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INTRODUCTION 
Studies on the use of molecular markers to access the effect of genes over quantitative traits 
can be carried out in populations that range from highly inbred lineages to outbreed 
populations. The first approach promotes a high level of linkage disequilibrium among 
markers and quantitative loci, making the analyses powerful and straightforward. The results 
of the QTL analyses from crosses of inbred lines are restricted however to the sampling of two 
haploid genomes. Studies with outbreed populations reflects better the genetical variability that 
is found in populations, but its design implies the use of huge sample sizes and markers density 
to be effective. In this study, we tried to identify genetically segregating QTLs that are already 
in linkage disequilibrium obtained by the production of the Girolando breed composed from 
the crosses and backcrosses of Holstein x Gir. By using this strategy, we should be able to 
detect QTLs that segregate between the parental breeds. 
 
MATERIAL AND METHODS 
Genotyping. The families were identified from the Girolando Association files and the DNA 
was extracted from blood samples. 47 microsatellites located in 25 of the 29 autosomes were 
selected in the U.S. Meat Animal Research Center (MARC) cattle database. One primer of 
each pair was labeled with fluorescent dyes and then analyzed on a Genetic Analyzer 310 
(Applied Biosystems) automated sequencer.  

 
Statistical analysis. Two families of Girolando cattle were analyzed to identify associations 
between microsatellites and QTL for milk production (MP) and age at first calving (AFC) in a 
daughter design. The genotypes were obtained from the amplification of 29 markers in family 
one and 34 in family two. Genotypic and phenotypic data from 55 and 34 animals were 
available in family one and two respectively. The traits data were analyzed for marker effects 
using simple marker regression (SAS Institute, 1994). Across families analyses were carried 
using markers that presented significant effects in previous analyses (P < 0.10) at least in one 
of the families and when there were the same markers in both families, with alleles coding in 
both phases. As in previous analyses, in family two, there was evidence of significant effect 
for AFC in chromosome (Chr.) 5 and as there were two genotyped markers in this chr. the 
interval mapping analyses was carried out with the aim of estimate the location and effect of 
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the QTL using a pair of adjacent markers as described by Knott et al. (1996). Significance 
threshold was calculated by applying a permutation test as described by Churchil and Doerge 
(1994).  
 
RESULTS AND DISCUSSION 
Data from AFC and MP were used in a simple marker analysis for family one (table 1) and two 
(table 2). Two significant effects (P < 0.05) for AFC and one for MP were identified in family 
one which might be explained by chance. Thus, these analyses, alone, could not be considered 
as indicative of any individual loci affecting these traits in this family.  
 
Table 1. Significant marker effects from simple marker analyses for AFC and MP in 
family one 
 

Marker Trait Chr. F P > F Effect 
BM310 AFC 8 4.10 0.048 -76.8 
BMS2252 AFC 12 5.34 0.025 -85.7 
HEL1 MP 11 6.00 0.018 -526 

 
In simple marker analysis for family two (table 2), four significant effects at P < 0.05 were 
identified, above from what we could expect by chance, i.e., 1.75 significant results. 
Significant effects were observed in chromosome 5, 7, 21 and 23. Even being above from what 
we could expected by chance, the effects of individual loci inside this sample were not 
considered mainly because the P values were not sufficiently low using Bonferroni correction. 
 
Table 2. Significant marker effects from simple marker analysis for AFC in family two 
 

Marker Chr F P > F Effect 
ETH10 5 6.35 0.017 -133.4 
ILSTS006 7 4.55 0.041 111.3 
HEL5 21 7.20 0.011 146.3 
BM1905 23 5.18 0.030 111.5 

 
As so many multiples comparisons were made, it’s likely that a number of significant 
associations found in the analysis have occurred purely by chance. A number of studies have 
commented on the problem and some methods have attempted to address it (Cooper, 1968 ; 
Prentice et al., 1984). According to Blattman et al. (1996) in general, these methods are reliant 
upon increasing significance level and although this decreases incidence of type-I error, it also 
increases type-II error. Lander and Kruglyak (1995) calculated critical values to account for 
multiple testing over the entire genome to avoid large numbers of false-positive claims of 
linkage. None of the P values we report are of the appropriate order of magnitude for 
suggestive or significante linkage using the threshold suggested by these authors. However, 
QTL detection in dairy cattle is at an exploratory stage and it is important to report all regions 
with P < 0.05 but not to make conclusive linkage claims. Two across-family analyses were 
carried out where the potentials QTLs are related to the smaller allele size and from the other 
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phase of association. Significant effects were identified only in the inverse phase (table 3) on 
ETH10 marker (P < 0.01 with Bonferroni correction for multiple tests). The phenotypic 
standard deviation for AFC in this sample of Girolando cattle is about 135 days. Thus, the 
effect measured in the across-family analysis for this trait (100,9 days) is equivalent to 0.8 
standard deviations. 
 
Table 3. Across-family analysis considering the potencial QTLs for AFC. These results 
were obtained assuming allele fase (-)/(+) regarding the marker sizes for family 1 and 2 
respectively 
 

Marker Chr F P > F effect 
ETH10 5 9.95      0.002 ** 100.9 
CSN3 6 0.08 0.775 10.9 
BM310 8 2.36 0.128          -55.9 

 
In the interval mapping analysis in chr.5 the distance between these two markers (ETH10 and 
ETH152) is 48.3 cM, in this order. The most probably position for the QTL is at 13 cM from 
the first marker (ETH10). We did detect this QTL also using single-marker approach within 
family two and in the across-family analysis. The interval mapping analyses can give us more 
accurate estimative of the position and effect of the QTL (Darvase et al., 1993). As the 
information content varies from interval to interval what will depend of the markers flanking 
the evaluated interval, the interval mapping analysis has the same possibility of bias in relation 
to the simple marker analyses where the position of the QTL can occur on the most 
informative interval and not in the correct one (Haley et al., 1994). In our results, the 
information content was higher in the first marker and thus, the most probably position can be 
influenced by this fact. The problem of bias in the location of the QTL because of the variation 
in the information content of the markers can be overcome using all of the available markers 
on the chromosome, in a multiple marker analyses as proposed by Knott et al. (1996). 
Nevertheless, in the present study this approach was not possible because there were only two 
available markers in chromosome 5. 
  
Among the traits related to reproduction, age at first calving (AFC) has been frequently 
studied, because of the narrow relations with the production system efficiency, measure facility 
and the low reproductive performance of cattle in the tropics, which limit the gain and make 
the selection difficult. The parental breeds show different ages at first calving. Balieiro et al. 
(1999) calculated an average of 45.5 months for this trait in Brazilian Gir cattle. In temperate 
climate countries, the AFC in Holstein cows occurs before 27 mouths (Simerl et al., 1992). In 
Brazil, AFC occurs below 31 months (Silva, 1995 ; Ribas et al., 1995). The results from the 
analysis presented here not allow us to conclude a relation between markers for the difference 
in AFC among Gir and Holstein breed, but provide us good indication that can and should be 
better explored in future studies. The simple marker analysis for milk production in family two 
did not show any significat effect of the analysed markers. These analysis, of markers 
associated with milk production, presented results that, in a whole, can be considered negative. 
This lack of positive results can be related to experimental factors inherent to the low density 
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of markers and to the relatively small sample. In this case, only locus with big effects could be 
detected as occurred in the case of AFC. On the other hand, milk production is, on the reality, 
a very complex trait that involves anatomic and physiological aspects where necessarily exist 
the interaction between hormone, growth factors and their receptors in a molecular point of 
view. In this case, we could expect epistatic interactions even if the individual effects couldn’t 
be detected, as observed by Matioli and Templeton (1999). The epistatic interactions could be 
detected but in this case it would be a half of the simple marker analysis power of detection 
with an additional fact that much more non-independent analysis should have to be done.  
 
CONCLUSION 
There are consistent indications of a locus or a set of locus affecting AFC in chromosome 5 
and that this locus can contribute with the big difference for this trait among taurine and 
zebuine animals. 
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