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Rnuently,.in connection with an ongoing medical study of certain
Marshall tslanders prompted by the Bikini’incident (L, ﬁé have had the
opportunity to cxamine a sevies of blood samples from‘these Islandevrs
Yor thg uccufrence of both polymorphisms and rére variants of serum
proteins ané erythrocyté enéyﬁes. The results, when treated in the
ugual faéhion‘and combined with the f{ndings of others on Micronesianms,

there may be v ' :
suggest/a lowver frequency of rare variants in this group than in such
eroups as Japanese, Caucasians, or S§uth American Indians. THere are
scme bothersome problems in comparisons aéroas_groﬁps sampled in different

ways ,however, which make the usual statistical contrasts impossible; some

of these problems atebaired.
THE POPULATION

The study population is composed of persons now residing on Ebeye,
Rongelap, and Majuro Islands, forvthe most péit related to one another as
members of nuclear families. The number of independent génomes in the
sample is tﬁus cénsiderably less than the number of persons. Approximately
half of the children in the saﬁple were Born to parents inadvertently
radiated as a result of fall-out from a nuclear explosion at the tiﬁe of
the Bikini test, in 1954. However, as will be apparent under RESULTS,
the question 6f.a radiation effect will not ariﬁe in any substantial

manner.

101409b:



METHODS

All samples Qerc collecfed in 12 ml vacutainers (Becton-Dickinson)
with an ACD anticoagulant. ' The éamples were shipped by air, on ice, from
Kuajalein Atoll, Marshallllslands to Honolulu, Hawaii for trdns-
shipmenit o Ann Arbor; Washed red blood cells and plasma were stored
at -70° ¢ prior to typiug.

The coﬁditions for electrophoresis and typing.of systems 1, 2, 8, 9,
10, 12, 13, 15, 16,-18 and 20-24 in Table 1 were carried out as described
previously (2). FRlectrophoresis of systems 14 and 19 and staining of
14 employed the methdd of Spencér. Hopkinson and Harris (3), and staining

- for system 19 employed the positive staining>method as reported by Peters,
Hopkinsoﬁ-und Harris (4). System 3 was dete£mined by the method of
Charlesworth  (5), system & by the méthbd of Tashian (6) , system 5 by
the method of Chen, Anderson and Giblett (7), system 6 by the method of
Weitkamp (8), system 11 by thé method of Eéwafds,-ﬂopktnson and'Harris
(9, and system 20 also by ﬁhe-methods of Weitkﬁmp et al (10).and Tanis

et al (11).
.FINDINGS

1. The polymorphisms.-¥cenetic polymorphisms were obgerved in six

of the systems: haptoglobin, phosphoglucomutase-1, adenosine deaminase,
acid phosphatase, 6-phosphoglucose dehydrogenase, and group specific

comportent. Phenotype and allele frequencies are given in Table 2.
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Varying ﬁumbers of detéfmiuations for the systems listed in Tables 1 and
2 av- dve to a considerable time liapse between collection of the samples
and their receipt in the laboratory. As a consequence, elither no
patrern or an anlcar péttern (even after repetition) was océasionally
obtained fﬁr a given trait. Three persons had the.PGM1-7 phenotype.
Because of the occurrence of tﬁis variant ia polymorphic proportions
clsewhgre in Micronesia (see bélow), we tabulate it with the polymorphisms.
These three individuals were related as siblings, one of whose parents
vas tested and normal, ghe other untested.

2. DRare vériants.--One rare variant was observed in a‘total of
4,047 determinations. This was a fast albuﬁin variant detected by only
one of the three screening systems ‘in use for albumins, namely, the pH

5.0 sodium acetate buffer system of Weitkamp et al (10). The variant
is 1llustrated in Fig. 1. 1Its electrophoretic behavior appears similar

to that of albumin tMeddn as reported by Weitkamp et al (10). It

. ovccurred in a girl,_agéd 5, whose mother was normal (and not exposgd
to fall-out) and father not aﬁailable for study. Thé fact that the
variant has been demonstrated in only a single ﬁerson with only one
technique leaves its identification somewhat unsatisfactofy, but the

situation cannot be improved upon at present,

DISCUSSION

1. 7he polymorpliisms.--Gene frequencies for the 6 polymorphisms
encountered all fell within the rather comsiderable range reported in

other studies of Micronesians (12, 13, 14, 15, 16, 17, 18, 19).
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2. ‘fhe rara variants,=-~In Table 2 we have summarized not only our

ven findings but also the results of all the other studies of rare
variants of 24 systems in Micronesians which wé have been able to locate
in the literature. Any efforf to treat "rare" variants involves some
arbitrary decisions; no approach is apt Eo find universal acceptance

at this time. We exclude from this summary any variant which for the

totality of the repreasentatives of the population studied to date, occurs

in more than 2.07 of the group (one of tﬁe conventional definitions of

a polymorphism). By this definition of rare variant, we exclude from

the tabulation the polymo:phlsms invoivﬁng types 3 and 7 of éhe ?GM1
systém reported by Blake et al (12) in the Western Caroline Islands,

and the polymorphism for the type 2 of phosphoglycerate kinase reported

by these sams authors. This 3aﬁe convention will réquire us to eliminate
{rom the summary o rare variants in Amerindians (see below) the Yanomama-2
variant of.alﬁumin, a variant thus.fdr,enqountered in a single tribe,-

but there with a gene frequency of 0.08. In sampling populations where
rather cloge biological reiationships between individuals can scarcely

be avoided, it is well to remember that even in samples of-1000, a vériant
limited to mewbers of a single extended kindred may assume the proportioﬁs
of a polymofphism as here defined. 1In the case of the variants excluded
{rom the Miéroﬁesia coﬁnt, a variant with the electrophoretic mobility

of type 7 PGM1 has besn encountered at several localitles in the Far East,
and it seems likely this is a hwidespread" polymorphism. However, the
same cannof be said for the variant with the mobility of PGM1-3 or

the variant with the mobility of PGK-2. They may be "private' poly-

morphisms. I further studles in Micronesia revealed these alleles
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Lo have su restricted a distribution that their fregquency in the
entice sawple dropped below 2 percent, then they would of course
enter the list of rare variaunts. |

The figal column'of Tdhle.Z presents the frequency per 1000 of
vaciants for Each systém, and the unweighted average of all the systems.
An unweighted average is éﬁployed to prevent an extensive study of a
single system [vom dominating the picfuré. Ry this approach, the average
freqguency Qith which variants are encountered in.the systems under
considaration, on the basis of 16,724 determinatilons, is 6.9/1000'ob-
servations.

‘Some of the‘micronesian Islands have had extensive contact with
othar nthnicAgrOUPS, and there has in addition been active exchange
arong the various islands (22,23). The possibiliﬁy must always be borna
in mwind that a rare Qariant may have been introduced from the outside,
as pointed out by Blake et al (12) in connection with the LDH variant
they eucountered on Faraulep Atoll, which is similar to the Calcutta-1
variant widespread iﬁ’IndLa. We note in this connection that the CAI
variant ¢l Tashian et al (20) encountered in the-Chémorros of Guam and
Saipan 1ls clectrophoretically similar to a variant encounteredbin
Tilipinos (24), Indonesians (25), and Japanese (26); Guam and Saipan
have well-documented historical contacts with these arcas. On the other
hand, we restate the well-recognized caveat that electrophoretic identity
of two varlants is not synonymous with biochemical identity.

There is rapidly accumulating an extensive 1i£erature on the frequency

of rare variants In o variety of populations. We mentionad earlier the
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prohiems in compariug populations sampled differeﬂtly. Tu addition,

tha comparison of variaat froquencices from different laboratories, aund
especiaily average fragquencies wlen the mix of systems studied way

vary widely, is to be approached with cautién. Tor the_purposus_st this
prelininary comparison, we will countent ourselves with reference to

two series which originatc in this laboratory and involve essentially

the same protains and tcochniques as the original material herein reported,
plus a third composite series for Caucasians. We will again use an
unweighted average, based on as many of the systems listed in Table 2

as are coverad in the references cited. By this convention,‘the variant
{requency for South American Indians, based on systems 1, 2, 8-10,

11-16, 18 and 20-24 of Table 2, is 1.7/1000 (2, and unpublished). The
lower frequency than in our last puﬁlicatioﬁ on this subject (2) is
‘due to the.excfusion of the Yanomama-2 albumin variant from this calcula-
tion because its frcquancy in the total sample now exceeds 2 percent (11).
The frequancy in West Eurépean Caucasians, based on systems 1, 2, 8-16,
18-24 and the.data of Fleischer and Mohr (27); Moulleec et al (28); Sick
et al (29); Bajatzadeh and Walter (30); Fine (31); Rex-Kiss and Fesus (32);
and Harris, Hopkinson, and Roﬂson (33) is 2.%/1000, and for Japanese
adults, based on systems 1, 2, 4, 8~10, 12, 13, 15, 16, 18, and 20-24,
1.9/1000 (34).

As nopcd, there are obyious difficulties in statistical comparisons

between these series. Our own Microiesian data, and we suspect to some
ektent that of others, contains closely related individuals, as does

our data on Amerindians. By contrast, the data on Caucasiaus and Japanese
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prosumably contains vecy fuow biologically relatéd persons, Llsewheve
.o have argued that it is appropriuate to compavre the average uumber of
var tauts per systcmvper thousand determinations in populaﬁtuné agcortained
iﬁ thoze diffcrent fnshioné, but not the number of different variants
(2), and wve maintain that'posi&ion here. -The logic is that a rather
 considerabie shuffling of tribal populationms, such as occurred in the
detribalization of the ancestors of modern Japanese or Kuropsans, should
not alter the total number’of variants present. However, conveational
.
statistical contrasts of total frequencies in these various'populations
seem inappropriate. In particular, estimates of frequéncies from studies
of populations such as Micronesians or Amerindians are quite susceptible
to a "jackpot' cffect--nne island witﬁ a high frequency variant could
markedly alter ‘the picture. However, some 27 islands have been sampled
to date, compriging a rather representative'group.

‘Tuken at face value, there is a 3-fold range among ethnic groups in
the frequency of rare vavriants as definad, these variaunts occurring in
Micronesians with approximately half the frequency in which they have
baen encountered in several other etﬁnic groups. However, this apparent
difference hinges, in part, on the definition of rare varian;, which
in turn is intimately related to the size and nature of fhe sample.

Thus, if as the study of Micronesiang 1Is extended it becomes clear that
the PGM1—3—]ike variant encountered in 49 persons (12) and the PGK-2-like
variant encountered in 39 persons (12) are sharply localized and no or
few additional examples of the variant are encountered, then either or
both of these might drop below the arbitraty‘2 percent frequency level

and have to be classed as rare variants, with a marked impact on the average
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frequency of sush variants. This possibility brings out cleafly.the
sensitivity to tha vagaries of the sampling process of any approazh. which
determines the frequency of rdre variants from a semt~exhﬁhsttve sampling
of disccate demes in a_miﬁimally disturbed popﬁlatiqn. ch&rwise stated,
the estimate must have a large variance.

The properties of the gamples of Micronesians and Amerindians might
be reudered more comparable to those of Caucasiansg and Japanese by
eliminating the old and the young frém the former two samples, but tﬁe
Lbasic issue would still remain; the individuals in the former two
samples will be move related thaﬁ those in the latter two. The most
practical way to meet Fhis issue seems an extension of the sample,
thus reducing the impact of any one "jackpot!. 1In addition, it is
suggestad that the definitive treatment of comparative variant
frequencias which a larger samplg will permit must counsider a variety
of dafinitions of rara variant and/or analyze the total heterozygosity
of the populition.

The problem is not a4 trivial one. The frequency of such variants
in natural populations is maingained by a complex balance between
selention, mutation, and population structure. Basic parameters though
they be, hoth the manner of action of selection and the rate and types
of mutation in higher orgaalsms remain poorly understood. Both selection
and mutation may be studied difeétly, i.e., thru surveys followed by
detailed family studics of each variant, or indirectly, i.e., through
the man{bnlatlon of population paraneters (35,36). The.former approdch

is much nmore laborious than the latter, and it is tempting to pursue

the easicr course, but the latter approach is only as sound as the

estimates of variant frequency (which should be hased on as total a
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population s tu.ly a.s possible) and lun understaunding of the structure
of the populations oa which the estimates are to be hased. This is,
of coursna, true for plunt aund animal as well as human populations. In
tha present instaqce, we are of course intrigued by the possibility
fhat. the mis of these factoss Jdiffers in Micronmesians from the other
“groups cited, e.g.; lower mutation rates or greater stochastic loss of
now rmtants in the Ilicronesians. Before these possibilities can be
profitably pursued by the indirect gpproach, saméle size must bé
adequate. There is clearly some minimal sample necessary to a trust-
worthy estimate of the frequency of rare variants in populations like
Micronesians and Anmerindians, and most investigators would probably
agrae that the Micronesians do not yet approach that minimum. Un-
fortunately, our kaowledge of the clustering of specific rare variants
in velttively undisturbed populations is still so scanty that further

experience is necessdary prlor to setting that reasonable minimum.
SUMMARY |

Blood specimens from a sample of 187 Marshall Islanders were
stirdied with reference to variants of 22 serum proteins and erythro-
cyte enzymes. Six of the traits studied exhibited genetic poly-
morphisms (adénogine deaminase, phosphoglucomutasel, acid phospha-
tase, 6-phosphogluconate dehydrogenase, haptoglbbiﬁ, group specific
component) . Thgre was in addition one “rare' variant (of albumin)
in 4,047 determinations. These fesults on rare varianls have been
combiﬁed with those of others on Micronesians and ﬁhe frequency of

rare variants in Micronesians coapared with the frequencies in West
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Farop2an Caucasians, Japanzse, aml Amerindians, Theve are may
dirficuttles in suclt comparisons, and although the observed values
fo.r.; The four ethuic groups differ by a factor of three, the
ticronesians m:hlbit,iﬁg_v_ til(‘. lowvest frequency, it is felt that no
cenclusions concerning differences betweén ethnic groups can be

drawn al this time.
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“tfable 2. CGena2 Frequencies for Six Geunetic Polymorphisms in the Marshall

Islands.

System

Adenos ine diaminase
Group specific component
.1
Hlaptoglobin
' 2
Phosphogluconmlasel

Acid Thosphatase

6-Phosplhezluconate
dehydrogenase

frt

156
A
101

164

Phanotype
2L 2
18 0
50 -2
93 - 32
26 1
KB B
73 11
21 0

Total

185
168
177
184

185

185

Gene Frequency

apal = 0.951
cel = 0.839
Hp! = 0.579
PGM] = 0.912
aP® < 0.743

6-PGDA = 0.943

1

e

7

were observed (PGM] = 0,008).

1o1yti2

" The Hp° type was observed in &4 individuals.

Two examples of the PGM phenotype 2-7 and a single phenotype 1-7



Figure 1,  Albumin variént starch gel patterns using the following buffer
sysfems: A, sodium acetate, pH 5.0; B, tris-EDTA-borate, pll
6.9. Albuain sauples shown afe normal serum 1, 5, 7, 8 and ‘11;
‘Makicitnre-Z, 2; Marshallllsland'vériant 3, 9; Makiritave-3, 4;
Waplshand-1, 0, 12; Naskapi, 10, Normal samples include. refer-
ence serum from our own labbratory and serum from normal Marshall
Island samples, All variants, except the presently reported

Marshall Island variant, have been previously compared by Tanis

et al, (2).
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