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A statistical index is proposed in order to determine twin zygosity based on weight and 
height measures and a Bayesian test of hypotheses. Some Roman twin data are analyzed on 
the basis of the Euclidean distance index, which appears to be the best for an easy calcula
tion and for its genetic interpretation based on the formulation of genetic distance. 
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INTRODUCTION 

Longitudinal studies of growth measures in twins indicate different patterns in 
monozygotic (MZ) versus dizygotic (DZ) twins (eg, see [3]). We should therefore 
like to propose a mathematical model of twin concordance allowing for a proba
bilistic zygosity determination based on twin longitudinal data. What we shall pro
pose is a suitable distance function between cotwins through which, based on 
growth measures such as height and weight, MZ and DZ pairs can be discrimina
ted with a high level of probability. We shall then consider growth measures of 
pairs of unknown zygosity in order to obtain a posterior probability of monozy-
gosity versus dizygosity as a function of the distance index. 

MATHEMATICAL MODEL 

Many statistical indices of diversity are available as suitable distance functions be
tween individuals of a twin pair based on growth measures, and many papers have 
been written about the mathematical properties of such functions (eg, [1], and for 
a review [2]). In the present paper we take into account only the so-called Eu-
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clidean normalized distance, which allows good results for our problem in a very 
easy way. Let us define this function. 

Consider two vectors x < = > (xi, x 2 . . . , xn) and.y < = > (yi, y 2 . . . , yn) de
fine: 

- E d(x,y) = 
I i = l (ti)j 

The function d(x,y) is the normalized Euclidean distance of the vectors x and y. 
Let us now consider the following mathematical model of concordance for bio-

metric traits of MZ and DZ pairs. 
Ronald Fisher (1918) proposed that the genotypic expression of "continuous" 

hereditary traits is a normal random variable Xg with mean mg and variance a|, 
depending on sex and age. A random independent overlapping fluctuation Xe, due 
to environmental conditions, must be considered and results in a normal random 
variable with mean me and variance CT|. If we define X(n) the random variable that 
represents height measure at age n, and Y(n) the random variable that represents 
weight measure at age n, for any individual of a well defined population, we can 
write: 

X(n) = Xg(n) + Xe(n) 
Y(n) = Yg(n) + Ye(n) 

where 

X(n) ~ N (E(Xg(n)) + E(Xe(n))), a2(Xg(n)) + a2(Xe(n))) 
Y(n) ~ N (E(Yg(n)) + E(Ye(n))), a^(Yg(n)) + a2(Ye(n))) 

Let us now consider a twin pair and define X<0(n) and Y<')(n) (i = 1,2) the height 
and weight measures of the i-th individual of the pair, at age n. We can write 

for MZ pairs for DZ pairs 

X">(n) = Xg"(n) + X<"(n) Xg"(n) + X^»(n) 
Y'"(n) = Yg'>(n) + Y<»(n) Yg'>(n) + Y'"(n) 

X(2,(n) = Xg"(n) + X£2'(n) Xg
2)(n) + X^2»(n) 

Y<2»(n) = Yg'>(n) + Y^2)(n) Yg
2»(n) + Y<.2>(n) 

It follows immediately that, for all n: 

E(dn(DZ)) > E(dn(MZ)) 

where 

dn(DZ) = 
( / X'"(n) - X'2 ' (n)V /Y ' " (n ) - Y'2 ' (n)V ) " 2 

< I X"'(n) + X'2)(n) 1 1 Y'"(n) + Y'2)(n) J > 
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with the same expression for dn(MZ). 

Statistical Distribution of dn(DZ) and dn(MZ) 

Based on growth measures of 28 MZ and 28 DZ twin pairs obtained at n = 0, 3, 
6, 9, and 12 months of age, dn(MZ) and dn(DZ) values have been derived (Table 
1). Statistical mean and variance have then been calculated so that: 

_ dn(DZ) - E(dn(DZ» 
U n ( U Z ) " a(dn(DZ)) 

and 

_ dn(MZ) - E(dn(MZ)) 
Un(M£) - a(dn(MZ)) 

have a probability density function in and then, for instance (using the table of 
Student's t), 

P(dn(DZ) e (E(dn(DZ)) ± 2.0526(dn(DZ))) = 0.99 = 

= P(dn(MZ) e (E(dn(MZ)) ± 2.0526(dn(MZ))). 

We could now apply standard hypothesis testing theory to any twin pair and get a 
probabilistic determination of zygosity based on the index dn and an approxima
tion of the likelihood functions given by the normal densities with means given by 
dn(DZ) and dn(MZ). 

A Test From a Bayesian Point of View 

Let us now consider a Bayesian statistical test for zygosity determination. 
If we call P(MZ) the prior probability that any twin pair be MZ and P(DZ) = 

1 - P(MZ) the prior probability that any twin pair be DZ1, we can write: 

P(MZ/dn) - f(dn/MZ)P(MZ) 
f(dn/MZ)P(MZ) + g(dn/DZ)P(DZ) 

and 

p m z / d ^ = g(dn/DZ)P(DZ) 
v n ; f(dn/MZ)P(MZ) + g(dn/DZ)P(DZ) ' 

where f(dn/MZ) is the probability density function of the random variable dn(MZ) 
and g(dn/DZ) the probability density function of dn(DZ), which have been ap
proximated by normal densities with parameters estimated on the basis of our sta
tistical data. 

•That can be statistically estimated. Based on the twin data available at the Mendel Institute, we ob
tained the following estimations: P(MZ) = 0.29, P(DZ) = 0.71. 
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The statistical test is based on such posterior distributions rather than only on 
likelihood functions. Posterior probabilities for twin pairs of unknown zygosity, 
based on functions do, d3, d6, dg, di2, are given in Table 2. 

Much more could be said on the basis of the following comprehensive index: 

doN <M" 
which takes into account more information from growth measures. 
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