
. ; 

Vti.r 1.ant3 in Marshal 1 b landers and 

. . 1 
. other Micronesian.3 

by 

2 
James V. Neel 

2 
Robert E. Ferrell 

3 
Robert A. Conard 

BEST COPY AVAILABLE 

l. Research sup[)Orte<l by the_ Atomic Energy Comtnission 

2. Dt'part:mP.nt of Human Genetics; University of Michigan, 

Ann Arbor, Michigan 48104 

~l- k'Tft€c bt'ck_; /(· 
. /_) 

( \ -'~' , / - (. ~ _ _} 

Blil.-19389 

f.J.(l:l.::::::.20 

3. Brookhaven National Laboratory, Associ~ted Universities, Inc., Upton, L. I. t 

N. y. 1197 3. 



1 

J~:'t:•?.nr.ly, in connecti.on with an ongoing medical study of certai.n 

?·l.11·[;\ul.1 ldander~. p1:ompteJ by the Ui..kini incident (1), we have h:Hl the 

ofiporl'.'.111i.ty to ~xamlne n .S('\·ies of blood .sRmplcs from these Islandei::-.s 

:·(,l'.' t.it~~ occ,_trrenc~ of uoL:h polymorphisms llnd rare vari.ant~ of serum 

p~·o L'.eir.~ nnd erythrocyte en~ymes. Tl.te results, ,Jlten tn~ated i.n tlie 

usu~tl fashi.on and combined '"ith th~ finuings oJ others on Hicronesian.s, 
then~ r·1ay l;e 

suggest/a. lower fre(pency of rare var i.ants in this 8t"Oup than in such 

group::;_ '1.s Jdpane.'le, Call(.: as ians, or Sou th i\merican Indians. There are 

~;cme bothersome problems in comparisons across groups sampled in cl ifferP.nt 

ways,howeve~which make the usual statistical contrasts impos~lble; some 

of these problems are aired. 

THE POPULATION 

The s Ludy population is composed of pt>rsons now reHiding on Ebeye, 

Rongelap, and Majuro Islands, for the most part r~lated to one another as 

1P~rnhers of nuclear families. The number of independent ~enomes in the 

sCJ.mjJle is thus considerably less than the number of persons. Approximately 

half of the children in the sample were born to parents inadvertently 

radiated as a result of fall-out from a nuclear explosion at the time of 

lh 1~ Bikini test, in 1954. However, as will be apparent under RESULTS, 

the question of a raJi.ation effect will not arise in any substantial 

m:1nner. 
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HETl!ODS 

All s;1P1ples \.Jet"e collected in 12 ml vacutainet·s (Secton-Di.cki.nson) 

1v ~th :Jn AC.D ant i.coasulant. The samples were shipped by air, on ice, from 

1':1;ajalcLn Al:oll, Harshall Islands to Honolulu, Hawaii for tr.:ms-

r.lii.pmenl: l:o 1\nn Arbor. !{;,shed red blood cells and plasma were stored 

at -70° C prior to typing. 

The conditions for electrophoresis and typing.of systems l, 2, 8, 9, 

10, 12, 13, 15, lfi, 18 and 20~24 in Table 1 were carried out as described 

prevLou;;ly (2). Electrophoresis of systems 14 and 19 and st'aining of 

1 1
• employed the method of Spencer, Hopkinson and Harris (3) , and staining 

for sy:; t.:em 19 employed the positive staining method as reported by Peters, 

lh)pkinson <md Harris (4). System 3 Has determined by the method of 

Charl(~811orth (5) , sys tern 4 by the method of TaRhian (6), ~ys tern 5 by 

the 1;1et.ltod of Chen, Anderson and Giblett (7), system 6 by the method of 

\.Je-Lt:k~11np (8) , sys tern 11 by the method of Edwards, Hopkinson and Harris 

(9), <:\nu system 20 also by the methods of Weitkamp et al (10) and Tanis 

ct al (11). 

FINDINGS 

1. J'he polymorphbrns. --Genetic polymorphisms were. observed in six 

of thC'. sys tC'ms: hapto~lobin, phosphoglucomutase-1, adenos ine deami..nase, 

nc:i.c1 phosµhata8e, 6.-pho8phoglucose dehydrogenase, and group specific 

comporten t. Phenotype and allele frequencies are given in Table 2. 
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\'.1ryin;~ nun1:1ers of detl!rminations foe the systems li.sL· . ..:>d in Tables 1 and 

2 <ll .. ~ dt•.0 to a <:0;1s i_r!e-;:al1lc t:i.1:i,~ lapse between ccillcction of the 1;.:i.mples 

mid tlll:'i.r rv:c1~ipt i.n U1~ l.aboratory. As a consequence, either no 

p.itr:ctn or ~~n 1..:n .. ~lc.:ar pattecn (even aft~r repetition) was occasionally 

ohtainell for a given trait. Three persons had the PG~\-7 phenotype. 

f,(;c~wse of "the occurrc~nce of this variant in pol)rmorphl.c proportions 

clse1v!te;:e in ~Hcrones i.a (see below) , we tabulate it with the· polymorphisms. 

Tilesc~ three indivitluals were re.lated as siblings, one of whose parents 

11as tcs!.:ed and normal, the 0th.er untested. 

2. ~ar.~ variants.--One rare variant was obse~~ed in a total of 

l~,0!1-J dcLenuinations .. This ~-ias .a fast albumin variant detected by only 

cine of tlte three scr.eening systems·in use for albumins, namely, the pH 

5. 0 sodium acetate buffer sys tern of Weitkamp et al ( 10). The variant 

is illustr~ted in Fig. 1. Its electrophoi~tic behavior appears similar 

to that of: all>umi.n l·ledO'n As reported by lleitkarnp et al (10). It 

oc.c1irred i.n a girl,· age.J 5, whose mother was normal (and not exposed 

to foll-out) and fathe;:- not available for study. The fact that the 

vflrinnt has heen <lemon~truted in only a single person with only one 

technique leaves its identification somewhat unsatisfactory, but the 

situ~tion c~nnot be ~mproved upon at present. 

DISCUSSION 

1. }'hr! rolymocplt !sm:i. --Gene frequencies for the 6 polymorphbrns 

encountered a11 ·fell 1vithin the rather considerable rarige rC'ported ln 

other studies ofMicronc~sians (12, 13, 14, 15, 16, 17, 18, 19). 

sooqtiJo 



?. • '[\w r.a_~ v3r.lanl:s. ,.-In Tab] e 2 we lrnve S\llT11n:'I cized not only our 

u1..r11 fi1lcli.n~'.s bul:.<tlf;o tlte. l"<'::.ntlts of ;<ll tlie other studiei> of rare 

v;1 cl.cm t:~; of .'.!.4 ~ys t,'111.s in Micronesi;ins wh Leh we have been able to loc:,1t~ 

i11 the lU:ci:-.Jtuce.. i\ny effort to tn~<\t 11 rnre11 ·variants· involve~ some 

_;,t·bitrary (\t~cL:d.on.~; no <<pproach i.s apt t".o find universal aeceptance 

:'t this time. We exclud2 from this sununary any variant which .for the 

tot.al_i:.!:.X. ~ thi::._ repr·~secttatives of the population studied to elate, occurs 

in more than 2.07, of tht! group (one of th~ conventional definitions of 

a polymorph i.s~:i) . By this ilefini tion of rare variant, we exclude from 

the talrnlation the p0lymo::-pl~isms involving types 3 and 7 of the PGM
1 

system report~rl by Blake et al. (12) i'n the Western Caroline Islands, 

an<l tlte polyrnorphism £or the type 2 of phosphoglycerate kinase reported 

b:.: these sarn~ authurs. This same convention will r<»qui.re us to eliminate 

f1 or:i th.:~ sUIT'J<t.1. r.y l' ~ rare v:ffiants in Amerindians (see belm.-) the Yanomama-2 

v~!riant of alhurain, a vari.ant thus fa·r. encountereJ in a single tribe, 

but thse \Jith a ~ene frequen.cy of 0.08. In sampling populations where 

r;1t\n;r clo;-12 hiologlcal relationships between. individuals can scarcely 

be .t\1oided, i.t is well to remember that even in samples of .10·00, a variant 

lit!li.tc.d tu tne;nbers of a single extended kindred may asgume the proportions 

of a pol~n0rphi.sm as here defined. In the cuse of the variant~ excluded 

fi:nm the Mi.(:c0nesi.a count,. a variant with the elcctropho:i:-ctic mobility 

of t.ype 7 PCn-1
1 

has lw.;,>.n encountered at several localities in the Far East, 

and i. t SP.ems 1 ikcly this i.s a 111videspreac:i 11 polymorphism. However, the 

saPH~ cannot he said· fox- the variant with the mobility of PGM
1 

-3 or 

th,,, var i.ant \vi tJi the mobility of PGK-2. They may be "private" poly

nrorphism.<;. If. further .st:udles in Micronesia revealed these· alleles 



5 

t.o have~'·' rc>.stricte·<l a clistci.bution that their frt'<.illency in the 

c:n[irc s."\111p)_,~ llro;:>ped lH~lO\J '2 perce_nt.:, then they woulc\ of com:se 

L'nt0r. the>. li.;;t of rare variants. 

The flnal column of T:ible 2 presents the frequency per 1000 0£ 

\·:~d.ants for i:·ach sy.c:; t~m, and the ui1wei8hted average of all the sys terns . 

. \n umveight~d .:ivera~;e is employed to prevent an extensive study of a 

:jI.n:-;le sy::1l:·~r.1 from <lornLnating. the picture. Ily this approach, the aver:.igc-. 

frequency 1-1itli Hhich ·v<iria!lts are encountered in the systems under 

c:on.;ider<ttion, on the bHsis of 16,724 determinations, is O.C:/1000 ob-

sei:v.:i.tions. 

Some of the Micronesian Islands have had extensive contact with 

nth;'.r cl:hnic 8·coups, anct there has in CJ.dclition been active exchange 

a1.~o,1;.; the various i;.lanJs (22,23). The possibil.ity must always be horn<'. 

in 101.r..d t1l3. t a rare variant may have been introduced from the outside, 

,"\s pui.ntccl out: by l3lake et al (12) in connection ~..tith the LDH variant 

Lhc·.y encountP.recl on Faraulcp Atoll, which is similar to the Calcutta-1 

v.:iri.<rni.: 1.;i_<li:!sprea<l in ·Inell.a. We note in this connection that the CA I 

vaci.rmt o[ T::lshi.an et: Rl (20) encountered in the Charnorros of Guam and 

sa:.pan ls clectrophoretic.:illy 1d.milar to a vRrinnt encountered in 

Fi. l i.p i.nos ( '.U+) , Tndones L:ins ( 25) , and Japanese ( 26) ; Guam and. Saipan 

have~ 'well-clocu111<!ntc<l historical cont<lcts .with these areas. On the other 

li<lth1, 1..te n~st.:ate the well-recognized caveat thai:: elcctrophorctic identLty 

or tHo varlnnt.s is not synonymous with biochemical iclentity. 

Then: l;. rap:l.<lly accumulating an extensive 1 itera tu re on the frequency 

Clf r:tre vririnnts ln '1 varie.ty of popul<ltions. He mentioned earlier the 



prohlc»11:; i !l L·,1n1pin·iu:; populnti.ons s;{mplcd di.ffer~ritly. J.11 iJditi.c1·,1, 

th·.~ c:omp:11·i.son 0[ v'1.ci.ant fr:•~quenci.cs l:rum different .l.aborat:nci.c:-i, ;ind 

c;-;i'e'~ ially _·!~~~·a!~e ft'•"'lJl.k!lC i.1!~; whPn t·lH~ mix of sys l1~:-i:: s tud.Lcd ni:ty 

va1:y 1vi.<l<~ly, is t0 he apj.1roaclle<l vith caution. T:'or the .rurposPS o[ this 

·c_-i:_:'.:~i,:1~~1:1.0_~-_x t.ornparison, i·:e will co1ttent ourselves with rcfe:cence to 

t·.1,·c1 seri~s which origi-.:13.tt: in this l.ahoratory and involvP. essentially 

the same prol>"!.ins and· tc~chniques as the original r.iaterial herC>.in report·cd, 

plu~ a third composite s2ries for Caucasians. We will again use an 

unweighl:~1l av?.r<1.ge, bas~d on as many of the systems listed in Table 2 

n.•; o.re cover-::.:J in the references cited. By this convention, the variant 

:ln!qttcncy for South Ami"rican Indians, b<wed on systems ·l, 2, 8-10, 

1.L-16, lCl a n<l 7.0 - 7.·+ of Table 2, is l.. i' /1000 ( 2' and u npub 1 is lie. cl) The 

l.nt·!er frc<;11ency than itl our last puli 1 ica tion on this subject ( 2) is 

cl Ll (•. to tih' ex.::-1.u:i ion o[ t lt "· Yanomarna-2 albumin variant fror.1 this calcula-

Li.on IJt>.ca11sC'. its frCfJll».nc:y in the total sample no-w e:-:ceeds 2 percent (11) 

'flit'. fn~qu2.ncy in \~est European Caucasians, based on systcins l., 2, 8-16, 

18-2-"l. ~tn<l t!1c: data of T'kiscl~er and Mohr (27); Moullec et al (28); Sick 

ct al (29) g:t:Jatzadeh :ind Halter (30); fine (31); Rex-Kiss and Fesus (32) 

rincl Harr.i .. s, Hopkins0n, ;md Robson (33) is 2.7/1000, and for Japanese 

2:1ult:s, b~'secl on systems 1, 2, 4, 8-10, 12, 13, 15, 16, 18, and 20-24, 

1. 'J/1000 ( Jt;). 

As noted, there are obvious difficultieti in statistical comparisons 

betw<:>.en these series. 011r 01.rn i·licrot\esian d.:ita, and we susp~ct to some 

extent tl1at of othen;, contains closely related individuals, as does 

our data on Amer ind ians, By contrrt.s t, t\ie data on C:aucas i.Ans and Japanese 
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pc·c·::L:nahly L'.OntaLns Vl'TY [(,\; biologi.cally related p0.rsons. E Lse\vhf-'.<.-,. 

\.: .. li:.t'.'<~ ar:;t"te.cl Llia~ it i~; appropr.i:..LtL~ to compare the civectgc nur,1bp1- of 

v_,11.-i.ants };.'er :;ystc~m pt:!c thousttnd determinations in populatl1ms as(·_,,rt.-i.i.11.i.::l 

."in tl, ·.~e dj.ff.ercnt f.:i:·;l1ions, bllt not the number of different v.:idant;; 

('.!.), and·\·.re m:ii.ntain that position here. The logic L> that a rather 

·consider.:llilc sltufflin8 of tribal populations, such <13 occurred i.n th2 

a~tri.balization of tht:! ance~tors of modern Jripa~e~e nr Europeans, should 

not: altet" t.he total number of variants present. However, conventional 

s ta l:is t ical contra::i t:J of total frequencies. in these vari.011s 'populations 

o.eco::i inappr.opriatc_; In µarticular, es tirnates of frequencies frorn stud.i.l~S 

of popul;i.tion:.; such :.is ~1i.cronesians or Amerindians an~ quite suscer:>t:ible 

to 3. "_iacl~pol:" cffcct--rrne island with a high frequency variant could 

11:n:-b~dly rill:cr the pictut«~. J{owe-ver, some 27. islands have been sampled 

tn cl:i tc!, c0rr1pri:;ing a J:;{ther representative group. 

Taken :.it face value, t.here. is a 3-fold range among ethnic groups in 

lh~ fre:p1ency of L:l.Tc vnri.ants as defini!d, these varJ.ants occurring in 

Ui.cron•'.:>ians with ·appr0xi1nately half the frequency in which they have 

h~c·.Q encountered in s:·vc~ral other ethnic groups. However, this apparent 

diffcrencl• hinges·, in p01rt, on the definition of rare variant, which 

i.n turn i.~ intitnatcly related to the size and nature of the sample. 

Ti1w;, if us t.he study of Hi.cronesi.ans is extended it becomes clear that 

tl1L~ PC~t 1 -J-J ike vari.21nt er1cotmtered in 49 persons (12) and the PGK-2-like 

vm.-L:rn t cnr:::CJ1tnte:r.Pd in 39 persons ( 12) are sharply localized and no or 

few add i. l:ioual examples of th<! vari<i.n t are encountered, then either or 

both of t:lie~e might drop below the arbitrary 2 percent frequency level 

antl k.lVP. t,> be classP.cl as r.:J.re var iunts, with a marked i.r.ip;1c t on the average 
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del:('.c::'i.:'.~s lhe fr(~qu;:o,uc:; u[ rare v:tr.Lanl:s fI:"om H r.emL-exh.:111st:i.ve r.J.mpli..n.v, 

t:ltt~ c·sti.mate must hav.:> a lnrge variance. 

The prope:!:ties of ~·.i1e samples of Micronesians and Amerindians 111it;ht 

lw l'2uder-cd mon~ comparo.ble to those of Caucasians and Japan2se by 

eli~nLn;{ti.t1g the olJ and the young from the former two samples, b11t the 

liasic i.o;:-;11e would· still remain:· the indiv.lduals in the-· form.er two 

snrn[l"les will he more ndated than those in the latter two. The mosl: 

prnctical way to meat this issue seems an extension of the sample, 

tl1u:; red1ts i.ng the i.m1)ac l: of any one "jackpot11
• In addition, it is 

r;u;;gt.:st:,:.r.l thc.tl: the dc:Ei11itive treatment of comparative variant 

treql!C!ncL's which il larg2r sample will permit rnu:it consi.der a variety 

of J0finiti.ons of rnr~ variant and/or analyze the total heterozygosit; 

of 1-h~ popul'..iti.on. 

Till~ vcohlem is not a trivial one. the frequency of such variants 

in natural populations is maintained by a complex balance beb;een 

si:.l<:>r.tion, mutation, and population structure. Hasic parameters though 

Lhey lie, both .th~ r.\an~er of action of selection and the. rate and typee> 

of 111ul:ation Ln higher organi.:;ms remain µoorly understood. Both selection 

~rnd mutatton 1:1ay be studied directly, i.e., thru surveys followed. by 

<letn.Llc<l family studicR o[ each variant, or indirectly, i.e., through 

the n~:ini.pulation of population parai;ieters (35 ,3(,). The fo.rmer <lpproctch 

is much r.10re lnborf.ous than the latter, and it is tempt:Lng to pu.:-stll' 

t:he ea~;i.c~r. course, but the latter apµroach is only as s0und C\S L:he 
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pn;,1:l.:it"i.r1n ntu.ly ;i;, poss :lill') 2.ncl <Jn unclerst•tudLng o.F Lh1~ .·~t1·ucture 

<•f Ut•~ i'''?ulation.~ l';l hlt.!.ch till: e>stilii;U:c~s are to he h.~SC'•l. This is, 

l:i!CJ.l. clv~ 111.i.;.. of t:he3c' . .fncto.~s difJ:-.. ·rs in Micronesians fro1a the othec 

f;roups ci.tc;,[) C'.g., .lo1;et: 1m1tation rates or greater stocl1asti.c loss o.t 

He fore these possil.Jil i.ties can be 

r•rof:i.tnbl:,t pl'·c·~,uecl hy th;· i.ndicect approac.h, S<lmpl.e si7:e must be 

adc~qu:.i t~,~-. There i~ c.J.c!arly some· minimal sample nec.essary to a trust-

\-:Orlhy est·i'.'late ot l.!1e frequency of rare variants in populations lik~ 

Micron~sians ~nd A~erinrlians, and most investigators would probably 

<:gr~!t-'. t:l1.:it the Hicro~t<>S i.an:i do not yet appro:i.ch that minimu;n. Un-

fori:11<1a1~r:1y, our J.::iowlcdge of the cl11stering of specific care variants 

i.n n.·'J.:ttively undist.:urhc:d populations is still so :ScRnty that further 

c:.-.p~·rL('.l1C-•~ .1~; necP.s.-;ary prl.or to set:ti.ng that rP.asonabl.2 rninimwn. 

SUNMARY 

Ulood specimens from ~ sample of 187 Marshall Islanders were 

st•rdiecl with refer,,nce to variants of 22 serum proteins nnd erythro-

cyte f'.rtzyme.1. Six of the trai.ts studiecl exhibited genetic poly-

111orphi.sms (adenos_i.ne <lee101inase, ph0srhoglucomutnse
1

, ncid phospha-

t~~e, 6-phosp~oglucona~e dehydrogenase, haptoglobi~, group specific 

co1i1pone>nt). TltP.re was i.ri addition one "rare" variant (of albumin) 

i.n 4,047 determinations. These results on rare varirrnts h;ive be.en 

cornbi.TH"d Hi.tit those of othen; on HLcronesians and t!te frC',1uency of 

rare varL1nts in .Mi.crones i.an!:l cor.tparc<l with tlH! freque:~cf.c~s in !~est 

sooqb3b 



E111·c1;1~ctn (:;>.11l·.;\,; i_;Ln:;, J:c0;•.11~se, a1Hl i\111f'rihdians.. Th0u> arl'. \'1,\l\Y 

~1 .i.fi:i.c:li.lll~,; .i.n :.11c\t ci.i:.1p.trisons, ;:rnc\ .'.llthou;~h th~ L)hsc·rvC'tl val.1.le<> 

fc>r t·h2 folcr clhni.c ~,rmip.s d.i.ff~r by a fo.ctor of three, the. 

t'ltcroaes.!.,lns v1:~:..Lbitill'.', the•. lm.;est frl'.quency, it i-s felt that no 

CC'!!cl11.:;-J.ons co11ce1:n~n6 difference;; \wt~;reen ethni.c groups can r.,~. 

,11·.1,111 a!: lhLs tiine. 
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T8.':ilc' L Scr~Jm Proteins ::i.nd Red Cell F.n.c.ymc Detc_s::;i.r.;:itiol's __ in 'lirror.csian Por..t•12.tlons. -------
Present Inv2sti~ntion Othe-: I-;-ivest:i>:ations Variants/iJC.r 

SystQ~ Tested VariJnts Tested Varic:.nts · R8f. 1000 de ter.ni.na ti.ens 

1. Acic~osine dca~i~2sc 

2. jJ~~ylfite kinase 

3. Alclolrlse 

{Ji 4. Car~cnic antydr~sc 

c::> - 2,3-Diphosphoglycerate mutase {=1 ;) . 

_o 6. Galactose-1-phosphate uridyl 
er- transferase 
-~~_., 

L.V 7. Indophenol r•oxidc.se" 

8. lsocit:cate dehydrogenase 

9. Lactate d.ehydrogeaase 

10. Malate dehydrogenase 

11. ~ucleoside phosphorylase 

12. ?eptidase A 

13. Pqitidase B 

14. Phosphoglucomutase
1 

15. Phosphogluco~utase 2 
lG. 6-Phosphogluconate dehydrogenase 

17. Phosphog~ycerate kinase 

18. Phos;)hol1e::·:ose isomerase 

19. Trioscphosphate iso~erase 

20. Albu.::in 

21. Ceruloplasmin 

22. Hap toglc:'.:iin 

23. Hcr.ioglobin 

24. Trans fcl.·rin 
TOTl-1."S 

185 

185 

184 

187 

185 

178 

0 

168 

183 

136 

184 

185 

186 

187 

187 

185 

0 

185 

182 

155 

183 

185 

186 

ie5 
4,047 

0 

c 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

·O 

0 

0 

0 

0 

1 

0 

0 

0 

JS2 

1,387 

0 

6L;.O 

0 

0 

332 

0 

382 

382 

0 

382 

382 

1,387 

1,387 

1,387 

380 

382 

0 

0 

0 

:2., 283 

378 

0 

'.) 

0 

4 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 ( 49) 

0 

0 

0 ( 39) 

0 

0 

0 

0 

0 

0 

12 0 

12) 19 0 

0 

20) 21 4.8 

0 

0 

o· 

0 

12. 1. 8 

0 

0 

0 

0 

* 12' .19 0(31. 2) 

12' 19 0 

12, 19 0 

** 0(102.6) 

0 

0 

5.4 

12, 13, 14, 15 
0 

16, 17, 18 0 

13, 14 0 

0 77!, 8 13, 15, 16 8.3 
l 12,677 13 0.9(6.4) 

-1:~1~-~e, ct al. (12), o\-:servecl t:':·.ro rare types, (PGi·l~ 7 
anG. PC?-1~ 3) in poly;:-.orIJhic proportio::-,3 (3-1~3:·; 3-2,6; 3-3,'.'i: 7-1,33; 

7-2,5; 7-3,-:.; /-7,3). The rc;-:1 tyri.:: is polymorp!uc ix. s2ver<ll ;~ . .siz.:.: popul:ltions, but tl:e PC·li type:. :::ay be J. U;-t'...quc type 
----r \~.' ~--,-,-. ~i ~ r s~ d' c ' 1.0 

,, ~o lab at·. -. ,:, ... ,1,.,, '-L~---'-----""n,,, ."'e i...cuss o __ i: r c. or ~1-o... 2 
**3l~k2, ct ~1. (12), observed 39 individuals with t~2 PGK gene. This is l:hc £~:-st rcriorc: of ::bis gene De it:g p~.:e:s cnt in 

poly~~:;:-r>'t::c p.:-ot:'~:tionE in <'!r:y pcpt.:lC!tic~. See discussioi1 fer cla.~0:~2:::.~n. 



i.· 

'.fahlL~ 2. c:~'l12 fni,qnencies for Six Genetic Polymorphisms in the H:ush~lL 

ls l.si.nds. 

--·-------· 

System Phenotype Total Gene Frequ2ncy 
1 2-i 2 

AL1c:nos L::i.e di::i.mlna:::e 16 7 18 0 185 ADA
1 

= 0.951 

Cr0l1p s P'='C.1..fic component 116 50 2 .168 Ge 1 
0.839 

!l~rt:ogloh L'1 
l 

56 93 32 177 1 
Hp 0 . .579 

2 
156 PGM

1 Pho:-; pho~ l11comulas e 
1 

26 1 18 {~ = 0. 912 1 

t..cid l'hosphatase A AB B APA 0. 743 101 73 11 185 = 

6 - Phos p\I()~~ lucona te 
A <1 cliyL' ;:og r~nLis e 164 21 0 185 6-PGD "' 0.943 

l. Tl1r· c' _Hp type wa8 observ~d in 4 individuals. 

~- l'wo c~xarnples of the PCM phenotype 2-7 and a single phenotype 1-7 

wcrP- observed ( PGM
7 = 0. 008). 
l 



syste;n.i: A, sodi.tun acct;ite, pH 5.0; H, tri.s-EDTA-borat.c, \)ll 

' 
6.9. All.:>u,:li.n samples shown are nor.mal seru:n 1, 5, 7, 8 and ll; 

\'!aki.ci.ta!"c-:1, 2; ~iarshall.lsland variant J, 9; Makiritare<:, !;; 

Wap.l:;haud-1, G, 12; Naskapi, 10. Normal samples inclu~erefcr-

ence serum from ottr m,rn lnboratory and serum from normal l:brsho.11 

Is l;iml samples. All variants, except the presen.tly reporte<l 

Hnrshall Island vRriant, have been previously compRred by Tanis 

et c:.l. (2). 
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