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Intelligence and genetic markers in Chilean children 

C A R L O S Y V A L E N Z U E L A * , C A R O L I N A S P A S T E N E and C L A U D I A M P É R E Z 

P r o g r a m a de Gené t i ca H u m a n a , Inst i tu to de Cienc ias B i o m é d i c a s , 
Facu l tad de Med ic ina , Univers idad de Chi le , San t iago , Ch i l e 

Genetic markers and total intelligence quotient (IQ) assessed by WISC 
(Wechsler Intelligence Scale for Children) were studied in children of both 
sexes from Santiago, Chile. Heterozygous boys for phosphoglucomutase I 
(PGM) and heterozygous girls for haptoglobin (Hp) had lower IQ than 
homozygotes. For ABO system, B girls had lower and B boys had higher IQ 
than children with other ABO phenotypes. These differences were highly 
significant with the two tailed t'-test (Student's t-test with the Welch-
Satterthwaite correction for degrees of freedom), and most of them remained 
significant after the correction for multiple comparisons. Girls had greater 
variance of IQ than boys. Relationships between homozygotes and 
heterozygotes were found in two independent studies. Thus, the genetic 
relationship found here seems likely to be a true biotic effect. 
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INTRODUCTION 

Intel l igence is a neuropsychic multifactorial 
q u a n t i t a t i v e p h e n o t y p e a s s e s s e d by 
psycho log ica l tes ts . O n e of these test is the 
W A I S ( W e c h s l e r Adul t In te l l igence Scale) 
( M a s c i e - T a y l o r et al, 1985) , f rom which 
the W I S C (Wechs le r In te l l igence Sca le for 
chi ldren) (P lomin et al, 1994) was adapted . 
As any phenotype , its genet ic determinat ion 
c a n b e c o n c e i v e d fo r t h e c h a r a c t e r 
c o n s i d e r e d i n d i v i d u a l l y o r fo r i t s 
p o p u l a t i o n v a r i a b i l i t y . A s an i n d i v i d u a l 
p h e n o t y p e , i n t e l l i g e n c e i s d e t e r m i n e d 
m o s t l y g e n e t i c a l l y by t h e n e c e s s a r y 
m e t a b o l i c or n e u r o p s y c h i c s t r u c t u r e s or 
func t ions of the n e r v o u s s y s t e m , w h o s e 
i m p a i r m e n t l e a d s to s e v e r e o r d i s c r e t e 
pa tho log ies wi th menta l re tarda t ion: D o w n 
s y n d r o m e ; X-fragi le synd rome ; a m i n o acid, 
l ipid, o rgan ic acid, nuc leo t ide me tabo l i sm 

enzymopathies ; other chromosome disorders; 
d e m e n t i a s ; n e u r o d e r m a l s y n d r o m e s ; e tc 
( C a v i n e s s , 1 9 9 4 ) . T h e s e m o n o g e n i c , 
polygenic or ch romosome syndromes occur 
in low frequency in humans and do not reach 
the po lymorph ic level . In n o r m a l p e o p l e , 
in te l l igence s h o w s variabi l i ty p roduced by 
env i ronmen ta l or gene t ic factors within a 
n o r m a l r a n g e . T h e con t r i bu t i on of these 
f a c t o r s is a s s e s s e d by h e r i t a b i l i t y , a 
popula t ion dependen t l inear var iable . The 
heri tabi l i ty of in te l l igence has been found 
to be near 6 0 % (Turner , 1996; P lomin et al, 
1 9 9 5 ) , it h a s i n c r e a s e d s i n c e the ea r ly 
s tud ies ( P l o m i n , 1989) , p r o b a b l y due to 
i m p r o v e m e n t s and homogen iza t ion of the 
e n v i r o n m e n t . M a s c i e - T a y l o r et al (1985) 
found s ignif icant assoc ia t ions of IQ with 
H a p t o g l o b i n ( H p ) a n d K e l l s y s t e m s . 
He t e rozygous females for H p showed lower 
IQ than h o m o z y g o u s ones . Ash ton (1986) 
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found h igher scores for homozygo te s in the 
Rh , P , Kidd , Hp , g roup specific c o m p o n e n t 
(GC) and p h o s p h o g l u c o m u t a s e ( P G M ) . In 
both s tudies several markers were used and 
complex ana lyses were per formed. Resul t s 
w e r e c o n s i d e r e d m o s t l y d u e to c h a n c e , 
because of mul t ip le compar i sons . P lomin et 
al (1994) , us ing a high vs low IQ des ign 
w i t h m a n y g e n e t i c m a r k e r s , f o u n d 
s i g n i f i c a n t a s s o c i a t i o n s w i th H L A a n d 
b ra in -expressed tr iplet repeat marke r s . In 
1 9 7 6 , w e d e t e r m i n e d I Q a n d g e n e t i c 
marke r s in chi ldren w h o par t ic ipa ted in a 
follow up longi tudina l study (Avendaho & 
V a l e n z u e l a , 1 9 8 8 ) . T h e s e d a t a w e r e 
a v a i l a b l e in o u r f i l e s a n d o f f e r e d an 
o p p o r t u n i t y to a n a l y z e the i r c o n s i s t e n c e 
with those p rev ious f indings . A l so , w e can 
p e r f o r m n e w a n a l y s e s g i v i n g m o r e 
i m p o r t a n c e to b i o t i c than to s t a t i s t i c a l 
d e s i g n s , so a s to d e c r e a s e e p i s t e m i c 
r e s t r i c t i o n s ( V a l e n z u e l a , 1 9 9 4 ) , d u e to 
c o r r e c t i o n for m u l t i p l e c o m p a r i s o n s , or 
when us ing l inear mode l s to fit non- l inear 
p r o b l e m s ( h e t e r o z y g o u s vs h o m o z y g o u s , 
males vs females) . Our data were not taken 
to study IQ and genetic markers associat ion. 
IQ was measured to find out the poss ible 
c a u s e of s c h o o l d i f f i c u l t i e s . G e n e t i c 
m a r k e r s w e r e u s e d to e s t i m a t e e t h n i c 
a d m i x t u r e and a s soc i a t i on wi th p h y s i c a l 
d e v e l o p m e n t a l p a t t e r n s . S o m e e t h n o -
h i s t o r i c a l a n d c u l t u r a l f e a t u r e s of t h e 
Chi lean popula t ion are necessary to p lace 
t h i s s a m p l e i n t o t h e s o c i o e c o n o m i c 
strat if icat ion and env i ronmen ta l vs genet ic 
f a c t o r s I Q d e b a t e ( V a l e n z u e l a , 1 9 8 8 ) . 
Chi lean peop le or ig inated most ly from the 
mix tu re of European Caucas ian males and 
A m e r i n d i a n f e m a l e s . A m e r i n d i a n s a r e 
M o n g o l i a n s w h i c h s e p a r a t e d f r o m 
C a u c a s i a n s 4 5 0 0 0 y e a r s a g o ( 1 5 0 0 
genera t ions ) . Both b ranches met again in 
Chi le s ince 1 5 4 1 , and remained together for 
n e a r 15 g e n e r a t i o n s . T h i s a s y m m e t r i c 
m a t i n g y i e l d e d : c h r o m o s o m e Y m o s t l y 
C a u c a s i a n ; m i t o c h o n d r i a l D N A m o s t l y 
A m e r i n d i a n ; a u t o s o m e i n h e r i t a n c e 
a c c o r d i n g to pe rcen tages of admix tu re ; and 
c h r o m o s o m e X m o r e A m e r i n d i a n t h a n 
a u t o s o m e s ( V a l e n z u e l a , 1 9 7 5 ) . In 15 
g e n e r a t i o n s r e c u r r e n t c r o s s o v e r s h a v e 
t ransformed au to somes and X c h r o m o s o m e 

in a Caucas i an - Amer ind i an mosa ic . S ince 
the or igin , a soc iogene t ic c l ine was settled, 
h igh s o c i o e c o n o m i c s t ra ta wi th l i t t le or 
none A m e r i n d i a n admix tu re and low strata 
with 3 0 % or m o r e Amer ind i an componen t 
(Va lenzue la , 1984, 1988; Va lenzue la et al, 
1987) . Th i s s o c i o g e n e t i c c l ine is c lear ly 
ev iden t for A B O and Rh sys tems . The A, B 
( A B O ) a n d d [ R h ( - ) ] a l l e l e s w e r e 
i n t r o d u c e d b y E u r o p e a n s . A m e r i n d i a n s 
have a very low frequency of A and B or 
lacked of t h e m at all, and they did not have 
the d a l le le . Thus , the f requency of A, B 
and d is h igher in the uppe r soc ioeconomic 
strata. In Eng l i sh b lood donors , Bea rdmore 
a n d K a r i m i - B o o s h e h r i ( 1 9 8 3 ) f o u n d a 
h ighe r f r e q u e n c y of the A a l le le in the 
uppe r s o c i o e c o n o m i c strata, whi le that of 
the O al lele was h igher in the lower strata. 
V a l e n z u e l a a n d H a r b ( 1 9 7 7 ) a n d 
V a l e n z u e l a et al ( 1987) found the same 
r e s u l t in S a n t i a g o ( C h i l e ) . T h e E n g l i s h 
au thors p roposed that the A al lele could be 
related wi th in te l lec tual abi l i t ies and the O 
a l l e l e w i t h m a n u a l o n e s . V a l e n z u e l a 
(1988) , in a s tudy that inc luded the present 
s ample of ch i ldren , showed that the Rh and 
A B O soc iogene t ic c l ine of Chi le was partly 
due to his tor ical and cul tura l factors , but 
gene factors should be present to yield a 
r e s i d u a l n o n c u l t u r a l e f f e c t fo r t h e 
di f ferent ia l a cces s to s t ra ta . H o w e v e r , it 
was difficult to a t t r ibute the he te rogeneous 
g e n e d i s t r i b u t i o n a m o n g s o c i o e c o n o m i c 
strata to different IQ . The present analysis 
is a l s o an o p p o r t u n i t y t o t e s t t h e 
r e l a t i o n s h i p b e t w e e n s o m e i n t e l l e c t u a l 
abi l i t ies and the A B O or Rh pheno types . 

SAMPLE AND METHODS 

C h i l d r e n w e r e t h o s e of the l ong i tud ina l 
s t u d y on g r o w t h a n d d e v e l o p m e n t 
p e r f o r m e d by A v e n d a n o and V a l e n z u e l a 
(1988) . They were near 800 boys and girls 
from the low and middle- low socioeconomic 
s t ra ta of the N o r t h e r n A r e a of S a n t i a g o 
(Chi le) , taken at r a n d o m from all chi ldren 
w h o began the i r p r imary school (6 years of 
age) in 1973 . At the third year of study 
(1976) , they and their paren ts were asked to 
p a r t i c i p a t e v o l u n t a r i l y in t h e g e n e t i c 
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m a r k e r s p r o g r a m and i ndependen t l y in to 
the p r o g r a m that eva lua t ed n e u r o p s y c h i c 
pe r fo rmance and deve lopmen t . 

W e used the W I S C m e a s u r e m e n t of IQ 
norma l i zed for Chi lean chi ldren to ana lyze 
its d i s t r ibu t ion a m o n g sexes and gene t ic 
c l a s s e s . T h e W I S C t e s t a l l o w e d u s to 
de t e rmine verba l , manua l and total I Q ' s . In 
this s tudy w e shall ana lyze total IQ and 
refer to the o t h e r c o m p o n e n t s w h e r e an 
impor tan t difference was found. 

The gene t ic sys tems were b lood pro te ins 
t y p e d b y s t a r c h g e l e l e c t r o p h o r e s i s : 
p h o s p h o g l u c o m u t a s e 1 ( P G M ) , w i t h 
al leles PGM,1 and PGM,2 and pheno types 
1-1, 1-2, and 2-2 ; haptog lob in ( H P G ) , with 
al leles Hp1 and Hp2 and pheno types 1-1, 1-
2 and 2 -2 ; and e s t e r a s e D ( E S D ) , wi th 
al leles ESD-1, ESD-2 and a third one found 
m o s t l y in A m e r i n d i a n s ( W ) , a n d 
p h e n o t y p e s 1-1, 1-2, 2-2 and W - 3 (only 
he te rozygo tes ) ; and the red cell ant igenic 
s y s t e m s : R h , A B O , M N and Xg , t yped 
under standardized international procedures. 
Technical details have been given previous ly 
(Va lenzue la et al, 1982b; Va lenzue la et al, 
1 9 8 3 ; V a l e n z u e l a et al, 1991 ) . Rh w a s 
typed wi th an t i -D, ant i -C, ant i -c , an t i -E and 
an t i - e an t i s e r a . E i g h t e e n p h e n o t y p e s a re 
poss ib le . W e n a m e d them R H 1 , R H 2 , R H 3 , 

a c c o r d i n g to p u b l i s h e d n o m e n c l a t u r e 
(Va lenzue la et al, 1982a) . A B O was typed 
with an t i -A and an t i -B ; thus pheno types are 
A B , A, B and O. M N was typed only with 
an t i -M, which p roduces pheno types M ( + ) 
and M ( - ) . X g w a s t y p e d wi th a n t i - X g a , 
y ie ld ing pheno types X g a ( + ) and X g a ( - ) . 

For e th ica l reasons , chi ldren were free 
to c o m e for IQ or genet ic s tudies . Then , it 
is p o s s i b l e t h a t c h i l d r e n w i t h s c h o l a r 
p rob lems re la ted to IQ c a m e preferent ial ly 
to t h e s t u d y , b e c a u s e m e d i c a l o r 
p s y c h o l o g i c a l t r e a t m e n t s w e r e g i v e n 
gra tu i tous ly . In fact, the IQ of the sample 
was s ign i f i can t ly l ower than 100. W h e n 
c h i l d r e n w i th s c h o l a r d e f i c i e n c i e s w e r e 
e x c l u d e d , the IQ was not different f rom 
100 ( M a n t e r o l a et al, 1981) . M o r e gi r ls 
than boys c a m e for b lood ext rac t ion , and 
m o r e boys than gir ls c a m e for neuropsych ic 
examina t ion . At last, 87 boys and 52 girls 
w e r e s t u d i e d for I Q and g e n e m a r k e r s . 
T h e s e da ta were recorded in our files and 

r e m a i n e d there unt i l the p resen t ana lys is 
(18 years la ter ) . 

T h e u n b a l a n c e d A N O V A was appl ied . 
S i n c e t h i s t e s t is b l i n d for n o n - l i n e a r 
h e t e r o g e n e i t y a m o n g s e x e s o r g e n e t i c 
c l a s ses , two k inds of two- t a i l ed S t u d e n t ' s 
r - t e s t s w e r e a p p l i e d f o r c o m p a r i s o n s 
b e t w e e n t w o i n d e p e n d e n t s amp le s . One of 
these / - tes ts a s s u m e s equa l va r i ances and 
e s t i m a t e s a p o o l e d v a r i a n c e f rom both 
s a m p l e s (it wil l b e d e n o t e d t). T h e other 
two- t a i l ed f-test is for u n e q u a l va r i ances , 
wi th W e l c h - S a t t e r t h w a i t e c o r r e c t i o n for 
d e g r e e s of f r e e d o m (£ ' - t e s t in H o w e l l , 
1992) . T h e va lue ob t a ined from f-test is 
e x a c t l y e q u a l t o t h a t r e s u l t i n g f r o m 
A N O V A for t w o s a m p l e s . T h e t' va lue is 
dif ferent f rom the A N O V A va lue and it 
m a y b e l a r g e r o r s m a l l e r t h a n t h e 
c o r r e s p o n d i n g t va lue . T h e / - test ob ta ins 
f i r s t t h e p o o l e d v a r i a n c e and t h e n the 
s t a n d a r d e r r o r of t h e e s t i m a t e { S E 2 = 
[ ( s , 2 ( n r l ) + s 2

2 ( n 2 - l ) ) / ( n 1 + n 2 - 2 ) ] [ l / n , + 1/ 
n 2 ] } , wh i l e the f ' - test ob ta ins d i rec t ly the 
p o o l e d s t andard e r ro r { S E 2 = s 1

2 / n l + s 2

2 / 
n 2 } . It is ev iden t that the r ' - tes t inflates 
s ign i f icance wi th smal l s a m p l e s , specia l ly 
w h e n the re is on ly one ind iv idua l in one 
of the s a m p l e s , bu t the M e s t d e c r e a s e s 
s ign i f icance ( p o w e r ) in the s a m e s i tuat ion. 
W e first u s e d t' p r o b a b i l i t y and then t 
p r o b a b i l i t y w h e n i m p o r t a n t d i f f e r e n c e s 
wi th t' w e r e found . 

RESULTS 

S a m p l e sizes (N) , m e a n s (M) and s tandard 
dev ia t ions (SD) of total IQ for boys and 
gir ls were (90; 8 8 . 5 ; 13.0) and ( 5 3 ; 83 .5 ; 
16 .0) , r e s p e c t i v e l y . B o y s had h i g h e r I Q 
t h a n g i r l s ( u n b a l a n c e d A N O V A or r 
p robabi l i ty : p a = p t = 0 .0435 ; t' p robabi l i ty : 
pc = 0 .0566) . Signif icant in terac t ions for 
t w o f a c t o r s a n a l y s e s ( s e x a n d g e n e t i c 
s y s t e m s ) w e r e f o u n d for sex and A B O 
( A N O V A probabi l i ty for in teract ion p a i n t = 
0 .045) , and s e x - P G M ( p a i n t - 0 .0426) . 

T a b l e I s h o w s the d i s t r i b u t i o n of IQ 
a m o n g Rh , A B O , M N and Xg classes and 
s e x e s . T a b l e I I I p r e s e n t s t h e / a n d t' 
p r o b a b i l i t i e s for t h e s e s e ro log ica l b lood 
sys tems . 
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Table I 

Total IQ distribution according to sex and Rh, ABO MN and X systems 

System Phenotype Boys Girls Total Sample 
N M SD N M SD Pf N M SD 

Rh RH1 1 88.0 0.0 _ _ _ 1 88.0 0.0 
RH2 - - - 1 80.0 0.0 - 1 80.0 0.0 
RH3 27 89.4 15.3 13 88.8 12.6 0.8964 40 89.2 14.3 
RH4 1 82.0 0.0 1 91.0 0.0 - 2 86.5 6.4 
RH5 16 88.8 9.9 14 85.7 22.5 0.6393 30 87.3 16.7 
RH6 21 89.6 13.6 11 78.1 8.7 0.0069 32 85.6 13.1 
RH7 3 84.7 7.1 8 76.3 15.3 0.2441 11 78.5 13.7 
RH8 11 88.9 12.5 1 85.0 - 0.3251 12 88.5 12.0 
RH9 3 90.3 9.0 1 67.0 - 0.0463 4 84.5 13.7 
RH18 4 78.0 6.2 2 83.0 8.5 0.5367 6 79.6 6.6 

Pa 0.8989 0.6553 0.6263 

ABO AB 5 90.2 9.6 1 102.0 - 0.0515 6 92.1 9.8 
A 33 88.7 14.9 10 85.6 15.2 0.5787 43 87.9 14.8 
B 7 82.4 11.1 4 97.0 9.1 0.0427 11 87.7 14.1 
0 42 89.1 11.4 37 80.2 15.5 0.0054 79 84.9 14.1 

Pa 0.6197 0.1006 0.4815 

MN M N ( + ) 75 88.1 11.7 44 83.3 14.9 0.0710 119 86.3 13.1 
M(-) 12 91.1 17.9 8 80.9 20.5 0.2698 20 87.0 19.1 

Pa 0.4573 0.6928 0.8442 

Xg Xg a (+ ) 60 88.9 12.9 47 81.6 15.6 0.0112 107 85.7 14.5 
Xg a(-) 27 87.5 12.2 5 95.8 9.4 0.1230 32 88.8 12.0 

0.6379 0.0521 0.2736 

N = sample size; M 
probability 

total IQ mean; SD = standard deviation; p t. = two tailed V probability; p a = unbalanced ANOVA 

R h s y s t e m . The IQ of boys ( p a = 0 .90) , 
girls ( p a = 0.66) and the total sample ( p a = 
0 . 6 3 ) w a s d i s t r i b u t e d h o m o g e n e o u s l y 
a m o n g pheno types . R H 6 and R H 9 boys had 
h igher IQ than R H 6 and R H 9 girls (pt> = 
0 .0069 and p t . = 0 .0463) . The s ignif icance 
of R H 6 ( t ' ) ho lds after co r rec t ing for 7 
poss ib le compar i sons (pheno types ) . It was 
e v i d e n t t h a t R H 6 a n d R H 9 s h o w e d a 
b i m o d a l b e h a v i o r of I Q b e t w e e n s e x e s ; 
thus , A N O V A is not a valid test. 

A B O s y s t e m . In the total sample ( p a = 
0 .48) , boys ( p a = 0.62) and girls ( p a = 0.10) 
no s i g n i f i c a n t h e t e r o g e n e i t y of I Q w a s 
found. T h e only A B girl had h igher IQ than 
AB boys (p t . - 0 .0515) . A boys and gir ls 

did not differ in I Q (p t . = 0 .5787) . B girls 
had h igher IQ than boys (p t . = 0 .0427) and 
O b o y s h a d h i g h e r IQ than g i r l s ( p r = 
0 .0054) . This last resul t r emains significant 
a f t e r m u l t i p l y i n g it fo r 4 ( p o s s i b l e 
compar i sons of pheno types , p = 0 .0216) . 

M N system. N o significant heterogeneity 
of IQ was found in total sample ( p a = 0.84), 
b o y s ( p a = 0 .46 ) and g i r l s ( p a = 0 .69) 
samples , nor it was by t- or / ' - tests. 

X g s y s t e m . N o s ign i f i can t A N O V A s 
were found in total ( p a = 0.27) and boys ( p a 

= 0.64) . Gir ls s h o w e d a weak heterogenei ty 
of IQ ( p a = 0 .0521) . X g ( + ) (hemizygous) 
b o y s h a d h i g h e r I Q t h a n X g ( + ) 
( h o m o z y g o u s and he te rozygous ) girls (p t- = 
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Table II 

85 

System Phenotype Boys Girls Total Sample 
N M SD N M SD Pt N M SD 

PGM 1-1 49 90.9 12.0 19 87.2 14.4 0.4311 68 89.8 12.7 
1-2 26 81.7 9.2 27 81.9 16.2 0.9560 53 81.7 13.1 
2-2 11 93.5 17.2 6 74.2 14.7 0.0290 17 86.7 18.5 

Pa 0.0033 0.1817 0.0068 

Hp 1-1 20 88.4 12.0 13 87.2 18.7 0.8394 33 87.8 14.7 
1-2 45 88.0 13.6 33 80.5 14.7 0.0247 78 84.8 14.4 
2-2 15 87.9 14.4 6 92.3 15.1 0.5547 21 89.1 14.3 

P. 0.9929 0.1657 0.3698 

ESD 1-1 57 89.5 13.8 33 82.7 15.4 0.0402 90 87.0 14.6 
1-2 22 87.2 11.1 12 79.1 12.1 0.0679 34 84.3 11.9 
2-2 1 78.0 - 1 73.0 - 2 75.5 3.5 
W-3 6 84.5 6.9 6 93.7 21.6 0.3587 12 89.0 16.0 

P. 0.6114 0.2695 0.4738 

N = sample size; M = total IQ mean; SD = standard deviation; p r = two tailed f' probability; p a = unbalanced ANOVA 
probability 

0 . 0 1 1 2 ) , w h i l e X g ( - ) b o y s ( h e m i z y g o u s ) 
had l o w e r I Q than X g ( - ) ( h o m o z y g o u s ) 
gir ls (p t . = 0 .1230) . 

Tab le s II and IV show a s imilar ana lys is 
of the IQ dis t r ibut ion a m o n g P G M , H p and 
E S D p h e n o t y p e s . 

P h o s p h o g l u c o m u t a s e 1 ( P G M ) sys t em. 
T h e IQ was h ighly h e t e r o g e n e o u s in the 
total s ample ( p a = 0 .0068) and in boys ( p a = 
0 .0033) , but not in gir ls ( p a = 0 .1817) . T h e 
I Q h e t e r o g e n e i t y of the to t a l and b o y s 
samples r ema ins s ignif icant after cor rec t ion 
b y t h e s e v e n a n d f o u r t e e n p o s s i b l e 
A N O V A s , respec t ive ly (7 marke r s , 2 sexes ; 
p = 0 .0476 and p = 0 .0462) . T h e different 
I Q d i s t r i b u t i o n in b o y s a n d g i r l s w a s 
ev iden t . W h i l e h o m o z y g o u s boys showed 
h igher IQ than he te rozygo tes , gir ls showed 
a c l ine 1-1 (87) , 1-2 (82) , 2-2 (74) . T h e 
difference be tween sexes was s ignif icant in 
2-2 p h e n o t y p e (p t . = 0 .029 ) . T h e r ' - t e s t 
s h o w e d h igher IQ for 1-1 (p t . = 0 .0402) 
boys . Both un ique 2-2 boy and girl showed 
very low I Q ' s . B o y s dev ia ted from Hardy -
W e i n b e r g equ i l ib r ium (p < 0 .025) due to 

l a c k of h e t e r o z y g o t e s a n d e x c e s s of 
h o m o z y g o t e s 2-2 , whi le girls showed a non 
s i g n i f i c a n t e x c e s s of h e t e r o z y g o t e s , 
instead. A l so , boys had a h igher frequency 
of PGMi1 than gi r ls (0 .7209 vs 0 .6250) . 
The lower IQ of g i r l s in re la t ion to boys is 
stat ist ical ly and fully exp la ined by this sex 
d i m o r p h i c P G M 1 a b n o r m a l d i s t r i bu t i on . 
T h e s e resul ts show an ev iden t associat ion 
b e t w e e n to ta l I Q and P G M 1 g e n o t y p e s . 
T h i s a s s o c i a t i o n w a s l ess s ign i f i can t in 
verbal and m a n u a l IQ , but wi th the same 
sex d i m o r p h i s m . 

H a p t o g l o b i n s y s t e m . N o signif icant IQ 
he te rogene i ty was found in the total ( p a = 
0 .37 ) , boys ( p a = 0 .993) and girls ( p a = 
0.18). Boys fitted significantly near with the 
l inear mode l ( p a = 0 .0071) . The re was a 
significant difference be tween heterozygous 
boys and girls (p t . = 0 .0247) . Girls deviated 
s ign i f i can t ly f rom the H a r d y - W e i n b e r g 
e q u i l i b r i u m d u e to h e t e r o z y g o t e s exces s 
and lack of bo th h o m o z y g o t e s (p < 0.04), 
w h i l e b o y s d id no t s h o w a s i g n i f i c a n t 
devia t ion . 

Total IQ distribution according to sex and PGM, Hp and Esterase D systems 
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Table III 

System Phenotype 

RH BOYS 
RH3 RH 5 RH6 RH7 RH8 RH9 RH18 

RID 0.9018 0.9620 0.3877 0.9176 0.8875 0.0194 
RH5 0.9017 0.8372 0.4310 0.9825 0.8113 0.0235 
RH6 0.9626 0.8439 0.3703 0.8852 0.9125 0.0181 
RH7 0.6075 0.5070 0.5520 0.4700 0.4361 0.2491 
RH8 0.9241 0.9817 0.8880 0.5939 0.8346 0.0423 
RH9 0.9218 0.8107 0.9326 0.4451 0.8607 0.1118 
RH18 0.1564 0.0543 0.1123 0.2397 0.1243 0.0829 

GIRLS 
RID RH5 RH6 RH7 RH8 RH9 RH18 

RIO 0.6604 0.0228 0.0727 0.2982 0.00004 0.4654 
RH5 0.6660 0.2618 0.2582 0.9091 0.0083 0.7589 
RH6 0.0267 0.3019 0.7702 0.0251 0.0017 0.5328 
RH7 0.0558 0.3080 0.7482 0.1518 0.1293 0.4391 
RH8 0.7763 0.9765 0.4651 0.6085 0.7955 
RH9 0.1213 0.4364 0.2499 0.5845 0.2288 
RH 18 0.5465 0.8722 0.4782 0.5782 0.8792 0.3672 

BOYS GIRLS 
AB A B O AB A B 

AB 0.7725 0.2204 0.8205 0.0077 0.3521 
A 0.8294 0.2256 0.8989 0.3305 0.1106 
B 0.2344 0.2986 0.1790 0.6568 0.1917 
O 0.8372 0.8955 0.1552 0.1737 0.3317 0.0410 

MN 
M ( + ) 
M ( - ) 

M( + ) 

0.4486 

M ( - ) 
0.5847 

M ( + ) 

0.4486 

M ( - ) 
0.5847 

Xg 
Xg a (+ ) 
X g a ( - ) 

Xg a (+) 

0.6353 

Xg*(-) 
0.6287 

Xg a (+ ) 

0.0525 

Xg"(-) 
0.0208 

E s t e r a s e D s y s t e m . N o s i g n i f i c a n t 
differences after apply ing A N O V A s were 
found in the total sample ( p a = 0 .47) , boys 
( p a = 0 .61) and girls ( p a = 0 .27) . 

T h e c o m p a r i s o n b e t w e e n s e x e s 
s h o w e d a n o n - l i n e a r , n o n - G a u s s i a n and 
h e t e r o s c e d a s t i c b e h a v i o r of p a r a m e t e r s 
a m o n g s u b s a m p l e s . T h i s v i o l a t i o n of 
a s s u m p t i o n s d o e s n o t a l l o w us to a p p l y 

a f o r m a l A N O V A o r i t s a p p l i c a t i o n 
c o u l d l e a d to u n r e l i a b l e r e s u l t s . T h e 
c o m p a r i s o n s a m o n g p h e n o t y p e s w i t h i n 
s y s t e m s s h o w e d the s a m e c r i t i c a l r e su l t 
on A N O V A a s s u m p t i o n s . T a b l e s I I I and 
IV s h o w t- a n d / ' - p r o b a b i l i t i e s for p a i r e d 
c o m p a r i s o n s b e t w e e n p h e n o t y p e s of the 
s y s t e m s d e s c r i b e d in T a b l e s I and I I , 
r e s p e c t i v e l y . 

t' (over diagonal) and t (under diagonal) probabilities 
for paired comparisons of IQ among serological phenotypes 
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Table IV 

System Phenotype Boys Girls 

PGM 1-1 1-2 2-2 1-1 1-2 2-2 
1-1 0.00045 0.6426 0.2497 0.0902 
1-2 0.0011 0.0527 0.2593 0.2843 
2-2 0.5526 0.0100 0.0675 0.2936 

HAPTOGLOBIN 
1-1 
1-2 
2-2 

1-1 

0.9102 
0.9115 

1-2 

0.9059 

0.9807 

2-2 
0.9139 
0.9814 

1-1 

0.2046 
0.5674 

1-2 

0.2610 

0.0797 

2-2 
0.5369 
0.1204 

1-1 
1-2 
2-2 
W-3 

1-1 

0.4870 
0.4122 
0.3870 

1-2 
0.4455 

0.4267 
0.5787 

2-2 
0.0000 
0.0008 

0.4230 

W-3 
0.1646 
0.4743 
0.0691 

1-1 

0.4693 
0.5393 
0.1386 

1-2 
0.4210 

0.6376 
0.0814 

2-2 
0.0010 
0.1086 

0.4156 

Table III shows 4 t' and no t significant 
differences in boys , for Rh phenotypes with 
more than 2 individuals in total. A m o n g 21 
poss ible compar i sons , only one is expected 
to be significant at the 0.05 level. The t'-
t e s t s s h o w e d t h a t R H 1 8 b o y s h a d 
significantly lower I Q ' s than all the other 
phenotypes , with the except ion of R H 7 and 
R H 9 . T h u s , r ' - tes t showed signif icant IQ 
h e t e r o g e n e i t y a m o n g s e x e s a n d R h 
phenotypes , that remains after the correction 
for mul t ip le compar i sons . The deviat ion of 
t' towards significant results and that of t 
towards non significant results were evident . 
S ince probabi l i t i es of tests are uni formly 
d i s t r i b u t e d in t h e [ 0 - 1 ] i n t e r v a l , t h e 
d i s t r i b u t i o n of a n y set of i n d e p e n d e n t 
p robab i l i t i e s can be tested. By exc lud ing 
those probabil i t ies from R H 1 8 boys , a set of 
15 i n d e p e n d e n t p r o b a b i l i t i e s c a n b e 
obtained. It is expected that 7.5 from the 15 
probabil i ty values would be over 0 .5 , and 
that 7.5 values would be under 0.5. A m o n g 
the 15 t' values , 5 were under and 10 over 
0.5, a very probable result (c 2 ) = 1.67, p = 
0 .1967) ; whi le 14 t values were over and 
only one was under 0.5 ( c 2 i = 11.267, p = 
0 .00079) . Thus , the probabil i t ies distr ibution 

of t values was abnormal , while t' values 
w e r e in a g r e e m e n t w i t h t h e e x p e c t e d 
d i s t r i b u t i o n . G i r l s s h o w e d s ign i f i can t t' 
values be tween R H 3 - R H 6 , R H 6 - R H 8 , R H 3 -
R H 9 , R H 5 - R H 9 , R H 6 - R H 9 p a i r e d 
compar i sons , and a significant t value only 
in the R H 3 - R H 6 IQ differences. However , 
only one girl was found in each of the R H 8 
a n d R H 9 c l a s s e s ; t h u s , s i g n i f i c a n c e in 
c o m p a r i s o n s w h e r e R H 8 and R H 9 were 
involved should be taken caut iously. With 
both tests, the R H 3 girls had higher IQ than 
R H 7 girls in the limit of the significance 
level . Thus , a lso in gir ls , s ignificance from 
r ' - t e s t c o u l d r e m a i n af ter c o r r e c t i o n for 
mult iple compar i sons . Table III also shows 
t h a t B g i r l s h a d h i g h e r I Q t h a n O 
(homozygous) girls ( p r = 0 .0181) , while B 
b o y s had l o w e r I Q t h a n O b o y s ( p t = 
0 .0179) . T h e order of IQ was different in 
boys (AB, O, A and B) and girls (AB, B, A 
and O ) . Both differences be tween sexes and 
b e t w e e n p h e n o t y p e s s h o w e d t h a t t h e 
significant interaction be tween A B O and sex 
(Paint = 0 .045) was underes t imated . Paired 
pheno type compar i sons showed a significant 
higher IQ of Xg a ( - ) than that of X g a ( + ) girls, 
with t- and t'-tests. 

/ ' (over diagonal) and t (under diagonal) probabilities 
for paired comparisons of IQ among blood protein phenotypes 
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Table IV shows that boys with the P G M 
1-1 pheno type had higher IQ than 1-2 ones 
(p t = 0 .0011 and p t . = 0 .00045, see Table 
I V ) . T h i s s i gn i f i c ance r e m a i n s af ter the 
correct ion for 2x3x7 = 42 possible paired 
compar i sons (p = 0 .0462 and p = 0.0189 
respect ively) . Girls did not show significant 
« or f' va lues . The compar i son of the IQ 
b e t w e e n h o m o z y g o u s and h e t e r o z y g o u s 
boys was highly significant (p t = 0 .0009 and 
p r = 0 . 0 0 0 2 ) . T h i s r e su l t c o u l d no t be 
e x p l a i n e d by m u l t i p l e c o m p a r i s o n s . T h e 
haptoglobin system did not show significant 
paired compar i sons among phenotypes , and 
the es terase D sys tem did for t' in those 
compar i sons with 2-2 pheno types in both 
sexes , probably due to the presence of one 
2-2 boy and one 2-2 girl. 

U n e q u a l v a r i a n c e s . T h e g i r l s / b o y s 
var iance rat io was F = ( 1 6 / 1 3 ) 2 = 1.515, 
wi th 52 and 89 degrees of f reedom (p = 
0 .05) . T h u s , girls showed a larger var iance 
of I Q t h a n b o y s . A s p h e n o t y p e s a r e 
i n d e p e n d e n t o n e f r o m a n o t h e r , t h e i r 
va r iance differences can be s tudied by the 
s ign test . Tab le s I and II show 21 c lasses 
wi th m o r e than 1 ch i ld . T h e r e w e r e 16 
var iances of girls larger than those of boys 
( c 2 ! = 5 .762, p < 0 .025) . N o n e of the larger 
va r i ances of b o y s w a s s igni f icant ; whi le 
s ignif icant larger va r i ances of gir ls we re 
found for R H 5 (p < 0 . 0 0 5 ) , M ( + ) (p < 
0 .05) , P G M 1-2 (p < 0 .005) , H p 1-1 (p < 
0.05) and E S D W - 3 (p < 0 .01) . 

T w o factor A N O V A interact ions for 
genet ic s y s t e m s . Signif icant in terac t ions in 
the total s ample were found for A B O and 
X G ( p a i n t = 0 .0174 ) , and M N and P G M 
(Paint = 0 . 0 0 5 2 ) . T h e s t r u c t u r e of t h e s e 
s i g n i f i c a n t t w o g e n e t i c f a c t o r s - I Q 
in t e rac t ions , a c c o r d i n g to the sex of the 
chi ld , is p r e sen t ed in T a b l e V. Sex had 
given a s ignif icant in teract ion wi th A B O 
and P G M 

P G M - M N - S e x in teract ions were mainly 
due to: i- M ( + ) gir ls had a c l ine in IQ for 
P G M classes (1-1 > 1-2 > 2-2) , but not a 
lower IQ in he te rozygo tes as the o ther three 
M ( + ) g r o u p s h a d ; i i - M ( - ) i n d i v i d u a l s 
s h o w e d an i n c r e a s e d d i f f e r e n c e in I Q 
b e t w e e n h o m o z y g o t e s and h e t e r o z y g o t e s 
for P G M ; ii i- M ( + ) , 2-2 gir ls had a very 
low I Q w i t h a s m a l l v a r i a n c e . T h e IQ 

difference be tween [M(+) , 2-2] boys and 
gir ls was h ighly s ignif icant (p t- = 0 .0069) . 
W i t h i n M ( + ) b o y s , t h e s i g n i f i c a n t 
d i f ference b e t w e e n 1-1 and 1-2 increased 
( p t . = 0 . 0 0 1 6 ) . M ( + ) 1-1 g i r l s h a d 
s ignif icant h igher IQ than M(+) 2-2 girls 
(p t . = 0 .0037 ; p, = 0 . 0 1 0 3 ; they were 0 .0902 
a n d 0 . 0 6 7 5 , r e s p e c t i v e l y , for t h e t o t a l 
s amp le of g i r l s , see T a b l e 4 ) . S imi la r ly , 
M ( + ) 1-2 gir ls s h o w e d h igher IQ than M(+) 
2-2 ones (p t . = 0 .0217 and p , = 0 .0573 vs 
0 .2843 and 0 .2936 for the total sample) . 
M ( + ) 2-2 gir ls had very lower IQ than the 
u n i q u e M ( - ) 2 -2 o n e (p t . = 0 . 0 0 2 , p t = 
0 .043) . M(- ) P G M 2-2 chi ldren had h igher 
IQ than M ( + ) P G M 2-2 ones (p t . = 0 .0856, 
p t = 0 .0272) . T h e r e was a s imilar s i tuat ion 
in A B O - X g i n t e r a c t i o n s . T h e s igni f icant 
in teract ion was main ly due to: i- very low 
IQ of Xg(+) O gir ls ; ii- re la t ive high IQ of 
X g ( + ) B g i r l s ; iii- h igh IQ of Xg(- ) AB 
b o y s and g i r l s ; iv - ve ry l ow I Q of the 
u n i q u e X g ( - ) B b o y . A m o n g the m o s t 
s i g n i f i c a n t d i f f e r e n c e s fo r p a i r e d 
c o m p a r i s o n s , we found: Xg(+) O boys had 
h igher I Q than X g ( + ) O gir ls (p t . = 0 .0077) ; 
X g ( + ) B b o y s h a d h i g h e r I Q than t h e 
u n i q u e X g ( - ) B boy ( p t . = 0 . 0 0 0 4 ; p t = 
0 .0254) ; and in the w h o le sample B Xg(+) 
ind iv idua ls had h igher IQ than the only B 
Xg(- ) one (p t . = 0 .0000054 ; p t = 0 .0185) . 
H o w e v e r , t h e m o s t s i g n i f i c a n t 
d i s a g r e e m e n t in s i g n i f i c a n c e b e t w e e n 
A N O V A and f' or t tests was found among 
A B O p h e n o t y p e s of the Xg(- ) total sample , 
where the A N O V A probabi l i ty was weakly 
s ignif icant ( p a = 0 .0183) . Howeve r , all but 
t w o of t h e d i f f e r e n c e s for s ix p a i r e d 
c o m p a r i s o n s w e r e s ignif icant : A B - A (p t- = 
0 .00074 ; p t = 0 .0228) ; A B - B (p t . = 0 . 0 3 3 1 ; 
p t = 0 . 0 5 7 3 ) ; A B - O (p t . = 0 . 0 3 3 0 ; p t = 
0 .3665) ; A-B (p t . = 0 . 0 0 0 0 0 3 ; p t = 0 .0231) ; 
A - 0 (pt> = 0 . 0 5 8 6 ; p, = 0 .0856) ; B - 0 (p,> < 
lO" 7 ; p t = 0 .0294) . 

DISCUSSION 

Ashton (1986) found s ignif icant differences 
b e t w e e n h o m o z y g o t e s and h e t e r o z y g o t e s 
for Rh specif ic i t ies C and E in Caucas ians 
or Japanese peop le . W e did not. This could 
be b e c a u s e ou r C h i l e a n p o p u l a t i o n is a 
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Table V 

89 

System Phenotype 
N 

Boys 
M SD N 

Girls 
M SD 

Total Sample 
N M SD 

1-1 44 91.0 12.1 
1-2 23 82.1 9.5 
2-2 7 88.6 10.9 

p a 0.0124 

PGM1 - MN - Sex interactions 
M ( + ) 

15 88.7 14.1 
24 82.9 14.7 

5 69.2 9.3 
0.0352 

0.5780 59 90.4 12.5 
0.8250 47 82.5 12.3 
0.0069 12 80.5 14.0 

0.0021 

1-1 5 90.0 12.7 
1-2 3 78.0 7.5 
2-2 4 102.3 24.3 

p a 0.2175 

M ( - ) 
4 81.8 16.5 0.4399 
3 73.7 28.5 0.8241 
1 99.0 0.0 0.8035 

0.6348 

9 86.3 14.2 
6 75.8 18.8 
5 101.6 21.1 

0.0768 

ABO - Xg - Sex interactions 
Xg"(+) 

AB 4 88.3 9.8 
A 23 90.9 16.7 
B 6 85.8 7.0 
O 27 88.1 10.8 

p„ 0.8123 

9 85.0 16.0 0.3681 
4 97.0 9.1 0.0822 

34 78.9 15.2 0.0077 
0.0648 

AB 1 98.0 0.0 
A 10 83.7 8.1 
B 1 62.0 0.0 
O 15 91.1 12.6 

p a 0.0510 

X g a ( - ) 
1 102.0 
1 91.0 

4 88.3 9.8 
32 89.2 16.5 
10 90.3 9.4 
61 82.9 14.1 

0.1586 

0.0 2 100.0 2.8 
0.0 0.0191 11 84.4 8.0 

1 62.0 0.0 
95.3 12.1 0.6237 18 91.8 12.2 

0.8249 0.0183 

N = sample size; M = total IQ mean; SD = standard deviation; p a = ANOVA probability; p,, = two tailed V probability 

C a u c a s i a n - A m e r i n d i a n m i x t u r e . T h u s , if 
the w ho l e c h r o m o s o m e 1 (where Rh locus 
is l o c a t e d ) r a t h e r t han the R h l o c u s is 
related to I Q , Chi lean h o m o z y g o t e s for Rh 
a r e h i g h l y h e t e r o z y g o u s fo r o t h e r 
c h r o m o s o m e 1 l o c i . T h e d, A a n d B 
f r equenc ies w e r e h ighe r in boys than in 
gir ls , and the O frequency was h igher in 
g i r l s . T h u s , t h e s i g n i f i c a n t l y h i g h e r 
Amer ind i an admix ture propor t ion of girls 
r emains unexp la ined . In 1980, we p roposed 
s e l e c t i v e g e n e t i c i n t e r a c t i o n s o r 
c o n s o c i a t e d c h r o m o s o m e s e g r e g a t i o n 
(Va lenzue la et al, 1980) . W e as sumed that 

the Y c h r o m o s o m e , mos t ly from Caucas ian 
or igin, could segrega te preferent ia l ly with 
o ther c h r o m o s o m e s from Caucas ian origin 
(9 for A B O and 1 for R h ) at t he f irs t 
m e i o t i c d i v i s i o n . T h e f i n d i n g by 
B e a r d m o r e and K a r i m i - B o o s h e h r i (1983) 
of a h igher f requency of the A and a lower 
o n e o f t h e O a l l e l e s in t h e u p p e r 
soc ioeconomic strata, led them to p ropose a 
r e l a t i o n s h i p b e t w e e n A and in t e l l ec tua l 
a b i l i t i e s , a n d b e t w e e n O a n d m a n u a l 
abi l i t ies . Our ch i ldren c o m e from the lower 
s o c i o e c o n o m i c s t r a t a a n d s h o w e d an 
in teract ive sex d i m o r p h i s m be tween A B O 

Structures of significant two genetic factors - IQ interactions 
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and IQ . O boys had h igher IQ than O girls 
w h i l e B c h i l d r e n s h o w e d t h e r e v e r s e 
re la t ion. Both O boys and gir ls were not 
d i f fe ren t in I Q f rom A c h i l d r e n . T h e s e 
c o m p l e x , n o n - l i n e a r a s s o c i a t i o n s do no t 
a g r e e w i t h B e a r d m o r e a n d K a r i m i -
B o o s h e h r i ( 1 9 8 3 ) p r o p o s i t i o n on 
intel lectual and manua l abi l i t ies and A B O 
p h e n o t y p e s . F u r t h e r m o r e , o u r p r e s e n t 
r e s u l t s m a k e tha t h y p o t h e s i s sti l l m o r e 
diff icul t , b e c a u s e O boys had a re la t ive 
high IQ and A gir ls a re la t ive low IQ. If 
s o m e genes for IQ are loca ted in the X 
(Turner , 1996) and Y c h r o m o s o m e s , these 
assoc ia t ions could be expla ined . Yet , more 
i n t e r e s t i n g , t h e s o c i o g e n e t i c c l i n e w a s 
ev iden t in men but not in w o m e n , and the B 
al lele had a r a n d o m behav iour in Chi le and 
E n g l a n d . T h e s o c i o e c o n o m i c s t r a t u m is 
d e t e r m i n e d acco rd ing to p o w e r , p res t ige , 
o c c u p a t i o n , i n c o m e , s o u r c e of i n c o m e , 
e d u c a t i o n a l l e v e l , l i fe s t y l e , and o t h e r 
c o m p l e x v a r i a b l e s w h i c h a r e n o t 
necessar i ly related to in te l l igence . Thus , it 
is very p robab le that other psych ic factors 
such as a g g r e s s i v e n e s s , a u t o n o m y , ear ly 
m a t u r a t i o n , p o w e r o r m o n e y n e e d , 
assoc ia ted to A B O or Rh could be involved 
in the m a in t enance of the c l ine . Also , we 
found that B gir ls had h igher IQ than B 
boys . This is not an isolated soc iogenet ic or 
b io t i c r e l a t i o n s h i p . T h e B a l le le s h o w e d 
t h i s d i m o r p h i c or i r r e g u l a r b e h a v i o u r 
a m o n g soc ioeconomic strata ( B e a r d m o r e & 
K a r i m i - B o o s h e h r i , 1 9 8 3 ; V a l e n z u e l a , 
1988). Bes ides that , a m o n g chi ldren of the 
same area and strata, B girls were protected 
to t y p h o i d f eve r w h i l e B b o y s s h o w e d 
suscept ibi l i ty to this d i sease (Va lenzue la & 
Herrera , 1993) . It may be poss ib le that the 
very low IQ of the B X g a ( - ) boy was due to 
a sequel of brain infect ious d isease or high 
fever ep i sodes (for example , meningi t i s ) . 

A N O V A or regress ion ana lyses : i- are 
l inear, ii- do not cons ider the s t ructure of 
da ta , i i i- a s s u m e con t inu i ty , Gauss i an i t y 
and homoscedas t i c i ty , and iv- inc lude the 
effects of factors in pa rame te r e s t ima tes . 
T h e y h a v e s m a l l e p i s t e m i c p o w e r 
(Va lenzue la , 1994) for uncove r ing biot ic , 
non- l inear , he te roscedas t i c , non -Gauss i an , 
s t ruc tured re la t ionships . This low ep i s temic 
p o w e r was ev idenced by the s imul taneous 

t- and / ' - t e s t s of pa i red subsamples from 
the total s ample u p o n which the A N O V A 
w a s a p p l i e d ( T a b l e s I I I a n d I V ) . A n y 
r a n d o m d iv i s ion of a s a m p l e leads to a 
reduct ion in the s amp le size of subsamples . 
This reduct ion increases the s tandard error 
of the es t ima tes , which leads to a reduct ion 
of the p o w e r of tests appl ied to subsamples . 
T h u s , s i g n i f i c a n c e is e x p e c t e d to be 
d e c r e a s e d w h e n a p p l y i n g t e s t s to 
s u b s a m p l e s r a n d o m l y o b t a i n e d by 
par t i t ion ing the total s ample . Tables I and 
I I s h o w t h e r e v e r s e s i t u a t i o n . T h e 
subdiv is ion in sexes y ie lded lower A N O V A 
probabi l i t i es in boys or gir ls for all, but Rh, 
genet ic ma rke r s . This is a s t rong indication 
of a t rue i n t e r a c t i o n b e t w e e n sexes and 
genet ic sys tems on IQ. This interact ion is 
d e m o n s t r a t e d w i t h t h e t- a n d r ' - t e s t s . 
Severa l s ignif icant resul ts with both tests 
hold even after the cor rec t ion for mul t ip le 
c o m p a r i s o n s . It is impor tan t to remark that 
t h e S t u d e n t ' s f - tes t is i d e n t i c a l to the 
A N O V A for two samples . The f '-test is less 
s e n s i t i v e to h e t e r o s c e d a s t i c i t y and non-
Gauss ian i ty . In our s tudy A N O V A and f-
tes ts w e r e app l i ed to the I Q , wh ich was 
c lear ly a n o n - l i n e a r , h e t e r o s c e d a s t i c and 
non-Gauss i an var iable (several subsamples 
showed b imoda l behav io r be tween sexes or 
genet ic marke r s ) . This most ly expla ins the 
d i f f e r e n t s i g n i f i c a n c e o b t a i n e d a f t e r 
app ly ing A N O V A , t- or r ' - tes ts . Natura l ly , 
cases w h e r e t' gave signif icant differences 
wi th only one ind iv idua l in a subsample 
m u s t b e c o n s i d e r e d c a u t i o u s l y ; b u t , 
d i f f e r e n c e s c o n t i n u e d to b e s i g n i f i c a n t 
wi thout inc lud ing these cases . Moreover , / ' 
p robabi l i t i es s e e m to be dis t r ibuted more 
" n o r m a l l y " than t p robabi l i t i es , at least for 
Rh paired c o m p a r i s o n s in boys . 

W e found that ch i ldren he te rozygous for 
P G M ( d i f f e r e n c e s h i g h l y s i g n i f i c a n t in 
boys and tota l s ample ) and H p (differences 
non s ignif icant in gir ls and total sample) 
s y s t e m s had l o w e r I Q than h o m o z y g o u s 
c h i l d r e n . S i m i l a r r e su l t s w e r e found by 
M a s c i e - T a y l o r et al ( 1 9 8 5 ) for I Q 
p e r f o r m a n c e in w o m e n , as by A s h t o n 
(1986) . Our study (Avendano & Valenzuela , 
1988) was init iated previously (1976) than 
those of M a s c i e - T a y l o r et al (1985) and 
A s h t o n ( 1 9 8 6 ) ; t hen , t he se c o i n c i d e n c e s 
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c a n n o t b e d u e to c h a n c e in m u l t i p l e 
c o m p a r i s o n s . M o r e o v e r , in bo th s y s t e m s 
t h e r e a r e 4 I Q m e a n s t r u c t u r e s fo r 
h o m o z y g o t e s and he te rozygo tes , thus , the 
probabi l i ty of f inding the same s t ructure of 
IQ in 3 s tudies and in 2 genet ic sys tems is 
( 1 / 4 ) 6 or 0 . 0 0 0 2 4 . E v e n t h o u g h w e had 
f o u n d n o s i g n i f i c a n t A N O V A or t 
p r o b a b i l i t i e s , t h i s s i m p l e c o i n c i d e n c e 
s h o u l d s t r o n g l y i n d i c a t e a t r u e b i o t i c 
re la t ionsh ip be tween P G M or H p and IQ . 
T h e h y p o t h e s i s of a h i g h e r I Q in 
h o m o z y g o t e s s e e m s v a l i d for X g a n d 
c h r o m o s o m e X. These results can be hardly 
c o m p a t i b l e wi th the hypo the s i s of genes 
w i t h l i n e a r a c t i o n for I Q on t h e X 
ch romosome , as proposed by Turner (1996) . 

W e c o n c l u d e that there is a t rue biot ic 
assoc ia t ion be tween these genet ic markers 
and IQ. In s u m m a r y : i- a highly s ignif icant 
n o n - l i n e a r i n t e r ac t i ons a m o n g sexes and 
h e t e r o z y g o u s or h o m o z y g o u s ind iv idua l s 
fo r P G M 1 a n d H p l o c i ; i i - a s e x u a l 
d imorph ic behav iou r of A B O pheno types , 
special ly O and B , for I Q ; iii- a s t rong non
l inear in teract ion be tween P G M 1 and M N 
s y s t e m s , a n d b e t w e e n A B O a n d X g 
s y s t e m s . S u c h a h e t e r o g e n e o u s se t of 
gene t ic m a r k e r s - I Q assoc ia t ions does not 
a l low any theoret ical in terpre ta t ion, nor a 
s i m p l e m e c h a n i s t i c e x p l a n a t i o n . F o r 
e x a m p l e , a mode l based on he t e rozygo te 
d i s a d v a n t a g e s h o u l d b e v a l i d o n l y for 
ma les but not for females or vice-versa, and 
d e p e n d i n g on the gene t ic marker . 

T h e a b o v e a n a l y s i s a l s o s h o w s t ha t 
c o m m o n A N O V A used with g rouped data 
has a low ep i s t emic and stat ist ical power , 
b e c a u s e : i- m o s t a s s u m p t i o n s s u c h as 
G a u s s i a n i t y , i n d e p e n d e n c e of c l a s s e s , 
homoscedas t i c i ty and l ineari ty are viola ted; 
i i - t he s t r u c t u r e of t h e I Q d i s t r i b u t i o n 
a m o n g c l a s s e s c a n n o t b e t a k e n i n t o 
account , be ing one of the main effects of 
b io t i c f ac to r s . M o r e o v e r , our s ign i f ican t 
d i f f e r ences c o n t i n u e d to be so wi th the 
c o r r e c t i o n fo r m u l t i p l e c o m p a r i s o n s . 
F u r t h e r m o r e , the r a n d o m div is ion of the 
t o t a l s a m p l e , by s e x e s o r p h e n o t y p e s , 
s h o u l d v a n i s h t h e s i g n i f i c a n c e , b e c a u s e 
smal ler g roups are p roduced . W e found the 
reverse resul t ins tead. The last ana lys is of 
IQ accord ing to A B O pheno types with the 

t o t a l X g ( - ) s a m p l e is c o n c l u s i v e . T h i s 
f i n d i n g is p r a c t i c a l l y i m p o s s i b l e to be 
p roduced by non biot ic factors . 

T h u s , in te l l igence -as assessed by the 
W I S C - a p p e a r s m a i n l y d e t e r m i n e d and 
inf luenced by genes , but in a complex non
l inear in terac t ive on togene t i c p rocess . It is 
not poss ib le to ass ign c o m p o n e n t s of IQ 
v a r i a b i l i t y e i t h e r t o C a u c a s i a n s o r 
A m e r i n d i a n s , b e c a u s e a l l t h e C h i l e a n 
c h r o m o s o m e s a r e e t h n i c m o s a i c s a n d 
cont rad ic tory behav iou r could be observed 
with the al leles mos t frequently found in 
e i ther g roup . N o r it is poss ib le to ca lcula te 
l inear her i tabi l i ty . This es t imate should be 
d i f f e r e n t in m a l e s a n d f e m a l e s a n d 
depend ing on the gene t ic sys tem. However , 
the large non- l inear gene t ic de te rmina t ion 
of in te l l igence is ev ident , because s tandard 
dev ia t ions were 13 (boys) and 16 (girls) 
and differences in m e a n s reached 10 points 
of IQ , be tween sexes or pheno types . Since 
some he te rozygo tes had lower IQ and they 
c o u l d a s s o c i a t e w i t h b e t t e r f i t n e s s , t he 
popula t ion IQ cou ld deve lop in a ba lanced 
p o l y m o r p h i s m , and no t e n d e n c y towards 
lower or h igher I Q cou ld be p roduced in 
h u m a n e v o l u t i o n . T h u s , i n t e l l i g e n c e 
appea r s as a very c o m p l e x , non- l inea r ly 
i n t e r a c t i v e a n d i n t e g r a t e d a d a p t i v e 
m u l t i f a c t o r i a l p h e n o t y p e , t h a t is a l s o 
dependent on indirect genet ic determinat ion. 
T o take intel l igence away from evolutionary 
and e thno-cul tura l contexts seems -in our 
opinion- a misconcept ion and could lead to 
mistakes or dangerous ideological ly biased 
posi t ions. 
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