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SUMMARY
The objective of the present study was to evaluate the effects of
hemoglobin and carbonic anhydrase phenotype on heat tolerance traits in a herd
of Pitanguelras dairy cattle. Electrophoresis showed the occurrence of four
hemoglobin phenotypes, l.e., A, AB, B and AC. The alelle frequencies for this
system
were
91.85*,
7.89* and 0.26* for alleles HbA . HbB and Hbc,
respectively. The phenotypes observed for the carbonic anhydrase system were
S, FS, F, SZ and FZ, with allele frequencies of 81.83*, 12.84* and 5.33* for
CA3,
CA" and CA*, respectively. The chi-square test showed that this
herd Is In Castle-Hardy-Welnberg equilibrium for the hemoglobin and carbonic
anhydrase systems. The different phenotypes had no significant effect on heat
tolerance.
INTRODUCTION
Electrophoretic methods can be used to detect polymorphisms of major
bovine blood proteins and protein variants determined by codominant alleles.
Hb A Is the most common hemoglobin type and Is more frequently detected in
European breeds, whereas Hb B is generally more common In zebus, in which It
occurs at Intermediate frequencies. Variants Hb C, Hb Khll, Hb D and Hb I are
observed In zebus and their crosses, though at low frequencies (Braend, 1972;
Abreu Fllho et al .. 1982). Carbonic anhydrase polymorphism Involving a pair of
codominant autosomal alleles, CKr and CA3, was described by Sartore et al■
(1969). Two rare variants, CA Spi.o~.ni and CA C, were later described by
Sartore (1970) and Stormont et al. (1970). Penedo et al. (1982) first
described the occurrence of the CA* allele In zebus.
The genetic markers of cattle blood, including the blood groups, can be
used for Individual Identification, for the solution of kinship problems, the
Identification
of
monozygotic
and
dizygotic twins, the diagnosis of
freemartlns, and the study of breed relationships (Stormont et al ■■ 1970;
Penedo,
1981).
Several
Investigators have studied the association of
performance
traits
with
different
hemoglobin
and carbonic anhydrase
phenotypes, obtaining contradictory results (Singh et al ■■ 1978; Solanki and
Shukla, 1979, 1980; Ronda and Granado, 1983; Fernandez and Perez-Beato, 1985;
Haenleln et al■■ 1987).
The objectives of the present study were: a) to estimate the frequencies
of different hemoglobin and carbonic anhydrase genotypes In a population of
Pitanguelras cattle, 2) determine whether this population Is in genetic
equilibrium for these loci, and 3) evaluate possible association of the
polymorphisms detected with heat tolerance traits.
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MATERIAL AND METHODS
The Pitangueiras breed was syntheslzed-by crossing pure Red Poll(RP) males
with 1/4 RP 3/4 zebu females In the "TrSs Barras" ranch , located in the
municipality of Pitangueiras, State of SSo Paulo, Brazil. The ranch is
located at 503 m altitude, 21" 00'S latitude and 48* ll’W longitude.
The cows were typed for two red cell protein systems, I.e., hemoglobin and
carbonic anhydrase. Typing was performed in the Immunogenetics Laboratory of
the
Federal
University
of S8to
Carlos
by
horizontal
starch gel
electrophoresis (Smithies, 1955). When an electric field is established the
variants migrate at different rates in the starch gel owing to differences in
electric charge, size and conformation. After separation, the protein bands
are visualized by staining the gel with amino black. Gel preparation and
separation and staining methods were those described by Penedo (1981). The CA
Z variant of carbonic anhydrase was Identified by the procedure used by Penedo
__ l L-i (1982). Data were analyzed by the chi-square test to determine whether
this herd is in genetic Castle-Hardy-Weinberg equilibrium (Levene, 1949: LI,
1978).
To evaluate heat tolerance, the rectal temperature of the animals was
taken twice a day, I.e., from 4:00 to 9:00 a.m. and from 12:00 to 6:00 p.m.,
twice in March 1983 and three times in January 1984. The herd under study
consisted of different generations, each of which was considered as a separate
genetic
group. The heat tolerance traits studied were initial rectal
temperature (IRT), final rectal temperature (FRT) and increase In rectal
temperature (IncRT).
Least squares analysis of variance was used to determine the effect of the
different hemoglobin (A and AB) and carbonic anhydrase (S, F, SZ and FZ)
phenotypes on heat tolerance traits. Data were analyzed using the LSML 76
program (Mixed Model Least-Squares and Maximum Likel1hood Program) of Harvey
(1977) based on the following linear equation.
Yijk = u + a, + Fj + Ei jk

where:
Yuk =
u
=
ai
=
F,
=
Euk =

response for each dependent variable
overall mean
sire effect (random)
fixed effects
random error.

The following fixed effects were considered for rectal temperature (IRT
and FRT): time and year when temperature was taken, genetic group and parity.
After IRT and FRT were adjusted for the significant fixed effects, the
Increase in rectal temperature (IncRT) was calculated as a third heat
tolerance trait.
RESULTS AND DISCUSSION
The
electrophoretic
tests
showed the presence of four hemoglobin
phenotypes, i.e., A, AB, B and AC. The frequency for llbA allele was 0.92, a
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value similar to those detected In several studied on 5/8 European 3/8 zebu
animals, l.e., 0.94 for 5/8 Holstein 3/8 Guzera cows (Penedo, 1981) and 0.92
for Santa Gertrudes (5/8 Shorthorn 3/8 zebu) cows (Hod and Herz, 1969). Other
Investigators, however, detected lower Hb* frequencies than reported In the
present study, l.e., 0.82 for Canchln (5/8 Charolals 3/8 zebu) animals
(Silva, 1973) and 0.83 for 5/8 Holstein 3/8 Guzera cows (Penedo, 1981). A
higher frequency of the Jib* alleles has been observed in almost all cattle
breeds, though the highest values occur in European breeds. The Hb” allele
Is detected at Intermediate frequency In zebus, and Hbc Is rarer and occurs
In zebus and their crosses.
The electrophoretic tests showed the occurrence of the S, FS, F, SZ and FZ
phenotypes for the carbonic anhydrase system. The most frequent allele was
CAS, with a value of 0.82. This result Is slightly different from that
obtained by Penedo (1981) who detected 1.00 and 0.94 for 5/8 Holstein 3/8
Guzera cows and heifers, respectively. The lower frequency observed in
Pltanguelras cows may have been due to the efiect of the European breed
Involved In their formation. The differences between observed and expected
genotype frequencies were not statistically significant (X’=4.01,3d.f.).
Analysis of variance showed that the different hemoglobin and carbonic
anhydrase phenotypes also had no effect on Initial rectal temperature or
increase in rectal temperature (Table 1). A similar result was obtained by
Silva (1973) who found no effect of hemoglobin phenotype on heat tolerance
traits (respiratory rhythm and rectal temperature) in Canchim animals. This
Investigator commented on the possibility that polymorphism for the hemoglobin
locus may be more related to breed phylogeny regardless of whether or not this
breed tolerates heat.
Table 1. Least squares analysis of variance of heat tolerance traits carried
out to test the effects of hemoglobin and carbonic
anhydrase
phenotype.
Trait

Source of variation

d.f.

Mean squares

P > F

Initial rectal
temperature

Sire
Coat
Hemoglobin
Carbonic anhydrase
Error

48
4
1
4
291

0.116
0.211
0.004
0.056
0.123

Final rectal
temperature

Sire
Coat
Hemoglobin
Carbonic anhydrase
Error

48
4
1
4
291

0.183
0.341
0.017
0.074
0.156

0.215
0.072
0.740
0.754

Increase in rectal
temperature

Sire
Coat
Hemoglobin
Carbonic anhydrase
Error

48
4
1
4
291

0.248
0.765
0.034
0.088
0.247

0.475
0.016
0.711
0.841
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0.583
0.146
0.858
0.768
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