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SUMMARY

Starch gel electrophoresis of erythrocyte phospho-
glucomutase-1 (PGM1) of 17,126 Japanese from
Hiroshima and Nagasaki was performed. Thirteen
types of rare variants, 6 migrating anodally and
7 migrating cathodally to the a-band, were
encountered in a total of 103 individuals, Family
studies confirmed the genetic characteristics of
most of them. The previous observation of the
polymorphic occurrence of the PGMI*7 allele
in the Hiroshima and the Nagasaki populations
was confirmed. A significant difference in the
frequencies of rare variants between Hiroshima
and Nagasaki was observed, A stronger influence
of the migrating stream from the south through
the Ryukyu Archipelago to Nagasaki is postulated
on the basis of the frequencies of PGM]*3ING]
and PGM1*30KINAWA.,

INTRODUCTION

The first paper in this series precisely describes
the purpose of the study and circumstances
under which the study was performed.!  The
present paper describes electrophoretic variants
of erythrocyte phosphoglucomutase-1 (PGM1)
encountered in Japanese residents of Hiroshima
and Nagasaki. Here we consider only those
electrophoretic variants detectable by starch
gel electrophoresis (SGE) using Trs-EDTA-
maleic acid-MgCly; (TEMM) buffer of Spencer
et al.> Though variants with normal mobility
but very weakly staining bands and hence
suspected to be deficiency variants were
encountered in our screening program, they are
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not included in this report., The populations and
the method of family studies are described in
the first paper of this series. Briefly, data are
obtained from two populations, i.e., the ‘Adult’
composed of A-bomb survivors and controls,
and the °‘Child’ comprising children born to
proximally and distally exposed survivors. Since
certain kinships are included in the two groups
and within the offspring group, the ‘Represen-
tative’ population was selected {rom unrelated
individuals in the first two populations. The
frequencies of alleles are calculated from the
third population. As before. the convention
in naming wvariants uses known similar types
suffixed with city and order of discovery,
abbreviating Hiroshima to HR and Nagasaki
to NG.2

MATERIALS AND METHODS

Preparation of the hemolysates for electrophoresis
was carried out as described in the first paper
in this series.' For vertical SGE for routine
typing, the TEMM buffer system (pH 7.4)* was
used, modifying the dilution ratio of gel buffer/
bridge buffer to 1/15. Comparison of variants
was performed as described previously,»*
using both the TEMM buffer and a 0.005M
histidine - 0.41 M citrate (pH 7.0) discontinuous
buffer system of Fildes and Harris.® Although
PGMI1 isozymes were stained according to the
method of Spencer et al”> employing agar overlay,
6,928 samples from the Child subjected to
testing since September 1978 were stained by
applving staining solution to the gel surface with
a brush.

PGM activity of rare electrophoretic vairants
was determined using 20ul of 1:20 diluted
hemolysates, along with more than 10 control
hemolysates, all PGMI 1 and PGM2 1 phenotypes.
Hemolysates for PGM activity measurements
were prepared as described previously.” Methods
for measuring PGM activity, in principle based
on the methods recommended by Beutler® and
Beutler et al,® are described in a separate paper
concerning a low activity variant of PGMI
(Satoh et al in preparation).

Some rare electrophoretic variants of PGMI
have bands with very weak intensity, which is
a characteristic of such variants. PGM activity
in hemolysates is the sum of the activities of
isozymes of PGMI1 and PGM2, approximately
half of which is considered to be derived from
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PGMI, the remainder from PGM2.'%' [n the
Japanese, PGM2 is not polymorphic, and the
frequency of rare variants is very low. D5!2
Therefore, it is assumed likely that there is
little individual difference in PGM2 activity so
that differences in PGM1 allozyme activity,
arising from differences in phenotypes, would
be reflected in total PGM activity. We have
already examined PGM activity of samples for
which the PGM2 phenotype was | and the PGM1
phenotype was 1, 1-2, 2 or 1-7 (Satoh et al, in
preparation).  There was little difference in
activity among the four common PGMI
phenotypes. No difference in activity was
observed between the Hiroshima and the Nagasaki
samples though the condition and the length of
time before processing samples were different.
For normal activity of PGM, 1.84 [U/g Hb
(International Units per gram of hemoglobin)
was adopted, the mean value obtained from
pooling 386 activity values obtained from 191
Hiroshima subjects (mean, 1.82 1U/g Hb; standard
deviation, 0.23[U/gHb) and 195 Nagasaki
subjects (mean, 1.85U/gHb; SD, 0.191U/g Hb)
all PGM1 1 and PGM2 1.

When possible, activity was determined for
propositi having rare variants. Electrophoresis
and determination of PGM activity were also
made for their families. The activity of each
variant is also referred to when describing its
characteristics.

RESULTS

In a previous paper® describing the results
obtained for PGM1 and PGM2 in the Aduit,
data were presented for a total of 4,029 cases,
1,895 examined using TEMM buffer, pH 7.4,
and 2,134 using histidine-citrate discontinuous
buffer system, pH 7.0, but the data in this paper
were obtained only from examinations using the
TEMM buffer since it was found that some
variants could not be detected by electrophoresis
using the latter buffer system. Therefore, the
results reported here are from 2,534 cases in
the Adult, 1,895 reported previously, 620 tested
subsequently, and 19 which, tested previously
with the latter buffer system, were later
reexamined with TEMM buffer. Grouped by
city, 1,301 were from Hiroshima and 1,233
from Nagasaki.

Table 1 shows PGM1 phenotypes and the number
of those phenotypes detected in the Adult and
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TABLE 1 VARIOUS PHENOTYPES OF PGM1 AMONG JAPANESE OF TWO POPULATIONS

(ADULT & CHILD) AND THE REPRESENTATIVE POPULATION COMPOSED OF
SELECTED MEMBERS FROM THE TWO POPULATIONS?

#1 Zo0KRB(RALRLFHRER) RUED2ZEHAL» 5 BREALBEAT
s h 5 kERMIZHT 2 POM1 Ofi+ 0 ERHE®
Population
Phenotype Representative
Adult Child
Combined Hiroshima Nagasaki
1 14635 8475 6843 3750 3093
1-2 847 4919 4006 2329 1677
2 128 693 595 362 233
1-7 48 317 246 158 88
2-7 14 76 61 42 19
7 2 8 8 4 4
1-3NG1 5 34 (28) 26 8 18
2-3NG1 1 9 (8 9 4 5
*1-4HR1 1 0 1 1 0
*1-d4HRr2 0 1 {0 ob 0 0
*3-dHR2 0 1 (D (i 0 0
*41R2 0 260 1 1 0
#1-dNGL 0 3L 1 0 1
*1-5HR1 0 1(0) 0c 0 0
#2-5HR1 0 1) 1 1 0
1-9nG1 1 0 1 0 1
1-6MG1 1 1 (1D 1 0 1
1-6n62 2 8 (5 4 0 4
2-6NG2 1 1£1) 2 2 0
7-6NG2 0 1 ¢ 1 1 0
#2-6NG2 0 1({D 1 0 1
1-6HRL 1 0 1 1 0
2-6HR1 0 1 S 1 1 0
1-64R2 2 0 2 0 2
2-6HR2 1 4.:(4) 2 2 0
1-61R3 0 3(2) 2 2 0
*2-6HR3 0 1435 1 1 0
1-8NGL 0 12 ( 8) 5 0 5
2-8NG1 0 2(2) 1 0 i
No type 4 17 0 0 0
Total 2534 14592 11823 6670 5153

* Newly encountered variants in this study.
Al E Lo kel

shrgRa

& See text for the description of the two populations and the Representative population.
SRR UFRERERCZ v ToRN LR,
b Father with PGMI 1-2 was selected as a representative of the family,

PGM1 1-2 # H+2LEAEHROMNELLTRENZAL,

¢ The brother with PGM1 2-5yp, was selected as representative.
PGM1 2-Gypy 2 HT AR HEE L THREAL.



the Child along with the Representative composed
of unrelated individuals selected from the first
two populations,' the total numbers of the
Child and Representative being 14,592 (7,596
from Hiroshima and 6,996 from Nagasaki) and
11,823 (6,670 from Hiroshima and 5,153 from
Nagasaki), respectively. Characteristics of the
variants have already been reported® except
for those marked with an asterisk, which are
shown here for the first time. Since approxi-
mately 30% of the Child comprises siblings,
the same variant was often detected more than
once. The figures in parentheses are the number
of variants excluding those detected in siblings.
Because 1-4yp, and 1-5yp, were detected in
one sibling each of children who showed 2-4yyp,
and 2-5ypg,, respectively, numerals in parentheses
for them are 0. When the phenotype could not
be read clearly, ‘no type’ is indicated. Represen-
tatives with no type were excluded in selecting
the Representative.  Those cases aside, the
representatives were selected by the method
described in the first paper of this series.'
Sometimes, therefore, when there was a member
with a normal type and a member with a variant
in the family, the former was selected and the
latter excluded from the Representative,
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FHRIEARVZOZ50EH» 58 A 72 B REO
TOBTHR SN ZREHEEN R L TH 3.0 7t
EAEREHEEHOBEE, 2 0Th14,592A (FE
7,090 A, EMF6,996 A ) & 11,823 A (R B 6,670 A,
EWS,153A) Thak. 1, BAZoTTHS
toESEMLTRESE LI LD T, FALSD
FRUORBEIISDOTIEEIIHE L th. 05 it
EficE, BN%0RErEEhty 50T,
[FfOERE A LS LE L EL R & . $53
AOEFE, Rl sh2TR0E RO -
TH3. L-dyp & 2-5m 2 FN#FhTL - it
A& — A+ 2012 1-dyp & L-Byp A F s & 02
DT, THLEDFMADHFTROTS 2. FHEMH
BRI AMAL G H o 2250121, “no type" & L
S (RERFBEM A B ST 00000 type THald O
A A S5 E 2L . "no type” DA R EE L
LidokZtths, NEEIE Co—Mnife
OF—H THRNShAFHRIIESTRIRL 2. LA
HoT, FROPLIERMELOFE L FREE L5
HHO MG, BESANEERHICRIRER, BE
FppbshiEadts 5.

TABLE 2 PGM1 ALLELE FREQUENCIES AMONG 11,823 UNRELATED JAPANESE EXAMINED
BY STARCH GEL ELECTROPHORESIS USING TEMM BUFFER, pH 7.4
#2 TEMM #i#ii, pH7 42 FuvABHyrVvEARDZ I MEs n i
MARPFRO 2w Bk A, 11,823 A1 &0 5 PGM 1 & 8 {E T8 %

Population
Allele

Combined Hiroshima Nagasaki
PGMI*! 0. 76047 0. 74955 0. 77460
PGMI*2 0. 22308 0.23283 0. 21046
PGMI*7 0.01370 0. 01567 0.01116
PGMI*3INGI 0.00148 0. 00050 0. 00223
PGMI*4HRI 0. 60004 0. 00007 i}
PGMI*¢HR2 0. 060003 0. 00015 0
PGMI*4NGI 0. 00004 0 0. 00010
PGMI*SHRI 0. 00004 0. 00007 0
PCMI*ONGI 0. 00004 0 0. 00010
PGMI*6NGI 0. 00004 0 0. 00010
PGMI*6NG2 0. 00030 0.00022 0.00039
PGCMI*6NG3 0. 00004 ] 0. 00010
PGMI*6HRI 0. 00008 0.00015 Q
PGMI*6HR2 0. 00017 0.00015 0. 00019
PGMI*6HR3 0.00013 0. 00022 0
PGMI*SNGI 0. 00025 0 0. 00058
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Table 2 shows the frequency of alleles calculated
from the number of each phenotype in the
Representative of Table 1,

Polymorphism

Twa alleles, PGMI*2 and PGM1*7, already found
in polymorphic proportions in the Adult’ are
also polymorphic, 0.223 and 0.014, respe.tively,
in the Representative which is approximately
six times larger than the previnusly reported
population.  The PGMI*D ali:ie frequencies
in both Hiroshima (0.233, and Nagasaki
(0.210) were in the range of 0.191-0.249,
frequencies also observed in various other
Japanese populations.'?

Rare Variants

Of 2,534 individuals of the Adult, 2,530 were
clearly typed, and seven kinds of variants, ie.,
3nG1 4HRr1e ING1s 6NnGis ONG2, 6ygj, and
6yra were encountered in 16 subjects. All of
these were detected as phenotypes heterozygous
with 1 or 2. Inasmuch as 13 of the 16 subjects
were included among the 1,895 individuals of
the Adult, on whom tests of PGM1 were made
using TEMM buffer and the results have already
been reported,® the characteristics of six of
the variants, i.e., 3G, 9NG1, ONG1» ONG2: OHR1:
and 6pyp,, have already been described. ™ The
remaining 3 subjects were amang 639 individuals
examined subsequently in whom the variant
phenotypes were 133G, 2-6ngo, and 1-4y4p, .
Since 3y, and 6ng, had already been reported,
but 4ypn,, newly detected, is described in
detail here,

On the other hand, of the already reported 3y,
and 8yg;,"° the latter was detected in 3 (1 in
Hiroshima, and 2 in Nagasaki) of 2,134 subjects
who had been typed using the histidine-citrate
discontinuous buffer system described in the
previous paper, but this variant was not detected
among the 2,530 individuals of the present
report who were typed using TEMM buffer, The
isozyme PGMI 3yg, which was described in
the previous paper as a PGMI1 variant whose
mobility was similar to that of PGM1 35, but
had weak activity, was subsequently shown
to have phosphopentomutase activity, and
therefore was considered to be a product of an
allele at the PGM2 locus, The variant therefore
was renamed PGM2 9y, and the allele involved
in the synthesis was named PGM2*9NG 1. This
variant is described in the first paper! of the
series concerning PGM2,

T2 T REFHEST LTH 34, FoOliliL,
EloREZEHFEHbOZEAB ORI T O THE
LEEbOThHS.
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Of 15,141 samples from the Child, 14,592 were
electrophoresed using TEMM buffer, and the
phenotypes of 14,575 were recorded excluding
17 whose phenotypes could not be clearly
typed. Four ‘fast variants’ of PGMI1 whose
major band migrates anodal to a-band, i.e.,
3NG1s 4HR2, 4NG). and Syp, were detected
among 52 children. Seven kinds of so-called
‘slow variants’ whose major band migrated
cathodal to a-band, ie., 6ngy. 6nga, 6NG3»
6HR1, 6HR2, 6HRr3, and Byg,, were detected
among 35 children. Two of the four propositi
with 4R, seemed to be homozygotes, but the
remaining 85 children were heterozygous for the
rare variant alleles and the common alleles of
PGMI*1, PGMI*2 or PGMI1*7. The variant
detected and the number of children in whom
these variants were found are shown in column
3 (Child) of Table 1. Of the 14,575 children
whose phenotypes could be clearly typed, 87
had the variants, but if only unrelated children
are selected, the total number on whom exami-
nations were carried out is 10,484 and the
number in whom variants were detected is 68,

Variants in the two populations were repeatedly
compared by electrophoresis on the same starch
gel. Five of the seven types of variants detected
in the Adult, excepting 9ng; and 4yg,, were
detected also in the Child, On the other hand,
of the 11 types of variants detected in the Child,
six types, 4Ry, 4NG1s SHR1, O6NG3: 6HR3,
and 8yng,, were not detected in the Adult. With
the exception of 8y, five of these variants and
4yp, found in the Adult are previously
unreported new variants, and therefore the
characteristics of these six new variants are
described below in detail. The photographs and
diagrams of the electrophoretic gels of a total
of 13 types of the variants, the 6 rare variants
being reported for the first time here and the
previously reported 7 types which were electro-
phoretically tested simultaneously with them to
compare mobility, are shown in Figures 1, 2, 4,
and 5. Fast variants are shown in Figures 1 and 2
and slow variants in Figures 4 and 5.

Family studies for rare variants encountered in
the Child were conducted to determine whether
they had been transferred from the previous
generation.  Procedures for collecting family
study data and their later treatment have been
described in the first paper of this series. Results
are compiled in Tables 3 and 4. Of the 16
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individuals with variants in the Adult 13 have
been reported previously along with results of
family study for 12 of them. One remaining,
6nGy . Was previously reported without family
study. However, a child in the family, who was
a member of the Child, was subsequently
examined and found to have the same variant,
This is reported as variant No. 10 in the family
study for the Child (Table 3). Family study was
not possible for three propositi reported here
for the first time.

Newly Encountered Variants

PGM1 4yr; - Since Hopkinson and Harris'®
have named variant allozymes whose major band
migrated between bands ¢ and b, PGM1 4, we
named the three types of variants detected in our
populations whose major bands move between
these two bands PGMI d4yg,, PGM1 4yg,, and
PGMI 4Ry, and have also designated the
alleles which control them as PGMI*{HRI,
PGMI*4NG1, and PGMI*4HR2. The migration
shift to the anodal side is in the order of 4y, >
4NG1>4HRra- The order of the band intensity
observed in routine electrophoresis was 4y, 2
4yR) > 4Rz, and even the major band of dyq,
which has the strongest intensity of the three
was weaker than that of a-, b-, ¢-, and d-bands
observed in a heterozygous phenotype. Never-
theless, when the hemolysates freshly prepared
from the erythrocytes preserved in liquid nitrogen
were treated with 2-mercaptoethanol (2 mM}),
the intensities of the major bands of 4yp, and
4nG) were almost the same as that of the a-band
in the heterozygous phenotype and the mobilities
of their bands decreased. These phenomena were
observed on both Connaught-starch gel and
Electrostarch gel.

A variant phenotype of PGM1 14yp, was
detected in a woman from Hiroshima in the
Adult (ID No. ). The PGM activity was
1.76 IU/g Hb, which was 96% of the normal
type (PGM11, PGM21). The two variant
bands were located adjacent to the cathodal
side of the #-and d-bands, respectively, under
usual conditions, but they moved to a position
midway between the @- and b-bands after
2-mercaptoethanol treatment as shown in Figures
1 and 2. On the basis of these observations, we
conclude that PGMI 4yg, is a labile variant
though its activity was maintained in the liquid
nitrogen. Family study of the propositus has
not yet been possible,
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PGM2

PGM 1

1-2 1=4pqy -4 gy dype 1-2 2-54p 1-54r; 13

Figure 1. Five types of PGMI variants migrating faster than PGMI 1 on Electrostarch gel
using TEMM buffer, pH 7.4. Hemolysates were treated with 2 mM 2-mercaptoethanol for
30 minutes at 37°C.

1 TEMM #1iffifs, pH7.4 % v % Electrostarch %1% L7 PGM1 1 L0 ¢ B+ 5 5o
PGM1 ZAR. FMEE2 oM O2-A0H 7 by / — L&AV, 37°C 73045 M@OmL 2~
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Figure 2. Diagram of six types of PGM1 variants migrating faster than PGM1 I on starch gel
found in Hiroshima and Nagasaki, Conditions same as for Figure 1.
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PGM1 4ggs - In two Hiroshima brothers (variant
Nos. 1 & 2), members of the Child, only two
very faint bands were observed in the PGMI
area of the zymogram, as shown in the well
No. 4 of Figure 1. The location of the major
band was slightly anodal to and just adjacent to
the position of @¢-band, while the minor band
was slightly anodal to and just adjacent to the
position of ¢-band. Positions and intensities
of the bands did not alter after treatment with
2-mercaptoethanol. Despite the fact that the
intensity of the three isozyme bands of PGM2,
e, [ and g were normal, the PGM activities of
the brothers were merely 58% and 56% of the
mean activity of the normal type (PGMI 1,
PGM2 1). The brothers’ parents had only
@- and e-bands with very weak intensity as
PGM1 isozymes suggesting they have hetero-
zygous phenotypes. The intensity of their
three isozyme bands of PGM2 was normal,
whereas the total PGM activity was 81% of
normal for mother and 67% for father. In
naming the allele, which controls the PGMI
allozymes of the brothers, PGMI*4HR2, two
possible phenotypes may be considered,
1) homozygous PGM1 4y, or 2) heterozygous
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PGM1 04p,. The two brothers probably have
the same phenotype, because their PGM activities
were almost identical. 1) If the homozygous
phenotype PGM1 4y, is assumed, both parents
would be phenotype 1-4yp,. Judging from the
moebility and the very weak intensity of the
variant bands in the brothers, it may be sur
mised that for the heterozygous phenotype
PGMI 1-4yp,, variant bands probably would
overlap the ¢- and ¢-bands, and it seems most
likely that only a- and c¢-bands which have an
intensity of approximately 1/2 of PGM1 1 would
be detected. 2) If they are PGM1 0-4yyp,, which
is a heterozygous phenotype, the parents would
have 1-0 and 1-4yp,, and thus in either case the
intensity of the a- and e¢-bands would be 1/2 of
that of PGMI1 1. In the first case, both parents
must possess the same rare variant allele,
PGMI*4HR2 and for the second case, they
would have to possess two different and rare
variant alleles, PGM1*4HR2 and PGM1*Q0. As
shown in the family pedigree in Figure 3, there
were two instances of consanguineous marriage
in this family, one involving the parents. As the
grandmother on the brothers’ paternal side was
PGM1 1-2, if either I-1 or I-2 had PGMI*4HR2,
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Figure 3. Pedigree of family with a homozygous PGM1 4ppp .
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it is possible that the phenotypes of both parents
of the brothers could be PGMI 1-4yp,- The
frequency of PGMI!*4HR2 in the Child which
excludes siblings and is composed of unrelated
individuals is 2/10,000 at most, as shown in
this report. On the basis of this frequency and
the family pedigree, the probability for both
parents to have PGMI 1-4yp, is calculated to
be (1/2)7 x 1/5,000 = 1.6x107°.  Although
the frequency of PGMI*Q0 is not clear, when
the mean value of 1/1,000 for frequency of
deficiency variants of 11 types of erythrocyte
enzyme is used,” the frequency in the second
case in which the phenotypes of parents are
1-0 and 1-4yp, will be (0.75)% x 1/5,000 %
1/1,000 = 1.1x1077, which demonstrates
that the probability for the first case is
approximately 10-fold higher than the second.
Given the consanguinity it seems more reason-
able to consider the phenotype as homozygous
PGM1 4yqp, than to suppose two very rare
phenotypes occur together in a family of the
same generation,

A male child of Hiroshima (variant No. 3) in
the Child who was unrelated to the brothers
described above showed two very faint bands
with the same mobility as that of PGMI1 4yg,
together with b- and d-bands. This phenotype
was named PGM1 2-4yp,. Though the intensity
of e-, -, and g-bands of this sample was normal,
PGM activity was 76 % of normal. A male child
(variant No. 4) who is in the same population
and is also a younger brother of the propositus
had been detected as PGM1 1-0 through screening
before the propositus was examined. The
reason for suggesting this phenotype was that
the intensities of the a- and e-bands of his PGM1
were as weak as those in the heterozygous
phenotype, and the PGM activity was only 77%
of normal. Since the elder brother (variant No. 3)
was later found to have PGMI 2-4yp, with
reduced PGM activity, the younger brother’s
phenotype was assumed to be l-4yp,. The
allozymes and intensity of PGM1 of the mother
were identical to those of the younger brother
and the PGM activity was 78 % of normal. Thus
her phenotype was assumed to be 1-4yr,. The
father was PGMI 1-2, and another younger
brother was PGM1 1. Their PGM activities were
95% and 93 %, respectively, of normal. For this
family, again, it is possible to assume the presence
of PGMI*Q0 in the younger brother and mother,
and the assumption can be made that the allele
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TABLE 3 FAMILY STUDIES OF VARIANTS OF PGM| IN THE CHILD

#3 FHEMIIHT S PGMI ZRB SV TOLKAS

Propositus
. Other family
7 5 Mother | Father Co 1
Variant| .. Variant member omments

No. | City firog 1D No. | Sex
| H 4 M
> | H 4”25 M] ? d | % Grandmother L |
Sl Ml e S | dBrother

HR2 ﬂ 9 4
5 | N |

NG1
21 B | nei wll 2| S |Sbroter
: NG1 0
8 | H|s

HR1 ] Q d
9 | H | syp, M
10 | N | 6o M ? NT [[§Brother 2

1 ?(:mndmolher

N | SNe2 o d | Psister
12 | N | 6yga il
13 N | 6nG2 F ? NT
14 | N | 6nna M

NG2
s N | tnas F] 2 Dead
16 | N {656, M| 9 d
17 N | 6nGa F @ @ |dBrother
18 H | 6562 F Dead d
19 H E‘NGZ M
20 | H | 6yca ml ¢ ]
21 | N | 6NGs M g g .
22 | H | 6yp, M 3
23 | N | 6yga M NT d |dGrandfather 4
24 | E SHR2 M g g
25 6LR2 F
26 | H | 6yR;, M| 9 d
27 | H | 65R3 F] o P
28 H 6HR3 M g
29 [ H [ 643 F NT NT
30 | H | 6yp3 F e d
31 N | NGl M
32 N 8nG L 9 d | JdBrother
33 | N NG1 F
3a | N | 8ya; M
3s | N | 8yg) M ? 4
36 | N | 8yea, M 2 d
21N | b ¥ g g
38 BNG1 M .
39 N SNGI M 9 Dead | ¢ Sister
40 N | 8NG) F | 2 J 3
41 N | 8ngy F | 9 d [dBmthers
42 H ENG1 I:] ¢ Dead | 9Sister
43 | H | 8yg, M
44 | H | 843, M ¢ d |9Sister

Symbols used in Table 3: &3 BN =40 5050

Qd Heterozygote for variant alleles at PGM! locus
PGM 1 MY OB R W RIEF 128 B~ F ook,

ed Homozygote for normal PGMI*1 [FH & PGM1*1 128+ 5 5 580k,

NT Not tested

Il Siblings or other family members [{ll1s 5 018 % o FiEL.
*1  Male siblings homozygous for PGMI*4HR 2 (see Figure 2). Paternal grandmother

PGM1 1-2

BOMBT PGM 1*4HR2 1%t Sk ek (G2 22,

CH oA PGML 1-2.

*2 Mother in the Adult, her variant previously reported. Maternal grandmother

affected
BHERARRICEL, 2oERREMOMEG s hn.

HEH O L TR A -,

*3  Mother in the Adult, previously reported as PGMI 1-6H R using histidine-

citrate buffer
BEa 13 0
MEFEENT LS.

BHIZEL, EAFY -2 BlEHEROT,

PGM1 1-6yp, Tk 3 &

*4  Father and paternal grandfather in the Adult, both affected, previously

reported

KHELHOMIEWARAZEL, K Rmas b &, |
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PGMI*4HR2 of the elder brother was brought
about by mutation. However, rather than
assuming that two rare phenomena had occurred
together, it seems more plausible that the rare
allele, PGM1*4HR2, had been transferred from
the mother to her two children, but inasmuch as
the mobility of 4yp, differed only slightly
from that of the a- and c-bands and the activity
is very weak, the bands of 4y, of the mother
and younger brother failed to separate and were
not recognizable,

PGM1 4nGp - When usually prepared hemolysates
were used, the intensities of both the major and
minor bands of the variant allozyme detected in
a male child in Nagasaki (variant No. 5) and a
female child (variant No. 6) and her elder brother
(variant No. 7) in Hiroshima were weak, and the
major band located on the anodal side to the
center between the - and b-bands and its anodal
side was almost in contact with the cathodal side
of b-band. The major band of this variant was
separable from the @-band, whereas that of
PGM1 4yyp, described above, was not. However,
there were instances where complete separation
was not possible due to slight differences in the
electrophoretic conditions or to different lots
of starch. In other words, there were instances
where only a broad band was observed indicating
the presence of a variant band, but not separable
from one another into two bands. The mobility
was similar to that of PGMI1 4, reported by
Hopkinson and Harris,'* with a similarly weak
intensity. The allozyme was named PGM1 4y, .
But when hemolysates, freshly prepared from
erythrocytes stored in liquid nitrogen, treated
with 2-mercaptoethanol were used, the major
and the minor bands moved anodally to but
could hardly be separated from the ¢-band or
e-band, though their intensity was only slightly
weaker than that of the ¢- or ¢-band (Figures 1
and 2). The phenotypes of the Nagasaki child,
his father, two siblings of Hiroshima and their
mother were all 14yq5,. PGM activity of these
five people was within 89%-101% of normal.

PGM1 5y - In a Hiroshima male child (variant
No. 8), a variant band was detected slightly anodal
to the c-band together with b- and d-bands. The
intensity was about the same or weaker than
that of the c-band in a heterozygous phenotype.
This phenotype was named PGM1 2-54g,. Only
two bands, the ¢-band and a broad c¢-band, were
detected as the allozyme of PGM1 of the elder
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brother (variant No. 9) of the propositus. The
intensity of his e-band was the same as that
of the a-band of heterozygous phenotype and
the c-band was broad on the anodal side, the
intensity of the two bands being almost equal.
All of these observations suggested that he is
a heterozygote for a variant allele and PGM] *]
and his phenotype was assumed to be 1-5¢4R; -
The two bands observed in the father also
demonstrated the same characteristics as those
in the elder brother, and thus, he was likewise
assumed to be 1-5yp,. The mother was 1-2.
The PGM activity of the two children was 88 %
of the normal value. The father’s value was

PGM2

PGM1

RERF TR 14-84

2RI REE RS COAD a5y R g
BRI, NTOBEHOLERAM A hEa-1y F
EFUCTHY, -0 FIRBEBMA LMWL R T
BY, Zo08Y FORBBEIIEZIEEL D A
INBEDRDT<TH, ZOANFERB T EE T
EPGM1*1 2L TAT OBEhTHL T &b qn
LTHN, 2OFRRBIT 1-5y sHMESLA. L3
RBWENL2AD Y FRR IR USRARL,
et Eh 1-6yp cMEEERE, BHRIEL1-2 Th o
2o 2ZAOF(Eo PGM iSGHISEREOB8% T & - 7-.

1-2 1-6ngi 2-6ngs 1-6nge T6ugy 2-64pa 2-6 nrz 1"8nat

Figure 4. Seven types of PGMI variants with a major band migrating slower than the a-band

on starch gel using TEMM buffer, pH 7.4,
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94%, while the mother was 107%. In the case
of phenotype 1-5yp,, it is quite possible to
overlook 5Syp; and consider it as 1 in the
screening because the variant band does not
separate from the c-band.

PGM2
[
L

i

PGM1
|

1-fing1 2-Bnas 1-Bnga 2-6ngz 1-8uR1 2-6uas 2-Oupa 1-8yg,

LHMOMILM% T, BPIZIT%TH 2. HET
L-5um DG E, HERBSY Fhte-2 B 5 9
TELVOT, APV - FIZHEOTIE 5un &

REELL L &2 TTRMEAT.

Origin

Figure 5. Diagram of seven Hiroshima and Nagasaki PGM1 variants having a major band
migrating slower than the a-band. Conditions same as for Figure 4.

5 a-By FENBIEHT L E N
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PGM1 65G3 - Two variant bands detected in a
male child from Nagasaki (variant No. 21)
migrated slightly more to the anodal side than
the two bands of PGMI1 6yg5. The minor band
located closer to the A-band than midway between
the @- and b-bands. Thus this variant was
obviously different from 6yg, whose minor
band was closer to the ¢-band, and it was named
6nG3. It was already reported that 6ygs
demonstrated the same mobility on SGE as
standard PGM1 6," which was provided us by
Dr. Lie-Injo, regardless of whether TEMM buffer
system or histidine-citrate discontinuous buffer
system was employed.® The phenotype of the
propositus and his father was PGMI1 2-6jg3.
and of the mother, PGM1 2, The intensities of
the twa variant bands in both the propositus and
his father were much weaker than those of the
simultaneously detected b- and d-bands, and
even the intensities of the major bands were
weaker than those- of any of the four bands,
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a, b, ¢, and d, of phenotype 1-2. Therefore,
since the intensities of the two variant bands
of Gpngsy are the same as those of the a- and
c-bands, respectively, 6y differs from 6NG2
not only in mobility but also in activity. When
comparison of PGM activity was made with the
normal type, the activity of the propositus and
his father was 84% and 71%, respectively, both
of which were lower than that of the mother in
whom it was 95%, whose phenotype was 2.

PGM1 6yrs - A varant whose major band
moved faster than 6yp,. but slower than 6,
on electrophoresis in the TEMM buffer system,
was detected in four children in Hiroshima
(three unrelated children and a sibling of one),
and was named 6yg3. Two slow variants,
6yry and Gyp, have already been reported,
In phenotype 2-6yp5 (variant No. 30}, a minor
band with weak intensity was detected at the
location of the ¢-band, but in three cases of
another phenotype, 1-6yp3, it was completely
overlapped by g-band. Various alterations of
electrophoretic conditions failed to separate it
from @-band or to broaden the a-band which
can suggest the existence of a variant band.
In the three cases of 1-6ypy, the intensity of
the major band of 6yp; was almost the same or
weaker than that of the c-band, and the intensity
of the minor band detected in 2-6ypy was
extremely weak. Of the four children, 1-6yp,
was detected in the father of two siblings (variant
Nos. 27 & 28) and the father of a female child
(variant No. 30), but for a remaining female
child (variant No. 29), study of parents was not
possible. Though the intensity of the bands of
6yra was weak, PGM activity in two cases of
1-6yg; and a single case of 2-6ygs, in whom
the PGM activity could be determined, was
93%, 98 %, and 93 % of normal, respectively.

Variants Already Encountered in the Adult

PGM1 3nG) - It was reported earlier that five
cases were detected in the Adult all in Nagasaki,
but subsequently one case (ID No. H)
was found in Hiroshima. In the Child, this
variant was detected in 43 individuals; when
seéven cases among siblings were excluded, this
variant was found in 36 unrelated individuals.
Of the 36, 12 were born in Hiroshima and
24 in Nagasaki. The results of family studies
of these 42 individuals lftem 36 families are
summarized in Table 4. Among the 25 cases in
whom both parents could be studied, 3yg,
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TABLE 4 FAMILY STUDIES FOR PGM1 1-3i; AND
PGM1 2-35g; FOUND IN THE CHILD

#4  FHIERICHE =Rz PGML 1 -3y, &
PGM1 2'3NGI e bxfa)%{ﬁﬁigjﬁ
Propositus
- Mother Father
Combined Hiroshima Nagasaki
12 3 9 ® 3
13 5 8 g é
2 2 0 ? Dead
1 0 1 2 NT
1 0 1 Dead d
1 0 1 Dead é
2 0 2 NT Dead
3 2 1 NT NT
1 0 1 Dead Dead

?.d Heterozygote for PGMI*3NGI PGM 1*3NGI &~ 7 01 4 1.
9,8 Homozygote for normal PGMI*1 i % PGM 1%1 & 4 =3 & k.

NT Not tested %%,

was detected in one parent, thus confirmed as
a genetic variant. In addition, in four out of
five cases where only one parent could be studied,
the parent had 3yg,. In the fifth, the father
had 1-2 while the mother was deceased. In the
six cases remaining, family studies were not
possible. Among the rare variants, 3nG) is the
most frequently encountered (Table 1), and
the frequency in the Representative was 0.0015
(Table 2). However, the frequency in Nagasaki
was 2.5 times higher than in Hiroshima (0.0022
vs 0.0009).

When variants PGM1 3qppyawa detected in
Ryukyu islanders of Okinawa, the frequen-
cy of the allele which controls the isozyme
PGMI1 3ognawa  being  0.0039,'  and
PGMI1 3yq, were compared on the same gel
using TEMM buffer, the locations of the major
bands on gels of both Connaught-starch and
Electrostarch were the same, as were those of
the minor bands for these two variants on
Connaught-starch gel. No minor band could
be detected on electrostarch gel for these two
variants,

Though the intensity of the major band of 3,
was much stronger than that of g- or b-bands,
the intensity of the minor band was weaker
than that of ¢- or d-bands. PGM activity of
individuals having 1-3yg; phenotype was
normal; the mean activities for propositi,
affected parents, nonaffected parents were
1.98 IU/g Hb, 1.96 IU/g Hb, 1.901U/g Hb,
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respectively (Table 5). Thus, it appears that
PGM1 3ng; allozyme is more stable than PGM] 1
allozyme, that the degree of change from major
to minor hand is smaller than that from e to ¢
or b to d, and that consequently, the major band
of 3ng; shows the strongest intensity of the
three major bands.

TABLE 3
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1.90IU /g Hb Th=2(F£S5 ). Lia=T, POM1 344,
TOHF4 AL PGML | 70 L LN LRETHN,
LSy FALSEIY FADTILORBREIL, o« 5
¢ XlEb 6 d@EIZIANT &L
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PGM ACTIVITIES OF CHILDREN WITH PHENOTYPE PGM1 1-3 NG1

AND THOSE OF FAMILY MEMBERS

£S5 HEWPGM1 1-3y¢, #FTEFE, 2OF ko PGM iFH
PGM activity
n Mean SD
(1U/g Hb) (IU/g Hb)

Propositus Combined 15 1.98 0.21
Hiroshima 8 2.01 0.23

Nagasaki 7 1.95 0.20

Family Affected (Hiroshima) 9 1.96 0,16
Not affected (Hiroshima) 6 1.90 0.25

PGMI GNGI = Thl‘; is a Vaﬁ.aﬂt detected as PGM1 6 W bl (I E E{ mé—r (t- H_{tha: .)l\ LEB“‘}‘J o e f_t

1-6NnG; in a woman (ID No. F} of the
Adult, living in Nagasaki.® Since the variant was
detected at the same time through family study
in her son (ID No. ), a subject of the
Child, he was regarded as the propositus and
the results of the family study are shown in
Table 3 (variant No. 10). 1-6ygq Wwas also
detected in his maternal grandmother. The
major band of 6yg; located adjacent to the
cathodal side of the a-band is the fastest variant
among the so-called slow variants.* The PGM
activity of the propositus was 1.961U/gIIb
(107% of normal).

PGM1 6pnGa - This variant was the most fre-
quently found slow variant. Its major and minor
bands have exactly the same mobility as those of
the PGM1 6 provided by Dr. Lie-Injo.* Among
the three cases detected in the Adult, two
cases of 1-Gyg, have already been reported.®
Subsequently one case was dete 2-0ngy i
a Hiroshima individual (ID No. ). In the
Child, PGM1 6yg, was found in 10 individuals,
but if those detected in siblings are excluded,
one case ecach of 2-6yNg, and 7-6ngy were
detected in Hiroshima and five cases of 1-6y(,
in Nagasaki, totaling seven 6y, cases. The
results of family studies of these seven cases
are shown in Table 3. In four cases, both parents
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Rz a0, RFiefEmE L +52L
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1.96IU/g Hb ([EH D 107% ) T & - 7=.

PGM1 Bpng2 COZEERTBOERUDOP TR L
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were examined and 6yg, was detected in one
parent of each case. In two cases where only
one parent was studied, 6nGa was found, while
in the remaining case, one parent showed 1-2
but the other parent was dead. The mean
PGM activity of the 10 propositi with 6NG2
in the Child was 1.93 IU/g Hb (SD=0.26 1U/g Hb),
and that of the five parents with variants was
1.801U/gHb  (SD=0.301U/gHb), 105% and
98% of normal, respectively. In view of the fact
that the value of the four parents with normal
type was 1.921U/gHb (SD=0.26 IU/g Hb),
PGMI 6y, activity is assumed to be normal.
Band intensities of 6G2 suggested the same con-
clusion. The frequency of the allele PGMI#*6NG2
in Nagasaki was higher than in Hiroshima in the
Representative (Table 2): 0.00039 vs 0.00022.

PGMI 6yp; - The minor band of this variant
was observed to migrate slightly anodal to
the position of the e-band in the phenotype
PGM1 2-6yg,, but in 1-6yR,, it could not be
separated from the a-band. The intensity of the
major band was slightly weaker than that of the
a-band. A single case each of 1-6yg; and
2-6y4ry; was detected in Hiroshima individuals
in the Adult and the Child, respectively. The
previous papers has already described the former
(1-64Rry: ID No.!);. Since his parents
were deceased, only a male sibling was available
for study. He was PGMI 1-2. The second
individual, 2-6ypk, (variant No. 22), is in the
Child, and at the same time the son of the
Hiroshima woman (ID No, ) in the
Adult who was described as 1- HR; in the
previous report at the time of study using
histidine-citrate discontinuous buffer system,
Since only the results of studies using TEMM
buffer are reported in this paper, it was decided
to treat the son as the propositus and the mother
a member of the family. Since the father is
PGM1 1-2, the phenotype PGM1 2-6yR, of
the propositus is obviously inherited from
his parents.

PGM1 6yR, - The anodal side of the minor band
of this variant was in contact with the a-band on
the cathodal side. The intensities of both the
major and minor bands of 6yp, were clearly
lower than those of the a-, b-, ¢-, and d-bands.
However, no difference in PGM activity was
observed between these variant phenotypes
and PGM1 1. A report was previously made
of the three cases detected in the Adult and
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among the a father and son combination
(ID Nos and ). The four cases
detected in the Child were all ohserved to have
the 2-6yp, phenotype. Among these, one
individual in Nagasaki was a grand child of the
family of the above-mentioned father and son
combination.  The result of the family study
centering around him as the propositus (variant
No. 23), is shown in Table 3,

PGM1 8ngy - Two cases of this variant were
detected during study of the Adult using
histidine-citrate discontinuous buffer, but in
subsequent electrophoresis using TEMM buffer,
none were found in the Adult though it was
detected in the Child. In all, 14 cases of 8y,
were encountered, but with siblings excluded,
it was found in 10 unrelated individuals. In
all eight families in which both parents were
studied, it was detected in one of the parents
in each family. In the remaining two families
in which only one parent could be studied,
8nG1 was detected in the mother for variants
Nos. 42 and 43 who are siblings, but in the other
case (variant No. 39), the mother was PGM1 1
and the father was deceased. Under our electro-
phoretic conditions, the minor band of this
variant was always detected on the cathodal
side of g-band and clearly separated from it.
The mobility of this variant under various
different conditions and the fact that it was
confirmed to be electrophoretically identical
with PGM1 8 by Dr. D.A. Hopkinson, have
already been reported.* The intensity of the
major band of 8ng; was slightly weaker than
that of the a-band for almost all cases, but in
the 10 children in whom PGM activity was
measured, the mean value was 1.861U/gHb
(SD=0.22IU/g Hb), which is normal. Among
these, the intensity of the variant band was
extremely weak in variant No. 39 in two blood

samples which were obtained on different
occasions. Thus it may be more labile than
the others. However, since this is the above-

mentioned case whose father is dead and his
mother did not have this variant, whether the
lability is of a genetic nature or not, could not
be established.

Effect of Buffers on Relative Mobility of Variants
In a previous report on PGM1 of the Adult,®
it was stated that although the mobility of
6yRry is greater (migrates a greater distance on
the anodal side) than 8ngy in TEMM buffer,
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in the histidine-citrate discontinuous buffer
system, 8yg; migrated further to the anodal
side. This reverse phenomenon was observed
also for 8yg; and the newly detected variant
6ppy (Figures 6B and 7), and for another
new variant 6yg; and 6yg; (Figures 6A and 7).

Further, as briefly reported'® and will be precisely
described in a separate paper, the relative mobility
of variants on polyacrylamide slab gel isoelectric
focusing (IEF) was also different from the two
kinds of relative mobilities obtained by the
two buffer systems on starch gel electrophoresis.

(A)

PGM2

PGM1

1-6ygy 2-8ncs TBug2 1-6umi 1-B sy

. Origin
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BOMIEHRIE, Bycr & WL <R = ha g e
Buny (6B & 97 ), RUBIOHL L mm 6oy &
Ong (H6A LT ) ofIcE&S A B2, LI
LN, 2 OB THL CENETEE
ZoTWw 3N, FASTE N S
Sl (IEF) # OB E 0 ER oMM IEL
£, ZHAMOEBEE TR VB RGBT -
EELFFO N 2HHOMMBME L ERL - T,

HYTLYNT 3

(B)

PGM2

PGM1

1-6ngz 1764y 1-8hgy 2By 2-6upe

Figure 6. The same seven PGMI variants shown in Figures 4 and 5 on starch gel using @
histidine-citrate discontinuous buffer system, pH 7.0
H6 BEA4RUBESUERsShAZLOLFELETHEOPGMI ZREOE AF Vo= 1 A0

REMHE, pHT7.0 & Hv -7 L Lo
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Figure 7. Diagram of the same seven PGM1 variants shown in Figures 4 and 5 on starch gel
using histidine-citrate discontinuous buffer system, pH 7.0.

M7 MeRUESEFREAALGOLAL 7O PGM1 ZREOE A F ¥ ¥ x 2 § 4 illit
By, pH 7.0 & Fwv 257 b EofaE

When the slow variants are listed according to BTN ERMAL S OBMEIRIZH S & X0
mobility from the anodal side, they are: &Itk B

In TEMM buffer, TEMM ##1li# T3,

6NG1 2 6NG3 > ONG2 > 6HR1I > 6HR3 > 6HR2 > 8NG1S

in histidine-citrate buffer, ERFYV - I AR,

6NG3 > ONG1 > 6NG2 > 6HR1 2 8NG1 > 6HR3 > OHR2!

and by IEF, IEF T3,
6NG1 > 6yr; > 6NG2 2 61Rr3 > ONG3 2 bRz > 8NGi-

Groups of underlined variants showed reversed Taea vl HomE R E, H A NEE
relative mobility. Based on the differences in . . ’ ;
mobility obtained by these three electrophoretic LEMBEHETHS. BOELHT»EMEBLA
methods, variants can be distinguished which ZuEHEkWo BB ERENE, Chs3fHO
are otherwise difficult to separate because of .

only slight differences in mobility. The reason WARMETHEMEANRL S & & AT R
for the change in relative mobility caused by taoLHTEL. RESBREAMEN LY M
different electrophoretic conditions is now

under study and it will be the subject of a RO B A ET B>V T, REFRS

Bepatilepaper. ThHY, HORXOEMEZETHS .

DISCUSSION

Polymorphism of human PGM1 based on the £ =

presence of two alleles PGMI*] and PGMI*2 ’

has been observed in all populations in the world Zoad i VlEF PGM1*1 B U PGM1*2 OFETEL
heretofore examined by SGE ‘and the allel.e HR e b PGM1 © £, B4 $ ¢ SGE 1=
PGMI*7 has been encountered in polymorphic

proportions in the Pacific area such as the shkEshsERhoBHCBREShTE), MU
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Western Caroline Islands,'” west Malaysia,'® the
Chinese,'"'® Okinawa,'* and Japan.5% pGai+3
has been also found in polymorphic frequency
in New Guinea.?! In addition to these common
alleles, at least 10 kinds of rare electrophoretic
variants have been reported.®'*?!  Therefore,
human PGM1 was known as an enzyme of high
genetic diversity even in the days when SGE
using TEMM buffer of Spencer et al? was the
principal technique.

Later, IEF**"% and acid starch gel electro-
phoresis®”  classified the conventional .PGM::
into two subtypes, PGM.* and P(;‘M{._ (or
PGME! and PGMP), and PGMIS and PGMIF,
respectively, and the PGM? into two subtypes,
PGM]* and PGM;~ (or PGM{? and PGM%Y),
and PGM?S and PGM?F, respectively. Further
more, Scozzari et al®® reported an electro-
phoretically cryptic polymorphism of human
PGM1 based on their sensitivity to heat
denaturation. According to them, each of four
‘isoclectric point alleles’ was subtyped into a
heat sensitive allele and a heat resistant allele,
making eight common alleles in all. Thus, PGM1
is a very diversified protein and is potentially,
4 system that may provide clues to the molecular
evolution and origin of populations.

Recently, we rteported that the conventional
allele PGMI*#7 can be subtyped into PGM]*7+
and PGM1*7—,% and PGMI1*3 into PGM1*3+
and PGMI1*3—, by IEF®  Family studies
confirmed these isoelectric point subtypes as
real alleles. Based on the isoelectric points of
all of the eight ‘isoelectric point alleles’, four
of which are common to all the populations
of three human races along with the four new
alleles found in the Japanese, and considering
the distribution of the conventional alleles
of PGMI*7 and PGMI1*3 in the Pacific area,
we proposed an evolutionary phylogeny of
isoelectric point alleles of PGM1, an enlarge-
ment of the hypothesis originally proposed
by Carter et al.*!

The existence of the PGMI*7 allele in poly-
morphic proportions in the Japanese was first
described by us.® Nishigaki et al*® also observed
this polymorphism of the PGMI*7 allele in
another Japanese population. When one of
their samples whose starch gel electrophoretic
phenotype was PGM1 7 was examined by IEF,
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WIETF PGM1*7 3T AT ¥ 38,7 75 Malaysia,
FRELAL S LS B OTR AR  L U o 2o O RhE
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EQRTHS.

i, ‘A BIEFEBOT, Lo Lilt{Es
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Mkt 2 9%, Be ik, PGM1 0 %FE
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Nishigaki et al®® detected two different bands,
one of which focused anodally to the secondary
band of PGM2 | and the other focused cathodally
to the primary band of PGM2 |. He considered
them to be the bands of PGM1 7 and PGM1 7
respectively. Later we were asked to compare
his sample with our samples known to be hetero-
zygous for PGM1 77 or PGMI 7, and found
that the two bands from his sample migrated
to the same positions as those of our samples,
the primary bands of PGM1 7+ and PGM] 7—
moving slightly anodally and cathodally to the
primary band of PGM2 1, respectively, thus
confirming the phenotype of his sample to be
PGM1 7*.7— (Takahashi et al, in preparation).
The migration position of PGM1 7 in a Japanese
individual living in the Tokyo area examined
with IEF by Maneyama et al,*® was the same
as that of our PGM1 7—. Thus, the conventional
PGM1 7 discovered in Japanese populations
seems to be either PGM1 7Y or PGM1 7.
Nevertheless, those rare PGMI1 7 variants de-
scribed by Kuhnl and Spielmann,* Santachiara-
Benerecetti et al,*® and Tipler et al*® focused
at various positions, All of these were different
from those of the Japanese PGM1 7% and
PGM1 7—, though they were reported to migrate
to the same position as that of the PGMI1 7 of
Hopkinson and Harris'® on SGE. One possibility
is that they are different rare variants whose
mobility is slightly different from that of
PGM1 7, but without direct comparison it is
difficult to distinguish them. A second possi-
bility is that different variants showed the
same mobility as that of PGM1 7 on SGE and
only IEF can detect the difference in mobility.
A third possibility is sample deterioration. For
the first possibility, we have found that though
PGMI1 9yg, showed a slightly different mobility
from that of PGM1 7 on SGE using TEMM
buffer, gel buffer being 1:15 diluted bridge

buffer, they were indistinguishable on the
gel using a 1:10 diluted bridge buffer.
Differences in variation of PGMI1 between

Hiroshima and Nagasaki, both in kinds and in
frequency of alleles, were noted previously.’?”
They were again observed in the Representative
described in this paper, which is approximately
six times larger than the previous population,
PGMI*8NG! was observed in six unrelated
Nagasaki children, but none in Hiroshima.
PGMI*3NG] was detected in 24 unrelated
individuals from Nagasaki, but only in 12

25

RERF TR 14-84

LHEPPOML T TH 21 4% IEF G L,
SEOM L IN Y FRHEH LA 2055 131,
PGM2 1 @ 2Kk 5> Fo Bz, &5 1441,
PGM2 1 @ L0 25 FOBBE - S s s,
Nishigaki i, *fi6 & Zh #1, PCM1 7T RV
PGM1 7" @32 Feaalhk @iz, fto
BAEL, ®snf&c PeM1 77 12 PGM1 7712
HLATOoESROLO L EHETEE T N,
EORED 2HED Y P ks OfE & RGBT
BOFaz e BBLAE. +4bh5PCGML 7L
PGM1 7~ 1R 4> Fif, PGM2'1 @1k /3y F
2R L, 2hTh, HFE»CHBEE, B,
I ENS, EoFERoRBEEL, PGMTT-7"T
HAZERMERLA(ENS, BHXERg), dHg
HWHEEED 1T ADD 4 A0 PGM1 7 % Manevama
SR N IEF ChEL £ L2 5% 00 EHIL,
PGML T LR L ThH 4. LAdt->T, ERAKA
KMiz#ibhah TuvAi PGML T 1X, PGML 774
PGM1 7T T4 3 LB bh3. LHL, Kihal &
Santachiara-Benerecetti E
Tipler 5% A& L A& h 4 X BB PGML 713
[EF o0 T, iy R/ FABMLA. oh
HERENE T 2T, Hopkinsen # Harris® @ SGE |-
DPCM1 7 rRCR-HFM+TaLiEahTws
A, TEF T(x B+ A® PGM1 7T &t PGM1 7~ 0
Nr Foff@edRsiLoaltmiieans. o h
AT AE-OTREMEL LTI, ChiogRR
£, PGM1 7T B WA L 2 TR L 5 4, B
e Ladh AR sBHEL L2 L5 &,
AEZEN2ERVTHaZLNEI LIS, £
DEREEE L TIE, A 2R HN SGE Lot
PGM1 7T ¢RUEBHEA2RL, EF I L-TOB
BWEOE*METES L WIZ LA ELIENS,
BEZOAREME, EEAOERTH L. B0
2w s 2 6 1F, TEMM ##1fiit % H v 7~ SGE
Ty VBEEEE L L ISTHRIRL VAR E
Bl B & PGMI 9y, 1t, PGM1 7 o § 8 0% & 12
hTMCIREAFWEERL AN, 1 L 10Z/MLA
7oy VARV Eeld, RS TEET
Hhoadz.

Spielmann  * 5

PGM1 ZES Ao it (R T 0 B % UM B 126511 5
[Rf - B 2ERIZo T, DETiciE L 20509
comERE, MEBOERAOHEE e, FEET
BN BEFEFEFA IEwTEBEOSAS. T4
b, PGMI*SNGI X B Cl#mMED Z w6 AD
THERAB SN, BEBETHRS s A d ok
PGM1*3NG1 (%, BETMHRMED S 024 Al
shd, ERTHAFIEZACHRLshATY



RERF TR 14-84

individuals from Hiroshima. And the total
number of rare variants encountered in Nagasaki
was 39 as opposed to 24 in Hiroshima. The
differences between the two cities in the
frequencies of the PGMI*3NGI allele and of
the total rare alleles are statistically significant
(P<0.01 for both). Plainly, the populations of
Hiroshima and Nagasaki are genetically different.
One possible explanation for this phenomenon,
among others, may lie in the migration into the
Japanese Islands in prehistoric ages for which
two different major routes are postulated;

one from the south through the Ryukyu
Archipelago, the other through the Korean
Peninsula.’®  Since on SGE, the mobility

of PGMI1 3gxmawa found in  Ryukyuans
from Okinawa Island is identical with that of
PGM1 3G, and the allele frequency of the
PCGMI*30KINAWA was reported to be 0.0039
while that for PGMI1*3NGI! was 0.0022 in
Nagasaki and 0.0009 in Hiroshima, the difference
seems to express the stronger influence of
the southern migration siream into Nagasaki
(Kyushu) compared to Hiroshima, on Japan's
mainland (Ionshu), northeast of Nagasaki.

Among slow variants, 6y, and 8xg, showed
the same mobility as that of 6 of Lie-Injo et al'?
and that of 8 of Hopkinson and Harris,?®
respectively, on the same starch gel for com-
parison run. In addition to these two variants
at least four kinds of slow variants (6 NG1:»OuR]>
61iRr2, and 8Ny, ) have been reported in Japanese®
and two additional variants (6yg; and 6yps)
are described in this paper. Though Blake and
Omoto® discussed the heterogeneity of 6 and 8
detected in the various populations, in most
of the reports slow variants were named 6 or
8 without precise characterizations and no data
were shown to determine whether they are
electrophoretically identical with one of the
lapanese variants or one of the other slow
variants discussed by Blake and Omoto.?!
Given the sporadic distribution and probable
heterogeneity among the slow variants, at present
they do not seem to be adequate markers for
discerning population movements.

Variants whose mobility is similar to that
of PGM14 of Hopkinson and Harris'® were
observed in polymaorphic frequencies in several
Amerindian populations such as Chilean Aymara
(PGMI 4AYM]J-38 Wayampi ot French Guiana
(PGM1 4/10 Wayampi),*® and Macushi of

V. RISTHRIEEAAZNSTEMOBEL, EH
DAL, 39ThHo7. PGM1*3NGI it liET
B &, ENEMIDRETHUE OB 3/l
DERI, HAMICHEETH-= (W E4 p<0.01).
MAIZE AT, TR B 5 (S 0 0 MR
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LRI B 2 HERESB~NOBWTH 2. 0B
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G, BUERVWIEIEAX BB EFESATEY,
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ENEHFBE{RARLLOTHLI I LEERT S,
INLOEREIRENDEZ S,
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¥ 7.0 Guiana ¢ Wayampi(PGM1 4 /10 Wayampi) %



Venezuela (PGM1 IDMAC,),‘w variants of
Wayampi and Macushi appearing to be identical
in mobility on SGE and IEF,*® with a staining
intensity different from each other. The
intensity of the Wayampi variant was identical
with and those of Macushi, and Aymara variants
were weaker than either that of PGMI1 1 or
PGM1 2. Though three kinds of PGM1 4 variants,
whose major band migrated between - and
b-bands, were encountered in very low fre-
quencies in Japanese, the mobility of PGM1 4y,
was quite different from that of PGM1 4, It is
impossible to determine whether one of the
two remaining variants of PGMI 4y, and
PGM1 4y is electrophoretically identical with
PGM1 4 or one of the Amerindian variants,
without standard samples for direct comparison.
PGM1 4 wvariants are not frequent in any
population except for the above-mentioned
Amerindian populations.

The work described here is the largest account of
information yet reported for the PGMI1 in the
Japanese. The diversity of PGM1 among the
Japanese is clearly demonstrated in the results
from screening over 17,000 individuals, in
contrast to PGM?2 which is monomorphic and the
occurrence of variants is very rare, despite
probable common origin through gene dupli-
cation. In a hypothetical evolutionary
phylogeny for the PGM1 alleles,® we suggested
that the PGM*7 allele played an important role
in establishing PGMI1 diversity in Japan. This
hypothesis will be tested in the near future
when probes for the gene encoding PGMI
become available, The variants described here

should be excellent components for Cthis
investigation.
Recently, human population genetic studies

have increasingly made use of IEF since it is
able to separate subtypes and variants of proteins
not separable by SGE, while on the other hand,
there are certain isozymes which cannot be
separated by IEF but which are effectively
distinguished by SGE.'®*  An example is the
combination of PGM1 2+ and PGM! 7—, both
of which are polymorphic variants in the
Japanese. Thus, though IEF is now a necessary
tool, SGE too, is essential in human population
genetics.
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