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Recently, in connectiou with an ongding medical study of certain
Morshall [slanderévpfqmpted by the Uikini'incﬁdent_(l), Qé have had the
apportunity to cxamigé a sevies of blood samples ftom.these Islanders
fov th uccu?rence of bolh polymorphisms and rﬁre variants of serum
proteins nn& erytﬁrocyté enﬁyﬁes; The rcsule, vhen treated in the
usual fashLon and combLned with th flndin&s of others ou Micronesians,

there may be i
suggest/ad lower frequency of rare varLants in this group than in such
aroups as Japanese, Caucasians, or séuth American Indians. There are
scme bothersome problems in cbmparisons aﬁross‘groups saupled in different
ways,however,which,make the usual statistical ;ontrastsLimposé{ble; some

I

of these problems ave airad.

THE POPULATION

The study population is composed of persons now residing on EBeye,
Rongelap, and MaJuro Islands, for-the most part related to one‘another as
'msmbers of nucleat families, The number of independent genomes in the
sample is tﬁus cénsiderably less than thé number of persons. Appfoximately
half of the children in the sahple were Eofu to parents inadvertently
radiated as a result of fall-out from a nuclear explosion at the time of
the Bikini test, in 1Y54. However, as will be apparent under RESULTS,
the question 6an radiation effect will not arige in any substantial

maianer.
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METHODS

ALl samples wére collepﬁed in 12»m1 vacutalners (Becton-Dickinson)
with an Acb.dhticoagulaﬁﬁ.‘ The éamples were shipped by &ir, on ice, from
L Kuajulein ﬂﬁoll, Marshall Islands to llonolulu, Hawéii for trans-
vshipmeﬁt Lo Anﬁ Arbor; Washed fediﬁLood éél1s and pla§ma wvere stoved
at -70° ¢ prior to typing. |
The cOﬁstions for EIEctrdphorcsis and typing.of systems 1, 2, 8, 9,
10, 12? 13, 15, 16; i8 and-20~?4 in.Table 1 were carried out as described
previously (2). Electroplioregis of sy;tems_lﬁ and 19 and staining of
14 cmployed the methed of épencér;'ﬁdpkinSOnvand Harris (3}, and staining
© for system lé employed the positive sfainihg-method as reported by Peters,
Hopkinson- and Harris (4). System 3 was dete;mined by thé metnod of
| Charlesworth (5), system & by the m;thbd of Tashian o, éystem 5 by
the method of Chen, Anderson and Giblett (7), system 6 by the method of
Weiltkamp (8), system 11 by thé method of Edwards, Hopkinson and.Harris
(9), and cystem 20 also by fhe'methods of Weitk%mp et al (10).and Tanis

et al (11).
FINDINGS

1. The polymorphisms.—;cenetic polymorphisms were observed in six

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

comporient. Phenotype and allele frequenciey are glven in Table 2.
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Varying ﬁumbers of detéfminntions for the systems listed in Tables 1 and
2 ave due to a cohslderahie time lapse between collection of the samples
andd their receipt in the laboratory. Ag a consequence, either no
patcetn or an ?nclcar'péttern (even after feﬁetition) was oééasionally
obtained fér a gilven trait. Three persons had thé.PGMl—7'phenotype.
DBocause of the occurfcnce of Eﬁis varianf in polYﬁorpth proportions
elsewhg:e in Micfonesia (see bélow),vwe tabulate it with the  polymorphisms.
These three individuals were related as siblings, one of whose parents
vas tested and normal, the other unteéted.
2. Rare variankg.--One rare variant was obsetVea in a'total of
:ﬂ,047 detevminations. This was a fast albuﬁin variant detected by only
tue of the three screening sfstemS‘in use for albuminsg, namely, the pH
5.0 sodium acetate buffer system of wéitkamp et al (10). 'The variant
is illustrated in Fig. 1. Tts electrﬁphofécic behavior appears simllac
to that of albumin Meddn as reported by Weitkamp et al (10). 1t
occurred in a girl,iagéd 5, whose mother was normal (and not exposed
to fall-out) and Efather not aﬁailable for study. Thé fact‘that the
variant has been demonstrated in only a single ﬁerson with only one
techanique leaves its identification somewhat»unsatisfuctofy, but the

situation cannot be improved upon at present.
DISCUSSTON

1. The polymorphfsmﬂ.~—Gene frequencies for the 6 polymorphisms

encountered all fell within the rather considerable range reported 1n

other studies of Micronesians (12, 13, 14, 15, 16, 17, 18, 19).
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2. The rara varianta,~-In Table 2 we have sumaarized not anly our

cem findings hu;'ulsq the vesults of all the'btheristudies of rare
vnriants.of'?q gystems in Micronesiuns which wé huve been able to locate
in the Literature. Any effor& to“ﬁreaf “rare"-Quriunts'iuvoives same
.urhitrary Qedisions;. o approach is apt Eo find uni&ersal acceptance

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

totality of the reprasentatives of the ‘population studled to dake, occurs

in more than 2.07 of the groﬁb kone of tﬂe conventional deflnitions of

-a polymorphis§$. By this defihition of rare variant, we exclude from
the tabulation the éolymo:pthms invoiv;ng ﬁypes 3 and 7 of éhe‘PGMl
system repovted by Blake et al (12) fﬁ-the western Caroline Isiands,
and the polymofphism for the type 2 of phosphoglycerate kinase reported
by these same authors. This same convention will_réquire us to eliminate
{iom the sumnary of rare varianty in Amerindians (see below) the Yanomama-2
variant of alﬁumin, a variant thus fdr_engountered in a‘single tribe,
but thare with a éene frequency of 0.08. 1In sampling populations where
rather cloge biologlcal relationships between;indiﬁidualé can scarcely
be aveoided, it is well to remembér that even in samyles of-1000, a‘vériant
limited to mewbers of a single extended kindred may assgume the proportions
of a polywmorphism as-here defined. 1In the case of the variants excluded
Lrom the Miéroﬁesia coﬁnt, a variant with the electrophoretic mobility

of bLype 7 PGM, has bean encountered at several localities in the Far East,

1
and it seems likely this is o "widespread" polymorphism. However, the

same canunot be said for the variant with the moblility of PGM1—3 or

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

morphismy. 1I[.further studles in Micronegfa revealed these. alleles



Lo have so rqStricted a distribution that'their frequency in the
caticve sauple dropped below 2 percent, then they woulﬂ of course
enter the list of rare variaunts. |

The figul co¥umn of Tdh1e>2 presents the frequency per 1000 of
variants fér ﬁach systém; anq the uhweighted averagg of ail the systems.
An unweight¢a average i§'éﬁployed to prevent an extensive study of a
single systum [vom dominating the picﬁuré.l Ry tﬁis approach, the average
freguency with which variants are encountered in'the systems under
consideration, on the.basis.of 16,7é4 determinations, is h.C/lOOO'ob_
servations.

Some of ﬁhe.micronesian Tslands have had extensive contact with
othar athnic-groups, and there has in addition been active exchange
anong the various islands (22,23). The péssibiliﬁy muét always be borne
in nind that a rare ;ariant may have been iﬁtroduced from the outside,
as pointed out by Blake et al (12) in conunection with the LDH va?iant
they eucountered on Faraulep Atoll, which 1{g similar to the Calcutta-1l
variant widespread iﬁ'IndLu. We note in this connection that the CA I
variant of Tashian et al (20) encountered in the Chamorros of Guam and
Saipan is clectrophoretically similar to a variant encountered.in
Titipinos (24), Indonesians (25), and Japanese (26); Guam and Saipan
have well-documented historical contactg with these arcas. On the other
hand, we restate the well-recognized caveat that electrophoretic identity
of two variants is not synonymous with biochemical identity.

There is rapidly accumulating an extensive ligerature on the frequency

of rare vaviants In a variety of populations. We mentioned earlier the




6

probleus in cnmPAriug populations sampled diffcreﬁtly. Tu addition,
the comparison of varignt'fruquencics from differeat laboratarics, and
espeéiaily sverige frg§ﬁenc£us when the mix of systemns studicd may
vary widely, is to be approached with cautién. Tor the'purpos§s ol this
'?IﬁlimgﬁiEl Compérison, we will content ourselves with reference to
two series which originatc in this laboratory and involve essentially
the same proteins and techniques as the origiﬁél material herein reported,
plus a third composite series for Caucasians. We will again use an
ﬁnweighted average, based on as many of the systems listed in Table 2
45 arce coverzd in thé refercnces cited. By this convention,’the variant
{requency for South American Indians, based on systems- 1, 2, 8-10,
11-16, 18 aud 20-24 of Table 2, is 1.7/1000 (2, and unpublished). The
lover frequency than in our last ﬁuﬁlication'on this subject (2) is
due to tha‘exciunion ol the Yanomama-2 albumin variant from this calcula-
tion becausc ips frequancy in the total sample now cxceeds 2 percent (l1).
The frequancy in West European Caucasians, based on systews 1, 2, 8-16,
18-24 and thaldata of Fleischer and Mohr (27); Moullec et al (28); Sick
et al (29); bBajatzadeh and Walﬁer (30); Finme (31); Rex-Kiss and Fesus (32)
and Harris, Hopkinson, and Ruﬁson (33) 13'2.%/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 noted, there are obyious difficdlties in statistical comparfisuns
between these series. Our own Microuesian data, and we suspect to some
oktcnt that of others, confnins closcely related individuals, as does

our data on Amerindians. By contrast, the data on Caucaslaus and Japanese
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prosumably uontding vecy fow bioiogically relutéd persons. Llsewheveo

e have argued that iE iy afpfdpriutu to cdmpare the average number of
vartants per systnm.per thousénd dftarminations_in populdﬁtuné ascorta el
in theze diffevent fﬂshioné, but not the numbér of different variantz
(2), and we maintain that‘posiLion here. 'The logic is that a rather

"considefable'shuffiing of‘tribal'populations,‘sﬁch as occurred in tha
detribalization of the ancestors of modern Japanese or Luropsans, should
not alter the total number-of variants present. However, conveational

. . ' ! .

statistical contrasts of fotal frcquen;ies'in these various ‘populations
seem inappropriate. In particular, egtimates of frequéncies from studies
of populations such as Microﬁesi&ns'or Amerindians are QUite susceptible
to a ”jnukpbt".cffdct~—nnelisland witﬁ a high frcqugncy variant could
markedly alter the picture. lHowever, some 27 islands have been sampled
ta date, compriging a vather representative-group.

Talen at face value, there 1s a 3-fold range among ethnic groups in
the frequency of rare varviauts as defined, these varlauts occurring in
Micronesians with approximately half the frequency fn which they have
bueen eﬁcountcred in several other etgnic groupsg. However, this apparent
difference hlnges}‘in part, on the definlitlion of rare variant, which
in turn is intimately related to the slze and nature of fhe sample.

Thus, 1f as the study of Micronesiang is'exteﬁded it becomes clear that
the PGM1~3—]Lké variant encountered in 49 persons (12) and the PGK-2-like
variant encountered in 39 persons (12) are sharply localized and no or
few addilional examples of the Varianf are encountered, then either or
both of these might drop below the arbitrary.Z pércent frequency level

aad have tu be classed ay rare variants, with a marked Impact on the average
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frequency of such variants. This po;sibllity brings out cleafly the

serisitivity to the vagevies of the sampling process of any approach which
. . ‘ . ‘ <

determiczs the frequency of rare variants from a semi-exhaustive sampling

of disccate demes in a{miﬁiﬁalLy disturbed pupﬁlgtiqn. cherwise stated,

the estimate mus t ha?e:a large variance.

‘fhe properties of tie samples of Micronesiang and Amerindians might
he vendered more comparable to those of Caucasians and Japanase by
eliminating Fhe old and the young frém the former two samples, but tﬁe
basic iszue would still remain: = the individudlsAin the former two
samples will hé more related than those in ﬁhe latter two. The most
practical way to meet Fhis issue seems an extension of the sample,
thus reducing the twopact of any one "jackpot!"., In addition, it is
suggestad thalt the definitive treatment of comparative variant
frequenciss which a larger samplg will permit must cousider a varlety
of dofinitions of rara variant and/or analyze the total heterozygosily
of the populution.

The przoblem is not a trivial one. The frequency of such variants
in natural populations is maiﬁ;ained by a complex balance begween
selention,‘mutation; and population structure. Basic parameters though
they be, both the manner of actlon of selection and the rate and types
of mutation in higher organisms remaln poorly understood. Both selection
and mutation may be studiced diieétly, i.e., thru surveys followed by
detailed family studies ol each variant, or indirectly, i.e., through
the maniﬁulatlon of population parameters {35,36). Thelfurmer approdch
is much rore labortousvthan the latter, and it is tempting to pursue

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

imz ¢ j rlan equenc which should be hased on as total a
cstimates Sfuvﬂ qi%x L gr q y (

thN




pbpnlarinn Gtudy ag possiblc)'and'an uﬁderstnudlng of the structure

of the pnpulatiogs oa which the estinates are to be hased. This is,

of coucan, brue for plant aud animal as well ds huwran populations. In

the proesenk iujtaugé, we ate of couvge inprigﬁed by the possibility

that tha wmis of these factorss Jdiffers in Micronesians from the other
i . ' :

CaToups cited, e.g., lowvev mitation rates or greqter stochastic loss of
now rmkants in the Iticronesians. Before these possibilities can be
profitably puréﬁed by the indirect Approach, saméle size must bé
adequate.  There is clearly some minimal sadple néqessary to a trust-
worthy estimaée of Lhe frequency of rare variants in populatlons like
Micronesians and Amerindians, and most investigators would probably
Qgree that the Micronesians do not yet approach that minimum. Un-
fortunately, our knowledge of the clustering of specific rare vériants
in relatively undisturhed populationg ié still so scanty that further

cvperiencn is necessdry prlor to setling that reasonable winimum.
SIRMMARY

Blood specimens from a sample of 187 Marshall Islanders were
stedied with reference to variants of 22 serum proteins and erythro-
cyte enzymes. Six of the traits studied exhibited genetic poly-

mworphisms (adenosine deaminase, phosphoglucomutase., acid phospha-

1
tase, 6-phosphogluconate dehydrogenase, haptoglobin, group specific
component) . There was fn addition one 'rare" variant (of albumin)
in 4,047 determinations. These results on rare variants have been

combined with those of others on ticronesiang and the frequency of

rare variants in Mlcronesians coapared with the frequencies in West
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Foarop2an Cavcasians, Jup;m:’sé, and Anmevindians. Theve dare many
difiiculiles in nﬁch compdrisons, and although the observed values
fof The four ethunic groups differ by a factor of three, the
Eicrunesiaus vxhlbitiﬁg the lowest fregquency, it is fclt that no
cenclusians coucefﬁing differences betweén ethiic groups can be

dravie at this tine.
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Tadble 1. Scrum Proteins and Red Cell Fnzyme Determinstions in Microresian Popvlations,

_ . Present Investieation Othev Investizatiqns . o I‘ Variants/per
Systan _ Tested Variants Testecd . Variants- . Ref. ‘ 1000 determinaticns
1. Adcnosine deaminase 185 0 382 0 15' 0
2. Adenylate kinese 185 C 1,387 ) 12, 19 -0
3. Aldolacze : 184 0 0 0 _ ’ 0
i 4. Carbenic anhydrasc 187 0 640 4 io, 21 4.8
5. 2,3-Divhosphoglycerate mutase 185 0 0 0 0
6. Galactose-l-phcséhate uridyl . ' :
transferase ‘ 178 0 0 0 0
7. Indophenol "oxidase" : 0 o 382 0 0
8. Isocitrate dehydrogenase o 168 0 0 0 0
5. Lactate dehydrogenase - 183 0 382 L 12 1.8
10. Malate dehydrogenase : - 136 0 382 0 0
11. Nucleoside phosphorylase 154 0 0 0 0
12, Peptidase A ' ' 185 0 382 0 0
13. Peptidase B _ 185 0 382 0 0
14, Phosphoglucomuta;el 187 0 1,387 0(49)* 12, 19 .0(31’2
15. Phosphogluco:nutase2 187 'O‘ 1,387 o - 12, 19 0
16, 6-Phosphogluconate dehydrogenase 185 0 1,387 0 12, 19 0
17. Phosphogivcerate kinase S 0 380 ogs9y 0(102.6)
18. Phosphoiiexose isomerase ‘ 185 0 382 0 -0
19. Triosephosphate isomerase 182 0 0 0 0
20. Albuain 185 1 0 0 S.4
21. Ceruloplasmin ’ _ _ 183 0 0 0 12, 13, 14, 15 0
22, Haptoglebin 185 0 1,283 0 16, 17, 18 0
23, Ycemoglobin — 185 0 378 0 13, 1¢4 0
4. Transferrin 185 0 774 8 13, 15, 16 8.3
TOTAL 4,047 1 12,677 13 : Oﬂ9(6.4)

7 -3
el - ~ : 3 : - 4 5 . e
*Flake, ct al. (12), ohserved two rare types, (PGM, and PVMI ) in polywmorphie proportions «(3-1,3%; 3-2,6; 3-3,3: 7-1,33;

7-2,5; 7-3,%; 7-7,3). The DGil) type is polymorphic im sevelel Asian populations, but the P&M7 type may be a unique type
zmong Micronusians., See discussion for claboration. 2 .

#%ilake, et al., (12), observed 39 individuals with thz PCK gene. This is the first reporc of this gene belng present in-
rolymorphic propesticns in any peopulaticn.  See discussion focr elaberazion. .



Pable 2. Cene Frequencies for Six Genetic Polymorphisms in the Marshall

Islands.

'

/S tem

wm
-

Adenos tane diamlnage

Group specific component

Haptoglohinl

2
Phonphoglucomulasel

Acid Thosphatase

6-rhosphinglucopnate
dehydrogenase

167

116

56

156

101

- Phenotype
2-1 2
18 0
50 2
93 - .32
26 1
£ 5
73 11
21 0

164

Total

185
168
177

184
185

185

Gene Frequency

ADAl = 0,951
cel = 0.839
Hpt = 0.579

PGM1 = 0.912

1
A

AP = 0.743

6—PGDA = 0.943

The Hpo type way observed in 4 individuals,

2. ;
Two oxamples of the PGM phenotype 2-7 and a single phenotype 1-7

7

were obsarved (PCM]

= 0.008) .



Figuie 1, Albumin variant starch gel patterns dsing the following buffuer
systems: A, sodium acetate, pll 5,0; B, tris-EDTA-borate, pl

b .
6.9. Albunin samples shown are normal serum 1, 5, 7, 8 and "11;

S
I}

; Makiritave-3, 4

J

lakicirare-2, 23 Marshall'Island'vériant 3, 9
Wapishana-1, 6, 12; Naskapi, 10. WNormal samples‘inclu@e.refcr~
eonce serum from our own iabbratory ahd serum from normal Marshull
Island samples. All variants, except the presently reported
Marsnall ,[slaﬁd \)ariant, ‘have been previously compared by Tanis

et al, (2).
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