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SUMMARY

A multiplicity of transferrin variants have been
detected in the course of the biochemical aspect
of the study of the genetic effects of atomic
bombs. Variants obtained from the studies of
19,770 individuals in Hiroshima and Nagasaki
were compared by polyacrylamide slab gel
electrophoresis using three kinds of buffer
systems with different pH values and thin layer
polyacrylamide gel isoelectric focusing. The
variants were compared on the basis of their
relative mobilities and isoelec{ric points; seven
types of fast-moving variant (B-variant) and
nine types of slow-moving variant (D-variant)
were detected, involving a total of 154 and 273
individuals, respectively. All the variants were
identified as genetic variants by family studies.
No variant differed in allele frequency between
the two cities. The variants detected in this
study were compared with variants detected in
residents of Mie district (another Japanese
population), Caucasoids, American blacks, and
Amerindians, and six additional types of
B-variant and four additional types of D-variant,
which had not been detected in Hiroshima and
Nagasaki, were identified.

INTRODUCTION
Studies on blood proteins of A-bomb survivors
and their offspring have been conducted since
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1972 to determine genetic effects of A-bomb
at the protein level. The accumulated data are
now being reported. In the present paper, which
is a part of the series, results regarding transferrin
(TF) are described.

Since Smithies' detected genetic variants of TF
by starch gel electrophoresis (SGE), electro-
phoretic variants of TF have been reported
successively, and no less than 22 types have been
identified to date, but the frequency of every
one of them is low.?™ In Japanese populations,
Parker and Bearn,” Matsumoto,® Omoto and
Harada,” and Kirk et al® have reported rare
electrophoretic variants. Ferrell et al,” examining
4,029 Japanese residing in Hiroshima and
Nagasaki, reported three types of B-variant and
five types of D-variant. However, in the studies
reported thus far, accurate comparison of
variants was difficult, because the preparation of
the gels and the pH values of the buffers used
differed by investigator and the kinds of gel-
buffers used for mutual comparison of variants
were limited.

10 11

Since Kiihnl and Spielmann™™ and Thymann
succeeded in separating subtypes of TF C, which
cannot be separated by SGE, by employing
polyacrylamide gel isoelectric focusing (PAGIF),
at least seven subtypes have been detected and
all of them have been identified as allelic
variants.}2"'® However, there is only one report
which compares variants detected by SGE
using PAGIF.'® In the present paper, the
authors report on variants detected by SGE and
compared using polyacrylamide slab gel electro-
phoresis (PAGE) and PAGIF. Further, the
results of comparisons with variants obtained
in a Japanese population of another area and
populations of Caucasoids, American blacks,
and Amerindians studied by the same method
are also discussed.

MATERIALS AND METHODS

Populations, Samples, and Family Studies in
Hiroshima and Nagasaki

The first paper in this series!” describes the
populations, the circumstances under which
samples were collected, and the method of
family studies and the preparation of samples.
Briefly, data are obtained from two populations,
i.e., the “Adult” composed of A-bomb survivors
and controls, and the “Child” composed of
children of A-bomb survivors. Since all the
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subjects in the Adult population were born
before the bombing, and their protein structure
would not have been affected by radiation
exposure, the data obtained from exposed and
nonexposed individuals were combined.!®
Furthermore, no measurable genetic effects
due to parental exposure experience has been
observed so far in the children of A-bomb
survivors, so that data obtained from children
of A-bomb survivors were combined regardless
of their parental dose!”; the ‘“Representative”
population was selected from unrelated indi-
viduals in the Adult and Child populations. The
frequencies of alleles were calculated from the
Representative population. Numbers of exami-
nations for each population were as follows:
Adult, 4,638 individuals, Child, 15,132, and
Representative, 13,314. Ferrell et al® have
already reported the results obtained from
4,020 of the 4,638 adults. At the first screening
TF was typed using SGE, as described by

Smithies' and modified by Weitkamp et al.'®

Samples from Another Japanese Population,
Caucasoids, American Blacks, and Amerindians
Ishimoto et al studied TF variation in plasma
obtained from 3,411 students and nurses in
Mie district by SGE. They found 74 TF variants
which were classified into five types of B-variant
and four types of D-variant (unpublished data).
In the present study, comparison was made with
24 of these variants, including all nine types.

The samples of Caucasoids and American blacks
were collected at the Women’s Hospital,
University of Michigan, Ann Arbor, Michigan,
from 2,144 unrelated individuals including
1,764 Caucasoids, 155 American blacks, and
225 Orientals. By PAGE, B-variants were
detected in 30 Caucasians and one Oriental,
while D-variants were detected in two Caucasians,
nine American blacks, and three Orientals. All
were confirmed to be genetic variants by family
studies. Among these, 18 B-variants (all of them
from Caucasians) and eight D-variants (two from
Caucasians and six from American blacks) were
compared in this study.

The TF variants of Amerindians were detected
in 3 of 21 tribes studied, the Baniwa, Guaymi,
and Piaroa; the variants had been identified
as TF Dg; and TF Dgya;.'® In the present
study, comparison studies were carried out
with nine cases of TF D.y;, consisting of three
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detected in each tribe, -and two samples of
TF Dguai-

Comparison of Variants

a) Polyacrylamide slab gel electrophoresis (PAGE)
Electrophoresis was performed employing
Pharmacia apparatus Mark II; a polyacrylamide
gel (80 Xx140x0.27mm) was composed of
running gel (T, 8.0%; C, 2.5%), stacking gel
(T, 5.5%; C, 3.64%), and sampling gel (T, 3.5%;
C, 4.3%). Three kinds of buffers with different
pH values were used: 1) 0.04 M Tris-Glycine,
pH 8.5, 2) 0.05M Tricine-Tris, pH 7.5, and
3) 0.035 M TES-Tris, pH 6.5. Both tank and gel
buffers were identical.

b) Thin layer polyacrylamide gel isoelectric
focusing (PAGIF)

All the samples were partially purified using
0.6% Rivanol and concentrated by adding
Sephadex G-25 powder (Pharmacia). For PAGIF,
a gel of 1.0 mm thickness was prepared (4.85%
acrylamide, 0.15% bisacrylamide). A 2.0%
Ampholine, pH 5-7 was chosen. The electrode
strips were soaked with 1M H3PO,4 solution
(anode) and 1 M monoethanolamine solution
(cathode). For the focusing run on a multiphor
LKB 2117, the power supply (LKB 7103) was
set at 1,000V, 12mA, and 7.5W. After a
three-hour prerun, filter papers (5 X 10mm,
Wattman 3 MM) soaked in the purified samples
were applied on the gel 2cm apart from the
cathodal strip and the run was continued for one
hour. The filter paper was then removed and
focusing was continued for two hours. The gel
was fixed and stained according to the LKB
application note 250.

For immunofixation, cellulose acetate strips
were soaked in an anti-TF-immunoglobulin
(Behring Inst.) mixed with 0.15 M NaCl (1:6).
Incubation was carried out for one hour at
room temperature and followed by washing
overnight in 0.15 M NaCl.

Relative Mobility of Variants on PAGE

After electrophoresis, the distance between peaks
of TF C and variants was measured by a densi-
tometer. Regardless of the three kinds of buffers
used, the distance between TF C and TF Byrs
(the most frequent B-variant in Hiroshima and
Nagasaki, nomenclature described below) was
regarded as the standard for the B-variants and
the distance between TF C and TF Dgy; as the

® TF Dgya; & D HE %17 5 7.
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standard for the D-variants. Mobilities of other
variants are shown as relative mobilities to these
standards.

Nomenclature of Rare Variants

Rare variants were named by city in the order
of their discovery according to the method of
Ferrell et al’ except that the abbreviations for
Hiroshima and Nagasaki were shortened to HR
and NG, respectively. Variants detected in Mie
district with mobility different from those
detected in Hiroshima and Nagasaki were named
ME, and those from Michigan, AA by the senior
author (the Mie and Ann Arbor TF variants are
hitherto unpublished).

RESULTS

1) Hiroshima and Nagasaki population

B-variants were detected in 34 adults and 120
children. These variants, involving a total of 154
individuals, were classifiable into seven types,
1.6, TF BHRI: TF BHRZ: TF BHRE: TF BHR4:
TF Byrs. TF Byrg, and TF BNGI . Except for
one homozygous phenotype TF Bygra, all the
other variants encountered were heterozygous
for a normal allele, TF*C, and variant alleles.
TF Byrs and TF Byg; were detected only
in one family in Hiroshima and in one family
in Nagasaki, respectively, and TF Bygr; and
TF Byre were observed only in Hiroshima
(Table 1). Ferrell et al’ have reported earlier
that in examinations of 4,020 adults, three
variants, TF B3, TF Byjra, and TF Byira,
were detected. However, the present authors
reexamined TF B3 using PAGE and PAGIF,
and confirmed that it could be classified into two
types of variants with different mobilities, which
they named TF Bygri and TF Byrs. TF Byrs
is a unique variant in that its mobility in pH 6.5
PAGE and isoelectric point (pl) cannot be
distinguished from those of TF C. Similarly,
TF By, could be subclassified into TF Bygr2
and TF Bygrs, the difference between them
being that when the relative mobility (RM) of
the former in pH 8.5 PAGE was set at 1.0, the
RM of the latter was 1.15. The RM of TF Bng1
in pH 8.5 PAGE was 1.17, a value only a little
different from 1.15 for TF Byggrs, but the
distinction between the two was clear in studies
using pH 6.5 PAGE, where the respective RM
values were 1.27 and 1.12. The RM of TF Byrs
in pH 8.5 and pH 7.5 PAGE was 1.40, the same
value as that of TF Bygra, but in pH 6.5 PAGE
it was 1.27, a value different from 1.38 of
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TABLE 1 TRANSFERRIN PHENOTYPES OBSERVED IN THE ADULT, CHILD, AND REPRESENTATIVE
POPULATIONS §1 AND ALLELE FREQUENCIES AMONG THE REPRESENTATIVE POPULATION

#£1 WALH FHEARCRBEMAY CBEaNA TF ZHUS CIC R BERIZET 3 040 08 (E F O HHE
Representative
Phenotype  Adult Child 5 Allele Combined HR NG
Combined HRS2 NG§2
TEF C 4539 14804 13033 7788 5245 { ik 98937 9882 9910
TF C/BHR1 3 7 5 5 0 TF*BHRI  .00013 .0003 0
TF C/ByRra 13 77 64 a4 20
TF Byr2 0 1 1 1 0 TF*BHR2 .00247 0028 0019
TF C/BHR3 8 19 22 12 10 TF*¥BHR3 .00083 0008 .0009
TF C/BHR4 1 1 1 1 0 TF*BHR4  .00003 .0001 0
TF C/BHR s 9 11 12 6 6 TF*BHRS .00045 0004 0006
TF C/BHRs 0 3 1 1 0 TF*BHR6  .00003 .0001 0
TF C/BNG] 0 1 1 0 1 TF*BNGI  .00003 0 .0001
TF C/Dyr1 2 8 7 2 5 TF*DHR1 .00026 .0001 .0005
TF C/DyRro 1 0 1 1 0 TF*DHRZ2 .00003 .0001 0
TF C/DyRr3 1 4 3 3 0 TF*DHR3 .00011 0002 0
TF C/DHRa 3 2 4 4 0 TF*¥*DHR4 .00015 .0003 0
TF C/Dyrs 0 8 3 3 0 TF*DHRS5 .00011 .0002 0
TF C/DyRrs 2 1 2 1 1 TF*DHR6 .00007 0001 0001
TF C/DNG1 1 0 | 0 1 TF*DNG1 .00003 0 .0001
TF C/DNG?2 0 1 1 0 1 TF*DNG2 .00003 0 .0001
TF C/D¢hi 55 183 151 100 51
TF Dehi 0 1 1 1 0 TF*Dchi 00573 0064 .0048
Total 4638 15132 13314 7973 5341

e

§1 See text for definition of populations EHDERIZSOV TIEF L & 2
§2 HR and NG are abbreviations for Hiroshima and Nagasaki, respectively

HR £ NG i, thEFNIEBEERHOBIETDH 5.

TF Bygrg but the same as the RM of TF Bngi,
and these three variants showed different pl
(Table 2 and Figure 1).

The allele frequencies of the B-variants are shown
in Table 1. The frequency of TF*BHRZ2 was
relatively high, but there was no difference
between Hiroshima and Nagasaki. Neither was
any difference observed between the cities In
the frequency of any of the other B-variants.
In Hiroshima a homozygous phenotype of
TF Bygr, was encountered in a child of unrelated

parents.

D-variants were detected in 65 adults and 208
children. These variants were classifiable into
nine types, i.e., TF D¢hi, TF Dgri, TF Dyra,
TF Durs, TF Dyrg, TF Durs, TF Dures,
TF Dngi, and TF Dngaz- Except for one
homozygocus phenotype TF Dgp;, all the other
variants were heterozygous for a normal allele,

1.27 & %2 1, TF Byps 0 1.38 &
TF Bqﬂléiiﬁrffﬁ&f =, Z3Lip =
Rl L2 2pl 20 42 (F£2 RUKEL)

2 IEE| F L
& 4 5 A,
2D % 3k

B-ZREUD L BE FHELRLIZAL .

TF* BHR2 OHEEEIZFATMIZEm D - 72 A7, 4 K& B
TEIEIZI-T F 1, mfuﬂu "D B-Z AR
OEEIZLmTEOELIEADs N Ao L E

TlE, FEELSFBT TFBHHM;?; M#EREF D % v
HBOFHL AT & hr.

D-ZHAN L, sl A65 A, {208 ANkl s 7.

COERBIXRODIMEE, Tabb, TF Dg;,
TF Dyry, TF Dype, TF Dygrszs TF Dygpas
TF Dyrs, TF Dygrg, TF Dygi B U TF Dygo 1=
FRTCEL. 1HloreHs#ZHE TF D,y,; xbrk &,
ZDMOERENF4 T, EEI@EES TF*C AU
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TABLE 2 RELATIVE MOBILITIES OF TRANSFERRIN VARIANTS ON POLYACRYLAMIDE
SLAB GEL ELECTROPHORESIS WITH THREE BUFFER SYSTEMS

%2 SHOBEHRERSTHoAFRIT2YLT I FAT 74 VERKN Lo
TF % 2R 0 % 12 §) B2
PAGE PAGE
Variant Variant

pH 8.5 pH 7.5 pH 6.5 pH 8.5 pH 7.5 pH 6.5
TI BHR1 0.71 0.76 0.66 T Dyry 0.48 0.71 0.81
TF BHr? 1.00 1.00 1.00 TF DyRra 0.67 0.81 0.81
TF Byrs 1.15 I £ 1:12 TF Dygr3 1.08 1.04 0.94
Tl BHRra 1.40 1.40 1.38 TF Dyra 1.18 1.19 1.85
TF BHRs 0.69 0.68 0.00 TF DHRs 1.87 1.94 1.97
TF Byre 1.40 1.40 1.27 TF Dyrs 0.90 0.90 0.94
TF BNG1 319 1.20 1,27 TF DNnG1 0.67 0.84 0.61
TF BME1 0.85 0.87 0.66 TF DnGa 1.18 113 1.23
TF BMmE2 1.20 1.22 0.89 TF Dehi 1.00 1.00 1.00
TF Baaq 0.90 0.90 0.80 TF DME1 1.58 1.60 1:55
TF Baas 1.00 0.95 0.90 TF Dy 1.04 1.03 1.00
TF BaAs 1.00 1.05 1.05 TF Daal 1.06 1.04 1.00
TF BaAg 1.47 1.47 1.45 TF DguAi 1.23 1.28 1.05

FIGURE 1 DIAGRAM OF HETEROZYGOUS TRANSFERRIN VARIANTS IN THIN LAYER
POLYACRYLAMIDE GEL ISOELECTRIC FOCUSING

WM ARY T 7L T I PPV ERSBEREKBIZHT sAT oG TF EREOMME
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Only the name of variants are shown in the diagram though it is drawn on the basis of phenotypes
heterozygous with CI.
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TF*C, and variant alleles. @ TF Dyggr, was
detected only in one family in Hiroshima and
TF Dngi and TF Dyg, each only in one family
in Nagasaki. TF Dyrs, TF DHR# ,and TF Dyps
were observed only in Hiroshima (Table 1).
Earlier, Ferrell et al® reported TF Dp;, TF Dyiri »
TF Dyira, TF Dyirs, and TF Dygs;. However,
the authors’ reexaminations revealed that
TF Dyras could be classified into two different
types of variant, i.e., TF Dygrs and TF Dyra.
The RM values of TF Dyggrs and TF Dyrg were
1.08 and 1.18, respectively, in pH 8.5 PAGE, but
were 0.94 and 1.55 in pH 6.5 PAGE and their pl
clearly differed from one another. The pl of
TF Dygrg was the same as that of TF Dygr,, but
the RM values of the two were different in PAGE
at any pH level. TF Dyg, showed the same RM
as TF Dygra in pH 8.5 PAGE, but the former
showed an RM of 1.23 and the latter 1.55 in
pH 6.5 PAGE. Also, the pl definitely ditfered
(Table 2 and Figure 1).

The frequency of TF*Dchi, which varied widely
in Mongoloids, was 0.0064 in Hiroshima and
0.0048 in Nagasaki, an insignificant difference;
nor was there any significant difference in the
frequency of any of the other D-variants between
the two cities (Table 1).

The new nine variants encountered in this study,
i.E., TF BHRI: TF BHR3: TF BHRSr TE BHRﬁ,
TF BNG] , TF DHR4: TF DHHS: TF DHR&: and
TF Dpng3, were confirmed to be inheritable by
family studies. FEven though the differences
that distinguish one variant from another are
small, they are evident on either PAGE or PAGIF,
in samples from carrier parent,

2) Comparison with TF variants detected in
another Japanese population, Caucasoids,
American blacks, and Amerindians

The variants discovered in Mie district were
compared in the same gels with those of
Hiroshima and Nagasaki. Of nine from Mie,
three had different mobilities from any of
Hiroshima and Nagasaki variants, being named
Tk BMEls TE BMEZ: and TF DMEI* Six of
these were identical with TF Bygri, TF Byra,
TE BHRS: TF DHRS: TF DNGI: and TF DChi'
Among the variants in Japanese population,
TF Bygrs and TF Dgy; were observed in the three
districts, while TF Bygr, which was found with
relatively high frequencies -in Hiroshima and
Nagasaki was not found in Mie.

BRMVBETONTOEF EARL 7. TF Dyge (&
LBl FERO& I &N, TF Dyg1 & TF Dyge
TERBTEZhEFR L EETICbEn/. TF Dygas
TF Dyps R U TF Dyps R BD & TCHE S h &
(#1). LJAiz Ferrell 5% 1% TF D,;» TF Dyrris
TF Dyrz, TF Dujrs X U TF Dygsy 2 & L T
Wi, LaL, FESOBMATIZED, TF Dyjps &
— ORI ERB, Thbb, TF Dygsye
TF Dypy S FECEB LM S Aok, pHB.5D
PAGE 12\ Tl&, TF Dygps & TF Dygy @ RM il
3F*hF11.08+1.18TH-7=4», pH 6.5? PAGE
TIF0.9421.55THD, F-mMEDpl TS I
AL -5>Twh., TF Dyre @ pl 1& TF Dyro D pl &
BLETH-2, HEORMEIZTVT O pH LA
O PAGE lzBWTEEE LTV pH 8.5?D PAGE
T3, TF Dygo i3 TF Dygg £EIC RM flEZ R L £
A, pH 6.5® PAGE T3, #f#® RM (31.23 T
b, BEOZh|X1.55Th-7. £/, pl LS
PIZEBLZ STV (F2 RUML).

Fraduf FNTIELEZHD6nTWwS TF*Dchi®
BEEIL, IEETI20.0064, Eu5T(30.0048T, K=
nEI L. F '{ﬁﬂtﬁ'}w *ho D-ZERHY
OHEIET{HRBHEICEREZZTE LN T IC
(%&1)

AFETHAEEAELOOH LWERE, T4bob,
TF Byr1» TF Byrs» TF Byrs, T Bygres

F Bygi: TF Dugs. TF Dyps TF Dy & U
TF Dygo i3, KIKHAE ‘JL{L: TardZedHh
ffEsd & /s é”ﬁfiﬁ?ﬂf”}ﬂ‘%?ﬂﬁ*ﬁf EICT A& T/haw
A, FyUT—TbhHH fﬁ{?‘;,,lﬁfr’i PAGE # &
PAGIF o wthizk-TH, ZOEIHAIZED
511D

2) i HA AL, AA, TXAUABARUT X7
AvFaT7 it ans TFERR L O

—HEMX TRt ShABE R LR - RifOZE R 7w
Bl—04 N EThEL - ZEcHhficnZ9 MO
ZREO S 3L, L - BREOZERBOVT N
LERE ABWELTRL, TFBMEI, TF By B U
TF Dyt o ahzz. fho6 Mo%E &g,
TF Byr1»  TF Byrs,  TF Byrs.  TF Dyrss
TF Dygy RUTE D,y ER—D 8D ThH-7~. AE
ANERTHRIBENAZZERIND I L, TF Bygs &
TF D, 13X CHE s hA», L BEWBT
J:i:i’iﬁ@?ﬁi’ﬁiﬁ;'{“#é?#ﬂéﬂf; TF Bypo ¥, =—E T

RO NG oL



Six types of TF variant,i.e., TF Baoa1, TF Baa2,
TF Baas, TF Baag, TF Dy,and TF Dpa; were
identified in samples from Ann Arbor. TF D,
was detected in Caucasians and American blacks,
while TF Dpa; was only detected in Caucasians.
TF Baai, TF Baas, and TF Baas showed the
same pl as TF Byreg, while TF Bpa, and
TF Baasz showed the same RM as TF Bygr, In
pH 8.5 PAGE. However TF By and TF Bpas
were distinguishable in pH 7.5 or 6.5 PAGE
(Table 2 and Figure 1). None of Ann Arbor
variants corresponded to any of those found in
Japanese population.

TF Dgy; found in Amerindians had the same
mobility as the one detected in Japanese
population on PAGE or PAGIF. TF Dguai
differed in its mobility from those detected in
other populations.

DISCUSSION

The present study has demonstrated, in a sample
of 19,770 persons from two Japanese cities,
16 different TF variants. This figure approxi-
mates the total number of such variants that have
thus far been differentiated by SGE and PAGE,
and reported from all over the world, as illus-
trated by the summaries of Giblett® (17 variants)
and Sutton and Jamieson® (20 variants)
excluding those subtypes detected by PAGIF.
The question immediately arises whether the
Japanese are unusually variable in this respect
or whether any carefully conducted study of
this magnitude on a civilized population with
great internal mobility would yield similar
findings. The answer is not known, but the fact
that the average indexes of heterozygosity for
some 23 proteins scored in US Caucasians and
Japanese were 0.078 and 0.077, res;:ectiveiy,‘ﬂ
does not suggest unusual genetic variability
in Japanese.

It is in this connection important that the
validity of the variants we are reporting is in all
instances backed up by family studies indicating
a variant of identical mobility in some other
member of the propositus’ family, and also by
repeated, direct comparisons of fresh or well-
preserved samples of the various variants. Thus
we doubt that any of the small differences on
which the distinctions between certain variants
are based are artifactual in nature.

RERF TR 5-85

Ann Arbor h 25 OB A TIE, 60 TF & £ %Y,
T4b5, TF Bagayps TF Bpses TF Baass
TF Bpas, TF Dy B U TF Dyag P80 5 11 7=
TEDIEBAETXUARBANIIERRE &, TF Dyaq
BEALLORBEB SNz, TF Byag, TF Bpas B U
TF Baas i3 TF Bypg &[F L pl #7RL, TF Bpas &
TF Byp3z i3, pH 8.5 PAGE T, TF Bygpo ¢RI L
RM #R L7&. L& L, TF Byyo & TF Byas it
pH 7.5 X |3 pH 6.5 PAGE TE B T Th > 7~
(£2 RUX1). Ann Arbor ZR2E 21k, HAE
AEFTHREBEENAZEZRIZHLETI3LDIE 2L
T ho k.

TAVAA T4 T2 & 12 TF Dy, 13, PAGE
NI PAGIF FowthicszwTd, BEAEHT
BB EhELOLRAUBHMELRLE. TF Dgyay 1
o LroERTHREEhAZTEREOBIHEL LR
=50 VT,

F =
AWETIE, BHEO DT O FEEL, 770 A
ok AEMIZ, I6FOTFEERAEE L /.

CO¥EIZ, ZNnFEFTSGE EEUPAGE #IZED
Erlash, MMAPLIrOBREINAZERZRVIOELHIC
. B 218, PAGIF &l k- Thaiah /- B4 B
% Giblett® (17fE), 12 Sutton & ¥ Jamieson?
(20FE) ODEEMIZCTHRSNTWVBREENTHS. ZIHb
EHIZETIEMIE, HRAOBMEZREREIH W
LDTH2HEI D, £/, AOBEEIEWVEE
EoEFEIZ, ZORBEOEELFZMEIZIT LI, Rk
DEEIFIBENEADPEIDPEVIZETHS. TD
BEZAHTHZH, KEBALHFRAHEE L
HBBEOEAHEDODATOESEOFHIEFEIITIZA
Zh0.078 £ 0.077 TH 2L WnH 2, H5, " HEAD
MEERMHBIRAE LGS AV EATEREN S.

CORTHERELZZEE, BAHIFRELTHWIERED
ZUHE, WThoBAETE EKEFAZEZELT
HIBEBOFEKEDO A v —OHIZRILBHEOE RTY
AR TAZEICEY, T, ZhoHA4OEERD
HEE L LI L REERAERLEY IR L B
T52LI2E-T, B3 WwWITETH .
L72A->T, BEOZEERLZ2ERN T I2HKEL L - 7
M LahZERIIVTRALASBHIZILAS5EaNLZLDT
&5 &EBEL PR S
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None of the variants reported here achieve poly-
morphic proportions, but the 7TF¥Dchi allele,
polymorphic in many Mongoloid populations,
does have an allele frequency of 0.0057. The
next highest allele frequency is that of TF*BHR2,
of 0.0024. Most of the remaining variants are
quite rare, five having been thus far encountered
in only a single family., Among the variable
loci in Japanese, the TF ‘variant profile’ thus
appears intermediate between a locus such as
phosphoglucomutase-1, with relatively many rare
variants but also two polymorphisms,?! and the
glucose-6-phosphate dehydrogenase Lr::n::us,.22 with
many rare variants but all in very low frequencies,
even lower than the TF variants.

We note that only one of the eight variants from
Amerindians, and Caucasoids and American
blacks from the Ann Arbor collection corresponds
in mobility to a Japanese variant, this being
the polymorphic TF Dg; encountered in
Amerindians. This finding further attests to the
multiplicity of low frequency variants at this
locus. (Apparently identical electrophoretic
behaviors would not of course assure variant
identity, but clear differences in well-preserved
samples do establish nonidentity.)

CZILBRELEEZRVUTZHORAEZTIT LD
hol=d, 2L DFyTaf FERICZRITGED
SNANB{EF TF*Dchi OBEEZ0.0057 Th 3.
RiZEHWHIE R FHE X TF*BHR2 @ 0.0024 T
ha. BOVDERBDILASIIBMOTENT, Th
FTIL, SHAPE—FRIIRHEEAZIZTEL W
L2A->T, BEADERBIEZFEDNDI L, TF'XER
BMra7 4 L1, HBEHZEIDEALERELZE
T A3 ZEBIE —>TH 5 phosphoglucomutase-1 ®
FI)BEMY L, FRERZERBIZVAZOVTH
VHE RO TEVW(TFERZE LN ELEEIZEK V)
glucose- 6-phosphate dehydrogenase D EE{L** & D
= o i VAT - Pl Pt 7 -

FAYHA 747 K Ann Arbor i TEEZ N
ABUTAYHEBANODSHOZERED S LTI,
218, T habb, TAIVAIA T4 T 7ICBRE
aN~2EOTF D, PA&H, BHEIZEVT, BHEF
ADERTLr—-FLTWwWEZEHFEDsRL. 2D
AFRIZEIZ, COEMICFII2EHEOCERED
L2 M ALIEATAIELEOTHS. (EREH LD
BHEIY—RLTE —-TH2 I LHAEEIUDE—1
PIRIETA3EDTLZVWIEFIELEEBATHAID, &<
RESN-EATHBEZz Z2ED 5N, FER—
HIIfELE N B.)
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