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SUMMARY

The results of phosphoglucomutase-1 (PGM,)
typings by starch gel electrophoresis and
subtypings by isoelectric focusing are presented
for a sample of Japanese. A distinction made
on the basis of isoelectric focusing (termed
“+” and “—"") is nonrandomly associated with
each of the products of the four most common
electrophoretic alleles (PGM 1, PGM,;2, PGM,3,
and PGM 17). The isoelectric trait cosegregates
with the allele; the degree of nonrandomness
of the association varies from allele to allele.
Thus, the four alleles become eight. On the
basis of these facts plus the additive nature of
the pl differences between allele products and
the geographical distribution of the alleles, an
allele phylogeny can be constructed. This
postulates that the eight alleles may be explained
by three nucleotide substitutions involving the
stem allele plus four intragenic recombinations
between these substitutions. The potential of
intragenic recombination as a cause of mutation
has been insufficiently appreciated.

INTRODUCTION

Some six years ago, Bark et al* and Kiihnl et al?
reported that in Caucasoid populations the
phenotypes associated with the two common
electrophoretic alleles of phosphoglucomutase-1
(PGM 11 and PGM 12) could be subdivided by
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isoelectric focusing with thin-layer polyacryl-
amide gel as the supporting medium into two
phenotypes, one migrating more cathodically
than the other. These phenoiypes were termed
“+" and “—". From the manner in which this
pioperty cosegregated with the two original
phenotypes, it was intrinsic to the PGM; locus.
Thus, they postulated four alleles, subsequently

termed PGM 1%, PGM (1=, PGM ;2*, and PGM 2~

Their data indicated that these two properties of
the PGM; alleles (1 vs 2 and + vs —) were not
associated at random.

In the present communication, we will confirm
this finding for a Japanese population, but then
extend this isoelectric subdivision to the products
of two rarer alleles encountered in the Asia-
Pacific area, PGM ;% and PGM,7. Each of these
latter alleles can also be subclassified as + or
—, and again, these properties, although
cosegregating, are not associated at random with
reference to the electromorphs under study.
This nonrandom association, taken in conjunc-
tion with the isoelectric focusing data, will be
shown to permit the construction of a gene
phylogeny for the eight alleles that must be
postulated, In this phylogeny, presumed
intragenic recombination events play a role equal
to that of presumed nucleotide substitutions.

MATERIALS AND METHODS

Sample

The blood samples on which the PGM; typings
were performed were obtained from individuals
included in a study of the potential genetic
effects of the atomic bombs being conducted
in Hiroshima and Nagasaki®* and from
individuals in a preceding pilot study.® Because
no putative mutations involving the PGM;
locus have as yet been encountered in this
study, the samples have been analyzed without
reference to the radiation histories of the parents
of the individuals in question. Samples examined
by isoelectric focusing had been kept in liquid
nitrogen since aliquots of them had been typed
by starch gel electrophoresis. The 184 samples
whose phenotype was PGM,; 1-7 were drawn
from both of the previously referenced studies.

Because of ambiguities in subtyping the PGM, 7
electromorph when it occurs in combination
with the PGM, 2 electromorph, we present only
the results of subtyping individuals with geno-
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types PGM,I/PGM,7. The 28 samples with
phenotype either PGM; 1-3 or PGM, 2-3 were
drawn only from the study of the genetic effects
of the A-bombs.3® In the pilot study,® an
allozyme whose mobility was similar to that of
the PGM, 3 reported by Hopkinson and Harris®
was named as PGM, 3ngs 1, because, given the
existence of the heterogeneity in PGM,;3 as
detecied in studies using starch gel electro-
phoresis in the different populations in the
world,” its identity with the original PGM, 3
could not be assured.® Therefore, the phenotypes
of the PGM,;3 samples subtyped by isoelectric
focusing in this report would have been referred
to either as PGM; 1-3yggi or PGM,; 2-3ngsi
in our first report. For the sake of simplicity,
however, in this paper we will use the term
PGM, 3 as synonymous with PGM; 3ngs; .-

Method

Hemolysates were prepared from frozen packed
erythrocytes that had been stored in liquid
nitrogen as described by Ueda et al.’® Starch
gel electrophoresis was conducted as described
by Satoh et al® For the isoelectric focusing,
an Ampholine-containing polyacrylamide gel
plate {acrylamide in gel = 5% (wt/vol); N,
N’-methylenebisacrylamide in total acrylamide =
3% (wt/wt)] with adimensionof 12x 11X 0.1 cm
was prepared by the method in LKB application
note 250 with slight modifications, Riboflavin
and N, N, N°, N’-tetramethylethylenediamine
(TEMED) were used instead of ammonium
persulfate, and polymerization was carried out
under an ultraviolet light. Final concentrations
of the components in this gel were as follows:
riboflavin, 0.0005% weight(wt)/volume(vol};
glycerol, 10% (volfvol); Ampholine (pH 5-7),
2% (wt/vol); TEMED, 0.056% (volfvol). Iso-
electric focusing was performed on the LKB 2117
Multiphor apparatus with the LKB2103 power
supply at 4°C. The eclectrode solutions were
0.01 M NaOH (cathode) and 1% agueous acetic
acid (anode). Prefocusing wasof 1-hour duration
at the maximum limits of 1,200V, 10W, and
10 mA. Hemolysates were applied 3 cm from the
anodal electrode strip using a 5 X 5 mm piece of
Whatman 3 MM filter paper; focusing was carried
out for two hours at the maximum limits of
10mA and 2,000V. The application strips of
filter paper were then removed, and the electro-
focusing was terminated after another three
hours at the maximum limits.
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For the population survey, the methods men-
tioned above were used with slight modification.
Gel plates with a dimension of 24% 11x% 0.1cm
were used. Prefocusing was done at the
maximum limits of 1,200V, 20W, 20mA, and
focusing was done at 2,000V, 20 mA.

Staining solution was prepared as described by
Spencer et al'® and applied to the gel surface
with a brush; the gel was incubated in the dark
for one hour at 37°C. A micro combination
electrode, type DE 103 (Toko Chemical Labo-
ratories, Tokyo) connected to a Hitachi-Horiba
digital pH meter, F-7 AD (Horiba Ltd, Kyoto),
was used for the pH measurements. Before
measuring each gradient, the pH electrode was
calibrated with standard buffers (pH 4 and pH 7)
at 4°C, For the pH measurements, the poly-
acrylamide gels were cut into segments (15x 5
¥ 1mm), and the segments eluted in 0.5ml
of deionized water overnight at 4°C.

RESULTS .

The Standard PGM; Alleles in Japanese

Table 1 presents our experience thus far with
this population in typing PGM; with starch gel
electrophoresis. We refer to the phenotypes
recognized by this approach as “standard.” The
appellation “other” embraces at least 10 different
phenotypes in which a very rare allele occurs
in combination with one of the four more
common alleles, as well as two examples of
homozygosity for the PGM# allele. Table 1
also presents the allele frequencies which were
calculated not only on the basis of the eight
phenotypes shown but also from the number of
the commeon and rare alleles observed in other
rare phenotypes. These frequencies are similar
to those previously reported from Japan by
others’ and ourselves.®

Isoclectric Focusing of a Random Subsample of
the Population

Table 2 presents phenotype and allele frequencies
on the basis of subtyping by isoelectric focusing,
a random subsample of the individuals con-
tributing to Table 1. All of these samples had
been typed previously by starch gel electro-
photesis. Note that the number of persons with
the standard PGM,7 allele who were subtyped
was quite small, and that no persons having the
standard PGM 13 allele were included in this
particular subsample. Considering only the

EEFEECEOTE, FREOFECETFTEREMAL
FErRAVE., FL7L - FEIUXIIX0 1Ak D
LDERVAE. TL73—-A Y I RARL 200V,
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TABLE 1 THE PGM; PHENOTYPES AND ALLELE FREQUENCIES IN A
SAMPLE OF 14,575 JAPANESE FROM HIROSHIMA AND NAGASAKI

1 EE-BBOAAALSBA»GE S EFMO PGM, #ZBE

RO RETRE
Phenotype No. Percent Allele Frequencies
1 8,477 58.16
12 4,919 33.75
2 693 4.75
17 316 2.17
27 76 052 PGMy! 0.7633
7 8 0.05 PGM2 0.2196
1-3 34 0.23 PGM,7 0.0140
2-3 9 0.06 pGM,° 0.0015
Other rare phenotypes 43 0.30 Other 0.0015
14,575 99.99 0.9999

TABLE 2 THE PGM; PHENOTYPES AND ALLELE FREQUENCIES IN
A SUBSAMPLE OF 788 UNRELATED JAPANESE FROM HIROSHIMA
AND NAGASAKI, AS REVEALED BY ISOELECTRIC FOCUSING
#2 mMEMEOZVES - REOBFATBAL SR T 7 T
2EE, EESBAGKEHEICLS PGM | #E I & 4 B(E T HE

Phenotype (i‘;;nr]::; g{;r:;; Gene frequencies™*
1+ 359 359.88
1+, 1- 120 121.63 PGM1*, 0.6758
1- 13 10.28 PGM, 1, 0.1142
1+, 2+ 151 152.73 PGM %, 0.1434
1+, 2 70 64.22 PGM 2™, 0.0603
1-, 2+ 25 25.81 PGM,7*, 0.0057
1-, 2- & 10.85 PGM,;7-, 0.0006
2+ 19 16.20
2+, 2- 12 13.63
2- 3 2.87
1+, 7+ 6 6.07
1-, 7+ 3 1.03
2-, 7- 1 0.06
Others 0 2.6
Total 788 788.02

Phenotypes with n(expected) below 3 were combined for x? calculation.
*x? = 4.1683, 0.50<p<0.75, (df=5)
n(EFHE) X3 TOHRBIAF LI HELT» 4.
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results of subtyping of the standard PGMII
and PGM 12 alleles, we note that the nonrandom
association of the + and — attributes with the
electrophoretic classification is gquite similar
to that already reported for Caucasoid popu-
lations.! Extensive pedigree data (not presented)
demonstrated that the isoelectric trait co-
segregates with the PGM,; type classified by
starch gel electrophoresis, thus indicating an
intrinsic property of the gene. In consequence,
85.5% of the PGM 11 alleles would be classified
as PGM*, and 70.4% of the PGM,? as PGM,*.
The frequency of the observed isoclectric
phenotypes is in good agreement with the expec-
tation predicted from the allele frequencies on
the assumption of Hardy-Weinberg equilibrium.

Isoelectric Focusing of a Selected Subsample of
Products of the Standard PGM;? and PGM,”
Alleles

The results of subtyping by isoelectric focusing
the allelic products of the PGM,;® and PGM,”
alleles thus far encountered in our laboratory
are seen in Table 3. Of the 28 PGM, gene
products subjected to isoelectric focusing, 23
(82.1%) were + in type, whereas of the 184
PGM 17 gene products typed by such focusing,
176 (95.7%) were +. This difference is significant
(x*=7.71, df=1, 0.01>p>0.005); intragenic
"disequilibrium is more marked for the + and —~
forms of PGM, 7,

The pl from Isoeleciric Focusing of these Eight
Phenotypes

Table 4 presents the pl values in our system of
the eight primary allozymes produced by the
alleles under consideration, and the average pl
differences between them. These values are
based on 16 determinations for the 2+, 7+
phenotype (3 persons), 17 determinations for
the 2+, 2— phenotype (2 persons), 11 determi-
nations on a 1—, 7— individual, 11 determi-
nations on a 1—, 3— individual, 11 determi-
nations on a 1+, 3+ individual, 6 determinations
on a I+, 7+ individual, 6 determinations on a
1—, 7+ individual, and 2 determinations on a
3+, 7+ individual, for a total of 80 determi-
nations. Figure 1 shows the various PGM,
phenotypes of human hemolysates examined by
isoelectric focusing. Figure 2 is a schematic of
the data of Table 4 for an idealized focusing
gel. With the PGM; 1 pattern as a reference, for
either the + or the — subtype, the pl difference
between PGM, 1 and PGM, 3 is close to the sum

FitgshtwinwkicgEEsh i, £t
PGM 'R U PGM * 5L & BT OV 754 €Y 7D
BEATELEE, +RU—EVIBIEE, ERED
FEEDT S ATZVEERER, BuzgEsnT
WAHAEHIIDWTORREY LIEFCHLULTYwS
ZeHFEBERS, BHLERABTT -5 (AWML T
wEW)IZkD, FRAERREECHIHEENIBE
REBSVERKBTCAEE A POM, PEE &S
LCRBET Bz Amahi. 2hiz, ZOBEFH
ERFAEL TR IFEED—2THBIEERLTY 3,
BRLLT, PGM ' di#ETF 085.5% 3 PGM !
EfEsh, PGM A ®70.4%3 PGM,** L HHis h
5, SRABRKWBECIVARSALEEBD
BRI, Hardy-Weinberg OFWRASR Y+ 52+ &
4R E LA TR THEA S TM L 2 MEMH e
S —HLTWwA.

BRY Y- TNOBE%PaM KU PEM 3 3
METEHMOEERERAE
SRETINHIRECHA E L PGM PR U PGM [
HYBBETFEWFEELSBREBHREAOTYT
FACY L RBBAEIUTY. SWAWAK
W&o 28Mn PGM @ EFENo 5 5, 23
(82.1%) ¥+ EITHN, RKICHKEET- 218400
PGM/W{ZTEM® 5 517608 (95.7%) 7'+ B T
Hot., IOMBIEETHE(XP="7.7T1, df=1],
0.01>P>0.005). kNWHZHM{ETHSTHH»
PGM/ D4+ RU—Eiz20wTR5h 3,

SHOKHBUOEEAERABILINESAL
ZEER

#4112, LdodIGETroEsns 8RR
TOBEZCIOWTHEAOLAFATESALET A
BERUZhSOMOSEESAMOZO R ERT,
Themfiz, #RB2+, 7+ (3 A 06RO
WaE, FRB24, 2—(2A)0ITHOBEIE, 1—,
7T—DA(ILA)DLLEOHE, 1—, 3—DA(A)
onmoBAE, 1+, 3+0A{(1A)D1IENHE,
1+, 7+ AV AYOEHOBEE, 1— 740
AMTA) o6 EOMERTI4, 7T+OA(LA)D
2EHOBE, SHOEOEELIEILLDTH 3.
EEHERABE T2 FBALBOEL O ZER
PGM, #F1ITRT. B2, #4075 &HEMN
SEBABRERDIVERAVALEEL TERLL &
toTHB. PGM, 1 FEBELTIE, +H501
—NHTILTOESL 54 PGM, 1 & PGM | 3 Ml ®
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TABLE 3 RESULTS OF SUBTYPING BY ISOELECTRIC
FOCUSING A SELECTED SAMPLE OF PERSONS
HAVING THE PGM,;® OR PGM,;” ALLELES

#3 PCGMPX13 PGM, W uifnFa oo BRshA KR O
EEABREBBECEIY TSIV T ORER

PGM? PGM,7

Phenotype No. Phenotype No.

1+, 3+ 19 1+ 7+ 143

1-, 3+ t 1-, 7+ 33

1+, 3— 3 1+, 7— 6

1-,3— 1 1=, 7- 2

24, 3+ 2 184
2,3+ 1
24, 3— 1
28

Because of difficulties in subtyping PGM, 7 electromorphs
in the presence of the PGM,2 electromorph, only indi-
viduals whose genotypes are PGM II/PGMf have been

subtyped.

WRAKM LR PGM, 2 OBETCHPGM, TOH T F{ LY 7N
HEz 0T, RETHX PCM, /PCH ORIZSVTOEST 54

i X R

TABLE 4 THE pl VALUES OF THE PRODUCTS OF THE EIGHT ALLELES
UNDER CONSIDERATION IN THE STUDY, WITH AN ANALYSIS OF THE
COMPLEMENTARITY OF THE OBSERVED DIFFERENCES

#4 FFETCHHLASHOMIBEFENOSFEHAERV
BMEs h-ZRoBBED ST

Isoelectric

Isoelectric

type pl value type pl value
1+ 6.3 i- 64
2+ 6.1 2 6.2
T+ 6.0 7- 6.1
3+ 5.8 3- 59
Differences

1+-2+=0.2 l-—2-=02
1+-7+=03 > 05 1--7-=0.3 > 0.3
14— 3+=0.35 1-—-3-=05

of the differences between PGM,; 1 and PGM, 7
and between PGM; 1 and PGM; 2. Conversely,
of course, the pl difference between PGM, 1
and PGM;7 is obtained by subtracting the
difference between PGM;1 and PGM;2 from
the difference between PGM,;1 and PGM,3.
As will shortly become apparent, we do not
believe this finding to be a coincidence.

m{AFOEIL, PGM, 1 & PGM, 7 R U PGM, 1
EPGM, 2 HOZEOAFIZEMLTVRE. 534
HizEAIEPGM 1 & PGM, 7THOSESEOEL,
PGM;1 & PGM, 3HIME2 S PGM 1 & PGM, 2 M
DEEF(ZEIIIDELSLS. BELALTHALEL
3THAHH, ZOMRIEBRERAZLOTEEVE
#7 4,
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Figure 1. Isoelectric patterns of six PGM; isoenzymes
from hemolysates. Phenotypes: I+, 1—(lane 1); 1+, 7+
(lane 2); 1+, 7— (lane 3); 1+, 3+ (lane 4); 1+, 3— (lane 5);
and 2+, 2— (lane 6). The main PGM bands are marked
with closed squares; and the PGM 31 bands are marked
with open circles.

1 LD 6 T PGM | 7 4 v 4 A B0 F i sy i
g, BB [ 4, 1—(L—~21) 14, T+
(b=22) 14, 7T—(L—»3)k 14, 3+(L—r4)
1+, 3—(Lb—¥5) RU24, 2—(L—¥6). PGM,
FESYFRENDRLAMNBT, PGM, 123> FlEfiw
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Figure 2. Position after isoelectric focusing of the two
PGM; bands in the eight phenotypes described in this
paper. For references, the position of the two PGM51
bands (which also appear in these preparations) is shown.
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DISCUSSION

Shortly after the subdivision of the PGM; 1 and
PGM, 2 phenotypes by isoelectric focusing, !+
Carter et al'' recognized that the intragenic
nonrandom association of the + and — attributes
with the previously recognized alleles permitted
the construction of a probable allele phylogeny,
ie., a reconstruction of the sequence in which
the four alleles (PGM,!*, PGM '~, PGM ;**, and
PGMIZ') could have arisen by a combination of
two mutations and one subsequent intragenic
recombination. Their observations included
a series of 14 higher primates [Hominoidea:
Pan (7), Gorilla (4), and Pango (3)];in typings
by starch gel electrophoresis and isoelectric
focusing, all samples appeared identical and
similar to the PGM,; 1+ phenotypic pattern.
This observation suggested that their phylogeny
be rooted in the PGM,!* gene, with a time
depth of no more than 6-10 million years, as
estimated from the antiquity of the evolutionary
divergence of the lines leading to Homo and to
the other Hominoidea. Given this root and the
observed allele frequencies, they postulated that
two independent mutations resulted in the
PGM ;1= and PGM,?* alleles, with the PGM ;*~
allele the result of an intragenic crossover.

The present data, in conjunction with the known
facts concerning the geographic distributions of
these alleles, suggest a considerable extension of
that 4-allele phylogeny. The existing data on
the distribution of the PGM,® and PGM,”
alleles in the Asia-Pacific area, based on the
summary of Blake and Omoto, are schematically
presented in Figure 3.  Although scattered
instances of these two electromorphs have been
encountered all over the world, both these
electromorphs (which on closer analysis are
everywhere proving to be heterogeneous), on
the basis of current information, show local (but
different) maxima in the Asia-Pacific area, with
overlapping distributions. The PGM, 3 localiza-
tion principally involves Melanesians, whereas
the (partially overlapping) PGM,7 localization
extends to Malaysians, Thais, Chinese, and
Japanese. Large areas remain to be explored
in this respect, as does the question of the
subtypes of PGM;3 in the areas already studied.
Thus, on the basis of a single sample from
New Guinea, the PGM; 3 phenotype encountered
there is reported to differ slightly from the
PGM,;3 of Okinawans’ and from Japanese on
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Figure 3. The known distribution of the PGMJ‘? and PGM 7 alleles in the Asia-Pacific area.

3

Kyushu and Honshu (unpublished data); clearly
a much more extensive comparison is called for.

In an extension of the phylogeny, the chief
constraint is the need to observe the additive
(or subtractive) pl relationships between alleles
as described in Table 4. There are a number of
different solutions to this phylogeny problem.
We will, to begin with, accept the phylogenetic
relationships of PGM,!*, PGM /1=, PGM*,
and PGMI‘?‘ as proposed by Carter et al, !t
although, as these authors point out, other
interpretations are possible. The other four
alleles (PGM,>*, PGM,3—, PGM,7*, and PGM,;"~)
can then be explained by one additional
nucleotide substitution and three intragenic
recombinational events. These latter can in each
instance result from at least two types of
intragenic recombinations. The resulting
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Figure 4. A proposed phylogeny relating eight alleles in the PGM, system. The symbol u
indicates origin through mutation. The position of the postulated crossover is in each instance
indicated by an X.
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postulated nucleotide substitutions; because
these are unknown, no firm use can be made of
the decay function, the more so-because genetic
selection and drift intervene between recombi-
nation frequency and the observed phenotypes.

This phylogeny must be recognized as only a
beginning for the alleles of this locus. Thus,
there are at least eight other alleles (unpublished
data) not yet studied with respect to their
subdivision by isoelectric focusing, and, in
addition, Scozzari et al'? have reported a com-
mon polymorphism affecting the thermostability
of the products of the PGM *, PGM,!-,
PGM 12“, and PGM 12_ alleles, the site for which,
from its segregation pattern, must be intragenic
to the PGM; locus. In principle, most of the
alleles waiting to be defined with respect to
isoelectric focusing can be fitted into the
present phylogeny by the type of logic we have
employed.

An attraction of this phylogeny is that it is
ultimately subject to verification or disproof
by DNA sequence determination, When a probe
becomes available for the PGM; locus, not only
will the postulates of the phylogeny be subject
to empirical testing, but the prevalence of DNA
restriction enzyme-site polymorphisms should
provide additional markers within and near both
ends of the gene. Indeed, the opportunities for
sophisticated  evolutionary biology should
provide a stimulus to develop a probe for this
locus. In this connection it should be borne
in mind that, in the present context, the
important issue is not the correctness in detail
of the phylogeny of Figure 4, but the principle
that intragenic recombination has been as
important as nucleotide substitution.in the
genesis of the alleles encountered at this locus.
It is very likely that DNA sequencing of the
PGM; locus will result in some revisions in the

phylogeny.

The possibility that intragenic recombination
could be a cause of “point™ mutation in higher
eukaryotes has been apparent ever since the
nature of the genetic code was established; the
nature of the products of the human hapto-
globin alleles provided an example of the
consequences of an error in such recombination
some 20 years ago.®®  The recognition of
intervening sequences (introns) in genes increases
the potential role for this type of event. In this
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context it is worth noting that intragenic
recombination imparts a self-generating aspect
to mutation: if three or four nucleotide substi-
tutions {n) resulting from mutation become
established in any substantial frequency in a
population, intragenic recombinational events
create the opportunity for a much larger number
of alleles, the total number of possible alleles
(nucleotide  substitutions plus subsequent
recombinational events) increasing as 2". Thus,
it is not surprising that our phylogeny is based on
three nucleotide substitutions {(which have
polymorphic frequencies) but four crossover
events. We have suggested on the basis of the
number of different alleles that the PGM;
locus appeared more mutable in a Japanese than
in an English popuIation”; the present analysis
provides a mechanism for the phenomenon,
Other human loci with complex allelic structures
which with further data should lend themselves
10 & treatment similar to that presented in this
paper are those responsible for the MNSs and Rb
blood groups,’® and the HLA-A and HLA-B
histocompatibility factors. The present findings
suggest that the appearance of a new property
at these loci (i.e., mutation) is as likely to resuit
from intragenic recombination as nucleotide
substitution.

Some might prefer to refer to the consequences
of the postulated crossover events as the evolu-
tion of haplotypes rather than as mutations. We
use the term point mutation in the classical
sense —as the appearance in an offspring of an
inherited phenotype not present in either parent,
the genetic basis for which can be localized to
a specific point on a chromosome, as would be
the case if phenotype PGM,3+ appeared for
the first time in a child of a PGM12+/PGMI7+
heterozygote.

Each of the alleles postulated ito arise through
intragenic recombination has a substantially
higher probability of multiple origins than an
allele resulting from a specific nucleotide substi-
tution. From its molecular weight, PGM; should
consist of approximately 510 amino acids, thus
requiring for its coding 1,530 nucleotides in
exons, these probably interrupted by a consider-
able number of mnucleotides in intervening
sequences. In the so-called complex loci of
Drosophila, the frequency of “within-locus”
recombination varies from about 107% to 107%/
locus/generation, depending on which character-

13

RERF TR 7-83

RROSHOTEEEHAT S, 0k BRI
HFOT, BEFAI I EL— P a ¥ FIERERC
HLTHARENZME 2 H5+2 2 dEaL
Y 5. EAERIZART S 3E 4BOR S L FF
B () FEAORIIEVOBECHER NS &,
WEFANIYER—varid, E3»IEHED

HMABMEFEEDR T TRESF LD, £EUEH

XBET (R7LdFFABEZALCECTEZS
Yar¥ia—arOai) 082 oga T
T35, LEdH-T, BLDE-ZHBHFIBD
RLAFFEB{(ZBEOHELATI) L4480
WEFER#HET LB IS5 0w, ety
BorORAELHIBETOBERIIEITOT, PGM,
BETFEIEBALEMATCED L AFALRATOFH Y
WHRERLZRLPTVWEERON S EREL LM,
SECRIFIZOREDBFERTLOTH S, HiM
T EETFHER L OAMOUETET, kD
MEMEDIL, TORMTIRBLLOLRAEKEELH
AN IZoOE, MNSs B U Rh MLiEF* 25+ %R
YA UN1 HLA-A & U HLA-B #l#@ 5 B 1T h 3.
EHROME S S, Ihs OMEFEOR LV
(] 2 1FZERER)IE X 7 LA F FRIREBIH, BIE
FHIIYERA—TardpLbELRT VI L ARE
= -

BELABETFEXOEREFERTREIVI LN
n7oy 4 7ot EZIOEFOALVLIAL LA
vy, BAGHEERER LW EEHEANLBERT
AwTws, tabhiuifho@iiiiRshtv
WMEMEER (GREFMIE, Fhsddaeito
BEOBMTCIETET3)FTRIIBEhEIETH 5.
2% PGM AT/ PCM T ~F o & thay 1 i
MbT, FEEPGM, 3+HFHN B L) EHETH 3.

BETHYI Ed—SarpekEzhdbRESND
FhFhoarlErEd, FEOX 2L+ F FER
MoEFhIAMET L0, HEOREEE L2
TheEA AL D#V. PGM | 3205 T8 25 4510
BEo7i/BHolleshTwat#EEENLLINT,
- FEF BB, WS SOOI L4 FF
BB rTEY, ThOWHBELSLLAERNELT
HETAIENDEHOR7LAFFIZEV TR PR
BZaTWATHAES. Yardasrindnhds
HMEEARETECIEVWTR, "SEFERN"YIYE
A—a yOHEE, BEAEOEOFRYE S HEH
T AL THW T ~10 75 /R E /R



RERF TR 7-83

istics of the locus are under consideration.’® Let
us assume that intragenic recombination at the
PGM; locus occuss with a frequency similar to
that observed at these complex loci (whose
molecular basis is still poorly understood); the
resulting mutations would have relatively high
frequencies. On the other hand, the probability
of mutation per nucleotide per generation is
of the order of 10™% in humans.!” Although all
mutation is of course repetitive, the probability
of random loss of a mutation in the small,
highly subdivided populations in which our
ancestors lived was so highl‘ﬂj that many of the
established polymorphisms due to nucleotide
substitutions may be unifocal in origin. Thus,
whereas the nucleotide substitution postulated
to give rise to the “7” attribute of the PGM,
locus may have occurred and persisted only once
in the Asia-Pacific area, the alleles arising from
the postulated intragenic recombination events
should be shown by the appropriate analysis of
DNA to have multiple origins.

Finally, we note that the distribution of the
PGM > and PGM,” alleles in Japan may shed
light on the peopling of these islands. A com-
mon version is that the prehistoric inhabitants of
Japan were Ainu-like peoples who were gradually
driven northwards by migratory pressures origi-
nating from the south through the Ryukyu
Archipelago {Nansei Islands) and more centrally
through the Korean Peninsula. The Ainu do not
possess the PGM13 or PGMI7 alleles.!”2  The
Chinese populations examined thus far do not
possess the PGM,® allele.” Our studies (un-
published data) demonstrate that the PGM
allele is roughly three times more frequent in
the Nagasaki (Kyushu) sample than in the
Hiroshima {Honshu) sample. This suggests that
the genetic influence on present-day Japanese of
the southern migratory stream is some three
times greater in southwestern than in central
Japan, but this observation, of course, does not
permit us to estimate absolute contributions.
It is in this connection of interest that the
phosphohexose isomerase allele PHI#HIR1 jg
likewise about three times more common in
Nagaszki than in Hiroshima,' but much less is
known concerning its distribution in the Asia-
Pacific area than for the PGM, alleles in question.
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