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INTRDDUCTION 

C a r m e l l i ,  Karlin, and Williams (1978) have presented a 
wide var ie ty  of indices  f o r  exploring genetic models using 
da ta  from independent nuclear famil ies .  
of analysis  designed f o r  d a t a  col lected i n  the  form of a 
pedigree. Our goal is t o  def ine a s ta t is t ic  f o r  which a 
known probabi l i ty  d i s t r i b u t i o n  is associated,  enabling the 
invest igator  t o  say j u s t  how s i g n i f i c a n t  any r e s u l t s  are .  
However, when the data  come f r m  a s ing le  or  small number 
of pedigrees, it would appear more d i f f i c u l t  t o  define a 
s ta t is t ic  which incorporates the  inherent s t ruc ture  of the 
pedigree. I n  the following paragraphs we make a modest be- 
ginning i n  t h e  d i rec t ion  of defining, on a pedigree, statis- 
t ics with known d is t r ibu t ions  under some n u l l  hypothesis. 
I n  par t icu lar ,  we def ine a s ta t i s t ic  which seems t o  have some 
p o w e r  t o  d e t e c t  major genes. Its empirical p o w e r  i s  not  as 
grea t  as w e  would l i k e ,  but  i t s  n u l l  d i s t r i b u t i o n  i s  known 
so t h a t  s ignif icance levels can be obtained. 

W e  present  a method 

9 THE MODELS 

1 Our models follow Morton and MacLean (1974). The n u l l  
a model i s  a polygenic pedigree model. 

i t h  s i b  i n  the  j t h  s ibship i s  given by 
The phenotype of the  

X i j  - - l.lj + N i j  
j 

+ c  
+ R i j  
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M e  an 

Variance 
Phenotype 

where p j  is a function of the parental  breeding values,  and 
N i j ,  the individual deviation, is d is t r ibu ted  as N ( 0 , U p ) .  
C j  is the  common s ib  environment i n  the j t h  sibship,  and R i j  
is the  phenotypic var ia t ion  due t o  random environmental con- 
di t ions.  
of mutually independent raniom var iab les  , i=l , 2 , . . . n 
j=1,2,3,. . . where n j  i s  the number of s i b s  i n  -the j$h s ib-  
ship. The u j  and C j ,  while random, w i l l  not be independent 
from sibship t o  s ibship.  
independent of a l l  & and ck. 
nent i n  our n u l l  model. + 

W e  assume t h a t  N i  and R + j  together form a sequence 
, 

W e  assume t h a t  the  N i j  and R i j  are 
There i s  no major-gene compo- 

lJ p+8d lJ+d 

y2 Y2 Y2 

The one-locus two-allele (A,a) major-gene model is 
described i n  T a b l e  1. 

T a b l e  1. 

Genotype 
A a  AA I aa 

THE INDEPENDENCE RESULT 

Theorem. 
of the  mth s i b  i n  the  kth sibship.  

For the  polygenic model, l e t  & be the  Phenotype 

n; 
- 1 ’  

i=l 
L e t  x j  = - 1 Xi j  denote the  average phenotype i n  

- 
the  j t h  sibship.  
dependent. 
Proof: The proof follows from t h e  observation t h a t  the  terms 
U j  and C j  are not present  i n  the  expression X i j  - X j .  

Then, f o r  k # j , X a  and X i ,  - X, are in-  

- 

W e  remark t h a t ,  i n  p a r t i c u l a r ,  the phenotype of the 
mother (or  fa ther )  - of the j t h  s ibsh ip  is independent of each 
of the xi - x . .  Also, i f  the  kth s ibsh ip  shares one parent  
with the j t h  s jbship,  each of the X* are independent of 
each of the X i j  - X j -  

, 

- 

The theorem is useful i n  t h a t  it gives independence 
r e s u l t s  from which tes t  statistics f o r  the polygenic model 
may be constructed. For example, it follows that the  random 
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- 2  j n 

var iables  

mutually independent. This f a c t  forms the  basis f o r  the  
s t a t i s t i c a l  discussion t h a t  follows. 

S? = 1 ( X i j  - X j )  / ( n j  - 1) , j=1,2,3 ,.... are 
J i=l 

A STATISTICAL DISCUSSION 

If there  is a major-gene component present,  then t w o  
parents,  both heterozygous f o r  the  gene, would expect to  see 
more phenotypic v a r i a b i l i t y  i n  t h e i r  offspring than would 
two parents who are both homozygous f o r  the  gene. This idea 
and t h e  t rans la t ion  of t h i s  idea i n t o  tests f o r  the presence 
of a major gene using nuclear family da ta  have been developed 
independently by Me'rat (1968) , Fain and O t t  (1976) , Fain (1978) , 
and O t t  (manuscript). 

The phenotypic variance of the  polygenic model i s  con- 
s t a n t ,  and so, re fer r ing  t o  Tab le  2, we see t h a t  we should be 
looking f o r  a way t o  test f o r  lack of homogeneity of variances 
among the s ibships  of our pedigree. 
pedigrees of the  method of Fain and O t t .  

This i s  an extension to  

Table 2. 

Parental  
Matings 

A a  x Aa 

Aa x aa 

A a  x AA 

aa x aa  

aa  x AA 

A A X A A  

Typical Offspring Phenotype under 
Major-Gene Model 

Mean Variance I 

2 2 2  Y + d 9 4  

2 2 2  
Y + d (1-8) l4 

' Y2 

Y2  

Y2 

' Y2 

Y2  

Y2 
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I f  we assume t h a t  a l l  the R i j  have the  same normal d i s t r ibu -  
t i on ,  N ( O , U $ ) ,  then tests based on standard normal theory 
are ava i l  If we l e t  a2 = 03 + 0 3 ,  then f o r  fixed n j ,  
(n j  - l)s$8*has a x2 d i s t r ibu t ion  with n, - 1 degrees of 
freedom. 

HYPOTHESIS TESTING 

Our n u l l  hypothesis i s  the  n u l l  model as presented above. 
In  addi t ion w e  assume t h a t  the  Rij a l l  have the  same normal 
d i s t r ibu t ion ,  N(O,U=). 
sibships  of a constant s i z e ,  that is ,  n .  w i l l  be the  same 
f o r  a l l  j .  I f  we w r i t e  max(S?) and minis?) f o r  the  l a rges t  
and smallest, respect ively,  02 t he  normalized sibship sum 
of squares, then w e  def ine our t es t  s ta t is t ic  t o  be 
H = max(Sg)/min(S$). 
T a b l e  31, p 202 of Biometrika Tables (1966), Large values 
of  H w i l l  cause us t o  reject the nu l l  hypothesis. W e  would 
l i k e  t o  say -- i n  favor of the  a l t e rna t ive  hypothesis -- 
t h a t  there  i s  a major-gene component present .  Technically, 
we cannot go t h i s  f a r ,  though w e  would argue t h a t  i f  it is  
not skewness i n  the da ta  t h a t  i s  causing H t o  have a l a rge  
value,  then it must be the  presence of a major-gene component. 
Computer simulations,  using the simulation package developed 
by Bishop and Cannings (19781, show t h a t  the approach j u s t  
out l ined has a very low power t o  de t ec t  the  presence of a 
major gene. This is not,  however, surpr is ing.  Our indepen- 
dence theorem t e l l s  us t h a t  looking a t  S: f o r  a l l  s ibsh ips  
of a given s i z e  i n  a pedigree i s  no d i f f e ren t  than looking 
a t  S$ i n  the same number of independent nuclear family sib- 
ships.  This nuclear family approach has been found t o  lack 
power by Fain and O t t .  
t o  increase the power of  our test. Many d i f f e ren t  sampling 
schemes are avai lable ,  one of which is the following. 

From our pedigree w e  w i l l  use only 

3 

The d i s t r ibu t ion  f o r  H is  found i n  

W e  must use the  pedigree s t ruc ture  

For each marriage i n  the pedigree compute the absolute  
value of the  difference between the male and female phenotypes. 
Order these absolute differences,  and place the  marriages t h a t  
correspond t o  the  l a rges t  one-third of the absolute d i f f e r -  
ences i n t o  the subpedigree. Also include i n  the  subpedigree 
a l l  the s ibsh ips  r e su l t i ng  from these marriages. 
between members of two of these first-to-be-included s ibships ,  
and the  s ibsh ips  r e su l t i ng  from these marriages, are a l s o  t o  
be included i n  the subpedigree. Choosing parents  t h a t  d i f f e r  
widely i n  t h e i r  phenotypes should y i e ld  several  f i r s t  genera- 
t i on  s ibships  t h a t  are near ly  a l l  heterozygous f o r  the  major 

Any marriages 
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gene, i f ,  i n  f a c t ,  it ex i s t s .  The next generation of s ib-  
ships should produce the la rge  phenotypic va r i ab i l i t y .  The 
s t a t i s t i c ,  H, applied t o  t h i s  subpedigree could, then, de tec t  
the presence of a major gene. A t  t h i s  po in t  w e  emphasize 
again t h a t  our independence theorem allows u s  t o  e x t r a c t  our 
subpedigree i n  t h i s  way without our losing the d i s t r ibu t ion  
of H under our nu l l  hypothesis. 

I 

Unfortunately, obtaining informative s ibships  from 
+ ac tua l  pedigrees is not so easy. We cannot always expect t o  

f ind an adequate number of s ibsh ips  t h a t  a r e  offspr ing of 
matings among our f i r s t  generation subpedigree s ibships .  
With an ac tua l  pedigree, we can enlarge the s i z e  of the sub- 
pedigree by looking a t  f i r s t  generation subpedigree s ibships  
t h a t  are removed from each other  by one ac tua l  generation i n  
the complete pedigree. Then include i n  the  subpedigree, mar- 
r iages  between members of the lower s ibships  and children of 
the subpedigree s ibships  t h a t  are one generation higher i n  
the actual  complete pedigree, and chi ldren of these marriages. 
Then apply H t o  t h i s  subpedigree. The enlarging of the sub- 
pedigree can be extended i f  more s ibships  a r e  desired.  The 
important thing t o  keep i n  mind is t h a t  the inclusion of 
addi t ional  s ibsh ips  cannot be based on S: values. Our n u l l  
d i s t r ibu t ion  on H remains va l id  only i f  w e  extend our sub- 
pedigree through decisions made based on proper t ies  possessed 
by parents.  

The bas ic  idea is, then, as  follows. I f  a major gene 
is present ,  we want, without ac tua l ly  looking a t  S? values, 
t o  ex t r ac t  a subpedigree t h a t  w i l l  display the s ibJh ip  var i -  
a b i l i t y  due t o  the major gene, and we want t o  do this with a 
subpedigree t h a t  contains r e l a t ive ly  few sibships .  
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