DEGREE OF HETEROZYGOSITY AND GROWTH TRAITS IN CANCHIM BREED OF CATTLE*
JEHUD BORTOLOZZI , PAULO ROBERTO RODRIGUES RAMOS
and PAULO ROBERTO CURI , BRASIL

,

SUMMARY
The aim of the present work was to verify in cases of some growth traits
if the heterozygotes are superior or not to homozygotes as regards
their
average value of variability.
Data from 171 females, 2 - 3 years old, of canchim breed of cattle
were
used. Three biochemical loci were analysed: Hemoglobin (Hb), Transferrin
(Tf)
and Albumin (Alb). The following growth traits were studied: birth
weight,
weaning weight, weight at 12, 18 and 24 months and mean birth weight of
the
offspring of each cow. The degree of heterozygosity of each animal
was
determined as heterogosity loci/total number of loci.
Four degrees
of
heterozygosity were considered: 0%, 33%, 67% and 100%.
The degree of heterozygosity affects only the mean of two characteristics:
birth weight and mean birth weight of the offspring, which in both cases,
the
means increased with the increasing of the degree of heterozygosity.
The
variability of all the characteristics were affected by the
degree
of
heterozygosity, increasing for weaning and weight at 12, 18 and 24
months,
and decreasing for the other characteristics studied. The largest
variance
values were observed for the 67% degree of heterozygosity.
INTRODUCTION
The maintenance of genetic polimorphism in natural populations
is
demonstrated in several ways, including the superiority of the
heterozygotes
(Ford, 1965).The homeostatic capacity of the heterozygotes
in
different
environmental conditions is due to physiological bases that could explain
the
heterozygote superiority (Lerner, 1954). In general, the heterozygotes means,
due to better physiological conditions, is greter than the homozygote means,
but the variances can be greter or smaller according to the character studied
(Falconer, 1967).
In domestic animals, using blood groups and protein polymorphism, several
work were done in order to show the heterozygote superiority manly to
the
adaptative characteristics: Briles e t a l . (1954), studied the effects of
the
heterozygosity at the blood group locus B on weight in chicken; Hohenbrink
et
al. (1970) verified significant associations between degree of heterogozity and
performance characteristics in purebred and crossbred pig; Pirchner et al(1972)
observed significant connexion between cow heterozygosity and fertility
in
three Austrian herds; Romanov et al. (1972) observed no significant interrelation
of fattening and fat-lean characteristics of pigs with fitness of their
dams
and boars having different number of blood group systems at heterozyous stage;
Zatova and Bogdanov (1973) explained the balanced polimorphism by heterozygous
stage; Zatova and Bogdanov (1973) explained the balanced polimorphism
by
heterozygous erythrocytes estarase; Berovides and Granado (1978) showing
that
the heterozygosity degree did not affect the character means (of six reproducti^
ve characteres) but it did affect variability in cattle.
In the papers cited above, the differences betwwen the
homo and
and heterozygotes were not always significant and, with the exception of
the
Berovides and Granado paper, the variances were not analysed. The heterozygote
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effects over the metric characteristics can be detected on the means and over
the variability (variance and standard error) of the characteristics.
The objective of the present work was to verify whether, in the case of
some growth traits, the heterozygotes for three biochemical loci are superior
to the homozygotes as regards to their average values or variability.
MATERIAL AND METHODS
Data from 171 females, 2—3 years old, of Canchim breed of cattle
were
used. The Canchim breed is a di-hybrid (5/8 charolais and 3/8 zebu) obtained
through oriented crosses which yielded concomitant the productivity of taurine
breeds and the adaptability to the tropical environment inherent to
the
zebuine breeds.
The following growth traits were studied: birth weight, weaning weight,
weight at 12, 18 and 24 months, and the mean birth weight of the offspring of
each cow. Three biochemical loci, determined by the horizontal.electrophoresis,
were used: Hemoglobin (Hb) analysed by the Braend (1971) method; Transferrin
(If) and Albumin (Alb) analysed by the Kristjansson (1960) method.
The heterozygosity degree of each animal was determined as
(N/K)100,
where N= number of heterozygote loci (0,1,2,3) and K = total number of
loci
(3), which offered four degree of heterozygosity: 0%, 33%, 67% and 100%.
For each degree of heterozygosity we did the statistical analysis
in
order to determine the means and the variances for each character
studied.
First we analysed the homogeneity of the variances for each character and for
each degree of heterozygosity, by the Bartlett test (Snedecor and
Cochram ,
1980). In cases where variances were homogeneous, the F and the
Tukey
statistics were done, and in the cases were variances were heterogeneous
we
did the H test of Snedecor and Cochram (1980).
o

RESULTS AND DISCUSSION
The statistical analysis of the data of 171 females of Canchim breed of
cattle, related to four different groups according to the heterozygosity
de_
grees, for three biochemical loci (Hb, Tf and Alb) are presented in
Table 1.
Only with respect to the weaning weight G^ <(G^ = G^) and the mean
birth
weight of the offspring G^ < G 2 = G^ = G, the animals with greater
degree
of heterozigosity present the greater values of the means. For the
others
characteristics there is no significant difference between the mean
values,
but there is a significant increase of the variability mainly in the
67%
degree, and a tendency to decrease the values of the variance for the
100%
degree. Only for the mean birth weight of the offspring the variances are not
significant (Table 2).
In order to compare the variability of the different genotypes we
used
one equation (.variation coefficient Of the heterozygotes/variation coefficient
of the homozygotes)which give us an idea of the variation of the heterozygotes
in relation to the homozygotes. The results are presented in Table 3
and
we can see that the birth weight presents the greatest variation with
the
greatest heterozygosity degree, and the smallest variationfor three
degree
occours for the mean birth weight of the offspring. We have no
good
explanations for these contrast results, mainly because they are practically
the same character (birth weight). In general, only Berovides and Granado(1978)
studing
the superiority or not of the heterozygote animals analysed
the
variances of each character in study. Other authors (Briles et al., 1953; Ho^
henbrink et al. 1972; Zatova and Bogdanov, 1973) just analysed
the
mean
values of each character studied.
The characters studied by Berovides and Granado in 1978 (age at
first
parturation; birth weight; gestation lenght; lenght between parturation
and
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first posite insemination; parturation intervals; lactation lenght) according
to Lewontin (1956) are considered adaptative characters and therefore present
heterosis. The authors found that the heterozygosity degree did not
affect
the character means, but it did affect variability, wich increased
with
heterozygosity in age at first parturation and birth weight, and decreased
in
others. The authors explained their results on the basis of an
homeostatic
mecanisms.
It is very hard to define if the growth traits are or not
adaptative
characteristics. We think that if they present moderate heritabilities, some
degree of heterosis and if they are results of phisiological process
of
development, they may be considered components of the fitness. In this
case
the adaptative value depends on the variability levels, .and according
to
Berovides and Granado (1978), the phisiological system of the
heterozygote
(genotypes with better adaptations) tends to increase its variability.
This
situation can explain our results.
The Canchim breed studied is a di-hybrid breed, and certainly
has
other heterozygote loci and probably some with heterosis. Our data
suggests
that, if the character are adaptative, the variance increase with the
degree
of heterozygosity of the biochemical characteristics studied, and for
others
characteristics the variability can increase or decrease according to
the
character and to the environment effects. This situation can also explain the
different values of variability we have observed in this paper.
Finaly, we also agree with Berovides and Granado (1978), that
these
results show that the biochecmical polymorphisms can be used as a good genetic
marker in populations studies. Heterozygosity degrees (only for three loci )
show a greater concordance with the expected results based upon the hypothesis
of a selective advantage of the heterozygotes and show their possible use
in
selection plans where we need to mantains the characters with low variations.
We are now working in a project to study other poiimorphic loci and
some
other economic characteristics in order to explain better this
heterozygous
variations.
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G1

CHARACTER

G2
2

G3
2

G4
2

X

2

37.4

3.2

4.8

35.7

24.7

13.9

36.8

62.1

21.4

33.9

5.9

7.2

weaning weight

181.9

173.9

7.3

201.0

914.1

15.0

212.1

2144.9

21.8

230.8

726.5

11.7

weight at
month

12
232.5

729.2

11.6

225.2

644.1

11.5

235.9

3723.3

25.9

231.2

384.3

8.5

weight at
month

18
256.2 2400.6

19.1

286.0

1125.3

11.8

307.8

5689.1

24.5

290.8

401.9

6.9

weight at
month

24
333.2

840.4

. 8.7

323.5

1802.5

13.1

345,8

11739.2

31.3

332.0

440.8

6.3

26.0

23.0

18.5

35.0

10.9

9,5

35.6

21.5

9.5

36.0

25.9

14.2

birth weight

birth mean weight
of offspring

_

TABLE 1 - Mean (X), Variance (

2

X

CV

CV

X

CV

X

cv

) and Variation Coefficient (cv) of four different degrees of heterozigosity (G1 = 0%;

G2 = 33%; G3 = 67% and G4 = 100%) for three biochemical loci (Hemoglobin, Transferrin and Albumin) of
females of Canchim breed of cattle.
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HETEROZYGOSITY
DEGREE SIGNIFICANCE

CHARACTER

BARTLETT TEXT

Birth weight

29.14 (p< 0.001)

G1 = G2 = G3 = G4

Weaning weight

Gl< (G3 = G4)

Weight at 12 month

15.86 (p< 0.001)
27.04 (p< 0.001

Weight at 18 month

26.87 (p< 0.001)

Gl = G2 = G3 = G4

Weight at 24 month

45.30 (P< 0.001)

Gl = G2 = G3 = G4

Mean weight of the
offspring

3,98 (p> 0.20)

Gl< (G2 = G3 = G4)

Gl = G2 = G3 = G4

TABLE 2 - Chi-square values of Bartlett text for the variances of

six

characters in Canchim breed of cattle in relationship to the
heterozygosity degrees (G1 = 0%, G2 = 33%, G3 = 67%

and

G4 = 100%).

CHARACTER

G4/G1

G3/G1

G2/G1

Birth weight

34.05

4.50

2.93

Weaning weight

1.61

3.01

2.07

Weight at 12 month

0.73

2.23

0.98

Weight at 18 month

0.36

1.27

0.61

Weight at 24 month

0.73

3.60

1.51

Mean birth weight of
the offspring

0.76

0.70

0.51

TABLE 3 - Quotient of the variation coefficients for six

characters

in Canchim breed of cattle in relationship to
heterozygosity degrees (Gl = 0%; G2 2 33%; G3 = 67%;

the
G4 =

100% ) .
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