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l~.~c:eritly, i n  connecti.on wi th  ail oiigoing medical study of c e r t a i n  

:.I it-sli.il.1 Lslanders prompted by the  Uikinj. i nc iden t  (1) , we have had t he  

opl)ort*.iiiity t o  examine i i  s<>ries of blood s m p l c s  from these Islanders 

:UT t i l e  uccvrence of both polymorphisms and tare v a r i a n t s  of serum 

p:-ot-eins arid c ry throcyte  enzymes. The resul ts ,  when treated in  tlia 

~ r s u n l  fas!iiorl and combined v i t h  the f ind ings  of others on Micronesians,  

su,qgest/a lover frequency of rare variants i n  this group than in such 
tlicrt? rwy be 

F,roups as Japanese, Cmicasians , o r  South American Indians.  There are 

scme bothersome problems in comparisons ac ross  groups sampled i n  d i f f e r e n t  

ways ,however, which make the  usua l  s t a t i s t i c a l  c o n t r a s t s  impossi-ble; some 

ol' tlieuz prohlemq are aired. 

T U  POPULATtON 

The s t u d y  population is composed of persons now r e s id ing  on Ebeye, 

Rongelap, and Majuro I s l a n d s ,  for t he  most part r e l a t e d  t o  one another  as 

i7rcrnbers of nuclear  fsrnilies. The number of independent genomes i n  t h e  

sample  is thus cons iderably  less than  t h e  number of  persons.  

lml f  of the c h i l d r e n  i n  the sample were born to  paren t s  i nadve r t en t ly  

Approximately 

radiated as a result of fall-out from a nuc lea r  explosion a t  t h e  t i m e  o f  

the E i l d n i  test ,  i n  1954. 

t he  c luest ion of a r a d i a t i o n  effect w i l l  not arise i n  any s u b s t a n t i a l  

maimer. 

However, as w i l l  be apparent  under RESULTS, 



1\11 s;inples were c o l l e c t e d  i n  1 2  nil vacutainers  (Becton-Di.ckinso@ 

w i t h  an .CI) an t i coagu lan t .  

Ki;lijalcLn P r d l 1 ,  Plarshall Islands to IIonolulu, Hawaii for trans- 

sli ipmeni L O  Ann Arbor. 

at - 7 0  C p r i o r  t o  typ ing .  

The sarnplcs were shipped by a i r ,  on i c e ,  from 

\<.dshed red I ~ l u o d  c e l l s  a n d  plasma were s to red  

0 

The condi t ions  f o r  e l e c t r o p h o r e s i s  and typing of  systems I, 2 ,  8 ,  9 ,  

10, 17, 13, 1 5 ,  16, 18 and 20-24 in Table 1 were c a r r i e d  o u t  as described 

p r e v i o u s l y  (2). 

1’1 cniployed t h e  method of Spencer, Hopkinson and Harris (3) , and s t a€n ing  

for system 19 employed t h e  p o s i t i v e  s t a i n i n g  method as reported by P e t e r s ,  

E lec t rophores i s  of systems 14 and 1 9  and st‘nining of  

Hopkinson and Harris ( 4 ) .  System 3 was determined by the method of 

Chclrlesworth (5) , system 4 by the method of Tashian ( 6 ) ,  system 5 by 

thc i,ietlioJ o f  C l i e n ,  Anderson and G i b l c t t  ( 7 ) ,  system 6 by the  method of  

Wei tk r imp  ( 8 )  , sys t e m  11 by the method of Edwards , Hopkinson and Harris 

(3 ) ,  a n d  c y s t o m  20 also by the methods of  W e i t k m p  e t  a1 (10) and Tanis 

e t  a1 (11). 

1. ?& yolymorpltiorns. --Genetic polymorphi.srns were obeerved in six 

of the s y s  terns: haptoglobin,  phosphoglucomutase-I, adenosine deaminases 

nc i.d phosphatase, 6-phosphoglucose dehydrogenase, and group s p e c i f i c  

component. . Phenotype and allele f requencies  are given i n  Tab€e 2. 
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Vary in!; miatbsrs of rleterminntions f o r  the systems l i s i -cd  i n  Tables 1 artd 

2 ar. '  do? to  a co;isirleralile tiincr l'tpsc? between c o l l e c t i o n  of the  :;ampleu 

p.itr.crn o r  ~2.11 cwlcar p a t t e r n  (even a f te r  r e p e t i t i o n )  was occas iona l ly  

ul)tai .aetl  Eor a g i v ~ v ~  t r a i t .  Three persons had t h e  E N  -7 phenotype. 

K T ' C ; I U S ~  of the occurrt'nce o f  this v a r i a n t  in p o l p o r p h i c  propor t ions  

clswiiere i n  Xicrones ia ( s e e  below) , w e  t abu la t e  i t  wi th  the  polymorphisms. 

Tiiese t h r e e  ind iv idua l s  were r e l a t e d  as s i b l i n g s ,  one of whose parents  

1 

T J ~ S  tested and normal, t h e  oth.er untested. 

2. cart? variants.--One rare v a r i a n t  was observed i n  a t o t a l  o f  -- 
/;,047 cicCerininations. This was a f a s t  albumin v a r i a n t  de t ec t ed  by only 

one of the t h r e e  screening  sys  terns in use f o r  albumins, namely, t h e  pH 

5.0 sorlium a c e t a t e  b u f f e r  system of Weitkamp e t  a1 (10).  The v a r i a n t  

i s  i l l u s t r a t e d  in Fig.  I. I t s  e l e c t r o p h o r e t i c  behavior appears similar 

to  that  o f  all~urnin 14ecl:n as r epor t ed  by Weitkamp e t  a1 (10).  

occnrred i n  a g i . r l ,  aged 5 ,  whose mother was normal (and not  exposed 

to  f a l l - o u t )  and €ather not  a v a i l a b l e  for study.  The f a c t  t h a t  t h e  

Z t  

var i -ant  has heen demonstrated i n  on ly  a single person wi th  on ly  one 

technique l eaves  i t s  i d e n t i f i c a t i o n  somewhat u n s a t i s f a c t o r y ,  b u t  t h e  

s i t u a t i o n  cannot be improved upon a t  preeent .  

DISCUSSION 

I. E plymorlrltlsms. --Gene f rcquencles  for t he  6 polymorphisms 

encountered a11 f e l l  with in  the r a t h e r  rons ide rab lc  range repor ted  Fn 

o thc r  s t u d i e s  of Micronesians (12, 13 ,  14, 15, 16 ,  1 7 ,  18, 19) .  



3,. ;!& r a n  vari .ants.--In Table 2 we. have stitmmrizsd no t  only oiir 

C V I L  f i  iidi n::s huc  alcjo t l i ~ .  i - ' b s u l  t s  of n l l  tlie other s t r i t l i e v  of r a r e  

var ic incs  oi 24 s y s t e m s  i n  Micronesinns which we hrrve been a b l e  to 1ocat.r 

i l l  t h e  l i t erntu i*a .  Any c f  Fort t o  t r w t  "rare" vuriclnts i.nvo1ves some 

l t r b i t r a r y  deci3 ions; no approach is a p t  t o  f ind  u n i v e r s a l  acceptance 

: i t  Lhis t h e .  \<c excluda from t h i s  srimmarg any variant which for 
toia'Li.tv 0 4  the r e p r e s e n t z t i v e s  of the_ popula t ion  s t u d i e d  to  date, occurs 

i n  more than 2.07, of the  group (one of the  conventional d e f i n i t i o n s  of  

-d- - -- 

a po1porpliis::i). 

the  tabt i la t ion the polymorphisms involving types 3 and 7 of t h e  PGMl 

system rcportcd by Bla!ce eL a1 (12) i'n the Western Caro l ine  Islands, 

By t h i s  d e f i n i t i o n  of r a r e  v a r i a n t ,  w e  exclude from 

a d  tlic polymorphism f o r  the type 2 of phosphoglycerate k inase  reported 

by these S a m  authors .  T h i s  same convention will r e q u i t e  us t o  e l imina te  

fi o m  th;? sumnary c' :- rare v:iriants i n  Amerindians (see below) the Yammania-2 

v z r i a n t  0 2  nlburnin, a variant thus far encountered i n  a s i n g l e  t r i b e ,  

b u t  th-lie. with a gene frequency of 0.08. In  sampling populat ions where 

ratlitir c l o s e  biological r e l a t i o n s h i p s  between ind iv idua l s  can s c a r c e l y  

bc a-,roided, it is  w e l l  t o  remzmber t h a t  even i n  samples of 1000, a v a r i a n t  

limited t o  members of a s i n g l e  extended kindred may assume t h e  proport ions 

of 3 po ly iwrphi sm as h e r e  defined. 

lrom the Micronesia count ,  a v a r i a n t  wi th  the e l e c t r o p h o r e t i c  mob i l i t y  

I n  the  case of the v a r t a n t s  excluded 

of t.ype 7 PGNL has  b w n  encountered at several l o c a l i t f e s  in the  Far East, 

and i t  seems l i k e l y  t h i s  is a ''widespread" polymorphism, However, the 

same cilnliot: be s a i d  for tlie v a r i a n t  wi th  t h e  mob i l i t y  of PGM -3 o r  

Lhe  v a s i a n t  w i t l i  the  mob i l i t y  of PGK-2. 

1 

They may be "pr ivate"  poly- 

nlorphisms. I f  f u r  tlier s t u d i e s  i n  Nicronealo revealed these alleles 
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t o  have S ~ I  rcstrlcterl a (listcibutioa t h a t  t h e i r  f rcqiiency i n  the 

r-ilciL*c smp?.(?  dropped below 2 perccnr ,  then they woiilcl of coiirse 

ciiicr the l i s t  o f  rare variants.  

'Vie f i n a l  column of 7'a1)2c 2 presents the frequency p e r  1000 of 

\* ,<riaots  for cnch sys tanr  and the  

.In Gtiweighted a v e r q e  i s  employed 

:si ~i:<le systt:-r.i L'rom dominating t h e  

frequency w i t h  which v a r i a n t s  are 

unwei:;hted average o f  all the  systems. 

to prevent an ex tens ive  sturiy of a 

p i c t u r e .  By t h i s  approach, t h e  nverag* 

encountered i n  the s y s  terns under 

(:on;;i(!eratiori, on the  basis o f  16,724 determinatLorw, i s  O.S/lOOO ob- 

s e  rvnt ionr  . 
Some of the  Elicronesian Islands have had ex tens ive  con tac t  wi th  

nth:xr  e thn ic  grvups , and there has in a d d i t i o n  been active exchange 

: ~ I . Y ) ~ I ~  the various i s l a n d s  (22,23). The p o s s i b i l i t y  must always be born2 

i n  ~s'ir.d t h a t  a rare va r i an t  may have been introduced from the  o u t s i d e ,  

as pointed out:  by Blake e t  a1 (12) i n  connection with the  LDH v a r i a n t  

t1ic.y ciicountered on Faraulep A t o l l  , which is  s i m i l a r  t o  the Ca lcu t t a -1  

v a r i a n k  wi.despread iu India .  We note  i n  t h i s  connection t h a t  the  cA I 

v a r i a n t  o t  Tashian e t  a1 (20) encountered i n  the Charnorros of Guam and 

Sa I pan is c l t ? c t r o p h u r e t i c ~ l l y  Rlmilar to a variant encountered in 

k'i Li.pi.nos ( 2 4 )  , Tndonesianu (25) , and Japanese (26) ; Guam and Sa ipan  

have 'wel.l-doci~mentcd h i s t o r i c a l  contacts with these arcas. On t h e  o the r  

liaml, we restate the  well-rccognizcd caveat t h a t  e l e c t r o p h o r e t i c  i d e n t e p  

oT two v a r i a n t s  i s  not  synonymous with biochemical i d e n t i t y .  

Therc i s  r a p  131y accuriiulnting an extens ive  l i t e r a t u r e  on the. frequency 

o l  rare variiints L n  o variety  of popiiIntions. He mentioned e a r l i e r  the 
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vxry wide ly ,  i s  t o  b e  api’roaclircl w i t h  caut ion,  For the purpose's o l  C h i . ;  

~-r~~j-&i!~txx~-~ 

h i o  svries which o r i g i n a t e  i n  t h i s  1 ahoratory and involve e s s e n t i a l l y  

the sane pio te ins  and techniques as the original  m a t e r i a l  h e r e i n  r e p o r t e d ,  

p l i i o  a t h i r d  composttc s z r i c s  f o r  Caucasians. We w i l l  aga in  u s e  an 

uiiweightcd average, based  on as many of the systems l i s t e d  in Table 2 

comparison, we will coiitent ou r se lves  wi th  r e fe rence  t o  

;I!: a r c  coverzd in t h e  references c i t e d .  By this convention, tlie v a r i a n t  

irc!qui?ncy fo r  South Amprican I n d i a n s ,  based on systems 1, 2 ,  8-10, 

11-16, 18 and 20-24 of Table 2,  i s  1.7/1000 (2, and unpublislwd). The 

l n v e r  F‘rcc;cicncy than i n  our l a s t  p u b l i c a t i o n  on t h i s  sub jec t  (2) i s  

due t o  t h i  cxz lus ion  oi‘ tlie Yanomama-2 albumin v a r i a n t  fror.1 t h i s  ca l cu la -  

L L o n  becausc i t s  f r c q w n c y  i n  t h e  t o t a l  sample now exceeds 2 pe rcen t  (11). 

Tlie frcquzncy i n  West European Caucasians,  based on systems 1, 2, 8-16, 

18-2rC and t!ie d a t a  o f  F l z i s c h e r  and Mohr (27) ; Moullec e t  a1 (28) ; Sick 

ct a1 (29) ; 1;:ijntzadeh nnd Walter (30) ; Fine  (31) ; Rex-Kiss and Fesus ( 3 2 )  ; 

ant1 tI#qrri.s, ftopkinsnn, and Robson (33) is 2.7/1000, and f o r  Japanese 

z:luI.ts, hctsed on systcins 1, 2 ,  4 ,  8-10, 1 2 ,  13 ,  1 5 ,  16, 18 ,  and 20-24,  

2.9/1000 ( 3 4 ) .  . 

As nnt.cd, there are obvious d i f f i c u l t i e s  in s t a t i s t i c a l  compartsvns 

between t iwsc series. 

e x t e n t  t h a t  o f  o t h e r s ,  con ta ins  c lose ly  r e l a t e d  ind iv idua l s  , as does 

our data on Amerindians, 

O u r  own Micronesian d a t a ,  and we suspect to some 

By contrast ,  the data on Caucas lms and Japanese 
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in t:' 'st: dj.ffcrcn: fashions, b u t  n o t  the number o f  d i f f e r e n t  var ian ts  

( 2 ) ,  and we maintain t h a t  p o s i t i o n  here. 

cons ide rab le  s l r u f f l i u p ,  of  tribal yopiilations , such 23 occurred i n  t hz  

d c t r i b a l i z a t i o n  oE the ances to r s  of inodern Japanese o r  Europeans, shortld 

not  a l t e r  the t o t a l  number o f  v a r i a n t s  present .  However, conventional 

s t a t i s t i c a l  contrasts  ol: 1 o t a l  f requencies  i n  these var ious 'populations 

seen i nappropr i a t e .  In p a r t i c u l a r ,  estimates of frequencies from s t u d i e s  

o € p o l m l n t i i i w  such a s  Nicronesians o r  Amerindians are q u i t e  s u s c e p t i b l e  

The l o g i c  i s  t h a t  a r a t h z r  

I 

to a " j ~ v k p o t "  cffcct--one i s l a n d  wi th  a high frequency v a r i a n t  could 

innr1:eclly alter t he  picture .  However, some 27 i s l a n d s  have been sampled 

t o  d;t k, coatpri:;iiiy a r a t h e r  r e p r e s e n t a t i v e  group. 

'I'dkcn a t  face value, there is a 3-fold range among e t h n i c  groups i n  

c??e frequency of rdre v a r i a n t s  as definad,  t hese  v a r i a n t s  occrirring i n  

EiicronP3ians with appro.yimately h a l f  t he  frequency i n  which they have 

b z e n  encountered i n  s , -veral  o t h e r  e t h n i c  groups. However, th is  apparent 

diffcrencw hinges,  €11 p a r t ,  on t h e  d e f i n i t i o n  of rare v a r i a n t ,  which 

i n  t u r n  i.p i n t i m a t e l y  r e l a t e d  t o  t h e  size and n a t u r e  of t he  sample. 

Thus, i T  iiq the s tudy  of Ilicronesians is extended i t  becomes c l e a r  t h a t  

the PCN -3-1 i k e  v a r i a n t  encountered in 49 persons (12) and the PGK-2-like 

v a r i a n t  cnc-ooltntered i n  39 persons (12) are sharply l o c a l i z e d  and no o r  

1 

icw addir:ioii,i.t exainples of  t h e  v a r i a n t  are encountered, then e i t h e r  o r  

both of (lies€* might drop below the a r b i t r a r y  2 percent  frequency l e v e l  

and liose to be c1;issed as rare v a r i a n t s ,  with a rnarlted inpact on t h e  average 



O F  di:;ccD3Lt? denes in .? iuinima1Ly d is t .u rhed  popkilation. O t ' n i A r w i s e  s t 3 t < : d ,  

t-lic e s t jma te  m u s t  have a l a r g e  variance. 

The properties o f  Pile s a m p l e s  o f  Pficronesiuns and Amerindians might  

lit.. rsr idercd 1:iorc c o m p a r a b l e  t o  thoss of Caucasians and Japanase by 

e l imina t ing  t h e  old and t he  young from t h e  former two samples, b u t  the 

1lasi.c isstie would s t i l l  remain: t h e  Fndivtduals i n  t he  f-orm,er two 

samples w i l l  be  more r e l a t e d  than those in t h e  latter f x o .  

p r a c t i c a l  way t o  meLzt t h i s  issue seems an extension of t h e  sample, 

thu:; rcdiir:i.ng the iinlxict of any one "jackpot". I n  a d d i t i o n ,  i t  i s  

sii~gcstL?(l  t h a t  t h e  d e f i n i t i v e  t reatment  of comparative variant  

The most  

frequenci2s which a larger sample w i l l  permit must consider a var i e ty  

of d n * f  i n i  t i o n s  o f  rarc v a r i a n t  and/or  analyze t h e  t o t a l  heterozygosii-f  

o f  f h e  popiilxtion. 

'rh? p r u h l s n  i s  not a t r i v i a l  one. The frequency of such v a r i a n t s  

i n  n a t u r a l  populat ions is maintained by a complex balance between 

sc Iw . t ion ,  mntation, and populat ion s t r u c t u r e .  Basic parameters though 

 hey Le, both thz  manner of a c t i o n  o f  s e l e c t i o n  and t h e  rate and types 

of  in11 !:ation i n  h ighe r  organi.::ms remain poorly understood. 

and n iu tn t ion  may be s tud icd  d i r e c t l y ,  i . e . ,  thru surveys followed by 

Both se l ec t ion  

dcta i l cd  family s t u d i e s  oC each variant ,  or  i n d i r e c t l y ,  i . e . ,  through 

the i!:.?ai.prilotLon of: populat ion paraiaeters (35,36) . The former approach 

i s  mrich more l abo r ious  than the la t t er ,  and it i s  tempting to pursue 

the e a s i e r  coursc?, but- the  l a t t e r  approach i s  only as sound as the  

estivates of v a r i a n t  frequency (which should be based on as t o t a l  a 

2 0 1 4 1 0 3  



p r o ~ i t n l ~  l;r pcl-sued by t+<* i n d i r e c t  approach, s a m p l e  s i z e  nust be  

a(lequJtlJ. 'riiprc i s  c ~ L h a r ~ y  some minimal sample  necessary t o  a trust- 

worthy  est imte  of 1-!1e frequency of rare  v a r i a n t s  i n  populations like 

bticronrrsinus a.nd Anie.:inc!ians, and most i n v e s t i g a t o r s  would probably 

i lf; i  tha t  the ?4icrowshIns do not  y e t  approach t h a t  minimuin. Un- 

furi ' r inaf.e ' ly,  our 1:nowlcdge of t h e  c l i i s t e r ing  o €  s p e c i f i c  rare v a r i a n t s  

i n  rvl:ttively untlis LurhPd popillations i s  s t i l l  so scRnty that f u r t h e r  

c x p : . ~  itincc: i s  necesqriry p r  Lor t o  sett ing t h a t  reasonablz  minimum. 

liloocl specimens from a sample of 18? Marshall I s l a n d e r s  w e r e  

stvrclied with referLwc.t? to variants of 22 serum pro te ins  and erythro- 

c y t e  enzymes. Six of the  t r a f t s  s tud ied  exh ib i t ed  gene t i c  poly- 

iiiorpli i s m s  (aclenosine deaminase,  phasphoglucomtase acid phospha- 

t a s e ,  6 - ~ l ~ ~ s ~ ~ h ~ g l i i c ~ ~ ~ ~ ~  dehydrogenase, haptoglobin,  group s p e c i f i c  

1 *  

coi i ipol~~nt)  . Tltare was i n  a d d i t i o n  one "rore" v a r i a n t  (of  alhumin) 

in 4,047 determinat ions.  These r c s u l t s  on rare v a r i a n t s  have been 

c.oml)ir.ed wi tti those of others on Ificronesians and the  frequency of 

rare v a r i a n t s  i n  Micronesians conparetl w i t h  t h e  freqttexios i n  West 

I 
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1s lands. 

S y s  t a n  Phano type T o t a l  Gene Frequency 
2-1 2 -- 1 - 

1 
fk!€!Kl@S ine dinintnase 167 18 0 185 ADA = 0.9'51 

(;roup sp?cific component 116 50 2 16 8 Gc' = 0.839 

56 9 3  32 177 . lip1 = 0.579 I. !iaptogloh Ln 

156 26 1 184 

B - A - 
101 73 11 185 

PGMl 1 = 0.912 

APA = 0.743 

6 - F'h o s 191 (3  :: luco n a t e 
d el i yc? r v g  e nas t? 164 21 0 185 6-PG$ =I 0.943 

c_ -_I_- 

Tlie HT() type  tias observod i n  4 individuals. 1. 

2 .  
I'm cxamples of the PGM phenotype 2-7 and a single phenotype 1-7 

were observed (PGM; = 0.008), 



s y s t u m . ~ :  A ,  S C J ~ ~ L U ~  a c e t a t e ,  pII 5 . 0 ;  H, tris-EDTA-borate, p11 

6.9. AlbuL:ii.n soirrples sliown are normaL serum 1, 5 ,  7, 8 and 11; 

'ElakLritore-2, 2 ;  Marshall Island variant  3 ,  9 ;  Makiritare-3 , A;  

l?ap.LshaIia-l, 6 ,  12; Naskapi, 10. Normal samples include refcr- 

ence serum from o w  own laboratory and serum from normal Marshall 

Is l a n d  sainples . All variants ,  except the presently repor ted  

P13rshalL [sland variant, have been previously compared by T a n i s  

e t  al. ( 2 ) .  
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