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SUMMARY

Genetic variation has been studied in plasma
samples from 107 Amerindian children and
their parents and 110 Japanese children and
their parents by means of two-dimensional
polyacrylamide gel electrophoresis. Twenty-
three polypeptides were scored; the identity
of nine of these is at present still unknown.
Genetic variation was encountered in 11 of
these polypeptides. We have previously reported
that the index of heterozygosity was 6.2x0.7%
for 20 ‘randomly selected’, silver-stained poly-

peptides scored for genetic variation in Caucasoids.

For technical reasons only 11 of these 20 poly-
peptides could be routinely scored in preparations
from the Amerindian samples. -For these 11
polypeptides, the indexes of heterozygosity in
the three populations were: Amerindians,
4,5 £0.6%; Japanese, 5.7+ 0.7%; and Caucasoids,
8.0£1.1%. Even with these relatively small
numbers some striking ethnic differences as
regards individual polypeptides are apparent.

INTRODUCTION

Recently, employing two-dimensional poly-
acrylamide gel electrophoresis (2-D PAGE) and
a combination of Coomassie Blue staining and
the sensitive silver stain developed by Sammons
et al,! we have reported on the genetic variation
encountered in the polypeptides of plasma
samples from a predominantly Caucasoid
population.? For a series of 20 polypeptides
best visualized after silver staining, whose identity
was unknown .at the time they were selected
for study, and which were selected solely because
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it appeared variants, if present, could bte readily
detected, the heterozygosity index was 6.2+0.7%.
For a different series of polypeptides best
scored after Coomassie Blue staining, but whose
selection for various reasons cannot be regarded
as unbiased with reference to wvarjability, the
heterozygosity index was variously 5.1 %0.9%°
or 8.7%1.1%,% depending on the polypeptides
scored. All variants were confirmed as genetic
in nature by the occurrence of the same variant
in one parent or the other. For a series of
46 erythrocyte lysate polypeptides selected
without reference to variability, we encountered
a heterozygosity index of 3.110.5%.%

These results are in marked contrast to the
findings of earlier investigators who, examining
human fibroblasts, and kidney and brain tissue,
reported heterozygosity indexes which averaged
less than 1%.57® More recently, several investi-
gators have reported a level of genetic variability
in lymphocytes approximately intermediate
between the early findings and our own.®™ 13
The .striking difference in the results of the
various studies could be due to three, not
mutually exclusive explanations, namely, dif-
ferences in the types of preparations under
consideration, differences in the techniques
used to identify the presence of the polypeptides,
or more rigorous selection of polypeptides for
scoring by ourselves.

In the present communication we will extend
our observations on variation in plasma proteins
to two additional, Mongoloid populations,
namely, Amerindians from Central and South
America, and Japanese from Hiroshima and
Nagasaki. The findings in these two populations
will in general confirm the findings on Caucasoids
regarding the levels of heterozygosity in plasma
proteins although, not unexpectedly, ethnic
differences are¢ beginning to emerge. A prelimi-
nary report on this material has been published !*

MATERIALS AND METHODS

Subjects. At this stage in the evolution of the
2-D PAGE technology, we find it convenient—
indeed, indispensable—to prepare the gels in
trios derived from a child and his/her father
and mother. This not only permits the immediate
verification of an apparent genetic variant in a
child but, as we will see, reveals the presence of
~ null variants which would otherwise be very
difficult to detect. The 107 Amerindian trios

% @ heterozygosity (£ 6.2207% CH /. 7%
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examined in this study were drawn from nine
tribes, as follows: Yanomama, 30; Makiritare,
22; Piaroa, 12; Macushi, 9; Wapishana, 10;
Guaymi, 9; Ticuna, 4; Baniwa, 10;'and Cashinawa,
1. References to the studies in the course of
which the necessary blood samples were obtained
will be found in NeelL'® Neel et al,'® and
Barrantes et al.!” These blood samples had
usually been 5-7 days in transit from the field,
not always under ideal conditions. In addition,
unacculturated, indigenous, tropical dwelling
populations, including Amerindians, characteris-
tically exhibit elevated gamma globulin levels'®;
the gamma globulins migrate as diffuse spots on
2-D PAGE and, given the amphoteric nature of
protein, may influence the positions assumed
in the gel by other nearby proteins. As we shall
see, these facts introduced difficulties into the
scoring of certain polypeptides which had been
readily scored in a Caucasian population. The
samples had been processed immediately on
receipt in the laboratory and aliquots of serum
or plasma, as the case may be, have been stored
in liguid nitrogen for 6 to 14 years. In this
study, 65 of the Amerindian trios were analyzed
on the basis of serum samples and 42 on the
basis of plasma samples. In the case of the latter,
acid-citrate-dextrose (ACD) solution had been
the anticoagulant. o-, -, and -y-fibrinogen (see
below) could of course not be scored in the
preparations from serum samples,

The 110 trios of Japanese blood samples were
obtained in the course of the study of the
genetic effects of the atomic bombs in Hiroshima
and Nagasaki, one aspect of which involved
the examination of some 30 proteins by one-
dimensional electrophoresis (1-DE),'® and had
been immediately refrigerated and usually
processed within 72 hours of collection. ACD
solution was used as anticoagulant. Aliquots
of the plasma samples used in this study had
been stored in liquid nitrogen for 2 to 24 months.
Mother-father-child samples were available in
storage because a family study had been
conducted in connection with the demonstration
of a rare variant in the childlg; this introduced
an ascertainment bias with reference to transferrin
(see below).

Methodology. The conditions under which the
2-D PAGE was performed were as described in
Neel et al® with one minor difference; the
second dimension was run at 100V for approxi-
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mately 18 hours, the exact timing determined
by the position of the gel front. Where contrasts
with the results of 1-DE are drawn, the methods
are referenced in the papers cited. ”

Choice of Polypeptides for Scoring. In general,
the polypeptides selected for the study of
genetic variation were as described in Rosenblum
et al.2?® There were thus two groups of poly-
peptides, The first set was selected for study
from inspection of silver-stained gels, on the basis
of certain desirable characteristics: reproduc-
ibility, relative isolation on the gel, and a density
such that were a variant to occur (with approxi-
mately half the normal density), if would be
readily recognized. The identity of these
polypeptides was unknown at the time to the
individual who selected them and insofar as
possible, selection for study was without
reference to variability. The second seét was a
group of generally more abundant polypeptides,
readily visualized with the Coomassie Blue stain,
many of known identity and previously studied
with respect to genetic variation, some located in
“crowded” poriions of the gels. They were also
scored for variation but in contrast to the first
set, we do not regard them as randomly selected
and suitable for inclusion in the data base foran
Index of Heterozygosity. The system of nomen-
clature for the polypeptides judged as suitable
for scoring is identical with that employed
previously, being an essentially arbitrary desig-
nation based on position on the gel.3 To this
arbitrary designation is coupled the identity of
the polypeptide when known,

Certain of the polypeptides visualized after
silver staining and deemed suitable for scoring
in the eatlier study could not be reliably scored
in the preparations from the Amerindians (A-01,
c-08, C-09, D07, D-08, D-09, D-10, D-11),
pethaps for the reasons mentioned earlier (most
of these polypeptides migrate adjacent to but at
a lower molecular weight than gamma globulin).
In addition, the fibrinogens are absent from the
Amerindian preparations utilizing serum. We are
thus left with 23 polypeptides which can be
compared across the three ethnic groups for the
occurrence of genectic variants, The positions on
the gel of the polypeptides scored in this study
are indicated in Figure 1, the nomenclature
identical with that employed earlier. Approxi-
mate molecular weights of the proteins under
consideration are also shown in Figure 1. Variable

100V CHIBMIIT -4, REBBRTOLEL Y4
RSNV EROMBIZIENRELE. 1-DED
BREIOBEMELIT -84, TOHFEREIAE
LE@mxhobdrHuvik.
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numbers from system to system are due to the
occurrence of preparations in which a specific
polypeptide could not be scored unambiguously,
usually because of faintness of staining. Finally,
the spot C-15, scored earlier, has now been
shown to be a derivative of C-16 (Apolipoprotein
A-I); to score it separately would be redundant.

RESULTS

Variable Polypeptides. Phenotype and genotype
frequencies for the polypeptides found to be
variable in this study or the preceding similar
study on Caucasoids are given in Tables 1 and 2.
Table 2 also presents the results of tests for
agreement with Hardy-Weinberg equilibrinm for
systems where homozygotes for variants were
observed. Although the numbers for any
particular system are still relatively small, some
noteworthy ethnic differences seem to be
emerging, best treated on a system-by-system
basis, first those analyzed after silver staining, then
those analyzed after staining with Coomassie
Blue.

RERF TR 24-84

LB AR S0, BEOH T ATF FAHRE
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FRFEH S hERUARTFF., FHEIEAA
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FEIBUVZLSEY. 282103, EREIRE
BEH %5 A %1251 T Hardy -Weinberg @312
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Figure 1. Silver-stained 2-D PAGE pattern of plasma proteins. The gel has been subdivided
into five convenient regions and the polypeptides analyzed for this study designated as
described by Rosenblum et ai® and Neel et al.? Tables 1 and 2 provide designations for these

proteins where known,

M1l S lsBPEEANO2-D PAGE#IRER. YL ix@Emu s aHL, &
HETCHHLALHURTF 12 Rosenblum 52 U Neel 53 DM IZEVHFELE. ZTheo
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TABLE 1 PHENOTYPIC FREQUENCIES FOR THE POLYPEPTIDES SCORED IN ALL THREE ETHNIC

GROUPS AND FOUND VARIABLE IN ONE OR MORE OF THE GROUPS

£l ZODAHBBEATNTTEMEL, —DULORATERF S5 LBH5NL
- By RTF FORGEEFE
. Ethnic group
Stain desig(ill':tion Identity cfal;:i]tl'ﬁ:tayt?;i
Amerindian Japanese Caucasoid

Sammon’s C-01 Antithrombin III N 103 110 59

silver stain N/V 0 0 _3

103 110 62

C-14 Apolipoprotein E 3 a6 87 40

2-3 0 5 6

34 23 17 14

24 0 0 1

2 0 1] 1
4 6 1 o

95 110 62

D-05 ? N 71 37 17

N/V, 26 40 28

N/V, 0 2 0

Vi/Va2 o 4 0

Vi 1 26 9

98 109 54

Coomassie A-02 Hemopexin N 106 103 51
blue Niv 0 3 o

106 106 51

B-02 Transferrin N 102 99 47

NV 0 2 3

102 101 50

B-03 ? N 105 107 36
NiV 2 1 18

107 108 54

C-03 o1~ Antitrypsin N 106 104 48

NIV 0 0 5

106 104 53

C-04 Gce-globulin Gel 80 55 29

Gec1-2 23 40 20

Gel-V 0 1 0

Ge2 4 14 6

107 110 55

(Continue $t<)
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TABLE 1 Continued #1 ##&

Stain Qur ‘Identity Phenotypic Ethnic group
designation classification Amerindian Japanese Caucasoid
C-05 ~-Fibrinogen N 41 109 54
N/V,y 0 0 1
NfVy 1 0 _O_
42 109 55
C-11 Apolipoprotein A-IV N 98 107 48
’ Niv1 7 3 o
NfVs 0 0 _fl_
105 110 56
E-02 Prealbumin N 107 108 55
N/Vy 0 0 1
NfVa o 1 0
107 109 56

_TABLEZ ALLELE FREQUENCIES FOR THE VARIABLE POLYPEPTIDES ENCOUNTERED IN
AMERINDIANS, JAPANESE, AND CAUCASIANS. sz TEST FOR AGREEMENT WITH
EARDY-WEINBERG PROPORTIONS IS PERFORMED
#£2 TAVAL YT 4T v, BERA BATRELAZRORDShZF)RTFFO
WIEIEFHE. Hardy-Weinberg MBIz —BL T3> X MELRIT /-

d .Our . Identity Allele Amerindian Japanese Caucasian
esignation
C-01 Antithrombin ITI P 1.000 1.000 0.976
. q 0.0 0.0 0.024
C-14 Apolipoprotein E P3 0.816 0.891 0.806
Qs 0.0 0.023 0.073
qq 0.184 0.086 0.121
x2 3.599 0.592 2.806
(df=1,.05<P<.10) (df=2,.70<P<.08) (df=2,.30<P<.50)
D-05 ? P 0.857 0.532 0.574
a{V1) 0.143 : 0.440 0.426
1(Va) 0.0 0.028 0.0
$? 0.679 5.954 0.196
(df=1, .30<P<.50) (df=2,.05<P<.10) (df=1,.50<P<.70)
A-02 Hemopexin " p 1.000 0.986 1.000
q 0.0 0.014 0.0
B-02 Transferrin ] 1.000 0.990 0.970
q'* 00 0.010 0.030
B-03 ? P 0.991 0.995 0.833
q 0.009 0.005 0.167

(Continue 5 < )
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TABLE 2 Continued 2 Hi%

Our

designation Identity }}ﬂele Amerindian Japanese Caucasian
C-03 a, -Antitrypsin p 1.000 1.000 0.953
q 0.0 0.0 0.047
C-04 Ge-globulin p(Gel) 0.855 0.686 0.709
q(Gc2) 0.145 0.309 0.291
7(GeV) 0.0 0.005 0.0
x* 1.872 2.733 0.773
df=1,.10<P<.20) {(df=2,.20<P<.30) (df=1,.30<P<.50)
C-05 ¥-Fibrinogen P 0.988 1.000 0.991
q; 0.0 0.0 0.009
q; 0.012 0.0 0.0
C-11 Apolipoprotein A- IV p 0.967 0.986 0.929
q; 0.033 0.014 0.0
a, 0.0 0.0 0.071
E-02 Prealbumin P 1.000 0.995 0.991
qQ 0.0 0.0 0.009
as 0.0 0.005 0.0

*q' = several alleles #E o HEBETF

C-01 (Antithrombin IIT). No variants of this
polypeptide were encountered in either of the
two populations, in contrast to the finding of
a low-frequency polymorphism in Caucasoids.
Kera et al,?! employing analytical agarose gel
isoelectric focusing followed by immunofixation,
encountered one instance each of three different
antithrombin III variants in 370 Japanese samples.
The studies necessary to determine if these
variants would be detected in our system have
not been performed.

C-14 (Apolipoprotein E). The ability of 2-D
PAGE to detect variants of this system has been
demonstrated by Bgrresen and Berg,??> Zannis
et 2,2 and Utermann et al.?* In Japanese there
are both an anodally (Apo E 2} and cathodally
(Apo E 4) migrating variant, which show the
same mobilities as the correspondingly designated
variants in Caucaspids. The Amerindians thus
far lack the Apo E 2 variant.

D-03. We have observed in both the Amerindian
and Japanese samples a second polypeptide
about 10mm cathodal to the polypeptide
originally designated D-05, which varies concur-
rently with D-05. Both Amerindian and Japanese

C-0l(7r+FbrurvrryM). AALFAIEHETT
REIFERFEHSAAD & X EYIE, 2o
F)RFFFOERPEWHEA TR IZEHH
Ehfhdpon. Kera 62 IS8 ATV -0
FREAERIKBET 2%, FEBRE®REAVT,
AN BAFAERI:3EORLEZ 7 F Oy Yy

CMEEBE LHEF>HRELTYE. ZhsNERE

HREADRTHRUTRESPTIAEEET I/ ADIISLE
EREFE, FAERESR TR,

C-U(7HYHEEHZE). Bgrresen & f Berg,?
Zannis 52 K tf Utermann 5% 13, 2O EAE®
HERUWA2-D PAGE Lk DB TIZZL5M5
AlILTws. BERACEBEAOICEDT SER
Bl (Apo E 2) bEafFmEICHEH T 2 RE (Apo E4)
LAFLHIIHEETEN, T A AEFATHE
EhTVEEMETIERMIALBMELZTT.
BE2iT-ABoClR, 7AYII 747101
Apo E2 HEREMB ATV L L,

D-05. /AR 7AVHL T4 Ty RUBERALEH
OREII, BWD-5LHFRELAERIATFIFD
#10mm B4R 12, D-05 AR HELTIE2ZD
HYRFFFERDTVWAE, ZOHORTF FIEFAO



populations possess an anodally migrating variant
of this pair of unidentified polypeptides, of
which the anodal one may be identical with that
of Caucasians described by Rosenblum et al?
We designate these variants of D-05 as V; and
V;’. The findings in an individual heteruzygous
for the variant mentioned above are illustrated
in Figure 2. It is not clear which of these poly-
peptides is the primary gene product; arbitrarily
we will assign this status to the more anodal,
designating it N, and the companion polypeptide
as N°. In general, N’ and V,’ appear to have
slightly greater molecular weights than N and V.
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LOTHEBHN, TAUAA »F4 7Ty eBHRNER
ICBEAmCEmT 3 -l Rt aht.
COZEOERBERYSRTFEDI L, BRERENC
fIf+ 25?3 Rosenblum & ¢ A& LA AKH
DLortE—ThdEELILRSE. 4 lxheD
D-05ERME VROV &¢HELA LENER
HOHAFOESHI>LTORMEBEE2ZIIRT. T h
SMFEYRTFIFDIE, ¥ELIFREFTO—KEY
THAEMIHS A TEVSY, BEREOFRIRTFF
BN, 3—o0RYRFFFE N ERIZHHEL .
BMLT, NV ogFRBENEV, 2040
kErunkiizBbhs.

Figure 2. Photographs and diagramatic representations of genetic variation involving (un-
identified polypeptide] D-05. A detailed description of the findings is in the text.

M2 D-BE2wIOREMNERNENRUER(D-BUREEEATVEVFYRTFFT
HB). COFRIoVwTORMEETIIR®RL .

In addition, the Fapanese possess in polymorphic
proportions a previously undescribed variant of
N and N’, characterized by altered mobility in
both the molecular weight and IEF axes,
migrating about 1 mm above the normal position,
as well as about 13mm anodally (Figure 2).
In heterozygotes the normal and variant poly-
peptides have about the same staining intensity.
We designate this variant V5 and Vi°. In the
Japanese sample there is a near-significant
departure from the Hardy-Weinberg phenotypic
equilibrium proportions expected on the basis
of a 3-allele system (Table 2). The reason for
this will become apparent later.

A-02 (Hemopexin). Three Japanese exhibited
an identical, previously undescribed variant
about 1mm anodal to the normal position and

Wiz, BRACEERES EATZVWNEN' D
FRBNEHOFETRD A, ZOoFREH,
SFREHFE, EF FAORFIFWTEREERES
BoEsFL, FEOHLTOHA 1 om LEITH13mm
EENIC R R A(H2). ~TUBSEIL TS
ERErmRMGEYARTF FRIELFR L RAKRE
EMLA. BABIOERERE VL,RUV, &%
LA, CORENVARATF FILE00HMIBEFHFHFE
Toah0ELT, HAEAKRBUCRES R A-HERS
Hardy-Weinberg O @3Rlcd TEH LS, 2212
RHEBCEOTRAED RS (F2). ZnEHIZ
SWTIHBIIAGH»E L 5.

A-02{~ErF L), HEARH®I O3 AL
fEgmESshTtwuiwFRUMRM shLd), Th
SHRALIOTHA ZOERVWIEEMEOH
Lmm Bz, ~FoBgIIRsh 28R
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slightly more intensely staining than the normal
polypeptide in a heterozygote (Figure 3A).
Both polypeptides were absent from a gel
prepared following treatment of the plasma
with an antihemopexin antiserum (Dakopatts/
Denmark).

ELRY~TF g, EREICEAESE RAEN
A (E3A). i~ F A% 3 v 5 M (Dakopatts /
Denmark) 12 L D MEE & XM L A Bz dk@) L2 70
T, ERN, EERRAEL IR sl

Figure 3. Four new genetic variants of plasma proteins. A: A-02, Hemopexin; B: C-05,

Fibrinogen -y-chain;
V. Variant; R: Reference spot.
3

2R, R: Reference A k.

B-02 (Transferrin). The ability of 2-D PAGE to
distinguish transferrin variants has been demon-
strated by Anderson and Anderson.”® Nine of
the Japanese trios in the total sample of 110
had been assembled for family studies of a
transferrin variant encountered in that portion of
the study of the genetic effects of the A-bombs
which employs 1-DE. They are excluded from
consideration with respect to this system (all
nine variants were detected with 2-D PAGE).
In the remaining scorable 101 samples, one
cathodally migrating and one anodally migrating
transferrin variant were detected in Japanese
and none in Amerindians. These variants had also
been detected by 1-DE in the above referenced
study and classified as Tf Dg,; and Tf Byps,
respectively (Fujita M. private communication).

B-03. A single type of anodally migrating variant
was encountered in two Amerindians and cone
Japanese which was apparently identical to
a variant encountered with a much higher
{requency in Caucasians.”®

mEBERAROF L RENERE 45
=y v C C-1, THEVHEEBSRAN: D E-02, LT AT N ERE,

10

A:

C: C-11, Apolipoprotein A-IV; D: E-G2, Prealbumin; N: Normal;

A-02, ~ERF Ly B C-05, 7 ¢ 7Y
v

(i35 =)

B-02(r3A 729 ). Anderson K {F Anderson®™
I, 2-D PAGEIZL»T 5 v A7 VERT
PEMERTHAIEETLTVS, FHIOOHEER
AEO 3598 )44 M, 1-DE AW
EEBOREMEECEHAT AT CHRBENAEFS Y
A7 2N v ERBOFHREEOEIZBELSNLLOT
HH, FhER LI YA 70 yORIZMT 2ERE
PEREALEZ(SROFERIET T 2-D PAGE
itk ahs). BoolllosEATics B0
55, BEAEAIZEOTR, BEACZELTS
FPFrAT7 Y ESDUE, BENCEHTS
PRV YERMIAEHBE LAY, TAUA
AvFyT7riisntiEmBiehir-Ah. 206
NERNGLEROMRIZIFVTI-DELLL-TH
Bgiah, &4 TiDy R Tf Bups & L THHE R
T 5 (EHEEFER L OREIZES).

B-03. 1#EoEBEFmic B+ o ERira
ENAEY, TAUHIA»F 4 F T2, HFA

RIS ERA, COTRBIG, AARRC
BOUWTENHGHETHESATOATERT WS >
R0 LOTCE Y



C-03 (a;-Antitrypsin). This polypeptide appeared
invariant in the two populations. We had earlier
observed in 2-D gels from Caucasoids the poly-
morphisms for which this systems is well known,?
but unlike Brown,® we do not feel we can
subtype accurately.

C-04 (Ge-globulin. Tracy et al?’ demonstrated
that 2-D PAGE would distinguish between the
common allelic forms of Ge¢, namely Ge I and
Ge 2. Inthis study, these alleles were encountered
in both populations, in the proportions reported
in the literature.®®  Subtypings of the Gc 1
and Ge¢ 2 phenotypes were not atfempted. In
addition, a single new variant was encountered,
of apparently greater molecular weight than Ge 1,
in combination with Ge 2. As Figure 4 shows,
the mother was Ge 1-V, the father type Ge 2.
The variant as well as the polypeptides identified
as Ge¢ 1 and Ge 2 were absent from gels prepared
following treatment of the plasma with anti-Ge-
globulin antiserum (Dakopatts/Denmark).

Hothéf”

Child
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C-03{ar7 5+ U7y, MEMIEVTIO

HAYRTFFLIRERAS0EITh FiAld
DITEARETO 2-D#ARlzsnt, JORKEE

e

Bohae®MAHEL-H? Brown®™ & 153w,

EREEZG 784 THTELEREL SN L.

C-04{Ge-#70 7Y »). Tracy 5713 2-D PAGE
&0, Ge @AW O IBETE, T4b5 Gel
EGe2 EMAFAARTHSI & EMoHIILT
VA, R TIEEERCEN T, chSsOHIME
FETRPURMEBENAT VIO LR UILE RS
L. Gl G2 0¥ 784 7TERS
fphrof B, Ge2 LEHIL, HTRHAFAG1 &0
B AT KEVILWERRBS 1HRML A, R4
2R EEN, HFHIEG 1-VThHY, KBoEI
Ge2 Tho. Gel BUFGe 2 ERE &SR
ATF P TR, WG Fa 7Y LT
(Dakopatts /Denmark ) & BV TR L AMEEHIDWT
fER LAY T, RInL T v,

Father

Figure 4. A new genetic variant of Ge-globulin, 1:Gel, 2:Ge2, V:GeV, R: Reference spot.

[ 4
Ay b

C-05 (y-Fibrinogen). Vadants of this system
have been demonsirated with 2-D PAGE by
Olaisen et al®® and Rosenblum et al?® A single
previously undescribed variant was encountered
in an Amerindian. <-Fibrinogen presents on a
2-D gel as a pair of major and a pair of minor
spots (Figure 3B). The variant presented as a
pair of major spots anodal to the normal position
plus a similar faintly staining pair of minor spots.
This variant appears to differ from one described
by Olaisen et al>® but our electrophoretic
conditions differed slightly from theirs. The
identity of our varant as «-fibrinogen was
established with an anti-y-fibrinogen antiserum
(Dakopatts/Denmark).

GewZ 7 O L VEBIEHERY.

11

1: Gel, 2: Ge2, V: GeV, R: Reference

Cu05(y-7 47U/ =% v). ZORDEARARL
T i, Olaiser 52 & TF Rosenblum 52 #°2-D
PAGE 2 FwTRLTW S, EHEEA TR L
TRAMIFEETAUHAL P F 47T P CREBLE. ¥
T T L=V, 2-DF LT HOKE S
AEy hE—5tO s nARy bERBT S (EH3IB).
TOEWREL, AWoms D IBRMI-HORE L
ZFEw bk, REECR(BEREALI-HONES
Zgw FEBLA. IOEREE Olaisen 5% 4
ML ALOLRUNOLOEELILRD N, Hr e
ELOEBERABMOZREIP LR » T, 4D
WRERE, $-v-7 ¢ 7Y /=4 Y HE { Dakopatts /
Denmark}d AT y7 4 7Y /5 - Thde
[FAEL .
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C-11 (Apolipoprotein A-IV). Variation with
respect to this polypeptide in 2-D PAGE prepa-
rations has been described by Tracy et al?? and
Rosenblum et Ell,20 at a time when the identity
of the spot was unknown., We have now identified
it as apolipoprotein A-IV through the immuno-
subtraction technique, employing an anti-
apolipoprotein A-IV antiserum kindly provided
by Dr. 8. Koga of Kyushu University. Both the
Amerindian and Japanese samples failed to
exhibit the variant encountered in Caucasoids,
but were found to have a previously undescribed
variant in the JEF axis, migrating anodally about
2 mm from the normal position (Figure 3C).

E-02 (Prealbumin). A variant of prealbumin in
the molecular axis of a 2-D PAGE gel was
recognized by Rosenblum et al?® A single
apparently different and undescribed variant
was encountered in a Japanese (Figure 3D). It
migrates about 12mm cathodal to the normal
position, appears to have a slightly higher
molecular weight than the normal polypeptide,
and stained slightly less intensely than the
normal spot in the heterozygote. Proof of
the identity of the variant is provided by its
coprecipitation with prealbumin by an antiserum
to prealbumin (Dakopatts/Denmark).

Nonvariable Polypeptides. The polypeptides
found invariant in this study are listed in Table 3.
To our knowledge, only one of these, plasminogen,
-has been found to exhibit a genetic polymorphism
by other investigators.®® It seems very possible
that 2-D PAGE failed to detect this variant.

Evidence for the Genetic Nature of the Variants;
Null Alleles in Two of the Systems. As noted
earlier, gels were mun as mother-father-child
trics. Each time a child’s gel was scored, the gels
of the parents were also scored. A total of 254
variants in the homozygous or heterozygous
state have been encountered in the subjects of
this study. The genetic pattern of codominant
inheritance was observed with respect to 251
of these variants, There were, however, three
apparently exceptional genetic patterns revealed
when the child was compared with its parents,
plus six exceptional patterns which became
apparent only when the pattern of the parents
was compared with that of their child. These
findings are distributed over two systems, as
follows: -

12

C-11({7HYREH A-N). 2-D PAGE #&¥c
BIIEZORYRTFFOERIZIOVTE, 20
AEy FHRES AT & 2 8541 Traey 57
B Rosenblum 62 Iz ED#EshTwa. Fald
AMKEOHE B I DBEHELTRLELEVL
M7 A)VRERA-NHOFEEAL, 2FERNE
kY, Zhi7HYREGA-NRAEL L.
FAYAAYF4 T RUBFEAQERATE, HA
gHcHEShAZTRBEIBE IR Do LY,
EFFECEFOMEOM 2 mm BiREICEHT S
ERBESA TV LVWERNNFET I L YL
Mz -7 (E3C).

E-02(F1L 773 >). 2-D PAGE ¥rLoaFi
FEIIZEITS L 7T D REIH Rosenblum
Stk THRIEEATW S, fERGEHEEA TR
e RESERBIGZARACHELAL 2
(H3D). ZOERITBEHOME LD H 12mm BE
BlLzBEHL, EEORIYRTFVIOETFITERSYF
KEVWEIIZEhhA, AFOESGELISVTER
BIZNRy MIXERBIRA y b IZEP PR CREEN
. FLTNT I vzt M i# (Dakopatts /
Denmark ) 2V T 7L 77 v e hife 32 L
tkh, TOFEEEORELT .

TRAOEHShADFUNTF K., FFET
LEAADSRE SRV AATF FEHRIIIRT.
HADMBBYTIR, COIBTIFIAI LT EG
REBENIRNERT I LA BOFRE  2L->T
ezt oTwd., 2-DPAGE #, ZOERR%
BT adroMEEFBRVLDEELS RS,

FRAFRENEDOTHS I EERTIH; =D
DRI INMWILBIEF. KB Ey,
H—L—FOF)VATHX AL EEREL . THROT NV
REMTAEIEI, BREOSVICOWT LA
L. ZMROHEBECEHFEREAL AT 0BG
OERBHBAF 2 BRELE. ChonERBED IS
WAF Iz 2w T I, LEIEREOREHRR FRE
Ehe, Lal, THEEE:ESLLBRE, WS
I 2 RER Y — VA3, B, HRO
Ry EFEOLO LN E EIIOHFREL
ok 6HOFNG Ay - AEELE. ThE@
MERTREOZOORTED 5 hk.
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TABLE 3 SYSTEMS, AND NUMBERS EXAMINED, FOR WHICH ALL THREE
POPULATIONS HAVE BEEN INVARIANT TO DATE

#3 3fEAOwThIsLTY, RETTERFAH ATV RL
FRURER
Ethnic group
Stain Our Identity
designation Amerindian  Japanese  Caucasian
Sammon’s silver stain C-07 ? 97 110 61
C-12 -7 103 109 62
C-13 . ? 102 108 62
C-16 Apolipoprotein A-I 107 110 62
D04 7 104 109 62
D06 ? 104 102 58
D-12 ? 929 109 61
D-13 7 86 110 55
Coomassie blue B-01 Plasminogen 95 108 47
C-06 a3 Acid glycoprotein 106 107 56
D01 a-Fibrinogen 22 101 56
D02 g-Fibrinogen 41 109 55
C-04 (Ge-globulin). Three exceptional patterns C-04(Ge-7ua79 V). BEALBATIFOHL

were encountered in Japanese: two instances
of a Ge¢ 1X Ge 2 mating resulting in a Ge 1 child,
and one instance of a G I X Ge 1-2 mating with
a Gc 2 child. The possibility of a discrepancy
between legal and biological parentage was
investigated with 17 polymorphic genetic systems
(ABO, Rh, MNSs, P, Kell, Duffy, haptoglobin,
adencsine deaminase, 6-phosphogluconate de-
hydrogenase, phosphoglucomutase-1, phospho-
glucomutase-3, acid phosphatase, esterase D,
glutamate oxalate transaminase, glutamate
pyruvate transaminase, and plasma proteins C-14
and D-05). No evidence for questioning parentage
as stated was found. We attribute the findings
to the occurrence of a deficiency or =null
variant.3!

D-05. 1In this system, six exceptional mother-
fatherchild combinations were encountered in
the Japanese sample,
type encountered for C-04, and are susceptible
to the same explanation. Again there were no
parentage exclusions in the families, with the
same battery of test systems as previously, but
substituting C-04 for D-05 in the battery. We
have determined what allele frequencies would
account for the observed phenotype proportions,
on the assumption of the presence of a silent
allele. Because the Va type was only encountered

They were of the same .

13

Hg85 — v @B, 2HIEGel XGe 2 DM
HESHETFHRITIGel 2507, 147
12 Gel XGel-2 DHLEHLBTTHIT G2 L
Zokb0Thd BENENERTITOR (ABO,
Rh, MNSs, P, Kell, Duffy, "7 +7Fa¥r, 757
Y FETEiF—H, 6-FART LB FT
M-, FAFFNTLIy—-F-1, FAFTW
LT —¥-3, TV FRRAT7» =¥, TAFF—F¥
D, 71L& 3 vEBAFHFL—F 5 AT 3+,
TNy VEBYLE YRR FT VAT IS —F, I
BHC-14 B D-05) Io2unT, &K UERERN
BTHEFEOR—BOTHESRETL 2. BHFEEz
EIgET R mMLED SR Lo~ B
DAL, REXEILVERBONRCBRTS
pboeEZILSHhBY

D-05. ZoFRCiE, BEAERFACITE-XL—
Folsrt bttt rEbL. ZhbD
i C-MiionwTHEBELAEbDERLEY A 7D
Ltor, ABoHEBAMNERAshE. 0B,
D-05 % C-04 rBEx#z i3 ,1E, LAaEEICT R b
YAFAEBOWTHFEERZT A, PRVETF
BRIt s nFELRD oMk, ¥4 LY T
WA BEFIFETILREL, FOLI 2R
REFHEEF BRI A-ZHUOKEORER L3
DOAERELE, VEEAFOESHEILTOA
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as a heterozygote, the corresponding allele
frequency remains the same, and the adjustment
is at the expense of p and qy,. The iterative
solution of this problem whicHi most closely
approximated the observed phenotype fre-
quences was: p=0.50, q=041, r=0.03, and
s (silent)=0.06. :

DISCUSSION

Nature of Variants. Several general points may
be made concerning the nature of the six
previously undescribed electrophoretic variants
encountered in this study. Five are predomi-
nantly in the IEF axis, and one in the molecular
weight axis. When these numbers are combined
with those available from previous studies under
identical conditions on plasma®*® and lysate,’
we find that about 20% of our variants are in
the molecular weight axis. It is not clear whether
variants of this type would be detected with
1-DE. For a similar proportion of the variants
described thus far, coordinate variation in two
or more polypeptides has been observed, the
exact fraction depending on how such variation
is defined. The reasons for this coordinate
variation are undoubtedly as diverse as the
various explanations for wmulfiple bands in
isozyme patterns.

With respect to the 34 different variants involving
primarily shifts in the IEF axis encountered in
our five . technically similar studies,®?®3%3
we have plotied in Figure 5 the distance between
the position assumed by the variant and the

NUMBER GF OCCURRENCES
F- 3
\j

REEh20C¢, ThisHYT 24 LREFHEER
ZOBOTHN, play, OPREIL L THEN
fibhd. ZORBIIODVWTHRIELBEL TvL
b, BEL-EZRMEHELIELRVEOE, p=0.50,
q=0.41, r=0.03, s{H# A/ L ¥ )=0.06TC&~»7-.

E =

TRIOME. fERBEshTssTREETHRE
EAAERKE EOTRBETIIO VT, E0»D
— R 2B ol s. 5 iaE i [EF A,
1S FREBOERNCH 5. DIATMmE2” &
EMEL IOV TRACESFTITAMESLBLR
ALz hiDHEEHEILE, RAOERRD
HA%BFarTFRIFMOLOTH LI LAHBAL .
COBOERYALI-DE 2L THHiahs» D
PEHSHITEV. REZDFREHTIELIGER
MHF2HwlL, FhlEoRY~RTFFIFIRD LR
THED, 20HE{GZZIIBNELDEHABL TR S
A, BRZ2FDEICERTIHILE-TEERD
FHRA2SEFBRESRL. COFFRAAOERD
BE, TAVvHEL b -nRy—VIZASh3EHD
Ny P 2WTHADBRFENZOERU LIS
FHEHTHHI L EEVE LW,

By EHMHZRAUT 2S5 HOFMRIZENT, X2
IEF AmiisH 2B HENFEAT 2 EREUEE
B LAF 2RSS mRUOMEE, fESNS

2 4 [

8 10 12 14 16

HORIZONTAL DISTANCE FROM
NORMAL POSITION (mm)

Figure 5. Horizontal gel distance separating the 34 variant polypeptides encountered in our
various studies from the normal position. Further explanation in text.
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presumed normal position. Earlier we have
demonsirated that in the case of relatively small
polypeptides known to differ from the normal
by a gain or loss of one or two molecular charges,
such as several of the fS-chain hemoglobin or
carbonic anhydrase variants, in a modification of
this system, a one-charge change induced a shift
of 5-7mm in the IEF axis® The distribution
of Figure 5 departs significantly from the Poisson
(x?=2542, df=13, p<0.001). It is tempting
to see in this distribution a bimodality, with one
outlier to the right, and a curtailed distribution
to the left. It remains for the future to determine
the precise kinds of genetic events that contribute
to this unusual distribution. But with all due
caution, given that most of the variants we
have thus far encountered involve larger poly-
peptides than those with which the effect of a
charge-change on mobility was standardized,
we suggest that the first mode is predominantly
the result of variants resulting from amino acid
substitutions characterized by one-charge
changes (plus some “neutral” amino acid substi-
tutions which alter molecular configuration
even under these denaturing conditions). Amino
acid substitutions resulting in two-charge changes
would then be an important contributor to the
second mode.

Heterozygosity Indexes. Rosenblum et al?
found a heterozygosity index of 6.2+0.7%
for the 20 ‘randomly selected’ silver-stained
polypeptides which they scored for genetic
variation in Caucasoids. Only 11 of these
polypeptides could be routinely scored in
Amerindians. If we limit the interethnic
comparisons of heterozygosity to these 11
polypeptides, the resulting heterozygosity
indexes are as follows: Amerindians, 4.5 *0.6%;
Japanese, 5.7 %0.7%; and Caucasians, 8.0%1.1%.
For the 12 polypeptides scored after Coomassie
Blue staining, not in any sense a random sample,
the results were:  Amerindians, 3.210.5%;
Japanese, 4.0 £0.5%; and Caucasians, 8.6 £1.1%.
We have previously reported that for a series of
28 erythrocyte enzymes and serum proteins
scored for genetic variability by 1-DE in
Amerindians, Japanese, and Caucasians, the
determinations all performed with comparable
techniques, the heterozygosity indexes were
5.4%, 7.7%, and 7.8%, respectively.!®  The
present results confirm the somewhat higher
index of the Caucasoids, and lower of the
Amerindians, but now the Japanese are more

15
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EHEiE s OEELES ISR, DR, gob
DE-YPNEFOE Y ERBLIRRBREABEEER R
DIz, FEREIEARFFOEFIIZNLZO
HE S22 EMAE N T WALEANEZARY
RTFFOFEIE, COBOEZELSWTERS
T+ 2 EEF A 5~Tmm B8+ 5 2L %
Az LA ¥R LAgHERTY 2
EREBIIRAS (y2=254.2, df=13, p<0.001).
ORI, ARACBRTARTSLOL, KA
CESEsWTIAT b0 LARHSHh, ik
GREEZEV. CORFERAFIFLST 3REN
BROEMAHBELRET3OERRORETH 5.
LPALBANZhE TCREBLAEREDIZEALN,
BHOELFEHE IS 2 3R EIRiziEE{Lsh
EIELDEIVRELRIRNTFFEEATVS
ctETAFICEETIESE, BlBEE—20
BROFELFT : /BRER (AU OEERE
BuiffEOTreoarorEdgrEtisis
EoavhlED' 7 I/ BEBER) L TELAER
Hizikib0ThHaEREEshS. LEhHaTo
DEFOEEFLALT T I/ BERIE, B2k
KEL{FSLTWwELBhhE.

Heterozygosity index. Rosenblhm 5 2 [ZAAEH
I AREMNERELEOLD, BESIIERALS
ik asn-RYRTFFAFLFEML, T 0D
heterozygosity 21 6.2+ 0.7% TH 5 LBk, TA
VHA YT T I20TE, BECRSDHRY AT
FFO I B1FEL 2FHE L 3% & /. Heterozygosity
DAMMEEZ Zh SO RY RTF FizonT
DHIT 3 & 51E, heterozygosity (X7 A ) A4 ¥ 74
T 4.520.6%; HAA5.7+0.7%; AA8.0+1.1%
2% 3. BELEACRE RV, FvI—Th—
BRERICEHEL AR RTF FREIISWTORE

W, 7TAVH4 »5F 47 3.2505%; HA A
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i, 1-DE 2k FA AL »FP4 7Y, HEARY

AAOREHEELAETT 540, BHBO—HO
FOREERCMBAREAK CoVTEBOIEL
BagEer A TEML . %O heterozygosity &
%% 54%, 1.7%, T8%Th .5 AFECH L
REIOADIERIFETEL, TAVIA YT 4T
OFBLE DT EEWIF TR EA, BETE Y BEA
DEFTAVAL T4 T AIEVRDILEST
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similar to the Amerindians than previously.
These results also confirm in general our previous
finding with the 2-D PAGE technique, of more
genetic variability in plasma ‘proteins than
reported by a variety of other investigators for
different types of preparations. As previously
noted, we have also reported heterozygosity
indexes, using the 2-D PAGE technique, of
3.1+0.5% in “randomly selected” polypeptides
of erythrocyte iysates.4 Although we have yet
to examine the precise materials studied by the
earlier investigators, we are increasingly inclined
to suspect that our demonstration of greater
amounts of genetic variation rests as much on
technical factors as on differences in the nature
of the material studied.

Ethnic Differences with Respect to Variants
of Specific Polypeptides. In addition to the
emerging differences in heterozygosity indexes,
the present data point to a number of other
potential differences of anthropological and
genetic interest. The numbers are still relatively
small, and all conclusions are tentative. In
this spirit, we draw attention to the absence
from both these groups of a variant of C-01
encountered in polymorphic frequencies in
Caucasoids but the presence in both groups of
a variant of C-11 (apolipoprotein A-IV) different
from the variant commonly encountered in
Caucasoids. For A-02 and D-05, the Japanese
possess in polymorphic proportions variants
not detected in either of the other two groups.
For B-03 there appear to be major differences
in the frequency of a varant allele between
Caucasoids and the two mongoloid groups.
Finally, for C-03 (oq-antitrypsin), the data
appear to confirm the known higher frequency
of variants of this protein in Caucasocids than
Japanese.®®

2-D PAGE: The Broader Context. It is apparent
from the emerging ethnic differences —which we
propose shortly to study further with exami-
nations of 2-D PAGE preparations of erythrocyte
lysates, platelets, and lymphocytes — that an
important new tool in the study of evolutionary
relationships is at hand. Further, we expect,
now that the usefulness of 1-DE in the study of
. mutation has been demonstrated,®® that the
2-D PAGE approach will ‘become ‘second
generation’ technology in that context; studies
such as the present are part of the necessary
familiarizations. Finally, given the number of
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exon products which can be evaluated with Ty yERRORIHL Mz hE, FHEED

. 2-D PAGE, it will in time be of great interest FERLEREE Lo TRES R, FIATREILZS
to contrast the results of ‘studies such as this CHRAILIVYIIBIAR 2 LA F FEBRIZET S

with the data becoming available on nucleotide P s h R A LA, BRAE MRS

substitutions in exons as determined by the
direct approach.
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