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THE FREQUENCY IN JAPAN OF CARRIERS

OF THE RARE 'RECESSIVE’

GENE CAUSING ACATALASEMIA

Fhe' o BEFRBEHIIS-—YtNEOBEFREEOBRICE T ZEE

INTRODUCTION

Although it is inecreasingly recognized
that many rare 'recessive' genes have
effects in the heterozygous state which
can be detected by suitable laboratory
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. The
genetic formulas commonly employed £or
calculating heterozygote frequencies
assume a uniform gene distribution within
the units of population under study. This
assumption, while obviously at variance
with the natural history of most human
populations, is useful because it provides
an approximation to values not otherwise
available. Until now it has not been
possible to test the divergence between
actual and estimated heterozygote fre-
quencles for a rare 'recessive' gene with
a simple, quick, and accurate method
suitable for survey purposes.

It will be the object of this paper
to describe such a method for detecting
the heterozygous carriers of a particular
rare 'recessive' gene. Survey data
will be presented indicating significant
local variations in gene frequency. The
implications of such departures for
certain basic genetie problems will be
briefly explored.

The trait in question is acatalasemia,
a recessively inherited condition which is
characterized by the absence of detectable

tissue catalase activity.l He terozygotes
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for this gene have been shown to exhibit
approximately half normal values of
catalase activity.2 In a previous paper,
it was noted that the application of
standard genetic formulas led to an
estimate of 0,003 for g, the frequency
of the gene responsible for the trailt,
from which the frequency of homozygotes
was calculated to be 0.00002, and of
2 and 600 per
100,000 Japanese, respectively.3 The
many assumptions which went into these

heterozygotes, 0.006, i.e.,

calculations were discussed briefly,
with the statement that in general the
computations were of such nature as to
result in inflated estimates of the gene
frequency and the true frequency might
well be of the order of 0,0015.
possible to pursue this point further.

It is now

METHODS OF STUDY
COMPOSITION OF THE POPULATION SAMPLE

Screening for hypocatalasemia was
performed on all blood samples received
in the Clinical Laboratories of the
Atomic Bomb Casualty Commission (ABCC) in
Hiroshima and Nagasaki. Samples were

derived from three sources:

Radiation exposed and nonexposed®*
individuals who are voluntarily partici-
pating in the ABCC Adult Health Study?

Children seen in the ABCC Child Health
S tudy

Blood specimens referred to ABCC by
local practitioners, where blood only was
received with a request for laboratory
determinations. This group constituted
less than 5 per cent of the total
number of specimens examined; catalase
abnormalities never formed the basis

for referral.
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*Since it has been found that there is no difference between erythrocyte catalase activity among
exposed and nonexposed individuals, 3 possible radiation effects need not be considered.

ﬁ&#kﬂ&@ﬁdfﬂﬁﬁ?}—PﬁHTJMmfmfLU:&@ﬁwvh\Uﬁﬂf.ﬂ“%mmwwﬂﬁ?%ﬁﬁAﬂ

QLéi""‘g



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-offspring or
sibling pairs) constituted more than 15 per
cent of the sample. Blood specimens
positive to the screening test were sub-
jected to the more precise assay for
erythrocyte catalase activity, as described
below.

ASSAY METHODS

SCREENING METHOD. The 20 cu mm blood
specimens were transferred to 20 ml of tap
water, with care to wipe the outside 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 0.005 M potassium
The latter solution could be
added to a row of tubes at any convenient
time after addition of the acid which
s topped decomposition of peroxide. If a
pink color persisted after addition of the
permanganate, catalase was present; if the

permangana te.

solution remained colorless, catalase
either was absent or in low concentration,
provided the hemoglobin was within normal
limits. This test was based on two
premises: '

That a given amount of catalase, in a
given time interval, decomposes a fixed
amount of hydrogen peroxide, the amount
remaining in effect being measured by
titration with permanganate. The concen-
tration of permanganate chosen was such
that only individuals
activity less than three standard
deviations below the mean catalase
activity of a control population would

with catalase

show a positive reaction.
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This, in turn, was based on the assump-
tion that the hemoglobin in the blood
sample was within normal limits, since it
has been shown that there is a linear
relationship between erythrocyte catalase

activity and hemoglobin concentratinn.3

Thus, false positive results were to be
expected in those instances where the
hemoglobin concentration was low. Because
this was primarily a screening test,
adjus ting the hemoglobin concentration was
of necessity omitted, but the test was so
designed that in the majority of instances
only blood samples with a hemoglobin of
less than 7.5 gms per cent would give
false positive results. However, since
hypocatalasemia was not necessarily ruled
out in the presence of anemia, a precise
assay for catalase activity was performed
whenever the screening test was positive.

In this study it was customary to
withdraw the 20 cu mm sample from a tub®
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. If it is inconvenient to
carry all the reagents into the field, a
heparinized pipet may be used, and the
bloed transported to the laboratory for
the sereening test. However, care should
be taken to avoild unduly long intervals
between obtaining the blood and screening,
unless the sample is refrigerated. Further
the latter method suffers from the disad-
vantage that in the case of positive
results, where the precise assay 1is
necessary, a second sample of blood must
be obtained at a later time.

ASSAY FOR ERYTHROCYTE CATALASE ACTIVITY

The method for determining erythrocyte
catalase activity (Kcat activity) already
has been described. 3 Koat values for a
control group of normal individuals ranged
from 3,90 to 7.47, whereas those for a
group with hypocatalasemia 1n several
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families in which a tralt for acatalasemia
(Kcat equals zero) is segregating ranged
from 1.48 to 2.87, with no overlap in
values between the two groups.

An attempt was made to determine the
frequency with which false positives
(positive screen with normal K, .) and
false negatives (negative screen with low
Koot In a series of 120 blind
tests, where both the screening and K

) occurred.
cat
assay were performed on individual samples,
there were no instances of false negatives;
but false positives did ocecur, either
because of a low hemoglobin level, as
discussed above, or a combination of a
Kcat value at the lower limit of normal
and a somewhat lowered hemoglobin level,
Table 1 shows selected examples of various
combinations of screen results, K

cat

values, and hemoglobin concentrations

which were observed.
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TABLE 1 SCREENING TEST RESULTS FOR SELECTED SUBJECTS, COMPARED WITH KC#T YALUES
AND HEMOGLOBIN CONCEMTRATIONS
£1 —HOBBHA O L0 A ZZIRERED BT & Koy il & & O R B0 ik

SUBJECT [SCREENING TEST RESULT Kch YALUE ([HEMOGLOBIN CONCENTRATION
R R BN i 7T R fi 1 € 3 7% 1

3K o 5, 58 14.0

NA = 5. 46 21.8

IN * 3.91 10.1

ST + 5.12 7.4

it + 2,31 13.8

Kni + 0 14,2
fHypocatalasemic from family HA, 111-8, Figure 1.

JEBHALZ B A{EA 5 7 —EMiEH, T— 8,
I¥=2,

+Acatalasemic from family NA,

[2] 1 %88,
Reference 3.

FHNAICE 2L ¥ 5 - FMAEH, N—2, B& k3 20,

In this series, about 1 per cent of the
screening tests gave false positive
It would thus appear that in
surveying a large population, false
positive results can be minimized by

resul ts.

determination of the hemoglobin values and

performance of the K . assay, whereas
false negative results (e.g. missed
hypocatalasemia) ocecur rarely, if at all.

In any case, where the positive test plus
the precise assay indicated the presence
relatives of such

individuals were studied and in every

of hypocatalasemia,
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instance save one, other members in the
kindred were found to be carriers, evidence
that would appear to indicate a high degree
of reliability for the test when it is
positive.

FAMILY FOLLOWUP

In all instances where a positive
screening test followed by a K ., assay
revealed the presence of hypocatalasemia,
a second sample of fresh blood was obtained
at a later date and K_ .
mined. In every case, the second result
confirmed the first. At this second visit,
a careful pedigree was obtained from the

activity redeter-

proband; subsequently other members of the
family either came to ABCC or were visited
in the home, blood samples were obtained,
and K, . analyses performed. In this way,
individuals from ten families were studied
in detail with respect to K, . values.

RESULTS

Table 2 summarizes the survey findings
in Hiroshima and Nagasakl together with
those from several recently reported
studies of Takahara.® The probability
of as great or greater difference in
frequency between the two citles, if
the expectation for both is the same,
as evaluated by the exact method for
2 x 2 tables,7 is 0.28, clearly nonsigni-
ficant.

Figure 1 and Table 3 present the data
obtained in studies on the kindreds of the
eleven hypocatalasemic subjects encountered
in the course of the survey. In Table 3,
the column labeled pedigree position refers
to the position of each individual in the
pedigrees of the ten kindreds concerned,
as shown in Figure 1. A roman numeral
indicates generation and an arabic figure,
position in that generation.

Means, ranges, and standard deviations of

Kcat values for normal and hypocatalasemie

subjects in this study and those previously
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In the
previous study, a significant difference

reported3 are compared in Table 4.

was noted between the mean for normal
control determinations performed on
subjects belng studied at the ABCC and
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
determinations, presumably with some loss
of catalase activity. In the present
s tudy, where it was possible to perform
determinations almost immediately after
the blood was drawn, the normal values
correspond very well with ABCC Clinie
control values, thus corroborating the
suggestion of loss of catalase activity
with storage.

In the earlier reporta, attention was
directed to the fact that heterozygotes
averaged only 44 per cent normal catalase
activity.
superior data (because less time elapsed
between sample collection and catalase
determinations) that figure is slightly
higher, namely, 47.4 per cent. As previ-
ously noted, the finding of a heterozygote

In the present, presumably
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TABLE 2 'RESULTS OF SI1X SURVEYS, NUMBER EXAMINED AND FREQUENCY OF HYPOCATALASEMIA
#2 6o0WEIHITAHEMEN LB Y - FMEOHEE

[suBJECTS| HYPOCATALASEMIA
POPULATION INVESTIGATOR EXAMINED| E# % 5 — ¥ IME
M OHETH xE #i i+ 4 |NUMBER | FREQUENCY
' 9 1 17
JAPANESE H#&E A
HIROSHIMA |HAMILTON, et al PRESENT SURVEY t
I B HAMILTON 5 ([0 #A) < N i
NAGASAKI HAMILTON, et al PRESENT SURVEY
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il 111 7 TAKAHARAS g ¢ 1,500 0 0.000000
NAGAND [
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FIGURE 1 PEDIGREES OF FAMILIES WITH CARRIERS (HYPOCATALASEMICS) FOR ACATALASEMIA
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TABLE 3 MEMBERS OF HYPOCATALASEMIC FAMILIES, PEDIGREE POSITION, SEX, AGE, AND KCAT YALUES

#3 KAy - FMEXESORS LofE, M, FHs L U'Kgpplit

FAMILY|PEDIGREE PpSITlUN SEX|AGE KBAT VALUE Fﬂc'MIL\" PEDIF{REE PDSITIUN[SEX AGE KB!T YALUE
3% #H Lol YE | I % hE %% o PE | e il
-1 F 76|  2.64 -1 F 42 2. 43t
11-1 M 54 5.75 -2 M 45 5.55
11-2 F 50 2.32 GO [1r-1 M 10 2. 54
-3 F 53 2.22 111-2 M 18 5.15
11-4 M 55 5.10 111=-3 M 19 2.52
1i1-1 [F | 22 5. 26
111-2 M 12 2,44 L= F B1 2.7
HA 111-3 F 14 5.55 11-2 M i1} 3.02
111-4 M 15 4,47 =1 M 25 1.04
111-5 M 21 2.49 TA [11-2 F 26 5.79
[11-8 M 25 2.08 111-3 M 29 5.40
-7 F 27 2,53 111-4 F a8 2. 471
111-8 M 28 2. 121 1v-1 M 5 2,54
[11-9 F 29 2.23 1¥-2 F 8 2.47
lv-1 M 2 2.36
1v-2 F 3 4.40 [1-1 F 51 2. 23t
1¥-3 M 5 5. 55 SH 1= " 15 5. 11
111-2 M 18 2.95
1= F 44 2. 14t 111-3 M 23 5.36
1i-2 N 49 5.28
KO 11l-1 F 7 5. 66
111-2 M 10| 2.82 (-1 F 38 5.30
111-3 M 12 5. 71 112 F 46 2,731
111-4 F 20 2.93 -1 |M 22 4.88
i11-2 M 19 5.11
1i-1 F B7 5.30 | 111=-3 M 12 5.18
M 1i-1 | en 5.11 ved 111-4 F 17 5.15
i1-2 F 25 2. 39f i11-5 F 14 6.33
L11-6 F 26 2. 667
-1 F 32 5.085 1117 F 22 2.72
-2 " 41 2,351 111-8 M 21 2.57
AN 111-1 F 11 2. 51 111-9 M 19 2.08
111-2 M 10 5.25 | 111-10 F 18 4.80
111-3 M 8 2.1
s M 53 90
I-1 F 80 2.83 [ -2 F 59 5.07
TE 11-1 F 56 5.74 0K 11E-1 M 35 2.371
-2 M B0 0 111-2 F 30 5.33
111-1 M 33 2,671 1¥-1 M 8 2.986

fProband iR

Il'he two probands, 11-2 and 111-6, were ascertained independently of one ancother.
I—2#&tUM—6m2 ADREEEZATAMAIZER s H .



TABLE 4

KCAT VALUES FOR HYPDE&;#LASEMIE. ACATALASEMIC, AND CONTROL SUBJECTS

Y SOURCE OF DATA

A4 MMH,ﬁﬁ9ﬁ—ﬁ@ﬁ%ﬁb&ﬁ%ﬁ95—ﬁm%$m®mmﬁﬁmm%nm
SOURCE OF DATA SUBJECTS |MEAN fear YALUES i RANGE
i pa *r 1l STlNDI%DEgE?LE;EHTIUN i [
ABGC CLINIC CONTROLSIABCCZZHh oM %3 259 5.38 0.73 3.80-7.47
ACATALASEMIC FAMILIESSHE D ¥ 5 — ¥ g% K
NORMAL [E¥ ¥ 55 4.97 0.61 3.96-8.47
HYPOCATALASEMIC fE#h & 5 — ¥ EH a1 2.17 0.35 1,48-2.87
HYPOCATALASEMIC FAMILIES. PRESENT SURYVEY
4 % 5 — ¥ MEFRKE (500l
NORMAL (F? 31 5.30 0.53 3,02-6.28
HYPOCATALASEMIC (B % 5 — & fiE# 37 2. 51 0.27 1.94-2,08
with less than half normal activity for a 1115 "I rkThE. 2O L, MEOZESR
particular enzyme is unusual and raises P il <
the possibility that the mutant gene in ERBIZT A OBREAOIFEIER & MR A S
question 1s assocliated with an inactive A3THAHIZLanTE0THY, R Bi’hf_;ﬁgfg
T o e e by 4y ERUE) LD 60 KD LG A0
produced at a somewhat greater rate PELER TN O TE LV EEDR S, LY
than the active form. On the other L—HiibWwT, 20EREEFBIZHS T —+F

hand, the observed value does not depart
significantly from 50 per cent, with the
resul tant possibility that the mutation
in question simply results in total lack
of production of catalase protein.

In kindred TE the father of a hypocata-
the
course of the survey was found to be

lasemic individual encountered in
acatalasemiec but, superficially at least,
in satisfactory heal th. This provides
limited substantiation of the earlier
suggestion3 that a significant number of
acatalasemiec individuals may go through
life without developing the necrotizing
gingivitis whieh usually brings such
individuals to medical attention.

The present data confirm in all respects
the previously advanced hypothesis that
hypocatalasemia and acatalasemia are
related as heterozygote and homozygote,
and, further, demonstrate that the present
screening technlque is highly efficient
in the recognition of hypocatalasemia.
Japanese investigators are now conducting

surveys at widely scattered points in
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J apan.
are those of Takahara,

The most advanced of these surveys
6 some of the results
of which have been reproduced in Table 2.
Three areas have been studied, namely,
a city of some 236,000 individuals
situated on the island of Honshu facing
the Inland Sea,
mountainous regions of central and western
Nagano and Shimane prefectures
respectively, where several sibships with
acatalasemic members have been encountered.
The figures for Okayama Japanese (740
college students; 419 patients attending an
otology elinie; and 341 randomly selected
adults) are in satisfactory agreement
with those for Hiroshima and Nagasaki
since one would not expect to find carriers

Okayama,
and parts of two semi-

Honshu,

in the small group surveyed in Okayama.
The figures for Nagano and Shimane are
based on surveys of primary school children
from the first through the sixth grades
in several towns. The sample undoubtedly
included some sibling pairs. Furthermore,
consanguinity rates are relatively high in
Nagano, Kubota, et al8 reporting total
values for different localities ranging
from 9 to 28 per cent.
guinity rates for Shimane have not been
established, on the basis of reports for

o ther widely separated rural areas in

Al though consan-

J&pa.n,9 it is probably safe to assume that
the frequency of consanguineous marriages
corresponds to that of other similar
sections of the country. Thus,
quite likely that there is a significantly
greater portion of related individuals in

it seems

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
significance 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 observations in Hiroshima and
Nagasaki and those in Nagano and Shimane,
if the expectation for the areas were the
same and all observatlions independent,
as computed by any one of the several

11
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me thods, is very low, well beyond the usual
significance levels. While allowance for
the biological relatedness of some of the
individuals in the sample would reduce this
degree of significance of the difference,
1t could scarcely eliminate it. In round
terms, the frequency of carriers in the
Nagano and Shimane areas is thus some ten
to fifteen times that in Hiroshima and

Nagasaki.

The preliminary findings in persons of
Korean descent residing in Okayama, also
summarized in Table 2, are especially

interesting. This group, composed of
school boys from four districts in Okayama,
was surveyed after acatalasemla was
recently encountered in three Korean
siblings in Tokyo.10 This was the first
description of acatalasemia in non-
Japanese.

was argued from the widespread distribution

In a previous publication3 it

throughout Japan of the relatively few
sibships with acatalasemic members that the
responsible gene was one of considerable
antiquity. The demonstration 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
Koreall™19 and in view of the history of
Japanese-Korean relationships it seems more
likely- 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 independent origins of the
gene, in both Korea and Japan, cannot be
disregarded.

DISCUSSION

The results of the present surveys,
combined with the studies of Takahara,
make it clear that there are significant
local variations in Japan in the frequency
of heterozygotes for the acatalasemia gene,
The fact that several homozygotes for the
acatalasemia gene have been reported from
the Nagano and Shimane areas thus 1is not
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solely a matter of the chance marriage of
gene carriers, but also reflects a true
difference between the gene frequency here
and in other parts of Japan. 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 quanti-
tating this concept have not been at hand.
The present data provide an unusual
opportunity for comparison between actual
carrier frequencies and those predicted
with
Although a much larger body of data would
be desirable for firm comparisons, a
cautious exploration of the following
question seems warranted: How does the
gene frequency estimate obtained by pooling
family data collected all
compare with the observed facts?

over Japan

In a
previous publication,3 the frequency
in Japan of carriers of the gene for
acatalasemia was estimated at 0.006. This
estimate was based on the use of a well-

17

known formula of Dahlberg™ ' namely,

g c(l - k)

the aid of certain genetic formulas.’

BEFREERLMERIEE L w7~
BTz, fioiX &kt Fidoi 7 I38EE
FTOHREZOLEDIZIE - &) LAHEYHZ Z L
ERMLTWS., ChonERr2s, baxhk
RS HEEFARECHVHEZE 2 R THRESY 5
BEVIIFEZHEMIAFT LVEDTIELEWH,S
LA LBzt zn®E B4R E Rt § 5 ik
p AL s RO

=2 v HE

HSEIOMERR A 6, EEREORKEOHRE L
BIERNIZE - THELAHERE L 2 BT 5%

ErwHEPEZENEbIITHSE. EELL
ﬂ%ﬁ&ﬁtmuuﬁu§<®ﬁﬁﬁ§ibwﬁ
HAE L8 -KRZERE2HA L THAEE
T OHEE B & 5 mﬁmﬁﬁamﬁm5m$ﬁ

ZENSEHLLEVIBBIIOVWTHEHEIIERT S
VENH LB, DaTo ¥EREc,? HEI
BUAEAS Y7 - CIEDBEFREE O HE
130.006& % L=, 2 ol 12 5 @ Dahlberg !’

DX, Thbb,

(1)

16k - 15¢c - ck

with the frequency of heterozygotes then
calculated from the relationship,

Heterozygotes SEAIRHEA (A

where

the frequency of the recessive gene
responsible for acatalasemia

¢ = the proportion of first cousin
marriages 1in
whole, assumed from previous studies
in Japanl8:19 to ve 0.06

the population as a

the proportion of first cousin
marriages among the parents of
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homozygous individuals, assumed from
the data® on 17 sibships to be 0.59
| a = the coefficient of inbreeding for the a=COEMOIEHREEOFE KT, LatoHR
population, assumed from previous - N —
3 v b E TR 7
studies!8 to be 0.004 b OHEEMI120.004E % B
kimura20 has provided a more general, AHD ZREOTHLO MBHEIZ>VT, A
maximum likelihood formula which utilizes & Q :
all the data available concerning con- FLESITANTOAMER O THIC BN ZHRA
sanguinity in the parents of affected EXRE252, ssicfE@oaiicrt+aXe8
individuals, and in addition has derived 5
TWwa, +Ht
the formula for the variance of the ALT R Fabb,
estimate, namely:
u u
v 2 = °=0 and
o * (3)
i=o x + (1 - x) f x
i ¥t 2 5 16 \2 32 2 v 21-v)
1 o u_ + v u; + 3 P LM +
. M = o 9 1+15x 1 1+31x 2 v x2N
= s : = (4)
. (uo 4 15.16uy | 31.32u, ) u,
ol — B
x2  (1+15x)2  (1+31x) % x2
il toXT,
x = the fregquency of the recessive gene o B =,
=M 0 HMEE S OBE

in question

the coefficient of inbreeding for
the children of the sibship in which
the recessive defect occurs (fo =0
for unrelated parents, f, 6 = 1/16

for first cousins, ete.)

m, = number of sibships yielding re-
cessive individuals in which a
particular f. obtains

M = total number of sibships in which
the recessive trait has been
reported ( = my + mg 4 mg + Tl

I:.l1 = ml
M

Ve the proportion of sibships resul t-
ing from nonconsanguineous marriages
in the population at large.

E=5MATOELARROFHAL L DEX
Z¥ (M MESETL VA f =0 ,
W& ZO%A =K

m, =Fk % ELOEEFEOFROMSE
F ¥

M=FEATurgELn T VAR ROHBRE
p_m0+m1+m2+ ............ )
u‘:-t_ri_]:.
& M

vo=EHBE T wEE s ER L FARO %
Madkizxd 4 286



This equation may most conveniently be
For the
data on acat&lasemi&,s f assumes six values
(0, 0.03125, 0.03906, 0.06250, 0.07031, and
0.07813) with corresponding frequencies (u)
of 0.1176, 0.1176, 0.0588, 0.5882, 0.0588,
and 0,.0588. For the Japanese population
at the time the marriages resulting in

solved by an iterative procedure.

these acatalasemic individuals were
contracted v, was assumed to be 0.90. For
the initial value of x 1t will often
use that yielded by

It is worth noting
that in the iterative solution for this
particular formula, Newton's method may
lead to difficulties for certain values
of q.

be convenient to
Dahlberg's formula.

Al though the English summary of Kimura's
paper speaks of the affected individual as
the unit of tabulation,
from the Japanese text that he uses the
and that
practice has been followed in the example.
With this method, the gene frequency is
estimated at 0,.00082,
of 0.0053. Thus,
one standard error above and helow the
estimated gene frequency are to be found
values from 0 to 0.0061, the latter corre-
sponding to a carrier frequency of 0,0121.
The estimate has so large an error as to
encompass the value obtained with Dahlberg
equation and also both the observed

it is apparent

segregating sibship as the unit,

with a standard error
within the range of

Nagasaki-Hiroshima and the Nagano-Shimane
values, even though these two values
differ significantly. Although with only
17 sibships on whieh to base the gene
frequency estimate, a large error was to
The actual magnitude of this
It is eclear that much
more data must be collected before it will
be possible to test with any precision how
far the gene frequencies predicted for

he expected.
error is sobering.

various regions in Japan and for the total
area will depart from the frequencies which
can be determined by suitable surveys. At
a first approximation, 1t would appear that
at least 100 additional sibships in which
acatalasemia is segregating will be
necessary to refine the gene frequency
estimate to the point where comparisons

15
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between observation and expectation
becomes meaningful.

The importance of estimating the fre-
quency of the carriers of a variety of
recessive genes 1s such that a considerable
expenditure of effort in pursuing this
favorable test situation would be warranted
if it promised to yleld a critical evalu-
ation of the usefulness of Dahlberg's
and Kimura's formulas. However, there
is now reason to suspect that human
populations depart from the mathematical
models on which the formulas are based
to an extent which renders a close corres-
pondence between prediction and observation
unlikely. As is well known,
are based on certain rather sweeping
assumptions. Although geneticists have
recognized for some years that these

the formulas

assumptions involve oversimplification of
highly complex situations,3»17,18,21,22 44
has appeared that the use of the formulas

was nevertheless justified in that, in the

case of rare recessive traits, they
resulted in an approximation to a figure
usually not otherwise available. The

formulas are based on these assumptions:

That there is a uniform gene frequency
throughout the total area under consid-
eration, an assumption concerning whose
incorrectness graphlc evidence has

already been demons trated.

That the population is 1in genetice
that the balance
selection,

equilibrium, i.e.,

between mutation, and popu-
lation structure is such that the gene

frequency has stabilized.

That the population constitutes one
interbreeding unit. Patently, two
individuals, one from Hokkaido and one
from Kyushu, have much less opportunity
but
migration between the hierarchy of
within

{or neighborhoods) which com-

of marrying than a pair from Honshu,
isolates (or neighborhoods)
isolates
prise a population is assumed to occur
at a rate sufficient to result in a
satisfactory approximation to the model.
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That the disease is genetically homo-
i.e., that all affected indi-
viduals result from mutation at one and

geneous,
the same locus.

With respect to the latter three assump-
tions, it is elear that from present data
it cannot be judged just how far human
populations depart from them, or the manner
in which these departures influence
mathematical prediction. However, there
are indicators that the departures may be
On the other hand, the
data of this paper, plus the findings of
Takahara, do give rather graphic insight
into possible departures from the first
It is clear that these

depar tures may be of such magnitude as to

very considerable.

assumption.

have important impliecations not only for
the use of these specific formulas but also
for the manner in which data on consanguin-
ity effects are utilized for a variety of
genetic calculations.

Qut of a multitude of possible 111us fra-
tive models, two simple alternatives may
be considered. These alternatives are
certainly abstractions in that, while they
represent a step toward biological reality
they are still gross oversimplifications.
Without these oversimplifications,
the principal point could be buried in a
mass of mathematical details.

however,

First it 1s assumed that in a group
of 10,000 individuals there occurs a
completely neutral and completely recessive
gene. This gene 1s limited to three
extended kindreds; 10 members of each
kindred possess it. This group of 10,000
moves into a new and favorable geographical
area. Circumstances are such that the
group immedliately becomes divided into
three subgroups or neighborhoods comprising
respectively, 10, 20, and 70 per cent of
the population, with differing rates of
inbreeding and with no exchange of members.
It may be assumed that at the time such a
group first moves into an area and distri-
butes itself to occupy the desirable
portions of the new territory, biologically
related individuals (kindreds) will tend to

17

gL, toRAVBEEREMNIIEZE DL
OTHD. wuhzhlE, TTOEEILE
—EM I AERER I, TS LD
HETH 3

ZOmEDIODRBEIZO>VT WL, 4N
DEBRTREREOANOERE 2N L ORGH L O

ENEDREDOEDOTHE L, HERZOHEN
BEMBFHIc k) 2R EL252 3221
TEZWVWI LML THSE. ZITREILZR

EOMENERICREVZIEIREI ATV L
ODHEVZEH. fH, Zo@mXoERCEEOM
ReMmzse, BloRFELoMEIr DL %
LEORPARY BEMIIZ TS, 20OMEH
FEIzkEVWOTEZAFTNOBRRNERWVSLZ &IC
POTORL 6T, MREEOREIZET 2EH
ARMOBMEFMITRCAB T B0 RIS
WTEHERLZERGVLEFOHERLHSZ LHH
birTHB

HEZELOBBEMNZEANITEZL NS D,
hmesEToOMNDICHIaHEMIELAEZL DR
WH EFTadEI. Zhitwihg EEREoEYSE
PRI =BTV D TIEH 30, 2FLL
TiPE Vo CHEME LA THI LI A
TRMRNTHLEDZ LY TR hawn. L

L&) 2Hifitkairas
HFE A8 SR o lfiiohizieb
nNTLEH>C LIz NN

&)
2

5 ot et
e BB,

E Ao

% 4°10,000 A o0 A OTEEF Iz 5E AL,
TH 5.

BRELEOBEFIFELLEDLEER
ZOBEFIEIOORRFIIOEHFEL, BERLE
LU0 T 2P ChEETHL0ET 5. Z010,000
NIHEARGFO LI VI L RIZBELT, %
ZTHEDERMDZ N FTII0%, 20% B L U70%
233>z R, ZhFho EHN

T LG 2R ﬁﬁ%'ﬂf&%@¢%@@%mk



remain together. Secondly, it is postu-
lated that in the smallest group, 10 per
cent of all marriages involve first
0.10) while in the inter-
mediate group the fregquency of first
the
All subgroups

cousins (c =
cousin marriage is 5 per cent, and in
largest group,
undergo a hundred-fold inecrease in numbers,
so the total population becomes 1,000,000
with gene carriers increasingly propor-
tionately.

1 per cent.

Finally Formula (1)
the consequences for estimates of ¢ from c
and k, for two different models based on
the location of the three kindreds carrying
the hypothetical gene. In model 1 it is
assumed that one of these kindreds finds

is used to explore

a place in each of the three neighhborhoods.
In model 2, it iIs assumed that all three
kindreds come to reside in the largest
The differences which
aceidents of distribution can introduce
into estimates of q as calculated from the
overall average of ¢ and k are shown in
Table 5. For each of the subpopulations,
k has been derived by substitution of the
given values of ¢ and ¢ into Formula (1).
Then, as would be the case in most attempts
to calculate gene frequencies,

neighborhood. these

an average
value of ¢ and k for the entire population

has been obtained. It is apparent that the

TABLE 5 CALCULATIONS FOR ¢, THE FREQUENCY OF A RARE RECESSIVE GENE,
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estimates of g resulting from substi-
tution of the average value of ¢ and k% in
Formula (1 differ for the two models by
a factor of 5. Although this particular
example is perhaps somewhat extreme in the
disparity in the degree of inbreeding in
as well as the rarity
it is elear that

such as can even exist
19

the subpopulations,
of the gene concerned,
lesser disparities,
within a single Japanese city, can easily
result in calculations differing by a

factor of 2 or 3.

It should be reemphasized 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
s tructure on gene frequency estimates.
Furthermore, only one of several ways in
which populations may depart from the
Other
possible disturbing influences include
such factors as fertility differentials,
and
As mentioned in the

model have been considered here.

recent relaxation of inbreeding,
assortative mating.
introduction, there is a growing list of
'recessively inherited' traits where heter-
ozygous effects ecan now be recognized.
Since such individual undoubtedly carries
several —-- of the order of 5 or perhaps
19 == collectively
these may have a significant impact on
health, making a knowledge of the actual
distribution of such genes in populations
of more than theoretical importance.
Fortunately, the increasing ability to
detect a variety of heterozygous carrier

states promises to substitute actual

recessive genes,

observations for the theoretical pre-
dietions of oversimplified statistical
models, and at the same time may provide
the insight to improve the models.

These simple models have some interesting
implications for attempts to utilize
inbreeding effects for a variety of
computat10n5.23 Returning to the situation
deseribed above, assume that the trait
associated with this hypothetical recessive
gene is readily identifiable, so that it
could (and would) be scored in studies on
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inbreeding effects. Further, assume

only two types of marriages in the two
populations, namely, between first cousins
or between unrelated individuals, and,
for this generation, stability in popu-
lation numbers. The frequency of apperance
of affected individuals

types of marriages in the two models

from the two

of population structure has been computed
in Table 6. In Model 1, the ratio of
proportion of affected from first cousin
marriages to proportion affected from
nonconsanguineous marriages is approxi-
mately 49, whereas in Model 2, 1t is
approximately 10. Stated in terms of
the ratio of the inbred leoad to the
randomly mating load of Morton, et 61,23
these éorrespond to ratios of 763 and

151, respectively.

The significance of a knowledge of
population structure for attempts to
calculate mutational vs segregation loads,
and the problems in the interpretatihn
of observations on such loads, are thus
obvious, but will not be discussed in
detail at this time. However, 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 apparent from the models
that conclusions regarding the number
of loci at which there may occur recessive
genes with a given phenotypic effect
(e.g.
an apparent discrepancy between the

deaf mutism) which are based upon

observed frequency of the phenotype and
the frequency of consanguinity among
the parents of affected individuals
may also be biased by this neighborhood
effect.
that for the present attempts to estimate
on the basis of consanguinity data the
number of recessive genes capable of

and the
cannot be
taken very seriously. If this fact is not
already apparent on theoretical grounds, it

The bias can be of such a degree

producing a given phenotype,

deductions drawn thereform,25

would be suggested by the wide discrepancy
between calculations based on the data of
Stevenson and Cheesemanz6 from North
Ireland and Linden0v27 from Denmark.
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TABLE 6 CALCULATIONS OF CONSEQUENCES OF FIRST COUSIN AND NONCONSANGUINEOUS MARRIAGES IN POPULATION MODELS 1 AND 2
56 2Oo0ANUEMOEBRN 26500 B LIRTRB O RO R

MODEL 1 #1
PROPORTION OF FIRST COUSIN MARRIAGES MARRIAGES OF UNRELATED PERSONS

POPULATION vk ZER ks T & W E ORI TOTAL
EAC MK % = |SUBPOPULATION %| SUBPOPULATION ]
A A qF Q‘Fn qQ(T'F} qz(T-F)n an+q2(l—F)n A q2 an. il

n n?
Z
100, 000x0, 1 (.005) (.08) (.005)°(.94)

10% =10, 000 g .00 2 nney .235 3.24 90,000 . 000025 2.25/5.49

- 200,000x0.05 |(.0025)(.08) | (.0025)2¢,94) . | ‘ o !

% =10, 000 = oo0iD .8 =.00000588 . 0588 . 56 ag, 000 .00000625 .1afz. 74
700,000x.01 (.000714)(.08) (.000714)2(.94)

70% =" 7000 = opONis T R p— .303 683,000 . 00000510 .353|.656
TOTAL 3t : 27,000 5.10 973,000 3.78
INGIDENCE., FIRST COUSINS ZEAMAME (1 & Z&HE) = _%D.E = 0018889 *Affected individuals HWH &34 A

27,00
INCIDENCE, UNRELATED PERSONS FERHAR (FEMifmE) =.00000388 )
RATIO fi£mt = -D001B8B = 48 g8
.00000388
MODEL 2 B2
10% 10,000 0 0 0 0 ] 90,000 0 0 0
20% 10,000 0 0 0 0 0 190,000 0 0 i
(.00215)(.06) (.00215)2(.94)
70% 7,000 S e .8 S e e .03 .93 693,000 .0000046225| 3.2(4.13
ToTAL it 27,000 .83 973,000 1.2
INCIDENCE, FIRST COUSINS Z8f#i (v p zasis) = =93 = gooo3sss
27,000
INCIDENCE, UNRELATED  S&/E#f1F (JemiEE) =_ 32 =y 000003289
873,000
RATIO fiEmil = 000003444 - 45 4y
.000003289
nand n’ = size of subpopulations /pIE[HOKE X
q = gene frequency Wi (2 o H11E
F = coefficient of inbreeding for first cousin marriages (0.06) \*& CHEM§oIEZE(RE (0.06)
qF +q2(1~F) = frequency of homozygotes resulting from first cousin marriages (Column 3+ Column 5)
2 Lok RIS SR U MRS o (13 M+ 5 M) 1
q = frequency of homozygotes resulting from nonconsanguineous marriages (Column 9)

WEE T VRS A G A AR SR o R (5 96



SUMMARY

A rapid and simple method to detect the
hypocatalasemic heterozygotes for the gene
responsible for acatalasemia is desecribed.
A total of 13,647 blood specimens from
individuals residing in Hiroshima and
Nagasaki have been examined in this manner,
and the frequency of hypocatalasemia found
to be 0.09 per cent. Surveys in other
parts of Japan have revealed frequencies of
the order of 1.4 per cent.
in the distribution of a rare recessive
gene, taken in conjunction with the known
variation from locality to locallity in the
frequency of inbreeding, has important
implications for the interpretation of data

This unevenness
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