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ABSTRACT

This study was developed to evaluate selection effects on gene frequencies in a synthetic beef cattle cross (5/8 Charolais, 3/
8 Zebu) named Canchim. A sample of 154 Canchim animals, representing three generation classes, was analyzed for seven
molecular markers. Thirty-six Charolais cattle were also studied for comparison. A highly significant variation (P < 0.01), with
a linear increase of the allele coding for valine at position 127 of the growth hormone peptide, was observed through genera-
tions. This allele was found in the Charolais sample but is not observed in Brazilian Bos indicus breeds. Four alleles were
found for a microsatellite in the 5’ flanking region of insulin-like growth factor | gene in Canchim. Allele sizes ranged from 231
to 225 bp. There was a significant (P < 0.05) nonlinear increase in the 225-bp allele frequency. This allele was not observed in
Charolais. Six alleles were observed for microsatellite CSFM50 in the Canchim population. A significant (P < 0.05) linear
reduction of the 168-bp allele was observed over the generations. The hypothesis of preferential mating for growth hormone
polymorphism was supported by Wright's F-statistics. Estimated F ¢ value for growth hormone was 0.59 (P < 0.01). These
results suggest that selection influenced three out of seven loci analyzed. The simultaneous increases of a Bos taurus-specific
growth hormone allele and a Bos indicus-specific insulin-like growth factor | allele indicate that phenotypic selection favored
different regions of both genomes.

INTRODUCTION Charolais and Zebu genomes, based on the premise that
performance is a combination of the expression of favor-
Molecular markers based on unique sequences algle genes for growth and adaptation.
widely used for population structure analysis. The recent
development of saturated microsatellite maps for the bo- MATERIAL AND METHODS
vine genome (Bishopt al, 1994; Barendset al, 1994,
1997) now allows population analysis with markers linkeAnimals
to specific genes or spread over the entire genome.
Canchim is a synthetic beef cattle breed, produced by The herd used in this study was developed and
crosses between CharolaBo§ tauruy and severaBos maintained at the Centro de Pesquisa de Pecuéria do
indicusbreeds (hereafter Zebu). With a genetic compostudeste - Embrapa, Sdo Carlos, SP, Brazil. Animals were
tion of 5/8 Charolais + 3/8 Zebu, Canchim combinemsaintained on pastures formed essential\Dafitaria
growth ability associated withBos taurusreed and tol- decumbensPanicum maximumMelinis minutifloraand
erance to tropical environments that is attributed to Zellyparrhenia rufa (Ness) Stapf. until 1977. Thereafter,
breeds. The herd used in this study was formed in 19p8stures were improved by the introductioBrdchiaria
and has been maintained on pastures and subjected to pleeumbendanicum maximuro.v. “Makueni” and “Green
notypic selection for yearling weight and fertility. Thergpanic” andPennisetum purpureum
was no introduction of outside animals, and the average Male selection was based on three criteria: mor-
inbreeding coefficient was kept low by avoiding consarphological parameters according to the breed standards,
guineous mating (Alencaat al.,1981). andrological evaluation and yearling weight. Annual se-
This study was developed to evaluate change laction intensity was close to 10%. From 1953 to 1976 the
gene frequencies over four generations of this herd. Thely selection applied to females was to cull old or ill cows.
main objective was to investigate if selection for growtifter 1976, female selection was based on the following
in a tropical environment would favor specific regions ofriteria: registry in the herd-book, reproductive health and
weight of at least 310 kg at the first service, with an an-
nual culling of 20%.
The generation number of each animal in this
'Empresa Brasileira de Pesquisa Agropecuaria, Centro de Pesquisa feanchim herd was determined using the following for-
Pecuaria do Sudeste, Caixa Postal 339, 13560-970 S&o Carlos, SP, Bragiula: (GS + GD + 2)/2, where GS is the generation of the
Se_nd correspondence to L.C.A.R. Fax: +55-16-272-5754 E-maikjre and GD is the generation of the dam (Briakal.,
gc'a”a@Cppse'embra,‘Pa'br . . . 1961). Foundation animals were considered generation O.
epartamentos d&enética andZootecnia, Escola Superior de Agricultura .
“Luiz de Queiroz”, Universidade de S&o Paulo, Caixa Postal 9, 13400Bl00d was collected from a sample of 154 animals grouped
970 Piracicaba, SP, Brasil. into four classes (Table 1). Semen or blood was also col-
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Table | - Distribution of the Canchim sample according to generation. Weinberg equilibrium were tested by conventional chi-
square statistics for all loci with genotype counts greater

Class '\;l:]?;?aeirsm Females (%) Males (1) than five or expected counts greater than one. Exact prob-
abilities were calculated using the computer program
0.0<G=35=G 24 87 13 BIOSYS-1 (Swofford and Selander, 1989). This program
PP :% ph > " was also used to calculate Wright's F-statistics. Signifi-
55<G<65 = G a1 51 49 cance of parameters ;fand £ was tested by chi-square
according to Li and Horvitz (1953). Significance qf F
Total 154 62 38 for each locus was tested by chi-square for contingency

tables, according to Weir (1996). Considering that all loci
were independent, the sum of chi-squares was used to test
for significance of average_ Fover the seven loci.
lected from a sample of Charolais cattle (N = 36) main-
tained at artificial insemination centers or at the Instituto RESULTS
Agrondémico do Paran& (Ponta Grossa, PR, Brazil).
Allele frequency variation
Marker analysis
Allele frequencies and standard errors were calcu-
Animals were scored for three RFLP markers anidted for each locus in all samples (Table Il). Two alleles at
four microsatellitesk-casein (CSN3)p-lactoglobulin  each RFLP marker were present in both Canchim and Charo-
(LGB) and growth hormone (GH) genotypes were detelais. Although previous reports indicate the influence-of
mined by digestion of PCR products according to proceasein an@-lactoglobulin on maternal effects in beef cattle
dures described by Medrano and Aguilar-Cordova (199@Moody et al.,1994), no significant variation of allele fre-
Ronet al. (1994) and Schleet al. (1994), respectively. quencies was observed over generations of Canchim. A
Microsatellite loci IGF-I, CSFM50, BM1224 and highly significant variation (P < 0.01) was observed for GH
INRAOO6 were amplified from 100 ng genomic DNA inAlul polymorphism, with a linear increase of the allele cod-
50 mM KClI, 1.5 mM MgCJ, 20 mM Tris-HCI, pH 8.4, ing for valine (V) at position 127 of this peptide (Figure
0.16 pM forward primer end labelled witfP, 0.16uM  1). Fixation of the allele coding for leucine at the same
reverse primer, 0.2M dNTP and 0.5 unitfagDNA poly-  position has been observed in all Brazilian Zebu popula-
merase. Primers were synthesized according to publish&shs (Coutinho, L.L., unpublished results) indicating that
sequences (Bishag al.,1994; Mooreet al.,1994; Vaiman the V allele found in Canchim came from Charolais.
et al., 1995). Thermocycling conditions were: initial de- Four IGF-1 microsatellite alleles ranging in size
naturing at 94C for 2 min followed by 25 cycles of 1 min from 225 to 231 bp were observed in Canchim. Signifi-
at 94C, 30 s at annealing temperature and 1 min &€.72 cant variation (P < 0.05) was only observed for the 225-bp
An additional 4 min extension was used at the end of thélele. The trend observed through generations was not
cycles. PCR products were mixed with an equal volumimear (Figure 2) and could be the result of dispersion in
of loading buffer (95% formamide, 20 mM EDTA, pH 8.0.allele frequencies due to drift or selection associated to
0.05% bromophenol blue, 0.05% xylene cyanol) and ddfrift. This allele was not present in Charolais, and only
natured for 5 min at SC. After electrophoresis in 6% three alleles were reported for this microsatellite in other
denaturing polyacrylamide gels, genotypes were deteyepulations of European cattle (Kirkpatrick, 1992). How-
mined in autoradiographies. Allele sizes were estimateger, the 225-bp allele was predominant in Nelore (Rosa,
by comparison to a 10-bp ladder molecular weight marker997), which is a Zebu breed.
A significant variation in allele frequencies was
Data analysis observed for one out of six alleles at the microsatellite
CSFM50. This microsatellite maps to a region of chromo-
Gene and genotype frequencies were determinedme 2 that has been associated with weight gain from
for each Canchim generation class and for the Charolaganing to maturity in the Angleton reference families and
sample. Variation in allele frequencies over generatioisa candidate marker for selection, since it does not affect
was tested by chi-square for contingency tables of allddth weight (Davis and Taylor, 1995). The linear reduc-
counts per generation (with three degrees of freedom).tlon in frequency of the 168-bp allele over generations of
multiallelic loci, each allele was tested against the sum @anchim (Figure 3) suggests that selection may be acting
alternative alleles at the same locus. Rare alleles (cednts on this locus.
in all generations or 0 in one generation) were not tested.
Whenever a significant test (P < 0.05) was obtained, a cHardy-Weinberg equilibrium
square test for trends in proportions was used, according
to Snedecor and Cochran (1967). Deviations from Hardy- Deviations from Hardy-Weinberg expected geno-



Table Il - Allele frequencies and standard deviations (SD) estimated in Canchim generation classes and Charolais (CH).
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Samples
Locus Allele G SD G, SD G SD G SD CH SD
N 24 41 48 41 36
CSN3 A 0.500 0.072 0.720 0.050 0.677 0.048 0.671 0.052 0.514 0/059
B 0.500 0.072 0.280 0.050 0.323 0.048 0.329 0.052 0.486 0.059
LGB A 0.417 0.071 0.463 0.055 0.479 0.051 0.402 0.054 0.542 0.p59
B 0.583 0.071 0.537 0.055 0.521 0.051 0.598 0.054 0.458 0.059
GH L 0.958 0.029 0.890 0.035 0.927 0.027 0.793  0.045 0.736 0.052
\% 0.042 0.029 0.110 0.035 0.073 0.027 0.207 0.045 0.264 0.p52
IGF-I 1 0.042 0.029 0.049 0.024 0.083 0.028 0.074 0.029 0.235 0/050
2 0.458 0.072 0.317 0.051 0.344 0.048 0.280 0.050 0.735 0/052
3 0.375 0.070 0.585 0.054 0.479 0.051 0.439 0.055 0.030 0/020
4 0.125 0.048 0.049 0.024 0.094 0.030 0.207 0.045 -
CSFM50 1 0.021 0.021 0.049 0.024 0.030 0.018 0.073 0.029 -
2 - - - - - - - - 0.014 0.014
3 0.063 0.035 0.049 0.024 0.073 0.027 0.073 0.029 0.222 0,049
4 0.354 0.069 0.512 0.055 0.323 0.048 0.402 0.054 0.514 0,/059
5 - - - - - - - - 0.014 0.014
6 0.187 0.056 0.183 0.043 0.313 0.047 0.281 0.050 0.194 0/047
7 0.125 0.048 0.085 0.031 0.094 0.030 0.098 0.033 -
8 0.250 0.063 0.122 0.036 0.167 0.038 0.073 0.029 0.042 0/024
BM1224 -2 - - - - - - - - 0.014 0.014
-1 - - - - - - - - 0.042 0.024
1 0.104 0.044 0.195 0.044  0.240 0.044 0.195 0.044 0.111 0/037
2 0.042 0.029 0.024 0.017 0.010 0.010 0.025 0.017 0.139 0/041
4 0.375 0.070 0.317 0.051 0.208 0.041 0.256 0.048 0.416 0/058
5 - - - - - - - - 0.028 0.019
6 - - 0.073 0.029 0.073 0.027 0.085 0.031 0.181 0.045
7 0.042 0.029 0.013 0.012 0.031 0.018 0.049 0.024 0.028 0/019
8 0.437 0.072 0.378 0.054 0.438 0.051 0.390 0.054 0.041 0/024
INRAOO6 -3 - - 0.012 0.012 - - - - - -
-1 - - - - - - - - - -
1 0.270 0.064 0.317 0.051 0.313 0.047 0.341 0.052 0.403 0,/058
2 0.021 0.021 - - 0.042 0.020 0.025 0.017 0.083 0.033
3 0.042 0.029 0.012 0.012 0.020 0.015 0.037 0.021 -
4 0.229 0.061 0.268 0.049 0.240 0.044 0.146 0.039 -
5 0.438 0.072 0.366 0.053 0.385 0.050 0.451 0.055 0.514 0/059
9 - - 0.025 0.017 - - - - - -
y =0.05x - 0.01 e L
R =0.68 m Vv
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*
3
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Figure 1 - Frequency variation of growth hormone alleles L and V over different generations of Canchim cattle. Results of chi-
square analysis are shown on the top right of the figure. ns and *: Nonsignificant and significant at P < 0.05, respectively.
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Figure 2 - Frequency variation of microsatellite IGF-I alleles over different generations of Canchim cattle. Results of chi-
square analysis are shown on the top right of the figure. ns and *: Nonsignificant and significant at P < 0.05, respectively.

Frequency

Figure 3 - Frequency variation of microsatellite CSFM50 alleles over different generations of Canchim cattle. Results of chi-
square analysis are shown on the top right of the figure. ns and *: Nonsignificant and significant at P < 0.05, respectively.
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type proportions were significant £20.01) for GH in all is no significant selective advantage of different alleles,
generations of Canchim excepj @Gable Il1). Disequilib- Fg can be interpreted as a measure of inbreeding. The high
rium for the IGF-I microsatellite was observed in genergositive estimates of Fand £ for growth hormone (Table
tion 5 of Canchim and the total population (P < 0.01). AK) indicate an excess of homozygotes (P < 0.01). This
though a significant variation of frequencies for the 168vould not be expected by inbreeding alone since the mean
bp allele of CSFM50 was observed, this marker showétbreeding coefficient calculated for this sample of the
no significant departure from Hardy-Weinberg equilibriumpopulation by pedigree analysis was 0.008.
This finding is contrary to the hypothesis of selection Homozygote excess could be the result of prefer-
against an allele at this locus and should be investigatedeimtial mating with regard to alleles at the growth hormone
more detail. Despite the significant chi-square value olacus, which would be in agreement with the linear pat-
tained for BM1224 in the sample representing generatiotesn of frequency variation observed. Significapt\al-
< 3, it was not supported by the exact probability test angs (P < 0.05) were obtained for this locus and for
could be an effect of sample size. All markers were imicrosatellite IGF-1, as was expected from the results ob-
Hardy-Weinberg equilibrium in the Charolais sample. tained for variation in allele frequencies. No significant
F,, value (0.018, P > 0.05) was observed for CSFM50 when
F-statistics analysis considering all six alleles at this locus. The meap F
(0.016) value for all seven loci was also significant (P <
Fixation indexes most currently referred to as F3.05), indicating gene differentiation over generations for
statistics were proposed by Wright (1951) to describe thigese loci.
properties of a subdivided population. Parameterari€l

Fcare the correlation between two uniting gametes with DISCUSSION
respect to the whole population and to gametes of sub-
populations, respectively. Parametey iE the correlation Synthetic breeds based on crosses betviBzen

between random gametes from different individuals withitaurusandBos indicusare an alternative to overcome en-
subpopulations with respect to the total population andvigonmental stress in the tropics. The cross-bred popula-
a measure of the differentiation of subpopulations. If thetion studied here has been the subject of recurrent pheno-

Table 1l - Hardy-Weinberg equilibrium tests within generations and the total Canchim sample
for the seven markers analyzed.
Chi-square values (exact probability)

Marker G(N =24) G (N =41) G(N =48) G(N =41) Total (N = 154)
CSN3 0.67 (0.68) 0.90 (0.46) 0.00 (1.00) 0.10 (1.00) 0.46 (0.p9)
LGB 237 (0.20) 128 (0.35) 3.05 (0.15) 0.05 (1.00) 0.65 (0.p1)
GH NT (1.00) NT  (0.00) NT (0.00) NT (0.00) 58.52** (0.00)
IGF-I 1.00 (1.00) 3.61 (0.06) 5.30* (0.02) 1.77 (0.21) 11.36** (0.01)
CSFM50 0.57 (0.66) 0.00 (1.00) 0.00 (1.00) 0.68 (0.35) 0.27 (0.]74)
BM1224 3.98* (0.05) 1.21 (1.00) 0.01 (1.00) 1.28 (0.52) 1.21 (074)
INRAOO6 3.39 (0.09) 0.12 (0.74) 168 (0.36) 0.05 (1.00) 2.13 (0.18)

NT = Not tested by chi-square due to expected numbgrs Significant at K 0.05; ** Significant at < 0.01.

Table IV - F-statistic analysis of the Canchim population.

Marker Fs X2 d.f. Fr X2 d.f. Fsr X2 d.f.
CSN3 -0.093 0.33 1 -0.059 0.13 1 0.031 6.93

LGB -0.022 0.02 1 -0.018 0.01 1 0.004 1.32 3
GH 0.595  13.63** 1 0.611 1437 1 0.040 11.21* 3
IGF-I 0.093 1.00 6 0.113 1.47 6 0.022 17.00* ]
CSFM50 -0.034 0.22 15 -0.015 0.04 15 0.018 19.10 15
BM1224 0.106 2.16 15 0.117 2.64 15 0.012 9.81 2|9
INRAOO6 -0.131 3.96 21 -0.124 3.55 21 0.006 358 26
All loci 0.020 0.036 0.016 68.95* 48

2 Tested by pooling rare alleles; * Significantg®.05; ** Significant, P< 0.01.
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typic selection for weight at one year of age for nearly S@oleculares. Uma amostra da raga Charolesa (N = 36) foi incluida
years. Although much information is available on the déas analises para permitir comparagdes. Observou-se um aumento

velopment of this breed, results of selection on specifi@ear, altamente significativo (P < 0,01), na freqtiéncia do alelo
loci had never been investigated. gue codifica 0 aminoé&cido valina na posicao 127 do horménio

Analysis of allele frequencies over generations irfe crescimento, ao longo das geracdes de Canchim. Este alelo
. - . i rv na amostr r harol n&o é encontr
dicated significant variation at three out of seven loci. THE observado na amostra da raca Charolesa e ndo & encontrado

i ) fthe V allele of arowth h m racas zebuinas nacionais. Quatro alelos foram observados
Inear increase or the Vv allele or gro ormone SUg9e8ya o microssatélite localizado na regido 5’ nao transcrita do

selection. This hypothesis was supported by S'Qn'f'clz?ine do fator de crescimento semelhante & insulina do tipo |
departures from Hardy-Weinberg proportions and highGF-1), com tamanhos variando de 231 a 225 pb. A freqiiéncia
positive estimates of Wright's J=Variation of allele fre- do alelo de 225 pb apresentou um aumento significativo (P <
guencies over generations was also significant for the 22565) no linear ao longo das geragdes. Este alelo n&o foi
bp allele of microsatellite IGF-I, but did not follow a lin-observado na raga Charolesa e é predominante nas ragas zebuinas.
ear trend. This microsatellite is located at the 5’ untrafara o microssatélite CSFM50, seis alelos foram observados na

scribed region of IGF-I gene. It has been associated wii¢a Canchim, tendo sido verificada uma reducéo linear (P <
differences in expected progeny differences (EPDs) f8¢05) na freqiéncia do alelo de 168 bp. A hipotese de

weaning weight, yearling weight and maternal EPD f casalamento preferencial com relacdo ao polimorfismo do
milk in Hereford’cattle (Moodgt al., 1994) ormdnio de crescimento foi reforcada pelos resultados da anélise

de estatistica F de Wright. O valor estimado dedta este loco

Using molecular markers, we were able to Identlf{loi 0,59 (P < 0,01). O aumento simultaneo de um alelo do

breed-specific polymorphisms that may be useful to fofiormanio de crescimento caracteristicoBtes tauruse de um

low introgression of European genes into Zebu cattle. Sjkelo de IGF-I caracteristico @®s indicussugere que a sele¢io
multaneous variation at GH and IGF-| alleles observed fBnotipica tenha favorecido regides diferentes de ambos os
Canchim is intriguing when considering the increase ifenomas que entraram na formagcéo dessa raca.

frequency of @os taurusspecific allele at the first locus

and aBos indicusspecific allele at the second locus. As REFERENCES
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