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Abstract. To study genetic contribution to complex body size traits, the intrafamilial cor-
relation and regression analyses along with twin study method have been used. The data 
are based on a sample of 45 MZ and 101 DZ twin pairs, their 125 singleton siblings, 104 
fathers and 103 mothers in 146 Punjabi families living in Chandigarh, India. Twin study 
gives no evidence of inequality of means and variances between zygosities. Within-pair 
genetic variance ratios, correlations, regressions of offspring on midparent and single 
parent are ali significant at 0.1% , thus indicating strong genetic component. Heritability 
estimates are higher for longitudinal body traits than the breadth dimensions. The re­
semblance of the children with the parents of either sex is not equal. Higher maternal 
influence is indicated for a number of body traits. The results on familial correlations do 
not support the hypothesis of sex-linked inheritance for any of the traits considered in 
this investigation. These results have been compared with those from other such studies. 
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INTRODUCTION 

In the familial correlation studies done to date, stature and to a lesser extent body weight 
are the measurements which provide the greatest number of samples for comparisons 
[for reviews, see 9,12,15,23]. Significant genetic influences upon stature and weight have 
been documented in these studies. Mueller [15] in his review of 24 such studies, has re-
ported that parent-child correlations for these two traits are considerably higher in 
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European than non-European samples. There is a great deal of variation among different 
studies in the reliability of measurements and sample sizes and these have been discussed 
by Himes et al [12]. The recent trend in this field is studies involving a large number of 
body traits including stature, weight and subcutaneous fat [11,16,18,19,21,22,30]. 

Twin studies have also shown high heritability estimates for these morphological 
traits [5,6,17,18,26], and some studies have also analyzed data both on twins and their 
families [11,19]. 

The present study illustrates data involving a number of body traits on Punjabi 
families with twins. Christiana method of quantitative twin data analysis [2,4] has been 
used. In the family data, besides intrafamilial correlations, results on some regression 
coefficients are also presented. The regression coefficients should be preferred over cor­
relations for statistical and theoretical reasons. In fact, their sampling variance is indepen-
dent of the actual value of the coefficient and they are not affected by selection of 
parents [8]. 

MATERIALS AND METHODS 

Eighteen body measurements were taken on a sample of 45 MZ and 101 DZ twin pairs 
along with their first-degree relatives in 146 families: 125 singleton siblings, 104 fathers 
and 103 mothers. The families belonged to the middle and upper socioeconomic classes 
of the urban Punjabi population of Chandigarh, India. Zygosity of twins was determined 
on the basis of concordance for various genetic markers: A1A2BO,MN,CcDEe, Kell and 
Duffy blood groups besides PTC tasting ability and ABH secretor factor. Measurements 
were taken with standard anthropometric techniques [14]. Both members of twin pairs 
were measured on the same day, while the other family members were measured in sub-
sequent visits to their households. 

The analysis of twin data was done following Christiana method [2-4]. The first step 
in this analysis was to test the equality of means between MZ and DZ twins for each of 
the 18 variables studied. The t' test based on the nested or hierarchical structure of twin 
data [3] was used for this purpose. In this, the among-pair mean squares of MZ and DZ 
twins were used as the error term because the two members of a pair could not be con-
sidered independent of each other. Heterogeneity of variance between zygosities was 
tested by a two-tailed F' test comparing the sum of the mean squares within and among 
DZ pairs with the corresponding sum for MZ pairs. Different estimates of genetic variance 
[2] and heritability coefficients [8] were then calculated. 

In the family data analysis, the first problem was that of age and sex differences 
between individuals for growth traits, since they are known to vary with age and sex even 
during adulthood. So the data were normalized by converting them into standard scores, 
thereby eliminating both linear and nonlinear differences. The growth norms used were 
based on a cross-sectional study of the reference population (unpublished data). The re-
sulting scores would have a mean of zero and standard deviation of 1.0 since the adjust-
ment was made in their own generation both in children and parents. These standard 
scores were in turn used to compute intrafamilial correlations and regression of offspring 
on parent for ali possible combinations of son, daughter, and offspring, with father, 
mother and midparent. 
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RESULTS AND DISCUSSION 

Twin Data Analysis 
Results of the twin data analysis are presented in Table 1. The t'tests reveal no differences 
in the means of the body traits considered, indicating that they are not influenced by the 
type of twinning. There is also no evidence of variance heterogeneity between zygosities. 
This situation may partly be attributed to high genetic determination of these traits. 

These results show that the within-pair estimates of genetic variance are valid for ali 
traits. Ali these estimates are highly significant (P < 0.001). Genetic variance ratiosare 
highest for longitudinal traits. Falconer's heritability estimates also show similar results, 
stature being more heritable than breadth measurements. There is one comparable study 
based on similar analysis on Belgian twins [7], Genetic variance ratios in Punjabi twins are 
higher, but both studies show significant genetic variability in body traits and both find 
no heterogeneity of variance. 

Table 1 - Twin data analysis: estimates of heritability and genetic variance 

Equality of 

Trait 

Weight 
Stature 
Sternal height 
Sitting height 
Trunk height 
Biacromial diameter 
Chest breadth 
Chest depth 
Bicristal diameter 
Maximum hip width 
Upper extremity length 
Lower extremity length 
Upper arm length 
Fore arm length 
Hand length 
Hand breadth 
Foot length 
Foot breadth 

means 
t ' test 

0.05 
-0 .17 
-0 .19 
-0 .27 
-0 .25 
-0 .41 
-0 .21 
-0 .09 
-0 .43 
-0.05 
-0.26 
-0 .13 
-0 .19 
-0 .26 
-0.60 
-0 .79 
-0 .43 
-0.87 

Equality of 
variances 

F' test 

1.08 
1.04 
1.02 
1.14 
1.09 
1.05 
1.02 
1.15 
1.07 
1.06 
1.04 
1.01 
1.00 
1.06 
1.01 
1.00 
1.00 
1.10 

Estimates of genetic variance 
Within 
F 

12.32 
16.79 
17.41 
9.39 

14.20 
7.68 
6.55 
6.42 
7.75 
7.64 

17.01 
13.04 
7.23 

11.24 
16.64 
3.25 
4.40 
3.31 

•pair 
P 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Among-component 
F 

1.12 
1.07 
1.05 
1.18 
1.15 
1.09 
1.08 
1.26 
1.12 
1.08 
1.07 
1.03 
1.03 
0.97 
1.04 
1.03 
1.04 
0.96 

P 

0.334 
0.401 
0.421 
0.270 
0.299 
0.376 
0.382 
0.194 
0.339 
0.381 
0.400 
0.457 
0.451 
0.529 
0.439 
0.447 
0.442 
0.558 

Falconer's 
heritability 

0.56 
0.74 
0.76 
0.76 
1.06 
0.78 
0.76 
1.02 
0.58 
0.68 
0.78 
0.86 
0.72 
0.96 
0.84 
0.40 
0.58 
0.42 

Family Data Analysis 
The results of intrafamilial correlation and regression analysis are presented in Table 2. 
The midparent-offspring and single-parent-offspring correlations and regression coef-
ficients are ali significant at 0.001 level of probability, indicating genetic influences on 
these traits. However, the results in Table 2 show that, in general, longitudinal traits are 
more heritable than breadth measurements, similarly to what was found in the twin data, 
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with the exception of trunk height. The midparent-offspring correlations are consistently 
higher than the single parent-offspring correlations. These results are compatible with a 
polygenic inheritance model. But under strict polygenic inheritance, the expected values 
of r of single parent-offspring and midparent-offspring should be 0.5 and 0.71, respect-
ively. The values obtained are lower than expected, thus indicating that environmental 
factors are also operating. Other factors, like dominance or epistasis, may also reduce 
parent-child correlations. 

Higher resemblance of children to their mother [28,29] is found in 9 of 18 traits, and 
distinctly for trunk height, biacromial diameter, upper extremity length, fore arm length, 
hand breadth and foot breadth. Resemblance to the father is greater for chest measures. 
That may be due to dominance or epistatic effects or to genotype-environment inter-
actions. Sharma et al [19] have observed significant skewness for a number of morpholo-
gical traits in both parents and children. 

As shown in Table 2, the resemblance of fathers with their children of either sex is 
significant for ali the traits, though there is some difference in the magnitude of correla­
tions. Father-son resemblance is low for trunk height. Similarly, father-daughter resem­
blance is low though significant for trunk height, hip width and upper arm length. Mother-
son correlations are not significant for chest measures but are highly significant for the 
remaining traits. The resemblance of mothers with daughters is insignificant for chest 
depth. The results show that fathers as well as mothers resemble more to their sons than 
to their daughters. Similar results are observed for midparent-son and midparent-daughter 
correlations, where the daughters are less correlated than sons for 12 out of 18 instances. 
It may be noted here that the pattern of these correlations is not consistent with a sex-
linkage hypothesis for any of the traits considered in this study. 

Comparison Among Familial Correlation Studies 

Mueller [15] reviewed 24 studies and reported average parent-child correlations in 
European groups to be 0.37 for stature and 0.31 for weight, vs 0,29 and 0,26 in non-
European groups. The correlations obtained in the present study are slightly higher (0.40 
for stature and 0.32 for weight). For European groups, higher values were reported by 
Bayley [1], Tanner and Israelsohn [24] and Gerylovova and Bouchalova [10], although 
samples size in the former two was smaller than in the present study. Higher parent-child 
correlations could be caused by positive assortative mating for body size traits in the 
respective populations [15,19,20]. The problem can be overcome by comparing the mid-
parent-child regression coefficients, these being not affected by assortative mating [8]. 
The results are shown in Table 3. The regression of child's measurement on that of mid-
parent should be equal to heritability [8]. Thus, the heritability of stature ranges from 
31% to 64% , which is considerably less than the values derived by doubling ali parent-
child correlations in the same studies (44% to 88%). Another interesting feature in Table 
3 is that regressions do not always have the same direction and variability as correlations, 
ie, samples with lowest parent-child correlations do not necessarily have the lowest mid-
parent-child regression coefficients, which is in contrast to Mueller [15]. 

Studies dealing with body measurements other than stature and weight are few. Com­
parison has only been possible with the Belgian sample [21], since the other two studies 
[16,30] do not provide parent-child correlations. The correlations in the Belgian sample 
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Table 3 - Midparent-child regression coefficients for stature in seven samples along with the combined 
parent-child correlations 

Study 

Present study 
Gerylovova & 
Bouchalova 
(1974) 
Tanner et al 
(1970) 
Wingerd et al 
(1973) 
Mueller (1976) 
Malina et al 
(1976)(White) 
Malina et al 
(1976) (Black) 

Midparent-son 
N 

134 

199 

125 

144 

216 

192 

b 

0.64 

0.47 

0.56 

0.49 

0.48 

0.31 

Midparent-daughter 
N 

130 

201 

93 

128 

168 

230 

b 

0.58 

0.56 

0.53 

0.47 

0.53 

0.42 

Midparent-child 
N 

264 

2746 

384 

422 

b 

0.61 

0.58 

0.49 

0.37 

Parent child 
correlation 

r 

0.40 

0.44 

0.43 

0.41 
0.27 

0.33 

0.22 

are higher than those of the present study for the majority of traits (stature, sternal 
height, upper extremity length, upper arm length, bicristal diameter and hip width). Both 
samples present significant assortative mating for these traits. Howevcr, for any worth-
while comparison, regression coefficients should be preferred over parent-child correla­
tions. 
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