0.000936
Japanese

Nagasaki Present study 2,968 1 0.000337
Japanese

Okayama Reference 7 1,500 0 0.000000
Japanese

Nagano Reference 7 1,975 30 0.015190
Japanese

Shimane Reference 7 618 6 0.009709
Japanese

Okayama Reference 7 775 7t 0.009032
Koreans

* Includes one mother-daughter pair.
t Includes one pair of siblings.

tests gave false positive results. It would thus appear
that in surveying a large population, false positive re-
sults can be minimized by determination of the hemo-
globin values and performance of the Kcat assay, whereas
false negative results (e.g., missed hypocatalasemics ) ap-
parently occur rarely, if at all.

C. Family studies
In all instances in which a positive screening test fol-

lowed by a Koat assay revealed the presence of a hypo-
catalasemic individual, a second sample of fresh blood
was obtained at a later date and Keat activity redeter-
mined. In every case, the second result confirmed the
first. At this second visit, a careful pedigree was ob-
tained from the proband; subsequently, blood samples
were obtained from as many other members of the fam-
ily as possible. In this way, individuals from 10 families
were studied in detail with respect to Keat values.

RESULTS

Table I summarizes the survey findings in
Hiroshima and Nagasaki. The probability of as
great or a greater difference between the two cit-
ies if the expectation for both is the same, as evalu-
ated by the exact method for 2 x 2 tables (6), is
0.28, clearly nonsignificant. Figure 1 and Table
II present the data obtained in studies on the
kindreds of the 11 hypocatalasemic subjects en-
countered in the course of the survey. The col-
umn labeled "pedigree position" refers to the
position of each individual in the pedigrees of the
10 kindreds concerned, as shown in Figure 1.2

2 Although 11 hypocatalasemics were encountered, 2
were related as mother and daughter, so that only 10
kindreds were represented.
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PEDIGREES OF FAMILIES WITH CARRIERS (HYPOCATALASEMICS) FOR ACATALASEMIA
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FIG. 1. THE RESULTS OF FAMILY STUDIES ON INDIVIDUALS FOUNDTO HAVE HYPOCATALASEMIA
IN THE COURSEOF THIS SURVEY.
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In every kindred studied except one, other mem-

bers of the kindred were found to be carriers; in

this exceptional kindred, only a single parent and
one sibling were available for study.

Means, ranges, and standard deviations of Kcat
values for normal and hypocatalasemic subjects
in this study are compared in Table III with those
previously reported (3). In the previous study,
a significant difference was noted between the
mean for normal control determinations performed
on subjects being studied at the ABCCand the
mean for presumed normal subjects in families
with acatalasemic members. This was attributed
to the fact that it was often necessary to store the
specimens from the latter group for several days
before it was feasible to perform catalase deter-

minations, presumably with some loss of catalase
activity. In the present study, in which it was

possible to perform the determinations almost im-
mediately after the blood was drawn, the normal
values correspond very well with ABCC clinic
control values, thus corroborating the suggestion
of loss of catalase activity with storage.

The present data confirm in all respects the pre-

viously advanced hypothesis that hypocatalasemia
and acatalasemia are related as heterozygote and
homozygote and, further, demonstrate that the
present screening technique is highly efficient in
the recognition of hypocatalasemia. Japanese in-
vestigators are now conducting surveys at widely
scattered points in Japan. The most advanced of
these surveys are those of Takahara (7), some of

TABLE II

Kcat values for members of kindreds in which hypocatalasemia occurs

Pedigree Pedigree
Family position Sex Age Keat Family position Sex Age Koat

I-1 F 76 2.64 11-1 F 42 2.43*
11-1 M 54 5.75 I1-2 M 45 5.55
11-2 F 50 2.32 GO 111-1 M 10 2.54
11-3 F 53 2.22 III-2 M 16 5.15
11-4 M 55 5.10 III-3 M 19 2.52

111-1 F 22 5.26
II1-2 M 12 2.44 II-1 F 61 2.71

HA 111-3 F 14 5.55 I 1-2 M 66 3.92
111-4 M 15 4.47 111-1 M 25 1.94
III-5 M 21 2.49 TA 111-2 F 26 5.79
I 1 1-6 M 25 2.08 1II-3 M 29 5.40
III-7 F 27 2.53 III-4 F 38 2.47*
111-8 M 28 2.12* IV-1 M 5 2.54
I11-9 F 29 2.23 IV-2 F 8 2.47
IV-1 M 2 2.36
IV-2 F 3 4.40 II-1 F 51 2.23*
IV-3 M 5 5.55 III-1 M 16 5.11

SH III-2 M 18 2.95
11-1 F 44 2.14* III-3 M 23 5.36
II-2 M 49 6.28

KO III-1 F 7 5.66
III-2 M 10 2.92 II-1 F 38 5.30
111-3 M 12 5.71 11-2 F 46 2.73*
111-4 F 20 2.93 III-1 M 22 4.88

111-2 M 19 5.11
II-1 F 67 5.30 I11-3 M 12 5.16

MI III-1 F 40 5.11 UCt II1-4 F 17 5.15
III-2 F 25 2.35* III-5 F 14 6.33

III-6 F 26 2.66*
II-1 F 32 5.05 III-7 F 22 2.72
11-2 M 41 2.35* III-8 M 21 2.57

AN 111-1 F 11 2.51 111-9 M 19 2.98
III-2 M 10 6.25 III-10 F 16 4.80
III-3 M 8 2.77

11-1 M 63 2.21
I-1 F 80 2.83 11-2 F 59 5.07

TE II-1 F 56 5.73 OK III-1 M 35 2.37*
11-2 M 60 0 111-2 F 30 5.33

III-1 M 33 2.67* IV-1 M 8 2.96

* Proband.
t The two probands, 11-2 and III-6, of kindred UCwere ascertained independently of each other.
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TABLE III

A comparison of Kcat values in control individuals and in
members of kindreds segregating for hypocatalasemia

and acatalasemia

K,:t values

Source and type of patient No. Mean SD Range

ABCCClinic control 259 5.38 0.73 3.90 -7.47

Non-acatalasemic members of
kindreds segregating for
acatalasemia (Reference 3):

Normal 55 4.97 0.61 3.96 -6.47
Hypocatalasemic 31 2.17 0.35 1.48 -2.87

Kindreds found to be segregating
for hypocatalasemia (present
study):

Normal 31 5.30 0.53 3.92 - 6.28
Hypocatalasemic 37 2.51 0.27 1.94 - 2.98

the results of which have been reproduced in Table
I. He has studied three areas, namely, Okayama,
a city of some 236,000 individuals situated on the
island of Honshu, facing the Inland Sea, and two
semi-mountainous regions of central and western
Honshu, located in Nagano and Shimane prefec-
tures, respectively, where several sibships with aca-
talasemic members have been encountered. The
figures for Okayama Japanese (college students,
740; patients attending an otology clinic, 419; and
randomly selected adults, 341) are in satisfactory
agreement with those for Hiroshima and Nagasaki.
The figures for Nagano and Shimane are based
on surveys of primary school children from the
first through the sixth grades. The sample un-
doubtedly includes some sibling pairs. Further-
more, consanguinity rates are relatively high in
Nagano; Kubota and others (8) reported total
values for different localities ranging from 9 to 28
per cent. Although consanguinity rates for Shi-
mane have not been established, on the basis of
reports for other widely separated rural areas in
Japan (Summary in Reference 9), it is probably
safe to assume that the frequency of consanguine-
ous marriages corresponds to that of other simi-
lar sections of the country. Thus, it seems quite
likely that there is a significantly greater propor-
tion of related individuals in these two samples
than in those for the three cities studied thus far.
These facts raise some theoretical difficulties in
the interpretation of the usual tests for the sig-
nificance of frequency differences, since a single
extended kindred might be contributing most of
the affected individuals in Nagano or Shimane.
The probability of observing a difference equal to

or exceeding that between the combined obser-
vations in Hiroshima and Nagasaki and those in
Nagano and Shimane (if the expectation for the
areas concerned were the same and all observations
independent) as computed by any one of several
methods, is very low-well beyond the usual sig-
nificance levels. While allowance for the possible
biological relatedness of some of the individuals
in the sample would reduce to some degree the ap-
parent significance of the differences, it could
scarcely eliminate them. In round terms, the fre-
quency of carriers in the Nagano and Shimane
areas is some 10 to 15 times that in Hiroshima
and Nagasaki.

The preliminary findings in persons of Korean
descent residing in Okayama, also summarized in
Table I, are especially interesting. This group,
composed of schoolboys from four different dis-
tricts in Okayama, was surveyed after acatalasemia
was recently encountered in three Korean siblings
in Tokyo (10). In a previous publication (3) it
was argued, from the widespread distribution
throughout Japan of the relatively few sibships
with acatalasemic members, that the responsible
gene was one of considerable antiquity. The dem-
onstration of the gene in Koreans can be regarded
as reinforcement for that suggestion, since the
principal route by which the Japanese reached their
islands appears to have been by way of Korea
(11-15), and it seems more likely, in view of the
history of Japanese-Korean relationships, that the
gene was introduced into Japan by way of Korea
than that recent Japanese-Korean contacts have
resulted in the introduction of the gene into Korea.
On the other hand, the possibility of multiple in-
dependent origins of the gene, in both Korea
and Japan, cannot be completely disregarded.

DISCUSSION

Clearly there are significant local variations in
Japan in the frequency of heterozygotes for the
acatalasemia gene. The concept suggested by
these data, of "pockets" wherein certain rare and
"pathological" recessive genes are represented by
unusually high frequencies, is of course not new
(16), but previously the means of directly verify-
ing and quantitating this concept have not been at
hand. This demonstration has important impli--
cations for the use of certain genetic formulae,
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which are discussed below. In a previous publi-
cation, the frequency in Japan of carriers of the
gene for acatalasemia was estimated at 0.006 (3).
This estimate was based on a formula derived by
Dahlberg (17), namely,

16k-15c -ck)

with the frequency of heterozygotes then calcu-
lated from the relationship,

heterozygotes = 2q(1 - q) (1 - a) [2]

where q = the frequency of the recessive gene re-
sponsible for acatalasemia; c = the proportion of
first-cousin marriages among the population as a
whole, assumed from previous studies in Japan
to be 0.06 (18, 19); k = the proportion of first-
cousin marriages among the parents of homozy-
gous individuals, assumed from the data on 17
sibships to be 0.59 (3); and a = the coefficient of
inbreeding for the population, assumed from previ-
ous studies to be 0.004 (18).

Kimura (20) has now provided a more gen-
eral, maximum likelihood-type formula, which has
the advantage of utilizing for the estimate all the
data available concerning consanguinity in the
parents of affected individuals. Kimura has also
derived the formula for the variance of the esti-
mate, which was not available for Dahlberg's ap-
proach. With this method, substituting values
to be found in our previous paper, the gene fre-
quency is estimated at 0.00082, with a standard
error of 0.0053. Thus, within the range of 1
standard error above and below the estimated gene
frequency are to be found values from zero to
0.0061, the latter corresponding to a carrier fre-
quency of 0.0121. The estimate has so large an
error as to encompass the value obtained with the
Dahlberg equation and also both the observed
Nagasaki-Hiroshima and the Nagano-Shimane
values, even though these latter two values differ
significantly from each other. Although, with
only 17 sibships on which to base the gene fre-
quency estimate, a large error was to be expected,
the actual magnitude of this error is sobering. It
is clear that many more data must be collected be-
fore it will be possible to test with any precision
the degree to which the gene frequencies predicted
for various regions in Japan and the total area
will depart from the frequencies which can be

determined by suitable surveys. At a first ap-
proximation, it would appear that at least 100 ad-
ditional sibships in which acatalasemia is segre-
gating will be necessary to refine the gene fre-
quency estimate to the point where comparisons
between observation and expectation become
meaningful.

The importance of estimating the frequency of
the carriers of a variety of recessive genes is such
that a considerable expenditure of effort in pursu-
ing this favorable test situation would be war-
ranted if it promised to yield a critical evaluation
of the usefulness of Dahlberg's and Kimura's
formulae. However, there is now reason to sus-
pect that human populations depart from the
mathematical models on which the formulae are
based to an extent which renders a close corre-
spondence between prediction and observation un-
likely. The formulae are based on certain rather
sweeping assumptions. Although geneticists have
recognized for some years that these assumptions
involve oversimplifications of highly complex situ-
ations (Discussion in 3, 17, 18, 21, 22), the use
of the formulae was nevertheless justified be-
cause, in the case of rare recessive traits, it re-
sulted in an approximation to a figure usually not
otherwise available. These assumptions state that:

1) There is a uniform gene frequency through-
out the total area under consideration, an assump-
tion whose incorrectness in the case of acatalasemia
has already been demonstrated by graphic evi-
dence.

2) The population is in genetic equilibrium;
i.e., the balance between mutation, selection, and
population structure is such that the gene fre-
quency has stabilized.

3) The population constitutes one interbreeding
unit. Patently, two individuals, one from Hok-
kaido and one from Kyushu, have much less op-
portunity of marrying than a pair from Honshu,
but migration between the hierarchy of "isolates"
(or neighborhoods) within "isolates" which com-
prise a population is assumed to occur at a rate
sufficient to result in a satisfactory approximation
to the model.

4) The disease is genetically homogeneous; i.e.,
all affected individuals result from mutation at the
same locus, again an assumption that seems un-
true for acatalasemia (3 and unpublished obser-
vations).
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It is clear that we are not yet in a position to
judge just how far human populations depart from
assumptions 2, 3, and 4, or the manner in which
these departures influence mathematical predic-
tion. There are indications, however, that the
departures may be very considerable. On the
other hand, the data of this paper, plus the findings
of Takahara, do give us rather graphic insight
into the departures which may exist from assump-

tion 1. It is clear that these departures may be
of such magnitude as to have important implica-
tions for the use of these specific formulae and for
the manner in which data on consanguinity ef-
fects are utilized for a variety of genetic calcula-
tions. Out of a multitude of possible illustrative
models, two simple alternatives suggested by the
present survey data may be considered. These
alternatives are certainly abstractions in that,
while they represent a step toward biological
realities, they are still gross oversimplifications.
Without these oversimplifications, however, the
principal point could be buried in a mass of mathe-
matical detail. Let us assume that in a group of
10,000 individuals there occurs a completely neu-

tral and completely recessive gene. This gene is
limited to three extended kindreds, in each of
which 10 (heterozygous) members possess it.
This group moves into a new and favorable geo-

graphical area. Circumstances are such that this
group immediately becomes subdivided into three
subgroups ("neighborhoods") comprising, respec-

tively, 10, 20, and 70 per cent of the population,
with differing rates of inbreeding and with no ex-

change of members. It may be assumed that at
the time such a group first moves into an area and
distributes itself to occupy the desirable portions
of the new territory, biologically related individu-
als (kindreds) will tend to remain together. We
will postulate that in the smallest group, 10 per

cent of all marriages involve first cousins (c =

0.10), while in the intermediate group the fre-
quency of first-cousin marriage is 5 per cent, and
in the largest group, 1 per cent. In time, all sub-
groups undergo a 100-fold increase in numbers,
so that the total population becomes 1,000,000,
with gene carriers increasing proportionately.
No further mutations resulting in this particular
gene occur, and there is assumed to be no genetic
drift.

Let us now explore the consequences for the

application of Dahlberg's formula of the location
of the three kindreds carrying the hypothetical
gene. We use Dahlberg's rather than Kimura's
formula only because of the mathematical sim-
plicity of the former. In model 1, it is assumed
that one of these kindreds finds a place in each
of the three "neighborhoods." In model 2, it is
assumed that all three kindreds come to reside
in the largest "neighborhood." The differences
which these accidents of distribution can intro-
duce into estimates of q as calculated from the
over-all average of c and k are shown in Table IV.
For each of the subpopulations, k has been de-
rived by substitution of the given values of q and
c into Formula 1. Then, as would be the case
in most attempts to calculate gene frequencies, an
average value of c and k for the entire population
has been obtained. It is apparent that the esti-
mates of q for the total population resulting from
substitution of the average value of c and k in
Formula 1 differ for the two models by a factor
of 5.

Although this particular example is undoubtedly
somewhat extreme in the disparate degree of in-
breeding in the subpopulations, as well as in the
rarity of the gene concerned, and in the simplify-
ing assumptions which are made regarding the
characteristics of the population, it is clear that
lesser disparities, such as can exist within even
a single Japanese city (19), can easily result in

TABLE IV

Comparison of calculations for the frequency, q, of a rare
recessive gene in two contrasting population models

(described in the text)

Proportion
of

population q c k

Model 1
10 0.0050 0.10 0.60
20 0.0025 0.05 0.58
70 0.000714 0.01 0.48

qav = 0.0015 cav = 0.027 kay = 0.59
qcaic = 0.0012

Model 2
10 0.0 0.10
20 0.0 0.05
70 0.00214 0.01 0.24

qav = 0.0015 cav = 0.027 ka, = 0.24
qcalc = 0.0060
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FREQUENCYIN JAPAN OF CARRIERS OF ACATALASEMIAGENE

calculations differing by a factor of 2 or 3. It
should be re-emphasized that these are vastly
oversimplified models, chosen from a multitude of
possibilities, but a variety of other models would
serve to make the same point of the influence of
population structure on gene frequency estimates.
Furthermore, only one of several ways in which
populations may depart from the model has been
considered here. Other possible, disturbing in-
fluences include such factors as fertility differen-
tials, recent relaxation of inbreeding, and assorta-
tive mating. Fortunately, the increasing ability
to detect a variety of heterozygous carrier states
promises to substitute observation for the predic-
tions of oversimplified statistical models, and at
the same time may provide the insight to improve
the models.

These simple models also have some interesting
implications for attempts to utilize inbreeding ef-
fects for a variety of computations (23). Re-
turning to the situation described above, assume

that the trait associated with this hypothetical re-

cessive gene is readily identifiable, so that it would
be scored in studies on inbreeding effects. Fur-
ther, assume only two types of marriages in the
two populations, namely, between first cousins
or between unrelated individuals, and, for this
generation, stability in population numbers. The
frequency of appearance of affected individuals
from the two types of marriages in consequence of
the two different models of population structure
has been computed in Table V. In the first case,

the ratio of proportion affected from first-cousin
marriages to proportion affected from non-con-

sanguineous marriages is approximately 49,
whereas in the second case, it is approximately 10.
Stated in terms of the ratio of the "inbred load" to
the "randomly mating load" of Morton, Crow and
Muller (23), these correspond to ratios of 763 and
151, respectively.

The significance of a knowledge of population
structure for attempts to calculate "mutation"
versus "segregation" loads is thus obvious, but
will not be discussed in detail at this time. How-
ever, it may be noted that this factor has been in-
adequately dealt with in some current treatments
of the subject (23, 24). It should also be ap-

parent from the model that conclusions regarding
the number of loci at which recessive genes ma-

occur with a given phenotypic effect (e.g., deaf

mutism), which are based upon an apparent dis-
crepancy between the observed frequency of the
phenotype and the frequency of consanguinity
among the parents of affected individuals, may also
be biased by this "neighborhood effect." The bias
can be of such a degree that, for the present, at-
tempts on the basis of consanguinity data to esti-
mate the number of recessive genes capable of
producing a given phenotype, and the deductions
drawn therefrom (25), cannot be taken very
seriously, a fact which if not already apparent on
theoretical grounds would be suggested by the wide
discrepancy between calculations based on the data
of Stevenson and Cheeseman (26) from Northern
Ireland and Lindenov (27) from Denmark.

SUMMARY

A rapid and simple method for detection of hy-
pocatalasemic heterozygotes for the gene re-
sponsible for acatalasemia is described. A total
of 13,647 blood specimens from individuals re-
siding in Hiroshima and Nagasaki has been ex-
amined in this manner, and the frequency of hypo-
catalasemics was found to be 0.09 per cent. Sur-
veys in other parts of Japan have revealed fre-
quencies of the order of 1.4 per cent. This un-
evenness in the distribution of a rare "recessive"
gene, taken in conjunction with the known varia-
tion from locality to locality in the frequency of
inbreeding, has important implications for the
interpretation of data on inbreeding effects. Some
of these implications are discussed.
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